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Preface

Tropentag is the largest interdisciplinary conference in Europe on research in
sub-/tropical agriculture, food security, natural resource management and rural
development. Taking place annually, Tropentag 2019 is jointly organised by the
Centre for International Rural Development at the University of Kassel and the Centre
of Biodiversity and Sustainable Land Use at the University of Gottingen, and takes
place at the University of Kassel’s main campus from 18 to 20 September 2019.

Since more than a decade Tropentag conferences are addressing the socio-political,
economic and ecological consequences of global change phenomena for rural - and
peri/urban - smallholder farmers and other groups whose livelihood depend on the use
of natural resources, be it directly or indirectly. A lot of science-based yet practical
solutions to site-specific problems of natural resources management and the sustain-
able provision of food and non-food commodities through agriculture and forestry
have been provided, addressing ecological, technical, economic, social and political
aspects. Yet undamped population growth, in particular in sub-Saharan Africa, con-
tinued rural-to-urban migration, such as in many Asian countries, and increasingly
serious consequences of climate variability and change sometimes overrun our newly
gained insights. In addition, obvious deficits or gaps, such as in quality education,
equal share of responsibilities and incomes between women and men, in marketing
opportunities between rural and urban farmers, between potential and actual crop
yields and livestock performances, still need to be resolved in many regions of the
world. Certainly, our research is limited in time and space, by financial means and
available human power, and therefore it is all the more important to a priori identify
- and avoid - common traps, such as neglect of relevant stakeholders, incomplete risk
assessment, short-lived innovation testing, and fragmental systems assessment in our
scientific endeavours.

“Filling gaps and removing traps for sustainable resources management” is there-
fore the theme of Tropentag 2019, and from the more than 930 contributions initially
submitted 470 were found to provide very relevant aspects of this overarching theme
- they are compiled in this book. A very prominent goal of Tropentag conference is
the international - disciplinary and interdisciplinary - exchange and mutual learning.
Prominent examples of successful research and development approaches towards sus-
tainable resources management may provide us with new ideas for our own work.
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The five plenary keynote contributions to this years’ Tropentag showcase such
successful strategies and concepts, be it the low-cost farmer managed natural land
restoration technique for which Tony Rinaudo and Yacouba Sawadogo were awarded
the Right Livelihood Award 2018, the use of voluntary sustainability standards in
global food production on which Miet Maertens reflects, or the successful transfer
of scientific knowledge into day-to-day policies on which Immaculate Njuthe Maina
shares her insights - all of them are characterized by a holistic approach towards prob-
lem analysis and solution and provide inspiration. A special session chaired by the In-
ternational Center for Agricultural Research in the Dry Areas (ICARDA), this year’s
CGIAR feature center, focusses on cereals and pulses for climate-smart agri-food
systems, thereby also drawing attention to the aggravating problem of water scarcity
in the dryer parts of the sub-/tropics.

Next to the five plenary keynote lectures the conference theme is addressed in 113
oral presentations and 362 poster contributions organised in 22 thematic sessions, and
we wish to thank all participants for their scientific contributions and our colleagues
of the scientific committee for reviewing all abstracts and acting as chairs for oral
and poster sessions during Tropentag 2019. Special thanks go to Eric Tielkes for his
very valuable support in compiling this book and organising the conference, and to all
donors (listed on the back cover) for their financial and in kind contributions which
allow us to keep conference fees at a modest level, especially for junior scientists.

We welcome you coming from the many different parts of the world to Tropen-
tag 2019 in Kassel and wish you an inspiring and enriching conference with a lot
of new insights, fruitful discussions and a stimulating exchange of knowledge and
experiences.

On behalf of the local organising team of Tropentag 2019:

Eva Schlecht, Bernhard Briimmer, Simone Pfeiffer, Martin Wiehle

Kassel-Witzenhausen and Gottingen, September 2019
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Tropentag 2019 — Invited Paper

Getting Your Assumptions Right

ToNY RINAUDO
World Vision, Australia

Our assumptions about a problem will influence our expenditure, choice of interven-
tions and ultimately our success. It is very important to get our assumptions correct —
and to be flexible enough to adjust them as required as new information comes to light.
In the early 1980’s, Niger Republic was in the grip of desertification which threatened
the livelihoods of it’s inhabitants. The default response of both state and non-state
actors was to mount massive tree replanting schemes. The approach failed socially,
technically and economically and by the late 1980’s, appetites for land restoration
through tree planting had largely disappeared. Identifying the technical gaps and
addressing the real constraints - lack of tree ownership, theft of trees and false per-
ceptions about trees - preventing people from restoring tree cover — opened the door
for a spontaneous, wildly successful social reforestation movement.

Contact Address: Tony Rinaudo, = World Vision, Victoria,  Australia, e-mail:
Tony.Rinaudo @worldvision.com.au

8 ID 911



Tropentag 2019 — Invited Paper

What Is the Flavour of Good Intentions?: On Interest Divergence
and Responsibility in the Cacao-Chocolate Industry

CARLA D. MARTIN
Harvard University and Fine Cacao and Chocolate Institute, United States

In recent years, the cacao-chocolate industry has increasingly focused on taste - qual-
ity of flavour and the ability to discern quality - as a vehicle of market differentiation.
At the same time, many of the marketing tools of specialty chocolate rely on linking
good taste to social and economic goodness. The links among these elements remain
blurry, are not yet clearly defined by specialty cacao or chocolate producers, and often
rely on interpretations of work from related but different industries. A critical exam-
ination of the value chain indicates that the interests of those who produce chocolate
frequently diverge from the interests of those who produce cacao, creating gaps and
traps in work on social and environmental responsibility. The often contrary goals that
impact the industry must thus be interrogated to determine the place of sustainability,
and in whose best interests different players act. We must ask: what is the flavour of
good intentions?

Contact Address: Carla D. Martin, Harvard University and Fine Cacao and Chocolate Institute, Cam-
bridge, United States, e-mail: cdmartin@post.harvard.edu

ID 967 9



Tropentag 2019 — Invited Paper

Sustainable Food System and Job Creation under Water Scarcity

JACQUES WERY
International Center for Agricultural Research in the Dry Areas (ICARDA), Egypt

Agri-food systems in the DryArc region (between Southern Europe, North Africa,
Sub-Saharan Africa and China) face a complex combination of challenges including
water scarcity, rainfall variability, increased temperatures, land degradation, deser-
tification, high population growth and migration, widespread poverty, malnutrition
and unemployment. This region is expected to be among those worst affected by
climate change, where reduced agricultural productivity, increased poverty, higher
dependence on food imports, and increased competition for scarce natural resources
will ultimately threaten the viability of agriculture and rural livelihoods. These con-
straints also present opportunities to transform agri-food systems across the DryArc
and scaled in the frame of the diverse range of the region’s agro-ecosystems: rainfed,
irrigated, agro-pastoral and desert farming. Synergies across these agro-ecosystems
can be leveraged among SDGs related to nutrition security, Natural Resource Man-
agement (including soils and water) and rural development, provided the potential
of the agro-biodiversity is fully utilised and properly managed. This agro-ecological
transformation of fields, farms, landscape, value chains and policies will be illustrated
in the cereal-based agri-food systems of the DryArc region, showing the key role that
food legumes, forages, livestock and trees can play in long-term sustainable use of
water and soils. The implications for water, land and labour productivity under cli-
mate change and its effects on livelihoods of the people across this region is a critical
part of this discussion, informing the future direction of research for development in
the context of the CGIAR’s DryArec initiative.

Contact Address: Jacques Wery, International Center for Agricultural Research in the Dry Areas
(ICARDA), Cairo, Egypt, e-mail: j.wery @cgiar.org

10 ID 910



Tropentag 2019 — Invited Paper

Filling Gaps and Removing Traps in the Use of Voluntary
Sustainability Standards

MIET MAERTENS
KU Leuven, Earth and Environmental Sciences, Belgium

Voluntary or private sustainability standards cover a large number of tropical products
and are increasingly important in global markets. The rapid spread of voluntary sus-
tainability standards is sometimes erroneously interpreted as a sign of increased sus-
tainability in the food system. Yet, the actual impact of such standards matters. There
is a potential trap that private standards satisfy consumers’ demand for more ethically
and sustainably produced food products and fulfil companies’ sustainable sourcing
strategies while not actually contributing to improved sustainability in global food
systems — thereby merely easing consumers’ conscience, diverting donor money to
certification programs and extracting rents from food supply chains through expen-
sive monitoring systems. Despite substantial research efforts on this topic, important
knowledge gaps remain to be filled. This presentation highlights the results from re-
cent research on the sustainability impact of voluntary sustainability standards, with
evidence from different tropical countries and sectors. The presentation includes a
focus on all three components of sustainability, including social, economic and envi-
ronmental issues and sustainability trade-offs. The research findings, along with ear-
lier findings described in the literature, entail important implications towards farmers,
food companies, standard-setters, policy-makers, donors and consumers on how to
avoid the above-mentioned trap of widespread use of private standards without actual
improvement in food system sustainability. Finally, the presentation points to some
remaining research gaps that need to be addressed in order to develop a more effective
system of private standards.

Contact Address: Miet Maertens, KU Leuven, Earth and Environmental Sciences, Celestijnen-
laan 200e - box 2411, 3001 Leuven, Belgium, e-mail: Miet.Maertens @kuleuven.be

ID 963 11



Tropentag 2019 — Invited Paper

Scientific Knowledge Transfer and the Science-Policy Interface:
Bridging the Gaps and Overcoming the Traps

IMMACULATE NJUTHE MAINA
Nakuru County, Kenya, County Minister of Agriculture, Livestock and Fisheries, Kenya

Scientific knowledge transfer and the science-policy interface is complex and chal-
lenging. It includes contestations about the credibility and legitimacy of scientific
knowledge and the strategic use of such knowledge. The cognitive distance between
the scientists and science experts on one hand and the policy making institutions on
the other, enhances the complexities. In addition, the willingness of scientists to en-
gage in knowledge transfer and exchange with policy is often related to individual
capacities, level of training and career trajectories, and motivations. These realities
often hamper the successful knowledge transfer between the spheres of science and
policy-making leading to under-exploitation of the potential for science to support
decision-making. The policy-science interface is further compounded by the fact that
policies often address complex, far reaching and large-scale, multi-faceted problems
that present social, institutional as well as natural resources contexts. To be more ef-
fective many policy makers would need to develop scientific competences to interact
more effectively with scientific experts. The policy-making process is politically-
driven and involves various arms of government. Interest groups and lobbyists with
different points of view are often involved. Scientists need to enhance their level of
knowledge of the internal workings of policy-making processes. Once policies are
enacted, there often is a lack of coordination among agencies responsible for im-
plementing policy and this contributes to fragmentation. This presentation presents
insights on the possible strategies that can fill the gaps and remove some traps in
the science-policy-practice continuum for sustainable resources management. They
include processes of public participation; a definition of intended outcomes; the the-
ory of change; determination of policy anchors and enablers; as well as provisions
on measurement of the transformational impact of a policy. The insights presented
are drawn from recent publications on this topic as well as from practice. Inference
is drawn from the Kenyan Agriculture Sector Transformation and Growth Strategy
(ASTGS). This 10-year strategy supports policies that address food and nutrition se-
curity while embracing sustainable exploitation, utilisation, management and conser-
vation of the environment and natural resources.

Contact Address: Immaculate Njuthe Maina, Nakuru County, Kenya, County Minister of Agriculture,
Livestock and Fisheries, Nakuru, Kenya, e-mail: immaculate.n.maina@gmail.com

12 ID 970
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Crop and cropping systems — Oral Presentations

Difficult Time for Maize Cropping: How Can we Sustain it under
Climate Extremes?

NUTTAPON KHONGDEE', THOMAS HILGER', WANWISA PANSAK?,
GEORG CADISCH!
YWUniversity of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-Institute),
Germany
2Naresuan University, Dept. of Agricultural Science, Thailand

Climate significantly affects maize (Zea mays) productivity. Therefore, the objective of present
study was to assess growth, physiology and yield components of maize under different crop-
ping patterns in areas prone to weather variability. The experiment was carried out in an up-
land maize production area of Thailand, using a split plot design with three replicates. The
treatments were (i) June planted maize monocrop, (ii) July planted maize monocrop (farmers’
practice) and (iii) July planted maize relay cropped with mung beans (Vigna radiata). Maize
growth and physiological parameters (grain yield, yield components and 8!3C of maize grains)
and soil moisture were assessed. Weather data showed that rainfall was mostly falling from
June to mid-August and mean maximum temperature was 35°C. During drought periods, the
maximum temperature exceeded 40°C. As a consequence, June planted maize was less affected
by extreme weather conditions during sensitive periods of maize growing, while July planted
maize regardless of mono or relay cropping were negatively affected. The results showed that
June planted maize had a significantly better growth performance and finally a higher yield
than the other two treatments tested. N uptake of June planted maize was also significantly
higher compared to the other two treatments. Light transmission ratio of June planted maize
was higher, reaching up to 20 %, while July planted maize treatments were above 40 %. As
July planted maize treatments were highly affected by extreme climate, maize-mung bean re-
lay cropping was higher in demanding water than maize monocrop as indicated by soil moisture
depletion. Stomatal conductance of these two treatments were not significantly different during
normal condition, but during extreme climate, relay cropping was still able to keep stomata
open (P<0.05). Therefore, relay copping performed better than sole cropping when maize was
planted in July. Moreover, 8'3C of maize grains confirmed that June planted maize had a much
better water access than July planted maize. Nevertheless, July planted maize relay crop had
also less water stress than the monocrop. This study indicated that maize-mung bean relay crop-
ping can mitigate extreme weather while using a proper planting period enhances productivity
of maize mono cropping.

Keywords: Climate change mitigation, mung bean, relay cropping

Contact Address: Thomas Hilger, University of Hohenheim, Inst. of Agric.  Sci. in
the Tropics (Hans-Ruthenberg-Institute), Garbenstr. 13, 70593 Stuttgart, Germany, e-mail:
thomas.hilger @uni-hohenheim.de

ID 331 17



Plants and crops

Land Rental Markets in Rural Vietnam — Determinants and
Welfare Effects of Renting in Crop Plots

OLIVER SCHULTE

Leibniz University Hannover, Institute for Environmental Economics and World Trade,
Germany

It is often suggested that land rental markets contribute to efficiency and equity, espe-
cially in developing countries that only recently introduced privately managed agri-
culture and liberalised land markets. However, our understanding of the determinants
of participation in those markets remains limited, affecting the estimation of welfare
effects. This paper aims at analysing the determinants and welfare effects of renting
in additional plots, thereby identifying possible ways to tap into rental markets’ po-
tential. A descriptive analysis is followed by a probit regression to identify the most
important determinants of the decision to rent in, while an endogenous switching re-
gression is proposed to analyse welfare effects. The analysis is based on data from
937 households owning rice plots in rural Vietnam from 2016 and 2017, collected
in the context of the DFG-funded project 283672937 (TVSEP). Households are split
between those renting in additional plots and those only cultivating the plots they
own (autarkic). The descriptive analysis shows that households additionally renting
in achieved higher yields and net income per hectare from crop production compared
to autarkic households. Moreover, their per capita home consumption of their pro-
duce was of higher value, while the ratio of home consumption to sales was smaller.
These observations point to possibly significant effects of renting in additional land
on productivity and food security. The results from the probit regression indicate that
households with more members, smaller land endowment, and higher farming ability
were more likely to rent in, while minorities were less likely to do so. The results of
the selection equation in the endogenous switching regression support these findings.
The results from the endogenous switching regression furthermore suggest that autar-
kic households achieve a lower net income per hectare from crop production than a
randomly selected household, while households renting in are able to increase their
profit per hectare primarily through the expansion of planted area. The results high-
light the importance of households’ self-selection into rental markets based on their
anticipated gains. Policies should facilitate this process and increase the credibility of
rental agreements by providing credit and safeguarding rental payments, which could
be targeted specifically at minorities.

Keywords: Cropland rental market, determinants, endogenous switching regression,
Vietnam, welfare effects

Contact Address: Oliver Schulte, Leibniz University Hannover, Institute for Environmen-
tal Economics and World Trade, Konigsworther Platz 1, 30167 Hannover, Germany, e-mail:
schulte @iuw.uni-hannover.de

18 ID 458



Crop and cropping systems — Oral Presentations

Impact of Urbanisation on Water Bodies in Agro-Ecosystems of
Bengaluru-Metropolitan City of India

DHANUSH REDDY, DEVAKUMAR AUSTIN
University of Agricultural Sciences, Forestry & Environmental Sciences, India

Water contamination is one of the many consequential concerns of urbanisation that
need immediate attention in most cosmopolitan cities. In Bengaluru, one of the fast
growing metropolitan cities in India, most of the water bodies are contaminated. How-
ever, under unabated, rapid land use changes and severe water scarcity, it is inevitable
to utilise the available water for all possible uses depending on the quality of wa-
ter. Thus it is critical to ascertain the extent of as well the source of contamination.
Among the various causes of contamination agriculture is one of the major factors.
Due to urbanisation agriculture has undergone changes in and around Bengaluru in
terms of crops grown as well as cultivation practices. This study is an attempt to as-
sess the changes in the agro-biodiversity related water quality in the agro-ecosystems
along rural urban transition zones (RUT) of Bengaluru. In this study suitability of
water for major utilities such as drinking, irrigation and for livestock use is assessed.
Water quality is determined based on specific physical, chemical and biological indi-
cators in ground water (n=30) as well as surface water (n=30) bodies located within
one kilometer radius of agriculture lands. The mean water quality index (developed
based on 22 water quality parameters) of urban surface and ground water suggest that
it is not suitable for drinking but, fairly suitable for irrigation and industrial use (C3
and C4 category), while in the transition and rural area it is again not suitable for
drinking purpose but suitable for irrigation and industrial use (C2 category). Piper tri-
linear diagram indicate that majority of the ground and surface water samples belong
to mixed Ca>*-Mg?*— CI~—=S0O,* type, and continuous use of this water in future
may lead to soil degradation and crop damage. Results indicate that water quality
across the RUT of Bengaluru is deteriorating and hence there is an immediate need
for improving the water resource management.

Keywords: Agro-ecosystems, drinking standards, irrigation quality, livestock quality,
urbanisation, water quality index

Contact Address: Devakumar Austin, University of Agricultural Sciences, Forestry & Environmental
Sciences, 560065 Bengaluru, India, e-mail: asdevakumar @ gmail.com

ID 181 19



Plants and crops

Grain and Tuber Yield of the African Yam Bean Intercropped
with Cassava

STEFAN HAUSER!, DENIS BUNGU?, MICHAEL ABBERTON?
Unternational Institute of Tropical Agriculture (IITA), Root & Tuber Cropping Systems
Agronomy, Nigeria
2 University of Kinshasa, Crop Science, DR Congo
3 International Institute of Tropical Agriculture (IITA), Nigeria

The African yam bean (Sphenostylis stenocarpa (Hoechst ex. A. Rich.) Harms.) can
be considered an orphan crop, yet interest in the crop has increased recently. In DR
Congo, farmers still grow the crop and keep a few varieties for grain and tuber produc-
tion. The Genetic Resource Unit at the International Institute of Tropical Agriculture,
Ibadan, Nigeria is keeping African yam bean (AYB) germplasm and exchanged some
with DR Congo. Knowledge on AYB varietal traits and agronomic performance are
lacking. A trial was conducted in 2017-2018 season on the Plateau de Bateke to
assess the suitability of 4 AYB varieties for grain and tuber production and intercrop-
ping with cassava, the most common crop on the plateau. Varieties Feshi, Ngidinga,
TSS10 and 209013’ were seeded as sole crop and with cassava variety TME 419.
Plots were 5x5m™2, plant density was 2 AYB m~2 and 1 cassava m 2. Soils are poor,
coarse textured sand, receiving over 1200 mm rainfall, yet vegetation is grassland.
Crop establishment and survival to harvest of the AYB was poor in TSS10 (0.5 plants
m~2) and moderate for the other varieties (0.9 plants m ~2). Grain yield was higher
in AYB sole crops and highest in variety 209013’ (268 kgha!) followed by Feshi
(191kgha!), TSS10 and Ngidinga produced 102 and 89 kgha !, respectively. When
intercropped grain yields were 24—60 % lower with highest losses in 209013’. Tuber
yields were highest in Feshi sole crop (13.02tha!) followed by Feshi intercropped
(10.16tha!). All other varieties produced significantly less (in t/ha): Ngidinga 2.85
(sole), 2.26 (intercropped); TSS10 0.09tha ! (sole), 0.31 (intercropped) and 209013’
0.32 (sole) and 0.07 (intercropped). Feshi is the only variety with a reasonable grain
yield to keep seed and a sufficient tuber yield that matches that of cassava. The cas-
sava root yield did not respond to the presence of AYB varieties 209013’, Ngidinga
and TSS10 but produced significantly less (7.67 tha™! fresh roots) when intercropped
with Feshi. Cassava sole crop attained 11.2tha"! fresh roots. AYB tubers fetch a
higher price than cassava roots thus AYB Feshi is an alternative to cassava.

Keywords: DR Congo, intercropping, orphan crop, Sphenostylis stenocarpa
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Impact of Climate on the Cassava Yield and Biomass Gap
Variability in Sub-Saharan Africa - A Case Study in Nigeria

AMIT KUMAR SRIVASTAVA, THOMAS GAISER, FRANK EWERT
University of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES), Germany

Cassava (Manihot esculenta L.) production is vital to the economy of Nigeria as the
country is the world’s largest producer of the commodity, contributes almost 19 % of
the total world production. We investigated the impact of climatic variables on yield
gap variability across the three states in Nigeria using the crop model LINTULS em-
bedded into a modelling framework, SIMPLACE (Scientific Impact Assessment and
Modelling Platform for Advanced Crop and Ecosystem Management). The simula-
tions were run using a cassava variety (TME 419) and historical weather data (1995—
2010). Yield gap was estimated as a difference between simulated water-limited yield
and farmer’s yield (i.e., observed yield), whereas, biomass gaps were estimated as
a difference between a simulated water-limited condition and the simulated actual
biomass (i.e., under water and nutrient-limited condition). To examine whether vari-
ations in crop yield and biomass were related to variations in a specific climate vari-
able, a multiple linear regression was performed for each district-crop combination
with yield as the dependent variable and radiation, mean temperature and precipita-
tion as independent variables. The estimated DM yield gaps were 8.1 Mg ha !, 6.4
Mg ha~!, and 4.0 Mg ha~! in Edo, Ogun and Kwara states respectively, whereas,
DM biomass gap was 10.8 Mg ha!,9.7 Mg ha~!, and 3.6 Mg ha~! in the respective
states. Average farmer’s yield could be increased by 176.4 %, 104.7 % and 80 % re-
spectively in the abovementioned states under water-limited conditions. The spatial
and temporal variability in cassava yield gap and biomass gap was not correlated with
the climate variables (i.e., precipitation, radiation, minimum and maximum tempera-
ture) during the crop growing period. Closing the yield gaps will require in the first
place adequate supply of nutrients, and reliable seasonal weather forecasts would be
required to allow farmers to manage each seasonal potential, i.e., overcoming season-
specific yield limitations.

Keywords: Cassava, LINTULS, Nigeria, variability, yield gap
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Farmer’s Perception Regarding Effectiveness of Drip Irrigation
System in Attock, Pakistan

MUHAMMAD ALI MIAN!, DANIELA LUKESOVA!, VLADIMIR KREPL?
LCzech University of Life Sciences Prague, Fac. Tropical Agrisciences, Dept. of Animal
Science and Food Processing, Czech Republic
2 Czech University of Life Sciences Prague, Fac. Tropical AgriSciences, Dept. of Sustain-
able Technologies, Czech Republic

Agriculture is consigned as the most important element of Pakistan. It contributes
20.9 % to GDP and almost 43.5 % of the entire labour of the country is involved in
this sector. It supplies total 60 % of its contribution in the economy by exports and
provides raw materials for different industries. Pakistan has abundant water resources,
but the misery is that we are not getting proper benefit from these resources. The only
way to overcome this situation is to increase water productivity by adopting mod-
ern and efficient technologies for sustainable agriculture, which can lead to poverty
reduction, profitability and improved food safety with job opportunities. Drip irriga-
tion, water is supplied to the soil with the help of mechanical devices called as the
emitters (located on water pipes along selected points). The two types of methods
used in drip irrigation technique are surface drip irrigation system (water is delivered
at or near the root zone of plants, drop by drop) and subsurface drip irrigation sys-
tem. We aimed at obtaining information about the awareness of farmers regarding
new techniques of irrigation system use in Pakistan. In the year 2015 the question-
naire data was gathered from 120 farmers who came mainly from the Attock district
(89.2 %), region Punjab. Their analysis was carried out using SPSS Software. About
45.0% of farmers were old aged (>50 years old). About one-third of respondents
(34.2 %) had a bachelor’s degree. More than one quarter (28.3 %) had five years of
farming experience. One-third (33.3 %) reported sand and clay type of soil in their
field. The majority (69.2 %) were small farmers (< 12.5 acres) and only 3.3 % had
large farm (>25 acres) size. The vast majority of respondents (84.2 %) believed that
the drip irrigation system should be accepted. One third of respondents (38.3 %) said
their work ratio was reduced to 1: 3 while less than one-third (32.5 %) of respondents
said their work ratio had dropped to one quarter. In Pakistan agriculture this would be
advisable because it minimises evaporation and water drainage. Through this system
fertilisers can be delivered which helps in improving yields.

Keywords: Irrigation, Pakistan, questionnaire, sustainable development, water use
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Analysis of Drought Impact on Sugarcane Bagasse Based
Electricity Generation under Climate Change Scenarios

JAZMIN CAMPOS ZEBALLOSI, VINICIUS BOF BUFON2, ZITA SEBESVARI1
Y United Nations University (UNU), Institute for Environment and Human Security (EHS),
Germany
2 Brazilian Agricultural Research Corporation (Embrapa), Research and Development,
Brazil

The Rio dos Patos Basin in the Cerrado Biome in Brazil is experiencing land use
change from (degraded) pasture to sugarcane fields. While the Cerrado has a low
share of land under sugarcane cultivation (2 %), it contains half of Brazil’s sugarcane
area and presents the highest sugarcane expansion rate due to land availability, flat
topography and climatological characteristics. Sugarcane in Brazil is a relevant crop
for sugar and biofuel production and, nowadays increasingly, for electricity produc-
tion. Electricity demand in Brazil is covered mostly by hydropower plants (65 %).
However, during dry and low river discharge periods, thermal power plants (oil and
natural gas) cover most of the gap (14 %). Some sugarcane mills had experience sell-
ing electricity surplus prior 2005, when the first auction to ‘new energies’ was held.
Thereafter, electricity generation based on sugarcane bagasse covers 8 % of annual
demand, mostly delivered during dry season. Recent unprecedented drought events
in Brazil, showed the electricity production vulnerability to droughts. Drought risk
assessments including weather trend analysis and climate change scenarios can help
to identify regions at risk and help to point opportunities to better cope and adapt to
future drought events. In this context, the potential of sugarcane bagasse based elec-
tricity generation was evaluated in the Rio dos Patos basin. Weather data from 36
stations within the area and downscaled climate change projections under RCP 4.5
showed a decrease on precipitation jeopardising water availability. Using the Soil &
Water Assessment Tool (SWAT) two scenarios were modelled: 1) without sugarcane
expansion and 2) with 45 % expansion to sugarcane suitable land. Drought impacts on
sugarcane and electricity production will be discussed under the mentioned scenarios.
Considering the biome susceptibility to similar drought events, it is important to con-
sider different adaptation strategies for both, sugarcane crops and energy generation,
towards energy and water security.

Keywords: Cerrados, climate change, drought risk, energy, sugarcane
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Pearl Millet Yield Stability and Susceptibility to Abiotic Stresses
in Semiarid; A Modelling Perspective

FESTO RICHARD SILUNGWEI7 FRIEDER GRAEFI, MARCOS LANAZ, SONOKO
DOROTHEA BELLINGRATH-KIMURA'!
' Leibniz Centre for Agric. Landscape Res. (ZALF), Germany
2Swedish University of Agricultural Sciences, Crop Production Ecology, Sweden

Over 500 million people depend on pearl millet for their lives worldwide. The crop
is reported to be resilient to climate change due to its inherent adaptability to drought
and high temperatures. These traits make pearl millet a very important crop in fighting
hunger. However, the performance and resilience of pearl millet to different scenar-
ios of future climates have been rarely explored in sub-Saharan Africa. Data from
experiments conducted in two consecutive seasons (2015/2016 and 2016/2017) to de-
termine the yield responses to different fertiliser application levels for Okoa pearl
millet variety in Dodoma a semi-arid region in Tanzania were used to calibrate and
validate the DSSAT model (CERES-Millet). A validated model was evaluated for
49 synthetic scenarios of climate change constructed by incremental method on his-
torical series of observations, with temperature increments ranging from +0.5 up to
+3.0°C and precipitation changes from -30 up to +30 %. Nine planting dates from
very early planting 5™ December to late planting 25" February after every 10 days
were used for simulations of pearl millet yields response to the synthetic scenarios.
Results show that the model reproduced the phenology and yield of Okoa pearl millet
cultivar with relative root mean square error (rrmse) values for calibration (anthesis
days (0.0 %), maturity days (0.8 %), tops weight (7.3 %) and grain yield (6.4 %)) and
validation (anthesis days (2 %), maturity days (1.2 %), tops weight (3.5 %) and grain
yield (11.8 %)). From evaluation, the yield response surfaces indicated that both very
early and late planting dates produced lower yields with a higher risk of crop fail-
ure. The best planting window with stable yield was between 25" December and
15™ January. Our results demonstrate that Okoa pearl millet variety planted before
or after best planting window is susceptible to abiotic stresses under the constructed
scenarios.

Keywords: Climate change, DSSAT CERES-Millet, pearl millet, planting dates
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Effects of P Nutrition and VPD on Rice Leaf Morphology and
Photosynthesis

OLIVER KNOPF, SABINE STURZ, MARC SCHMIERER, FOLKARD ASCH

University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-Institute),
Germany

The first time in a decade, global hunger is on the rise again driven by conflicts and
climate change. The rice cultivation system as such is a significant contributor to
greenhouse gas emissions and a major consumer of phosphate (PO 4") a non- renew-
able resource and the most limiting nutrient for plant growth after nitrogen. In order
to meet the sustainable development goals, rice production has to be increased by 50—
110 % and at the same time, the impact on environment and water usage has to be
reduced. To address this issue, a greenhouse experiment was conducted comprising
32 rice plants of two varieties (IR64, Chomrong). Plants were grown in a hydroponic
system and manipulated using a nutrient solution with two different phosphate levels
(low and optimal P) and two levels of vapour pressure deficit (low and high VPD).
Destructive samplings, leaf phosphate analysis, stomatal imprints were performed
during the vegetative phase of the plants. Additionally, gas exchange measurements
were conducted on young and on older leaves.

Plants subjected to the low phosphate treatment had a significantly smaller leaf area,
a lower leaf phosphate concentration, higher root to shoot ratio and generally a higher
stomatal density.

While in young leaves P nutrition did not significantly affect assimilation rates, in old
leaves reduced P nutrition led to higher assimilation rates in IR64 at high VPD due
to higher stomatal conductance. Since under P deficiency, inorganic phosphate (Pi)
is translocated from old to young leaves, stomatal control is probably lost in highly P
deficient old leaves of IR64. In contrast, Chomrong was able to maintain its stomatal
control even in its old leaves, which could be an interesting trait for plant breeding for
P limited environments.

Keywords: Climate change, phosphate, phosphor, photosynthesis, resource manage-
ment, rice, stomata, sustainability, vapor pressure deficit
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Mechanical Weed Control in Cassava: Effects on Weed Biomass,
Labour Requirements and Root Yields

STEFAN HAUSER!, FRIDAY EKELEME!, ADEYEMI OLOJEDE2, PATIENCE
OLORUNMAIYE?, MARY AGADA*, ALFRED GILBERT DIXON!
Unternational Institute of Tropical Agriculture (IITA), Weed Science Center; Nigeria
2National Root Crops Research Institute (NRCRI), Nigeria
3 Federal University of Agriculture Abeokuta, Crop Science, Nigeria
4 University of Agriculture Makurdi, Crop science, Nigeria

Weed control is a major labour input in cassava production and commonly burdens
women and children with drudgery of bending down and weeding with short handled
hoes. Chemical weed control has not been investigated as well as in other crops and
mechanical weeding is uncommon. Multi-location trials in major Nigerian cassava
growing areas investigated if manually operated or engine driven weeders can attain
weeding quality and root yields as manual weeding. Over two years 7 treatments
were tested: short handled hoe (SHH), long handled hoe (LHH), rotary weeder (RW),
Spike weeder (SW), small motorized tiller (SMT), large motorized tiller (LMT) and
motorized brushcutter (BC). Weeding was conducted at 4, 8, 12 and 24 weeks after
planting, cassava density was 12,500 plants ~'. Net-plots measured 4x8m. Each
implement was tested on ridged versus flat soil and by female and male operators.
The rotary and spike weeder and brushcutter were eliminated due to poor quality and
high time requirements (60-90 minutes plot ~'). The LMT was too difficult to han-
dle. SHH, LHH and SMT required 3040 minutes plot ~!. Ridging the soil was an
advantage reducing weed biomass. Small plot data appeared to underestimate the
time requirement and did not tally with data reported at field level. In 2017 four large
plot trials (1250 m? per plot) were established comparing the SHH and the SMT on
ridged soil. At first and second weeding the SMT required significantly less time to
weed than the SHH. Cassava root yield was not significantly affected by the weeding
implement or the operators’ sex. However, fields weeded by male operators attained
higher yields (19.7t ha™! fresh roots) than female operators (15.9t ha™! fresh roots).
The difference between the implements was marginal (17.9t ha™! SHH versus 17.7t
ha! SMT). The larger time requirement rendered the SHH the more cost intensive
weeding method despite the fuel requirement of the SMT, yet not regarding the pur-
chase cost ( 600 US$) and depreciation of the SMT. Labour requirements in the large
plots were higher than those measured in small plots. Delayed weeding caused weed-
ing time to increase up to 4 fold.

Keywords: Labour time, motorized weeder, weed control
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Nitrogen Fixation in White Yam (Dioscorea rotundata) Using
Naturally Abundant >N

KANAKO TAKADA!, RYoO MATSUMOTO?, HARUKI ISHIKAWA>, ASRAT ASFAW?Z,
PACHAKKIL BABIL!, HIDEHIKO KIKUNO', HIRONOBU SHIWACHI'
YTokyo University of Agriculture, International Agricultural Development, Japan
2 International Institute of Tropical Agriculture (IITA), Yam Breeding, Nigeria
3 International Institute of Tropical Agriculture (IITA), Grain Legume, Nigeria

White yam (Dioscorea rotundata), a tuber crop cultivated and utilised as a staple food
in West Africa, plays an important role in the daily diet of millions of people in the
region. However, in spite of the growing local demand for white yam, little progress
has been made in increasing supply by optimising fertilisation methods to improve
yield. Several experiments conducted throughout the region to determine the optimal
quantity of nitrogen fertiliser needed for the crop arrived at contradictory conclusions,
suggesting the need to take a different approach to elucidate the nitrogen absorption
mechanism and to apply it to cultivation. Here we report on the nitrogen absorption
mechanism in white yam with a special focus on its nitrogen fixation ability using
naturally abundant PN (§19N).

A field experiment was conducted at the International Institute of Tropical Agriculture
in Ibadan, Nigeria using six white yam accessions with squash (Cucurbita moschat)
plants as a reference. Experimental plots with three replicates for each accession
were prepared without the application of fertiliser in a randomised block design. The
percentage of plant N derived from atmospheric N, (%Ndfa) was calculated based on
SN values.

A wide range of variation was observed in %Ndfa values among the six white yam
accessions. The highest value was accession DrDRS074 (45.5 %) and the lowest was
DrDRS042 (-4.7 %). Moreover, the %Ndfa of accession DrDRS074 (45.5 %) was
statistically significant than that of DrDRS058 (7.2 %) and DrDRS042 (-4.7 %). The
results obtained in this study suggest the ability of white yam to fix atmospheric ni-
trogen; however, intra-specific variation must be also considered. To ascertain the
nitrogen fixation ability of different white yam varieties, further research on the pres-
ence of symbiotic bacteria as well as the effect of nitrogen fixation on plant growth
should be conducted.

Keywords: Low soil fertility, nitrogen fixation, white yam
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Experimental Substantiation of the Use of Agricultural Waste in
Obtaining Biodiesel

ASKHAT MARATOV
Kazakh-German University, Fac. of Physics and Economics, Kazakhstan

The territory of the Turkestan region of the Republic of Kazakhstan is the most
promising for growing pumpkins. The climate of the region is characterised by
high spring-summer-autumn temperatures, and the well-developed root system of this
melon crop is perfectly adapted for cultivation on irrigated lands. The peel formed
during pumpkin processing can be considered as a promising specific raw material
for the production of products with higher value added, for example, as an energy
source. This study substantiate the use of the rind and pumpkin seeds of Cucurbita
pepo L. as a potential source of biofuels.

To test the effectiveness of the technique, an experiment was conducted in the lab-
oratory. The rind of Cucurbita pepo L. (Cucurbitacea) was washed with detergent,
rinsed with clean water, reduced in size 0.5 x 0.5cm™2 and dried in a Nabertherm
muffle furnace at 110textdegreeC for 72 hours. After drying, the peel was crushed
using a hand blender (Philips HR 2102 White).

The sample was extracted with methanol : chloroform (1:2) according to the Folch
method. The solid and non-lipid material was removed, the solvent was dried. As a
result of the experiment, it was found hat per 100 grams of pumpkin peel there are 3
grams of the total lipid fraction, and per 100 grams of seeds 8 grams. Based on the
experimental results obtained in this work, it was concluded that the potential use of
pumpkin peel waste as a biofuel is possible on an industrial scale in the Republic of
Kazakhstan.

Keywords: Biodiesel, biofuel, Folch method, pumpkin
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Socioeconomic and Technological Profile of Rice Growers in Sao
Mateus do Maranhao Municipality, Maranhao State, Brazil

UELSON SERRA GARCIAI, CARLOS MAGRI FERREIRAz, LUCIANO
CAVALCANTE MUNIZ?, CLEYZER ADRIAN CUNHA?,
ALCIDO ELENOR WANDER?

VFederal University of Goias (UFG), Postgraduate Program in Agribusiness, Brazil

2Brazilian Agricultural Research Organization (EMBRAPA), National Rice and Beans
Research Center (CNPAF), Brazil

3State University of Maranhao (UEMA), Brazil

4Federal University of Goias (UFG), School of Economics, Brazil

This study aimed to study the socioeconomic and technological profile of rice growers
in Sao Mateus do Maranhao, Maranhdo state, Brazil. Therefore, structured question-
naires were applied, as well as the use of secondary data with bibliographical and
documentary research. In order to determine the number of producers that would be
interviewed, a sample was defined based on IBGE’s agricultural census data (2017),
which pointed out that the municipality of Sdo Mateus do Maranhdo has 269 rice
growing farms. From this population, a sample of 75 farmers were interviewed (95 %
of confidence level, with 10 % error). With the data collection, it was possible to
observe that the activity of rice production in Sdo Mateus do Maranhdo municipality
is developed by small, medium and large producers. From interviewed rice growers,
73 % are organised in associations, 24 % in societies of limited responsibility, and
3% in isolated family business. From all interviewed farmers, 31 % grow rice on
leased land. Also, 12 % of rice growers lease part of their land to other farmers to
grow rice. Rice growers use two cropping systems: (a) the rainfed paddy cultivation
in areas with favourable rainfall distribution (96 %); and (b) the irrigated paddy rice
(4 %). The results show that the marketing of production and acquisition of new tech-
nologies represent the main obstacles for producers, especially the small ones, who
have difficulties in obtaining technologies to improve the activity and little access to
marketing channels available in the region. This shows to the need for public policies
related to technical assistance directed at marketing channels and, above all, effective
technical monitoring.

Keywords: Associations, marketing, technological innovation, rice cultivation
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Effect of Farming on Watershed Area of Inle Lake, Myanmar

TIN AMY CHIT
World Wide Fund for Nature (WWF-Myanmar), Enterprise and Livelihood Develop-
ment, Myanmar

The present research was carried to unfold the awareness of Inle Lake dwellers on the
adverse effects of farming activities on the watersheds. Study areas comprised seven
villages in four village tracts around the lake. A total of randomly selected 81 farmers
were interviewed during March 2016. Information from experts and printed materi-
als from the department of agriculture were also collected. The dependent variable,
farmers’ awareness of certain environmental effects of farming was further split into
six dimensions to get a clear picture of the awareness. Probit regression analysis was
performed to determine the determinants of farmers’ awareness of certain environ-
mental effects of farming on the watersheds. Findings show that 72, 100, 23, 81, 17
and 59 % of the sampled farmers are aware of sedimentation increase, water quality
declining, biodiversity loss, fisheries resources decline, drought increase and air pol-
lution increase, respectively, that are caused by farming activities in the lake areas.
They have the highest awareness of water quality declining and the lowest awareness
of drought as a consequence of farming activities. However, awareness on different
aspects of adverse farming effects on the watersheds is influenced by different fac-
tors. In general, education, family size, farm size, frequency of manure application
and frequency of pesticide application contribute to improve the farmers’ awareness
of adverse farming effects. On the other hand, cropping intensity (mono-cropping)
and duration of high yielding variety (HYV) cultivation negatively impact on this
awareness. However, age does not have any significant influence to build awareness
of adverse farming effects on the watersheds. This study emphasises the increased
awareness as a prerequisite to discourage farmers to practice such farm activities that
could potentially harm the watersheds. In order to increase the farmers’ awareness of
adverse farming effects, government should invest to improve the educational quali-
fications of the farmers regarding adverse environmental effects of farming activities.
Agricultural extension services should be focused on delivering supports to the farm-
ers on increasing the manure (organic fertilisers) application and cropping intensity
(indirect way of increasing farm size in terms of total cropped area).

Keywords: Environmental awareness, farmers’ attitude, farming, watershed area
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Defining Thresholds for Identifying Genetically Redundant
Accessions within CIAT’s Global Cassava Collection

MONICA CARVAJAL, GUSTAVO CARDONA, PETER WENZL
International Center for Tropical Agriculture (CIAT), Genetic Resource Progr., Colombia

Crop diversity is critical for food security, climate adaptation, dietary quality and
poverty reduction. Cassava is a critical source of carbohydrates for 500 million
people in Africa and elsewhere. The International Center for Tropical Agriculture
conserves the globally largest collection of cassava (Manihot esculenta) and its wild
relatives (6,155 accessions). The collection, currently conserved in-vitro under slow-
growth conditions, will be cryopreserved once genetically redundant accessions have
been removed. We conducted an experiment to determine thresholds for identify-
ing genetically redundant accessions by genotyping technical and biological repli-
cates from a group of accessions. Twenty-five cassava accessions were selected for
DNA extraction. Three types of replicates were analysed to quantify genetic distances
(Gd): (i) different individuals from the same accession “Individual-Reps”, (ii) differ-
ent DNA samples extracted from the same individual “Extract-Reps”, and (iii) the
same DNA sample analysed twice “DNA-Reps”. In addition, 17 accessions were ran-
domly selected from a core collection to compare Gd between replicate pairs using
a more diverse group of accessions. DNA samples were analysed using the DArT-
seq genotyping platform (DArT-PL) to generate dense profiles of SNP and ‘in-silico-
DArT’ markers (the latter being the presence/absence of sequence-tags in the genome
representation). Marker identification and allele-calling were performed using DS14
software (KDCompute plug-in system). A total of 188 samples and 114,545 markers
were obtained (59,519 SNP/55,026 ‘in-silicoDArT). SNP markers were used to com-
pute distance matrices after applying additional marker-specific quality filters, such
as sequencing depth, call rate and polymorphism content. The variation in the aver-
age Gd between replicate pairs (Individual-Reps, Extract-Reps and DNA-Reps) was
used as a criterion to adjust marker-quality thresholds to retain a maximum number of
markers while producing close-to-zero genetic-distance estimates for replicate pairs.
The thresholds values determined in this study will be used to identify a genetically
non-redundant subset of DArTseq-characterised accessions for cryopreservation to
reduce long-term conservation costs.

Keywords: Cassava, genetic diversity, genotyping
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Seed Distribution in Rural Communities of Central America

RICARDO ROMERO-PEREZGROVAS!, IRENE ALVARADO VAN DER LAATZ,
JENNIFER TORRES VEGA?, GLORIA UWIZEYIMANAZ, DAVID DE LA ROSA?,
JupITH HECK*

LSustainable Harvest International, Field Programs, Mexico

2EARTH University, Costa Rica

3CIMAT, Applied Statistics, Mexico

4Deutsche Gesellschaft fiir Internationale Zusammenarbeit, PROCAMBIO, Honduras

The importance of in-situ agricultural biodiversity has increased over the last two
decades. Local crops and varieties have been lost at an alarming rate since the 1970s.
Efforts to preserve them ex-situ in germplasm banks are just a partial solution: with-
out a continuous cycle of planting and selection, agricultural biodiversity stops its
dynamic cycle. Since the beginning of agriculture, seed exchange between farmers
has been one of the main mechanisms of distribution and conservation of agricultural
biodiversity.

In this study, we tracked and mapped how rural communities are preserving and ex-
changing seeds. We analysed and compared how seed networks operate for: 1) grains
and legumes; 2) horticulture and vegetables; 3) tubers and root crops, and 4) forest
and fruit trees. Using a structured survey, the research took place in a total of 18 rural
communities in Belize, Honduras and Panama. Using a “following the seed” method,
the total number of farmers surveyed was 427. Some of the results indicate that the
grains and legumes and the tubers and roots networks were more dynamic and de-
centralised in the three countries when compared to the horticulture and vegetables
networks now controlled by few actors.

Maize and bean varieties were selected, preserved and distributed between farmers
with high intensity and without the need for external actors. In parallel, horticulture
and vegetable networks are heavily concentrated, and their seed distribution is de-
pendent on external actors such as NGOs, government agencies or private enterprises.
The difficulties to select and preserve seeds of different crops is one of the main causes
of a concentrated network dependent on external actors. If in-situ agricultural biodi-
versity is to be preserved in these countries, there is a need for greater understanding
of how and why farmers are preserving and exchanging seeds.

Keywords: Central America, crop biodiversity, seed networks
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The Contribution of CIAT Genebank in the Development of High-
Iron Bean Varieties and Farm-Level Impacts in Rwanda

STEFANIA SELLITTI'#, RICARDO LABARTA!, KATE VAIKNORASZ, MELINDA
SMALE?, NELISSA JAMORA*, ROBERT ANDRADE', PETER WENZL!
Unternational Center for Tropical Agriculture (CIAT), Colombia
2Virginia Tech, Dept. of Agricultural and Applied Economics, USA
3Michigan State University, Agricultural, Food and Resources Economics, USA
4Crop Trust, Germany

Genebanks play an essential role in a world where a substantial part of agricultural
biodiversity has been lost from farming habitats, malnutrition persists as the global
population continues to rise, and farm productivity is vulnerable to climate change.
We demonstrate the importance of the genebank of the International Center for Trop-
ical Agriculture (CIAT) in the development of seven iron-biofortified climbing bean
varieties (CAB2, RWV3316, RWV3317, RWV3006, RWV2887, MAC44, MAC42)
and the impact of their adoption on farm households in Rwanda. First, we link iron-
biofortified climbing varieties directly to the genebank through pedigree analysis and
key informant interviews with the breeders who developed them. Second, we apply an
econometric model to test the impact of their adoption on the yield, consumption and
purchase of beans by farming households in Rwanda. Analysis is based on a dataset
collected from nearly 1400 households in 2015 by Harvest Plus. We find that the
scope of the genetic diversity housed in the bean collection at CIAT was fundamental
to developing successful iron-biofortified beans. In contrast to the findings of Vaikno-
ras (2019), which focused on a most extensively adopted variety of bush bean, we
found no statistically significant effects. There could be various explanation for these
results, such as the comparatively lower rate of adoption of climbing beans or their
different characteristics and the difference in the way they are harvested. Our results
suggest that it is possible to track the journey of an accession from its introduction in
the genebank to its final use by farmers. Further research is needed to understand why
these climbing varieties had less impact than the bush variety previously studied.

Keywords: Breeding, genebank, high-iron beans, malnutrition, Rwanda

Contact Address: Stefania Sellitti, International Center for Tropical Agriculture (CIAT), DAPA
/ Genetic Resources Program, Carrera 6 # 4-36 San Antonio, Cali, Colombia, e-mail:
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Screening Sweetpotato Crop Wild Relatives for Sweetpotato Virus
Disease Resistance

BETTINA HEIDER!, SEGUNDO FUENTES?2, JAN KREUZE?
Unternational Potato Centre (CIP), Genetics, Genomics and Crop Improvement, Peru
2 International Potato Centre (CIP), Crop and Systems Science Division, Peru

Sweetpotato Virus Disease (SPVD) is a major constraint to sweetpotato production
worldwide and particularly in sub-Saharan Africa. SPVD is caused by the syner-
gistic interaction of the whitefly-borne Sweetpotato Chlorotic Stunt Virus (SPCSV)
and the aphid-borne Sweetpotato Feathery Mottle Virus (SPFMV). Approaches to
control SPVD are limited to phytosanitary measures and the use of virus-free plant-
ing material. Due to the lack of extreme natural resistance to SPVD in the sweet-
potato genepool, crop wild relatives are a potential alternative source of resistance
genes. However, no resistance could be found in species of the Ipomoea series Batatas
(Choisy) D.F. Austin complex, the group of crop wild relatives most closely related
to sweetpotato. To evaluate sweetpotato crop wild relatives for resistance to SPCSV
and SPFMV 53 accessions of nine species belonging to the . batatas complex were
subjected to repetitive cycles of grafting with infected stem cuttings and subsequent
enzyme-linked immunosorbent assay (ELISA) screenings. Resistance of accessions
that remained negative to SPFMV or SPCSV was finally validated by grafting plant
material on indicator plants (I. setosa) followed by ELISA analysis. Two Ipomoea
cordatotriloba accessions (CIP 460296 and CIP 460164) were identified showing
stabile resistance to SPCSV and one Ipomoea tiliacea accession with resistance to
SPFMYV (CIP 460531) was found. No resistance to both viruses was detected. These
findings demonstrate that sweetpotato crop wild relatives are a potential sources of
true and durable resistance to SPVD useful for sweetpotato pre-breeding initiatives.
Since crossing barriers of species of the Batatas complex with sweetpotato exist fur-
ther research is required to explore pre-breeding approaches such as the use of bridge
species.

Keywords: Ipomoea series Batatas, pre-breeding, sweetpotato chlorotic stunt virus,
sweetpotato feathery mottle virus, sweetpotato virus disease

Contact Address: Bettina Heider, International Potato Centre (CIP), Genetics, Genomics and Crop
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Potential for Domestication of Borassus aethiopum Mart.: A Wild
Multipurpose Palm Species in Sub-Saharan Africa

VALERE SALAKO!, AHUEFA MAURICEL KEGBE!, FLORA JOSIANE CHADAREZ,
KONOUTAN KAFOUTCHONI!, AUBIN AMANGNIDE!, CASTRO RODRIGUE
GBEDOMON', ACHILLE ASSOGBADJO?, CLEMENT AGBANGLA®*, ROMAIN

GLELE KAKAI?
YUniversity of Abomey-Calavi, Lab. of Biomathematics and Forest Estimations, Benin
2 University of Abomey-Calavi, Lab. of Food Science, Benin
3 University of Abomey-Calavi, Lab. of Applied Ecology, Benin
4University of Abomey-Calavi, Genetics and Biotechnology , Benin
S University of Abomey-Calavi, Dept. of Natural Resources Management, Benin

Borassus aethiopum Mart. is a dioecious palm species native to mainland Africa. It is
a multipurpose tree daily used by local communities but is unfortunately threatened
by anthropogenic pressures in many parts of Africa. Fruits and young shoots represent
the most exploited parts putting the species at risk. Since the domestication of species
offers a good alternative for its long-term benefit, the present study aimed at assess-
ing the environmental-induced diversity in morphological traits of fruits and evalu-
ated differences in growth and weight of hypocotyls from one-seeded, two-seeded as
well as three-seeded fruits from different provenances in the three climatic regions of
Benin. A total of 5,400 fruits were collected from 180 trees in six populations and fruit
and tree morphological traits were measured. A randomized complete block design
with three replications was used for the experimentation in each climatic region. The
results showed that variation in fruit morphological traits was not influenced by cli-
matic regions. Furthermore, the greatest variation (65 - 94 %) in fruit morphological
traits was located at tree level, highlighting that selection of many fruits and indi-
vidual trees within a few populations would capture a large variation of fruit traits.
Tree diameter at breast height (18.5 - 52 cm), total height (6.4 - 19.6 m) and bole
height (4.8 - 17.6 m), fruit length (7.00 - 20.50 cm), dry weight (98 - 2552 g), shape
index (0.59 - 2.80), and number of seeds per fruit (1 - 3) were the most discrimina-
tive traits of the studied populations. Clustering of the trees resulted in five different
morphotypes based on discriminating traits. Morphotypes 1 and 2 showed high per-
formance for fruit and seed production and are consequently recommended for selec-
tion and breeding programs. Irrespective of the provenances, the best performance of
hypocotyls were observed in the humid region. The study provides important base-
line information for domestication and sustainable conservation of B. aethiopum in
Benin.

Keywords: Climatic regions, domestication, hypocotyl, morphological traits

Contact Address: Ahuéfa Mauricel Kégbé, University of Abomey-Calavi, Lab. of Biomathematics and
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Observations on Seed Embryo and Germination, Seedling
Morphology and Development of Vitellaria paradoxa (C.F.Gaertn.)

ABDULAI IDDRISU, WILFRED ELEGBA, GEORGE KLU, KENNETH DANSO
Ghana Atomic Energy Commission, Biotechnology and Nuclear Agriculture Research
Institute, Ghana

The pyrophytic features and high longevity of shea tree (Vitellaria paradoxa) make
it an excellent species for combating desertification and mitigating climate change in
sub-Saharan Africa. In this study, our aim was to describe precisely the cotyledon
morphology, seedling development process and seedling morphology that account for
cryptohypogeal germination of the species. To identify the embryonic axis, fresh and
partially dry seeds were deshelled and their distal ends transversely cut off. Cut seeds
were immersed in 1.0 % tetrazolium chloride (TTC) solution for 24 hours and kept in
the dark for staining. To study cotyledon morphology, 50 seeds were deshelled, air-
dried for 3-5 days and split open from the distal end. Another batch of 50 seeds were
sown directly. The sprouted seeds or seedlings were sampled at 5-day intervals and
their cotyledonary tubes sectioned to observe morphological and anatomical features.
To study seedling development, 180 seeds were classified into three groups based on
their sizes and then sown on seedbeds in randomized complete block design with 60
in each of the 3 replicates. The TTC solution stained the proximal ends of only the
fresh seeds. Morphologically the seed bears a cotyledonary raphe, which lies verti-
cally with distally schizocotylous and proximally syncotylous cotyledons. Seed size
significantly (P < 0.05) affected the various stages of seedling development. Large
seeds sprouted earlier (7 days) followed by seedling emergence within 61 days, while
small seeds sprouted almost a week later (12 days) with seedling emergence within
75 days. The location of the embryos at the proximal ends cause germinating seeds to
produce long cotytedonary tubes which bury the plumules deep into the soil as a pro-
tection against bushfires. This germination study will enhance nursery establishment
for plantation development of V. paradoxa.

Keywords: Cotyledon, crytohypogeal, establishment, germination, pyrophytic, seedling
emergence, shea, Vitellaria paradoxa
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Constraints and Opportunities of Cassava Seed Systems in South
India: An Exploratory Case Study

SEBASTIAN MENGEL, KARIN ZBINDEN GYSIN, ALESSANDRA GIULIANI
Bern University of Applied Sciences (BFH), School of Agricultural, Forest and Food
Sciences (HAFL), Switzerland

In India, most cassava is produced in the federal states of Kerala and Tamil Nadu. While the
crop is generally valued for being well adapted to marginal cropping conditions, the cassava
mosaic disease (CMD) is widespread in India, resulting from the indiscriminate use of infected
planting material, a lack of commercial interest, and the long-prevailing non-availability of
improved cassava varieties. Under the Indo-Swiss Collaboration in Biotechnology (ISCB), In-
dian and Swiss research institutes have increasingly worked together on the development of
improved CMD-resistant cassava varieties. Yet, as for many other tuber crops, cassava prop-
agation generally follows a vegetative approach, resulting in a relatively slow seed dissemina-
tion. Hence, the pressing question is how new varieties can be effectively disseminated within
reasonably short time, so that farmers, the ultimate beneficiaries, can access them.

In 2018, qualitative in-depth interviews and group discussions were conducted with cassava
farmers, breeders, extension and agricultural scientists, agricultural economists, and cassava
processing industry representatives in Kerala and Tamil Nadu to first, identify the main con-
straints and bottlenecks for the dissemination of new cassava varieties to farmers and second,
develop recommendations to sustainably improve the dissemination process.

The research shows that cassava is generally of low and highly fluctuating economic value,
which constitutes a key challenge for the development of a seed system driven by a larger de-
mand of farmers. This is interrelated with a low willingness to pay (WTP) of farmers for new
varieties, a perceived high opportunity cost (risk) of acquiring new planting material, inade-
quate rules and regulations for the re-use of infected seed and the legal status and support of
cassava, as well as the absence of a clear mandate and adequate capacities for seed multipli-
cation and dissemination. The study recommends a multi-perspective and multi-stakeholder
approach to (i) formally clarify the mandate for planting material multiplication and dissemi-
nation, (ii) strengthen extension capacities for agricultural technology transfer, (iii) explore the
potential of farmers’ associations engaging as actors in an improved, functional cassava seed
system, and (iv) consider changes at policy level for the re-use and replacement of planting
material and the allocation of specific subsidies.

Keywords: Cassava, cassava mosaic disease (CMD), dissemination, India, manioc, multipli-
cation, planting material, seed system

Contact Address: Sebastian Mengel, Bern University of Applied Sciences (BFH), School of Agri-
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Response of Drought-Inducible Proline Accumulation in Barley
Genotypes to Seed Set and Filling

FELIX FRIMPONG!, ALI NAZ2, CAREL WINDT!, MICHAEL FREI?, DAGMAR VAN
DUSSCHOTEN!, FABIO FIORANT!

1F0rschungszentrum Juelich, Inst. of Bio- and Geosciences, IBG-2: Plant Sciences,
Germany
2 University of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES), Germany

Drought as a consequence of climate change is projected to become more prevalent
in the future to cause yield decline of about 33 % in barley. In this study we focus
on drought response of five different spring barley genotypes; four 2-row types with
Barke and Scarlett as elite German cultivars, two introgression lines IL143 & IL141
which bears the ancestral allele Pyrroline-5-carboxylate synthasel- P5csl and one
6-row type HOR10151. Plants were grown until booting stage in the greenhouse in
pots with peat soil and then subjected to 18 days of well-watered (100 % field capac-
ity) and water-stress (30 % field capacity) treatments. For all genotypes significant
reductions due to the treatment were observed for phenotypic, biochemical and phys-
iological traits. Averaged over all genotypes, a significant reduction in plant height
(17 %), tiller number (20 %), spike number (56.3 %), grain number (28.8 %), spike
length (19 %), grain weight (76.5 %), relative leaf water content (4.4 %), CO , assim-
ilation (55.6 %), stomatal conductance (73 %), transpiration rate (63.6 %) and elec-
tron transport rate (49.3 %) was recorded due to drought. A positive correlation was
found between the treatment effect on spike length and the reduction in grain number
(r=0.73, P<0.01) and grain weight (r=0.37, P<0.05), respectively. Reduced green
leaves area was observed for all genotypes, with the two introgression lines showing
milder drought symptoms. The reduction in relative leaf water content was nega-
tively correlated (r=-0.61, P<0.001) with the reduction in shoot dry weight. Again,
the reduction in relative leaf water content positively correlated (r=0.65, 0.53, 0.51,
P<0.01) with reductions in transpiration rate, stomatal conductance and CO, assim-
ilation respectively. Across genotypes, the grain filling duration was not affected.
However, preliminary MRI scans indicated that there might be differences in floret
abortion among drought treated elite cultivars compared to introgression lines. The
6-row barley HOR10151 was severely affected while IL143 showed better drought tol-
erance by staying green, maintaining relative leaf water content and remaining pho-
tosynthetically active. These results support and extend recent findings that barley
genotypes harboring wild variant of P5cs1 might have an advantage in tolerating low
water availability.

Keywords: Barley, drought-inducible proline, filling, seed set
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Triticum araraticum: A Wild Tetraploid Wheat Species with
Potential Implications in Crop Breeding Programs

ESRAA GABAL!, BENJAMIN KILIANZ, MICHAEL FREI!, HAKAN OZKAN 3
YUniversity of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES), Germany
2Global Crop Diversity Trust, Germany
3 Cukurova University , Field Crop Dept., Turkey

Wheat is one of the major crops, globally known since its early domestication in
the Fertile Crescent 12000 years ago. Its evolutionary process and species diver-
sification are of interest to many breeders. With the help of molecular markers, it
became feasible to reveal the information about crop genomes and detect their ge-
nomic diversification. Our research aimed at characterising one of the least explored
wheat species. This wild wheat species was first identified in the 1930s and given its
botanical name Triticum araraticum, Jakubz in 1947 by Jakubziner, with a tetraploid
genome (GGAuAu). Wheat Ararat is the wild progenitor of domesticated tetraploid
T. timopheevii and it is included among the group of hulled wheat with tenacious
glumes and disarticulated spikes. Our research was conducted on 79 different geno-
types of T. araraticum, originated from Turkey, Iraq, Iran, Israeli, Syria, Azerbaijan,
and Armenia. The genotypes were sampled from their natural habitat by H. Ozkan
and yet kept in the genebanks. With the implementation of a retrotransposon-based
iPBS marker system, we could identify the genomic diversification among the 79
genotypes arranging them into two main clusters. Moreover, we estimated a number
of phenotypic measurements, revealing that 7 araraticum has an average plant height
of 95 cm, spike length of 11.5 cm, peduncle length of 40 cm, spike weight of 1.25 gm,
seed weight per spike of 0.4 gm, and a number of 30 seed grains per spike. Addi-
tionally, most of the plants required up to 115 days until starting the heading (spikes
production). Our research revealed substantial phenotypic diversity in T. araraticum.
Moreover, the nutrient analysis revealed wild wheat accessions had an average zinc
content of 96 mg kg!, phosphate concentration of 5.5 g kg~!, and phytate content of
15 g kg''. Hence, we concluded that 7. araraticum accessions involved in our study
showed diversification at the genomic, phenotypic, and nutritional levels ensuring the
diversified genomic pool of Ararat that can help in enriching the genomic diversity of
wheat cultivars if being implemented in breeding programs.

Keywords: Genomic diversification, iPBS retrotransposons-based markers, wheat
evolution, wild relatives
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Large Scale Screening for Potential Abiotic Stresses Tolerant Rice
Germplasm in Vietnam

TRUNG DucC TRAN, LINH HONG TA, DANG QUANG Bul
Vietnam Academy of Agricultural Sciences, Science and International Cooperation,
Vietnam

Global climate change has potentially grave affects for rice production and, conse-
quently, global food security. Its phenomena, such as sea-level rise leading to salin-
ity intrusion, temperature increment and unpredicted weather causing flooding and
drought, occur more frequently in the irrigated intensively managed rice areas and
is accounted for a 15 % decrease in rice yields worldwide. Rice production of Viet-
nam recently has been under the influence of the same circumstance. In order to
mitigate and adapt to increasing severe unfavoured conditions, breeding for new rice
varieties which effectively tolerant to abiotic stresses such as submergence, salinity
and drought is a priority in the restructuring strategy of Vietnam agriculture sector.
Vietnam is one of the world’s genetic diversity centres of rice. Sufficient rice germplasm
evaluation is considered as a crucial premise which, therefrom, facilitates effective
exploitation of such gene pool for rice breeding programme in the themes of food
security guarantee and climate change mitigation.

In this presented study, a panel of 146 Vietnam rice accessions that included landraces,
elite and popular cultivars, and breeding lines developed from various rice breed-
ing programme across Vietnam were screened both phenotypically and genetically.
Phenotypic evaluation under unfavourable abiotic stresses identified five accessions
highly tolerant to submergence, one accession moderately tolerant to 9% salinity and
16 accessions exhibiting potential yield performance under drought stress. In paral-
lel, genotyping experiment using the 7K SNP Chip revealed a high diversity among
screened rice accessions. Genotypes which associate with characterised genes/QTLs
conferring targeted abiotic stresses tolerance were observed for most of potential rice
accessions except that showing tolerance to salinity. It implies that, there are other
genetic elements may involving in salinity tolerance in rice. Notably, clustering anal-
ysis based on the selected 52 SNP markers representing submergence, salinity and
drought tolerance genes/QTLs also discriminated groups of landraces and improved
accessions. These results provided a useful insight into the genetic diversity of Viet-
nam rice population.

Keywords: Drought, rice, salinity, screening, SNP, submergence
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Genetic Diversity in Napier Grass (Cenchrus purpureus)
Collections as Revealed by Genotyping-by-Sequencing Method of
the DArTseq Platform

MEKI SHEHABU MUKTAR', ERMIAS HABTE!, CHRIS S. JONES?
Unternational Livestock Research Institute (ILRI), Ethiopia
2 International Livestock Research Institute (ILRI), Kenya

Napier grass is one of the most important fodder crops, particularly in Eastern and
Central African countries and used as a cut-and-carry feed with high potential as a
bio-fuel crop. The ILRI (International Livestock Research Institute) genebank holds
a diverse set of Napier grass accessions and also has a collection contributed by the
Brazilian Agricultural Research Corporation (EMBRAPA). One hundred and five ac-
cessions were subjected to genotyping by sequencing using the DArTseq platform,
which generated 116,190 SilicoDArT and 85,452 SNP high-density and polymor-
phic markers together with short sequence reads. The short sequence reads, with
an average of 54 nucleotides, were mapped to the pearl millet reference genome,
which is the closest related species to Napier grass. Around 17 % of the SNP and
33 % of the SilicoDArT markers were mapped and, based on the map position, the
closest genes aligned with the markers were identified and the corresponding anno-
tation information extracted. In turn, these data were used to select candidate genes
for important forage traits based on functional annotations and sequence similarity.
A total of 980 highly polymorphic SNP markers distributed across the genome and
mostly independent were used to assess population structure and diversity. Up to
seven subgroups were identified using phylogenetic analysis and the major ones were
supported by the admixture model in STRUCTURE and principal component anal-
ysis (PCA). A few representative Napier grass accessions were subsetted from the
diversity with the objective to distribute a representative subset of a manageable size
for adaptation/evaluation in different production systems and agroecological condi-
tions. Genome-wide linkage disequilibrium (LD) analyses revealed a fast LD-decay,
on average at about 2.54 kbp, in the overall population with the LD-decay slower in
the ILRI material compared to the EMBRAPA collection. This genotyping initiative
generated high-density markers with a reasonable distribution across the genome. The
diversity analysis revealed the existence of a substantial amount of variation, particu-
larly in the ILRI collection and identified some unique materials from the EMBRAPA
collection, demonstrating the suitability of the overall population for further genetic
and marker-trait association studies.

Keywords: DArTseq, diversity analysis, elephant grass, forage, genebank, linkage
disequilibrium
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Insights into the Batatas Complex: A Crossing Study and its
Significance for Breeding

BETTINA HEIDER!, RICHARD ELTON MILLER?, CRAIG G. YENCHO?
Unternational Potato Centre (CIP), Genetics, Genomics and Crop Improvement, Peru
2 Independent Expert in Evolutionary Biology, United States of America
3North Carolina State Univ., Dept. of Horticultural Science, United States of America

Sweetpotato crop wild relatives (Ipomoea series Batatas (Choisy) D.F. Austin) are
an untapped and potentially valuable source of genetic diversity for crop improve-
ment. However, the use of wild relatives in sweetpotato breeding remains largely
unexplored as obstacles specific to this group must be overcome to fully unleash the
resources provided by the sweetpotato crop wild relatives (SP CWR). These difficul-
ties include, for example, unclear species delimitation, lack of diagnostic characters
enabling differentiation among taxa, different ploidy levels and unknown levels of
cross compatibility. Thus, the objective of this study was to test the compatibility
of SWP CWR through a systematic interspecific and intraspecific crossing study to
provide information critical for the design of a pre-breeding approach. The crossing
study included 46 accessions from eight out of 14 CWR species of the series Batatas:
L. cordatotriloba, 1. cynanchifolia, 1. grandifolia, I. leucantha, 1. ramosissima, I.
splendor-sylvae, I. trifida, and I. triloba. The crossing design was a full diallel with
2,070 possible cross combinations and a target of 20 crosses completed per cross com-
bination. Three crossing groups with high levels of interfertility (>40 %) within the
diallel were identified that correspond to three distinct syngameons. Crossing group
1 (CGl1, 24 accessions) contained I. cordatotriloba, 1. cynanchifolia, I. grandifolia,
1. leucantha and I. triloba while CG2 (12 accessions) included 1. trifida and one I.
ramosissima accession. CG3 encompassed four I. ramosissima accessions. Crosses
between accessions of CG1 and CG3 exhibited zero to low levels (<27 %) of interfer-
tility but no absolute barriers to reproduction. In contrast, accessions from CG2 did
not form fertile offsprings with CG3 indicating reproductive isolation. Accessions
from CG1 (self-compatible species) as females crossed at zero to low levels with ac-
cessions from CG2 (self-incompatible species) as males, but the reverse shows no
interfertility. This distinction provides us with a roadmap for future pre-breeding ap-
proaches. . trifida accessions from CG2 (as males) may serve as bridge species to
introgress desired traits from CG1 (as females) into the sweetpotato genepool.

Keywords: Cross compatibility, crossing barriers, Ipomoea, pre-breeding, sweet-
potato crop wild relatives

Contact Address: Bettina Heider, International Potato Centre (CIP), Genetics, Genomics and Crop
Improvement, Av. La Molina 1895, Lima, Peru, e-mail: b.heider @cgiar.org

52 ID 564



Plant genetic resources - a tool to fill gaps and remove traps — Posters

Evaluation of Agronomic Traits Variation in White Yam
(Dioscorea rotundata)

RYO MATSUMOTO!, HARUKI ISHIKAWAZ, ASRAT ASFAW!
nternational Institute of Tropical Agriculture (IITA), Yam Breeding, Nigeria
2 International Institute of Tropical Agriculture (IITA), Grain Legume, Nigeria

Yams (Dioscorea spp.) are grown globally in Africa, Asia, Latin America, Caribbean
and Oceania. Especially in the West African, there is a great demand for yam as staple
food as well as a cash crop with increasing population. Among the 20 or more species
of yam, white yam (D. rotundata) is the most important species as food material in
West Africa. The growth characteristic of white yam such as large plant size and the
long growing period makes it difficult to conduct field experiments and evaluations
of the agronomic traits. Moreover, systematic breeding has hardly been carried out
so far due to lack of plant physiological information. Although the genetic resource
material held by IITA may include individuals with high breeding value, the diversity
of their agronomic traits has not been clarified. Therefore, to obtain basic information
for promoting white yam breeding, the evaluation of agricultural traits in the genetic
resource material was conducted. The experiment was conducted at 2017 cropping
season (May to Dec) in IITA Ibadan, Nigeria. Thirty genotypes of white yam were
selected from IITA genetic resource material and used in this experiment. Destructive
sampling was carried out to understand the tuber index (tuber weight / total plant
weight) at early September. Growth period was calculated from date of sprouting
to date of aerial part 100 % senescence. Tubers were harvested in December. The
varietal difference between genotypes was clearly observed in agronomic traits. The
genotypes with high tuber index in September tended to have a short growth period.
The tuber yield was correlated with the aerial part biomass in September, suggesting
that the biomass of the aerial part up to September are key traits to obtain a high
tuber yield. From these results, it is expected to contribute to white yam breeding and
development of improved varieties suitable for the region.
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Cassava Varietal Performance and Productivity Analysis under
Subjective and Objective Measurements - A Case of Malawi

MUZEE L. KAZAMWALI', JOHN ILUKOR?
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2The World Bank, Development Data Group - Survey Unit, Uganda

Cassava is the second most important crop to maize in Malawi. Since 1995 per hectare
yield of cassava has more than quadrupled and production has increased more than
nine times between 1997 and 2007. This is mainly attributed to breeding and dissemi-
nation of improved varieties through collaborative programs between the government
of Malawi and the International Institute of Tropical Agriculture (IITA). However, de-
spite all the efforts put into breeding and dissemination of improved cassava varieties,
several weaknesses in evaluating the performance of these crop technologies at plot
level still persist. These include for instance high variability in on-farm yield, piece-
meal harvesting, and varietal misidentification, implying that both adoption and im-
pact estimates of improved cassava varieties cannot be trusted. Although studies have
investigated the effect of systematic measurement errors in agricultural surveys, only
few have assessed their effect on varietal performance and productivity analysis. The
current study therefore investigates the effect of measurement errors on varietal per-
formance and productivity analysis. The study used data from methodological exper-
iment on cassava varietal identification and productivity measurement (CVIP 2015)
collected over 1129 households in five districts in Malawi. Using DNA fingerprinting
and crop-cutting as benchmarks, descriptive statistics showed that farmer estimates
were more volatile in estimating yield on selected varieties compared to crop-cutting.
The latter, on the other side, over-estimated yield by 30 percentage point on average.
Econometric estimations showed under crop-cutting that though cassava has always
been advertised as a woman’s crop, female-headed households were still less efficient
as compared to those of their male counterparts. Furthermore, while adoption ap-
peared to have significant effect on technical efficiency under farmer estimates, crop-
cutting showed on the other side that this variable was not of crucial importance on
farmers’ technical efficiency. Study findings support therefore investment in advanced
quality data collection through more reliable methods such that yield can be tracked
to specific variety; but also the role played by socioeconomic factors, especially gen-
der in adoption and impact of food security crops. Hence, periodic dissemination of
planting materials for resource-constrained groups such as women as well as training
of extension workers for better varietal identification are mainly recommended.
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Phenotypic Diversity of Rice Landraces Collected from
Ayeyarwady Region, Myanmar Using Agro-Morphological
Characterisation
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RAKESH KUMAR SINGH?, BOHDAN LOJKA!
LCzech University of Life Sciences Prague, Fac. Tropical AgriSciences, Czech Republic
2Plant Biotechnology Center, Czech Republic
3The International Centre for BioSaline Agriculture, Crop Diversity and Genetics Sec-
tion, United Arab Emirates

An investigation was conducted to determine the agro-morphological characterisation and re-
lationship between rice accessions collected from the Ayeyarwady region for their utilisation
in breeding programs. The use of agro-morphological traits, both qualitative and quantitative,
is the most common and traditional approach utilised to estimate relationships between geno-
types. In this study, 117 accessions were characterised for 13 qualitative and 15 quantitative
traits as per IRRI rice descriptors. Qualitative traits were analysed using Shannon diversity and
cluster analysis by NTSYS, whereas quantitative characters were subjected to principal compo-
nent analysis (PCA) and coefficient matrix. The standardised Shannon-Weaver diversity index
ranged from 0.41 (least polymorphic) for sterile lemma colour to 0.84 (highly polymorphic) for
amylose content with an average of 0.7. Cluster analysis separated the different varieties into
various groups. Truncating the tree at the Euclidean distance of 1.18 resulted in 15 clusters.
In the truncated tree, 3 clusters had single accession, 5 clusters had two to three accessions, 6
clusters had five to eighteen accessions and the largest cluster had 44 accessions. Four acces-
sions (TLNKYAUK, MSEIK, MSWE and KYTUN) clustered together in the genetic distances
(0.00) due to their similar qualitative traits. For analysis of 15 quantitative traits, the coefficient
of variation was more than 10 % for most of the characters, the highest one being the num-
ber of panicles per plant (24.54 %). Correlation analyses among quantitative traits showed a
strong positive correlation in some traits such as long and short sterile lemmas, grain length
and length-width ratio, harvest index and yield. The principal coordinate analysis showed sim-
ilar groupings as in the cluster analysis. PCA has revealed six major components (Eigenvalue
> 1), which altogether explained 80.4 % of the total variation. Component loadings for each
principal component showed quantitative traits, such as grain width, yield and harvest index
that were among the phenotypic traits contributing positive projections in three principal com-
ponents that explained 54 % of total variation in the characterised rice accessions. The present
study indicated that diversity in agro-morphological traits were useful for preliminary evalua-
tion for crop improvement programme and can be used for assessing genetic distance among
morphologically distinguishable rice landraces.

Keywords: Agro-morphological characterisation, landraces, Myanmar, Oryza sativa
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Genetic Diversity of Native Guatemalan Avocado Using SSR
Molecular Markers
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LCzech University of Life Sciences, Fac. of Tropical AgriSciences, Dept. of Crop Sciences
and Agroforestry, Guatemala
2Universidad de San Carlos de Guatemala, Facultad de Agronomia, Guatemala

Avocado is one of the most widely consumed crops worldwide and originated in the
Sierra Nevada region in California eight to five million years ago. In Guatemala, a
high genetic diversity has been reported by morphological characterisations, but due
the cross-pollination and interracial hybridisations, these characterisations present
complications and it is not possible to detail the total genetic richness. Molecular
markers are a useful tool for this type of studies because they are free of environmen-
tal effects and focus on differences at the DNA level. The main objective of this study
was to analyse the genetic diversity of 189 materials of native Guatemalan avocado
collected in seven populations located in eight departments of the country, using 11
SSR molecular marker. A total number of 262 polymorphic alleles were detected with
a mean number of 10.701 per population. Among population, the expected heterozy-
gosity varied from 0.738 to 0.837. The analysis of molecular variance (AMOVA)
showed that only 2 % genetic variation existed among population, while 65 % existed
within individuals and 33 % existed among individuals . Moderate differentiations
among the analysed populations were indicated by Fst index 0.018. Structure analysis
suggested two and four cluster for the whole avocado materials. The lack of popula-
tion structure is attributed to the process of selection, the system of cross-pollination,
the exchange of seeds and the process of domestication to which the avocado is still
subject. We therefore suggest the protection of the phytogenetic resource, as well as a
complementary agromorphological characterisation, to establish an adequate strategy
of exploitation through plant breeding programs.
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In vitro Conservation and Recovery of Ullucus tuberosus (L.oz.)
after Reduced Growth of Microshoots
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2Crop Research Institute, Plant Physiology and Cryobiology Laboratory, Czech Republic
3 Bioversity International, ¢/o KU Leuven, Belgium
4Crop Research Institute, Gene Bank, Czech Republic

In vitro conservation by the use of reduced growth is considered to be a reliable biotechno-
logical tool for medium-term conservation of plant germplasm while ensuring its immediate
availability. In the present study, we assessed reduced growth condition using five culture
media supplements, a cultivation temperature of 4°C and a 24 h in vitro growth in complete
darkness, to establish a simple and reliable in vitro conservation protocol for ulluco (Ullucus
tuberosus). Ulluco is an Andean tuberous crop rich in carbohydrates and vitamin C and it rep-
resents a staple crop for local people. For this experiment, individual nodal segments of ulluco
were precultured for 28 days on half-strength Murashige and Skoog (MS) medium maintained
in a culture room under a 16/8 h light/dark regime at 17°C, and at a photosynthetic photon
flux density of 35 umol m~2 s~ ! provided by cool-white fluorescent tubes. They were then
transferred to half-strength MS medium supplemented with mannitol (10-30 g 1", sorbitol
(10-30 g 11, sucrose (10-120 g 1=, chlorcholinchlorid (CCC; 300-700 mg 1=1) or abscisic
acid (ABA; 1-3 mg 171) and were placed in a cultivation temperature of 4 °C and a 24 h dark
conditions for 24 months. Based on survival percentage and number and size of MTs, three
superior treatments were selected for further experiment on microtuber germination: manni-
tol (20 g 1*1), sorbitol (30 g 1*1) and sucrose (90 g 1*1). Three regrowth media were tested:
MS, half-strength MS and MS supplemented with 0.5 mg ~! GA3. After 3-months survival,
MT germination and morphological characteristics were evaluated. Results showed that MS
cultivation medium supplemented with GA3 and MTs originated from conservation medium
supplemented with 90 g 17! sucrose showed the fastest regrowth and provided overall supe-
rior characteristics over plants from other conservation treatments and tested regrowth media.
The protocol optimised in this study provides minimal labour and efficient method of ulluco
conservation for 24 months.

This research was financially supported by the Internal Grant Agency of Faculty of Tropi-
cal AgriSciences, Czech University of Life Sciences Prague 1GA (Project No. 20195002)
and the MZe RO0418 project. BP gratefully acknowledges the Gene Bank CGIAR Research
Programme and the CGIAR Research Programme on Roots, Tubers and Bananas (RTB) and
the Directorate-General for Development, Belgium (DGD) for financial support of the project
‘Safeguarding vegetatively-propagated crop diversity to nourish people now and in the future’.
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Survival Is Insufficient: A Cryopreservation Case Study on
Cassava
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Food security is one of the sustainable development goals of the United Nations. Most
of the regions that are affected by this insecurity are areas with infertile or dry soils,
often located in the tropics. An essential crop in such environments that provides food
security is cassava, an important source of carbohydrates and the third most important
crop in the tropics. Even though there is only one cassava species, there are plenty
of varieties, each with its own characteristics, allowing the species to survive in many
different areas. Having access to such a diversity within the species is important for
farmers since it allows them to adapt to different situations.

The cassava diversity can be kept in field and in vitro genebanks but the ultimate way
of preserving cassava for the long term is using cryopreservation. In these conditions
plant tissues are cooled to the temperature of liquid nitrogen (-196°C). At this temper-
ature all biological and chemical processes come to a halt. However for cassava this
cryopreservation protocol is not yet optimised. In this study, different parameters dur-
ing the cryopreservation protocol were varied, such as a the application of a sucrose
preculture, different loading solutions and the use of apical versus axillar meristems
and this on three different cassava varieties. One month after recovering from the lig-
uid nitrogen exposure, this resulted in survival rates of up to 91 % for some cultivars.
Under survival we understand that new green leaves were formed. However after
this initial growth, the shoots completely stopped growing and this for both control
and cryopreserved meristems, suggesting that the storage in liquid nitrogen is not the
main bottleneck. Regeneration towards normal rooted plants is thus the next hurdle
to overcome, before we can speak about a cryopreservation protocol that is applicable
to an in vitro collection.

Keywords: Cassava, cryopreservation, genebanks, in vitro culture
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Agrobiodiversity of Homegardens in Pyay District, Myanmar

SU MYAT THWE', LUKAS PAWERA!, CORY WHITNEY?, ZBYNEK POLESNY!
YCzech University of Life Sciences Prague, Fac. of Tropical AgriSciences, Dept. of Crop
Sciences and Agroforestry, Czech Republic
2 University of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES), Germany

This survey was conducted in 96 randomly sampled home gardens across eight vil-
lages of the Thegon Township situated in Bago region. The research aimed to assess
the species diversity of cultivated and wild plants to uncover typology of local home
gardens and finally to document traditional botanical knowledge on useful plants and
plant management practices. Data were collected during August and September 2018.
The survey included a household survey, vegetation survey and plant artefact inter-
views. A total number of 246 species belonging to 70 botanical families were identi-
fied and the value of Shannon-Wiener index is ranging from 0.1 to 2 with an average
value of 1.03. The best-represented families with the highest number of species were
Fabaceae, Euphorbiaceae, Rutaceae, Zingiberaceae, Apocynaceae and Asteraceae.
We identified 63 species as an ecologically important species. In our study area, type
and structure of local home gardens for all households was a combination of subsis-
tence and market-oriented gardens with different levels of commercialisation. There
was a positive correlation between the number of plant species and home garden size,
natural vegetation, species diversity, and a number of species commercialised. On the
other hand, the home garden age was not correlated with species diversity. The re-
sults showed that there were no significant environmental and management effects on
species diversity. In most of the home gardens, plants were managed by both chemical
and biological control methods. While biological methods were applied for most of
the crops, agrochemicals were applied only in insect pests control of marketed crops
to improve the cash crop yields.
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Conventional and Organic Farmers in Iran: A Comparison Study
on Perceptions, Socio-Economic and Demographic Characteristics
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Organic farming in Iran has great potential for contribution in sustainable agriculture.
In order to support the implementation of organic farming, policy makers need to have
better understanding of farmers. The purpose of this study is to analyse the socio-eco-
nomic characteristics of organic versus conventional farmers. In addition, we aim to
investigate farmer’s perception and attitude towards organic farming. The sample in-
cluded 141 pioneer farmers (organic and non-organic farmers) in five provinces in Iran
(Kerman, Golestan, Khorasan Razavi, Kermanshah and Fars). These regions have the
highest number of organic farmers in the country. For conducting the analysis, we
used Mann-Whitney Test, Chi-Square Test and Discriminant Analysis.

The results of Mann-Whitney Test show that perceptions of farmers about environ-
mental risks and human health effects of chemical fertilisers and pesticides were sig-
nificantly different among organic and conventional farmers. In addition, our results
indicate that more than 60 % of farmers in the sample had very limited or no knowl-
edge about organic farming. With respect to educational program, 77.3 % of respon-
dents reported that they never enrolled in organic educational courses. Concerning
the organic certification, our results show that 77.3 % of farmers were unfamiliar with
the process of certification. Regarding organic market, almost all farmers (93.6 %)
reported very limited or no knowledge about the available markets. Respecting demo-
graphic factors, our findings revealed that, organic farmers were more socially active
and relatively younger than the conventional farmers. However, regarding the edu-
cational level, we did not observe significant difference between two groups. Using
discriminant analysis in SPSS software, we analysed the differences between organic
and conventional farmers. Four discriminating factors include having experience of
organic agriculture, engagement in social activities, the experience of IPM methods
on their own farm, and attending the sustainable agriculture courses were entered in
discriminant function of organic farmers’ characteristics. The results of our study
suggest that in order to support the development of organic farming in Iran, policy
makers, experts and extension agents’ efforts should focus on extensional, informa-
tional and market-oriented plans.

Keywords: Conventional farmers, organic agriculture development, organic farmers,
policy makers, sustainable agriculture
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Impact of Organic and Conventional Farming Systems on Termite
Presence, Diversity and Maize Crop Damage
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'Kenyan Agricultural and Livestock Research Organization (KALRO), Kenya
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Switzerland

Termites are major soil macrofauna and within the literature, they are either depict
as ‘pests’ or an important indicator for environmental sustainability. It is worthwhile
to understand the extent to which termites can be managed to avoid crop damage
and to improve the sustainability of farming systems. Therefore, the objectives of
the study were to assess the effect of organic and conventional farming systems on
termite presence, diversity, activity and crop damage. To achieve these objectives, we
conducted a study in the maize crops on the on-going long-term systems comparisons
trials (SysCom) at two sites in the Central Highlands of Kenya. The trial is comparing
organic and conventional farming systems at two input levels: low input representing
smallholder farmer practice and high input representing commercial scale practice.
The results showed higher termite abundance, incidence, activity, and diversity in the
organic high input farming system compared to the other farming systems. However,
the overall the damage patterns due to termites appeared to be a function of farming
systems, plant growth stages, trial site, type and amount of fertiliser and/or organic
material applied. During the study period, we identified nine different termite genera
that belong to three subfamilies: (i) Macrotermitinae (genera: Allodontotermes, An-
cistrotermes, Macrotermes, Microtermes, Odontotermes, and Pseudocanthotermes),
(i1) Termitinae (Amitermes and Cubitermes) and (iii) Nasutitiermitinae (Trinerviter-
mes). Our findings demonstrate that certain farming systems attract termites, which
are an important, and often beneficial, component of soil fauna. Nonetheless, damage
patterns were not necessarily higher in these farming systems and thus not generally
lead to higher yield loss.
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Rice Farmers’ Perception of the Three-Controls Technology (3CT)
in Guangdong Province, China
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Over the past decades, the overuse of fertiliser in China has led to decreased fer-
tiliser use efficiency, stagnating yields, and heavy environmental pollution causing
disastrous effects on the climate, soils, water, and human health. In order to combat
this problem in rice production, the Three-Controls Technology (3CT) was developed
and released in Guangdong Province in 2007 as a best management practice to re-
duce rice farmers’ fertiliser use, while decreasing the number of unproductive rice
tillers and controlling for diseases and insects. By use of the new technology, nitro-
gen fertiliser input is typically reduced by 20 % while rice yields increased by 10 %.
From an agronomic perspective, the technology has been successful and thus has also
been introduced to other Chinese provinces. However, the aspects regarding farmers’
satisfaction with the 3CT and their long-term adoption behaviour have not yet been
studied. Hence, the main objective of this study is to investigate farmers’ perception
of sustainable development through 3CT. In particular, the aim is to examine how the
three pillars of sustainability — economic, social and environmental — have changed
since 3CT introduction. A quantitative survey questionnaire has been developed and
data will be collected via tablets with the CommCare application. In total, 150 farmers
will be surveyed in Huicheng county, Guangdong Province, in April 2019. Farmers’
perceived personal benefits or drawbacks regarding their financial situation, changes
in biodiversity, knowledge, and capacity building will be evaluated and presented.
The results will be analysed using uni- and multivariate statistics. Additionally, an
econometric and psychometric statistical analysis will be performed to determine the
significance of farmers’ perceptions with regard to adoption satisfaction. Data will be
examined taking into account three key elements of development: (1) economic level,
which is output oriented, (2) social level, which is behaviourally oriented, and (3)
intervention level, which is modification oriented. The implications will be discussed
with regard to the long-term adoption of 3CT, which may lead to a better understand-
ing of effective sustainable best management practices that benefit the environment as
well as the farmers’ businesses and livelihoods.
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Farmers’ Knowledge and Practices of Potato Bacterial Wilt
Management in Ethiopia
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Potato (Solanum tuberosum L.) is an increasingly important crop for food and nutrition security
in Ethiopia. It is also a vital source of income and more than 3.7 million smallholder farmers
are involved in potato production in the country. However, bacterial wilt is currently causing
an overwhelming impact on the country’s potato production systems, threatening food and
nutrition security initiatives.

A survey of 261 randomly selected smallholder farmers was carried out in three major potato
growing districts in the central highlands of Ethiopia to examine farmers’ knowledge and man-
agement practices of bacterial wilt, and to analyse the role of relevant knowledge in their prac-
tices. Considering their different characteristics, three groups of farmers were distinguished:
producers of quality declared seed, producers of normal seed and producers of ware potatoes.
The results of the study indicated that most farmers (72 %) could recognise symptoms of the
disease on infected potato plants. However, they had very limited knowledge of the disease
including its causal agent, spreading mechanisms, and management methods. All of the farm-
ers were unaware of the causal agent of the disease and there were significant incongruences
between scientific explanations and farmers’ understanding of the disease. The farmers pro-
vided different explanations and confused a causal agent of the disease with various factors,
such as water shortage, insects, planting seed potato with high moisture content, and waterlog-
ging. Further, the majority of the farmers (60 %) did not know spreading mechanisms of the
disease. There was also no statistically significant association between farmers’ knowledge of
the disease and the category of the farmers.

Farmers’ knowledge of recommended management methods for bacterial wilt was also limited.
The study further showed that practices of farmers have striking implication for spreading of
the disease instead of controlling it. Previous agricultural extension efforts did not have the
desirable effect on farmers’ knowledge and practices. Therefore, to bridge the gap between
scientific knowledge and farmers’ understanding and practices, farmers need to learn about the
disease and how to manage it through appropriate learning approaches that foster innovations
in their local context.

Keywords: Bacterial wilt, disease management, farmers’ knowledge, farmers’ practices, potato
disease
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How Agroforestry Systems May Impact Pests and Diseases in
Robusta Coffee in Ecuadorian Amazonia
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Switzerland
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Coffee agroforestry systems could potentially reconcile agricultural, social and en-
vironmental objectives, especially in tropical regions, where farmers are generally
poor. We assessed how agroforestry and different types and levels of intensification
affected pest and disease development on Coffea canephora (robusta coffee) trees in
Joya de los Sachas, in the Ecuadorian Amazon. The five coffee shading methods as-
sessed were: 1) full sun (no shade); or Musa spp. AAB (plantain) at 333 plants ha ~!
combined with trees of 2) Myroxylon balsamum; 3) Inga edulis; 4) Erythrina spp;
or, 5) Erythrina spp. and Myroxylon balsamum. The four coffee farming practices
assessed were: conventional farming at either 1) moderate or 2) intensified input or
organic farming at 3) low or 4) intensified input. The experiment was an RCBD thus
with 20 treatment combinations, replicated three times. A pyranometer was used to
assess shade cover above the coffee in each plot. Infestation of pests and disease
incidence of the following were evaluated monthly: the brown twig beetle (Xylosan-
drus morigerus), the coffee leaf miner (Leucoptera coffeella), the coffee berry borer
(Hypothenemus hampei), the anthracnose disease (Colletotrichum spp.), the thread
blight (Pellicularia koleroga) and cercospora leaf spot (Cercospora coffeicola). Fur-
thermore, the anthracnose disease severity was assessed with the help of Imagel.
Agroforestry with Inga edulis reduced brown twig beetle infestation by 9 %, com-
pared with in the full sun treatment. Both brown twig beetle and coffee leaf borer
infestation were both reduced by 12 % in the intensified organic treatment compared
with the intensified conventional treatment. The anthracnose disease severity was
found to be only 3 % greater within the intensified organic farming in comparison to
the intensified conventional treatment. We conclude that both shade tree treatments
and management strongly influence pest infestation levels and diseases incidence and
therefore should be considered when selecting optimum management strategies for
coffee cultivation.

Keywords: Disease, Ecuadorian Amazon region, pests, pyranometer, robusta coffee,
shade
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Rural Female-Headed Households’ Perception, Strategies, and
Practices of Pest Management in Amhara Region, Ethiopia
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Studies on farm pest management perception, strategies, and practices with a spe-
cific focus on female headed households (FHHs) (single, divorced, widowed) was
found to be very scarce. A mixed method approach was applied, integrating diverse
qualitative and quantitative surveys including key informant interviews, focus group
discussion (FGD), household survey, field observation and photo documentation. We
used data from 334 randomly selected respondents from 4 districts of the Amhara Re-
gion of Ethiopia. The results reveal that crop pests, disease and weeds are among the
constraints for food security with varied intensity and severity across agro-ecologies.
As part of FHHs agricultural activities, crop pests, diseases and weeds are managed
through agro-chemicals, following the mainstream and socially accepted agricultural
practices. Integrated Pest Management (IPM) as a more environmentally friendly,
economically viable and socially acceptable approach is uncommon, and rarely pro-
moted by advisory services. The same is with alternative organic farming practices.
An excessive and indiscriminate use of pesticides is a cumulative effect of the adop-
tion of various inputs in the 1990s, driven by the Green Revolution (GR), lack of
effective alternative methods of pest management, inadequate extension advisory ser-
vices, and limited institutional control of local pesticide markets. As part of dealing
with agro-chemicals, pesticide handling was made in violation of safety practices;
with unsafe storage, with little or no use of personal protective equipment (PPE), un-
safe disposal and dependence on less expensive but more acutely toxic and environ-
mentally persistent pesticides such as DDT. By applying the knowledge, attitude and
practice approach, however, we identified knowledge and perception have detrimental
role in influencing pesticide-handling practices. However, high knowledge and risk
perception does not always translate into good behavior, rather influenced by socio-
economic, institutional and climatic contexts. Therefore, it is vital to understand the
various inter-related factors for identifying consequences and recommend more gen-
der sensitive programs and interventions. Therefore, this study suggests the need for
action for the reduction of pesticide risks through research, advisory and policy.

Keywords: Environment, Ethiopia, exposure, female headed households, human
health
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Effect of Mentha piperita and Thymus vulgaris Essential Qils on
Seed Germination of Zea mays
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Brazil is the world’s second largest exporter of corn, surpassed only by the United
States (US). The product is recognised for its good quality and for guaranteeing sup-
plies in several countries exactly during the US off-season. To achieve this high
production it is necessary to guarantee a high index of vigorous seeds, and this can
be reached through seed stimulants. Essential oils can act as germination stimulant.
Therefore, the objective of this study was to evaluate the effect of Mentha piperita
and Thymus vulgaris essential oils, at concentrations of 1 %, 5 % and 10 %, on germi-
nation of maize seeds. The experiment was conducted with four replicates of 50 seeds
each, totaling 200 seeds evaluated. The essential oils were diluted in organic solvent
to form the doses. The corn seeds were immersed in the oil solutions for 1 minute,
and after drying, they were wrapped in sheets of paper towel. The rolls of paper were
packed in plastic bags. The tests were carried out in a germinating chamber, type
B.0O.D., with photoperiod of 12 hours for a period of 8 days with controlled tempera-
ture of 25 =+ 2 °C. The evaluations were performed on the 4 ™ and 8™ days after the test
installation. The results were expressed as a percentage, where it was observed that
the Mentha piperita oil at the 1 % dose presented the best value with 99 % for normal
seedlings, while the percentages of 5 and 10 % presented 92 and 88 % respectively.
For the Thymus vulgaris oil, it was observed that concentrations 1 and 5 % presented
the best values for normal seedlings (100 and 99 %, respectively) in relation to the
10 % dose (88 %). The control treatment showed 100 % of normal seedlings in both
tests. It was concluded that 1 % Mentha piperita oil and 1 and 5 % Thymus vulgaris oil
can be used as germination stimulants, since vigorous plants were observed in these
treatments, compared to the control group. However, the doses of 10 % for both plant
oils are not feasible, since they hinder germination and development of the seedlings.

Keywords: Corn, essential oil, germination seeds
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Optimising Conidial Concentration of Isaria cateniannulata for
Management of Common Cutworm Spodoptera litura (Fabricius)
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2Yunnan Agricultural University, College of Plant Protection, China

Spodoptera litura (Fabricius) (Lepidoptera:Noctuidae) is a common polyphagous pest
infesting several crop species as groundnut, cotton, tomato, cabbage, cauliflower and
causing heavy crop losses. To manage this pest in an eco-friendly manner, an ex-
periment was conducted to study effective conidial concentrations of Isaria cateni-
annulata against common cutworm Spodoptera litula (Fabricius) larvae. Common
cutworm were collected from fields in Kunming province, China. Collected individ-
uals were placed in insect rearing glass tube in laboratory at temperature is 2541 °C.
Six concentrations of conidia (103, 10*, 10, 10°, 107 and 108 conidiaml'l) along
with distilled water as a control were evaluated. Tween 80 was used as adjuvant and
the larval populations were dipped in conidial suspensions for 5 seconds. Though
all the concentrations tested could infected the larval populations of cutworm, high-
est mortality of larvae was recorded when larvae were treated with a concentration
of 108 conidiaml™! of I. cateniannulata in vitro. The common cutworm that received
107, 106, 105, 104, 103 conidiaml™! also showed mortality of the larvae but at a lower
level. The mortality of the common cutworm increased with increase in spore concen-
tration and exposure time. The results suggest that 1. cateniannulata has a potential
to be developed into an entomopathogen and further field evaluations and followed
by effective formulation development. Furthermore, pest management strategies em-
ploying microbial agents offers the environmental advantages. Microbial control of
insects is the concerted use of insect-specific pathogens for the biological control of
insects. Microbial pesticides have a number of advantages over conventional chemi-
cal pesticides. Although the advantages of microbial pesticides are numerous, some
of their characteristics are regarded as disadvantages.

Keywords: Cutworm, eco-friendly, Entomopathogens, Isaria cateniannulata,
Spodoptera litura (Fabricius)
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Allelopathic Pseudomonas Consortium: A Sustainable Weed
Control Approach in Wheat (Triticum aestivum L.)
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Weeds are notorious biological pests reducing crop production by sharing soil nutrient pools,
water and space, and through allelopathy. Global annual crop yield losses by weed infesta-
tion range from 20-30 % while in Pakistan Triticum aestivum L. production loss due to weeds
was estimated up to 24 % annually. Environmental pollution, residual effect, weed resistance,
health issues in humans and animals are some limitations of using chemicals. This situation
calls for adopting sustainable and eco-friendly approaches (biological weed control). Pseu-
domonas bacteria have the potential to minimise yield losses in wheat due to the production of
phytotoxic metabolites (cyanide, phenolics, antibiotics and overproduction of Indole-3-acitic
acid), environment friendliness, no residual effects and no chances of weed resistance which
makes them a suitable candidate for weed control. The present study aimed to use the potential
of pre-isolated and characterised (for secondary metabolites production and growth promoting
traits) strains i.e. Pseudomonas fluorescence (B11), Pseudomonas fulva (T19), Pseudomonas
thivervalensis (T24) and Pseudomonas fulva (T75) for Avena fatua L., Phalaris minor Retz.,
and Rumex dentatus L. suppression in wheat. Three pot studies were conducted in order to
check the weed suppression potential of selected combinations i.e. C9 (B11xT24xT75) and
C11 (B11xT19xT24xT75) from axenic studies using two application methods (seed coating
and fertiliser coating) following completely randomised design replicated thrice in wire house.
The results of the experiments depicted significant weed suppression in terms of reducing ger-
mination, SPAD contents, photosynthesis, respiration and stomatal conductance, and wheat
growth promotion in terms of SPAD contents, photosynthesis, respiration, stomatal conduc-
tance, and grain yield by both combinations over their respective un-inoculated controls. The
combination C9 performs significantly better for weed suppression and wheat growth promo-
tion than C11 under seed coating treatment while the results under fertiliser coating of both
combinations were statistically at par. The use of these combinations to develop a bioherbici-
dal product for biological control of A. fatua, P. minor and R. dentatus can be a viable option
to meet both food security and the sustainable development goals of the UN.

Keywords: Avena fatua, consortium, food security, Phalaris minor, Pseudomonas, Rumex
obtusifolius, sustainability
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Effect of some Botanical Oils on the Control of the Cotton Jassid
on Eggplant, Sudan

FA1ZA SALAH
University of Gezira, Dept. of Crop Protection, Sudan

Eggplant, Solanum melongena L., is one of the major vegetable crops in the Sudan.
Eggplant is infested by species of insect pests. However, the cotton jassid (Jacobiasca
lybica) is the major one. This study was conducted to investigate the effects of botan-
ical oils, castor bean seed oil, cotton seed oil and sunflower seed oil on the population
of the cotton jassid in eggplant, cultivar Wizzo. Two field experiments were executed
during season 2015/16 at two sites, the experimental farm in the Faculty of Agricul-
tural Sciences, University of Gezira, and at Elalafoon on the eastern Bank of the Blue
Nile, in Khartoum state. The experiments in both sites were arranged in Randomised
Complete Block Design (RCBD) with four replications. The botanical seed oils at a
concentration of 5 % were applied at 7 days interval with four sprays. Post-treatment
observations on number of jassid were taken after 2 days from the application. The
results indicated that all oil treatments were apparently effective against the cotton
Jassid compared to the untreated control. The study found that the cotton seed oil was
more effective in reducing the number of jassid on eggplant ( 64 insects/100 leaves)
followed by sunflower seed oil (132 insects/100 leaves), castor bean seed oil (140 in-
sects/100 leaves) and the untreated control (312 insects/ 100 leaves) at Wad Medani
site while, at Khartoum Site the cotton seed oil recorded high reduction of jassid
population (92 insects/100 leaves) followed by castor bean seed oil (140 insects/100
leaves), sunflower oil (208 insects/100 leaves) and the untreated control (608 insects/
100 leaves). This study suggests that, cotton seed oil can be used to reduce cotton
jassid infestation on eggplant crop.

Keywords: Biological pest control, eggplant, insect pest, plant oils
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Enhancing Potato Production in Kenya through Resistance Based
Management of Potato Cyst Nematode
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Potato cyst nematode (PCN), Globodera pallida and G. rostochiensis are potato pests
accountable for significant reduction in crop yield. They are common pests in tem-
perate region, however in the last few decades the pests have spread and adapted to
tropical environment where they are causing high damage. Symptoms associated with
PCN infestation are often mistaken for other abiotic and biotic factors. Therefore the
presence of the nematodes in the field may go undetected for a long time. If intro-
duced in a potato field, PCN are difficult to control since they form survival structures
known as cysts which protect the eggs and enable them remain viable in the soil for
over a decade. Globodera rostochiensis and G. pallida were first reported in Kenya
in 2015 and 2018, respectively. The presence of these nematodes is a major threat
to food security considering that potato is the second most important food crop in
Kenya. Use of resistant potato cultivars in the management of PCN has the potential
to reduce damage and maintain nematode density below the damage threshold. A
study was done to investigate the viability of resistant potato cultivars in the manage-
ment of the Kenyan PCN. The virulence of the Kenyan PCN populations was tested
on selected potato cultivars. PCN populations had significantly lower reproduction on
resistant cultivars but higher fitness on susceptible cultivar. There was no difference
in hatching and penetration of susceptible and resistant cultivars. However investiga-
tions revealed that the populations lacked obligatory diapause that is common with
all temperate PCN populations. This has a high implication on the management of
the pests. In addition, the pathotype(s) of the Kenyan populations was tested in a
glasshouse experiment. Similarly, the biology of the populations was studied in resis-
tant and susceptible cultivars and compared with the standard reference population G.
rostochiensis Rol (Ecossee). The study showed that resistance potato cultivars have
the potential of reducing the reproduction of the Kenyan PCN and hence boost potato
production.
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Evaluation of Entomopathogenic Fungi Isolates for Control of
Sweetpotato Weevils (Cylas formicarius Fab.)
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The objective of this work is to identify five entomopathogenic fungi isolates collected
from Hungary using molecular techniques and evaluate their virulence to sweetpotato
weevils (Cylas formicarius Fab.) in laboratory conditions. Molecular identification
was made by sequencing the ITS - rDNA region. Pathogenicity study was based on
mortality of adults of Cylas formicarius inoculated with Conidia dasoge 108 conidia
ml"'. The results of sequencing of the ITS - rDNA region indicates that the MHUT,
MHU?2 and MHU3 isolates belong to the clade of Metarhizium anisopliae, which was
identified as Metarhizum anisopliae with the sequences of ITS — rDNA region similar
from 99 % to 100 %. Other two isolates MHU4 and MHUS showed a high degree
of siminarity with Pencillium variabile (99 %). Laboratory bioassays were conducted
to assess the pathogenicity of 4 isolates of Metarhizium anisopliae (MHU1, MHU?2,
MHU3 and MVNI1) and 2 isolates of Penicillium variabile (MHU4 and MHUY) to-
ward sweetpotato weevils (Cylas formicarius Fab.). The Metarhizium anisopliae-
MVNI that was isolated from sweetpotato weevils death in Vietnam used as con-
trol. The pathogenicity tests show that three Metarhizium anisopliae isolates (MHU1,
MHU3 and MVN1) caused early adult sweetpotato weevils adults mortality rate from
44.4 % to 50 % at four days after treatment. At six days after treatment, two Metarhiz-
ium anisopliae (MHU1 and MHU3) isolates were highly virulence on adult sweet-
potato weevils adults with the mortalities 92.5 % and 94.2 %, repectively, and same
the virulence degree of Metarhizium anisopliae-MVNI1 isolate (100 % mortality rate).
Four isolates Metarhizium anisopliae (MHU1, MHU2, MHU3 and MVNI1) reached
100 % mortality rate as the same the rate of colony growth on death adult sweetpotato
weevils adults at 10 days after treatment. However, two isolates of Penicillium vari-
abiles were not pathogenic to Cylas formicarius with from 2.2 % to 3.3 % mortality
rate. It is proved that two Metarhizium anisopliae isolates (MHU1 and MHU?3) have
great potential as biological control agents against sweetpotato weevils.
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This study assessed the gender specific factors associated with health and environmen-
tal hazards of pesticide usage among cocoa farmers in Ekiti State, Nigeria a region
known with predominance in cocoa production. It specifically described the socio-
economic characteristics of male and female cocoa farmers and isolate factors asso-
ciated with health and environmental hazards of pesticide usage in cocoa production.
120 male cocoa farmers and 120 female cocoa farmers were selected through multi
stage purposive sampling technique in five local government areas of the state, to
make a total of 240 respondents for the study. The study adopts the use of inferen-
tial and descriptive statistics to analyse the data from the survey. The mean age for
male and female cocoa farmers was 52.54+9.82 and 45.2+ 8.49 respectively while
the mean years of cocoa farming experience for male and female cocoa farmers was
27.949.23 and 22.31+9.68 respectively. Varimax factor rotation pattern was used to
isolate six factors associated with health and environmental hazards for male cocoa
farmers which include: ‘information source factor’, ‘extension contact factor’, ‘ex-
perience factor’, ‘knowledge-pesticide usage factor’, ‘group membership factor’ and
‘family factor’ and six factors associated with health and environmental hazards for
female cocoa farmers which include: ‘knowledge factor’, ‘information source factor’
‘group membership factor’ ‘extension contact factor’ ‘family factor’ and ‘pesticide
usage’ were isolated. Awareness of the gender specific factors to understanding hid-
den gender issues associated with hazards of pesticide usage among cocoa farmers
was recommended. Hence, this is to ensure sustainable pesticide usage and to boost
environmental productivity for rural development.

Keywords: Cocoa farmers, gender specific factors, pesticide hazards, pesticide usage
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The Role Crop Modelling Can Play in Supporting Diversification
of Cropping Systems in Southern Africa
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Diversifying cropping practices is perceived as an important part of sustainable and productive
and resource efficient farming systems in southern Africa. However, there are few field exper-
iments to evaluate the long-term effects (10 years) of the different farming systems (such as
fertiliser application, residue management, tillage practices and cropping systems). Given that
each practice interacts with the environment (soil and climate), process-based crop modelling
could be a useful tool, but has been scarcely applied to investigate long-term effects of cropping
practices in southern Africa.

On this background, we first evaluated the widely used crop model APSIM against field data
from two environmentally different sites in South Africa: Zeekoegat (heavy clay soil) and Buf-
felsvlei (sandy soil). Experiments were conducted for six and eight years, respectively, com-
paring a wide range of cropping practices: fertiliser rate (low, high), system (intercropping,
rotation), tillage (reduced and conventional), and crop (cowpea, soy, maize, pearl millet, sun-
flower, and oats). Field measurements included grain yield, dry matter, N, and soil organic
carbon (SOC). APSIM was capable of reproducing the crop growth dynamics at both sites. At
Zeekoegat, high yields in the first two years were associated with good rainfall and high avail-
able N, resulting from a fallow period prior to the trial. After the two years, unfavourable
rainfall patterns and soil compaction reduced yields substantially. At Buffelsvlei, yields were
higher, as the sandy soil allowed deeper rooting and more efficient water use than the clay soil
at Zeekoegat. Simulated and observed SOC at both sites did not differ strongly from the initial
conditions.

Secondly, we used the evaluated model to investigate the effect of increased diversification in
cropping practices on profitability, yield, water use, Nyin, and SOC at both sites over a 10-year
period. Simulations showed high diversification is most beneficial in dry years, in particular
with pearl millet. While legume integration improved soil fertility and the productivity of the
following crop, it may reduce the profitability of cropping at current price levels. These few
findings already illustrate the usefulness of crop models to improve management decisions,
particularly when data availability is limited.

Keywords: APSIM, intercropping, legumes, maize, rotation
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Decision Support Tool to Aid Wetlands Policy Making in
East-Africa

ERICK OMWANDHO OPIYO, MATTHIAS LANGENSIEPEN, MATHIAS BECKER
Univeristy of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES), Germany

Wetlands provide good source of natural water, which is available throughout the
year. Research conducted in the past, have shown that wetlands are being converted
into agriculture productions sites at an alarming rate, this could be attributed to the
unproductive state of upland agricultural soils; due over cultivation, unfavorable cli-
mate, land segmentation and population pressure. Majority of East-Africa countries
are at different stages of formulating wetland policy that will guide wetland conserva-
tion and wise use. However, there is inadequate information and knowledge about the
extent and scale of wetlands and how they are being utilized. This can be attributed to
the lack of a clear universal accepted definition of what wetlands are, since wetlands
naturally differ in size, scale, elevation, soil physical and chemical properties, sea-
sonality and vulnerability status; that is the extent to which wetland have been used
and converted to other landforms to the detriment of losing their original state. With
the limited definition of what wetlands are, some countries are considering broader
wetland policy that will cover all possible types of wetlands without putting into con-
sideration, the unique nature of wetlands in relation to their typology. There is also
limited input from stakeholders, who might relay directly and indirectly on wetlands
as a source of income.

In the GlobE Wetlands Project (www.wetlands-africa.de), a Decision Support Tool
(DST) was developed, based on input from wetlands policy makers and stakeholders
in the four East-Africa countries; Kenya, Tanzania, Rwanda and Uganda. The DST
development process, incorporated views from wetland policy makers and stakehold-
ers, provided open access information on wetlands and other data that directly or
indirectly affected wetlands conservation and use. This information was presented in
the DST using a decision tree concept, which was developed with input from wet-
lands experts, discussed and approved by wetland policy makers and stakeholder. It
summarized decision making steps in a way that prioritized wetlands conservation
and also looked at wise use in the context of biophysical and socio-economical nature
of wetlands and its surrounding by factoring in humanitarian, alternative livelihood,
typology, land use and land cover changes into the decision making process.

Keywords: Decision making, decision support, East Africa, policy making, software
engineering, wetlands
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Model Choice Matters — Sensitivity of Chill Metrics to Future
Warming in Mediterranean and Temperate Environments

EDUARDO FERNANDEZ, CORY WHITNEY, EIKE LUEDELING
University of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES) - Horticultural Science,
Germany

Winter chill, which temperate trees require to overcome dormancy, is expected to
decrease substantially in the future in most deciduous fruit tree growing areas. Sev-
eral mathematical models have been applied in different regions around the world to
quantify this chill requirement. While the ‘Dynamic’ model has emerged as the most
plausible and reliable model, chill models are still widely reported to be inadequate
for some areas. We compared the outputs from 13 agricultural and forest chill models
using past and projected weather data for nine sites in Chile, Tunisia and Germany.
We used a weather generator calibrated with 45 years of temperature data to produce
chill distributions for 100 synthetic years for multiple climate scenarios. Chill was
computed for 10 past scenarios and projected for future scenarios (for 2050 and 2085
according to greenhouse gas concentration scenarios RCP4.5 and RCPS.5). Results
show that models’ estimations differ substantially for the same site and scenario. The
‘North Carolina’, ‘Utah’, ‘Modified Utah’ and ‘Low Chill’ models indicated negative
chill levels for past and future scenarios in Tunisia. These models, together with the
‘Positive Utah’ model, projected the greatest chill increases for locations in Germany.
The ‘Chilling Hours’ model and the ‘Chilling Rate’ function showed high sensitiv-
ity across regions in future scenarios. Just two models projected chill decreases in all
sites. In Mediterranean climate areas (central Chile and Tunisia) the ‘Dynamic’ model
and ‘Positive Utah’ model forecasted similar chill reductions in both year and RCP
scenarios, whereas in temperate locations (Germany) the ‘Dynamic’ model forecasted
lower chill increase compared with ‘Utah’ and ‘Positive Utah’ models. Despite the
‘Dynamic’ model and the ‘Positive Utah’ model showing similar performance among
climates, the ‘Dynamic’ model appears to be the best current option, due its more
physiologically credible approach. However, further research is needed to develop or
identify models that are valid across wide climatic gradients. Such models are crucial
for the development of quantitatively appropriate climate change adaptation strategies
for temperate orchards.
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Can Intercropping Increase Climate Resilience of Smallholder
Dryland Cropping Systems? Insights from Experimentation and
Modelling
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With the potential threat of more frequent climate extremes putting semi-arid crop production
in jeopardy, there is a need to establish more resilient cropping systems. Intercropping is of-
ten practised by farmers in such regions, but to what extent and how can it be a viable option
for future conditions? As field testing complex adaptation strategies in well-controlled envi-
ronments is often difficult, we opted for a different approach: combining experimentation and
modelling. A field trial was run in semi-arid India over a two-year period (2015 & 2016) in
the dry season. These trials tested a split-plot designed experiment with four replicates, as-
sessing the performance of sole versus intercropped stands, with two densities (30 cm & 60 cm
between row spacing), and three drip irrigation treatments (severe stress, partial stress, and
well-watered). Under low rainfall conditions, results showed that total grain yields were in-line
with the irrigation treatments applied. Intercropping pearl millet led to a significantly lower
total grain yield in comparison to the sole equivalent. Pearl millet achieved 1.1%ha when inter-
cropped and 2.5 Yha when grown as a sole crop. Cowpea yielded 0.8 ¥ha when intercropped, and
0.8 ¥ha as a sole crop. From this study, we can conclude that even when temperatures exceed
43°C crops produce reasonable yields when irrigated. In terms of pearl millet production, sole
as opposed to intercrop cultivation could be more suitable. Such experiments during the dry
season are arguably an opportunity for testing cropping strategies under extreme but real-world
conditions.

Subsequently, we used the above-described detailed data in conjunction with the agro-ecosys-
tem model APSIM. Linking such experimental data with models is important to evaluate mod-
els that can be applied to explain and quantify the performance of such systems. Model perfor-
mance was satisfactory and reproduced the effects of density, irrigation and year on the vari-
ables chosen. Plant height proved to be crucial for model evaluation. Simulation experiments
were conducted to further evaluate plant densities, as well as genetic traits. Our combined ap-
proach is capable of improving intercropping strategies, through understanding the processes
that determine interactions between specific environments and management practices.

Keywords: Cereal-legume intercropping, climate-smart, model improvement, sensitivity
analysis
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Agronomic Intelligence: Data Management, Modelling and ICT to
Deliver Site-Specific Recommendations to Smallholder Farmers
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Blanket recommendations for agronomic interventions often bring along substantial risks for
smallholder farmers, as responses vary due to heterogeneity in soil conditions, weather, man-
agement practices and input-output prices. By considering this heterogeneity, however, site-
specific recommendations can be delivered that maximise the profitability and reduce the risk
of investments in these technologies. Developing site-specific recommendations at scale re-
quires identifying best agronomic interventions, testing how these perform in field experiments
across conditions within the target intervention area, and then using advanced data analysis
techniques and crop models to predict crop responses to these interventions. This is then pack-
aged in a convenient format as decision support tools (DSTs) to deliver recommendations to
extension agents and farmers. The African Cassava Agronomy Initiative (ACAI) has devel-
oped tailored recommendations for cassava growers in Nigeria and Tanzania, responding to
demands identified by stakeholders in the cassava value chain. To overcome the limitations of
conventional agronomy research, ACAI developed a smart agronomy data management sys-
tem (SandMan) by combining barcode identifiers and digital data collection forms, a cloud-
based server to host data centrally and R scripts for data curation and analysis. This approach
allowed managing thousands of field trials and assess the impact of the environment on the
efficacy of agronomic interventions. Prediction models were developed to relate responses to
tillage, cassava plant density, fertiliser application, intercropping and varied planting and har-
vest dates to GIS soil and weather layers using a combination of crop models and machine
learning techniques. Field-scale recommendations are then generated accounting for crop pro-
duce and fertiliser prices, the farmer’s investment capacity and risk attitude. Recommendations
are packaged in diverse formats tailored to the dissemination strategies of last-mile delivery
partners. DST formats include paper guides and maps, as well as electronic tools: mobile
apps, IVR, USSD and SMS. Currently, a pilot study involving over 2,000 households and 200
extension agents is ongoing to evaluate the accuracy and return-on-investment of the recom-
mendations, and the user experience of the various formats to anticipate the reach and impact
of the recommendations delivered.

Keywords: African Cassava Agronomy Initiative (ACAI), crop models, decision support tools,
digital data collection
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Validating a Decision Support Tool for Cassava Maize
Intercropping in Southern Nigeria
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Cassava is a major staple food in Nigeria and often intercropped with maize and/or other crops.
However, average yields in Nigeria are low, about 10 t ha~!'. Thus, farmers request advice on
improving cassava-maize cropping. Based on more than 150 researcher and/or farmer managed
trials, planted in 2016 and 2017, in Anambra, Benue, Cross River, Ogun and Oyo states, we
developed a first version of a decision support tool (DST). It advised on simultaneous planting
of both crops, variety choice (erect growth type for cassava and early maturing maize varieties
(90 to 95 days), planting density (12500 cassava plants ha~!, 40000 maize plants ha—!) and
fertiliser application. The height of the previous maize crop was a proxy for soil fertility.
Through statistical modelling, we estimated the number of additional maize ears due to fertiliser
application. Fertiliser was recommended when the expected income from the additional maize
was twice the estimated fertiliser cost. In 2018, farmers and their extension agents planted
143 validation trials in all 5 states. The extension agent used the DST to derive a specific
recommendation. Next, they implemented, 3 plots, testing fertiliser application and maize
planting density. Based on the maize harvest from 109 fields, we evaluated the performance
of the DST. In 45 % of the cases, we gave a correct recommendation, for 19 % it was wrong
with added costs for the farmer (NB: input costs were borne by the project). In 36 %, the
recommendation was too conservative: the farmers missed the opportunity of additional profit
through fertiliser application. Maize height alone was a poor indicator that was difficult to
handle for farmers who use a range of different varieties. Thus, the current revised version
of the DST advises planting maize at high density only at sites of high soil fertility or when
fertiliser application is recommended. Fertiliser recommendation is coupled with an assessment
of height and appearance (including greenness) of a would-be maize crop without fertiliser,
fertiliser costs, price expectations for the maize produce and the farmer’s risk assessment of the
investment into fertiliser.

Keywords: African Cassava Agronomy Initiative (ACAI), agronomy, fertiliser, growth dura-
tion, planting density, risk, variety choice
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SETH Ziirich, Dept. of Environmental Systems Science, Switzerland

The African Cassava Agronomy Initiative (ACAI) is set to develop decision support tools
(DST) to provide advise on site-specific fertiliser recommendations to extension agents and
farmers to sustainably intensify and increase cassava production with a focus on commercial
farmers. A crop modelling framework comprising two complementary models, LINTUL (Light
Interception and Utilisation) and QUEFTS (Quantitative Evaluation of the Fertility of Tropical
Soils) was used. QUEFTS is known for understanding N, P and K nutrient interactions and
effects on crop production. However, as a static model, QUEFTS is limited in capturing the
effect of seasonal weather variability on root yield, which is effectively handled by mechanistic
models like LINTUL. Using daily historical weather data from CHRISP (rainfall) and NASA-
POWER (solar radiation, wind speed, minimum and maximum temperature), and soil grid data
from ISRIC (International Soil Reference and Information Centre), water-limited yields of cas-
sava roots were simulated with LINTUL for a series of planting dates over the year. With the
simulated water-limited yield as maximum attainable yields, the site-specific fertiliser rates to
achieve target yields were generated with QUEFTS considering indigenous soil fertility, fer-
tiliser price and the cassava root price in order to maximise net returns. Model evaluations
using field experiment data from Nigeria in 2016 and 2017 indicated good performance of
QUEFTS on the one hand. LINTUL on the other hand performed sub-optimally, especially for
planting dates later than July, by overestimating water stress during the long dry season, which
lasts from late November to end of March. With additional data collected in 2017 and 2018
from researcher-managed experiments, and from validation trials to test the recommendations,
the current efforts are focussing on enhancing the predictions’ accuracy and precision for year-
round planting dates. Nigerian farmers have moved to stretch planting and harvesting over
longer periods to provide roots to the processing industry throughout the year and to benefit
from temporal price peaks. With improved fertiliser recommendations, profitable and higher
yields can be attained in addition to using off season marketing opportunities.

Keywords: African Cassava Agronomy Initiative (ACAI), decision support tool, LINTUL,
QUEFTS, water stress
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Cassava is growing in importance in Nigeria as food security and industrial crop.
Current yields are low while production costs are high. Tillage, weed control and
fertiliser are the main cost factors. Furthermore, the influence of planting density on
yield has not been investigated. To develop decision support tools (DST) targeting
a reduction of production costs, effects of tillage intensity, fertiliser application and
increased plant density were tested in about 50 farmers’ fields in south western Nige-
ria over two years. Tillage treatments were zero, single and double disc ploughing,
followed by ridging versus leaving the soil flat. Fertiliser application was NIL versus
75:20:90kg ha~! NPK. Plant density was 10000 versus 12500 ha—!. Cassava was
harvested 1 year after planting. Root yields are fresh mass. In the first year, double
plough (10.34 Mg ha~') had no advantage over zero plough (10.32 Mg ha '), single
plough produced 12.61 Mg ha~! (p < 0.0047). Ridging increased yields by 2.29 Mg
ha~! across plough treatments but interacted with ploughing such that in zero plough,
ridging added 4.05 Mg ha~!, in single plough 2.84 Mg ha~!, yet no change in dou-
ble plough. Increasing plant density had a non-significant positive effect (+0.28 Mg
ha~!). Fertiliser application increased yields by 4.42 Mg ha~! across tillage treat-
ments with largest increments in zero (+5.31 Mg ha~!) and single plough (+5.58 Mg
ha~!), yet no significant plough or ridge x fertiliser interaction was found. In the
second year, double plough and low plant density were dropped and herbicide based
weed control introduced. Ploughing increased yield by 2.26 Mg ha !, ridging by
3.31 Mg ha~! and fertiliser application increased root yields by 2.31 Mg ha ~!. Using
herbicides instead of manual weeding had no effect on cassava yields, yet reduced
costs. Root yield had a significant ploughing x ridging interaction with increases
when ridged after ploughing being 0.71 Mg ha ~! (ns), yet adding 5.92 Mg ha~! when
not ploughed and attaining 16.63 versus 16.28 Mg ha ~! when ploughed and ridged.
Planting on untilled soil produced 10.71 Mg ha~!. Yield increments of +2 (plough)
and +1.5 (ridging) Mg ha—! were included into the DST.
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Cassava (Manihot esculenta Crantz) is a perennial crop grown predominantly for its
starchy roots in the humid and sub-humid tropics. Seasonal rainfall determines cas-
sava planting dates and farmers have preferred harvest windows based on crop ma-
turity and soil moisture conditions. Cassava being perennial and drought tolerant,
the planting and harvesting windows can be expanded to enable year-round produc-
tion. However, starch accumulation and remobilisation are regulated by physiological
processes depending on environmental conditions, nutrient availability and varietal
attributes. For sustainable cassava production, adequate supply of nitrogen and potas-
sium is important to support aboveground biomass growth, root starch accumulation
and improved tolerance to drought. We investigated: Growing time required to pro-
duce profitable root and starch yields; varietal suitability for late planting; NPK ef-
fects on starch yield; planting and harvesting dates with best responses to fertiliser.
Trials were conducted at 3 sites, with 2 varieties (TMS980581 and TME419), planted
in April, July and September, each planting harvested at 9, 11 and 13 months af-
ter planting (MAP) and 4 fertiliser levels: control and NPK at 75:20:90, 75:20:135
and 75:20:180kg ha~!. Starch and root yields were significantly affected by plant-
ing and harvest dates (p < 0.01) with lowest yields at 9 MAP. Root yields for first
planting were 15.2, 22.7 and 26.6 Mg ha~! for9, 11, and 13 MAP, respectively; for
second planting 17.7,27.7 and 27.5 Mg ha ~1for9, 11, and 13 MAP, respectively and
for third planting 20.6, 33.6 and 38.6 Mg ha —! for 9, 11, and 13 MAP, respectively.
Starch yields were 2.8, 4.6 and 6.3 Mg ha—! for9, 11, and 13 MAP, respectively, for
first planting, 3.2, 6.6 and 6.6 Mg ha~!for9, 11, and 13 MAP, respectively for second
planting and 4.3, 8.8 and 9.1 Mg ha~!for9, 11, and 13 MAP, respectively, for third
planting. Root yields of TMS980581outperformed TME419 but starch content was
higher in TME419. Fertilised plots attained higher root yields than the control across
all plantings, without significant effects of fertiliser on starch yield for second and
third plantings. Strongest positive yield response to fertiliser application was found at
13 MAP.

Keywords: African cassava agronomy initiative, cassava, fertiliser, variety
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Cassava-maize intercropping is a popular, traditionally practised system in southern Nigeria
where both crops are staples. Maize offers food and income early in the season (within 3
months) before the cassava harvest ( 9 months later). However, both crops produce low yields
(cassava <10 t ha~! and maize <1 t ha~!) in farmers fields relative to their attainable yields
(>48 and >5 t ha~!, respectively). To increase the system’s productivity, two intensification
options were investigated: i) two N:P:K inorganic fertiliser rates (90:20:40 (F1) vs 75:20:90
(F2)), and ii) increased maize population densities (20000 vs 40000 plants ha 1) on-farm in
three agroecologies in Nigeria. F1 and F2 regimes were 300 kg ha~! N:P:K 15:15:15 (basal),
two equal splits of urea 3 and 5 weeks after planting (WAP), and 100 % P (TSP basal), three
equal splits of urea and MoP at4, 11 and 17 WAP, respectively. The objectives of the study were
to elucidate the effects of: i) F1 and F2 on the growth, development and root yield of cassava
and maize cobs, ii) the increased maize population density and fertilisation on solar radiation
capture and soil moisture, and iii) the rates of inorganic fertilisers (N:P:K 90:20:40 vs 75:20:90)
on cassava root quality (starch yield). Cassava (height, canopy dimension, leaf production) and
maize (height, leaf number, visible leave collar per plant) growth were increased by fertiliser
application; no effect of maize density was observed. Correspondingly, maize and cassava
intercrop yields increased with fertiliser application and were highest at high maize density
(>3.5 tha~!) with F1 for maize, and 20 tha~! of cassava roots with F2. Nitrogen uptake was
significantly correlated with maize yield and yield components. Highest incident PAR and soil
moisture (3 months data) was intercepted and retained, respectively under the two fertilisation
regimes with high density maize. F2 was superior over F1 and zero fertilisation in starch yield
(>158kg ha~!) across locations. The use of 40000 maize plants ha~! and inorganic N:P:K
fertilisers at the rates and regimes used here was a viable option to increase productivity of
cassava-maize cropping in farmers’ fields.

Keywords: African Cassava Agronomy Initiative (ACAI), agroecology, fertiliser, soil mois-
ture, solar radiation, sustainable intensification, yield
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Improving Cassava Root Yields through Supplementary Dry
Season Irrigation and Fertiliser Application

VALENTINE ELETA!, STEFAN HAUSER?, EMMANUEL AJAV!, ADEMOLA
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Agronomy, Nigeria

The growing global demand for cassava cannot be met by the current production prac-
tices. In sub-Saharan Africa cassava is grown mainly on small holdings by low-in-
come farmers, using little or no external inputs or irrigation. Most of Nigeria ex-
periences a 4-5 months dry season during which cassava sheds leaves and growth
ceases. With the onset of rains cassava mobilises starch from roots and stems to form
a new canopy, leading to root and starch yield depression, which to compensate for
requires additional growing time. Trials were established at IITA Ibadan to assess the
effects of supplementary irrigation through the dry season, on the fresh root yield and
the response to fertiliser. Two two-factorial experiments were planted with the first
factor irrigation regime: 10 (no irrigation) versus I1 (2 mWday), applied as furrow irri-
gation; second factor was fertiliser application: FO (Nil) versus F1 (75:20:90kg ha ~!
N:P:K). Irrigation started on December 1% about 1 month after rains stopped. Water
was applied every other day by pouring the required amount (equiv. 4 mm) into the
furrows between cassava ridges. Trial one was harvested at 12, trial two at 15 months
after planting (MAP). Irrigation increased the number of plants reaching harvest, the
number of stems and branches and the fresh root yield significantly in both trials. Fer-
tiliser application increased the branch number and the fresh root yield in both trials.
Adding 3 months of growing time increased the stem yield and the fresh root yields.
Lowest yields were attained at 12MAP without irrigation (16.1 Mg ha 1), irrigation
added 5.3 Mg ha~! at 12MAP. Harvesting at 15MAP increased root yield to 22.6 Mg
ha~! (+6.5 Mg ha—!) without irrigation and from 21.4 to 30.3 Mg ha~! (+8.8 Mg
ha~—!) when irrigated. This indicates that maintaining water supply through the dry
season affects root yields positively even after the onset of rains. Fertiliser applica-
tion had no effect when harvested at I2MAP but added 6 Mg ha ~! when harvested at
15MAP. Generally a longer growing time increased effects on root yield of irrigation
and fertiliser application.
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A Researcher Friendly Digital Sample Tracker for Cost Effective
Sample Processing
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Collecting plant and soil samples is an integral part of agricultural research. Large
scale research projects collect soil and plant samples from a large number of trials
to be processed in different ways, analysed at different laboratories which may result
in loss of entire samples or losing track of samples eventually causing data gaps.
The African Cassava Agronomy Initiative (ACAI) is introducing an efficient sample
tracker system that records a bar code based digital link between samples, plots, and
trials, thus is crucial for success of the project. ACAI is developing decision support
tools (DST) at scale with its partners in Nigeria and Tanzania and has been collecting
thousands of soil and plant samples over the last three years. The integrated sample
tracker system creates a digital identity for samples and keeps record of the associated
plot and trial metadata. This is facilitated by a barcoding system, which tags each trial,
plot, plant and sample with linked bar codes to provide every sample with a unique
identifier. The sample tracker consists of 2 web-based forms hosted by ONA. The first
an enketo web-form, is designed to i) log in all new samples by composing sample
batches containing a group of similar samples; ii) log and record the fate of each
sample during its life cycle in the project: reception as part of a batch from partner
stations, selection of samples from a batch for processing. The second web-based
form is a shinyapp (an interactive web app built from R) in which the decision is
made to discard, store or process for analysis. These decisions are based on relevant
information about the sample from the project database: trial type, location, sampling
dates, validity of trials, sample quality, etc. Thus, this sample tracker tool enables
researchers to know where the sample is located and at which stage of processing or
analysis the samples are, at any moment. As such the system helps the project to
save on handling and processing labour, time and costs by limiting all processing and
analyses to only those samples relevant to creating the decision support tools.

Keywords: African Cassava Agronomy Initiative (ACAI), barcoding, database, deci-
sion support tools, enketo webform, identifier, metadata, shinyapp
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Impact of Planting and Harvest Dates on Root and Starch Yield
and Soil Physical Properties
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Availability of cassava roots for human consumption or the processing factories is
controlled by the vagaries of the harvesting time. This study was carried out to exam-
ine the effect of varying planting and harvesting dates on cassava growth parameters,
root yield, starch content and soil properties. The experiment was a split-split-plot
design with planting periods (April, June and August), varieties (TME 419 and TMS
30572) and harvesting dates (9, 11 and 13 months after planting (MAP) as main plot,
sub plot and sub-sub plot, respectively, replicated three times. The fertilised plots
received NPK 15-15-15, urea and MOP fertiliser at rates equivalent to 75 kg N, 20kg
P, and 90kg K ha~!. TME 419 produced a mean root yield of 15.2 t ha~!, about
29.7 % higher than 13.0 t ha—! from TMS 30572. The starch content was 20.05 % in
TME 419 and 18.45 % in TMS 30572. Cassava root yield and starch content increased
significantly (p < 0.05) with later harvest dates. The highest root yield and starch con-
tent were recorded at 13 MAP. At 13 MAP TME 419 produced 23.95 tha ~! and TMS
30572 produced 21.35 tha ~! compared the root yield at 11 MAP and 9 MAP harvests.
At 13 MAP harvest, the starch contents was 20.84 %. This was higher than 20.58 %
and 16.32 % at 9 MAP and 11 MAP, respectively. Though not statistically different,
the lowest soil bulk density (1.32 gcm~3) and highest total porosity (50.10 %) was
found at 9 MAP harvest. Soil under TMS 30572 had higher saturated hydraulic con-
ductivity than soil under TME 419 with mean of 34.58 (cmhr ~!) and 32.17 (cm hr 1),
respectively. Likewise, the Clay Dispersion Ratio (CDR) decreased with harvesting
periods with 13 MAP harvest having the lowest CDR of 2.41 %. Therefore, harvest-
ing of cassava at 13 MAP is considered more productive, irrespective of variety. The
selection of the variety to be cultivated should be guided by the intended cassava root
sales to fetch higher prices based on root yield or starch content. Also, changes of
soil properties should be considered to support soil conservation measures and avoid
rapid fertility and physical degradation.

Keywords: African Cassava Agronomy Initiative, extended planting, harvesting date,
root yield, starch content
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Tracking the African Cassava Agronomy Initiative Project Theory
of Change to Establish the Actual Change
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The African Cassava Agronomy Initiative (ACAI) seeks to improve benefits of cas-
sava farmers through generation of knowledge and development of decision support
tools (DST), packaged in formats suitable for extension agents and farmers to apply
site specific recommendations in Tanzania and Nigeria. To enable the measurement,
the integration of feedback, and to overcome the common MEL approach of focusing
on outputs and the time lag between measuring outputs and impacts, a well-struc-
tured, gender-inclusive monitoring, evaluation and learning (MEL) system has been
developed. The MEL system has two components: i) routine data collection to obtain
the necessary information to support steering the project, and ii) impact evaluation,
focusing on changes effected by project activities. To ensure attribution of results, a
baseline study was conducted in Tanzania and Nigeria, in which unique ID cards were
given to participating households in the project target areas. These ID cards enabled
easy identification of the households for subsequent panel data collection, serving to
identify critical entry points to achieve impact before the end of the project. In Nige-
ria and Tanzania, a total of 2113 households (40 % female) were given the unique
ID card. A Knowledge, Attitude, Behaviour and Practices (KABP) survey was con-
ducted among 334 extension agents (EAs) to identify their current knowledge status
regarding the DST’s recommendations and relationships with farmers. Data collection
focuses on five issues; i) awareness creation, ii) insights gained by farmers, iii) up-
take-use of the DSTs, iv) adoption-changes in practices and behaviour and v) ultimate
benefits/impacts). Data collection is done routinely on awareness creation (reach) and
feedback on insights gained, while the panel survey is bi-annual, focusing on uptake
and adoption. To have quick feedback from users (farmers and EAs) on understand-
ing of the recommendations, quick feedback questions have been integrated in the
various formats of the DSTs (paper-based and electronic). All MEL data are col-
lected using Information and Communication Technologies (ICT) with programmed
data collection tools directly linked to an approved ICT platform. This system al-
ready established reference points for project indicators, provides data for reporting
and follow up systems on beneficiaries.

Keywords: African Cassava Agronomy Initiative (ACAI), attribution, baseline, feed-
back, MEL
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Water Availability and its Impact on Cropping Intensity Patterns
of Rice-Based Systems in Southeast Asia
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In the frame of the BMBF funded RICH-3P project coordinated by the University of
Bonn, agricultural changes in cultivation patterns of rice-based systems in Southeast
Asia have been investigated. Six (representative) sites were considered: in Cambodia
Takeo and Svay Rieng, in Myanmar Meiktila and Mawgyun and in the Philippines
Pangasinan and Mufioz. Among other changes, a shift from single rice (wet season)
towards double rice cropping (wet and dry season) per year was found at five out of
six sites. For instance, in the Central Dry Zone in Meiktila-Myanmar 108 farmers
(out of 160 interviewed) indicated to produce rice twice a year in the present (2018)
whereas in the past (baseline 2000) none of them practiced double rice cultivation.
This development was made possible through increasing water availability (amount
and timing) in the respective regions. The present study (work in progress) aims to
evaluate the external pressures and the (farming system) internal drivers leading to the
sustained change of single to double rice cropping. On the one hand we consider fac-
tors such as improving or installing irrigation public infrastructure, cooperative work
on communal irrigation systems, extension campaigns and aid in the implementation
of swallow dwells of pumps, etc., which might explain the increase of water availabil-
ity for the farmers. On the other hand we investigate the thresholds of water amount
and availability leading the farmers to definitely implement a second rice crop. For
these purposes, apart from the evaluation of secondary sources, our work focuses on
the acquisition and evaluation of optical satellite data from 1990 onwards (Landsat,
Sentinel-2) with the support of radar data (Sentinel-1) in the corresponding study ar-
eas. A field-wise evaluation (polygon- and pixel-wise) of spatial and temporal water
cover patterns during the land preparation and pre-flowering stages in the study areas
will serve as proxy for the assessment of water availability and the determination of
thresholds that have induced (or are inducing) farmers to move from single to double
rice cropping in the region.
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Using Crowdsourcing and Machine Learning for Predicting the
Spatial Distribution of Banana-Based Cropping Systems in
Uganda
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Uganda is the leading global producer of highland bananas (Musa spp. AAA) en-
demic to East Africa. For decades, expert opinion has been the source of information
on the spatial distribution of banana-based cropping systems in Uganda. Lack of ac-
curate and reliable spatial data undermines strategic planning and sustainable inten-
sification at various scales. This study uses 18,956 crowdsourced presence-absence
data coupled with geospatial data from 71 covariates (21 climatic, 19 edaphic, 19
vegetation, 6 topographic and 6 socio-economic) to predict the spatial distribution
of banana-based cropping systems using the machine learning algorithms Random
Forests (RF), Gradient Boosting Machines (GBM) and Neural Networks (NNET).
Performance of RF and GBM was better than NNET in terms of accuracy, receiver
operating characteristic (ROC) and sensitivity. But, NNET performed better with re-
gards to Cohen’s kappa and specificity. The ensemble model aggregating outcomes of
RF, GBM and NNET performed better (AUC = 0.881) compared to the logistic regres-
sion model (AUC = 0.852). Spatial predictions revealed that banana-based cropping
systems occupied 9.6% of the total land area of Uganda. The probability of banana
presence was greater (> 0.6) in the western (i.e. Ankole, Toro and foothills of Mt
Rwenzori), central (i.e. Buganda in Kooki and Buddu) and eastern (i.e. foothills of
Mt Elgon), and least (< 0.2) in the northern region. Geographic shifts are defined
by declines in the eastern (-13.4%), stagnation in the central (-4.3 %) and expansion
in the western (+17.3 %). Although machine learning can iteratively search and filter
through covariates to achieve high prediction accuracy, including redundant covari-
ates in the best-fit model may not explicitly describe prediction outcomes. Thus,
hypothesis-based selection of covariates with known influence on banana growth and
agronomic management is a better option for identifying the drivers of geographic
shifts of banana-based cropping systems in Uganda.

Keywords: Banana, banana-based cropping systems, crowdsourcing, geographical
shift, machine learning, Uganda
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The Use of Aerial Photographs as a Tool for Landscape Analysis
in an Oil Palm Plantation
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In Colombia, the oil palm sector is growing as an important economic sector. Its chal-
lenge is to ensure the growth of the palm oil production and maintain or improve the
environment and the local landscape. The Macondo oil palm plantation is located in in
Mapiripan, Meta, and is 5800 ha large. Landscape analysis is done to show the diver-
sity of natural elements, the complexity and connectivity of the oil palm plantation.
The aim of this paper is to explore the use of aerial pictures in landscape analysis.
Using the aerial pictures to reduce time in ground-truthing, and simultaneously, col-
lecting useful information for landscape analysis. Besides, it allows us to obtain “real
time” pictures in spatio-temporal scales. The landscape analysis was based on a GIS
analysis of the land cover maps of 2009. Using landscape metrics, we applied a raster
of squares of 500x500 meters over the plantation area. The squares were classified
using the cluster analysis according to similarities in land cover into 9 groups. Four
squares per group were selected to obtain 36 squares. Using a DJI drone, Mavic
Pro 2, camera 20 mpx, RGB, we took over 10800 aerial photophraphs at a height of
100 meters to create the aerial map for each selected square. The landscape analysis
showed that the plantation as a landscape can be divided into 9 different groups. They
differ in terms of diversity in natural elements and land cover. The pictures realised
by the drone enabled us to conduct a quick and effective “real-time” ground-truthing.
Furthermore, using the aerial maps allowed to observe the horizontal structure of the
landscape for 2019 and contrast information of 2009. Furthermore, working with
good resolution 3D models and landscape indices it could give significant results on
the vertical structure. Thus, using drone-made pictures is relevant for science since
it provides landscape detailed information in a reduced time range. Therefore, the
pictures can help with landscape monitoring within the plantations, and identify the
related ecosystem services. This characterisation allows the comprehension of the
landscape and the local ecosystems.

Keywords: Aerial photographs, cluster analysis, landscape analysis, landscape
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A Decision Tree for Reconciling Human Needs with Conservation
in East-African Wetlands
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Hunger and undernourishment are still widespread in Africa and demographic growth
is currently the highest in the history of the continent thereby drastically increasing
food demand in the coming decades. Inappropriate agricultural practices have lead
to degradation of upland soils and farmers are seeking alternative areas for crop pro-
duction. African wetlands have therefore been encroached and converted to farmland
in recent years. This is due to their favourable ecological production conditions in
spite of environmental legislation that actually aims at preventing agricultural use.
Large wetland areas of Africa will be destroyed if that trend continues in the future.
Land-use planning and policy action should be adapted to prevent further destructions
of wetlands. Decisions to protect or use wetlands for agriculture must necessarily
be knowledge-driven. A collaborative research project GlobE Wetlands (wetlands-
africa.de) developed an integrated understanding of wetland characteristics, functions
and importance across East-Africa during the past five years. A decision tree has
been developed in cooperation with environmental and agricultural policy makers
across East-Africa to take informed decisions about future wetland uses in this re-
gion. They include assessments of general country-wide conservation issues (Level
1), identification of wetlands located in hotspots of hunger, negative food supply-de-
mand synchrony and poverty (Level 2), exploration of alternative livelihood options
making wetland use unnecessary (Level 3), a method for building a wetland typology
for protecting fragile wetlands and selecting those which are potential candidates for
usage (Level 4), comprehensive ecosystem-services assessments for each identified
wetland-type (Level 5) and planning guidelines for defining use and protection zones
for wetlands which may be considered for agricultural protection (Level 6). The tree
supports the identification of socio-ecological niches in East-African wetlands.

Keywords: Agricultural policy, agriculture, conservation, decision tree, East-Africa,
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Maize Yield Gains from Seasonal Forecasts Using the CCAFS
Regional Agricultural Forecasting Toolbox (CRAFT)
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The ‘maizification” of Sudan Savannah associated with agricultural intensification in-
creases smallholder farmers’ exposure to inter-annual rainfall fluctuation related risk,
hence rising their dependence on agricultural inputs, as well as on weather and climate
information. However, agricultural input allocation remains a serious issue because
farmers do not have access to the required quantity at the right time, thus jeopardis-
ing crop productivity and consequently food security. The integration of weather and
climate data and crop modelling with the CCAFS Regional Agricultural Forecasting
Toolbox (CRAFT) offers new insights into regional yield forecasting for maize and
presents a great opportunity to optimise resource allocation and thus improve food se-
curity. CRAFT is a multi-model gridded framework that provides access to regional
agricultural production at approximately 10 km resolution with up to three adminis-
trative levels for the region of interest. CRAFT is being piloted in Southern Mali to
assess the sensitivity of the maize cropping system to recent climate variability, to
evaluate its potential for maize regional yield forecasting and to assess its benefit for
agronomic decision-making. The study uses one-year farmers’ observed management
practices and 26 years (1990-2015) observed yield aggregated to the third adminis-
trative unit of the region of study to calibrate and evaluate the crop models employed
in the framework. CRAFT performance was tested for four fertiliser management
scenarios. Our results show high variability in predicted yield with NRMSE of 27 %,
25%, 13 % and 17 % kg ha™!, respectively. This result further suggests that fertiliser
application should be based on seasonal rainfall amount for its optimal use when there
is sufficient rain for crop growth and associated fertiliser requirements. The perfor-
mance of CRAFT for maize yield forecasting is still being explored. Nonetheless,
CRAFT has the potential to improve decision making at regional level through the
optimisation of agricultural resource input allocation and food security improvement
when yield forecasts show that food demand will not be met.
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Seed Selection Strategies in a Sparse Social Network in Rural
Zambia: An Empirical ABM Approach
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Identifying the optimal set of seeds (farmers who obtain information initially) in social
networks poses an important question for policy-makers and organisations in devel-
oping countries where information is commonly spread through word-of-mouth com-
munication. Widespread provision of adequate information to farmers is particularly
important in the context of innovation adoption which has high potential to improve
farmers’ productivity and adaptation abilities. This paper systematically evaluates dif-
ferent strategies for seed selection with the aim of optimising the seed set to improve
knowledge diffusion in a sparse social network in a case study area of rural Zambia.
The seed selection strategies include random, hierarchy (village heads), betweenness,
closeness, degree, and eigenvector based choice. In addition, the effect of the num-
ber of seeds on the diffusion process is investigated. To test for robustness, the study
includes the assessment of interaction effects between seed size and seeding strategy.
An agent-based model adjusted to a case study area in rural Zambia is applied.

Key findings show that degree based seed selection performs best out of the selection
strategies in terms of speed and reach of the diffusion in the sparse network. Also
farmers with high betweenness centrality who function as bridges to connect network
components enhance the diffusion. Eigenvector and closeness based seed selection
do not result in a widespread reach. Further simulations shows that higher seed size
increases reach, but this effect is more pronounced for small seed sizes and in the
short run. These results highlight the importance of taking the time frame into account
when planning diffusion of information. While for random, degree, and betweenness
based seed selection the results are robust, the simulation shows that closeness and
Eigenvector based seed selection significantly improves if the seed size is enlarged.
All in all, the findings indicate that seed selection according to degree centrality is a
good starting point to improve the diffusion process and that seed sizes should not be
too small to ensure widespread reach, but increasing large seed sizes further will only
result in marginal benefits.

Keywords: Agent-based modelling, information diffusion, seeding, sparse social
networks
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Canopy Cover Evolution of Banana Plantations: Drought Effects,
Diurnal Patterns and Leaf Area Index Relationships
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ALLAN BROWN*, ALVIN RUIWEKA?, RONY SWENNEN?
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Water shortage is considered the most limiting abiotic factor to banana production,
but reliable physiological indicators for stress and irrigation necessity are lacking for
banana plants. Canopy Cover (CC) can be used as an indicator of growth, but CC
research in banana plantations is lacking. This paper is the first to study the effect of
irrigation on CC in banana plantations. Two cultivars (cv), Mchare Huti Green (AA)
(HG) and Cavendish-Grand Naine (AAA) (GN), were studied over a full crop cycle
for two irrigation treatments: full irrigation (FI) as control, and deficit irrigation (DI)
as drought. Soil moisture was measured daily in every cv-treatment plot using TDR
sensors. CC was determined through monthly drone images obtained at hourly inter-
vals (between 8 AM and 16 PM) of every cv-treatment plot. Linear mixed models
were used to determine the effect of time and treatment on CC, CC growth curves
where obtained through non-linear logistic regression. Monthly leaf area index (LAI)
values were related to CC to obtain CC-LAI curves. Drought reduced growth rates
(r) and CCx values. CCpyax values for FI were similar in both cultivars (89 %), but
time to reach CCpy,x was longer in HG (50 WAP) than in GN (32 WAP). CC differ-
ences between FI and DI ranged from 2.22 % until 17.67 % for HG, while differences
ranged from -2.5 % to 4.5 % for GN. Soil moisture values differed significantly in the
vegetative stage for HG, explaining this divergence. Diurnally, CC drops occurred
on days characterised with a high evaporative demand. CC had a maximum in the
morning, dropped to a minimum around noon, and climbed again in the afternoon,
with drops being more significant in DI than FI plots, when moisture values differed
significantly. Relating CC and LAI, showed CC-LAI curves followed an exponential
curve reaching maxima CC at LAI 4 for both cvs. CC curves are cultivar dependent,
and CC is reduced by a lack of soil moisture. Comparison with optimal CC curves
may pinpoint stress periods. On a daily basis, relative CC drops cannot be used to
assess drought stress, as its severity is more influenced by weather parameters.
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Monsoon Crop Biomass Estimation Using Terrestrial
Hyperspectral Imaging

SUPRIYA DAYANANDA, THOMAS ASTOR, JAYAN WIJESINGHA,
MICHAEL WACHENDORF
University of Kassel, Grassland Science and Renewable Plant Resources, Germany

India’s majority (60%) of the population depend on the agriculture sector for their
livelihood. With the agriculture facing major challenges, remote sensing can be an
effective tool in monitoring crop production and estimating the yield. It can lead to
better planning and policies to ensure food security. This study was conducted with
the main objective of predicting the fresh matter biomass (FMB) using the spectral re-
flectance extracted from hyperspectral images. Three monsoon crops (lablab, maize
and finger millet) were grown simultaneously in each of these two experiments rainfed
(R) and drip irrigated (I) at University of Agricultural Sciences, Bengaluru, India. The
images from full frame hyperspectral camera UHD-185 was used along with destruc-
tive biomass sampling to measure the FMB in t ha~!. A total of 11 sampling dates in
the monsoon season of 2016 to 2018 were sampled. The spectral data was used with
random forest regression model to estimate the FMB in rainfed, irrigated experiments
and generalised (data sets of R and I combined) condition. The prediction accuracies
based on the relative error (rRMSEP) was found to be lower in generalised condition
with 13.9 % for lablab (R? = 0.53), 18 % for finger millet (R? = 0.46) and 18.7 %
for maize (R%=0.53). Overall, the results show that the FMB prediction model is not
specific to rainfed and irrigated experiments as it performed better in the generalised
condition. In future, it must be tested to predict the FMB on a larger scale using the
sensor on unmanned aerial vehicles.

Keywords: Biomass prediction, hyperspectral imaging, machine learning, multitem-
poral
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Towards a Cropping System Sustainability Tool (CROSST)
Evaluating Performance of Green Manure Cover Crops in Benin
and Kenya: A Pilot Study

JESsICA MUKIRI!, RODRIGUE V. CAO DI0GO2, SENAMI G. M GBEDJISSOKPAZ,
MICHAEL KINYUA!, REIN VAN DER HOEK?, ROLF SOMMER*, BIRTHE PAUL!
Unternational Center for Tropical Agriculture (CIAT), Tropical Forages Program, Kenya
2 University of Parakou, Dep. of Sci. and Techn. of Animal Prod. and Fisheries, Benin
3 International Center for Tropical Agriculture (CIAT), Central America, Nicaragua
4World Wide Fund for Nature (WWF), Germany

Farming practices in sub-Sahara Africa have resulted in declining soil fertility. Hence,
Green Manure Cover Crops (GMCC) are promoted for soil improvement and protec-
tion. For farmers, adopting GMCCs and making formed decisions to integrate them in
their cropping systems, they require a good understanding of the multi-dimensional
impacts of these crops. We therefore developed the Cropping Systems Assessment
Sustainability Tool (CROSST) which can assess the performance of different cropping
systems with and without the integration of GMCCs. CROSST is an Excel based tool
that assesses both agro-environmental and socio-economic impacts of GMCC tech-
nologies. The tool looks at gross margin, productivity (yield), soil health (N and P
balances, soil structure and soil organic carbon), labour hours and the trade-offs be-
tween these. It adopts a static rule-based framework and follows a three-step approach
(1) identification of alternative crop rotations, (ii) selection of agronomic, environmen-
tal and socio-economic parameters and (iii) assessing and comparing the different
crop rotations. The tool was pilot tested in Benin and Kenya under the BMZ-GIZ
programme on ‘Soil Protection and Rehabilitation for Food Security’. Data were col-
lected through literature reviews, focus group discussions and key expert interviews.
The crop rotations were selected and designed by experts with in-depth knowledge
on the local cropping systems of North and South of Benin and Western Kenya. First
results indicate that GMCCs improve soil structure/soil organic matter as well as soil
N balances in both countries. However, investing in soil improvement can result in
loss of profitability especially when a crop that produces grain for consumption or
sale is swapped for a crop that produces biomass for soil amendment only. CROSST
still needs further data refinement with recent official census as well as independent
field measurements. Once validated it can serve as a decision-support tool for de-
velopment agencies, implementing partners and local stakeholders when designing
sustainable cropping systems that integrate GMCCs.

Keywords: Cover crops, green manure, impact assessment tool, soil fertility, sub-
Saharan Africa
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Evaluating Groundwater Management Options in a Semi-Arid
and Rapidly Urbanising Area Using a Socio-Hydrological Model

JOHANNES WEGMANN
University of Goettingen, Department of Agricultural Economics and Rural Develop-
ment, Germany

In areas where water resources are under stress due to high population growth and
related increasing agricultural production, water resource management becomes in-
creasingly important. Understanding water user behaviour thereby is the basis to anal-
yse potential outcomes of different management options to ensure sustainably man-
aged resources. Socio-hydrological models which combine natural processes with
human decision making to evaluate policy designs have been improved considerably
in recent years. However, these models often rely on data which is either at a highly
aggregated level for the natural processes or human decision making is not calibrated
with micro-level data. In this study, a socio-hydrological model is elaborated which
represents observed farmer irrigation practices and local (geo)hydrological condi-
tions. The model is then calibrated with observed farmer behaviour and hydrological
and soil information in the study area. Data comes from 600 agricultural households
and 6 experimental plots in the vicinity of the Indian megacity Bengaluru. The region
is characterised by a drastic drop in groundwater levels which is partly a consequence
of intensive irrigated agriculture. The socio-hydrological model is used to evaluate
changes in climate condition and in irrigation behaviour on groundwater resources
and welfare implication for rural households. Preliminary results show that the mod-
eled groundwater level approximates the stated groundwater level of the farmers in
the survey. Moreover, a change in irrigation behaviour is more dramatically on the re-
source than changing climatic conditions. In a next step, different management option
will be incorporated and evaluated.

Keywords: Groundwater management, India, policy evaluation, socio-hydrological
model
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Assessing Impacts of Crop Expansion and Overstocking in
Kenyan Savannah Rangelands Using the LUCIA Model

BENJAMIN WARTH, CARSTEN MAROHN, FOLKARD ASCH
University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-Institute),
Germany

There is potential to increase agricultural productivity by converting Guinea Savan-
nah rangelands to cropland on a large scale, but such land use change is expected to
have negative effects on ecosystem functions. Conversion of pasture to cropland and
tillage affect seasonal plant cover, soil organic matter replenishment, and soil water
storage. Additionally, herd mobility becomes more limited and remaining pastures
are overgrazed. This can cause shifts in vegetation composition towards higher plant
cover and abundance of trees and bushes at the cost of grasses. Our aim is to as-
sess the impacts of land use change in savannah rangelands on vegetation and soil as
well as to investigate major processes involved. We studied a savannah watershed in
Laikipia, Kenya, by simulating different crop expansion- and herd movement patterns
using the mechanistic and spatially explicit Land Use Change Impact Assessment tool
(LUCIA). In order to represent the processes described above, we amended the agro-
nomic LUCIA model for functions on plant regeneration after grazing, as well as on
tree seed dispersal and seedling recruitment depending on grass competition. The new
functions allow simulating pasture degradation with growth reserve depletion, as well
as bush encroachment due to enhanced seedling establishment under reduced grass
competition. We, thus, build a bridge between agricultural modelling and simulation
of plant community ecology, which allows assessing ecological sustainability of agri-
cultural actions in landscapes. Scenario simulations show how ecosystem functions
such as soil organic carbon storage, water retention, plant productivity, and fodder
provision are affected by different cropping systems (e.g. inter-cropping,) and man-
agement regimes (e.g. zero tillage), as well as their expansion rates and -pattern into
the savannah landscape. On rangelands, grazing intensity and timing affect biomass
regrowth and grass productivity, which influence grass-tree competition and vegeta-
tion composition. We discuss model improvements representing important processes
involved in land use change impact pathways in savannah ecosystems by newly im-
plemented ecological model routines. We expect, that upcoming LUCIA coupling
with livestock- and farmer’s decision models will enhance the understanding of major
processes and feedbacks within complex socio-ecological savannah systems that are
under pressure of land use change and agricultural intensification.

Keywords: Ecosystem functions, pasture degradation, spatially explicit modelling
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Investigating Farmers’ Knowledge about Climate Change in Iran
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Extension and Education, Iran
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Climate change is a reality that poses severe threats to agriculture and rural livelihoods
in developing countries. Mounting evidence has revealed that farmers can effectively
manage negative impacts by adapting their farming practices to climate change. How-
ever, it is a common belief that more information and knowledge about climate change
will lead to a better understanding of the phenomenon and adaptation options. There-
fore, farmers need to refresh and continually update their knowledge about climate
change to raise their potential capacity and output in the facing of climate change im-
pacts. Therefore, the aim of this study was to investigate factors affecting knowledge
of wheat growers about climate change and the associated impacts in Kermanshah
County in western Iran. To achieve this goal a quantitative study (survey methodol-
ogy) was used, applying a multi-stage random sampling technique and selecting 350
farmers. Data were collected through a questionnaire with confirmed internal reliabil-
ity and validity. Descriptive analysis revealed that the age of the participants ranged
from 25 to 84 with a mean value of 48.7 years (SD 12.47). The sample consisted of
13 female farmers (3.7 %) and 337 male farmers (96.3 %). The majority of the partic-
ipants (26.6 %) had a high school equivalent degree. The mean farm size for rain fed
and arable farmland farmers, respectively, was 7.5 and 2.6 hectares. The mean scores
of self-efficacy, risk attitude and knowledge with respect to climate change were 2.05
out of 5 (SD 0.72), 3.57 out of 5 (SD 0.64) and 3.64 out of 5 (SD 0.77), respectively.
Pearson’s correlation test revealed a significant relationship between ‘knowledge of
climate change’ and all other variables, including ‘environmental attitude’, ‘trust’,
‘self-efficacy’ and ‘risk attitude’. Structural equation modelling revealed that envi-
ronmental attitude (8 = 0.31, p < 0.001), risk attitude (8= 0.18, p < 0.002) and trust
(B =0.14, p < 0.013) were significant predictors of farmers’ knowledge about cli-
mate change. The present study provides a justification for programs that intend to
encourage farmers’ adaptation behaviour in view of climate change impacts.
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The Effect of Soil Conservation Practices on Soil Carbon and
Yields in Smallholder Oil Palm Plantations

NINA HENNINGS!, KATRIN RUDOLF?, MICHAELA DIPPOLD3, MEIKE WOLLNI*
YUniversity of Goettingen, Dept. of Soil Science of Temperate Ecosystems, Germany
2 University of Goettingen, Dept. of Environmental and Resource Economics, Germany
3 University of Goettingen, Dept. of Biogeochemistry of Agroecosystems, Germany
4University of Goettingen, Dept. of Agricultural Economics and Rural Development,
Germany

The progressive expansion of oil palm plantations in South East Asia leads to a con-
version of tropical rainforests. This transformation reduces soil organic carbon (SOC)
contents significantly. Since a reduction in SOC levels is also linked to a decrease in
many important soil ecosystem services, such as water and nutrient regulation which
positively affect yields, it might negatively affect the income of oil palm farmers.
One option to sustain and enhance SOC contents is the use of soil conservation prac-
tices such as mulching or cover crop application. These practices might affect yields
via various channels: First, via an increase in soil carbon content, but also via a direct
fertilisation or nutrient competition effects.

Despite its theoretical relevance for farmers’ income, the agronomic effects of SOC
on oil palm yields, especially in smallholder plantations, have rarely been analysed.
Therefore, we study the effect of soil conservation practices on soil indicators and
yields, and the effect of SOC on yields to distinguish between the pathways through
which soil conservation practices can affect oil palm yields.

Our study was conducted in Jambi Province, Indonesia, in 2017. We focus on the
application of empty fruit bunch (EFB) mulching and cover crops (CC) as soil con-
servation practices in smallholder plantations. Smallholder plantations are chosen
because of their growing importance in the Indonesian oil palm sector.

Using a stratified random sampling procedure, we selected 142 independent oil palm
growing smallholders. Per household, one plantation was selected. Soil samples were
collected for SOC content and bulk density measurements.

Our results hint to a positive effect EFB application on soil carbon, but the effect of
CC is insignificant. While the direct effect of SOC on per hectare oil palm yields
is insignificant, application of EFB is associated with statistically higher oil palm
yields in comparison to CC application and the control group. This suggests that
the fertilising effect of EFB mulching might be more important than the effect via
improved soil fertility.

Keywords: Oil palm yields, smallholder farmers, SOC, soil conservation practices
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Effects of Emerging Crop Rotations and Changing Soil Aeration
Status on B and Zn Availability and Vegetable Responses in Nepal

SHOVA SHRESTHA!, MATHIAS BECKER!, JOHN LAMERS?
YUniversity of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES), Germany
2 University of Bonn, Center for Development Research (ZEF), Germany

Since recently, the traditional rice-wheat rotation systems in Nepal are subject to dras-
tic changes. Water shortages drive the replacement of the water-consuming lowland
rice by maize, and progressing urbanisation drives a replacement of wheat by high-
value vegetables. The changes in soil aeration status by integrating maize and the
higher nutrient demand of vegetables compared to wheat are associated with chang-
ing demands of and responses to key micro-nutrients such as boron (B) and zinc,
(Zn) which are highly deficient in the soils of Nepal. We compared the status of soil
B/Zn availability and the responses of rice and maize (hot wet season) as well as of
cauliflower, tomato and wheat (cold dry season) to added B and Zn in a greenhouse
trial as well as in field validation trials at two sites in Nepal. The shift from rice to
maize and concomitant changes in soil aeration status tended to increase the respon-
siveness of both vegetable crops to added B and Zn at both sites. The shift from wheat
to high-value vegetables increased the overall demand for B and to a lesser extent for
Zn, irrespective of the soils and sites. Thus, the addition of 4 kg ha! each of B and Zn
increased crop uptake by cauliflower significantly. While biomass accumulation and
yield of wheat were largely unaffected by B/Zn additions, both vegetables responded
with 2-4-fold yield increases. At these effects lowland sites were generally more pro-
nounced than at the mid-hill site, and response tended to be more in maize (aerobic)
than with rice (anaerobic) based systems. It is concluded that in the inherently B and
Zn deficient soils in much of Nepal, the application of B and Zn fertilisers improves
the performance of the traditional rice-wheat rotations. Therefore, with the shift to-
wards maize and high-value vegetable-based systems, B and Zn applications become
essential. The demand for such nutrients as fertilisers is foreseen to dramatically in-
crease with progressing urbanisation and associated system shifts.
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Combining Land-Based Organic and Landless Food Production:
A Concept for a Circular and Sustainable Food Chain for Africa
in the Year 2100

GEROLD RAHMANN!, DANIEL GRIMM!, ANJA KUENZZ, ENGEL HESSEL2
YThuenen Institute of Organic Farming, Germany
2Thuenen Institute of Agricultural Technology, Germany

Agriculture in tropical countries has to adapt not only to climate change and resource
depletion but also to population growth — especially in Africa, where around 80 %
of the growth until 2100 is predicted to happen. The medium estimate of the United
Nations predicts an increase from currently 1.2 to 4.4 billion people by the end of the
century — but no strategic plans exist beyond the year 2050. Since Africa is a continent
with large deserts, arid and semi-arid areas, only about 400 m 2 of agricultural land will
be available per person according to these predictions.

In the LandLessFood project, we are trying to design an agricultural system, based
on the principles of circular economy, in which it is possible to feed everyone on this
little space, focusing on Nigeria as an example.

The main idea is the combination of “landless” food systems such as microalgae
production and mushroom cultivation, with organic, “land-based” food production.
Microalgae are very spatially efficient, can be produced independent of fertile soils,
could be used as a pathway of nutrient recycling in the sewage system and can pro-
duce large amounts of oils or starch, to fulfil the energy-need of the population. Land-
based food production should be used to fulfil the need for “quality food” (vitamins,
nutrients, minerals) of the population. Mushroom cultivation is a form of “selective
composting” in which food is produced. While mushrooms themselves are an excel-
lent meat-substitute, spent mushroom substrate can be used as animal feed, ideally for
invertebrates, such as earthworms, which are good chicken, pig and fish feed.

Keywords: Africa, bioreactor, circular economy, food security 2100, landless food,
organic agriculture
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Phytoremediation of Petroleum Hydrocarbon-Contaminated Soils
with Jatropha curcas and Vetiveria zizanioides

BERTRAND NERO
Kwame Nkrumah University of Science and Technology, Dept. of Forest Resources Tech-
nology, Ghana

Accidental oil spills during oil exploration and mineral mining operations have dele-
terious consequences on soils and overall ecosystem health. Environmentally be-
nign methods of reducing hydrocarbon contamination levels in soils and ecosystems
are often encouraged. However, there is scanty data on the effects of vegetation on
petroleum hydrocarbon concentration in crude oil contaminated soils. The present
study investigated the growth performance of two plant species on hydrocarbon con-
taminated soils and the effects of these plants on hydrocarbon concentration levels in
soils. A 2 x 2 x 3 factorial arrangement of treatments in a completely randomised de-
sign with 3 replicates was adopted. Two plant species, 2 soil contamination levels, and
3 soil amendments constituted the major treatment factors. Soil total oil and grease
(TOG), total petroleum hydrocarbon (TPH), plant height, collar diameter, and number
of leaves or tillers were monitored over a sixteen week period at Ghana Manganese
Company Ltd.

Amending the soil with compost, Jatropha curcas (JC) caused up to 78.8 and 82.2 %
decline in soil TPH and TOG concentrations, while Vetiveria zizanioides (VZ) caused
51.1 and 39.7 %, respectively, after 16 weeks. Compost amendments significantly
reduced TOG and TPH concentrations compared to fertiliser and no amendments in
both JC and VZ (p < 0.001). However, the effect of species on TOG and TPH con-
centrations were not statistically significant (p = 0.081).

Growth in height, collar diameter and number of leaves in JC were significantly higher
in the compost amendment compared to the fertiliser and no amendment treatments
(p < 0.001). Number of leaves (p = 0.009) and collar diameter growth (p = 0.010)
were significantly lower in contaminated soils compared to non-contaminated soils
but no significant differences were observed between the two with respect to height
growth. Furthermore, only the number of tillers in Vertivar was significantly influ-
enced by the soil amendments (p = 0.003) and the soil hydrocarbon contamination
levels (p = 0.048).

It is concluded that phytoremediation, particularly with Jatropha curcas, is an alter-
nate means to reducing soil hydrocarbon concentration levels. However, soils must be
amended with compost for effective remediation and enhancement of rapid, vigorous
early growth of plants.

Keywords: Collar diameter, compost, hydrocarbon, soil amendment
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The Impact of Long-Term Tropical Grassland Conversion on Soil
Quality and Soil Carbon Stocks

JOHN KORMLA NYAMEASEMl, CARSTEN MALISCHI, THORSTEN REINSCHI,
CHARLES YAW FOSU DOM0ZORO?, FRIEDHELM TAUBE?, IRAJ EMADODIN!,
ESTHER MARFO-AHENKORA?
YWniversity of Kiel, Grassland and Forage Science / Organic Agriculture, Germany
2CSIR Animal Research Institute, Natural Resources Management and Environmental
Health, Ghana
3 University of Kiel, Institute of Crop Science & Plant Breeding, Germany

Enhancing the capacity of livestock systems to sequester carbon is an important mea-
sure to tackle soil degradation and climate change. Therefore, accurate assessments
are required, particularly at farm level, to estimate soil carbon sinks under different
land use systems by available predictors. This study evaluated the impact of differ-
ent long-term land-use scenarios on soil carbon storage and ascertained the impact
of condensed tannins (CT) and soil chemical properties on soil C dynamics in grass-
lands of southern Ghana. Soil samples were taken (0-30 cm depth) from 50 years old
food crop fields, seeded grazing fields, monoculture fields of fodder grass, legume
herbs, legume browse, non-legume browse species and native grassland. CT concen-
tration in the forages ranged from 4-67 mgke dry matter and were higher (p < 0.01) in
browses compared to herbs. Nitrogen (N) levels were highly correlated with soil car-
bon stocks and were significantly higher (p < 0.01) for fodder grass fields and legume
herbs fields. C:N ratio in soils was not significantly affected by the land use system
(p > 0.05). Plant available phosphorus and potassium represented highest (p < 0.01)
values in food crop fields. Soil pH varied only with a significant rate (p < 0.001)
between food crop fields and seeded gazing fields. Soil carbon stocks ranged from
16.6 — 64.1 t C ha'! (mean + s.e: 33.1 + 1.13 t C ha'!) across land use systems and
were lower (p < 0.01) for grazed seeded-pasture fields and herbaceous legume plots
compared to the other land use systems. Conversion of the natural grassland resulted
in a mean loss of 480kg C ha~! year™!. There was significant (p < 0.05) positive
correlation between the long-term changes in soil C stock and CT fractions (r = 0.33—
0.49). Also, correlation tests showed positive relationships between change in soil
C-stock and soil chemical traits (r = 0.043-0.91). The current case study indicated
that a multiple linear regression equation with N, CN and K as principal factors could
explain 98 % of the long-term changes in SOC stock.

Keywords: C4 grasses, carbon sequestration, condensed tannins, soil nutrients, sub-
Saharan Africa
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Influence of Compost, Lime and NPK on Performance of three
Cassava Varieties

MARIA EGWAKHIDEI, STEFAN HAUSERI, OLUGBENGA ADEOLUWA2
Unternational Institute of Tropical Agriculture (IITA), Root & Tuber Cropping Systems
Agronomy, Nigeria

2 University of Ibadan, Soil Fertility, Nigeria

Soil fertility is one of the major limitations to productivity of Cassava (Manihot escu-
lenta Crantz). The use of different soil amendments such as fertilisers could improve
the productivity of cassava and also increase the fertility of the soil. Thus, the poten-
tial of brewery-based compost, lime and NPK 15:15:15 were evaluated on the growth
and yield of three cassava varieties (TMS01/1393, TMS1980581 and TMS101/0040).
The study was conducted at the International Institute of Tropical Agriculture, Ibadan,
Nigeria. The experiment was a 4 factorial randomised complete block design in a split
plot arrangement with three replicates. The first factor was compost application at 2
levels nil versus 5 Mg ha'!; second factor was NPK 15:15:15 at 2 levels: nil versus
500 kg ha'! (equivalent to 75:33:62 kg ha™! N:P:K); third factor was lime at 2 levels:
nil versus 500 kg ha™!; fourth factor was the cassava variety at 3 levels: TMS01/1393,
TMS 1980581 and TMS101/0040, with the input combinations nested within varieties.
Cassava was planted at 1 by 0.5 m distance and harvested after 12 months.
TMS01/1393 had the highest stem yield with an average of 22.65 t ha“! followed by
TMS198058120.60 t ha™! and TMS101/0040 14.30 t ha™!. Compost + lime combina-
tion gave the highest stem yield (42.54 t ha™!, p<0.0001), significantly different from
other treatments.

Root yield across all treatments of TMS01/1393 was 36.96 t ha™! fresh mass (FM)
and 10.29 t ha'! dry mass (DM), for TMS1980581 root fresh yield was 25.13 t ha™!
and 7.01 t ha! DM, and TMS101/0040 produced 28.00 t ha"! FM being 6.33 t ha™!
DM. Combination of compost + lime had the highest yield in TMS01/1393 at 42.32
t ha'! FM (10.97 t ha"! DM) which was not statistically different from the control at
40.29 t ha! FM (9.40 t ha'! DM). There was a significant increase over the control
yield 22.14 t ha™! (5.14 t ha! DM) of TMS101/0040 in the following combinations:
compost +lime + fertiliser 36.06 t ha™! FM (8.20 t ha"! DM), compost + fertiliser
36.60 t ha FM (8.55 t ha! DM), lime + fertiliser 34.85 t ha™l FM (8.36 t ha™! DM).

Keywords: Cassava, compost, lime, NPK, soil fertility
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Comparative Nitrogen Use Efficiency of Urea, Manure and
Different Mulch Types in Horticulture in Semi-Arid Bolivia

LAURA KUONENI, NOEMI STADLER KAULICH2, LINDSEY NORGROVE1

YBern University of Applied Sciences, School of Agricultural, Forest and Food Sciences,
Switzerland

2 Center for Andean Agroforestry, Cochabamba, Bolivia

Onion (Allium cepa) is an important horticultural crop in Bolivia, where the main
production region is in the semi-arid region of Cochabamba, in the inter-Andean val-
leys. Here, soils are degraded, due to overgrazing and agricultural intensification.
Soil erosion and water availability as well as nitrogen (N), limits crop growth. We hy-
pothesised that using locally available mulch might improve growth and finally yield
more than the equivalent N application as either inorganic fertiliser or manure as it
might also release nutrients more in synchrony with the developing crop as well as
suppress weeds, increase soil moisture and reduce soil erosion. We also hypothesised
that growth improvement due to adding nutrients would be less in the more shaded
blocks where growth would be light-limited.

We tested three mulches Dodonaea viscosa, Melinis repens, and Chamaecytus pro-
liferus (application rate 4 t DM ha~!, equivalent to 44, 26 and 39kg N ha~') versus
farmyard manure (5 t DM N ha~! equivalent to 165.5kg total N ha~!); two urea
treatments (40 and 80 Neq ha~! and an unfertilised, unmulched control in an onion
monoculture, planted in January 2019 and manually weeded at 60 days after planting
(DAP). We used a randomised complete block design (n=4) with shade and competi-
tion from a tree boundary as the blocking factor. Plant height, circumference, number
of green and of newly produced leaves were evaluated every two weeks.

At 12 weeks after planting, onions were taller in the urea treatments (40 and 80kg
Neq ha™!) than in the control with the 80 kg Neq ha~! urea treatment having the
most weed biomass. In the least shaded block, weed biomass was lower than in the
most shaded block (10.1 t fresh weight ha~! compared to 3.9 t fresh weight ha~').
None of the mulch treatments significantly affected growth.

Keywords: Allium cepa, horticulture, mulch, nitrogen efficiency, semi-arid climate
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Sustaining Intercropped Maize and Peanut Yields through
Controlled Organic Fertiliser Usage in Muna Regency, Indonesia

LA KARIMUNA, RACHMAWATY HASID, HALIWU HALIM
University of Halu Oleo Kendari, Dept. of Agrotechnology, Indonesia

The worldwide demand of staple food crops for various needs has increased doubled
for the last 10 years, especially for Indonesia government, import of such basic foods
as rice, maize, peanut and soybean has to be taken but this policy can’t be kept in the
long term. The farmers in Java, agricultural crops are commonly cultivated in arable
land, so the crop yield planted is sufficient to fulfil the community needs. However,
recently most of favoured lands have been changed to other land uses for industrial
areas, housing and other economic purposes. Southeast Sulawesi has tremendous
role for the development acceleration of Indonesian economy to improve community
welfare. Soil limiting factors identified can be overcome properly by the application
of controlled organic fertiliser to increase soil fertility sustainably and sufficient yields
of agricultural crops can be achieved. The main objective of this paper was to analyse
the current results of research carried out in sustaining improvement of intercropped
maize and peanut yields through controlled usage of organic fertiliser technology in
Muna regency. The research work was carried out in three villages, in a split plot
experimental for two factors of various doses of bokashi plus fertiliser. Local peanut
was cultivated with maize in an intercropping system. Variables measured were plant
height (cm), stem diameter (cm) and Leaf Area Index (LAI) at 14, 28, 42 and 56 DAP,
cob length (cm), bean dry weight 100 g at 14 % moisture content, Land Equivalent
Ratio (LER), and dry beans (t ha—!). All variables were analysed using analyses of
variances (ANOVA) followed by Duncan’s Multiple Range Test (DMRT) with 95%
confidence level. The results showed that the higher the doses of bokashi plus fertiliser
applied, the higher the growth and yields of intercropped maize and peanut obtained.
Land use efficiency was better indicated by a LER value of 1.46, and the highest yield
of maize and peanut was 7.6 and 2.43 t ha~!, respectively. This finding confirms the
significant contribution of bokashi plus fertiliser usage to not only maintain high soil
fertility but also to improve crop productivity

Keywords: Bokashi, mineral fertiliser, intercropping system, maize, marginal lands,
peanut, poverty
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Growth and Yield Response of two Mungbean (Vigna radiata L.)
Genotypes to Inoculation with N,-fixating and P- and
K-Solubilising Bacteria

REZA MIRZAEITALARPOSHTI!, SAEID SOUFIZADEH!, JAFAR NABATIZ,
AFSANEH YOUSEFI?

LShahid Beheshti University, Environmental Sciences Research Institute, Iran

2 Ferdowsi University of Mashhad, Research Center for Plant Sciences, Iran

3 Ferdowsi University of Mashhad, Fac. of Agriculture; Dept. of Agrotechnology, Iran

Economic problems as well as environmental concerns related to the excessive ap-
plication of agricultural chemicals have shifted the attention to application of bio-
logical fertilisers in many agroecosystems. In order to evaluate the effect of free-
living nitrogen fixating and phosphorus and potassium solubilising bacteria on yield
and nitrogen fixating root nodes of two mungbean (Vigna radiata L.) genotypes, a
two-year factorial experiment was carried out as a randomised complete block de-
sign with three replications. Two mungbean genotypes (Dezfouli and Indian) were
planted under six fertilisation systems at the Agricultural Research Station of Fer-
dowsi University of Mashhad, Iran, in 2018. Fertilisation treatments were free-living
nitrogen fixating bacteria (NFB), phosphate solubilising bacteria (PhSB), potassium
solubilising bacteria (PSB), NFB+PhSB+PSB, chemical nitrogen fertiliser (NF), and
no fertiliser application as control (C). The crop growth parameters including leaf
area index (LAI), crop growth rate (CGR), accumulation dray matter (DM) as well
as its yield and its components were assessed every year and reported in a two-year
average, as there were no significant differences between two growing years. Accord-
ing to the results, the highest LAI (3.85), CGR (27.14 g m~2 d!) and DM (796 g
m~2) were obtained for Indian genotype planted under NFB+PhSB+PSB treatment.
Similarly, the values recorded for LAI, CGR and DM for Dezfuli genotype were 3.84,
26.27 gm2 d'! and 836 g m 2, respectively, under NFB+PhSB+PSB treatment. The
number of nitrogen fixating root node was affected by treatment significantly increas-
ing from 5.83 in C treatment to 25.33 per plant in NFB+PhSB+PSB treatment. The
highest biomass and grain yield obtained also under NFB+PhSB+PSB treatment by
the value of 7621kg ha~! and 1828kg ha~!, respectively. All the investigated pa-
rameters decreased markedly in both genotypes under C treatment as compared to
either chemical and/or biological treatments. In conclusion, application of nitrogen
fixating bacteria as well as phosphate and potassium solubilising bacteria can be an
appropriate and environment friendly strategy for mungbean cultivation in areas with
low nutrient availability.

Keywords: Crop growth rate, leaf area index, Mungbean
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Gross Nitrogen Transformation Rates Do not Support Previously
Described BNI Capacities of Selected Brachiaria Genotypes
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YWUniversidad Politécnica de Madrid, Dept. of Agricultural Production, Spain
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3Wageningen University and Research, The Netherlands
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SInternational Center for Tropical Agriculture (CIAT), Colombia

Nitrification is one of the key processes leading water contamination and greenhouse gas emis-
sions in the form of N>O in pasture systems. As vast areas of tropical pastures are considered
nitrogen (N) limited, grasses from the Brachiaria genus have adapted to reduce N losses and
increase N use efficiency by releasing substances capable of biological nitrification inhibition
(BNI) in the rhizosphere. Although the release of BNI compounds and its impact on N, O emis-
sions and net nitrification rates in soil have been studied, the impact of BNI on gross nitrogen
transformation rates have not been addressed, despite its relevance to mechanistic understand-
ing of this phenomena. Using intact soil cores and >N dilution technique we evaluated gross
N transformation rates in five Brachiaria genotypes, including high (CIAT-679, CIAT-16888
and Bh08-1149) and low BNI (Mulato hybrid and CIAT-26146) accessions. Two experimental
plots, one established 14 and one 5 years ago were used, located in areas with contrasting soil
types of Colombia were used.

Contrary to our expectations, gross nitrification was not lower in soil covered by the high-BNI
than in low-BNI genotypes. Surprisingly, gross nitrification rates in the long-term plot were
higher under CIAT-16888 compared to Mulato. However, in the long-term plot, the high-BNI
CIAT-16888 soil exhibited the highest gross ammonification rates and immobilisation of both
ammonium and nitrate, when compared to other genotypes. Similarly, in the medium-term
plot, CIAT-16888 and Bh08-1149 (considered high-BNI) showed higher ammonium immobil-
isation rates than both low-BNI genotypes (Mulato and CIAT-26146). Nevertheless, the relative
microbial N retention, i.e. the ration of microbial immobilisation and microbial production of
inorganic N, was not affected by Brachiaria genotype at any of field locations studied.

Our results suggest, for the first time, that BNI capacity may not be due to a suppression of
the gross nitrification rates but to higher N immobilisation rates, which could equally explain
lower net nitrification rates and N, O emission previously described in fields under high-BNI
genotypes. The N immobilisation could lead to temporal N storage and reduce N availability
to leaching or gaseous losses.

Keywords: N immobilisation, N mineralisation, nitrification, tropical grassland
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A Novel Method of Vermicompost Placement in Organic Tomato
Production

EHSAN EBRAHIMI! , PETER VON FRAGSTEIN UND NIEMSDORFF?

YUniversity of Kassel, Soil Science, Germany
2 University of Kassel, Organic Farming and Cropping Systems, Germany

The need to produce more crops for feeding a growing population world-wide raises
questions of more efficient uses of agricultural inputs. In agricultural fields, composts
are commonly applied to the field soil by broadcast. This method does not ensure that
nutrients as part of applied compost are available to the plant roots at the right time
and at the right quantity. In this field study, we compare the effect of compost place-
ment (in two different methods) to compost broadcast on yield attributes and nutrient
uptake for organic tomato field. Three methods of placement of the vermicompost
(VC) were used in a two-year field trial in north east Iran: 1. VC placed in a row
on the soil surface with incorporation, behind the plantation lines (R), 2. Broadcast
on the field (B), and 3. in the transplant hole, under the root (U) which is our novel
method for this study. As a second factor, VC was applied at three different rates of
application, namely 3, 6 and 9 t ha=! for R and B, and 2, 4 and 6 t ha~! for U. In
both years, the different rates and placement methods had no significant effect on the
fresh yield of tomatoes. However, in treatments with a higher rate and using the U
placement increased the dry matter yield of the plants by up to 50% (8.4 t ha ') in
the second year. This suggests that our novel method (U) could reduce the amount of
compost application without a significant change in yield production. Treatments with
U placement method showed 23 % higher nitrogen uptake (156 kg ha ~!) compared to
B method (121kg ha~!). The U method of placement seems to be a suitable alterna-
tive to the B method for field-grown vegetables such as the tomato. Considering the
high price and quality of vermicompost compared to the other types of compost, this
novel method can be economically considered by farmers.

Keywords: Fertiliser placement, nutrient uptake, organic tomato, soil conditioners,
vermicompost
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The Integration of Organic Farm Waste in Degraded Smallholder
Banana-Coffee-Farming Systems in the Kagera Region, Tanzania

ANIKA REETSCH!2, KARL-HEINZ FEGER?, KAl SCHWARZEL!, CHRISTINA
DORNACK?, GERALD KAPP?
YUnited Nation University (UNU), Inst. for Integrated Management of Material Fluxes
and Resources (FLORES), Germany
2Technische Universtiit Dresden, Dept. of Forest Sciences, Germany

Smallholder farming account to more than 90 % of the agricultural production in highland
perennial-banana-coffee-based farming systems intercropped with beans, maize, cassava, and
other annual crops in the Kagera region in NW Tanzania. Densely grown banana-coffee-based
farming systems developed over eight centuries and have been severely degraded in less than
half a century. For at least one century, traditional composting and mulching techniques have
played a crucial role to replenish soil nutrients, combat soil erosion, and soil drying. How-
ever, increased biomass production and deforestation of a growing local and refugee hosting
population have accelerated soil nutrient depletion and could not be sufficiently replenished
through farm waste management. This situation has been worsened through the weakening of
farm households after the outbreak of the HIV/AIDS epidemic accompanied by reduced labour,
orphanhood, and interrupted knowledge transfer of traditional farm waste practices. Our re-
search shows the current use of organic farm waste in 150 surveyed farm households and how
farm waste management is related to biomass production and thus the livelihood. We further
present the results of five focus group discussion with 22 lead farmers who have trained 700
households in organic soil fertility, farm waste, and pesticide management fostering sustainable
agroforestry. The results compare non-trained with trained farm households. Among the non-
trained households, not all households use organic farm waste in composting and mulching.
Further, the land size determines biomass up to one hectare. Households either concentrate on
crop farming with integrated livestock keeping or livestock keeping and forestry. The majority
of the most vulnerable households is female-headed. In comparison, trained households dif-
ferently succeed in applying the skills they have learnt. The ‘wealthiest’ group of households
use all organic farm waste in strategically applied in-situ, ring-hole, pit or drainage compost-
ing, whereas those who do not follow the main instructions have a lower biomass production
and cannot leave the poverty trap. Soil fertility and biomass production can be significantly
improved by training organised by local organisations. However, these organisations need gov-
ernmental support and funding because they significantly contribute to combat poverty and
climate change through soil and organic waste management.

Keywords: Agroforestry, banana-coffee-based farming systems, composting, farm waste man-
agement, farmer field training, food availability, gender, Kagera region, Karagwe and Kyerwa
district, mulching, smallholder agriculture, Tanzania
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The Impact of Integrated Soil Fertility Management Practices
(ISFM) on Dry Grain Yields of Teff, Wheat, Barley, Maize,
Sorghum and Faba Bean of Small Scale Farmers in the Ethiopian
Highlands
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Ethiopia’s food security and economy depends on its agricultural production. Crop
yields are, however, below expected values, particularly on the high degraded soils in
the highlands. Cereals account for about 75 % of the total area cultivated. We investi-
gated the increased production of selected cereals along with that of the legume faba
bean by using integrated soil fertility management practices restoring soil fertility and
thereby increasing productivity. To reduce the impact of environmental factors, such
as terrain elevation/slope, weather/climate or soil’s water/nutrition availability, we
used a paired data approach by splitting fields of small-scale farmers into a treatment
and control plot growing the same crop with varying treatment elements.

This study examined the yield response of teff, wheat, maize, and faba bean to the in-
dividual and combined effects of multiple technologies of integrated soil fertility man-
agement practices (ISFM) under small scale farming conditions. Dry grain yields of
crops in defined micro-watersheds were recorded for three years along with the infor-
mation on the use of improved seed, line seeding, Lupine-based green manure, lime,
organic fertiliser, blended fertiliser, urea-split dressing and Rhizobia-based biofer-
tiliser for legumes. Yields in kg per hectare were on average for control and treatment
fields for teff 1346 and 2220, wheat 2839 and 4552, maize 4879 and 8224, and faba
beans 1895 and 3354, respectively. Using linear mixed models (LMM) with field
code, year and woreda as random factors, we found that treatment had a significant
effect on increased yields of on average +1500 kg ha-1 (s.e., 186.37; d.f., 1760.9, t-
value, 8.05, p < 0.01). Since crops showed significantly varying yields alone and in
combination with treatment, we analysed the various treatment practices along with
total N mineral application, disaggregated for teff, maize, wheat and faba bean. For

Contact Address: Ann-Kathrin Lichtner, Deutsche Gesellschaft fiir Internationale Zusammenarbeit
(GIZ) GmbH, Intergrated Soil Fertility Management Project Ethiopia, Addis Ababa, Ethiopia, e-mail:
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analysed crops we found that one or more integrated soil fertility management prac-
tices enhanced resulting crop yields significantly.

Our results indicate that practicing integrated soil fertility management can signifi-
cantly drive yield increases of crops of small scale farmers in the highlands of Ethiopia
while contribute to soil rehabilitation and sustainably improve soil health for stable
yields.

Keywords: Ethiopia, integrated soil fertility management, iSFM, productivity in-
crease, small-scale farming, soil fertility
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Socio-Economic Impact of Organic Matter Management on
Smallholder Crop Farmers in the Rwenzori Region, Uganda
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To react on ongoing decrease of yields and farm economy, the aim of this study is
to test farming system specific best soil fertility and cropping practices, their eco-
nomic performance, and farmers potential to adapt. Two activities serve for fulfiling
this objective: to analyse the impact of cropping systems with application of for-
age legumes, grain legumes, alley crop leaves and farmyard manure on biomass and
yield improvement; to understand the conditions enabling farmers to adopt the crop-
ping systems. An experiment (randomised complete Block Design) was conducted in
Rwenzori region of Uganda with five treatments running for two seasons: short rains
(SR; March-June 2018) and long rains (LR; August- December 2018). The treatments
included T1: SR: maize; LR: maize with DAP (18-46-0) at a rate of 50kg ha “T(N:
9kg ha~!; P: 23kg ha~!); T2: SR: cowpea (Vigna unguiculata); LR: maize. T3: SR:
cowpea + farmyard manure (2.5 t ha~—'; FYM): LR: maize and Mucuna pruriens. T4:
SR: cowpea and Faidherbia albida; LR: maize and M. pruriens. T5: SR: cowpea and
F. albida + FYM; LR: maize and M. pruriens. Grain weight and total biomass were
significantly higher in T1, T3, T4 and T5 in the LR and T1 in the SR. The highest av-
erage input costs (114.29 US$ ha ') were observed in T4 and T5 in the SR although
the costs reduced by 50.28 % in the LR. The average input price for T1 increased by
67 % in the LR. In the SR, T3 and T5 involved the highest average labour costs of 400
US$ ha~! and 414.29 US$ ha~!, respectively, which reduced by 10.7 % and 10.4 %,
respectively, in the LR. The highest average revenue was observed in T2 (1924.72
US$ ha—!) and T3 (1687.25 US$ ha~!) in LR although the highest average grain rev-
enue of 83.4 % and 78.4 % was observed in T3 and T5, respectively. T3 and TS5 also
increased the average gross margin by 111.1 % and 172.8 %, respectively, in the LR.
Farmers mentioned that T3 and T5 could be adopted since they can increase yield and
in the meantime reduce the costs in comparison to T1 with the fertiliser treatment.

Keywords: Alley crops, biomass, crop yield, cropping systems, farmyard manure,
legumes, organic matter management, Rwenzori region, smallholder farmer, socio-
economic, Uganda
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Systematic Review on the Social-Ecological Impacts of
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Though urban land covers only around 5 % of the Earth’s land area, urbanisation often leds to
significant changes in land use and land cover through the conversion of natural or semi-natural
ecosystems to urban ecosystems. Urban land conversion often threatens agrobiodiversity and
modifies the provision of multiple ecosystem services. However, specific knowledge on the
social and ecological impacts of the conversion on agricultural systems is largely fragmented
across a multitude of local-level studies. This paper explores the social-ecological impacts of
urbanisation in agricultural systems based on a global systematic review of the scientific liter-
ature to identify the positive and negative impacts. Our review follows the established guide-
lines called Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).
A scooping exercise using different combinations of key words on ecological and social dimen-
sions of urbanisation is performed using Web of Science and CABI Direct. Out of 7904 articles
hit in the scooping, 1850 articles are selected from the titles and the key words screening. The
number is further reduced to 559 after reading the abstracts, and finally to 110 after reading
the full-text. The following three inclusion criteria are considered in the process: (1) a study
must cover the topic urbanisation; (2) the study must be based on an empirical fieldwork; and
(3) the study must present original findings. Data on positive and negative impacts of urban-
ization on variables such as water quality, soil fertility, income, and food security are extracted.
How these impacts are mediated by the explanatory variables (such as continents, household
wealth, ecological degradation, and population) is also assessed. The robustness of the impacts
is assessed by using a scale from 1 (poor evidence) to 5 (best evidence). Fisher’s exact test
is conducted to examine significant differences of reported impacts of urbanisation. Different
types of synergies and trade-offs between social and ecological outcomes are categorized. Iden-
tifying positive and negative social-ecological impacts of urbanisation in agricultural systems
contextualizes the regional focus of the research unit with a global perspective and allows a
meaningful interpretation and upscaling of scientific insights.

Keywords: Agricultural systems, social-ecological impacts, systematic review, urbanisation
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Land Use Effects Sediment Dynamics in the Headwaters of a
Tropical Montane Forest in Western Kenya
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Land use effects sediment yield in the headwaters of the Sondu River basin in Kenya’s largest
remaining tropical montane forest, the Mau Forest Complex. Streams containing sediments
originating from eroding cultivated land or unpaved roads can lead to on- and off-site effects
that have economic and social impacts. The Sondu River drains into Lake Victoria, the second
largest fresh water lake in the world, which is an important water resource for five countries and
the source of the River Nile. East African streams are often characterised by high concentra-
tions of suspended sediment, however, the availability of sediment yield data is severely limited.
Within Kenya, there are only a few studies. Here, we report on a unique, four-year, high tempo-
ral resolution turbidity monitoring suspended sediment dynamics data set (10.2014-12.2018)
which we use to assess temporal and spatial variability within three catchments (27-35 km?)
under distinct land uses (natural forest, smallholder agriculture and tea/ tree plantations). As
a surrogate for total suspended sediments, turbidity was calibrated by using an ex-situ sus-
pended sediment increment suspension method. The outlet of the natural forest catchment had
the lowest suspended sediment concentrations (34.5+76.4 mg L™!) followed by the tea/ tree
plantation (46.94-88.6 mg L™!) and highest concentrations were observed at the outlet of the
smallholder agricultural catchment (121.04:180.6 mg L™!). Annual rainfall varied from 1554,
1730 to 1842 mm yr~! among the three catchments of the tea/ tree plantations, smallholder
agriculture and natural forest, respectively. Sediment catchment yields showed seasonal varia-
tions in all three catchments with highest seasonal yields (4.2 — 24.1 t km~2 month~!) during
the long rains (Apr - Jul) and lowest yields (0.4 - 0.5 t km~2 month~!) during the dry season
(Jan - Feb), closely followed by discharge and rainfall patterns during the four year observation
period. The high-resolution data set showed that the catchment under smallholder agriculture
had the highest sediment yields when compared to the catchments under tea/ tree plantation
and natural forest (106.0, 40.3 and 20.4 t km~2 year— !, respectively). The study indicated the
importance of keeping natural forest ecosystems and managing agricultural systems to protect
water resources from sediment pollution.

Keywords: Land use, suspended sediment yield, temporal variation, ropical mountain catch-
ments, spatial variation
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Influence of Farm Size and Management Practices on Landscape
Trajectories in Southern Mexico

CAROLINA BERGET MORENO!2, GERARD VERSCHOOR?, FRANS BONGERS!,
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YWageningen University & Research, Forest Ecology & Management, The Netherlands
2Wageningen University & Research, Sociology of Developm. & Change, The Netherlands
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The Marqués de Comillas region in Southern Mexico is embedded in the Selva La-
candona which has been designated as a priority area for conservation because of the
important ecosystem services it provides. This research concentrates on comparing
two adjacent communities (Loma Bonita and Chajul) in the region, by describing and
analysing how the land use history, farm size, management practices and perceptions
towards the land, has influenced the landscape trajectories of 40 farmers’ plots since
their colonisation around forty years ago. Qualitative and quantitative data were de-
rived from 40 farms’ visits (where farms were mapped manually and with GPS) and
respective semi-structured interviews with owners (20 in each community). Inter-
views consisted of questions about the history, characteristics, management and per-
ceptions of each of the land uses found in each plot. The results show two contrasting
case studies with different land use histories, in which Chajul is characterised by more
diversified landscape trajectories: large-tracts of conserved forest, pastures, agricul-
ture, reforestations, oil palm and rubber plantations; while Loma Bonita presents only
three landscape trajectories: pastures, agriculture, and some small patches of forest.
These trajectories are related to differences in farm sizes and consequently different
land use practices in each community. Chajul is a bigger community in which the
farm size per household ranges from 50—150 hectares. Loma Bonita is smaller and
farms per household are only 20 hectares. Bigger farms in Chajul allowed farmers
to diversify their land-use management portfolio. Smaller farms in Loma led to less
land use practices and therefore less trajectories. We conclude that a major finding
of this research is the relationship between farm size and landscape change. Gener-
ally a link is made between “large” = “bad” (in terms of forest cover), but, at least
in our case study, the relationship is the other way around: “large” = “more forest
cover”. Other important factors physically influencing landscape change have been
the land management practices of the farms, the reasoning behind these practices, and
the perceptions towards the land.

Keywords: Farm size, forest, land-use change, landscape trajectories, management
practices
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Effects of Land Use Change in the Hydrophysical Properties in
Vertisols in Northeastern Mexico

MARIA INES YANEZ DiAZ, ISRAEL CANTU SILVA, HUMBERTO GONZALEZ
RODRIGUEZ
Autonomous University of Nuevo Leon, Fac. of Forest Sciences, Mexico

The impact of the use of natural resources associated with anthropogenic activities has
increased evidently, mainly through land use changes which have altered hydrophys-
ical properties of soils. We hypothesised that, in the same soil type (Vertisol), four
types of land use system (grassland, agriculture, Eucalyptus plantation and thorn-
scrub) and seasonal variation can modify the soil hydrophysical properties. Results
showed significant differences between land use systems and seasons for hydraulic
conductivity (K), infiltration capacity (fp), and cumulative infiltration (fc). There
were no seasonal differences in soil penetration resistance (SPR), bulk density (pd)
and total porosity (&#966;P). Grassland presented higher values for pd (1.2 g cm %)
and SPR (5.3kg cm~2) and lower for K (0.8 x 10=5cm s~ 1) and &#966:P (53 %),
unlike thornscrub. Agriculture presented lower SPR (0.4 kg cm ~2), while plantation
showed similar values when compared to the thornscrub. Kostiakov infiltration model
was fitted to land use infiltration curves, showing differences between land use and
season. The values for fp oscillated between 53.6 and 548.8 mm h ~! and fc ranged
from 105.3 to 1061 mm. The order of the infiltration values goes as follows: agri-
culture > plantation > thornscrub > grassland. Land use changes in Vertisols in-
duced modification of soil physical properties affecting processes like permeability,
soil compaction, and water availability. It can be concluded that although the edaphic
factor is dominated by the characteristics of the interaction of factors at the time of its
formation, the anthropogenic activities will determine the functioning of the soil-sys-
tem, contributing to changes that modify the physical properties, affecting ecological
stability and economic continuity.

Keywords: Bulk density, hydraulic conductivity, infiltration, land use system, poros-
ity, soil penetration resistance, Vertisol
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Assessing the Effect of Different Spatial Resolutions in Soil
Erosion Modelling - Case Study in a Highland Tropical Watershed
in Southeast Mexico

SERGIO NARANJO1 , GEORG CADISCHI , FRANCELINO RODRIGUES2
YUniversity of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-Institute),
Germany
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cation Program,

Cuauhtemoc watershed, subject of this study, is located in the Santa Catarina Tayata
municipality in the Mixteca Alta region in southeast Mexico. The municipality is
characterised by low population density, smallholder land tenure (bienes comunales),
and diverse land cover (e.g., mature forest, grass-dominated areas, arable land, eroded
land). The region combines culturally diverse history, complex geology, diverse to-
pographical relief, and moderate precipitation regime. Some areas in the region, ex-
perience a soil erosion problem termed as “ecological disaster” as a consequence of
dynamic interactions of these conditions coupled with a long history of anthropogenic
influences.

Aiming to predict soil erosion at the study unit / landscape level, a watershed of
2.5 km? was chosen. Sediment yield per precipitation event was measured using a
collection station at the outlet of five study units under different land cover (i.e. forest
-SUFO-, maize cultivation -SUM1 and SUM2-, fallow -SUFA-, and eroded lands -
SUEL-). Soil properties, biological and topographical influences, and precipitation
from May to September 2017 were measured, together with a Digital Surface Model
(DSM) derived from an unmanned aerial vehicle (UAV) flight and a Digital Elevation
Model (DEM) derived from public sources (INEGI).

High resolution UAV’s DSM (0.2m) was the basis for study unit level modelling.
This dataset provided the most realistic topographical conditions given its level of
detail. Study unit parameters (e.g. soil properties, biological influences) were the
input to OpenLISEM, a physically-based soil erosion model. Using measured soil
loss, a validation set was derived and model performance parameters evaluated for
adequacy of the model.

The availability of high-resolution DSM provided the opportunity to assess the effects
of six different spatial resolutions on hydrologic / soil erosion processes. Validated
parameters derived for the 0.2 m resolution set previously derived, were the input for
other five resampled resolutions (0.4, 1.0, 4.0, 8.0, and 15.0 m) sets to assess the effect
of different spatial resolution in soil erosion modelling at the study unit level.

Keywords: Deposition, detachment, eroded land, forest, infiltration, runoff
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Investigation of Soil Quality Index at Different Land Management
Practices in North of Iran

REZA MIRZAEITALARPOSHTI, HOUMAN LIAGHATI
Shahid Beheshti University, Environmental Sciences Research Institute, Iran

Several different soil management-based approaches have been developed for assess-
ing changes in soil quality caused by land management practices. Most Iranian soils
have been severely exhausted since many decades because of over utilisation and
mismanagement. Because sustainability in agricultural production systems is closely
related to soil quality, its assessment has received a great attention. The current study
was conducted to evaluate soil quality under different land use management on Talar
Sub-Basin, Northern Iran. Sixty-five soil sites were sampled under (i) native forest
(NF), (ii) pasture (P), (iii) cropland converted to orange (O), (iv) double-cropping
rice, followed by winter fallow (DR), (v) rice followed by winter faba-bean (RF)
and (vi) single rice followed by winter fallow (RF). We adopted 10 physico-chemical
and biological soil indicators to evaluate overall soil quality index and its chemical,
physical, and biological sectors using the Soil Management Assessment Framework
(SMAF). Land use change effects were efficiently described by SMAF scores repre-
senting soil quality over different land management practices. Native forest showed
the highest overall SQI for its chemical, physical, and biological sectors by scores
ranging from 0.83 to 0.93. The overall SQI of native forest soil was 0.91 showing
a major proportion of functioning of their potential capacity. SQI values decreased
significantly when native forests were converted to pasture and agriculture production
systems. The SQI values ranged from 0.69 at DR to 0.81 at O and RF production sys-
tems. Generally, conversion from cropland to perennial trees like orange and adopt-
ing legumes in rice-based cropping systems led to significant improvement in SQI. A
positive linear correlation was obtained between SQI scores and soil organic carbon
representing 73 % of the overall SQI variability. SMAF enabled to combine the indi-
vidual soil indicators into an overall index for assessing land-use management effects
on soil quality and functions. Evaluated SMAF scores could identify the principle
soil limitations and therefore can be used to adopt priorities for specific management
practices. Therefore, appropriate farming management practices must be developed
to improve soil quality and the sustainability of agroecosystems in Northern Iran.

Keywords: Agroecosystems, forest, land management, SMAF, soil quality index
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Improving the Model Prediction of Soil Temperature under
Rubber Plantations
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The expansion of natural rubber plantations in the tropics has been the major driving
force for deforestation and forest degradation in mountainous Southeast Asia, coupled
with losses of ecosystem functions. The observed losses of soil organic carbon due
to organic matter decomposition is mainly influenced by soil temperature, which is
a key variable in Land Use Change Impact Assessment (LUCIA) model. However,
measured records of site-specific soil temperature are often not available, especially
in regions where data are hard to acquire. This has led to a number of studies on
estimating and modelling soil temperature with easy-to-get data.

The current study aims at calibrating and further developing the existing Kang soil
temperature model, to make it more suitable for the application in tropical rubber
plantations. The model is a hybrid model based on heat transfer physics and empirical
relationships between air and soil temperature, considering the effects of canopy and
ground litter on heat attenuation. Input data needed for the model include daily air
temperature and leaf area index (LAI). Our model development includes: (i) adding an
additional coefficient to the ground litter term, followed with parameter optimisation;
and (ii) developing a litter decomposition function calibrated for rubber plantations,
and integrating this function into the existing soil temperature model.

The study is done within the framework of SURUMER project and data used for
model development were collected from two locations in Naban Nature Reserve in
Yunnan, southwest China. As outcomes, two model versions were validated and can
be provided to users, depending on their data availability. Package A needs mea-
sured air temperature and LAI on a daily basis, and Package B additionally needs
litter dynamics data. Both models outperformed Kang’s model significantly, with in-
creased Nash-Sutcliffe efficiency and decreased mean absolute error at 10 cm, 20cm
and 40 cm soil depths.

Keywords: Modelling, rubber plantations, soil temperature
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Functional Diversity of the Soil Macro Fauna in Different
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Cropping systems strongly affect biological soil characteristics. In order to determine
long-term effects (30 years) of cropping systems on the diversity of soil macro fauna
a study was carried out on Vertic Haplustept soils. Four sites with different cropping
types were included in this study: i) annual crops, ii) perennial crop (monoculture of
sugar cane), iii) forest, and iv) natural grassland. Different indicators of the macro
fauna in the soil were determined, highlighting their function (soil engineers, detri-
tivores, herbivores and predators) and considering their impact on soil fertility. The
number of individuals per taxon (orders and classes) and per function was determined
in an area of 25 cm x 25 cm and a soil depth of 0 to10cm and 10 to 20 cm. The results
showed that in all cropping systems investigated indicators of the macro fauna were
related to the soil fertility (soil organic matter, bulk density, and nutrient contents).
The forest showed the highest functional biodiversity and a relative high abundance
of taxa belonging to soil engineers (Haplotaxida and Hymenoptera) and detritivores
(Dictyoptera, Isoptera, Pulmonata, and Spirobolina), which are also decisive for phys-
ical properties of soils and quality of soil organic matter. For the grassland and the
sugarcane sites fewer individuals in comparison to forest were found. In tendency
the grassland was superior to the sugarcane site in terms of functional biodiversity
and soil fertility. The site with annual crops was found to have the lowest numbers
of individuals. Presumably, the relative low amount of crop residues, periods without
soil coverage, and higher frequency and intensity of tillage resulted in negative effects
on these soil characteristics. Following, the management of cropping systems should
also focus on aspects of soil biology and the diversity of soil organisms.
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Africa supplies most of the world cocoa, but yields remain low. ISFM practices are required to
increase cocoa productivity in Africa. Peoples’ perceptions, closely coupled with their knowl-
edge, are key in explaining their behaviour. Little is known on how cocoa farmers understand
and manage soil fertility, and view its importance for achieving high yield. We address this
gap by providing data from a survey of 120 Cameroonian cocoa farmers equally divided over
two cocoa production basins with distinct predominant vegetation and mean annual rainfall:
Mbam-and-Inoubou (low-shrub-savannah and 1300 mm), and Mvila (humid dense forest and
1650 mm). We found that most farmers agreed or strongly agreed that high yields (90 %), dark
colour (85 %), easy ploughing (82 %), specific plant species presence (80 %), and diverse-and-
abundant vegetation (79 %) indicate a fertile soil. Respectively 30 % and 13 % of farmers in
Mbam-and-Inoubou and Mvila consider soil fertility low or very low. 100 %, 40 %, 34 %, 16 %
and 14 % of farmers respectively used crop residues, tree planting, mineral fertilisers, compost
and manure. More farmers in Mbam-and-Inoubou than in Mvila used manure (20 % and 7 %,
p = 0.03) and mineral fertilisers (47 % and 20 %, p = 0.002). To justify the non-use of mineral
fertilisers, limited accessibility (52 %), “satisfying soil fertility” (23 %), and lack of knowledge
(15 %) were cited. Regarding organic fertilisers (manure and compost), lack of knowledge,
labour requirement, limited accessibility, and “satisfying soil fertility” were cited by farmers
respectively 42.5 %, 24.5 %, 23.5 % and 9.5 % of times. Furthermore, farmers view SFM as
the least important cocoa farming practices for high yields; SFM practices scoring on average
2.92 compared to 4.27 out of 5 for the other. The findings suggest that soil fertility perceptions,
inputs access, and local habits influence farmers’ SFM practices. Farmers combine different
practices, but lack knowledge on the optimal practices combination for high yield. The authors
recommend to raise farmers’ awareness on the need to ‘continuously feed cocoa trees’; move
towards ISFM practices by combining fertilisers uses and good agricultural practices taking
into account local conditions. Furthermore, it is essential to think about measures that improve
inputs access and returns on ISFM investment.

Keywords: Adoption, Africa, cocoa, good agricultural practices, indicators, intensification,
knowledge, soil fertility
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10 m x 10 m Map of Soil Organic Carbon and Major Nutrients:
Towards Plot Level Soil Fertility Management
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Much as the declining trends of soil fertility is recognised as a major threat to food
production for the rural smallholder farmers in Africa; the knowledge of the status
and gaps at the management scale of a managed plot is limited. This study uses mea-
sured soil attributes collected from 219 locations within 10 x 10 km land degradation
surveillance site in rural Malawi in 2013 and 2018 to predict major plant nutrients
and carbon in soils. We used randomForest regression model in R with rain and
dry season Sentinel2 imagery, Shuttle Radar Topography Mission (STRM) terrain at-
tributes, geo-coordinates, and soil lithological classes as predictors. the prediction
accuracy using out of the bag error was around 90 %. Findings suggest that there are
pronounced spatial variations with most soils deficient in soil organic carbon (SOC)
and total nitrogen (TN) but have low to adequate phosphorus (P) and potassium (K).
The predicted mean=sd for SOC and TN of 1.064-0.27 % and 0.0740.01 % are lower
than the critical levels of 2.0 and 0.15 whilst for P and K, 35.994+-33.04mgkg "' and
132.87423.15mgkg™! are within the low to high (>11 and >17) and deficient to
moderate (<125 and >190), respectively. The C:N and C:P stoichiometry and struc-
tural stability index show that the limited SOC could potentially affect retention and
availability of both N and P but also lowers soils physical stability. Hence, organic
input sources should be integrated in the currently inorganic fertiliser dominated soil
management to minimise soil degradation risk and ensure agricultural sustainability.

Keywords: Plot level, predictive soil mapping, randomForest, soil fertility, soil nutri-
ent limits, soil structural stability
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Soil Phosphorus and Crop Phosphorus Use Efficiency as Affected
by Residue Return on Weathered Soils of West Africa
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Most soils in West Africa are acutely deficient in Phosphorus (P); therefore, sustain-
able P management is important in order to restore their capacity to supply adequate
P, improve crop P use efficiency, and sustain crop production. Thus, we investigated
the impacts of alternative management practices on soil available phosphorus (Pcal),
soil P balance (Pb), and crop P use efficiency (Pe) under maize-cotton rotation system
on four weathered soils [Ferric Lixisol (FL), Eutric Plinthosol (EP), Haplic Lixisols
(HL), and Plinthic Lixisol (PL)] of West Africa. To this end, on-farm trials were set up
in a strip-split plot layout, where 2 levels of tillage (contour ridge tillage, and reduced
tillage) were considered as main-plot factor, and sub-plot factors included 2 levels of
crop residue management (with and without), and 2 levels of N fertiliser doses (con-
trol and recommended dose). After 5 cycles of maize-cotton rotation (2012-2016),
Pcal in the topsoil layer were significantly affected by single and interactive effects
of soil and residue management. The highest content of Pcal was recorded on HL
(64.4kgha™!), while both FL and EP had the lowest content (27.1kgha™'). Return-
ing crop residues caused an 34.8 % increase in Pcal when averaged across soil types.
Also, both Pe and Pb of cotton and maize varied according to soil and crop residue
management and their interactions. Pe trends of both cotton and maize were ranked
as: HL > PL > EP > FL. As expected, Pb showed the reversed pattern. With the re-
tention of crop residues on surface soils, Pe of cotton and maize improved by 8 % and
8.5 %, respectively. We concluded that soils derived from volcanic materials (high
clay content) attributed to poor topsoil Pcal and crop Pe compared to those derived
from sandstone (low clay content) materials. Additionally, retention of crop residues
led to improved Pcal and crop Pe by acting as an additional source of soil P and pro-
tecting surface soil from erosion. Hence, we suggest that returning residues can be
a viable measure to manage soil P and sustain crop production in weathered soils of
West Africa.

Keywords: Cotton-maize rotation, crop residue, phosphorus use efficiency, soil avail-
able phosphorus, West Africa
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Management Effects on Soil Microbial Stoichiometry and Fungal-
Bacterial Ratio of Rural-Urban Interfaces in Bengaluru
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Soil microbial communities perform functions essential to agricultural production,
and to regional and global element dynamics. The specific element ratios (stoichiom-
etry) of these soil communities are directly linked to organic matter decomposition
rates and may allow to predict patterns of nutrient mineralisation or immobilisation.
Such stoichiometry is affected by the type and intensity of land management such as
governed by urbanisation, nitrogen fertilisation and irrigation. However, the underly-
ing pathways and their variation across agroecosystems are difficult to predict, due to
the many factors involved. To contribute in filling this knowledge gap we analysed
the elemental ratios (C, N and P) and microbial communities, including their fungal
and bacterial portions, pH, water content, texture and water-holding capacity of typi-
cal Nitisol top-soils exposed to different management intensities in the rapid-growing
city of Bengaluru, India. Samples were collected in plots that differed in water sup-
ply (intensively irrigated and rain-fed), low versus high N-fertilisation intensity and
two major crops (maize and millet). Our results showed that differences are largest
between the two experiments. Organic C and total N, microbial biomass C and N,
the ratio of organic C to total N and the contribution of the fungal biomarker, ergos-
terol to microbial biomass were higher in the irrigated site. In contrast the microbial
biomass ratio of C:N and microbial biomass phosphorus were higher in the rain-fed
experiment. Treatment effects within each experimental site are less pronounced, and
the stoichiometric differences between crop types seemed to be larger than among N
fertilisation intensities. The different stoichiometric patterns observed in this study re-
flect management effects on microbial carbon use efficiency and, therefore, in nutrient
cycling and organic matter stabilisation.

Keywords: Irrigation, microbial stoichiometry, nitrogen fertilisation, soil organic
matter, soil stoichiometry
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Eating the Soil — Environmental Effects on Nutrient
Concentrations in Food Produced on Soils of Different Fertilities
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Very little is known about the connection between food nutrient composition and environmental
factors. The main aim of this study is therefore to elucidate the importance of environmental
factors on the variance of food nutrient concentration in different types of food crops; specifi-
cally (i) whether soils of different fertilities produce foods with significantly different nutrient
concentrations; (ii) do environmental or anthropogenic factors have a significant influence on
the nutrient concentration of different food crops and different soil types?

Maize grain (Zea mays, n=31) and cassava tuber (Manihot esculenta, n=27) samples were
collected in Teso South, Kenya (low fertility) and maize grain (n=30) and matooke fruit (Musa
acuminate, n=54) samples collected in Kapchorwa, Uganda (higher fertility) paired with soil
samples. All samples were measured using a portable X-Ray Fluorescence Spectrometer for the
total concentration of macro (Mg, P, S, K, Ca) and micronutrients (Fe, Zn, Mn, Cu). Soils were
evaluated for eCEC, N and C content, pH and texture. Yields per field as well as anthropogenic
factors (fertilisation, distance to household, crop species richness and diversity) were collected.
Canonical Correspondence Analysis (CCA) coupled with permutation ranking tests per crop
and region were done.

Soil of higher fertility produced foods with significantly higher food nutrient concentrations and
yields. Although the largest food nutrient difference between the two areas was micronutrients,
the largest deficiencies in both areas were macronutrients. Variance in food nutrient concen-
tration was described best by full CCA models (Maize >80%; Cassava 76%; Matooke 39 %).
Surprisingly, pH was not a significant factor affecting nutrient concentration in the acidic low
fertility region. Agrobiodiversity had no effect in the low fertility area and a significant positive
effect in the higher fertility region. A natural dilution effect observed in the higher fertility
region becomes important when planning fertiliser strategies, as a higher nutrient input could
exacerbate this effect. Generative storage organs (grain) of annual plants were affected most
by environmental effects compared to storage organs (tuber) of perennial crops, or generative
organs of perennial crops (fruits). Soil fertility as well as cultivation practices can affect the
quantity and quality of produced foods.

Keywords: Agriculture, canonical correspondence analysis, environment, nutrients, plant
nutrition
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Modelling Crop Diversification Strategies for Sustainable
Intensification in Dryland Cropping System of Semi-Arid
Southern India
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Agriculture intensification in dryland cropping systems has relied upon adoption of
crops with high yielding varieties and external chemical fertilisers. This intensifica-
tion further coupled with declining land size has led to increase in monocropping and
has completely disregarded potential of crop diversification as soil fertility manage-
ment strategy. Legume-based crop diversification with appropriate input management
strategy have proven to increase the productivity of the soil based on long-run field
level experiments. However, in short-run, farmer adopting a legume-based rotation
must forgo returns from relatively high remunerative cereal crop for less remunera-
tive legume crop. Any recommended crop diversification strategy must inform farmer
on this trade-off in short-run and appropriate input management strategies in cropping
system for sustainable long-run benefit. In this study, we model adoption of legume
based cropping patterns as a part of field level sustainable intensification strategy for
dryland agriculture from economic point in semi-arid region of southern India. Sus-
tainable intensification of dryland cropping systems is defined as efficient allocation
of external inputs (non-renewable resources) and temporal choice (long-run) of crops
over finite period for given output, factor prices and crop yield levels.

A plot level data of 838 dryland plots collected from 198 family households for the
year 2013—14 and 2014-15 is used for analysis. Maize, finger millet and groundnut
are major crop in the region that are grown individually as monocrop or two crop
rotation (finger millet and groundnut) or three crop rotation (finger millet, maize and
groundnut). Optimal input allocation strategy is evaluated using yield response func-
tion and alternative input management strategies (with only high fertiliser, fertiliser
and organic matter and low chemical fertiliser) observed at field level for each crop in
five different crop patterns. Grid point approximation technique is used obtain optimal
input. Finally, long term optimal cropping pattern is evaluated using dynamic linear
programming technique by imposing different level of yield penalty for monocrop-
ping based on long term field experiments results. This model further adds value to
experimental station results by identifying possible ways to achieve sustainable inten-
sification through optimal choice of cropping pattern and input management strategies
at farmers’ field.

Keywords: Cropping system, soil fertility management, sustainable intensification
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Organic Carbon and Micro Nutrients Distribution in Agricultural
Systems along Rural-Urban Interface of Southern Transect
Bengaluru
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Urbanisation is a global trend rapidly transforming the biophysical and socioeco-
nomic structures of metropolitan areas. Bengaluru being one of the megacities in the
world, expanding rapidly over time. Urbanisation is witnessing consumer demand
for vegetables, fruit trees and flowers which induced major shift in agricultural land
use towards an intensive irrigated multi cropping system from conventional crops. In-
tensification of agriculture has an adverse effect on physical, chemical and biological
properties of soils, and their potential to synchronise nutrient supply and demand in
agricultural cropping systems. This change in cropping system made farmers to use
inorganic fertilisers indiscriminately. This monopoly in the use of inorganic fertilisers
(N fertilisers in particular) has led to decline in organic carbon content of agricultural
lands and their by imbalance of micronutrients in the soil and tends to decline in the
yield levels. Hence, study was conducted to know the distribution of organic car-
bon and micro-nutrient agricultural systems along rural-urban interface of southern
transect of Bengaluru. The sampling was done across villages of southern transect
based on survey stratification index (SSI), which is worked out by taking distance and
buildup area into an account. The transect was devided into urban, transition and ru-
ral areas. Different cropping systems were considered while taking the samples from
each urbanisation gradients. The mean organic carbon content of soil varies from
0.69, 0.474 and 0.38 per cent in rural, transition and urban areas, respectively. Nu-
trient index values for organic carbon is found to be low across transect. However,
available Fe, Zn, Cu, Mn and B content of soils varied significantly along urbanisation
gradient. Available Fe, Zn, Cu, Mn and B were 7.28, 0.83 0.60, 5.41 and 0.75 ppm
in rural areas, 11.44, 0.56, 1.12, 8.29 and 1.06 ppm in transition and 4.16, 0.54, 0.44,
3.44 and 0.44 in urban areas, respectively. Nutrient index values for all the micronu-
trients are found to be medium in rural areas, high in transition and low in Urban areas
of Bengaluru.
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Leaching of Soil Nutrients from Tropical Cropping Systems at
Different Levels of Agricultural Intensity in Bengaluru,
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Emerging mega cities with their rapidly growing urban population exert increasing
pressure on the available arable land to satisfy burgeoning food demand. Meeting
these demands requires intensified input use in multiple cropping systems as can
be studied along the rural-urban interface in Bengaluru, South India. Under deeply
weathered soil and tropical monsoon conditions, high rates of inorganic inputs into
the soil improve the soil nutrient stock temporally, but may also cause high leaching
losses which so far are poorly quantified. This study therefore aimed to measure sea-
sonal leaching losses of nitrogen (N), phosphorus (P), potassium (K) and sulphur (S)
at two crop specific inorganic N-fertiliser intensities (low and high), and two different
water regimes (rainfed with life-saving supplementary irrigation and drip irrigated) in
a factorial on-station experiment with a rotation of cabbage, eggplant, tomato in the
dry (rabi) season followed by maize, finger millet, lablab in the wet (kharif) season.
Leaching of soil water was determined at weekly intervals throughout the growing
using micro-lysimeters. Analysis of collected data showed cumulative water losses
by leaching to be 35 % higher in the dry season than in the wet season 2017. As an
example, for the variation of nutrient losses among different crops, the concentration
of N (as NO3~ and NH4*) in the leachate were higher in tomato than in eggplant and
cabbage in the dry season, while in the wet season, lablab showed the lowest concen-
trations compared to finger millet and maize. In addition to those initial results, on-
going data analysis in a multi-annual study should give an even deeper understanding
of the effects of inter- and intra-seasonal variations on nutrient leaching in intensive
high inputs cropping systems under the influence of the monsoon climate condition
in India.

Keywords: Agricultural intensification, India, leaching, lysimeters, mega city, soil
nutrients
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Estimation of the Optimal Nitrogen Dose in a Brachiaria
humidicola — Corn Rotation System in the Colombian Eastern
Plains
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Improving nitrogen use efficiency (NUE) by optimising the N fertiliser application
dose is one way to reduce greenhouse gas emissions in agriculture and livestock pro-
duction, especially in higher demanding crops such as corn. Taking a Brachiaria hu-
midicola (Bh)-corn rotation system in the Colombian Eastern Plains as a case study,
we seek to determine both the optimal economic dose (OED) and the optimal techni-
cal dose (OTD) of N, which allow to maximise income at producer level and minimise
environmental impacts. This particular rotation system was chosen as research sub-
ject given the presence of the residual effect of Biological Nitrogen Inhibition (BNI)
in permanent lots of Bh (established for >10 years), which has positive impacts on
corn production such as increased yields and better N efficiency. The data for this
study was obtained from trials conducted between 2013 and 2017, where corn pro-
duction in a Bh-corn rotation system (with residual BNI effect) was compared with
conventional corn production (without residual BNI effect). For determining the OED
and OTD of N, three response models will be applied: a pseudo-quadratic model, a
continuous curvilinear model and a discontinuous rectilinear model. The comparison
of these models will also allow to identify the most suitable model for obtaining the
best OED and OTD estimates of N. The results of this study will be key for provid-
ing recommendations to primary producers on the correct doses of N in a Bh-corn
rotation system. This will contribute to improving both efficiency in production and
profitability, and help to avoid the excessive and unnecessary application of nitrogen
fertilisers and its associated negative effects on the environment.

Keywords: Agro-pastoral systems, bovine livestock, climate change, Latin America,
sustainable intensification
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Impacts of Integrated Soil Fertility Management on Yield and
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Integrated soil fertility management (ISFM) has been widely promoted by research
and philanthropic organisations as well as governments to increase crop yields and
improve livelihoods of smallholder farmers in Africa. Therefore, it is surprising that
there is still scant information on its impact on crop yields and household income.
Taking the case of maize farmers in Tamale (northern Ghana) and Kakamega (west-
ern Kenya) we estimate a yield and income model using inverse-probability-weighted
regression adjustment, which is considered a powerful estimator for observational
data as it is more robust to misspecification. Farm household data has been col-
lected between July 2014 and February 2015 from 285 farmers in Tamale and 300
in Kakamega.

The analyses reveal that ISFM adoption leads to an increase in maize yields by up to
27 % in Tamale and 16 % in Kakamega. Increasing the number of ISFM components,
however, does not improve yields. Despite the positive effect on yields, adoption of
ISFM does not increase total household incomes at both locations, which might be
due to increased cost of production, family labour reallocation, and the low share of
maize income in total household income. Cost of production for ISFM adopters are
much higher because they apply more chemical fertiliser and use improved varieties.
Our results suggest that ISFM is not a particularly attractive choice from the farmers’
point of view when considering just private costs and benefits. At national and global
levels, however, this might change, because ISFM produces positive environmental
externalities such as carbon sequestration and the reduction of nutrient mining through
building-up of soil organic matter. Some implications for future research are also
discussed.

Keywords: Impact assessment, inverse-probability-weighted regression adjustment,
maize yield, sub-Saharan Africa, total household income

Contact Address: Stefan Schwarze, Thiinen Institute, Institute of Rural Studies, Bundesallee 64,
38116 Braunschweig, Germany, e-mail: stefan.schwarze @thuenen.de

ID 134 151



Soils and soil fertility

Enhancing Livelihoods through Integrated Soil Fertility
Management in the Highlands of Ethiopia

JIM ELLIS-JONES!, ANN-KATHRIN LICHTNER2, TESFAY HALEFOMZ, HAILE
DERESSA?, STEFFEN SCHULZ?, RODGER WHITE?
Agriculture-4-Development, United Kingdom
2Deutsche Gesellschaft fiir Internationale Zusammenarbeit (GIZ) GmbH, Intergrated
Soil Fertility Management Project Ethiopia, Ethiopia
3Rothamsted Research, Centre for Computational and Systems Biology, United Kingdom

Many studies have shown that land degradation and declining productivity are serious
problems in the Ethiopian Highlands, the major cause being a decline in soil fertility
resulting from topsoil erosion, soil nutrient and organic matter depletion and often
increased soil acidity. At the same time Ethiopia is being adversely affected by climate
change weather patterns.

Integrated Soil Fertility Management (ISFM) aims to improve soil fertility and pro-
ductivity of small-scale farmers by promoting locally adopted combinations of var-
ious ISFM technologies. These include the use of improved seed, organic fertiliser
(improved compost, manure, vermi-compost) in combination with inorganic fertiliser,
legumes with bio-fertiliser, line seeding, and lime application on acidic soils. Crop
cuts show that ISFM technologies increase crop yields substantially, but farmers are
also interested to know if their investment is also financially viable. Therefore, a cost
benefit analysis has been undertaken to evaluate the financial effect of ISFM under
small scale farm conditions. These have been based on farmer-led demonstrations
during the 2016 cropping season, comparing ISFM and farmer practice for four ma-
jor crops - maize, faba bean, teff and wheat in Amhara, Oromia and Tigray regions.
Gross margins, returns to labour and benefit-cost ratios were calculated to compare
the benefits with an increase of costs of purchased inputs (seed, fertiliser and lime)
and an increase in labour (compost production, line seeding and applying inputs).
Results show that benefits considerably exceed the costs, hence it can be financially
attractive for small scale farmers to invest in soil fertility enhancing technologies.
At the same time, many of the components of ISFM can also be described as “Cli-
mate Smart”, meaning a win-win situation for both the environment and improving
livelihoods. Nevertheless, the availability of inputs, finance and labour as well as
knowledge about ISFM remain critical to scaling up and long-term sustainability.

Keywords: Climate smart agriculture, cost benefit analyses, integrated soil fertility
management, ISFM, livelihood security
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Reducing Crop Yields Gap in Acidic Soils of Northern Tanzania
Using Local Liming

DEODATUS STANLEY KIRIBA!, KELVIN MARK MTEI?, FLORIAN WICHERN?,
PATRICK ALOIS NDAKIDEMI'
1The Nelson Mandela African Institution of Science and Technology (NM-AIST), Sustain-
able Agriculture and Biodiversity Conservation (SABEM), Tanzania
2The Nelson Mandela African Institution of Science and Technology (NM-AIST), Water
and Environmental Science and Engineering (MEWES), Tanzania
3 Rhine-Waal University of Applied Sciences, Fac. of Life Sciences, Germany

Soil acidity (pH<5.4) is a widespread problem negatively affecting crop production in
all agro-ecological zones of Tanzania including the northern zone. The use of lime in
combination with organic and/or inorganic fertiliser has been reported to sufficiently
rehabilitate very poor or depleted soils by increasing pH, reducing Al toxicity, en-
hancing Ca and Mg, contributing to soil structure improvement and increase both, P
uptake in high P fixing soils and the plants root system. Despite the availability of
the liming materials in different parts of Tanzania and their potentiality to alleviate
soil acidity, there is limited use in agricultural production by smallholder farmers in
the country, as there are no established liming recommendations (effective rates) of
these locally available liming materials and it is even unknown, how effective local
liming materials are for soil acidity management in the northern zone of Tanzania.
The objectives of this research project are; i) to characterise soil fertility status (acid-
ity levels, physical and chemical properties) of soils from Mbulu district, Northern
Tanzania, ii) to characterise the quality of locally available liming materials collected
from different parts of Tanzania and iii) to establish liming requirements (effective
rates) of the locally available liming materials and determine their effectiveness on
soil pH changes, selected soil nutrients and yield performance of maize crop under
greenhouse and field experiments at the Nelson Mandela African Institution of Sci-
ence and Technology (NM-AIST) and two sites in Mbulu district, northern Tanzania.
The research project outline will be presented and first results will be shown.
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Agro-Ecology Determines Farm Typology Effect on Soil Fertility
Variability in Small Holder Farmers; Ethiopia
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Germany
2 International Institute of Tropical Agriculture (IITA), Kenya

The aim of this study was to investigate inter-related effects of agro-ecology and farm-
ers’ resource endowment (i.e., “wealthy”, “medium wealthy”, and “poor” farmers) on
the spatial variability of soil fertility in Central and Western Ethiopia. Using a mid-
infrared spectroscopic research approach, coupled to partial least squares regression
analyses (midDRIFTS-PLSR), a prediction model was developed to assess soil fertil-
ity indicators across a regional scale, including various agro-ecological zones: “dega”
(D) and “high dega” (HD) (2500-3500 m.a.s.1., temperature <9°C, rainfall 938 mm),
“weina-dega” (WD) (1500-2500m.a.s.l., 15 to 27°C, 1376 mm), and “kola” (K)
(<1500m.a.s.l., 15 to 27°C, 2037 mm). Furthermore, midDRIFTS peak area analysis
of selected spectral frequencies (2930, 1620, 1159 cm ~!) was applied to characterise
functional groups of soil organic carbon (SOC) and to calculate the SOC stability
index 1620:2930, which were used as proxies of soil quality. Total carbon (TC) con-
tent in soils was predicted accurately (R? = 0.92, RPD = 3.46), whereas prediction of
total nitrogen (TN) (R2 = 0.86, RPD = 2.71) and pH (R2 = 0.89, RPD = 3.02) was
acceptable. Predictions of available phosphorous (Pav) and potassium (Kav) were
not successful; hence, wet chemistry was used instead. Higher contents of Kav and
TN (K) as well as higher TC (HD) were found in fields of wealthy compared to poor
farmers. Highest and lowest areas of peak 2930 cm ~! were found on fields of wealthy
farmers in D and K, respectively (p < 0.05). On the contrary, highest and lowest ar-
eas of peak 1620 cm~! and SOC stability index were found on fields of poor farmers
in D and K, respectively (p < 0.05). We conclude that for the observed soil fertil-
ity variability inter-related effects of agro-ecology and farmers’ resource endowment
were stronger than the individual factors. In this context, the mid-DRIFTS approach
allowed a comprehensive insight into the spatially heterogeneous soil fertility across
a regional scale.
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Effect of Changing Climate on Erosion in Oke-Oyi Dam
Agricultural Watershed, Ilorin, Nigeria

HENRY AHAMEFULE, JOHN OLANIYAN, RIDWAN TAIWO
University of llorin, Nigeria, Agronomy, Nigeria

Soil loss is one of the major problems resulting from water erosion in watersheds.
Agricultural lands are constantly degraded by erosion and sometimes completely lost
yet not much information on these occurrences is documented particularly for agri-
cultural watersheds in Kwara State, Nigeria. Documented information of this nature
could be a fundamental resource for land-use planning and commercial crop produc-
tion in kwara state to ensure food security in Nigeria. Therefore a study was conducted
in Oke-Oyi Dam watershed in Ilorin, Kwara State to estimate annual soil loss using
the Revised Universal Soil Loss Equation (RUSLE) model with the aid of remote
sensing and GIS techniques. Data on rainfall, soil erodibility, topography, cover man-
agement and support practice were collected. The rainfall erosivity of the study area is
estimated to be 83.48 MImmha™! y “'and projected to reach 94.17MJmmha'y ! in
the next decade. Erodibility of the soil was found to be high and results indicated that
the annual soil loss ranged from 0—1272tha! y'!. Soil loss in about 46 % (345 ha) of
the study area was observed to be very low, less than 32 % (236 ha) of the study area
falling within low and moderate soil loss class whereas 22 % (163 ha) of the study area
suffered severe soil loss. The soil loss in the watershed fall far above the maximum
tolerable limit of 12tha™' y! set by the Food and Agriculture Organisation (FAO)
for sustainable land use. The total annual soil loss for the whole watershed is about
30,000tha! y"! with a mean soil loss of about 40.02tha! y*!, this figure is expected
to continue to rise if adequate soil management measures are not expediently insti-
tuted. The precursors of soil loss in the study area were found to be low vegetation
cover, unfavourable topographic factor and poor erosion support practice. In the long
term, if the present erosion control practices of contouring is substituted with strip-
cropping or terracing, soil loss will be reduced by 50.00 % and 79.99 % respectively.
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Partial C and N Balances of Small-Scale Farms in a River Oasis of
Western Mongolia

SVEN GOENSTER-JORDAN!, GRETA JORDAN!, BAIGAL ULZIISURENZ,
ANDREAS BUERKERT!

YUniversity of Kassel, Organic Plant Production and Agroecosystems Research in the
Tropics and Subtropics, Germany
2 National University of Mongolia, Biology Department, Mongolia

During the last decades, Mongolia’s national policy fostered the expansion and inten-
sification of crop and forage production. Non-sustainable agricultural management
practices, however, may have led to disequilibria in soil surface matter balances of
agricultural plots jeopardising the scarce and susceptible agroecological resources of
river oases.

The objective of this study therefore was to calculate partial carbon (C) and nitrogen
(N) balances in order to assess the bio-physical sustainability of current management
strategies for agricultural plots of small-scale farms in the Mongolian river oasis Bul-
gan sum centre as a representative example. Based on a baseline survey, six small-
scale farms were selected. After the quantification of main C and N input and output
fluxes, partial balances were calculated for hay, carrot and rye plots in each farm for
the growing seasons 2013 and 2014.

All C and N balances were strongly negative (-1366kg C ha ! season™! and -44kg N
ha~! season~! on average). Gaseous emissions accounted for 67 % of total C losses
for all agricultural products on average, while the removal of biomass through harvest
and weeding was a major N output pathway (90 % on average). Although fertilisers
were an important input flux particularly for N (47 % of total N and 12 % of total C
input on average), the application was with an average of 569kg C ha ~! season™!
and 22kg N ha~! season~! low. C-fixation by plants was the main C input flux for all
agricultural products (87 % of total C input) whereas N-fixation was only relevant for
hay plots (67 % of total N input).

Possible measures to lower disequilibria of soil balances include the increase of C and
N input through alfalfa cultivation and the intensification of organic fertilisation (suf-
ficient organic manure could be provided by livestock from agropastoral households)
whereby fertiliser should be incorporated into the soil to minimise gaseous emissions.
Our study underlines the need of corrective measures to sustain soil fertility and thus
agro-pastoral livelihoods in the floodplain of the Mongolian river oasis of Bulgan sum
centre and similar ones in the (semi)arid areas of East Asia.
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Effects of Different Stocking Densities on Soil Properties in
Montane Pastures of the Chinese Altai Mountains
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Overgrazing is one of the major threats for extensive terrestrial ecosystems, such as
the Central Asian steppe, which belongs to the largest continuous rangeland. The
constantly increasing livestock pressure in the Chinese Altai Mountains and changes
of traditional mobile pastoralism to paddock-based livestock management are likely
to affect soil properties, but little data exists to substantiate this claim. A grazing
experiment was conducted on a summer pasture at 2400 m a.s.l. in the Chinese part
of the Altai Mountain range, with average annual precipitation of 174 mm and aver-
age monthly temperatures ranging from -26 to 30°C. Sheep were kept in paddocks
arranged in a completely randomised block design for a period of 56 days per year at
densities of 0, 8, 16, and 24 sheep ha~! in four replicates. After two grazing periods,
six samples per paddock were collected from the topsoil and analysed for physical,
chemical and microbial soil properties. After two years the sheep density statistically
significantly affected clay content and metabolic quotient (qCO,) at a significance
level of p < 0.1, while soil organic C (SOC), total N and other microbial indices were
unaffected. The clay content decreased from 23.6 % to 21.8 % at sheep densities >
eight sheep ha~!. From zero grazing to eight sheep ha~!, the qCO, decreased from
13.5 to 12.9 mg CO,-C g-1 microbial biomass C d-1 and remained relatively con-
stant at about 12.5 mg CO,-C g-1 microbial biomass C d-1 with further increase of
sheep density. As expected, SOC strongly correlated with microbial indices such as
microbial biomass C and N, ergosterol and basal respiration (Pearson’s r = 0.6 to 0.9)
and with the average seasonal aboveground biomass (r = 0.6). The gradually decreas-
ing clay content may indicate commencing soil degradation by an increase of grazing
pressure, whereas other chemical and microbial soil parameters remained unaffected.
The short duration of the experiment and the high spatial variability of measured pa-
rameters may explain the marginal effects of sheep density. The results nevertheless
underline the significance of SOC for preserving soil quality of summer pastures in
Central Asia.

Keywords: Exclosure experiment, metabolic quotient, microbiological indicator, soil
degradation, soil fertility
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Reclaiming a Technosol Using Ficus thonningii and Domestic
Wastes
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The incorporation of native tree species in mine land reclamation has been promoted
over the years. However, high-value multipurpose species for local people’ liveli-
hoods has received less attention. Also, human excreta (HE), comprising fecal matter
(FM) and human urine fertiliser (HUF), a product of ecological sanitation and kitchen
wood ash (WA) have been least explored in land reclamation. Yet, these could be
indispensable in areas with limited amounts of organic plant nutrient sources coupled
with a high demand for natural resources for livelihood support. This study evaluated
the effects of HE and WA on the growth and establishment of Ficus thonningii Blume
(called ficus) in a pegmatite-rich tantalum Technosol. Hardwood cuttings of ficus
from homesteads in the Gatumba Mining District of Western Rwanda were planted in
20.4 x 19 cm diameter pots containing 5 kg forest soil (FS) and 6 kg Technosol. Five
treatments including No amendment; HUF alone (100 mL/pot); HUF+WA (100 mL
+ 60 g/pot); FM (200 g/pot); and FM+WA (200 g + 60 g/pot) prepared in ten repli-
cates each. After five and seven months of planting, plant height, number of leaves,
shoot and root biomass were determined. The HE and WA treatments significantly
increased ficus height (P = 0.003) ranging from 39 — 42 cm in the FS and 31 — 34
cm in the Technosol after seven months of planting. Shoot biomass weights ranged
from 17 — 21 g in the FS and 10 — 16 g in the Technosol. Root: shoot ratios generally
decreased with time in all the treatments except for the non-amended soils of both
soils and ranged from 0.8 — 1.7 and 1.0 — 1.7 in the FS and Technosol, respectively.
Ficus exhibited an efficient rooting system that stabilised the loose particles of the
Technosol. This suggests the potential of using ficus, human excreta, and wood ash
in degraded mine soil reclamation and provides an opportunity for further research
in different conditions of soil degradation with low metal toxicity, different multi-
purpose tree species, and repeated applications throughout the period of growth and
establishment.

Keywords: Ecological sanitation, fecal matter, human urine fertiliser, root and shoot
biomass, wood ash
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Effect of Soil Aeration and Genotype on the Response of Rice to
Increasing Arsenic in Mining Soils from Ghana

PETER BADU, VARUNSEELAN MURUGAIYAN, MATHIAS BECKER
University of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES) - Plant Nutrition,
Germany

Arsenic pollution of soils is typically associated with gold mining activities in Ghana.
Opportunities for reclaiming former mining sites for crop production depend on the
level of As pollution, the soil aeration status (dominance of As-3 vs. As-5 species)
and genotype-specific tolerance mechanisms (mainly related to P efficiency). Soils
were collected from the strongly polluted centre and a largely unaffected field site
at the fringe of a former artisanal gold mine in Ghana. The samples represent five
positions along a gradient with soil As contents of 0, 19, 36, 57 and 76 ppm As.
Potted soils were transplanted with rice genotypes with contrasting P-efficiencies (IR
64 and Mudgo) and incubated under aerobic (field capacity) and anaerobic (flooded)
conditions in a greenhouse. After 6 weeks of growth, rice plants were harvested and
analysed for As and P contents. Increasing soil As from 0.2 to 76 ppm negatively
affected rice growth, irrespective of the soil aeration status or genotype. However,
increasing soil As concentrations enhanced As uptake up to >70 ppm in case of the
P-inefficient IR 64 but only up to 40 ppm in case of the P-efficient Mudgo. Increasing
As uptake resulted in a concomitant reduction in plant P contents from 0.3 to <0.1 %.
The As-induced decline in rice P accumulation was more in aerobic (predominance
of arsenate — As>*) than in flooded soil (predominance of arsenite — As 3+, and rice P
uptake by the P-efficient genotype at moderate soil pollution of 19 to 40 ppm As was
nearly twice that of the inefficient one. As a result, plant As and P showed a highly
significant negative correlation. However, the P/As ratio was higher (more favourable)
in anaerobic soil and in the P-efficient genotype. We conclude that for reclaiming as-
polluted mining areas it may be advisable to cultivate P-efficient lowland rice rather
than non-P-efficient upland crops.
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Nutrient and Water Uptake of Rice in Response to Day and Night
Root Zone Temperatures under Different Vapour Pressure Deficits
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With climate change, air temperature is predicted to increase, particularly during the
night. Likewise, temperature of the soil, and thus of the root system will rise. In
flooded rice fields, the water layer can buffer peak temperatures, but with the progres-
sive introduction of water saving irrigation technologies in many parts of the world,
root zone temperature (RZT) will vary more widely. Moreover, increasing vapour
pressure deficit (VPD) caused by climate change is also challenging rice production
in many rice growing regions by increasing evaporative demand. In the study, we
investigated the effects of day and night RZT on water and nutrient uptake under low
and high vapour pressure deficit. Two rice varieties, IR64 (international check) and
NUS838 (hybrid, widely used in Vietnam) were grown hydroponically at three root
temperature levels (19°C, 24°C, 29°C). Twice per day during seven days, the fresh
weight of the plants, nutrient (NH, NO;, PO4*, K+) and water uptake were mea-
sured both at the end of the day and at the end of the night. Results showed that water
uptake of the plants was strongly influenced by VPD, but not by RZT. In contrast,
nutrient uptake was not influenced by VPD and did not correlate with water uptake,
but strongly increased with RZT for both varieties in the observed temperature range.
This increase was larger during the day than during the night, but indicates a tempera-
ture optimum for nutrient uptake above 30°C both during day and night. Furthermore,
the higher N uptake at high RZT led to an increased concentration of free amino acids
in the leaf tissue, implying a beneficial effect of higher temperatures on the plant’s
nutrient status and growth, which was also reflected in dry biomass of plants.
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Non-Additive Effects of Mixing Rice Straw and Groundnut Stover
Alter Decomposition
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Rice straw (RS) is a residue remained in high quantity in rice-based agricultural sys-
tems. However, RS incorporated singly into a sandy soil decomposes rapidly leading
to C loss which is not conducive to soil organic C accumulation. The objective of this
study was to compare decomposition rate of RS mixed with groundnut stover (GN),
to RS and GN only. A microcosm experiment with three replicates was initiated and
RS (low N, high cellulose; CL) was mixed GN (high N and moderate lignin; L), at a
ratio of 1:1 Ww , and compared with RS and GN applied singly in a sandy soil. The
litter bag technique was used and decomposition was investigated at 3, 7, 14, 28 and
56 days after incorporation. Groundnut and the mixture had higher mass losses than
RS especially from day 14 onwards. Microbial biomass nitrogen (MBN) (mg N kg 1)
peaked at 7 days in GN (23.16), while it was at 14 days in the mixture (24.18). Dur-
ing 14-28 days, MBN in the mixture significantly declined below that of GN, while
RS had the lowest MBN. The mixture showed non-additive effects of synergistic type
for mass loss throughout decomposition. Microbial biomass N showed antagonistic
type of non-additive effects except for day 14. It appears that GN component in the
mixture enhanced decomposition of the mixture relative to that of RS alone. The en-
hanced decomposition of the mixture corroborated the significantly lower C/N ratio
of the mixture than that of the RS alone throughout the decomposition. Temporal
changes in MBN and soil mineral N (NHI -N + NO; -N) concentrations were ex-
amined to explain the non-additive effect of MBN. Temporal patterns of change of
MBN and soil mineral N concentrations were similar in the mixture and GN alone
treatments. However, both parameters were lower in the mixture than those of the
GN alone except for MBN at day 14 which was comparable in both treatments. The
results showed that mixing RS with GN altered decomposition as indicated by non-
additive effect of MBN which was related to altered pattern of mineral N release.

Keywords: Decomposition in residue mixture, litter bag technique, microbial biomass
nitrogen, Northeast Thailand, soil mineral nitrogen
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Effects of Biochar Prepared from Agricultural Residue on Water
Retention Indices in Different Suctions

BIJAN KHALILIMOGHADAM, SHIMA GHAZIANI
Agricultural Sciences and Natural Resources University of Khuzestan, Dept. of Soil
Science, Iran

The aim of the present study is to investigate the impact of biochar prepared from
agricultural residues as a modifier of soil physical properties, including aggregate sta-
bility, water retention, porosity, and air and water capacity indices on sugarcane agro-
industries in Khuzestan province, Iran. To this end, in each of the three agro-indus-
tries of Amirkabir, Haft Tapeh, and Karun, a factorial experiment in a completely
randomised design with the factors; soil texture at three levels, and biochar type at
three levels (sugar cane bagasse, wheat straw, and sugar cane leaves) was conducted
with three replicates. Subsequently, soil pH, soil electrical conductivity, mean weight
diameter of soil aggregates, and soil moisture curve in suctions with pF of 0, 0.4, 1,
1.8, 2,2.52, and 4.17 were measured. The results showed that by increasing biochar,
mean weight diameter of soil aggregates decreased significantly in Amirkabir and
Haft Tapeh agro-industries. However, increasing biochar did not affect mean weight
diameter of soil aggregates in Karun agro-industry. Furthermore, adding biochar to
soil improved soil electrical conductivity and pH. However, its effects on soil salinity
and pH in each agro-industry varied according to the type of biochar. Adding different
amounts of biochar to soil increased soil moisture in all suctions, but wheat biochar
increased soil moisture significantly. Biochar had different effects on other soil phys-
ical properties such as porosity, air capacity, plant available water, and relative field
capacity. The results showed that biochar increases soil moisture and decreases plant
available water, relative field capacity, porosity, and air capacity. In general, sugar-
cane biochar, compared to wheat biochar, results in lower soil moisture and higher
plant available water.

Keywords: Biochar, porosity, sugarcane agro-industries, water retention

Contact Address: Bijan Khalilimoghadam, Agricultural Sciences and Natural Resources University of
Khuzestan, Dept. of Soil Science, Mollasani, Ahvaz, Iran, e-mail: moghaddam623 @yahoo.ie

ID 161 163



Soils and soil fertility

Nitrogen Dynamics from Seasonal and Perennial Legume
Residues in Mushinga South-Kivu Eastern, DR Congo
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The use of leguminous organic residues in resource-prone smallholder farming sys-
tems is widely acknowledged. A central knowledge gap remains, however, to what
extent a change of biochemical quality (e.g. similar C/N ratio, different lignin and
([polyphenol+lignin]/N (PP+L/N) ratio) of organic inputs as a result of different legume
types shapes nitrogen dynamics in agricultural soils. The aim was thus to assess ef-
fect of legume type i.e. differences in biochemical quality of organic inputs, on soil
N dynamics during a defined decomposition period. Organic inputs of the perennial
legume Calliandra calothyrsus (CC) (C/N ratio: 13.80, lignin: 14.86 and PP+L/N:
8.00) Leucaena leucocephala (LL) (14.96, 10.63, 6.44) versus seasonal Phaseolus
vulgarus (PV) (11.80, 8.82, 10.55) (10 ton ha ~! dry weight) were incorporated into
Ferralsol (soil pH 4.79; TC 3.8; TN 0.35; P 5.5; K 0.12; Ca 5.9; Mg 0.7; Clay 34;
%Sand 48; %Silt 18). A control treatment without residues was included. Soil sam-
ples were obtained at 15, 45, 75, 105, 165, 255 and 347 days after residue application.
Samples were analysed for different N sources, including ammonia (NHI), nitrate
(NO;) and dissolved organic nitrogen (DON). Generally, under residues treatment,
increasing NH;‘|r (p <0.001) and NOj5 (p < 0.01) contents were observed respectively
at the beginning and at the end sampling points. Input type and decomposition time
showed a significant interaction for NHZ‘r (p < 0.001), which leveled out with de-
composition time while NO; increased (p < 0.001). NO; was negatively correlated
with soil pH (r=0.5, p < 0.0001) and positively correlated with soil moisture (r=0.2,
p < 0.05). No correlation was found between NHI with soil pH and soil moisture,
similar for DON. The study demonstrated that the N dynamics were influenced by
biochemical quality of residues obtained from differently legume types, which was
mainly attributed to the increase in NO5 concentration under seasonal residue (PV),
a phenomenon that may have been explained by the low C/N ratio and lignin con-
tents of used residue types. Results showed that changes in biochemical quality of
organic inputs is a determinant of soil nitrification and has to be considered when
using contrasting organic residues for adapted soil fertility management in resource-
prone smallholder agricultural systems.
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Residue Quality and Agro-Ecological Effect of Microbial
Prokaryotes Abundance in Agricultural Soils; Ethiopia and DRC
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Microbial communities have been acknowledged to play major role in geochemical
cycling of soil nutrients in agricultural systems. Organic residue management has
been reported to improve soil fertility, enhance soil productivity and quality. How-
ever, effects of biochemical quality such as C/N ratio and complex compounds (phe-
nols (P), lignin (L) and cellulose (CL)) of legumes (Leucaena leucocephala (LL),
Calliandra calothyrus (CC) and Acacia decurrens (AD)) on the abundance of total
(bacterial and archaeal 16SrRNA genes) and nitrifying (bacterial and archaeal amoA
genes) microbial communities under different agro-ecologies is still unknown. The
objective of this study was to investigate the response of bacterial and archaeal 16Sr-
RNA and amoA gene abundance to biochemical quality (C/N ratio, phenols, lignin,
cellulose) of different perennial residues during decomposition. Residues of LL (C/N
ratio (11.61), L (1.71), CL (12.54), P (12.08)) and AD (C/N ratio (23), L. (13.57), CL
(16.73), P (15.09)) were incorporated in fields of Ethiopia (Injebara and Koga) and
LL (C/N ratio (4.96), L (10.63), CL (9.2), P (9.11)) and CC (C/N ratio (13.84), L
(14.86), CL (12.28), P (11.4) in DRC (Mushinga and Murhesa). Soil samples were
subjected to quantitative PCR analysis; copy numbers of target genes were measured
for all residue treatments. Results showed an interactive effect of both residue quality
and agro-ecology on archaeal 16STRNA (p < 0.001) with AD recording higher copy
numbers under relatively stable soil moisture conditions. This interaction also had
an effect on archaeal 16STRNA and bacterial amoA genes (p < 0.05) in DRC. Over
time, in Ethiopia, residue quality showed an effect on total 16STRNA (bacterial &
archaeal) and archaeal amoA genes (p < 0.05) but not on bacterial amoA (p > 0.05).
For DRC, a time-residue quality interaction was observed for all investigated genes
(p < 0.05). The findings of this study indicate that both residue quality and agro-ecol-
ogy have an effect on abundance of archaeal 16STRINA and amoA genes (bacterial and
archaeal) for both countries. This might be attributed to lignin and C/N ratio differ-
ences of residues and agro-ecology (temperature and rainfall differences). Further
studies should include more samples and sampling times to give a more conclusive
result.
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the Soil Unsaturated Hydraulic Conductivity

B1JAN KHALILIMOGHADAMI, ZAHRA ASGHARIAN DEHKORDII,
MAHMOUD GHASEMINEJAD RAEINI?
VAgricultural Sciences and Natural Resources University of Khuzestan, Dept. of Soil
Science, Iran
Agricultural Sciences and Natural Resources University of Khuzestan, Agricultural
Machinery Engineering and Mechanization, Iran

Inappropriate use of land and lack of knowledge of proper management operations
leads to soil erosion and degradation, loss of soil organic carbon, low soil performance
and crop productivity. This experiment was conducted to investigate the effect of
tillage methods, residue rate and forward speed on the soil unsaturated hydraulic con-
ductivity using tension infiltrometer at Agricultural Sciences and Natural Resources
University of Khuzestan in 2016. The experiment was a split-split-plot design. The
treatments included: conventional tillage (moldboard plough+disc), and two conser-
vation tillages - combination tillage and chisel packer+plough, with three residue rates
at surface of 0, 40 and 80 %, and three machine forward speeds of 4, 7 and 10 km hr -1
in three replications. Unsaturated hydraulic conductivity at matric tensions (1, 4, 14
and 20 cm), soil bulk density, organic matter content, sorptivity, macroscopic capillary
length, number of effective macropores, mesopores and micropores per unit area and
their contribution to total saturated flux and yield were measured. The results showed
that after one year of tillage management, soils under conventional tillage compared
to combination tillage (with the lowest bulk density) had 6.1 % greater bulk density.
High travel speed of 10 km hr™! lowered stress by reducing soil pressure and decreased
soil bulk density at a rate of 3.1 % compared to the low travel speed 4 km hr-!. The
treatments had no significant effect on hydraulic conductivity. Unsaturated hydraulic
conductivity of 1 metric tension increased by 25.4 % and 18.7 % under conventional
tillage and conservation tillage, respectively. Residue rates of 80 and 40 percent were
in the suction capacity of 14 and 20 cm, respectively, with the highest values of hy-
draulic conductivity (0.121 and 0.0297 cm min !, respectively). In general, the effect
of tillage on soil physical property characteristic is dynamic and the resulting effects
over time are moderate and change their trend.

Keywords: Residue, soil unsaturated hydraulic conductivity, tillage
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The CEPI Peptide Modulates Cluster Root Morphology in
P-Deficient Lupinus albus

UPAMA SARKER, YAPING ZHOU, UWE LUDEWIG, GUNTER NEUMANN
University of Hohenheim, Inst. of Crop Science: Nutritional Crop Physiology, Germany

White lupin (Lupinus albus) has an adaptive mechanism to aid the acquisition of phos-
phorous from the soil. In phosphorous stress condition, white lupin forms proteiod
(cluster roots) roots which mediate the secretion of citric acids, malic acids, protons,
phenolics and acid phosphatases which influence releasing of phosphorous. CEPI is
a member of CEP signaling peptide that has a short, conserved 15-amino-acids do-
main near the C terminus, a feature that has common to several post-translationally
modified small signal peptides in plants. CEPI was investigated to reduce the lateral
root formation and slow down the primary root growth in Arabidopsis and Medicago.
However, it has a positive correlation with nodules formation in Medicago. In this
study, the effect of CEPI gene on cluster roots morphology changes in white lupin
plants was examined by CEPI gene overexpression via A. rhizogenes transformation.
These transgenic plants were initially grown in agar plates and transferred into hydro-
ponics without phosphorus supply after the formation of hairy roots. Five-weeks old
plants were harvested and changes in root morphology were observed, such as num-
ber of cluster roots, rootlet density, rootlet length, root hair length and the number of
root primordia of the first lateral root. Number of cluster roots and number of root
primordia were documented throughout the culture period. Compared with the con-
trol plants (agrobacterium control A. rhizogenes infected plant without construct) and
vector control (empty vector transformed), no significant difference in the number of
cluster root and root primordia was found in CEPI overexpressed plants. However,
CEP] overexpressed plants always showed a trend of reduction of cluster roots num-
ber in the entire cultural period. On the other hand, a significant reduction in root
length and root hair length were observed in CEPI overexpressed plants compared to
control plants. Taken together, our data suggested that the CEP1 overexpression has a
decreased trend on cluster root formation, and decrease in rootlet length and root hair
length was observed in Pi-deficient white lupin plants. Hence, CEPI act as a negative
growth regulator in cluster roots growth and development under phosphorus deprived
condition via a direct or indirect way.

Keywords: CEPI overexpression, cluster roots, negative plant growth regulator, P
deficiency
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Challenges, Opportunities and Strategies to Increase the
Contribution of Urban Livestock Production to Sustainable
Resource Management

REGINA ROSSLER
University of Kassel / University of Goettingen, Animal Husbandry in the Tropics and
Subtropics, Germany

The purpose of this contribution is to outline the challenges, opportunities and strate-
gies related to the sustainability of livestock development in urban production systems
in developing countries. Sustainability is thereby especially discussed in the context
of the management of animal genetic and feed resources. Population growth and ur-
banisation have led to an increasing demand for animal-sourced food in developing
countries. This resulted in an expansion of livestock production in and around urban
centres in the last few decades. Notwithstanding the higher associated knowledge
and financial needs, an intensification of urban livestock production systems has been
successfully encouraged in South and Southeast Asia, mainly for monogastric ani-
mals, but also for sheep and cattle. The importation of exotic livestock breeds and
concentrate feeds enhanced production outputs in many Asian countries, and the mar-
ket share of the intensive commercial livestock sector has been steadily increasing.
However, continuously rising costs of livestock feed call the long-term sustainability
of these intensive landless livestock production systems into question. In addition,
the concentration of livestock production in Asia raises concerns of environmental
pollution. In sub-Saharan Africa (SSA), on the other hand, many countries have dif-
ficulties to meet the increasing demands for food, and the overall increase in animal
productivity has been minimal. The lower adaptability of imported breeding stock and
indiscriminant crossbreeding often do not allow animals to express their full genetic
potential. Restricted availability of sufficient livestock feeds of adequate quality and
possibilities to provide external feed inputs further limit the required intensification of
livestock production in SSA. The major challenge for livestock development in devel-
oping countries is therefore to increase the production outputs without having much
additional natural resources to utilise, while ensuring that environmental resources
(land, water and air) and animal genetic diversity are sustained. Solutions are needed
that utilise the potential of existing animal genetic and locally available feed resources
to sustainably develop urban livestock production in developing countries.

Keywords: Animal genetic resources, livestock feed resources, sustainable livestock
development, urban livestock production
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Modelling Heat Stress Effects on Milk Production in a Tropical
Environment Using Test-Day Records and Random Regression
Models

JACKSON MBUTHIA, MANFRED MAYER, NOBERT REINSCH
Leibniz Institute for Farm Animal Biology (FBN), Genetics and Biometry, Germany

In the tropical environments, dairy cattle production is constrained by several factors
among them being climate. The seasonal loss of milk due to heat stress is a recur-
ring challenge for many dairy producers. The objective of this study was to detect
heat stress thresholds and individual animal variations from test-day milk records us-
ing random regression models for dairy cattle in Kenya. Data were obtained from
the Kenya Livestock Breeders Organisation for the years 2000 to 2017 and merged
with meteorological data. After editing, the records comprised of 50743, 44899 and
35958 test-day records for first, second, and third lactations, respectively, for the four
main dairy breeds: Friesian (68.1 %), Ayrshire (21.0 %), Jersey (7.6 %) and Guernsey
(3.3 %). Variance components were estimated using Restricted Maximum Likelihood
in ASREML software. Random regression models with heterogeneous residual vari-
ance were applied. Legendre polynomials of order 3 were fitted to the average and
individual lactation curves and the reaction norms. The heat stress indicators studied
were; daily average temperature (Tave), daily maximum temperature (Tmax), Tem-
perature Humidity Index (THI) and Heat Load Index (HLI). Considering a one day
lag, the estimated heat stress thresholds for the different indices were about 22°C, 69
and 81 for Tave, THI and HLI, respectively. Tmax did not adequately capture the
response of milk yield to increasing temperature. On average, the milk yield loss for
each unit increase in Tave from 22°C to 26°C was -0.47, -0.71 -0.98 and -1.41 kg
for first lactation milk yield. The loss was -0.51, -0.78, -1.09 and -1.58 kg for second
lactation, and -0.61,-0.85, -1.18 and -1.69 kg for third lactation respectively. The tem-
perature and THI thresholds obtained in this study are important in management of
dairy production systems in Kenya and in the tropics with similar climatic conditions.

Keywords: Dairy cattle, heat stress indicators, reaction norm
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Breed Improvement Using Sexed-Semen for Filling Gaps and
Removing Traps for Commercial Cattle Farming in Nepal

LOK NATH PAUDEL!, RESHMI RAJ GNYAWALI?
"\Ministry of Agriculture and Livestock Development, Department of Livestock Services,
Nepal
2Sandhikharka M, unicipality, Province Number 5, Livestock Section, Arghakhanchi, Nepal

Livestock is an integral part of Nepalese agricultural system that contributes about
12 % to the national Gross Domestic Production (GDP) and 30 % to the agricultural
GDP. Livestock enterprise is becoming semi-commercial to commercial especially af-
ter launching the Dairy Cattle and Buffalo Genetic Improvement Program (DCBGIP)
and subsequently artificial insemination (AI) mission programme in Nepal. The Al
mission programme (2011-19) has increased the number of animals inseminated to
around 0.7 million in 2018 as compared to 0.15 million before seven years. This
programme has been adding more than 0.2 million crossbred calves every year in the
country. Because of religious and cultural value systems, cattle are not allowed to
slaughter in Nepal. Therefore, yearly production of around 0.1 million male-calves,
other than needed for natural services and Al, are becoming a burden to the nation.
To mitigate this problem, an effort has been made to introduce sexed semen that could
result in more than 90 % female-calves.

A pilot research was conducted by introducing 600 doses of sexed semen obtained
from the Improved Seed for Farmers Programs (ISFP) project procured from the
USA. This semen was used in cattle farming pocket areas of Arghakhanchi district of
Nepal. Out of the 600 doses semen, 570 were used to inseminate the cross bred cat-
tle of smallholders farmers, covering 198 households from February 2017 to March,
2018. The study revealed that the use of sexed semen in cross bred cattle resulted in a
conception rate of 58.5 % and female-calves born were 90.2 %. These results proved
that the use of sexed semen in cattle produce significantly (p < 0.01) higher num-
ber of female-calves. The survey with the farmers and key informants also revealed
that the farmers who had used the sexed semen were very happy and explained that
their burden of rearing male-calves, which have no monetary importance, has been
reduced significantly. It can be concluded that the use of sexed semen would be a
cornerstone for commercialisation of cattle farming. This technology would be an
exemplary work for filling gaps and removing traps for sustainable cattle farming in
Nepal.

Keywords: Cattle, commercialisation, gaps, religion, sexed semen, sustainability,
traps
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Year Round Feed and Fodder Availability in Smallholder Dairy
Farms Across High and Low Altitude Areas in Eastern Africa

PATRICK ONGADI MUDAVADII, BEN LUKUYUZ, EMMANUEL ABARAHAM
MPOLYA?, MINN WANG*, MIZECK CHAGUNDA®, DERSEH MALKAMUS, ADIE
ABERRA®, ENDALKACHEW WOLDEMESKEL®

I Nelson Mandela African Institution of Science and Technology, Sustainable Agriculture,
Biodiversity and Ecosystems Management, Tanzania

2 International Livestock Research Institute (ILRI), Feeds and Forages Program, Uganda

3Nelson Mandela African Institution of Science and Technology, Health and Biomedical
Sciences, Tanzania

4Institute of Subtropical Agriculture, The Chinese Academy of Sciences, Animal Nutri-
tion, China

3 University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-Institute),
Germany

S International Livestock Research Institute (ILRI), Ethiopia

An understanding of seasonal variation in availability of feeds and fodder resources is important
in future planning and development of appropriate technologies to ensure resilience of small-
holder dairy systems to seasonality driven milk fluctuations. It is against this context that this
study was carried out to: 1) evaluate the current pattern of seasonal variation in feed and fodder
availability in smallholder dairy farms across high and low altitude areas of Kenya and Tanzania
in Eastern Africa; and 2) assess seasonal variation in year-round feeds and fodder based feeding
strategies in smallholder dairy farms across the high and low altitude areas of Kenya and Tanza-
nia in Eastern Africa. Data was collected from a purposive representative sample of 400 small-
holder dairy farmers using the Feed Assessment Tool (FEAST) through cross sectional survey
and observational study from 2016-2018 to capture the season’s effect (wet and dry). Data was
analyzed using the general linear model procedure of SPSS version 21.0 and FEAST Version
2.21. Results showed that location (country), agro-ecological zone and season were significant
(p<0.05) on rainfall variability throughout the year. Further, country, agro-ecology, seasons,
production systems and their interaction were significant (p<0.05) on year-round availabil-
ity and utilisation of concentrate feeds, green and dry crop residues, improved fodder, natural
grass and legume forage. Rainfall variability was crucial in determining year-round variation
in availability and utilisation of feeds and fodder. Correlation between the feeds and fodder
resources revealed highly significant (p<0.001) positive relationships across the two countries,
pointing further to the dynamics of seasonality change effects. In conclusion, different season-
ality driven site/region/country specific year-round feeding/supplementation strategies could be
applied depending upon the type, availability of feeds and fodder to overcome seasonal milk
fluctuations in smallholder dairy farms in Eastern Africa.

Keywords: Agro-ecology, feeds and fodder, seasonal variation, utilisation, year-round
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A Social-Ecological Framework for Managing and Adding Value
to the Lagune Cattle Breed in Benin

COSSI MAURICE AHOZONLIN, MAHAMADOU DAHOUDA,
Luc HIPPOLYTE DOSSA

University of Abomey-Calavi, Fac. of Agricultural Sciences, School of Sciences and
Technics of Animal Production, Benin

The West African Shorthorn Lagune cattle breed of Benin is known for its adaptabil-
ity to humid regions and resistance to parasitic diseases: But since the 1970s’, its
population size, estimated to about 37000 in 2004, is sharply decreasing. Yet, past
initiatives of conserving this small-bodied breed were limited to its characterisation
out of its production system context, paying little attention to interacting ecological,
social, cultural and economic factors. Consequently, the results are not translated
into policies and legal institutions favourable to a large motivation of the main stake-
holders for its conservation and sustainable use. We explore how a social-ecological
framework can be used to better understand the relationships between the different
social, economic and ecological factors affecting the sustainable use of this breed.
We carried out, from February to May 2017, questionnaire-based interviews of 312
Lagune cattle keepers in the two agro-ecological zones (AEZs) of Oueme Valley and
Pobe. Owing to its cultural value, the Lagune breed was used for sacrifices and social
events in both AEZs. However, the opportunities for its in situ conservation varied
between AEZs, being greater in Pobe where breed admixture was almost inexistent.
Similar to farmers’ breeding practices, feed constraints and farmers’ resilience strate-
gies varied (p < 0.001) between AEZs. In contrast to Pobe, seasonal river flooding in
the Oueme Valley prompted collective actions related to Lagune cattle herd manage-
ment. The results of a logistic regression analysis revealed AEZ, socio-cultural factors
(main income source and ethnicity) and cattle herd size as the main determinants of
farmers’ decision to keep Lagune cattle in purebred herds. Furthermore, on-farm sale
accounted for more than 95 % of all Lagune cattle sales. This might be explained by
the absence of a physical cattle market in both zones which probably prevents farmers
to upgrade their lagune cattle with zebus. Nevertheless, because of their proximity to
urban areas, few keepers (17.7 %), produced or expressed their willingness to produce
crossbred cattle to satisfy the urban market demand for large-sized cattle. Using the
social-ecological framework can further assist in the identification of sound actions
and policies towards a better management and promotion of this local breed.

Keywords: Agro-ecology, animal genetic resources, collective actions, conservation,
multi-stakeholder approach, socioeconomic factors
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Livestock Mobility in the Context of Changing Land Tenure on
Community Lands of Kenya

HUSSEIN WARIO!, BRIGITTE KAUFMANN?
LCenter for Research and Development in Drylands, Kenya
2German Institute for Tropical and Subtropical Agriculture (DITSL), Germany

Kenya is on the path of transforming land governance and tenure by putting in place
various legal and institutional reforms. A significant shift in the land reforms is the
proposed changes in ownership and management of the community lands in the arid
and semi-arid areas, which were previously managed by government as trusts on
behalf of the communities. In these arid and semi-arid areas, livestock production,
through extensive pastoral systems, remains the main economic stay, where the prac-
tice of mobility is the main strategy in accessing feed and water resources that are
variable in distribution over space and time. Mobility of livestock already faces a
number of constraints, however within the context of the changing land tenure on
communal lands the constraints may well be heightened. This is particularly so due
to the fact that the need for securing resource tenure rights and the requirement for
a spatially flexible resource use system for successful pastoral production are contra-
dictory. This presentation therefore explores the possible challenges posed to mobile
resource use systems by the implementation of the community land act in Kenya. The
presentation further recommends efforts that need to be considered during the imple-
mentation of the community land act to maintain livestock mobility. It assesses the
opportunities in application of different internationally acknowledged legal and pol-
icy guidelines such as the Voluntary Guidelines on Governance of Tenure (VGGT),
strengthening of pastoral institutions and the use of experiences from other regions
in order to understand how nested tenure rights can be protected under formalized
arrangements. The presentation concludes that unless deliberate measures are taken
to maintain mobile resource use systems, the implementation of the community land
act can exacerbate conflicts along communal resource borders, curtails livestock mo-
bility further and increases the vulnerability of pastoral populations to climate related
disasters, which is a polar opposite of what is envisioned in the land reform agenda.

Keywords: Community land, flexible resource use, livestock mobility
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Yak Herding Strategies on High Altitude Rangelands of Gilgit
Baltistan, Pakistan

ASIF HAMEED!, MUHAMMAD TARIQ?, ANDREAS BUERKERT?, EVA SCHLECHT!
YWUniversity of Kassel / University of Goettingen, Animal Husbandry in the Tropics and
Subtropics, Germany
2 University of Agriculture, Dept. of Livestock Management, Toba Tek Singh, Pakistan
3University of Kassel, Organic Plant Production and Agroecosystems Research in the
Tropics and Subtropics, Germany

To study different herding strategies of yak grazing on communal high altitude rangelands in
the Gilgit-Baltistan region of Pakistan, individual interviews with 90 herders were conducted
in three valleys (Hoper, Phander, Shimshal) and 10 group interviews (5-8 herders per group)
in three additional valleys (Chipurson, Haramosh, Khaplu) from May to November 2018. Indi-
vidually interviewed herders had a herding experience of 25 years and kept 10 yaks on average.
Yak herding practices varied between valleys and seasons and were influenced by labour avail-
ability and frequentation of an area by tourists. Collective yak herding by a group of herders
was widespread in Shimshal (practised by 70 % of interviewees), Chipurson and Khaplu (66 %),
but rare in the other valleys. This system of herding continued for full seasons in Shimshal but
was only used during a few weeks per season in the other valleys. Individual herding, largely
by male family members (>90 % overall) was widespread in Phander (93 %) and Hoper (78 %),
intermediate in Chipurson and Khaplu (66 %), of low relevance in Shimshal (37 %) and non-
existent in Haramosh. Family herding was found where yaks were milked, namely in Phander
(both partners: 10 %, other family members: 54 %) and Shimshal (both: 11 %, other members:
31 %), while there was mixed species herding in Hoper (both: 8 %, other members: 24 %). Em-
ployed herding in which the community arranges for herders was common in Chipurson (53 %)
and Phander (20 %), particularly from late spring throughout summer when farmers needed
to work on their farmland. Year-round unsupervised grazing was predominant in Haramosh
(100 %), Khaplu (67 %) and Hoper (77 %) but restricted to autumn in Chipurson (67 %). The
different herding practices across valleys and seasons led to spatially very patchy and some-
times extremely concentrated utilisation of already depleted rangelands, herd size fluctuations
through mortality, and in some areas created problems for wildlife. Moreover, support of yak-
keeping families by developing local milk and wool markets, and maintenance of the genetic
diversity of yak herds is challenged by the very heterogeneous herding strategies in general and
the high prevalence of unsupervised grazing in particular.
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Drinking Water Intake of Beef Cattle in Pasture-Based Systems of
Brazil
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Beef cattle has a large water requirement per kg of liveweight (LW). Although wa-
ter intake accounts for a minor proportion of this requirement, even small changes
may impact on reducing this demand. Water intake (WI) of Nellore heifers was
measured in three pasture-based systems with three paddocks per system: integrated
crop-livestock-forestry (ICLF), integrated crop-livestock (ICL) and continuous pas-
ture (CP) in Brazil. ICLF and ICL were a spatial-temporal integration of soybean
and Brachiaria brizantha. For ICLF, there were Eucalyptus urograndis trees in array
22 x 4m. In CP cattle were grazing Brachiaria decumbens. Heifers (n = 36) were
randomly allocated to the systems, individually weighed at the beginning and at end
of measurements (mean LW 317 4 36.1kg). Forage allowance (kg DM 100 kg !
LW) was 3.2 in ICLF, 7.1 in ICL and 4.4 in CP. Ambient air temperature, relative
air humidity, precipitation, and radiation were measured in ICLF and CP by Tinytag
dataloggers, rain gauges, and Accupar LP-80 Ceptometer, respectively, during rainy
season from January to February 2019. Evaporation was calculated from class A pan.
Drinking fountains were equipped with water meters that were read every day at 3
p.-m. for 27 days, corrected for precipitation and evaporation. Data were grouped
per system (n = 9), subjected to analysis of variance, means were compared by t-test.
Total precipitation in 37 days was 346 mm. Temperature-humidity index (mean +
standard deviation) calculated was 77 £ 2.0 in ICLF, and 76 + 1.6 in CP. Mean radi-
ation (umol m~2 s~!) was 789 + 245 in ICLF, whereas 1518 + 327 in CP. Daily WI
(L 100 kg’l LW) was lower (p = 0.0135) in ICLF (3.58 4 0.4) than in CP (5.55 +
0.9), but similar in ICL (4.29 + 0.8) compared to the other two systems (p > 0.05).
Daily WI (L animal ') did not differ (p = 0.3141), it was 12.5 + 1.6, 14.8 & 2.6
and 14.6 & 2.5 for ICLF, ICL and CP, respectively. Integrated systems reveal poten-
tial to decrease drinking water requirement. However, herbage intake should also be
considered to explain the results.
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Responses of Crossbred Lactating Cows to Heat Stress and its
Alleviation under a Tropical Environment
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Rising temperatures in the world are an increasing concern for the welfare and pro-
duction of livestock. Dairy cows are particularly sensitive to heat stress (HS) due to
their metabolic heat production from milk synthesis. Heat stress decreases milk yield
(MY) beyond decreases in dry matter intake (DMI), by impairing the carbohydrate
and protein metabolism. In high yielding cows, multiparous are more susceptible
to HS than primiparous, due to their greater MY (~10kg) and body weight (BW)
(~100kg) compared with primiparous. However, in the tropics, smaller size, lower
production, and long-term exposure to HS may influence the cows’ response to HS
and its alleviation. To prove this hypothesis, 12 cows, six primiparous and six multi-
parous (% Holstein, ¥ Brahman, 520+£35kg BW, 16.64 1.2kg d ! MY) were exposed
to four 15-days-long periods, two controls (no cooling), alternated with two cooling
periods (fans and sprinklers in 1-hour cycles at 10:00, 12:00, 14:00 and 16:00 h).
Cows were monitored for rectal temperature (RT) and respiration rate (RR) at 09:00,
11:00, 13:00, 15:00 and 17:00 h, and for MY.

Contrary to high yielding cows, primiparous were more susceptible to HS than mul-
tiparous, with higher RT (39.46 vs. 39.16°C) and RR (76 vs. 66 breath min -, likely
due to smaller differences in MY (6=1.5kgd™!) and body weight (§=35kg) between
primiparous and multiparous compared with those in high yielding animals. Cool-
ing effectively reduced RT and RR and increased MY in both primiparous (+9.7 %)
and multiparous (+6.5 %). However, cooling did not improve feed efficiency (0.87
and 0.88 kg milk kg™! DMI, with or without cooling, respectively). This additional
discrepancy with high yielding cows may be related to the lower level of production,
smaller size, and better adaptation to HS by tropical cows. But it could also indicate
that HS was not alleviated to the point of improving nutrients metabolism, as evi-
denced by an overall low feed efficiency, and RT and RR not differing with or without
cooling before the first cooling cycle of the day. These results highlight different re-
sponses of cows in tropical environments to HS and its alleviation, a phenomenon
worth of further research.
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Methane Emissions in Dairy Cattle in Dependency of Rural-
Urban Gradients
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Greenhouse gas (GHG) emissions from livestock farming have being criticised for
being a main contributor to climate change. Methane (CH ,) is one of the most impor-
tant GHGs in dairy farming as it is 25 times more potent than carbon dioxide. Dif-
ferent strategies (nutrition, genetic, management) have been researched to decrease
this emission. The aim of the present study was to assess the environmental impact
on dairy cattle CH, emissions, individually recorded using a mobile laser methane
detector (LMD). CH, emissions were measured along the rural-urban gradient of the
rising megacity of Bengaluru, in the south of India, from June 2017 to April 2018. A
simplified survey stratification index (SSI) was calculated based on building density
and distance to the city centre. According to this index, three districts were defined,
urban (SSI < 0.3), mixed (0.3 — 0.5) and rural (SSI > 0.5). Individual overall CH ,
mean, CH, eructation and CH, respiration were calculated based on 2-minutes CH,
emissions from 452 cows. The basic statistical model considered fixed effects of
lactation number, days in milk, breed, fasting duration prior CH , measurement, and
temperature humidity index. Random effects were cow, farm, and residual. Effect of
location, SSI, access to pasture, and milk yield group were tested stepwise. For the
overall mean and respiration CH,, cows from urban areas responded stronger than
cows from mixed and rural areas. Cows kept on pasture emitted less CH, than cows
mainly or only kept in indoor systems. Highly productive cows had a significantly
higher CH, output (overall mean, respiration and eructation) compared to cows with
medium productivity. Hence, a mixture of cow associated factors and social-ecolog-
ical descriptors contribute to individual CH, output, and in further consequence, to
resource efficiency. In a next step, we will consider genetic aspects, in order to infer
genotype by social-ecological interactions.

Keywords: Dairy cattle, methane emission, rural-urban farms, survey stratification
index

Contact Address: Ana Pinto, Justus-Liebig-University Giessen, Inst. of Animal Breeding and Genetics,
Ludwigstr. 21b, 35390 Giessen, Germany, e-mail: ana.pinto-garcia@agrar.uni-giessen.de

1D 477 185



Livestock

Methane Emissions of Zebu Steers Fed Tropical Forages of
Contrasting Nutritional Value
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Methane emissions from livestock contribute significantly to climate change and diet
plays a fundamental role in the emissions generated. Research in animal nutrition
should aim at identifying ways to increase production efficiency with the least possi-
ble environmental impact and manipulation of diet quality becomes one of the most
viable options to both mitigate emissions and increase animal productivity. In this
study, methane emissions of diets based on tropical forages differing in nutritional
value and level of voluntary intake was evaluated. Methane emissions were measured
in four animals per evaluated diet using the polytunnel technique. Forage voluntary
intake was calculated as the difference of forage offered and rejected by each animal.
Treatments evaluated corresponded to five different diets: T1: low quality Brachiaria
hybrid cv. Cayman; T2: high quality Brachiaria hybrid cv. Cayman; T3: Brachiaria
hybrid cv. Cayman + Leucaena leucocephala; T4: Brachiaria hybrid cv. Cayman +
Leucaena diversifolia; TS: Dichantium aristatum hay. There was a tendency for the
different evaluated parameters to improve when Leucaena was included. Treatments
with Leucaena had higher protein, digestibility and dry matter (DM) intake (T3 and
T4). The digestibility in the treatments varies in a range between 47.9 % (T1) and
61.8 % (TS), being the treatments with the lowest values. Methane emission per kg of
dry matter intake was lowest in diets of better nutritional value (T3=27.5 g, T4=19.8
g) in contrast with treatments T1 (60.34) and T5 (35.9) with lower nutritional content.
Diets with greater DM intake had the highest methane emissions (g day ). However,
when emissions are expressed per kg of DM intake and/or digested, this relationship
changes and it is the treatments with higher DM intake that have lower emissions per
kg DM consumed and/or digested. The results of this study show that methane emis-
sions decrease significantly when the nutritional value of the diet increases. Likewise,
DM intake increases and therefore higher production parameters are also potentially
attained.
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Climate Smart Livestock: The Interaction between Mitigation,
Adaptation and Efficient Livestock Management Practices in
Ecuador

PAMELA GERMANIA SANGOLUISA RODRfGUEZ, ARMANDO RIVERA, JUAN
MERINO, JONATHAN TORRES
Food and Agriculture Organization of the United Nations, Ecuador

Livestock supply chain greenhouse gas emissions account for 14.5 % of anthropogenic
gases worldwide, which indicate that the sector is an important GHG contributor.
In addition, this sector plays a significant role for income and employment gener-
ation. At the same time, livestock productive activity is directly influenced by the
impacts of climate change. For such reasons, identifying and implementing man-
agement practices that promote sustainable production in a climate change context,
becomes a challenge. In Ecuador, the livestock production systems are evaluated
from a climate-smart perspective by considering three objectives: 1. sustainably in-
creasing productivity; 2. adapting to climate change; and 3. reducing greenhouse gas
emissions whenever possible. The Climate Smart Livestock Project (CSLP) quanti-
fied GHG emissions from beef and dairy cattle in the country using local information
to derive the estimates. For 2016, the preliminary results show a value of 16547
Gg of CO,-eq from direct emissions, being 76.92 % CH, form enteric fermentation,
18.12% NO; from manure in pastures, 2.66 % CH, and 2.30 % NO; from manure
management. Regarding climate risk, the CSLP conducted a study to compare the
relationship between intense rains, droughts, heat waves and frosts; with the exposure
in three dimensions (environmental: pasture area, socioeconomic: number of animals
per producer, governance: established productive associations). The results show that
the increase of extreme events in drought and intense rains constitute threats with high
impacts on livestock systems. Based on the preliminary results, the CSLP compiled
126 good livestock practices that contribute to a climate-smart management, a effi-
cient production systems that are adapted to climate change and aim to reduce GHG.
A customized set of practices were implemented on 165 pilot farms, being pasture
and water sources management the most relevant factors for the development of in-
tervention strategies at field level. The impact of implementing the practices in the
pilot farms is monitored through two web apps, developed by the CSLP, applying al-
gorithms to estimate emissions and climate risk using herd management (number of
animals, production, reproduction, weights, etc.) and farm data (area, conservation
area, pastures, infrastructure, etc.).
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LivestockPlus: Supporting Low Emissions Development in the
Latin American Cattle Sector
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The LivestockPlus project was created in 2015 with the aim to provide technical as-
sistance and raise up baseline information for the development and implementation
of the Nationally Appropriate Mitigation Actions (NAMAs) for the livestock sector
in Latin-American countries. The first pilot regions were Colombia and Costa Rica,
where the process of developing sectorial NAMASs was in early to intermediate stage.
This concept demonstrates how improved forages, when properly managed, can lead
to the sustainable intensification of mixed crop-forage-livestock systems in the trop-
ics, while recognising the multiple social, economic and environmental objectives.
Minimizing trade-offs, LivestockPlus emphasises the synergy between soils, plants,
animals, people and the environment.

This initiative helped to determine technical options for low emissions pasture de-
velopment in Latin America through intensification at the three levels: (i) genetic, to
provide a wide range of forage/feed options; (iii) ecological, to generate multi-dimen-
sional benefits and minimise trade-offs; and (iii) socio-economic, to promote wide-
spread use of improved forages.

As a result, Costa Rica and Colombia have made significant progress in the develop-
ment and early implementation of their respective NAMAs for the cattle sector, and
their experience have played an important role for the scaling up of these initiatives to
other regions through the NAMAs and other policies. The project facilitated synergies
that enabled overcoming barriers to the adoption of improved management practices
and, consequently, the achievement of low emission development by: (i) fostering
partnerships among relevant stakeholders; (ii) identifying and evaluating best-fit mit-
igation options; and (iii) evaluating measurement reporting and verification (MRV)
systems for the cattle sector in the target countries.

Keywords: Climate change mitigation, nationally determined contributions
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To quantify the productivity and environmental benefits of improved forage-based silvopastoral
systems, a six hectares field trial was established in 2013 at the headquarters of the International
Center for Tropical Agriculture (CIAT) using improved forages developed at CIAT and the In-
ternational Livestock Research Institution (ILRI). A randomised complete block design with
three replications was used with three treatments: T1 grass alone, Brachiaria hybrid cv. Cay-
man; T2: Grass + herbaceous legume, Canavalia brasiliensis and T3: Grass + herbaceous
legume + tree legume Leucaena diversifolia. In order to measure animal productivity, a group
of steers was fattened (from 200 to 450 kg) and subgroups of animals were assigned to the three
treatments (T1, T2 and T3) in a rotational grazing system (stocking rate: 4 animal per hectare).
Animal subgroups were kept in each treatment for comparison purpouses. Live weight gain
per animal was recorded monthly and large differences were found between treatments with
an average of 240, 744 and 819 kg ha~! yr~! for T1, T2 and T3, respectively. Environmental
parameters evaluated in the three treatments included soil chemical and physical parameters as
well as soil macrofauna, as an indicator of soil health. A positive impact of forage diversifi-
cation on key soil properties and the abundance and diversity of soil macroinvertebrates was
found with best results in T3 compared to the other two treatments. The taxonomic abundance
and functional diversity of soil macrofauna were found to correlate positively with forage di-
versification and the level of inclusion of legumes in a grass-alone system. Finally, the enteric
methane emissions of animals grazing T1 and T3 were measured. Average amounts per treat-
ment (n=4), were 30.1 and 19.9 ¢ CH, kg~! of dry matter intake for T1 and T3, respectively.
Our results evidence the benefits of silvopastoral systems in supporting sustainable intensifica-
tion of livestock systems and improving livestock productivity per unit area, while delivering
ecosystem services and simultaneously reducing the environmental footprint of the animals.
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Feed Rationing in Kenyan Dairy Farms

BONIFACE SAKWA!, OGHAIKI ASAAH NDAMBI?, JAMES ONDIEK!,
ANTHONY KINGORI!

LEgerton University, Dept. of Animal Science, Kenya
2Wageningen University and Research, Animal Science Group, The Netherlands

The year-round availability of quality forage is a major challenge of dairy farmers in
Kenya leading to low milk yields, low milk solids content and high production costs.
Use of conserved forages and proper ration formulation has a great potential to bridge
the gap in dairy nutrition and reduce seasonal variations in milk yield. The SNV
Kenya Market-led Dairy Program (KMDP), funded by the Embassy of the Kingdom
of The Netherlands, introduced some interventions on fodder conservation and ration
formulation on dairy farms in Kenya. This study aimed to determine the effects of
these interventions on dairy farm performance. Twelve farms each using one of four
interventions (use of maize train/baled silage, production of silage with support from
Service Provider Enterprises (SPEs), ration formulation aided by Rumen8 software,
and feed balancing without software support) were compared with 12 control farms
without interventions, making a total of 60 purposively sampled farms. The data was
analysed using Rumen8 software and a linear regression model was used to assess
the relationship between independent variables (fodder interventions) and dependent
variables (dairy performance). The results show that farms using maize train/baled
silage had a better performance with an average daily milk yield of 20 kg/cow than
those using silage from SPEs (15 kg/cow) and control farms (8 kg/cow). Ration for-
mulation aided by Rumen8 software resulted in highest daily milk yield (27 kg/cow)
while feed balancing without software led to an average milk yield of 20 kg/cow. The
average income was KES 1000 (10 USD) per cow (maize train) compared to 7.50
USD/cow (SPEs) and 5.50 USD/cow (control), while average feed costs per farm
were 205, 181, and 245 USD per ton for maize train, SPEs and control farms, respec-
tively. Milk-related income on Rumen8 software farms was 17.20 USD/cow while
farms not using feed rationing software achieved 11.45 USD/cow. Feed costs were
260 and 226.5 USD/ton for Rumen8 software farms and farms without feed rationing
software, respectively. In conclusion, use of maize train/baled silage and Rumen8
software aided ration formulation provide ideal and sustainable fodder management
and feed rationing measures for dairy farms by reducing seasonal milk yield fluctua-
tion, enhancing year-round fodder availability and increasing farm income.

Keywords: Dairy performance, feed interventions, maize train silage, Rumen8
software
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Intake, Apparent Digestibility, and Nitrogen Balance in Steers Fed
with different Grasses Grown alone or Intercropped with Lablab
purpureus
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Dry matter intake (DMI) and nutrient digestibility are major limiting factors for cattle produc-
tivity and nutrient use efficiency in tropical livestock systems. There is a lack of quantitative
in vivo information on voluntary DMI, nutrient conversion and nitrogen (N) balance in tropical
cattle fed tropical forage grasses grown alone or intercropped with forage legumes. The ob-
jective of this experiment was to investigate the effects of feeding three tropical grasses grown
alone or intercropped with Lablab purpureus on DMI, apparent total tract digestibility (ATTD)
and N balance in tropical cattle. Eighteen Boran steers of 230426.9 (mean-=standard deviation)
kg of live weight (LW) were used in a randomised block design with six experimental periods
of 21 days (14 days of adaptation and 7 days of total urine and feces collection). Animals were
stratified by LW and randomly allocated to four treatments: Bracharia brizantha alone (BA);
B. brizantha intercropped with Lablab (BL); Pennisetum purpureum alone (PA); P. purpureum
intercropped with Lablab (PL); Chloris gayana alone (CA) and C. gayana intercropped with
Lablab (CL). Data (n=36) was analysed using the mixed procedure of SAS; the statistical model
included grass species and intercropping as fixed factors as well as their interaction, and animal
as random factor.

Daily DMI (BA=98; BL=100; PA=96; PL=98; CA=101; CL=111 g kg'! LW 0.75) did not
differ between treatments (p > 0.05). The ATTD of the diet consumed by the steers was similar
(p > 0.05) for grasses fed alone or intercropped (BA=614.2; BL=609.4; PA=625.3; PL=632.2;
CA=597.1; CL=609.9 g kg'!. Daily N balance was positive for all animals and tended to
be higher (p = 0.07) when the forage grasses where intercropped with Lablab (BA=50.11;
BL=65.2; PA=54.9; PL=63.8; CA=54.5; CL=57.4 % of N intake).

A positive N balance indicates that the evaluated forage grasses satisfied the protein requirement
of the steers. Feeding tropical forage grasses intercropped with forage legumes is a promising
strategy to improve the nitrogen balance in tropical cattle.
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The Evaluation of Dry Matter and Nutrient Intake Adequacy in
Dairy Cattle in Indonesia

IDAT GALTH PERMANA, ZAHARA KHAIRANI, DESPAL

Bogor Agricultural University, Dept. of Animal Nutrition and Feed Technology, Indonesia

The scale of ownership of lactation dairy cows in Indonesia is relatively low with an
average of 3—4 heads. This study aims to determine and evaluate adequacy nutrient
and nutrient utility in milk production for dairy cows based on the scale of ownership
of farmers. This research was carried out in dairy cattle villages on the island of
Java, observing 144 lactationg cows from 56 farmers. The parameters measured in
this study were the amount of feeding, nutrient intake, body weight, (BCS) Body
Condition Scoring, milk production, milk quality and nurient adequacy. Observation
data were analysed by using a T-test based on the scale of ownership. The results of
this study indicate that the performance of dairy cows in Indonesia is still not optimal.
The average body weight was between 394.54 4 37.26 and 424.38 + 43.33kg, and
BCS ranged from 2.51 £+ 0.27 to 2.60 £ 0.26. The consumption of dry matter (DM)
in high-production cows was higher compared to medium-production cows and low-
production cows: the average consumption of DM was 12.8kg, 12.37kg and 11.22kg
per head, respectively, with a total digestible nutrient content varying from 57.1 to
67.5%. However, based on the analysis of nutrient adequacy, there were still cows
fed with no standard feeding, namely 51.8 % of high-production cows, 37.2% of
medium-producing cows and 38.6 % of low-production cows. Milk production was
largely determined by the scale of ownership. The average milk production on the
scale of ownership of 1-3 heads, 4-5 heads and > 6 heads, respectively, was 12.42
+ 5.07, 11.81 £ 3.62, and 16.00 £ 2.00kg per head with milk fat varying from 4.2
+ 1.73% to 4.8 £ 1.73 %. Based on these results it was concluded that the feeding
of lactating dairy cows in Indonesia is still below the standard requirements so that it
does not support high milk production.
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Evaluation of a Modified Livestock Simulator (LIVSIM) Model
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Models can play an important role in identifying and removing traps for sustain-
able resources-use in tropical livestock production systems (TLPS). However, simply
adopting procedures for estimating nutrients and energy requirements or the dry mat-
ter intake (DMI) developed for cattle in temperate regions may limit models’ capac-
ity to accurately quantify resources-use in TLPS. Therefore, we modified a selected
model developed for TLPS to account for differences between cattle in (sub-)tropical
and temperate regions and evaluated its accuracy to predict dairy cattle performance
using data from a published study.

The LIVestock SIMulator (LIVSIM) model was selected upon review of different
livestock models suitable for TLPS. It is dynamic and simulates animal performance
based on availability and nutritional quality of feedstuffs. We modified the LIVSIM
by simplifying and modifying the British metabolisable energy (ME) and protein
requirement system for dairy cattle. Using literature values, maintenance ME re-
quirements were increased from 0.488 to 0.631 MJ ME kg ! metabolic live-weight
(LW) and age-sex specific ME and protein requirements for gain (MJ ME kg ! LW)
were defined for dairy cattle in TLPS. Next, DMI was estimated as the lower of ei-
ther the physically regulated (using the animal’s capacity of neutral detergent fibre
(NDF) intake (g kg”' LW)) or physiologically regulated (using the animal’s total ME
requirements (MJ d!)) estimated DMI. Then, ME intake was partitioned to favour
milk production rather than LW gain during early lactation. The original and modi-
fied LIVSIM versions were evaluated using data from a published study with tropical
stall-fed dairy cattle, and the mean bias (MB), root mean squared error-of-prediction
(RMSEP), and relative prediction error (RPE) used to assess their accuracy.

Both models under-estimated (i.e. positive MB) DMI and over-estimated (i.e. nega-
tive MB) animals’ LW changes. Yet, the modified LIVSIM was more accurate (i.e.
low RMSEP and RPE) than the original LIVSIM in predicting DMI, final LW, and
average daily milk yield over a 140-d-period.

Adapting underlying procedures adopted from temperate regions when simulating
DMI, nutrient partitioning, and performance improves accuracy of livestock models
and their ability to predict resources-use of cattle in TLPS.
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This study was conducted in South—west Burkina Faso, the traditional habitat of try-
panotolerant Baoulé cattle, to identify farmers preferences for cattle breeding traits.
A structural questionnaire was administered to 194 heads of households randomly
sampled. Own herd ranking method was additional used to detect the most important
criteria for breeding cows’ selection; bulls were excluded due to their low numbers
in herds. Pearson’s chi-square test was employed to test the independence and to
compare the categorical variables. Arithmetic and least square means of continu-
ous variables were calculated and compared by Tukey-test or Wilcoxon pairwise test.
The importance of criteria of selection of breeding animals by farmers was calculated
through index of ranking. According to breed and herd mobility, three production sys-
tems were defined: sedentary pure Baoulé, sedentary crossbred and Zebu, and tran-
shumant Zebu and crossbred systems. Cash income, social reasons and good wealth
status were the main reasons of keeping cattle in the three production systems while
milk for home consumption was reported specifically in transhumant system. Baoulé
females were perceived to be significantly older at first mating, first calving and with
longer reproduction life time. Breeding bulls were selected among young males in
herd. The majority of transhumant farmers reported castration of no selected males
contrary to pure Baoulé farmers. The most important common criteria of selection
between the production systems were body size for both males and females, growth
for male and calf growth for female. In addition to body size, the survey showed that
females’ mothering ability was preferred by pure Baoulé owners while milk yield and
udder state were highly considered by transhumant people. The ranking revealed that
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a cow is considered best according to its fertility in pure Baoulé system, and accord-
ing to its milk yield in sedentary crossbred and Zebu and transhumant systems. Bulls
were furthermore selected according to docility in pure Baoulé system and dam in
crossbred and Zebu systems. These findings suggest taking into account farmers and
their specific characteristics and practices in the design and implementation of suc-
cessful breeding programs to improve and conserve locale cattle breed in this area.

Keywords: Baoulé, breeding practices, crossbred, traits preference, West Africa,
Zebu
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The cattle population of Burkina Faso is currently around 8.5 million providing draft power,
meat and milk to the country as well as foreign exchange from exports. The various natural
resources of the country from semi-arid Sahelian North to sub-humid Sudanese South yielded
a diverse local cattle populations, with comparatively large and strong indicine (zebu) cattle
in the North and physically very small taurine cattle in the disease ridden south. The overall
objective of the LoCaBreed project is to contribute to livelihood improvement and a better
understanding of Burkina Faso local cattle breeds.

It is this context that a morphometric characterisation study has been conducted to explore
the prospects for improvement and conservation of the Baoule cattle breed in southwestern
region of Burkina Faso. A total of 421 cattle including 266 Baoulé x zebu crossbreds and 155
purebred Baoulé cattle were characterised for 24 quantitative and 20 qualitative traits.

The analyses of quantitative traits confirmed the notable differences in size between Baoulé and
their crosses with zebu cattle. This difference was significant in all of the 24 measured quan-
titative traits. In fact, crossbreeding with zebu increases body size, which is considered as an
improvement because larger animals are preferred by the breeders. The qualitative traits, such
as coat colour, and horn shape showed large variety within Baoulé and crossbreds, likely due
to local preferences of livestock keepers rather than breed identity. The combined genotype-
location effect showed that facial length, distance point to point horn, ear length, chest depth,
colour of muzzle, head tache and horn shape differ between purebred Baoulé and crossbred
populations. The differences of qualitative traits are a result of the selection by the breeders,
rather than due to environment. These results will serve as basis for further characterisation,
conservation and improvement strategies for Burkina Faso Baoulé breed.
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Do ecological factors shape the genetic structure of the Beninese cattle population? Are the
indigenous taurine (Somba and Lagune) and hybrid (Borgou, Pabli-Kerou) breeds in Benin
endangered by ongoing indicine introgression? What is the role of transhumance movements
in this context? These are critical questions for the development of effective management
policies for the conservation of indigenous cattle genetic resources in Benin, a country regularly
influenced by transboundary transhumance movements of zebu herds.

We developed a balanced sampling design based on the distribution of the agro-ecological zones
and the socio-economic factor transhumance to study the genetic diversity of the four indige-
nous Beninese cattle breeds. 461 animals (Borgou 181, Pabli-Kerou 61, Lagune 157, Somba
62) were phenotyped for conformation traits based on FAO guidelines and genotyped with a
50k SNP chip. SNP genotypes were used for basic measures of genetic diversity, unsuper-
vised k-means clustering in the framework of a discriminant analysis of principal components
(DAPC) and estimation of ancestry coefficients using DAPC, TESS and ADMIXTURE. The
diversity analysis is complemented with linear regression-based genome-wide association stud-
ies (GWAS) for conformation traits and selection signature analysis (SSA).

Unsupervised clustering using DAPC identified 6 genetic clusters in the dataset. The two hybrid
breeds Borgou and Pabli-Kerou built two nearby mixed clusters reflecting a close relationship
and admixture between the two breeds. The taurine Somba breed built a highly homogeneous
distant cluster, whereas the Lagune breed is more diverse with 2 separated heterogeneous clus-
ters reflecting local transhumance effects. A separate sixth cluster reflected potential cross-
breeding with non-indigenous breeds of unknown origin. The clustering results were supported
by the basic measures of diversity and the admixture analysis. The main drivers of genetic di-
versity are spatial and socio-economic factors such as transhumance. The multi-breed GWAS
revealed 9 and 23 highly conserved SNPs associated with Heart Girth and Hip Width. Simi-
larly, we identified several significant loci across breeds, and breed specific loci for the 10 other
phenotypic traits investigated. GWAS and SSA shed light on functional gene-networks shaping
the genomic architecture of body conformation traits in light of environmental adaptation and
artificial selection.

Keywords: Agro-ecological zone, animal genetic resources, conservation, taurine, transhu-
mance, zebu introgression
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The Sheko cattle breed has a promising potential to form the genetic backbone to cope with new
tropical diseases, unpredictable future climate changes and food insecurity in Ethiopia. Despite
its recognised trypanotolerance and adaptation to environmental stressors, the breed currently
faces clear risk of extinction. In order to support the establishment of cost-efficient conserva-
tion plans, this study aimed at assessing farmers’ willingness to conserve the Sheko breed in its
natural breeding tract of Benchi Maji zone, Ethiopia. Choice experiments were employed on
400 cattle keepers to assess their preferences for important cattle attributes. Preferences for cat-
tle attributes are used as indicators for farmers’ willingness to conserve the local Sheko cattle
breed. The study revealed that farmers’ generally preferred cattle breeds with a high trypanotol-
erance, low feed requirements and aggressiveness, and high milk yield. However, preferences
for cattle attributes differed according to agro-ecological zone (AEZ). Farmers in the midland
AEZ were willing to pay 603 Birr (21.60 €) for a cow with a high milk yield. On the con-
trary, their counterparts in the lowland AEZ were willing to pay 2.3 and 1.9 times more for a
cow with low feed requirements and high trypanotolerance than farmers in the midland AEZ.
This suggests that farmers, in particular in lowland AEZ, valued adaptation traits more than a
high milk performance. Furthermore, farmers who were born in the Sheko community were
more likely to prefer aggressive cattle, while a longer experience in keeping the Sheko cattle
breed increased the probability that farmers preferred cows with a high milk yield. Similarly, a
positive interaction was found between satisfaction with the veterinary service and a high milk
yield, as well as high feed requirements and trypanotolerance. Consequently, conservation pro-
grams for the Sheko cattle breed in Benchi Maji zone of Ethiopia will imply compensation
payments of the farmers due to the high feed requirements and aggressiveness of this breed. It
is recommended to implement conservation strategies in the midland AEZ by involving farmers
who originate from the Sheko community or have experience in keeping Sheko cattle, and to
improve veterinary services to reduce compensation costs.

Keywords: Choice experiments, Ethiopia, in-situ conservation, preference heterogeneity, Sheko
cattle breed, trait preferences
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There is a consensus that agricultural extension service play an important role for
growth and transformation of the agricultural sector in Sub Saharan Africa. Ben-
efits such as high productivity, quality of produce, reduction of diseases and pest,
and increased income among smallholder farmers are attributed to access to quality
extension service. Despite of these contributions of extension services, smallholder
farmers have the challenge of accessing timely and credible agricultural information
which limits them in realising maximum farm output. Use of ICT as an agricultural
extension tool by smallholder farmers has the potential to reverse the scenario and im-
prove farmers‘ access to credible agricultural information. The current study aimed
at determining the impact of iCow service (ICT- based extension tool) on milk pro-
duction, household income.

The study randomly sampled a total of 457 small-household dairy farmers in three
counties of Kenya, of which 209 farmers regularly used the iCow services and 248
farmers were non-users. Further, the study used Propensity Score Matching (PSM)
model to estimate the impact of iCow on milk production, household income.
Descriptive analysis shows that there are significant differences in the means between
regular users of iCow and non-users with respect to milk production and household
income. Regular iCow users realised higher average annual milk production and an-
nual household income than non-users. The results of PSM model indicates that use
of iCow services among dairy farmers had a positive and significant effect on milk
production and income. Specifically, the figures reveal that use of iCow services led
to increased milk production by 1138.95 litres and earned Ksh. 89,043 more annually.
These figures can be considered as an opportunity cost of not using iCow service.
The positive impact shows the potential role of ICT-based extension in rural poverty
reduction through increased household incomes. The positive correlation of use of
phones in getting timely information among farmers suggest partnership between net-
work providers and research institutes should be encouraged as part of bridging the
extension gap occasioned by reduced public expenditure on extension services.

Keywords: Agricultural information, dairy farmers, iCow services, ICT, propensity
score matching
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Cattle and camels are important livestock species in the semi-arid and arid rangelands
of East-Africa. Their diet selection behaviour differs. Cattle are grazers preferring
grasses while camels are browsers that rely on shrubs, trees and herbs. Their diets are
affected by seasonal changes. The present study investigated the milk fatty acid (FA)
profile of camels and two cattle types (Guernsey x Boran crossbreds and local Pokot
cattle) kept on savannah rangelands in two seasons (rainy season (RS) and transition
period (TP)) in Laikipia, Kenya. Twelve lactating animals per livestock type were
used in RS and 12 different animals in TP, respectively (n=72 animals in total). Half
of the animals from each livestock type received a urea-molasses supplement at night
during confinement. The animals grazed during the day. Direct observations with
bite counting were applied on one animal per day (36 observation days/season) and
the chemical composition of the most selected plant species was analyzed. Intakes of
nutrients and phenols were estimated. Milk samples per animal were collected at the
end of each season and were analysed for FA composition using gas chromatography.
Camels ingested higher contents of lignin (ADL), crude protein and phenols, with the
last two parameters differing from the cattle especially in the TP. Saturated FA were
generally higher in proportion in the milk of both cattle types compared to the camel
milk, and increased (p < 0.05) from RS to TP in the milk of the cattle types, but not
of the camels (season x animal type, p < 0.001). Proportions of monounsaturated
FA were higher in camel milk than cattle milk and did not differ between seasons in
camel milk, while their proportions declined in milk of both cattle types from RS to
TP (season x animal type, p < 0.001). Proportions of polyunsaturated FA in milk
decreased from RS to TP in all the three animal types but were higher (p < 0.05) in
camel milk compared to cattle milk in both seasons. Urea-molasses supplementation
had minor effects on a few FA. In conclusion, the milk FA profile of camels and cattle
is differently affected by seasonal changes in forage and diet selected.
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While drivers of change such as urbanisation and population growth have a huge impact on
agriculture in (sub-)tropical regions, this is also were gaps in terms of resources use efficiency
are the largest. In the emerging megacity of Bengaluru in India, rapid urbanisation is com-
bined with a high demand for dairy products. Yet, neither has the resources use efficiency of
the dairy units providing these products been quantified, nor have transition processes that are
provoked by urbanisation been considered. Therefore, the aim of this study was to quantify
on-farm resources use with a focus on feed efficiency of dairy cattle, in relation to surrounding
urbanisation. Twenty-eight dairy units were selected across the rural-urban interface of Ben-
galuru: 4 urban, 8 peri-urban and 16 rural ones. During one year, each dairy unit was visited at
a 6 weeks interval to collected data on herd management, and at animal level growth, offered
forages and milk offtake. Temperature and humidity were recorded at the dairy units. Most
commonly offered forages were self-cultivated maize and elephant grass, and during the dry
season, finger millet straw. Dairy producers also offered grass collected on field margins or
public land, and in urban areas, market waste. Cows were sent to pasture by 77% of producers.
In densely build-up areas, cows were pasturing in the streets (organic waste) or public green
space. Across dairy units and seasons, the daily amount of green forage offered ranged from
0 to 44.4 kg cow™!. In addition, each cow received between 0 and 4.3 kg of concentrate twice
a day. Daily milk offtake in the early lactation varied from 5.8 to 18.1 kg cow!. The data
show the high variability in farm resources, feeding strategies and subsequent production (in-
)efficiency. On one hand, urban dairy units scored a higher milk production and compensated
for the lack of private land by relying on publicly available resources to provide the highly
demanded milk directly to consumers. On the other hand, manure management in the city was
poor, suggesting that peri-urban dairy units hold the highest potential for efficient resources use
as they combine opportunities of rural and urban localities.
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Formal and informal markets usually complement one another in urbanised centres of devel-
oping countries. In Bamenda — the capital of the North-West region in Cameroon — the dairy
market consisted of a single private milk factory and a web of informal sellers until mid-2016,
when the factory closed its doors. As a result of the sudden departure of the formal market,
milk producers made several changes to their farm management. As part of the Urban Food-
Plus project, we carried out surveys in 2017 in urban, peri-urban and rural zones of Bamenda
with 201 current and 123 former milk suppliers to look at the various strategies undertaken.
Four levels of adaptation to post-market shock were observed: producers who remained in the
market (Sellers), producers who stopped selling but kept the milk for household consumption
(Self-Consumers), producers who stopped selling, stopped breeding, but kept the dry dairy an-
imals (Keepers), and producers who stopped selling and sold all their dairy animals (Quitters).
The objectives of this study are to analyse if certain characteristics can predict dairy producers’
level of adaptability to market shocks and if there are policy implications to make producers
more resilient to such events. We divided the analysis between Mbororo pastoral producers and
sedentary Grassfielders because we noticed that the different production systems had separate
and distinct adaptation levels. A multinomial logit model was used for the Grassfielders whose
adaptation levels varied between Sellers, Keepers, and Quitters, whereas a logit model was used
for the Mbororo’en whose levels were limited to Sellers and Self-Consumers. Our results show
that Grassfielders are more likely to remain in the market after a shock when they are younger
and literate, have bigger households and a land title, and when they use accessible trainings,
institutional credit, and market price information. For the Mbororo’en, younger producers with
large households who are members of dairy cooperatives and settle more permanently in the
rural areas are more likely to remain Sellers. Therefore, policies and development programs
should consider the distinct production systems and focus on the aforementioned characteristics
in order to strengthen dairy producers’ resilience to market shocks.
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In the Sava Region of north-eastern Madagascar, the soaring price of vanilla is accompanied
by an improvement in the quality of life of the population. This may boost local investments
in agriculture and education. But is the price boom of vanilla also an opportunity for the de-
velopment of the livestock sector in this region? To answer this question, the present survey
targeted key stakeholders in the sector, namely breeders, resellers and butchers of cattle and
poultry. Interviewed persons were identified through a snowball sampling approach starting
each time at the regular markets of 3 major cities and 3 villages in the Sava Region. First,
resellers of animals / products and butchers were interviewed. Subsequently, they were asked
to indicate their suppliers. Observations included 30 resellers of animals / products, 21 butch-
ers and 80 breeders. The most important outlets for zebu cattle were the livestock markets of
Ampondra in Vohemar district and Antagena-Betsakotsako in Andapa district. The main cus-
tomers were beef butchers and itinerant resellers. Due to a substantial increase in animal prices,
zebu resellers no longer supply animals to local breeders but only to other resellers or butchers.
Regions of origin of the resold zebus were Boeny, Sofia and Diana, but not the Sava Region
itself. Similar to cattle, the price of poultry increased substantially over the past three years
due to growing market demand. Poultry resellers are supplied predominantly from breeders
in the Antalaha and Vohemar districts. Poultry resale activities provide income diversification
for farm households and birds constitute capital that can be mobilised in case of emergency.
Egg production is scarce, despite significant market demand, and eggs sold on regional markets
originate from the regions Analamanga and Antsinanana. Intensive pork farming is almost non-
existent in the Sava Region due to the arrival of African swine fever. However, butchers noticed
an increase in pig meat demand, which they explained by the arrival of immigrants who came
to take advantage of the vanilla business. It can be concluded that booming vanilla business
in the Sava Region encourages local but also more remote breeders to slightly intensify their
livestock activities.
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Coal production plays a significant role for domestic income in Indonesia but its ex-
ploitation inflicts environmental and social damages. In order to rehabilitate the ex-
mining land and ensure sustainable development, mine reclamation is mandatory and
has to be implemented according to the area’s function. The Good Mining Practice
Implementation Guidelines of the Ministry of Energy and Mineral Resources of In-
donesia, specified in Decree No. 1827.K/30/MEM/2018, determine that mine recla-
mation embraces revegetation to natural succession (particularly in forested areas)
and other reclamation to area function including housings, tourism, water bodies (for
pit lake or void) and livestock or farming. By this regulation, the government rules
how the non-renewable resources contribute to a sustainable development whilst ex-
ploitation is over, for example by setting up a livestock (cattle) farming enterprise
on ex-mining land. PT Berau Coal has initiated the Integrated Cattle Farm in East
Kalimantan Province in 2010, which breeds the Balinese cattle (Bos javanicus; since
2010), the Bos indicus Donggala cattle breed (since 2011) and Brahman Cross cattle
(Bos indicus; since 2012). This farm supports the government’s project since Indone-
sia, to supply domestic consumption, imports about 23 % of its beef - mostly from
Australia, the United States and New Zealand. From 2010 till date, birth rates are
0.62 for the Brahman Cross, 0.45 for Balinese Cattle and 1.04 for Donggala cattle.
According to measurements of weight increments, Brahman Cross gain 0.28 kg day ™!
of weight in intensive feeding (zero-grazing) and 0.18 kgday -! with semi intensive
feeding (i.e., grazing). The nutrients supplied by cover crops and grasses cultivated
on on ex-mining land were also tested and found to meet the nutrient requirements
of beef cattle. Currently, the Integrated Cattle Farm of PT Berau Coal is not only a
training centre for the local community surrounding the ex-mining area but also holds
a certain a potential as national beef production facility in Indonesia.
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Not all Legumes are Created Equal: Different Nutritional Value of
Tree, Herb and Shrub Legumes

JOAQUIN CASTRO-MONTOYA, UTA DICKHOEFER
University of Hohenheim, Animal Nutrition and Rangeland Management in the Tropics
and Subtropics, Germany

Legume forages are seen as means to improve the nutritional status of ruminants in
tropical regions, where low crude protein (CP) and energy of grasses limit their pro-
duction. Nevertheless, despite several positive attributes of legumes, their incorpo-
ration into the production systems is still limited. The diversity of these forages in
the tropics contributes to the difficulty to use them as feed, as their nutritional value
strongly varies across species and ways of use. Therefore, the objective of this study
was to highlight the differences in the nutritional composition of 743 tropical legumes
across 399 in-vivo trials with ruminants depending on their growth habit (tree, herb,
shrub) and the form they are fed to the animal (fresh, hay, silage), as well as their
comparison with tropical grasses.

Legumes from 107 species representing 53 genera were found in those studies. Tree
legumes had higher CP (206 g kg! dry matter (DM)) than herbs and shrubs (159 g
kg'! DM), as leaves and young stems are fed from trees, while herbs and shrubs are fed
as whole plants. This reflects in the fiber content, which was lower in trees and higher
in shrubs. Lignin concentration was higher for legumes compared with grasses (73
g kg'! DM), particularly for trees and shrubs (101 and 106 g kg ' DM, respectively)
a factor that could limit intake of legumes. Accordingly, in—vitro DM digestibility
and metabolisable energy was higher for herbs, and lowest for shrubs, with those
of shrubs and trees being lower than for grasses. Hay and sole-legume-silage CP
averaged g kg'! DM less than the fresh legume, highlighting losses when legumes
are processed for conservation. Calcium, phosphorus and magnesium were highest in
trees and lowest in herbs, but all greater than in grasses. Finally, fiber-bound nitrogen
was greater in shrubs and trees than in grasses, particularly legume hays, indicating
the need for adjustments in the CP of diets when legumes are included.

The nutritional value of legumes strongly varies with their growth habit, and whether
they are fed fresh or as hay/silage. Recognizing and understanding these differences
is a step closer to successfully incorporate these forages in ruminants feeding.

Keywords: Legume forages, nutritional value, ruminants, tropics
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Determinants and Impact of Adopting Climate-Smart Brachiaria
Grass among Dairy Farmers in Kenya

KEVIN MAINA', CECILIA RITHO!, BEN LUKUYU?, JAMES RAO?
YUniversity of Nairobi, Department of Agricultural Economics, Kenya
2 International Livestock Research Institute (ILRI), Feeds and Forages Program, Uganda
3 International Livestock Research Institute (ILRI), Kenya

Evolving changes such as population growth, urbanisation and a growing middle-
income class in Africa are redefining the agro-food systems. Population growth is
expected to double the demand for milk and meat products in Africa by 2050. This
raises concerns on the capability of African countries to meet the projected demand.
It is imperative that farmers seize the opportunities for earning higher and stable in-
come by responding to the new trends and overcoming the constraints tightened by
climate change. Access to quality fodder has continued to be the single most impor-
tant challenge in livestock production systems. The objective of this article is to eval-
uate the impact of climate-smart Brachiaria on feed sufficiency and milk productivity
in dairy production in Kenya. A random sample of 237 farmers, 111 adopters and
126 non-adopters of Brachiaria was selected in Makueni and Siaya using multi-stage
sampling. Data was collected through face to face interviews and Propensity score-
matching approach was then employed to evaluate the impact of Brachiaria grass on
feed sufficiency and milk productivity. In this study, non-adopters of Brachiaria were
farmers who were using Napier grass as their source of fodder.

The findings reveal that adoption of Brachiaria increases milk production by about
27.6 %. This translates to an average increase of about 3 litres daily per animal. Adop-
tion of Brachiaria consequently increases feed sufficiency measured by time spent in
feed related activities by the primary woman in a household by 31.6 %. Adopters of
Brachiaria spend 2 hours less in sourcing and preparing feed in dry seasons.

The surplus milk implies more income for the household, improved nutrition from
milk consumption and improved wealth status of household. Results on feed suffi-
ciency imply that Brachiaria offers an alternative sustainable source of fodder in fod-
der scarce periods and releases the burden on women in feed related activities. There
is also an improvement in the welfare of families. The study concludes that policies
and efforts aimed at increasing widespread adoption should address factors that in-
fluence adoption. We recommend increasing extension and training on climate-smart
fodder and strengthening collective institutions such as farmer groups for sustainable
livestock production.

Keywords: Brachiaria grass, feed sufficiency, milk productivity, propensity score
matching
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Feed Resource Use Strategies and Performances of Small
Ruminants in the Peri-Urban Area of Southern Benin

PANINE YASSEGOUNGBE', IVAN B. KOURA?, LUC HIPPOLYTE DOSSA!
LUniversity of Abomey-Calavi, Fac. of Agricultural Sciences, Benin

2National University of Agriculture, School of Management and Exploitation of Livestock
Systems, Benin

A study was carried out in the peri-urban areas of Cotonou in South Benin in order to
identify the small ruminant production systems, to understand farmers’ feed resource
use strategies and assist them to increase their animal performances and farm prof-
itability. A total of 125 small ruminant farms were surveyed, using a semi-structured
questionnaire to collect information on the production system and feeding strategies.
The two-step cluster procedure was used for classification of surveyed farms in ho-
mogenous groups. Cross tabulations with calculation of Chi? statistic were used to
compare the groups according to key farm qualitative characteristics. Means were
calculated for key quantitative variables and the non-parametric test of Kruskal-Wallis
was used to assess significance of difference between groups. Subsequently 30 farms,
representative of identified systems, were selected for in-depth study. Average daily
gain (ADG), body condition scores (BCS), and body measurements including tho-
racic perimeters (TP) were recorded weekly on young animals during three months.
Six small ruminant farm types were identified, as follows: Goat only (G, 46 %), mixed
goat-crop (GC, 30 %), mixed sheep-goat-crop (SGC, 16 %), sheep only (S, 15 %),
sheep-goat (SG, 11 %) and mixed sheep-crop (SC, 7 %). Free grazing was the main
feeding strategy in all farm types. In addition, crop residues (cassava leaf), agro-in-
dustrial by-products (corn bran, soybean bran, cassava peels) and tree fodder (from
oil palm tree, Moringa) were used for supplementing grazing with significant varia-
tions among farm types. ADG, BCS and TP values also varied (p < 0.05) over time
and according to farm types. ADG was highest in CS farms 28.2 g day "' and lowest
in G farms 13.3 g day™!. There was a linear relationship (p < 0.001) between ADG
and BCS (R? = 0.72) on the one hand, and between ADG and TP (R? = 0.83) on the
other hand. On-going studies focus on identification of improved feeding and gen-
eral management strategies for increasing animal productivities and welfare with low
environmental impact.

Keywords: Feeding strategies, goat, sheep, urban farming, West-Africa

Contact Address: Ivan B. Koura, National University of Agriculture, School of Management and Ex-
ploitation of Livestock Systems, BP 43, Kétou, Benin, e-mail: kouraivan@gmail.com

210 1D 843



Small ruminants and forage evaluation — Oral Presentations

Assessment of Quality and Rumen Degradability of Mixed Silages
of Sugarcane Tops with Marabii Forage

RACIEL LIMA OROZCOI, IDALMIS BELLO MORALESZ, EINAR ARTILES
ORTEGA®, MIGUEL ANGEL ARCE GONZALEZ*, VEERLE FIEVEZ?

L Central University of Las Villas (UCLV), Agriculture Research Center (CIAP), Cuba

2Agriculture Ministry, Animal Health, Cuba

3Ghent University, Department of Animal Sciences and Aquatic Ecology, Belgium

4 Central University of Las Villas (UCLV), Veterinary Medicine and Zootechnics, Cuba

The quality and rumen degradability of sugarcane (Sacharum spp.) tops with forage of
Marabu (Dichrostachys cinerea L.) ensiled in combination with either molasses, lac-
tobacillus or fungi as well as their combination were assessed. The labscale silages
were made in triplicate from sugarcane crop and D. cinerea fields of two years old
and harvested after 12 months and 90 d of regrowth, respectively (Santa Clara, Cuba).
Sugarcane tops and D. cinerea forage were mixed in a ratio of 60:40, respectively and
either or not in combination or not with one of the three following additives or their
combination [fungal inoculant [FI; UC1 (Penicillium sp.) + UC13 (Aspergillus sp.) or
Trichoderma sp. (L6+R6b)], Lactobacillus plantarum (LAB; 3x 106 colony forming
units/g fresh matter (FM)) and molasses (MOL; 39.4 g kg~! FM)]. Both FI were inoc-
ulated at three doses (FD; 1.5, 3.0 and 4.5 x 107 spores g”! of FM) in order to prepare
28 treatments [2FIx 3FD x 2LAB x2MOL+4 control treatments (2LABx2MOL)]. The
chemical proximate content (CPC) prior and after ensiling, as well as the ensilabil-
ity and the in vitro ruminal degradability (IRD) of the silages were determined. The
metabolisable energy (ME) was estimated from CPC. The ensilability parameters (pH,
lactate, acetate, ammonia, ethanol) were used to select the best silages by a full facto-
rial design in the GLM of SPSS with FI, FD, LAB and MOL as factors. The CPC, ME
and IRD of the best silages were compared by one way ANOVA of SPSS (post-hoc
Tukey test was performed when p < 0.05). The forages that received simultaneous
addition of all additives showed the best silage quality, independently of FI or FD.
However, the FD (p < 0.001) but not the FI (p > 0.05) affected the fiber fraction con-
tent and IRD of organic matter (IRDOM). The ADF content was lower (p < 0.001)
and the ME content and IRDOM were enhanced (p < 0.05) in those silages with
higher FD. It was concluded that mixed silages of an invasive plant and fibrous by-
product inoculated simultaneously with molasses, lactobacillus and fungi at doses of
3.0 and 4.5 x 10 spores g”! of FM showed the best silage quality, the lowest ADF
content and the highest IRDOM, independently of fungi strain.

Keywords: Dichrostachys cinerea, ensiling, fungi, Lactobacillus, molasses, rumen
degradability, sugarcane tops
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Replacement of Egyptian Clover (Trifolium alexandrinum) Hay
with Tanniniferous Legumes in Sheep Diets: Nutritional
Assessment

HANI EL-ZAIAT!, MOHAMED MOHARAM2, MARWA ATTIA!, ADIBE LUIZ
ABDALLA®, SOBHY M.A. SALLAM!
YUniversity of Alexandria, Faculty of Agriculture, Department of Animal Production,
Egypt
2Damanhour University, Fac. of Agriculture; Animal and Poultry Production, Egypt
3University of Sdo Paulo, Centre for Nuclear Energy in Agriculture, Lab. of Animal
Nutrition, Brazil

In Egypt, a large diversity of tanniniferous legumes are widely grown in abundance all
year even during droughts. Thus, the objetives of this study were to assess the partial
(50 %) replacement of Egyptian clover (Trifolium alexandrinum) hay with tanninifer-
ous legumes under in vitro and in vivo conditions. Dietary treatments were as follows:
CTL: the experimental basal diet (clover hay and concentrate; 50:50 ratio) as control;
AS, the basal diet with 50 % Acacia saligna replaced clover hay; LL, the basal diet
with 50 % Leucaena leucocephala replaced clover hay; and AH, the basal diet with
50 % Atriplex halimus replaced clover hay. An in vitro semi-automatic system was
employed to evaluate gas production (GP), degradability and fermentation profile of
diets. For the in vivo experiment, twelve Barki rams (43.29 kg of BW) were assigned
to 1 of 3 treatments in a complete randomised design and housed in metabolic cages
for total collection of faeces and urine (21 days as adaptation and 7 days for data col-
lection). Enteric CH, emission was measured using 6 open-circuit respiration cham-
bers with some modifications. The net GP was lower (p = 0.022) with the AS diet
than with CTL, LL and AH diets. Whereas, net CH,, truly degraded organic matter,
ruminal NH;-N concentrations and total protozoa were decreased (p < 0.05) with AS,
LL and AH diets than for CTL diet. Acetate and acetate:propionate ratio were lower,
while propionate and partitioning factor were increased with AS or LL than with CTL
diet (p < 0.05). Sheep fed with LL diet lowered digestibility of OM (p < 0.05) com-
pared with those fed with CTL or AS diets. Urinary-N was decreased, while faecal
N and retained N was increased (p < 0.05) for sheep fed with AS or LL compared to
CTL diet. Methane emission was higher (p = 0.021) from sheep fed with AS or LL
than for those fed with CTL diet. Thus, use of such tanniniferous legumes provides a
promising source of forages for sheep with positive impact on mitigation of methane
emission without adverse effects on animal performance.

Keywords: Feed degradability, methane emission, nutrients digestibility
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Estimating Rumen Undegradable Protein from Proximate
Nutrient, Fiber Fractions, and in-vitro Fermentation of Tropical
Feedstuffs

KHATERINE SALAZAR-CUBILLAS, UTA DICKHOEFER
University of Hohenheim, Animal Nutrition and Rangeland Management in the Tropics
and Subtropics, Germany

Estimates of rumen undegradable crude protein (RUP) are a prerequisite in feed evaluation and
nutrient recommendation systems. The in-situ method is the reference method used for RUP
determination. However, this method is expensive, time-consuming, and requires fistulated
animals. Therefore, this study aims to predict the RUP of tropical feedstuffs from proximate
nutrients, fiber fractions, and rumen in-vitro feed fermentation characteristics.

A total of 46 tropical feedstuffs, namely, 6 concentrates and by-products, 17 forage legumes,
and 23 forage grasses, were used to develop RUP prediction equations. With use of the software
Minitab (2018), stepwise linear regression was performed and the determination coefficient
(R?) was calculated for identified RUP equations at rumen passage rates of 2, 5, and 8%/h.
The dataset included information on (arithmetic mean=standard deviation): concentrations (per
kg of dry matter [DM]) of organic matter (OM; 902+38.9 g), crude protein (CP; 160+87.3
g), neutral detergent fiber (490£132.1 g), acid detergent fiber (287+86.3 g), acid detergent
lignin (48+28.8 g), digested OM (0.6+0.1 g kg'! OM), and metabolisable energy (10+1.9
MJ kg'! DM), as well as cumulative gas production (GP) during 24h of in-vitro incubation
(32+8.3 ml/200 mg DM) and in-situ RUP proportion (per kg CP) at rumen passage rates of
2%/h (228+90.8 g), 5%/h (299+104.0 g), and 8%/h (342+110.6 g).

The CP concentration and GP were good predictors of the proportion of RUP across all feed-
stuffs. The CP concentration accounted for 60, 72, and 77 % and the GP for 14, 7, and 4 % of
the variability in the RUP proportion at rumen passage rates of 2, 5, and 8%/h, respectively.
The following models were developed (coefficient:=mean standard error):

RUP 2%/h = (40.948.5 + 0.340.1 x CP — 1.54+0.3 x GP) x 1000/CP (R?>=0.74; p < 0.01),

RUP 5%/h = (34.1+10.6 + 0.4+0.1 x CP — 1.440.4 x GP) x 1000/CP (R?=0.80; p < 0.01),
and

RUP 8%/h = (25.24:12.5 + 0.440.1 x CP — 1.340.4 x GP) x 1000/CP (R?=0.81; p < 0.01),

where RUP is in g kg'! CP, CP is in g kg™! DM, and GP is in m1/200 mg DM.
In conclusion, the RUP proportions of tropical ruminant feedstuffs can be predicted from CP
concentration and GP.

Keywords: In-vitro fermentation, tropical feedstuffs, undegradable crude protein
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Comparison of NIRS and Wet Chemistry Methods for Analysing
Nutritional Value of Indonesian Local Feedstuffs

DESPAL, LAILA ATIKA, ROBIN CHANDRA, LUKI ABDULLAH,
IDAT GALIH PERMANA

Bogor Agricultural University, Dept. Animal Nutrition and Feed Technology, Indonesia

Near Infrared Spectroscopy (NIRS) instrument use for feed analysis is increasingly
popular due to its fast, low cost, non-destructive, and no requirements for solvents
or reagents. As the used database was developed based on feedstuffs from temperate
zones, its utilisation for tropical feedstuffs need to be calibrated. The aim of this study
was to compare results of NIRS feed analysis with the result from conventional wet
chemistry (CWC) methods. Five types (Napier grass, natural grass, corn leaves, corn
husk and rice straw) of mainly used forages in dairy cattle in Indonesia were used in
this study. The forages were collected from 5 different dairy cattle production areas.
From each area, forage from 4 different farms was collected. In total, 100 forage sam-
ples were analysed both using NIRS and CWC to measure proximate compositions
(dry matter (DM), ash, crude protein (CP), crude fiber (CF), crude lipid (XL)), and
Van Soest cell wall contents (neutral detergent fiber (NDF), acid detergent fiber (ADF)
and acid detergent lignin (ADL). The results showed that proximate analyses (DM,
ash, CP, CF, XL parameters) were significantly lower when using CWC method than
NIRS. While NDF and ADF parameters were higher when using NIRS than CWC.
Correlation between the methods was low especially for water content (r=0.413).
Therefore, estimation of tropical chemical compositions using NIRS temperate feed-
stuffs database were biased. Calibration using local database improved the correlation
(r>0.80). Validation NIRS based on local data base were also resulted in better re-
sult. It is concluded that utilisation of NIRS for analysing tropical forage need to be
calibrated with local feedstuffs wet chemistry analysis data.

Keywords: Local forage, NIRS, proximate composition, Van Soest, wet chemistry
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Livestock Feeds Assessment in Southern Highlands in Tanzania

SOLOMON MWENDIA!, ANGELLO MWILAWAZ, NZOGELA BEATUS!, JONAS
Ki1ziMAZ, WALTER MANGESHO2, ROSE LOINAZ, JULIUS BWIREZ,
AN NOTENBAERT!
Unternational Center for Tropical Agriculture (CIAT), Kenya
2TALIR1, Pastures, Tanzania

Importance of livestock in smallholder farms in Africa continue to be significant in
households’ nutrition, incomes and for socio-cultural reasons. However, the sector
faces various challenges including management, diseases and feeding among oth-
ers. With the estimated doubling of demand for animal source foods especially in
sub-Saharan Africa, due to rise in human population, efforts for improving livestock
productivity are needed. Amongst the costs involved in cattle production, the feed-
ing component takes 70 % suggesting greater attention is required in feeding in-
terventions for success to be realised. In an effort to contribute to improvement of
livestock production in Southern Tanzania highlands, current feeding status was as-
sessed in 3 districts (Mufindi, Njombe, Rugwe) following Feeds Assessment Tool
protocol (FEAST https://www.ilri.org/feast). Information captured entailed; land size
categories, livestock species reared, feed resources and seasonality, contribution of
livestock to household incomes and most suited interventions were elucidated. In the
three districts, dairy remains most prevalent amongst livestock species kept, and live-
stock in general is important for household incomes. Analysis suggest interventions
on feeds and forages addressing protein and energy supply would be crucial, includ-
ing forages suitable under cut and carry context, prevalent under smallholder farmers
settings. Dry seasons are characterised by inadequate feed resources. The information
will guide selection of forage options to be tested through farmer participation, un-
der Climate Smart Dairy Project (2019-2021) in the three districts. Identified farmer
acceptable and productive forages will be recommended for the areas other similar
ecologies, and by extension support forage development in Tanzania.

Keywords: Feed availability, forages, livestock
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Forage Options for Tanzania Southern Highlands: Preliminary
Assessment

SOLOMON MWENDIAI, ANGELLO MWILAWAZ, ANGELLO KIZIMAz, JULIUS
BWIRE?, BEATUS NZOGELA!, JOHN MUTUA!, AN NOTENBAERT!
Unternational Center for Tropical Agriculture (CIAT), Kenya
2TALIRI, Forages, Tanzania

In adequate quality and quantity, forages curtail animal production in sub-Saharan
Africa. As such, the potential of livestock agriculture to contribute to household nu-
trition and incomes is usually compromised, against an increasing consumption of
animal source foods. The growing consumption deserve forage interventions that can
address the feeding gap, and contribute to improved livestock production, and subse-
quently livestock keepers’ prosperity. Using “Targeting Tools”, a web GIS system, we
mapped the suitability of a wide array of grass and forage legumes for southern high-
lands. Using the maps, we selected context-specific varieties and procured available
seeds/planting materials for pilot trials. Following farmers’ participatory approach,
we established forage trials in three districts namely, Mufindi, Njombe and Rugwe
of southern Tanzania highlands comprising of fourteen forage treatments. The test
forages included; two Cenchrus purpureus (Syn. Pennisetum purpureum) cultivars,
two Urochloa (Syn. Brachiaria) hybrids and Chloris gayana. Where applicable, we
intercropped the grasses with three forage legumes- Lablab purpureus, Stylosanthes
guianensis, and Desmodium intortum, while Tripsacum andersonii (Syn. Tripsacum
laxum), a grass, was planted as a local check. We observed clear differences amongst
the three districts and treatments. Dry matter accumulation (t ha~!) in the districts,
and across the various forage treatments was in the order Rugwe>Mufindi>Njombe,
even when accumulation kg DM day ~!' was considered, in the early harvests. Most
DM accumulation was by Napier grass intercropped with Lablab purpureus that was
closely comparable to Chloris gayana-Desmodium intercrop. Further observations
across more cuttings, farmer’ preference rankings and quality analysis are under way
to inform reliable conclusions. The results would be applicable elsewhere with similar
agricultural context and ecologies.

Keywords: Dry matter yields, forages, participatory evaluation
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Evaluation of Undigested and Potential Digestible Fiber in
Tropical Grasses and Tropical Legumes

RiSMA RIZKIA NURDIANTI, UTA DICKHOEFER, JOAQUfN CASTRO-MONTOYA
University of Hohenheim, Animal Nutrition and Rangeland Management in the Tropics
and Subtropics, Germany

Dietary fiber is one of the main determinants for voluntary feed intake (FI) in rumi-
nants, particularly because of its effects on rumen fill. Recently, the undigested neutral
detergent fiber (i.e. remaining neutral detergent fiber (NDF) after an infinite period of
time under degradation by rumen microorganisms; uNDF) has been presented as the
most likely indicator of filling capacity by a forage. Tropical legume forages (TLF)
decrease FI when included in large proportions in ruminant diets (i.e. >400 g kg ~!
dry matter; DM; and the reasons for this may be related to the NDF concentration
and its characteristics. Plenty of information is available on the NDF concentration
of TLF, which could be as high as that of tropical grasses (TG), but no information
is available on the uNDF fraction of TLF. Thus, the objective was to evaluate the
ulNDF after 240-h in vitro incubation (uUNDF240) and the potentially digestible NDF
(pdNDF) concentrations of TLF as compared with TG. Seven samples of TG and 14
samples of TLF were collected from Indonesia, El Salvador, Peru, and Brazil. The
amylase-treated ash-corrected NDF (aNDFom) was measured using an ANKOM200
fiber analyser with addition of sodium sulfite. The uNDF240 was analysed using the
modified Tilley and Terry technique after 240-h in vitro incubation. The pdNDF was
determined by subtracting the uNDF240 fraction from total aNDFom. The results
were analysed using descriptive analysis. Values of aNDFom, uNDF240 and pdNDF
concentrations varied among different forages and within the same type. TLF had
a lower aNDFom concentration than TG (373.94:88.9 and 591.6+31.3 g kg ! DM,
respectively), but a higher uNDF240 than TG (239.3+75.4 and 231.34+71.2 g kg ~!
DM, respectively). Therefore, the proportion of pdNDF was lower in TLF than TG
(134.5£53.5 and 360.4463.2 g kg ~! DM, respectively). Furthermore, compared to
TG, uNDF240 as a proportion of aNDFom was much higher in TLF (637.6+135.7
vs. 389.5+110.6 g kg ! aNDFom). In conclusion, TLF had high uNDF240 concen-
trations which could explain the lower FI when grasses are substituted by TLF at high
rates in the diet of ruminants.

Keywords: Potential digestible fiber, tropical grasses, tropical legumes, uNDF

Contact Address: Risma Rizkia Nurdianti, University of Hohenheim, Animal Nutrition and Range-
land Management in the Tropics and Subtropics, Fruwirthstrafle 31, 70599 Stuttgart, Germany, e-mail:
aninutrop @uni-hohenheim.de

ID 448 217



Livestock

Scaling of Feeds and Forages Technologies in East Africa

UWE OHMSTEDT!, AN NOTENBAERT!, MICHAEL PETERS!, SOLOMON
MWENDIA!, STEFAN BURKART?

Unternational Center for Tropical Agriculture (CIAT), Tropical Forages, Kenya

2 International Center for Tropical Agriculture (CIAT), Trop. Forages Program, Colombia

Feed for livestock is identified as the limiting factor for livestock productivity and
accounts for up to 70 % of the production costs in the Kenyan dairy farms. Year
around access to high quality feed determines the productivity and competitiveness of
the dairy sector. The actual situation is still characterised by scarcity in quantity and
quality with scarcity peaks in the dry season.

CIAT’s Tropical Forages meanwhile works for decades on the improvement of for-
ages by breading and selection of Brachiaria and Panicum. Our private sector partner
Papalotla Sementes released 3 hybrids on the Kenyan market and they are commer-
cially available. One more hybrid, 4 cultivars of Brachiaria and 1 Panicum cultivar
will be on the market by mid 2019.

CIAT is convinced that these improved forages can mitigate feed scarcity in quantity
and quality and contribute to better feeding practices, increase the productivity of the
dairy cows and consequently contribute to higher income generation of dairy farmers.
This applies for the high productive rainy season but also shortens the period of low
to none production of the classical forages due to the better drought resistence of the
introduced Brachiaria and Panicum.

The scaling approaches (along the value chain, farmer to farmer, partnerships with de-
velopment organisations) and activities (demonstration plots, farmer field days, train-
ings, partnerships with public and private sector etc) to reach out to a large number of
farmers (>100000 farmers over 5 years) are presented as well as actual achievements
(>11000 farmers in 2018) and further planned activities.

The experiences made in Kenya will be the base for further scaling efforts in East
African countries which also have a growing dairy sector and face the same challenges
for sufficient high value feed.

Keywords: East Africa, forages, livestock, scaling
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Agronomic Evaluation of a Collection of Chloris gayana for Year
Round Forage Supply in a Dry Sub-Humid Environment in
Cordoba, Colombia

SERGIO MEJfAl, JOSE TAPIAI, MAURICIO SOTELOZ, JACOBO ARANGOZ,
MICHAEL PETERS?
LColombian Agricultural Research Corporation (AGROSAVIA), Livestock, Colombia
2 International Center for Tropical Agriculture (CIAT), Colombia
3 International Center for Tropical Agriculture (CIAT), Tropical Forages, Kenya

Globally about 3400 Mha are being used for grazing livestock, with the large part nat-
ural or naturalized pastures with seasonal forage availability limited by water supply.
As a result, livestock production is often inefficient and relying on transhumance to
seek feed resources. In Colombia and similar regions of the tropics, large areas are
prone to extended drought resulting in seasonal feed scarcity. As part of the solu-
tion, the inclusion of improved forages tolerant to abiotic stresses, which enhance
feed availability in critical periods and overcome seasonality of livestock produc-
tion, is required. In this contribution we describe the agronomic evaluation of a col-
lection of 20 Chloris gayana accessions from the ILRI genebank in Addis Ababa,
Ethiopia. The Chloris accessions were compared with three reference controls for the
region: Dichantium aristatum, Megathyrusus maximus cv. Mombasa and Megathyr-
sus maximus cv. Sabanera. The experiment was conducted in the research station
of the Colombian Agricultural Research Corporation (AGROSAVIA) in Turipana in
the Cérdoba Department of Colombia. Data was collected during 18 months between
2016 and 2017, covering both the wet and the dry season. Parameters evaluated in-
cluded nutritional quality (e.g. protein content, digestibility, fibre content) and dry
matter production. Results are currently being analysed but first insights were ob-
tained already, showing variability in the performance of the Chloris accessions eval-
uated outperforming the controls in at least one parameter. After data analyses will be
finished, at least one promising Chloris genotype will be identified for further testing
and eventual release as cultivar to be utilised in farmers fields.

Keywords: Forage production, forage quality, Latin America, livestock production,
sustainable intensification, tropical forages
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Evaluation of the Feed Quality of Six Dual Purpose Pearl Millet
Varieties and Growth Performance of Sheep Fed their Residues in
Niger

CLARISSE UMUTONI!, VINCENT BADO!, ANTHONY M. WHITBREAD?Z,
AUGUSTINE AYANTUNDE?, IBRAHIM ABDOUSSALAM!,
SEYDOU KOROMBE HAMZA*
Unternational Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Dryland
Systems and Livelihood Diversification, Niger
2 International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), India
3 International Livestock Research Institute (ILRI), Burkina Faso
4University Abdou Moumouni, Niger

Pearl millet (Pennisetum glaucum (L.)) is the main staple crop of Niger in the semi-
arid region of West Africa. Apart from the use of its grain as a nutritious food for
humans, the stover are commonly used to feed ruminants as a basal diet. Histori-
cally, crop improvement programs mostly focus on higher grains yields, stover yield,
disease resistance and water stress tolerance while crop residue quality is rarely pri-
oritised. Until recently, residue quality (especially digestibility) was not a trait that
was screened or selected for the pearl millet improvement programs in West Africa.
ICRISAT and its NARES partners have developed many dual-purpose pearl millet
varieties as options to produce both food and fodder. This study, funded by the US-
AID Livestock Systems Innovation Lab, was conducted to assess the residue quality
of five dual-purpose varieties, the feed intake and live weight gains of sheep fed these
residues compared to a commonly used local landrace. Data were obtained from 36
sheep (live weight of 27+0.3kg) fed the pearl millet residues and 600 g of cowpea
hay per day as a supplement. Sheep were randomly assigned to the six treatments,
confined and fed in individual pens per animal. Over 90 days, the animals fed with
variety 167005 had higher (p < 0.05) final live weight and average daily live weight
gain compared with those fed with cvs. 167006, 167111, 167002, chakti and the lo-
cal landrace. Feed intake was also higher with cv. 167005 and 167006. The study
revealed that the different varieties of pearl millet differ in digestibility and nutrient
composition which significantly affects the growth performance of the sheep. Two
varieties (167005 and 167006) could be recommended as the best dual purpose crops
for mixed crop and livestock systems in Niger.

Keywords: Crop residues, digestibility, dual-purpose millet, feed, growth perfor-
mance, sheep
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Effect of Using Different Levels of Willow Silage on Growth
Performance of Jordanian Awassi Lambs

SAMI AWABDEH, RAWAD SWIDAN
National Agricultural Research Center, Livestock, Jordan

The objective of this study was to substitute wheat straw as a common forage source
in Jordan with different levels of willow silage (Salix spp.) to study its effect on
growth performance of Awassi lambs. Twenty-six male Awassi lambs were randomly
assigned to one of three groups: control (8 lambs) were only wheat straw was used,
silage-10 (9 lambs) were both straw and willow silage were used, and silage-20 (9
lambs) were only willow silage was used as forage source.

At the age of 110 days, weaned lambs were caged in separate pins at Khanasri Station
for Animal Research in which dry matter intake was measured daily, and lambs body
weights were measured weekly. Average initial body weights for control, silage-
10 and silage-20 were 22.0, 22.5 and 22.1kg, respectively. Lambs consumed an
isocaloric, isonitrogenous high concentrate diet ad libitum (20:80, F:C ratio) for 90
days to study the effect of different levels of willow silage as a substitute of wheat
straw on growth performance of fattening Awassi lambs. Metabolisable energy of the
diets was between 2.9 - 3.0 Mcal kg~! and crude protein content was 16 % (all on DM
basis). Fecal samples were collected after 9 weeks of the experiment to measures the
digestibility of crude protein, neutral detergent fiber (NDF) and acid detergent fiber
(ADF).

Substitution of different levels of willow silage had no significant effect on dry matter
intake or average daily gain compared to the control. Feed to gain ratio for silage-20
was slightly higher than other groups but the difference was not significant. On the
other hand, crude protein digestibility was significantly higher (p < 0.02) in lambs
consumed silage-20 and silage-10 diets (78.3 and 75.5 %, respectively) compared to
control group (61.6 %). Lambs consumed silage-20 diet had significantly higher (p <
0.001) NDF and ADF digestibility compared to silage-10 and control groups.

In conclusion, using willow silage as a forage source not only increase the digestibility
of nutrients but also provide livestock with fresh high quality forage.

Keywords: Akwassi lambs, fattening, growth performance, Salix spp., willow silage
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Bio-Degradation of Water Hyacinth into Value Added Ruminant
Feed Using White Rot Fungi

ADEJOKE MAKO!, VICTOR AKINWANDE!, OLUWANIKE ABIOLA-OLAGUNJU?2
YTui Solarin University of Education, Dept. of Agricultural Sciences, Nigeria
2Lead City University, Dept. of Microbiology, Nigeria

A 40 day experiment was carried out on the biodegradation of water hyacinth (WH)
into value added ruminant feed using two white rot fungi Pleurotus florida (PF) and
Pleurotus sajor-caju (PC)) in a solid state fermentation. The chemical composition
and in vitro gas production degradability of the substrates were determined.

Results revealed that crude protein (CP) increased significantly (p < 0.05) from 11.61
in untreated WH to 12.86 % and 14.38 % in WH treated with PF and PC respectively.
Same trend was observed for ether extract and ash. However, the crude fibre (CF)
decreased significantly from 21.23 % in untreated WH to 18.23 % and 15.25% in
WH treated with PF and PC respectively.

The estimated in vitro gas production parameters also ranged significantly (p < 0.05),
except short chain fatty acids (SCFA) that was not significantly different. The fun-
gal treatment enhanced organic matter digestibility (OMD) and metabolisable energy
(ME) compared with untreated WH. The OMD increased from 48.50 % in untreated
WH to 52.12 % and 53.89 % in WH treated with PF and PC respectively, while the
ME ranged from 5.68 % in untreated WH to 7.56 % and 8.39 % in WH treated with
PF and PC respectively. Gas production increased significantly (p < 0.05) as the
hour of incubation progressed. Methane production decreased significantly from 4.00
ml/200 mg DM in untreated WH to 2.50 and 2.00 ml/200 mg DM in WH treated with
PF and PC respectively.

This study revealed that fungal treatment of WH enhanced chemical composition and
in vitro degradability. Hence, biodegradation of WH will fill in the gab for scarcity
of feed during the off season and enhance sustainable ruminant production in water
hyacinth endemic areas.

Keywords: Biodegradation, Pleurotus florida, Pleurotus sajor-cajor, raminant, water
hyacinth
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Crude Protein Digestibility of Mixed Legume-Grass Diets
Depending on the Quality of the Substituted Grass

JOAQUIN CASTRO-MONTOYA, UTA DICKHOEFER
University of Hohenheim, Animal Nutrition and Rangeland Management in the Tropics
and Subtropics, Germany

Legume forages are promoted in ruminants feeding because of their high crude protein
(CP) and an alleged higher digestibility than grasses, especially in tropical regions.
It is assumed that increasing the CP supply in the diet via legumes, proportionally
increases the amount of digestible CP (digCP). However, evidence exists that diet CP
digestibility (CPD) may decrease with increasing proportion of legumes in the diet,
particularly if they substitute a basal grass of high quality. Therefore, the objective of
this study was to explore the changes in digCP depending on the quality of the grass
substituted.

For this, 60 studies where legumes substituted grasses without any additional feedstuff
were classified into three categories depending on the CP of the grass: Low (CP<51.0
gkg! dry matter (DM)), Medium (51.0<CP< 93.1 gkg™! DM) and High (CP>93.1
gkg™! DM). Then within each category digCP and CPD were regressed on the amount
(gkg™! DM) of CP from legumes in the diet. The slopes of the regressions were
compared among the three categories as indicators of the contribution of legumes to
digCP and CPD.

Based on the intercepts of the regressions, grasses supplied 16.2, 38.2 and 68.1 g
digCPkg™! DM for the Low, Medium and High category, respectively. On the other
hand, slopes increased from 0.432 to 0.493 when legumes substituted grasses of Low
or Medium, respectively. This indicates an increased digestibility in the legumes CP
when these are combined with a medium quality grass. But for the High category the
slope decreased to 0.305, showing that the contribution of legumes to digCP decreases
when substituting grasses of High quality. This was confirmed when the CPD was
regressed on the amount of CP from legumes, where slopes were 1.13, 1.18 and —0.18
for the Low, Medium and High category. Even though some of these results might
be due to the increasing CP concentration in the diet, these findings still highlight
the contrasting effects of legumes on the diet’s CP digestibility depending on the
nutritional value of the substituted grass, an effect that needs further research and
consideration depending on the production system targeted for legumes utilisation.
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Nutrient Digestibility and Performance of Sheep Fed Bitter
Cassava Leaf Meal Based Diet Supplemented with Cyanide-
Degrading Bacteria

SRI SUHARTI, HAFNI OKTAFIA, ASEP SUDARMAN, KOMANG GEDE WIRYAWAN
Bogor Agricultural University, Dept. of Animal Nutrition and Feed Techn., Indonesia

This research aimed to study the effect of inoculating cyanide degrading bacteria on
the performance and nutrient digestibility of local sheep fed bitter cassava leaf meal
based diet. The experimental design used a randomised block design 5 x 3 using 15
rams, aged about 12 months with a body weight of 18.8 £ 1.02kg and placed in in-
dividual cages. The treatments were P1= 40 % napier grass: 60 % concentrate, P2 =
40 % napier grass: 45 % concentrate: 15 % bitter cassava leaf meal, P3= 40 % napier
grass: 45 % concentrate: 15 % bitter cassava leaf meal + cyanide degrading bacteria,
P4= 40 % napier grass: concentrate 30 % : 30 % bitter cassava leaf flour, P5= 40 %
napier grass: concentrate 30 % : 30 % bitter cassava leaf meal + cyanide degrading
bacteria. Variables observed were feed intake, body weight gain, rumen fermentation
characteristics (concentration of ammonia (NH ), volatile fatty acid (VFA) total and
partial) and nutrient digestibility. Data were analysed using analysis of variance. The
results showed that innoculation of cyanide degrading bacteria to the sheep fed high
level of bitter cassava leaf meal (30 %) did not affect feed consumption, but signifi-
cantly increased (p < 0.05) total VFA production, concentration of NH 5, propionate
proportion, body weight gain and feed efficiency. In addition, methane estimation
significantly decreased (p < 0.05), meanwhile ratio C2/C3 significantly increased. In
contrast, the use of bitter cassava leaf meal at the level of 30 % without cyanide de-
grading bacteria addition significantly decreased body weight gain and feed efficiency
of sheep. In conclusion, the addition of cyanide degrading bacteria could detoxify
cyanide in bitter cassava leaf meal efficiently to reduce its toxicity for the sheep and
enhance rumen fermentation as well as sheep performance.

Keywords: Bitter cassava leaf, cyanide degrading bacteria, digestibility, performance,
sheep
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Genetic Diversity of Nubian Ibex in Comparison to other Ibex and
Domesticated Goat Species

STHAM A. RAHMATALLAL2 DANNY ARENDS2, LUBNA M. A. HASSAN?,
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YHumboldt-Universitit zu Berlin, Dept. Animal Breeding Biology and Molecular
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ticultural Sciences, Germany

3Wildlife Research Center, Animal Resource Research Corporation, Federal Ministry of
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4 Leibniz Institute for Farm Animal Biology (FBN), Institute for Genome Biology, Germany
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Nubian ibex (Capra nubiana) is the only ibex species which has adapted to live in
hot, arid regions. Nubian ibex was listed as a vulnerable species in 2008 by the [UCN
and is currently considered as critically endangered. The objective of this study was
to infer the population structure and genome wide diversity of Nubian ibex (Capra
nubiana, n = 8) in comparison to Alpine ibex (Capra ibex, n = 8), Bezoar ibex (Capra
aegagrus, n = 4), and domesticated Taggar goats (Capra aegagrus hircus, n = 24).
Animals were genotyped by using the goat SNP50 BeadChip. The assessment of
the genetic diversity in wild breeds by using the SNP chips designed for domesti-
cated breeds is very challenging. Hierarchical clustering using Nei’s genetic distances
clearly distinguished between the four examined species. Surprisingly, Nubian ibex
clusters closer to the Alpine ibex, than to Bezoar ibex. Principal component (PC)
analysis confirmed the initial finding from clustering. The principle component 1
(PC1) accounts for 38 % of the total variation and separates the Nubian and Alpine
ibex in one compact group from the Bezoar ibex and Taggar goat. The SNPs that con-
tributed strongly to PC1 were used to pinpoint genomic regions contributing to the
differentiation between breeds. Such regions are located on chromosomes 3, 6, 8, 10,
and 21. Among the genes in the vicinity of those SNPs are genes coding for casein
milk proteins on chromosome 6. Variation in milk protein genes likely contributes
to the genetic differences between wild and domesticated species and highlights the
importance of preservation and genetic analysis of these critically endangered breeds.
The first three authors contributed equally to this work.
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Polymorphisms GDF9 and FSHR Genes and its Association with
Litter Size in Egyptian Goat Breeds

HELMY METAWI, HEBA ABD EL HALIM
Animal Production Research Institute, Sheep and Goats Research, Egypt

Phenotypic evaluation and culling of candidate animals for traits by applying tradi-
tional animal breeding are usually costly tasks which require considerable time to be
carried out. Molecular genetics as an alternative method enables animal breeders to
select eligible animals for the desirable trait(s) at their earlier ages. Selection based
upon markers could result in increasing accuracy as well as selection response of
animals. This research was performed for screening polymorphism of growth differ-
entiation factor 9 (GDF9) and follicle stimulating hormone receptor (FSHR) in two
goat breeds Zaraibi and Baladi of Egypt. Both breeds are more prolific than other goat
breeds found in the country. To find molecular markers to associate with litter size,
animals were selected based on single birth (SB) and multiple births (MB) history.
Forty samples were collected from each breed. In Baladi goat breed, polymorphic
restriction pattern indicate presence of one band with 710 bp among all SB does, and
three bands with 710, 600 and 100 bp for MB does. In Zaraibi goats, polymorphic
restriction pattern indicate presence of one band with 700 bp among all SB does and
two bands with 600 and 100 bp for MB does. These results showed the presence of
polymorphic of GDF9 in Baladi goat and monomorphic of GDF9 in Zaraibi MB does.
The mutations in the GDF9 gene associate with fecundity were identified only in in-
vestigated MB Egyptian goat breeds. On the other hand, the restriction enzyme which
was used in PCR-RFLP did not identify any FSHf gene mutation in exon 1. Alig-
ment of the tested alleles with Capra hircus GDF9 sequence from gene bank showed
transition in multiple birth does from CCGAGG to GTTCAT and from TT to AG in
regions from 52 to 57 and from 61 to 62, respectively. On the other hand, only one
transition occurred in FSHB sequence gene from CTGTT to ACAAA in region from
31 to 35. The study indicates possibilities of using these markers for selection for
high prolificacy in Egyptian goats.
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Farmers’ Desired Attributes for Community Owned Persons for
Integration in Trypanosomiasis Control Programs in Kenya
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pact Assessment, Kenya

Animal trypanosomiasis is a major constraint to livestock production and a threat to
food security in most parts of sub-Sahara Africa (SSA). Smallholder farmers are par-
ticularly affected because access to veterinary services is limited in most cases. While
efforts have been made to control the spread and prevalence of the disease in Kenya,
for instance, through the use of traps, repellents and drugs, the disease continues to
cause losses to livestock producers. These losses include reduced meat and milk off
take, weight loss, reduced traction power of oxen, high calf mortality and overall cost
of livestock management. Subsequently, with the current insufficient extension and
veterinary services in the country, farmers in endemic areas resort to presumptive and
indiscriminate drug administration thus increasing the risks of drug resistance. In-
tegrating communities into tsetse and trypanosomiasis control programs as a way to
tackle these challenges has become an important consideration in the development
policy agenda in SSA. This approach proposes recruiting and training a pool of com-
munity owned resource persons (CORPs) to address the insufficient veterinary and
extension services and subsequently reduce cases of drug resistance. Further, CORPs
are believed to be vital in facilitating technology transfer to farmers. However, the
desired attributes of the CORPs by farmers are not known. This paper applied choice
experiment (CE) method to assess the farmers’ desired attributes for CORPs in Kwale
County, Kenya. A random parameter logit (RPL) model was used to analyse the CE
data. The analysis reveals that a CORP must have secondary school education and
be a permanent resident of the community. Further, age, marital status, training part-
ner, and recruitment process, are all significant attributes that influence integration
of CORPs in trypanosomiasis control programs. The findings call for an integrated
approach where CORPs are recruited and trained based of farmers’ preferences.
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Community Animal Health Workers: Filling Gaps in Animal
Health Services in Remote Global South Communities
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Basic animal health services are often insufficient in many rural areas in the global
south, such as Eastern Africa, the project region of Vétérinaires sans Frontieres Ger-
many (VSFG), leading to certain risks related to poverty, public health and food in-
security and nutrition. Community-Based Animal Health Workers (CAHWSs) try to
fulfil the previously named gaps. CAHWs are community members who are selected
in a participatory way and work in collaboration with private veterinary doctors, vet-
erinary public services and supporting bodies (international programs and NGOs).
CAHWs perform a limited range of veterinary health services (such as vaccination,
deworming and others), in return of some form of payment (either cash, voucher sys-
tem or in kind) and disseminate husbandry, farming and natural resources manage-
ment methods in order to optimise animal production. In 2017, VSFG trained 1345
CAHWs in Ethiopia, Kenya, Somalia, Sudan and South Sudan.

However, CAHWs encounter several challenges related to: i) the lack of a common
nomenclature on a global level and even in the same country; ii) no standardised train-
ing; iii) inadequate supervision; iiii) their role and status: has often not been officially
recognised in regulatory frameworks1,2. CAHWs operate under the One Health ap-
proach, since their positive impacts can be measured in animal health and wellbeing,
on the people who depend on them (like agro-pastoral communities to whom livestock
means food security, income source, savings and employment), and on the environ-
ment, through better use and management of natural resources. They play a vital role
in epidemiologic surveillance and overall public health matters such as food safety,
prevention and control activities of zoonotic diseases (anthrax, brucellosis, rabies etc.)
and other Neglected Tropical Diseases. Therefore, larger efforts need to be made in
order to overcome the above mentioned challenges and to allow CAHWs to be inter-
nationally and nationally recognised and integrated in the Veterinary Health System
Legislation, to facilitate and expand their training and supervision; to clarify the roles
and responsibilities of each of the actors involved in the local animal health system,
to assure the sustainability; and to promote stronger public-private engagements and
frameworks to incentivize investments in the system.

Keywords: Agro-pastoral communities, framework, livestock, One Health
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Potential of Phytogenics in Filling Gaps and Removing Traps for
Sustainable Livestock Production without Antibiotics

CHRISTABEL AGHOROWEI, AMAMIEGHAYE EDUM, RUTH TARIEBI S. OFONGO
Niger Delta University, Dept. of Animal Science, Nigeria

In the current era of antibiotic free animal production, medicinal plants and spices
are been highlighted to fill gaps and remove traps for sustainable livestock resource
development. Secondary plant metabolites such as tannins, saponins, flavonoids, an-
thraquinones and other compounds with antimicrobial, antibacterial, antifungal, an-
tiviral and immune response inducing potential can successfully fill gaps in sustain-
able livestock resource development without antibiotic growth promoters. This will
ultimately benefit both producers and consumers of animal products. In order to better
understand these potentials of phytogenics, qualitative and quantitative analysis of the
methanolic extract of Ocimum gratissimum (lyn) was carried out. Qualitative analy-
sis for specific phytochemical was carried out as follows: terpenoids (Liebermann —
Burchard test); phenolic compound (Lead acetate test); tannins (Ferric chloride test);
flavonoids (Shinoda’s test) and reducing sugars (Fehling’s test). Total flavonoid con-
tent was expressed as Rutin equivalents (mg Rutin Equivalents per g extract). The
total phenolic content of the extract was estimated using the Folin Ciocalteau reagent
method and result obtained reported as Gallic acid equivalent per g of extract. All
analysis was carried out in triplicates.

Qualitative analysis revealed the presence of terpenoids, phenolic compounds and
tannins — heavily detected (+++) while flavonoids were detected (++). Quantitative
analysis indicated reducing sugar concentration of 9.01 mg g ! of extract. Other phy-
tochemicals were; 5.66mg g of extract (tannins). Total phenolic content measured
as Gallic acid equivalent was 37.45 mg Gallic acid equivalent per g of extract while
total flavonoid content measured as Rutin equivalent was 35.12 mg Rutin equivalent
per g of extract.

From the results obtained, it is obvious that Ocimum gratissimum has secondary
metabolites with potential to fill gaps in sustainable livestock resource development
in the absence of antibiotics.

Keywords: Antibiotics, livestock production, Ocimum gratissimum, phytogenics
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How Agro-Ecological Transition Could Sustain Goat Keeping in
Nomadic Systems of Iran

FARHAD MIRZAEI
Aryan Rural & Nomads Animal Production Management Association, Iran

Pastoralism is a type of animal production characterised by the use of spontaneous
food resources. Since 50 years, the dominant paradigm of agriculture has been based
on specialisation and intensification of production systems by maximising the issue of
production factors including higher yields, higher inputs, higher dependence on food
industry. Its positive effect is increased food safety and its negative effect is envi-
ronmental impacts and decreasing number of farmers. Five principles of agroecology
for livesock are as follows: (i) the integrated management of animal health, (ii) the
reduction of inputs by using ecological processes, (iii) the reduction of pollutions by
controlling the biological cycles, (iv) the use of diversity in production systems to
increase their resilience and (v) the preservation of biodiversity (pastures, landscapes,
and local populations) by adapting practices. To define agroecological characteris-
tics for goat keeping in Iran the following items should be considered and developed:
animal nutrition, sustainable pasture management, crops and forage practices, dis-
ease prevention, breeds and reproduction, animal welfare, food safety and hygiene,
marketing and management, conditions of social and economic sustainability, envi-
ronmental sustainability and societal contribution. The productivity of Iranian goats
is low, with a national average estimated at 150 kg of milk and 20 kg of meat per goat
per year. The Iranian goat sector is dominated by extensive herds dedicated to the
production of goats for meat and milk, which have very seasonal sales concentrated
mainly during the feast of sacrifice and Ramadan. The production of goat milk is
undergoing an important development, especially in the centre of the country, and is
allowing for a significant improvement in the profitability of goat operations.

Keywords: Agro-ecological transition, goat keeping, nomads
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Does Transhumance and/or Vegetation Types Affect the
Productivity of Natural Rangelands in Benin?

RODRIGUE V. CA0 D10Go!, Luc HIPPOLYTE D0OSSA?, PENELOPPE G.T.
GNAVO!, EVA SCHLECHT?, ANDREAS BUERKERT*
YWUniversity of Parakou, Dep. of Sci. and Techn. of Animal Prod. and Fisheries, Benin
2 University of Abomey-Calavi, Fuc. of Agricultural Sciences, School of Science and Tech-
nics of Animal Production, Benin
3 University of Kassel / University of Goettingen, Animal Husbandry in the Tropics and
Subtropics, Germany
4University of Kassel, Organic Plant Production and Agroecosystems Research in the
Tropics and Subtropics, Germany

Transhumance is a way of life and a livestock rearing strategy that greatly contributes to animal
production and the livelihood of pastoralists. Although, this production system contributes to
livelihoods, it is increasingly being considered as a threat to rangelands. To evaluate this claim
and derive recommendation for the sustainable use of rangelands, we investigated the effects of
bovine transhumance and of vegetation types on the biomass production and species diversity
of plant communities on natural rangelands in Benin. Three distinct agro-ecological zones
(AEZ) were studied in north-east, centre and south Benin. Two zones of different intensity
of transhumance (ST: strong and WT: weak animal frequentation) and three vegetation types
(VT) per site (open forest/woodland savannah, wooded savannah/shrubland savannah and crop
field mosaic) were considered. A four-month floristic survey of herbaceous plants was carried
out in the three AEZ with a total of 130 phytosociological surveys including 90 surveys in ST
and 40 in WT. Total species richness in north-east was 77 in ST compared to 44 herbs in WT.
Likewise, in central Benin, 135 herbaceous species were identified in ST against 80 in WT,
whereas in south a total of 33 herbaceous species were found in ST compared to 16 species
in WT. In all AEZ, forbs dominated as compared to grasses. The diversity of herbaceous
species was not significantly affected by transhumance (p > 0.05), but by VT and site, with
significant interaction (p < 0.05). Despite the species richness observed in ST zone, the total
plant biomass was neither affected by transhumance nor by vegetation type, but a site (AEZ)
effect and a combination of AEZ, VT, and site was determined (p < 0.05).

The results reveal that AEZ and VT play a key role in species richness and biomass produc-
tion, whereas plant diversity and biomass production were not per se affected by the intensity
of grazing, most probably due to the combined effect of AEZ and VT. This suggests that pas-
toral transhumance alone has no direct effect on the floristic composition of the studied natural
rangelands and is thus no major driving force of plant biodiversity loss across different AEZ of
Benin.

Keywords: Benin, cattle, land degradation, pastoral mobility, plant biodiversity
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Effect of Dry Season Supplementary Feeding on Performance of
Desert Sheep in North Kordofan State, Sudan

IBRAHIM BUSHARA!, NORR ELDEAN HASSAN?

YWniversity of Kordofan, Fac. of Natural Resources and Environmental Studies, Dept. of
Animal Production, Sudan
2Ministry of Agriculture, Livestock and Fishery, Sudan

This study was conducted at North Kordofan State, Sudan. The objectives of the
study were to investigate the effects of supplementary feeding during mating, late
pregnancy and pre-lambing period on ewe productive and reproductive performance
for Desert sheep during the dry season. Eighty ewes were selected from the flock
of Desert sheep for this study. Ewes were weighed and randomly divided into four
groups of 20 ewes each. Group A was supplemented with diet one (40 % sorghum,
35 % groundnut seed cake, 20 % wheat bran, 4 % sheath, 0.25 % salt lick, 0.75 % com-
mon salt), group B received diet two (35 % sorghum, 30 % groundnut seed cake, 30 %
wheat bran, 4 % sheath, 0.25 % salt lick, 0.75 % common salt), group C received diet
three (30 % sorghum, 25 % groundnut seed cake, 40 % wheat bran, 4 % sheath, 0.25 %
salt lick, 0.75 % common salt) and group D served as control (un-supplemented with
feed intake depending on pasture only, as practice by farmers). Groups A, B and C
were offered their respective supplement feed during 30 days before estrus, 30 days
after mating, 45 days before lambing and 90 days after lambing, whereby each diet
was offered in the evening at 350 grams per ewe and day. Supplementary feeding
had a significant (p < 0.05) effect on reproductive traits, by increasing conception
rate and lambing rate as compared to the control group. Supplementary feeding also
significantly (p < 0.05) affected abortion rate which was higher in the control group
as compared to the supplemented groups. Furthermore, supplementation enhanced
prolificacy in the supplemented groups as compared to the control (p < 0.05). Sup-
plemented ewes recorded higher (p < 0.05) birth weights of lambs (A: 2.32kg, B:
2.11kg, C: 2.02kg, D: 1.80kg) as well as higher (p < 0.05) weaning weights (A:
11.46kg, B: 10.70kg, C: 8.82kg, D:7.86 kg). In conclusion, supplementation of
Sudanese Desert ewes with diet one (group A) during the breeding period most effec-
tively improved the reproductive performance of the ewes.

Keywords: Body change, desert sheep, reproductive, Sudan, supplementation
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Village Level Dairy Goat Development Project in Kenya:
A Review on Gaps that Affect Sustainability

THOMAS OGOLA!, ISAAC KOSGEY?
YEgerton University, Dept. of Agricultural Economics and Agribusiness Management,
Kenya
2Egerton University, Dept. of Animal Sciences, Kenya

Many development projects prioritise high-return programme interventions that con-
tribute to mitigate food insecurity, improve nutrition, and increase the incomes of the
rural poor. Key to this is the nurturing of innovations and adaptive technologies and
techniques that support these outcomes. Human population pressure, ensuing land
demarcation, multi-parity and multiple births, and shorter generation interval have
stimulated use of dairy goats in rural development efforts in Kenya. This has led to
major good production intensification and scaling-up over the last few decades in the
Kenyan dairy goat sector driven by the promise of health benefits from the dairy goat
milk. Although some areas like central Kenya and Nyanza saw a major expansion, in
other areas this has largely stagnated. The industry is struggling to sustain the pro-
gresses made by a number of projects. Thus, a review of the existing literature and
project experiences related to dairy goat development in Kenya was performed with
the aim of identifying gaps that may have contributed to the current situation.

It was found that lack of supportive policy and regulatory environment with regards to
milk standards and goat sales, unsustainable breeding strategies, uncoordinated breed-
ing system, uncoordinated milk and goat marketing, lack of technical support, and
inadequate stakeholder or industry player’s involvement have all contributed to this
scenario. In order to bring about sustainable dairy goat development in the country,
these factors need to be adequately addressed. The way these identified factors are ad-
dressed will determine the success and sustainability of the dairy goat projects. Value
addition, promoting quality assurance supporting development of fodder management
and feeds, developing breeding strategies and investment in genetics are encouraged.

Keywords: Dairy goats, gaps, Kenya, sustainable development
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Biodiversity in Animal Genetic Resources and their Importance
for Environmental and Animal Welfare

RUDOLF BUHLER
Bduerliche Erzeugergemeinschaft Schwibisch Hall, Germany

The People’s Republic of China does not only host the world’s largest numbers of pigs
but also the largest pool of animal genetic resources in terms of pig breeds. There are
more than 120 autochthonous Sus scrofa vitattus breeds (Asian banded pigs) of which
several were imported to England at the end of the 18 ™ century and after 1816 also
reached the mainland of the European continent. Until then, only Sus scrofa scrofa
types as partially domesticated wild pigs where found in Europe. The most well-
known descendant of the Sus scrofa vitattus sub-species is the Schwibisch-Hillische
Landschwein which originates from the Jinhua pig bred Hangzhou province; in 1820
it arrived via England to Stuttgart-Hohenheim in Germany.

Since the 1970s, pig farming in Europe is dominated by mainstream breeds and hy-
brids that are bred for maximum daily feed intake and optimised conversion of highly
digestible feeds such as wheat, barley and soybeans. This implies a misguided lux-
ury consumption of primary agricultural products which should, for reasons of eco-
nomic and ecological sustainability, be reserved for human nutrition. However, Asian
banded pigs and thus also the Schwibisch Hillische Lanschwein, have the ability
to utilise secondary agricultural raw materials in a resource-efficient manner due to
physiological characteristics of their digestive tract. Sustainable strategies of pig meat
production must account for such parameters that account for high resource efficiency.

Keywords: Breeds, genetic resources, pigs
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Performances and Efficiency of (Peri-)Urban Pig Breeds under
Different Production Management in Ouagadougou,
Burkina-Faso

SERGE EUGENE MPOUAM, REGINA ROSSLER, EVA SCHLECHT
University of Kassel / Georg-August-Universitit Gottingen, Animal Husbandry in the
Tropics and Subtropics, Germany

The demand of pork in sub-Saharan Africa is supposed to rise substantially in the
coming years due to urbanisation and urban population growth. In this study we com-
pared the production performance and resource use efficiency of local and crossbred
pigs under different feeding intensities in six representative (peri-)urban pig farms
in Ouagadougou, Burkina Faso, by quantifying input and output every 6—10 weeks
over a 16-month period. The overall productivity of pig rearing was low, with mor-
tality rates of 61 % and 14 % in local and crossbred pigs, respectively, and average
litter sizes of 5.14-1.9 versus 5.4+2.3 piglets in crossbred and local sows. The inter-
farrowing interval averaged 206+42 days in both breeds. The average daily weigh
gain (ADG) of growing animals was 110+116 and 70469 g d ~! in crossbred and
local pigs, respectively. Suckling crossbred pigs had a 60 % higher ADG than local
pigs while their mother sows were losing weight about twice as fast during lactation
than the local sows, even though they received about 40 % more feed dry matter per
kg metabolic weight and day. Most feeds offered to pigs were protein-rich indus-
trial by-products, and supply of commercial pig feeds was limited to crossbred pigs.
There was a high variability in feeding intensities between farms and seasons. In most
cases, the provision of metabolisable energy was by far more limiting pig growth than
the supply of digestible protein, with severe energy deficits observed in 50 % and
40 % of local and crossbred animals, respectively. A more efficient use of resources
and therefore an improvement of production performances can be realised through
requirement-based pig feeding, combined with improved animal management that in-
cludes the cancelation of scavenging, adoption of proper housing and year-round stall
feeding.

Keywords: Feeding intensity, Ouagadougou, pig breeds, production performance,
resource use efficiency, West Africa
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Pig Production in Uganda - Adapting to Climate Change

PAUL ZAAKE!, OGHAIKI ASAAH NDAMBIZ, BIRTHE PAUL?, KAREN
MARSHALL*, AN NOTENBAERT?, EMILY OUMA?>, MICHEL DIONE?,
GEORGE OUMA!
YWUniversity of Nairobi, Institute of Climate Change and Adaptation, Kenya
2Wageningen University and Research, Animal Science Group, The Netherlands
3International Center for Tropical Agriculture (CIAT), Tropical Forages Program, Kenya
4International Livestock Research Institute (ILRI), Kenya
SInternational Livestock Research Institute (ILRI), Uganda

Pigs are sensitive to heat stress as they lack functioning sweat glands and have small
lungs, which reduce their ability to disseminate heat by panting. Moreover, there
is limited attention to impacts of climate change on pigs in Uganda by stakeholders
despite the potential vulnerability of pigs to heat stress. The objectives of the study
were to i) determine the heat-stress status in pigs, ii) analyse factors influencing heat-
stress, and iii) explore the heat-stress adaptation options in Lira District, Uganda.
Data on heat-stress indicators was collected from a survey of 104 households and
measuring 259 pigs in Ojwina (Urban) and Barr (Rural) sub-counties of Lira district.
Heat-stress indicators included skin temperature (ST=36.32°C+2°C), and rectal tem-
perature (RT=39.06°C+0.83°C). Ordinary Least Squares linear regression analysis
assessed the factors influencing each of the heat-stress indicators. Adaptation options
were explored during four gender dis-aggregated focus group discussions with 15
male and 16 female participants in total. The preferred adaptation options were anal-
ysed using the average preference rating. According to the farmers, 51.6 % of the pigs
were heat-stressed. The results showed that heat stress was influenced by the exter-
nal temperature humidity index, pig management system, pig category, colour, heart
girth, water quantity given, pig’s body condition score and time of the day. The results
showed that the most preferred adaptation options included constructing a high pig
pen roof to facilitate easy air flow (Average Preference Rating = APR = 4.75); pour-
ing water on the pigs (APR = 4.63); and allowing pigs to swim/wallow (APR=4.48).
These heat stress adaptation options are suited to the local farm conditions in Lira and
offer insight into appropriate techniques that could be applied elsewhere to improve
livelihoods and food security. This study confirmed the importance of heat stress risk
to pig production in Uganda, and more attention from stakeholders and policy makers
is needed.

Keywords: Adaptation, climate change, heat stress, swine, Uganda
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The Role of Chicken Production Systems and Management
Practices on Newcastle Disease Outbreaks in Kenya

BILLY OKEMER IPARA!, DAVID JAKINDA OTIENO!, ROSE NYIKAL!,
NABWILE STELLAH MAKOKHA?
YUniversity of Nairobi, Dept. of Agricultural Economics, Kenya
2Kenya Agricultural and Livestock Research Organization (KALRO), Kenya

Newcastle disease (ND) is the most prevalent chicken disease in many developing
countries including Kenya. It accounts for over 80 % of chicken mortality rates, de-
priving farmers of their source of livelihood. It is the main challenge for farmers
especially those rearing indigenous chicken under the free-range system. This is due
to the lack of uniformity in practices, favouring the introduction and spread of the dis-
ease. This is worsened by the lack of information about how management practices
contribute to the spread of ND. In Kenya, there exists limited information on how
chicken production systems and management practices influence ND outbreaks. The
current study aimed at assessing the role of chicken production systems and manage-
ment practices on the frequency of ND outbreaks in Kenya. A Focus group discussion
(FGD) consisting of chicken farmers, traders and veterinary officers was conducted
to get insights on the chicken value chain and ND. A three-stage sampling procedure
was used to select 192 and 140 chicken farmers in Kakamega and Machakos counties
of Kenya. A poisson regression model (PRM) was used to estimate the effects of pro-
duction systems, management practices as well as farmer attributes on the frequency
of ND outbreaks. Descriptive results highlight the low access to institutional and sup-
port services like extension, trainings and credit. From the PRM results, practices like
flock size, type of housing, housing composition, biosecurity and vaccination as well
as farmer attributes like ND awareness and extension access had significant effects
on the frequency of ND outbreaks. Based on the results, Counties should implement
programs to recruit and deploy extension officers to facilitate delivery of information
and extension. Credit service providers need to create affordable services and pack-
ages that target small-scale farmers. There is need to create more awareness among
chicken farmers on aspects like disease detection, disease response and mitigation
measures. Farmers should be sensitized on the need to adopt better feeding practices
as well as proper housing for chicken so as to reduce the likelihood of birds com-
ing into contact with disease spreading pathogens. Country governments should also
develop relevant to facilitate efficient and effective vaccine delivery.

Keywords: Biosecurity, newcastle disease, production systems, vaccination
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Comparative Assessment of Age, Growth and Food Habit of the
Black-Chinned Tilapia, Sarotherodon melanotheron (Riippell,
1852), from Closed and Open Lagoons, Ghana

CEPHAS KWESI ZUH!, SETH MENSAH ABOBI?!, BENJAMIN BETEY CAMPION?
YUniversity of Bremen, Fac. of Biology, Germany
2 University for Development Studies, Fuc. of Environment and Natural Resources, Ghana
3Kwame Nkrumah University of Science and Technology, Fac. of Renewable Natural
Resources, Ghana

The black-chinned tilapia Sarotherodon melanotheron is the most abundant fish species
in the Nakwa (an open lagoon) and Brenu (a closed lagoon) in the Central Region of
Ghana. Aspects of the life history characteristics and the ecology of the fish pop-

ulations in both lagoons were studied to assess the bio-ecological status of this im-

portant resource. The size and weight of fish samples ranged between 3.9-11.5cm

total length and 0.960-27.299 g for Nakwa Lagoon and 5.6—12.8 cm total length and

3.160-29.810¢ for the Brenu Lagoon. The estimated von Bertalanffy growth param-

eters were Loo = 12.04 cm; K =2.76 year ! for the Nakwa Lagoon samples and Leo
=13.44 cm; K = 3.27 years ! for Brenu Lagoon samples. Daily otolith incremental
rate ranged from 0.01-0.03 mm per day and 0.01-0.02mm per day for Nakwa and

Brenu lagoons respectively. Stomach content analysis of the fish samples revealed
that the species are planktivorous and the range of food varied between the lagoons.

Green algae were the most prevalent food item in the stomachs of the fish samples

from Nakwa with the frequency of 69 %, while diatoms (80.5 %) were most prevalent

phytoplanktonic food item in for the fish in Brenu lagoon. The estimates of asymp-

totic length for the species in both lagoons are alarmingly close to known values of
the species length at first sexual maturity and points to intensive fishing pressure. As a
consequence, a more comprehensive sample-based survey is required in both lagoons

to derive robust estimates of management reference points. The results of the stomach

content analysis are beneficial to the construction of diet matrix for ecosystem models

of the two systems.

Keywords: Age, food, Ghana, growth, lagoon, otoliths, tilapia
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Potential of Essential Qils in Filling Gaps and Removing Traps for
Sustainable Poultry Production

CHRISTABEL AGHOROWEI, AMAMIEGHAYE EDUM, RUTH TARIEBI S. OFONGO
Niger Delta University, Dept. of Animal Science, Nigeria

Essential oils extracted from plant materials are aromatic, volatile and oily liquids
which can serve as alternatives to antibiotics. Essential oils have antimicrobial, anti-
inflammatory, anti-oxidative and coccidiostatic properties. The essential oil of Oci-
mum gratissimum (lyn) a medicinal plant consumed as a spice in Nigeria was ex-
tracted to determine its in-vitro antibacterial activity against Salmonella enteritidis,
Salmonella typhymurium and Clostridia perfringens isolated from poultry litter. The
oil was extracted with the means of a Clevenger and placed in an amber bottle before
antibacterial studies was carried out. The bacteria S. enteritidis, S. typhymurium and
C. perfringens were isolated using bacteria specific agar after serial dilution of poul-
try litter collected from poultry pens. Clostridium perfringens was cultured on Rein-
forced Clostridia Agar while Salmonella were sub cultured from Salmonella shigella
agar onto Mueller Hinton Agar to remove the effects of indicators and suppressive
chemical agents in primary isolation media. The disc diffusion method was used to
determine the zone of inhibition (ZOI — in mm) of O. gratissimum essential oil against
the 3 bacteria. The oil was standardised to 80 %, 40 % and 20 % respectively with the
aid of 2 % pharmaceutical grade laboratory soap.

The essential oil of O. gratissimum was elicited antibacterial property against all three
bacteria tested. The ZOI against S. typhymurium was 40.00 mm (80 %), 35.00 mm
(40 %) and 25.00mm 20 %) respectively. Values recorded for S. enteritidis were
28.00 mm (80 %), 25.00 mm (40 %) and 23.00 mm (20 %). The essential oil cleared
C. perfringens at all levels of treatment with the oil. A value of > 40.00 was recorded.
From the results obtained it can be concluded that O. gratissimum essential oil has
potential filling gaps and removing traps for sustainable poultry production in Nigeria.

Keywords: Antibiotics, Clostridia perfringens, essential oil, Salmonella enteritidis,
Salmonella typhymurium
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Broiler Chickens’ Performance and Prebiotic-Potential of Wheat
Offal and Palm Kernel Cake Supplemented with Xylanase

OLUWATOMIDE ARIYO', JOB OLUTIMEHIN ATTEH?, OLUSEYI O.
OLUWATOSIN!, ESTHER TAIWO!
Y Federal University of Agriculture Abeokuta, Dept. of Animal Nutrition, Nigeria
2 University of Horin, Dept. of Animal Production, Nigeria

This study evaluated the prebiotic potential, performance and nutrient digestibility of
broilers fed diets containing wheat offal (WO) and palm kernel cake (PKC) with or
without xylanase supplementation. A 35-day feeding trial made up of a 3 x 2 factorial
design was conducted using 288 1-day old Marshall broiler chickens. The birds were
randomly allocated to six dietary groups. Each group was further divided into 6 repli-
cates of 8 birds each. Birds were fed control (maize: 60 %), corn-wheat offal (30 %
each) and corn-PKC (30 % each) based diets with or without xylanase supplementa-
tion. Nutrient digestibility trial was done on day 21 of the experiment using 2 birds per
replicate. On day 35, 3 birds per replicate were sacrificed to determine the microbial
profile assay. Their crops were aesthetically removed and placed in sterilized sample
bottles (used to convey them to the laboratory for analysis). Data collected were sub-
jected to Analysis of Variance with 5 % significance in a Factorial Design. Feed intake
(FD) increased (p < 0.05) with wheat offal and PKC inclusion while weight gain (WG)
and feed conversion ratio (FCR) were not affected. Xylanase supplementation had no
effect (p > 0.05) on FI and WG but significantly improved the FCR (1.99). Xylanase
supplementation did not influence (p > 0.05) crude protein (CP) and fat (CFa) re-
tention but improved (p < 0.05) crude fibre (CF) digestibility (58.79 %). Birds fed
control diet recorded a higher (p < 0.05) CP (77.83 %) and CFa (80.45 %) digestibil-
ity while birds fed test diets (WO and PKC) had higher CF digestibility. Total viable
count (TVC) and feacal coliform count (FCC) was higher (p < 0.05) in the control
groups as compared to groups fed WO and PKC. Xylanase supplementation and WO
inclusion resulted into higher (p < 0.05) Lactobacillus count (1.46 cfu mL -1 and lower
TVC and FCC. This study concluded that xylanase supplementation enhanced FCR,
CF digestibility and prebiotic potential of broiler chickens fed wheat offal and palm
kernel cake.

Keywords: Palm kernel cake, performance, prebiotic potential, wheat offal, xylanase
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Sodium Diformate and Alkaloids in the Starter Diet of Young
Broilers Improve their Performance against Negative and Positive
Controls

CHRISTIAN LUCKSTADT, STEVAN PETROVIC
ADDCON, Germany

Nutrition plays a crucial role in broiler production, particularly during the post-hatch
period, since healthy gut development affects later performance. However, although
poultry production often suffers from losses due to contamination with pathogenic
bacteria, overuse of antibiotics, the development of resistant bacteria and their ill ef-
fects on the human population, have led to the prophylactic use of antibiotics being
banned in animal farming in many countries. Although this ban is well deserved, the
bacterial challenges experienced in the poultry industry mean that, it is still imperative
to have some kind of tool to control bacterial infections and improve the performance
of the farmed animal. Organic acids and plant extracts have proved especially effec-
tive in maintaining growth performance. Previous studies on the antimicrobial impact
of these additives have placed less emphasis on the starter period. The objective of
this experiment was therefore to evaluate the impact of dietary sodium diformate and
alkaloids (traded as Formi® Alpha, ADDCON; hereafter referred to as NDF-A) in
broiler starter diets until day 21, against both a negative and a positive control con-
taining an antibiotic growth promoter (AGP; trimethoprim/sulfadiazine). 180 one-
day old male broilers (Ross 308) were randomly allocated to one of three treatment
diets with six replicates of 10 birds each in floor pens on a research farm in Iran. Ex-
perimental treatments were: negative control (NC); AGP; and 2 kg tonne ' NDF-A.
Broiler starter diets were provided as mash feed ad libitum. Body weight, feed intake
and FCR were recorded after 21 days. Data were analysed and a confidence level
of 95 % was defined. Growth performance results revealed a positive impact of the
diformate-alkaloid additive. Dietary NDF-A improved body weight gain compared
to both the NC and AGP diets (8.9 % and 2.6 %, respectively; p < 0.01). Feed in-
take of NDF-A differed only numerically (+6.1 % and +2.4 % against NC and AGP,
respectively). FCR improved only numerically by NDF-A inclusion and varied be-
tween control (1.74) AGP (1.70) and NDF-A (1.69). Formi ® Alpha improves growth
performance in broilers during the crucial period of early growth, not only compared
to a negative control but also compared to an AGP.

Keywords: Broiler performance, feed intake, poultry
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Chelated Copper, Zinc and Manganese Improved Performance,
Haematological and Serum Biochemical Indices of Layers (late-

lay)

OLUWATOMIDE ARIYO!, OLUSEYI O. OLUWATOSIN!, OLUSESAN FAFIOLU!,
ABIODUN AYOOLA?, OLUREMI OSINOWO?, LUIS AZEVEDO?
Federal University of Agriculture Abeokuta, Dept. of Animal Nutrition, Nigeria
2 Federal University of Agriculture Abeokuta, Centre of Excellence in Agricultural Devel-
opment and Sustainable Environment, Nigeria
3Novus International Inc., Research and Development, United States of America

The growth performance, haematological and serum biochemical indices of laying
hens (late lay) fed diets supplemented with inorganic or chelated blends of copper,
zinc and manganese were evaluated. A 77-day feeding trial was carried out using
540 (58 weeks old) Nera Black Hens. Birds were randomly allocated to five dietary
treatment groups with 12 replicates of 9 birds each. The diets consisted of control
(0, 0 and 0 mg kg™! of Cu, Zn and Mn respectively), inorganic trace minerals (ITM)
supplementation at 16, 64 and64 mg kg™! of Cu, Zn and Mn, chelated trace mineral
(CTM) supplementation at 16, 64 and 64 mg kg™! of Cu, Zn and Mn (100 % CTM),
CTM supplementation at 8, 32 and 32 mg kg™! of Cu, Zn and Mn (50 % CTM) and
CTM supplementation at 4, 16 and 16 mg kg™! of Cu, Zn and Mn (25% CTM) in
that order. On day 77 of the experiment, 2.5 mL of blood was collected individually
from 4 birds per replicate via brachial vein puncture and transferred to sample tubes
containing EDTA for hematological analyses. Another 2.5 mL of blood was collected
into sample tubes for serum biochemical analyses. Data collected were subjected to
One-Way Analysis of Variance with 5 % significance in a Completely Randomised
Design. Feed intake was increased (p < 0.05) with ITM supplementation while 50 %
CTM and 100 % CTM reduced feed intake (117.29 and 116.18 gb ! d'! respectively).
Kg feed per kg egg was better for diets supplemented with CTM. CTM supplemen-
tation at 50 and 100 % increased (p < 0.05) packed cell volume (PCV) while white
blood cell count was similar (p > 0.05) across all treatment groups. Supplementation
of CTM led to a higher (p < 0.05) total serum protein and albumin. Globulin, creati-
nine and ALT were not affected (p > 0.05) while 100 % CTM increased AST IU L -1
ITM supplementation resulted in increased (p < 0.05) cholesterol (192.35 mg dL 1)
and LDL (140.47 mg dL"!") levels in the sera while CTM supplementation increased
(p > 0.05) HDL. This study revealed that CTM supplementation improved kg feed/kg
egg, PCV, total serum protein and albumin of layers in late lay.

Keywords: Chelated trace minerals, haematology, inorganic salts, performance, serum
biochemistry
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Assessment of the Efficacy of Bentonite-Montmorillonite Binder
or Yeast to Alleviate Effect of Aflatoxin in Turkey Poults

ADEKOYEJO OYEGUNWA !, EMMANUEL EWUOLAZ, ADEBISI AGBOOLAZ2,
EUSTACE IYAYI?
YTui Solarin University of Education, Agricultural Science, Nigeria
2 University of Ibadan, Dept. of Animal Science, Nigeria

In a 28-day feeding trial, the alleviation of the effect of aflatoxicosis in turkey was in-
vestigated by feeding 2 concentrations of yeast and bentonite-montmorillonite binders
(BB) in diets contaminated with aflatoxin. One hundred and ninety two 21-day-old
turkey poults were randomly allotted to six experimental diets in a completely ran-
domised design (CRD) as follows: D1 (positive control without aflatoxin), D2 (neg-
ative control with 0.15 mg kg™! of aflatoxin), D3 (negative control + 3 g kg*! BB),
D4 (negative control + 6g kg~! BB), D5 (negative control + 1.5 g yeast kg™! diet), D6
(negative control + 3.0 g yeast kg™! diet). The experiment was conducted under stan-
dard experimental conditions and all animal management procedures were followed
Addition of BB or yeast in the aflatoxin contaminated diets significantly improved
the feed intake and body weight gain of turkey poults. Feed conversion ratio also
showed significant improvement in turkeys fed positive control diets (D1), and diets
that were treated with yeast and bentonite-montmorillonite binder in D3, D4, D5 and
D6 when compared with the negative control diet (D2) which was not treated with any
toxin binder. No significant difference (p > 0.05) was observed in the values of serum
parameters in this study both for diets containing toxin binder and none. However,
values of packed cell volume, haemoglobin and red blood cells were significantly im-
proved with addition of yeast or BB. In conclusion, addition of yeast and bentonite-
montmorillonite binder at the two levels in this study was able to bind the aflatoxin in
the diet, thus making the aflatoxin in the diet ineffective.

Keywords: Aflatoxin, alleviation, bentonite-montmorillonite, turkey poults, yeast
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Haematological and Serum Biochemical Characteristics of
Weaned Rabbits Fed Plantain Leaf and Concentrate

GLORY EDDY ENYENIHI!, UDOH AKPAN INYANG!, IDORENYIN ETUK?
YUniversity of Uyo, Dept. of Animal Science, Nigeria
2Federal University of Technology, Owerri, Animal Science and Technology, Nigeria

An experiment was undertaken with 30 mixed bred rabbits (6—8 weeks), with initial
weight of 0.7 + 0.02kg, to assess their haematological and serum biochemical re-
sponse when fed plantain leaf and concentrate. The plantain leaf was offered at levels
of 0 g, 25¢g,50¢g, 75 g and 100 g in treatment 1 (control), 2, 3, 4 and 5 respec-
tively, with six rabbits per treatment and for an eight week feeding trial. Control had
concentrate alone. After the feeding trial, blood samples were collected from each
rabbit through ear vein using a sterilized disposable syringe. The packed cell vol-
ume, haemoglobin, red blood cell, mean cell volume, mean cell haemoglobin, mean
cell haemoglobin concentration, monocytes and Eosinophils were statistically simi-
lar (p > 0.05) amongst the five treatments, except total white blood cell, neutrophils,
leukocyte counts and platelet counts which were significantly (p < 0.05) different.
The alanine amino transferase, aspartate amino transferase, alkaline phosphatase ac-
tivities and creatinine levels of rabbits fed plantain leaf were not significantly different
(p > 0.05) from those fed the control treatment. The values for the haemotological
and sera of the animals obtained in this study were within the normal range of healthy
rabbits. The mean dry matter intake of rabbits were 55.91 g, 50.38 g, 72.53 g, 92.80
g and 113.10 g per day while their mean weight gain were 12.14 g, 4.11 g, 7.14 g,
6.25 g and 11.96 g per day for treatments 1, 2, 3, 4 and 5 respectively. This invariably
suggests that feeding plantain leaf up to 100 g in rabbit diet per day will not illicit any
deleterious effect on the blood profile of weaned rabbits and could go a long way in
assisting to filling the gap in animal protein shortage.

Keywords: Electrolytes, haematology, plantain leaf, rabbits, serum biochemistry
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Comparison between Concrete Floor and Deep Pit System for
Production of Crossbred Pigs in Thailand

KORAWAN SRINGARM!, CHAIWAT ARJIN!, WOLFRAM SPREERZ, NATTAYA
THONGDEE!, WATCHARAPONG WATTANAKUL?, NIRAPORN CHAIWANG?,
NUTTAWUT KRUTTHAT?
LChiang Mai University, Fac. of Agriculture, Dept. of Animal and Aquatic Science,
Thailand
2University of Hohenheim, Dept. of Agricultural Engineering, Tropics and Subtropics
Group, Germany
3Chiang Mai Rajabhat University, Fac. of Agricultural Technology, Thailand

Formerly, in Thailand, pigs were kept by small holder farmers. Native Thai pigs were adapted
to these conditions. Meanwhile, production patterns have changed and native Thai pig breeds
have been improved by crossing with exotic breeds for a higher share of lean meat, resulting in
more efficient production for the domestic market.

The objective of this study was to compare crossbred pigs (Thai native X Meishan x Duroc)
kept on concrete floor to those kept in a deep pit system with respect to productive performance
and microbial composition of the cecum content.

The experiment comprised 16 crossbred pigs, randomly assigned into two homogenous exper-
imental groups kept on concrete floor (T1) and deep pit system (T2), with an initial weight of
15.6 kg and 15.1 kg, respectively. During the experiment, the weight of all pigs was recorded
weekly and average daily gain (ADG) was calculated. Average dry matter feed intake (ADFI)
was recorded for individual pigs and feed conversion ratio (FCR) was calculated. The cecal
content was collected after the end of the experimental period of 140 days.

Data were analysed by ANOVA, showing that the productive performance of pigs in T1 was
significantly («=0.05) higher: ADG was 357.96 g and 310.70 g in T1 and T2, respectively.
While no significant differences were found at FCR (T1: 7.73 (g g‘l), T2: 8.68 (g g'l)), ADFI
was significantly higher in T1 (T1: 2798.25 g day!, T2: 2692.50 g day’!. The population of
E. coli (T1: 5.40 log CFU ml™', T2: 5.48 log CFU ml™") and Lactobacillus sp. (T1: 6.81 log
CFU ml"!, T2: 5.98 log CFU ml!) did not differ significantly, but the beneficial Bifidobac-
terium sp. population in the cecum of the concrete floor group (T1: 7.33 log CFU ml'!) was
significantly higher than in the deep pit group (6.51 log CFU mI'!).

In order to exploit their full potential, new pig breeds require more energy-rich feed, improved
hygiene and adapted keeping facilities. Even though the deep pit system is accepted among
farmers for generation of good manure, this study shows that in terms of hygiene and productive
performance of crossbred pigs, concrete floor systems are superior to deep pit systems.

Keywords: ADFI, ADG, Bifidobacterium, cecum, E. coli, Lactobacillus, microbial composi-
tion
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Occurrence and Antibiotic Susceptibility Profile of Carbapenem-
Resistant Enterobacteriaceae in Selected Aquaculture Ponds in
Southwestern Nigeria

ELIZABETH OMOKOSHI JOEL!, ABIMBOLA ADEKANMBI?
YUniversity of Ibadan, Dept. of Animal Science, Nigeria
2University of Ibadan, Dept. of Microbiology, Nigeria

The indiscriminate use of antibiotics in aquaculture has contributed to the prevalence

of antibiotic resistant bacteria in aquaculture ponds and this represents a major chal-

lenge to public health. The aim of this study was to determine the antibiotic suscep-

tibility profile of carbapenem-resistant Enterobacteriaceae from selected aquaculture

ponds in Awotan area of Ibadan, Oyo State. Water samples from fifteen (15) concrete

and earthen aquaculture ponds were collected weekly for a period of two months.

Isolation of bacteria was carried out using the standard pour plate technique on Mac-

Conkey agar supplemented with imipinem. Pink colonies presumptive of members of
the Enterobacteriaceae were purified and characterised using conventional methods.

The isolates were subjected to ten classes of antibiotics using the Kirby Bauer disc

diffusion technique.

A total of forty four (44) carbapenem-resistant bacteria belonging to six genera namely:
Edwardsiella (36.4 % n=16), Salmonella (2.3 % n=1), Yersinia (40.9 n=18), Ewingella

(4.6 % n=2), Shigella (13.6 % n=06), and Citrobacter (2.3 % n=1) were obtained. 97.6 %
of the isolates were resistant to imipinem, 88 % to amoxicillin-clavulanate while
83.7 % were resistant to cefpodoxime. All the isolates were resistant to ampicillin and
cefotaxime with 11.6 % of them showing resistance to chloramphenicol and cipro-

floxacin respectively. None of the carbapenem resistant bacteria in this study was

positive for ESBL production.

The presence of carbapenem-resistant bacteria in aquaculture ponds in this study, sug-

gests need for proper investigation, monitoring and management of aquaculture ponds

from time to time to evaluate the emergence of bacterial resistance towards antibiotic.

Also, the usage of antibiotic in aquaculture ponds should be well regulated.

Keywords: Antibiotic susceptibility profile, aquaculture ponds, carbapenem-resis-
tance, Enterobacteriaceae
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Forest Landscape Restoration in Indonesia: A Scaleable
Smallholder Agroforestry Approach

WOLFGANG BAUM, SIMEON MAX
Fairventures, Germany

Large scale land use change from exploitation to regeneration must involve local peo-
ple to ensure sustainability of operations. Environmental education and financial em-
powerment of the communities are crucial components. Fairventures has been operat-
ing in Central Kalimantan, Indonesia for the last 5 years socialising communities and
individual smallholders for reforestation. We research cash crops with a clear market
demand and test these with selected smallholder project participants. In this stage, we
have a better understanding of promising tree species and a limited number of cash
crops. We ensure smallholder ownership through their involvement from planting
through management, harvest and sale. There are still plenty of unanswered ques-
tions that need to be adressed to strengthen the social, economic and environmental
bases of our work.

Keywords: Agroforestry, business models, FLR, scale-up, smallholders
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Forest Dependent People’s Participation in Participatory Forest
Management (PFM) Programmes in Kenya

ROBERT MBECHE!, JOSIAH ATEKA!, DONALD OGWENOZ2, ANJA FASSE?,
ULRIKE GROTE*

YJomo Kenyatta University of Agriculture and Technology, Dept. of Agricultural and
Resource Economics, Kenya

2 Independent Forestry Consultant, Forestry, Kenya

3 Hochschule Weihenstephan-Triesdorf University of Applied Sciences, Germany

4Leibniz Universitiit Hannover, Institute for Environmental Economics and World Trade,
Germany

Over the last two decades community participation in the management of state-owned forests
has become a theme of policy and academic work in attempts to enhance sustainable forest man-
agement in many developing countries. In Kenya, the Forest Act 2005 entrenched Participatory
Forest Management (PFM) through enabling the creation of Community Forest Associations
(CFAs), authorised to co-manage the forests with Kenya Forest Service (KFES), the statutory
forest agency to improve forest cover and their livelihoods. However, the degree to which these
goals are met depends, in part, on accessibility and desirability of programmes targeting for-
est dependent people. Empirical research on factors motivating or dissuading forest dependent
peoples’ participation in CFA activities remains limited and a more complete understanding of
these factors is critical to improving social equity outcomes. This paper investigates two issues
that have received little research attention to date: the level of forest dependent people’s partic-
ipation at different stages of a participatory forest management (PFM) programme and factors
that influence their level of participation. Data were collected from three CFAs in the Mt Elgon
forest reserves, western Kenya through household surveys, key informant interviews, and focus
group discussions. A participation index (PI) and binary logistic regression model were used
to analyse the data. The results showed that slightly over a half of the respondents (51 %) were
members of forest user groups (n=924). The results further revealed that the level of the forest
users’ Pl was 40.7 %, 49 %, and 42.9 % at the planning, implementation, and monitoring stages,
respectively suggesting low levels of participation. The logistic regression model showed that
gender, household size, education level, land size, income from the forest, proximity to forest
edge, household asset value and engagement in alternative livelihoods were found to be statis-
tically significant (p < 0.05) predictors for the level of participation. Thus, our results suggest
that the broader context of land tenure security and alternative livelihood strategy development
may be critical in improving participation of forest dependent communities in CFA activities.

Keywords: Community forest associations, forest dependent people, Kenya, participation
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Inga and Caméntsa Ecosystem Services from Agroforestry
Systems in the Sibundoy Valley, Colombia
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Agroforestry systems play an essential role in the livelihoods and food security of the
Inga and Caméntsd indigenous communities, as they supply provisioning, regulating
and habitat, and cultural ecosystem services.. The agrosilvopastoral agroforestry sys-
tem is of utmost importance for the development of the communities’ culture. Never-
theless, the home garden is shrinking in size and gradually disappearing. The purpose
of this research relates to economically valuing ecosystem services provided by agro-
forestry. Research for this study was conducted in five indigenous settlements of
the San Francisco municipality. A census was carried out to determine the popula-
tion (146 households), and a stratified random sample was used for the survey with
a sample size of 67 households (45.8 %). Information required for the assessment is
comprised of three data sets obtained from (i) cost-benefit analysis, (ii) contingent
valuation, and (iii) travel cost analysis. Silvopastoral systems represent the highest
economic value (965,800.81 € year™!) despite its low value per hectare (4,601.24
€ ha'! year'!). The low value per unit of land becomes relevant when it is aggre-
gated to the total silvopastoral land area, which occupies the most extensive coverage
(209.9 ha). Conversely, agrosilvopastoral systems have the highest value per hectare
(7,607.41 € ha'! year!), but the total value (518,825.05 € year™!) position them as
second in the list when aggregated to total land area (68.2 ha). Similarly, the agrisil-
vicultural, system has a high value per unit of land (5,722.54 € ha"! year!), which
is explained by the high value of output and input (2,239.7 € ha! year'!) produced
and demanded but it covers the smallest area (35.2 ha). The total economic contingent
value adds up to 2,834.2 € ha™! year!, which pertains to each hectare of agroforestry
systems. Most of the families (88 %) were willing to protect home gardens. The to-
tal protected area adds up to around 71.7 ha, and the minimum monetary offset that
households would be willing to receive per month is € 31.6, and the maximum is
€ 1,581.7. The economic valuation based on travel cost analysis shows a total value
of around 648.4 € ha'! year'!.

Keywords: Agrisilvicultura, agrosilvopastoral, contingent valuation, indigenous com-
munities, silvopastoral
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Landlords’ perception of Trees in a Rural-Urban Continuum of
Ghana

JONES ABREFA DANQUAH
University of Cape Coast, College of Humanities and Legal Studies, Dept. of Geography
and Regional Planning, Ghana

Trees in built urban ecosystems are increasingly seen as a solution to reduce the im-
pact of climate change on the wellbeing of urban dwellers. There is growing concern
of Urban Heat Island (UHI) in the advent of climate change due to rising tempera-
ture and rapid development of grey infrastructure. This has become a major public
health issue in densely urban areas across the globe. In Ghana, recurrent flooding,
erratic rainfall patterns and heat waves particularly during the peak of the dry season
have been recorded in major urbans areas. However, green infrastructure, particularly
trees, in built ecosystems are seen as low cost intervention to address UHI, seasonal
heatwaves and floods from stormwaters during the peak of the raining season in ma-
jor urban centres in Ghana. For effective deployment of trees as green infrastructure
in major cities it is imperative to understanding urban dwellers’ perception of trees
in built ecosystem. This will facilitate their maintenance and prevent vandalism. In
this regard the study was conducted. I randomly sampled 600 landlords from three
purposively selected major cities in the country. The cities were Kumasi and Sunyani
from the middle belt and Cape Coast along the Atlantic coast of Ghana. Focus group
discussion was conducted with 40 landlords to gain knowledge of landlords’ under-
standing, attitude and perception of trees in their immediate surroundings. These
results were used to develop a comprehensive interview schedule guide or question-
naire to interview 600 landlords, in order to solicit information on their perception.
A five point Likert scale was employed from strongly agree (5) to strongly disagree
(1) to assess their perception. The second part evaluated cultural and socioeconomic
attributes and how they influence ones perception of trees. Data thus generated were
analysed using multivariate analysis of variance (MANOVA). The results indicated
that variables such as cultural tendencies, education, age, income, ethnicity and occu-
pation positively enforce landlords’ perception of trees. Benefits such as stormwaters
reduction, air purification, medicinal, noise abatement, moderate microclimate and
carbon sequestration were identify by landlords as key ecosystem services provided
by urban trees. Medicinal properties of urban trees provided, a bases for vandalism.
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Participatory Forest Management in West Usmabara-Tanzania.
What Is the Community Perception on Success?

HUSSEIN LUSWAGA
Justus-Liebig University Giessen, Agricultural and Environmental Policy, Germany

The community participation in the participatory programs has been the mainstay ap-
proach in the management of forest in resource rich but less developed countries. The
approach empowers the communities living around the forest to benefit and take part
in the resource management. Tanzania is among the countries often cited as a success
in the participatory program. Despite the increase in forest areas and villages under
the participatory programme in Tanzania over the last two decades, considered as a
success by policy makers’, there is little insight into the communities’ views regarding
their participation in the forest activities. The communities are important stakeholders
in the sustainability of forest management and their perceptions provide the realistic
performance and success of the participatory program. Therefore, this study aimed at
exploring the extent of the communities participation in the goals identified under the
participatory programs in Tanzania. The survey was conducted in 159 households,
randomly sampled from four villages bordering state and community forests, in West
Usambara Mountains. Factor analysis was used from which three participation com-
ponents, namely economic, decision making, and protection, were summarised. The
participation components were then used to formulate the participation index which
gauged overall participation intensity. Further, based on focal group discussion and
pictorial presentation, the pebble distribution method was used to rank the commu-
nity perception on the benefits and management activities related to the forest. The
study observed significantly higher levels and intensity of participation in the villages
around the state compared to those around the community forest. Training atten-
dance, trust on institutions and location were significant predictors of participation
intensity of the households. In conclusion, the perceived performance of the partici-
patory programs in achieving the participation aims has only been moderate, with a
better situation in the state-managed forest. Raising awareness and improving com-
munication with villagers, fulfiling promises for the communities and provide more
forest linked benefits are interventions which can improve the situation in West Us-
ambara. This study implies the importance of considering the community views as
important stakeholders in formulating participatory policy which consider community
interest and the resource sustainability.

Keywords: Community participation, Lushoto, participatory forest management,
Usambara Mountains
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Forest Resources, Poverty and Inequality in Peruvian Amazon:
The Role of Tenure Regimes and Remoteness

KARIN BEGAZO CURIE, LIESBET VRANKEN, KEWAN MERTENS
KU Leuven, Earth and Environmental Sciences, Belgium

Indigenous populations have historically been marginalised. Most indigenous peo-
ple from Latin America live in villages with communal land ownership in remote
areas. This population is highly dependent on forest resources by virtue of their tra-
ditions, culture, and forest knowledge but also due to remoteness and the presence of
less degraded forests. Tenure regimes are considered to influence income and type
of products extracted from forests. In Peru, according to law, all communal lands in
forest areas are owned by indigenous population. Scarce literature analyses the re-
lation among forests and livelihoods and most of previous studies could not assess
to what extent the contribution of forests to livelihoods is mediated by either tenure
regimes or remoteness. This research attempts to fill this gap in literature by focusing
on the economic contribution of forest products to rural livelihoods and considering
variations in tenure regimes (communal and private ownership) and remoteness. We
use data from 400 household located in 50 villages in lowland forest areas in Loreto
Region, in Peru. We use Ordinary Least Square and Fractional Response Models
to assess total income and forest reliance, respectively. The Foster-Greer-Thorbecke
(FGT) index of poverty and Gini coefficient were used to analyse differences in rural
poverty and income inequality between villages with communal and private owner-
ship. T-test was performed to evaluate forest income contribution on tenure regimes
on the one hand and remoteness on the other. We found that forest income reduces
inequality across households in villages in communal tenure. We show evidences that
forests are an important income source for the poorest households and this contribu-
tion is more pronounced among households living in villages with communal tenure
regime and in remote areas. Game meat and non-timber forest products are the most
important subsistence income source for households living in remote villages and in
villages with communal ownership. Our findings confirm the importance of forests
for rural livelihoods in remote areas and in areas with communal land. This calls
for policy interventions to develop alternative income sources and to avoid forests
overexploitation which threaten the sustainability of forest resources.

Keywords: Forest dependency, forests resources, inequality, Peruvian Amazon,
poverty, remoteness, sustainability, tenure regimes
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Forest Restoration Options on Degraded Hill Sites in the
Pomacochas Basin (Amazonas, Northern Peru)

STEFAN HOHNWALD!, HELGE WALENTOWSKIZ, MARTIN THRENZ, OSCAR A.
GAMARRA TORRES?, STEFFI HEINRICHS?, HENRY HEINEN?, ALEXANDER
WIEGAND?, ANA B. SABOGAL>, STEFAN ZERBE®

YHAWK- University of Applied Sciences and Arts Géttingen, Pedology, Geobotany, and
Nature Conservation, Germany

ZHAWK - University of Applied Sciences and Arts Gittingen, Resource Management,
Germany

3 University of Chachapoyas, INDES-CES- Instituto de Investigacion para el Desarrollo
Sustentable de Ceja de Selva, Peru

4Univ. of Goettingen, Silviculture and Forest Ecology of the Temperate Zones, Germany

3 Pontifical Catholic Univ. of Peru (PUCP), Fac. of Liberal Arts and Humanities, Peru

6Free University of Bozen-Bolzano, Faculty of Science and Technology, Italy

Although most of the northern Peruvian Andes are still dominated by diverse cloud
and montane forests, agricultural patches and degraded forests are increasingly ex-
panding, while natural habitats are suffering from insidious fragmentation. Subse-
quent soil degradation often leads to field abandonment, overused forests, or degraded
pastures. However, ecological knowledge on the forest restoration potential, for in-
stance on the dependencies of vegetation cover, soil conditions, exposition, and alti-
tude, is scarce. Therefore, soil and vegetation patterns along nine transects within the
upper Pomacochas Basin were investigated. Anthropogenic successional and distur-
bance grades, geological substrate, and altitude have the most important ecological
impacts on vegetation and tree species composition (n=24 sites). Species respond to
sandstone versus calcareous substrates, but also to depths of organic soil layers, and
light conditions. The absence of organic layers under pastures contrasted with the
accumulation of thick organic layers under forest cover. Vegetation composition at
succession sites revealed certain starting points for restoration, like a herbal stage,
bush stage, or secondary forest that will determine the length of regeneration paths.
Pre-forest patches of Alchornea sp. and Parathesis sp. may act as habitat stepping
stones for expeditiously restoring biocorridors of wildlife. Ecologically adapted refor-
estation, especially on less productive hill sides, can help to connect forests patches,
including living fences as biocorridors. If well planned and managed, restoration
measures may rebuild and maintain such unfragmented forests which would be of
great benefit for the genetic interchange of forest plant and animal species like the
flagship mammal species Aotus miconax, Oreonax flavicauda, Tremarctos ornatus,
and Puma concolour, or for bird species like Loddigesia mirabilis, Xenoglaux low-
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eryi, and Rupicola peruviana. As the Pomacochas Basin is an important biodiversity
hub in northern Peru, these afforested forest patches can help to secure the natural
heritage. Thus, our findings can contribute to sustainable land use and conservation
of a fragile ecoregion. The chances for strong implementation of nature conservation
objectives and sustainability goals should be taken now, as the local population is in-
terested in sustainable land use forms such as soft eco-tourism and agroforestry, while
asking science for advice for an ecological sound development of the region.

Keywords: Andes, biocorridors, cloud forests, ecological sustainability, nature con-
servation, restoration, soils, trees
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Identification of Gaps in the Community Forestry within the
REDD+ Project in the Peruvian Amazon
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Conservation concessions (CC) within the REDD+ project have been promoted as mechanisms
to protect the primary forest from anthropogenic disturbances in the Peruvian Amazon. How-
ever, economic activities by human settlements located in buffer zones of those concessions,
have affected the common forest resources given to these groups. Therefore, with a view to
determining the effects of the forest utilisation on the communal land governed by the indige-
nous community of Gran Pajaten located in the buffer zone of the CC Montecristo (San Martin,
Peru), different workshops (Focus group approach) were implemented with members of this
community and environmental authorities. Outcomes highlighted two components that were
discussed: 1) a social component, with respect to general information about economic activi-
ties of the people living in the buffer zone; 2) a forest component, related to forest management
in the communal land. Results obtained confirmed that management plans implemented in
the communal forest are based only on selective logging through inaccurate practices of mo-
tor-manual operations. However, they admitted that when the forest is logged, most of the
time they do not care about the understory, focusing only on harvesting targeted timber species
which can be cut, according to the agreement with the community. This agreement states:
“It can be harvested up to two trees per person of the community, and only can be done with
the purpose of self-consumption, for instance, fuelwood, construction of their houses, or im-
provements in their farms”. Nevertheless, they cannot control activities by illegal loggers who
extract the wood anonymously, which is a complex situation because those practices are carried
out in remote areas, and sometimes is made by people of the same community or neighbouring
communities. Furthermore, the information collected with these meetings and workshop with
the community showed that although they promote some species through tree nurseries in their
farms, they concentrate on a set of timber species with more economic interest or those that can
represent some benefit to their agroforestry systems (AFS) with cocoa crops. Thus, the find-
ings from this case study have confirmed poor practical knowledge by the community about
sustainable forest management.

Keywords: Buffer zone, conservation concession, forest utilisation, illegal logging, indigenous
community, Peruvian Amazon, REDD+
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Costs and Benefits of Sustainable Management of the Kyrgyz
Walnut-Fruit Forests: Is the 2007-Logging Ban a Suitable Policy
Instrument?
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The walnut-fruit forests in Central Asia and in particular in Kyrgyzstan are a unique socio-
ecological system and an important source of livelihood for the rural communities. Walnut-
fruit forests have also been described as an important genetic resource and biodiversity hotspot,
as well as providing essential environmental services. However, due to the political and socio-
economic transformation after the collapse of the Soviet Union, the utilisation of these forests
has increasingly become unsustainable, inducing significant degradation of these forests and
a decline of their area. To protect these unique natural ecosystems a logging ban has been
enforced as a National Law since 2007 which restricts the felling of trees in the walnut-fruit
forests in Kyrgyzstan. However, this measure has been criticised as it is said to lead to the over-
aging of walnut forests, which limits their natural regeneration potential; and deprive local
communities of much-needed income opportunities from sustainable timber utilisation, which
potentially aggravates rural poverty. Starting off a literature review on the effectiveness of log-
ging bans in terms of their environmental and socio-economic outcomes, this study investigated
the costs and benefits that would potentially be associated with sustainable forest management
and timber harvesting operations in the walnut forests. It used a stand-based dynamic for-
est growth model developed from primary data from 19 forest plots, national forest thinning
guidelines and inventory data. Data collected from a socio-economic survey (n=100), finan-
cial and Monte-Carlo analyses were used to determine the financial and economic profitability
of sustainable forest management and timber harvesting operations for a period of 25 years.
The results showed that 37 % of the surveyed forest plots were presented in an over-aged and
stagnating condition. The dynamic forest growth model showed that the generated thinning
plan allowed for the sustainable removal of 10,4 m® ha! timber in average every ten years
depending on the on sanitary condition, age and density of a stand while ensuring the renewal
of the over-aged forest plots. The economic evaluation indicated that only the forest plots with
no additional planting activities had a positive NPV. Policy scenarios offering viable solutions
were described, and relevant recommendations were provided.
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Complex Ecosystem Service Supply and Delivery in a Mountain
Mosaic Landscape in Chiapas, Mexico
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Farming is the mainstay of a mountain community situated in the buffer zone of La Sepul-
tura Biosphere Reserve in southern Mexico. Farmers depend on multiple ecosystem services,
especially provisioning services like water, firewood, and ranching resources supplied by pad-
docks with a heterogeneous tree cover and terrain. Other local actors, especially conservation-
and development-oriented stakeholders working in the reserve, are additionally interested in
biodiversity, forest protection and carbon storage. Generally, they promote sustainable intensi-
fication of productive activities as part of a broader land-sparing approach. Support is upcoming
for forest-based activities that seem successful in meeting both local livelihood aspirations and
conservation goals.

We assessed ecosystem services through a social-ecological systems approach. To better un-
derstand ecosystem services supply, we conducted an integrated forest inventory in a selected
rangeland area to compare ecosystem services among land cover types, viz. closed and open
forests, agricultural lands and riparian corridors. We then focused on a forest-based provi-
sioning service, pine resin, by using an ecosystem service mediating mechanism and factor
framework.

Each land cover type provides a particular set of ecosystem services with synergies and trade-
offs that farmers acknowledge. Ecosystem service supply and delivery do not match well, how-
ever. In the case of pine resin, actual production is variable and below potential production
based on available resources. We identified different mechanisms, e.g. the management of
paddocks, labour and technical skill, capital-labour relations, and an increasing appreciation
of trees, that mediate the co-production of this ecosystem service and eventually how it con-
tributes to farmer and community well-being. Additionally, there are contextual factors that
influence these mechanisms, including access to tools, rules and values among group members,
and support from outside institutions. With the resulting framework, we seek to contribute to
landscape approaches, sustainable intensification and/or land use zoning, not just to safeguard
biodiversity and enhance farmer production, but to support entire social-ecological systems for
an adaptive provision of ecosystem services.
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Determinants of Forest Extraction among Rural Households in Mt
Elgon, Kenya
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Forest extraction plays a vital role in the livelihoods of millions of poor rural house-
holds. Understanding the nature of forest dependence and determinants of forest ex-
traction can prevent livelihood strains induced by forest degradation. This paper as-
sesses the contribution, the nature, extend and determinants of forest extraction among
rural households in Kenya. Data were collected from a random sample of 924 house-
holds in Bungoma and Trans-Nzoia counties in western Kenya. The level of forest
extraction was analysed descriptively and measured in terms of the value of products
extracted while a two-step Heckman model was used to assess the determinants of for-
est extraction. The results show that forest extraction is an important livelihood source
for 48.9 % of the respondents with other key sources being agriculture (84.6%), for-
mal and informal employment (40.4 %) and commercial business (9.5 %). The results
further show that participation in forest extraction was generally higher for house-
holds with lower asset value, higher membership and headed by males. The main
products extracted were firewood (61.1 %), food products such as wild fruits, vegeta-
bles and honey (31.8 %) and herbal medicine (4.2 %). The econometric results show
that age of household head (P = 0.048), proximity to all weather roads (P = 0.002),
and access to credit (P = 0.007) negatively influenced forest extraction decision while
proximity to the market (P = 0.000), household size (P = 0.073) and membership in
a forest user group (P = 0.039) had a positive influence. The level of extraction was
negatively influenced by the age of the household head (P = 0.000), proximity to all
weather roads (P = 0.003), membership in a farmer group (P = 0.063) and value of
assets (P=0.068) while proximity to market (P = 0.000), household size (P = 0.000),
membership in a forest user group (P = 0.003), value of shocks (P = 0.012) and en-
gagement in farming (P = 0.016) positively influenced the extent of forest extraction.
The study findings indicate that households in Mt Elgon rely heavily on subsistence
products such as firewood and wild vegetables suggesting the need to promote alterna-
tive sources of energy such as energy saving stoves (jikos) and alternative livelihoods.
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Households in rural areas of developing countries such as Kenya are often depending
on natural resources that supplement consumption and income-generating activities.
Especially forests play an important role in the lives of local communities as they
help to sustain their livelihoods. But this dependence on forests induces many chal-
lenges. Deforestation, forest degradation and the outcomes of climate change are
serious threats to forest-dependent households. In the case of Kenya, approximately
5,000 ha of forest are depleted every year. This development puts pressure onto local
households by increasing the exposure to shocks, leading to irreversible asset losses
that cause households to fall into poverty. This study therefore aims to assess the
occurrence of shocks among these local communities, the welfare impacts as well as
the households’ coping capacities. Therefore, a descriptive analysis of the occurrence
of shocks will be provided. Furthermore, the study includes an impact model which
will assess the impact of shocks on households’ welfare by using Propensity Score
Matching. And lastly, an adaption model will be introduced to determine factors that
influence the coping behaviour of rural households by using probit regressions. The
analysis is based on cross-sectional data that was collected from 924 households in
the region of Mt Elgon, Kenya, in November 2018. The survey addresses the effects
of market-based incentives on forest conservation and development in rural areas of
Kenya. Preliminary results suggest that almost every household had to face at least
one shock during the last five years, the majority of them being agricultural. Espe-
cially droughts and floods but also large falls in sale prices for crops were most com-
mon. Furthermore, it could be seen that agricultural and social shocks were mainly
counteracted with behaviour-based strategies while households who faced economic
and health shocks often relied on asset-based strategies. But roughly 40 % of the
shocks were not counteracted at all. This underlines the importance of further under-
standing of shocks and coping strategies. Until these risks are identified and eradi-
cated, the vicious cycle of vulnerability will continue to diminish people’s wellbeing.
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Maximizing Landscape Restoration to the Benefit of Smallholder
Farmers in Forest Agro-Ecological Zones in Ghana
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Ghana is one of the countries in the world with high rates of deforestation. In fact,
Ghana’s deforestation rate, which stands at 2 % per annum, is higher than the aver-
age decline for Africa and West Africa, which are 0.62 % annual and 1.17 % annual,
respectively. Now there is a strong emphasis on landscape restoration. Taking a cue
from the cocoa sector in Ghana where the bulk of Ghana’s enviable world record
in cocoa production is planted by smallholder famers, it has been argued that plan-
tation development and indeed landscape restoration can better be served by small-
scale farmers as against large-scale developers. It is against these backgrounds that
this study was conducted to analyse factors that affect the adoption and non-adoption
of landscape restoration schemes by smallholder farmers. The study also identified
best governance practices for enhancing landscape restoration. Data for the study
was collected over a period of three months in two communities in the forest tran-
sitional zone of Ghana using mixed methods. The results showed that smallholder
farmers genuinely care about tree planting, but are challenged by factors such as pest
and diseases, wildfires, lack of capital and high transaction cost but low returns as
factors affecting the adoption of plantation in Ghana. Moreover, respondents priori-
tised efficiency (efficient use of financial resources), equity (equal access to land by
all persons) and effectiveness as the three most important governance issues to be
considered in smallholder forest plantation development. Policy makers in Ghana
should consider a mix of recommendations including giving farmers access to cred-
its and markets; pest and disease control and good governance to trigger the needed
participation in landscape restoration schemes by smallholder farmers in Ghana.
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Tree-based production systems provide numerous ecosystem services that are impor-
tant in sustaining the life of vast plant and animal populations. Although the opti-
misation of these services is contingent on sufficient tree diversity, drivers of change
such as population pressure and related agricultural expansion have significantly con-
tributed to tree diversity loss, with adverse consequences on ecosystem functionality.
The realisation of this fact has led to significant efforts to conserve tree genetic diver-
sity, in which the International Centre for Research in Agroforestry (ICRAF) plays
a key role. This study investigates the impacts from the use of the two most popular
species sourced from the ICRAF genebank, namely, Calliandra calothyrsus and Gliri-
cidia sepium, among smallholder farmers. The study also examines the factors affect-
ing agroforestry adoption, given the limited uptake of agroforestry interventions. A
user survey was used to investigate the impacts of use, whereas Key Informant Discus-
sions were employed to investigate constraints to adoption. Concerning constraints to
adoption, we find that limited access to high quality germplasm, poor technical skills
in producing high quality germplasm, and inadequate market incentives to produce
high quality germplasm have indeed presented serious impediments to the scaling up
of agroforestry interventions. We also find that fodder-specific tree aspects have con-
tributed to differential success rates of adoption among the two fodder trees. Adoption
of Gliricidia sepium, as compared to Calliandra calothyrsus, has been constrained by
challenges associated with viability, palatability and non-immediate economic return.
Concerning the impacts of use, we find that improved food security and incomes, in-
creased milk production, and reduced vulnerability to drought were identified as the
main benefits linked to the use of Calliandra calothyrsus. Improved food security,
higher incomes and enhanced soil fertility were cited as the main use impacts asso-
ciated with Gliricidia sepium. The findings demonstrate the important role of the
genebank in conserving and distributing unique, high quality germplasm.

Keywords: Genebank, impacts, tree diversity
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Gendered and Age — Related Priorities for Food Tree Species to
Address Food Security, Nutrition and Livelihoods: Participatory
Research in Kitui County, Kenya

AGNES GACHUIRI, ANA MARIA PAEZ-VALENCIA, STEPHA MCMULLIN
World Agroforestry Centre (ICRAF), Kenya

Food trees have an important role to play in local food systems, they produce a variety
of nutrient dense foods including fruits, leafy vegetables, nuts, seeds and edible oils.
These foods can increase the nutritional quality of local diets, due to their micronu-
trients and seasonal availability. To better understand the importance and adoption
of these trees in local food systems, gendered and age-related farmer preferences and
priorities for species were investigated in Kitui County, Kenya. Participatory research
was conducted in four villages, with 80 community representatives, 40 women and
men each in eight Focus group discussions. Seasonality calendars were used for map-
ping of tree foods availability and pebble game was used for score -ranking preferred
food trees and their functional uses. A total of 49 food trees species were listed, of
which 65 % were exotics and could be used to fill food and nutrition gaps during food
insecure months. In general, there was a high preference for exotic species, such as
Mangifera indica, Persea americana, Carica papaya and Citrus sinensis. Knowledge
on food tree species differed by gender and age, with older women listing the great-
est number of species and indicating a higher preference for indigenous food trees
compared to their male counterparts, citing the importance of these species for food,
firewood and medicinal provisioning, however, with little market value. Older women
preferred species such as C. papaya, Vitex payos and Psidium guajava, which are sold
for income only in small quantities. In contrast, men prioritised food tree species po-
tential economic value and other uses. Despite farmer preferences, challenges such as
lack of availability of seedlings of improved varieties, prolonged droughts and scarcity
of land. These constraints were gendered as well, with more younger women men-
tioning lack of knowledge about planting and management and socio-cultural restric-
tions e.g only having access to land when married; whereas younger men indicated
the challenges of pests, limited markets,land scarcity and ownership. Understanding
gendered and age-related priorities for food tree species, functional uses and planting
in general, can support the development of preferred tree based agricultural interven-
tions to address food security, nutrition and livelihoods

Keywords: Food security, food trees, gender, participatory research, priority setting
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The Role of Agroforestry in Sustainable Intensification of Cocoa
Growing Systems Across West Africa: A Review

ABIGAIL TETTEY, RICHARD ASARE
International Institute of Tropical Agriculture (IITA), Ghana

Cocoa (Theobroma cacao L.) is one of the major smallholder cash crops in West
Africa, whose productivity has stagnated at around 300-600kg ha ~! in the past deca-
des. This has been attributed to poor soil fertility management, poor planting mate-
rials, varying degrees of pests and diseases incidence, and climatic pressures such as
rises in atmospheric temperatures and rainfall variability. Improving productivity has
cost West Africa about 2.3 million hectares of forest in the last three decades. Thus,
the need for intensified production systems that improve productivity and at the same
time promotes environmental integrity. Sustainable cocoa intensification involves a
new vision of the cocoa economy whereby the crop is grown with the objective of
increasing productivity while at the same time ensuring sustainability by protecting
the environment. This work reviews the extent of cocoa agroforestry systems in Cote
d’Ivoire, Ghana, Cameroon and Nigeria from 1980 to date. We considered 76 peer-re-
viewed articles related to shading and farm diversification in cocoa systems in the four
countries. Literature search was done in search engines including Google Scholar,
ResearchGate, ScienceDirect, Wiley Online Library and Springer Link. The nature
of cocoa agroforestry strategies employed across these countries highlights on agro-
nomic, economic and environmental benefits. Cocoa productivity continues to depend
on increase in the production area with the use of agrochemicals, and the quest to re-
duce deforestation and conserve the environment have opposing goals. To enhance
cocoa productivity sustainably, sector players are faced with trade-offs between yield
increases in monocultures and environmental conservation in cocoa agroforest sys-
tems. Thus, ordinary intensification could decrease environmental resilience, making
an adaptation of sustainable cocoa production practices vital. However, there is a need
to consider understorey management and the composition of the agroforest structure.
The disagreements on the technical characteristics of a cocoa agroforest and the lack
of specific training for farmers is also of concern. We, therefore, suggest that cocoa
agroforest system needs to take landscape and socio-economic issues into considera-
tion and that extension programs should be tailored to encourage the adoption of this
technique for sustainable cocoa production.

Keywords: Climate change, cocoa agroforests, cocoa productivity, deforestation,
environmental integrity
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Agroforestry Systems in Mozambique as Part of a South-South
Cooperation Project

SIMONE P. FAVARO!, CESAR MIRANDA!, IVETE F. MALULEQUEZ, VANIA J.
CossA?, FERNANDO M.A. FLUGENCIA?, ARISTIDES C. MAMBA?, ARNALDO
M. JAMAL?, LEONARDO D. PIMENTEL?

L Empresa Brasileira de Pesquisa Agropecudria (EMBRAPA), Brazil
2Mozambican Institute for Agricultural Research, Mozambique
3 Federal University of Vicosa, Brazil

It is reported the elaboration process and field performance of a triangular-type international
South-South technical cooperation partnership encompassing Brazil, Mozambique and donor
agents from the northern hemisphere. The project was part of The Agricultural Innovation
MKTPlaceplatform, coordinated by Embrapa, in partnership with Brazilian Federal University
of Vicosa, MS Foundation, and the Mozambican Institute for Agricultural Research (IIAM).
The framework of the evaluated technology was based on Agroforestry Systems envisaging the
integration of both food and biomass for renewable fuels production as a driver to sustainable
development of local family agriculture, by increasing availability of foodstuff and wood fuel
sources for self-consumption and income. In such a system, it is expected improvements of
soil properties and increasing awarenes towards conservation agriculture practices. The project
was executed around the City of Nampula, Nampula Province, Northeast of Mozambique, in
two sites: a local IIAM (on station) area, and an area belonging to a Small Farmers Association
Mapwane, in Anchilo Community (on farm trials). Partners get together in the build-up of the
proposal and all activities related to fieldwork. In the first two years of the project, main dif-
ficulties were legal aspects for a planned transference of Macauba palm (Acrocomia aculeata)
genetic material from Brazil to Mozambique; low engagement of participating farmers, despite
initial goodwill; trials with tree species with a long development cycle; lack of commitment
from some initial partners; the instability of climate conditions. On the other hand, positive
achievements of the project for both farmers and local technical team were the participative
construction of the project, which resulted in a good exchange of experiences; good integra-
tion among the teams during fieldwork; female presence in the leadership and execution of the
project; legacy of the implemented agroforestry systems and the building up of knowledge on
conservation agriculture among the farmers. In conclusion, the cooperation was effective to
strengthen ties between these nations of the South-South axis, effective exchange of experi-
ence among technical partners, as well as showing in the practice the innovative potential of
agroforestry systems for the improvement of small farmer’s livelihood.

Keywords: Biofuels, food production, small farm agriculture, sustainability
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The (in)visible Components of Participatory Action Research
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SUniversidade Federal de Vicosa, Departamento de Solos, Brazil

Scientists are increasingly recognising the importance of transdisciplinary collabora-
tion as well as the incorporation of different worldviews in research. Such compo-
nents are claimed to be crucial in scientific studies attempting to assess and design
complex social ecological systems capable to provide multiple ecosystem services
and conservation of natural resources. Despite the importance to engage local ac-
tors as co-creators in the research process using transdisciplinary and participatory
approaches, few studies develop and assess effective methodologies for doing so. Re-
search focus is often on data collection and interpretation, while social values and
strategies to approach local actors and build a relationship of trust and collaboration
are often overlooked. In this paper, we discuss participatory action research as an ap-
proach for engaging with local actors and to develop effective strategies for building
more sustainable and resilient agri-food systems. Based on a case study in Brazil, we
highlight six main components that are crucial for implementing participatory action
research: (i) Collective definition of research questions; (ii) Participatory methodolo-
gies for building scientific knowledge; (iii) Sharing and discussing research results
with local actors (iv); Integration between research and education; (v) Strengthening
capacity building and interdisciplinary team work; and (vi) Social engagement with
farmers. Our findings shows that building a team of researchers with different the-
oretical backgrounds and learning styles is important for effectively engaging with
farmers and their organisations, and making research outcomes more relevant for so-
ciety. The use of participatory methodologies is crucial not only to make this process
possible, but also to generate valuable scientific data. However, engaging with farmers
and different knowledge disciplines requires extra effort and time from researchers,
which is not always valued or recognised by academia. Yet, participatory research
processes can be facilitated by long-term local networks involving organisations such
as universities, NGO ‘s and farmer‘s cooperatives, associations and movements.

Keywords: Bottom-up, local actors, social network, social-ecological systems, trans-
disciplinary
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Reducing Forest Degradation: Energy Self-Sufficiency for
Smallholder Farmers via Agroforestry Systems in Semi-Arid
Tanzania

JOHANNES HAFNER!, GOTZ UCKERT!, HARRY HOFFMANN!, STEFAN SIEBER!,
ANTHONY KIMARO?
I Leibniz Centre for Agric. Landscape Res. (ZALF), PB 2, AG SUSLAND, Germany
World Agroforestry Centre (ICRAF), Tanzania Country Programme, Tanzania

High dependency on firewood to meet households’ cooking energy demand is one
driver of forest degradation in rural Tanzania. In order to be energy-independent from
external firewood sources small-scale farmers may take measures such as on-farm
firewood supply as well as the use of energy-efficient cooking to balance domestic
firewood consumption. We used the “controlled cooking test” protocol to determine
the firewood consumption of three-stone-fire stoves and energy-efficient improved
cooking stoves. We assessed the on-farm firewood production potential of Gliricidia
sepium. In total we analysed 3 blocks with two intercropping treatments each with a
plot size of 256 m?: maize and G. sepium (treatment 1), and maize, pigeonpea and
G. sepium (treatment 2). The G. sepium shrubs were planted in 2014 with a spacing
of 4 x 4 m?. For treatment 1, maize and G. sepium the wood biomass production was
36.7kg (SD 12.3) in 2018, and 129.7 kg (SD 71.4) per 256 m % in 2019. For treatment
2, the wood biomass production was 19.7 kg (SD 1.6) in 2018, and 70.0kg (SD 15.2)
per 256 m? in 2019. The extrapolated data showed a firewood production potential of
treatment 1 of 1432.7 kg, and of 767.8 kg for treatment 2 in 2018; in 2019 the potential
area 5066.1 kg and 2731.8 kg per hectare.

The annual G. sepium firewood consumption of a five-head household to meet its
cooking energy demand is 1298 kg with improved cooking stoves and 1815kg with
three-stone fire stoves. To determine the firewood self-sufficiency rate, we calculated
the ratio of firewood production potential and consumption. In 2018, 88.3 % (treat-
ment 1) and 47.3 % (treatment 2) with improved cooking stoves and 63.1 % (treatment
1) and 33.8 % (treatment 2) with three-stone-fire stoves of households’ cooking en-
ergy demand could be covered by firewood from intercropped G. sepium. In 2019,
the on-farm firewood production surpassed the demand: 312.2 % (treatment 1) and
168.4 % (treatment 2) with improved cooking stoves as well as 223.3 % (treatment
1) and 120.4 % (treatment 2) with three-stone-firewood of the households’ cooking
energy demand could be covered.

Keywords: Energy self-sufficiency, Gliricidia sepium, improved cooking stoves, on-
farm firewood, semi-arid Tanzania, three-stone-fire stoves
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Superfruit in the Niche - Underutilised Sea Buckthorn in
Gilgit-Baltistan, Pakistan
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YWniversity of Kassel, Organic Plant Production and Agroecosystems Research in the
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3 Information Technology University, School of Business and Management Sci., Pakistan
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Sea buckthorn is a medicinal plant with nutritious fruits, occurring throughout the
temperate regions of the northern hemisphere. Given their nutritional properties con-
sidered as a “superfood”, the berries have a large international market potential, par-
ticularly in China and Europe. Although sea buckthorn is widely spread in northern
Pakistan, it is a neglected species there, as collection and drying of sea buckthorn
berries is only performed at a rudimentary scale. Marketing is severely hampered by
low raw product quality, varying price margins, and low local demand. This study
provides comprehensive information about the current situation from collection to
post harvest management of sea buckthorn fruits including the analysis of vitamin C
under different sun and shade drying conditions. During 2017-2018 a total of 111
collectors and 17 commission agents were interviewed throughout Gilgit-Baltistan,
Pakistan using semi-structured questionnaires. Sale’s prices were low for the collec-
tors (1.82 US$ kg™!) leading to the fact that mostly poor households are involved in
harvest and sale. Traditional sun drying, and storage conditions were inappropriate
resulting in a decrease of chemical fruit quality: vitamin C concentration was only
50 % in sun dried as compared to shade dried fruits, which affects sale prices for most
collectors (87 %). Only 16 % of the households were involved in value addition of sea
buckthorn berries. Annual subsistence through by-product development was more re-
warding (378 US$) than berry sale only (181 US$). Based on supply chain analyses,
the non-coordination among actors and missing infrastructure pose major challenges
affecting the efficiency of the local businesses at large. The study also showed an ur-
gent need to set appropriate food quality standards, to increase communication among
stakeholders, and to intensify training offers especially for collectors.

Keywords: Collection, drying, Hippophae rhamnoides, non-regulated price, post
harvest handling, vitamin C
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Promoting Agroforestry through Land and Benefit Sharing
between Cocoa Mono-Croppers and Fruit Tree Producers
(Cameroon)

ACHILLE JEAN JAZA FOLEFACKl , DIETRICH DARR2
YUniversity of Dschang, Dept. of Agricultural Economics, Cameroon
2Rhine-Waal University of Applied Sciences, Faculty of Life Sciences, Germany

Given higher yields compared to traditional cocoa production, a significant share of
cocoa plantations in the Centre region of Cameroon have been converted to full-sun
production systems in the past. However, compared to such systems the cultivation
of cocoa under shade in agroforestry arrangements is associated with higher environ-
mental benefits. Cocoa agroforestry also creates additional income from eco-certifi-
cation programs such as Rainforest alliance or UTZ. While separated ownership of
land and trees is common in this region, owners of cocoa plantations are hesitant to
allow cultivation of fruit trees inside the cocoa farms as they are afraid of losing while
sharing their land. This represents a significant limitation to the diffusion of cocoa
agroforestry in Cameroon. Using the Coase Theorem approach, this study aims to
compute the welfare gain and loss for cocoa mono-croppers and fruit producers as a
function of the number of fruit trees planted on the shared land. From times series
data collected in 15 villages between 2008 and 2019, we selected 215 cocoa farms,
which integrated into their cocoa orchards the fruit tree species of safout (S; Dacry-
odes edulis), mango (M; Irvingia gabonensis) and/or ndjansang (N; Ricinodendron
heudelotii). The results showed that, as the density of fruit trees increased, cocoa yield
decreased and so did the cocoa mono-croppers’ farm income, while fruit producers
gained higher revenue. The socially efficient solution which satisfied both parties was
achieved by growing 1111 cocoa plants ha™! and 150 fruit trees ha™!, resulting in a
yield of 393 kg ha™! for cocoa (C), 2580 kg ha"! for S, 3200 kg ha™! for M and 1175
kg ha'! for N. In a C+S association for instance, cocoa croppers recorded revenue of
393,000 FCFA ha’! (as compared to 600,000 FCFA ha™! under mono-culture) versus
719,000 FCFA ha™! for fruit tree producers. Revenues were increased in agroforestry
systems composed of two or three fruit tree species. The paper discusses policy op-
tions to promote cocoa agroforestry while satisfying the interests of both cocoa mono-
croppers and tree growers.

Keywords: Coase theorem, cocoa agroforestry, eco-agriculture, eco-certification,
fruit trees, land sharing.
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4Gadjah Mada University (UGM Yogyakarta), Fac. of Agricultural Technology, Dept. of
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3 University of Natural Resources and Life Sciences Vienna (BOKU), Centre for Develop-
ment Research (CDR), Austria

Retaining or adding trees to cropping systems is widely assumed to increase carbon
(C) stocks by building biomass, adding litter to soil, providing a stable microclimate,
enhancing soil biological and physical properties and increasing temporal stability.
Agroforestry may also provide landscape-level services such as watershed and bio-
diversity conservation and, on steep slopes in high rainfall areas, reduce the risk of
soil erosion and landslides. Yet trees can compete with crops for space, nutrients and
water and such trade-offs might be acute where population density is high, such as in
Java Indonesia, where densities can exceed 900 km ~2.

We hypothesised that soil C stocks are higher in cropping systems where trees are
included, and in abandoned tree regrowth. We selected two villages, Leksana and
Penanggungan, in the Central Javan highlands (>1000m a.s.l.). Here, maize, pota-
toes, vegetables and other crops are farmed on Nitisols, under a range of intensifi-
cation scenarios, including or excluding trees. We compared cropped fields (i) with
trees; (ii) without trees; (iii) without trees and with intensive pesticide and fertiliser
use; and (iv) abandoned tree regrowth. On five fields of each type, we assessed tree
vegetation (>2 cm diameter at breast height), soil C and bulk density (0—10 and 10—
30 cm depths).

Trees on cropped fields were commonly two nitrogen-fixers, the native Paraserianthes
falcataria, averaging 270 stems ha~! and the exotic Calliandra calothyrsus, com-
bined with both native and exotic fruit and timber trees. Mean aboveground C in trees
was 6.3 MgCha~!. In the abandoned regrowth, P. falcataria densities were lower

Contact Address: Joep Van der Poel, Bern University of Applied Sciences (BFH), School of Agricul-
tural, Forest and Food Sciences (HAFL), Bern, Switzerland, e-mail: joep.vanderpoel @students.bfh.ch
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(222 ha~!) while densities of C. calothyrsus exceeded 11,000 stems ha~! and above-
ground C stocks were 60.4 Mg Cha~!. Contrary to our hypothesis, soil C concentra-
tions were high (5.1-7.9 % at 0—10cm depth) and neither concentrations nor stocks
were significantly different between any of the plot categories, ranging from 71-89
Mg Cha~! to 30 cm depth. This indicates either that factors other than including trees
have a stronger influence on soil C or more time is required to detect differences in
such C-rich soils.

Keywords: Agroforestry, carbon stocks, Java, land-use gradient, space-for-time-sub-
stitution
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Coffee Fruit Load Dynamics in Open and Shaded Systems Along
an Altitudinal Gradient
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It is well known that coffee yield is sensitive to climatic variations, in particular extended
dry spells and extreme temperatures during the fruit development phase. Shading coffee is
promoted as a management practice to reduce fruit drop by buffering extreme temperature
and improving soil moisture. We investigated the effect of three coffee cultivation systems,
i.e. Coffee-Open (CO), Coffee-Banana (CB) and Coffee-Shade tree (CT), along an altitude
gradient on (a) microclimate (temperature, relative humidity) and soil water content, (b) fruit
drop and branch die-back over two years of production (2015 and 2016). We monitored coffee
fruit development on 810 coffee trees in 27 plots (30 coffee trees/plot), which were distributed
homogeneously along an altitude gradient (1100-2100 m a.s.l.). Additionally, we recorded
temperature and relative humidity in 18 of the 27 plots, and soil water content in 16 of the 27
plots. We found a lower temperature amplitude and lower maximum temperature in shaded
systems, confirming the notion that shade improves microclimate for coffee grown beneath it.
While, soil moisture did not differ across cultivation systems. CO had the largest fruit drop (56
+ 17 %), followed by CB (46 £ 10 %) and CT (36 + 10 %) averaged for 2015 and 2016. In
the mean CB experienced the largest fruit load per stem at harvest, as a result of intermediate
fruit initiation and intermediate fruit drop along the production cycle. Moreover, differences
in fruit load across systems varied along the altitude gradient. At low altitude, CT had lower
fruit loads than CO and CB, while at high altitudes there were no differences in fruit load across
systems. Our results indicated that 1) improved understanding of the cropping systems effect on
coffee production cycle (fruit initiation and fruit drop) can help to develop shade management
schemes which help to increase coffee yield, due to reduced fruit drop and branch die back.
That 2) Effect of shade type and intensity in coffee production cycle varies along the altitudinal
gradient, thus shade management strategies need to be adjusted to the prevailing environmental
conditions.

Keywords: Altitude, climate change, Coffea arabica, fruit drop, fruit load dynamics, shade
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Reassessing the Role of Remnant Trees in Tropical Swidden
Systems

ATA DAVATGAR, LINDSEY NORGROVE

Bern University of Applied Sciences, School of Agricultural, Forest and Food Sciences,
Switzerland

In shifting cultivation (swidden), forest plots are cleared, cultivated for a short time
then abandoned to fallow. In many parts of the tropics, plots are not clear-felled but
certain trees are retained, providing services and also storing carbon. Carbon emis-
sion in such cyclical systems is less than that associated with permanent conversion
practices as carbon is sequestered in the following fallow phase. The time averaged
carbon of a swidden system is often estimated as half of the maximum carbon stocks
at the end of the fallow phase and assumes negligible carbon stocks at the beginning
of the crop phase. We conducted a systematic review to assess reasons why farmers
retain remnant trees, where they do so, approximately what is the quantity of carbon
retained in these trees and how does this alter the time-averaged carbon estimates
of swidden cultivation based on clear-felling. Data from 103 publications in three
agroecozones (humid, montane and dry forest) were included. We then combined our
findings with data on the extent of swidden in ten countries in the tropics to estimate
how much carbon in remnant trees is unaccounted for. The most commonly reported
reasons for tree retention included future timber or fuelwood (n=34), use of fruits and
leaves for food (n=24), use of other tree components for medical uses (n=22) and
shade for other crops and workers on farm (n=21). Other reasons cited included soil
fertility maintenance, seed flow under trees, supporting biodiversity, source of live-
stock forage, physical support for other crops such as yam vines in some areas. Some
studies stated that due to the scarcity of tool such as chainsaw farmers left some hard-
wood species in field. We calculated that from ten countries alone, approximately
3 Pg carbon stored in remnant trees is unaccounted for so the global contribution of
remnant trees in shifting cultivation to the “missing terrestrial carbon stock” would
far exceed this.

Keywords: Remnant trees, shifting cultivation, time averaged carbon
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Intercropping Gliricidia sepium Improves Crops Production and
Agroecosystem Resilience in Kongwa District, Dodoma, Tanzania

ANTHONY KIMARO!, JOHANNES HAFNER2, GOTZ UCKERT?, STEFAN SIEBER?
YWorld Agroforestry Centre (ICRAF), Tanzania Country Programme, Tanzania
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Extensive grazing and the use of crop residues for cooking energy are major drivers
of land degradation in semiarid zones. Poor soil health and unreliable precipitations
in these areas also limit crop production and increase susceptibility to climate change.
The impacts of climate change in agriculture are aggravated further by poor farm-
ing practices, including low use of inputs, especially mineral fertiliser. This study
evaluated productivity and resilience effects of Gliricidia sepium-based intercropping
systems. The split-plot design was adopted to test the effects of cropping system (sole
maize, sole pigeonpea, maize-pigeonpea, maize-G. sepium, and maize-pigeonpea-
G. sepium) and fertilisation (fertilised and unfertilised). Intercropping maize with
G. sepium and pigeonpea improved crops (maize and pigeonpea) yield by up to 33 %,
besides wood and fodder supply for improved livestock nutrition. Relative to maize
monoculture, intercropping G. sepium with maize increase rainwater use efficiency up
to 36 % (3.5kgha! mm™) and it was maximised (9.5kgha™! mm™!) during the drier
season (2015), reflecting beneficial effects on soil moisture retention and resilience
benefits of intercropping G. sepium. After 5 years wood produced in the maize-
G. sepium treatment was 5.1 tha™!, which was enough to sustain a 5-member family
for 3.1 years and 2.2 years when using improved cooking stoves and the 3-stone tradi-
tional firewood stoves, respectively. Utilizing this amount of wood offset about 1.58
tons of COsemissions. The economic benefits of integrating G. sepium compared
to sole maize were 3- and 4- folds increase in return to labour per day worked and
gross margin, respectively. Intercropping G. sepium improve crop production, build
resilience of farming system and offsetting emissions

Keywords: Agroforestry, climate resilience, CSA, semiarid areas, soil moisture
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Significance of Traditional Forest Management System in
Biodiversity Conservation and Ecosystem Services Provision:
Case Study of Osun-Osogbo Sacred Grove, Nigeria

JONATHAN C. ONYEKWELU!, BERND STIMM2, REINHARD MOSANDLZ, LAWAL
AMADU', ADEWALE O. AGBO-ADEDIRAN!
YThe Federal University of Technology, Dept. of Forestry and Wood Technology, Nigeria
2Technical University of Munich, Inst. of Silviculture, Center of Life and Food Sci. Wei-
henstephan, Germany

Many Nigerian communities have age-long traditional systems of site protection before the ad-
vent of conventional forest management in the country. Nigeria has rich indigenous traditions
of nature conservation. The role of traditional forest-related knowledge and forest manage-
ment systems are increasingly being recognised as important for biodiversity conservation. In
addition to biodiversity conservation, traditional natural resources management has supported
livelihoods for many generations through provision of ecosystem services. This study investi-
gated and compared the biodiversity status of sacred grove, primary and degraded forests with
the view of assessing the importance of traditional forest management system in biodiversity
conservation and ecosystem services provision. Osun-Osogbo sacred grove, two primary and
two degraded forests were involved. Eight 20 m x 40 m sample plots were systematically laid
in each site. In each plot, trees with dbh > 10cm were identified and their dbh measured.
Regeneration was assessed within 5 m x 5 m quadrat. Factors contributing to preservation
of sacred groves and provision of ecosystem services were investigated using semi-structured
questionnaire. Generally, sacred groves harboured richer biodiversity and played significant
role in biodiversity conservation compared to primary and degraded forests. Osun-Osogbo sa-
cred grove had the highest species richness (61), diversity index (3.54), regeneration richness
(66 spp.) and high species evenness (0.66). The frequency of endangered tree species in sacred
groves was high. Except species evenness, there were significant differences (p < 0.05) be-
tween the diversity indices of the study sites. The better biodiversity indices of Osun-Osogbo
grove compared to primary and degraded forests are indications of its importance in biodiver-
sity conservation. The preservation of Osun-Osogbo grove was secured through belief and fear
of deity, preservation of culture, place of worship, etc. while factors promoting biodiversity
conservation in the grove include preservation of home of deity, tree felling being abomination,
etc. Some ecosystem services provided by sacred grove include: healing, protection and peace,
tourism, employment provision, spiritual worship, revenue generation. However, the rules and
taboos used to preserve the grove are crumbling due to modernisation, advent of Christianity
and Islam. This must be addressed if sacred groves are to continue to play their important role
in biodiversity conservation.

Keywords: Biodiversity conservation, ecosystem services, Nigeria, primary and degraded for-
est, sacred groves, traditional forest management
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Farmers’ Use and Preferences of Trees in Bauchi State, Nigeria

ABUBAKAR YAHAYA TAMA!, ANNA MANOUROVA!, RAGHEB KAMAL
MOHAMMADZ, BOHDAN LoJKA!
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Trees play an important role to people of Bauchi State in many ways such as providing
organic supplement to crop fields and most of the trees have multiple uses in form of
productions such as medicine and fruits or services such as windbreaks and shades.
Local farmers plant trees for the myriad of these uses which include: providing fuel
wood, animal feeds, timber and stakes among other uses. The study aimed to identify
the most important use of tree species by the farmers in Bauchi State, Nigeria. We also
aimed to identify their preferences of tree species, to assess their abundance, identify
agroforestry design and spatial distribution on farms. The fieldwork was conducted
from June to September 2018 in both lowland and highland of Bauchi State. In total,
83 farmers were interviewed by semi-structured questionnaires while 52 tree species
and their uses were identified in both agroecological zones. The results showed that
farmers rely mostly on fruit and medicinal tree species such as Mangifera indica,
Citrus spp., Anacardium occidentale, Psidium guajava, Azadichrata indica, Jatropha
curcas, Moringa oleifera and Adansonia digitata. Besides fruit and medicinal trees,
service functions of trees such as fencing, shading, wind breaks play a crucial role.
However, using trees for soil improvement was reported only in lowlands. Regarding
the species preferences, Adansonia digitata has the highest priority among the farmers
in the lowland, while Parkia biglobosa is the most preferred in the highland. Moringa
oleifera was the most abundant species in both agroecological zones. In agroforestry
systems, scattered trees were the most preferred in both lowland and highland while
bush field was the most preferred location of farms in lowland and village field, the
most preferred location in highland. To conclude, as no use of timber tree species
was cited in both agroecological zones, we suggest farmers should incorporate timber
species on their farms, especially Pterocarpus erinaceous, an indigenous tree that is
known to grow fast and serve both as timber and medicinal species. Policy makers
should introduce improved varieties of most preferred species. In the future, more
studies have to be conducted on medicinal used trees in the study area as it was the
second most mentioned use.

Keywords: Agroforestry, lowlands vs. highlands, multipurpose tree species, savan-
nah, Sudan-Sahel zones
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Macaw Palm Mixed Cropping — What Are Suitable Cropping
Options?

MELANIE HINDERER!, CATHERINE MEYER!, SERGIO MOTOIKE2, GEORG
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YUniversity of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-Institute),
Germany
2 Federal Univerity of Vicosa, Department of Plant Science, Brazil

Macaw palm (Acrocomia sp.) is an oil-bearing palm that gained a lot of interest in
recent years due to its excellent bio-economic potential. Macaw palm has various
traditional uses for food, animal feed, fibre and medicine. It is not competing with
rainforest and fertile land and therefore a sustainable alternative to the African oil
palm (Elaeis guineensis). The oils from the fruit pulp and kernel increased the im-
portance of macaw palm because of their high nutritive value but also as source of
biofuels. Macaw palm grows under a wide range of climatic conditions, from sub-
tropical to tropical regions. It has a great potential for integration into silvopastoral
and agrosilvocultural systems.

The aim of this study was to investigate (i) if macaw palm is suitable for integration
into agroforestry and/or silvopastoral systems (ii) which spacing of the palm trees
guarantees the best light conditions for such systems. Microclimate and photosyn-
thetic active radiation (PAR) interception of A. aculeata were measured in three sys-
tems (alley cropped with coffee, a silvopastoral system and a sole stand) in the Zona
de Mata region of Minas Gerais, Brazil.

Isotope discrimination was used as an indicator for water stress. The measured & 1*C
values of coffee under shade trees or macaw palms were around the usual 28% for C3
plants, but under full sun, coffee’s & *C ranged between 26 and 27%q, indicating slight
water stress. Air temperature, relative humidity and soil temperature fluctuations were
lower in the intercropped plots than in the full sun coffee plots. The maximum PAR
increased with spacing from 540 to 1333 pmol m ~2s~! in the 5 m by 4 m and 7 m by
4 m plot, respectively, allowing to grow other crops in between.

Macaw palm coffee intercropping and macaw palm silvopastoral systems can be con-
sidered a viable mitigation option for regions with climate change impact as it pro-
vides a prolonged harvesting window and a more diversified income for farmers. By
integrating macaw palm lots into pastures, C4 grasses can establish between and shade
areas for cattle are provided - a win-win situation for cattle raising without compro-
mising macaw palm growth.

Keywords: Bioeconomy, climate change mitigation, surrogate for palm oil
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Effects of Shading and Soil Moisture on Brachiaria brizantha
Biomass in an Integrated Crop-Livestock-Forestry System

SARAH GLATZLE!, MARCUS GIESE!, SABINE STURZ!, MARIANA PEREIRA!,
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Germany
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Components of integrated production systems may compromise each other in compe-
tition for resources such as water and light. A smart and sustainable management of
these resources is key to an overall successful system performance but often basic in-
formation are missing of how components and resources interact. This study analysed
the seasonal dynamics of photosynthetically active radiation (PAR), soil moisture and
grass biomass for integrated Crop-Livestock-Forestry (ICLF) demonstration plots in
Campo Grande-MS, Brazil.

Data were collected at three ICLF plots consisting of grass pasture (Brachiaria brizan-
tha BRS cv. Piatd) lined with east-west orientated strips of 20 m high Eucalyptus
trees (Eucalyptus urograndis) in 22 m distance. PAR (AccuPAR CP-80), soil mois-
ture (DELTA T FDR) and grass biomass (moving cages) were sampled in each plot in
a line of five sampling points between tree rows to represent the shading gradient.
During rainy season (Dec—Feb) the PAR gradient was extremely high ranging from
on average 1300 umol m~2 s~! (centre positions) to only 180 umol m =2 s~! near
trees. In contrast due to lower inclination all points receive more or less the same
amount of PAR (500 gmol m~2 s~!) during dry season (Jun—Aug). For soil moisture
we measured a clear gradient from on average 29-32 Vol % at centre positions to 20—
25 Vol % near the tree lines. Dry season revealed same pattern with on average 3—5
Vol % lower values across the gradient. Biomass distribution showed a clear gradient
as well with twice as much DM in centre positions for both seasons, while DM was
about halved during dry season.

Although we recorded a very high variation of PAR across the gradient between trees
during rainy season, soil water content appears dominant affecting grass biomass
growth according to correlation analysis. This relation was not surprisingly tight-
ened during dry season when soil moisture contents approach wilting points more
often. However, differences in energy budgets across the gradient and seasons re-
sulting from radiation inputs are tremendous and should be considered in follow up
analysis and management strategies of ICLF systems in relation to tree distances and
height.

Keywords: Brazil, grass biomass, PAR, soil moisture
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Site Adaptability of Mangrove Species in Myanmar

AUNG MYAT SAN, RALPH MITLOHNER
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Ecology, Germany

Mangroves, halophytes, play an important role in the sustainability of coastal and
marine ecosystems and provide protective and productive functions for the socio—
economic development of the coastal communities. Myanmar, a tropical country in
Southeast Asia, possesses about 2800 km of coastline along which mangroves occur
in three different coastal regions. Due to anthropogenic influences and natural disas-
ters, mangrove forests in Myanmar are being degraded at an alarming rate. Mangrove
rehabilitation programs are being carried out in all the coastal regions and site-species
matching is crucial for successful mangrove reforestation. Salinity is a limiting factor
for the growth of mangroves and osmoregulation is one of the strategies mangrove
species use to cope with saline site conditions. The study aimed to observe the inter-
action between the mangrove species and their growing sites in order to determine the
most saline-tolerant species from respective intertidal zones. In each coastal region,
two study sites were selected in distinct hydrological habitats; one on an island and
one on the coast or delta area. Leaf and soil samples for 21 dominant true mangroves
and associated species were collected. The osmotic potential of plants (midday and
saturated) and soils were cryoscopically analysed. The difference in osmoregulation
of individual species among different habitats and their relationship to their respective
soils were determined. The osmotic potential of plants ranged from -1.2 to -7.1 MPa.
The study revealed the applicational relevance of saturated leaf osmotic potential as an
indicator of site conditions, due to its close proximity to soil osmotic potential. Opti-
mally performing mangroves species from different habitats presented significant dif-
ferences in osmotic potential. Avicennia alba, Rhizophora mucronata and Rhizophora
apiculata from the lower intertidal zone; Avicennia marina, Xylocarpus granatum and
Bruguiera cylindrica from the mid-intertidal zone; Ceriops decandra and Excoecaria
agallocha from the high intertidal zone were the species with the lowest midday os-
motic potential (the highest internal solute concentration) in their respective zones.
These species can be proposed as saline-tolerant species for plantation establishment
of mangrove restoration programs.

Keywords: Mangrove rehabilitation, osmotic potential, saline tolerance, site indica-
tor, site-species matching
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Balanites aegyptiaca: A Multipurpose Tree Species for Forest
Based Industry Development in Sudan
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Sudan is endowed by a great diversity of tree species, nevertheless the utilisation of
wood resources has traditionally concentrated to a few number of species. Most of the
indigenous hardwood tree species in Sudan are used as charcoal, firewood and fuel
wood due to the lack of information about their properties. Despite the richness of
Sudan for most of the basic factors required to establish forest based industries, it still
almost entirely depend on imports to satisfy its needs for industrial products such as
pulp, paper, and fiberboard. There is an urgent need to evaluate the available local raw
materials as potential sources for forest based industries. This would not only reduce
imports, but it would also provide an economic incentive to the forestry and industrial
sectors of Sudan.

The present study was carried out to investigate some wood properties of Balanites
aegyptiaca and to assess its suitability for pulp, paper and flooring industries. This
species is widely distributed and easily grown on large areas in Sudan. The wood
materials were collected from four states in Sudan namely: Blue Nile state, North-
ern Kordofan state, Southern Kordofan state and White Nile state. Some anatomical,
physical and mechanical properties were investigated. In anatomical investigations,
fiber length, diameter, lumen diameter as well as double wall thickness were measured
from which the Runkel ratio, slenderness ratio and coefficient of suppleness (or flexi-
bility coefficient) were obtained. Concerning physical and mechanical investigations,
wood basic density and hardness strength were determined respectively.

The results revealed that the anatomical, mechanical and physical wood properties of
Balanites aegyptiaca may qualify for pulp, paper and flooring industries. The results
of this study could enhance the establishment of such forest based industry in Sudan.

Keywords: Balanites aegyptiaca, development, forests based industries, Sudan
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Land-Use Intensification Gradient and Vegetation Diversity Loss
Reduce Termite Abundance in Humid Lowland Forest of
Cameroon
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Increasing pressure of human activities leads to a large-scale land-use change including de-
forestation, cropland expansion or agricultural intensification, which is reflected in the loss
of soil quality. While forest conversion to cropland in slash-and-burn agriculture initially in-
creases soil fertility by the input of ashes, the long-term soil degradation and biodiversity loss
due to vegetation removal may have detrimental impacts on ecosystem services in the long-
run. Apart from ash-originated nutrient input, agricultural activity as well as natural vegetation
depend on nutrients originating from soil organic matter (SOM) decomposition, which is, par-
ticularly in tropics, mediated by termites. Therefore, termite species richness and abundance
are considered suitable indicators of ecosystem functioning and nutrient cycling. In the present
study, we evaluated the changes in vegetation structure, termite abundance and diversity as
well as soil properties along the land-use intensification gradient in lowland humid forest of
Cameroon. The four most common land-use systems included: primary forest (PF) which has
been without disturbance for at least 70 years, secondary forest (SF) occasionally used for tim-
ber collection, cocoa agroforestry system (CA) and maize cropland (MC) established on area
which was burnt 5 months before the study. All studied termite variables (abundance, genus
richness, and diversity) decreased along land-use intensification gradient, and all were posi-
tively related to vegetation basal area, tree species diversity and richness, canopy cover and
number of tree individuals. On the other hand, termite communities were negatively related
to soil CEC, soil pH and Ca, which were all the highest in the MC when compared to other
systems. Nevertheless, such amelioration of soil acidity and increase of base cations was likely
a short-term result of slash-and-burn management, rather than a direct cause of termite abun-
dance reduction. Therefore, the maintenance of diverse and abundant vegetation, either in its
natural state or as diversified agroforestry systems, is the key mechanism to maintain functional
termite communities, which can serve as ecosystem engineers and contribute to the long-term
ecosystem productivity and soil health.

Keywords: Biodiversity, cocoa agroforestry, land-use system, soil fertility, vegetation structure
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Diversity of Natural Pollinators in Cocoa Agroforests in the
Peruvian Amazon

MARTINA SNASELOVA, JITKA STRAKOVA, NIKOLA TEUTSCHEROVA,
BOHDAN LOJKA
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Despite the importance of cocoa (Theobroma cacao, L.), fruit yield remain relatively
low. A very low fruit set of cocoa relative to the numerous produced flowers has
been connected to low pollination intensity. Abundance of cocoa pollinators (mostly
Diptera: Ceratopogonidae) is influenced mainly by the availability of breeding mate-
rial. One of the best breeding opportunities for pollinators represent ecosystems with
heterogeneous shade cover and those where substrates of decomposing cocoa leaf lit-
ter and fruit husks are available in sufficient amount. Pollinator-friendly practices
would lead to higher number of pollinators and consequently to a higher yield. The
objective of this study was the evaluation of cocoa agroforests as a suitable habitat
for pollinators in general and cocoa pollinators in particular and its subsequent po-
tential to yield enhancement. The experiment was conducted in three different cocoa
agroforestry systems in the Peruvian Amazon with different characteristics, including
vegetation structure, canopy cover and soil cover. Insect trapping took place in paral-
lel to monitoring the phenological patterns of the flowering and fruit set. Afterwards
evaluation of captured insects was conducted. Chosen families of Hymenoptera and
Dipetra order were determined to morphospecies and their abundance and diversity
was calculated. The abundance of pollinators in general was the highest in the system
with the highest number of species of shade trees and with the highest shade cover.
There were no differences in insect species diversity and richness among systems.
The abundance of Ceratopogonidae insects was very low in all systems and that is
why they were excluded from our study. Other potential cocoa pollinators are small
individuals from the Diptera order (namely the families Cecidomyiidae, Drosophili-
dae and Phoridae). Results indicated that agroforestry systems with adequate canopy
shade cover and enough leaf litter could be considered as the best habitat for cocoa
pollinator enhancement. However, an additional long-term survey needs to be done.
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Domestication of Baobab (Adansonia digitata L.) in Kenya:
Selecting Elite Mother Trees by Using a Multi-trait Approach

KATJIA KEHLENBECKI, MONICA A. OMONDIZ, JUSTINE NYAMWEYAZ, JOHN
B0SCO MUKUNDI?, JENS GEBAUER!, FREDAH KARAMBU RIMBERIA?
' Rhine-Waal University of Applied Sciences, Fac. of Life Sciences, Germany
2 Jomo Kenyatta University of Agriculture and Technology, Dept. of Horticulture, Kenya

Baobab (Adansonia digitata L.) with its highly nutritious fruit pulp is an important
wild fruit tree in Kenya. The increasing demand for pulp from domestic and interna-
tional markets puts pressure on wild baobab populations. Domestication and cultiva-
tion of baobab in agroforestry systems may result in better quality and higher quan-
tities of baobab fruit pulp and simultaneously contribute to the conservation of this
valuable plant resource. Within the Baofood project, this study aimed at developing
a multi-trait approach for selecting elite baobab mother trees based on morphological
characteristics and pulp chemical composition for future baobab domestication.

Two baobab populations were surveyed in Kenya and a total of 71 trees randomly
selected. Ten fruits per tree were collected for assessing several quantitative and qual-
itative morphological traits. Pulp samples from each of the accessions were analysed
for their soluble solids contents (°Brix) and total titratable acidity (TTA). Superior
mother trees were identified by applying principal component analysis (PCA).

The studied 71 individual baobab trees were highly variable regarding morphological
fruit characteristics. Mean fruit weight per accession ranged from 73-696 g with an
overall median of 227 g. Total yield had a median of 54kg per tree, ranging from
7 to 160kg. Pulp weight also showed a high variability (median 38, range 11-136
g). Pulp proportion from the whole fruit ranged from 13 to 23 % with a median of
17 %. Median Brix was 11° (range 6—18°), while median TTA was 0.7 g equivalent
malic acid/100 g fresh matter (range 0.4—1.2). A final PCA was performed using six
traits with low levels of auto-correlations. Two elite mother trees were identified in
each of the two research areas, with highest axis loadings for the traits ‘yield” and
‘Brix’, while ‘pulp proportion’ was not considered as important by the PCA. After
adding further fruit traits such as vitamin C content in future analyses, the finally
selected trees should be used for vegetative propagation and tested on farms for their
performance. Results of our study can contribute to better utilisation of baobab and
to improved nutrition and livelihoods of rural communities in Kenya and beyond.

Keywords: Agroforestry, characterisation, conservation, fruit pulp, nutrient content
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Inga edulis LLegume Morphology and Genetic Structure in Wild
and Cultivated Populations in Amazonian Peru

ALEXANDR ROLLO!, MARIA MARGARIDA RIBEIRO?, MARIE KALOUSOVAL,
BOHDAN LoJKA!
LCzech Univerzity of Life Sciences Prague, Dept. of Crop Sciences and Agroforestry in
the Tropics and Subtropics, Czech Republic
2Escola Superior Agrdria do Instituto Politécnico de Castelo Barnco, Dept. of Natural

Resources and Sustainable Development, Portugal

Inga species (Fabaceae) are important components of Neotropical forests, as well as
local food source. Inga edulis is one of the most used species in the Amazon region
for fruits and shade tree. To the best of our knowledge little is known about I. edulis
species’ genetic diversity and structure in the wild and cultivated populations. In our
study it was assessed the genetic diversity and structure using 259 trees sampled in
five wild and 22 cultivated I. edulis populations in three different geographical regions
(Selva Central, Ucvayali and Loreto) of Amazonian Peru. Inga edulis legume length
was measured to highlight differences between wild and cultivated 1. edulis trees. Us-
ing microsatellite markers it was determined the genetic diversity and structure of
populations using analysis of molecular variance and Bayesian analysis. The average
legume length in cultivated /. edulis trees (83 cm) was significantly larger then (39 cm)
legume length average in wild trees. The Loreto region cultivated 1. edulis trees had
the highest legume length (148 cm) and lowest allelic richness. The expected genetic
diversity and the average number of alleles was higher in the wild I. edulis compared
to the cultivated I. edulis populations. A loss of genetic diversity was confirmed in the
L edulis cultivated populations. The species could have been simultaneously domes-
ticated in multiple locations, usually with local origin. The original 1. edulis Ama-
zonian germplasm should be maintained, and cultivated population new germplasm
influx from the wild populations could increase genetic diversity, provided that fruit
yield will not be compromised.

Keywords: Agroforestry, Amazon basin, biodiversity conservation, domestication,
edible fruit, Inga
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Genetic Diversity and Differentiation of Olea europaea subsp.
cuspidata in the Hajar Mountains, Sultanate of Oman

NOURIN AHOSAN HABIB', MARKUS MULLER?, OLIVER GAILING?,
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GHUDAINA AL ISSAT*, MARTIN WIEHLE’

YKhulna University, Forestry and Wood Technology Discipline, Bangladesh

2 University of Goettingen, Inst. of Forest Genetics and Forest Tree Breeding, Germany

3University of Kassel, Organic Plant Production and Agroecosystems Research in the
Tropics and Subtropics, Germany

4Diwan of Royal Court, Oman Botanic Garden, Oman

SUniversity of Kassel, Tropenzentrum / ICDD / Organic Plant Production and Agroe-
cosystems Research in the Tropics and Subtropics (OPATS), Germany

Olea europaea subsp. cuspidata (Wall. & G.Don) Cif. (wild olive) is one of the six subspecies
considered important for domestication purposes of olive as it bears favourable physiologi-
cal and morphological traits. The distribution of wild olive stretches from South Africa over
the Middle East and the Mediterranean region to China mainly at mid to high altitudes with
reliable precipitation. Wild olive populations are considered isolated outposts of a formerly
large and more or less connected Olea europaea population. Nowadays, wild olive popula-
tions are poorly connected, situated in fragile habitats, and hence more prone to additional
stresses. These stresses include erratic weather extremes and anthropogenic influences such
as illegal logging and livestock keeping activities that may result into further fragmentation of
stands, shifts of demography, increased clonal growth, and lead to directional genetic change.
Wild olive also grows in the Hajar Mountains, Sultanate of Oman, a habitat subjected to many
anthropogenic disturbances. Therefore, the present condition of wild olive in the Hajar Moun-
tains was studied to predict the future stability of this population. To this end a total of 362
individuals was inventoried and a subset of 188 individuals were genetically analysed at 12
microsatellite markers. Dendrological measures indicated disturbances mainly due to human
activities. Height and crown area of individuals averaged 3.7 m (range: 0.2 to 12m) and 14 m
(range: 1 to 18 m), respectively. The stand conditional index was mainly 50 %. The identified
genetic variation within the sampled areas was moderate (observed and expected heterozygos-
ity: 0.58 to 0.55 and 0.64 to 0.62, respectively) with the absence of clones. Though significant
genetic differentiation was found, there was no evidence of population sub-structure suggest-
ing effective pollen and long-distance seed dispersal. Changes in gene flow patterns may be
reflected in the next (seedling) generation. Further studies are necessary to detect any changes
in the future and to develop sustainable conservation strategies for this species.

Keywords: EST-markers, genetic diversity, microsatellites, spatial genetic structure, wild olive
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The Necessity and Challenges of Tropical Paludiculture
HANS JOOSTEN

University Greifswald, Inst. of Botany and Landscape Ecology; Partner in the Greif-
swald Mire Centre, Germany

The Paris Agreement has made the world simple. We have one common goal: to limit
global temperature rise to clearly below 2°C. The physical consequence is, that we
have to reduce global net CO, emissions by 2050 to O (zero). As, furthermore, these
goals have to be reached “...in the context of sustainable development and efforts to
eradicate poverty”, the challenges are enormous.

Currently drained peatlands account for 5 % of all global anthropogenic GHG emis-
sions, half of which coming from the tropics. Millions of hectares of drained peat-
lands will furthermore in future be flooded by the sea because of ongoing peat sub-
sidence. The Paris Agreement and the Sustainable Development Goals imply that
the use of drained peatlands is completely stopped and that worldwide until 2050 al-
most 20,000 km? of drained peatland will be rewetted annually. As the demand for
biomass is growing, these peatlands must largely maintain their production function.
Peatland agriculture and forestry must therefore rapidly advance the development of
innovative, wet cultivation techniques, i.e. of paludicultures, which — per definition —
minimise greenhouse gas emissions and stop subsidence.

The presentation will discuss the perspectives, options and major challenges of tropi-
cal paludicultures.

Keywords: Climate change, gas emisions, peatlands
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Social Obstacles to the Management of Ecosystem Services in the
Cubango-Okavango River Basin

STEPHANIE DOMPTAIL, MELLISSA TELLO
Justus-Liebig University Giessen, Inst. of Agricultural Policy and Market Research,
Germany

The sustainable management of the Cubango-Okavango River Basin (CORB), south-
ern Africa, is often framed at the transboundary level as a “conservation vs. exploita-
tion” conflict opposing downstream to upstream nations. This masks the existence of
more localised barriers to the sustainable management of ecosystem services (ESS)
with regard to institutional and social challenges in the basin. Yet, social conflicts
and challenges frame the capacity of local actors to engage in a transition towards
sustainable resource management.

On the one hand, our contribution identifies key social challenges and conflicts related
to the sustainable resource management in the basin. On the other, we identify the
existing land use conflicts using the concept of ecosystem services and show which
social conflicts they are attached to.

80 texts of interviews conducted from 2012 to 2013 with actors of 4 levels of gov-
ernance (local, provincial, national and basin) were analysed with a qualitative and
quantitative content analysis. Latent and revealed ecosystem service conflicts are
identified using a diagnosis key for which the object of conflict was coded for, as well
as the involved actors and the intensity of the conflict.

27 revealed and potential conflicts jeopardise the sustainable management of wildlife,
crops and livestock, collected natural resources (e.g. wood), water and recreation. We
found that social challenges are created by the emergence of new land uses and related
ESS. As new parties come into play, the original land-users become marginalised.
Yet, intra-community conflicts, such as gender inequality and the generational clash
between youth and current land users, also burden the communities in their attempt to
find sustainable land-use paths at the local scale.

Currently, smallholders are not actively shaping the debate over the relevance of us-
ing farming as a motor of rural development in the CORB. Beyond a technical sup-
port, means to facilitate the current political and social challenges to achieving sound
resources use would make communities more sovereign to make their own choice
towards a better livelihood.

Keywords: Conflict diagnosis, ecosystem services, land use science, social conflicts,
social ecology
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Hemp as a Multifunctional Crop to Promote Quilombola
Communities of the Brazilian Sao Francisco Valley: A Case Study

DANILO CRISPIM MASSUELA, CINZIA PIATTI
University of Hohenheim, Institute of Social Sciences in Agriculture - Societal Transition
and Agriculture, Germany

The Brazilian Sertdo, a region chronically subject to famine and multiyear droughts,
bear the worst distributive inequity and food security metrics in the country. Inside the
region, the Sao Francisco river valley is the main agricultural landscape but also the
biggest producer of narcotic cannabis in Brazil. The river lands have been the stage of
violent and unequal forms of settlement, marginalizing traditional communities such
as indigenous groups and the Quilombolas - a rural minority descending from slaves,
historically subjected to food insecurity, racism and land confiscation; but it is also a
prominent example as peasantry resistance on the fight for recognition and access to
land, water and food. With the current political and economic crisis in Brazil, pre-
vious governmental programs and public policies aiming at rural development have
been drastically reduced. In addition, the predatory interests of agribusiness in the
region made smallholder farmers living in Quilombola communities suffer threats
to their productive resources and hindrances to access constitutional rights such as
land tenure, due to structural changes in governmental agencies. Often, community
members join the traffic networking and crop narcotic cannabis for subsistence mat-
ters, facing violence and prosecution. But cannabis is also a multifunctional crop,
drought tolerant, used for centuries to provide mankind nutrition, functional fibers
and medicine. Recently, we have seen a relaxation of social stigma and consequent
change in legislation, as a growing global trend towards the depenalisation and market
regulation of light drugs, pushing the discussion towards the regulation of cannabis
products for industrial (namely hemp), medicinal and recreational matters in Brazil.
Such a trend could constitute a chance for legal markets creation, given hemps’ re-
discovered functions and features which respond to a growing consumer markets for
ethical and sustainable products. From the Quilombola communities’ perspective, this
work aims at exploring the potential capacity of the landscapes in the Sao Francisco
valley to provide industrial hemp products (seeds, leaves, fibers) to a growing global
demand and potential local market in Brazil (food, cosmetics, industrial), counter-
ing social marginalization and environmental degradation in this tropical semi-arid
region.

Keywords: Alternative food trends, cannabis, hemp, quilombola communities
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Ecosystem Services Valuation in Puerto Vallarta, Mexico for a
Concurrent PES Scheme to Foster Adaptation to Climate Change

CARLOS MATIAS FIGUEROA1 , PILAR SALAZAR VARGASI,
JOSE ALBERTO LARA PULIDO?
U National Institute of Ecology and Climate Change, General Coordination of Adaptation
to Climate Change, Mexico
2 Ibero-American University, Transdisciplinary Center for Sustainability, Mexico

Mexico introduced a nation-wide payment for ecosystem services (PES) scheme in 2003 as an
economic incentive for forest owners to compensate them for conservation costs and expendi-
tures incurred in while carrying out good land use practices. Due to budgetary constraints the
Mexican government migrated from a purely public to public-private funding, called concurrent
funds. To implement such scheme the National Forestry Commission (CONAFOR) requires
information of the value of the ecosystem services and the land use opportunity cost. The Na-
tional Institute of Ecology and Climate Change (INECC) developed such information for the
watersheds that feed Puerto Vallarta in the state of Jalisco, Mexico. The location was chosen
given its ecological and touristic importance and because it has been subject of the project
“Conservation of Coastal Basins in the Context of Climate Change” to foster ecosystem-based
adaptation (EbA) actions. The research intended to showcase the importance and value that
upstream ecosystem services provide to tourism, the potential to implement EbA in the re-
gion and also to provide economic incentives to landowners to conserve forests and implement
low-impact agricultural practices. To achieve these objectives a literary review was conducted
to understand the environmental, social and economic dynamics in the area and to identify
the priority ecosystem services, then the willingness to pay and accept (WTP and WTA) was
estimated via a contingent valuation to consider the rural/urban and consumers/producers per-
spectives. The study focused on water provision, scenic beauty and carbon sequestration by
the upstream forest in the region. During this contingent valuation, economic data regarding
forestry and agriculture activities was also captured to calculate the opportunity cost to conserve
the forest. The results showed that tourist and residents would be willing to pay $3,161 million
pesos per year and farmers would be willing to accept $1,524.6 million pesos. This shows
the great existing potential and feasibility to implement a concurrent PES scheme. A payment
of $2,070 pesos per hectare would be a sufficient incentive to allow conserving 51.7 % of the
forest areas of the watersheds. This research evidence the great potential to implement concur-
rent PES schemes in Mexico to conserve large forest areas while contributing to its Nationally
Determined Contributions under the Paris Agreement.

Keywords: Concurrent funds, contingent valuation, ecosystem-based adaptation, opportunity
cost, payment for ecosystem services
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Medicinal Plants as a Complementary Health Treatment by
Small-Scale Farmers in South of Brazil

JULIA SEVERO DOS SANTOS!, FRANCINE HENKE TESSMER?, LAURA TELLES
GOMES!, ALINE NEUTZLING BRUM!

U Federal University of Rio Grande, Nursing School, Brazil
2Fac. Anhanguera of Pelotas, Physiotherapy Dept., Brazil

This study was carried out to understand the vulnerability situation of the small-scale
farmers at Coldnia Maciel, located in the South of Rio Grande do Sul, Brazil. Thus,
to get presented results, 206 households were interviewed through semi structured
questionnaires from September to December 2018. According to this survey, 65.4 %
of population studied claims to have health problems. Among the major diseases:
heart problems (31.5 %), auto immunes complications (27 %), respiratory limitations
(11.7 %) and mental health disorders (10.8 %) were observed. The population sur-
veyed was also asked about their different forms of health care, 71.2 % declare the
use of local health service (UBS—Unidade Basica de Sadde). Further, 70.2 % make
use of prescribed medication and 53.8 % make use of not prescribed medication to
treat their illness. Still, was complementary form of health care, 79.8 % of population
use medicinal plants to support formal treatment. Between the most used medici-
nal plants, stand out: marcela (Achyrocline satureioides) 15.9%; tuncho (Foeniculum
vulgare) 7%; camomila (Matricaria chamomilla) 6.5%; tansagem (Plantago major)
5.6%; boldo (Peumus boldus) 5.1%; cidreira (Melissa officinalis) 5.6%; and malva
(Malva sylvestris) 4.2 %. These medicinal plants are mainly used for pain and stress
alleviation. When asked about the origin of knowledge in medicinal plants, the stud-
ied population declared that information was transmitted by family over generations,
about medicinal plants properties in this region. Thus, this study identified the need
to rescue and intensify the popular and cultural knowledge about medicinal plants, as
complementary health treatment.

Keywords: Health conditions, medicinal plants, small-scale farmers
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Ethnomedicine in the High Lands of Chiapas, Mexico

EDUARDO ALBERTO LARA REIMERS!, YAMEN HOMAIDAN SHMEIT!, ELOY
FERNANDEZ CUSIMAMANI!, JUAN MANUEL ZEPEDA DEL VALLEZ,
DAVID JONATHAN LARA REIMERS?
LCzech University of Life Sciences Prague, Fac. Trop. Agrisci., Dept. of Crop Sci. and
Agroforestry, Czech Republic
2Chapingo Autonomous University, Regional Centers, Mexico
3 Chapingo Autonomous University, Dept. of Forestry Engineering, Mexico

Ethnomedicine is understood as a set of traditional knowledge, skills and practices
based on theories, beliefs, and experiences of indigenous cultures. It is used as a
health care source, as well as in the prevention, diagnosis, improvement or treatment
of physical and mental illnesses around the world. Mexico has a long history in the
use of ethnomedicine due to its biodiversity and multicultural (indigenous) groups,
yet the use of medicinal plants is not only related to rural areas, economic status and
cultural conditions.

The objective of this research was to record the medicinal plants used by 14 indige-
nous Tsotsil communities in the highlands of Chiapas, Mexico. The data was col-
lected from 59 informants (61 % women, 39 % men) aged between 20 and 86 years,
through a semi-structured questionnaire in the Tsotsil native language. A total of 59
species of medicinal plants belonging to 55 genera and 37 botanical families were
reported. The Asteraceae family was the most cited, with 6 species (Uses Report =
51).

The highest cultural index (CI) was reported for Matricaria chamomilla (CI = 0.42),
Mentha sativa (CI = 0.36) and Ruta graveolens (CI = 0.31). According to the in-
formant Consensus factor (ICF) the main pathological categories treated were repro-
ductive system diseases (ICF=0.80), respiratory infections (ICF = 0.75) and diseases
of the digestive system (ICF= 0.70). The species reported and their diversity of uses
provides the needs of the families with socioeconomic deficiencies.

Nowadays the use of medicinal plants is still high (visible) among the Tsotsil commu-
nity but the diversity seems to be reduced in the recent years, and is gradually being
replaced by modern medicine to heal general problems.

Keywords: Asteraceae, chiapas highlands, indigenous communities, medicinal plants,
Tsotsil
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Urban Ethnobotany: Medicinal Plants Used for the Treatment of
Noncommunicable Diseases in Santa Marta, Colombia

MARTINA TASEVI, EDUINO CARBONO-DELAHOZ 2, LUKAS PAWERAI, CORY
WHITNEY?, NAJI SULAIMAN!, VLADIMIR VERNER!, ZBYNEK POLESNY!
LCzech University of Life Sciences Prague, Fac. of Tropical AgriSciences, Czech Republic
2Universidad del Magdalena, Herbario UTMC, Colombia
3 University of Bonn, Inst. Crop Sci. and Res. Conserv. (INRES), Germany

Colombian population is considerably threatened by noncommunicable diseases. How-
ever, as traditional medicine is still popular in Colombia, the local people do not hesi-
tate to use medicinal plants for the treatment of a wide range of health disorders. This
research aimed to inventory medicinal plants used for the treatment of obesity, dia-
betes, hypertension and heart diseases available within local herbal shops (herboris-
terfas). Data were collected in the period from September 2016 till February 2017 in
7 herboristerfas in the city of Santa Marta through semi-structured and open-ended
interviews. First, the informants (herbalists in the sampled shops) was asked for the
basic socio-economic information about the shop and the informant. Subsequently,
the informants were asked to mention all plants prescribed for the treatment of each
targetted disease and the plant parts used, mode of preparation and application. The
study documented 53 folk taxa corresponding to 56 plant species, and belonging to
35 botanical families. The most frequently reported plant species were Anacardium
occidentale, Moringa oleifera and Bauhinia sp. for the treatment of diabetes; Mar-
rubium vulgare in obesity; Salvia palifolia for the treatment of hypertension; and
Phthirusa stelis in heart diseases. Quantitative ethnobotanical indices were calculated
to determine the most important species to treat each disease type and to compare the
species variability among herboristerias. In general, there is a wide range of medici-
nal species. Across herboristerias 30 unique species were documented, meaning the
Informant Consensus Factor was generally low. We also documented promising plant
species which were not subjected to phytochemical research so far.

Keywords: Diabetes, heart diseases, hypertension, medicinal plants, obesity, South
America
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Ethnobotany of Wild Plants and Crop Wild Relatives in the
Walnut-Fruit Forests of Kyrgyzstan

LINDA VLCKOVAL, ADILET USUPBAEVZ, JYLDYZ SHIGAEVA>, DIETRICH
DARR*, NAJI SULAIMAN!, VLADIMIR VERNER!, ZBYNEK POLESNY!
L Czech University of Life Sciences Prague, Fac. of Tropical AgriSciences, Czech Republic
2 National Academy of Sciences of the Kyrgyz Republic, Inst. of Biology and Soil Science,
Kyrgyzstan
3 University of Central Asia, Mountain Societies Research Institute, Kyrgyzstan
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The walnut fruit-forests, situated in the mountains in the southwest of the Kyrgyz
Republic, are of unique importance for global biodiversity and refuge of genetic re-
sources such as walnut, apples, pears, plums, and several other species. Simulta-
neously, local people derive from these forests significant economic and ecological
benefits. However, extensive grazing, the intensive collection of firewood, nuts, and
fruits have caused significant damage to these ecosystems. The traditional botani-
cal knowledge on useful plant species remains underdocumented and ethnobotanical
research should contribute to preservation and transmission of this threatened knowl-
edge on younger generations. This research was undertaken to assess the relative
importance of various species for local populations as well as purpose and frequency
of their use. Data collection was carried out via the free listing method and semi-
structured interviews with 146 informants from five different study sites (Arslanbob,
Toskool-Ata, Kyzyl-Unkur, Salam-Alik, Kara-Alma), between July and September
2018. A total number of 88 plant species from 37 botanical families were docu-
mented. The plant species reported provide food (39), medicine (51), fuelwood (28),
material (14), and animal feed. The data collected included plant vernacular names,
plant part used, particular uses, gathering sites and level of commercialisation. The
most frequently documented families included Rosaceae, Asteraceae, Lamiaceae, and
Polygonaceae. The ethnobotanical data were further analysed through quantitative
indices, i.e. use reports, relative frequency of citation, use value, and cultural value.
According to Use reports, the most representative species were Juglans regia, Malus
niedzwetzkyana, Malus sieversii, Prunus divaricata, Crataegus spp., Acer semenovii,
and Acer turkestanica. The results showed that walnuts, apples, and mushrooms were
important sources of income for the communities studied.
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Limitations and Impracticality of the Design-Based Sampling
Method for Medicinal Plant Inventory in High Mountain Regions

BABU DALLAKOTI, CHRISTINE FURST
Martin Luther University Halle-Wittenberg, Institute for Geosciences and Geography,
Germany

Realizing the significant contribution of medicinal and aromatic plants in healthcare
and cosmetic industries, the efforts have been put toward sustainable management
of these natural products. Despite some attempts to address the issues of harvesting
regime, socio-economic analyses and ethnobotanical surveys in relation to biodiver-
sity conservation, the status quo from resource management perspective has not been
changed significantly. As sustainable management requires reliable and scientific in-
formation on resource base, some design-based sampling methods adopted from for-
est or botanical inventories have been applied at different scales and time periods in
different parts of the world to support their sustainability. Three resource inventories
of different scales focusing on herbaceous medicinal plants from similar geographical
areas of high mountain region of Nepal have been chosen for this studies to evaluate
their validity from practical and scientific perspectives. Two of these inventories were
carried out as a major part of a biodiversity conservation programs run by two devel-
opment agencies in different districts. The third one was part of data collection for
a research work by the principal author. All three inventories have basically selected
the systematic sampling method in different variations. This paper presents the anal-
yses of statistical rigorousness, reliability from practical view, uniformity and use of
inventory data in resource management and research from all these three inventories.
An exploratory method based on statistical analysis and designs in relation to cost-
effectiveness has been applied for comparative analysis. This study concludes to con-
duct an extensive research on model-based sampling method to apply for medicinal
plant inventory.
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Determinants and Impact of Wild Fruit Collection on Food
Security in Rural Zambia

RONJA SEEGERS
Leibniz University Hannover, Insitute for Environmental Economics and World Trade,
Germany

Many sub-Saharan African countries are suffering from high rates of poverty, food
insecurity and malnutrition. As one of these countries, Zambia shows a variety of
wild fruit species that play an important role in food security. They are frequently
used as supplements to staple food, particularly in times of poor harvest, are rich in
vitamins and represent an easily accessible food source. The aim of this study was
to 1) identify the determinants of wild fruit collection, and 2) examine the impact of
wild fruit collection on food security.

For this purpose, a census of 215 households, focus group discussions and key in-
formant interviews were conducted in Northern Zambia within the Food Security in
Rural Zambia (FoSeZa) project. Both quantitative and qualitative analysis of data
took place. Descriptive and regression analysis occurred by using Stata/IC 14.2.

The two most popular fruits were found to be Uapaca kirkiana and Anisophyllea
boehmii. Fruits are mainly collected for own consumption, while sale of fruits is
uncommon. Processing of fruits only takes place to a small extent. The quantity of
wild fruits collected is positively and significantly affected by household size. Further
factors such as size of land area, household’s income and walking distance to gather
wild fruits also influence the collected amount in dependency of the species.

As indicators for food security, the Food Consumption Score (FCS) and reduced Cop-
ing Strategy Index (rCSI) were calculated. Regression results reveal that the quantity
of wild fruits collected has a positive and significant effect on food security based
on the FCS, whereas the impact of collecting wild fruits on the rCSI is positive and
insignificant.

Respondents highly evaluate wild fruits as nutrient source but high deforestation rates
as well as increased population growth pose a threat to the availability of wild fruit
plants. There is need to promote conservation management, cultivation practices and
commercialization of wild fruits in order to ensure their long-term availability and
maximize their impact on food security.

Keywords: Food security, malnutrition, sub-Sahara Africa, wild edible plants, wild
fruits, Zambia
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Determinants of Forest Dependent Households’ Participation in
PES Schemes in Kenya
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Resource Economics, Kenya
2Hochschule Weihenstephan-Triesdorf University of Applied Sciences, Germany
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Germany

In the face of increasing deforestation and forest degradation, Payment for Ecosystem
Services (PES) schemes which pay land owners in cash or in kind — have been pro-
moted as one of the mechanisms for enhancing forest conservation and livelihoods.
The success or otherwise of these programmes is dependent in part on participation
of forest dependent communities. This paper uses data from Plantation Establishment
Livelihood Incentive Scheme (PELIS), a PES project under implementation in Mt El-
gon, Kenya to examine factors that influence households’ participation. Descriptive
statistics defined participants while Tobit model estimated determinants of extent of
participation in PELIS. The extent of participation was measured using the share of
PELIS income out of total agricultural income. The results show that 52 % of the
households participated in the programme. Of these, 90 % were male headed, had
large household sizes, owned small land sizes, had lower asset value and low incomes
illustrating a fair level of participation among the poor. Econometric results indi-
cate that age (p = 0.041), attainment of tertiary education (p = 0.074) and livestock
ownership (p = 0.000) negatively influence intensity of participation while household
size (p = 0.033), membership to FUG (p = 0.000), membership to native community
(p = 0.026) and distance to tarmac road (p = 0.022) positively influence intensity of
participation. The results suggest a need for increased attention on institutional ar-
rangements such as accountability in social groups and reduction of transaction costs
to promote participation. Thus, policies and interventions to improve institutional ar-
rangements are vital for attainment of greater participation by forest dependent house-
holds.

Keywords: Forest dependent people, Kenya, payment for ecosystem services, PELIS,
Tobit model
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Which Edible Insects Can Be Found in the Amoron’i Mania
Region of Madagascar?

RAZAFINDRAKOTOMAMONJY ANDRIANANTENAINA,
RAVAOMANARIVO LALA HARIVELO
University of Antananarivo, Doctoral School Life Sciences and Environment, National
Center for Applied Research for Rural Development (FOFIFA), Madagascar

In Madagascar, researchers have been studying the practice of insect consumption or
entomophagy for only about a decade. In 2015, Randrianandrasana and Berenbaum
mentioned that 53 species of edible insects were identified. According to a prelimi-
nary study in 2018, by a research team of the ProciNut project in the Amoron’i Mania
region (central highlands), the local population ate insects especially during the rainy
season when insects are abundant. That time of the year, food shortages can occur.
However, aside from investigating which edible insects are known to the local pop-
ulation, the preliminary study could not determine which edible insects are naturally
occurring. Therefore, an entomological inventory was carried out to check the pres-
ence of edible insects in the area. A standard method was used for sampling. Insects
were collected along linear transects from each stratum of the forest (herbaceous,
shrub, and tree level). Insects were actively caught using Japanese umbrella, filleting
net, butterfly net, and Malaise trap. Where possible, the identification of captured
insects was made in the field, using specific determinations or insect reference collec-
tion. As a result, we captured five orders and fifteen insect families in the study site.
Coleoptera and Lepidoptera are the most common orders with seven and five families
found, respectively. We identified two orders of edible insects: the Lepidopterans,
wild silk worm, Borocera cajanion the shrub layer and in the Orthoptera order, two
locust species, Cyrtacanthacris tatarica and Gastrimargus africanus on the herba-
ceous layer consisting mainly of grasses. These locust species are not pests of crops.
The results acquired serve as basis for further research: The host plants from which
insects were collected will be tested as food sources in feeding trials to assess the
suitability of the collected species for farm based rearing. The number of generations
per year that can be produced will determine the species potential for rearing.

Keywords: Borocera cajanion, Cyrtacanthacris tatarica, entomophagy, Gastrimar-
gus africanus or africanos, insect rearing
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The Relationship between Land Sustainable Management,
Stakeholder Pressure and Change in Ecosystem Services —
Khorasan Province, Iran

NAGHMEH NIOBARGHAEE1 , HOUMAN LIAGHATIZ, FAATEME N[OHEBBI2
LShahid Beheshti University, Environmental Planning, Iran
2Shahid Beheshti University, Environmental Sciences Research Institute, Iran

Measuring and anticipating the effects and changes of ecosystem services due to hu-
man activities, such as tourism, is a complicated issue in environmental assessments
that can help to make the management plan suitable for the areas with remarkable
natural value. The provision of environmental services map is a useful and common
method used to provide information, although this method requires a lot of data. The
purpose of this research is to investigate the trend of changes in ecosystem services
in the "Darcastourism area in the northern Khorasan province with an emphasis on
serving the storage and treatment of carbon and the quality of the habitat over a pe-
riod of thirty years. In order to extract the changes in ecosystem services, land covers
between the 1988 and 2018 was extracted in this area so that classes structure of
ecosystem such as forests, rangeland and manmade and the course of its changes was
be extracted within three decades. In order to estimate the value of recreation in the
region, 384 questionnaires were completed among the local tourists. To do this re-
search, ArcGisl0.3 and Terrset’s software was used. Finally to extract the changes
in the ecosystem services such as carbon sequestrations and the quality of habitat,
InVEST3.4.0 software was used. The results of this study indicate that the ecosys-
tem services of carbon sequestration and habitat quality have declined over the past
30 years due to the expansion of human activities in the region. The value of each
hectare for the tourism area was estimated. The inclination to pay for this region
was estimated to be between 20 and 40 cents per ha. In addition, the results indicate
that there are correlations between indigenous and the amount of entry fee, as well as
being NGO member.

Keywords: Changes, ecosystem services, tourist, valuations, willingness to pay
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Addressing Sustainability of Fresh Water Lake: The Ecosystem
Valuation of Vellayani Lake in South India
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3Kerala Agricultural University, Dept. of Agricultural Extension, India

Fresh water lakes are sources of non saline water that can provide a manifold of di-
rect and indirect ecosystem services to people. In a developing country like India,
where availability of good quality water is crucial in determining the health security
of people the presence of a freshwater lake benefits many stakeholders. A failure
of information and lack of understanding on the economic value associated with any
natural resource is the major reason for the degradation negative effects on sustain-
ability. The Total Economic Value (TEV) encompasses the measure of the economic
benefits of any environmental asset. The conflicting nature of interests by various
stake holders is the major trap in addressing the sustainability issues. Vellayani lake,
is the only fresh water lake in the Thiruvanathapuram district in Kerala state of India
and is subjected to degradation due to urban pressures. So it is attempted to evalu-
ate the TEV and prioritise the stakeholders based on the dependence on lake. The
TEV is composed of provisioning service, cultural service, regulating and support-
ing functions. The provisioning ecosystem services are measured using market price
and opportunity cost method were fishing, lotus collection, duck rearing, drinking
water, irrigation water and bathing, which together contributed Rs.392.58 crore per
year. The cultural services estimated using public pricing method included the ser-
vices used by Centralised Sports Hostel for Canoeing and Kayaking and the annual
boat race. The recreational and spiritual services value estimated using Travel Cost
Method and the aesthetic value estimated using Hedonic Property Pricing accounted
to Rs. 0.56 crore per year and Rs. 275.92 crore per year respectively. The Contingent
Valuation Method revealed the value of regulating and supporting function as Rs 2.91
crore per year. Thus TEV of Vellayani lake estimated by the summation of economic
value of various services was Rs 672.28 crore per year The value of ecosystem ser-
vices expressed in the present study is an estimate of the benefits to the society and
guides in prioritising the stakeholders. So these values can serve as communication
tools for balanced decision making with respect to resource use and thus overcoming
the traps in stakeholder management.

Keywords: Contingent valuation method, fresh water lake, hedonic property pricing
method, sustainability, total economic value, travel cost method, Vellayani lake
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Assessment of Heavy Metal and Aromatic Hydrocarbons
Concentration in Deposited Particulates by Plant Species in
Ahvaz City
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Green space plants in contemporary cities are perfectly capable of deposition and re-
tention of particulate matter and play a significant role in the purification of polluted
urban air. The present paper is aimed at examining heavy metal concentration, aro-
matic hydrocarbons, and mineralogy of absorbed particulates by plant species in Ah-
vaz. To this end, samples were collected from different dominant leaf species from 10
locations in Ahvaz which had different land uses (industrial, residential, recreational,
and high-traffic) in various time periods. The deposited particulate matter was mea-
sured in units of mass, area, and time. The total concentration of 29 elements (K, Na,
Ba, Cu, Ni, Co, Ru, Mn, Zn, Pb, Sn, Li, Rb, Cr, B, Ga, Hf, Pd, Cd, Ti, Sr, P, Ag,
U, Si, Mo, Fe, Al, and V) was measured after digestion with a mixture of perchloric
and nitric acid at the ratio of 1:3 using ICP-Mass. Moreover, the concentration of
aromatic hydrocarbons was measured using GC-MS. Changes in clay mineralogy of
particulates and particle size distribution were studied using XRD and Master Sizer,
respectively. The results of the present research revealed that steel industries in Ahvaz
are one of the main sources of particulate matter, but due to the fact that these particles
are primarily made of iron, their deposition is more likely to occur at distances close
to this source. Particulate matter is generally composed of minerals such as calcite,
silicate (quartz) and phyllosilicate. The results obtained from the decomposition of
particulate matter indicated that the possible origin of elements in particulates is in-
ternal factors such as steel industries in Khuzestan province and urban traffic rather
than external factors such as dust phenomenon. Carcinogenic polycyclic compounds
are found everywhere in Ahvaz, the most important of which is benzo(a)pyrene, with
concentrations ranging from 15 to 31 ug kg™! of particulates. The findings of this
study show that different plant species have a significant effect on the deposition of
particulate matter and the purification of urban air. Therefore, the extension of green
space using plant species with greater deposition can pave the way for reducing urban
air pollution.
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Improving Seed Treatment Methods: A Key Factor to Reduce the
Risk to Honey Bees and other Pollinators to Maintain Biodiversity

HAYDER ABDELGADER
Agricultural Research Corporation (ARC), Crop Protection Research Center, Sudan

Bees and other pollinators play a major role in maintaining the biodiversity in al-
most all environments. Pollinators support the reproduction of nearly 85 % of the
world’s flowering plants. However, these important species are endangered through
the use of pesticides. In late April 2008, dust drift containing insecticide resulted in
the largest bee poisoning in Germany for 30 years. The reason for these incidents was
the contamination of flowering bee forage plants with dust particles abraded from
maize seeds treated with the insecticide Clothianidin. Thus highly specialist tech-
niques should be used when treating seeds with plant protection products to avoid
such problem. The aim of this study was to improve the seed treatment methodol-
ogy to reduce the drift generated from seeds by drilling and hence saving of bees and
other pollinators as well as reducing the risk of people handling the treated seeds dur-
ing the sowing activities and people located in the vicinity of the sowing site. The
current study investigated the amount of drift generated from seeds of two varieties
of cotton using two formulations of the neonicotinoid insecticide imadocloprid using
the Heubach methods. The increase in percentages of drift generated with the use
of Heubach Meter, through tested formulation of imadocloprid relative to the con-
trol treatment were found to be in the range of 336-378 % and 221-287% for the
water dispersible powder formulation (WS) for Hamid and Barakat cotton varieties,
respectively. For the Flowable Concentrate (FS) formulation the percentage increase
in the drift over the control was ranging 82-95 % and 15-445 for Hamid and Barakat
varieties respectively. The Heubach vaules were higher in case of WS formulations.
They were ranging between 13.5-24.5 for Hamid variety and 23.3-25.4 for Barakat
variety. The values for the FS formulation ranged between 7-8.8 and 2.64—14.7 for
Hamid and Barakat, respectively. The pesticide residues measured were found to be
more for WS formulation compared to FS formulation for both tested varieties. The
results of the study indicated indicated that the Flowable concentrate formulation for
seed treatment is better than the Water dispersible powder formulation and can play
important role in improving seed dressing technology to save various pollinators
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Local Crop Diversity, Soil Properties and Altitude as Indicators of
Carabidae Distribution in the Highland Coffee Farms
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Carabids are sensitive to environmental changes, quantity of plant life and soil param-
eters, which can be influenced by biophysical conditions. In this study we carried out
a two year research on the abundance and distribution of ground beetles (Carabidae) in
coffee farmlands of Mt Elgon region of Uganda. The predictors under this study were
altitude and cropping system and the response variables were abundance and distribu-
tion of Carabidae, abundance of semi-natural vegetation and selected soil parameters.
Altitude was categorised as: low (1400-1499m a.s.l), mid (1500-1679m a.s.l) and
high (1680-2100m a.s.l); and cropping system as: Coffee monocrop; coffee+annual;
coffee+banana; and coffee+banana+shade trees. For each altitudinal range, each crop-
ping system was represented three times. The study was in two districts of the Mt.
Elgon region making it a total of 72 study sites. The results from the generalised linear
mixed models showed highly significant effects of altitude, cropping system, and the
altitude*cropping system interaction on the abundance and distribution of the three
Carabidae: Anisodactylus spp., Chlanius spp. and Harpalus spp. Harpalus spp. was
significantly more abundant in coffee monocrop fields at lower altitude while Chla-
nius spp. was found more in coffee+banana+shade tree at mid altitude. Occurence
of Anisodactylus spp. was higher in the coffee+annual system at high altitude. Bi-
variate correlations revealed a significant positive correlation between Chlanius spp.
abundance and the abundance of semi-natural vegetation; and a negative correlation
of Chlanius spp. and Harpalus spp. with the soil pH. These results showed differ-
ential preference of biophysical conditions of different Carabidae species indicating
complexity in generating ecological management recommendations.

Keywords: Coffee farmlands, generalist predators, Mt. Elgon, semi natural vegeta-
tion, Uganda
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The Challenges of Smallholders and Small Entrepreneurs as
Indirect Conservationists

LizA MELINA MEZA FLORES
Las Americas’ Fund, Projects Directorate, Peru

Peru is one of the richest countries in highly nutritious agrobiodiversity; however,
the commercial varieties produced by research centres conquer the markets and con-
sumers’ preferences, contributing directly to the loss of indigenous genetic resources.
The commercial varieties are more attractive over the native agrobiodiversity because
of their higher crop productivity, bigger final products and shorter times to harvest.
Moreover, even when highly nutritive and resistant to plagues, diseases and climate
changes, the lack of economic incentives causes then the loss of local knowledge
on traditional and sustainable management of the indigenous varieties and their con-
sumption.

This situation is even more critical for smallholders in rural areas as it is too expensive
to bring products to the niche markets for such special native products, as these mar-
kets are mainly in the capital cities of the regions. The lack of an efficient transport
system and deficient conditions of roads, increases the inaccessibility to these mar-
kets. Moreover, these niche markets for native products, are also market for organic
or ecological products. That means, the smallholders have to register their products
as organic with an international certificate or in the PGS (participatory guarantee sys-
tems) to get premium prices. Both processes take time, require technical assistance,
require social capital, and then the transaction costs increase.

There are several key actors, which should be involved in a strategy to increase nutri-
tion based on native agrobiodiversity, such as the representatives of producers ‘organi-
sations, local governments, the Ministry of Environment, the Ministry of Agriculture,
Ministry of Women’s and Vulnerable Populations’ Affairs, universities, ONGs and
international funding organisations. But in my poster I will present that for sustain-
ability it is more critical to include the niche markets, such as the Eco-fairs, ecological
markets, producers’ markets, and all the small entrepreneurs and smallholders, who
are currently investing time and financial resources to promote special processed food
with native products. These initiatives receive no support from the government, and
their legal functioning is surrounded by bureaucratic procedures, high taxes, and no
financial facilities, even though they are the only ones guaranteeing the sustainable
conservation of indigenous agrobiodiversity and food security.

Keywords: Conservation, native agrobiodiversity, Peru, small entrepreneurs, small-
holders, sustainability
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Analisis of Agreements Made by Public Prosecutor’s Office of
Goias in Meia Ponte River: Ecological Restoration of Legal
Reserve Areas and Permanent Preservation Areas in Cerrado
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Brazil is a country proud by its agriculture. Yet, it has major problems balancing
agribusiness and attention to environmental law. Due to pressures made by farmers,
the new president, Bolsonaro, elected in 2018, promised to reduce legal demands in
order to avoid punishment for those who deforest areas protected by Brazilian Forest
Code. Law has not changed yet, but many farmers fail to comply with regulations in
the hope this will change soon. Public prosecutors work to make it possible for farm-
ers to adjust their activities so that protected areas may remain covered with forest.
To do so, Brazilian environmental law allows out-of-court agreements to avoid new
lawsuits, to provide a faster response to those involved and to ease lengthy procedural
system. Even though environment is considered a diffuse right, Public Prosecution
Service try to reach some kind of settlement that make possible to preserve business
activities and provide compensation to victims. However, considering the settlements
signed in Goids, one can notice that public prosecutors have difficulties enforcing
these deals. In consequence, environmental problems take longer to be solved since
the case ends up in judiciary system. There is no research that evaluates percentage of
success obtained in these settlements. To do so, it’s necessary to identify some agree-
ments, considering a representative sample, and verify each case in order to determine
if public prosecutors can reach a satisfying index that justify the efforts done and the
time required to implement them. This, exactly, is the main research goal. The re-
search aims to question effectiveness of environmental settlements by systematizing
the information already collected by the Public Ministry. The research is based on
the hypothesis that the noncompliance with the agreements occurs due to difficulties
in the elaboration of adequate criteria for the activities of farmers and the peculiari-
ties typical of Cerrado biome. Cerrado is a critical biome because any change done
to it may aggravate climate changes in Brazil since the rains in Amazon Forest de-
pend on the rivers located in Cerrado, the same happens to other Brazilian forests.
Climate change consequences can reduce soil fertility, production and reduce food
sovereignty.
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From Forest to Residential Housing? A Potential Victory over the
“Private Profits, Public Impacts” Way of Proceeding
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Mexico City Metropolitan Area (MCMA), one of the biggest worldwide, consumes significant
environmental services, mainly provided by remaining forested areas at surrounding mountains,
whose low lands have been taken by urban sprawling. In 2017 the local government allowed
deforestation of 238 ha of well-preserved oak forest to favour the construction of “Diamond
Forest”, an urbanisation of 19985 new residences that will increase population density. The
urban polygon is set on common land, partially overlapping with a natural protected area and
local people have felt their traditional ways of life will be threatened, arguing forest destruction
will negatively impact local nature and “its goods” (ecosystem services: 143 species, crop land,
nutrient cycling, air quality, clean water provision), reducing life quality, and that local gov-
ernment will be obliged to provide services public-payed to the newcomers, with less natural
resources. On top of it, governance is not clear and relevant stakeholders have been neglected:
neither the environmental impact assessment, nor the public consultation have been taken in
consideration for the approval of the project, and high public governmental figures along with
a private real estate developer close to the former government appear to be involved in a non-
transparent procedure. Interestingly, many different sectors of local society are overcoming
the situation, from local urban neighbours next to the location, to assemblies of common-lands
rural owners, have strongly requested scientific-based evidence and support from our academia
to organise informed-public demonstrations and serious press investigations to raise awareness
of the problem, bring a legal dispute, and to promote an actual sustainable practice for nature
management. This is, therefore, a non-usual way to overcome a common situation of natural
resources loss, self-organised and empowered by the civil society itself, who has built political
capabilities based on legal rights and, very important, scientific-quality information about the
potential environmental harms and ecosystem services loss, in order to defend their lands for
the common good and sustainability. As a result of such actions, on January this year, a district
judge ordered a temporary suspension of any building activities, which represents a precedent-
setting victory, although partial, in an ongoing environmental conflict.
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Pro-Environmental Awareness of Nigerian Youths
LOVETH AIKOWE, JANA MAZANCOVA, MIROSLAVA BAVOROVA
Czech University of Life Sciences Prague, Fac. of Tropical AgriSciences, Czech Republic

Many studies on environmental knowledge have focused mostly on advanced regions,
however developing countries need to step up their role in the fight against climate
change which sets this study apart from other studies as it includes perspectives from
developing countries. There are two opposing views on the relationship between en-
vironmental knowledge and pro-environmental behaviour (PEB). First, is the concept
that environmental knowledge sets the basis for social behaviour that would lead to
sustainable practice, however some cases have reported that having environmental
education at university may not be enough to produce graduates who behave pro-
environmentally in the society. Therefore, this study intends to address the environ-
mental situation in Nigeria through the following research questions: What are the
factors that determine pro-environmental behaviour and agricultural interest in Nige-
rian youths? What do Nigerian youths do (if they do anything e.g. recycling) in
their daily lives to minimise their contribution to climate change? Does environmen-
tal knowledge translate to pro-environmental action among Nigerian youths? The
methodology is based on a quantitative survey approach involving paper and online
questionnaires targeting students sampled from two Nigerian universities focusing on
agriculture and engineering. Data is coded then imputed for analysis using SPSS. For
independent samples, comparisons between two groups of students (looking at gen-
der and discipline) are carried out. To analyse student’s knowledge, factor analysis
is applied and generalised linear regression model is used to examine the main de-
terminants of PEB. Theory of planned behaviour (TPB) is used to develop a model
identifying/ explaining individual factors of PEB and pro-environmental awareness
among Nigerian youths. Finally, sustainability knowledge is measured using the sus-
tainability literacy test (SLT). Based on preliminary results, Nigerian students from
agricultural university show higher awareness on climate change issue than students
from other universities and higher PEB than other students. This study contributes to
limited research on pro-environmental issues in Nigeria and can be replicated in other
developing countries to bridge research gap in this field and regions.

Keywords: Agriculture, climate change, developing countries, pro-environmental be-
haviour, sustainable development, TBP
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Potential New Oil Crops for Edible and Non-Edible Purposes in
Brazil

DEBORA MADEIRA!, KACILDA KUKI!', SERGIO MOTOIKE!, THOMAS HILGERZ,
GEORG CADISCH?
' Federal University of Vicosa, Department of Plant Science, Brazil
2 University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-Institute),
Germany

In the current scenario of increasing demand for vegetable oils and fats, the diversi-
fication of oil-bearing species for commercial planting is a wise and necessary strat-
egy. This action makes possible: (i) the reduction of the world’s dependency on the
prevailing traditional oil crops; (ii) the sustainable development of new markets for
non-food products, without affecting the food security of the global population, and
(iii) the selection of oil crops adapted to the region of choice, reducing costs and
environmental risks. The native Brazilian flora holds great biodiversity, with numer-
ous oleaginous species. We present four marginal species, for their great potential
for agricultural exploitation, rusticity, productivity and food and industrial aspects of
their oils. Acrocomia sp. and Syagrus coronata are two palm species; the first one,
with a broad geographic distribution, occupies mainly savannah and forest areas of
the Southeast and Midwest of Brazil, while the latter populates especially the semi-
arid regions of Southeast and Northeast Brazil. The fruits of Acrocomia sp. produce
two types of oils: the pulp oil, rich in oleic acid and that of the kernel, rich in lauric
acid. Estimates show that this palm can produce >5.0 t ha™! of oil intended for food
or non-food industry. The kernel of S. coronata contains oil composed of medium
chain saturated fatty acids, and is suitable for human consumption because of its nu-
tritional and organoleptic qualities. Mabea fistulifera is conspicuous in the Brazilian
territory, colonizing degraded areas of Atlantic Forest, Cerrado and transition regions.
The oil extracted from its seed, rich in polyunsaturated fatty acids, has applicability
in the oil-chemical industry for the synthesis of polyols and polyurethanes. In the
same way, the Licania rigida seed is an oil source for the paint, sealant and drying-
oil industry, containing 70 % of lycanic acid. The oils of the four species can still be
used in the pharmaceutical and renewable energy industries. Domestication is the first
challenge for a sustainable and economically viable exploitation of these species, and
the current Acrocomia sp. breeding programme can be used as a base model.

Keywords: Biodiversity, domestication, minor crops, potentials
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Ethnobotanical Inventory of Medicinal Plants Used in Salama
District, Baja Verapaz, Guatemala

BARBORA FISEROVA, ELOY FERNANDEZ CUSIMAMANI, NAYLA RODRIGUEZ
Czech University of Life Sciences Prague, Fac. of Tropical AgriSciences, Dept. of Crop
Sciences and Agroforestry, Czech Republic

Medicinal plants for curing are important for local people in Guatemala, for whom its
use is still common for medicinal purposes in their daily lives.

The study was focused on documentation of medicinal plants used in the traditional
medicine in Salama district, Baja Verapaz department of Guatemala. Ethnobotanical
data were collected from 50 respondents (56 % women, 44 % men), through semi-
open interview and by observations in the fields and speaking with local inhabitants
which were randomly selected. The data were evaluated using the following indexes:
use reports (UR), medicinal use value (MUV), frequency of citation (FC), relative
frequency of citation (RFC) and fidelity level (FL).

A total of 44 species belonging to 41 genera and 26 botanical families were registered.
The most dominant families were Lamiaceae (with 8 species; RU=12), Asteraceae (5;
RU=11) and Rutaceae (3; RU=4). There were also found 21 categories of various
diseases treated with medicinal plants, the largest representation was gastrointestinal
disorders (76 %) and breathing system problems (47 %). According to the quantitative
data evaluated, Matricaria chamomilla was the species of greatest use and importance
(UR=5; RFC= 0.5; MUV= 0.12; FC=26). The most used parts of the plants for the
treatment of different diseases were leaves (55 %) and the used preparation mode was
decoction (73 %).

Majority of people were using plants for curing themselves for over 10 years, mainly
because of family traditions. People mostly buy those plants on the local market
because they are easily available.

Keywords: Ethnobotany, gastrointestinal disorders, Lamiaceae, Matricaria chamo-
milla, medicinal plants, traditional medicine
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Constraints of Agricultural Development in the Context of
Environmental Conservation for Protected Areas, Vietnam

NHUNG NGUYEN THI TRANG!, CUONG TRAN HUU!, LEBAILLY PHILIPPE?
YWietnam National University of Agriculture, Marketing, Vietnam
2 University of Liege, Agro-Bio Tech, Belgium

The study was conducted in 2018 in Xuan Thuy national park (XTNP), a large wet-
land ecosystem located in northern Vietnam. The survey identifies existing farm-
ing practices and constraints of agricultural development in the context of protecting
ecosystem for the 15,100 ha protected area. We used in-depth interviews for 12 staffs
of local authorities and semi-structured survey for 234 farmers living adjacent the
park. Farmers have been applied diverse culture practices (mono cropping, inten-
sive aquaculture and integrated agro-forestry) but there were excessive and imbalance
use of fertilisers compared with local standards. Moreover, farms have been managed
with wide range of pesticides, antibiotics and various agrochemicals without carefully
record keeping and less concern on environment protection. Even though farmers aim
at increasing quantity of products but yields were still lower than those in other areas
in Vietnam and gradually decrease recently. We have found various social-economic-
environmental-institutional reasons behind sustainable agriculture prospect. Almost
of farmers relied on purchased inputs while external input costs have been increasing
in particularly hired labour. This leads to the fact that conservation was rank at least
important while profitability was most incentive as reported by prevailing cultivators.
Most of farm managers lacked of marketing activities and faced price squeeze when
selling farm products. Moreover, disease outbreak, un-controlling of exotic snails
and water conflicts were environmental problems preventing farmers to tackle alone.
Agricultural development is a difficult task and need supports from many authorities
(XTNP managers, communal authorities, irrigation branch) but their staffs lacked of
capacity and connection with locals in conservation programs. Public sectors have
been providing general environmental news and meetings (waste collecting or clean-
ing rivers) but rarely information and training on environmental friendly farming.
Private input dealers played essential role in introducing new techniques but finally
their purpose was selling companies’ inputs. Thus, it urges on us actions for heighten-
ing awareness of farmers, strengthening capacities of staffs in accordance with more
communication with farmers. In addition, improving farm productivity simultane-
ously minimising impairments to the water body should be addressed. Economic
sustainability could also be improved through strengthening marketing strategies and
forming farmers’ market groups.

Keywords: Constraints, environment protection, protected areas
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Prospect of Organic Agriculture in Achieving Food Security in the
Least Developed Countries

NIRAJ PRAKASH JOSHI!, LUNI Prya?
YHiroshima University, Taoyaka Program, Japan
2Hiroshima University, Graduate School for International Development and Coopera-
tion, Japan

Organic agriculture (OA) is praised unequivocally for its environmental and health
benefit. But OA, is questioned about its potential impact on global food security due
to its low yield reported in many systematic yield studies in developed countries, more
specifically USA, Canada and Europe. There is very limited study on the yield of OA
and or its socio-economic impact of OA in Least Developed Countries (LDCs). LDCs
have a high prospect of conversion to OA because of a very low level of external
inputs such as synthetic chemical fertilisers and pesticides use in their agriculture
system. At the same time, a haphazard use of these external inputs are having serious
consequences on human health as well as the environment. This paper aims to analyse
prospects of OA in achieving food security goal of LDCs. FAOSTAT data on food
balance and literature are the main source of data. Yield ratios of crops show higher
yield from OA compared to conventional agriculture in LDCs. Food supply is growing
at higher rate in LDCs than Northern America between 1961 and 2011. However,
growth rate in nutrient supply in LDCs is meager. Hence, current food supply in the
region is not able to supply the standard nutrient requirement. Cereal is the single
most important food item contributing to nutrient supply in LDCs indicating lack of
nutrient diversity. Under such context OA would increase food supply of all food
categories. Consequently, LDCs can achieve the standard nutrient requirement and
help in dealing with persistent undernourishment in LDCs. However, concerted effort
is necessary for wider acceptability of OA in LDCs.

Keywords: Food production, food supply, North America, nutrient supply, yield ratio
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How Can Urban Agriculture Contribute More to the Well-Being
of Farmers in a Disfavoured Environment?

ERIK ENGELI, NICOLE PAGANINIZ, TINASHE KANOSVAMHIRA3, Luisa
CHICAMISSE MUTISSE*, ABONGILE MFAKU?, IvO CUMBANA*, ANJA
SCHELCHEN?, ANJA KUEHN?
! Frankenfoerder Forschungsgesellschaft, Germany
2 Humboldt University Berlin, Centre for Rural Development, Germany
3 University of the Western Cape, Geography and Environmental Studies, South Africa
4 Eduardo Mondlane Univerrsity, Mozambique

Urban agriculture (UA) can have multiple benefits, from feeding people to creating green oasis
in sealed environments. The action-research presented here seeks to contribute to increasing the
benefits of urban agriculture for food and nutrition security (FNS) and income for disfavoured
populations in Cape Town and Maputo. In both cities UA plays a negligible role for FNS and
to the food systems as a whole. History and structural differences have shaped very different
urban landscapes:

Nearly 40°000 persons are depending on urban agriculture in Maputo. Over 15’000 farmers
(most of them organised in associations) and backyard gardeners sell mainly cabbage and let-
tuce on local markets. The majority of sales happens via intermediaries. The lack of crop
rotation increases the pressure of pests and diseases, which is countered by (often uncontrolled
use of) pesticides. Most farmers have a fairly diverse diet. Like other low-income groups of
Mozambique, they are nonetheless moderately food insecure.

The importance of urban agriculture in Cape Town rests mainly on its contribution to more di-
verse diets of the farmers as well as in the social networks the farmers are establishing. Despite
an “urban agricultural policy’”’, farmers receive little support from government. NGOs are the
main source for inputs and technical knowledge. There are few local markets in the townships,
and township vegetable mainly furnish (predominantly white, inner-city) markets with the help
of small sales enterprises usually founded by NGOs. In that way, farmers receive support and
income, but are, simultaneously, highly dependent on “their” NGO. Self-organisation so far
has been weak. Social processes in the townships - just as the entire food system of the city-
are still dominated by dynamics originating in the apartheid and colonial heritage. Activities
in and around urban agriculture can contribute to lowering social barriers and to food diversity
of involved households. It cannot be a supplement for serious social and economic policies
necessary in the disadvantaged neighbourhoods.

UFISAMO research covered value chains, organisational structures, consumption habits and
knowledge transfer. An overview of results, good practices and recommendations to strengthen
the respective roles of UA will be presented.

Keywords: Cape town, food and nutrition security, food systems, Maputo, urban agriculture
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Nutritional Status of Adolescent Girls across the Rural-Urban
Interface of Bengaluru

ASHWINI B C!, UMESH K B!, VEERABHADRAPPA BELLUNDAGI', STEPHAN
VON CRAMON-TAUBADEL2, ANJALI PURASHOTHAM?

YUAS GKVK Bengaluru, Dept. of Agricultural Economics, India
2University of Goettingen, Dept. of Agricultural Economics and Rural Development,
Germany

Nutrition is essential for growth and development of human beings and the nutritional status is
the state of individual’s health determined by what we eat. A proficient nutritional status of a
country’s population is responsible for its socio-economic development. Increased employment
opportunities among men and women have a direct influence on the lifestyle changes, diet and
consumption patterns which in turn influence health and nutritional status, especially among
women and adolescent girls. Adolescence is the growth stage between infancy and adulthood of
a person and is broadly considered as the age ranging from 10 to 19 years. Although adolescents
are the most valuable human resources, their health has been neglected for many years because
they were considered to be less vulnerable to disease than young children or the very old.
Among the adolescents, girls are the worst sufferers of malnutrition especially in rural areas
of Asian countries. Regrettably, assessment of the nutritional status of adolescent girls has
been the least explored area of research in India. Carried out in the framework of the Indo-
German collaborative research project *The Rural-Urban Interface of Bengaluru - A space of
Transition in Agriculture, Economics and Society’, subproject ’Food Insecurity at different
stages of Urbanisation’, funded by the Department of Biotechnology (DBT) of the Government
of India, the present study focused on the nutritional status of adolescent girls in the rural-urban
interface of Bengaluru, India. Primary data was collected along a north and south transect
crossing through Bengaluru and covered 467 respondents (adolescent girls). Anthropometric
measurements and multinomial logistic regression were used to analyse the magnitude and
factors influencing their nutritional status across the city’s rural-urban interface. Factors such as
age, education, wealth index and location dummy had a significant influence on the nutritional
status of adolescent girls. In particular, urbanisation had a direct impact on the nutritional
status of adolescent girls: when moving along the gradient from rural to urban of both south
and north transect, the magnitude of overweight increased to the tune of 33%. Urban adolescent
girls were relatively more prone to overweight because of change in lifestyle and consumption
of unhealthy food items. The study revealed that rural girls were suffering from undernutrition
and urban girls were suffering from overnutrition, i.e. clearly demonstrating the double burden
of malnutrition.

Keywords: Adolescent girls, anthropometric measurement, multinomial logistic regression,
nutritional status, urbanisation
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Nutritional Status of Women and Children in the Rural-Urban
Interface of Bangalore
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YUniversity of Agricultural Sciences, Food Science and Nutrition, India
2 University of Goettingen, Inst. of Geography: Human Geography, Germany

Dual burden malnutrition continues to be a major public health concern in India. De-
termination of forms of malnutrition clusters is important for the development of
appropriate interventions. The study investigated nutritional status of women and
children in the rural-urban interface of Bengaluru. A total of 300 middle income fam-
ilies spread across rural, transition and urban regions of north and south transects of
Bengaluru was selected by purposive random sampling. Nutritional status of women
respondents and children in the family were assessed by comparing the somatic mea-
surements (height, weight, mid upper arm circumference) and their indices (Body
Mass Index, Waist Hip Ratio) with standards. According to Body Mass Index the
majority (63 %) of women were overweight or obese across the rural-urban gradient.
Though there was increase in per cent overweight and obese women from rural to ur-
ban it was statistically non-significant. Similar trend was also observed for Waist Hip
Ratio classification of women. When body weight is considered, among children 52.1
per cent were below 90 per cent of IAP (Indian Academy of Paediatrics) standard in
rural, followed by 51.6 per cent in transition and 40 per cent in urban. Interestingly in
urban 35.3 per cent of children were above 100 per cent standard. The per cent chil-
dren with height meeting above 100 per cent of standard was almost equal in all the
gradients. It is noteworthy that children falling below 90 per cent of standards were
more in transition (22.6 %), followed by rural (16.7 %) and urban (15.3 %). MUAC
an indicator of muscle mass was less than 90 per cent IAP standards in majority of
the children irrespective of gradients. In all, the anthropometric measurements com-
pared with standards indicated maximum percent of rural children to meet less than
90 per cent standards compared to transition and urban. Maximum per cent of un-
derweight children were in rural (25.5 %), whereas over weight were more in urban
(14.3%). These findings determine pattern of malnutrition influenced by growing
urbanisation in Bengaluru on surrounding rural localities with respect to nutritional
status of women and children.
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Crop Diversification, Household Decision-Making, and Dietary
Diversity: A Panel Data Analysis of Ethiopian Rural Households

ORKHAN SARIYEV, TIM K. Loos, LING YEE KHOR
University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-Institute),
Germany

Sub-Saharan Africa is home to most of the ultra-poor population. Many of whom ex-
perience alarmingly high nutritional deficiencies. Considering that most of the ultra-
poor are subsistence farmers, the importance of production diversity for better nutri-
tion seems obvious. Both on-farm diversification and dietary diversity are determined
by different demographic, socioeconomic and institutional factors. In this regard, we
employ panel data analyses of 363 Ethiopian smallholders surveyed in 2014 and 2016.
The objectives are (i) to identify the main determinants of crop diversity captured by
the Simpsons Index of Diversity and simple crop count, (ii) to estimate the effect of
crop diversification on household dietary diversity, and (iii) to determine the effect of
women’s participation in decision-making on both crop and dietary diversity.

With regard to the first objective of the study, we employ the quasi-maximum likeli-
hood estimation method for a fractional response with correlated random effects and
Poisson fixed-effects models for SID and crop count, respectively. A Poisson regres-
sion model is employed to capture the effects of crop diversity indicators on dietary
diversity. Furthermore, regarding the third objective, we capture women’s partici-
pation in decision-making processes regarding the type of crop produced and food
purchased and identify their association with the respective outcomes in the estima-
tions.

We find a positive effect of farm size and adoption of crop rotation and/or intercrop-
ping practices on crop diversity, while an increase in non-farm income contributes
negatively. Female participation in decision-making regarding crop production posi-
tively contributes to the number of crops produced. Results also show that, for small-
holders with no or very little non-farm income, crop diversity is important to achieve
better dietary diversity irrespective of the distance to the market. On the other hand,
households with some non-farm income are observed to have no significant gain from
further crop diversification. Moreover, female participation in decision-making re-
garding food purchases results in higher dietary diversity. Our analyses contribute to
the growing literature on the linkage between crop diversification and dietary diver-
sity and shows a significant positive association between women’s decision-making
and both aspects of household livelihood.

Keywords: Crop diversification, decision-making, dietary diversity, Ethiopia
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The Food Security Standard: It Fills a Gap but has some Traps
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2Deutsche Welthungerhilfe e.V,, Policy and External Relations, Germany
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Sustainability standards address risks and problems in international agricultural value
chains. Despite certifying agricultural goods that are produced in food insecure coun-
tries, most standards do not particularly address food security. A consortium of the
University of Bonn and the NGOs Welthungerhilfe and WWF therefore developed the
“Food Security Standard” (FSS) which includes a set of criteria and indicators that can
be integrated into any sustainability standard. The FSS is tested in five pilot countries
with different crops on plantations and in smallholder settings in Asia, Latin-America
and Africa. The accompanying research identifies means to easily measure food se-
curity at local and national level. It further analyses the applicability of the FSS, its
legitimacy and reliability of results. Over 25 key persons were interviewed, more than
80 farmers and workers and six multi-stakeholder workshops conducted in five pilot
countries and Germany.

Results show that the FSS can be integrated into a normal audit of a sustainability
standard and does not require significant additional efforts. With structured inter-
views and clear criteria and indicators, the FSS is able to reliably capture the food
security situation of workers, farmers and communities and identifies gaps. While
plantations are expected to be able to comply with the FSS requirements, only better-
off smallholder farmers are probably able to meet all criteria, though still might need
some external support. Plantations, smallholder organisations or their representatives
indicated their willingness to implement the FSS but not without market demand and
price premiums.

Severely food insecure farmers are not expected to be able to comply with the FSS.
To avoid their exclusion from (sometimes lucrative) markets, an option is to set up a
“Food Security Sensitive Management”, keeping the idea of the FSS. This alternative
approach should include all actors along the value chain to uptake and proof their
responsibility for food security when buying sustainability certified products from
hungry smallholders. The question of how much the private sector can contribute to
increase smallholders’ food security, how to avoid “green washing”’ on social issues
and how compliance with the FSS could progressively be achieved, needs further
investigation and stakeholder discussions.
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Perceptions and Practices of Rural Women on Cultivation and
Consumption of Vegetables and Fruits: An Intervention for Food-
Related Health Problems in Amhara Region, Ethiopia

SIMEGN ALAMIREW!, BERNHARD FREYER!, JIM BINGEN?
YUniversity of Natural Resources and Life Sciences Vienna (BOKU), Div. of Organic
Farming, Austria
2Michigan State University, Dept. of Community Sustainability, United States of America

A diet that is deficient in nutrients can lead to health problems. Rural women and
children are the most vulnerable social groups in terms of food security and balanced
diets. Many studies in Ethiopia are witnesses that women and children are mostly
affected by malnutrition, undernutrition, non-communicable diseases and other food
related health problems. Also certain cultural eating practices and knowledge deficits
can lead to food related health problems.

The aim of this study is therefore to understand the rural women’s attitudes in cul-
tivating vegetables and fruits for their own consumption, as one approach to secure
healthy diets. A survey with 320 purposely-selected women in eight rural Kebeles
(Amhara region) was done and data analysed with descriptive statistics. The findings
of this study indicate that there is neither any eating habit nor little trend of cultivation
of vegetables and fruits; and there is no or little awareness about the significance of
vegetable and fruits for a healthy diet. Moreover, women perceived that fruits and
vegetables are only for unhealthy/ill and weak individuals, which is a widespread
conviction in their communities and also women accept such kind of cultural belief.
Furthermore vegetables and fruits are understood as luxury foods which are not very
important to their health. Economic and educational status of women and availability
of fruits and vegetables also determine their perceptions and habits of consumption of
vegetables and fruits. In cases, women produce vegetables and fruits, they mostly sell
to secure their income. Hence appropriate food practice programs such as providing
intensive training for rural women on how to cultivate vegetables and fruits as well
as habituating diverse feeding practices, including vegetables and fruits, and aware-
ness raising about the relevance of vegetables and fruits for their health, are highly
recommended.

Keywords: Balanced diet, diverse foods, perception and practice, unhealthy food,
vegetables and fruits
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Marketing Channels for Underutilised Indigenous Fruit Tree
Products: The Case of Baobab Pulp on Seed in Kenya

GEORGE KAIMBA!2, MUENDO MUTUKU KAvol!, DAGMAR MITHOFER?
LJomo Kenyatta University of Agriculture and Technology, Dept. of Agricultural and
Resource Economics, Kenya
2 Rhine-Waal University of Applied Sciences, Faculty of Life Sciences, Germany

Underutilised indigenous fruit trees have become part of the income generating op-
portunities for local communities living in arid and semi-arid lands of developing
countries. The baobab tree is a good example of an underutilised indigenous fruit tree
in Kenya that provides fruits and vegetables. In the past decade, the tree has generated
much attention owing to its enormous nutritive attributes. Despite the high nutrient
and polyphenol content, coupled with acceptance as food ingredient by the European
Union (EC 2008) and the US Food and Drug Administration (FDA 2009), the tree
and its products remain underutilised in Kenya. This is due to limited empirical re-
search on the tree, especially the marketing structure of unprocessed baobab fruit and
pulp in Kenya. This study therefore analyses the determinants of collectors’ partici-
pation in different marketing channels using 270 baobab collectors in three counties
in Kenya. A multinomial logit regression is employed in the empirical analysis. The
results show that baobab collectors participate in the domestic markets through three
main channels, namely: assemblers, rural wholesalers and urban buyers. The major-
ity of the collectors traded via the assemblers and rural wholesalers. Price and non-
price factors classified under a) human capital factors such as gender, age, number
of children, marital status, number of trees, collection point, selling experience, other
incomes and number of buyers known; b) transactional factors which include price of
baobab, wage rate, transport cost, packaging costs distance to market, product form
and price awareness in other markets; and c) institutional factors such as access to
credit, which all significantly influence collectors’ marketing channel decision. The
main policy recommendations include improving road networks to reduce on trans-
port costs; capacity building to sensitize and promote awareness of the importance
baobab of products in order to increase its demand domestically; improve institutional
services in order to promote baobab collectors’ access to credit, marketing informa-
tion and training.

Keywords: Kenya, Baobab pulp, malnutrition, market development, marketing chan-
nels, poverty reduction
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Status and Prospect of Edible Insects in Myanmar

AYE AYE MYINT
Yezin Agricultural University, Department of Animal Science, Burma

People in different regions of Myanmar consume a large number of insect species.
The consumption of insects by rural and urban residents will improve the food secu-
rity. However insect consumption in urban areas is for snacks especially at night as
they are a preferred food with beer and other beverages. Most edible insects tradi-
tionally have been wild harvested. Some species are available only seasonally while
others are collected throughout the year. The time of insect harvesting from wild
habitats depends on specific species behaviour and life cycles. While crickets (Acheta
domesticus) are one of the most prefer insects in Myanmar, cricket farming is not well
developed yet. Small-scale cricket farming requires relatively little investment. But
the main constraints are lack of knowledge of farming techniques and inexperience
in marketing. This study aims to help local farmers to adopt the simple method of
the cricket farming practices to enhance food security, food safety and livelihood op-
portunity for women in selected areas of Myanmar. House cricket A. domesticus can
be reared using a simple method with e.g. carrot, pumpkin and Chinese cabbage as
feeds. Total life cycle duration is about 52 days at 27-30 °C. This method can reduce
the cost of feeds and farmers will be able to get a quick financial return on invest-
ment. Silk worm Bombyx mori is one of the potential edible insect in some areas of
Myanmar. Silk worms have been reared by the silk industry. Small-scale producers
not only support the regional silk industry but also consume the silk worm pupae, an
important by-product at the household level. Training is needed to provide farmers,
extension agents, and households with knowledge and skills on insect farming, mar-
keting, nutrition and product development. The results of this study can support the
government to design policies to promote the insect sector in Myanmar and to raise
awareness among consumers on nutrition and health benefits of eating insects.
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Crop Diversification and Participation of Farm Households in
Different Marketing Chains of Finger Millet and Maize Crops
vis-a-vis Food Security Status in Rural-Urban Interface of
Bengaluru

VEERABHADRAPPA BELLUNDAGI!, UMESH K B!, ASHWINI B C!, PRASANNA
KUMAR P S!, STEPHAN VON CRAMON-TAUBADEL?
YUAS GKVK Bengaluru, Dept. of Agricultural Economics, India
2University of Goettingen, Dept. of Agricultural Economics and Rural Development,
Germany

The linkage between agriculture and nutrition is complex and often debated in India’s policy
discourse. The enigma of being the fastest growing economy and yet the largest home of under-
and mal-nourished population takes away the sheen from India’s economic achievements. Di-
versification of agriculture in favour of competitive and high-value enterprises is considered an
important strategy to augment farm income, generate employment, alleviate poverty and con-
serve soil and water resources. In the recent past, agricultural diversification occurred largely
through crop substitution. Within the Indo-German research project ‘The rural-urban interface
of Bengaluru - a space of transition in agriculture, economics and society’, sub project ‘Food
insecurity at different stages of urbanisation’ funded by the Department of Biotechnology, Gov-
ernment of India, we examined crop diversity, use of marketing chains and food security status
of farm households (HHs). Primary data was collected from 659 HHs situated along a south
and 616 HHs located along a north transect across the rural urban interface of Bengaluru. Crop
diversification was analysed using Herfindahl index (HI), with a HI close to zero representing
complete crop diversification and a value close to one representing complete specialisation.

A larger area was cultivated along the south (212.58 ha) than along the north transect (178.28
ha). However, crop diversity was higher along the north (0.46) than the south transect (0.49),
and highest specialization was found the rural-urban transition zone. Participation of HHs in
marketing chains of finger millet and maize revealed that finger millet is mainly grown for
family consumption rather than for market sale. Producers realized a higher millet price on
farmers’ markets than through other marketing channels, and food security status was also
higher in HHs using this channel. In case of maize, HHs selling to the Agricultural Produce
Marketing Committee realised higher prices than HHs selling on other markets. Overall, farm
HHs along the south transect were more food secure than those on the north transect. The
volume of marketed surplus was higher for maize than for the staple crop finger millet, but
there is a larger scope for finger millet production in Karnataka as it is rainfed.

Keywords: Crop diversification, finger millet, food security, Herfindahl index, maize, market-
ing channels
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Food Transition Across Rural-Urban Gradient of Bengaluru,
Karnataka
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Urbanisation and economic growth leading to life style changes are major factors re-
sponsible for food and nutrition transitions, a shift from indigenous traditional food to
diversified global foods. The present study was undertaken to explore food transitions
across rural-urban gradients of the South Indian mega city of Bengaluru covering a
northern and a southern transect. From the geocoded localities 300 middle income
households comprising of rural (n=100), transition (n=100) and urban area (n=100)
were selected by purposive random sampling technique. Information pertaining to
food habits, dietary diversity and food intake was elucidated through standardised
questionnaire. The findings revealed, that quite all of urban respondents (99.0 %) had
three meals per day, but in rural environment it was only 67%. Interestingly, majority
of rural families were non-vegetarians (94.0 %) against transition (82.0 %) and urban
(85.0 %). Statistically meal pattern and food habits were significant across the rural-
urban gradient. Differences in inclusion of high value foods such as fruits, vegetables,
processed foods, meat and eggs contributed to slight changes in household dietary di-
versity score from rural to urban. It was observed that consumption of cereals, oils
and fats, and sugars, which are predominant sources of energy, was more than the rec-
ommended dietary allowances in all three study areas in both the transects. However,
highest intake of cereals was observed in the most rural parts of both transects. Intake
of oils, fats and sugars was comparatively higher in urban families. Interestingly, an
increasing trend in consumption of milk and milk products was observed from rural
to urban gradient, Its adequacy ranged from 57.57% (rural) to 77.92% (urban) in the
north transect. However, in the southern transect it ranged from 53.90% to 70.07%
among rural and urban, respectively. Consumption of vegetables was higher among
all the study areas compared to roots, tubers and green leafy vegetables. Fruit con-
sumption was comparatively higher among females in south transect compared to the
north. These transitional changes in food consumption in the rural-urban food sys-
tem were attributed to availability, accessibility and diversity in food across the rural-
urban gradient which may impact on nutritional and health status of families.
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Potential of Edible Insects to Combat Hidden Hunger in
Sub-Saharan Africa
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Edible insects are gaining attention as an alternative food source to fish and livestock.
However research has mainly focused on the protein content of edible insects, while
their micronutrient content and thus their potential to combat hidden hunger, is far
less studied. Therefore, edible insects, commonly consumed in Kenya and Uganda,
two countries, which show a high risk to suffer from hidden hunger, were collected.
Samples included long horned grasshoppers (Ruspolia differens), crickets (Gryllus bi-
maculatus), as well as several kinds of caterpillars (Gonimbrasia zambesina, Cirina
forda). If available, samples were collected fresh and processed, e.g. boiled or fried,
to account for possible losses during processing. Samples were analysed for selected
(pro)vitamins (riboflavin, carotenoids) via HPLC and for dietary minerals (e.g. iron
and zinc) measured either by ICP-MS or ICP-OES. To ensure consumer safety, lev-
els of heavy metals were also analysed, using either ICP-MS or atomic absorption
spectrometry.

All analysed samples showed high contents of riboflavin (1.18-3.11 mg/100 g dried
sample material). Grasshoppers analysed with their wings on contained remark-
ably higher amounts of lutein, zeaxanthin and beta-cryptoxanthin compared to their
plucked counterparts. Beta-carotene was contained within all samples, ranging from
1.82 to 49.70 mg/100 g dried sample material contained in crickets. All analysed
samples contained substantial amounts of iron (33.05-1078.57 mgkg - dried sample
material) and zinc (49.91-131.88 mgkg~! dried sample material), and, surprisingly,
also calcium (223.30-1458.99 mgkg™! dried sample material). All samples showed
negligible levels of cadmium and mercury, but some had elevated levels of lead (0.10-
3.15mgkg! dried sample material).

Therefore insects, consumed in Kenya and Uganda show great potential for delivering
high levels of micronutrients in particular those related to hidden hunger.
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Participatory Value Chain Development to Enable Farmer Groups
to Add Value to Pineapples in Uganda
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In Uganda, pineapples are one of the most important horticultural cash crops sup-
porting the livelihoods of numerous small-scale farmers. However, due to their high
moisture content of over 80 % and their perishable nature, pineapples are prone to
spoilage and wastage. Although fruit processing is promoted for its potential to avoid
post-harvest losses and add value to the local pineapple supply chain, particularly
small-scale processing faces numerous constraints under the prevailing low-external
input conditions.

Within the frame of a transdisciplinary research project that seeks to reduce losses and
add value in small-scale East African food chains, this study aims at co-developing
feasible small-scale pineapple syrup production with improved product quality and
expanding marketing possibilities together with pineapple value chain stakeholders in
Uganda.

Qualitative data was obtained during fieldwork in Masaka District in Uganda between
April - July 2018 by applying a participatory and actor-oriented approach using a se-
ries of group meetings (n=27 with 2—15 participants each) conducted with two farmer
groups that produce syrup, complemented with semi-structured interviews (n=20) and
participant observations (n=4).

The first part of the results reveals motivations, benefits and challenges of pineapple
syrup production from the perspective of the farmers and established processors. The
second part of the results describes the participatory value chain development process
and focusses on quality criteria and the actions performed to achieve a high-quality
syrup by the farmer groups. Finally, the results show how farmer groups co-developed
a context-specific assessment procedure to maintain and improve syrup quality that
reflected product quality standards demanded by the market. This led to an iterative
review of their business objectives to promote value addition.

The study highlights the importance of applying collaborative learning approaches
within participatory value chain development for stakeholder empowerment to co-
design innovations that they can put into action.

Keywords: Co-design innovations, collaborative learning, pineapple, participatory
methods, Uganda
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Residues of Melamine Persist in Meat of Broiler Fed In-Feed
Larvacide after Mandatory Withdrawal Period
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Larvacides are commonly used in poultry feed to alter the moulting stage of houseflies (Musca
domestica) which hatch on droppings, hence reducing the population of flies and smell nuisance
in poultry houses. Cyromazine, an active ingredient in larvacides, has melamine as a metabolite
which became a public health concern after the death of 9 infants and hospitalisation of 294,000
others after taking melamine tainted infant formula. However, cyromazine is widely used to
reduce smell from poultry litter and to increase nitrogen content which usually translates to
higher weight gains in broilers without the knowledge of its residual effect on tissues of animals.
In this study, residues of in-feed larvacide in broiler tissues was investigated.

All protocols used in this study were approved by the Animal Care and Use Review Committee
guidelines of Centre of Excellence in Agricultural Development and Sustainable Environment,
Federal University of Agriculture, Abeokuta, Nigeria. One-hundred and sixty day old Arbor
Acre broilers of approximately 40 g body weight were used in the study. Four diets were
formulated to contain cyromazine at 0, 0.25, 0.50 and 0.75 g kg'! and they were assigned
to 4 dietary groups consisting of 4 replicates per treatment of 10 birds each in a completely
randomised design for 42-days feeding trial. A bird per replicate (4 birds treatment!) was
sacrificed to harvest tissue for residue determination at week 7, 8, 9 and 10 to establish a 7, 14,
21 and 28 days withdrawal period. Results indicated that cyromazine residue in meat (thigh
and drumstick) were higher (p < 0.05) in the treated groups than the control group, which also
contained residue of melamine. In conclusion, residues of cyromazine and melamine were left
in the tissues of broiler chickens even up to 28 days withdrawal period, which is higher than
the maximum allowable limit by WHO.
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Impact Evaluation of a Cooling Truck on the Camel Milk Value
Chain in Isiolo, Kenya
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Providing livelihood in times of drought, the camel is a well-adapted animal to dry ar-
eas in the Horn of Africa and its milk plays an important role in the diet of pastoralist
people. Some of them have moved into urban centres like the Eastleigh neighbour-
hood in Nairobi, where camel milk is mainly supplied by Anolei camel milk coop-
erative from Isiolo. When the milk was transported to Eastleigh with public buses,
several inconveniences for the Anolei cooperative members as well as the Eastleigh
milk dealers arose. Among others, milk got lost or spoiled and it was brought to
Nairobi on unsteady times. As a consequence, the cooperative acquired a cooling
truck in October 2017, partly subsidised by Vétérinaires Sans Frontieres (VSF) Su-
isse. Since then, the truck is bringing a daily amount of approximately 4000 1 of milk
from Isiolo to Eastleigh.

This study assessed the impact of the cooling truck on the camel milk value chain
from Isiolo to Nairobi. A value chain analysis determined benefits, downsides and
social changes for the situation with and without cooling truck. A cost-benefit analysis
established the economic viability of the truck for the cooperative income and a partial
budget analysis gave insight into the changes for individual members.

According to Anolei Cooperative members, the benefits of the truck outweigh the
constraints. Less spoilage and loss of milk, a reliable time schedule, convenient pick-
up spots and more free time are only few of the advantages of the truck. On a purely
economic level, the truck costs outweigh the benefits for the cooperative, that is to
say that net present value and internal rate of return are both negative while benefit-
cost ratio is below 1. Moreover, impacts on the individual members’ household bud-
get are slightly negative. The main reason for the adverse economic outcome is the
unexploited potential of the truck. Its capacity could be utilised better if Anolei Coop-
erative was transporting milk from non-members or other cooperatives. Another way
to boost total additional benefits is to increase proceeds by elevating transportation
fees. These alternatives are discussed in the poster.
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Sustainability Hot Spot Analysis of Insect Supply Chains for Food
and Feed

DARYA HIRSCH, MARTIN HAMER, ISABELLE HIRSCH
Bonn-Rhein-Sieg University of Applied Sciences, International Centre for Sustainable
Development (IZNE), Germany

In western countries, using insects as food and feed is still at a very early stage in
comparison to many countries in Global South, where insects are an integral part of
people’s nutrition. Globally, experts predict a market growth for insect-based products
and insects itself as food within the next years, based on higher demand through an
increasing world population and the need of alternative protein resources for human
nutrition. Nevertheless, insect rearing is new everywhere and the larger scale produc-
tion systems are mostly found in western countries. This raises the question if insect
production can remain sustainable in future, in terms of social acceptability and eco-
nomic viability as well as resource effectiveness and efficiency. One of the possible
approaches to measure the sustainability of value and supply chains holistically, but
in a simple manner, is the Sustainability Hot Spot Analysis (SHSA), developed by the
Wuppertal Institute (Germany). We applied this approach for the first time on insects
for food and feed. We supplemented the existing SHSA method with economic cate-
gories, since insect supply chains are hardly researched due to rare practises of insect
farming. So far, economic aspects have not been considered in the current literature
on SHSA. Beside this, ethical and ethnical aspects need to be taken into account in
the social categories. Ethnical aspects contain e.g. justifying the killing of insects in
different religions, whereas the ethical aspects refer to welfare issues such as animal
husbandry, herd management as well as transport. Our preliminary analysis showed
that within the phase of insect rearing, hot spots were identified for energy consump-
tion caused by e.g. fodder production as well as in disease and pest management.
In addition, further hot spots were identified in the processing phase also concerning
energy consumption due to e.g. grinding, dehydrating, mechanical drying as well as
freeze-drying. The next planned step is to put the focus of the SHSA on selected edi-
ble insect species, like field crickets (Gryllus bimaculatus), bamboo worm (Omphisa
fuscidentalis), palm weevil (Rhynchophorus ferrugineus) as well as black soldier fly
(for feed) (Hermetia illucens) and conduct additional stakeholder analyses.
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Food Security of Dairy and Non-Dairy Farming Households in
Northwest Cameroon
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Food insecurity and lack of nutritional diversity remain a challenging problem in
many central African countries. This study was carried out within the BMBF-funded
UrbanFood®" project and focused on the city of Bamenda in Northwest Cameroon.
There, due to market failure and political crisis, the conditions for small-scale urban
dairy farming greatly deteriorated since 2016. By comparing urban households (HHs)
having dairy cattle and selling milk on the informal market (group I) to urban HHs
having dairy cattle but selling no more milk since 2016 (group II) and to urban HHs
that sold all dairy cattle after the market failure (group III), it was tested whether
owning dairy cows as such, and also selling milk, has an impact on the family’s food
diversity and food security. Altogether 152 HHs comprising 1,147 individuals were
surveyed between March and June 2018. Three sets of questionnaires, namely a 7-day
food diary, the standard household food insecurity access scale (HFIAS) questionnaire
and a general questionnaire on HH characteristics were used to assess the diversity and
frequency of food intake, food insecurity status and demographic and socio-economic
HH condition. Based on the acquired information, food consumption score (FCS), a
measure of food diversity, and HFIAS, an indicator for food security, were calculated,
and related to HH characteristics. FCS revealed that group I had the greatest food
diversity, followed by group III, and group II. Likewise, group I was the most food
secure according to HFIAS, but group III was less food secure than group II. Both
production diversity score (PDS) and number of income sources showed a significant
positive correlation with FCS and a negative correlation with HFIAS. According to
ordinary least squares (OLS) regression, an HH head with secondary or higher-level
education had a significantly negative impact on both the indicators. Diversification
of income sources through training on agriculture-related skills, encouragement for
dairy farming along with development of dairy infrastructure and diversification of
farm activities seem to be crucial to improve the food security status of agriculture-
based HHs in Bamenda.

Keywords: Dairy cattle, food diversity, food security, indicators, Northwest Cameroon
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A Customized Assessment Tool to Differentiate Safety and
Hygiene Practices in Emerging Dairy Chains

JAMES LEDO, KASPER HETTINGA, PIETERNEL LUNING
Wageningen University and Research, Food Quality and Design Group, The Netherlands

In emerging dairy chains, inconsistent product quality and safety issues are prevalent.
The need for continuous improvement in practices to meet rapidly growing demands
for dairy products quality and safety is imperative. However, existing assessment tools
are often based on advanced food safety management systems and standards, which
present an inaccurate picture of practice performance in emerging dairy chains. This
study presents the development of a customised tool to assess and differentiate lev-
els of safety and hygiene practices in emerging dairy chains. The tool consists of
indicators and corresponding grids to assess and differentiate the levels of safety and
hygiene practices at the farm, during transportation, milk bulking, and retail points
crucial for microbiological and chemical (i.e. aflatoxin) safety. The assessment tool
was piloted in Tanzania, as an example of an emerging dairy chain, using interviews,
farm visits and audio-visual assisted observations. Thirty-eight smallholder farm-
ers and three large-scale farms were interviewed and their farm practices observed.
Overall, the customized assessment tool was able to differentiate accurately safety
and hygiene practices of the farmers. The obtained profiles of farmers’ safety and
hygiene practices provided a basis for stepwise improvement of practices of individ-
ual farmers in emerging dairy chains. Moreover, the profiles provided a starting point
for development of training programs customised to the knowledge and skills needs
of groups of farmers with similar profiles. The tool is useful for a comprehensive
baseline and post-intervention assessment to give evidence of the impact on farmers’
safety and hygiene practices achieved after an intervention.
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Developing Processing Technologies of Edible Insects with
Innovative Approaches to Enhance Rural Nutrition in
Madagascar

TOLOJANAHARY CHRISTIAN RATOMPOARISON, JEAN ROGER EMILE
RASOARAHONA, FELAMBOAHANGY RASOARAHONA

University of Antananarivo, College of Agricultural Sciences, Food Science and Tech-

nology Department, Madagascar

The richness of flora and fauna biodiversity with more than 80 % endemicity is an
asset for rural nutrition in Madagascar. The wild resources collected by communities
(plants, mushrooms, insect ...) are little or not transformed for lack of adequate tech-
nology or the quantity harvested does not allow it. This study values the knowledge
of communities that have consumed insects for centuries by developing small and
medium scale edible insect processing technologies. Two main species of wild insects
consumed are collected in the wild and preserved by lyophilisation before analysis.
The results of micronutrients and macronutrients analysis are compared with those of
individuals of the same species reared under controlled conditions. Production (breed-
ing) and processing (from harvesting to slaughtering to long-term preservation) trials
were conducted with the effective participation of selected farmers in the Malagasy
highlands. Insects were dried and powdered, and the meal thus obtained was incor-
porated to daily consumed products at different rates (10 %, 15 % and 20 %) to assess
the acceptability and preference of the community. The technologies developed and
validated by local stakeholders are appropriate to the peasant reality in terms of equip-
ment availability and investment cost. The energy balance was controlled through the
use of hybrid solar-wood combustions energy. Results of nutritional values of pro-
cessed products and their acceptability are presented and discussed. In the median
to long term, the innovative processing technologies presented can have a positive
impact on the nutrition of a population with chronic deficiency of protein and oligo-
elements and have the potential to become an additional source of income for rural
households with little means (landless). The national policy is still to be developed
with the actors concerned to further promote the edible insect sector. The results of
this study can contribute to this development.

Keywords: Acceptability, insect meal, micronutrients, participative research,
processing, protein

Contact Address: Tolojanahary Christian Ratompoarison, University of Antananarivo, College of Agri-
cultural Sciences, Food Science and Technology Department, Campus Ambohitsaina, 175 Antana-
narivo, Madagascar, e-mail: christianratompoarison @ gmail.com

358 1D 323



Food supply chain innovations to enhance food security — Posters

Complementing Sustainable Resource Management with Land
Use Intensification to Overcome Poverty in Ethiopia

KARIN GAESING
University of Duisburg-Essen, Inst. for Development and Peace (INEF), Germany

The research project “Ways out of extreme poverty, vulnerability and food insecurity”
conducted by the Institute for Development and Peace of Duisburg University with
funds from the German Federal Ministry for Economic Development and Coopera-
tion (BMZ) aims to develop recommendations for development cooperation regarding
how to reach extremely poor, vulnerable and food insecure people and to effectively
improve their lives. The research approach is based on identifying good practice
projects and assessing their outreach approaches, project activities, lessons learnt and
above all their impact with regard to the reduction of food insecurity, vulnerability
and poverty.

One of these good practice projects is situated in Ethiopia. Around Debre Tabor in the
highlands of Northern Ethiopia, people have been food insecure and extremely poor,
eking their living from 0.5 ha of land per family. They grew cereals and pulses and
left the land bare for the rest of the year. The implementation of the LANN+ (Link-
ing Agriculture and Natural Resource Management for Nutrition Security) approach
of Welthungerhilfe enabled them to harvest three times a year on their same 0.5 ha
with a diversification of crops including fruit and vegetable and a significant increase
of productivity. They apply small scale irrigation as well as improved agronomic
practices such as the efficient use of rain water and sustainable natural resource man-
agement. Nowadays, they not only manage to feed their families, but they are also
able to send their children to school, improve their housing, participate in savings and
credit groups and start petty trading and other income generating activities.

The research team found the Debre Tabor project to be one of the good practice ex-
amples to sustainably overcome hunger, malnutrition and poverty. Research results
from Debre Tabor and other projects point to the conclusion that sustainable land use
change and natural resource management on smallholder farms provide a safe and
lasting way out of poverty and food insecurity.
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Enhancing the Sustainability of Insect Rearing Systems for
Nutrition through a Multidimensional Potential Assessment
Framework

INGO WAGLER
Center for Development Research, University of Bonn, Ecology and Natural Resources
Management, Germany

The utilisation of insects for benefits in resource efficiency and nutrition is gaining
momentum. In several countries, both, in the global North and South, insect rearing
systems are being developed and introduced at a rapid pace. At the same time, expres-
sions of concern about underestimated risks and reports of failures are also increasing.
As yet, there is no standard or systematic approach to assess the actual potential in-
sects represent for nutritional goals in a given context. The research project introduces
a multidimensional approach to inform context-specific adaptations and thereby en-
hance the sustainability of the rearing systems and the corresponding value chains.
Our investigation is based on a three-dimensional framework, developed to allow a
comparative evaluation of the primary social, ecological and entomological variables
related to insect rearing. The approach was applied to a case study in Sandrandahi
Commune in the Amoron‘i Mania Region in the central highlands of Madagascar.
Studies comprised a primary data collection phase and an ongoing secondary phase.
The primary phase was conducted during an interdisciplinary research mission in Oc-
tober 2018 and two follow-up visits in 2019. The main research methods employed
were gender and age disaggregated thematic focus group discussions, key stakeholder
interviews, transect walks and insect inventories. Secondary data featured demo-
graphic, seasonal/climatic and biological data on different insect species.

We concluded that the potential for insect rearing in the case study area is significant.
Needs and acceptance are high in the social dimension, as is a widespread demand
for resource efficient nutrient sources, especially proteins in the ecological dimen-
sion. In the entomological dimension, a major obstacle identified was the fact that
no single species meets joint criteria of being widely accepted as food, well adapted
to the ecological conditions, especially climate and known for its suitability for do-
mestication. Results also suggested that significant constraints in the availability of
labour and investment, in suitable and sustainable feed sources and the inefficiency of
market supply chains will have to be addressed by a rearing system design.

Keywords: Insect farming, Madagascar, nutrition, social-ecological systems
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Comparative Evaluation of the Composition, Digestibility and
Functionality of Chemically Modified Protein Isolates from Soya
Bean and some Under-Ultilised Legumes

OLUWATOYIN ALETOR!, FUNMILOLA ISHAYAZ, VALENTINE ALETOR?
YThe Federal University of Technology, Akure, Chemistry, Nigeria

2 Federal Polythenic, Ado-Ekiti, Dept. of Science Technology, Nigeria

3 University of Africa, Nutrition and Biochemistry, Nigeria

Native proteins, particularly those from indigenous under-utilised legumes have lim-
ited application especially in industrial food systems largely because of information
dearth on their quality and functionality. Because of the rising cost of soya bean, there
is renewed interest in evaluating the potentials of alternatives. Consequently, two (2)
under-utilised legumes, namely: Pigeon pea (PP) (Cajanus cajan) and African yam
bean (AYB) (Sphenosstylis sternocarpa) were processed into their protein isolates
using alkaline (NaOH) solubilisation and acid (HCI) precipitation at their various iso-
electric pH. The protein isolates were modified using acetic anhydride. The protein
isolates and their chemically modified forms were thereafter analysed with respect to
their proximate composition, metabolisable energy (ME), invitro multi-enzyme pro-
tein digestibility (IVPD) and functional properties. The findings were compared with
the more conventional soya bean protein isolate (SI). On the average, the PP and
AYB had 92.54 and 90.13 g/100, SI had 85.8 g/100g crude protein while the modified
under-utilised legumes had 92.4 and 90.5 g/100g, respectively. Ash was higher in
protein isolate of PP (3.6 g/100g), AYB (3.3 g/100g) and low in SI (1.0 g/100g) while
the modified form had 1.9 and 1.8 g/100g, respectively. However, ME was highest in
the Soya isolate (512.4 Kcal/100g) than those of PP and AYB which ranged between
369.01 and 380.07 Kcal/100g. The protein isolates of PP and AYB were more di-
gestible and ranged between 91.0 and 98.8 % when compared to 85.9 % in Soya bean.
The Soya bean isolate had better water holding capacity (WHC), oil holding capacity
(OHC) and foaming stability than the PP and AYB Isolates. The foaming capacity,
emulsion capacity and emulsion stability of the modified PP and AYB protein iso-
lates were generally higher than those of soya bean isolates. Modification generally
improved protein functionality when compared with the unmodified isolates. Given
the higher in vitro protein digestibility and other functional attributes of pigeon pea
and African Yam Bean than Soya isolates, it was concluded that these under-utilised
legumes seeds could serve as useful alternatives for the much more expensive soya
bean.

Keywords: Chemical modification, protein isolates, soya bean, underutilised legumes,
pigeon pea, African yam bean
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Antimicrobial Activity of Lactobacilli and Bifidobacteria Isolates
against Pathogenic Bacteria in Dairy Product

HASSAN ABDEL MONEEM IBRAHIM EL DEMERDASH
Arish University, Dept. of Food and Dairy Sciences and Technology, Egypt

Food-borne illnesses are still a major concern for consumers, the food industry and
food safety authorities. Meanwhile, consumers have been questioning the safety of
synthetic preservatives of food.

Four lactic acid bacteria were isolated from a traditional Egyptian fermented dairy
product. The isolates were identified using genus-specific PCR technique as Lacto-
bacillus plantarum HM1, Lactobacillus rhamnosus HM1, Bifidobacterium bifidum
Bbl11 and B12.These isolates showed different antibacterial agents against pathogens
in their culture cell filtrates. The protective effects of isolated lactic acid bacteria
against pathogenicity induced by Staphylococcus aureus, Salmonella, Listeria mono-
cytogenes and E. coli O157:H7. The antimicrobial agents were bacteriocin and or-
ganic acids. HPLC analysis indicated that the isolates produced lactic and acetic
acids. Propionic acid was produced only by bifidobacteria isolates. The inhibition ac-
tivity of these substances has been reported to be strain-dependent. Inhibition zones
diameters were affected by the addition of Proteinase K and / or neutralisation of cell
filtrates. All isolates were observed to behave a good antagonistic activity against the
tested indicator strains with differences in size of inhibition zone (mm), meanwhile
Listeria monocytogenes and E. coli O157:H7 were not inhibited by the extract of
Lactobacillus rhamnosus HM1and Bifidobacterium bifidum Bbl1 respectively.
Supernatant and cell pellets of isolates were used as biopreservation system in yoghurt
and Karish soft cheese. The sensory and microbiological analyses were followed dur-
ing the storage at 4°C for 21 days. Data showed that no apparent or detectable of
pathogenic bacteria growth to the end of the storage period up to 21days. Sensory
evolution showed that, use of the combination between supernatant and cell pellets at
concentration of 1:1, enhanced the antimicrobial activity and improved the organolep-
tic properties and the viability of starter culture of the resulted dairy products. These
results indicate that isolated lactic bacteria can be used as control agent for food con-
tamination by pathogenic bacteria as bio-preservation system.

We can conclude that, the application of antimicrobial compounds-producing protec-
tive cultures may provide an additional parameter of processing in order to improve
the safety and ensure food keeping quality.

Keywords: Antimicrobial activity, biopreservation, isolation, pathogens
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Women’s Age and Eating Time Determine Impact of Nutrition
Education on Dietary Diversity Scores of Women and Children in
Uganda and Kenya

IRMGARD JORDAN!, BARBARA FROES!, M. GRACIA GLAS!, ANNA ROHLIG!,
SAMWEL MBUGUA?, JULIUS TWINAMASIKO®, SAHRAH FISCHER*, LYDIAH M.
WaSWA?, JOHNNY MUGISHA’, JENINAH KARUNGI?, ELIZABETH KAMAU?,
THOMAS HILGER4, ERNST-AUGUST NUPPENAU®
VJustus-Liebig University Giessen, Center for International Development and Environ-
mental Research, Germany
2Egerton University, Department of Human Nutrition, Kenya
3Makerere University, Dept. of Agribusiness and Natural Resource Economics, Uganda
4University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-Institute),
Germany
SMakerere University, School of Agricultural Sciences, Uganda
6 Justus-Liebig University Giessen, Inst. of Agric. Policy and Market Res., Germany

Poor dietary diversity lead to malnutrition, especially for vulnerable individuals such
as mothers and infants. The objective of this study was to assess the impact of nu-
trition education (NE) on time-use and dietary diversity of women and children in
Kapchorwa District, Uganda, and Teso South Sub-County, Kenya.

In June 2016 and 2017 cross-sectional agriculture-nutrition surveys were conducted,
targeting approx. 830 farm households with children aged below five years. Women
Dietary Diversity (WDDS) and Child Dietary Diversity Scores (CDDS) were calcu-
lated based on data from 24h-dietary-recalls. Time use was assessed based on 24h-
physical-activity-recalls. NE was conducted and partly linked with agriculture exten-
sion (AGNE). Groups with no intervention were included in analysis for comparison.
The results showed that a gendered division of labour, and beyond the time spent on
farming, women were engaged in child care and domestic activities, had therefore a
longer workday and significantly less free time than men. The control group had a
significant decrease in AWDDS in the year of the intervention which was a drought
year. The age of the mother explained partially the variance in AWDDS but differently
in both countries.

In Uganda children of the NE group showed a significant increase in CDDS (M
diff=0.31 point). Differences in Aeating time of mothers was statistically significant
related to CDDS (p = 0.045).

Differently from the results of Uganda, the moderation analysis of Kenya confirmed
that participation in the intervention resulted in a slight increase in women'’s dietary
diversity scores. In terms of development, according to Bonferroni post hoc test, the

Contact Address: Irmgard Jordan, Justus-Liebig University Giessen, Center for International
Development and Environmental Research, Senckenbergstr. 3, 35390 GieBlen, Germany, e-mail:
Irmgard.Jordan @ernaehrung.uni-giessen.de
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changes on scores were statistically significant higher in the AGNE (M diff=0.580
points, p = 0.013) and NE groups (M diff=0.613 points, p = 0.007) when compared
to the control group. The eating time of mothers in Kenya was positively statistically
significant associated with CDDS after the intervention in all three groups. This in-
dicates that the more time mothers spent eating/feeding their children, infants’ diets
became more diverse.

Attention should be given to gender-time-use in agriculture and nutrition intervention
to enhance impact of nutrition education and agriculture interventions.

Keywords: Agriculture innovations, gender, Kenya, nutrition eucation, time use,
Uganda
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The Potential of Sustainable Antimicrobial Additives for Food
Packaging from Native Plants in Benin
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YWniversity of Bonn, Inst. of Animal Sciences, Germany

2 University of Abomey-Calavi, School of Nutrition, Food Science and Technology, Benin

3 University of Applied Sciences Bonn-Rhein-Sieg, Germary

In sub-Saharan Africa, food losses occur mostly in the early steps of the supply chains.
The main reasons are damages due to handling during harvest, transport, and accel-
erated spoilage due to environmental and hygienic conditions. Packaging solutions
can help to decrease losses, but packaging waste is an increasing issue in developing
countries, and fossil resources are limited. Therefore, the implementation of active
biobased and biodegradable packaging solutions is of great interest. Active packag-
ing solutions can increase shelf life and food safety of perishable foods by inhibiting
the growth of bacteria. A sustainable approach is the usage of phytochemicals from
local plants as additives for active packaging. Consequently, extracts from 16 plants
from Benin were screened for their antimicrobial activity against spoilage bacteria of
perishable foods, foodborne pathogens and relevant fungi. The antimicrobial activity
of ethanolic extracts was determined using the agar diffusion assay and identifying the
minimal inhibitory concentration. Also, the potential of synergetic effects of combi-
nations of extracts was studied using the same methods. The active phytochemicals
were identified by different chemical analyses. As another important factor in food
spoilage, also the analysis of the antioxidative potential was performed. Half of the
studied plants showed activity against spoilage and pathogenic bacteria. For example,
Staphylococcus aureus was inhibited by eight ethanolic plant extracts (n=16) with an
inhibition zone of 14-17 mm (well=8mm). Additionally, fungal growth was inhibited.
These results could be confirmed by the chemical analyses of the phytochemicals and
the antioxidative activity. Positive synergetic antimicrobial effects of combinations of
plants give further opportunities in packaging design. The results of the antimicrobial
screening showed that native plants from Benin have potential as an additive against
pathogens and spoilage organisms of perishable foods. Integrating such antimicrobial
additives, in biobased and biodegradable materials, offers advanced opportunities in
sustainable food packaging solutions. Besides, the prolongation of shelf life of a few
days can deliver an important contribution to the reduction of food losses.

Keywords: Active packaging, antimicrobial, biobased, food loss, sustainability,
Western Africa
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Consumer Awareness and Attitude towards Baobab Products in
Kenya

COLLINS KIRUI KIPROTICHI, KAVO1I MUTUKU MUENDOI,
DAGMAR MITHOFER?
L Jomo Kenyatta University of Agriculture and Technology, Kenya
2 Rhine-Waal University of Applied Sciences, Faculty of Life Sciences, Germany

Baobab (Adansonia digitata L.) shows high market potential in arid and semi-arid
areas of Kenya. It is widely traded by few actors, but its products occupy a small mar-
ket share. The benefits of baobab products are yet to be communicated to consumers.
This study aimed to examine awareness and attitudes of rural and urban consumers
in Kenya towards baobab products. Data on socio-economic characteristics, baobab
product awareness, and attitude towards baobab products was collected from 353 con-
sumers in rural and urban markets in Kenya. A pretested questionnaire was adminis-
tered to each consumer through personal interviews. Descriptives were used to anal-
yse awareness level on baobab products. Zero-truncated Poisson regression model
was used to asses factors influencing awareness of baobab products. Descriptive and
exploratory factor analysis was used to assess the attitudes of the local consumers to-
wards baobab products. The results showed a mean awareness score of 5.92 and 6.45
for urban consumers and rural consumers respectively, this is a clear indication of low
awareness level compared to the maximum awareness score of 21. The model results
revealed that age (p < 0.05), gender (p < 0.01) and group membership (p < 0.01)
influenced consumer awareness positively, while income level (0.05) had a negative
influence. Descriptive showed that considerable percentage of consumers expressed
positive attitudes, with (95 %), (77 %) expressing positive attitude on baobab pulp be-
ing food for all, and health benefits accrued from consumption of pulp respectively.
Exploratory factor analysis produced five factors that explained 63.18 % of the total
explained variance. The first factor was ‘health, nutritive value and culture’ which
accounted for 17.01 % of the total explained variance. Other factors were ‘product
availability and freshness’ (12.50 %), production process and affordability (11.56 %),
taste and income value (11.55 %), age and social class (10.56 %). Group membership
is essential, it provides links to access a variety of information that is vital in raising
baobab products awareness level. Finally, improvement of product labelling, certifi-
cation and freshness, awareness creation through formal and informal education will
positively shape consumers attitudes.
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Effect of Sieve Particle Size on Quality Attributes of Peeled and
Unpeeled Orange Fleshed Sweet Potato Composite Flours
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YUniversity of Kassel, Agricultural and Biosystems Engineering, Germany
2 University for Development Studies, Agricultural Mechanization and Irrigation Tech-
nology, Ghana

Orange fleshed sweet potato (OFSP) is an important source of vitamin A and other
health promoting nutrients. With the need to preserve these nutrients, processing of
OFSP into high quality flour is seen as a timely strategy. Substituting wheat flour
with OFSP flour in processed food products could reduce foreign exchange outlays,
create new markets for producers, and result in especially increased vitamin A con-
sumption among consumers provided there is adequate retention of B-carotene during
processing. The objective of this study was to assess the effect of sieve particle size
on the physicochemical, functional, and nutritional properties of peeled and unpeeled
OFSP composite flours. Peeled and unpeeled OFSP slices were pretreated by soak-
ing in sodium metabisulphite solution (0.5 % w/v), dried in hot air dryer at 60 °C,
milled separately and sieved using 250 pm or 500 um mesh particle size. Each OFSP
flour was used to prepare blends of OFSP and wheat flours and evaluated for qual-
ity using standard procedures. The sieve particle size had no significant (p > 0.05)
effect on moisture content, water activity and CIE colour attributes of OFSP flours.
However, the peeled OFSP composite flours had higher L*, b* and C* values than
unpeeled OFSP flours. The sieve particle size significantly (p < 0.05) affected wa-
ter absorption capacity (WAC), swelling capacity (SC) and water solubility (WS). The
OFSP flours sieved with 500 ym mesh particle size had significantly (p < 0.05) higher
WAC and SC but lower WS as compared to 250 um sieve. The peeled OFSP flours
had significantly (p < 0.05) higher WS but lower WAC and SC than the unpeeled
OFSP flours. Generally, OFSP flours had lower pasting temperature and peak time
than 100 % wheat flour. The final trough, setback viscosity and pasting temperature
did not vary (p > 0.05) between the corrective unpeeled and peeled OFPS flours. The
sieve particle size did not significantly (p > 0.05) affect the nutritional composition
of flours. With exception of Vitamin C, unpeeled OFSP whole flour had the highest
phytonutrients composition and antioxidant activity while wheat flour obtained the
least values. Both unpeeled and peeled OFSP flours sieved with 250 um or 500 um
have high potentials as ingredients for novel food developments.

Keywords: Composite flour, functional properties, orange fleshed sweet potato, phy-
tonutrients, sieve particle size, total antioxidant activity
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Characterisation of Macauba (Acrocomia aculeata) Kernel
Proteins and Evaluation of their Solubility Properties

SERGIO HENRIQUE TOLEDO E S1LvA 2, LIDIANE BATAGLIA SILVAZ2,
STEPHANIE BADER-MITTERMAIER?, GABRIELE DOER?, PETER EISNER!?
YTechnical University of Munich (TUM), School of Life Sciences Weihenstephan, Germany
2 Fraunhofer Institute for Process Engineering and Packaging IVV, Germany

Macauba palm (Acrocomia aculeata), a perennial and fructiferous palm tree native
to tropical and subtropical Americas and the extensive Macauba palm tree reserva-
tions in Brazil, is considered as a promising alternative for vegetable oil production.
Its productivity is estimated to be from 2,500 to 5,000kg of oil ha*! y™! and the oil
from Macauba kernel is economically attractive due to the high content of short chain
fatty acids. After de-oiling, the kernel meal offers a protein concentration between
30-50 %, thus highly suitable for the production of vegetable proteins. Hence, char-
acterising the Macauba kernel proteins is imperative in order to develop an extraction
process that promotes the sustainable use and the complete economical exploitation
of this yet underexploited wild plant species.

The present work aims at the characterisation of the proteins from de-oiled Macauba
kernel meal and the evaluation of their solubility properties under different extraction
conditions. The findings showed that the globulins (salt soluble proteins) accounts
for approximately 60 % of the total extractable proteins of Macauba kernel. Elec-
trophoretic pattern performed by sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis demonstrated that the Macauba globulins are mainly composed by the
7S (48.5 kDa) and the 11S (43.6 kDa) globulins. The isoelectric point of the 7S and
11S globulins, determined by two dimensional electrophoresis, ranged from 4.1-5.9
and from 3.3-6.8, respectively.

Minimum solubility of Macauba kernel proteins was observed at pH 4.0 with 10.9 %
of protein recovery (PR). At low ionic strength 0.1 mol L-! of NaCl), the maximum
PR at pH 6.0-9.0 ranged from 25.6 to 31.2 %, whereas at higher salt concentration
(0.50-0.75 mol L"! of NaCl), PR increased to 64.8-73.1 % at same pH range. Protein
extraction yields depend strongly on the properties of the different protein fractions
present in the raw material, which can be separated by changing the conditions of the
milieu. With the results herein described, it will be possible to design a process for ex-
traction of the majority of the proteins available in the Macauba kernel meal. Further-
more, the present study also contributes to leverage the sustainable use of Macauba
fruits, a renewable resource for diversifying feedstock and ensuring biodiversity.

Keywords: Acrocomia aculeata, globulins, Macauba, protein extraction, protein
solubility, sodium dodecyl sulfate-polyacrylamide gel

Contact Address: Sérgio Henrique Toledo E Silva, Technical University of Munich (TUM), School of
Life Sciences Weihenstephan, Weihenstephan, Germany, e-mail: sergio.toledo@ivv.fraunhofer.de

ID 818 371



Nutrition, food quality and food processing

Urban Agroecology for Health and Wellbeing

MAT ABBAS, ALEX FRANKLIN, CHIARA TORNAGHI
Coventry University, Centre for Agroecology, Water and Reilience, United Kingdom

The number of people who are living in urban areas is constantly increasing. The
historical rise of urbanisation alongside industrialisation has produced a rift between
humans and nature and a rupture in soil nutrient cycling between town and country;
these are some manifestations of what in literature is known as the metabolic rift, a
concept originated in Karl Marx work. This rift detaches people from their own land,
knowledge, and food. Accordingly, few citizens in urban areas have direct experience
with growing food and the number of people who are lacking the knowledge to pre-
pare their own food from basic ingredients is increasing. Conditions of urbanisation
largely subject people to dependency on processed, non-seasonal/fresh food. This
attribute of urbanisation is negatively reflected on the population’s health and well-
being. Maintaining the health and wellbeing of a city’s population can be considered
the drivers for food system change. Urban agroecology can be an approach to heal
this rift and maintain a state of health and wellbeing among citizens. It is emerging as
a specific type of urban agriculture that includes the ethical, social, cultural, political
and productive approaches typical of peasant agroecology. The goal of urban political
agroecological practices is to change the often un-resourceful, day-to-day functioning
of urban life particularly in relation to soil care, socio-economically just food systems.
The focus in this research will be on the power of these practices to create a change
and help people to adjust and respond to various stimulations in their life. This helps
them to reconnect and redefine their relationship with food and having a sense of
wellbeing. The target group of the research is pregnant women or/and with children
up to two years old (a stage in life that induces reflections on the link between food
and health). A series of action learning workshops (kitchen waste, growing food and
cooking healthy meals) will be carried out. The aim of this paper is to report on a re-
view of literature and provide insight into the relationship between agroecology, food
knowledge and wellbeing. It is expected that this research will provide an evidence
base for policy intervention to promote community-based urban agroecology and to
focus on transformative life moments for building awareness.

Keywords: Food knowledge, nutrition, urban agroecology, wellbeing
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Food Sovereignty in Central America: A Comparison of
Conventional and Regenerative Practices in Rural Communities
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Rural communities in Central America have been facing a series of intricate problems regarding
crop production since the 1970s. On one hand, the agro-industrial complex dedicated to export
crops (bananas, sugar cane, papaya, cacao, coffee, oranges, etc.) have continued to accumulate
the most fertile and suitable lands. Large private landowners, as well as private companies,
have relied on the key principles of conventional farming, namely: monocropping, high exter-
nal input use, mechanisation, improved seed varieties and/or hybrids and cheap local labour.
Public policies, marketing and the perception of peasants transitioning being transformed into
agricultural workers have all served to promote the conventional crop production system as a
panacea and the only possible way to achieve modernity and progress.

All these factors have contributed to a copycat effect in rural communities, where peasants
try to imitate and apply the principles of conventional agriculture. With low capital and in
marginal lands (steep slopes, swamps, isolated, etc.) mechanisation has been almost impossi-
ble to achieve, but the use of improved seeds and synthetic inputs has been extended through
government subsidies programs and international cooperation agencies using the agro-indus-
trial complex as their supplier.

High synthetic chemical use has created an environmental and health crisis as well as debt and
economic dependency for peasants’ households. Monocropping and the preference for cash
crops has negatively affected the diets of rural households.

This study compared the production diversity and its effects on dietary conditions of rural
households that have adopted the principles of conventional agriculture with those households
that have kept regenerative agriculture principles (crop diversity and associations, local seeds
and crops, organic fertilisation, etc.).

The study was based on direct measurements of crop diversity in plots and food diversity in
kitchens, as well as semi-structured surveys in a stratified sample of 540 households distributed
among 25 rural communities of three countries (Belize, Honduras and Panama).

The results concluded that households practicing regenerative agriculture have a more diverse
diet, more protein consumption, and less dependency on external purchases when compared to
households practicing conventional agriculture.

Keywords: Central America, food sovereignty, nutrition, regenerative agriculture
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Pathways Leading to Diversified Diets - A Retrospective Analysis
of a Participatory Nutrition-Sensitive Agricultural Project
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ODHIAMBO ODOUR!, GINA KENNEDY#, CELINE TERMOTE!
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A previous impact study that assessed the effectiveness of participatory farm diver-
sification and nutrition education on dietary diversity in Western Kenya showed an
increased dietary diversity of young children. In this present study we would like to
identify the pathways, and the behaviours explaining those pathways, that led to the
increased dietary diversity.

While existing frameworks summarise pathways from agriculture to nutrition out-
comes, they do not explain the behaviour along the pathways. This is unfortunate
as such insights could guide future nutrition-sensitive agricultural interventions. Data
collection and analysis will thus be inspired by a widely-used framework related to nu-
trition-sensitive agriculture, the Pathways from Agriculture to Nutrition and a model
for behaviour change, the COM-B model.

The study design consists of a qualitative cross-sectional study applying 10 focus
group discussions and 5 key informant interviews. The focus group discussions are
conducted with community members who have actively participated in the participa-
tory farm diversification and nutrition education while the key informant interviews
involve local authorities who have been accompanying the communities in this.

For data analysis we chose to apply a process that is inspired by the constant com-
parison analysis. Based on the collected information own frameworks of agriculture-
nutrition linkages will be developed and the behaviour and motivations along these
frameworks will be identified. The triangulation will aim to maximise the under-
standing of the pathways leading to more diverse diets. Gender disaggregation during
data collection and analysis will enable the interpretation regarding gender equality
and women empowerment aspects.

The study is on-going and results will be presented.

Keywords: Agricultural-nutrition pathways, community-based participatory approach,
dietary diversity, nutrition-sensitive agriculture
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Enablers, Difficulties and Hindrances of Nutrition
Recommendations Application in Karamoja, Rural Uganda
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In developing countries, nutrition education is often implemented as part of multi-sec-
toral programmes. Different interventions included within the larger project frame-
work targeting at diverse underlying causes of malnutrition. Still, putting gained
knowledge from nutrition education into practice often remains a challenge.

Aim of this study was to identify enablers, difficulties and hindrances of nutrition
recommendations application, given during nutrition education, within a Welthunger-
hilfe project.

A quantitative study was carried out with women (n= 62) in two respective Welthunger-
hilfe project villages in Karamoja, rural Uganda. Five nutrition sessions were offered
to participants between February and March 2018. Three weeks after the last nu-
trition session, women were interviewed (April 2018), using standardised and open
questions. Indicators, influencing each nutrition recommendations application were
identified and quantified.

Main enablers for change in dietary behaviour were affordability of food (financial
means generally given), food availability, knowledge gain from nutrition education
and temporary financial means. At the same time, affordability of edibles (financial
means generally not given) was identified being a common difficulty and hindrance
alike. Special enablers were taste and food preparation. A positive attitude towards
alcohol was another hindrance identified.

Nutrition education embedded within a multi-sectoral programme provided a good
platform for provisioning specific nutrition recommendations. Understanding women’s
perceptions on nutrition recommendations application can shed light on enabling and
hindering factors for putting gained knowledge into practice. Identified factors within
this study, such as food availability or knowledge gain from nutrition education should
be considered as immediate or short term factors. Nevertheless, they can help in find-
ing specific adaptations for nutrition education as well as for other project components
within the multi-sectoral programme.

Keywords: Enablers, hindrances, nutrition education, nutrition recommendations,
rural Uganda
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Dietary Intervention for Management of Obesity among Rural
Farm Women

K. GEETHA, GEETHA YANKANCHI, NETRAVATI HIREMATH
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Obesity and related co-morbidities are major health problems throughout the world.
In India, the increased level of obesity is primarily associated with the transforma-
tion from rural to urban lifestyle. Dietary approaches for weight loss have gained
widespread interest and considerable importance. Dietary fibre being one of the es-
sential components of the healthy diet has gained the important physiological and
metabolic functions in the management of obesity. Hence, the present study was
undertaken to develop high fibre food mix and to assess its efficacy on obese sub-
jects. The high fibre food mix was developed by using region specific foods with
high fibre content. The efficacy of food mix was assessed through dietary interven-
tion. Intervention was carried out on obese rural farm women for a period of 120 days
by providing 1/3 rd daily requirement of protein and energy. Impact of food mix was
evaluated by assessing the somatic and biochemical parameters at pre and post dietary
intervention. The developed mix contained protein (15.8040.32g), fat (2.6£0.12g),
energy (320 kcal), carbohydrate (60.75g) and dietary fibre (29.5+0.91g) per 100 g
of the mix. The significant reduction was observed in weight (65.34+-10.97kg to
63.23+10.60kg), body mass index (27.84+4.14 to 26.95+4.06) and hip circumfer-
ence (105.234+9.96cm to 104.93+9.90cm) from pre to post intervention (P<0.05)
period. Similarly, significant reduction was also observed in cholesterol, low density
lipoprotein and fasting blood sugar from pre to post test. The food based dietary inter-
vention with high protein and dietary fibre showed desirable reduction in body weight
and biochemical parameters. Hence, the inclusion of high fibre food mix in daily diet
helps in management of body weight and lipid profile.
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Households Food Consumption and Nutrient Deficiencies Trends
in the Democratic Republic of Congo
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All the countries members of the United Nation are committed to achieving SDG
2. Africa has seen the least progress in terms of improvement towards malnutrition
prevalence. Particularly in DRC, around 4.5 million people are chronic food insecure,
the country has been ranked 176" out of 189 countries figuring in the in the Human
Development Index. Due to lack of data, it is hard to have indicators that give a cur-
rent state of the food security and nutrition yet the situation is extremely alarming.
Different studies have been conducted to give an overview of the nutritional status
and economic changes in the country. Moreover, studies have shown that DRC faces
a higher variability in time and space in its economy that should lead to nutrition tran-
sition. Unfortunately, there is no information on nutrition deficiencies and household
behaviour or choice for diet in order to understand their motivation for the selection of
food. Therefore, the purpose of this study was to assess the consumption trends of se-
lected food groups and nutrient deficiencies. In order to achieve this, we analysed the
food budget share, the food purchased composition and mapped the nutrient deficien-
cies as well as their trends between 2005 and 2012 for urban and rural areas of the 26
provinces of DRC. The study used secondary data from the National Household Sur-
veys collected between 2005 and 2012. Our results suggested that households spend
% of their budget on food. We were able to classify DRC in five different groups
having almost similar food intake. Moreover, about 60 per cent of the budget allo-
cated to the food is spent on cereals, root and tubers as well as meat and fish. We also
found that there is a deficiency in zinc, calcium, iron and vitamin B12 in almost all
the provinces for both rural and urban areas. For protein, calories, folate, and vitamin
A the consumption is quite acceptable. However, the trends seem to be negative in
almost all the provinces. Therefore, propoor policies, multi-stakeholder parternships
as well as nutrition education is needed to alleviate food insecurty and malnutrition in
DRC.

Keywords: Democratic Republic of Congo, food consumption trend, food groups,
nutrient deficiency trend, nutrition
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Perceptions of Rural and Urban Population of Insect
Consumption: Does Entomophagy Have a Future in Madagascar?

NARILALA RANDRIANARISON, HERIMIHAMINA ANDRIAMAZAORO
University of Antananarivo, Procinut Project, Madagascar

According to FAO (2013), the constant increase of the world population, the scarcity
of natural resources, the strong pressure on the environment, are all constraints guid-
ing reflections and discussions of researchers around the world on the possibility of
considering insect consumption as a sustainable alternative to cope with a growing de-
mand for animal protein. This is also true for the case of Madagascar where poverty
and food insecurity dominate, and the impacts of agriculture and livestock farming
on the environment are increasingly felt. Historically, entomophagy is already a sec-
ular practice. Insects have already been included in the traditional diet of Malagasy
population. This communication aims to explain the perceptions of rural and urban
population of insect consumption. The reasons for the consumption or not of insects
were studied by considering various categories of population.

This communication lean on fieldworks conducted in the southern and central Mada-
gascar highlands (Amoron’i Mania and Analamanga). The data were collected through
surveys using a semi-structured questionnaire among various population groups, in-
cluding 80 farmers, 20 civil servants, 20 workers in private sector, 20 in free-trade
zones, 20 in informal sector. The results showed that entomophagy is a practice that
interests more rural than urban population. Insects are more popular in rural areas
where some people prefer to eat them instead of meat. People who do not consume
them are rare; the reason is the allergy problems that can occur. In urban areas, psy-
chological barriers affect negatively the development of entomophagy. For people
who have never eaten insects, the main reason is the ‘disgust’ that comes from eating
insects. The origins of disgust are rooted in the culture and education, which have a
major effect on dietary habits. Some people have mentioned the danger that can be
caused by consuming insect, especially the allergy case, and therefore refuse to con-
sume it. Others just do not want to taste. The physical form of the insect (appearance,
size), is at the origin of this feeling. However, these category of people agree to eat
only if the insects are processed (e.g. into flour) and used as ingredients for other
foods.
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Marketing and Consumption of Edible Insects in the Urban
Center of Yangon, Myanmar

MYINT THU THU AUNG, JOCHEN DURR
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In Myanmar, insect-eating is a traditional habit in rural, food-scarce areas. Nowa-
days, insects have become popular also in big cities. Edible insects vary from region
to region and include crickets, bamboo caterpillars, water beetles, honey bees, gi-
ant water bugs and big ants. Despite the fact that entomophagy is widespread in
Myanmar, research on its market potential is scarce. This study explores the poten-
tial and constraints of edible insect consumption in the urban centre of Yangon by
using a qualitative data collection technique through face-to-face in-depth interviews
with vendors and consumers at five market places. Results revealed that crickets are
the most popular edible insect. Crickets are collected from nearby Bago region, and
from the more distant States of Karen, Mon and Shan. There are two cricket seasons
when they are sold fresh or fried in downtown markets and also offered as a special
snack in bars. In recent years, cricket prices have increased which hindered develop-
ment of demand. Five types of consumers and seven types of non-consumers could
be categorised, depending on their reasons to buy or not edible insects. Reasons for
consumption comprise good taste, high nutritious value, and natural and healthy food
considerations. People who do not eat insects mentioned hygiene factors, cultural and
religious beliefs, anxiety of the appearance of insects, health problems, suspicion of
the use of insecticides for gathering, unaffordable high prices, and doubts about the
freshness of the product. To overcome the main constraints, differentiated strategies
would be necessary according to the non-consumer group. Hygiene standards and
regulations could help convince non-consumers who fear that insects are a non-fresh
and impure product. Awareness-building on collecting methods would be important
for non-consumers who believe that crickets are gathered by using insecticides when
they are actually caught by means of light traps. Promotion of value-added products
may persuade non-consumers by taste. Finally, the problem of limited supply and
high prices could be solved by increased production of edible insects through system-
atic rearing.
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The Prevalence of Anaemia among Children in Northern Uganda:
Urban-Rural Comparison
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Affecting 2.36 billion people worldwide, anaemia is a relevant, global public health
problem with far-reaching consequences for human health as well as the social and
economic development of a country. More than half of all cases are caused by iron
deficiency. According to the World Health Organisation, 56 % Ugandan children aged
6 to 59 months are anaemic having a hemoglobin level below 11.0 g d1-! The aim of
the study was to assess the prevalence of anaemia in Northern Uganda among the
vulnerable group of children aged 6 to 59 months, focusing on the residence as an
influence factor of the multifactorial aetiology of anaemia in developing countries.

A total of 273 children, treated in a health centre in the north of Uganda, were part
of the investigation. In addition to the measurement of the haemoglobin level and
anthropometric data, a sickle cell test was conducted as well as an interview of the
attendant person concerning several determinants of anaemia.

The study detected a prevalence of anaemia in children of 90.8 %. Classified by sever-
ity, 42.3 % were affected by severe, 38.2 % by moderate and 10.3 % by mild anaemia.
The mean haemoglobin concentration was 7.45 g d1-!. Furthermore, the urban-rural
comparison showed significantly higher hemoglobin values among children from ur-
ban areas, but not a significantly lower prevalence of anaemia. A rural residence was
significantly associated with a higher severity of anaemia.

Despite the lower prevalences in comparable previous studies, anaemia remains one
of the most important health challenges among children under five years of age, espe-
cially in northern Uganda. In future a comprehensive analysis and the identification of
the main risk factors of anaemia in this region could be beneficial to improve already
existing interventions for the reduction and prevention of anaemia in a more efficient
way and furthermore to adress the predominantly rural population.
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Constraints of Home Gardens to Impact Nutritional Anemia: A
Case Study of Eco-Sustainable Garden Empowering Mbororo
Women in Cameroon
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Malnutrition is a severe public health as it leads to increase mortality and morbid-
ity. The cheapest intervention used to improve nutritional intake and outcome has
been food-based approaches like home gardening, bio-fortification, and keeping of
small animals. The project, “Eco-sustainable Gardens Empowering Mbororo Minor-
ity Women” is a home garden project in the North West region of Cameroon designed
using the concepts of nutrition-sensitive agriculture. Though these home gardens
grow vegetables rich in micronutrients such as iron and vitamin A, they most often do
not often translate into the micronutrients of the beneficiaries.

Iron deficiency anemia has several consequences on the immune and mental function,
as well as general wellbeing of every individual. Women, in particular, have increased
iron demands due to menstruation, pregnancy, and lactation. This study aimed at
assessing if the home garden project “Eco-sustainable Gardens Empowering Mbororo
Minority Women™ had an effect on anemia amongst the beneficiaries.

A case-control study design was used in the study to assess nutritional anemia amongst
mbororo women with similar socio-economic characteristics. Hemoglobin levels of
Mbororo women in the home garden project community ongoing for two years versus
those without the home garden were measured (using a Urit 12 hemoglobinometer)
to depict iron deficiency anemia and values compared.

There was no significant difference between hemoglobin levels of the Mbororo women
with the home gardens and those without. Both communities were anemic. Although
home gardens address the problem of food insecurity, other sources of micronutrients
such as animal sources and supplements should be considered in these communities.
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Ethiopia is confronted with the paradox of hosting hundreds of edible plants show-
ing a high level of food and nutritional insecurity. Ethiopians’ diets heavily depend
on staples and often lack protein and micronutrients. Hence, a large section of the
population, particularly children and women, are malnourished with respect to one
or several nutrients. In southwestern Ethiopia, indigenous vegetables growing within
agroforestry systems have the potential to fulfill the nutritional demands of local peo-
ple. Therefore, this study assessed the nutritional potential of indigenous vegeta-
bles existing in understory coffee agroforests of Yayu, SW Ethiopia. An extensive
ethnobotanical household survey (n=300) was done to document edible plants. Bio-
chemical analyses, i.e., proximate food composition, vitamin and mineral content
determination of selected vegetables, were conducted using standard analytical meth-
ods. The results showed four vegetable species namely; Amaranthus graecizans, Hy-
polepis sparsisora, Portulaca oleracea and Solanum nigrum having higher protein,
fat, provitamin A, calcium, magnesium and iron contents compared to regularly cul-
tivated crops. However, the vegetables showed relatively low calorific content. Crude
protein content ranged from 15.62 to 19.26 g/100 g edible portion (EP) in four of the
determined vegetables. Calcium content varied largely between 585-785 mg/100 g
but was notably high for A. graecizans (2065 mg/100 g EP). The iron content varied
from 24.14 g/100 g in S. nigrum to 91.29 g/100 g in A. graecizans. Provitamins A
were high in A. graecizans (75 pg retinol activity equivalent (RAE) /100 g EP) and
S. nigrum (62.5 ug RAE/100 g EP). Calorific value was relatively high in A. grae-
cizans (142 kcal/100 g) and H. sparsisora (143 kcal/100 g dry EP). In conclusion,
underutilised indigenous vegetables are potential sources of dietary nutrients locally
needed. Particularly notable as providers of protein, energy, minerals, and provita-
mins A are A. graecizans, P. oleracea and S. nigrum.

Keywords: Diet diversity, indigenous vegetables, nutritional potential, Yayu bio-
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An adequate consumption of fruits and vegetables contributes to a lower risk for non-
communicable diseases. Fruits and vegetables are not only characterised by a high
micronutrient content but also an important source of bioactive plant components with
health benefits. This study focused on perception and attitudes towards vegetables to
better understand willingness to plant and consume vegetables at household level.

In Feb. 2019, 24 focus group discussions were held in Kapchorwa District, Uganda,
and Teso South sub-County, Kenya. Women, male and youth farmers were invited
to discuss separately about legumes, vegetable and fruit availability in the upcoming
5 months. Further topics were food preparation techniques, taste, perception and
attitudes towards the foods.

The food lists included between 12-25 different green leafy vegetables (GLV) which
were either available at home only, both at home and on the market or at the market
only. The list was shortest among the youth groups, and about the same length among
women and men. Most groups respondents, given a choice they rather purchase fruits
instead of vegetables. Only 2-3 GLV species were regularly consumed and considered
eligible to be served to guests. Tomatoes and onions were just used as spices to most
GLV dishes. Mixing of GLV to change taste and to cover shortages was rarely done.
The portion sizes were often "too little’ compared to the recommended amounts for
vegetables and fruits because they are ‘just the sauce’ to the staple.

The discussion confirmed that GLV are perceived as sauce and not considered as im-
portant component for a healthy diet. Gaps in the provision of vegetables are usually
not closed by purchases on the market although GLV can be found there. The value
of mixed dish composition for example enhancing bioavailability of plant based iron
by consuming vitamin C rich fruits next to the vegetables is not known. Agriculture
extension and nutrition counselling need to join efforts to raise awareness about the
nutrient value of vegetables to sustainable raise consumption levels.
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The Effect of Lactic Acid Fermentation on Cassava Leaves

ZIBA BARATI, SEBASTIAN AWISZUS, SAJID LATIF, JOACHIM MULLER
University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-Institute),
Germany

Cassava leaves are mostly considered a neglected part of the cassava plant. In some
countries like Nigeria or Congo, cassava leaves are traditionally consumed with starchy
dishes. Cassava leaves are a rich source of protein, vitamins, carotenoids and min-
erals. However, cassava leaves also contain a considerable amount of cyanogenic
glucosides, which should be removed before human consumption. This study ex-
amined the effect of lactic acid fermentation on cassava leaves. The cassava leaves
bought from the local market in Stuttgart were used. The cassava leaves were fer-
mented naturally or with starter culture from the lactic acid bacteria Bifidobacterium,
Lactobacillus acidophilus and Streptococcus thermophilus for 21 days at 37°C. The
characteristics of cassava leaves and fermented cassava leaves were measured by pH,
electrical conductivity, colour, dry matter, ash, crude fiber, crude protein, glucose, to-
tal phenolic content and cyanide content according to standard methods. It was found
that the pH, electrical conductivity, crude fiber, crude protein, glucose and cyanide
content was significantly (p < 0.05) decreased in fermented cassava leaves. On the
other hand, the ash content and total phenolic content was significantly (p < 0.05)
increased in fermented cassava leaves. Furthermore, the colour parameters were sig-
nificantly (p < 0.05) influenced by fermentation and became darker. However, there
was no significant differences between naturally fermented cassava leaves and fer-
mented cassava leaves with a starter. The results show that lactic acid fermentation
can be used as a method to detoxify the cassava leaves and to increase and retain the
valuable nutrients of the cassava leaves for human consumption.

Keywords: Cassava leaves, cyanogenic glucosides, detoxification, fermentation,
human foods
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Tricosanthes cucumerina Linn. is one of the indigenous underutilised vegetables
found in South-Western Nigeria and is used in rural areas as a substitute for vine
tomato (Lycopersicon esculentum L. Mill.) due to its sweet tasting, aromatic, and
deep red endocarp pulp. It is known as snake gourd, viper gourd, snake tomato or
long tomato in many countries. Little attention is being paid to this crop despite its
rich nutrient content and ease of cultivation. This study explored the potential of
the crop in development of tomato paste; its beta-carotene, lycopene, vitamin C and
mineral content was compared to that of vine tomato paste. The fully ripe fruits of
the two vegetables were harvested from a local farm in Ibadan, Nigeria. The pulp
of the snake tomato was extracted, concentrated, poured into a sterilized glass jar
and corked. As for the vine tomato, wholesome fruits (roma variety) were washed,
milled, concentrated, poured into sterilized glass jars and corked. All laboratory anal-
yses were done using standard procedures. Paste from snake tomato had significantly
(p < 0.05) higher content of 3-carotene, vitamin C and lycopene (2.02. 0.30 and 1.34
mg g, respectively) than paste from vine tomato (1.03, 0.14 and 0.42 mg g !, re-
spectively). Likewise, mineral elements such as Fe, Zn, Ca and K were significantly
(p < 0.05) higher in paste from snake tomato (3.44, 0.86, 13.38, and 320.25 mg/100g,
respectively) than paste from vine tomato (2.69, 0.24, 12.01 and 179.6 mg/100g, re-
spectively). However, sodium was significantly (p < 0.05) higher in vine tomato
paste than snake tomato paste (59.2 mg/100g vs 6.35 mg/100g). In conclusion, the
paste from snake tomato pulp has higher bioactive compounds and minerals than vine
tomato paste. These essential nutrients contained in snake tomato make the fruit and
its paste of nutritional and health importance. Thus, it can serve as a good substitute
or complementary raw material for tomato paste industry.
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Unpeeled Orange Fleshed Sweet Potato Flours on Quality
Characteristics of Cookies
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Orange fleshed sweet potato (OFSP) has great potentials to combat malnutrition; especially
vitamin A deficiency due to its high beta-carotene and other essential nutrients. The OFSP flour
has the potentials to replace wheat flour in bakery foods production. This will reduce wheat
flour importation and increase intake of essential nutrients in sub-Saharan Africa countries.
The quality attributes and consumer acceptability of baked products may be affected by flour
particle size and percentage of different flours in composite flour formulations.

Thus, this study investigated the effect of sieve particle size on the physical, nutritional, an-
tioxidant and sensory properties of peeled and unpeeled OFSP composite flour cookies. Peeled
and unpeeled OFSP flours sieved through 250 pm or 500 um mesh particle size were pro-
duced. OFSP and wheat composite flours were made and used to produce cookies baked at
170°C for 11 minutes. The quality attributes and consumer acceptability tests were conducted
in accordance with international standard methods. The 100 % wheat flour cookie was used as
control. The evaluations showed sieve particle size had no significant (p > 0.05) influence on
the baking loss, thickness, diameter, spread ratio, water activity (aw) and CIE colour attributes
(L*, a*, b*, chroma and hue angle) of cookies. However, both 100 % peeled and unpeeled
OFSP and their composite flours cookies had significantly (p < 0.05) lower baking loss, high
diameter and spread ratio than the control cookies. Similarly, proximate, mineral and bioac-
tive compounds as well total antioxidant activity of cookies were not significantly (p > 0.05)
affected by sieve particle size. The unpeeled OFSP flours cookies had significantly (p < 0.05)
lower crude protein but higher B-carotene, total phenols, flavonoids and antioxidant activity.
The sensory assessment however showed that sieve particle size had significant (p < 0.05) in-
fluence on overall acceptability of cookies. The colour, aroma, crispiness and taste were not
significantly affected by sieve particle size. Cookies prepared from OFSP flour sieved with 250
um mesh particle size performed better in terms of overall acceptability. Generally, 10-50 %
peeled and 10-20 % unpeeled OFSP composite flours sieved through 250 pm mesh particle
size and control cookies had the best overall acceptability.

Keywords: Bioactive compounds, composite flour, cookies, orange fleshed sweet potato,
physical properties, sensory properties
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Optimisation of Drying Conditions for Cassava Foam Powder
Production and Properties of Cassava Foam Powder
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The objective of the study was to optimise the drying conditions for cassava foam
into foam powder, which is a novel form of cassava product and to characterise the
physicochemical properties of the foam powder. White-flesh cassava foam was pro-
duced by whipping the cassava pulp with 14.97 % glycerol monostearate (GMS) col-
loid and 0.51 % sodium carboxy-methylcellulose (NaCMC) for 2.07 min, and yellow-
flesh cassava foam was produced by whipping the cassava pulp with 14.29 % GMS
colloid and 0.6 % NaCMC for 2 min. Both foams were dried to powders at 50°C,
65°C and 80°C in drying pans of 6 mm, 8 mm and 10 mm thickness. Using response
surface method, the optimal conditions for drying was identified based on criteria of
maximum first and second falling rate diffusivities and minimum time to dry to 10 %
moisture content. The optimum drying conditions for white cassava foam was at 80 °C
in 10 mm thick pans, while optimal drying conditions for yellow cassava foam was
at 80°C in 8 mm thick pans. For drying of yellow cassava foam, for instance, the
actual and predicted values for first falling rate diffusivity, second falling rate diffu-
sivity and time required to dry to 10 % moisture content were 2.7 x 10 m? s™! and
22x10° m? s, 1.2x10% m? 5! and 0.8 x 10 m? s’!, and 5.3 h and 6.3 h, re-
spectively. The dried white and yellow cassava foam powders had significantly lower
total cyanogenic glucosides content, total carotenoids content, apparent amylose and
swelling power, but significantly higher water solubility, water absorption capacity,
oil absorption capacity and least concentration for gelation compared to that of dried
non-foamed cassava pulp powder. Scanning electron micrographs revealed interac-
tions between starch granules and the colloids that keep the white and yellow foams
stable during drying.

Keywords: Cassava foam powder, diffusivity, falling rate, oil absorption capacity,
response surface method, Stabiliser

Contact Address:  Oluwatoyin Ayetigbo, University of Hohenheim, Inst. of Agricul-
tural Engineering, Tropics and Subtropics, Garbenstr. 9, 70599 Stuttgart, Germany, e-mail:
ayetigbo_oluwatoyin @uni-hohenheim.de

388 1D 492



Nutrition security — Posters

Effect of Lactation Season on Awassi Sheep Milk Quality and
Fatty Acid Profiles

MOUNTAHA YOUSSEF!, MUHI EL-DINE HILALI?, AAD POULIN?, KHALED
HUSHAYMI %, SAAB ABI SAAB’

YHoly Spirit University of Kaslik (USEK), Faculty of Agricultural and Food Sciences,
Lebanon

2 International Center for Agricultural Research in the Dry Areas (ICARDA), Sustainable
Intensification and Resilience of Production Systems Program (SIRPS), Jordan

3 Notre Dame University (NDU), Louaize, Lebanon

4Lebanese Agricultural Research Institute (LARI), Lebanon

S Faculty of Agricultural and Food Sciences, Holy Spirit University of Kaslik (USEK),
Lebanon

Awassi sheep milk is the main milk used to produce traditional dairy products in the Middle
East. Sheep management during lactation is affecting milk quality including fatty acid profiles.
Generally, farmers graze their animals and offer a little supplementation during spring. Later
on, during late spring and summer, concentrates are provided, mainly barley grains. The offered
supplementation can be characterised as an energy rich unbalanced diet. Changes in milk
composition due to the progress of lactation and traditional feeding regime can affect yields
of traditional dairy products, such as white cheese, whereas changes in fatty acid profiles can
affect the quality and nutritional value of ghee, an important product in the Middle East.

Data were collected at control days (30, 40, 70, 100, 120, 130 days after lambing) from eight
lactating Awassi ewes at Terbol research station, Lebanon. The ewes were put under conven-
tional feeding regime. Milk production was measured, and milk samples were obtained. Milk
composition and milk fatty acid profiles were analyzed.

Average milk production during the study period was 568 g day'. Milk production decreased
significantly by 15 % with the progress of milking season. Milk protein and total solids in-
creased by 19 %, whereas the fat content increased by 60 % (p < 0.01). These results allow the
suggestion to producers to produce traditional yogurt at the beginning of the milking season and
to produce cheese at late spring, since cheese yield will be higher at that stage. The milk fat
quality was affected by the progression of the milking season and the change in feeding regime,
which utilises more stubbles and concentrates. Saturated fatty acids showed an increase of 8 %
towards the end of the milking season (p < 0.01) with a remarkable increase in C14:0 and
C16:0, 23 and 27 % respectively, whereas C4:0 to C12:0 decreased (p < 0.01). Monounsatu-
rated and polyunsaturated fatty acids were decreasing by 20 and 18 %, respectively, (p < 0.01).
Moreover, the omega-3 fatty acids decreased by 75 %, whereas omega-6 fatty acids increased
by 13 % (p < 0.05). Therefore, ghee produced in spring has a better nutritional value as it will
be richer in bioactive compounds such as CLA and omega-3 fatty acids.
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The Significance of Net Covers in Postharvest Quality
Management: Increasing and Preserving Health Promoting
Carotenoids in Vegetable Amaranth
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Pwani University, Crop Sciences, Kenya

Vegetable amaranth are not only important sources of nutrients, but also rich in health
promoting compounds, such as carotenoids. However, in the open field, the crop suf-
fers from insect pest and diseases, and unfavourable weather conditions that severely
affect its quality, including carotenoids. The present study evaluated the effect of net
covers on carotenoids in vegetable amaranth (Amaranthus cruentus L. cv. Olevolosi).
The experiment was laid in a randomised complete block design with three replica-
tions. The crop was grown at Egerton University, Kenya for 8 weeks either under net
covers (white, 0.9 mm pore size) or in the open (control). Microclimate (soil moisture,
temperature, relative humidity and PAR) was monitored throughout the production
period. After harvest, the leaves from each treatment were kept at room temperature
conditions (temperature; 20 £ 3 °C, relative humidity 65 £ 5 %) for ten days. Data
were collected at harvest and during storage, at 2-days interval. Carotenoids (lutein,
lycopene and B-carotene) as well as chlorophyll a and b were extracted using ace-
tone-hexane and analysed using UV-VIS spectrophotometer. Net covers resulted in
increased lutein (20 %), lycopene (15 %), 3-carotene (26 %) and chlorophyll b (40 %)
content compared with the control. However, chlorophyll a content was not affected
by net covers. Net covers also led to reduced loss of carotenoids and chlorophylls
content during storage. The findings demonstrate the potential of using net covers in
improving nutritional quality of vegetable amaranth.

Keywords: Agricultural nets, Amaranthus spp., antioxidative compounds, posthar-
vest loss reduction, protected culture
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Effect of Pretreatment and Integration of Superabsorbent
Polymers (SAP) as Desiccants on Quality Parameters of Frafra
Potato (Solenostemon rotundifolius) during Solar Drying

JOSEPH KUDADAM KORESEI, MATTHEW ATONGBIIK ACHAGLINKAMEl ,
OLAIDE RUTH ADERIBIGBE?, OLIVER HENSEL?, ALBERT ESPER?,
BARBARA STURM?
YWniversity for Development Studies, Agricultural Mechanization and Irrigation
Technology, Ghana

2 National Horticultural Research Institute, Product Development, Nigeria

3 University of Kassel, Agricultural and Biosystems Engineering, Germany

4Inn0tech, Innotech Stuttgart, Germany

Frafra potato (Solenostemon rotundifolius) is one of the underutilised and highly perishable
food crops in Ghana. Being rich in starch and various bioactive compounds, it offers a dual-
functionality. The study was undertaken to obtain Solenostemon flour that can be utilised as an
ingredient for food processing in Ghana and Africa at large. Specifically, the aim of this study is
to evaluate the effect of various pretreatments viz. blanching, sodium metabisulphite (5 % w/v)
and control on quality attributes of Solenostemon flour during forced convection solar drying.
Additionally, as solar drying is only satisfactory so long as the sun is shining, this study also
investigated the effect of incorporation of SAP as a desiccant on continuous drying of Solenos-
temon at night-time. Towards these objectives, fresh Solenostemon (6 mm slice thickness) was
subjected to each pretreatment method and then solar dried under two test conditions: without
SAP and with incorporation of SAP at sunset till 6:00 am the following day. During the dry-
ing process, ambient weather conditions as well as parameters of the drying air and moisture
loss were monitored. Additionally, the final moisture content, water activity and some nutri-
tional attributes for each pretreatment and test condition were evaluated and compared. Results
showed that the control was averagely superior except for iron and vitamin C, and 3-carotene
content of the flour where blanching and SMBS were higher, respectively. Incorporation of
SAP at night-time reduced the drying time by 11 %, 12 % and 19 % respectively for blanching,
sodium metabisulphite and control as compared to drying without SAP, with a significant effect
(P=706; 0.05) on the water activity, iron, vitamin C, total phenols of the dried product except
on colour (P-707; 0.05). Pretreatment with integration of SAP had a synergistic effect (P-706;
0.05) on most of parameters measured. From this study, it can be hypothesised, pretreatment
of Solenostemon tubers may not be necessary before solar drying except when iron, vitamin C
and B-carotene are of key interest. Also, SAP as a desiccant could successfully be incorporated
in solar dryers for air dehumidification in order to ensure continuous night drying of products.

Keywords: Frafra potato, pretreatment, quality attributes, solar drying, super absorbent
polymer
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Around the world almost two billion people depend on biomass as their fuel source
for cooking. The intense use of biomass puts pressure on the biomass sources of the
world including forests. In Central America rural households depend almost entirely
on wood as its cooking fuel. An inefficient wood combustion on traditional stoves
emits smoke containing Particulate Matter (PM), CO and CO;,. Continued exposure
to the smoke contributes to respiratory diseases. Women and children spend the most
significant amount of time in the kitchen, and are therefore the most vulnerable people
for contracting these diseases. Due to these two reasons a) environmental pressure,
b) health hazards, an effort to develop improved stoves with better combustion that
consume less wood and emits less smoke have been a constant in the region since
the 19807s. This study evaluated two improved stove models (DAMAK and Mani).
For the laboratory evaluation the Water Boiling Test (WBT) was used with a Portable
Emissions Measurement System (PEMS), allowing measurements of CO, CO, and
PM. Wood consumption was also evaluated using a volume method. The results then
were compared to the ones obtained by other two commonly used improved stoves
models in the region, the Patsari and the Perfection. The performance results of the
DAMAK model were 63 % less wood consumption and 50 % less CO emissions, but
with 9.4 % more PM emissions when compared with the Patsari. There were not sta-
tistically significant differences in CO, emissions. These laboratory tests were also
compared with data obtained on field evaluations. Using an Indoor Air Pollutant
Meter and a wood volume method, a total sample of 174 stoves were evaluated on
stoves used by final users in their own kitchens, 92 improved models (DAMAK and
Mani) and 82 traditional stoves in rural communities of Panama and Honduras. The
three measured variables (CO, PM and wood consumption) had a statically signifi-
cant difference between the two groups. Improved stoves emitted less CO and PM
and consumed less wood. Local improved stove models have a history of better ac-
ceptance and adoption by final users when compared to models imported from other
regions.
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Toward Automated Biodiversity Research on the Tropical
Ecosystem Using Artificial Intelligence

ABIR BHATTACHARYYAI7 LENNART JANSEN2, MATTHIAS KLEINKEZ,
RONNY HARTANTO!

' Rhine-Waal University of Applied Sciences, Fac. of Technology and Bionics, Germany

2 Rhine-Waal University of Applied Sciences, Fac. of Life Sciences, Germany

Biodiversity plays an important role in the tropical ecosystem. Many forests have
been planted as they promise. These conversions have a bad impact on the overall
ecosystem as many of the biodiversities on the original forest have gone during the
process. How much species still exists on the plantation or certain fields? This is a
major issue in the order to determine the biodiversity of the plantation or field. The
biodiversity can be measured using different methods, such as counting the number
of individuals - or even families - in a given area. Due to the size of the field, an
automated process could be a great help to produce those metrics. This paper presents
algorithms for species classification using machine learning. The algorithms show a
positive result, where the precision of 61 %, could be improved after the system was
trained using a sparse dataset. In the preliminary stage, the systems were trained
using few species only using convolutional neural networks to check the feasibility
and challenges. Furthermore, more species may be included in the training sets and
the algorithm may be used to detect the species in real time. For the purpose of getting
the biodiversity index, having an algorithm which could be the number of different
species on the data sets would be enough. The system does not need to tell what the
name of the particular species in detail. The final result is not only available for the
tropical ecosystem but also any ecosystem where the biodiversity index of the plants
needs to be evaluated.
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Development of a Decision-Making Tool for Solar Energy
Implementation along the Rice Value Chain

ANA SALVATIERRA-ROJAS, FLORIAN MANNER, VICTOR TORRES-TOLEDO,
JOACHIM MULLER
University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-Institute),
Germany

Energy supply in agri-food value chains is challenging in several African countries,
where the supply is weak and relies mostly on fossil fuels. Nowadays, there are dif-
ferent renewable energy solutions which could cover the energy demand at different
levels of the agri-food chains. Solar photovoltaic (PV) systems and solar thermal de-
vices are the leading solar technologies used for applications like solar PV pumps for
irrigation systems, solar dryers, solar cooling systems, solar mills, and solar cooking,
among others. Moreover, researchers are continuously working on the development
of different energy sources or on the optimisation of the existing solutions to im-
prove the efficiency of various machines on several value chains. Nevertheless, the
implementation of solar energy systems throughout Africa is limited, mainly due to
the lack of information on new research related to solar energy applications in agri-
culture, the energy demand of various machinery utilised along the value chain and
lack of performance evaluation of a solar photovoltaic (PV) system. It is for this
reason that farmers, producers, stakeholders, policy makers, governmental and non-
government agencies require rapid analytical tools to support the decision-making
process for advising proper implementation. Therefore, a decision-making tool was
developed using a graphical interface designed in MATLAB®/Simulink®. Taking
as a baseline example the rice value chain in Benin, it was assessed two potential
scenarios. The first scenario the partial substitution of fossil fuels by simulating the
energy supply of a hybrid design (PV systems plus diesel generator-system) and the
second scenario is the total replacement of fossil fuel by simulating the energy supply
of solar PV systems. This tool evaluates the optimum PV system taking into consid-
eration many factors, such as local weather data, baseline information of the energy
consumption of different machines operated in the rice value chain, machine capac-
ity, and the economic data in terms of the payback period. At the same time, this tool
offers information on the potential mitigation of greenhouse emissions, due to the re-
duction of fossil fuel consumption by the integration of solar PV systems in the value
chain.

Keywords: Decision-making tool, hybrid PV, diesel systems, rice value chain, solar
energy
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On-Farm Wastewater Treatment Using Biochar from Local
Agroresidues Promotes Safer Irrigation Water for Food
Production in Developing Countries

KORBINIAN KAETZL!, MANFRED LUBKEN?, GULKADER UZUNZ, TITO
GEHRING?, EDITH NETTMANNZ, KATHRIN STENCHLY !, MARC WICHERN?
VUniversitét Kassel, Grassland Science and Renewable Plant Resources, Germany
2Ruhr-Universitiit Bochum, Institute of Urban Water Management and Environmental
Engineering, Germany

In this study, the suitability of an anaerobic biofilter (AnBF) as an efficient and low-
cost wastewater treatment for safer irrigation water production for sub-Saharan Africa
was investigated. To determine the influence of different ubiquitous available materi-
als on the treatment efficiency of the AnBF, rice husks and their pyrolysed equivalent,
rice husk biochar, were used as filtration media and compared with sand as a common
reference material. Raw sewage from a municipal full-scale wastewater treatment
plant pretreated with an anaerobic filter (AF) was used in this experiment. The filters
were operated at 22°C room temperature with a hydraulic loading rate of 0.05 mh ~!
for 400 days. The mean organic loading rate (OLR) of the AF was 194+74 and 63£16
gCODm3d~! for the AnBF. Fecal indicator bacteria (FIB) (up to 3.9 log10-units),
bacteriophages (up to 2.7 log10-units), chemical oxygen demand (COD) (up to 94 %)
and turbidity (up to 97 %) could be significantly reduced. Additionally, the essential
plant nutrients nitrogen and phosphorous were not significantly affected by the water
treatment. Overall, the performance of the biochar filters was significantly better than
or equal to the sand and rice husk filters. By using the treated wastewater for irrigat-
ing lettuce plants in a pot experiment, the contamination with FIB was more than 2.5
log-units lower (for most of the plants below the detection limit of 5.6 MPN per gram
fresh weight) than for plants irrigated with raw wastewater. Respective soil samples
were minimally contaminated and nearly in the same range as that of tap water.

Keywords: Agricultural residues, anaerobic wastewater filtration, biochar, fecal
indicator bacteria, low-cost biofiltration, rice husk, water reuse
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Can Farmer-to-Farmer Mechanisation Enterprises Contribute to
Filling the Technology Adoption Gap in Zambia?

DIANA JAIME', JOHANNES MOSSINGER!, MANUEL NARJES?,
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YUniversity of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-Institute),
Germany
2 University of Hohenheim, Inst. for Farm Management, Germany

Zambia is a relatively land-abundant country; 58 % of its territory has a medium-high potential
for agricultural production, but less than 14 % is currently under cultivation. This inefficient use
of land resources can be explained, among others, by the low adoption of improved technology,
inappropriate use of inputs and vulnerability to weather conditions.

In northern Ghana, mechanisation has contributed to cropland expansion during the last 15
years as a growing share of medium and large scale farmers have acquired agricultural ma-
chinery. These technology adopters have increased the supply of Mechanisation Hire Services
(MHS) improving tractors accessibility to those farmers who are unable to buy their own. Sim-
ilarly, medium scale farmers started offering MHS in Zambia since 2011, yet at a lower rate of
technology adoption when compared to northern Ghana.

The objective of this study is to assess the financial viability and sustainability of farmer-to-
farmer MHS enterprises in Zambia as a means to reduce the technology adoption gap among
smallholders. To achieve this goal, 30 interviews were conducted with Tractor Service Providers
(TSPs) across the country to collect data related to farming activities and machinery services.
The information of one representative TSP was used, to parameterise a single agent mathe-
matical programming model using the agent-based software package MPMAS. The TSP agent
considered a 15-year-period planning horizon corresponding to a tractor’s estimated lifetime,
including crop production, farm, and off-farm income, labour, and machinery management.
Results showed that MHS provision increases the TSP’s average discounted cash surplus by
47 % suggesting that it is a profitable activity with high potential to promote mechanisation.
However, the supply chain has to overcome some deficiencies like a demand with low pur-
chasing power, high transaction costs and expensive maintenance and breakdown repairs that
discourage the expansion of services. Mechanical training, mechanisms that reduce logistic
costs and education on business management can contribute to reducing bottlenecks in the sup-
ply of MHS. The public sector should focus on improving the agribusiness environment and
access to land and credit for smallholders to provide the demand side with enough liquidity to
guarantee the sustainability of the business.
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Renewable Energy Development in Southeast Asia: A Review on
Trade-Offs with Environment and Nature Conservation

SANTI PRATIWI, NATALY JUERGES

University of Goettingen, Dept. Forest and Nature Conservation Policy, Germany

Southeast Asian countries are rich in renewable energy resources, including hydro,
wind, solar, geothermal and bio-energy (biomass, bio-fuel, and bio-gas). Blessed with
this enormous potential, countries try to fulfil the energy security and climate change
mitigation targets by promoting renewable energy development. This paper reviewed
several studies showing that there are numerous trade-offs between renewable energy
development and environment and nature conservation. The most frequently reported
trade-off is coming from hydro power development in Cambodia, Lao PDR, Viet-
nam, Myanmar, and Malaysia. The construction of dams producing hydroelectric
power results in land use change and habitat loss, effecting biodiversity and often wa-
ter quality. Another important trade-off is caused by bio-energy, for example by the
expansion of oil palm plantations which are reported as the main reason of deforesta-
tion and wildlife extinction in Indonesia. Trade-offs further include the possibility
to emit greenhouse gasses and air pollution which contrasts with the climate change
mitigation action. Another trade-off occurs in geothermal power development, which
decreases soil and water quality, resulting in landslide and soil erosion in Indonesia.
There were no studies found about trade-offs related to wind power, likely because
there is not so much wind power development yet in Southeast Asia.

Reflecting on the existing impacts, it is clear that renewable energy is not always sus-
tainable. Limited financial resources make advanced technology and infrastructure
unaffordable, resulting in poor quality of equipment and facilities, damaging the en-
vironment. These trade-offs also have further implications for social and economic
aspects, especially for livelihood near the project areas. Further scientific research and
evaluation will be needed to better understand impacts and find ways of balancing the
trade-offs in an optimal way.

Lack of appropriate policies and regulation considering the environmental impact of
the project can also trigger environmental damage. Government commitment and
intervention will be vital to drive the industry in a sustainable manner and cause less
negative impacts to environment and nature. A good policy formulation with strong
implementation in the field can achieve sustainable renewable energy development
without harming the environment.

Keywords: Environment, nature conservation, renewable energy, Southeast Asia,
trade-offs
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Mechanical Properties of Native Tree Species for Soil
Bioengineering in Northeastern Mexico

REBECA ZAVALA!, ISRAEL CANTU SiLVA!, HUMBERTO GONZALEZ
RODRIGUEZ', TETSUYA KUBOTA?
VAutonomous University of Nuevo Leon, Faculty of Forest Sciences, Mexico
2 Kyushu University, Faculty of Agriculture, Japan

In recent years, the effect of soil bioengineering has played a very important role on
slope stability. However, our area of study is constantly under the influence of small-
scale earthquakes and extreme events of heavy rainfall which cause potentially unsta-
ble conditions on the slopes. The mechanical properties of the root systems tensile
strength (Ts) and modulus of elasticity (Eroot) of four native species were analysed
for a potential use as soil bioengineering elements. We investigated if tensile strength
(N/mm?) and modulus of elasticity of roots (N/mm?) was different between studied
species: Cercis canadensis, Celtis laevigata, Quercus rysophylla and Ligustrum lu-
cidum. The species considered were selected based on their native characteristics
and widespread existence on the slopes. Regarding tree forest species, the tests were
conducted with the Universal Testing Machine Shimadzu type SLFL-100KN. The
relationships among root diameter, tensile strength (Ts), and modulus of elasticity
(Eroot) was negative and could be fitted with a power regression equation, showing
highly significant values p < 0.01. Celtis laevigata showed the maximum value of
tensile strength (Ts) 28.11 N/mm? while the minimum value of tensile strength was
observed in Ligustrum lucidum 5.27 N/mm?. For the variable modulus of elasticity
(Eroot) Celtis laevigata showed the maximum value of 90.01 N/mm 2 while the mini-
mum value of modulus of elasticity was observed in Ligustrum lucidum 29.16 N/mm 2.
Results of mechanical proprieties showed the following ascending order: Ligustrum
lucidum < Quercus rysophylla < Cercis canadensis < Celtis laevigata. Likewise,
Celtis laevigata showed the highest tensile strength and modulus of elasticity of all
investigated species.
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Utilisation of Traditional Processed and Preserved Cowpea Leaves
in the Coastal Region of Kenya
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2 University of Nairobi, Dept. of Plant Science and Crop Protection, Kenya

Cowpea leaf is one of the African indigenous vegetables utilised as food in sub-
Saharan Africa. Whereas the seasons of glut have massive spoilage and postharvest
losses of the vegetable, seasons of drought experience scarcity and less utilisation of
cowpea leaf. Through customized techniques, traditional communities have sought
to improve its availability and utilisation. However, the efficiency of these techniques
in improving the utilisation of this vegetable in and out of season is yet to be estab-
lished. The current study sought to establish the traditional food preservation and
processing techniques and their efficiency in improving utilisation of the vegetable.
The study used a cross-sectional design with random sampling of 205 households in
Taita Taveta County which ranks among the top producers of the vegetable in Kenya.
Results showed that of the households that produced cowpea leaves, about three quar-
ters (73.7 %) utilised cowpea leaves as a priority vegetable compared to 34.6 % and
19.0 % who favoured kales and cabbages. Boiled, sun-dried and blanched cowpea
leaves were the most utilised forms of the vegetable by 81.5 %, 44.9 % and 16.5 %
of the households. The traditional preservation methods practised in the households
were sun-drying (77.5 %), blanching (27.3 %) and a combination of the two (54.1 %).
Drought and low production quantities constrained the utilisation of the vegetable
in 83.4% and 51.2 % of the households. During drought, 42.9 % of the households
utilised dried vegetables which would keep for up to one year. Source of the veg-
etable and the person who determines the food to be bought in the household were
significantly (p < 0.05) associated with the utilisation of dehydrated vegetables dur-
ing scarcity periods. Households whose production of the vegetable was severely
challenged by access to seed, weeds, massive postharvest losses and seed scarcity had
odds ratio of 7.2, 0.3, 0.3 and 0.2, respectively, of drying cowpea leaves for later use.
In conclusion, drying of cowpea leaves enhances the utilisation of the vegetable in
the area. The up-scaling of the technique can be used to increase availability of the
vegetable to improve its utilisation.
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Freeze-Thaw Pre-Treatment Optimisation for Cassava Tubers to
Improve Peeling Efficiency

ZIBA BARATI, SAJID LATIF, SEBASTIAN ROMULI, JOACHIM MULLER
University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-Ruthenberg-Institute),
Germany

Cassava peeling is a very important operation step in cassava processing. Different
shapes and sizes of cassava tubers are the major challenges in cassava peeling. In this
study, the effect of freeze-thaw pre-treatment (FTP) on the peeling process of cas-
sava tubers was investigated. A prototype cassava peeling machine was used with five
rotating cylindrical abrasive brushes. Frozen cassava tubers purchased from a local
market in Stuttgart were used for this study. The length and weight of the cassava
tubers varied from 200-280 mm and 500-900 g, respectively. The operational param-
eters were rotational speed of brushes (550-1150rpm), peeling time (1-5 min), thaw
temperature (50-90°C) and time of thawing (0—120s). Response surface method-
ology using central composite design was applied to optimise FTP to improve the
peeling process of cassava tubers. Peeled surface area and peel loss were measured
as the responses. Additionally, the quality of peeled cassava tubers after freeze-thaw
pre-treatment in terms of starch content and structure of the starch granules was in-
vestigated. After 30 runs in the central composite design, multivariate correlation was
established through reduced cubic model with R? of 0.85 and 0.99 for peeled sur-
face area and peel loss, respectively. Results reveal that peeled surface area and peel
loss were significantly influenced by rotational speed of the brushes, peeling time and
thawing time (p < 0.05). Under optimal peeling conditions, rotational speed of 1000
rpm, peeling time of 3 min, thaw temperature of 60°C and thawing time of 90 s, the
peeled surface area and peel loss was around 94.9 % and 21.7 %, respectively. It was
found that the freeze-thaw pre-treatment had no negative effect on the quality of cas-
sava tubers. The results show that the application of FTP by optimising the ratio of
peel loss and peeled surface area can improve the peeling process of cassava tubers.

Keywords: Cassava root peeling, central composite design, freeze-thaw treatment,
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Contact Address: Ziba Barati, University of Hohenheim, Inst. of Agric. Sci. in the Tropics (Hans-
Ruthenberg-Institute), Garbenstr.9, 70599 Stuttgart, Germany, e-mail: barati @uni-hohenheim.de

402 1D 130



New technologies for sustainable agriculture and food processing — Posters

A Systems Approach to Biodigester Evaluation: Analysing
Bioresources to Asses Farm Integration in the Arsi Zone, Ethiopia

MIA SCHOEBER!, BERNHARD FREYER!, GEROLD RAHMANN?
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cultural Systems, Austria
2Thuenen Institute of Organic Farming, Germany

Smallholder farms in the Arsi zone, Ethiopia, have an average size of 3.3 ha, are sit-
uated at an altitude of around 2200 m with annual rainfall between 800-1300 mm
and temperatures between 10-25 °C. Agriculture in this region has a high potential,
but is limited by water logging, surface runoff, high soil erosion and decreasing soil
fertility. Traditionally, livestock manure on smallholder farms is primarily used as a
fuel and the remainder as fertiliser on fields. Competition between these two appli-
cations can be eliminated by biodigesters, in which manure is transformed to biogas
utilised for light and cooking, and bioslurry, a nutritious organic fertiliser. In this
study we analyze, how far biodigesters as part of the farming system can cover farm
own energy demand and increase nutrients and organic matter supply in the form of
bioslurry/compost to the crops to increase farm income and the sustainment of soil
and future crop productivity. Bioresource management of 47 farms have been ana-
lyzed, and mainly qualitative data collected to identify opportunities and constrains
of biodigester use.

Results show that bioslurry partly contributes to cover fertiliser demand, as bioslurry
production is limited by biodigester size, labour and manure due to relatively short
stable periods. The quantity of biogas produced is also able to partly cover household
energy demand. Manure is still - to some extent - used as a fuel, since the biogas stove
does not support cooking the locally favoured “injera”.

Since the share of animal manure is limited for bioslurry production, and already
available cooking facilities for injera is not integrated, recirculation of nutrients and
organic matter stays insufficient. Recommendations include forage legumes and shrubs,
and grasses into the farm system, which provide quality feed, increasing milk and cow
dung production, and carbon and nitrogen stored in below-ground biomass. Improved
bioslurry storage facilities and provision of a stove supporting the cooking of injera
will increase biodigester efficiency and contribute to an overall increase of farm in-
come.

Keywords: Arsi zone, Ethiopia, bioresources, household biodigester, integrated small-
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Development of a Photovoltaic Driven Ventilation System to
Modified Traditional Ethiopian Gombisa for On-Cobs-Maize
Drying and Storage

CHEMEDA ABEDETA GARBABA!, OLIVER HENSEL?
VJimma University, Horticulture and Plant Sciences , Ethiopia
2University of Kassel, Agricultural and Biosystems Engineering, Germany

Unsafe moisture content at loading and the climatically uncontrolled nature of tradi-
tional storage structure (gombisa) together with ventilation dependent on wind alone,
results in mycoflora growth and development on maize in the system. Therefore, this
study aimed to develop and test a photovoltaic driven ventilation system fitted to a
gombisa for natural air in-bin drying of on-cobs-maize and increased shelf life of the
stored product. A modified gombisa was constructed from locally available materi-
als in Germany. An appropriate fan type and size, humidistat set at 70 % and two
20 Wp photovoltaic panels were utilised for ventilation purpose, fan control and to
power the fan, respectively. In total 1.76 m? of on-cobs-maizes with an average mois-
ture content of 0.22 on d.b. (kg kg™!) were used for the study. Data was collected
on solar irradiance, photovoltaic voltage, current, inlet duct air velocity and temper-
ature and relative humidity inside the storage system. Similarly, moisture content of
on-cobs-maize, ambient temperature and relative humidity data were also collected
for both experiments. The result for the temperature and relative humidity trends
revealed higher variability and fluctuation for ambient compared with inside the mod-
ified gombisa. Ventilation of on-cobs-maize for 10-12 days resulted in a reduction of
moisture content (d.b.) to almost 0.14 (kg kg -1y which generally is considered safe for
mould growth conditions. A computational fluid dynamics simulation result revealed
the uniformity of the drying of on-cobs-maize using the ventilation system fitted to
the modified gombisa. Secondary data of solar irradiance obtained from Jimma area,
Ethiopia compared to the current experiment show higher energy availability, demon-
strating high potential to apply ventilation and drying system to the region. Storing
maize inside modified gombisa played a role in protecting the stored product from
outside weather conditions. Also, monitored temperature, relative humidity and en-
ergy output showed the system was able to bring the product to safe moisture content
for storage without mould development. This promising research result needs to be
tested and validated in tropical regions of the world.
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Biogas Energy Potential in Syria: Prospects and Challenges

GHAITH HASAN, HYNEK ROUBIK, JANA MAZANCOVA, JAN BANOUT
Czech University of Life Sciences Prague, Fac. Tropical AgriSciences, Czech Republic

Syria suffers from a catastrophic civil war and a strong embargo that have negative
consequences for all sectors and affects the country’s exploitation of underground
energy resources. Current low quantities of energy production and still increasing
demand for reliable energy consumption open potentials for alternative sources of en-
ergy. Organic waste from different agricultural, industrial and domestic production
has been increased in the last decades. However, methods of organic waste man-
agement are often ineffective in terms of health, environment and economic sustain-
ability. Hence, it has become a necessary goal to seek effective technology that can
convert organic waste into an energy source. The experience of producing biogas
from agricultural and animal waste in developing countries is seen as one of the ap-
propriate ways for generating renewable environmentally friendly energy. The main
objective of this research is to investigate the feasibility of biogas production in Syria,
its prospects and challenges. A full profile about the biogas potential resources and
biogas plants history in this Mediterranean country is provided. A comparison be-
tween the situation in Syria and its neighbour countries is shown in order to provide
a glimpse about the biogas situation in the Middle East area. The study found that
although there is a real crisis in the securing of energy resources in Syria, biogas pro-
duction technology has not been widely deployed yet due to the economic, technical,
social, and other causes and difficulties. The study found that the basic components
of the application of biogas production technology in Syria are available through the
presence of suitable quantities of organic waste and the moderate climate in the re-
gion.
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Greenhouse Solar Dryer with Biomass Furnace for Coffee Farmer
Communities

ROMUALDO MARTINEZ, ROBELYN DAQUILA
Philippine Center for Postharvest Development and Mechanization, Philippines

A greenhouse solar dryer with biomass furnace was developed to enable coffee farmer
communities in the Philippines to dry harvested coffee even during prolonged rainy
periods and with minimal contamination from dust, insects, animals and other sources.
The dryer had parabolic-shaped, greenhouse-like structure, 7.2 meters long, 5.1 me-
ters wide and 2.7 meters high and used twin-wall transparent polycarbonate sheets.
It was installed on 0.1 m thick concrete pavement. Inside the dryer were two drying
tables 6 meters long and 1 metre wide that could accommodate 180kg of harvested
coffee cherries or de-pulped coffee. Outside one end of the dryer was a biomass fur-
nace with two heating ducts that passed across the dryer below the drying tables and
connected to two chimneys outside the opposite end. It provided the needed heat dur-
ing prolonged rainy periods. On one end of the dryer were three exhaust fans that
simultaneously drew in ambient through vents on the opposite end of the dryer and
drew moist air out. The fans were powered by a deep-cycle battery charged by solar
cell panels. Dryers were installed in three coffee communities. Results of drying tests
showed that on the average, the drying time of coffee cherries was reduced from 14
days to 7 days as compared against direct sun drying. Likewise, drying of de-pulped
coffee was reduced from 7 days to 4 days as compared to direct sun drying. With
the use of the biomass furnace, drying was unhampered by prolonged rainy periods.
Occurrences of molds on coffee were prevented and product quality remained high
because drying delays were minimised. Because of the dryer, coffee farmers were
able to sell their dried coffee at a higher price.
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Cardamom Production and the ’Good Life’: Agricultural and
Social Change in East Nepal

MARIE-LUISE MATTHYS
University of Bern, Interdisciplinary Centre for Gender Studies, Switzerland

What is a “good life”? In countless writings, Eastern and Western thinkers alike
have dwelled on this fundamental philosophical question. Through implementing
development policies, governments aim at making their citizens’ lives better, thereby
implicitly defining what a good life is. In everyday practices, citizens enact their own
modes of life, each person holding an individual perspective of what makes one’s
life good. This research is about the interplay of philosophy, agricultural policy, and
rural people’s practical understandings of the “good life” in the context of agricultural
development.

About a decade ago, farmers in East Nepal started taking up commercial cardamom
production, an agricultural development strategy fostered by the Nepalese govern-
ment. Today, cardamom is the major income source in the region, and everyday life
is constantly changing. Is this development fostering “good lives”, according to the
rural population? An innovative combination of qualitative methods including partici-
patory photography is used to trace answers to this question, involving 58 respondents
of different classes, genders, and castes.

Preliminary findings suggest that for the majority of respondents a “good life” is a
life with few hardships, peaceful family relations, a good future for their children,
substantive individual freedoms, as well as “sukha”, i.e. happiness or joy. Respon-
dents argue that, in general, cardamom contributes to this kind of good life because its
production requires less physical effort and yields more income than previous crops.
Notably, the respondents view an increase in income not as an end in itself — instead,
they value money as a useful means to foster the above dimensions of the “good life”.
However, the benefits of cardamom production are not equally distributed: limited
availability of land and irrigation force numerous small-scale farmers to take up causal
labour on wealthier people’s farms, potentially exacerbating existing inequalities. In
addition, respondents are worried about the spread of plant diseases jeopardising sus-
tainability, which points to the farmers’ dependency on the new cash crop. Most
strikingly, wealthy and poor farmers alike do not want their children to continue agri-
cultural production: eventually, a “good life” is the life of an employee residing in
town .

Keywords: Agricultural change, commercialisation, good life, inequality, intersec-
tionality, participatory photography
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Determinants of the Adoption of Sustainable Intensification in
Southern African Farming Systems: A Meta-Analysis

QIAN GUO, EMMANUEL OLATUNBOSUN BENJAMIN
Technische Universitdt Miinchen (TUM), Dept. of Production and Resource Economics,
Germany

Climate change and environmental degradation are major threats to sustainable agri-
cultural development in sub-Saharan Africa, especially, Southern Africa. Thus, the
concept of sustainable intensification (SI), i.e. getting more output from less input
using certain practices that are environmental friendly, has become an important topic
among researchers and policy makers in the region in the last three decades. A com-
prehensive review of literatures on SI in the region identify nine relevant drivers of
adoption of SI among (smallholder) farmers in Southern Africa. These drivers in-
clude (i) age, (ii) size of arable land, (iii) education, (iv) extension, (v) gender, (vi)
household size, (vii) income, (viii) membership in farming organisation and (ix) ac-
cess to credit. We present the results of a meta-analysis of 21 papers on the impact of
these determinants on SI adoption among (smallholder) farmers in Southern African
Development Community (SADC) using random-effects estimation techniques for
the true effect size. While our result suggests that variables such as extension, ed-
ucation, age and household size may influence the adoption of SI in SADC, factors
such as access to credit and women smallholder farmers are also of great importance.
The challenges credit constraint poses to farmer”s ability (especially women) to adopt
sustainable practices can be perceived as a major hindrance to rural agricultural de-
velopment in Sub-Saharan Africa. One the other hand, credit constraint has also been
observed to promote sustainable agricultural practices, among smallholder farmers, if
monetary incentives and compensations are adequate. Decision-makers should there-
fore concentrate efforts on these factors in promoting SI across the SADC.

Keywords: Adoption, climate change, effect size, meta-analysis, random-effects
model, smallholders, Southern Africa Development Community (SADC), sustainable
intensification
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Influence of Conservation Policies and Deforestation on Forest and
Agricultural Income in Ecuadorian Tropical Forests

TATIANA OJEDA LUNAL, ELIZA ZHUNUSOVAZ2, SVEN GUNTERZ,
MATTHIAS DIETER?
YWUniversity of Goettingen, Graduate School Forestry and Agricultural Sciences, Germany
2Thiinen Institute of International Forestry and Forest Economics, Germany

Natural resources contribute with more than 50 % to rural incomes at the Ecuadorian
tropical forest frontiers. Due to high deforestation Ecuador implemented two ma-
jor conservation policies: (i) Protected areas (PAs), a command-control policy; and,
(i1) Socio Bosque programme (PSB), an incentive-based mechanism. PAs and PSB
protect forest lands by restringing the access for a long-term perspective. Given the
dependency of rural farmers to natural resources, they might be influenced by pro-
cesses that limit the access or availability of these resources. Studies on household
income in Ecuador are still scarce and do not include conservation policies and de-
forestation into the analysis. Our research incorporates two regions located in the
tropical lowland forest frontiers: (i) the Central Amazon (CEA), with low deforesta-
tion and high forest cover, where PAs were implemented; and, (ii) the Northwestern
Coast (NOC), with high deforestation and few forest remnants, where PSB was es-
tablished. Based on socio-economic data from 1300 household surveys applied from
August 2016 to August 2017, we performed econometric analysis to determine how
conservation policies and deforestation influence forest and agricultural income; we
included households’ characteristics, natural assets and access to markets as control
variables. In the NOC our results showed that deforestation has a positive relation
with forest income; while PAs limit forest income and facilitate agricultural income.
When analysing the effect of PAs on indigenous landholders, we observed that in-
digenous can still have a high forest income even under the presence of a PAs; this is
due to the big forest lands owned by them. In the CEA, PSB did not show significant
effect, but deforestation showed a positive influence on both income sources. Forest
loss can bring immediate cash revenues; but, in a long term perspective deforestation
leads to resources depletion which might affect rural income. Our results allow iden-
tifying households that can be impacted by conservation strategies and deforestation,
which is useful for policy decisions and for the success of in-situ conservation.

Keywords: Incentive-based conservation, livelihood strategies, protected areas, rural
income, Socio Bosque
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Rural-Urban Transformation Processes in India and West Africa

ANDREAS BUERKERT!, HANNA KARG?, CHICKADIBBURAHALLI T.
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2 University of Freiburg, Dept. of Environmental Social Sciences and Geography; Physi-
cal Geography, Germany
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S University of Kassel / University of Goettingen, Social-Ecological Interactions in Agri-
cultural Systems, Germany

TUniversity of Goettingen, Dept. of Agricultural Economics and Rural Development,
Germany

8 University of Agricultural Sciences, Department of Agricultural Economics, India

In recent decades global population growth and rural-urban migration have led to
rapidly increasing transformation of landuse systems with concomitant changes in
agricultural intensities and enhanced reliance on the multiple services that agro-ecosys-
tems are expected to provide. This is particularly visible in the dynamic interface of
megacities in Asia and Africa. By 2050 the global share of urban population has been
estimated to reach 68 % compared with 55 % today, the majority of which is accounted
for in Asia while Africa shows the highest urban growth rate. The corresponding loss
of agricultural areas around cities, which are of particularly high productivity, has
been estimated at 2 % globally, with 60 % of it occurring in Asia. Serious threats to
agricultural production, urban food security, natural habitats, biodiversity, and air and
water resources are the consequence. Based on a comparative analysis of the status
quo in the rural-urban interface of Bengaluru in South India and of Ouagadougou and
Tamale in West Africa we use a social-ecological systems framework to quantify spa-
tial changes in landuse patterns, wetland structure and flows of resources that affect
the sustainability of the three cities. Key bottlenecks of future development are water
cycling and use, strategic planning in the use of rural and urban spaces in a multi-
functional landscape and maintenance of soil productivity.

Keywords: Inda, matter flow, multi-functional landscapes, resource governance,
rural-urban interface, urbanisation, West Africa
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Reaching the Ultra-Poor through Livelihood Asset Transfer:
Impacts on Rural Income Diversification and Migration in
Ethiopia

TADIWOS ZEWDIE, JAMES WARNER, GETAW TADESSE
International Food Policy Research Institute (IFPRI), Africa, Ethiopia

Social protection programs in Africa and South Asia are relatively successful at reach-
ing moderately poor households but ultra-poor tend to inadequately served or by-
passed. In view of this, Ethiopia has piloted innovative livelihood asset transfer pro-
gramme between 2016 to 2018 to enhance the rate of graduation from the national
Productive Safety Net Program (PSNP). It provides a direct transfer of a livelihood
investment grant together with human resource development training. Similar pro-
grams are already being replicated in several other countries. Little is known whether
the programme has the potential to help the ultra-poor move onto a sustainable tra-
jectory out of poverty. Using a household panel data and difference- in- difference
estimation approach, we examined the impact of the livelihood transfer programme
on economic improvement of ultra-poor households. The results show that the liveli-
hood transfer has a positive and statistically significant effect in increasing household
income diversification and per capita cash income; and reduced rural migration. Fur-
ther analysis by gender indicates that female-headed households gain higher per capita
income than male-headed households. However, the latter have gained more diversi-
fied income (or new investments from the transfer resource) than the former. We also
find evidence that per capita income gains and rural migration reduction from pro-
gramme participation is statistically significant across income groups implying that
the programme is indeed pro-poor. Thus, it can help to enhance the rate of graduation
from social protection supports. Overall, the pilot livelihood asset transfer programme
impacts have proven to be potentially scalable in the country and elsewhere.

Keywords: Ethiopia, income diversification, livelihood asset transfer, migration,
ultra-poor
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Self-Organised Natural Resource Management in Burkina Faso

JANA HEROLD, KARIN GAESING
University of Duisburg-Essen, Institute for Development and Peace, Germany

The research project “Ways out of extreme poverty, vulnerability and food insecurity”
conducted by the Institute for Development and Peace at the University of Duisburg-
Essen with funds from the German Federal Ministry for Economic Development and
Cooperation (BMZ) aims to develop recommendations for development cooperation
regarding how to reach extremely poor, vulnerable and food insecure people and to
effectively improve their lives. The research approach is based on identifying good
practice projects and assessing their outreach approaches, project activities, lessons
learnt and above all their impact with regard to the reduction of food insecurity, vul-
nerability and poverty. Among the research methods are focus group discussions,
wealth rankings and intensive interviews with project staff and beneficiaries.

One of the good practice projects researched by the INEF team is an initiative by
the two NGOs Initiative Développement Durable (IDD) and Terra-Verde in Burkina
Faso. The two NGOs put great emphasis on informing and sensitising smallholder
farmers for the need for sustainable resource management and on building their self-
help capacity to plan, organise and implement these activities themselves. With the
assistance of the project, farmers mainly build stone bunds along contour lines for
better rainwater infiltration in their fields. This activity alone allows farmers to signif-
icantly increase their yields. In addition, it turns barren land into cultivable fields. The
research team found the project to be one of the good practice examples to sustainably
overcome hunger, malnutrition and poverty. Research results point to the conclusion
that farmers are willing and able to actively engage in sustainable natural resource
management if they are properly informed about the consequences of continuing to
maintain the status as compared to the benefits of applying stone bunds and other soil
and water conservation measures.

Keywords: Burkina Faso, natural resource management, soil fertility, stone bunds
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Challenges Facing the Quality Management along Organic
Agriculture Value Chains in Southwestern Nigeria

OLUBUNMI AYOBAMI DUDUYEMI
Obafemi Awolowo University, Dept. of Animal Science, Nigeria

Organic agriculture in Nigeria is still at its infancy, representing a production system
that enhances and sustains the health of soils, ecosystems and people. It relies on
ecological processes, biodiversity and cycles adapted to local conditions, rather than
the use of inputs with adverse effects. This combines tradition, innovation and science
to benefit the shared environment and promote fair relationships and a good quality
of life based on principles of Ecology, Health, Fairness and Care.

The development vision by Nigeria’s government conceptualises a transformation in
organic agriculture that would ensure food security, the right to sustainable devel-
opment for all and adaptation to the climate change challenge. The transformation
agenda is meant to wean Nigeria off food imports by boosting domestic food pro-
duction. This entails reforms in the input supply regime, a targeted region specific
increase in the output of priority commodities, post-harvest systems development, a
strong orientation towards agri-business and promoting value-addition in the product
chain. Despite these policy interventions, the organic agriculture sector is still largely
faced with a lot of quality management issues across its value chain segments relating
to market access and orientation, available resources and physical infrastructures.
This multiplicity of intertwined factors and forces cannot be resolved by the mono-
lithic conventional agriculture approach to increasing yields, rather, a holistic system
that provides a whole range of products and services that are required to sustain the
livelihoods of the population, is resilient and supports the ecosystem functions that
underpins organic agriculture production, including a living soil, and in the context of
sustainable development and poverty eradication, empowers poor farmers in order to
secure their food security and equitable returns on their investments.

Therefore, overcoming these challenges will result in an affordable and appropriate
approach for increasing local food security and resilience to drought as well as regen-
erating the productive capacity of degraded lands. Hence, the rising global demand for
organic agriculture products based on their superior health and environmental charac-
teristics has created new market opportunities for farmers in Southwestern Nigeria to
leverage on.
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Providing Smallholder Farmers with Weather-Related
Information to Build their Resilience to Climate Variability:
A Qualitative Exploration

ROSAINE NERICE YEGBEMEYI, GHISLAIN B. D. AIHOUNTONZ,
ALINE M. ALOUKOUTOU?
YUniversity of Parakou, Department of Rural Economy and Sociology, Benin
2University of Parakou, Laboratoire d’Analyse et de Recherches sur les Dynamiques
Economiques et Sociales (LARDES), Benin
3Bureau de Recherche et de Développement en Agriculture (BReDA- ONG), Benin

This paper is aimed at exploring possible impact pathways of a hypothetical interven-
tion which consists in providing smallholder farmers with weather-related informa-
tion. The study used a qualitative approach based on focus group discussions with
smallholder farmers and agricultural extension officers to build a Theory of Change
(ToC) of the intervention of interest. The field work was conducted in three villages
of the municipal area of Bembereke in North Benin (West Africa). The results sug-
gested that providing smallholder farmers with weather-related information has the
potential to help them in taking informed production decisions. Possible decisions
include the right timing of key activities such as planting or sowing, application of
inputs (e.g. fertilisers, herbicides and insecticides), etc. Through informed produc-
tion decisions, smallholder farmers can better allocate their production resources and
record higher yield and income. The ultimate impact is that smallholder farmers will
have better life—livelihoods. There is several weather-related information that can be
potentially useful for smallholder farmers. There are also several dissemination chan-
nels, some based on the social network of the community and others on Information,
Communication and Technology (ICT) tools that can be used. Each channel has some
strengths and weakness and the best approach would probably depend on the settings
of the intervention area. Though the expected impact is straight forward, a number
of assumptions that needs to be in place for an impactful intervention. For instance,
weather-related information needs to be accurate, available in a timely manner and
easy to use (read and interpret). Furthermore, the described possible impact pathways
need to be tested rigorously through policy-oriented research.

Keywords: Benin, impact pathways, theory of change, weather-related information
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Power-Relations through Institutional Bricolage in the Rural
Farmers’ Decision to Transit towards Agroecology in Peru

MARCO FROLAIN DE LA CRUZ SANCHEZ!, JOOST DESSEIN?
VKU Leuven Public Governance Institute, Belgium
2Ghent University, Dept. of Agricultural Economics, Belgium

Empirical evidence increasingly suggests that while the uptake of agroecology brings
significant benefits to ecosystems, health, and communities, yet achieving a transition
towards agroecology can still be complicated. In this article we contribute to this liter-
ature by offering a power-sensitive analysis of the transition towards agroecology. We
build on insights from critical institutionalism and introduce a complementary analyt-
ical view for examining the institutional arena in which actors’ interactions influence
individual decisions to adopt agroecological practices. We label this bundle of inter-
actions as ’chaotic relational patterns’. Our empirical data is drawn from a study of
a program in rural villages in Peru, designed to encourage farmers’ to take up agroe-
cology. Our case study demonstrates that the local dynamics influenced agricultural
transition and that their evolution exposed more complex mechanisms of power-play
in farmers’ interactions. We identify two power-play mechanisms that influenced
farmers’ decisions to adopt agroecological practices: copying and learning - which
entails learning from peer farmers with more resources before adopting an agroeco-
logical production model, and the manageability of the risks - which was adopted as
a strategy for managing the multiple risks of adopting agroecology, and aligning their
economic and social interests with those of the agroecology programs.

Keywords: Agriculture transition, agroecology, critical institutionalism, power
relations
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A Mixed-Method Systematic Review to Assess Household
Characteristics and Livelihoods in Rural Zimbabwe

GRACE MUDOMBI-RUSINAMHODZI!, ANDREAS THIEL', GEORGE OWUOR?
YUniversity of Kassel, International Agricultural Policy and Environmental Governance,
Germany
2Egerton University, Agricultural Economics and Agribusiness Management, Kenya

Livelihood activities that are dependent on natural resources form a continuum of people-forest
interactions. They often constitute multifaceted livelihood strategies consisting of various in-
tertwined components that strive to balance livelihood activities and forest resources conserva-
tion. Livelihood strategies are linked to social relations, habits, norms, customs and beliefs, and
code of forest practice. Hence, households’ decisions on forest resources use are influenced by
a more complex set of factors with implications on rural livelihoods and the level of motivation
for conservation of forest resources. Productive bricolage thus offers an approach to examine
role of non-timber forest products (NTFPs) in rural livelihoods, everyday decisions on natural
resource use and forest resource changes in an integrated manner. Productive bricolage gives
insight into the drivers of changes in forest resources and the constraints and opportunities that
determine people’s choices regarding forest resource use. This perspective would improve un-
derstanding of how NTFPs production interacts with other livelihood strategies of producers,
how important NTFPs production is to their rural households and whether NTFPs production
has the potential to incentivize forest resources conservation. This study uses a mixed-method
systematic approach to provide a meta-synthesis of the socio-economic demographic charac-
teristics of households, and the role of NTFPs in rural livelihoods through building insights
from previous studies on various communities in Zimbabwe in order to understand how use of
forest resources can effectively contribute to both livelihood enhancement and forest resources
conservation. Findings from a review of 29 primary studies and 10 grey literature publications
show that livelihood activities include dryland crop production, gardening, livestock produc-
tion, formal employment, casual labor remittances, fishing, selling of crafts, selling of NTFPs,
shoe repairing/tailoring, brick molding and beer brewing. Crop and livestock production are di-
rectly dependent on forest resources and incomes from selling crafts and NTFPs. Land cover is
directly affected by agricultural expansion as well as agricultural management options. House-
holds that are de jure female-headed, large in household size, have no remittances, have small
land holdings and fewer livestock are more dependent on forest resources. The socio-economic
contributions of forest resources to rural livelihoods range between direct use values (income,
energy, shelter, food, medicine, crafts) to indirect use values (regulating services). Though
aggregate contribution of NTFPs to rural households is significant, it varies amongst different
social actors and groupings.

Keywords: Conservation, forest resources, livelihood activities, meta-synthesis, productive
bricolage
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Public Images of Dairy Production Systems among Urban Citizens
in Bogota, Colombia

WIEBKE WELLBROCK!, STEFAN BURKART?, KAREN ENCISO%, ANDREA
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Independent Researcher, Germany
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3 University of Hohenheim, Inst. of Social Sciences in Agriculture, Germany

In Colombia, the consumption of fresh milk and milk products is steadily increasing.
This rise demands an intensification and modernisation of the current dairy produc-
tion system. To do so, intensification of dairy production is envisioned, posing a
threat to the livelihoods of smallholders which make up 81 % of dairy producers in
Colombia. The aim of this study is to investigate the public image of dairy production
systems among urban citizens in the city of Bogot4 in order to find out what type of
dairy production system is culturally sensitive and socially acceptable in Colombia.
Designed as an explorative case study, 30 participants were interviewed using a trian-
gulated research method including a word association task, a drawing exercise and a
semi-structured interview. The results show that participants are aware of two distinct
types of dairy production systems in the country- industrial production systems and
smallholder production systems, but they show more affinity for smallholders. This is
because participants appreciated values such as naturalness and care for the animals
and associated these values with smallholders. At the same time, participants were
concerned about health, hygiene and food safety standards of milk and milk products
coming from smallholders. Industrial production systems were associated with mod-
ern technologies as well as high hygiene and food safety standards. In order to ensure
culturally sensitive and socially acceptable dairy production systems in Colombia, it
is necessary to enhance the development of smallholder dairy farms and to provide
education and support for better health, hygiene and food safety standards on these
farms.
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in Low Input Crop-Livestock Production System in Malawi
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Indigenous goats are important in resource-poor communities because they provide tangible
benefits such as cash revenue from animal sales, meat for home consumption, manure, skins,
and fiber. They are also a source of intangible benefits, e.g. savings, insurance, and for socio-
cultural purposes. Despite the valuable contributions of goats to the livelihoods of millions of
resource-poor farmers in developing countries, goats have been overlooked in national agricul-
ture development strategies and prejudice towards other livestock species like cattle still ex-
ist. This study was conducted to determine socio-economic contributions of indigenous goats
to smallholders in low input crop-livestock production system where community-based goat
breeding programs (goat CBBPs) are being implemented. The aim was to provide government
and other development agencies with the information which can form the basis for policy, tech-
nical and financial support for the goat CBBPs. Data was collected through a 12-month flock
and household (137 households) monitoring study between August 2017 to July 2018. Data
was analysed using enterprise budgeting and cost-return analysis.

The results showed that indigenous goat enterprises in smallholder farms are profitable and
economically viable. The mean annual gross margins per flock and per goat was €101.00 and
€17.60, respectively. The average return on capital invested was 24.6 %, exceeding the pre-
vailing average commercial deposit rate (8 %) by several folds. Goats accounted for 61.2 % of
the total livestock household income representing the biggest contributor, while cattle, pigs and
chickens contributed 17.6 %, 15.5 % and 4.1 %, respectively. Sale of live goats constituted the
major (79.2 %) proportion of the total offtake rate, suggesting that goats are primarily kept for
generation of cash revenues. Inclusion of intangible benefits of goats significantly increased
the mean annual gross margins and the return on capital by 60.3 %, reflecting the importance
of socio-economic roles goats play in providing current and future economic stability to rural
households’ economy. Hence, programs like goat CBBPs are meant to harness the potentials of
indigenous goats to optimise their contributions towards reduction of rural poverty and hunger.
Therefore, financing and supporting scaling up of such programs is a meaningful direct invest-
ment into the development of rural economy.

Keywords: Breeding program, community-based, gross margins, rural poverty, tangible and
intangible benefits
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Calling for Mechanisation: Farmers’ Willingness to Pay for Small-
Scale Maize Shelling Machines in Tanzania
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While mechanisation is an important complement, and in some cases a necessary
condition, to agricultural intensification, humans are the main power source of agri-
cultural production in sub-Saharan Africa. This is partly because of the failure of
the supply driven mechanisation policies promoted in SSA until 1980s which gave
marginal attention to the demand side of mechanisation. We conducted a study in
three districts of central Tanzania with the aim of assessing farmers’ willingness to
pay (WTP) for two type of small-scale (diesel-powered and electric-powered) maize
shelling machines and identifying factors affecting their WTP. We collected data from
randomly selected 400 farmers constituting about equal number of both gender cate-
gories. We considered three mechanisation approaches namely: 1) the rental service
model (RSM), 2) the group ownership model (GOM), 3) the private ownership model
(POM). We used interval estimation econometric model to analyse the data. Our re-
sults show that mechanisation of maize shelling can be promoted in the study areas
following the three business models. More than 98 % of the farmers can fit to the
RSM at existing market prices. The GOM is feasible for about 64 % of the farmers
considering the diesel machine while it can work for about 90 % of the farmers con-
sidering the electric machine. The mean group sizes suggested by the farmers are ten
and eight people for the diesel machine and the electric machine, respectively. Mech-
anisation of maize shelling is also possible through the POM for about 8 % (diesel
machine) and 64 % (electric machine) of the farmers. The factors that positively in-
fluence farmers WTP include experience in using machines to shell maize, livestock
wealth, cost of hired labour, volume of maize production, and off-farm income during
off-harvest season whereas the factors that negatively influence farmers WTP include
gender of respondents (being female), active female labour in the household, and age
of respondents.

Keywords: Group ownership, maize shelling machine, private ownership, rental
service, Tanzania, WTP
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What makes Small Bamboo and Rattan Handicraft Enterprises
Successful? A Case Study from Chuong My District, Hanoi
Capital, Vietnam
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With a long-standing history, Vietnam is reputed for the production of handicraft bam-
boo and rattan products such as kitchen utensils, home decor objectives, storage bins,
trays, baskets, and gifts. These products are not only commercialised but also repre-
sent Vietnamese cultural and historical values. Small bamboo and rattan handicraft
enterprises (SBRHEs) in Vietnam cooperate with households in the handicraft vil-
lages to produce these handicraft products, so SBRHEs creates employment opportu-
nities and contributes to rural poverty reduction. However, most SBRHEs currently
face significant constraints such as the use of outdated technology, lack of product
innovation, shortage of capital, unstable labour resource, and poor market access. In
addition, the enterprises face stiff competition from international bamboo and rattan
manufacturers from China and other countries. This puts SBRHEs at high risk of
disappearance and may lead to unemployment and increasing poverty among hand-
icraft households. On the other hand, a few SBRHEs from the study region have
grown successfully and well established themselves in international markets over the
last years. Yet, a comprehensive analysis of key factors determining the upgrading of
SBRHE:S is lacking to date. This paper demonstrates preliminary results from a case
study undertaken to close this gap.

In-depth interviews have been conducted with representatives from six small bamboo-
rattan handicraft enterprises, five bamboo traders, and twelve handicraft households
in Chuong My district, Hanoi, to further complement qualitative insights, and group
discussions and expert interviews have been made to validate the findings.

This paper shows that SBRHEs highly depend on handicraft households for produc-
ing handicraft bamboo and rattan products, and participating in trade fairs plays an
important role in accessing the market. Moreover, we argue that the entrepreneur’s
education and work experience also play a significant role in explaining SBRHES up-
grading. Furthermore, the role of the government and institution support in SBRHEs
upgrading are delineated.

Keywords: enterprise upgrading, handicraft, bamboo, rattan, non-timber forest
products, commercialisation, rural development, small enterprises
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The Wellbeing of Smallholder Coffee Farmers in Mount Elgon
Region- A Qualitative and Quantitative Analysis of a Rural
Community in Eastern Uganda

ANNA LINA BARTL!, ISABEL BARTL?
L Georg-August-Universitit Gottingen, Agricultural Economics and Rural Development,
Germany
2University of Applied Sciences and Art (HAWK), Dept. of Social Work and Health,
Germany

For many smallholder farmers in the Mount Elgon region of Uganda, Arabica coffee
cultivation is the major activity for earning their living. It is well-known that small-
holder coffee farmers often do not live under conditions that surpass existential needs.
On the contrary, different levels of wellbeing and perceptions of smallholder coffee
farmers are not well examined. In this study, we classify different levels of wellbeing
and investigate how the own wellbeing is perceived.

We use quantitative data of 431 smallholder coffee farmers in the Mount Elgon region
to identify different levels of wellbeing using the material, the social, and the personal
wellbeing dimensions. In addition, 10 qualitative interviews with the households’
mother help to understand correlations between household wellbeing, composition,
challenges, and possibilities with regard to health care, and water supply.

Results indicate three levels of wellbeing and an impact of household composition
on the levels of wellbeing. Furthermore, we found that the sense of personal and so-
cial wellbeing strongly correlates with the households’ economic situation. Besides,
available healthcare provisions are linked with very high costs; one consultation of a
doctor nearby may constitute costs exceeding an eleventh of an average annual house-
hold income from coffee selling. Even so, most of the farmers do not perceive life
quality influencing factors like the lack of health insurance, health care nearby, water
supply, or the lack of infrastructure as one of their major deficiencies. In contrast,
deficiencies that impact the constitution for farm management activities are perceived
as more constraining.

For all life quality influencing factors, better educational opportunities are mentioned
from the mothers’ perspective to provide the best solution for better levels of wellbe-
ing for future generations.

Keywords: Coffea arabica, Mount Elgon, smallholder coffee farmers, Uganda,
wellbeing
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Community Irrigation Sharing Arrangement and Smallholders’
Market Led Agriculture - A Case of Odisha State, India
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Community irrigation sharing arrangement (CISA) is known for its manifold socio-cultural-
economic benefits irrespective of its place of formation and scale of operation. This study
attempted to answer how such a sharing arrangement has shifted smallholders’ land use de-
cision especially when the market is favourable. A mixed method of survey was adopted to
collect primary data from 60 farmers of 20 CISA from 12 villages of two adjoining districts,
viz. Cuttack and Jagatsinghpur, Odisha State, India during November 2018 March 2019. Focus
group discussions were conducted to collect information on land use and land cover change
(LULCCQ), irrigation provision and market accessibility by CISA farmers. Based on these three
parameters, surveyed farmers were post classified into four different groups namely highly
diversified irrigated agriculture for direct market supply (HDIAM), moderately diversified lim-
ited irrigated agriculture for direct market supply (MDLIAM), moderately diversified limited
irrigated agriculture for indirect and limited market supply (MDLIAIM) and least diversified
mostly irrigated agriculture for direct market supply (LDMIAM). HDIAM and MDLIAM farm-
ers were diversifying their land use mostly to off-season vegetables that fetch a remunerative
price. For MDLIAIM and MDLIAIM farmers, sugarcane occupied more than 50% of cultivable
land. Their market access was limited by a distant secondary market and poor transportation
and communication facility.

The farmers were personally interviewed to elicit information on crop choice and irrigation
accessibility before and after CISA formation. By using difference-in-difference approach
it was observed that the previous rice-based cropping pattern, i.e. rice (rainy season)-green
gram (winter season)-fallow (summer season) changed to the vegetable based cropping pattern,
i.e. rice (rainy)-vegetables (winter)-vegetables (summer) for HDIAM and MDLIAM farmers.
MDLIAIM farmers though shifted to vegetables and sold at farm gate price to traders but also
specialized in sugarcane cultivation taking the existing facility of contract farming with the
sugar mill. For LDMIAM, rainy season rice area was reduced to half of the gross cropped area
and replaced by sugarcane after CISA formation. Thus, an irrigation provision through CISA
enhanced farm economics while the market determined LULCC.

Keywords: Community!irrigation sharing arrangement, difference-indifferen