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Abstract

Pigeonpea is a multipurpose, multi-benefit crop adapted to semi-arid conditions, and an
important component of traditional intercropping systems in eastern and southern Africa.
This publication contains presentations, discussions, and recommendations from a
workshop to review the current status and future prospects for pigeonpea in the region. The
workshop, held in Nairobi in Sep 2000, attracted 29 participants from six countries,
representing various stakeholder groups including national and international research
institutes, universities, NGOs, and policy makers.

A range of improved technologies is available. Efforts to improve adoption must center
on commercialization of pigeonpea, i.e. providing smallholder farmers with reliable market
outlets, market information, and adequate incentives to invest in productivity-enhancing
technologies. Participants suggested the following: (i) Consolidate research information
(currently scattered in journals and reports) into a comprehensive technology inventory for
the region, identify gaps in knowledge. (ii) Identify specific markets, package available
technologies (variety, management) for each of these markets, establish links with
marketing agencies where possible. (iii) Initiate studies to collect additional information,
particularly on market opportunities, transaction costs, and comparative advantages.

AR I o



Status and Potential
of Pigeonpea in
Eastern and Southern Africa

Proceedings of a Regional Workshop
Nairobi, Kenya, 12-15 Sep 2000

Edited by
S N Silim, G Mergeai, and P M Kimani

d <

ICRISAT Gembloux Agricultural University
Patancheru 502 324, B-5030 Gembloux,
Andhra Pradesh, India Belgium

AR I o



This publication and the regional workshop were co-sponsored by the Gembloux
Agricultural University, Belgium with support from the Conseil Interuniversitaire
de la CommunautE FranAaise de Belgique and the European Union. Much of the
work presented was co-funded by the European Union under the project "Genetic
improvement of pigeonpea and management of intercropping systems in the semi-
arid areas of East Africa” (contract no. ERBICIC 18CT 960130).

The views expressed in this publication are those of the authors, and not necessarily those of ICRISAT or
Gembloux University. The designations employed and the presentation of material in this publication do not
imply the expression of any opinion whatsoever on the part of ICRISAT or Gembloux University, concerning the
legal status of any country, city, territory or area, or of its authorities, or concerning the delimitation of its frontiers
or boundaries. Where trade names are used, this does not constitute endorsement of or discrimination against any
product by ICRISAT or Gembloux University.

Copyright © 2001 by the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT).

All rights reserved. Except for quotations of short passages for the purpose of criticism or review, no part of this
publication may be reproduced, stored in retrieval systems, or transmitted in any form or by any means,
electronic, mechanical, recording, photocopying or otherwise, without prior permission from ICRISAT and
Gembloux University. Payment is not required for the non-commercial use of this published work. It is hoped that
this copyright declaration will not diminish the bonafide use of research findings in agricultural research and
development.

44>



Contents

Inaugural Session

Welcome address
SN Slim

Opening address
R Kiome

Approaches to pigeonpea research
D M Mukunya

Technology Development

Strategies and experiencesin pigeonpea variety development for Eastern and Southern Africa

SN Slim

Pigeonpea breeding: objectives, experiences, and strategies for Eastern Africa
P M Kimani

New regional initiativesin pigeonpeaimprovement

P M Kimani, G Mergeai, SN Slim, J P Baudoin, P R Rubaihayo, and M Janssens

Recent developments in pigeonpea breeding in Uganda
P R Rubaihayo

Discussions — Technology development

Crop Protection

Inheritance of resistance to fusarium wilt in pigeonpea
D A Odeny

Yield losses due to field pests and integrated pest management strategies

for pigeonpea— a synthesis
E M Minja

Past and current studies on ecology and management of insect pests of pigeonpea
S Kyamanywa, T Akongo, and P R Rubaihayo

Cercospora leafspot in Eastern Africa, and strategiesto reduce yield losses
E W Kimani

Discussions — Crop protection

Crop Management

Improved management practices to increase productivity of traditional
cereal/pigeonpeaintercropping systemsin Eastern Africa

G Mergeai, SN Slim, and J P Baudoin
Cereal -pigeonpeaintercropping systems: the Ugandan experience

L Owere, P R Rubaihayo, and D SO Osiru

The potential of pigeonpea-cotton intercropping in Uganda
M Schulz and M Janssens

Potential of short- and medium-duration pigeonpea as components of a cereal intercrop

C Smith, J P Baudoin, and G Mergeai
Discussions — Crop management

44>

11

21

33

36
39

43

48

55

61
69

73

84

91

98

108



Technology Exchange

Pigeonpea technology exchange — strategies, experiences, and lessons learnt
in Eastern and Southern Africa
R B Jones, H A Freeman, and SN Slim

Farmer participation in evaluation of improved pigeonpea varieties in Eastern Kenya
P Audi, R B Jones, and H A Freeman

Enhancing adoption of pigeonpeain Tanzania using participatory approaches
SD Lyimo and F A Myaka

Seed delivery systems — status, constraints, and potential in Eastern and Southern Africa
R B Jones, P Audi, and SN Slim

Achieving impact, through partnership, in the livelihoods of people living in extreme poverty

T Remington
Discussions — Technology exchange
Posthar vest | ssues

Effect of genotype, storage temperature, shelling, and duration of storage on
quality of vegetable pigeonpea
M C Onyango and SN Slim

Evaluation of dry mature pigeopea seeds for processing and eating quality
E G Karuri, AM Mwaniki, JN M’ Thika, and P M Kimani

Integrated management of postharvest pests of pigeonpea: status and potential
M Slim-Nahdy and J A Agona

Discussions — Postharvest issues

Marketing and Enter prise Development

Sub-sector analysis asatool for improving commercialization and market access
for pigeonpea producers
H A Freeman and R B Jones

Business principles for pigeonpea market linkage
G Kunde

Discussions — Marketing and enterprise development
Country Experiencesand Opportunities

On-station research, technology exchange, and seed systems for pigeonpeain Tanzania
JK Mligo, F A Myaka, A Mbwaga, and B A Mpangala

On-station research, technology exchange, and seed systems for pigeonpeain Uganda
H Okurut-Akol, J E Obuo, J R Omadi, A Eryenyu, and D A Okwang

Pigeonpea research, technology exchange, and seed production in Malawi
H N Soko

Discussions — Country experiences and opportunities

Plenary Session
Issues for discussion
Recommendations

Participants

44>

11

118

127

138

148
155

159

167

174
181

185

190
194

197

207

214
217

221
224

225



Inaugural Session

44>



Welcome Address

S N Silim?

Dr Kiome, Director General of KARI; Prof Mukunya, Principal, College of Agricultureand
Veterinary Medicine, University of Nairobi; ladies and gentlemen:

Welcome to Nairobi — karibuni, as we say. Many of you have traveled long distances,
taking time off your busy schedules, to be here today. Thank you for your support. | hope
your journey was pleasant, and that you find the cel ebrated Nairobi weather stimulating (but
not too stimulating). We are here for this important workshop which has two major
objectives—first, to review the results achieved in the past few years; and second, identify a
future course of action to build on past achievements.

L et me begin with abrief background. ICRISAT has a global mandate for research and
improvement of pigeonpea. The world's largest pigeonpea producer is India, where
ICRISAT's headquarters are located. But five of the top six producers are in eastern and
southern Africa, where pigeonpea has been grown for perhaps 4000 years. The crop is
drought-tolerant, it provides multiple benefits, it can give good yields even with limited
inputs — but simultaneoudly it is aso a potentia cash crop. It thus directly benefits our
primary client — the resource-poor smallholder farmer, who operates in a variable,
semi-arid environment and generally lacks access to technology, cash, and other resources.
| believe all of us share the same mandate — to develop and promote technology aimed
at the smallholder farmer. Pigeonpea fits well into the smallholder agricultura and
economic system. And thisworkshop aimsto find waysto leverage thisintrinsic "good fit"
into more diversified cropping opportunities, higher farm incomes, and a more sustainable
farming system.

In 1992, the African Development Bank provided funding for the Pigeonpea
Improvement Project for Eastern and Southern Africa. The project operated in 10 countries,
implemented by a broad network of partners — national research ingtitutes such as KARI,
NGOs such as TechnoServe and Catholic Relief Services, the private sector, advanced
research institutes, extension services, and farmer groups. This network of partnerships has
generated impressive results.

Several improved varieties have been released, including short-duration varieties
suitable for cash-cropping. Pest and disease control methods have been developed.
Physiology and adaptation studies have greatly improved the targeting of varieties to
specific environments. But the project's single biggest contribution has probably beeninthe
area of capacity building. Before 1992, Kenya was the only country in the region with an
active pigeonpea research program. Today, 10 countries have established R& D programs.
The number of scientist-years in the region has increased five-fold since 1992. Scientists
and other researchers have been sponsored for higher education. Training programs have
been conducted in several countries for food technologists, manufacturers of processing
equipment, farmers, and specifically women farmers (processing and utilization techniques).

1. International Crops Research Institute for the Semi-Arid Tropics, PO Box 39063, Nairobi, Kenya
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Simultaneoudly, the project has brought together a number of partners with
complementary skills and expertise, to improve the dissemination of new pigeonpea
technologies. For example, private-sector millers in Malawi and Kenya are helping us
develop commercial marketing channels. As aresult, we are now in a position to take on
new challenges, in both research and technol ogy dissemination.

| must express our gratitude to the various co-sponsors who made this meeting
possible — the Kenya Agricultural Research Ingtitute (KARI), ICRISAT, European Union
(INC-DEV Programme), Consell Inter-universitaire de la Communauté francaise de
Belgique (CIUF), Makerere University, and the Universities of Nairobi, Gembloux, and
Bonn. Equally important are our partnersin KARI and other research institutes who led the
research efforts. You will all agree that pigeonpea is a crop with enormous potential. |
believe we have the technology, the collective experience, and the commitment to help
realizethispotential. | hopewewill be able during thisworkshop to outline aset of concrete
steps to promote pigeonpea cultivation and commercialization throughout the region.

Thank you.
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Opening Address

R Kiome!

L adies and gentlemen

Thank you for your invitation; it is apleasure to be here today to discuss R& D strategiesfor
one of the most important legume cropsin the region.

| am familiar with ICRISAT’s work on legumes and cereals. The Kenya Agricultural
Research Ingtitute (KARI) has always been a strong supporter of pigeonpea research
programs because of the importance of the crop. Last August, | toured Machakos District
and other parts of Eastern Province, where pigeonpea was the only crop that survived and
produced grain. Two consecutive droughts have caused great hardship to farmers,
especialy smallholders; and the advantages of growing drought-tolerant crops are more
evident than ever. The benefits of drought tolerance in pigeonpea are widely recognized.
But this aspect has not been sufficiently emphasized by the research community, or by
policy makers, in order to promote pigeonpea. In addition to the many other benefits this
crop provides, we must emphasize its advantages as an “emergency” crop, capable of
providing food in drought situations. Perhapswe need to lay greater emphasis on this aspect
even in breeding and agronomy research.

Good work has been done on variety improvement, but some challenges remain:

Adoption. Adoption ratesare poor, despite the significant yield improvementsthat the new
varieties offer. Pigeonpea has not been able to compete with other crops, especially cash
crops. We need to address these i ssues, and devise ways to increase adoption and impact of
new technologies.

Socio-economic factors. The farmer is interested in food supply and cash, not in any
particular crop. Decisions are made based on cash, labor and other inputs needed, and the
returns from investment in inputs. Thus, we need to examine the cost-effectiveness of
pigeonpea production, and offer farmers economically advantageous options. More
information is needed on various aspects — impact assessments, adoption surveys, socio-
economic factors such as resource availability, market access and so on. Farmer-
participatory studies in these areas will help document the advantages of pigeonpea and
identify specific traits (e.g. vitamin content) that can be improved, for example using
biotechnol ogy.

Systemsapproach. One unfortunate aspect of many crop improvement programsisthat the
sorghum breeder tries to promote sorghum, the pigeonpea breeder emphasizes the
advantages of pigeonpea, and so on. Rather, we need a systems approach. Research programs
must determine how well any potential variety or technology fitsinto the cropping system.

Future projections. What are the projections for future expansion/adoption, what is
pigeonped’s comparative advantage relative to other crops? It clearly has an adaptive

1. Director General, Kenya Agricultural Research Institute, PO Box 578111, Nairobi, Kenya

44>



advantagein semi-arid areas; how can we build on this advantage to promote the crop more
widely? We must remember that this advantage may not last indefinitely. For example,
breeders are now trying to develop drought-tolerant maize, which could challenge
pigeonpea sdominancein dry areas. Simultaneously, we must ensure that our own research
remains cost-effective and relevant to farmers’ needs.

KARI strongly supports ICRISAT’s pigeonpea work, evidenced by the presence of
KARI scientists at this meeting, and their close association with the pigeonpea project over
the years. | note there are participants from Uganda and Tanzania as well, indicating that
other countries in the region (e.g. ASARECA members) are supportive of these efforts to
improve food security in eastern and southern Africa. KARI will continue to support
ICRISAT's efforts to promote pigeonpea. The crop is very much a part of traditional
cropping systems; it haswide consumer acceptance, it isadapted to conditionsin the region,
and can offer both food security and cash income. Working together, we can build on these
inherent advantages to improve the technology options available to smallholder farmers
throughout the region.

I am sure this meeting will lead to the development of a clear strategy for pigeonpea
research and dissemination in thefuture, and that agricultural development intheregionwill
benefit asaresult. | now officially declare thisworkshop open.

Thank you.

44>



Approaches to Pigeonpea Research

D M Mukunya?

L adies and gentlemen

Thank you for giving me the opportunity to attend this meeting, and interact with
legumes scientists from arange of disciplines. | think | know most of you already, and we
have worked together in the past. | began my academic career with the University of
Nairobi, working with grain legumes—I can say without exaggeration that my heart belongs
to grain legumes.

| recently toured the Eastern and Central Provinces. Crops have been devastated after
two seasons of severe drought, and even weeds were struggling! The only green thing we
could seein the fields was pigeonpea, thanks to its drought tolerance.

Pigeonpea research in the region has been fairly successful. A number of improved
varieties have been either released or are under advanced on-farm testing in severa
countries. In Kenya, we have lines such as NPP 670 and Kioko, developed by Onim,
Kimani, and others; Kat 60/8 developed by Omanga; and several other lines developed or
introduced by ICRISAT. This represents very hard work over a long period — such
persistencein research isimportant, especially in a semi-arid environment like ours, where
replicability of conditionsis so difficult.

If we have been successful, it is in large measure due to collaboration with different
partners. We began collaboration many years ago — that is why we survived. Collaboration
was developed through various avenues. First, between organizations in Kenya — for
example, KARI and the University of Nairobi work together, as we should. We target the
samefarmer, so we need to work together as oneinstitution, and forge even closer links. We
sent students to ICRISAT-India for MSc and PhD degrees through an informal
Memorandum of Understanding, and training activities expanded greatly after ICRISAT
established an officein Nairobi. The European Union (notably Belgium and Germany) also
provided some funding. We have long worked with national programsin the region aswell
—infact, Kabete Research Station, one of Kenya'soldest, belongsto Makerere University in
Uganda! This synergy isimportant, because with synergy, 1 plus 1 makes 3.

Future research must build on these achievements and partnerships. If we areto aim for
new technologies and new varieties, we need clear objectives, a pro-active approach, and
long-term commitment from all partners.

Research facilitiesin Kenyaare sadly lacking. Lack of funding meansthat it is difficult
to procure new equipment, and often even to maintain existing facilities. By collaborating
we get not only ideas and expertise from our partners, but also access to equipment
andfacilities.

Let methank you al for your work, and your approach to agricultural devel opment; and
in particular, ICRISAT, KARI, and Gembloux University, who made this meeting possible.

1. Principd, College of Agriculture and Veterinary Medicine, University of Nairobi, PO Box 30197, Nairobi, Kenya
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Strategies and Experiences in Pigeonpea Variety
Development for Eastern and Southern Africa

S N Silim?

Introduction

Pigeonpea.is one of the major grain legume crops grown in the tropics and subtropics. It is
usually grown rainfed in areas proneto drought. In these areas, daylength variesfrom 11to 14
h and large differences in temperature are experienced, largely dueto variationsin atitude
and latitude. The traditional varieties grown are mainly medium- and long-duration types,
which areintercropped with cereals such as maize and sorghum and various short-duration
legumes such as cowpeaand beans (Ali 1990, Silim et a. 1991). Thesetraditional varieties
are extremely sensitive to photoperiod and temperature, with plant height, vegetative
biomass, phenology, and grain yield being the traits most affected (Byth et a. 1981,
Whiteman et al. 1985). The sensitivity of pigeonpea to temperature and photoperiod is a
major constraint to the development of stable and predictable management practices,
cropping systems, and varieties (Whiteman et al. 1985). Concerted research efforts by
ICRISAT and its partners have resulted in the devel opment of extra-short and short-duration
varietiesthat escape drought and are less sensitive to photoperiod than traditional medium-
and long-duration types (Singh et a. 1990). This hasincreased the flexibility of pigeonpea
cultivation and facilitated itsusein different cropping systems (Nene 1991).

ICRISAT's efforts to develop photoperiod-insensitive extra-short and short-duration
varieties have unwittingly resulted in the development of varieties adapted to warm
temperatures (Omangaet a. 1995) and sensitiveto low temperature. For example, attemptsin
1990 and 1991 by ICRISAT to introduce short-duration pigeonpeain rotation with wheat in
the highlands of Kenya, where temperatures are cool, were not successful because the low
temperature caused adelay in pigeonpea phenol ogy and hence interfered with the cropping
sequence.

During theinitial stages of the Pigeonpealmprovement Project for Eastern and Southern
Africa, werealized that the requirements for pigeonpea varieties are specific to the region.
Varietiesin eastern and southern Africa show adifferent adaptation from thoseinthe Indian
sub-continent. Medium- and long-duration varieties developed at |CRISAT-Patancheru in
Indiaand which have shown potentia there, often performed poorly and were not alwayswell
adapted to the region. Large, cream and speckled grains are preferred in the region whereas
small to medium-sized brown grainsarethe common typesin India. A regional approach was
therefore required to ensure that varieties devel oped are adapted to the region and meet end
user requirements.

1. International Crops Research Institute for the Semi-Arid Tropics, PO Box 39063, Nairobi, Kenya
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Influence of Temperature and Photoperiod on Adaptation

Five strategic locations in Kenya were used, representing both traditional (Katumani,
Kiboko) and non-traditional (Mombasa, Kabete, Muguga) pigeonpea-growing areas.
Altitude at the experimental sites varied from 50 m to about 2100 m, with corresponding
variation in temperature (Table 1). Latitude ranged from 1°10' to 4°25' S. There were three
light treatments: natural daylength (about 12.6 h) at all locations, and artificialy extended
daylength of 14.5 h (Kiboko, Katumani, Kabete) and 16 h (Kiboko and Kabete). Daylength
was extended by using 100 W incandescent bulbs suspended 2 m abovetheground and 1.5 m
apart. The daylength treatments were sited at least 50 m from each other. This approach
allowed us to understand the influence of temperature and photoperiod on crop phenology
andyield, and thustarget varietiesto areas of their best adaptation.

Determination of germplasm for suitability. A large number of germplasm lines from the
region, accessions from the ICRISAT genebank, and improved varieties developed mainly
by ICRISAT in Indiawere evaluated at Kiboko under natural daylength to select lineswith
acceptable grain characteristics. The test material was drawn from all maturity groups,
extra-short, short-, medium- and long-duration. This approach allowed us to exclude lines
with unacceptable grain traits, mainly small (100-seed mass <10 g) brown grains, and also
reduce the number of accessionsto manageablelevels.

Modulation of phenology by temperature and photoperiod. Germplasm, improved
varieties, and accessionsfrom different parts of theworld in each duration group were grown
at five locations (Table 1) to determine their performance under varying temperature and
photoperiod. We measured environmental effects on phenology, the most important being
timetaken to aparticular event. Summerfield et al. (1991) described a series of modelsused
to predict phenological events (flowering in this case) not astime to flower (f) but rates of

Table 1. Latitude, altitude, long term temperaturesand rainfall at 5 study sites, Kenya.

Location Latitude Altitude  Season* Temperatures (°C) Rainfall
® (m) (mm)
Max Min Mean

Mombasa  4°25 50 SR 314 232 27.3 370
LR 28.9 215 25.2 679

Kiboko** 2020 900 SR 294 17.7 235 464
LR 27.8 155 216 140

Katumani  1°35 1560 SR 25.6 14.4 20.0 467
LR 23.6 12.9 18.2 244

Kabete 1°15' 1825 SR 24.6 12.9 18.7 478
LR 22.1 12.2 17.1 518

Muguga 1°10 2100 SR 21.9 115 16.8 461
LR 19.5 10.1 14.9 500

* SR = Short rains (Oct-Feb); LR = Long rains (Apr-Sep)
** Received supplemental irrigation

12
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progress towards flowering (i.e. 1/f, the reciproca of the time taken) as influenced by
photoperiod and temperature. The temperature range in which plant growth and
development occurs is characterized by a base temperature T, below which the rate of
development is zero, an optimum temperature T, at which the rate of development is most
rapid, and awarmer ceiling limit T .. beyond which devel opment again ceases (Summerfield
et a. 1991). Similarly, for short-day plants such as pigeonpea, flowering response to
photoperiod is defined by the critical photoperiod P, which isthe daylength beyond which
flowering is delayed. With further increase in daylength, a ceiling photoperiod P is
reached, when days to flowering reaches a maximum (Summerfield et a. 1993). Rates of
progress from sowing to flowering were cal culated as 1/f for each variety, using the protocol
developed by Summerfield et al. (1991).

Use of the model made it easy to define the adaptation of pigeonpea. It showed that the
areawhere the germplasm was collected or the variety was devel oped has astrong influence
on adaptation of the plant (Table 2). The study led to the following conclusions. The groups
arelisted in decreasing order of sensitivity to temperature:

Table 2. Influence of temperature on phenology of pigeonpea of different duration
groups, Kenya.

Days to 50% flowering

Muguga Kabete Katumani Kiboko Mombasa

Extra short duration 88 90 76 60 80
Short duration 90 85 80 62 80
Medium duration 125 117 112 96 127
Long duration 120 125 140 240 Did not

flower

» Extra-short-duration varieties developed by ICRISAT- Patancheru in India (17°N,
78°E, 500 m elevation) weretheleast sensitive to photoperiod and had the highest T, of
26°C. Timeto flower and mature is delayed by cool temperature; this group isthe most
sensitive to low temperature.

Short-duration varieties devel oped by | CRISAT-Patancheru arerelatively insensitiveto
photoperiod and had ahigh T, of about 24° C. Timeto flower and matureisdelayed most
by cool temperature.

*  Medium-duration germplasm or varietiesfrom low-elevation areas near the equator are
sensitive to daylength and will flower only under short photoperiod. The optimum
temperaturefor early flowering isabout 24°C. This sensitivity to photoperiod meansthat
medium-duration varieties, if planted away from the equator, will flower only when
daylengthisshort, i.e. towards autumn.

e Medium-duration varietiesdeveloped by |CRISAT-Patancheru or in peninsular Indiaare
sensitive to photoperiod. Optimum temperature for early flowering is about 22°C. Like
the previous group, these varieties, if planted away from the equator, will flower only
when daylength is short.

13
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» Long-duration germplasm or varieties from near the equator or subtropics are sensitive
to daylength and will flower only under short photoperiod. The optimum temperature
for early flowering is about 18°C. These varieties are best suited to medium to high
elevation near the equator, and areas in the subtropics where daylength is short and
temperatures are low during winter.

»  For long-duration germplasm or varietiesfrom low-elevation areasin northern India, the
plant is subjected to large variations in conditions — temperatures are >40°C in summer
and < 0°C inwinter. Daysarelong in summer and very short (<11 hrs) in winter. These
varieties are insensitive to temperature but sensitive to photoperiod. This group can be
grown in areas where there is large variation in temperature, and will flower when
daylengthisshort.

Within each duration group we were ableto determine variation in response of different
genotypes to temperature and photoperiod. While evaluating for adaptation, we were also
simultaneously selecting for high grain yield and bold cream-col ored seeds. Improved, high-
yielding varieties of known adaptation and with farmer- and market-acceptable traits have
been selected, constituted into nurseries, and targeted where they are most likely to do well.
Thisapproach reduced the workload of national programs. Asaresult, within the short span
of only 6 years, anumber of improved varieties have been identified by NARES; some have
been released, while others are being tested on-farm (Table 3).

Screening for Disease Resistance

The major pigeonpeadisease in the region is fusarium wilt (Fusarium udum Butler), while
cercosporaleaf spot (Cercospora cajani Hennings) can al so cause serious damage (Reddy et
al. 1990). The project used the protocol developed at | CRISAT-Patancheru (Neneet al. 1981)
to screen for wilt resistance. A set of germplasm, improved varieties, accessions from
different parts of theworld, and resistant and susceptible control swere evaluated in wilt-sick
plots at Kiboko and Katumani in Kenya. Wilt-resistant varieties with acceptable
characteristics were constituted into regional nurseries for further evaluation by NARS.
Resistant lines identified in Kenya were evaluated further in wilt-sick plots developed in
Malawi and Tanzania. Four long-duration (ICP 9145, ICEAP 00020, 00040, and 00053) and
five medium-duration (ICEAP 00540, 00550, 00555, 00556 and 00557) wilt-resistant
varietiesidentified using this screening method are now in on-farmtrialsin Kenya, Malawi,
Mozambique, and Tanzania. A breeding program has been initiated to develop high-
yielding,wilt-resistant lines.

Integrated Pest Management

Surveys conducted in Kenya, Malawi, Tanzania, and Uganda have provided valuable
information on pigeonpea pest populations. Pod borers, podfly, and pod-sucking bugs were
identified as important constraints, causing yield losses varying from 17 to 27%. Silim-
Nahdy et al. (1999) reported that pod hairiness reduced infestation by bruchids. Other reports
suggested that pods borne singularly, as opposed to those in clusters, suffered low damage
from pod borers. It had a so been suggested that hard pods reduced i nfestation by insect pests.

44>
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Table 3. Varieties selected by national programsfor on-farm testing or release.

Short duration

Medium duration

Long duration

On-farmtesting

Kenya ICP 6927 ICEAP 00020
ICP 12734 ICEAP 00040
ICEAP 00068 ICEAP 00053
Malawi ICPL 87091 QP 38 ICEAP 00020
ICPL 87105 Royes ICEAP 00040
ICPL 87109 ICEAP 00053
ICPL 86005
Mozambique ICPL 87091 ICEAP 00020
ICEAP 00040
ICEAP 00053
Sudan ICPL 87091
ICPL 87109
ICPL 90028
ICPL 86005
Tanzania ICPL 86005 ICEAP 00020
ICEAP 00040
ICEAP 00053
ICP 9145
Uganda ICP 6927
ICEAP 0068
Released varieties
Kenya ICPL 87091
Kat 60/8
Malawi ICP 9145
ICEAP 00040
Uganda ICPL 87091
Kat 60/8
Tanzania ICPL 87091

Research has started on screening germplasm for resistance to insect pests and in
determining the mechanisms of resistance. Eventually, these components will be combined
into an integrated pest management strategy.

Breeding Varieties for Different End-User Needs

We now know the influence of temperature and photoperiod on performance of different
duration groups, and also the extent of genotypic variation within each duration group.
Although it is now known that the phenology of extra-short and short-duration varietiesis
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delayed by cool temperatures, there are no varieties that mature sufficiently quickly in cool

environments—yet these are high potential areaswhere pigeonpeacan givevery highyields.

In cool environments where long-durati on pigeonpeaisintercropped with mai ze, pigeonpea

yields are reduced because phenology is accelerated and plants do not recover fully from

competition with maize. There is need to develop long-duration varieties with slower
phenology that would mature later than maize, thus reducing competition and increasing
pigeonpeayield. There are few improved varieties with resistance to diseases; and if there
wereto beamajor disease problem, we may losethem. In addition, theregion currently does
not have farmer and market acceptable extra-short or short-duration varietieswith resistance
to fusarium wilt.

Building on the knowledge gained, a breeding program is underway with the following
objectives:

» For short-duration varieties, maintaining key traits (relative insensitivity to photoperiod,
early flowering and maturity) and incorporating the ability to grow and mature early at
low temperature. This would permit farmers to grow pigeonpea at high elevation and
latitude.

»  For medium-duration varieties, maintaining optimum temperature for time to flower at
about 24°C, and incorporating relativeinsensitivity to photoperiod. Thiswill ensurethat
if the crop is grown in areas away from the equator but within latitude 20°N or S,
flowering isnot delayed by long days during summer.

» For long-duration varieties being developed, the objective is to incorporate delay in
maturity at low temperature. Thiswill allow farmersin high elevation areasto intercrop
maize with long-duration pigeonpes, such that maize matures earlier than pigeonpea, thus
reducing competition between thetwo crops.

» For long-duration varieties, widen the genetic base by incorporating wilt resistanceinto
high-yielding but susceptible varieties.

Objectives oneto three (above) invol ved making crosses between the best short-duration
variety ICPL 87091 and the best long-duration varieties (ICP 13076, | CEAP 00020, ICEAP
00040) that have resistanceto fusarium wilt. Thelong-duration varietiesare of Africanorigin
whilethe short-duration variety isof Indian origin. The progeniesin different duration groups
arebeing tested at two locationsin Kenya; Kiboko (warm, 980 m altitude) and K abete (cool,
1825 m dltitude) and theresults are extremely exciting:

»  For short-duration types, which are now in F5 the Project hasidentified progenieswhich
are insensitive to cool temperature and whose phenology is not delayed in cool
environments. I n addition, seed mass has been increased substantially.

e For long-duration types, which arein 5, yields are substantially higher than the parents,
and seed mass has not been reduced. In addition, progenies have been identified that
mature | ater than the long-duration parentsin cool environments (Table 4).

» Progenieswith tolerance to fusarium wilt have been identified in all duration groups.
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Table 4. Performance of long-duration genotypes under development (f, gener ation)
at Kabete, Kenya, 1998/99 cropping season.

Genotype Daysto Daysto Plant 100-seed Grain
50% 75% height at mass (g) yield
flower maturity maturity (t ha?)

(cm)

IAPX 95001-18-2-13-F5B 120 177 172 24.3 6.72

IAPX 95001-19-3-10-F5B 111 172 164 20.5 6.29

IAPX 95002-7-18-10-FB5 114 172 156 19.0 5.51

IAPX 95001-16-2-11-F5B 114 172 192 195 5.22

IAPX 95001-13-7-14-F5B 119 177 160 21.8 5.00

IAPX 95001-11-20-19-F5B 119 177 173 21.4 5.16

IAPX 95001-21-14-7-F5B 115 172 205 20.1 5.13

IAPX 95001-17-8-21-F5B 120 178 138 22.4 4.43

IAPX 95001-16-13-10-F5B 102 167 163 19.3 4.18

IAPX 95002-9-32-18-F5B 113 172 159 22.7 3.99

IAPX 95002-8-12-8-F5B 113 172 137 20.9 3.89

IAPX 95002-11-14-9-F5B 112 170 142 19.3 3.26

IAPX 95001-6-16-15-F5B 113 172 125 17.6 2.94

IAPX 95001-18-2-14-F5B 112 170 158 18.3 2.86

IAPX 95001-14-7-10-F5B 101 167 128 19.3 2.61

ICEAP 00053 114 170 141 19.6 2.46

IAPX 95001-17-8-25-F5B 115 112 170 113 194 243

IAPX 95001-21-25-10-F5B 113 170 165 17.7 241

ICEAP 00020 114 170 156 20.2 2.29

ICEAP 00040 111 170 126 19.9 2.28

Grand Mean 113 172 154 20.1 3.96

SE+ 0.9 11 9.6 0.9 0.79

CV (%) 11 0.9 8.8 6.5 27.8

f, generation; crosses made between short-duration ICPL 87091 and long-duration varieties (ICEAP 00020,
ICEAP 00040, ICP 13076)

Priorities for the Future

Pigeonpea will continue to be grown by farmers who are resource-constrained; and both
green peas and dry grain will remain important. Eastern Africais a secondary center of
diversity, where the crop has distinct characteristics and specific adaptation. A breeding
strategy specifically for theregionistherefore necessary.

Dual purpose extra-short and short-duration varieties

Efforts will need to target farmers with relatively better resources and more endowed
environments, with varieties aiming at the green pea and dry grain markets. Without pest
resistance, judicious use of pesticides will continue to be the only way to control pests.
Incorporation of insensitivity to cool temperatureswill allow the expansion of thisduration
group into high-elevation areas near the equator and high-latitude areas where pigeonpea
currently cannot be grown due to cool temperatures during the reproductive stage. It is
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envisaged that with intensification of production, fusarium wilt will become a major
constraint —and control should therefore be an important priority. Use of molecular biology
approachesto alleviate biotic and abiotic constraints should al so be explored, particularly for
control of pests. Thiswill involve collaboration with advanced research institutions.

Medium-duration varieties

Medium-duration varieties are mostly intercropped, and grown in areas with warm
temperatures unsuitable for long-duration varieties. Near the equator, efforts should focuson
devel oping varietieswith good ratoonability so that farmers can obtain two cropsayear. The
major beneficiaries will be Kenya, Uganda, and Tanzania. In currently available medium-
duration varieties, phenology is delayed in areas away from the equator, e.g. Malawi and
Mozambique. Thus, we are unable to extend production into non-traditional areas where
long-duration varietiesfail dueto terminal drought. It isimportant to incorporateinsensitivity
to photoperiod in medium-duration types. Themajor beneficiarieswill be southern Tanzania,
middle Malawi (Lilongwe plateau), northern Mozambique, Sudan, Ethiopia, and Eritrea.
Wilt resistance and tolerance to insect pests should also be incorporated, using
biotechnol ogical toolswhere conventional approaches are unsuccessful.

Long-duration varieties

Thesevarietiesaremostly intercropped, and grown in low-latitude, high-elevation areas (near
the equator, >900 m) and in areas slightly away from the equator (within 17°N and S) where
temperatures are warm during the vegetative stage and cool during the reproductive stage.
Efforts should be continued in developing improved varieties incorporating high yield,
acceptable grain characteristics, resistance to diseases, mainly fusarium wilt, and toleranceto
insect pests. Where aconventional approach isnot possible, biotechnological toolsshould be
used. For areas near the equator with elevation >1400 m, and where maize isthe main crop,
research should aim to incorporate insensitivity to cool temperature to alow the crop to
mature later and thus reduce competition between maize and pigeonpea.

Vegetable pigeonpea

There is a growing niche market for green (vegetable) pigeonpea. No varieties have been
specifically bred for thismarket, but dual-purpose varieties have been found to be acceptable.
We are still in the process of getting information on market needs, traits associated with
quality, shelf life etc, which will be used to develop varieties specifically for vegetable
pigeonpea.

Hybrid pigeonpea

Asthe crop becomes more commercialized, yield, market traits, and seed i ssueswill become
increasingly important. Private seed companieswill becomeinterested in pigeonpeaonly if
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there is the potential for developing hybrids. The technology is available in ICRISAT-
Patancheru and should be transferred to theregion.

Protecting biodiversity and collections

Giventhe present low number of ex situ collectionsfrom theregion, itishighly probablethat
traditional germplasm from the region will belost if farmers were to shift (even in the short
term) to new cropsor varieties. The extent of genetic erosionisnot known and the uniqueness
of thematerial has not been determined. Aswe develop new varieties, we need to ensure that
local germplasm is preserved through collections, characterization, and preservation in
regional genebanks, and through agreements aduplicate sample deposited with ICRISAT.

Teamwork

ICRISAT believes research should be demand driven and that each research partner should
bring in acomparative advantage. A careful analysis asthe starting point of a collaborative
project generates confidence among partners aswell as devel opment investors. Thisprocess
requiresthe participation of NARS, civil society, private sectors, NGOs, advanced research
institutes, and farmers, to ensure that the work remainsrelevant and on track.
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Pigeonpea Breeding: Objectives, Experiences,
and Strategies for Eastern Africa

P M Kimani?

Introduction

Pigeonpea is probably the most important grain legume in the semi-arid areas of Eastern
Africa. Reportsindicatethat it isgrown in 37 African countries at altitudes ranging from sea
level to 2050 m. Theleading producersin Africaare Kenya (164,000 ha), Uganda (113,000
ha), Malawi (110,000 ha), Tanzania (33,000 ha) and Mozambique. Pigeonpea is mainly
produced by smallholder farmersin mixtureswith maize, sorghum, cotton, finger millet, and
other legumes such as beans. In most parts of Africa, pigeonpeaisgrown asamulti-purpose
grainlegume; eaten asgrain or asavegetable.

Yield-Limiting Factors and Breeding Objectives

Grainyield onfarmers' fieldsin Eastern Afriaaverage 450-670 kg ha, compared to 2.6-4.3
t ha-! reported from research trials in Kenya (Onim and Ruhaihayo 1975, Onim 1984). A
number of biotic and abiotic constraints contribute to this gap between potential and actual
yields. Correspondingly, the major objectives of pigeonpea breeding programs in the region
include:

» Grainyied

e Early maturity and reduced height

* Resistanceto diseases, especially fusariumwilt

» Resistancetoinsect pests, especialy pod borers, pod suckers, and podfly
»  Seed characterigtics, especialy sizeand color

e Tolerancetodrought

»  Suitability for intercropping

» Enhanced nitrogen fixing potential and survival ininfertile soils

» Specia-purposevarietiesfor agroforestry and foragetypes

» Adaptationto different ecological zones.

Yield potential. Until the early 1980s no improved varietieswere availableto farmersinthe
region. Although several improved varieties are now available, adoption islimited and most
farmers grow low-yielding, late-maturing landraces. Yields of up to 4.6 t ha' have been
reported in on-farm trials of new varieties, indicating that productivity can be substantially
improved with new varieties and better crop management.

Early maturity. Late-maturing varieties (typically 8-11 months) leave farmers with little
timeto prepare thefield for the next crop. To avoid such delays farmers often plant widely

1. Department of Crop Science, University of Nairobi, PO Box 29053 Nairobi, Kenya
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spaced rows of pigeonpea, and sow other fast-maturing cropsin between (wide row spacing
alsofacilitates|and preparation and weeding). The long duration may be adisadvantage for
subsistence farmers who have to wait nearly a year to harvest. Varieties with different
maturity durations should be devel oped to fit different cropping systems and agro-ecol ogical
zones, but early-maturing cultivars should be given priority.

Plant height. Most loca varieties aretal (over 2 m), and are thus difficult to harvest and
spray. They cannot be grown in close association with shorter plants due to shading effects
unless wide spacing is used or by exploiting their dow early growth. They dso tend to lodge —
therefore short or medium-gtatured varietiesmay bemore desirable.

Diseases. Several pigeonpea diseases have been reported in Eastern Africa. Fusarium wilt
isby far the most important: Kannaiyan et al. (1984) reported incidence of 5-60% in Kenya
and 36.3% in Malawi (range 0-90%). Leafspot caused by Mycovellosiella cajani causes
severe defoliation and yield losses of up to 80% especially during wet years (Onim 1981). It
has been reported as a serious problem in Kenya, Zambia, and Uganda. Chemical control is
often not viable for subsistence farmers; the best option is probably the development of
resistant varieties.

I nsect pests. Pigeonpeais attacked by a number of insect pests. Pod borers (H. armigera,
M. vitrata), pod suckers (C. tomentosicollis), and the podfly M. chalcosoma are the most
serious, causing losses of 26-63%. Most farmersdo not spray their cropsdueto the high cost
of insecticides. Consequently, yield losseswill depend on infestation levels and the natural
tolerance of the plant. Effortsto devel op pest-resistant varieties have met with little success;
and there is till limited understanding of insect-host relationships and control methods.
Thereisan urgent need to devel op pigeonpeavarietiestol erant of both field and storage pests
asacomponent of integrated pest management strategies.

Seed and pod characteristics. Consumers and producers in the region prefer large, white/
cream seeds and large pods (5-7 seeds/pod). Much of the local germplasm is large-seeded,
with 100-seed mass >15 g, and can be used to developed improved cultivars with the
necessary characteristics.

Drought stress. Pigeonpeaisgrown mainly in semi-arid areaswith unreliablerainfall, where
crop failuresarefrequent. Although pigeonpeaisdrought tolerant, it grows best with rainfall
of 600-1000 mm. Yields are substantially reduced under drought. This can be overcome by
developing either early-maturing varietiesor varietieswith tolerance to drought.

Soil fertility. Although pigeonpea grows on a wide range of soil types it gives optimum
resultsin deep loam, almost neutral soils of pH range 5-7. Soils outside this range or those
lacking nutrientswill not produce good yields. Most smallholders do not apply fertilizer on
pigeonpea; and animal manure is not used in adequate quantities. Pigeonpea also suffers
because of badly drained soils.

Crop management. Late planting, inadequate weeding, poor land preparation, and low plant
populations contributeto thelow yields. Future effortsin Eastern Africamust concentrate on
disseminating theimproved technol ogies already available.

Agroforestry and soil conservation. Pigeonpeaisamultipurpose woody legumewith great
potential in agroforestry. The plant supplies not only food, but also forage and wood for
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fuel, fencing and construction materials. The deep root system also helpsin stabilizing soil
conservation terraces.

Adaptability. Pigeonpea is successfully grown in a range of environments, but each
maturity group has its specific area of adaptation. Phenology is affected considerably by
temperature (altitude) and daylength (latitude), and varieties could fail to flower or yield if
grown outside their areas of adaptation. It isthereforeimportant to test new varietiesover as
wide an area as possible to determine the areas of optimum productivity. It would also be
useful to define and characterize pigeonpea-growing environments in the region so that
breeders can target cultivars to specific environments.

Socio-economic factors. Pricing, marketing, and infrastructure indirectly determine how
much effort and investment farmers will make in pigeonpea production. There are no
organized marketing systems for pigeonpea; export markets have not been exploited fully,
and priceincentivesarelimited. Poor roads, poor seed delivery systems, and lack of storage
and transport facilitiesmakeit difficult for farmersto intensify production. Labor shortages
are severe, because most children and young adults, who traditionally provided family labor,
have migrated to urban areas.

Development of Pigeonpea Breeding Programs

The earliest pigeonpea program in Eastern Africa was initiated in Uganda in 1968. Two
programswere | ater started in Kenyain 1975 and 1980; and subsequently in other countries
intheregion.

Breeding methods in Eastern Africa

Most national pigeonpeabreeding programsin Eastern Africaarein their early stages. These
programs have generally followed asimilar pattern from introduction, through mass selection
to hybridization and selection, with a corresponding degree of complexity and demand for
skillsand resources.

Introduction. Virtually al programsstarted by introducing cultivarsand advanced breeding
linesfrom ICRISAT-Indiaand other diverse sources. In many cases, the material sintroduced
between 1970 and 1990 failed to meet farmers' requirements (large cream or white seeds);
and adoption was poor. In the early 1990s, ICRISAT provided white-seeded lines, some of
whichwerereleased in thelate 1990s.

Mass selection. In a few cases, the introduced early-maturing germplasm was grown
together with local long-duration landraces. This generated segregating populations with
variable maturity duration (Shakoor et al. 1983). The medium-duration Kat 60/8, which is
now grown by farmersin Kenya and Uganda, was selected from such a population. Local
landraces were also collected and selections made either through simple mass selection or
mass selection with progeny testing (Onim 1981). Germplasm collection missions were
concentrated in Kenya, Tanzania, and Maawi. Selectionsfrom landraceswere eval uated both
on-station and on-farm. Long-duration cultivars such as Munaa and Kioko (released in
Kenya) and ICP 9145 (released in Malawi) are selectionsfrom local landraces. Otherssuch as
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|CEAP 00068 and | CEAP 00040, both sel ected from landraces, have been recommended for
release.

Hybridization and selection

Only afew national programs (Kenya, Maawi) have been successful in combining useful
traitsfrom the diverse germplasm into new cultivars. Introduction and mass selection limits
the breeder to identification of the best genotype in the breeding collection. Most national
programs have no organized breeding scheme with provision for creating segregating
popul ations from which useful recombinants can be selected. Devel opment of well-designed
breeding programs will be a major challenge for African pigeonpea breeders in this
millennium.

Another challenge is the high degree of outcrossing in pigeonpes; as a result breeding
procedures differ from those used for predominantly self-pollinated crops (Kimani 1987).
Outcrossing also poses serious problems in the maintenance of pure lines under open-
pollinated conditions. Controlled production of self-pollinated seed by bagging, while
necessary for maintaining purity, is costly, time-consuming, and produces only limited
amounts of seed. Thismethod isnot economical for large-scal e seed production.

Review of Breeding Programs in the Region

The following section reviews the more important pigeonpea breeding programs in
theregion.

Makerere program, Uganda

The first pigeonpea program in the region was initiated in 1968 at Makerere University,
Uganda, to breed short-duration, high-yielding cultivars of thedry grain type. Since most of
Uganda has two distinct growing seasons, short-duration cultivars would enable farmersto
plant two pigeonpeacropsin ayear, or aternatively fit it into rotationsin adouble cropping
system (Khan and Rachie 1972).

Germplasm was collected from India, the Caribbean, the Philippines, and other sources.
The collection of about 5400 accessionswas eval uated, and 500 sel ected for breeding work.
Breeding methods at Makerere emphasized introduction, selection, and to a lesser extent
hybridization. Single-plant selectionsfrom the germplasm and from segregating popul ations
were evaluated; and reasonably uniform elite lines were bulked and entered in yield trials
during 1969 and 1970.

A number of high-yielding lineswereidentified, representing two plant types: “ spray” and
“bush” types. “ Spray” types had secondary branches almost as long as the main stem, with
very littletertiary branching (i.e. spreading types). The erect bush type was recommended for
reduced row spacing (80 cm), which increased plant populations and hence gave higher
yields. The new lines gave yields substantially higher than the national average (Dunbar
1969). Most of these promising lineswere of Indian parental stock but their yieldsin Uganda
were modest compared to the high yieldsreported in India.
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Population improvement. Makerere started a population breeding program that was
believed to be more appropriate due to the high outcrossing, easier to conduct, and offered
consistent improvements in future (Khan 1973). The natural populations in Uganda had a
rather restricted base. Two populationswerethereforeformed, an Early Compositeand aMedium
Composite.

The Ugandan program was disrupted by civil strife between 1973 and 1986. Some of the
materialswere used to initiate the breeding program at the University of Nairobi in 1975.

Nairobi and Katumani programs, Kenya

Pigeonpeaimprovement work wasinitiated at the Department of Crop Science, University of
Nairobi, in 1975 and the National Dryland Farming Research Centre, Katumani, in 1979. The
early stages of the program focused on germplasm collection and evaluation, followed by
selection and later on hybridization and selection.

Germplasm collection. Collections have been made in virtually all provinces of Kenya.
Between 1975 and 1977, 607 accessionswere collected by the University of Nairobi through
local collections, and from Makerere, ICRISAT-India, I TA-Nigeria, University of West
Indies, Trinidad, and Sudan. This germplasm showed tremendous variability for various
agronomic charactersand one entry was completely male sterile. M ore accessionswere added
in 1997 and the collection now has about 1000 accessions.

Selection from local landraces. Germplasm collected in farmers' fields was evaluated in
1977 and several single plantswere selected and selfed. |n on-farm tests, local and improved
cultivars (single plant selections) performed similarly in most characteristics except grain
yield, where the sel ections yiel ded 94% morethan local cultivars.

Population improvement. This approach was used because of the high degree of
outcrossing. Onim (1981) compared two popul ation improvement methods, namely stratified
mass sel ection (SMS) and mass sel ection with progeny testing (M SPT). These methodswere
evaluated on an early-maturing composite population between 1975 and 1978. The
composites, originating from the Makerere University program, were evaluated after twoto
four cyclesof selection for grainyield and drought tolerance. In awet season, the unimproved
population yielded as well as the SMS-C4 and MSPT-C2 improved populations; but the
improved populations were superior in a dry season. Both population methods were
successful in improving grain yield under marginal rainfall conditions. Progress per cycle
was 2.3% for SM S popul ations after four cycles of selection, compared to 4.3% under M SPT.
Thedlightly better responsein M SPT was attributed to progeny testing and ahigher selection
pressure of 5% versus 10% in SMS. The SMS method was just as good as MSPT, takes a
shorter time per cycle, and iseasier to operate.

Development of early-maturing cultivars. Until the early 1980s, no early-maturing
pigeonpeacultivarswereavailableto farmersin Kenya. Earlier attemptsto popularize early-
maturing cultivars from India failed because farmers rejected the varieties — despite their
early maturity and short stature — due to seed size and color. Also, the Indian cultivarswere
not suitable for intercropping, losing up to 80% of their grain yield when intercropped with
maize (Onim 1981).
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The first early-maturing cultivar developed in Kenya was NPP 670, which originated
from crosses madein 1977 between early-maturing linesfrom | CRISAT and locally adapted
landraces. It has been adopted in parts of Mbeere, Machakos, Embu, and Kitui districts,
whereit ispopularly known as‘ Katumani’ pigeonpea. It is popular primarily because of its
early maturity and large cream seeds (19 g per 100 seeds). NPP 670 yields about 1 t ha' on
farmers' fields, but ishighly susceptibleto insect pests— spraying isessential.

Sincefarmersvalue other traitsin addition to earliness, attemptswere madein 1983/84 to
combine seed traits from local material with earliness from Indian genotypes through
controlled crossing in the glasshouse, and in anursery established at Kiboko. The segregating
populationswere advanced to F, through bulk breeding procedures, promising linestested for
wilt tolerance, and yield trial s conducted at several |ocations. The selected lineswere shorter
and matured much earlier than the local long-duration improved and traditional varieties.
They are large seeded (>13.5 g per 100 seeds), but seed mass is lower than that of check
cultivars. All the lines are tolerant to wilt; three lines showed a high degree of resistance.
They were similar to NPP 670 in maturity duration and pod size, and gave higher yields.

Tanzania

Pigeonpea research in Tanzania started in the early 1960s, when varieties collected from
Ukiriguru (Tanzania) were grown in observation plotsat the Agricultural Research Institute
(ARI), llongain 1962/63 to screen for wilt resistance. Thiswork was discontinued following
the departure of scientists involved in crop research, but resumed in 1974/75 when the
National Grain Legumes Research Program (GLRP) was started at ARI-llonga. Sixty lines,
including six dwarf, short-duration genotypes from ICRISAT, were evaluated that season.
Theselinesformed few or no branches, fruited profusdy on the main stem, and the best linesgave
grainyieldsof upto 2t ha® (Laxman Singh 1990).

The next phase began in 1986/87 when a Pigeonpea Germplasm International Trial was
conducted jointly with ICRISAT scientists at ARI-lIlonga, Gairo (Kilosa district), and the
Sokoine University of Agriculture. The most promising lines flowered in 55-60 days and
matured in 110-115 days. Although the data are limited, it appears that early-maturing
pigeonpeahas potential under Tanzanian conditions.

Ethiopia

Pigeonpearesearch in Ethiopiawas started early in the 1970s by the Institute of Agricultural
Research (IAR) at Nazret National Horticultural Centre, with short-duration cultivars
introduced from Makerere University, the Dominican Republic and later from Guyana, 11 TA,
and ICRISAT-India (Amare Belay, pers comm). The main objective was to identify high-
yielding, disease and pest tolerant cultivars. During 1973-77 theintroductionsweretested in
nurseries, variety trials, and national yield trials at Nazret, Arelkasa, Adam, and Koko in
Central Ethiopia by the Welayta Agricultura Development Unit (WADU) in southern
Ethiopia, Kobo in northern Ethiopia, and Humera in northwestern Ethiopia. Yields were
inconsistent in different years at most locations except at WADU and to some extent at
Melkasa
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Further evaluations of local and exotic collections from the Genetic Resources Unit of
Ethiopia, International Livestock Centrefor Africa (ILCA), and ICRISAT were conducted
between 1986 and 1990. Most of these cultivars have yet to reach many farmers due to
inadequate extension and seed production and distribution systems. Little information is
available on the status of traditional Ethiopian varieties, local preferencesfor seed size and
color, and farmers’ reactionsto the new short-duration cultivars.

Rwanda

Pigeonpea research in Rwandabegan in 1983 with the introduction of early-maturity seeds
from the cross NPP 610, originally made at the University of Nairobi (Price and Cishahayo
1986). About 75 seeds from this cross as well as seeds of other Kenyan landraces, were
supplied by the International Development Research Centre (IDRC), Nairobi. In the same
year, several Tanzanian landraces were obtained from the Tanzania Agricultural Research
Organization at llonga. Several distinct phenotypes were isolated from the cross NPP 610.
Materia with desirable characters —early maturity, large seeds, reduced plant height, drought
tolerance, high yield potential, adaptability to poor soils—were selected and tagged from the
segregating NPP 610 and Tanzaniaselections. Threeindividual plants selected from NPP 610
were crossed in al combinations. Intrapopulation recurrent selection aimed at improving
grainyield and adaptability was employed for three cycles on the segregating popul ations.
Variability after cycle 3was maintained by the very high natural outcrossing. The population
RK101 (short, early maturing) was derived by this method.

Selections from medium-duration types from Tanzania were crossed to produce the
population RT 201 which was mediumin height, early to medium duration, large-seeded, and
adapted to theregion. RKT 120, atall, large-seeded, long-duration perennial type, isderived
from single plant selections within a population of landraces received from Kenya. The
improved varieties have larger seeds and more seeds per pod than the local varieties (Price
and Cishahayo 1986), but the impact of these varietiesisyet to be determined.

Sudan

Studieson crop improvement and agronomy were started at Hudeiba Research Station during
1975-80, supported by IDRC (Nourai 1987). The main objectives of the program were to
select high-yielding, adapted pigeonpea varieties, and to obtain information on maturity,
plant type, and seed size and color. Forty early, medium, and late-maturing entries from
ICRISAT were compared to the standard local variety Baladi for three seasons. Three
introduced varieties outyiel ded Baladi by over 100%.

Somalia

Thestatus of grainlegumeresearch in Somaliawasreviewed by Abikar (1990, unpublished).
The Somali diet consists of cereals and tubers which are rich in starch and low in protein.
Although pulse crops have potential and production failsto meet demand, little research has
been conducted on pulses. Recently the Central Agricultural Research Station at Afgoi and
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Bonka developed a program for grain legume production including pigeonpea. However,
little progress has been made due to the political instability in Somaliasince 1991. Thefate
of improved lines sent to Somaliain 1988 is not known.

Burundi

No genetic improvement work on pigeonpea has been done in Burundi (Ntukamazina and
Nzimenya1987). Most varieties grown by farmerswereintroduced (source unknown), with
Burundi farmers adopting them where they proved adaptable. Farmers distinguish two
maturity groups:. long and short duration.

Future Prospects and Strategies for Pigeonpea Breeding

Pigeonpea improvement programs in Eastern and Southern Africa have relied heavily on
advanced linesand varieties from | CRISAT and other breeding programsin theregion, and
also made selections from their own landraces. Although varieties released from these
materials have served theimmediate need of farmers, major deficiencies still exist. Thereis
need to devel op cultivarsthat combine several novel traitsto better meet the changing needs
of pigeonpea growers and consumers. It is unlikely that cultivars combining multiple
desirabletraitswill befound from existing germplasm collections. Thechallengefor breeders
will beto examine awiderange of genotypes and construct new varieties meeting criteriafor
each agro-ecologica zone and addressing consumer needs. New strategies will have to be
devel oped and implemented in partnership with other stakeholders. Some potential strategies
are suggested below.

Breeding for variable maturity duration

Because most of the landraces grown by farmersare late-maturing, new short- and medium-
duration cultivars have received wide acceptability. A few such varieties have been
developed, e.g. short-duration ICPL 87091, but the number of such examples is limited.
Varieties in the early-medium and medium-duration groups include NPP 670, Kat 60/8,
ICEAP 00068, and ICP 6927. The early-maturing cultivars were developed for purestand
cropping while the medium-duration types were intended primarily for intercrop systems,
and late-maturing improved cultivars such as| CEAP 00040 and | CEA P 00020 wereintended
for two-season intercrop systems. Future research will need to focus on correcting
deficienciesin these cultivars. For example, ICPL 87091, NPP 670, Kat 60/8, | CEAP 00068,
ICP 6927, and ICEAP 00020 are susceptible to fusarium wilt. Determinate cultivarssuch as
ICPL 87091 and NPP 670 are very susceptibleto insect pests. Seed size of ICPL 87091 and
Kat 60/8 requires further improvement, from 11-12 g to over 15 g per 100 seeds.

Multiple constraint breeding

Pigeonpea growers face a number of biotic and abiotic constraints often acting in
combination. Diseases, pests, and adverse climatic and soil conditions can be present in the
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samefield at the sametime. It is not uncommon to find more than one disease on the same
plant during one or more developmental stages. Such multiple constraints reduce yield and
quality and increase instability of production. This also increases the cost of control
measures. Thus, the need for multiple-stressresistanceisparticularly relevant in pigeonpes,
which is grown largely by smallholder farmers who can rarely afford costly inputs
(fungicides, insecticides, fertilizers etc) for alow-priced crop such as pigeonpea.

Attemptsto accumulatein oneline, resistancesto various stresses date back many years.
But until recently this approach was used only to alimited extent, partly because of lack of
suitable resistance sources, screening procedures, and proven breeding methods to
simultaneously handle multiple traits. As a result most breeding programs have used a
stepwise procedure to solve the different problems one by one, starting with the problem
which ismost yield limiting. Among the weaknesses of this approach is the lengthy period
required to incorporate resistanceto several stresses. In addition, “resistant” cultivarstendto
beresistant to one stress but susceptibleto others. Although thisapproachisstill inuse, there
isincreased interest in breeding programs attempting to simultaneously introduce genesfor
multiple resistances. Selecting for multiple traits becomes more difficult with anincreasing
number of traits to be improved. National programmes and their partners need to develop
suitable breeding schemesfor multiple constraint improvement of pigeonpea.

Marker-assisted selection

Plant breedersareincreasingly using DNA markersto increase the efficiency of recovering
genes for desirable traits. Target genes in a segregating population can be identified and
selected using marker-assisted selection (MAS). However, use of MAS requires detailed
information on the pigeonpea genome and mapping of agriculturaly important “target”
genes. In contrast to conventional direct selection, MAS selectsindividuals carrying target
genesin asegregating population based on patterns of tightly linked markers rather than on
their phenotypes (Zheng et al. 1995). Therefore, the population can be screened at any growth
stageand in various environments. Screening for resistanceto adisease can be done without
artificial inoculations if markersfor that resistance gene(s) are available. In addition, MAS
can eliminate interference from intra-locus or inter-locus interactions and thus increase the
efficiency and accuracy of selection, especially for traitsthat are difficult to assess. However,
MAS will not be available to pigeonpea breeders until saturated genetic maps and suitable
DNA markers have been developed. In addition simple, rapid, accurate, cost-effective
procedures must be established which are complementary to existing breeding protocols.

Inter-genepool crosses

Although pigeonpeais now believed to have originated from the Indian subcontinent, it has
been grown and selected in East Africafor many thousand years and the areaisregarded as
the chief secondary center of domestication and diversity (Remanandan et al 1982). The
result of thislong period of domestication and selection are landraces with unique features
such as long duration, perennial habit, large leaflets, high number of seeds per pod, large
cream or speckled or mottled seeds, which contrast sharply with materials originating from
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the Indian subcontinent. For example the world collection at ICRISAT contains two
landraces with the highest known 100-seed mass, collected from Kenya (26.92 g) and
Tanzania(26.47 g). Similarly, 3-5 seeds/pod isusual in Asian genotypes, while East African
landraces average 5-7 seeds/pod. It is likely that even more significant differences can be
detected at the molecular level or by analysis of biochemical composition. These
evolutionary differences suggest that there may be at least two major genepools in
pigeonpea — African and Asian. The complementary characters of these genepools have
been used only to a limited extent. Future breeding activities will need to generate more
variability from inter-genepool crosses.

Hybrid pigeonpea

Thefirst hybrid pigeonpea cultivar was developed by ICRISAT and released for cultivation
in Indiain 1990. The hybrid had a 20-40% yield advantage over open-pollinated varieties.
Production was facilitated by the discovery of male sterility and inbred lines developed in
India. This technology was subsequently taken up and commercialized by several seed
companies. Since hybrid vigor isgenerally associated with genetic diversity, crossesbetween
thegenetically diverse African and Asian genepools may have considerable heterosis. To our
knowledge, this opportunity has not been explored. We propose that national programs
including universities and their partners should devote at least part of their efforts in this
direction.

Conclusions

National agricultural research institutes and universities in Eastern, Central and Southern
Africain collaboration with ICRISAT, Institut de Agronomiques of Gembloux, and the
University of Bonn have made considerable progress in developing improved pigeonpea
cultivars and management practicesin thelast two decades. New early and medium-duration
varieties are now being grown in semi-arid regions. However, widespread disseminationis
seriously hampered by inadequate seed delivery systems. Although the improved cultivars
have helped increase productivity, they have important deficienciesthat arelikely to reduce
their yield potential in some environments and their appeal to consumers and producers. The
deficienciesinclude small seed size and susceptibility to wilt, cercosporaleaf spot, and insect
pests. So far, national breeding programs haverelied on nearly finished linesfrom ICRISAT
and selections from their landraces — few have developed their own crossing programs.
Future activities should therefore include a capacity building component for NARS. The next
generation of varietiesis likely to originate from well designed breeding schemes, which
should be based on creating recombinant populationsfromintra- and inter-genepool crosses
with the aim of redressing limitations of the current varieties. Various strategies (multiple
constraint breeding, marker-assisted selection, TCM, hybrid development from inter-
genepool crosses) offer new opportunitiestoincrease efficiency in cultivar development and
enhance productivity in pigeonpea.
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New Regional Initiatives in Pigeonpea Improvement

P M Kimani!, G Mergeai?, S N Silim3, J P Baudoin?, P R Rubaihayo?,
and M Janssens®

Introduction

Two major regional initiatives for pigeonpeaimprovement were started in the last decade,
with similar objectives, i.e. to enhance pigeonpea productivity on smallholder farms. One
was a collaborative program involving 10 countries in Eastern and Southern Africa,
supported by the African Development Bank and coordinated by |CRISAT. This program
began in 1991 and was completed in 1999. The second initiative was an inter-university
program initiated in 1996, involving Gembloux, Bonn, Makerere, and Nairobi universities
supported by the European Union and the Belgian Agency for International Cooperation.
The program was implemented in collaboration with ICRISAT and the national research
and extension programsin Uganda and Kenya. Papers el sewherein these proceedings have
described progress under thefirst initiative and the work done by various partners under the
second initiative. This paper focuses on work done at the University of Nairobi under the
second regional initiative.

Characterization of Regional Germplasm Resources

Much of the germplasm collected in Eastern Africa has been characterized to some degree.
It shows wide variability in a range of characters that may be useful in future crop
improvement programs. To complement the previous collections, additional germplasm
was collected in 1997 from pigeonpea-growing districts around Mount Kenya and the
coastal lowlands of Kenya (Kimani et al. 2000). All the new and old accessions conserved at
the Department of Crop Science, University of Nairobi, and Gembloux Agricultura
University, Belgium, wereinitially grown in observation nurseries and further characterized
intrials at Kibwezi (atitude 900 m), Thika (1600 m), and Kabete (1890 m) over a 3-year
period. The main features of these materials are summarized below.

Growth habit. Most are erect, tall, compact to semi-spreading. They vary in height from
about 1 to 4 m. Branching is variable but above 1 m on the stem is common. Some show
profuse branching (4-28 primary branches) and |eaflets are generally large.

1. Dept of Crop Science, University of Nairobi, PO Box 29053, Nairobi, Kenya

2. Dept of Tropical Crop Husbandry, Gembloux Agricultural University, B-5030 Gembloux, Belgium
3. International Crops Research Institute for the Semi-Arid Tropics, PO Box 39063, Nairobi, Kenya
4. Dept of Crop Science, Makerere University, PO Box 7062, Kampala, Uganda

5. Dept of Tropica Crops, University of Bonn, Auf Dem Huegel 6, D-53121, Bonn, Germany
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Maturity duration. Most are long-duration, usually 8-11 months, and perennial. Some
early-maturing types resulted from outcrosses with exotic early-maturing germplasm.

Stem color. Usually purple or green.

Flowers. Thereisconsiderable variability for flower color. Flowers may be yellow to red,
ivory and with variable densities of streaks on the standard. Some have no streaks, others
show uniform coverage.

Pods. Most landraces show a high number of seeds per pod: 5-7 is common. Landraces
from the coastal lowlands have 6-8 seeds/pod. A range of 3 to 9 seeds/pod has been
reported. Pods may be green or purple or amixture of purple and green, and formed in large
bunches that are easy to harvest. Pods per plant vary from 15 to over 1000.

Seeds. The landraces have large seeds with an average 100-seed mass of about 17 g.
A landrace collected in Kenyahasthe highest seed massin theworld collection: 26.92 g per
100 seeds, exceeding the previous record of 26.47 g from a Tanzanian landrace
(Remanandan et al. 1982). Therange reported is 7.68 to 26.92 g. The seeds are plain white
or beige, mottled, speckled, or mottled and speckled. Seeds are round or oval-shaped.
Landraces from the coastal lowlands showed wide variability in seed size and seed coat
color (from black to white), possibly due natural outcrossing with introductions from the
Indian sub-continent.

Disease and insect resistance. Traditionally, farmers have been growing pigeonpea year
after year inthe samefield. Asaresult fields have become natural wilt-sick plots. Thismay
have resulted in high selection pressure in favor of wilt resistance. Some local landraces
such asKO-31 and | CEA P 00040 showed high level s of resistancein successive evaluations
inawilt-infested field at Kiboko. Thereissome variability in insect pest damage with some
genotypes showing limited susceptibility and others showing severe damage. It is possible
that local germplasm may have different degrees of tolerance to insect pests.

Breeding

The breeding component of the program has focused on creating new populations
combining wilt and leafspot resistance, seed characteristics, phenology, growth habit, and
adaptability to intercropping systems. Well-adapted cultivars such as NPP 670, ICPL
87091, Kat 60/8, ICP 6927, and | CEAPs 00068, 00020, and 00040 are used as parents. The
crossing block has 41 parental linesincluding landraces, advanced breeding lines from the
region, and accessions from ICRISAT. They represent considerable variability from the
African and Asian genepools. Crossing is carried out in insect-proof greenhouses at K abete
Field Station. Over 24 F, populations, 11 three-way and 17 double-cross populations
combining various desirabl etraits have been created. The segregating popul ationsare being
selected for wilt resistance using artificial inoculation at Kabete and wilt-sick plots at
Kiboko. Selection for other characters is being carried out at the National Horticultural
Research Centre, Thika. The populations will be advanced through gamete selection and
bulk breeding proceduresin amultiple constraint breeding strategy.
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A second component of the breeding program involves selection of segregating
populations under sole cropping and when intercropped with maize. The base population
originated from crosses between short-duration, white-seeded ICRISAT lines and large-
seeded, wilt-resistant African landraces. The F, to F, generationswere advanced inwilt-sick
fields at Kiboko to identify recombinants with wilt resistance. The F, lines were separated
into four bulk populations on the basis of growth habit and maturity. The four populations
were subjected to two cycles of selection under both sole and intercropped conditionsin the
1998/99 and 1999/2000 short rains at Thika. The selected lineswill be further evaluated to
determine the effect of cropping system on their performance.

A third component of the program involved pedigree selection with progeny testing
from other breeding nurseries and variety evaluations. Several early, early-medium, and
medium-duration lines have been selected both in Kenya and Uganda in the last 2 years.
Preliminary yield trials are planned during the 2000/01 short rainy season. The fourth part
of the program has focused on inheritance of wilt resistance and other qualitative and
quantitative traits. Thiswork isreported by Odeny elsewhere in this publication.

Crop Protection

Disease and pest management research in this project has focused on identifying and
characterizing pathogenic variation of Fusarium udum using morphological and cultural
characteristics, pathogenicity on different pigeonpeavarieties, and with amplified fragment
length polymorphism (AFLP). Pest management studies have been carried out to determine
the efficacy of botanicalsin reducing yield losses, especially inintercrop systems. Results of
thiswork are reported by Smith et al. elsewhere in this publication.

Crop Management and Socio-Economic Aspects

Studies in crop management were designed to identify practices that would optimize
productivity in intercrop systems. They are described by Mergea et al. elsewhere in this
publication.
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Recent Developments in Pigeonpea Breeding
in Uganda

P R Rubaihayo?

Introduction

Pigeonpea is considered the most important grain legume in northern Uganda and the
second most important (after cowpea) in the northeast. Despite theimportance of the crop to
alarge section of the population both as a source of income and a diet supplement, research
efforts in recent years have been limited. Apparently al the short-duration cultivars
developed in the 1970s have been lost and only long-duration (6-9 months) landraces can be
found — Apio Elena, Adong, Adyang, and Agogi. These landraces give low yields on
farmers’ fields: 300-600 kg hat, compared to over 2.5t ha' achievable on-station with new
high-yielding cultivars (Obuo et al. 1996).

Pigeonpearesearchin Ugandawasinitiated at Makerere University in 1968 with agrant
from the Rockefeller Foundation. Over 5000 lines were introduced from all over the world
and these formed the basis for a subsequent research program that included breeding work
and alied studies. The main objective of the breeding program then, was to develop high-
yielding short-duration cultivars adapted to Ugandan conditions. Considerable successwas
achieved and anumber of promising advanced lineswereidentified. Other work included: a
search for male sterility, studies on disease resistance, and development of composite
materials (Musaana et al. 1992).

Recent Efforts in Crop Improvement

Pigeonpearesearch effortswere abandoned in 1979 and resumed only in 1989 following the
initiation of the Pigeonpea Improvement Project for Eastern and Southern Africa by
I CRISAT, with funding from the African Devel opment Bank. The project hasimplemented
some work in Uganda. Silim et al. (1991, 1993) conducted surveys on traditional farming
systems, the predominant pigeonpea cultivars, and the most important pest and disease
problems in the major pigeonpea-growing areas. The surveys revealed that production in
traditional farming systems was very low, but could be improved by adopting better
genotypes, better farming systems, and finding the most appropriate and cost-effective
means of pest control. Out of these surveys came a recommendation to resume pigeonpea
research in Uganda.

Surveys were also carried out in Aug-Sep 1997 under a project sponsored by the
European Union. The surveys were implemented using a PRA approach and semi-
structured questionnaires. The main objective of this project was to identify the major
cropping systems and production (biotic or abiotic) constraints to pigeonpea, and develop

1. Department of Crop Science, Makerere University, PO Box 7062, Kampala, Uganda
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cheap and cost-effective pest control packages. To achieve these objectives, research was
initiated at three locations. Makerere University Agricultural Research Institute at
Kabanyolo (MUARIK), Serere Agriculture and Animal Research Ingtitute (SAARI), and
Ngetta experimental station to assess the performance of the new short-duration, high-
yielding selectionsin both sole and intercrop systems, and their response to pest attack.

Screening trials

During the 1990s, varieties were screened for agronomic traits, yield characters, adaptation
to farming systemsin north and northeastern Uganda, time to maturity (short- and medium-
duration lines selected), and insect resistance. Over 200 breeding lines from ICRISAT and
Nairobi University were evaluated at Serere and afew linesidentified for on-farm testing.
Kat 60/8, ICPL 87091, and ICP 6927 were found adapted to intercrop situations and
recommended for restricted release (Okurut-Akol et al. 1996). Severa genotypes are also
currently being evaluated to identify lines with good intercropping ability.

Kat 60/8, ICPL 87091, and ICP 6927 were evaluated during the 1997B and 1998A
seasonsin intercrops with finger millet and sorghum. The results showed that row ratios of
pigeonpea:finger millet/sorghum of 2:2 were the optima combination, giving Land
Equivaent Ratios of upto 1.6 (Rubaihayo et al. 2000). Similar resultswerelater reportedin
the 1999 seasons at both MUARIK and Ngetta (Owere 2000). These results clearly suggest
that the new pigeonpea lines are compatible in the pigeonpea/finger millet and pigeonpea/
sorghum intercrops common in the traditional system.

Eighty-four lines selected from screening trialsat MUARIK and SAARI wereplantedin
the 1999B season and evaluated for yield, agronomic characteristics, and pest damage. The
results are being analyzed. The crop was ratooned in the 2000A season to determine the
ratoonability of the lines. The selected lineswill be tested for their intercropping ability.

Genetic fingerprinting

A collection of the African and Asian pigeonpea germplasm is being screened using the
AFLPtechnique. African and Asian landraces and two local accessionswere planted inthe
2000A season for this study. This study will help determine the genetic diversity and
evolutionary relationship between the Asian and African accessions, which will help in
further research in pigeonpea breeding.

Pest management

Observations on pest management indicated that for optimal (cost-effective) control,
pigeonpea should be sprayed at the following times: ICPL 87091 during flower bud
initiation to pod formation, Kat 60/8 during pod formation to pod maturity (Rubaihayo et al.
2000). The results also indicated that determinate lines like ICPL 87091 were more
susceptible to pest attack than indeterminate lines like Kat 60/8. Akongo (2000) has shown
that intercropping pigeonpea with finger millet at different spatial arrangements had no
effect on pod borers, while pod-sucking bugs were significantly (p<0.05) reduced in a

<<> i



pigeonpea:finger millet intercrop, 3:3 row pattern. Studies on the effect of plant extracts
neem and Tephrosia showed a significant (p<0.05) reduction in pod damage, with greater
reduction of damage at higher concentration of the plant extracts. The results further
indicated that Tephrosiawas more cost-effective than neem.

Acknowledgments

A part of the research work reported in this paper was funded by the European Union under
the project “ Genetic improvement of pigeonpea and management of intercropping systems
in the semi-arid areas of East Africa’ (Contract no. ERBICIC 18CT 960130).

References

Akongo, T. 2000. Effect of cropping systems, planting time and use of different spray
materials on pest dynamics and damage of major pigeonpea field pests. MSc thesis,
Makerere University, Uganda.

Musaana, M.S,, Osiru, D.S.0., and Silim, N.M. 1992. Pigeonpea production and research
in Uganda. International Pigeonpea Newdletter 16 (Aug 1992):37-40.

Obuo, J.E., Okurut-Akol, F.H., and Silim, S.N. 1996. Effect of spacing on yield of two
pigeonpea cultivarsin Uganda. Pages 98-100 in Improvement of Pigeonpeain Eastern and
Southern Africa: Annual Research Planning Meeting, 11-12 Oct 1995, Lilongwe, Malawi
(Silim, S.N. and Tuwafe, S., eds). Patancheru 502 324, Andhra Pradesh, India: ICRISAT.

Okurut-Akol, F.H., Silim, SN., and Opio, C. 1996. Pigeonpea on-farm research and
demonstrations in northern Uganda. Pages 101-103 in Improvement of Pigeonpea in
Eastern and Southern Africa: Annual Research Planning Meeting, 11-12 Oct 1995,
Lilongwe, Malawi (Silim, S.N. and Tuwafe, S., eds). Patancheru 502 324, Andhra Pradesh,
India: ICRISAT.

Owere, L. 2000. Effect of row pattern and plant population on different pigeonpeacultivars
intercropped with finger millet. M Sc thesis, Makerere University, Uganda.

Rubaihayo, P.R., Osiru, D.S.0O., and Okware, P. 2000. Performance of pigeonpeaand its
finger millet and sorghum intercrops. African Crop Science Journa 8(1): 49-62.

Silim, S.N., Johansen, C., and Chauhan, Y.S. 1991. Agronomy of traditional and new
cropping systems of pigeonpea and potential for Eastern Africa. Pages 17-30 in
Proceedings of the First Eastern and Southern Africa Regional Legumes (Pigeonpea)
Workshop, 25-27 Jun 1990, Nairobi, Kenya (Laxman Singh, Silim, S.N., Ariyanayagam,
R.P, and Reddy, M.V., eds). PO Box 39063, Nairobi, Kenya: EARCAL Program, |CRISAT.

Silim, N.M ., Musaana, M .S., Ugen, M .A., and Areeke, T.E.E. 1993. Survey of pigeonpea
production and post-production systems in three districts of Uganda. Pages 67-73 in
Improvement of Pigeonpea in Eastern and Southern Africa: Annual Research Planning
Meeting, 25-27 Oct 1993, Bulawayo, Zimbabwe (Silim, S.N., Tuwafe, S., and Laxman
Singh, eds). Patancheru 502 324, Andhra Pradesh, India: ICRISAT.

AR I o

38



Discussions — Technology Development

Introduction of short-duration material

L ong-duration varietieswere part of thetraditional cropping systemin Eastern and Southern
Africa. In addition to medium- and long-duration varieties, the Pigeonpea Project sought to
promote short-duration varieties that were new to the region. This was done for three
reasons.

e There was a clear need to improve yield and other characteristics of pigeonpea in
traditional cropping systems. In research termsit was easier to improve the phenology of
short-duration varieties (and thusfit them into traditional systems) thantoimproveyield
and other characteristics of medium- and long-duration varieties.

» Considerable experience and germplasm was available from ICRISAT-India on high-
yielding short-duration pigeonpea.

e Although most indigenous germplasm was of long duration, some lines with medium
and short duration were collected from Eastern Africa, which could provide a base for
geneticimprovement.

Notethat the Project did not focus exclusively on short-duration varieties. Considerable
effort went into medium- and long-duration types: disease/pest management, phenology,
adaptation, yield, ratoonability, and other farmer-preferred characteristics.

Both short and medium/long duration groups have their advantages and disadvantages.
In terms of adoption, it may be easier to promote a crop type that promises alarge, visible
difference (e.g. earliness) rather than new medium- or long-duration types where
improvements will be incremental and not always apparent to farmers. On the other hand,
medium- and long-duration types could be promoted by emphasi zing the continuous harvest
they provide, in addition to other benefits such asfuelwood, nitrogen fixation, suitability for
intercropping, and ratoonability.

Variety release

Variety releases are sometimes targeted at the wrong regions or the wrong soci o-economic
groups (e.g. ICPL 87091 in Uganda). Varieties are usually released for cultivation country-
wide, although targeted release in afew districts would be more appropriate. In some cases
farmers, after growing a released variety that is unsuitable for the area (either poorly
adapted or not suited to local cropping priorities), are skeptical about new research
products.

A new variety must be released together with a management package, without which
farmers will be unable to benefit fully from the high yield potential of the variety. For
example, varieties are tested on-farm with pest management, but released without
accompanying recommendations on pest control.
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Phenology

Manipulation of phenology does not necessarily mean accelerating the growth cycle, but
adjusting the cycle to maximize benefits. For example, in cool areas away from the equator,
long-duration types may flower or mature before the maize harvest. In such cases it is
necessary to slow down their phenology to avoid competition in the maize/pigeonpea
intercrop.
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Inheritance of Resistance to Fusarium Wilt
in Pigeonpea

D A Odeny!

Introduction

Pigeonpeais one of the major pulse crops of the tropics and sub-tropics. It performswell in
marginal environments and has the inherent ability to withstand environmental stresses,
especially drought. In recent years, it has become one of the most sought after cropsin plant
introduction trials aimed at bringing new areas under cultivation. Thisisduetoitsability to
grow and produce grain under conditionswhere most other cropsdo not survive. Despiteits
importance in Kenya and elsewhere in the region, little concerted research effort has been
directed at either crop improvement or technology transfer. Yieldsonfarmers' fieldsarelow
and a number of factors are responsible — drought, lack of improved cultivars, poor crop
husbandry, pests, and diseases (Ndiritu 1994).

Pigeonpea diseases have been reported to be of minor importance in the past in Eastern
Africa(Acland 1971). However, recent surveysin magjor pigeonpea-growing areas of Kenya
show that fusarium wilt and cercospora leaf spot are diseases of economic concern
(Kannaiyan et al. 1984, Songa et al. 1991). Fusarium wilt (Fusarium udum Butler) is the
most important soilborne disease throughout the pigeonpea growing areas of Kenya —
average reduction in plant stand of 10% (Songa et a. 1991) and 16% (Kannaiyan et a.
1984) have been reported. Surveyscarried out in 1980 estimated wilt incidenceto be 60%in
Kenya, 36% in Malawi, and 24% in Tanzaniawith annual losses of US$ 5 millionin each of
these countries (Subrahmanyam and Tuwafe 1995). Although it has been suggested that wilt
incidence can be reduced by various practices, for example pigeonpea-cerea rotation,
fallow, green manuring, zinc application, rotation with tobacco, and time of planting, host-
plant resistance is probably the cheapest and most effective management practice.

Understanding the inheritance of characters in pigeonpea would enable breeders to
improve sel ection efficiencies with respect to aparticular trait. Inheritance of fusarium wilt
resistanceisnot well understood. Relatively little work has been reported on the genetics of
resistance despite the fact that breeding programs aimed at developing wilt-resistant
pigeonpea have been conducted since the early 1900s. The few reports avalable are
conflicting and have failed to provide a complete picture of the genetics of resistance
beyond indicating that afew genesareinvolved (McRae and Shaw 1933, Green et al. 1981).
It is only when this is known that a correct breeding program can be designed. This
experiment was carried out in order to achieve this objective.

1. Department of Crop Science, University of Nairobi, PO Box 30197, Nairobi, Kenya
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Materials and Methods

Four wilt-resistant lines (ICP 8863, ICPL 87119, ICEAP 00040, ICEAP 00536) and four
susceptiblelines (Kat 60/8, NPP 670, |CPL 93027) were studied. All the parental lineswere
grown under glasshouse conditions. A single 3m row for thefirst planting, double 3 mrows
for the second planting, and triple 3 m rows for the last planting represented each cultivar.
Planting was done at an interval of 1 month to ensure synchronization of flowering among
the early, medium, and long-duration groups. Frequent weeding and spraying against insects
and diseases was done to reduce | osses.

Crossing. Crossing was done under glasshouse conditions using hand emasculation and
pollination. F, seeds were divided into three. The first lot was planted and allowed to self
and F, harvested. The second lot was planted and backcrossed to both the resistant and
susceptible parents. The third lot was kept.

Evaluation for resistance. All theF,, Backcross1 (BC,), Backcross 2 (BC,), and F, were
evaluated in sick pots under glasshouse conditions. BC, was a cross between F, and the
resistant parent while BC, was a cross of F, to the susceptible parent. On average, 40 seeds
each for the parents and F, 200 seeds for the F, and 40 seeds for each backcross generation
were used.

Preparation of inoculum. An isolate of the fusarium wilt fungus from Kiboko, a major
pigeonpea-growing areain Kenya, was used. A single conidia culture was multiplied on
100 mL of potato dextrose broth in apetri dish that was placed on arotary shaker for 10 days
at 25-30°C. The contents of the flask were diluted with sterile distilled water to a final
inoculum concentration of 1 x 108.

Preparation of the pots. Soil was mixed with sand at a ratio of 3:1, respectively. The
mixture was sterilized in an autoclave for 4 h. It was then placed in pots in the glasshouse.
Seedswerefirst pre-germinated in sterile riverbed sand. The seedlings were transplanted a
week after germination. The pots containing soil and sand mixture were thoroughly watered
a day before transplanting. Moisture level was maintained at or near field capacity. The
inoculum was harvested and placed in a beaker. During transplanting, the seedlings were
gently removed from the sand, the roots cleaned, then trimmed with a sterile surgical blade,
and dipped into the inoculum for 10 minutes before finally transplanting into the pots. The
rootswere trimmed to provide apoint of entry for the pathogen. Controls of both susceptible
and resistant lines were used for every batch. The controls were divided into two lots: one
inoculated and the other non-inoculated. Pots were kept in the glasshouse for two months
and wilting of the host observed. The pathogen wasre-isolated from the wilted plantsand its
pathogenicity re-confirmed.

Data collection and plot design. All the test lines were grown in a randomized complete
block design with four replicates. Disease onset and progress was monitored and the wilted
plantsrecorded every week for 2 months. A 1-9 disease scalewas used, where 1 = novisible
symptoms and 9 = very severely diseased or dead. The various segregation ratios were
calculated and tested using Chi-square (P < .05).
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Results and Discussion

Thefourth week datawas considered the most reliable to usein the analysis because during
this period, al the susceptible controls had wilted. Results are shownin Tables 1, 2, and 3.

In Table 1, data from one cross (ICPL 93027 x ICEAP 000536) showed 9S:7R
(susceptible/resistant) segregation ratios for the F,, 1.1 for backcross 1, and all susceptible
for backcross 2. This confirmed a case of duplicate recessive genes for resistance with the
following possihilities:

Resistant parent aabb
Susceptible parent AABB
F, AaBb
F,—9/16: Susceptible A B_
7/16: Resistant A_bb, aaB_, aabb

Table 2 gave a segregation ratio of 13:3 for the F,, 1:1 for BC, and all susceptible for
BC,. This meant that for this particular cross, there was complete dominance at both gene
pairs but the susceptibility gene when dominant was epistatic to the resistant gene.
Therefore the dominant A genefor resistance did not produce an effect in the presence of a
dominant susceptibility gene (inhibitor). The possible genotypes therefore were:

Susceptible parent aaBB

Resistant parent AAbb

F, AaBb (susceptible)
F A_bb: 3/16 resistant

2

A_B_:9/16 susceptible
AaB_: 3/16 susceptible
Aabb: 1/16 susceptible

Table 3 gave segregation ratios of 10:6 for F,, 1:1 for BC and 1.3 for BC,. This meant
that for al the crosses included in Table 3, there was partial dominance at both gene pairs
and that for each partially dominant gene, there was an additive effect. Resistance would
therefore be at different levels. Possible genotypes were:

AADbb — Susceptible parent

aaBB — Resistant parent

AaBb —F,: Susceptible

F, would have the following segregation:
1/16: AABB —Resistant level 10
2/16: AABb —Resistant level 8
2/16: AaBB —Resistant level 7
1/16: AAbb —Resistant level 6
4/16: AaBb —Resistant level 5
1/16: aaBB —Resistant level 4
2/16: Aabb —Resistant level 3
1/16: asbb —Resistant level 1

The first four resistant levels were considered resistant while the last four were
susceptible.
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Table 1. Segregating ratio between wilt-resistant and susceptible plants in various
gener ations and backcrosses.

Observed Expected
Pedigree Generation R* S R* S X2 P
ICPL 93027 P1 - 56 - 56
ICEAP 000536 P2 148 - 148 -
ICPL 93027 x ICEAP 00536 F - 14 - 14
ICPL 93027 x ICEAP 00536 F, 38 59 42 55 0.67 5%
F,x ICEAP 000536 BC, 3 9 3 9 -
F,x ICPL 93027 BC, - 14 - 14

Table 2. Segregating ratio between wilt-resistant and
gener ations and backcrosses.

susceptible plants in various

Observed Expected
Pedigree Generation R* S R* 5§ X2 P
NPP 670 P1 - 65 - 65
ICEAP 00040 P2 24 - 24 -
NPP 670 x ICEAP 00040 F, - 71 - 71
NPP 670 x ICEAP 00040 F, 30 147 33 144 033 5%
F,x ICEAP 00040 BC, 6 11 85 85 146 5%
F,x NPP 670 BC - 35 - 35 -

2

Table 3. Segregating ratio between wilt-resistant and susceptible plants in various
gener ations and backcrosses.

Observed Expected
Pedigree Generation R* S R* Sy X2
Kat 60/8 P1 - 38 - 38
ICPL 87119 P2 49 - - 49
Kat 60/8 x ICPL 87119 F - 14 - 18
Kat 60/8 x ICPL 87119 F, 74 133 78 129 0.33
F,x ICPL 87119 BC, 28 35 315 315 0.78
F,x Kat 60/8 BC, 16 43 15 45 0.17
Kat 60/8 P1 - 20 - 20 -
ICP 8863 P2 51 - 51 - -
Kat 60/8 x ICP 8863 F - 17 - 17 -
Kat 60/8 x ICP 8863 F, 82 135 81 136 0.0196
F,x ICP 8863 BC, 7 10 85 8.5 0.029
F,x Kat 60/8 BC, 10 34 11 33 0.324

R* =resistant, S* = susceptible

Chi at 5% level of confidence, 1 df =3.84
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The differences in the segregation values seen above for Tables 1, 2 and 3 could be
explained by thefact that the source of resistance used in every tablewas of different origin.
In Table 1, the source of resistance was of African origin but had been improved using
Indian material. In Table 2, the source of resistance was of East African origin. The rest
were rather uniform because the sources of resistance were all of Indian origin.

The results from these experiments showed that the genes for this trait are controlled
differently depending on the origin of the resistance source used in aparticular cross. It was
also observed that there are genetic differences between pigeonpeas of Indian origin and
those of African origin.
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Yield Losses due to Field Pests and Integrated Pest
Management Strategies for Pigeonpea — a Synthesis

E M Minja!

Introduction

Pigeonpea is a major legume crop in the tropics and sub-tropics, and accounts for 5% of
world legume production (Hillocks et al. 2000). It is till a neglected crop in terms of the
amount of research done on it, despite its many uses. There is great potential for the
expansion of the crop in the semi-arid regions of Africa, whereit could counteract declining
soil fertility. One main constraint to expansion of pigeonpea production is its susceptibility
to insect pests and diseases. The most important insect pests in the region are those
that attack the crop at the reproductive stage and during storage; they include the pod-
sucking bugs (dominated by Clavigralla tomentosicollis Stél), pod borers (Helicoverpa
armigera Hubner, Maruca vitrata (= testulalis) Geyer, Etiella zinckenella Treitschke,
Lampides spp), pod fly (Melanagromyza chalcosoma Spencer), and bruchids
(Callosobruchus spp) (Table 1).

Considerable work has been done by national programsin Eastern and Southern Africa
and by ICRISAT in devel oping high yielding short-, medium-, and long-duration pigeonpea

Table 1. Major field insect pests on pigeonpea in Kenya, Malawi, Tanzania, and
Uganda.

Pest status*

Order/Scientific name Family Kenya Maawi  Tanzania Uganda
Diptera

Melanagromyza chalcosoma Spencer Agromyzidae 1 3 1 1
Hemiptera

Clavigralla tomentosicollis Stal Coreidae 1 1 1 1
Lepidoptera

Helicoverpa armigera Hubner Noctuidae 1 1 1 1

Maruca vitrata (= testulalis) Geyer Pyralidae 1 1 2 1

Etiella zinckenella Treitschke Pyralidae 2 2 2 2

* 1= Serious, widely distributed, causes heavy economic losses. 2 = Common, causes widespread concern. 3 = Occasionally
serious, sporadic or of local importance
Source: Minjaet a. 1999

1. International Crops Research Institute for the Semi-Arid Tropics, PO Box 39063, Nairobi, Kenya
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genotypes. These have been tested at various locations in each country. The short-duration
genotypes have great potential in areas with reliable irrigation and can escape drought in a
truncated rainy season. However, the determinate types that mature in 3-4 months have
disadvantages to smallholder farmers because their determinancy makes them more
vulnerable to flower- and pod-feeding insects.

Yield losses due to field insect pests on pigeonpea in farmers fields in Eastern and
Southern Africa during 1995/96 are shown in Table 2. Analysis of damage levels by each
pest group indicated that pod-sucking bugs caused more damage in Malawi and Kenya,
while pod borers caused more damage in Tanzania and Uganda (Table 3). Pod fly caused
more damage in Kenya than in the other countries. Pod fly damage was high in crops
maturing during cool weather; pod borer damage was high on crops maturing during warm
weather, and damage from pod-sucking bugs was high regardiess of weather conditions.
Greater variations in losses were observed between locations in Kenya, Maawi, and
Tanzaniathan in Uganda. Warm and dry locations had smaller yield losses than warm and
humid, cool and dry, or cool and humid locations (Minja et al. 1999).

Losses Associated with Pest Groups

Pod-sucking Hemiptera

A large number of Hemiptera, mainly inthefamilies Alydidae, Coreidag, and Pentatomidae,
feed on pigeonpea and are commonly referred to as pod-sucking bugs (Lateef and Reed
1990). A few species are widespread and serious pests of pigeonpea. The most important
are coreids, Clavigralla (= Acanthomia) spp, Anoplocnemis spp, Riptortus spp, and
Mirperus spp. Research efforts have concentrated on three Clavigralla species:

Table2. Mean yield losses (%) duetofield insect pestson pigeonpeain farmers fields,
1995 and 1996.

Country Mean yield loss
Uganda 16
Kenya 22
Tanzania 14
Malawi 15

Table 3. Contribution (%) of field pest groups to pigeonpea yield losses in four
countries.

Pest group Uganda Kenya Tanzania Malawi
Pod-sucking bugs 30 52 47 69
Pod borers 53 22 50 28
Pod fly 17 26 3 3
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C. tomentosicollis Stal which iswidespread in sub-Saharan Africa, C. scutellaris Westwood
which isfound from Kenya through Yemen, Oman, Pakistan and India (Dolling 1979), and
C. gibbosa Spinolawhichisrestricted to Indiaand Sri Lanka. Three additional Clavigralla
species are also associated with pigeonpea: C. shadabi in Western and Central Africa,
C. elongata Signoret in Eastern and Southern Africa, and C. horrida Germar in Zimbabwe
and South Africa. The last two species are similar and often confused in the field and in
literature (Shanower et al. 1999).

Adults and nymphs feed on pigeonpea by piercing through the pod wall and extracting
nutrients from the developing seeds. Damaged seeds are dark and shriveled, they do not
germinate, and are not acceptable for human consumption (Materu 1970). In Tanzania,
Materu (1970) reported that more than 50% of pigeonpea seeds were disfigured and
unmarketable because of pod-sucking bug damage. In Malawi, pod-sucking bugs accounted
for 60% and 75% of pigeonpeaseed lossesinfarmers' fieldsin 1995 and 1996, respectively.
In Kenya, Tanzania, and Uganda losses ranged between 35 and 65% (Minja 1997).

Pod-feeding Lepidoptera

Worldwide, over 30 species of Lepidoptera in six families feed on the reproductive
structures of pigeonpea (Shanower et al. 1999). The most important speciesin Eastern and
Southern Africa are Helicoverpa armigera, Maruca vitrata, Etiella zinckenella, and
Lampides spp. H. armigera larvae feed on seedling foliage, flower buds, flowers, and
developing seeds. M. vitrata and Lampides larvae feed on flower buds, flowers, and
developing seeds. E. zinckenella larvae feed on maturing and drying seed inside the pods.
No detailed studies have been conducted on pigeonpea pod borers in the region. Results
from surveysin farmers fields in Kenya, Maawi, Tanzania, and Uganda, and on-station
trialsin Kenyaand Maawi, have indicated that pod-feeding L epidopteralarvae accounted
for 5-35% of the seed losses on pigeonpea genotypes (Minja 1997).

Seed-feeding Diptera

Thelarvaof the pigeonpea pod fly, Melanagromyza chal cosoma, feed on devel oping seeds
within the pod (Minja1997). A second species, M. obtusa Malloch, appearsto be restricted
to Asia. Both species feed only on pigeonpea and related species within the subtribe
Cajaninae. Pod fly damage has been reported from several countries. Extensive studieshave
been conducted on M. obtusa in Asia (Shanower et al. 1998). Although M. chalcosoma has
not been studied as extensively, it seemsto occupy asimilar ecological niche (Minja1997).
The difference between these two speciesisthat a single seed locule contained more than 2
larvae/pupaof M. chalcosoma (up to 40 larvae/pupawere observed per pod of five seedsin
Kenya) compared to 1 or 2 for M. obtusa in India. In Eastern and Southern Africa, pod fly
accounted for up to 4%, 7%, 13%, and 46% of seed losses in Malawi, Tanzania, Uganda,
and Kenya, respectively (Minja 1997).
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Influence of Sowing Date on Yield Losses

Theinfluence of sowing date on yield losses was studied at three locationsin Kenya. Two
short-duration genotypes, determinate | CPL 87091 and indeterminate Kat 60/8, were sown
in Nov, Jan, and March at Kiboko. The Jan and March sowings were planned to coincide
with the maturity times for medium- and long-duration genotypes, respectively. In another
study, short-, medium-, and long-duration genotypes were sown at Mtwapa (50 m atitude),
Kiboko (920 m), and Kabete (1825 m). The cropswere grown with and without insecticides
to enabl e the assessment of avoidable yield losses.

Mean grain yield losses increased with delayed sowing: 62%, 68%, and 74%
respectively for Nov, Jan, and Mar sowing dates (Table 4). Grain yield losses for Kat 60/8
weresimilar for different sowing dates, whilelosses on |CPL 87091 increased with delay in
sowing. Mean yield losses across|ocationswere similar, 40-46% in crops planted in April at
Mtwapa, March at Kiboko, and Oct at Kabete (Table 5).

Yield losses due to pod borers were higher on crops flowering and maturing during
warm weather than on crops maturing during cool weather (Table 6). In contrast, losses due
to pod fly were very low during warm weather and high during cool weather. L osses due to
pod-sucking bugs were high in all weather conditions.

Table 4. Mean yield losses (%) due to field insect pests on two short-duration
pigeonpea genotypes sown on different dates at Kiboko, Kenya, 1995 and 1996.

Genotype Nov sown Jan sown Mar sown
ICPL 87091 63 70 82

Kat 60/8 60 67 67
Mean 62 68 74
SE+ 1.7 13 2.6
CV (%) 117 9.2 17.1

Table 5. M ean pigeonpeayield losses (%) dueto field insect pestsat threelocationsin
Kenya, 1995 and 1996.

Genotype Mtwapa Kiboko Kabete
ICPL 87091 42 35 36
Kat 60/8 36 29 32
ICP 12734 39 43 64
KAT 81/3/3 45 51 53
Mean 40 40 46
SE+ 12 2.8 3.4
CV (%) 10.1 15.7 34.4

51

44>



Table 6. Mean yield losses (%) due to field pests on pigeonpea maturing at different
dates at Kabete and Kiboko, Kenya.

Kabete Kiboko
Nov Jan Mar Nov Jan Mar
Pod-sucking bugs 6 14 23 22 38 37
Pod borers 2 7 8 9 4 3
Pod fly 8 11 10 9 5 5

Management Strategies

Pigeonpea pest management is complicated by several factors. The crop is attacked by at
least three pest groups with very different biologies. These differences include host range
(oligophagous to highly polyphagous), apparency (feeding on the plant versus concealed
feeding), and feeding mode (chewing versus piercing and sucking). The pests aso have
highly variable population dynamics across years and locations, and at least one,
H. armigera, has devel oped high level s of resistanceto several insecticides (Shanower et al.
1999). The key pests are all direct pests, feeding on the portion of the crop most valued by
humans, and each is capabl e of completely destroying acrop. Economic thresholds have not
been developed for any pest of pigeonpea. Another obstacle to progress in pigeonpea pest
management isthat it has been considered amarginal crop or isthe neglected component of
a mixed cropping system and is thus given less attention by farmers, crop protection
specialists, and policy makers.

The primary focus of pigeonpea pest management has been on H. armigera and
M. obtusa in India, with emphasis on chemical control and host plant resistance (L ateef and
Reed 1990). A major change in farmers pest management practices has been the
widespread adoption of synthetic pesticides as the primary method of pest control in some
areas (Shanower et al. 1999). InIndia, calendar spraysare recommended and followed, with
the first application at 50% flowering and the second and third applications at 15-day
intervals. Farmersin southern Indianow apply pesticides 3-6 times per season (Shanower et
al. 1999). This change has occurred over a period of about 10 years, and there are
indications that pigeonpeafarmersin Africamay follow asimilar trend (Minja1997). The
rapid increase in pesticide use on pigeonpeais alarming and emphasizes farmers concern
with insect pests. The trend also highlights the need for safe and effective management
strategies.

The use of aternative insecticides such as plant-derived products (e.g. neem,
Azadirachta indica) and insect pathogens, particularly the Helicoverpa nuclear
polyhedrosisvirus (NPV), is considered to be safer for humans and the environment, and to
cause less damage to beneficial organisms than conventional insecticides. Neem products
have traditionally been used in storage in India. Commercially formulated neem products
are available in many countries, although results on pigeonpea have been inconsistent. The
use of NPV to control H. armigera has received much attention, particularly in India,
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though reliable control on pigeonpea has not been obtained (Shanower et a. 1999). Both
neem and NPV products suffer from poor and highly variable quality and a more limited
distribution network than conventional insecticides. These problems must be overcome
before these products can be considered effective and practical alternative control methods.
The possibility of farmers or farmer cooperatives producing and using plant-derived or
insect pathogen products on a local scale should attract the attention and resources of a
number of organizations.

The development of insect-resistant and/or tolerant genotypes has been a high priority
for both national and international research programsfor many years. Pigeonpealineswith
resistanceto either or both pod borers and pod fly have been reported, but little progresshas
been made in incorporating resistance in genotypes that are widely cultivated by farmers.
Frequently theresistant linesareless preferred in terms of taste, seed color, and/or size, and
are often susceptible to diseases (Shanower et al. 1999).

Traditional pigeonpea landraces are medium- to long-duration and may have been
selected to avoid peak pest attack. Selecting companion crops or cultivars has also been
investigated as a means to minimize pest damage (L ateef and Reed 1990). The widespread
practice of intercropping longer-duration pigeonpeagenotypeswith one or more companion
crops may have evolved through farmers' desire to reduce risks of insect or other losses.
The companion crops are usualy harvested before pigeonpea flowers. Thus, when
pigeonpeaismost attractiveto thekey pests, it isfunctionally asole crop and thereis seldom
any reduction in pest damage relative to sole-cropped pigeonpea (Shanower et al. 1999).
Recently developed short-duration pigeonpea genotypes, which mature in less than 4
months, may offer new opportunities for cultural or agronomic manipulationsto minimize
insect damage.

Improving the impact of natural control agents is perhaps the most neglected area of
pigeonpea pest management research. Although a number of natural enemies have been
recorded from the key pests of pigeonpea (Minjaet al. 1999, Shanower et al. 1999), littleis
known of their effect on pest population dynamics. No reliable or comprehensivelife table
study has been published that eval uates the role and impact of natural enemies of any insect
pest on pigeonpea. A number of pigeonpeacharactersthat inhibit natural enemies have been
identified. Devel oping genotypesthat lack these characterswould be a practical approachto
improving natural enemy impact. Much more needs to be known of the pests and their
natural enemies, particularly in this region, before the feasibility of natural enemy impact
can be determined.

Knowledge of theimpact, dynamics, and ecology of the pests and their natural enemies
isessential before effective control strategies can be devel oped. These studies must focuson
cropping systems as pigeonpeais frequently one component of a complex farming system.
Other tropical legumes are particularly important because they share a number of pestsand
natural enemieswith pigeonpea. Thereisno short-cut or magic bullet to reducelosses dueto
insect pests immediately. Progress will be incremental, and in the short term, the greatest
impact may come from improving insecticide application. This would involve enhancing
the skills needed to scout fields and properly mix and apply insecticides and providing
unbiased information on the relative risks and benefits of different insecticides. A strategy
for the medium term should concentrate on developing improved genotypes that combine
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high yield and disease and insect resistance into backgrounds with consumer-and market-
preferred agronomic characters. Longer term solutions must focus on ways to enhance
natural enemy control processes, either by introducing exotic natural enemy species or by
enhancing the effectiveness of endemic species.
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Past and Current Studies on Ecology and
Management of Insect Pests of Pigeonpea

S Kyamanywa, T Akongo, and P R Rubaihayo?

Introduction

Pigeonpeaisanimportant source of proteinin the drier areas of Uganda. Yieldson farmers
fields average 300-600 kg ha?, compared to 1.4 t ha! obtained at experimental stations
(MAAIF 1992). One of the causes of low pigeonpeayieldsin most regions of the world is
heavy insect damage. Over 200 arthropod species have been reported to feed on the crop
(Reed and Latif 1990), but most of these are regarded as minor (Reed et a. 1989). Insect
pests damage all parts of the pigeonpea plant from roots to flowers, pods, and seeds. This
paper summarizes previous and ongoing studies on the ecology and management of
pigeonpea pestsin Uganda.

Previous Work

Pest species

The earliest attempt to document insect pests of pigeonpea in Uganda was by Le Pelly
(1959), who listed 51 species as feeding on the crop — 23 hemiptera, 23 lepidoptera,
1 dipteran, 3 coleoptera, and 1 orthopteran. Thirty-five years later, Night and Ogenga-
Latigo (1994) recorded 19 insect species as either common or rare pests of pigeonpeain
Uganda, of which they considered eight to be important — Aphis craccivora, Clavigralla sp,
Helicoverpa armigera, Maruca testulalis, Exelastis atomosa, Lampides boetius, Etiella
zinckenella and Melanagromyza chalcosoma. They claim to have found seven species as
new records on the crop in the country. However, they did not study the distribution of the
various species. More importantly, the study was conducted in a predominantly non-
pigeonpea growing area, and therefore may not represent the correct or typical situation.

In 1995 and 1996, surveysconducted infarmers’ fieldsin Uganda (Minja1997) identified
six insect species as the major field pests — Melanagromyza chalcosoma, Clavigralla
tomentosicallis, Etidla zinckendla, Helicoverpa armigera, Maruca testulalis, and Maruca vitrata.

The difference in the number of species between these two studies may be due to
differences in study areas and varieties: Minja studied mainly landraces, while Night and
Ogenga-Latigo used improved short- and medium-duration varieties, which may be
susceptible to awider range of pests. Also, Night and Ogenga-L atigo considered all pests,
while Minja focused on pests that occur regularly (as opposed to species that occur
sporadically but cause heavy damage).

1. Department of Crop Science, Makerere University, PO Box 7062, Kampala, Uganda
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Losses caused by insect pests

No detailed yield loss assessment studies have been conducted. However, Minja (1997)
reported that 14% and 16% of podsin Apac and Liradistrictsrespectively were damaged by
pod borers; while sucking bugs were responsible for 3% and 6% seed damage in Apac and
Lirarespectively. Podfly caused 4.4% and 2.0% damage in Apac and Lira. Rubaihayo et al.
(2000) demonstrated that applying chemical insecticides during the flowering and podding
stages controlled damage due to pod-sucking bugs, pod borers, and pod fly, and resulted in
a43% increase in pigeonpea grain yield. However, no attempt was made to apportion the
total losses among different pests, or to establish economic injury levels.

Control of insect pests

Surveysby Minja(1997) have shown that very few farmersin northern Ugandacontrol field
insect pests of pigeonpea. Apart from insecticides there are no established control methods
for pigeonpea pestsin Uganda.

Ongoing Research

Itis apparent that information islacking in several areas:

» Damage-yield relationships and threshold (economic) injury levelsfor different pests
e Appropriate intervention methods
» Population dynamics and ecology of insect pests.

Some of these aspects are being handled under the European Union Project, with additional
funding from NARO, which focuses on pod borers and pod-sucking bugs. Project activities
include:

Effect of intercropping on population densities of pod borers and pod-sucking bugs
Effect of planting time on pest incidence and damage

Assessment of losses

Effects of biorationals.

Effect of intercropping

Effects of intercropping pigeonpeawith finger millet on pest occurrence/damage at podding
were studied at two locations — Makerere University Agricultural Research Ingtitute
Kabanyolo (MUARIK) and Ngetta, a traditional pigeonpea-growing area. Two
intercropping patterns and sole crop were studied. The intercrop patternswere (i) 2 rows of
finger millet alternating with 2 rows of pigeonpea, (ii) 3 rows of finger millet aternating
with 3 rows of pigeonpea.

Resultsare shown in Table 1. Pod borers were not affected by the intercropping pattern,
but pod-sucking bugs were reduced by widely spaced pigeonpea rows. The proportion of
seed damage was lowest in the 3:3 intercrop. Damage in the sole crop and the 2:2 intercrop
were high and similar. Thus, while the dataon 2:2 versus 3:3 patterns are not conclusive, it
islikely that widely spaced rows (or groups of rows), e.g. 3:3, will reduce insect damage.
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Table 1. Effect of intercropping on total percentage seed damage by pod and seed
pests, MUARIK and Ngetta, Uganda.

Cropping system MUARIK Ngetta
Sole crop 232+4 21.4+1.05
Millet:pigeonpea intercrop 2:2 228+21 23.8+0.2
Millet:pigeonpeaintercrop 3:3 195+27 170+ 27

Table 2. Effect of planting time on percentage seed damage by pod and seed pests,
MUARIK and Ngetta, Uganda.

Planting time Pod borers Pod-sucking bugs  Pod fly
MUARIK Onset of rain 8.8+ 175 10.9+ 3.75 1.7+02
2 weeks after onset of rains 7.4+ 1.75 84+14 1.3+0.15
4 weeks after onset of rains 4.9+ 2.25 13.3+1.35 1.1+0.25
Ngetta Onset of rain 9.9+ 3.60 13.1+2.95 53+ 0.35
2 weeks after onset of rains 8.8 + 0.70 11.0+1.0 4.6+ 0.45
4 weeks after onset of rains 7.8+ 2.45 155+ 0.55 3.1+055

Effect of planting date

L ate planting i ncreases damage by pod suckers but reduces damage by pod borers (Table 2).
Thus, appropriate cultural practices will depend on the relative importance of the pestsat a
given location. Thisistrue for planting date, and to some extent for intercropping pattern.

Effect of insecticide application on pest damage and yield

Application of dimethoate (400 g ai ha?) significantly reduced damage due to pod borer,
pod suckers, and pod fly at both locations. Thisincreased yieldsby 64% and 30%inthefirst
and second rains respectively at MUARIK; and by 110% and 30% at Ngettain thefirst and
second rains respectively (Fig. 1).

30 MUARIK 1000 Ngetta
g 25 =~ 800
e 20 ©
g 15 iﬁ 600 1
% 10 | § 4001
é 5 2001
0
1999a 1999b 1999a 1999b

Figure 1. Effect of dimethoate application on pigeonpea yield and pest damage at
MUARIK and Ngetta, first and second seasons 1999.
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Effects of biorationals

The effect of neem and Tephrosia on pest population densities was studied. The chemicals
were applied at three different concentrations — recommended rate, half the recommended
and twice the recommended rate. Recommended rates are: dimethoate 400 g ai hal, neem
36 g a hat, Tephrosia 134 kg leaves per ha.

Tephrosiaand neem did not significantly reduce the population density of pod borers or
pod-sucking bugs, while dimethoate significantly controlled the population density in both
pests, the effect increasing with increasing concentration (Table 3).

Although the botanicals did not significantly reduce pest population density, they
reduced pod damage significantly. Better control was obtained at higher concentration of
the botanicals.

The reduction in pod damage was reflected in higher yield. In all cases grain yield
increased with increase in concentration of chemicals. Application of dimethoate gave
better yields than biorationals. Applying dimethoate at double the recommended rate
increased yield by 64%. At the highest concentration, applying Tephrosiaresulted in higher
grain yield than application of neem.

Table 3. Effects of neem and Tephrosia extracts on pigeonpea pest population,
MUARIK and Ngetta, Uganda.

Concentration  Pod borers % pod Pod suckers % pod Yield
per plant damage per plant damage (kg hat)

Muarik
Untreated control 0 55 36.1 1.7 19.2 306.1
Neem 18 5.5 33.2 18 18.4 479.0
(g a per ha) 36 5.0 233 1.7 15.7 583.3
72 4.8 19.5 1.7 12.3 616.4
Fresh Tephrosia 67 5.6 21.7 15 18.0 458.3
(kg leaves per ha) 134 55 25.7 15 15.7 510.3
268 4.8 19.3 1.7 8.6 671.9
Dimethoate 200 2.4 233 0.9 14.5 736.5
(g a per ha) 400 1.9 13.3 0.1 9.5 839.2
800 0.5 12.1 5.0 908.5

Ngetta
Untreated control 0 20 42.8 18 34.7 155.0
Neem 18 1.8 333 14 19.7 263.9
(g a per ha) 36 1.8 314 13 15.3 359.0
72 1.7 21.0 15 10.9 374.9
Fresh Tephrosia 67 1.8 30.1 15 205 213.0
(kg leaves per ha) 134 18 274 15 13.8 270.3
268 1.8 14.3 15 9.1 417.3
Dimethoate 200 1.1 7.4 0.8 21.8 695.6
(g a per ha) 400 0.7 3.8 0.4 17.2 785.5
800 0.6 2.2 0.2 7.7 875.5
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Discussion

The present results indicate that damage caused by insect pestsis significant and warrants
control. In commercia farming, use of chemical insecticideswould have been the solution.
In such asituation the concern of the scientist would be to establish the economic threshold
and economic injury levels of the various pests and thus determine the appropriate
application rates.

Pigeonpea in Uganda is grown largely by subsistence farmers who cannot afford
pesticides; cheaper control methods are therefore needed, and Tephrosiawould appear to be
appropriate. The present studies showed that both neem and fresh Tephrosia significantly
reduced pod damage by the major insect pests; but benefit:cost analysis indicated that
Tephrosia was more cost-effective. The campaign to plant Tephrosia shrubs in pigeonpea-
growing areas needs to be intensified. However, we also need to look at the different
methods of preparing Tephrosia at farm level, and select the best method.

Theresults have a so demonstrated the effects of cultural practices on pest management.
Intercropping did not affect pod borers, but reduced pod-sucking bugs. Early planting
increased pod borer damage but reduced damage by pod suckers. Therefore to be able to
utilize cultural practices in pest management, it is important to establish which group of
pests causes most damage. This suggests the need for more detail ed studies on the damage/
yield relationship in different pest species.

The ecology of pod borers and pod-sucking bugs on pigeonpea has not been well
studied in Uganda. Consequently the “push and pull” approach cannot be easily put to use.
We need to understand what factors promote the colonization of pigeonpea (pull) and what
discourages colonization (push). Understanding of these factors is a prerequisite for
designing appropriate integrated pest management strategies.
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Cercospora Leafspot in Eastern Africa,
and Strategies to Reduce Yield Losses

E W Kimani?*

Introduction

Pigeonpea is grown in several countries in Africa, the main producers in Eastern and
Southern Africabeing Kenya, Malawi, Mozambique, Tanzania, and Uganda. Yield-limiting
factors include diseases, which cause considerable losses. After wilt, Mycovellosiella
leafspot is the most important pigeonpea disease in Eastern Africa, and occurs in all
countries in the region. Severity ranges from severe to low (Reddy 1991). The disease is
particularly severe in Uganda (Onim and Rubaihayo 1976), Zambia (Kannaiyan and
Haciwa 1990), and Kenya (Kimani 1988, Songa 1991).

Mycovellosiellaleafspot is known to cause yield losses as high as 75-85%, depending
on location and season (Reddy et al. 1993). Combined attacks of Mycovellosiella | eaf spot
and powdery mildew have been reported to cause 32% vyield losses in Malawi
(Subrahmanyam 1994).

Extensive literature reviews on Mycovellosiella leafspot are available (e.g. Kimani
1996). In Kenya, the disease was first reported by Muller (1950). It is recognized as the
most common leafspot of pigeonpea in areas with high rainfall or during wet growing
seasons in drier areas (Khan and Rachie 1972, Rubaihayo and Onim 1975, Onim and
Rubaihayo 1976, Onim 1980). The disease is widely distributed and causes considerable
yield losses. In Kenya, regular occurrence has been reported in farmers fields and
experimental plots in the lower semi-arid areas of Kiambu, Muranga, Embu, and Kitui
districts (Kimani 1988, Songa 1991, Songa and King 1994). It occurs in epidemic
proportions in high-altitude areas (1200-1700 m) in years when rainfall is heavy and the
rainy season extended (Songa et a. 1991). In Malawi the disease is prevalent in all major
pigeonpea-growing areas, especially those with high humidity (Subrahmanyam 1994).

Etiology of Mycovellosiella Leafspot

Mycovellosiellaleafspot is caused by the fungus Mycovellosiella cajani (Henn.) Rangel ex
Trotter syn. Cercospora cajani (Henn.) = Vellosiella cajani (Rangel) (Deighton 1974).
Conidia of M. cajani isolates attacking pigeonpeain Kenya have been described by Njoya
(1991) and Gatheca (2000). Their morphological characteristics are similar to those
described by Deighton (1974) for the genus M. cajani. The conidiaare borne at thetip of the
conidiophore, forming chains or acting as conidiophores. Conidiavary considerably in size,
ranging from 9-36 p by 4.5-6 p. The shape is also variable: sub-cylindrical, slightly
obclavate-cylindric, straight, rarely curved, or shoe-shaped. Distinct conidial scars are

1. National Pyrethrum Research Centre, PO Box 100, Molo, Kenya
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observed at the ends. Most conidia are aseptate or have one septum; occasionaly conidia
with 3-4 septa are observed. Conidiophores appear pale brown, smooth, septate or
continuous, straight or dlightly flexuous, irregular, cylindrical, and frequently narrowing at
the base. There is some variation in conidiophores. Some are short, some are terminal, and
others arise as lateral branches of secondary mycelial hyphae. Slight differences in
dimensions and shapes observed from those described by Deighton (1974) were attributed
to natural variations within the pathogen and environmental conditions.

Culture Requirements

Severa workers have reported that Cercospora species do not sporulate easily in culture; a
medium suitable for one species may not prove satisfactory for another (Goode and Brown
1970, Smith 1971). However, to create artificial epidemics, a quick method for spore
production is a prerequisite. Experiments were therefore conducted to establish suitable
environmental factors for the growth and sporulation of Mycovellosiella cajani in culture
(Njoya1991). Six mediawereinocul ated with asuspension of spores (2 x 10° conidiamL?)
from a sporulating colony of M. cajani. Numerous colonies occurred on pigeonpea | eaf
decoction agar (PLDA), and afair number on carrot |eaf decoction agar and potato dextrose
agar. There were very few or very small colonies on potato carrot agar, carrot agar, and
pigeonpeameal agar. All cultures were more or less similar in morphology, ranging from 1
to 3 mm in diameter (Njoya 1991). Colonies of M. cajani appear gray on PLDA (Njoya
1991, Gatheca 2000). Mycovellosiella cajani sporulated over awide rage of pH levels (pH
4-10), but optimally at pH 5. Sporulation occurred in all the three light regimes tested — 24
h dark, 24 hlight, and 12/12 h light/dark — but more colonies (higher sporulation) appeared
in the plates incubated in a 24 h light regime. Since sporulation occurred in continuous
darkness, it appearsthat no particular wavelength of light is necessary for spore production.
M. cajani was more fastidious in nutritional requirements for growth than for sporulation.
Sporulation occurred in all media, temperature, pH, and light regimestested so long asthere
was colony growth. Successive selective subculturing of the sporulating sections of the
colonies resulted in cultures with higher sporulation capacity (Njoya 1991).

Host-pathogen relationship

Conidia of M. cajani germinated at different rates. Germinated conidia on the |leaf surface
werefirst observed 6 h after inoculation of 120-day old plants (pigeonpeacultivar NPP 670)
in the glasshouse. Each conidium usually had 1-2 germtubes emerging from the cells. On
rare occasions more than two germtubes per conidium wereformed. Although most conidia
had germinated by the end of the 12 h period, penetration was observed 24 h after
inoculation. Germtubes did not form appresoriaand penetration was accomplished through
the stomata (Njoya 1991).

Gatheca (2000) studied penetration and colonization of M. cajani on resistant and
susceptible pigeonpea cultivars. She observed differences in spore germination and
colonization between resistant and susceptible cultivars. On the susceptible cultivar MKS
KO 161/1, spore germination occurred 3 h after inoculation. Germtube growth was rapid,
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side branches were produced near the stomata and grew directly into the opening. On the
resistant cultivar KZ 56, germtube growth was aso rapid and extensive but no stomatal
ingress was observed. Instead, growing germtubes passed above or beside them. More
penetration occurred in the susceptible cultivar 24 h after inoculation. Fifty days after
plant inoculation, conidiophores were observed in susceptible and moderately resistant
varieties, intertwined to form rope-like structures. No conidiophores were observed in
resistant varieties.

Colonization of the plant differed among susceptible and resistant genotypes (Gatheca
2000). M. cajani grew rapidly in susceptible cultivars and was observed in adjacent
epidermal cellsfrom the site of penetration, deep into the mesophyll and near the epidermis
of theleaf within 12 h of inocul ation. Cell collapse was seen in the mesophyl| directly below
the penetration site and in surrounding tissue 24 h after inoculation. In resistant varieties,
hyphae are limited to the epidermal cellsor afew adjacent cells penetrated first at about 18-
24 h after inoculation, after which growth of hyphae apparently ceased. The fungus
penetrated the host mostly through the stomata. However, direct penetration was aso
observed using a transmission electron microscope. Depressions on the cuticle were
evident, indicating pathogen ingress into the leaf tissues. Penetration channels were
narrower than the hyphae diameter, and fungal ingress was associated with slight wall
displacement. Direct penetration of the leaf appears to be through mechanical pressure, as
indicated by inward depression of the cell wall at the point of penetration. Results from this
study indicate that resistance to M. cajani isdueto limited conidial germination and limited
and delayed sporulation on resistant genotypes (Gatheca 2000).

Symptomatology and plant infection

M. cajani attacks all above-ground plant parts except flowers. Disease symptoms initially
appear only on the leaves but later lesions develop on stems, petioles, and pods. On the
leaves, the first evidence of the disease is either the appearance of breached irregular spots
or dark brown to black spots of lessthan 1 mm in size on the upper leaf surface. The spots
are either numerous or isolated on the leaflets and may or may not have ahalo around them.
Some of theleavesturn yellow and drop without further enlargement of the spots. Yellowing
of leavesis not related to the number of spots.

In some cases the leafspots spread to form acircular [esion 9 mm or more in diameter.
Thelarger spots are dark brown or gray. Some spots have concentric rings while others do
not. On the petioles, stems, and pods, the spots are dark and mainly circular or slightly
elongated. Later these lesions develop gray centers.

In the field, lower leaves get infected first and infection progresses upward to the top
leaves. In some short-statured genotypes such as NPP 670, the disease can progress very
rapidly if the outbreak is severe, and al leaves become severely infected. In glasshouse-
inoculated plants, leaves are usually equally susceptible regardless of their position. The
disease causes severe defoliation both in glasshouse-inoculated plants and in the field. In
most cases infected plants drop before turning yellow.

In case of very severe attack, leaves may develop blight symptoms, though this is not
very common. The blighted areasfirst appear as faded green patches that later turn to gray
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lesions which enlarge rapidly in favorable weather. Blight symptoms were observed at
Kabete in the field and in 1- and 2-month old glasshouse-inoculated plants (Kimani et al.
1994).

Epidemiology

Infection by M. cajani isfavored by prolonged periods of high moisture (Muller 1950, Khan
and Rachie 1972, Onim 1980). Serious disease outbreaks occur in seasons when rainfall is
high or extended late into the season, or when cloudy conditions persist even after the rains
(Songa 1991). Conidia germinate at temperatures of 15-30°C (Njoya 1991). In culture
(pigeonpealeaf decoction agar), growth and sporulation was best at 10 days of incubation;
the optimum conditions for incubation are temperature 20-25°C, 24 h light regime, and pH
5 (Njoya 1991).

Screening Techniques

Two methods have been used in Eastern Africato screen for leafspot resistance:

» Field screening under natural epidemics
» Artificial inoculation followed by screening in the glasshouse and in the field.

Screening under natural epidemics

This procedure was first used in Makerere University, Uganda, during 1971-75 (Onim and
Rubaihayo 1976). A total of 2107 cultivars were planted in single rows. Disease reaction
was scored 60 days after planting, and 134 single plants (early-maturing, resistant plants
with good yield potential) were selected at the pod-filling stage. Eleven lines from these
selections were evaluated at five locations in Uganda and Kenya. Disease reaction in the
progeny rowswas assessed by randomly plucking 18 |eaflets of approximately the same age
(1 leaflet per plant) from the main stem, halfway up the plant, and counting the number of
leafspots on each leaflet. All 11 lines were attacked by Mycovellosiella leafspot at all
locations. However, four lines (UC 796/1, 251/2, 2113/1, and 2568/1) showed promise,
with a combination of resistance and high grain yield. The marked difference in disease
level and grain yield observed between locations was closely associated with the amount
and duration of rainfall, with the disease being severein wet areas.

Other workers have al so eval uated pigeonpealinesfor resistance (Songa 1991, Njoyaet
al. 1991, Gatheca 2000). Songa (1991) evaluated 197 lines at Katumani, Kenya after a
serious outbreak of the diseasein all pigeonpeafields around the station. The rapid spread
of the disease was attributed to high rainfall that extended late into the season, and cold
cloudy conditions that persisted even after therains. A 9-class scoring scale was used, 1 =
highest level of resistance, 9 = extreme susceptibility. Most lines succumbed to the disease
and none could be considered highly resistant (the best scorewas 4). However, 15 lineswith
low to very low resistance were selected for further evaluation at different locations and
Seasons.
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Njoya et al. (1991) aso reported that out of 101 lines evaluated at Katumani, 13 lines
were found to be resistant, 20 moderately resistant, and 33 tolerant. Of the 60 lines
evaluated at Kiboko, 8 lines were resistant, 8 moderately resistant, and 13 lines tolerant. It
was observed that in early-maturing cultivars, susceptibility increased with physiological
age after flowering — at the pod-filling stage all five lines tested showed high susceptibility.
In contrast, in late-maturing cultivars susceptibility did not seem to depend on the stage of
plant growth. The two late-maturing cultivars used in the inoculated experiments showed
high susceptibility although they were till in the vegetative growth stage. So long asthere
was enough inoculum and environmental conditions in the field were favorable, the late-
maturing cultivars were severely affected. It thus appears that early-maturing cultivars
should be scored at mid-pod filling in order to avoid erroneous ratings due to delayed onset
and devel opment of the disease (Njoyaet al. 1991). Thus, astandardized rating scale should
include the age at which pigeonpea germplasm should be evaluated for |eaf spot resistance.

Artificial inoculation under controlled environment and
field screening

Numerous resistance screening techniques have been developed for other crops under
controlled conditions. The advantage of controlled environments is that screening can
usually be done throughout the year, and the process is relatively quick. A technique for
screening pigeonpeagermplasm for M. cajani resistance was evaluated in the glasshousein
Kabete (Njoya 1991). Inoculum was prepared by pipetting 1mL of conidial suspension (2 x
10° conidiamL 1) and spreading it evenly onto plates of host leaf decoction agar medium.
Theplateswereincubated at 20°C for 14 days. At the end of theincubation period 20 mL of
sterile distilled water was added to each culture plate and conidia were detached by gently
rubbing the culture surface with the sterile edge of a microscope slide. Inoculation in the
glasshouse and in the field was accomplished by spraying pigeonpea plants with conidial
suspension (2 x 10° conidia mL). Inoculation was repeated after 48 h. High humidity was
maintained after inoculation by covering the plants with polythene bags for 48 h in the
glasshouse. At the time of inoculation it wasraining at Kiboko and Kabete, and conditions
were favourable for infection. There was also alot of natural infection in the fields.

Njoya (1991) found no correlation in leafspot severity between germplasm inocul ated
when 2 weeks old, and those infected in thefield at Kabete and Kiboko. However, Gatheca
(2000) inoculated germplasm in the glasshouse at the flowering stage. She evaluated 50
pigeonpealinesat Kabete, Katumani, and in the glasshouse, and found apositive correlation
between field and glasshouse ratings for reaction of pigeonpea germplasm to M. cajani.

Control of Mycovellosiella Leafspot

Thereislittleinformation available on control of thisdisease. Thisispossibly dueto thefact
that until recently it was not considered serious and relatively little work was done on many
aspects. Experiments conducted in Eastern Africaindicatethat it can be controlled either by
use of chemicals or by growing resistant cultivars.
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Chemical control

Onim (1980) evauated five foliar fungicides for control of Mycovellosiella leafspot in
Uganda— Karathane (i.e. 25% karathane), Dithane M-45 (80% mancozeb), Bavistin (50%
carbendazim), Benlate (50% benomyl) and Captan (50% captan). Benlate and Bavistin
caused slight stunting of plants and depressed grain yield possibly due to their phytotoxic
effects. Karathane also was ineffective in controlling leaf spot. Dithane M-45 was the most
effective. It significantly reduced leaf fall and increased grain yield. However, therewereno
significant differencesingrainyield at spraying intervals of 7, 14, and 21 days during the 5-
month study. Plant growth was most luxurious on plots sprayed with Dithane M-45. With
Benlate, all spraying intervals significantly reduced leaf-fall, but leaf fall was highest when
spraying was done at 7-day intervals, perhaps due to phytotoxic effects. It was concluded
that spraying intervals in the range of 7-21 days for Dithane and 14-21 days for Benlate
would be beneficial. It was also shown that spraying with Dithane gave 85% more grain
yield than the unsprayed control. Onim (1980) concluded that although Benlate and Dithane
are effective, their application for the management of |eaf spot may not be economical.

Use of resistant cultivars

Use of resistant pigeonpea cultivars should provide the most practical, economical, and
long-lasting management strategy. Selection for resistance to Mycovellosiella cajani in the
field and in the glasshouse has been reported by several workers (Onim and Rubaihayo
1976, Rodriguez and Melendez 1984, Songa 1991, Kimani et al. 1994, Gatheca 2000).
Khan and Rachie (1972) and also Onim and Rubaihayo (1976) have reported wide variation
in resistance among pigeonpea lines, suggesting that resistance to M. cajani may be
polygenic. The number of genes conferring resistance may vary among cultivars, being
higher inresistant cultivars. A few sources of resistance have been identified, including UC
2515/2, 769/1, and 2113/1 from Uganda (Onim and Rubaihayo 1976) and | CP 8869, 12792,
and 12165 from Zambia (Kannaiyan and Haciwa 1990). Several resistant lines have been
identifiedin Kenya(Songa 1991, Njoyaet al. 1991, Gatheca2000). Songa (1991) identified
resistant genotypes belonging to different maturity groups. KCC 50/3, 60/8, 119/6, and
1423/13 (short duration); KCC 81/3/1, 576/3, 657/1,777 and ICP 13081 (medium
duration); and KCC 66, 605, 666, and ALPL 6-2 (long duration). Lines KO 174/7 and KB
43 werefound to beresistant to M. cajani at Machakos (Njoya 1991). Gathecafound ahigh
positive correlation for resistance to M. cajani in greenhouse and field inoculated plants.
She found lines KZ 56, KO 31, ICPL 93015, and ICPL 87091 to be resistant in the
greenhouse and in the field both at Kabete and Katumani.
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Discussions — Crop Protection

Fusarium wilt resistance

The study on the genetics of wilt resistance hasanumber of implicationsfor future research.
There are two scenarios to consider:

« Digenic inheritance in two cases (9:7 and 13:3) — it is possible to fix this type of
inheritance and transfer it to susceptible genotypes using modified backcrossing
procedures.

» Thethird set of crosses suggests some form of quantitative inheritance (although with
di-hybrid segregation). It appears that it is additive. This implies the possibility of
selecting for increasing the number of desirable aleles or combinationsin apopulation.

Marker-assisted studies can help accelerate progress in breeding for resistance.
However, use of markerswill be possible only after we have at |east arough understanding
of the pigeonpea gene map, and the location of Quantitative Trait Loci (QTLS). This
knowledge is not currently available. There is an urgent need for gene mapping studies,
particularly because wilt resistanceis controlled by multiple genes, the QTLsfor which may
be scattered in different parts of the map.

Insect pests

Several pestsareimportant, but the critical issue, particularly for short-duration pigeonpea,
isinsect pests. Some pests like flower beetles or thrips are sporadic, but can cause 100%
lossin someyears. Otherslike the pod borer Maruca cause smaller losses but occur almost
every year. The relative importance of different pest species varies considerably between
areas, even within the same country. Information on threshold levels and optimal spray
regimesislacking some countries.

Effect of intercropping

Some presentations noted that pod borer populations were high in a maize/pigeonpea
intercrop. One factor could be the shade and micro-environment provided by thetall maize
plants. This encourages pod borers to stay within the intercrop, causing them to feed on
pigeonpea for longer periods.

Botanical control methods

Tephrosia has given good results in severa studies, and could be promoted more widely.
Theactiveingredient isrotenone, which can act asacontact poison (whenit touchesthe skin
of the target pest) or through ingestion. Neem is another possibility. Considerable
information is available on neem from studies in India. It has not proved cost-effectivein
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India, but could be tried under African conditions. However, presentations at the meeting
noted that expensive, factory-prepared neem extract was not much more effective than a
crude formulation of Tephrosia, which presumably contained limited quantities of active
ingredient. Neem islikely to be useful only in high-value crops. Tephrosia may be cheaper
even though large quantities must be prepared — however, labor constraints could be a
problem in collecting and crushing the leaves.

Farmer interest in Tephrosia has been encouraging. The shrub can provide multiple
benefits—green manure and largeimprovementsin soil fertility, acting asawind-break, etc.
In parts of Eastern Africait istraditionally planted on field bordersto control moles, which
eat therootsand are poisoned. However, moreinformation isneeded on residual effectsand
cost-effectiveness.

Strategic versus applied research

There are still gaps in our knowledge of pest control. For example, does damage increase
the susceptibility of a pod to attack by other pests? What pests occupy what niches in the
cropping system? Will different pests attack the same pod? These questions can only be
answered by detailed studies. Most important is the need for more research on natural
enemies.

Comparative advantages must be identified and exploited. For example, academic
institutes (e.g. universities) have the advantage in strategic research and detailed studies;
ICRISAT could focus on broad control measures and on the economics of implementation;
NGOs could help stimulate adoption. With multiple partners involved, we should aim to
maximize synergy in order to develop cost-effective control methods and stimulate
adoption.

Chemical control

Endosulphan and dimethoate are widely available and generally effective. In contrast,
synthetic pyrethroids are broad-spectrum contact poisons that kill non-target organisms,
even spidersand small lizards. They should be used only when pest popul ationsincrease to
unmanageable levels and cannot be controlled with less powerful insecticides. There may
beneed toidentify (i) specific activeingredientsthat work against high population levels of
asingle pest, with minimal non-target damage, (ii) cheap chemicalsthat will control awide
range of pests at low or moderate popul ations.

General approach

In general, farmers lack sufficient understanding of pest control methods and especially of
threshold levels. We must focus on educating farmers about pest control. For such acampaign
to be effective, farmersmust be given simpleinstructions, e.g. “When you see Lampides eggs
inlarge numbers, aseverepest attack isimminent.” We must focuson 2-3 insecticidesthat are
easily available, cheap, and easy to use. Information can also be disseminated through Farmer
Field Schoals. In paralld, detailed research can continue; but we must aim to disseminate
availabletechnology. Studies have shown that available technology packagesfor pest control
offer benefit:cost ratios of above 1.5, and are thus suitable for promation.
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Improved Management Practices to Increase
Productivity of Traditional Cereal/Pigeonpea
Intercropping Systems in Eastern Africa

G Mergeai?, S N Silim?, and J P Baudoin?

Introduction

Among the traditional cropping systems involving pigeonpea in Eastern and Southern
Africa, the pigeonpea/cereal intercrop is the most common. The cereal (maize, sorghum,
finger millet in different regions) is generally the main crop. Pigeonpea is regarded as a
“bonus’ crop and an insurance against total crop loss due to poor rainfall. Management
practices are orientated to maximize the cereal yield. In most regions, planting is generally
donein rows at fairly low density (30 000 to 60 000 plants ha* for maize or sorghum and
about 10 000 plants ha for pigeonpea), one row of pigeonpeaalternating with several (from
2 to 10) rows of cerea (Le Roi 1997). In Uganda, long- and medium-duration pigeonpea
landraces are generally broadcast with finger millet (Silim et al. 1995). Traditional
pigeonpea cultivarstake from 6 to 10 months to mature and are well suited to this cropping
system because they grow very slowly at the beginning of their cycle, flowering only after
themain crop isharvested, and providing very little competition for light, water, or nutrients
(Sivakumar and Virmani 1980).

Improved long-, medium-, and short-duration pigeonpea cultivars devel oped during the
last 15 years by the University of Nairobi, Kenya Agricultural Research Institute (KARI),
and ICRISAT are becoming increasingly popular with farmers (Le Roi 1997). Dueto their
much shorter vegetative cycle (4-5 months) and their smaller growth habit, short- and
medium-duration varieties are much more sensitive to competition from the companion
crop than long-duration varieties and, therefore, are not normally suitable for intercropping
withtall cereals. Moreover, they arevery sensitiveto insect pests because their reproductive
stage coincides with the seasona peaks in insect populations. The crop can be completely
destroyed if no pest control is done. In spite of these constraints, alarge proportion of East
African farmers who receive seed of short-duration pigeonpea varieties, intercrop with
maize or sorghum as they do with their long-duration landraces. A series of experiments
have been conducted in the region in recent years to improve the productivity of cereal/
pigeonpeaintercropping systems by modifying the spatial arrangement and plant population
of the components crops. In this paper, we review the results obtained from these
experiments, identify areas where complementary investigations are needed, and discuss
constraints to the adoption of improved cropping systems.

1. Department of Tropical Crop Husbandry, Gembloux Agricultural University, B-5030 Gembloux, Belgium
2. International Crops Research Institute for the Semi-Arid Tropics, PO Box 39063, Nairobi, Kenya
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Improved Management Practices for Traditional
Intercropping Systems

Before making a recommendation on improved management practices, numerous factors
must be taken into consideration — the intercrop components and their compatibility,
environmental conditions, possible spatial arrangements, planting sequences, plant
populations, productivity, and farmers' preferences. The large number of these factors, and
possibleinteractions amongst them, makeit difficult to formulate preci se recommendations
(Willey 1979). After gaining an understanding of these factorsin a given farming system,
the next stage is to define the best spatial arrangement, planting sequence, and plant
populations of the different components so as to minimize competition (Ali 1990). Theless
complicated and lessrisky anew management practice, the higher the probability that it will
be adopted by smallholder farmers.

In most traditional cereal/pigeonpea intercropping systems, pigeonpea single rows
alternate with several rows of tall cereal (maize or sorghum). Both components are planted
simultaneously at the beginning of the most reliablerainy season. After harvest of the cereal,
pigeonpea plants are left in the field to finish their growth cycle during the second and less
reliable annual rainy season. Dueto their low plant population (about 10 000 plants ha on
average) they usually produce low yields, varying between 300 and 700 kg ha! (Le Roi
1997).

In order to identify a spatial arrangement that would significantly improve pigeonpea
yield without greatly affecting productivity of the cereal component, six arrangementswere
compared on-station by ICRISAT at two sitesin 1993/94. Traditional and improved long-
duration pigeonpea varieties were intercropped with maize (data not shown). The best
results were obtained with a paired row of pigeonpea aternating with three rows of maize.
In paired rows, two pigeonpearows are sown without an intervening cereal row, and spaced
40-50 cm apart. By contrast, in thetraditional intercropping system all rows, whether maize
or pigeonpea, are equally spaced 80-100 cm apart.

The most common traditional intercropping systemis 3 cereal rows + 1 pigeonpea row.
In the paired row arrangement, pigeonpea occupies an area almost similar to that in the
traditional arrangement, but pigeonpea plant population is doubled. Thus, this arrangement
can better exploit the space |eft after the cereal harvest.

The paired-row system wastested on-farm for 2 years, 1994/95 and 1995/96, at six sites
in eastern Kenya with a total of 25 farmers. The farmers compared traditional versus
improved management practices on their landraces and on an improved long-duration variety
Kat 81/3/3.

Improved management: one paired row of pigeonpea intercropped with three rows of
maize. Distance between pigeonpearows 50-60 cm depending on soil moisture availability.
Distance between maize rows 80 cm. Traditional management: one single row of pigeonpea
intercropped with 3to 5 rows of maize with aconstant distance of 80-100 cm between rows.

Both components of theintercropping system were planted at the sametime using an ox-
drawn moldboard plow. Using the improved practice, farmers achieved on average over
50% increase in pigeonpea yield — with no decline in maize production and no extra labor
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Table 1. Comparison of traditional versusimproved intercropping systems, involving
maize and long-duration pigeonpea.

Maizeyield Pigeonpeayield

(kg ha) (kg ha)
Traditional practice
Traditional pigeonpeavarieties 1459 1091
Improved long-duration pigeonpea Kat 81/3/3 1231 811
Improved practice
Traditional pigeonpea varieties 1539 1497
Improved long-duration pigeonpea Kat 81/3/3 1252 1460
Average gainsfrom improved practice (%)
Traditional pigeonpea varieties 5.48 37.21
Improved long-duration pigeonpea Kat 81/3/3 171 80.02

Improved system = paired pigeonpearows alternating with maize
Data pooled from 25 farmers across 5 sites in eastern Kenya

cost (Table 1). Interestingly, the pigeonpea landrace gave higher yields than the improved
long-duration variety, which was bred for sole cropping at higher atitudes. With its bushy
habit, the improved long-duration variety competed too strongly with maize. When
breeding long-duration pigeonpeafor intercropping systems, it is thus advisable to look for
compact genotypes with arather low competitive ability.

Improved Management Practices for New Intercropping
Systems

Most farmers who receive seed of improved short- and medium-duration pigeonpeatend to
grow them in intercrop systems, the same way they do with their traditional varieties.
Therefore, it was important to identify suitable systems where the new varieties could be
intercropped with maize, sorghum, or finger millet. Different spatial arrangementsand plant
populations were tested for these intercropping systems in several experiments in Kenya
and Uganda. A summary of the main resultsis presented below.

Maize/short-duration pigeonpea intercropping systems

In Kenya, ICRISAT carried out a preliminary trial in 1995 at Kiboko research station
(altitude 900 m) in order to determine optimal plant density and spatial arrangement. Short-
duration pigeonpea ICPL 87091 was intercropped with maize (Katumani hybrid) using
variousarrangements. Theseincluded sole crops, intercrops consisting of nonpaired rows at
differentrow ratios (1:1, 1.2, 2:4, 2:2 and 2:1), and intercrops with paired rows. In thel atter,
maize rows were paired, and intercropped with 1, 2, or 3 rows of pigeonpea; and all rows
were spaced at 40 cm.
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In the sole crops, spacing was 80 x 30 cm for maize and 40 x 10 cm for pigeonpea. In all
systems, the distance between maize and pigeonpea rows was kept constant at 40 cm. Table
2 shows the results of this experiment. All intercrops gave LERs above 1, but in general
better results were obtained from treatments involving paired maize rows. The best system
appeared to be paired rows of maize alternating with 2 rows of pigeonpea. Thisarrangement
gave the second highest L ER of 1.30, and also gave high maizeyields.

Another trial was conducted at Thika research station (altitude 1580 m), Kenya, by
Gembloux Agricultural University, during thelong rainy season (Mar-June) of 1999. Inthis
experiment, 2:2 rows were planted at different intra-row spacings, with inter-row spacing
kept constant at 60 cm. No paired rows were used. Two pigeonpea varieties, Kat 60/8 and
ICPL 87091, were tested. The results were disappointing. Pigeonpea plants were stunted
dueto thelow temperature and high maize plant population, and pigeonpeayieldswerelow.
Consequently, although maizeyieldswere high (5.9t ha'in sole crop, and >4t ha in many
intercrop treatments), the total LER of the intercrop treatments was low, either below or
marginally above 1.

Sorghum/short-duration pigeonpea intercropping

Several experiments were carried out in Uganda by Makerere University and Gembloux
Agricultural University in order to develop improved sorghum/short-duration pigeonpea
intercropping systems. We used the same approach as described above for maize/
pigeonpea. First, trialswere conducted at Kabanyol o to compare various row arrangements.
Then asecond trial was conducted at Serere, using only the best row arrangement, to study
the effects of inter-row spacing and plant population.

Two intercropping trials were carried out at Kabanyolo (altitude 1200 m) during two
consecutive rainy seasons — planted in Aug 1997 and Feb 1998. The treatments included
sole crops, and intercrops consisting of nonpaired rows at different row ratios (1:1, 2:1, 2:2).
Inter-row spacing was kept constant at 60 cm. Intra-row spacing was also kept constant in all
treatments, except that for sorghum, it was reduced from 20 cm to 15 cm between sole and
intercrop situations. The varieties used were sorghum Seredo, and pigeonpea Kat 60/8 and
ICPL 87091. Resultsare shown in Table 3. The best results, with aremarkably high LER of
1.47, came from a 2:2: row arrangement of Seredo and Kat 60/8.

Another trial was conducted at the Serere Agricultural and Animal Research Institute
(altitude 1100 m) by Gembloux Agricultural University, in the long rainy season of 1999,
i.e. planted in March 1999. In this experiment, 2:2 rows were planted at different intra-row
spacings, with inter-row spacing kept constant at 60 cm. No paired rows were used. The
same three varieties were tested — sorghum Seredo, pigeonpea varieties Kat 60/8 and | CPL
87091. The results were not convincing. Due to lush growth in sorghum, pigeonpea was
suppressed: pigeonpea yields ranged from 331 to 536 kg ha?, and pigeonpea LERS from
0.261t0 0.58. Total LERsin al intercropswere below 1, with the exception of one treatment
with Seredo-Kat 60/8, which gave an LER of 1.08.

Finger millet/short-duration pigeonpea intercropping

Intercropping trialsinvolving finger millet and short-duration pigeonpeawere carried out in
Uganda by Makerere and Gembloux Universities from early 1999 to early 2000. Asin the
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other experiments, the first step aimed at identifying the optimal spatial arrangement under
different plant populations of both components.

A trial was planted at two sites (Kabanyolo and Ngetta, atitude 1100 m) in two
consecutive seasons, i.e. planted in Mar and Aug 99. The early to medium-duration
pigeonpea cultivar Kat 60/8 was intercropped with finger millet variety Pese 1, at various
row ratios and plant populations. Paired rows were not used. The treatments included two
row ratios (millet:pigeonpea 2:2: and 4:1) and four levels of plant population. Sole crops
were also tested. Inter-row spacing was 30 cm between finger millet rows, 60 cm between
pigeonpea rows, and 45 cm between millet and pigeonpearows.

Results are shown in Table 4, averaged across the four trials. Again, the 2:2 row ratio
gave the best resullts.

The superiority of 2:2 for short-duration pigeonpeawas confirmed in another trial where
improved short-duration ICPL 87091 and early to medium-duration Kat 60/8 were
intercropped with finger millet Pese 1. Millet:pigeonpearow ratiosof 2:2, 2:1, and 4:1 were
tested, along with broadcasting, which is a common farmer practise. This trial was
conducted thrice—twice at Kabanyolo, planted in Feb and Aug 1999; and once at Ngetta,
planted in Mar 1999. Table 5 shows the results averaged across the three trials. Asin the
previous experiment, the inter-row spacing was 30 cm between finger millet rows, 60 cm
between pigeonpea rows, and 45 cm between millet and pigeonpea rows. The results
confirmed that for both pigeonpea varieties, the 2:2 row ratio gave the best yields.

Discussion and Conclusions

The experiments tested three types of intercropping — tall cereal (maize or sorghum) with
long-duration pigeonpea, tall cereal with short-duration pigeonpea, and short cereal (finger
millet) with short-duration pigeonpea. The results clearly showed that maize/long-duration
pigeonpea and finger millet/short-duration pigeonpea systems are beneficial. With tall
cereal s/short-duration pigeonpes, the benefit is much less evident.

The arrangement with paired rows of medium- or long-duration pigeonpea alternating
with three unpaired rows of maize drastically increased productivity. Thisis only aminor
modification of traditional farmer practice, does not present major risks, and iswell suited
to the current situation, where most farmers regard pigeonpea as a food-security crop.
Considering the simplicity of thisnew planting technique, which iswithin the capabilities of
every small farmer, one can assumethat dissemination should not betoo difficult. Ideally, an
evaluation of adoption near the six siteswhere paired rows were introduced in 1995 should
be conducted before starting dissemination on alarge scale.

Intercropping short- and early-medium duration pigeonpeawith finger millet usinga2:2
row ratio can increase productivity by nearly 30% when the right plant populations of both
components are used. However, effective pest control is an essentia prerequisite. In
addition, adoption of this system would be complicated in the traditional finger millet/
pigeonpea areas, mainly located in northern Uganda, because it is totally different from
current smallholder practice, which isto broadcast both crops. Moreover, considering the
susceptibility of determinate short-duration pigeonpea varieties to insect pests, it is
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Table 2. Identification of the best spatial arrangement for intercropping maize with short-duration pigeonpea, Kiboko, Kenya.

Density (plants ha™) Yield (kg ha) LER
Maize Pigeonpea Maize Pigeonpea Maize Pigeonpea Total
Sole maize (M) 80 cm inter-row spacing 41 667 i 3567 il 1.00 1.00
Sole short-duration pigeonpea (PP) il 250 000 il 3044 1.00 1.00
ICPL 87091 - 40 cm spacing
Intercrop M and PP, 1:1 ratio 41 667 125 000 2811 1306 0.79 0.43 1.22
Intercrop M and PP, 1:2 ratio 27778 166 667 2856 1583 0.80 0.52 1.32
Intercrop M and PP, 2:4 ratio 17 857 142 857 2222 1472 0.62 0.48 1.10
Intercrop M and PP, 2:2 ratio 25 000 100 000 2756 1100 0.77 0.36 1.13
Intercrop M and PP, 2:1 ratio 31250 62 500 3300 844 0.93 0.28 1.21
Intercrop paired rows M (40 cm spacing) 55556 83333 3422 789 0.96 0.26 1.22
and 1 row PP (40 cm spacing)
Intercrop paired rows M (40 cm spacing) 41 667 125 000 3033 1378 0.85 0.45 1.30
and 2 rows PP (40 cm spacing)
Intercrop paired rows M (40 cm spacing) 33333 150 000 2333 1756 0.65 0.58 1.23

and 3 rows PP (40 cm spacing)
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Table 3. Identification of the best spatial arrangement for intercropping sorghum with short-duration pigeonpea, Kabanyolo,
Uganda.

Density (plants ha') Yield (kg ha™) LER
Sorghum Pigeonpea Sorghum  Pigeonpea Sorghum  Pigeonpea Total
Sole sorghum variety Seredo (S) 83333 3211.5 1.00 1.00
Sole short-duration pigeonpea 83333 1019.5 1.00 1.00
ICPL 87091 (PP1)
Sole early to medium-duration pigeonpea 55556 1118.5 1.00 1.00
Kat 60/8 (PP2)
Intercrop S-PP1, 1:1 ratio 55556 41 667 1669.5 366 0.52 0.36 0.88
Intercrop S-PP1, 2:1 ratio 74 074 271778 2584.5 467 0.80 0.46 1.26
Intercrop S-PP1, 2:2 ratio 55556 41 667 2786 691 0.87 0.68 1.55
Intercrop S-PP2, 1:1 ratio 55556 27778 1859.5 383 0.58 0.34 0.92
Intercrop S-PP2, 2:1 ratio 74 074 18 519 2584.5 410.5 0.80 0.37 1.17
Intercrop S-PP2, 2:2 ratio 55556 27778 2885 641.5 0.90 0.57 1.47
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Table 4. Determination of optimal spatial arrangement and plant populations for intercropping finger millet with short-duration
pigeonpea, Kabanyolo and Ngetta, Uganda.

Density (plants ha™') Yield (kg ha™) LER
Millet Pigeonpea Millet Pigeonpea Millet Pigeonpea Total
Intercrop finger millet: pigeonpea, 55556 28 778 555 780 0.35 0.72 1.07
2:2 row ratio, at various plant populations 74 074 37037 674 800 0.43 0.74 1.17
111 111 55556 648 830 0.41 0.76 1.17
222222 111 111 478 629 0.31 0.58 0.89
Intercrop finger millet: pigeonpea, 55556 13 889 1054 385 0.67 0.35 1.02
4:1 row ratio, at various plant populations 74 074 18 519 1182 429 0.75 0.39 1.14
111 111 27778 1171 479 0.75 0.44 1.19
222222 55556 886 345 0.57 0.32 0.89
Sole pigeonpea at various plant populations 41 667 978 1.00 1.00
55556 1086
83333 1026
166 667 771
Sole finger millet at various plant populations 166 667 1379 1.00 1.00
222222 1566
333333 1449
666 667 1085

Finger millet variety Pese 1, pigeonpea variety Kat 60/8
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Table 5. Determination of optimal spatial arrangement and plant populations for intercropping finger millet with short-duration
pigeonpea, Kabanyolo and Ngetta, Uganda.

Density (plants ha') Yield (kg ha™) LER

Millet Pigeonpea Millet Pigeonpea Millet Pigeonpea Total
Pigeonpea variety Kat 60/8
Intercrop millet: pigeonpea, 2:2 row ratio 111 111 37037 809 973 0.41 0.87 1.28
Intercrop millet: pigeonpea, 2:1 row ratio 166 667 27778 1060 607 0.54 0.54 1.08
Intercrop millet: pigeonpea, 4:1 row ratio 222222 18 519 1520 451 0.78 0.40 1.18
Intercrop millet: pigeonpea, both crops broadcast 166 700 27 800 839 459 0.43 0.41 0.84
Sole pigeonpea 55556 1121 1.00 1.00
Pigeonpea variety ICPL 87091
Intercrop millet: pigeonpea, 2:2 row ratio 111 111 55556 916 691 0.47 0.83 1.30
Intercrop millet: pigeonpea, 2:1 row ratio 166 667 41 667 1145 428 0.59 0.51 1.10
Intercrop millet: pigeonpea, 4:1 row ratio 222222 27778 1480 252 0.76 0.30 1.06
Intercrop millet: pigeonpea, both crops broadcast 166 700 41700 988 407 0.50 0.49 0.99
Sole pigeonpea 83333 834 1.00 1.00
Sole finger millet 333333 1957 1.00 1.00

Finger millet variety Pese 1, pigeonpea varieties Kat 60/8 and ICPL 87091
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advisable to use indeterminate short-duration pigeonpea in this type of intercropping
system. The 2:2 arrangement needs to be tested further under on-farm conditions before
dissemination.

Contradictory results were obtained regarding the intercropping of short- and early to
medium-duration pigeonpea with tall cereals (maize or sorghum). Some trials showed
interesting productivity gainsin intercrops compared to sole crops, while others showed no
LER advantage under intercropping. Among the various spatial arrangements tested, two
arrangements often gave good results — paired rows of maize alternating with 2 rows of
pigeonpea, and 2:2 row ratio of (unpaired) maize and pigeonpea.

In this study, paired-row sowing was used as a way to improve the traditional
intercropping system which involves long-duration pigeonpea. However, paired-row
sowing is usually used to reduce competition from dominant tall crops against the dwarf
component crop in an intercrop (Ali 1990). Moreover, it is thought that increased intra-
specific root competition induced by paired rows leads to reduced root growth and slower
depletion of soil moistureinthe early stages of the crop vegetative cycle, whichinturnleads
to more water availability during the grain-filling stage (Rowland and Whiteman 1993). In
semi-arid conditions, Blum and Naveh (1976) observed that alternate paired-rows of sole
sorghum (planted 40 cm apart with 160 cm between row pairs) produced significantly
greater yieldsthan single rows (planted 100 cm apart) in 50% of years, and similar yieldsin
the other 50%. Asyield was increased in the dry years with the same evapotranspiration,
they concluded that competition in the paired-row system improved water-use efficiency.
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Cereal-Pigeonpea Intercropping Systems:
the Ugandan Experience

L Owere, P R Rubaihayo, and D S O Osiru?

Introduction

Pigeonpeais an important grain legumein Uganda. It is consumed mostly as dry grain, but
fresh green peas are also eaten as vegetables. The grain and fodder are excellent livestock
feed, especially during the dry season. Stemsare used for fencing, baskets, and construction
materials for huts, and in the more arid regions, as fuelwood. Pigeonpea usually improves
soil fertility through nitrogen fixation and its ability to recycle nutrients through its deep
rooting system.

Thetotal areaunder pigeonpea cultivation in Ugandais estimated at 72,000 ha (Saxena
1999). Production is concentrated mostly in the drier northeastern and northern areas (A pac,
Lira, Gulu, Kitgum, Soroti, Kumi, Arua, Moroto). Production in the wetter parts of the
country is probably limited by the prevalence of cercospora leafspot disease and
competition from other grain legumes.

Pigeonpeaislargely grown in association with other crops, usually cereals. In north and
northeastern Uganda it is intercropped with finger millet, which is considered as the main
crop — the pigeonpeayield is regarded as a bonus (Silim et a. 1991). Medium- and long-
duration landraces or cultivars, especialy Apio Elena and Adong, are the most favored
because they mature much after the other component crops, ensuring that the peak growth
demands of the component crops occur at different times, giving the intercrop a yield
advantage. However, yields of these landraces are low, on average 300-600 kg ha*
(Musaana and Silim 1998, Silim et al. 1991), and, therefore, there is need to promote
adoption of new high-yielding cultivars. One problem is that short-duration cultivars, e.g.
Kat 60/8 and ICPL 87091 which were recently introduced, mature in 90-130 days, which
more or less coincides with the maturity period of finger millet. Similarly, the introduced
medium-duration varieties such as ICP 6927 tend to mature early in Uganda and could
potentially compete with the main crop. The potential reduction in millet yield due to
competition between the two crops highlights the importance of testing these materialsin
intercrop situations before making recommendations to farmers.

The main aim of the work reported in this paper, therefore, was to develop new
production technologies involving the new cultivars and determine the most appropriate
sowing patterns and plant populations of the component crops in order to minimize
competition effects and ensure high yields of both crops.

1. Department of Crop Science, Makerere University, PO Box 7062, Kampala, Uganda
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Experimental Work in Uganda

Research involving cereal/pigeonpea intercropping in Uganda has been conducted
intermittently. Somework was carried out during the mid-seventies (1975-77) with funding
from the International Development Research Centre (IDRC); but was discontinued
because of lack of funding. More recently (1998/99), research on cereal/pigeonpea
intercropping was initiated with funding from the European Union. This work focused
largely on identifying optimal plant population and row arrangements for short-duration
pigeonpea cultivars, thus minimizing competition at critical growth periods and maximizing
complementary effectsin theintercrop.

The earlier experiments (1975-77) examined combinations of finger millet/pigeonpea
and sorghum/pigeonpea. The finger millet variety was Serere 1, which usually growsto a
height of 70-80 cm and maturesin about 110 days. The sorghum variety used was Dobbs, an
improved local variety that waswidely grown around the Lake Victoriacrescent at that time.
It matures in about 120 days. Two pigeonpea varieties were used — UC 11 for the millet/
pigeonpea intercrop and Determinate Short for sorghum/pigeonpea. UC 11 is a dwarf
Ugandan collection, shorter than Serere 1. Determinate Short is a high-yielding variety,
dlightly shorter than Dobbs, maturing in 124-130 days.

In the later experiments (1998/99), both finger millet/pigeonpea and sorghum/
pigeonpea combinations were examined. The objective was to determine the appropriate
row pattern, plant population, and cultivar suitability for these intercrop systems. Aswith
the earlier experiments, a wide range of plant populations were used to ensure that the
maximum productivity of intercrops could be compared with the maximum productivity of
pure stands. The finger millet variety was Pese 1, short-statured, maturing in about 120
days. The sorghum varieties were Sekedo and Seredo.

Three pigeonpea varieties were used: |CP 6927 (medium duration), Kat 60/8 (early to
medium duration), and ICPL 87091 (short duration). The experiments were carried out at
Makerere University Agricultural Ingtitute Kabanyolo (MUARIK) and Ngetta
Experimental Station in Lira district. In the work involving finger millet, two sets of
experiments were carried out. One examined the effects of plant population on pigeonpea
intercropped with finger millet at different row patterns, while the other studied the effects
of row patterns on three pigeonpea cultivarsintercropped with finger millet.

Results, 1975-77

The results have generally shown that intercropping can provide yield benefits. Largeyield
benefitswere achieved, with LERs of up to 1.30 and 1.29 in millet/pigeonpea and sorghum/
pigeonpea mixtures respectively. Pigeonpeayieldswerelow in all treatments, due to heavy
disease infection and pest attack. When planted as sole crops, both finger millet and
pigeonpea gave their highest yields at the highest plant populations — indicating that the
plant populations used in the experiments were | ess than optimum.

The experiment al so studied the effect (at each plant population) of replacing part of one
crop by the other crop. For instance, when one-quarter of cereal wasreplaced by pigeonpea,
the decrease in cereal yield could not be compensated by increased pigeonpeayield —total
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grainyield from the mixture was lower than from sole cereal. As more and more cereal was
replaced with pigeonpea, there was a progressively significant decrease in cereal yield and
the total yield of the mixture. However, at the highest plant population, and the lowest
degree of subgtitution (25% of cereal replaced by pigeonpea), loss of cereal yield was
largely compensated by increased pigeonpeayield.

Results, 1998/99

Results of experiments conducted in 1998/99 are summarized in Tables 1 to 4. Increasing
plant population significantly (p<0.05) reduced the number of branches per plant, pods per
plant, 100-seed mass, and dry matter per plant of pigeonpeain all row patterns. Plant height,
however, significantly increased with increase in plant population, but the number of seeds
per pod was not affected by either plant population or row pattern. The increase in dry
matter per plant and pods per plant was dueto increased branching at low plant populations
and in intercrops. Increased branching in turn was due to increased space per plant, which
reduced shading and therefore reduced intra-specific competition (Lawn and Troedson
1990, Ali 1990). Thisresulted in increased interception of radiation and consequently more
pod formation. At very high plant populations, the reduction in the number of pods per plant
could not be compensated for by the high number of plants per unit area, resulting in lower
total yield. Intercropping significantly (p<0.05) increased the number of pods per plant at
Ngetta compared to MUARIK.

Land equivalence ratios. LERs in all intercropping systems were higher than 1.0 (1.06-
1.34 at MUARIK and 1.13-1.46 at Ngetta), indicating that intercropping pigeonpea with
finger millet resulted in ayield advantage, and that Kat 60/8, atall indeterminate variety,
was suitable for such an intercrop (Table 1). Yields of the intercrop depended on both row
pattern and intra-row spacing. The highest LERs were achieved from a 2:2 row pattern at
pigeonpea intra-row spacings of 30 cm and 20 cm at MUARIK and Ngetta respectively.

When millet wassowninrows, LERswereabove 1.0 for all row patterns. For intercrops
where millet was broadcast, LERs were less than 1.0 (Table 2). Kat 60/8 and ICPL 87091
gavetheir highest LERs at 2:2 row patterns and ICP 6927 in 1:2 row pattern. These results
indicated that for a given row arrangement, optimal planting pattern depended on the
pigeonpea cultivar used.

Conclusions

The results of the experiments clearly indicated that the highest yield advantages were
obtained at row patterns of 2:2 for Kat 60/8 and ICPL 87091; and at a 1:2 row pattern with
ICP 6927. The advantages seem to be due to increased branching and podding of pigeonpea
in intercrops, which more than compensated for the reduction in cereal population in
the intercrop.

86

44>



Table 1. Yield and LERs of Kat 60/8 intercropped with finger millet at various plant populations and row patterns, MUARIK and
Ngetta, 1999 second season.

Row pattern MUARIK Ngetta
Yield (kg ha) LER Yield (kg ha) LER

Pigeonpea Millet Pigeonpea Millet Total Pigeonpea Millet Pigeonpea Millet Total
S, A 983 6 1.00 0 1.00 636 0 1.00 6 1.00
S, B 1070 6 1.00 6 1.00 726 o 1.00 6 1.00
S, C 1200 6 1.00 0 1.00 758 o 1.00 6 1.00
S,D 1043 o 1.00 0 1.00 680 0 1.00 o 1.00
I,A 835 354 0.85 0.27 1.12 489 200 0.79 0.30 1.09
1,B 933 515 0.87 0.30 1.17 584 245 0.80 0.30 1.10
I,C 1070 530 0.89 0.31 1.20 631 214 0.83 0.30 1.13
1,D 843 516 0.81 0.30 1.11 522 144 0.77 0.32 1.09
2,A 347 931 0.35 0.70 1.05 299 457 0.47 0.68 1.15
2,B 453 961 0.42 0.55 0.97 378 503 0.52 0.61 1.13
2,C 598 1046 0.50 0.60 1.10 436 461 0.58 0.64 1.22
2,D 433 976 0.42 0.56 0.98 324 273 0.48 0.61 1.09
M, A 0 1333 0 1.00 1.00 6 668 6 1.00 1.00
M, B 0 1737 6 1.00 1.00 6 823 6 1.00 1.00
M, C 0 1754 0 1.00 1.00 6 726 6 1.00 1.00
M, D 0 1740 0 1.00 1.00 6 446 6 1.00 1.00

S = sole pigeonpea, M= sole millet
1 = 2:2 row pattern, 2 = 1:4 row pattern
A=40/20 cm, B = 30/15 cm, C=20/10 cm, D = 10/5 cm pigeonpea/millet within-row distance
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Table 2. Yield and LERs of Kat 60/8, ICP 6927, and ICPL 87091 intercropped with finger millet variety Pese at various row
patterns, MUARIK and Ngetta, 1999 first season.

Treatment MUARIK Ngetta
Yield (kg ha') LER Yield (kg ha') LER

Pigeonpea Millet Pigeonpea Millet Total Pigeonpea Millet Pigeonpea Millet Total
ICPL 87091, 2:2 1177 1044 0.95 0.36 1.31 423 1183 0.66 0.64 1.30
ICPL 87091, 1:2 690 1382 0.56 0.48 1.04 188 1450 0.29 0.79 1.08
ICPL 87091, 1:4 428 1850 0.35 0.64 0.99 148 1717 0.23 0.96 1.17
ICPL 87091, 1:B 699 1137 0.56 0.40 0.96 138 1375 0.21 0.75 0.96
Sole ICPL 87091 1240 i 1.00 il 1.00 646 il 1.00 il 1.00
Kat 60/8, 2:2 1358 712 1.00 0.25 1.25 725 1217 0.67 0.66 1.33
Kat 60/8, 1:2 812 1308 0.60 0.46 1.06 300 1415 0.28 0.77 1.05
Kat 60/8, 1:4 692 1993 0.51 0.69 1.20 153 1803 0.14 0.98 1.12
Kat 60/8, 1:B 752 865 0.55 0.30 0.85 169 1233 0.16 0.67 0.83
Sole Kat 60/8 1357 il 1.00 il 1.00 1090 il 1.00 i 1.00
ICP 6927, 2:2 784 850 0.73 0.30 1.03 623 792 0.71 0.43 1.14
ICP 6927, 1:2 729 1217 0.68 0.42 1.10 525 1250 0.60 0.68 1.28
ICP 6927, 1:4 377 1907 0.35 0.66 1.01 250 1454 0.28 0.79 1.07
ICP 6927, 1:B 749 998 0.69 0.35 1.05 282 958 0.32 0.52 0.84
Sole ICP 6927 1079 il 1.00 il 1.00 883 i 1.00 il 1.00
Sole millet il 2875 il 1.00 1.00 il 1838 il 1.00 1.00
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Table 3. Yields and total LERSs for pigeonpea intercropped with finger millet and
sorghum, MUARIK, first season 1998.

Treatment Yield (kg ha) Total LER
Pigeonpea  Finger millet ~ Sorghum Combined

PP1+FM (1:1) 864 640 - 1504 1.30
PP1+FM (1:2) 669 636 - 1305 1.16
PP1+FM (2:2) 907 839 - 1746 154
PP2+FM (1:1) 558 722 - 1310 1.37
PP2+FM (1:2) 391 928 - 1319 1.38
PP2+FM (2:2) 1010 701 - 1711 1.79
PP1+S (1:1) 433 - 1807 2240 0.95
PP1+S (1:2) 404 - 2594 2998 121
PP1+S (2:2) 777 - 2220 2997 1.35
PP2+S (1:1) 349 - 1547 1896 0.91
PP2+S (1:2) 334 - 1865 2199 1.00
PP2+S (2:2) 632 - 2247 2879 1.45
Sole PP1 1359 - - 1359 1.00
Sole PP2 956 - - 956 1.00
Sole FM - 958 - 958 1.00
Sole S - - 2848 2848 1.00
LSD (0.05) 96.1 113.6 121.9 1225 -
CV (%) 9.05 5.04 5.04 3.52 -

PP1 = Kat 60/8, PP2 = ICPL 87091, FM = Pese 1, S = Seredo (sorghum)

Table 4. Mean yieldsand L ERs in pigeonpea/finger millet intercrops, Ngetta, 1998.

Intercrop and population Yield (kg ha) Total LER

lants/m?
® ) Pigeonpea Finger millet Combined
PP1+FM (8.3:8.3) 1378 1472 2850 1.01
PP1+FM (5.6:11.1) 1098 1830 2928 0.99
PP1+FM (4.8:16.7) 798 2861 3650 1.14
PP1+FM (4.2:33.3) 709 3944 4655 1.40
PP2+FM (16.7:8.3 2345 1325 3670 1.19
PP2+FM (11.1:11.1) 1645 1428 3073 0.97
PP2+FM (8.8:16.7) 926 2200 3126 0.93
PP2+FM (5.6:33.3) 850 3156 4006 117
Sole PP1 (5.6) 2272 - 2272 1.00
Sole PP2 (8.3) 2844 - 2844 1.00
Sole FM (33.3) - 3622 3622 1.00
LSD (0.05) 235.0 238.9 159.3 -
CV (%) 10.8 5.90 5.48 -
PP1 = Kat 60/8, PP2 = ICPL 87091, FM = Pese 1 (finger millet)
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The Potential of Pigeonpea-Cotton Intercropping
in Uganda

M Schulz and M Janssens?

Introduction

Intercropping studies involving cotton with beans, maize, and cowpea have been conducted
earlier (e.g. Elobo 1996). However, no experimental work has been documented for cotton-
pigeonpea intercropping. Development of a cotton-pigeonpea system would allow the
legume to benefit from cotton pest management, while cotton could benefit from the
synergetic effects of the intercrop. A series of experiments were therefore conducted at
Serere Agricultural and Animal Research Institute (SAARI) in Soroti district, Uganda
during the two rainy seasons of 1999. The objective was to compare different spatial
arrangements, varieties, pest control treatments, and plant densities.

Materials and Methods

The following factors were tested; treatments are listed in Table 1.

Table 1. Treatments used in cotton-pigeonpea intercopping studies, Serere, 1999.

C-p* C-C-Pp C-C-C-P C-C-P-P C-P-P-P P-sole C-sole
First rainy season, planted 12 May

ICPL 87091 (60 x 20 cm) v v v

ICPL 87091 (75x20cm) v v v v v v v
Kat 60/8 (75 x 30 cm) v v v v v v v
Adong (75 x 45 cm) v v v v
Second rainy season, planted 12 Aug

ICPL 87091 (60 x 20 cm) v v v v v v v
ICPL 87091 (75x20cm) v v v v v v v
Kat 60/8 (75 x 30 cm) v v v v v v

*C-P: 1 row cotton, 1 row pigeonpea. C-C-P: 2 rows cotton, 1 row pigeonpea, etc

T Spatial arrangement. Various combinations such as 1 row cotton and 2 rows
pigeonpea, etc were compared with sole cotton and sole pigeonpea.

T Variety. Three pigeonpea varieties were used: ICPL 87091 (short-duration
determinate), Kat 60/8 (medium-duration indeterminate), and Adong (long-duration).
The cotton variety used was BPA 97.

1. Department of Tropical Crops, University of Bonn, Auf dem H_ egel 6, D-53121 Bonn, Germany
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T Pest control. Chemical pest control was applied on three blocks. Cypermethrin was
applied on cotton only, starting 35 days after germination and repeated fortnightly to end
of flowering. Two control blocks had no pest control.

T Plantdensity. Pigeonpea variety Kat 60/8 was sown at 75 x 30 cm, Adong at 75 x 45cm.
ICPL 87091 was sown at two densities, 75 x 20 cm and 60 x 20 cm. The cotton variety
BPA 97 was also sown at two densities, 75 x 45 cm and 60 x 45 cm.

The experiments were conducted during the two rainy seasons of 1999, planted in May
and Aug. Plot size was 6 x 5 m. The experiment was laid out in two unsprayed replications
and three replications with pest control applied on cotton plants only. Treated and untreated
treatments were separated by a 25 m strip planted with sorghum variety Secedo, sown at the
same time. Adong was planted only during the first rainy season. ICPL 87091 and Kat 60/8
were ratooned to obtain a second harvest (not reported here).

In addition, 8 random plant samples were taken for each crop and for each treatment in
five replicates, in order to determine the major biomass components. Finally, leaf fall was
recorded in one treated and one untreated block.

Results and Discussion

Spatial arrangement

Land Equivalent Ratio (LER) was higher than one in all intercropping treatments (Table 2,
Fig 1). This was due to the fact that per-area cotton yields were higher in intercrop
treatments than in sole cotton. Further, as the share of the cotton component increased, total
LER for the intercrop also increased. The highest LER during the first rainy season was
obtained from treatment C-C-C-P, i.e. three rows of cotton with one row of pigeonpea.
Cotton seed yield per unit area from this arrangement was about 30% higher than the
monocrop treatment. Yields of pigeonpea, which occupied only 25% of the intercrop, were
as high as 42% of the corresponding monocrop yield. In the second rainy season, yields of
both crops were low as a result of drought and insect pests. However, as in the first season,
LERs were high in all intercrops, underlining the benefits of this intercropping system.

Table 2. Yield performance of pigeonpea-cotton intercropped with different spatial
arrangements.

Treatment 1st rainy season (planting date 12 May) 2nd rainy season (planting date 12 Aug)
Pigeonpea Cotton Total Pigeonpea Cotton Total
yield yield LER yield yield LER
(kgha®) (kg ha) (kgha®) (kg ha)
C-p 318 1101 1.51 127 339 1.59
C-C-p 300 1148 1.51 75 378 1.23
C-C-C-P 194 1745 1.73 78 444 1.37
C-C-pP-P 247 1050 1.32 105 351 1.43
C-P-P-P 490 519 1.45 151 117 1.41
C sole 0 1329 1.00 601 1.00
P sole 464 0 1.00 124 0 1.00
92
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Figure 1. LERs from various cotton-pigeonpea intercrops, Serere, first rainy season
1999.

Effect of variety

Intercrop performance depended on the pigeonpea variety being used. In terms of yield of
both crops and total LER, the local variety Adong was the best among the three pigeonpea
cultivars used, followed by Kat 60/8 and ICPL 87091. Kat 60/8 gave a much higher LER
than ICPL 87091, while competition effects were lower with Kat 60/8 than with ICPL
87091. These results can be explained by the different growth stages and hence the
reduction of intercrop competition (Steiner 1982). Adong started flowering about 10 weeks
later than cotton and harvest was even further delayed.

Pest control

In all treatments, pest control increased cotton yields (Table 3). Similar results were
observed for pigeonpea, especially Kat 60/8 and ICPL 87091. Pest control was relatively
more effective in Kat 60/8, because the flowering stage roughly coincided with that of
cotton. The difference between treated and untreated plots was smallest in Adong,
indicating some degree of pest tolerance.

Plant density

ICPL 87091 was planted at two densities, i.e. 75 x 20 cm and 60 x 20 cm. Increase in plant
density increased pigeonpea yield in the intercropped treatments but reduced cotton yield
(Table 3). High plant density also increased total LER: by 65% for the 75 x 20 cm spacing,
and by 21% for 60 x 20 cm, when pest control measures were taken. Performance was poor
when no pest control was applied (e.g. LER < 1.0 at 60 x 20 cm spacing). This suggests that
intercropping without pest control gave no yield advantages over a monocrop.
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Biomass and nutrient transfer in pigeonpea-cotton intercrops

The importance of biomass and its components, including leaf fall, was measured in each of
the intercropping systems. Fig. 2 shows the results of the experiment planted during the
second rainy season. The collection of fallen leaves started 102 days after planting and was
completed together with the last picking of cotton. Cotton produced the highest total
biomass amount (leaf fall and plant weight). Hence, it follows that treatments with a high
share of cotton (e.g. 75% or 3 rows of cotton with 1 pigeonpea row) produce the highest
biomass. Plant density is another factor fi cotton at lower plant density (row spacing 75 cm)
produced more biomass than at higher density (60 cm). The medium-duration pigeonpea
variety Kat 60/8 was taller and produced more biomass than the short-duration ICPL 87091.
Similar results were reported by Nene et al. (1990).

Gross economic returns

Table 4 shows the estimated gross economic returns from different intercropping
treatments. In 1999, the market price (Ugandan shillings) for cleaned seed cotton was 250
USh/kg and for shelled pigeonpea 500 USh/kg. The returns were highest when cotton was
intercropped with pigeonpea variety Adong, particularly with 25% Adong (863 USh/ha).
However, note that these are gross returns, and do not include input costs (labor, pesticides
etc), which are considerable for cotton.
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Figure 2. Biomass production in various cotton/pigeonpea intercrop combinations,
Serere, second rainy season 1999.
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Table 3. Cotton performance in various pigeonpea-cotton intercrop treatments, Serere, 1999.

Treatment Ist rainy season (planting date 12 May) 2nd rainy season (planting date 12 Aug)
Height No. of Ball No. of Height No. of Ball No. of
(cm) branches weight (g) balls (cm) branches weight (g) balls
ICPL 87091 (75 cm) with pest control 110 8 128.56 25.27 91 7 32.94 10.35
ICPL 87091 (75 cm) without pest control 104 10 51.80 13.14 104 7 11.48 4.78
ICPL 87091 (60 cm) with pest control 115 10 108.95 22.79 98 7 31.10 9.92
ICPL 87091 (60 cm) without pest control 116 10 45.39 10.50 104 8 9.69 4.33
Kat 60/8 (75 cm) with pest control 105 8 110.12 21.85 108 9 37.10 11.92
Kat 60/8 (75 cm) without pest control 138 13 58.76 14.23 114 8 11.29 4.73
Adong (75 cm) with pest control 106 8 85.06 17.04 - - - -
Adong (75 cm) without pest control 138 12 65.42 14.06 - - - -
Cotton (75 cm) with pest control 105 8 80.39 16.44 98 6 35.63 10.33
Cotton (75 cm) without pest control 114 11 48.50 11.38 89 6 31.55 9.50
Cotton (60 cm) with pest control - - - - 107 6 11.19 5.00
Cotton (60 cm) without pest control - - - - 94 4 12.96 5.00




Table 4. Gross economic returns from various pigeonpea-cotton intercrop treatments, Serere, first rainy season 1999.

Row arrangement  Variety, row spacing Yield (kg ha™) LER Gross returns (USh ha™')
P C P C Total P C Total

C-pP ICPL 87091, 75 cm 289 1175 0.45 0.88 1.34 144.5 293.7 438.1
C-C-pP " 177 1360 0.28 1.02 1.30 88.5 339.9 428.4
C-C-C-pP " 122 1232 0.19 0.93 1.12 60.8 308.1 368.9
C-C-P-P " 248 1031 0.39 0.78 1.16 123.9 257.9 381.8
P-P-P-C " 351 579 0.55 0.44 0.99 175.7 144.7 320.4
C-P ICPL 87091, 60 cm 354 1223 0.57 0.92 1.49 176.9 305.7 482.6
C-P-P-P " 416 454 0.67 0.34 1.01 207.9 113.4 321.3
C-C-P Adong, 75 cm 527 983 1.97 0.74 2.71 263.7 245.8 509.6
C-C-C-pP " 327 2798 1.22 2.11 3.33 163.6 699.6 863.2
C-p Kat 60/8, 75 cm 312 905 0.93 0.68 1.62 155.9 226.3 382.2
C-C-P " 196 1102 0.59 0.83 1.42 98.1 275.5 373.6
C-C-C-pP " 133 1203 0.40 0.91 1.30 66.4 300.8 367.2
C-C-P-P " 246 1069 0.74 0.80 1.54 122.9 267.2 390.1
P-P-P-C " 701 524 2.10 0.39 2.50 350.7 131.1 481.8
Sole P Adong 267 0 1.00 1.00 133.7 0 133.7
Sole P ICPL 87091, 75 cm 638 1.00 1.00 318.9 0 318.9
Sole P ICPL 87091, 60 cm 617 1.00 1.00 308.7 0 308.7
Sole P Kat 60/8, 75 cm 333 0 1.00 1.00 166.7 0 166.7
Sole C 75 cm 1329 1.00 1.00 0 332.2 3322

1 USD = 1500 USh
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Single plant samples

Analysis of single plant samples of cotton and pigeonpea allows some preliminary
conclusions to be drawn. In cotton, yields were higher during the first rainy season. Yield
per single plant and number of balls were highest in the C-P-P-P treatment. For pigeonpea,
the highest yield per single plant, and largest number of pods and seeds were obtained from
the C-C-P and C-C-C-P treatments in both seasons. The higher the share of cotton, the
higher the yield of pigeonpea. Plants in the C-C-C-P treatment were taller and more
branched. Among the three varieties tested, the local variety Adong showed the highest seed
weight and largest number of seeds and pods per plant. Adong also had fewer damaged
seeds (24-31%) and failed pods, indicating a high degree of pest tolerance. The seeds are
small and hard. The plants are much more branched and more than twice as tall as the the
two improved varieties.

Conclusions

T All intercrop treatments gave yields higher than the corresponding monocrop, as
measured by LER

T Crops planted during the first rainy season gave higher yields than crops planted during
the second rains

T A high share of the cotton component increased total yield (LER) of the intercrop
T Yieldsand gross returns were highest in intercrops with the pigeonpea variety Adong

T Increasing plant density increased pigeonpea yield but reduced cotton yield

T Treatments with a high share of cotton produced the largest amount of biomass.
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Potential of Short- and Medium-Duration
Pigeonpea as Components of a Cereal Intercrop

C Smitht, J P Baudoin? and G Mergeai?

Introduction

Pigeonpea is one of the most important grain legumes in Africa. The crop is commonly
grown as a multi-purpose legume species intercropped or strip cropped with maize,
sorghum, cowpea, greengram, and cucurbits (Le Roi 1997). Maize/pigeonpea is the
dominant intercropping system, maize being the principal crop (Silim et al. 1991). The crop
is grown under conditions characterized by poor soils and frequent drought. Farmers
traditionally intercrop maize with pigeonpea landraces with little regard for spacing and
population (Silim et al. 1995). Studies have earlier been carried out on spatial arrangement
and plant population in cereal-pigeonpea intercrops, e.g. Silim et al. (1995). Information on
the effect of plant population in intercropping mostly focuses on spacing between rows.
However, during planting most farmers drill seeds in the furrow behind the plow, which does
not allow much flexibility in inter-row spacings. Another way of studying the effect of
densities in an intercrop is to alter the intra-row spacings while inter-row spacings remain
constant. Rao and Willey (1983) showed that long-duration pigeonpea genotypes were ideal
for intercropping with cereals. However, in Kenya, where severe terminal drought is
frequent, long-duration pigeonpea varieties often fail to produce yield and researchers are
looking at short- and medium-duration varieties as alternatives. As these duration groups are
new in the region, there is need to determine appropriate production practices. The study
reported here aimed at determining the effect of varying plant density in intercrops of maize
with short- and medium-duration pigeonpea, so as to come up with a recommendation for
farmer use.

Materials and Methods

Crop cultivation and management

The trial was conducted during the 1999 long rainy season under irrigation at Kenya
Agricultural Research Institute (KARI) Thika Centre in Kenya, located at 1545 m altitude.
The average minimum temperature recorded during the cropping season (Apr-Nov 1999)
was 13.400C. Information on the average maximum temperature was not available due to
thermometer failure at the station. The experiment was a 2x2x4 set out in a split-plot design
with four replicates. The densities used were 4.2, 5.5, 8.3, and 11.1 plants/m? representing
40, 30, 20, and 15 cm intra-row spacings. The main treatments were (i) sole pigeonpea,

1. International Centre of Insect Physiology and Ecology, PO Box 30772, Nairobi, Kenya
2. Department of Crop Husbandry, Gembloux Agricultural University, B-5030 Gembloux, Belgium
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(i1) intercrop maize/pigeonpea. Sub-plot treatments were four plant spacings within rows:
(i) pigeonpea 11.1 plants/m? maize 4.2 plants/m?, (ii) pigeonpea 8.3 plants/m?, maize 5.5
plants/m?, (iii) pigeonpea 5.5 plants/m?, maize 8.3 plants/m?, (iv) pigeonpea 4.2 plants/m?,
maize 11.1 plants/m?* and two pigeonpea varieties, i.e. Kat 60/8 (medium indeterminate) and
ICPL 87091 (short-duration determinate). The variety of maize used was Pioneer hybrid
which is a locally improved variety adapted to highlands. In order to assess the advantages or
disadvantages of growing intercropped maize versus sole maize at the four densities, four
sole crops of maize were added.

The experiment was sown on 21-22 April. Diammonium phosphate (DAP 18-46-0) was
applied only to maize rows at sowing time at the rate of 150 kg ha"'. The inter-row spacing
was 60 cm and the row proportion was 2:2 in intercrop, leaving crops at 50% of their
equivalent sole-crop plant population. Paired-row spatial arrangement was selected because
it allows more radiation to reach the crop grown between the cereal rows (Ali 1990). Each
plot measured 5.5 x 7.8 m. Two seeds of maize and five seeds of pigeonpea were sown at the
required distance. Maize was thinned to one plant per hill and pigeonpea to two plants per
hill. Maize was harvested in Oct 1999 and both pigeonpea varieties in Nov 1999.

Observations and data analysis

Pigeonpea: Observations were made on phenology (days to flowering, pod set and
maturity), on morphology (plant height, stem thickness, and number of primary branches at
maturity), yield parameters (pods per plant and seeds per pod), and the main insect pests
causing pod damage. Maize: Observations were made on stalk thickness and number of
cobs per plant.

At maturity an area of 2.4 x 4.5 m (10.8 m?) was harvested per plot to estimate total grain
yield for both maize and the two pigeonpea varieties. The productivity of the system was
assessed by calculating the land equivalent ratios (LERs) based on the method of Mead and
Willey (1980):

LER=LP + LM = (Ypm/Ypp) + (Ymp/Ymm)

where Y is the yield per unit area, Ymm and Ypp the sole-crop yields of maize and
pigeonpea, Ypm and Ymp the respective yields of pigeonpea and maize in intercrops.

Data were analyzed using Genstat 5. The assumptions that validate the analysis of
variance were checked by plotting the residuals against the fitted values.

Results

Plant growth

The effect of plant spacing within rows on pigeonpea growth is shown in Table 1. There was
no difference in phenology, height, and number of branches at maturity under sole and
intercropping. Though the difference was not significant, the stems were thicker in the sole
crop (5.8 mm) than in the intercrop (5.0 mm). There were significant differences among the
four spacings, with increasing plant density tending to reduce the stem diameter.
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Table 1. Plant growth of two pigeonpea cultivars at four plant densities, Thika KARI Station, Kenya, long rains 1999.

Density (plants/m?) Cultivar Days to Days to Plant height (cm) No. of branches
50% flowering 75% maturity

11.1 ICPL 87091 106 177.62 46.55 13.03
Kat 60/8 119.37 186.62 81.80 16.25

8.3 ICPL 87091 105.62 179.75 48.57 12.92
Kat 60/8 117.25 193.12 86.65 18.92

5.5 ICPL 87091 106 179.12 48.97 13.17
Kat 60/8 117.87 190.12 87.95 17.10

4.2 ICPL 87091 105.62 179.12 48.37 13.60
Kat 60/8 123.75 194.37 83.07 15.45

Intra-row spacing (IS) ns ns ns ns

Pigeonpea cultivar (PC) ok ok ok ok

IS x PC ns ns ns ns

SED (%) IS 1.945 2.454 2.752 0.834
PC 1.375 1.735 1.946 0.590

*significant at 5% probability level, ***significant at 0.1% probability level
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Pest damage

Pod and seed damage by all pests differed significantly among cultivars, with ICPL 87091
being the most affected. Neither cropping system nor plant population had any effect on pest
incidence.

Crop yield

Grain yields for maize and pigeonpea are shown in Table 2. After plotting the residuals
against the fitted values, a systemic pattern was observed for pigeonpea yield values,
showing violation of the assumptions validating the ANOVA. A log transformation of the
data best gave rise to a random scatter graph of residuals and was then used for the analysis
of variance.

Maize grain yields (per hectare) in intercrops were 72% of sole-crop yields, showing a
decline due to intercropping. No differences were found in maize grain yields between the
four densities. Pigeonpea grain yields in intercrops were reduced to 34% of the sole-crop
values, showing a negative effect of intercropping. There was significant interaction between
the two cropping systems and the plant density. Regression lines (P<0.001) were fitted to the
pigeonpea yield means for each cropping system separately. Though decreasing pigeonpea
plant density consistently reduced yields in both cropping systems, the response was higher
in intercropping. The yields of Kat 60/8 and ICPL 87091 differed significantly (P<0.001) in
both sole crop and intercrop, with ICPL 87091 producing the lowest yield.

The grain yield components of pigeonpea and maize are shown in Tables 3 and 4. In
maize the intercrops had more cobs per plant and larger grain size. Increasing maize plant
density reduced progressively the average grain size. In pigeonpea, intercrops had fewer
pods per plant than the respective sole crops. An interaction was also found between the
cropping system and the intra-row spacing. The relationship between number of pods and
increasing pigeonpea plant density was positive in the intercrop and negative in the sole
crop. The number of seeds per pod was not affected by any of the factors. Average seed size
in both cultivars differed significantly between the two cropping systems.

Absolute pigeonpea yields were positively correlated to the number of pods (P<0.01)
and the number of seeds (non significant) and negatively correlated to seed size (P<0.01).
Maize grain yield was negatively correlated to both number of cobs (P<0.05) and seed
size (P<0.01).

Land equivalent ratios

Most LERs were lower than 1 because of the poor pigeonpea yields in intercrops (Table 5).
The highest yielding combination overall was Kat 60/8 at 5.5 plants/m? intercropped with
maize at 8.3 plants/m®. However, the yield advantage was very small (1%). The relative
biological efficiency of the intercrops for each pigeonpea cultivar is shown in Table 5. In
ICPL 87091, maximum LER was achieved when pigeonpea at 5.5 plants/m*> was
intercropped with maize at 8.3 plants/m?, with a yield advantage of 3%. The yield proportion
of maize [LERm/(LERm+LERp)] within the most efficient combination was 0.75 for each
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Table 2. Grain yield (kg ha') of two pigeonpea cultivars at four plant densities in sole crop and intercrop, Thika KARI Station,
long rains 1999.

Plants/m? Cultivar Sole Intercrop Sole pigeonpea Intercrop pigeonpea
maize maize
Original Transformed Original Transformed
value value value value
11.1 ICPL 87091 - 5068 558 6.26 215 5.35
Kat 60/8 - 4270 1620 7.36 734 6.54
Maize 5549 -
8.3 ICPL 87091 - 4608 493 6.15 154 5.03
Kat 60/8 - 4487 1592 7.27 510 6.21
Maize 5910 -
5.5 ICPL 87091 - 4354 368 5.89 143 4.92
Kat 60/8 - 3602 1262 7.03 411 5.99
Maize 5565 -
4.2 ICPL 87091 - 2856 450 6.04 82 4.32
Kat 60/8 - 2988 872 6.72 188 5.18
Maize 5125 -
Cropping system (CS) * HHE
Intra-row spacing (IS) ns HHE
Pigeonpea cultivar (PC) - o
CSx IS ns *
CS x PC, IS x PC, CSxPCXIS ns ns
SED (%) CS 266.8 0.072b
IS 551.6 0.131b
PC - 0.092b
CSxIS 764.6 0.175b

*significant at 5% probability level, ***significant at 0.1% probability level
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Table 3. Grain yield components of maize at four plant densities in sole crop and
intercrop, Thika KARI Station, long rains 1999.

Cropping system Density (plants/m?) Cobs/plant 100-seed mass (g)
Sole crop 11.1 1.00 36.20
8.3 1.00 35.35
5.5 1.00 35.80
42 1.00 38.45
Intercrop 11.1 1.00 37.48
8.3 1.02 37.88
55 1.05 40.55
4.2 1.10 40.01
Cropping system (CS) * ok
Intra-row spacing (IS) ns *
CSx IS ns ns
SED (%) CS 0.012 0.332
IS 0.027 1.033

*significant at 5% probability level, ***significant at 0.1% probability level

pigeonpea cultivar. Individual LERs of maize indicate a general yield advantage of
intercrops over sole maize, increasing consistently with maize plant density. In pigeonpea,
all individual LERs were below 0.5, showing no benefit of intercropping. Although a general
decline of individual LER with decreasing plant density can be observed, total LER did not
show a similar trend.

Discussion

Intercropping effect on grain yield differed between crops. Maize was positively affected,
the yield advantage in the intercrops was due to bigger grain and more cobs per plant than in
the respective sole crops. Both pigeonpea varieties showed no yield advantage in intercrops
due to a reduction in the number of pods per plant. Willey et al. (1981) reported that in the
traditional sorghum/pigeonpea cropping system, high sorghum yields were maintained but
pigeonpea yield was adversely affected; however if both species were grown using improved
genotypes sown at full sole-crop population, the pigeonpea yield could be considerably
increased without greatly lowering the contribution of the cereal (Reddy and Willey 1985).
In this study, maize seems to have competed vigorously with pigeonpea.

The low temperatures experienced during the cropping season may explain the generally
poor performance of the normally high-yielding ICPL 87091 and Kat 60/8. The negative
influence of cool weather on performances of short- and medium-duration pigeonpea
varieties has been reported by Silim et al. (1995) in a study of the Kenyan transect, which is
located near the Equator (1od 51 to 40251 S) with altitudes varying from to 0 to over 1800 m.
The lack of vigor in pigeonpea would have then favoured maize competitiveness in the
intercrops. Short-duration varieties are also known to respond poorly to intercropping with
cereals compared to medium- and long-duration ones (Omanga et al. 1992). However, in this
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Table 4. Grain yield components of two pigeonpea cultivars at four plant densities in sole crop and intercrop, Thika KARI
Station, long rains 1999.

Density Cultivar Pods/plant Seeds/pod 100-seed mass (g)
(plants/m?)
Sole crop Intercrop Sole crop Intercrop Sole crop Intercrop
11.1 ICPL 87091 35.6 21.7 53 5.3 13.78 13.5
Kat 60/8 443 44.9 5 5.6 11.62 12.35
8.3 ICPL 87091 39.5 20.6 5 5.4 13.12 13.4
Kat 60/8 56.6 45.6 5.3 53 11.7 12.8
5.5 ICPL 87091 31.6 23.6 5.05 5 13.25 13.37
Kat 60/8 70.4 42.8 5.6 5.25 12.35 12.67
4.2 ICPL 87091 454 18.6 5.25 5.05 13.45 13.47
Kat 60/8 83.4 333 4.95 5 12.1 12.85
Cropping system (CS) * ns ns
Intra-row spacing (IS) ns ns ns
Pigeonpea cultivar (PC) ok ns HHE
CSxIS o ns ns
CSx PC ns ns *ok
ISxPC, CSxPCxIS ns ns ns
SED (%) CS 5.46 0.054 0.135
IS 4.20 0.169 0.163
PC 2.97 0.120 0.115
CSx IS 7.50 0.215 0.241
CSx PC 6.21 0.132 0.178

*significant at 5% probability level, **significant at 1% probability level, ***significant at 0.1% probability level
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Table 5. LER of two pigeonpea cultivars in intercrop with maize, Thika KARI Station, long rains 1999.

Pigeonpea cultivar Density (plants/m?) LER using specific best sole genotype LER using best sole genotype
Pigeonpea Maize Pigeonpea! Maize® Total Yield Pigeonpea’ Maize*  Total
proportion
of maize*
ICPL 87091 11.1 42 0.39 0.48 0.87 0.55 0.13 0.48 0.61
8.3 5.5 0.28 0.74 1.01 0.73 0.09 0.74 0.83
5.5 8.3 0.26 0.78 1.03 0.75 0.09 0.78 0.87
4.2 11.1 0.15 0.85 1.00 0.85 0.05 0.86 0.91
Kat 60/8 11.1 42 0.45 0.51 0.96 0.53 0.45 0.51 0.96
83 5.5 0.32 0.61 0.92 0.66 0.32 0.61 0.92
5.5 8.3 0.25 0.76 1.01 0.75 0.25 0.76 1.01
4.2 11.1 0.12 0.72 0.84 0.86 0.12 0.72 0.84

1. Sole ICPL 87091 at 11.1 plants/m? (558 kg ha). Sole Kat 60/8 at 11.1 plants/m* (1620 kg ha")
2. Sole Kat 60/8 at 11.1 plants/m? (1620 kg ha™)

3. Sole maize at 8.3 plants/m? (5910 kg ha™)

4. Yield proportion of maize = LERmaize/(LERmaize+LERpigeonpea)
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trial no interaction was observed between the cropping system and the cultivars used,
despite differences in phenology (20 days), both pigeonpea cultivars started flowering when
maize had not completed its growth cycle so that at a period of high nutrient demand, the
two varieties were subjected to similar competition from maize. Yield loss was greater in
ICPL 87091 than in Kat 60/8 probably because of higher pest infestation.

The positive relationship between pigeonpea yields and increasing plant density suggests
a better use of resources at narrower spacings. Natarajan and Willey (1980) observed that in
sorghum/pigeonpea intercropping, an increase in pigeonpea population improved light
interception and productivity. However, high plant density might not be as suitable in
environments subject to higher water deficit, due to increased competition for soil moisture.
Rees (1986) found that sorghum/cowpea intercrops were disadvantageous at medium
densities in dry conditions but beneficial in moist conditions.

The results also show that decreasing pigeonpea plant density reduced pigeonpea yields
more rapidly in intercrops than in sole crops, probably as a result of increasing competition
from maize. In maize the negative relationship between yield and seed size indicates that
though maize plants set bigger grain at wide spacings, this does not compensate for the low
plant population.

LER tended to be lowest when there was an imbalance in the densities of the two crops,
suggesting that intercropping should be beneficial when the two species are sown at
equivalent densities. However, the total LERs were generally low, either less than or slightly
greater than 1, suggesting that the different systems studied show little potential.
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Discussions fi Crop Management

Short-duration pigeonpea is not suitable for intercropping. It is best sole-cropped, but
requires attention to insect pest management. Medium- and long-duration varieties are
suitable for intercrops (and have traditionally been intercropped with cereals) because the
initial growth is slow, minimizing competition with maize.

Spacing and plant population

A number of studies have been conducted on optimal cropping systems and intercrop
combinations. The advantages of cereal-pigeonpea intercropping are unquestionable, but
experiments on spacing, row patterns, plant densities etc have yet to yield precise
recommendations. These recommendations are likely to be highly location-specific,
particularly since pigeonpea is sensitive to changes in temperature and photoperiod.

In general, smallholders tend to use lower-than-desirable plant populations. Spacing as
low as 30 cm between rows has been successfully tried under irrigation, but farmers continue
to use spacings of 70-80 cm or more, which is wasteful of resources. Optimal spacing also
depends on availability of soil moisture. Under dry conditions pigeonpea plants do not grow
large and therefore higher densities are more efficient. In wet environments, when plant
growth is more luxuriant, low density is more suitable.
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