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Optimal fertiliser dose and nutrients allocation in local
and biofortified bean varieties grown on ferralsols in
eastern Democratic Republic of the Congo

Chuma Basimine Géant™?, Safina Bora Francine', Byamungu Ndeko Adrien?, Nuru Wasolu?,
Blaise Mulalisi?, Mukengere Bagula Espoir’, Mondo Mubalama Jean?, Kayenga Lubobo Antoine® and
Mushagalusa Nachigera Gustave!

Abstract: Low crop yields are observed in the soils of South Kivu and lead to food
insecurity and malnutrition. An experiment was conducted on a ferralsol to deter-
mine the optimal dose in both local and improved common bean cultivars (M’Sole
and HM-21) and subsequently that which will allow store nutrients not only in the
leaves but also in the seeds, the two parts of the plant commonly consumed and
sold in the region. Experiments were conducted in a split-plot design with three
replications in 2017 and 2018. Observations were focused on growth and yield
parameters. N, P, and Fe levels were determined in leaves, roots and seeds. Results
showed that common bean yield and its related parameters were influenced by the
fertilizer doses and varieties. The biofortified variety (HM-21) presented higher yield
than the local (M’Sole). The allocation of N, P and Fe varied from one variety to
another; the best concentration was obtained with 51 kg ha™! of N, P and K which
corresponded to 300 kg ha™ of NPK composite fertiliser. High nutrient concentra-
tions were observed in young (0.23 g kg™* of N and 51 ppm of Fe), actively growing
leaves (0.19 g kg™* of N and 50 ppm of Fe) and at the end of the growth cycle (0.19 g
kg™* of N and 48 ppm Fe). Thus, grains and leaves of biofortified beans can reduce
anemia problems in eastern of DR Congo by increasing yield and nutrient
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Tropical soils are known to have very low levels of
nutrients that reduce the yields of most crops and
specifically legumines such as common beans.
One of these soils is the ferralsol that predomi-
nates in the eastern of the DR Congo. The aim of
this manuscript was to evaluate the effect of
different NPK fertilizer doses on the growth,
development and yield of different bean varieties.
Experimental plots were installed in Kabare terri-
tory by testing five doses of NPK on two varieties:
M’Sole and HM-21. The application of 51 kg ha™
of N, P-and K (from 300 kg ha™* of NPK composite
fertilizer) was the optimal dose. The concentration
of micronutrients (Zn and Fe) was high in both
local and biofortified varieties. In areas where
micronutrient deficiency problems such as iron
deficiency are observed (causing anaemia), both
leaves and seeds can be consumed to reduce this
health problem.
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concentrations in grains and leaves by using 300 kg ha™ on degraded ferralsols of
South-Kivu, eastern of DR Congo.

Subjects: Agriculture & Environmental Sciences; Agriculture; Crop Science; Soil Sciences

Keywords: Phaseolus vulgaris; biofortification; increasing fertiliser doses; ferralsols;
nutrient allocation and South Kivu

1. Introduction

Common bean (Phaseolus vulgaris L.) is an annual legume crop commonly grown for its high
protein content; its grains contain as much as three times more protein than cereals. In the
eastern Democratic Republic of Congo (DRC), beans are grown for both leaves and grains and is
by far the most widely consumed legume crop in the region (Casinga et al., 2015; Ntamwira et al.,
2017). Mainly consumed in the eastern provinces of DRC, 300 g per capita per day was estimated.
In south-Kivu, common bean is a staple food mainly for rural populations. Its seeds and leaves are
important sources of protein for the whole population especially in rural area to the point that it is
called “poor man’s meat”. Its sale also contributes to the improvement of the producer house-
hold’s income and thus improves the food security of the population. In terms of volume of
production, beans are the main legume cultivated. In 2013, production was estimated at
241445 tons but decreased to 89048 tons in 2018, which corresponds to a decrease of almost
—59% compared, respectively to the average of the last 3 years. The main bean production areas in
DRC are North-Kivu, South-Kivu and Tanganyika provinces. These three provinces account for 28%
of national bean production (SNSA, 2015).

However, despite the importance of the common bean in the eastern DRC, mainly in the South-
Kivu province, its mean yield is far below the potential of the crop in the region and research
centers. These low yields are mainly due to losses associated with diseases and pests, demo-
graphic pressure, inadequate farming practices, low soil fertility, use of low yielding and suscep-
tible varieties, with poor adaptation to local soil and farming conditions (Lubobo et al., 2016; Lunze
et al.,, 2012). Among those constraints, low soil fertility is the most important in South-Kivu where
(Sanginga & Woomer, 2009) previously reported seasonal nitrogen losses of 40 kg ha™. On one
hand, this is due to continuous and overexploitation of soils without or with limited use of external
inputs. On the other hand, this is associated with high soil erosion due to the exploitation of land
with inadequate topographical conditions in the region. Several attempts have been initiated to
increase soil productivity in the highlands of South-Kivu (Pypers et al., 2011) and achieved bean
grain yields of 1940 kg ha™ using 150 kg ha™ of NPK 17-17-17. Ntamwira et al. (2017) and
Mukendi et al. (2016) obtained the same yield with 200 kg ha™* of the same type of fertilizer. On
the other hand, closer yields were obtained on a ferralitic soil by applying of 100 kg ha™* of DAP
(Diammonium Phosphate) on local and improved varieties by Mushagalusa et al. (2016) and Muke
et al. (2019). This shows that the optimal dose is not yet known in common bean in South-Kivu; the
dose that will eventually promote a better allocation of nutrients both in the leaves and grains. The
CIAT/HarvestPlus is disseminating biofortified bean varieties with high iron and zinc content to
reduce the micronutrient deficiencies and anaemia in vulnerable groups such as breastfeeding
women and young children in eastern DRC. The prevalence of anemia among preschool was
estimated at 33% of which an half (50%) is due to Fe deficiency in the diet (HarvestPlus, 2010).

The use of improved varieties associated with good farming practices among which adequate
soil fertilization is an effective mean for increasing crop yields (Mufind et al., 2017; Nyabyenda,
2009; Useni et al., 2014). The use of different types of organic matter combined with mineral
fertilizers to the soil is one of the promising ways to increase agricultural production on ferrasols
such as those in eastern DRC, and specifically in Kabare Territory in South-Kivu province. The
tropical mountainous regions of Kivu, and Kabare specifically, have a prevalence of ferralsols
which are characterized by a very low activity clay (the Kaolinite type), a low pH value explaining
the stable microstructure (pseudo-sand) of yellowish colour (goethite) to reddish (hematite). On
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the other hand, they are generally deep, with good permeability and a stable structure that makes
them less susceptible to erosion and easy to work with. They are well drained but sometimes dry
due to low retention capacity (Cottenie, 1980; USDA, 2017; WRB, 2015). This study is evaluating five
doses of the NPK fertiliser on the growth and productivity of two varieties on low fertile soil in the
highlands of Kabare Territory, eastern DRC.

2. Materials and methods

2.1. Experimental site

The field experiment was conducted in Bugorhe in Kabare Territory (Figure 1), eastern DRC. The
area is made of mountains, hills and marshes. The field experiment was located at 2.446474°S for
the latitude, 28.804628° E for the longitude and at an elevation of 1682 m above sea level. The
previous crop on the same field was maize intercropped with beans. The field had an estimated
slope of 12%. Soil and weather characteristics are presented in (Tables 1 and 2). The climate is wet
tropical and Aw type according to Koppen-Geiger classification. The area experiences two seasons;
the long rainy season, referred to as A extends from September to February, while the short rainy
season B goes from mid-February to June. The mean annual rainfall was 1415 mm while the mean
average temperature was 18.9°C (Figure 2) during the study period. July (22 mm) is the least rainy
month while the large quantities are recorded in April, November and December (with nearly
180 mm monthly).

The soil is of the clay type, acidic and often poor in organic matter (Table 1), for which an
addition of organic and mineral substances (N, P, and K) is necessary. According to the classifica-
tion of (WRB, 2015), these soils are humic ferralsols; classes of red or yellow soil with a high
concentration of iron and aluminium sesquioxides. Found on old parental material, geomorpholo-
gically stable on the surface, they are developed on basic rocks only on siliceous materials of the
Pleistocene. Ferralsols are soils with low activity clay (LAC). They are developed in the humid and
subhumid tropics. They are mineral soils whose formation is conditioned by climate Low activity
soils of Kaolinite-type clay, they have a low pH value explaining the stable microstructure said
pseudo-sands of yellowish color (goethite) or red (hematite). Generally deep, with good perme-
ability and a stable structure that makes them less susceptible to erosion and easy to work. They
are well drained but sometimes dry because of the low water retention capacity. An application of
manure, compost, mulching can improve these soils.

2.2. Plant materials

Biofortified bean variety (HM21-7) and a local landrace (M’Sole) were used as plant material in this
study. These were from INERA/Mulungu for M’Sole and CIAT HarvestPlus for HM21-7. Agronomic
and phenotypic characteristics of these plant materials are provided in Table 2. They were chosen
for their high yield potential and their high level of appreciation by the farmers in the study area.

2.3. Methods

Field experiment was carried out based on a split-plot design. The fertiliser dose was the main
factor while the variety was subordinate/secondary. Only limited fertilizers are available on the
local market, in particular, NPK 17-17-17, Urea and KCl. Our choice has been focused on NPK
composite fertilizer. Mineral fertilizer made of NPK 17-17-17 was applied at six different doses
including 0, 17, 34, 51, 68 and 85 kg ha™? of elements N, P and K on both varieties (HM21-7 and
M’Sole). These doses corresponded to applications of 0, 100, 200, 300, 400 and 500 kg ha™* of NPK
composite fertilizer, respectively. Three replicates were set for each treatment. The treatment plot
size was 9 m?, which resulted in a total size of 576 m? (24 m long and 24 m wide) for the whole
experiment. The experiment was conducted during the growing season B, from 12 March to 17
June 2017 and repeated in the same season in the following year 2018. Seeding rate was of 40 cm
x 20 cm with two seeds per hole, making a density of 450,000 seeds ha™'. Before the NPK
application, organic matter in the form of cow manure was applied at a rate of 5 t ha™. The
NPK fertilizer was then applied at doses of 0.9, 1.8, 2.7, 3.6 and 4.5 g per hole. The crop
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Figure 1. Localisation of field
trial in Kabare territory.

Legend
I: Kabare

A% Experimental field

management practices consisted mainly of two weedings: the first 2 weeks after planting and the
second before flowering, corresponding to approximately 35 days after planting.

3. Data collection

3.1. Growth parameters

The seedling emergence rate was recorded 12 days after planting; it corresponded to the ratio
between the number of risen seedlings over the total number of seeds planted and expressed in
percentage (Raveneau et al., 2014). This parameter was taken as a high dose of fertilizers can
degrade seeds and thus impact seed germination. This was highlighted by Dialla et al. (2016) on
maize. Plant height was measured from a random sample of six plants in each plot at 30, 60 and
90" days after sowing. The root length was also measured from six plants randomly uprooted per
plot at 30, 60 and 90" days after planting.

4. Yield parameters

The yield parameters that were collected included the total biomass measured using a weighing
balance, the count of number of pods per plant, the number of seeds per pod, and the weight of hundred
seeds randomly sampled in each plot determined by a weighing balance. Biomass was taken as a yield
because the aerial part is consumed in the region as vegetable. The yield (in kg ha™) was obtained by
weighing grains from each plot and extrapolating it to the hectare.

5. Evaluation of the nutrient allocation in the plant parts

To evaluate nutrient allocation, N, P and Fe were measured in the seeds, leaves and roots of plants.
Six plants were randomly selected for this purpose. These analyses were performed on the plant
samples each day. Analyses protocols for these elements were followed as modified by Brigide et
al. (2014) and Mario et al. (2009). In fact, fully triturated samples of leaf, grains and roots were
used for determination of N, P, and K content. For each analysis, 200 g of sample was used in this
study to determine the total N, and total P using ash method (HNOs-HClO,-H,S04) (Liu et al., 2018;
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Table 2. Description of varieties used in this study at Kabare, eastern DRC

Varieties HM21-7 M’SOLE
Origin CIAT ISAR (Rwanda)
Growth habit Bush Bush
Innovator HarvestPlus INERA-Mulungu
Duration to flowering 40-42 days 45 days
Duration to maturity 90-95 days 90 days
Weight of 1000 seeds 391g 250t0 280 g

Yield potential

1000-1500 kg ha™

800-2000 kg ha™

Recommended areas

300 to >1000 masl

1000 to 2000 masl

Requirement in pH 55t0 75 -
Rainfall + 400 mm -
Iron (mg/qg) 62 60 to 120
Zn (mg/q) 33 -
Genetic pool Mesoamerican -
Seed color Red mottled Brown
Seed size Large Medium

Wan et al,, 2020) while Zn and Fe were analysed using X-ray Fluorescence (XRF). These dynamic
changes of nutrients were directly reflecting the abundance of plant varieties and soil nutrients.

5.1. Data analysis

Statistix 8.0 (Statistix, 2003) and R consol 2.3.2 software (Mario et al., 2009) were used for data
analysis. It consisted of the analysis of the variance to appreciate the effects of treatments on
different growth and yield parameters. The Tukey HSD test was used to separate the computed
means at 5% probability thresholds. The optimal dose of NPK fertilizer for the two bean varieties
was determined by a quadratic (second-order) relationship correlation between the amount of NPK
applied and the yield obtained. The function was f(x) = ¢ + bx + ax?, with f(x) the yield obtained by
applying x quantity of NPK. The maximum of the curve corresponds to the optimal dose which is
required to obtain the maximum yield.

6. Results

6.1. Effect of NPK doses on emergence rate and height of the two bean varieties

The applied doses of NPK had no significant effect on emergence rate. However, there were
significant differences on emergence rate due to varieties (p = 0.042) and the interaction between
doses-varieties (p = 0.034) (Figure 3). Mean emergence rates of 93% and 97% were recorded on
M’Sole and HM-21 varieties, respectively.

The plant height at physiological maturity varied significantly with fertiliser doses. The plant
height at 1 month after planting varied significantly with varieties (p = 0.0280), doses (p = 0.0172)
and their interactions (p = 0.026). In the second month, there were significant differences
(p = 0.0142) in plant height due to varieties and the interaction between variety and doses only.
In the third month, the same trend was observed. For the first month, the highest plant height was
observed on HM21-7 variety at the NPK application rate of 200 kg ha™* (37.8 cm) while the lowest
was on the local variety without fertilizer application (27.4 cm). In the second and third months,
the same trend was observed (Table 3).

The applied fertilizer doses did not influence significantly the mean root length of the bean
plants in the first month. However, significant differences were observed for the varieties
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(p = 0.0315). The NPK application at a rate of 100 kg ha™ allowed a good root development
(35,7 cm) in the local variety, whereas, in the biofortified variety, it is the application rate of 400 kg
ha™* which favoured root development (46.5 cm). Exceeding this dose, a significant decrease in
root length was observed.

Consumed in the region as vegetable, the bean leaves production was significantly higher for the
local variety (126.8 g per plant) than the biofortified counterpart (94.81 g). When applying 500 kg
ha™* of NPK to this biofortified variety, we observed a significant increase in leaf production (150,
5 g), while 400 kg ha™ was the one allowing the highest leaf biomass for the local variety (172.3 g).

7. Effects of NPK doses on yield parameters of the two bean varieties

All the yield parameters were very significantly influenced by the fertilizer doses (p<0.05), except
the weight of hundred seeds (Table 4). However, there were highly significant differences
(p < 0.001) due to varieties for the number of seeds per pod, the number of pods per plant and
the weight of hundred seeds. The local variety M’Sole had more pods per plant and these increased
from 5.2 (without fertilizer) up to 13.9 at the NPK dose of 400 kg ha™?, before decreasing to 12.1
when the NPK application reached a dose of 500 kg ha™". The biofortified variety had only 3.1 pods
without NPK application; it increased to 6.3 pods at the NPK application rate of 400 kg ha™*. The
same dose had an average of 3.6 seeds per pod for the variety HM-21 and 5.3 for landrace M’Sole.
Weight of hundred seeds was higher for the biofortified bean variety HM-21 (42.3 g) than it was for

the local variety M’Sole (22 g) at 400 kg ha™* NPK dose.

Table 4. Effects of mineral fertilizer doses and grown bean varieties on the yield parameters

at Kabare, eastern DRC

Varieties Doses of N, P, K | Number of pods | Number of seeds Weight of
in kg ha™ per plant per pod hundred seeds
(9)

HM21-7 48+22°¢ 41+06° 38.8 £ 5.3%
0 31+18° 32+08°¢ 35.3 +3.8°
17 42+08¢ 40+03°¢ 38.7 £2.3%
34 47+12°¢ 47 +03° 40.7 +1.2°
51 6.0 + 3.0%¢ 46 +0.3° 36.0 +12.3°
68 6.3 + 3.9 36+00°€ 423 +2.9°
85 47+14°¢ 45 +0.2° 40.0 £ 2.6°
M’SOLE 9.1 +3.6% 5.7 +0.7a 216+15°¢
0 52+12¢ 47 +0.4° 223+06°
17 8.0 +2.5° 6.0 £0.3° 20.7 + 0.64
34 73 +25P 5.8+ 0.2° 27+12°
51 8.2 +1.0% 5.8 +0.7° 21.0+20°
68 13.9 +1.9¢ 53+0.5° 220+17°
85 12.1 £ 3.6° 6.3 +0.9° 21.0+20°

Doses 0.0002*** 0.0033** 0.6348ns

Varieties 0.0001*** 0.0001*** 0.0001***

Varieties*Doses 0.03* 0.137™ 0.0309*

CV (%) 19.92 12.3 13.18
HSDy.05 6.74 1.43 8.24

HSD: Honestly Significant Differences of Means, CV: Coefficient of variation *: significant at 5% threshold, CI (con-
fidence interval) = 95%, ns: not significant, *** highly significant at 1% p-value threshold, CI = 99%, a,b,c: values of the
same column with the same letter are significantly equal to the 5% p-value threshold according to the Tukey HSD

test.
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Figure 2. Weather data for the
Kabare territory from 1960 to
2017 (a) and during the 2017-
2018 experimental periods (b).
Texture of the soil profile of the
experimental field in Kabare,
eastern DRC (c).
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The grain yield of the two bean varieties (Figure 4) was very significantly influenced by varieties
grown (p = 0.001), the applied fertilizer doses (p = 0.003) and by the interaction between doses and
varieties (p = 0.041). The application of 100 kg ha™! recorded a grain yield of 917 kg ha™* compared
to the control without fertilizer (768 kg ha™). The highest grain yield was obtained at the NPK dose
of 300 kg ha™* (1680 kg ha™?). It has then proportionally decreased up to 1127 kg ha™* at 500 kg
ha™! of NPK application rate. The best yield was observed on the local variety (1.68 t ha™®) when
applying the dose of 400 kg ha™! while the lowest yield was on the variety HM21-7 (0.41 t ha™?)
without NPK application. The yield increased significantly up to 400 kg ha™?, after which the yield
started decreasing (Figure 5). The regression analysis between the dose of NPK applied and the
grain yield obtained is presented in Table 5. It shows that the regression varies from one variety to
another. It is represented by a quadratic equation noted as y = 266.36 + 287.47x —0.647x>
(R2 = 78.1) for the variety HM21-7 and y = 653.58 + 355.15x—0.613 x 2 (R2 = 86.4) for the local
variety M’Sole.

From these analyses, it appears that the optimum NPK dose to be applied should vary from one
variety to another. The estimation of the optimal dose of NPK to be applied suggested 340.2 kg
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ha™* for HM21-7 and 289.68 kg ha™? for M’Sole, respectively (Table 5). Thus, from the six doses used
in this study, 300 kg ha™* was closer to the estimated optimal NPK dose.

8. Nutrients allocation in the bean plant parts for the different fertiliser doses and
varieties

The allocation of nitrogen, phosphorus and iron in the different parts of the bean plant (roots,
leaves and seeds) regarding the different doses of NPK applied on the two bean varieties is
presented in Figure 6. It shows that the concentration of N, P and Fe in the different bean plant
parts varied significantly with growth stages (p = 0.035), the plant organs (p = 0.012) and the
grown variety.

Regardless of the assessed nutrient and the grown variety, the biofortified variety HM21-7
presented high values compared to its local variety (M’sole) counterpart. Very significant differ-
ences were observed between concentrations of N and P for the grown varieties and the NPK
doses. In general, the NPK dose of 300 kg ha™* recorded the highest values of accumulation in
roots for N and P on the variety HM21-7. However, in leaves, it was the local variety M’Sole which
accumulated the highest concentrations of both nutrients. In seeds, the highest concentration of N
was observed in the local variety at fertiliser doses of 400 and 500 kg ha™?. Surprisingly, at the
fertiliser dose of 300 kg ha™, there was no significant difference between the two varieties. For the
phosphorus, the highest concentration in seeds was observed when the fertiliser dose of 400 kg
ha™* was applied. Exceeding this dose, the P concentration in seeds started decreasing proportion-
ally. In both cases, highest P and N concentrations were recorded in leaves than in seeds. The

Table 5. Estimation of the optimal dose of NPK to be applied for the two varieties when grown|

at Kabare, eastern DRC

HM21-7 M’sole
X Quantity of fertilizer applied in kg ha™? Quantity of fertilizer applied in kg ha™
f(x) =y Yield in kg ha™? Yield in kg ha™*
Equations y = —0,423x? + 287,47 + 266,36 y = -0,613x? + 355,15x + 653,58
R’ 0,7816 0,864
dy/dx —0,845x+287,47 —-1,226x+355,15
Yxemax
Xmax in kg ha ' 340.2 289.68
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concentration of iron in leaves ranged from 42 to 58 ppm. When exceeding the fertiliser dose of
400 kg ha™, the local variety M’Sole reached very high Fe concentrations of 80 ppm, while a
significant concentration decrease was observed on HM21-7 (38 ppm). In the seeds, the fertiliser
dose of 300 kg ha™! showed a concentration of 72 ppm for HM21-7 and only 47 ppm for M’Sole.
Exceeding this dose, the trend reversed in favour of the local landrace M’Sole.

8.1. Discussion

9. NPK fertilizer doses improve growth and yield of beans grown on ferralsols in South
Kivu

The different doses of NPK influenced differently the parameters observed throughout the growing
cycle of the bean crop and that for the two varieties. The number of pods per plant, the number of
seeds per pod, the weight of hundred seeds and the grain yield (p < 0.001) were influenced by the
fertilizer doses. In general, the fertiliser dose of 300 kg ha™ had the best results. (Ngongo et al.,
2014) previously showed that applying NPK fertilizer to different bean varieties could allow
doubling grain yields. In their study, yields of 1.3 t ha™* were obtained with NPK fertiliser while it
was only 0.7t ha™? without fertilizer. Mean root length, dry weight of bean leaves, and fresh leaf
weight were significantly influenced by the fertilizer dose. These results support those previously
found by (Casinga et al., 2015; Mushagalusa et al., 2016) in field experiments conducted in weather
conditions similar to those of the present study. In Casinga et al. (2017) for example, while testing
five doses of NPK, they found significant influences of doses on growth and yield of two grown
biofortified varieties. They also observed that the variety HM21-7 was the most productive while
fertiliser dose of 150 kg ha™* was the optimal fertiliser dose for beans, with a grain yield of 1250 kg
ha™. However, increasing the fertiliser dose to 200 kg ha™ was still resulting in yield increase;
which underlies that the optimal threshold of the dose was not reached yet. Mushagalusa et al.
(2016) recorded yields of 1395 to 1352 kg ha™? by applying 100 kg ha™ of DAP on two biofortified
varieties HM21-7 and RWR2245 in Kashusha, which the neighbouring area to where this study was
conducted. However, this dose showed a low harvest index of 57% to 59%. Increasing the fertiliser
dose to 51 kg ha™® of N, P and K from 300 kg ha™ of composite NPK fertiliser, we obtained 1680 kg
ha™L. This difference would be, not only due to the difference between the doses but also the types
of soil. Indeed, the dominant soils in Kashusha are Nitisols with a high concentration of organic
matter. This dose also has agronomic efficiency according to the same result. This variation in yield
between common bean varieties can be explained by their genetic backgrounds. This same trend
was also noted by (Lubobo et al., 2016; Mirindi et al., 2018). The difference in genotype not only
influences growth but also yield and nutrient concentration. It will, therefore, require a critical
selection of cultivars for different regions to allow plants expressing their full potential. (Lubobo et
al,, 2016; Kasongo et al.,, 2016) found the increase of the agronomic efficiency up to 66% with the
application of NPK and urea fertilisers. The low seed yields of HM21-7 can be explained mainly by
dry spells and erratic rainfall observed during the experiment period as the HM21-7 variety has a
low capacity to adapt to adverse climatic conditions (Ntamwira et al., 2017). Legume production in
the tropics is also limited by low soil fertility. Indeed, given the toxicity of Al and Fe, and the very
acidic pH level (<5.5) of soils, the effectiveness of fixation remains limited, poor biomass and seed
productions, and consequently, a significant demand for fertilizer. (Kone et al., 2009) showed that
the fertility of ferralsols can be appreciated by their colour.

The experiment site soils are red and rich in oxides and hydroxides of iron and aluminium which binds
phosphorus as demonstrated by (Abekoe & Sahrawat, 2001, 2003). Under conditions of high acidity, the
application of organic matter, lime or phosphate rock can improve crops’ performance (Raharinosy,
1983). Also, high doses of fertilizer would also be needed for these soils. In addition, Steiner (1996)
reported nutrient (especially N and P) losses of 22, 2.5 and 15 kg ha™* on ferralsols in the region. Thus, the
contribution of chemical fertilizers is a key factor in the intensification of agriculture in developing
countries and, in the Kivu region in particular. Hence, the positive correlations recorded between the
yield and the quantity of chemical fertilizers used (Casinga et al.,, 2017; Useni et al., 2014). In south-Kivu,
the national statistics (SNSA, 2015) show the yield of the bean around 500 kg ha™! in the farmer field
without fertilizer. In any case, fertilizers are known to be an integral part of current crop production as
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they provide essential mineral elements (especially macronutrients) for positive crop growth and
blossoming harvests. Even high yielding varieties of crop plants possibly do not reach to their full
potential without getting a balanced dose of fertilizers which seems very obvious especially for degraded
tropical soils such as the over-exploited ferralsols of Kabare, eastern DR Congo.

However, many evidences indicating that intensive use of synthetic fertilizer is one of the
main factors polluting air, soil and water. In fact, its production generates different green-
house gases which concentrate (Vatonii et al.,, 2008; Ward et al., 2018). These authors
showed that Greenhouse gas emission reduced and degraded environmental quality; they
also showed that Water Nitrate and Human Health are affected by applying fertilizers on
farms. Problems such as eutrophication and groundwater degradation were also noted in
many reports. Long-term use of fertilizers becomes a significant source of soil and water
pollution which may put terrestrial and aquatic ecosystems downstream and human health
at risk. On the other hand, N is converted to ammonia which is converted to nitrite and
nitrate that is highly soluble and mobile and is loosely bound to soil particles. The nitrates are
easily washed into surface water bodies by rain or leached into groundwater via soil and
infiltrating water. Also, the oxidation of nitrite to nitrate by dissolved oxygen in water leads to
depletion of oxygen levels in water. Huang and Jin (2008) confirmed that their excess
application may add more heavy metals to the soils. In that case, we suggest to combine
the two types of fertilisers (mineral and organic) especially as these soils are very poor in
organic matter and have a low nutrient retention capacity.

10. Nutrient allocation in plant parts of the two bean varieties

The results obtained showed that the concentration of N, P and Fe varied from with varieties,
fertiliser doses and plant organs along with the growth stages (Figure 7). Indeed, the three
elements were more concentrated in leaves and seeds than in the roots. The local variety M’Sole
had the highest accumulation rates for these nutrients with high concentrations in the leaves than
in the roots and seeds, except for the N. Results showed also that when the fertiliser dose of 51 kg
ha™! which corresponds to 300 kg ha™* (of NPK fertilizer) was exceeded, the concentration in seeds
decreases significantly in the biofortified variety. Among the six varieties they evaluated, HM21-7
had a high concentration of Fe and Zn compared to the five others mainly RWK10, RWR2245 and
CODMLBO001 with values ranging from 42 to 76 ppm for Fe and 15 to 34 ppm for Zn in the biomass
and 24 to 49 ppm Fe for seeds. Much earlier, Pfeiffer (2007); Wolfgang (2010); Silva et al. (2012)
showed that the concentration of Fe and Zn in biofortified varieties is a function of genotype,
quantitative traits and environmental factors such as water, nutrient status, and agronomic
practices. In Kenya and Tanzania, Mamiro et al. (2011) found Fe concentration values ranging
from 113.3 to 466.9 mg 100 g™! of dry matter for the biofortified varieties grown in the region,
while for Zn values ranged from 6.4 to 50.1 mg 100 g™* of dry matter. Concentrations were varying
with varieties, depending on whether it was local landrace or improved biofortified cultivars.
Concentrations also varied with the plant parts and growing stages; the young leaves were more
concentrated in Fe and Zn than young seeds. Once old, the trend for the Fe remained the same
while that of Zinc was static for both leaves and seeds. Celmeli et al. (2018); Lucia, Carvalho et al.
(2012); Yeken and Akpolat (2018) and Paredes et al. (2009) found Fe, Zn and protein concentra-
tions close to these results. (Sandberg, 2002) and Hikosaka et al. (2005) reported that the
concentration of nutrients such as Fe and Zn is high in common bean varieties. However, their
bioavailability is sometimes low because of the presence of phytates which inhibits their absorp-
tion. (Bressers, 2014; Langwerden, 2014; Macharia et al., 2012) showed that young leaves have
high concentrations in nitrogen and phosphorus and that the addition of phosphate and potassium
fertilizers significantly increases the leaf concentration in nitrogen and phosphorus. They also
found that nitrogen concentration in leaf increases with bean grain yield, such that it is low
when seed yield is low. The relationship between phosphorus concentration in leaves and grain
yield has a similar trend (Bressers, 2014).
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Figure 7. Evolution of nutrients
concentration in plant parts by
growth stage for bean crop
grown at Kabare, eastern DRC
(The bars above each column
are standard errors).
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From our results, the growth and yield of beans vary with the fertiliser doses and grown varieties.
On ferralsols, predominant in Kabare and Walungu territories in eastern DR Congo, the use of NPK
fertilizer dose should depend on the grown variety. Biofortified varieties would require more
nutrients supply than local varieties in the region. The estimated optimum fertiliser dose for NPK
varies according to the varieties cultivated; however, it varied from 289 to 340 kg ha™ . Exceeding
this quantity, not only the yield will be affected but also the allocation of nutrients including N, P
and Fe. The young leaves had high concentrations in nutrients (N and P) as well as in Fe with the
same threshold as the seeds. Micronutrient concentrations (Fe and Zn) remain very slightly
different between the two types of varieties under study. In areas where deficiencies in proteins
and micronutrients such as Fe and Zn are still causing serious health problems and anaemig,

consumption of young leaves and seeds can help alleviating this problem.
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