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Bambara groundnut is the third most cultivated legume in Burkina
Faso. Despite its nutritional and agronomic importance, it remains
under studied. Women are the major producers and it often been
associated with subsistence farming and small-scale grown on poor
soilswith very poor yields.To deal with this, producers are increasingly
using chemical fertilizers. Reducing of the amount of chemical
fertilizers substituted by organic inputs and using improved varieties
could lead to increase yields and ensure sustainability of agricultural
productivity. In this study, two Bambara groundnut varieties were
assessed under different fertilizer treatments in order to determine the
inputs that will improve Bambara groundnut productivity. Experiments
were laid out as Split-Plot design during the rainy season with three
replications at Tenkodogo University Centre during the rainy season
2022. The experiments consisted of two factors, including the varieties
(KVS 235 and Var_Loc) and four levels of fertilization (NPK75 ;
Bc3000; Bc5000 and NPK37.5 + Bc2500). Growth and yield
parameters were recorded according the Bambara groundnut
descriptors and subjected to analysis of variance at 95% threshold. The
results showed that KVS235 exhibited short cycle for first flowering
(32 days) and 50% flowering (35 days) and weight of pods per plant
(16.45 g) and best performance of weight of seed per plant (10.32 g).
The treatment NKP75 showed maximum weight of pods per plant
(18.95 g) and weight of seeds per plant (11.53 g). Yield increased with
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NPK75 (1199.31 kg ha™), followed by Bc3000 (1095.14 kg ha™) and
Bc5000 (993.75 kg ha™).

Copy Right, 1JAR, 2024,. All rights reserved.

Introduction:-

Bambara groundnut (Vigna subterranea Verdcourt) is one of the most important food legumes grown in Sub-saharan
Africa (Toure et al., 2013 ; Khan et al., 2021). It is the third most cultivated legume in Burkina Faso (Ouedraogo et
al., 2008) after cowpea (Vigna unguiculata [L.] Walp.) and groundnut (Arachis hypogeae L.). Bambara groundnut is
calorie and nutrient dense (387 kcal/100 g)(Minka and Bruneteau, 2000 ; Bonny and Dje, 2011), making it a highly
sought after nutritional supplement for many local populations. In addition to the nutritional importance, Bambara
groundnut also has important medicinal properties (Atoyebi et al., 2018 ; Brink et al., 2006). The plant is also
climate resilient being able to grow under significant water deficit. Further the crop fixes a large amount of nitrogen
helping to maintain soil fertility (Mabhaudhi et al., 2013 ; Azam-Ali et al., 2014 ; Ndiang et al., 2022 ; Hillocks et
al., 2012).This crop could be used to promote sustainable agriculture for empowering farmers resilience to adverse
unfavorable pedoclimatic conditions.

In Burkina Faso, there are very few studies on Bambara groundnut fertilization rates (Nandkangre et al., 2023).
Despite the potential, Bambara groundnut remains underutilized and under-researched. Bambara groundnut is
mainly cultivated by women on poor soils and has poor yields (Goli et al., 1997 ; Anchirina et al., 2001). In Burkina
Faso, agriculture faces insufficient rainfalls and poor soils. Sanchez (2002) reported average annual nutrient
depletion rates of 22 kg N ha™; 2.5 kg P ha™; 15 kg K ha™ in 37 Africa countries. To cope with these poor soils and
improve overall productivity, farmers resort to chemical fertilizers. The inclusion of a large quantity of chemical
fertilizers could expose the environment to tremendous pressure. In particular building on the multiple problems that
include a shrinking land base (Maitra and Pine, 2020) and showed negative balance of major soil nutrient
components (N, P and K) in most Sub-saharan African countries (Stoorvoge et al., 1993 ; Hilhorst et al., 2000). The
nutrient inputs in mineral or organic form and many other agricultural practices have demonstrated in enhancing soil
fertility and thus increasing crop production (Kaho et al., 2011 ; Useni et al., 2012 ; Khalid et al., 2014 ; Zongo et
al., 2021). To tackle gradual soil degradation and environmental pollution it is urgent to look more agroecological
practices. Several authors believe that agroecological practices could enable more sustainable production while
maintaining an unimpaired environment (Altieri et al., 2012; Altieri et al., 2017). Thereduction of the amount of
chemical fertilizers substituted by organic inputs and using improved seed varieties could lead to increase yields and
ensure sustainability of agricultural productivity. The objective of this study was to assess two Bambara groundnut
varieties under different fertilizers in the Centre-east region, in order to determine the inputs that will improve
Bambara groundnut productivity.

Material and Methods:-

Experimental site description and soil characterization

This study was carried out at the experimental site of "Centre Universitaire de Tenkodogo" (11°48°37°°N,
0°22°19’W) located in Centre-east region of Burkina Faso. Climate of this region is Sudano-sahelian type
characterized by two annual seasons, dry (November to May) and humid (June to Octobre). The rainfalls in
Tenkodogo between May and October 2022 were 1066.9 mm over 55 days.The characterization of the soil of
experimental site was done according to FAO (1994). Soil description showed three different layers. The first layer
(0-16 cm) has sandy texture, followed by sandy-clay texture (16-36 cm) and the third layer (> 36 cm) is a
ferruginous shell. This soil belongs to the ferric and manganese sesquioxides soils class and specifically to shallow
leached ferruginous tropical soil according to the french classification (CPCS, 1967) and matching to endo
petroplinthic lixisol according to the World Reference Base for Soil Resources (2015) classification. Physical and
chemical properties of the soil are summarized in Table 1 (Zongo et al., 2023).

Table 1:- Physical and chemical properties of the soil of experimental site (Zongo et al., 2023).

Property Value obtained

Soil layer (cm) 0-10 10-36
Sand (%) 86 50
Silt (%) 5 10
Clay (%) 10 40
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Soil textural class Sand Sandy-Clay
Total Organic Matter (%) 0.38 0.42

Total Carbon (%) 0.22 0.24

Total Nitrogen (%) 0.02 0.02

CIN 11 14

Total Phosphorus (mg Kg™) 218.40 273.00
Total potassium (mg Kg™) 544.11 1165.96

pH (H,0) (W/V: 1/2.5) 5.81 5.53

pH (KCI) (W/V: 1/2.5) 5.39 5.30

Plant material

Two varieties (KVS235 and Var_Loc named Bansida in local language) were assessed. KVS235 has been released
by the National Institute of Environment and Agricultural Research. This variety has been selected on interesting
agronomic characteristics and high commercial value. It has a cream seed coat without eye. Var_Loc (Bansida) is a
local variety from the municipality of Zabré in the Centre-east region, where it is widely cultivated. It has a khaki
seed coat in color with black spot with an eye.

Agronomic practices and field method

Experiments were carried out during the rainy season 2022-2023 as Split-Plot design. The main plot was comprised
of two varieties. The sub-plot treatments were composed of chemical fertilizers (NPK 14-23-14) and Bio-compost
(Bc). Four levels of treatments viz. NPK75 (75 kg ha™) ; Bc3000 (3000 kg ha) ; Bc5000 (5000 kg ha) and
NPK37.5 + Bc2500 (37.5 kg ha™ of NPK mixed with 2500 kg ha™ of Bc) were applied at basal. Compost was
produced from substrates composed of cow dung (325.20 kg); ash (64 kg); phosphate rock (50 kg); 2-weeks
macerate of crushed Samanea saman leaves (50 kg of leaves for 200 L of water), liquid Trichoderma harzianum
spores named solsain (1 L m™) and grass straw (64 kg). The grass straw comprised Loudetia togoensis (60%),
Andropogon pseudapricus (30%) and Andropogon gayanus (10%). Composting lasted 45 days with 4 turnings.
When mature, the compost was sieved to 3 mm to obtain a powdery texture. The characteristics of the compost are
shown in Table 2.

Table 2:- Chemical characteristics of compost.

Compost characteristics Values
Humidity (%) 28
Dry matter (%) 72
Total organic matter (%) 30.05
Total carbon (%) 17.47
Total nitrogen (%) 1.21
Ration C/N 14
Total phosphorus (%) 0.82
Phosphoric anhydride (P205) (%) 1.88
Total potassium (%) 1.10
Potassium oxide (K20) (%) 1.33
Ammonium (mg/kg) 32.06
Nitrate (mg/kg) 48.00
Inorganic N (mg/kg) 80.07

The experimental design consisted of three blocks.Each block was made up of eight elementary plots measured 2 m
x 1.2 m. The spacing between rows were 0.8 m and 1 m between the replication. Sowing was done at one seed per
hole on 0.4 x 0.2 m spacings after a flat plowing with a tractor. Forty-four seeds were sowed per plot. Manual
weeding operations were carried out on request. Mounding was carried out on the 49" day after sowing (DAS).

Data collection and statistical analysis

Data collection took place during the vegetative phase and after harvesting. The parameters considered in this study
are listed in Table 3. The morphological and agronomic parameters were recorded on the basis of Bambara
groundnut descriptors (IPGRI et al., 2000). Data recorded were subjected to analysis of variance using Genstat 12
Edition. Each factor effect and their interactions were determined using F-test at a = 0.05. Means were separated
using Duncan test.
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Table 3:- Registered characters, code and notation.

Character Code Notation
Vegetative growth and flowering stage

Rate of emerged plants at 21 days after sowing RES21 %
Number of days from sowing to first flowering FFL Day
Number of days from sowing to 50% flowering FLO50 Day
Number of nodules NON Number
Total biomass at the flowering TBF g
Number of leaves per plant NL/P Number
Plant height PIH cm
Plant spread PIS cm
Post-harvest

Weight of pod per plant WP/P g
Weight of seeds per plant WSP g
100-seeds weight W100S g

Pad filling rate PFR %
Yield YLD Kg ha™

Results and Discussion:-

Effect of treatments on emergence rate, flowering and Numbers of nodules

Varieties differed significantly for the date of first flowering (P< 0.01), date of 50% flowering (P< 0.01) and number
of nodules (P< 0.05) (Table 4). In contrast, the rate of emergence at 21 DAS was not impacted with values of
83.14+0.33% and 82.20+0.23% for KVVS235 and Var_Loc. The seeds used had good qualitywithgermination being
higher than 80% for both varieties (MARH, 2022). The rate of emerged plants is greater than most of the varieties
characterized by Obidiebube et al. (2000) in Nigeria. But slightly lower than those of Diagara et al. (2022) on Niger
varieties. For the flowering attributes (FFL = 32.00+1.06 and FLO50 = 35.00+1.06 days) KVS235 had short
flowering cycle of three days, compared to the variety Var_Loc (FFL= 35.00£0.75 and FLO50= 38.00+0.75 days).
In general, flowering occur early in the genotypes grown in Burkina Faso (Nandkangré et al., 2023). However,
accessions grown in countries with abundant rainfall take a long time to flower (Bonny et Dje, 2011; Massawe et al.,
2019). Among breeding objectives in Burkina Faso, there is the reducing of the cycle due to the insufficient of the
rainfall, so that plants can complete their ripening cycle. Nandkangre et al. (2022) reported that Bambara groundnut
short-cycle varieties get early pods formation. Pods formed in this way will have sufficient time to fill with seeds
before the rains shorten.

Table 4:- ValuestStandard Errors of emergence rate, flowering traits and number of nodules under the effect of
varietal and fertilizer factors.

Source of variation RES21 FFL FLO50 NON
(%0) (days) (days) #)

Varieties KVS235 83.14+0.33a 32.00+1.06a 35.00+1.06a 22.10+4.24a
Var_Loc 82.20+0.23a 35.00+0.75b 38.00+0.75b 10.10+3.00b
Probability 0.811 0.001** 0.002** 0.012*

Fertilizers NPK75 79.92+1.38a 33.00+0.38a 36.00+0.13a 15.30+0.40a
Bc3000 88.26+2.80a 34.00+0.13a 36.00+0.13a 18.23+1.07a
Bc5000 82.95+0.14a 34.00+0.13a 36.00+0.13a 14.50+0.80a
NPK37.5 + Bc2500 79.55+1.56a 34.00+0.13a 37.00+0.38a 16.37+0.14a
Probability 0.257 0.769 0.533 0.478

Var * Fert Probability 0.427 0.901 0.819 0.035*

Legend : RES : Rate of emerged plants at 21 days after sowing ; FFL: Number of days from sowing to first
flowering; FLO50 : Number of days from sowing to 50% flowering; NON: Number of nodules ; Var * Fert :
Interaction variety-fertilizer ; Means within columns with different letters are significantly different; *: Significant
difference at P = 5% treshold ; ** : Significant difference at P = 1% treshold.

KVS235 has a higher number of nodules (22.10+4.24) than Var_Loc (10.10+3.00) with increase of 118.81%.
Nevertheless, the local varieties easily nodule for indigenous native rhizobia. This high number of nodules is an
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interesting genotypic characteristic because of the symbiotic association with Rhizobium bacteria for atmospheric
nitrogen fixation (Singh et al., 2006), making this major element available for the plant. Redjeki et al. (2013)
reported that seed coat compounds play a significant role in nodule development. Moreover, lbny et al. (2019) that
variation in Bambara groundnut seed color influences the choice of microsymbiont partners, through the attraction
of native and familiar rhizobia with potential symbiotic efficiency within crop species

In Burkina Faso, Bambara groundnut is grown on marginal soils. It would be advisable to use KVS235 which could
trap a large amount of nitrogen as order to improve soil fertility. The different types of fertilizers, their doses and
combinations, as well as the interaction variety x fertilizer did not affect significantly the rate of emerged plants and
the flowering attributes. However the interaction variety x fertilizer showed significant variation for number of
nodules (P< 0.05). In-deeph, the interaction KVS235*NPK75 and KVS235*Bc5000 exhibited greatest number of
nodules (23.87 and 23.33 nodules respectively).

Effect of treatments on growth parameters

The number of leaves per plant (NL/P) and plant spread (PIS) of K\VS235 and Bansida varieties were significantly
affected (P< 0.05 and P < 0.01, respectively) by the overall effect of the different fertilizers (Table 5).Total biomass
at flowering (TBF) and plant height (PIH) were not significantly influenced (P> 0.05). High number of leaves per
plant (NL/P) were recorded with KVS235 (77.68+2.99 leaves) while Var_Loc shown the largest plants (PIS =
34.03+0.93 cm). Local varieties in Burkina Faso have more biomass compared to improved varieties. One of the
selection objective for increase productivity being to reduce plant size in favor of grains and fruits production. That
supports Var_Loc shown high values of total biomass at flowering (TBF = 4.72+0.30 g), plant height (PIH =
20.22+0.47 cm) and plant spread (PIS = 34.03+0.93 cm) than K\VVS235 with the respective value of TBF = 3.54+0.42
g, PIH = 18.35+0.66 cm and PIS = 30.32+1.31 cm. However, the high numbers of leaves (NL/P = 77.68+2.99) of
KVS235 is very interesting because leaves are the site of photosynthetic activity for migration of the leaves
assimilate toward fruits (Mourad et al., 1990). Furthermore, the main carbohydrates in the fruits result from the
fixation of CO, by photosynthesis (Zombré, 1999) through the leaves. These assimilates are important both for the
functioning of the plant and for the final production. The different types of fertilizers, their doses and combinations,
as well as the interaction variety x fertilizer did not affect significantly growth attributes. The findings of Hasan et
al. (2021) showed significant difference for certain growth parameters such as plant height (PIH), leaves number and
branch number under inorganic and organic fertilizers application. This difference could be explained by the initial
fertility of the crop soil, the addition of fertilizers, whether organic or chemical, that can have different effects on the
soil productivity. Contrary, the NPK fertilization significantly improved growth as measured by the height in shoot,
number of leaves and fresh and dry biomass compared to cow dung application in Nigeria (Sotayo and Donli, 2021).

Table 5:- ValuestStandard Errors of total biomass, number of leaves and plants dimension under the effect of
varietal and fertilizer factors.

Source of variation TBF NL/P PIH PIS
(9) #) (cm) (cm)

Varieties KVS235 3.54+0.42a 77.68+2.99a 18.35+0.66a 30.32+1.31a
Var_Loc 4.72+0.30a 69.23+2.11b 20.22+0.47a 34.03+£0.93b
Probability 0.239 0.013* 0.053 0.002**

Fertilizers NPK75 3.4510.34a 81.93+4.24a 19.50+0.11a 33.27+0.55a
Bc3000 4.3310.10a 69.87+1.79a 19.27+0.01a 30.97+0.60a
Bc5000 4.04+0.03a 72.13+0.66a 19.23+0.03a 32.07+0.05a
NPK37.5 + Bc2500 4.66+0.27a 69.90+1.78a 19.13+0.08a 32.40+0.11a
Probability 0.103 0.408 0.93 0.599

Var * Fert Probability 0.41 0.997 0.215 0.227

Legend: TBF: Total biomass at the flowering; NL/P: Number of leaves per plant; PIH: Plant height; PIS: Plant
spread; Var * Fert: Interaction variety-fertilizer; Means within columns with different letters are significantly
different; *: Significant difference at P 5% treshold; **: Significant difference at P = 1% treshold.

Effect of treatments on yield and yield components

Comparison of KVVS235 and Var_Loc showed significant effect on weight of pods per plant and weight of seeds per
plant (P< 0.05 — Table 6). Nevertheless, no significant effect was observed for 100-seeds weight and yield (P> 0.05
— Table 6)). The higher pod and seed weights were recorded with KVVS235 (WP/P = 16.45+0.66 g and WS/P =
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10.32+0.82 g). The weight of seeds per plant of KVS235 is closed to Ouedraogo et al. (2012) for the same variety
for two years in the North-Sahelian phytogeographical domain. This result is different from Obidiebube et al. (2000)
with 12 varieties in Anambra State, Nigeria. The weight of pods was ranged from 10.7- 35 g respectively for
varieties 11TAzss andENZK, and the weight of seeds ranged to 8.7- 30.5 g for I11TAg, and EXMF, respectively. The
findings of Nandkangre et al. (2022) exhibited higher seed weight (13.76 g) with eight Bambara groundnut
genotypes. Yield was not significantly varied (P> 0.05), but K\VS235 showed a trend of higher (1190.62+88.63 kg
ha™) than Var_Loc (939.93+62.67 kg ha™) with a difference of 250.69 kg ha™. This difference is not negligible, in
so far as yields in the extensive cropping system in Burkina Faso characterized by poor soils are often less than 500
kg ha™. Majola et al. (2021) reported yields of 500 - 800 kg ha™ under poor soil conditions.

In terms of fertilizations, results showed significant differences in the pod and seed weights (P< 0.05) with respect to
the types of fertilizers applied. The lowest values were obtained with Bc3000 (WP/P = 12.79+1.36 g; WS/P =
7.90+0.60 g). The application of chemical fertilizer NPK75 compared to the others fertilizers increase the pod
(18.95+1.72 g) and seed (11.53+1.19 g) weights. Although the difference was not significant in yield, maximum
yield was recorded with treatment NPK75 (1199.31+67.02 kg ha™). This is an indication that fertilizers application
increases the yield and direct yield parameters of Bambara groundnut and plants responded to different types of
fertilizers and rates of compost supplied. Yield and direct yield parameters increase are due to by sufficient
quantities of nitrogen, phosphorus and potassium bringing by NPK compared to the compost. As the soil initial
fertility was very low, the quantities of major elements provided by NPK increased soil productivity. This positive
effect of chemical fertilizers on yield and yield components were also reported by (lkenganyia et al., 2017; Hasan et
al., 2019a; Hasan et al. 2019b; Ko et al., 2022).

Table 6:- ValuestStandard Errors of pod weight, seed weight and yield under the effect of varietal and fertilizer
factors.

Source of variation WP/P WS/P W100S YLD
() )] () (Kg ha")

Varieties KVS235 16.45+0.66a 10.32+0.82a 42.42+0.47a 1190.62+88.63a
Var_Loc 14.57+0.47b 8.00+0.58b 43.75+0.33a 939.93+62.67a
Probability 0.023* 0.029* 0.65 0.173

Fertilizers NPK75 18.95+1.72a 11.53+1.19a 43.33+0.12a 1199.31+67.02a
Bc3000 12.79+1.36b 7.90+0.60b 44.33+0.62a 1095.14+14.93a
Bc5000 14.80+0.35ab 8.87+0.15b 42.00+0.54a 993.75+35.77a
NPK37.5 + Bc2500 15.49+0.01ab 8.34+0.41b 42.67+0.21a 972.92+46.18a
Probability 0.046* 0.049* 0.698 0.664

Var * Fert Probability 0.451 0.276 0.806 0.544

Legend : WP/P : Weight of pod per plant ; WS/P : Weight of seed per plant ; W100S : 100-seeds weight ; YLD :
Yield ; Var * Fert : Interaction variety-fertilizer ; Means within columns with different letters are significantly
different; *: Significant difference at P 5% treshold.

Conclusion:-

This research was undertaken to compare two varieties of Bambara groundnut, a local (Var_Loc) and an improved
(KVS235) variety under different types of fertilizer at varying doses. Data analysis showed that KVVS235 exhibited
best performances for flowering and yield attributes. In contrast, Bansida (Var_Loc) was better for growth
parameters. Maximum weight of pods per plant and weight of seeds per plant were obtained when NPK75 was
applied at a significative treshold (P < 0.05). Yield increased with NPK75, followed by Bc3000 and Bc5000 (P >
0.05). However, it will be recommended to determine in long-term impact of different fertilizers on the soil
productivity and it would be advisable to carry out an economic analysis to ascertain whether the use of NPK is
economically profitable for producers.
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