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Abstract

Elemi, E. D., Ukatu, P. O., Njoku, E. A., Effa, E. B., Isong, L. E., Aberagi, F. V., Nkor, N. N. & Shiyam, J. O. (2026). 
Enhancing the seed yield and nutritional quality of Bambara groundnut (Vigna subterranea (L.) Verdc.) through 
agronomic zinc bio fortification and liming. Bul. J. Agric. Sci., 32(5), 1068–1074

Agronomic zinc bio fortification of crops is evolving and very imperative as zinc is a very important element in human 
nutrition and health. A 3 × 4 factorial experiment was laid out in a Randomized Complete Block Design at the Teaching and 
Research Farm of the Department of Crop Science, Faculty of Agriculture, University of Calabar to evaluate the effect of three 
rates of calcitic lime (0, 5 and 10 t/ha) in a factorial combination with four rates of soil applied ZnSO4 (0, 10, 20 and 30 kg/ha) 
on growth, yield and nutritional quality of a landrace of Bambara groundnut (Vigna Subterranea (L.) Verdc). Data collected 
were analyzed statistically using analysis of variance (ANOVA) and significantly (P ≤ 0.05) different means were separated 
using New Duncan’s Multiple Range Test Method (NDMRT). Results revealed that zinc and lime applied at 20 kg Zn/ha and 
5 t/ha, respectively, significantly produced higher grain yield as well as increased zinc concentration of Bambara groundnut 
grains which are very vital in the diet and nutrition of mankind to curb the ravaging effect of hidden hunger and malnutrition 
among the rural populace and were therefore suggested for recommendation by farmers in Southeastern Nigeria.
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Introduction

Agronomic zinc bio fortification of leguminous food crops 
such as Bambara groundnut and beans is evolving to curb the 
ravaging effect of malnutrition especially among children and 
pregnant women (Talsma, 2014). Zinc is a very important el-
ement in human nutrition and health. Research by Telles de 
Moura et al. (2023) indicated that more than two billion per-
sons in the world are affected by zinc deficiency. Also, WHO 

(2022), recommended grain Zn concentration of 60 mg/kg. 
Consequently, the US National Institute of Health (NIH) 
recommends a daily zinc intake of 3–5 mg for children (1–8 
years), 9–11 mg for adolescents, and 8–11 mg for adults.

The gradual paradigm shift towards plant’s protein for 
animals and human’s consumption has necessitated the en-
hancement of crop production through practices which im-
prove the protein and mineral content of Bambara groundnut 
and enhance soil fertility for sustainable food production and 
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economic growth. Bambara groundnut (Vigna subterranean 
(L) Verdc.) is a pulse crop which is widely cultivated and 
consumed across many countries of the world especially in 
North, South and Central America, Asia and Africa. It is an 
extremely adaptable plant which serves as a cheap source of 
protein to a large proportion of the population in poor coun-
tries of the tropics (Olayide et al., 2018; Mandizvo and Odin-
do, 2019a; Muhammad et al., 2021). It is well suited for hot, 
dry marginal soils and will continue to grow in conditions 
too dry for many other crops (Amiri et al., 2016; Mabitsela et 
al., 2023). It belongs to the family; Fabaceae and originated 
from Western and Central Africa (Hlanga et al., 2021; Ege-
digwe-Ekeleme et al., 2023). It thrives best in sandy loam 
soils within a pH range of 5.5 to 6.5 (Agyeman et al., 2021; 
Elemi et al., 2021). Burkina Faso is the largest producer of 
Bambara groundnut in the world, with about 40 000 tones 
(FAOSTAT, 2023). It is mainly cultivated around Plateau and 
Yola in Nigeria. It is an herbaceous short-lived annual crop 
of about 15–40cm in height. The flower is generally paired 
and after fertilization, elongation and downward curving of 
flower stock causes developing pods to be pushed into the 
soil. Pods are oval or rounded in shape and they contain one 
to two seeds each (Agyeman et al., 2021).

Like groundnut, Bambara groundnut can be consumed in 
fresh or dried state and stored for later consumption (Wan-
ga et al., 2024). The bean contains methionine, an essential 
amino acid which makes it a highly nutritious and important 
source of food (Muhammad et al., 2021). It has high potential 
for food and nutritional security amongst poor households 
due its nutrient rich seeds containing high quality protein of 
up to 17–24%, 362–414 kcal / 100 g metabolizeable energy, 
5.3–7.8% fat and carbohydrate content of 55.5 69.3% (Caro-
line, 2014; Talsma and Pachon, 2017; Oyeyinka et al., 2019; 
Mandizvo and Odindo 2019b; Hlanga et al., 2021; Enwemi-
we et al., 2024).

It also contains high quantity of nutritive fibre content 
as well as essential vitamins such as niacin, riboflavin and 
thiamine as well as iron and calcium. It is used in making 
different kinds of food such as “moimoi” and “Kosai”. The 
haulms and seeds are used for livestock feed (Wanga et al., 
2024). The leaves and root extracts are used to treat differ-
ent types of ailments including abscesses, infected wounds 
eye disease and epilepsy. In Nigeria, the Igbos use the plant 
extract in the treatment of venereal diseases (Bonny et al., 
2019; Ibraheem et al., 2023).

The recent stagnation or decline in farm productivity in 
many parts of Nigeria is a major concern. Bambara ground-
nut is still considered as one of the non-prioritized, neglect-
ed and underutilized leguminous crop species in Nigeria, 
despite the high nutritional value (Baloyi and Swanepoel, 

2023; Dodd et al., 2023; Talucder et al., 2024), opined that 
the production of Bambara groundnut like other food le-
gumes such as groundnut has not been popular as a result of 
intensive soil cultivation without effective soil management 
programs, which has led to reduction in soil pH resulting in 
acidification and severe soil degradation. At low pH, the root 
of plants stops to grow and pod yield declines abruptly while 
at pH of 5.0, root inuring occurs which impedes the growth 
of lateral root and total suppression of the root system which 
greatly hampers the depth of rooting and branching propen-
sity, hence, the reduction in Bambara groundnut yield and 
widening the gap of malnutrition and hunger.

This research was therefore initiated to determine the 
response of Bambara groundnut to varying rates of CaCo3 
and Zinc fertilizer as soil amendment to fortify the crops, in-
crease yield and meet the unprecedented increase in demand 
for Bambara groundnut to narrow the gap of malnutrition 
and hunger in the humid rainforest area of the Tropics.

Materials and Methods

Experimental site, land preparation and soil sampling
The experiment was conducted during the early rainy 

season of 2017 and 2018 at the Teaching and Research Farm 
of the Faculty of Agriculture, University of Calabar, Calabar 
(05°32 and 04°27′N; 07°151 and 09°28′E) 37 m above sea 
level, and it is located in Nigeria’s rainforest zone. The mean 
annual rainfall is typically 2500 to 3,500 mm, mean annual 
temperature range of 27°C to 35°C at minimum and maxi-
mum, respectively (Uko et al., 2019), and relative humidity 
between 75–85% (Shiyam et al., 2016; Uko et al., 2019). The 
soil type of the area is reported to be ultisol (Onweremadu 
and Peter, 2016; Agbugba, 2018).

The experimental site was manually cleared of vegetation 
and grass stumps removed using machete and spade. Before 
ploughing, soil samples were randomly collected from the 
gross plot at 0–30 cm depth using soil auger and bulked to 
form a composite sample for analysis of physico-chemical 
properties of the soil prior to planting. 

Treatments and experimental design
The experiment was laid out as a 4 x 3 factorial in a 

Randomized Complete Block Design (RCBD) replicated 
thrice. Treatments comprised four rates of ZnSO4 (0, 10, 
20 and 30 kg/ha and three rates of calcitic lime CaCO3 (0, 
5 and 10 tonnes/ha) as liming materials thus, having a to-
tal of 36 experimental units. Unit plots measured 1.3 m × 
4.1 m (5.33 m2) each separated by 1.0 m wide paths while 
blocks were spaced 2.0 m apart. Treatments were randomly 
assigned to plots in each block using random number tables. 
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Treatment application, sowing and plot maintenance 
The liming materials were uniformly applied on fin-

ished seed beds and incorporated properly into the soil with 
a hand-held hoe and trowel two weeks before seeds were 
sown. Healthy uniform size cream colored Bambara ground-
nut seeds were sown one per hole 3–5 cm deep at 30 cm × 
50 cm to give a total of 32 plants per bed or 66,667 plants/ ha. 
Each level of zinc thoroughly mixed with 2 kg filler material 
and applied at 30 kg/ha by band one week after germination. 
Plots were weeded regular using hand held hoe to keep weed 
population below threshold level. The developing pods were 
earthened at weeding and cross bunds were constructed to 
control erosion within plots. 

Data collection and statistical analysis
 Data were collected from the net plot of Bambara 

groundnut stands. The agronomic parameters taken in-
cluded: plant height(cm), number of leaves, leaf area (cm2) 
which was taken measuring the length and  maximum 
breath of randomly chosen functional leaves and multiplied 
by a factor: 0.821 (Dodd et al., 2023), seed weight and seed 
yield (t/ha). Data generated were analyzed statistically us-
ing analysis of variance (ANOVA) and significantly (P ≤ 
0.05) different means were separated using New Duncan’s 
Multiple Range Test Method (DMRT) as described by Suk-
kaew et al. (2022).

Results 

The effects of zinc and lime application on the vegeta-
tive and yield indices of Bambara groundnut were measured 
at 4, 6, 8 and 10 WAP. Plant heights at 10 WAP were not 
significantly (P ≥ 0.05) influenced by applied lime and zinc 
fertilizer (Table 1). However, application of lime and zinc 
fertilizer at 10 t/ha and 10 kg/ha respectively, produced taller 
plants than the control. Interaction between lime and Zn sig-
nificantly (P < 0.05) affected plant heights. Results showed 
that, the combined application of lime at 10 t/ha and zinc 
fertilizer at 20 kg/ha significantly (P ≤ 0.05) produced taller 
plants. Plants in the control plots were short but not signifi-
cantly (P ≥ 0.05) shorter when compared to plants that re-
ceived 10 t/ha lime without Zn application.

Number of leaves (a symbol of the photosynthetic appa-
ratuses of the plant) was significantly (P ≤ 0.05) affected by 
lime application at 4 WAP only (Table 1). Application of 10 t/
ha lime at 4 WAP resulted in plants having significantly (P ≤ 
0.05) higher number of leaves compared to those plants which 
received 5 t/ha lime and the control. Lime application at 6 and 
8 WAP produced number of leaves which were statistically 
at par irrespective of the rate of application. However, appli-

cation of lime at 10 t/ha produced plants with higher number 
of leaves which were not significantly different from plants 
which received 5 t/ha and no lime application. Similarly, there 
were no significant differences among the varying rates of Zn 
application on number of Bambara groundnut leaves produced 
across the sampling periods except at 4 WAP where zinc appli-
cation at 20 kg Zn /ha significantly (P ≤ 0.05) produced higher 
number of leaves than the application Zn fertilizer at 30 kg /
ha. Interaction between Zn and lime on leaf production was 
significant (P ≤ 0.05) at all sampling periods. 

A measure of the photosynthetic efficiency of the crop 
was not significantly (P ≥ 0.05) affected by lime and zinc 
fertilizer application throughout the period of the experi-
ment (Table 2). However, Bambara groundnut grown on soil 

Table 1. Effects of lime and zinc on plant height and num-
ber of leaves
Treatment Plant 

height (cm) 
10 WAP

No. of 
leaves 
4WAP

No. of 
leaves 
6WAP

No. of 
leaves 
8WAP

Lime (t/ha)
L0 25.50a 29.17b 56.80a 74.60a

L5 26.42a 29.00b 57.30a 77.20a

L10 26.67a 34.26a 60.50a 86.30a

Zinc (kg/ha)
Z0 25.89a 29.78ab 57.20a 80.40a

Z10 25.98a 30.44ab 55.30a 69.10a

Z20 26.78a 35.22a 62.60a 84.20a

Z30 26.22a 27.78b 57.80a 26.81 a

Lime × Zinc
L0 × Z0 24.00c 26.33b 55.30ab 82.30ab

L0 × Z10 26.67ab 30.33ab 57.70ab 58.00b

L0 × Z20 27.00ab 34.33ab 67.30a 93.30a

L0 × Z30 24.33bc 26.00b 47.00c 64.70ab

L5  × Z0 26.33abc 26.00b 48.00c 63.00ab

L5 × Z10 26.33abc 28.00ab 56.30ab 71.30ab

L5 × Z20 27.00abc 34.67ab 59.30ab 81.70ab

L5 × Z30 26.00abc 27.33 b 65.70ab 93.00a

L10 × Z0 27.33abc 37.00 a 68.30a 96.00a

L10 × Z10 24.67bc 33.00ab 52.00bc 76.00ab

L10 × Z20 26.33abc 37.00 a 61.00ab 77.70ab

L10 × Z30 28.33a 30.00ab 60.70ab 93.70a

*Means with different superscripts differ significantly at 5% NDMRT
Keys: L0 = Lime 0 tones: Lr- = Lime 5 tones, L10 = Lime 10 tones; Zn0 = 
Zinc 0 kg; Zn10 = Zinc 10 kg; Zn20 = Zinc 20 kg; Zn30 = Zinc 30 kg
Source: Authors’ own elaboration
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amended with 5 t/ha lime and 30 kg Zn/ha at 6 and 8 WAP 
produced plants with broader leaves which were statistically 
at par with other treatments. Interaction between lime and 
zinc was significant (P ≤ 0.05) on leaf area at 6 and 8 WAP. 
Although, a cross examination among the sampling periods 
revealed that the interaction between lime at 5 t/ha and zinc 
at 30 kg/ha significantly (P ≤ 0.05) produced broader leaves 
than other treated plants. 

100 seed weight (g) and seed yield (t/ha) were signifi-
cantly affected by lime and zinc application (Table 3). Appli-
cation of lime and zinc fertilizer significantly (P ≤ 0.05) and 
consistently increased the weight of 100 seeds and seed yield 
of Bambara groundnut relative to unamend soil. However, 
zinc application beyond 20 kg/ha significantly reduced the 
weight of 100 seeds and seed yield of Bambara groundnut. 

Interaction between lime and zinc was also found to be 

significant on the weight of 100 seed and seed yield per hect-
are. Results showed that Bambara groundnut grown in plots 
amended with 10 t/ha lime + 20 kg/ha Zn and 10 t/ha lime 
+ kg/ha Zn significantly produced higher seed weight and 
seed yield per ha, respectively. It was further revealed that, 
without lime application, increases in rates of zinc applica-
tion did not result in significant increase in the seed yield of 
Bambara groundnut.

The application of lime and Zinc to the soil had signifi-
cant (P ≤ 0.05) effect on Zn and Phosphorus concentration 
in seeds of Bambara groundnut (Table 4). The application 
of lime at 5t/ha had significantly higher Zn concentration 
on seed than the 10t/ha application rate, while successive 
increase in the application of lime led to a corresponding 
increase in the concentration of Phosphorus in Bambara 

Table 2. Effect of lime and zinc on leaf area (cm2) of Bam-
bara groundnut at different sampling periods
Treatment Leaf area 4WAP Leaf area 6WAP Leaf area 8WAP
L0 26.93a 32.20a 31.6a

L5 27.07a 36.80a 36.5a

L10 28.09a 32.20a 31.2a

Zinc (kg/ha)
Z0 28.79a 29.30 a 31.10a

Z10 26.58a 31.80a 31.70a

Z20 28.34a 36.20a 32.40a

Z30 26.81a 37.70a 37.20a

Lime × Zinc
L0 × Z0 27.00a 28.80b 29.70b

L0 × Z10 26.33a 37.20b 36.60b

L0 × Z20 30.01a 37.29b 32.40b

L0 × Z30 24.30a 25.80b 27.60b

L5 × Z0 27.03a 25.60b 27.60b

L5 × Z10 25.57a 27.60b 27.60b

L5 × Z20 26.27a 36.20b 36.60b

L5 × Z30 29.40a 57.80a 51.80a

L10 × Z0 32.33a 33.60b 36.60b

L10 × Z10 27.83a 33.60b 28.50b

L10 × Z20 28.67a 35.00b   28.20b

L10 × Z30 26.73a 29.40b 32.30b

*Means with different superscripts differ significantly at 5% NDMRT
Keys: L0 = Lime 0 tones; L5 = Lime 5 tones, L10 = Lime 10 tones; Zn0 = 
Zinc 0 kg; Zn10= Zinc 10 kg: Zn20 = Zinc 20 kg; Zn30 = Zinc 30 kg
Source: Authors’ own elaboration

Table 3. Effect of lime and zinc on 100 seed weight (g) and 
seed yield (t/ha)
Treatment 100 seed weight (g) Seed yield (t/ha)

Lime (tonnes) 
L0 583b 1.07b

L5 721a 1.47a

L10 750a 1.50a

Zinc (kg/ha)
Z0 517b 1.03b

Z10 783a 1.68a

Z20 844a 1.62a

Z30 594b 1.05a

Lime × Zinc
L0 × Z0 517c 1.01b

L0 × Z10 617c 1.13b

L0 × Z20 817b 1.13b

L0 × Z30 583c 1.01b

L5 × Z0 517c 1.07b

L5 × Z10 850b 1.84a

L5 × Z20 917ab 1.90a

L5 × Z30 600c 1.07b

L10 × Z0 517c 1.01b

L10 × Z10 883ab 2.07a

L10 × Z20 1000a 1.84a

L10 × Z30 600c 1.07b

*abcd means with different subscripts differ significantly at 5% NDMRT
Keys: L0 = Lime 0 tones: L5 = Lime 5 tones, L10 = Lime 10 tones; Zn0 = 
Zinc 0 kg; Zn10 = Zinc 10 kg: Zn20 = Zinc 20 kg; Zn30 = Zinc 30 kg
Source: Authors’ own elaboration
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groundnut seeds. Successful increase in Zn rate led to a cor-
responding significant (P ≤ 0.05) increase in Zn concentra-
tion in seeds. While increase in successive Zn application 
rate led to corresponding decrease in the Phosphorus concen-
tration in Bambara groundnut seeds. 

The interaction between Zn and Phosphorus had signif-
icant (P ≤ 0.05) effect on the concentration of Zn and Phos-
phorus in Bambara groundnut seeds. Consistent increase in 
Zn application without lime significantly produced seeds 
with higher Zn content. 

Discussion

Leaf areas of Bambara groundnut were significantly wid-
er at higher rates of ZnSO4 (30 kg Zn/ha) which also facili-

tated early anthesis. This result is not surprising as Zn is used 
for all elongating protein synthesis, pollen development, 
fertilization accumulation of dry matter, tolerance to envi-
ronmental stresses as well as fruit set as reported by Egedig-
we-Ekeleme et al. (2023) and Hassen et al. (2023). However, 
there was a negative trend in response of Bambara groundnut 
yield at higher doses of ZnSO4 (30 kg Zn/ha). This could be 
due to nutrient imbalance as Zn antagonizes Fe uptake as 
reported by Ekwere et al. (2017) and Elango et al. (2022). 
Higher seed yield of Bambara groundnut obtained at 5 and 
10 t/ha lime in combination with 10 kg Zn/ha could have 
been due to enhanced nutrient availability at moderate rates 
of lime (5 t/ha) and zinc fertilizer (10 Kg Zn/ha) which led 
to enhanced growth attributes and consequent photo-assimi-
lation as well as differential partitioning of assimilates from 
sources to sink as opined by Kumar, et al. (2022).

More so, the positive relationship between grain Zn con-
centration and soil applied Zn fertilizer agrees with the re-
port of Amiri et al. (2016), who reported that a unit increase 
in Zn fertilizer led to higher increase in seed Zn concentra-
tions with no lime application. This study is also in agree-
ment with the reports of Saboor et al. (2021). This validates 
the report of Dvorak et al. (2003) and Amiri et al. (2016), 
who observed a significant positive correlation between soils 
applied Zn and grain concentrations in maize, wheat, barley 
and potato tubers. This also validates the fact that the level of 
inclusion of Zn in this study is considered safe for Bambara 
groundnut as there was no associated phytotoxicity issues. 

Conclusion and Recommendation

Considering the nutritional importance of Zn in human 
diet, a high grain yield of 1.90 t/ha and grain Zn concentra-
tion of 54.00 mg/kg were obtained with the application of 
5 t/ha lime and 20 kg Zn/ha and thus, could be suggested 
for recommendation by farmers for sustainable Bamabara 
groundnut production to curb the ravaging effect of hidden 
hunger and malnutrition among the rural populace.
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