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Abstract

Bambara groundnut ( Vigna subterranea (L.) Verdc.) has economic importance
for the producers and the traders as cash crop since it generates substantial
income for households in Niger. The objective of this study was to assess eight
(8) Bambara groundnut morphotype from Université André Salifou de Zind-
er in Niger Republic by their morphological and agronomic characters. The
experiment was conducted in a randomized complete block design with three
replications during the rainy season of 2020-2021. Data were collected on the
Number of leaves, Plant height (cm), Growth habit (cm), Terminal leaflet length,
Terminal leaflet width, Number of nodes/stem, Number of stems/plant, Num-
ber of pods/plant, Weight of 100 pods (g), Weight of 100 seeds (g), Length of
seeds (mm), Width of seeds (mm), Weight of seeds/Plot (kg). There were sig-
nificant differences for all characters, except Number of leaves, Terminal leaflet
length, Terminal leaflet width, Length of seeds (mm) Weight of 100 pods (g),
Weight of 100 seeds (g). The morphotypes UZ-VZ-04, UZ-VZ-03, UZ-VZ-06,
UZ-VZ-02 and UZ-VZ-05 have demonstrated good performance for grain
weight per plot and can be useful for a breeding program.

Keywords

Vigna subterranea, Accessions, Agro-Morphological Traits, Weight of 100
Seeds

1. Introduction

Bambara groundnut ( Vigna subterranea (L.) Verdc.) originates from northeas-

tern Nigeria and northern Cameroon [1]. It is generally cultivated in sub-Saharan
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and Sahelian Africa where it is the third most important food legume in terms of
production and consumption after groundnut (Arachis hypogaea L.) and cow-
pea (Vigna unguiculata L. Walp.) [2]. Its world production is estimated at 216,575
tonnes in 2013 [3]. In Africa, this production has not varied considerably since
1993 and is around 300,000 t/year. In Niger, its average production in 2017 is es-
timated at 36,037 tons [3]. It is a plant adapted to various climatic and ecological
conditions. The plant is mainly cultivated for its seeds rich in proteins, carbohy-
drates and lipids [4] [5]. It is highly rich in calories (387 kcal/100g), protein, vi-
tamins and mineral elements [6] [7] [8] [9].

Bambara groundnut seeds contain various mineral elements including calcium,
magnesium and potassium [7]. The consumption of these seeds contributes to the
improvement of the quality of the diet as a protein supplement and can help main-
tain the body in good health because the Bambara groundnut contains antioxi-
dants [10]. The proteins have a high lysine content and their food association with
cereals constitutes a nutritional supplement, especially for rural populations with
difficult access to animal proteins [5] [11]. The highly nutritious content of Bam-
bara groundnut and its high content of essential amino acids make it an impor-
tant crop to consider for food security [12]. Bambara groundnut also has thera-
peutic virtues well known to local populations [9]. In addition, the cultivation of
Bambara groundnut contributes to the fertilization of the soil, through the sym-
biotic fixation of atmospheric nitrogen by bacteria of the genus Rhizobium and
gives average yields ranging from 350 to 800 kg/ha in regions where the soil is
poor and low rainfall [2] [9]. Some Bambara groundnut morphotypes are resistant
to insect attacks, diseases and drought [13]. This gives the culture of Bambara
groundnut a good capacity of adaptation to the arid regions of sub-Saharan
Africa where it is mainly cultivated by women in pure culture in small areas and
without adequate cultivation techniques [14] [15].

Despite all these advantages, Bambara groundnut is one of the neglected spe-
cies in varietal selection programs [16]. Its cultivation is used to alleviate the suf-
fering of the populations during the lean periods. However, the plant offers enorm-
ous potential for improvement, thanks to its genetic diversity found in thousands
of accessions harvested throughout the world [5] [9] [17] [18].

However, in Niger, very little information is currently available on the genetic
and agro-physiological diversity of this species while it should be taken into ac-
count in the design of genetic and agronomic selection programs in the country
and in the western sub-region. The selection strategies that can be envisaged for
the genetic improvement of this species first require a good knowledge of the ge-
netic diversity that has accumulated within traditional varieties, under the effects
of natural and human selection. More importantly, the morphotypes cultivated
by farmers must be investigated and characterized to better discriminate them.
In order to preserve, restore and enhance the diversity of available plant material
(Bambara groundnut), it is necessary to identify its genetic potential through the

analysis of its morphological and agronomic characteristics. In this general con-
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text, the main objective of this study is to characterize eight morphotypes of Bam-

bara groundnut from Kantche department.

2. Material and Methods

The study was conducted during the 2020/2021 rainy season at Université André
Salifou de Zinder, located in central Niger between 12°48' North latitude and
12°00' West longitude. The climate is characterized by two seasons (a dry season
and rain one) with an average rainfall of 659 mm/year, divided into a rainy sea-
son from June to September. Annual temperatures range from 22.4°C to 35.7°C.
The plant material used in this study is composed of the seeds of eight (8)
Bambara groundnut morphotypes from a selection made by [19] among the lo-
cal varieties (Figure 1) of the department of Kantché (Zinder). The different names
are attributed to these varieties according to the color of the seeds, namely the

color of the integumentary coat of the seeds as well as the color and shape of the
eye (Table 1).

& &

UZ-VZ-01 UZ-VZ-02

UZ-VZ-04

UZ-VZ-05 UZ-VZ-06 UZ-VZ-07 UZ-VZ-08

Figure 1. Seeds used in the study.

Table 1. Morphotypes of the study.

phenotypical characteristics of seeds

Morphotypes
Seed color Color and aspect of the eye

1 UZ-VZ-01 Cream without eye

2 UZ-VZ-02 Cream Gray eye like butterfly

3 UZ-VZ-03 Cream with purple spot Black eye like butterfly

4 UZ-VZ-04 Cream with red spot Gray eye like butterfly

5 UZ-VZ-05 Cream with large stripes Black eye like butterfly

6 UZ-VZ-06 Cream with purple stripes Black eye like butterfly

7 UZ-VZ-07 Cream with brown stripes Black eye like butterfly

8 UZ-VZ-08 Cream with red stripes Dark red eye like butterfly
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The material was grown in randomized complete blocks with three repetitions
separated from each other by 1 m. Each repetition was composed of a block of 8
elementary plots, 1.2 m and 1 m in size, separated from each other by 0.6 m,
each representing a morphotype. We, therefore, had a total of 24 elementary plots.
Each plot contained 5 rows of 6 plants equidistant from 0.2 m. The distance be-
tween the lines is fixed at 0.3 m. The total area of the device was 68.32 m? (12.2
m long and 5.6 m wide). The sowing was carried out on July 10, 2021. The seeds
of 8 morphotypes were sown randomly. No fertilizer or phytosanitary treatments
were used from sowing to harvest. Regular manual weeding was done during the
vegetative cycle, particularly from the emergence of seedlings to fruiting. Watering
came exclusively from rainfall.

Thirteen (13) agronomic and morphological characters were chosen from the
list of agronomic and morphological descriptors of Bambara groundnut [20], to
characterize and evaluate the different morphotypes (Table 2). The measure-
ments were carried out on 5 plants marked for each morphotype as indicated in
the list of agronomic and morphological descriptors of Bambara groundnut.

The data collected were first entered into a table using Excel Microsoft Office
2013 software. For each of the quantitative traits studied, the data thus collected
were subjected to an Analysis of Variance (ANOVA), with Minitab software. 19.
When a significant difference was observed between the varieties for a given cha-
racteristic, the ANOVA was completed by the test of grouping the means accord-
ing to the method of Tukey which made it possible to identify the varieties which
differ significantly from the others.

Table 2. Characters measured and periods of measurement.

Characters Code Periods of measurement
Number of leaves Nle 2 Weeks after flowering
Plant height (cm) PH 10 Weeks after sowing

Growth habit (cm) GH 10 Weeks after sowing
Terminal leaflet length TLL 10 Weeks after sowing
Terminal leaflet width TLW (Mean of 3 leaves to 4" node)
Number of nodes/stem NbrN At harvest
Number of stems/plant NbrSt At harvest
Number of pods/plant NbrP At harvest
Weight of 100 pods (g) W100P 2 months after the harvest
Weight of 100 seeds (g) W100S 2 months after the harvest
Length of seeds (mm) LSe 2 months after the harvest

Width of seeds (mm) 1Se 2 months after the harvest
Weight of seeds/Plot (kg) WSe/Pl 2 months after the harvest
DOI: 10.4236/as.2023.141001 4 Agricultural Sciences
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3. Results and Discussion

Morphological characters

The analysis of the number of leaves (Nle) varied from an average of 73.67
(UZ-VZ-01) to 95.00 (UZ-VZ-02) with no significant difference (Table 3) be-
tween the different morphotypes (P = 0.526). These results are contrary to those
obtained by [2] on 15 morphotypes of Bambara groundnut in Khorgo from Cote
d’Ivoire. This difference could be explained by the fact that the two trials did not
have the same numbers of morphotypes (8 morphotypes and 15 morphotypes.
The plant height (PH) character shows a very highly significant difference between
the different morphotypes (P = 0.000). The UZ-VZ-01 and UZ-VZ-03 morpho-
types have the greatest heights with respective averages of 32.47 cm and 31.560
cm and the UZ-VZ-07 morphotype has the smallest height with an average of
26.013 cm (Table 3). These results are similar to those obtained by [21] on varie-
ties from Ethiopia. The difference observed between the different morphotypes for
the Growth habit (GH) is highly significant (P = 0.000). The UZ-VZ-01 mor-
photype records the largest value with an average of 44.67 cm and the UZ-VZ-07
and UZ-VZ-08 morphotypes have the smallest value with respective averages of
31.80 cm and 31.60 cm (Table 3). These differences in the results may be due to
the genetic variation, environment and the interaction between the two factors.
These observations are similar to those of [22] when they analyzed the morpho-
logical and agronomic variability of Bambara groundnut morphotypes grown in
the Sahelian zone of Niger. The length of the terminal leaflet (TLL) varies be-
tween an average of 33.96 mm (UZ-VZ-01) and 43.44 mm (UZ-VZ-02) without
showing a significant difference between the different morphotypes (P = 0.513),
as well as the width of the terminal leaflet (WLL) does not show a significant dif-

ference between the different morphotypes (P = 0.487) and varies between an

Table 3. Means of the morphological characters.

Nle PH (cm) GH (cm) TLL (mm) TLW (mm) NbrS NbrN
UZ-VZ-01 73.6 £ 16.0 32.47a £ 4.6 44.67ax7.1 3396 +7.2 26.22+5.5 7.26ab + 2.3 7.33ax1.3
UZ-VZ-02 95.0 £29.8 30.48ab £3.2 34.20bc+4.8 4344 +13.1 33.33+£9.9 7.06ab £ 1.2 6.49a + 0.9
UZ-VZ-03 85.20 £ 37.7 31.56a £ 3.4 38.60b + 5.4 39.23 £ 16.7 30.48 £12.5 8.86a 2.2 6.44a £ 0.7
UZ-VZ-04 90.40 +35.2 30.14ab+4.6 33.47bc+5.0 41.40+15.7 31.80+11.9 8.26ab + 1.5 6.51a £ 0.7
UZ-VZ-05 83.70 +21.3 31.09ab+ 1.6 35.10bc +5.9 38.20£9.3 29.40x£7.0 8.50ab + 1.8 6.26a £ 0.6
UZ-VZ-06 7790 + 14.7 30.54ab + 1.7 33.00bc + 6.3 35.62 £6.3 27.47 £ 4.7 7.10ab £ 1.1 6.43a + 0.5
UZ-VZ-07 87.80 £ 25.8 26.0lc £ 1.7 31.80c £ 4.1 40.13+ 114 31.27 £ 8.6 6.80ab £ 1.6 6.23a+ 0.4
UZ-VZ-08 89.73 +£22.1 27.53bc+3.0 31.60c+5.0 40.99 £9.7 3191+7.2 6.30b £ 2.0 6.83a+ 1.1
F 0.526 0.000 0.000 0.513 0.487 0.006 0.041
Significance NS oex o NS NS *t *

Values with different letters within a column differ significantly. * = significant at 0.05 probability level; ** = significant at 0.01
probability level; *** = significant at 0.001 probability level, NS = Non Significant.
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average of 26.22 mm and 33.33 mm (Table 3). These results are in agreement
with those of [23]. On the other hand, they are contrary to those obtained by [24].
The results of the latter revealed highly significant differences for the length and
width of the terminal leaflets. This testifies to the existence of a significant varia-
bility within the ecotypes of cultivated Bambara groundnut. The analysis (Table
3) shows that at the level of the character number of stems (NbrSt), a highly sig-
nificant difference is observed between the different morphotypes (P = 0.006).
The UZ-VZ-03 morphotype has the highest number of stems with an average of
8867 and the UZ-VZ-08 morphotype records the lowest number of stems with
6300. These results corroborate those obtained by [25]. For the character num-
ber of nodes (NbrN), a significant difference is observed between the different
morphotypes (P = 0.041) and varies between an average of 6.233 (UZ-VZ-07) and
7.333 (Table 3). This could be attributed to the good potential genetics of these
morphotypes. Similar results were obtained by [26] when evaluating a South Afri-

can collection of Bambara groundnut.

4. Agronomical Characters

The analysis of the number of pods (NbrP) shows a highly significant difference
between the different morphotypes (P = 0.005). Morphotype UZ-VZ-06 has the
highest number of pods with an average of 48.00 and morphotypes UZ-VZ-08
and UZ-VZ-01 have the lowest number of pods with respective averages of 29.53
and 27.27 (Table 4). These results corroborate those obtained by [23]. The length
of the seed (LS) varies between an average of 10.36 mm (UZ-VZ-07) and 11.93
mm (UZ-VZ-05) without significant difference between the different morphotypes
(P =0.222). As for the width of the seed (WS), a significant difference is observed
between the different morphotypes (P = 0.000). Morphotype UZ-VZ-05 records the
greatest width of the seed with an average of 9.23 mm and morphotypes UZ-VZ-08,
UZ-VZ-02, UZ-VZ-03, UZ-VZ-07 and UZ-VZ-04 have the smallest seed widths
with respective averages of 8.66 mm; 8.52 mm; 8.50 mm; 8.48 mm and 8.48 mm
(Table 4). This last observation is similar to that of [27] while the one that al-
ludes to the length of the seed is contrary to the results reached by these authors.
This divergence can be attributed to the significant genetic variability of the
morphotypes of the Zinder region for this trait. The character weight of 100
pods (W100P) varies between an average of 253.17 g (UZ-VZ-04) and 309.9 g
(UZ-VZ-05) with no significant difference (Table 4) between the different mor-
photypes (P = 0.490). The weight of 100 seeds (P100S) varies between an average
of 75.97 g (UZ-VZ-02) and 98.2 g (UZ-VZ-08) with no significant (Table 4) dif-
ference between the different morphotypes (P = 0.311). These results are consis-
tent with those obtained by [5]. However, these observations are contrary to
those obtained by [24]. This could be explained by the difference between the
agro-ecological conditions of the two trials. Indeed, the trial of the latter was
conducted in the Sudanian agro-ecological zone while the present study was

conducted in the Sahelian agro-ecological zone. For the seed weight character
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Table 4. Means of agronomic characters.

NbrP LS (mm) WS (mm) W100P (g) W100S (g) WS/P1(g)
UZ-VZ-01 27.27b £ 114 10.46 £ 0.4 8.7ab + 0.3 256.83 £ 15.4 84.27 +4.13 440a + 0.0397
UZ-VZ-02 36.87ab £ 13.6 11.04 £2.2 8.52b+0.4 258.8 £26.4 7597 £5.61 655a + 0.0361
UZ-VZ-03 36.80ab + 16.3 11.20 £2.8 8.51b £ 0.6 256.8 £ 35.1 80.87 £ 15.1 665a + 0.0826
UZ-VZ-04 39.87ab £ 10.2 10.62 £ 0.3 8.48b + 0.4 253.17 £3.47 79.53 +£5.20 668.3a + 0.0729
UZ-VZ-05 41.80ab = 11.3 11.93 £ 0.4 9.232a+0.2 309.9 +22.1 92.8+14.5 630a + 0.0354
UZ-VZ-06 48.00a + 12.5 10.90 £ 0.3 8.7ab + 0.2 259.25 £ 0.212 87.10 + 4.38 657a + 0.159
UZ-VZ-07 40.93ab + 16.5 10.36 £ 0.4 8.48b £ 0.2 277.8 £48.6 79.75 £7.99 505a = 0.0495
UZ-VZ-08 29.53b £12.8 11.07£0.3 8.66b £ 0.2 268.7 £47.4 98.2+£15.3 592.5a £ 0.1237
F 0.005 0.222 0.000 0.490 0.311 0.037

Significance e NS et NS NS *

Values with different letters within a column differ significantly. * = significant at 0.05 probability level; ** = significant at 0.01

probability level; *** = significant at 0.001 probability level, NS = Non Significant.

per plot (WS/P), a significant difference is observed between the different mor-
photypes (P = 0.037). The morphotypes UZ-VZ-04, UZ-VZ-03, UZ-VZ-06,
UZ-VZ-02 and UZ-VZ-05 give the highest seed weights per plot with respective
averages of 668.3; 665; 657; 655 and 630 g/plot and the UZ-VZ-01 morphotype
records the lowest seed weight per plot with an average of 440 g/plot. Similar
results were obtained by [24].

5. Conclusion

This characterization showed significant differences between the eight morpho-
types, especially for vegetative growth and yield parameters. Among the thirteen
(13) parameters studied, seven (7) can be used to distinguish the different mor-
photypes; these seven are the height of the plant, the spread of the plant, the
number of stems, the number of nodes, number of pods, seed width, seed weight
per plot. For the other parameters, no significant difference was observed be-
tween the different morphotypes. Morphotypes UZ-VZ-04, UZ-VZ-03, UZ-VZ-06,
UZ-VZ-02 and UZ-VZ-05 have demonstrated good performance for grain weight
per plot and can be useful for a breeding program. Thus, their improvement and
a better match of these morphotypes with the seasons could help improve yields
and provide a solution to recurrent food crises in rural areas. It will be interest-
ing to conduct the study of the nutritional quality of the seeds to make a better

selection of the collection.
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