Effect of Priming on the Phenology, Growth, and Yield of Bambara Groundnut

(Vigna subterranea (L.) Verdcourt)

ABSTRACT

The Bambara Groundnut (Vigna subterranea (L.) Verdc) is a neglected crop species' third most important
legume. It is cultivated for its numerous benefits. However, in the current context of decreasing rainfall,
seed germination is often slow or even absent, leading to low yields. This study aims to evaluate the
effect of seed priming on the phenological, growth, yield parameters, and yield components of Bambara
groundnut cultivars under real field conditions during the 2023 rainy season. The experiment was
conducted at the experimental station of the Faculty of Science and Technology, Abdou Moumouni
University of Niamey (Niger). The experimental design used was a factorial randomized block design with
three replications. Three treatments were compared: (i) soaking seeds in tap water for 12 hours, (ii)
soaking seeds in tap water for 24 hours, and (iii) a control group without soaking. The results showed a
significant difference between treatments for the time to emergence (P = 0.016), flowering (P = 0.001),
and the date of 50% flowering (P = 0.0013). No significant differences were observed among cultivars for
these parameters. Priming did not considerably affect LAl (leaf area index) across cultivars and
treatments. Regarding yield and yield components, soaking for 24 hours resulted in significantly higher
values, except for dry biomass yield.
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1. INTRODUCTION




The Bambara groundnut (Vigna subterranea (L.) Verdcourt), commonly known as the Bambara pea in Mali,
is a food legume whose cultivation is generally limited to sub-Saharan Africa [1].

The Bambara groundnut is a species native to Africa [2], cultivated for a long time, and classified as a
neglected and underutilized crop [3]. It was domesticated in West Africa and ranked as the third most
important food legume after groundnut and cowpea [4]. In 2020, Bambara groundnut was cultivated on
398,447 hectares globally, producing 259,313.22 tons annually, with an average yield of 650.8 kg/ha [5].
West Africa is the world's main production area for Bambara groundnut [6]. In 2021, annual production
dropped to 239,607.10 tons, with a significantly low yield of 588.8 kg/ha [5]. In Niger, this crop is primarily
grown by women, covering an area of 89,104 hectares in 2021 with a production of 52,211.04 tons.
Bambara groundnut is widely consumed across sub-Saharan Africa due to its numerous advantages [7].
Nutritionally, it is mainly grown for its seeds, which are rich in proteins, carbohydrates, and lipids. Studies
[9,10] report that 100g of Bambara groundnut provides 387 kilocalories (kcal) of energy. The seeds contain
an average of 63% carbohydrates, 19% proteins, and 6.5% lipids, making it a complete food that plays a
significant role in nutritional balance [11]. Bambara groundnut is also rich in essential amino acids [12],
making it an excellent crop choice for rural communities with limited access to animal protein [13].
Agronomically, it is one of the legumes cultivated for its tolerance to drought, salinity, and poor soil fertility
[14]. Its ability to fix atmospheric nitrogen through symbiosis with Rhizobium bacteria enhances soil fertility
[15]. Economically, Bambara groundnut seeds, whether fresh or dried, are sold in weekly markets or
exported, providing a source of income and renewed interest for farmers in Niger [16].

Crop production and good agricultural yields are closely linked to seed germination, a critical stage in the
plant life cycle [17]. However, germination is often slow, unreliable, and characterized by late and sparse
emergence in low-rainfall regions. Factors such as pollutants and abiotic stressors [18] affect germination,
making it uneven as seeds do not germinate uniformly or simultaneously. To address these challenges and
improve plant development and yields, various techniques have been developed over the years [19]. Seed
priming is one such method. Seed priming is a pre-germination treatment applied to seeds before sowing
[20]. It involves soaking seeds in water or a solution to hydrate them sufficiently without allowing the radicle
to emerge [21]. This method is especially effective for hard seeds, breaking dormancy and enabling faster,
more uniform germination [22]. It ensures good seedling density and increased crop production [23].
Among the various seed priming methods, hydro-priming is the simplest and easiest to implement, involving
water use to treat seeds [24]. Numerous studies have shown that pre-treating seeds, especially with water,
improves germination, enhances growth, and results in higher yields for many cultivated species [25-27].
To our knowledge, no studies have been conducted in Niger on the effect of pre-soaking Bambara
groundnut seeds in water. This study aims to evaluate the effect of pre-soaking seeds before sowing on the
phenological parameters, growth, and yield of two local Bambara groundnut cultivars to improve agricultural

production and yields.

2. MATERIALS AND METHODS
2.1 Study site description



The study was conducted at the experimental station of the Faculty of Science and Technology (FAST) at
Abdou Moumouni University in Niamey fifth commune (Niger) as indicated in Figure 1. The climate of the
study area is South-Sahelian, characterized by a short rainy season and high temperatures typical of semi-
arid regions. The sandy-loam soil has a slightly acidic pH (pH = 6.5). Figure 2 presents the monthly
distribution of rainfall and the maximum and minimum temperatures recorded in Niamey during the year
2023.

1°57'30°E 2‘3"0'E 2‘8'§O'E
z N =z| N
A A
wd - + + b _
- ™ -
© - \
i = |
>, Agack {
[ |
|
/ TS =y |I o
Site d'étude = _..f Tohoun ':7_ i om
. \ ® ot \ | L Dmda
] S ) Marsdi ™ \
e fosso| N ~ %
£ z
o o
8l .| NIAMEY V |3
~N o
al | a
N ¥ fis= -
l" AT e ]
, A .. . \
i - | ot NIAMEY Il / [
. , ' \ ~. NAMEY | : £ NAMEY I
3 ) \ | /
“ T i
— \ I_J B e a
[ / ~ /
337 ,". “.
i ; ' NIAMEYIV
Légende ‘
NIAMEY V
z ® Site d'étude - P
5 0 375 754m |5
Sl | Niamey V ! R Y
L) -

Fig_;_.-i._Location of the Stddy_Area



45 Rainfall (mm)*°

40 o 180.0

160.0

35 4

140.0

30 +

120.0
25 o

100.0

20 +

80.0

60.0

10 -

40.0

J F M A M J J A S O N D
Months

. Rain —@— Tmax —O0— Tmin
Fig. 2. monthly precipitation distribution and maximum and minimum temperatures

2.2. Plant Material
The plant material used in this study consists of two local cultivars of Bambara groundnut (Vigna subterranea
(L.) Verdcourt), referred to as C1 and C2, both sourced from the Dosso region (Figure 1).
Cultivar C1: A local cultivar purchased from the market; Cultivar C2: An improved cultivar obtained from the
ALHERI seed company. The characteristics of the seeds from these cultivars, as described by [16], are

presented in Table 1 below.



Table 1. Characteristics of the Bambara groundnut cultivars C1 and C2.

Cultivars

Cultivars

Characteristics C1l (Local) C2 (Improved)
Origin Market purchase Alheri seed Company
Seed Size average size average size

Seed Color Yellow Yellow

Germination Rate Low Very high

Organoleptic quality

Good taste, highly
appreciated by
consumers

Good taste, highly
appreciated by
consumers

Fig. 3. Seeds of the two Bambara groundnut cultivars used in the study. A: C1; B: C2

2.3. Soaking seeds
After sorting the seeds, the two (2) Bambara groundnut cultivars, C1 and C2, underwent a pre-germination
treatment before sowing. This treatment involved soaking the seeds in tap water in containers for 12 hours
and 24 hours of imbibition. The seeds not soaked in water were considered the control group. After soaking,
the seeds were spread out on sacks and air-dried for eight (8) hours.

2.4. Conduct of the experiment
The experimental design is a factorial randomized complete block with three replications. The treatments
consisted of factorial combinations of three priming options: control, 12, and 24 hours. The elementary plots
have an area of 6 m? (2.5 m x 2.4 m) and are spaced 1 m apart, and 2 m apart repetitions.
Before sowing, the field was plowed to a depth of 15 cm using a plow. Sowing was carried out on July 9,
2023, with three (3) seeds per hole. After germination, the plants were thinned to one plant per hole 18 days

after sowing. A microdose of 3 g of NPK per hole was applied as a basal fertilizer at the time of sowing.



Maintenance operations included manual weeding of weeds in the plots to allow for the growth of the plants.

No phytosanitary treatments were applied.

2.5. Measured parameters
The following phenological parameters were measured: germination delay (DL]j), which corresponds to the
number of days between sowing and the first germination; first flowering date (DFj), which corresponds to
the time between sowing and the appearance of the first flowers; 50% flowering date (Flo_50J), which
represents the number of days between sowing and the flowering of half the plants; and pod formation start
date (DFGj). These parameters were measured in all plots of the different treatments. To evaluate growth
parameters such as leaf area index (LAI), four (4) cuts were made:
(i) the first cut was made on the 25th day after sowing at the vegetative stage;
(i) the second cut was made on the 44th day after sowing, corresponding to the flowering start date;
(iii) the third cut was made on the 66th day after sowing, corresponding to the start of pod filling;
(iv) the fourth cut was made at physiological maturity.
The LAl was calculated by the ratio of the fresh leaf area to the soil surface covered by the plants. At harvest,
the yield parameters and yield components were measured: stover yield, pod yield, seed yield, hundred-

seed weight, and the harvest index. The harvest index for seeds was calculated by the formula:

pod weight

HI = 1.65 %
’ (pod weight x 1.65 + stover weight)

The correction factor of 1.65 was used to adjust for the differences in the energy requirements of peanuts
to produce the dry matter of the pods compared to the vegetative part of the plant [28].
2.6. Data Analysis
The data collected during the experiment was entered into Excel 2016 for analysis, and tables and graphs
were created using the same software. The Image J software (Version 1.34s) was used to calculate the leaf
area. After checking the normality of the data using the Ryan Joiner test, an Analysis of Variance (ANOVA)
was performed to compare the means of the various treatments for the different parameters. This was done
using R software (version 4.3.2). For parameters that did not follow a normal distribution, a non-parametric
Kruskal-Wallis test was applied at a 5% significance level. Additionally, the degree of association between
the different parameters was assessed using the Pearson correlation coefficient at the 5% significance level.
3. RESULTS
3.1. Effect of Priming on the Phenology of Bambara Groundnut
The results of the variance analysis of the effects of hydro-priming on phenological traits are presented in
Table 2. These findings reveal a significant difference at the 5% threshold for the onset of germination (DLj),
the date of first flowering (DFj), and the date of 50% flowering (Flo_50J) (p < 0.05). However, no significant
difference was observed for the onset of pod formation (DFG;j) (p > 0.05).
On average, the time to germination onset (DLj) for the 12-hour treatment (3.67 DAS) was shorter than that
for the 24-hour treatment (4.33 DAS) and the control treatment (4.83 DAS). The dates of first flowering (DFj)



and 50% flowering (Flo_50J) were also earlier for the 12-hour treatment, at 27.17 DAS and 29.17 DAS,
respectively. Conversely, the DFj and Flo_50J were almost similar for the 24-hour treatment and the
untreated control.

At the cultivar level, significant differences were found between cultivars C1 and C2 for germination onset
(DLj) and 50% flowering (Flo_50J) (p < 0.05). However, no significant differences were observed for the
date of first flowering (DFj) and the onset of pod formation (DFG;j) (p > 0.05). On average, cultivar C2
exhibited a shorter germination onset period (4.00 DAS) compared to cultivar C1 (4.83 DAS). Similarly, the
time to 50% flowering for cultivar C2 (31.83 DAS) was shorter than that of cultivar C1 (35 DAS).

Table 2. Comparison of Mean Phenological Parameters of Bambara Groundnut Cultivars

Variables Parameters
DLj (JAS) DFj (JAS) Flo_50J(JAS) DFGj (JAS)
T12H 3,67+0,52b 27,17+0,41b 29,17+0,41b 43,83+2,40a
Treatment | T24H 4,33+0,52ab 31,83+3,19a 35,83+2,79a 45,83+2,40a
m 4,83+0,83a 31,00+3,19a 31,003,23a 46,50 +2,15a
P-value 0.016 0.001 0.001 0.085
c1 4.83+0.83a 31,75+3,86a 35+3.90a 45.75+2.30a
Cultivars c2 4.00+0.60b 28,75+1.86a 31,83+2.69b 45.59+2.67 a
P-value 0.015 0.072 0.032 0.871

In the same column, figures followed by the same letter are not significantly different (mean + standard
deviation). T12H: Soaking in water for 12 hours; T24H: Soaking in water for 24 hours; Tm: Untreated control,
C1: Cultivar 1; C2: Cultivar 2; DLj: Germination onset; DFj: Date of first flowering; Flo_50j: Date of 50%
flowering; DFGj: Date of onset of pod formation

3.2. Leaf Area Index (LAI)
The analysis of Figure 4 shows no significant differences between treatments for cuts 1 (P = 0,11) and 4 (
P = 0.07). However, for cuts 2 and 3, the germination pre-treatments significantly increased the Leaf Area
Index (LAI) compared to the control, with P = 0.024 P=0.024 for both cuts. LAl values exhibit an upward

trend, peaking at cut 3, which corresponds to the pod-filling phase, where the highest values are recorded.
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Fig. 4. LAl According to Cuts at Different Development Stages of the Plants.
Vertical bars represent the standard error of mean values. T12H: Soaking in water for 12 hours; T24H:
Soaking in water for 24 hours T: Control (untreated) cpl: Cut 1; cp2: Cut 2; cp3: Cut 3; cp4: Cut 4

3.3.

The study of the effect of seed pre-germination treatments on vyield parameters yielded the results
summarized in Table 3. Variance analysis results revealed a significant difference at the 5% threshold
between treatments for pod yield (Rdt G), seed yield (Rdt Gr), dry weight of 100 seeds (P sec C Gr), and
pod harvest index (HI) ( P = 0.02).
yield ( P = 0.73). The mean values for pod yield and seed yield were significantly higher for the 24-hour
treatment (11,405.07 kg/ha and 7,642.84 kg/ha, respectively) compared to other treatments. Furthermore,
the dry weight of 100 seeds and the harvest index were also improved by the 24-hour treatment, at 51.59 g
and 72.09%, respectively. In contrast, the dry weight of 100 seeds and the harvest index for the 12-hour

treatment and the untreated control were statistically similar. At the cultivar level, no significant effect was

Effect of Priming on Yield and Yield Components

found between the two cultivars for any of the yield parameters studied.

However, the pre-treatment had no significant effect on dry biomass



Table 3. Effect of Seed Priming on Yield and Yield Components of Bambara Groundnut Cultivars

Variables Parameters
Dry Biomass (Kg hal)  Pod yiel (Kg ha?) Seed yield (Kg ha!) 100 seeds weight (g)  HI (%)
12H 7930.14+1523,55a 8509.09+1092,91 b 5384.58+610,40 b 44.00+4,52 b 64.04+4,31 b
Treatment 24H 7222.08+709,53 a 11405.07+1448,90 a 7642.84+722,48 a 51.59+3,94 a 72.09£3,68 a
8018.76+2641,11 a 7978.57+£1760,96 b 5066.77+1008,70 b 44.82+4,21 b 62.70+5,49 b
p-value 0.737 0.0008 0.0002 0.007 0.002
C1 7102.40+£1303.52a 8579.58+2394.47a 5720.69+1457.42a 47.92+5.41a 65.99+4.68a
Cultivars Cc2 8492.48+2397.87a 9356.07£1719.94a 5859.79+£1349.92a 44.70+4.43a 64.76+7.43a
p-value 0.09156 0.3715 0.8106 0.1258 0.6322

Following the same column, numbers followed by the same letter are not significantly different (mean +
standard deviation). HI: Harvest index

3.4.

The correlation matrix was developed to determine the relationships between the different traits studied.

Correlation Between Variables

Analysis of the correlation results (Table 4) shows that the 50% flowering date is positively and highly
significantly correlated with the first flowering date (r = 0.94). The results also indicate that the dry weight of
100 seeds has a positive and highly significant correlation with the first flowering date (r = 0.57) and the
50% flowering date (r = 0.61).

Pod yield (RdtG) is highly significantly and positively correlated with the dry weight of 100 seeds (r = 0.74).
Similarly, grain yield is highly significantly and positively correlated with the dry weight of 100 seeds (r =
0.80) and pod yield (r = 0.90). Lastly, the harvest index (HI) is significantly and positively correlated with the
dry weight of 100 seeds (r = 0.46) and pod yield (r = 0.50).

A highly significant positive correlation also exists between the harvest index and grain yield (r = 0.52);
however, the harvest index is negatively and highly significantly correlated with haulm yield.

Table 4. Correlation Between Variables

Caracters DFj Flo_50j DFGj PSecCGr RdtF RdtG RdtGr HI

DFj 1 0.94*** 0.10 0.57* -0.03 0.28 0.30 0.22
Flo_50j 1 0.13 0.61** -0.06 0.32 0.36 0.27
DFG;j 1 0.09 -0.23 -0.20 -0.09 0.06
PSecCGr 1 0.11 0.74%*= 0.80*** 0.46*
RdtF 1 0.31 0.19 -0.65%**
RdtG 1 0.90%*** 0.50*
RdtGr 1 0.52**
IR 1

* significant ** : very significant *** ; highly significant DFj: start of flowering; Flo_50j: 50% flowering date;
DFG;j: start of pod formation; PSecCGr: 100 seeds weight; RdtF: dry biomass yield; RdtG: pod yield: RdtGr:
seed yield; HI: harvest index

4. DISCUSSION

4.1. Phenology



The results of this study showed a significant difference (p < 0.05) in the germination initiation time of Vigna
subterranea seeds between treatments and cultivars. Soaking seeds in water for 12 hours reduced the
germination time to an average of 3 days compared to 4 days for the 24-hour treatment and 4.84 days for
the untreated seeds (Table 2). The germination time was shorter for Cultivar 2 compared to Cultivar 1.
Soaking seeds for 12 hours improved germination by reducing the emergence time, making 12 hours the
optimal soaking duration for these Vigna subterranea cultivars. Our results demonstrate that pre-soaking
seeds in tap water accelerates germination and reduces the germination time. Similar observations were
made in studies on Vigna subterranea by [29-31], who also found that hydro-priming improved germination
by reducing emergence time. Hydro-priming is an effective method to shorten germination time and enhance
seed germination rates.

The reduction in germination time observed with hydro-priming can be attributed to water softening the seed
coat and allowing moisture to penetrate seed tissues. This hydration triggers metabolic reactions in the
embryo, accelerating germination speed and reducing the time to germination [32, 33]. In this study, 12
hours of hydro-priming was most effective in improving the germination potential of Vigna subterranea.
Other studies align with these findings. [34, 35] observed that a 12-hour pre-treatment is optimal for
improving germination and germination rates in some cultivated species. In contrast, [36] reported that
soaking seeds for 24 hours improved the germination of Vigna subterranea varieties in Botswana.
Additionally, [37] found that a 48-hour soak enhanced germination in Vigna subterranea.

The variability in hydro-priming durations could be due to differences in cultivars used or variations in drying
conditions before sowing. However, [38] cautioned that prolonged soaking may decrease seed viability, as
excessive water can cause seed damage, promote parasite attacks, or lead to seed rot. Similarly, [39]
reported that prolonged flooding significantly reduces the germination rate of Vigna subterranea. Differences
in germination between local cultivars of the same species may also result from significant genetic variation
or environmental factors influencing the germination process [40].

The dates of the first flowering and 50% flowering were significantly affected (p < 0.05) by the pre-treatment
of Vigna subterranea seeds. Seeds soaked for 12 hours reached the first flowering date and 50% flowering
date (27 and 29 days after sowing, respectively) earlier than seeds soaked for 24 hours or untreated seeds.
No significant difference was observed between cultivars for the first flowering date. However, there was a
significant difference in the 50% flowering date. Cultivar 2 was the earliest to reach 50% flowering, while
Cultivar 1 was the latest. The earlier flowering observed in plants soaked for 12 hours may be explained by
their faster germination, allowing them to flower earlier. These results align with findings by [41], who
observed that seed priming reduced the flowering period in chickpea plants.

4.2. Effect of Priming on Growth Parameters, Yield, and Yield Component

The growth analysis of the two Vigna subterranea cultivars revealed low Leaf Area Index (LAI) values during

the vegetative stage, which increased significantly at the beginning of flowering and during the pod-filling
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phase. During these stages, leaf area expansion supports higher photosynthetic activity, leading to greater
accumulation of reserves in seeds and, consequently, better seed yields at harvest.

Pre-sowing hydration had no significant effect on dry biomass production across treatments compared to
the control (Table 4). This suggests that seed soaking did not enhance dry matter production in Vigna
subterranea cultivars. These findings align with those of [42], who reported that 24-hour hydro-priming of
Vigna subterranea seeds did not significantly affect dry matter production compared to 12-hour priming and
control treatments.

Pod yield, seed yield, 100-seed weight, and harvest index were significantly influenced by pre-treatment
(Table 4). The highest values were obtained with the 24-hour treatment. These results corroborate those of
[42], who observed increased seed yields in Vigna subterranea following 24-hour hydro-priming. Similarly,
[43] reported that soaking Vigna subterranea seeds for 24 hours improved pod yields in their study on the
effects of different pre-treatments and spacing on growth and production of four local varieties in Indonesia
The correlation matrix for quantitative traits revealed very strong positive and negative correlations. A highly
significant positive correlation (r = +0.94) was observed between the first flowering date and the 50%
flowering date. This indicates that earlier flowering leads to a quicker attainment of 50% flowering. These
findings align with [44], who found strong correlations between the first flowering date and the 50% flowering
date in their agro-morphological characterization of Vigna subterranea accessions in Burkina Faso. Highly
significant positive correlations were observed between pod vyield, seed yield, and harvest index. This
suggests that increasing pod and seed yields also increases the harvest index. Conversely, a strong and
significant negative correlation (r = -0.65) was found between haulm yield and the harvest index, indicating
that higher haulm yields are generally associated with a lower harvest index. These correlations explain the
superior performance of the 24-hour treatment in terms of seed and pod yields compared to the 12-hour

treatment and control (Table 3).

5. CONCLUSION
The results showed that soaking seeds for 12 hours improved parameters such as germination time,
flowering duration, and the time to 50% flowering, except for the time to pod formation, in local Vigna
subterranea cultivars. Pre-soaking in water had limited significant influence on growth parameters. Hydro-
priming for 24 hours increased pod yield, seed yield, 100-seed weight, and harvest index but did not
enhance dry biomass production in any of the local cultivars. These findings highlight the importance of
seed priming as an effective strategy to improve germination, a critical step in the plant development cycle,

especially as an adaptation strategy to climatic variability.
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