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Abstract:

The experiment was conducted at the Laboratory, Department of Plant Production,
Faculty of Agriculture at the University of Azzaytuna, Tarhuna Libya during February-
March 2022. The objective of the experiment was studying the relation between seed
size, water imbibition rate, and germination speed in some genotypes of Bambara
groundnut. The dataset used for this experiment was based on four genotypes and three
replicates.

The results showed that there was a gradual increase in the rate of seed water imbibition.
It turned into a sharp increase and so on until reached the stage of stability to start the
chemical processes of germination in all genetic structures. In addition, the results
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The Relation Between Seed Size, Water Imbibition Rate, And Germination Speed In Some
Genotypes Of Bambara Groundnut (Vigna subterranea (L.) Verde.) (238-245)

showed that there was a difference between the genotypes in the speed of germination,
the BBL 1.1 genotype was faster in germination than the other genotypes and more
efficient for water use. whilst genotype SS 3.4.2 is significantly different in the dry
weight of seeds and size of seeds, where it had the highest dry weight of seeds, and the
biggest size of seeds compared to other genotypes. Plus, it was noted a difference
between genotypes in water imbibition rate, as structural changes during imbibition
typically found in genotypes were observed, the seed size had a significant effect on the
imbibition rate, where the small seeds were able to imbibe a greater percentage of water
at a faster rate, wherefore were germinating and emerging more rapidly than either the
medium or large seeds. Consequently, genotypes gave different responses to the water
imbibition rate and germination speed.

Keywords: Bambara groundnut, Seed size, Water imbibition rate, Germination speed.

Introduction:

Bambara groundnut is an indigenous African leguminous crop and one of the most
important pulses grown on the continent ((Doku et al., 1970)). The crop has been widely
cultivated in tropical regions since the seventeenth century and was domesticated in the
semi-arid zone of West Africa and is now cultivated throughout tropical Africa and to a
lesser extent in tropical parts of America, Asia, and Australia (Brink et al., 2006).

The Bambara groundnut originated from North Africa, most likely northeastern Nigeria
and northern Cameroon. It is found in the wilderness of central Nigeria heading
eastwards to southern Sudan and through indigenous peoples migrating to the far south
(Swanevelder, 1998).

Swanevelder (1998) describes the Bambara groundnut crop as an annual legume with a
well-developed and compact taproot with many short lateral stems (up to 20 cm long) on
which the leaves are borne. The leaves are trifoliate (5 cm long), the petiole (up to 15
cm) is long. It is cultivated purposely for its seeds which are used in human foods, and it
is the third most important crop after maize and groundnut in Africa (Omoikhoje, 2008).
The Bambara groundnut belongs to the family Leguminosae, subfamily Papilionoideae,
and genus Vigna (Fatokun et al., 1993). Both wild and cultivated species have 2n=2x=22
number of chromosomes (Forni-Martins, 1986). Bambara is also an annual herbaceous
plant bearing clustered leaves arising from creeping stems that grow close to the ground.
The growth habit of the crop may be clustered (erect), semi clustered or spreading. It is
naturally self-pollinating (Basu et al., 2007).

Bambara groundnut is an important crop due to its large commercial potential and high
nutritional value, where the seeds contain nearly 63% of carbohydrates, 19% protein,
6.5% fats, 10.43% water, and 3.03% ash compared with groundnut which contains
between 13-16% carbohydrates, 22-30% protein and 44-56% fats (Hidayah et al., 2012;
Rodrigues et al., 2011).

Amongst the various problems related to the Bambara groundnut planting are pathogen
attack, low yields, and slow germination, and genotypes Bambara varies in speed and rate
of water imbibition and moisture content according to the size of the seeds, as well as
varies in their efficiency of water use. There is a relationship between thewater

imbibition rate and seed size and speed of germination. The main objective of this
research is to study relationship between seed size, water imbibition rate, and germination
speed in some genotypes of Bambara groundnut.

239

2023 (ba (1) daall gl i1 asall (STDJ) Linglpiilly aplelf slaill dlas
annamaa@azu.edu.ly (ISSN:2789-9535) Lo — aisas — dipi il desls — del il 4S



The Relation Between Seed Size, Water Imbibition Rate, And Germination Speed In Some
Genotypes Of Bambara Groundnut (Vigna subterranea (L.) Verde.) (238-245)

Materials and Methods:

This experiment was conducted at the laboratory, Department of Plant Production,
Faculty of Agriculture, University of Azzaytuna, Tarhuna Libya during February-March
2022. The objective of the experiment was studying the relation between seed size, water
imbibition rate, and germination speed in some genotypes of Bambara groundnut. Four
genotypes were tested (three from Indonesia PWBG 6, BBL 1.1, SS 3.4.2, and one from
Thailand i.e. Tvsu 86). The seeds were collected for four genotypes of the Bambara and
dry weight was taken for every five seeds per genotype. The seeds were measured using
calipers (millimeters) to measure the average length, width, and thickness of the seeds for
each genotype. Genotypes were distributed randomly on test plots with three replicates
for each experimental unit. Each replicate has one petri dish and each petri dish has five
seeds. fifteen seeds per genotype were used in each experimental unit, with three
replicates. There were fifteen seeds per genotype (three Petri dishes). This means the total
of seeds for all genotypes was sixty seeds. The seeds were irrigated with distilled water,
Then the wet weight was taken of the seeds every one hour until reached 50%
germination, the experiment was monitored daily until completion. The germination rate
was calculated for each replicate for every genotype, and the data were recorded. Data
were submitted to analysis of variance (ANOVA) to detect differences between
treatments.

Statistical analysis:

The experiment was carried out in a completely randomized design with one factor (One-way C.R.D
ANOVA test sign rat LSD P<0.05). Based on the ANOVA results, a DUNCAN test to compare the
averages, and test for significant differences among treatments by the Genstat program
(Release;19.3.0.9425;VSN International, Nottingham, UK). In the figures, different letters (ab.c,.....)
between the columns express significant differences.

Results and discussion:

The dry weight of seeds:

Fig. 1 illustrates that genotype SS 3.4.2 was significantly different in the dry weight of
seeds (g) and it had the highest dry weight of seeds (5.067g) compared to other
genotypes. while the dry weight of seeds had no significant effect between genotypes
Tvsu 86, PWBG 6, and BBL 1.1, which, had the lowest dry weight of seeds (2.167,
2.667, 3.033 g) respectively. Maybe these differences in the dry weight of seeds between
genotype SS 3.4.2 and other genotypes were caused by the genetic structure of this
genotype and environmental factors (Atta et al., 2004; Cousin et al., 1992; Draweel et al.,
2021; Draweel et al., 2018; EL-SHIMI et al., 1980; Karjalainen et al., 1987; Lecoeur et
al., 2001; Lhuillier-Soundélé et al., 1999; Saio et al., 1973).

The length of seeds:

Fig.2 shows the average length of seeds (mm) for the genotypes and which indicates
significant differences between genotype SS 3.4.2 and all other genotypes, it had the
highest length of seeds (13.51 mm) compared to other genotypes. While the length of
seeds had no significant effect between genotypes Tvsu 86, PWBG 6, and BBL 1.1,
which, had the lowest length of seeds (9.78, 10.73, 10.88 mm) respectively.

240

2023 sla (1) dsall gl A0 230 (STDJ) LiaplsiSilly 5 lalf elaill dlas
annamaa@azu.edu.ly (ISSN:2789-9535) Ly - disag — dipl il dealy — de jll LS




The Relation Between Seed Size, Water Imbibition Rate, And Germination Speed In Some

Genotypes Of Bambara Groundnut (Vigna subterranea (L.) Verde.) (238-245)
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Fig.1. Differences in dry welght of seeds (g) between four genotypes of Bambara
groundnut.
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Fig. 2. Differences in length of seeds (mm) between four genotypes of Bambara
groundnut.

The width of seeds:

Fig. 3 illustrates the average width of seeds (mm) for the genotypes and which indicates
significant differences between genotype SS 3.4.2 and all other genotypes, it had the
highest width of seeds (9.8 mm)compared to other genotypes. As well as there were
significant differences between genotype BBL 1.1 and genotype Tvsu 86. While the
width of seeds had no significant effect between genotypes Tvsu 86, and PWBG 6. In
addition, there was no significant effect between genotypes PWBG 6 and BBL 1.1. The
seeds of genotype Tvsu 86 was the lowest width (7.707 mm) compared with other
genotypes.

The thickness of seeds:

Fig. 4 shows the average thickness of seeds (mm) for genotypes. There were significant
differences between genotype SS 3.4.2 and all other genotypes, it had the highest
Thickness of seeds (10.12 mm) compared to other genotypes. While the thickness of
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seeds had no significant effect between genotypes Tvsu 86, PWBG 6, and BBL 1.1,
which, had the lowest Thickness of seeds (8.033, 8.373, 8.813 mm) respectively. There
were significant differences in the size of seeds between genotypes and these differences
between genotypes were related to genetic effects and environmental factors(Bockus et
al., 1996; Ekpo, 2004). Seed size has been shown to be a valid measure of seed vigor
(Ekpo, 2004). It was one of the most important characteristics of the seed quality of a
plant crop.

Genotypes

T

g s

-

=

b <]

o

s 4

(=]

= 2

g

E.s

Twsu 86 PWBG 6 BBL11 55342

|I fakal 7.707 B.267 B.BO7 9.8

Fig. 3. Differences in width of seeds (mm) between four genotypes of Bambara
groundnut.
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Fig. 4. Differences in thickness of seeds (mm) between four genotypes of Bambara
groundnut.
Rate of water imbibition for seeds:

Fig. 5 shows there was an increase in the water imbibition rate of seeds gradually,
sometimes it turned into rising sharply and so on until it reached the stabilization stage to
get started the chemical processes for germination at all the genotypes, in addition, there
were significant differences between the genotypes at the date of germination in the
number of hours and the days, where the genotypes PWBG 6, and SS 3.4.2 needed 242
hours during 10 days for germination, while genotype Tvsu 86 needed 198 hours during 8
days for germination, whereas the BBL 1.1 genotype was faster in germination than the
other genotypes, it needed 173 hours during 7 days for the process of germination.
However, there was a significant difference between genotypes in germination rate. Also,
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there was a significant the difference in water imbibition rate of seeds between all
genotypes. And the largest water imbibition rate of seeds was in genotype SS 3.4.2, while
the smallest water imbibition rate of seeds was in genotype Tvsu 86. In addition, the
genotypes PWBG 6 and SS 3.4.2 delayed germination compared with genotypes BBL 1.1
and Tvsu 86 which were faster in germination. It was noted there was a difference
between genotypes in water imbibition rate, as Structural changes during imbibition
typical found in genotypes were observed, This was consistent with studies (Draweel et
al., 2018; EL-SHIMI et al., 1980; Koné et al., 2015; Saio et al., 1973; Swanson et al.,
1985) which indicated reveal differences between legumes in water imbibition rate and
both structural and textural changes occurring in legumes during imbibition to water.
thus, the success of seed germination was mainly related to water availability (Edalatifard
et al., 2014). So continuous supply of water is needed to start and complete germination
(Abobatta, 2016).

10
g s
£8 ¢
45 7
2E 6
w O Tvsu 86
2F s
%é 4 —PWEBG 6
‘s a 3 BBL1.1
-F et
WE 2 55342
o=
= 1
0
CPNRRRIRRIARENRED
— -
Hours

Fig. 5. Rate of water imbibition and germination speed (g/h) between four genotypes of
Bambara groundnut.

The water content of seeds:

Fig, 6 illustrates the average moisture content of seeds (g) for the genotypes, and there
were not significant differences between all genotypes, and the seed size had a significant
effect on the imbibition rate. Where the small seeds were able to imbibe a greater
percentage of water at a faster rate than either the medium or large sizes. Because the
surface area to volume ratio is larger for the small seeds compared with medium and
large seeds, wherefore small seeds of size were germinating and emerged more rapidly
than the large seeds, this was consistent with studies (Bockus et al., 1996; Draweel et al.,
2018; Ekpo, 2004).
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Genotypes
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Fig. 6. Differences in water content of seeds (g) between four genotypes of Bambara
groundnut.

Conclusion:

Genotypes gave different responses to the water imbibition rate and germination
speed, there was a difference between the genotypes in the speed of germination, where
BBL 1.1 genotype was faster in germination than the other genotypes and more efficient
for water use. whilst genotype SS 3.4.2 is significantly different in the dry weight of
seeds and size of seeds, where it has the highest dry weight of seeds, and the biggest size
of seeds compared to other genotypes. As well as, it was noted a difference between
genotypes in the water imbibition rate, as structural changes during imbibition typically
found in genotypes were observed, the seed size had a significant effect on the imbibition
rate, where there was a relation between the water imbibition rate and seed size, and the
speed of germination, as the small seeds were able to imbibe a greater percentage of
water at a faster rate, wherefore were germinating and emerging more rapidly than the
medium or large seeds, and thus the fastest in germination.

Recommendations:

e Bambara groundnut is an important African indigenous legume with high nutritional
value, drought tolerance characteristics, and N-fixation properties. This combination
makes it a possible multi-use crop in marginal areas of agricultural production with great
potential to contribute to food and nutritional security in Africa and should be included in
feeding regimes, especially in malnourished areas.

e There is a need to understand the microstructure of Bambara groundnuts to perceive the
imbibition pattern possessed by landraces and further examination of structural
differences between Bambara seeds.

e similar experiments should be carried out in the germination stage to evaluate Bambara
groundnut seed germination because Bambara groundnut is slow to establish and this has
negative implications for total water use.
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