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ABSTRACT

To investigate the response of Bambara groundnut landraces to pre-sowing hydration, three
experiments were conducted on three bambara groundnut landraces; OM1, Diphiri cream (DC)
and Gaborone cream (GC) in the greenhouse at Botswana College of Agriculture, Botswana, in
2011. The experimental designs were completely randomized design (CRD) with 5 pre-sowing
hydration; (6, 12, 24, 48, 72 hrs) and the control, each replicated four times. Increasing hydration
time from 12 to 72 hrs significantly (p<0.01) increased the final germination for GC up to 87% and
significantly increased OM1 germination up to 57% at 24 hrs. However, there was a significant
decrease in final germination for DC. There were significant (p<0.01) differences within and
across the landraces for seedling emergence; GC had the highest emergence of up to 100% at
24 hrs. Across the three landraces GC and DC significantly (p<0.05) increased stem dry diameter
at 6, 12 and 24 hrs pre-sowing hydration. Moreover, pre-sowing hydration treatments had
significant (p<0.01) effect within the three Bambara landraces root dry matters and no significant
(p>0.05) effect on GC and DC leaf dry matter. Hydrating seeds for 24 hrs improved germination,
seedling emergence, leaf and stem dry matter accumulation of bambara groundnut landraces.
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INTRODUCTION

In Botswana, bambara groundnut (Vigna subterranea
L. Verdic) is grown mainly for seeds by small-holder
farmers. They are eaten fresh when semi-ripe and
pulse when dry and mature. Though the crop is
drought tolerant, its performance is low mainly due to
poor germination and seedling establishment.
Bambara groundnut is often grown as a secondary
crop and is planted late after food crops such as
maize and other crops have been sown (Linnemann,
1990). The period during which the crop is produced
is often associated with low moisture content. This
may be a major contributory factor to the variability in
seedling establishment.

Pre-sowing hydration is a common treatment that
improves germination and seedling emergence of
many crops. Seed priming is a process of hydrating
and dehydrating seeds following various protocols
which results in improvement in seeds vigor,
increased rate of germination and more uniform
emergence under wide range of field environments
(Modi, 2005). Berchie et al. (2011) observed that the
final seedling establishment was enhanced by
soaking bambara groundnut seed for 24 hrs. The

results of this study where seeds were soaked in tap
water, provides farmers with a cheap and simple
technology which can improve the final stand and
yield of bambara groundnut.

Since Botswana is a semi-arid country, it is subjected
to erratic rainfall and also drought spells which
greatly affect crop yield. This has called for a need to
investigate and maximize the potential of more
drought tolerant annual crops which are grown locally
under rain-fed system. The crops include sorghum,
millet and bambara groundnut. The purpose of this
experiment was to investigate the potential of a
simple pre-sowing hydration that might be useful to
resource poor farmers.

MATERIALS AND METHODS

Three experiments were conducted on three
bambara groundnut landraces; OM1, Diphiri cream
(DC) and Gaborone cream (GC) in the greenhouse at
Botswana College of Agriculture, Botswana, in 2011.
Completely randomized designs (CRD) with 6
(including the control) pre-sowing hydration
treatments replicated four times were used. OM1 is
cream white and has a black butterfly around the



hilum. DC is cream white and has a black dot around
the hilum and GC is cream white all over (Linnemann
and Azam Ali, 1993).

Seed germination; seeds were soaked at room
temperature for five different pre-sowing hydration
treatments; (6, 12, 24, 48, 72 hrs) and the control by
immersing them in distilled water in 500 ml glass
beakers. Seeds were air dried for 1 hour. The seeds
were germinated between two layers of germination
papers in petri dishes. Distilled water was added to
moisten them when necessary. Four replicates were
run for each treatment with 15 seeds. A seed was
considered germinated when the radicle extension
had read 10 mm (Garcia-Huidobro et al., 1982).
Germination numbers were determined by counting
germinated seeds. Germination was recorded for 15
days from placing the seeds in petri dishes and total
germination percentage was calculated.

Emergence and early seedling growth; seeds were
soaked at room temperature for five different pre-
sowing hydration treatments; (6, 12, 24, 48, 72 hrs)
and the control by immersing them in distilled water
in 500 ml glass beakers. The seeds were then air
dried for 1 hour. Seventy two (72) perforated plastic
bags were filled with a composite growth medium
(mixture of potting soil and loam soil). Then each pot
was watered to field capacity and consequently
moistened when required. Ten seeds were sown at 4
cm depth with four replicates pots per treatment.
Twenty four (24) perforated plastic bags were used
for seedling emergence and the remainders were for
seedling growth. Seedling emergence observation
was made daily for 15 days and the results recorded.
A seedling was considered to have emerged when
the epicotyl hook just appeared at the soil surface.

A seedling was randomly sampled from each
replicate after 28 days including the 24 pots used for
seedling emergence. An average of the three
replicates from each set of the 24 pots was used to
represent the replicate for each treatment. The
seedlings were separated into shoots and roots. The
roots samples were gently washed under tap water
through a 2 mm mesh screen and soil free roots were
collected. The shoots were further separated into
stems and leaves. Stems, leaves and roots were
dried separately in an oven at 80°C for 48 hours. The
dry weights were recorded using a precision weighing
balance (Ohaus, AR1530), max: 150 g and min:
0.001 g.
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Data analysis: The data collected was subjected to
analysis of variance (ANOVA) using STATISTIX-8
program. Where F-test was observed and means
comparison test carried out using Least Significant
Difference (LSD) at p<0.05 to separate treatment
means.

RESULTS AND DISCUSSIONS

Germination: The final germination percentage, an
important variable in understanding and predicting
the effects of environment on germination differed
within and across the landraces as influenced by the
pre-sowing hydration treatments. Generally, it was
high for bambara groundnut seeds soaked than
unsoaked seeds (Table 1). Rashid et al. (2006)
reported that priming enhanced germination, better
establishment and increased yields in a wide range of
crops in many diverse environments. Duration of pre-
sowing hydration strongly influenced the final
germination of GC (Table 1). Increasing hydration
from 12-72 hrs for GC significantly (p<0.01)
increased the final germination percentage up to
87%. However, in DC there was a significant
decrease in final germination at 6 and 72 hrs as
compared to the control whereas, only a slight
significant increase in the final germination
percentage was recorded for OM1 (Table 1).
Differences between the landraces may be
associated with variation in mechanical resistance
offered by testa or other germination inhibitors that
slow down water uptake by seeds (Rolstor et al.,
1978; Asgedom and Becker, 2001; Khan et al., 2008;
Yari et al., 2011).

In the GC landrace, pre-sowing hydration
softened the testa and allowed for the leakage of
germination inhibitors which were present in the seed
and this resulted in increased seed germination as
observed by Habib et al. (1990). Chiu et al. (2002)
also observed similar results of enhanced
germination in sweet sorghum when primed. The
optimum soaking time for all the landraces was 24
hrs. Hydrating these landraces for 24 hrs improved
the total germination. Soaking seeds for a pre-
determined period accelerates germination (Modi,
2005). Habib et al. (1990) indicated that soaking tea
seeds for over 1-3 days resulted in higher
germination percentage.



Emergence

Maximum seedling emergence in all bambara
landraces was achieved following 24 hrs of hydration.
There were significant differences (p<0.01) within and
across the landraces as influenced by the hydration
treatments (Table 1). GC had the highest seedling
emergence when compared to DC and OM1 (Table
1). For all the three landraces, moisture content of
seeds is critical for both germination and seedling
emergence stages as reported by Hadas and Russo
(1974). Parera and Cantliffe (1994); Harris (1996);
Taylor et al. (1998) reported that pre-sowing is a
common treatment that increase the rate and
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uniformity of emergence in many vegetables and field
crops. The direct benefits of seed priming in all crops
included faster emergence, better, more and uniform
stands, less need for re-sowing, more vigorous
plants, better drought tolerance, earlier flowering,
earlier harvest and higher grain yield (Harris et al.,
2001a). The probable reason for early emergence of
the primed seed may be due to the pre-germinative
metabolic activities making the seed ready for radicle
protrusion and the primed seed germinated soon
after planting as compared to untreated dry seed
(Heydecker and Coolbear, 1977).

Table 1 Effect of soaking on the germination and seedling emergence of three bambara groundnut landraces.

Treatments Mean Germination (%) Sig. Mean Emergence (%) Sig.
GC DC OoM1 GC DC om1
0 hrs 67" 63" 37 73" 35" 4208
6 hrs 73™ 30 40°® 61" 27 33% i
12 hrs 87" 47 43 84" 38°°¢ 46"°
24 hrs 87" 637 57% 100** 63 67
48 hrs 87" 57%® 47" 81" 27 38°%° i
72 hrs 87" 23%F 23% 61" 31°F 31%°
Significance ) ) ) ” i ”
LSD 0.05 10.36 8.14 9.16 8.65 7.02 7.26
CV (%) 8.58 11.61 14.97 7.60 12.83 11.41

** highly significant at p<0.01. Means separated by Least Significance Difference (LSD) Test at p<0.05, means
within columns followed by the same letters (lowercase) are not significantly different and means within rows
followed by the same letters (uppercase) are not significantly different.

Leaf, stem and root dry matter: Soaking had no
significant (p>0.05) effect statistically on GC and DC
leaf dry matter production as compared to the control
(Table 2). However, 12 hrs and 24 hrs had the
highest leaf dry matter for GC and DC respectively.
Mixed results were observed for OM1 with the control
and 24 hrs significantly (p<0.05) increasing the leaf
dry matter whereas, 6 hrs and 48 hrs significantly
(p<0.05) reduced the leaf dry matter (Table 2).
Moreover, across the three landraces, GC and DC
significantly increased the leaf dry matter at 6, 12, 48
and 72 hrs and all the landraces were non-significant
at 0 and 24 hrs (Table 2). The differences in total leaf
dry matter within and across the landraces could be
due to germination and emergence time. The
measured growth parameters indicate that the
increased leaf dry matter was not simply due to
earlier germination and emergence but the hydration
of seeds actually increased the growth rates (Table
2). Farahini and Maroufi (2011) reported that hydro-
priming increased the germination percentage,
seedling vigor and seedling dry matter of basil crop.
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In another experiment, Maroufi and Farahini (2011)
found similar results in garden pea.

Pre-sowing hydration had no significant (p>0.05)
effect statistically on GC and OM1 stem dry matter
production as compared to the control (Table 2). GC
had the highest stem dry matter at 6 hrs to 24 hrs
whereas, the control had the highest dry matter for
OM1 (Table 2). Soaking for 24 hrs significantly
increased the stem dry matter of DC as compared to
the control (Table 2). Across the three landraces, GC
and DC significantly (p<0.05) increased the stem dry
matter at 6, 12 and 24 hrs (Table 2). Yari et al. (2011)
found that priming on different wheat varieties
produced different overall dry matter. The differences
could be because of the different genetic traits of the
three bamabara landraces. Yari et al. (2011) also
revealed variation in the mean value for pods, grain
weight and biological yield of priming treatments.
Although the mean values were variable, the
parameters recorded high values for primed seed
when compared with unprimed seed. Heckel (1964);
Scotte et al. (1973); Harris et al. (2001c) reported that



early emergence from primed seed might have
enhanced vyield by increasing the amount of light
intercepted by the canopy. Farooq et al. (2006) is in
agreement that osmo-hardening improved
germination, emergence and yield of rice crop.

Pre-sowing hydration had significant (p<0.01) effect
within the three bambara landraces (Table 2). Root
dry matter was significantly increased at 6 hrs for GC,
whereas, 6 hrs and 72 hrs significantly increased root
dry matter for DC. Hydration significantly increased
the root dry matter at 72 hrs for OM1 (Table 2). Pre-
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sowing hydration for 72 hrs had no effect across the
three landraces whereas; the other treatments had a
significant (p<0.01) effect on root dry matter (Table
2). The result are similar to other findings where
different landraces and hours of hydration showed
different responses in other parameters in maize for
number of cobs per plant, number of grains per cob
and cob weight per plant (Mushraf et al., 2013).
Similar results were reported by Hussain et al. (2008)
on variation in 1000 achenes weight, number of
achenes per head and achene yield of sunflower.

Table 2 Effect of soaking on leaf, stem and root dry matter of three bambara groundnut landraces.

Treatments Leaves dry matter (g) Sig. Stem dry matter (g) Sig Roots dry matter (g) Sig
GC DC oM1 GC DC oM1 GC DC OoM1
Ohrs 1.40 1.40 1.00% ns 0.04 0.04° 0.04 "1 017" | 0.24° | 0.26*
6 hrs 1.70" | 1.45" | 0.60° - 0.05" | 0.05™® | 0.03° " | 0.3¢4* | 0.33* | 0.23"
12 hrs 1.71% | 1.25° | 0.80%° 0.05* | 0.04”® | 0.03° 0.27°* | 0.19%® | 0.19%
24 hrs 1.70 1.50 1.00% "1 0.05" | 0.07 | 0.04° 0.22°* | 0.17® | 0.18%®
48 hrs 1.60" | 2.00" | 0.65™ " 0.04 0.04° 0.03 "1 023" [ 024 ] 0.14% |
72 hrs 1.45" | 1.15"® | 0.85™® 0.04 0.04° 0.03 "1 027° | 030 | 0297 | ™
Significance ns s ) ns i ns i ) )
LSD 0.05 0.63 0.69 0.30 0.01 0.01 0.01 0.04 0.04 0.03
CV (%) 26.61 | 31.77 | 2457 18.14 | 21.43 | 24.44 943 | 1088 | 9.79

* significant at p<0.05, ** highly significant at p<0.01, "™ non-significant at p>0.05. Means separated by Least Significance
Difference (LSD) Test at p<0.05, means within columns followed by the same letters (lowercase) are not significantly
different and means within rows followed by the same letters (uppercase) are not significantly differen

CONCLUSION

Hydrating seeds for 24 hours improved germination,
seedling emergence, leaf and stem dry matter
accumulation of bambara groundnut landraces.
Results of this study may have significant agronomic
implication for the establishment of the crop.
Bambara groundnut may benefit from pre-sowing
hydration resulting in better germination and seedling
emergence. The farmers may benefit from a good
start of the crop using this relatively simple and
inexpensive technology especially in semi-arid
countries like Botswana.
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