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ABSTRACT

Obijective: this study was to identify Bambara groundnut accession with early maturing
characteristics under pot conditions in the Sudano-sahelian zone

Methodology and Results: The experimental design was a Fisher block, comprising Bambara
groundnut seed based on colour tegument as treatments (black, white, brown, red), each
replicated four times. Early maturity black accession grew faster than the others (29.0 cm
height) at 50 DAS. For the flowering, white accession is recorded as the late (39 DAS) and the
black, early (34 DAS). Seed yield was more elevated for the black accession (1027.3 kg ha™).
The ecophysiological parameters revealed that, apart from the photosynthetic yield, black
accession had the best stomatic conductance (45.7umolH,0.m?S?), water used efficiency (5.42
kg m®), and transpiration (36.1 g hr?).

Conclusion and application of results: These pot’s results under the Sudano-sahelian conditions
suggest that the black Bambara groundnut accession compare to others accessions based on the
colour of their teguments (red, brown and white) is the more adapted as far as the agro-
ecophysiological parameters of this crop are concerned. Therefore, the black Bambara
groundnut accession is suggested for promotion as a food security crop, especially in a
contrasted drought stress area, such as that of the Far-North Region of Cameroon if growers
expect to get a return net benefit from its cultivation and marketing. The results of this study
will also help geneticists particularly the varietal improvement program by selecting genotypes
of the early maturing Bambara groundnut accessions able to optimize the water uptake and use
efficiency; that can help developing varieties with short development cycle which until now
remains scientifically unknown in area like Farth-Nord Region of Cameroon which only have
3-4 months wet period.

Keywords: Vigna subterranea, ecophysiological parameters, grow, yield, sudano-sahelian
zone.
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INTRODUCTION

Vigna  subterranea  (L.)  Verdcourt,
commonly known as Bambara groundnut, is
an indigenous staple crop to Sub-Saharan
Africa. It is one of the subsistence grain
legumes that are often neglected and under-
utilized by communities in the region
(Mkandawire, 2007). Bambara groundnut is
adapted to diverse stressful climatic and
ecological conditions (Onwubiko et al.,
2011), with dry grains highly calorific (387
kcal. 100 g*) and nutritious containing 18-25
% proteins, 6-8 % lipids, 50-57 % of
carbohydrates, 3-6 % of celluloses, 3-4 %
ashes (Amarteifio et al., 2006; Basu et al.,
2007; Gbaguidi et al., 2015), and antioxidants
(Mbaiogaou et al., 2013). Despite this huge
nutritive  value, Bambara  groundnut
production worldwide remains very low,
approximately 300.000 metric tons per year
compared to that of other crop legumes such

MATERIAL AND METHODS

Description of the study area: The
experiment was carried out at the Institute of
Agricultural Research for Development
(IRAD) of Maroua in the Far-North
Cameroon. The experimental site is located at
10°35°29°’ north latitude and 14°18°55°” east
longitude. The climate is contrasted, with a
long dry season (September to May), against
a short wet season (June to September). The
annual cumulated rainfall is 700 mm,
whereas the mean annual temperature is 28°C

Table 1: Characteristics of Bambara groundnut seeds

as cowpea (6.4 million t.year™) and soybean
(350 million tyear™) (Kapso et al., 2011). In
Cameroon, the vyield production is
approximately 36.639 t.year*and 36% of this
production comes from the Sahelian zone
(Anonyme, 2006). This low yield of Bambara
groundnut production is mainly attributed to
the low soil fertility (Basu et al., 2004), and
the long crop development cycle varying
from 5-6 months, for only 3-4 months wet
period. This means that the crop spends half
of its development cycle within a water stress
status. Therefore, it is imperative to strategize
on selecting the early maturing accessions
able to optimize the water uptake and use
efficiency. The objective of this study was to
identify Bambara groundnut accessions with
early maturing characteristics under the
Sudano-sahelian conditions in Cameroon.

(ONACC, 2022). The somewhat greenhouse
in which the pots were established was to
protect against attacks from insects and birds.
Biological material: The mature Bambara
groundnut seeds belonged to four accessions
(Table 1), all provided by Institute of
Agricultural Research for Development
(IRAD) of Maroua. There were distinguished
by the colour of their tegument (Figure 1) and
their growing cycles.

Selection _code of Colour of seeds Form of seeds Growing Cycle (DAS)
accessions teguments
VBE37/21 White Ovoid 200
VRE09/21 Red Ovoid 200
VMEG60/22 Brown Piriform 190
VNE11/20 Black Ovoid 190

DAS: day after sowing
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Experimental device : The experimental
device is a Fisher block comprising the
Bambara groundnut accessions as treatments
(black, white, brown, red), replicated four
times. Each accession was represented by
four pots. The seeds were sorting and the
growing pots were preparing. A pot was a
plastic bag of 18 cm long and 16 cm wide,
perforated with two holes on the sites and two
others at the bottom to drain out excess water.
Each pot was filled with 2 kg of soil. At
sowing, each pot received two seeds, but the
seedlings were thinned to one, two weeks
after germination.

Data collected

Agronomic parameters: Plant emergence
was calculated as the ratio between the
numbers of emerged plants over the total
number of seeds sown; this was taken at 14
day after sowing. Plant height (PH), leave
length (LL), and leave width (LW) were
measured using a graduated decameter at 50
days after sowing on all the plants of each
treatment. This corresponds to the beginning
of the reproduction period preceding the
vegetative growth phase (Yao Djé et al.,
2005; Ndiang et al., 2012; Wassouo et al.,
2019; Wang-Bara et al., 2021; Baina et al.,
2023). The number of stems per plant and the
total number of leaves per plant were
manually counted. The date of first flower
bud emergence and 50% flowering were also
recorded. The pods per plant, as well as the
total number of pods at maturity (%) was
counted at the end of the developmental
growth cycle (200 days after sowing). The
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Figure 1: Bambara groundnut accessions used: A = Red accession; B= White accession; C =
Black accession; D = Brown accession

100-seed weight (seed-index) was value
using a 0.01g Kern PCB model electronic
balance. The biological yield (BY) was
calculated from the ITGC formula (2015):
BY(g m?) = Numbers of seeds m? x seed
weight (g m™) and expressed in metric tons
ha.

The percentage of mature seeds was
estimated at physiological maturity stage and
was calculated as the ratio between the
numbers of mature seeds after harvest over
the total number of seeds harvesting; this was
taken at 200 day after sowing.
Ecophysiological parameters: The eco-
physiological parameters that refer to the
physiological state of the plant were assessed
from 20 to 200 days after sowing. These
included the photosynthetic potential, also
called net photosynthesis; the foliar
transpiration, and the stomatic conductance,
which were measured directly using the
CO2LCi modern CI-340 model analyser. The
leaf photosynthetic rate was measured by
enclosing a leaf in a transparent chamber,
before measuring the decrease in carbon
dioxide concentration as a function of time.
Under these conditions, water vapour
pressure is held constant in this chamber as a
function of time by partially drying the
recirculating air so that stomatic conductance
is calculated from vapour pressure changes
(if they occur) and the flow rate of dry
recirculated air (Polley et al., 1992).

To calculate the hydric status of plants, the
foliar hydric Potential () was measured on
5 selected plant leaves, using a SF-Pres-100
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model pressure room of Scholander type,
previously sealed in a plastic bag for 4 hours
to stop transpiration. Hence, with the
transpiration stopped, the leave hydric
potential was equilibrated with that of the
soil, thus representing the hydric status of the
entire plant (Konate, 2018). The intrinsic
water used efficiency (IWUE) was calculated
using the formula of Flexas et al., (2010):

RESULTS AND DISCUSSION

Agronomic parameters: Table 2 present
some agronomics parameters of Bambara
groundnut accessions 50 days after sowing.
Significant  variation  (p=0,001) were

IWUE = Net photosynthesis

Foliar transpiration

Data analysis: The data collected were
analysed using a Statgraphics Centurion
Version XVII through analysis of variance.
Significant treatment means were separated
using the Fisher's least significant differences

(LSD) at 5% level of significance.

observed in the average plant emergence,
plant height, leave length, leave wide,
number of stems, number of leaves, first
flowering date and date of 50% flowering.

Table 2: Agronomics parameters linked to Bambara groundnut accession growth at 50 DAS

Agronomic parameters _Accessions p-value
Black White Brown Red

Plant emergence (DAS) 09.0+0.3° | 06.0+0.5* | 07.0+0.5® | 07.0+0.5* | 0.001
Plant height (cm) 29.0+0.2¢ 21.0+0.2° 25.0£0.1° | 22.0+0.1® | 0.003
Leave length (mm) 90.1+0.4° | 69.0+0.2% | 83.0+0.1° | 82.2+0.5° | 0.0001
Leave wide (mm) 32.0+0.2° 26.0+0.1° 26.1+0.5° 30.0+0.3° 0.003
Nbr of stems plant™ 16.0+0.7° 11.0+0.5% 11.0+0.6% 14.0+1.2° | 0.0001
Nbr of leaves plant™ 117.0+0.6% | 55.0+0.7% | 109.0+0.8° | 93.0+1.1° | 0.0001
First flowering date (DAS) 35.0+0.4 | 39.0+0.4° | 38.0+0.3° | 37.0+0.3° | 0.001
Date of 50% flowering (DAS) | 41.0£0.7% | 45.0+0.4° | 44.0+0.4° | 43.0+0.4° | 0.001

For each agronomics parameters, values bearing the same letter are not significantly different at the level of
p<0.05% significance. DAS: days after sowing; Nbr: Number.

They were very height significant differences
(p=0.001%) in plants emergencies among
Bambara groundnut accessions, ranging from
6 to 9 days after sowing (Table 2). The white
accession emerged 6 days after sowing; the
brown and red accessions emerged 7 days
after sowing, similar to previous results from
Bonny et al. (2011) for white, brown and red
accessions, which emerged between 6 and 7
days after sowing (DAS) in Ivory Coast. At
last, the black accession emerged 9 days after
sowing (DAS); also similar to the results of
Toure et al. (2012) who found the emergence
of Bambara groundnut plants of the black
accession to be 6 to 15 DAS. These
differences in the length of time in plants
emergencies could be attributed to genetic

and environmental conditions (Pérez-
Fernandez and al., 2005). As for the plants
emergencies, very highly significant
difference (p=0.001) was observed for the
plant height, leaf length and wide, number of
stems and leaves per plant (Table 2).The
highest values accounted for the black
accessions, while lowest were recorded with
the white accessions under the studied
conditions. These results are different from
those of Saley et al. (2022) under the specific
conditions of Niger. This shows that
combined effects of genotypes and
environment influences plant growth,
because genotype x environment interactions
imply that the differences in phenotypes
between genotypes are not constant from one
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environment to another. In fact, different
genotypes have been reported to exhibit
different plasticities and responses to a
change in environment according to
Malosetti et al.,, (2013). From the
phenological parameters, table 2 shows that
the time taken after sowing for the first flower
to appear varied significantly (p=0.001)
between accessions. The white accessions
flowered tardively (39 DAS), the black early
(34 DAS) and the two others accessions (red
and brown) intermediately (37 DAS). For all
the accessions, 50% flowering was attained at
least 6 days after the emergence of the first
flower, thus later than 3 DAS as pointed out
by Saley et al. (2022) in Niger, confirming
the differences between the two study sites as
far as the climatic conditions are concerned.
These results suggest that, dates of flowering
for Bambara groundnut significantly vary
with the growing area because according to
Voisin and Salon (2004), the precocity of
flowering is an important mechanism for
escaping drought in semi-arid climates. At
harvest stage (Table 3), the percentage of
seed maturity was statically and significantly
different between accessions (p=0.002). The
black accession provided almost 80% of

Table 3: Yields parameters at 200 DAS

mature seeds compared to only 50% for the
white accessions. The red and brown
accessions had approximately 70% mature
seeds. The number of pods per plant also
varied significantly (p=0.002) among
accessions, the black accessions bearing 64
pods per plant, against 24 pods for the white
accession. This result could be linked to a
good development of the vegetative plant
part, as previously mentioned by Taffouo et
al. (2008).The seed index (SI) which refers to
the 100 seed weight also differed
significantly (p=0.041) between Bambara
groundnut accessions. The seed index varied
from 71.53g for the black accession, to
37.95¢g for the white accessions. Grain yield
per plant also significantly differed (p=0.001)
among Bambara groundnut accessions, with
the black seed accession providing the
highest yield (1027.33 kg ha™). This result
could be attributed to the early flowering of
the black, red and brown accessions
compared to the white accessions. In fact,
Kumar and Abbo (2001) noticed better seed
yield from early flowering genotypes of
chickpea in arid environments, as a form of
adaptation to these conditions

Yields parameters _Accessmns p-value
Black White Brown Red

Matured seeds (%) 80.9+0,6° 50.1+0,6% 71.2+0.5° 70.1+0.4° 0.002

Nbr of pods plant™ 65.0+0.4° 25.0+7.72 50.0+0.4° 48.0+0.4° 0.002

Seed Index (g) 71.5+0.8° 37.95+0.4% 45.6+0.8? 45.9+0.8% 0.041

Nbr of Seeds plant™ 25.0+ 1.2¢ 16.0+ 0.82 23.0+1.4° 19.0+1,0P 0.001

Grains Yields (kg ha?) | 1027.3+41. 8% | 635.2+27.4% | 851.0+29.1° | 803.8+26.4° | 0.001

For each agronomics parameters, values bearing the same letter are not significantly different at the level of

p<0.05% significance. Nbr: Number.

Ecophysiological parameters: Figure 2
illustrate the net photosynthesis (A), stomatic
conductance (B) and transpiration (C)
between the Bambara groundnut accession
over time. At 20 DAS, the net photosynthesis
as well as the stomatic conductance did not
change significantly (p>0.05) between the

accessions, whereas transpiration of the black
accessions (17.04 g hrt) was greater than that
of the red accessions (15.04 g hrt), brown
and white varieties (12 g hrl). At 120 DAS,
photosynthesis and stomatic conductance
attained their maximum, for all the
accessions, while for the foliar transpiration
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the optimum is attained at 100 DAS, for
brown, red and white accessions. After 120
DAS, all the parameters decrease
progressively and tend to cancel at 200 DAS.
This decline could be due to hydric stress
effect, accounting for the reduced rain mostly
observed in October. According to Gao
(2000), the occurrence of hydric stress
implies the reduction of water lost, through
the closure of stomata’s, occasioning the
reduction of the photosynthetic activity,
transpiration and soil water absorption by
plant roots, thus the reduction of hydric
potential. These results is similar with those
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of Radhouane (2013) on Sorghum; Vialet-
Chabrand (2013) on oak, Bourou et al (2011)
on Tamarindus, Damour (2008) on mangoes,
who have revealed a relationship between
transpiration, stomatic conductance and the
net photosynthesis. In fact, the stomatic
conductance was shown to be under the
dependence of COz within the leave, which
itself depends on transpiration (Flexas, 2004).
Moreover after 120 DAS, the foliar

senescence was more pronounced and could
explain the drop down of the three others
parameters.
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Figure 2: Dynamic of the net photosynthesis (A), stomatic conductance (B) and foliar
transpiration (C) during the growing cycle of Bambara groundnut accessions.

The foliar hydric potential varied from -0.15  indicated the most elevated values, varying
MPa to -0.82 MPa (Figure 3). It was constant ~ from -0.12 MPa at 20 DAS, to -0.65 MPa at
up to 40 DAS, and then started decrease up to 200 DAS.

the end of the cycle. Black accession

Foliar Hydric Potential (Mpa)

20 40 60 80 100 120 140 160 180 200

Time (Days After Sowing)
—e—Black - & White ---k--- Brown - ¢ - Red

Figure 3: Variation of the foliar hydric potential between accessions over time (DAS)

The variation of the foliar hydric potential humidity, since it refers to soil water
was reported to be related to the soil availability, while providing details on the
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plant hydric status (Tardieu, 2005). At 120
DAS, the study area was still very wet, then
rain start to drop down as from 140 DAS,
indicating the end of the raining season, and
therefore the progressive reduction of the
potential. According to Van Leuween and
Vivin (2008), when W >-0.6 MPa, there is
hydric deficit and which is perceptible in the
range -0.6<¥r <-0.9MPa. Hence, the black
accession was less affected by hydric deficit
with a value of Wf>-0.6 at 200 DAS. The
obtained Wt values were more elevated than
those reported by Brou et al. (2007), Kihindo
et al. (2016) on cowpea, implying that
cowpea is less resistant to hydric stress in the
dry season than Bambara groundnut.
However, the figure shape was the same as
those pointed out by Bourou et al. (2011) and
Radhouane  (2013),  respectively on
Tamarindus and Sorghum. The water use
efficiency (WUE) was statistically and
significantly greater (p=0.001) for the black
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accession than the brown, red and white
accessions (Figure 4), confirming the greater
transpiration, better photosynthesis and
elevated stomatic conductance accounting for
by this accession over the others previously
ones reported (Cernuzak et al. (2007).

The WUE was revealed to have established
the link between the biomass production and
the monitoring of water, thus indirectly the
relationship between water and carbon cycles
(Guehl et al., 1994). These findings explain
why black accession was the most
productive, in agreement with research
results, which emphasized the efficient
production of plants with great WUE under
unfavourable hydric stress (Damour, 2008;
Bourou et al., 2011; Konate, 2018). For this
parameter, whereas the black accession could
be most indicated, the white accession was
least suitable because of its relatively high
water requirement.

—— 0

o

Brown Red

Figure 4: Water Used Efficiency (WUE) between Bambara groundnut accessions at 200 days

after sowing
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CONCLUSION AND APPLICATION OF RESULTS

The outcomes of this research are that, white
accession of Bambara groundnut emerge
early (6 DAS) compared to the late emerging
red accessions (9 DAS). As far as the
development growth, cycle is concerned, the
early maturity black accessions grow faster
than the others do, and bear large and long
leaves.  From  the  ecophysiological
parameters, black accessions has revealed to
possess not only the best transpiration and net
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