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Abstract

Bambara Groundnut is the third most commonly eaten legume and a major source of protein
for resourced poor farmers in Nigeria. In order to identify variations in drought tolerance
indices of bambara groundnut landraces in Nigeria and to investigate the relationships
between seed yield and drought tolerance indices, an experiment was carried out using 28
bambara groundnut landraces collected from farmers from four geo-political zones of
Nigeria, as well as National Centre for Genetic Resources and Biotechnology (NACGRARB).
The experiment was carried out during the cropping season of 2016 between July and
October. The accessions were grown in a randomized complete block design in two
treatments: Water stressed (T1) and non-water stressed (T2) with five replicates. Seed yield
in respective non-stress (YP) and stressed (YS) treatments ranged from14-51 and 6-28 seeds
per plant respectively. Stress susceptibility index (SSI), Stress Tolerance index (STI), Mean
Productivity (MP), Geometric mean Productivity (GMP),Tolerance index(TOL) Ha’rmonic
mean(HM), Yield index(YT), Yield reduction (YR) and Yield stability index(X;SI) ranged
from 0.19- 1.69, 0.08- 1.80, 7.75 — 38.63, 7.65- 36.59, 1-37, 7.55-37.06, 0.47-2.11, 0.10 -

0.86 and 0.14 - 0.93 respectively. Pearson’s linear correlati

el ons between Y d MP,
GMP, STI? YSI, HM and YT were significantly positive (P<0.01). This ex e:irizntzg > 3k
the possibility of using MP, GMP, STI, HM and Y] to improve Bambs p . g8 v
under water stress and non- stressed environments. L6 ERPARKIREN i

Keywords: Bambara groundnut, drought, tolerance indices stress, seed yield
. o ’ § 9 1€
Corresponding Author: doroapitan@yahoo.com + 23480604

42748
INTRODUCTION
. Fab : .
?Ifu)nb\a/reardgr)ouzdnut (Végna subterraneq orig?gz‘?:d ?{f S;l\t; -family Faboideae. It
. ) 18 an 1ndigeno ice . m West 'l i /
leguminous crop bel apig Afnc.,m widely djgt ib  ASck At iy
P belonging to the family ot M tibuted  throughout the semi-
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(Hill-ocks et al., 2012). 1t is
qnial 'cr(;f 'gﬁowing up t
0.35m in heig t Wlth lab 1 1

Jeaves (Bamshaiye etgal.,argl(;si lt)nfciltlat'e
cultivated majorly for its seeds wh}ch ;
produced In pods under the ground "I?lre
seeds may vary in coat coloyy h.'c"l\’il':e
cream, brown, dark brown, red, dark redg
speckled and black seed coatg There are
also variations in the seed eye colour ang
pattern such as plain, black, brown chalk-
white, ash and red-butterfly };attems

an herbaceqgyg
0 about () 3(.

(Mohammed e al., 201 3). Bambarg
groul}dnll_t e botential ' crop i
contributing to world food security

Ouedraogo et al.  (2008) described
bambara gropndnut seeds as a complete
balanced diet, making it 4 good
supplement to cereal- based diets. The
seed contains 63% carbohydrate, 19%
protein, 6.5% oil (Goli, 1995), and
minerals like calcium, 95.5- 99 mg/100
mg, iron 5.1- 9 mg/100 mg, potassium
11447-14355 mg/100 mg and sodium 2.9-
10.6 mg/100 mg (Karikari et al., 1997).
The red seeds are useful in areas where
iron 1s deficient as they contain almost
twice iron as the cream seeds. The seeds
can be eaten fresh or boiled after drying. It
can also be processed and used in diverse
ways. Seeds can be milled to make flour; a
paste is made out of the flour and then
used in the preparation of various fried or
steamed products, such as ‘akara’ and
‘moin-moin’ (Okpuzor et al., 2010).
Another favorite Nigerian dish made from
bambara groundnut is ‘Okpa’, which Is
obtained by wrapping the doughy paste in
banana leaves or polythene and then
boiled.

mbara

The high nutritive value of ba
have

groundnuts and its many usesd il
brought about an increase In deman o‘ -
crop in Nigeria which necessitates

increased  supply. Althoug.g zar?obagz
. nsiaere
groundnut is generally €O o compared

hardy and drought tolerant when COmF® "0
with other leguminous Crops like cowpe
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the tropical wet and d .
subtropical dry summer :‘I:anwm
%}Jxmal temperature is between 19°C and
; oC.Temperai.‘ures below 16°C and above

8°C are not suited for the production of
ba'mbara groundnut. The minimal annual
ralr}fall requirement is about 300 mm and
optimal annual rainfall is between
750 mm and 1400 mm and should not
exceed 3000 mm (FAO, 2011).

Recent studies showed that drought has
posed a threat to Bambara groundnut
productivity especially in the semi- arid
regions (Tanimu and Aliyu, 1995;
Vuraiyai, 2011a). Mohammed (2014)
reported that the area under bambara
groundnut cultivation in the Sahel and
Sudan Savanna zones of Nigeria has
declined over the past two decades.
Farmers in these areas estimated that the
area under cultivation of bambara
groundnut presently is about 5-20% of that
of 20 years ago. They attributed this
decline to drought. Drought has been
reported by Bhaswatee et al. (2012) to be
the most wuniversal and significant
environmental stress that limits plant
growth and productivity worldwide.
Therefore, increasing bambara groundnut
yield in Nigeria will require developing
improved varieties that are drought
tolerant hence the need for determining
suitable indices that can be used for the
selection of drought tolerant accessions in
Bambara Groundnut. Drought tolerance
indices which provide a measure of
drought tolerance based on yielq loss
under drought conditions in comparison to
normal conditions have been used for
screening drought-toler.ant' genotypes
(Mitra, 2001). Such llldlC'CS. . mplude
tolerance index (TOL),_susceptlblhty index
(SSI), mean productivity (MP) and stress
tolerance index (STI).

MATERIALS AND METHODS
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S/NO
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per plant varied both in the Stress
and non-stressed plants (Yp). Thé
of seeds produced by accessions ip
stressed environment ranged fro -
m 14
(NGR- NI-18) (0 51 (NGB-01646-B) secq
per plant while in the stressed Conditioe: s
ranged from 6 (NGR-NI-23C) 1o 218t
(NGR-NI-20-H) seeds per plant. TOL YR
SSL, STL, YL, MP, YSI, GMP, HM rangeq
from 1-37, 0.10- 0.86, 0.19- 1.69 0%8-
180, 047- 211, 775 . 273, 0.14- 0.91
T 55= 'S
(Iféaiale 2) and 7.55- 37.06 respectively.
To determine the most desirable drought
tolerance criteria, the correlation between
YS, YP, and the other quantitative indices
of drought tolerance were determined
(Table 3). The results showed that there
were significant positive correlations
among YS and (YP,STI, YI,MP,YSLGMP
and HM) , YP and ( TOL, YR, STI, YI,
MP, GMP and HM ). Significant negative
correlations were observed between SSI
and (YS, YP, YSI),YSI and (TOL, YR).
The highest positive correlation was found
between GMP and STI (0.978) and
between GMP and MP (0.962), while
highest negative correlation was observed
between YSI and YR (-1.00) and between
YSI and SSI (-0.999). The observed
correlations were consistent with those
observed by Golabi et al., (2006) in
Durum wheat. Toorchieer al.,(2012) also
reported  similar  significant ~ positive
correlations between YS, YP, MP and
GMP. Significant negative correlation
between SSI and YS, YP was a1§0
observed by Farshadfar et al., (2012b)
landrace wheat. The positive sigﬁlﬁcam
correlation observed between Yl?ld 1D
stressed conditions (YS) and the yield in

normal or non-stressed (YP) 15 an
mnance

indication that high yield perforr
Tablel. Sources of Bambara Groun

ed (Ys)

number

ACCESSION NUMBER STATE
NG-KG-01 Kogi
NG-KG-02-C }*iogima
NG-KD-08-E P; S
NGR-PL-12
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under favourable conditions resulted in

rc]zntiycly high yield under stressed
condition,

According to Fernandez (1992) the best

measure for selection of the best drought

tolerance indices should be able to separate

landraces which have desirable and similar

yvield in both stressed and non-stressed
conditions. Drought resistance is defined
by Itall (1993) as the relative yield of a
genotype compared to other genotypes
subjected to the same drought stress. From
the result, it was observed that YI, MP,
GMP, STI and HM had high significant
positive correlation with yield both in
stressed and non-stressed conditions.
Hence they can be used as better indicators
of drought tolerance in bambara groundnut
breeding programs. Jafari et al. (2009)
found that STI, GMP indices which
showed the highest correlation with grain
yield under both optimal and stress
conditions can be used as the best indices
for selection of drought tolerant genotypes
in maize. Ilker et al. (2011) also concluded
that MP,GMP and STI values are
convenient parameters to select high
yielding wheat genotypes in both stress
and non-stress conditions.

Conclusion
From this experiment, it can be concluded

that water stress reduced yield of Bambara
Groundnut Landraces in Nigeria. Also
Drought Tolerance indices such as STI,
MP, GMP,YI and HM which showed
significantly high positive correlations
with yield in both stressed and non-
stressed conditions are good indicators or
parameters to be used for the screening
and selection of drought tolerant genotypes
in Bambara groundnut.

dnut accessions used in the study.

SEED COAT COLOUR AND PATTERN

Brownish Red
Light red

Dark red

Brownish red seeds
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5. NGR-PL-13 Plateau

6. NGR-NS-15 Nassarawa

7. NGR-]G-17-A Jigawa

8. NGR-JG-17-B Jigawa

9 NGR-]G-17-C Jigawa

! NGR-Ni-18 Niger

11. NGR-NI-20-B Niger

12. NGR-NI-20-H Niger

13. NGR-NI-20-1 Niger

14, NGR-NI-20-] Niger

15. NGR-NI-20-K Niger

16. NGR-NI-22 Niger

7. NGR-NI-23-C Niger

18. NGR-NI-25-A Niger

19. NGR-NI-27 Niger

20. NGR-AD-28-B Adamawa

21. NGB-01486-A NACGRAB

22. NGB- 01493 NACGRAB

23% NGB-01496 NACGRAB

24, NGB-01491 NACGRAB

254 NGB-01311 NACGRAB

26. NGB-01646-B NACGRAB

27 NGB-01646-C NACGRAB

28. NGB-01645-A NACGRAB

Table 2: Some Drought Tolerance indices of B

S/NO __ ACCESSION YS YP TOL
i NGB01491 2025 3550  15.00
2 NGB-01493 18.25 28.75 10.50
3. NGR-NI20-K 13.25 30.25 17.00
4 NGB-01311 8.00 2525 17:25
51 NGB-01486-A 1375 3625 2225
6. NGR-NI-23-C 6.25 4325  37.00
T NGB-01645A 10.00 32.25 22:25
8. NGR-NI-18 12473 1375 1.00
9. NGR-NI-20-I 16.75 18.50 1.75
10. NGR-NI-22 7.00 16.00 9.00
13 NGR-KG-02C 6.50 9.00 2.50
12 NGR-KG-01 15.25 32.00 16.75
135 NGR-NI-20-B 9.75 17.50 7.75
14. NGR-PL-12 13.50 35.25 21.75
5. NGR-KD-08-E 13,75 19.50 5.75
16. NGB-01496 15.75 29.75 14.00
1 NGR-NI-27 10.25 25.00 14.75
18. NGR-NI-25-A 6.50 19.00 12.50
19. NGR-PL-13 11.25 20.00 8.75
20. NGR-NS-15 13.25 25.50 12.25
21 NGR-NI-20-H 28.25 37.00 8.75
22, NGB-01646B 26.25 51.00 24.75
23. NGB-01646-C 16.25 40.50 2425
24. NGR-NI-20-] 13.50 17.00 3.50
25. NGR-AD-27-B 10.25 27.50 17.25
26. NGR-IG-17-A 17.25 2525 8.00
20 NGR-JG-17-B 10.50 29.50 19.00
28. NGR-JG-17-C 9.75 27.00 17.25

Ys: Yield in stress

YR

0.45
0.37
0.56
0.68
0.62
0.86
0.69
0.10
0.10
0.56
0.28
0.52
0.44
0.62
0.29
0.47
0.59
0.66
0.44
0.48
0.24
0.49
0.60
0.21

0.63
0.32
0.64
0.64
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Cream Brown spots/stripes
Cream black stripes

Cream purplish stripes
Cream

Cream

Black

Light red
Brown/ brown
Black

Brown

Cream
Variegated cream black
Cream .
cream brown spots/ stripe
Cream purplish spots
Grey brown

Cream

Cream

Cream purplish spots
Cream

Cream

Cream with brown Spots
Grey black

Cream

below hilum

ambara groundnut accessions

SSI STI Y1 MP ¥SI
088 097 152 218 057
0.73 071 137 2350 063
109 034 099 2175 044
133 0.27 059 1663 032
123 067 103 2500 038
169 036 047 2475 014
135 043 075 2113 031
019 024 095 1325 093
020 042 125 1763 091
109 015 052 1150 044
0.55 0.08 049 775 0.72
.02 066 114 2363 048
08 023 073 1363  0.56
122 064 101 2438 038
0.57 036 103 1663 071
092 063 118 2275 053
116 034 077 1763 04l
29 017 049 1275 034
0.86 0.30 084 1563 056
0.94 0.45 099 1938 052
0.47 141 211 3263 076
0.96 1.80 196 3863 051
116 088 122 2338 040
0.41 0.31 101 1525 079
124 038 077 1888 037
0.63 0.59 129 2125 068
1.25 042 079 2000 036
1.25 0.35 073 1838 036

ed environment, Yp:Yield potential, TOL:Stress tolerance YR:Yield

GMP
26.81
2291
20.02
14.21
22.33
16.44
17.96
13.24
17.60
10.58
7.65

22.09
13.06
22.02
16.37
21.65
16.01
11.11
15.00
18.38
3233
36.59
25.65
15.15
16.79

t
\
v

v
n

2
o
o0
~3

17.59
6.22

Reduction ,SSR:Stress susceptibility index , STL:Stress tolerance i ol s
i . ’ g nce ind :
MP:Mean productivity ,YSI:Yield stability index ,GMP:Geometri:: xzza}ltalr‘ﬁsclzfi:i];exljll\/l'

[larmonic mean
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HM
25.19

22.33
18.43
29.98
19.94
10.92
1527
13.23
17.58
9.74
7.55
20.6¢
12.52
19.52
16.17
20.5¢
14.5¢
9.69
14.4(
17.4
32.0:
37.0
23.1
15.0
15.]
204
154
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