Estimates of phenotypic and genotypic variance and heritability in eighty-
nine (89) bambara groundnut [Vignasubterranea (L.) Verdcourt]

accessions collectedfrom six (6) regions of Niger.

Abstract

The bambara groundnut [Vignasubterranea (L.) Verdc. (Fabaceae)] is a
legumemainlycultivated by women, for the nutritionalquality of theseseeds. It is a so-called
minor culture and the improvement of the plant and itspopularizationremains to bepromoted.
The objective of thispresentworkis to evaluate the geneticvariability of someparameters of
bambara groundnut accessions. The experimentwascarried out according to a
completelyrandomized Fisher block devicewith four replications. Twenty-two (22)
charactersincluding four (4) phenological, four (4) morphological and fourteen (14) related to
yieldwereevaluated for accessions characterization. Descriptive
analysisshowedsignificantdifferences. The coefficients of variation range from 3.51%
(maturity date) to 38.87% (shellweight). Significantly high values (CV>20%) for 8 of the
metricparameterswereobserved. Podweight per plant and seedweight per plant (r=0.943),
yield in kg/ha (r=0.943); seedweight per plant and yield in kg/ha (r=0.999) showed the
strongestcorrelations. The phenotypic and genotypic coefficients of variation were high for
dry  biomassweight (PCV=42.23%; GCV=28.40%), shellweight (PCV=63.46%;
GCV=22.46%) and 100-seed weight (PCV=25.57%; GCV=25.25%). Maturity date (95.77%)
and 100-seed weight (99.84%) had high heritabilities. Broad-senseheritability and genetic
gain are high for 100-seed weight (H?=99.84%; GA=52.58%). The CAH produced four
groups of which group 4 is the most efficient in yieldwith short (20.58cm) early accessions
(80.32 days). Groups 1 and 2 include, late accessions (~22cm) withrespectivelymaturity dates
(DM=85.67 days and DM=86.53 days.
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1. Introduction

Voandzou is a herbaceous plant whose chromosome set is 2n=22 as in most grain legumes
[1]. Villages and countryside are the centers of origin and diversity of numerouscultivated and
wildspecies. Voandzou has significantbiodiversityacrossdifferentagroecological zones in sub-

SaharanAfrica and around the world [2]. Indeed Kadams and Soja [3], Jonah et al., [4],



Mahmudulet al.,[5], Mahmudulet al., [6], Pauloset al.,[7], lbrahim et al.,[8], and
manyotherauthors have highlightedthisgeneticdiversity of the
speciesvignasubterraneathroughvariousexperiments. This immense potentialgivesit an
abundantgermplasmcontaining a wide range of geneticvariabilitythroughoutits cultivation area
[9]. Plant geneticresourcesform the basis of food and agricultural production worldwide and
bringtogetherwild and cultivatedspeciesselected by humans[10]. However, due to the
geneticrichness of Bambara groundnut, itsseedscontain 64.4% carbohydrates, 23.6% proteins,
6.5% fats, 5.5% fibers, essential vitamins and mineralssuch as iron and zinc [11]. Also,
theymainlycontainhealthyfattyacidssuch as omega-6 (n-6) and polyunsaturatedfattyacids[12].
Despiteneglect of the crop, it has been cultivated for severalmillennia in sub-SaharanAfrica,
particularly  in harshsemi-arid  savannah environments,  whereother  grain
legumecropsperformdismal or fail completely[13]. Itsability to fix nitrogen in the soilgives
the soil a certain fertilitycapacity, and can thereforecontributesignificantly to modern
agriculture in  the face of climate[14]. In sub-SaharanAfrica, farmers have
maintainedthiscropundertheirown care and management for manygenerations and thereis a

long list of entries characterized by different types of plants and seeds[15].

In Niger, verylittle information iscurrentlyavailable on the geneticdiversity of
voandzou [16]. The INRAN (National Institute of AgronomicResearch of Niger)
genebankincludes 47 voandzou accessions [17]. A collection of one hundred and fifteen (115)
accessions isalsolocated at the Faculty of Science and Technology of the Abdou
MoumouniUniversity of Niamey. But all these collections do not seem to represent all the
variability of the national territory. The main objective of thispresentworkis to evaluate the
variability ~of  somegeneticparameters of voandzou accessions in  order to

developappropriatestrategies for future improvement.

2. Material and methods

2.1.Material

The plant materialiscomposed of seedsfrom 89 bambara groundnut accessions from
six regions of Niger (table 1), takenfrom the collection from 2012 to 2013 [16] of the
Department of Biology of the Faculty of Sciences and Techniques. (FAST) from the Abdou

MoumouniUniversity of Niger.

Table 1: Accessions and their provenance.



N° Varieties Origins N° Varieties Origins N° Varieties  Origins

1 Doo001 Dosso/Niger 31 Tio43 Tillabéri/Niger 61 Ma073 Maradi/Niger
2 Do 002 Dosso/Niger 32 Ti044 Tillabéri/Niger 62 Ma074 Maradi/Niger
3 Do 003 Dosso/Niger 33 Ti045 Tillabéri/Niger 63 Ma075 Maradi/Niger
4 Do 004 Dosso/Niger 34  Tio47 Tillabéri/Niger 64 Ma077 Maradi/Niger
5 Do 006 Dosso/Niger 35 Tio48 Tillabéri/Niger 65 Di 081 Diffa/Niger

6 Do 007 Dosso/Niger 36 Tio49 Tillabéri/Niger 66 Di-3082  Diffa/Niger

7 Do008 Dosso/Niger 37 Tio050 Tillabéri/Niger 67 Di-4 082  Diffa/Niger

8 Do 009 Dosso/Niger 38 Ti051 Tillabéri/Niger 68 Di 083 Diffa/Niger

9 Do 011 Dosso/Niger 39 Ti052 Tillabéri/Niger 69 Di 084 Diffa/Niger
10 Do 013 Dosso/Niger 40 Ti053 Tillabéri/Niger 70 Di 085 Diffa/Niger
11 Do014 Dosso/Niger 41 Ti054 Tillabéri/Niger 71  Di 086 Diffa/Niger
12 Do 015 Dosso/Niger 42 Ti055 Tillabéri/Niger 72  Zi 087 Zinder/Niger
13 Do 016 Dosso/Niger 43 Ma 056 Maradi/Niger 73  Zi088 Zinder/Niger
14 Do 017 Dosso/Niger 44  Ma 057 Maradi/Niger 74 Zi091 Zinder/Niger
15 Do 018 Dosso/Niger 45 Ma 058 Maradi/Niger 75  Zi092 Zinder/Niger
16 Do 019 Dosso/Niger 46 Ma 059 Maradi/Niger 76 Zi093 Zinder/Niger
17 Do 022 Dosso/Niger 47 Ma-E 060 Maradi/Niger 77  Zi09%4 Zinder/Niger
18 Do 023 Dosso/Niger 48 Ma 060 Maradi/Niger 78 Zi095 Zinder/Niger
19 Do 024 Dosso/Niger 49 Ma-1062 Maradi/Niger 79 Zi096 Zinder/Niger
20 Do 025 Dosso/Niger 50 Ma-2062 Maradi/Niger 80 Zi097 Zinder/Niger
21 Do 029 Dosso/Niger Ma-3 062 Maradi/Niger 81 Zi098 Zinder/Niger
22 Do 030 Dosso/Niger 52 Ma 064 Maradi/Niger 82 Zi100 Zinder/Niger
23 Do 031 Dosso/Niger 53 Ma-2065 Maradi/Niger 83 Zzi101 Zinder/Niger
24 Do 035 Dosso/Niger 54 Ma-3065 Maradi/Niger 84 Th11l2 Tahoua/Niger
25 Do 036 Dosso/Niger 55 Ma 066 Maradi/Niger 85 Th113 Tahoua/Niger
26 Do 037 Dosso/Niger 56 Ma 067 Maradi/Niger 86 Th114 Tahoua/Niger
27 Do 038 Dosso/Niger 57 Ma 068 Maradi/Niger 87 Th115 Tahoua/Niger
28 Do 040 Dosso/Niger 58 Ma 069 Maradi/Niger 88 Th117 Tahoua/Niger
29 Do 041 Dosso/Niger 59 Ma070 Maradi/Niger 89 Th118 Tahoua/Niger
30 Tio42 Tillabéri/Niger ' 60 Ma 072 Maradi/Niger

2.2.Methods



The 192m2 (16mx12m) plot, beingheterogeneous (variable soilfertility), the test
wascarried out using the Fisher device (block device) with four (4) repetitions. Each block of
41.25m? (7.5mx5.5m), issubdividedinto six (6) plots of 5.25m? (3.5mx1.5m). The distance
betweentworepetitions (blocks) is 1m and betweentwo plots is 0.50m. A plot has 105
pocketsin 15 lines (15 accessions) including 7 pockets per line representing an accession. In a
block there are 90 accessions, 630 pockets. Twoseeds per pocketweresown (only one
isleftafter germination and out of the ground). The total number of seedssown per accession is
112, per plot 420, per block 2520 and for the experiment 10,080 seeds.

2.3. Data collection

Twenty-two (22) parameterswereselectedaccording to the bambara

groundnutdescriptor[18], presented in Table 2.

Table 2 :twenty-two (22) parametersstudied and theirdifferent codes.

Traits Code Unit
Phenological traits
Days to emergence DTE The number of daysfromplanting to the arrival of 1¥typicalleaf on

the soil surface.

Days to flowering DF This  parameter  corresponds to  the  number  of

dayselapsedbetweensowing and the appearance of the first flower.

Days to 50% flowering D50%F  Takenfromseed germination to the arrival of 50% flowering(s)

Days to maturity DTM Days numberfromsowing to initial time of harvest

Quantitative traits

Number of leaves NL Data counted 2 weekslater of 1%flowering, the averagenumber of 5
plants.
Number of stems NS Recordedafterharvest; averagenumber of three stems of five

healthy plants.

Number of petioles per NP Data counted 2 weekslater of 1% flowering, randomlyfrom five

plant

healthy plants.

Petiolelength PeL Recorded 10 weeksafterplanting; averagelength of threeleaves at cm

the fourthnode of five healthy plants.

Plant height PH Measuredfromgroundlevel (at the base of the plant) to the tip of the cm

highest  point, terminal leafletincluded. = Recorded 10

weeksafterplanting; averageheight of five plants.

Yield and components traits

Podlength PL Notedwithintwomonths of harvest; averagelength of 10 pods. cm

Seedlength SL Notedwithintwomonths of harvest; averagelength of 10 seeds cm




Podwidth PW Notedwithintwomonths of harvest; averagelength of 10 pods. cm

Seedwidth SWi Notedwithintwomonths of harvest; averagewidth of 10 seeds cm

Number of pods per NPP The number of individualpods of the 5 central plants after drying

plant wasused for the parametricmeasurements.

Number of seeds per NSP Data countedafterdehusking the all pods, randomlyaverage values

plant from 5 plants.

Dry pod weigth DPW Data measuredafter drying of pods (12% moisture). g

Seedweigth SWe Data measuredafter drying of seeds (12% moisture). g

Hundredseedweigth HSW Observedwithintwomonthsafterharvest ~ (with  12%  moisture g
content).

Yield YLD Data weighted of driedpods (at 12% moisture content) per plot, Kg/ha

lastlyconverted the plot yield to a kilogram per hectare (kg/ha).

Shell weigth SW Data measuredwithintwomonths of harvest. g

Biomass dry weigth per BDW Weight of dried plant, recordedaftermaintaining the harvested plant g

plant

dried in sun.

Biologicalyield BYLD Weight of dry seeds + dry biomass g

2.4 .Statisticalanalysis

The R 4.0.4 software (2021-02-15) wasused to test for significantdifferencesusing the
analysis of variance (ANOVA) procedure at the LSD level; P < 0.05 and to
becomparedbetween the mean of the significantcharacters. Correlationsbetween quantitative
variables weredeterminedusingPearson'scorrelation coefficient formula. The same R software
wasused to perform the Pearson correlation test, principal component analysis (PCA) and
ascendinghierarchical classification (CHA); which made it possible to assess the degree of
similarity and dissimilaritybetween the analyzed data. Genotypic and phenotypic variances
(VG and VP), genotypic and phenotypic coefficients of variation (GCV and PCV),
broadsenseheritability (H2) and expectedgenetic gain (GA) werecalculatedaccording to the
formulas used by Johnson et al.,[19], Assefaet al.,[20];Hosseiniet al.,[21] and Mahmudulet
al.,[6]shown in Table 3. Broad senseheritabilitywasestimatedusing the formula given by
Mahmudulet al.,[5]. The diversity index of Shannon denoted H, Pielouequitability (Eq) and
effective speciesrichness (N) werecalculatedwith the formulas used by Djegoet al.,[22] (table
3).



Table 3: Formulas for the differentestimatedgeneticparameters.

Parameters Formula meanings of terms
Genotypic variance : ¢° UZQ:M MSGis the genotypicmean square, MSEis
r
Phenotypic variance : o-zp the errormean square, and ris the
- e . 2 - -
Broad-senseheritability : H Uzp: azg-MSE replicationnumber.

Kis the constant thatindicates the intensity of
2 selection. According to Adewaleet al. [23],
H2,=%% x 100 . . .

ap the rate is 2,06 at the point when the K is at
5%.

Xis the grand mean values of traits.

The GCV and PCV values obtained were
classified according to the suggested index
from 0% to 10% for low variation, 10-20%
for moderate variation, and >20% for high

variation [5].

Genotypic  coefficient  of pcv:( /o'pz /)?) x 100
variation : GCV

Phenotypic  coefficient  of GCV=(\/a_g2/)?) % 100

variation : PCV
Genetic Advance : GA rev¥ecy

RD:( PCV

)><100

a.

X\I‘ﬁ
SN

GA=K x ¥— x H*x 100

Shannon'sdiversity  index g’ = _¥ pj log,Pi; Pi= % Pi = relative frequency of individuals of
denoted H' species i; ni = meanrecovery of individuals of
species i; n = total cover of the individuals of
the plant formation.
According to Djegoet al.,[22],
diversityislowwhen H’ < 3 bits, medium if H’

isbetween 3 and 4 bits, then high when H* >

4 bits.
Pielou'sEquitability (Eq) _ H' Equitabilityislowwhen Eq < 0.6;
log, S averagewhen Eq isbetween 0.6 and 0.8 and

high if Eq > 0.8 [22].




Effective specificrichness (N) N =2 2 designates the base of the logarithmused to
calculate the Shannon diversity index H’

[22].

3. Results and discussion

3.1. Results

3.1.1.Descriptive statisticalanalysis

The descriptive analysis in Table 4 shows significantdifferencesbetween the minimums and
maximums of the differentparametersstudied. The average performance across accessions wererecoded
as 7 days for days to emergence ofseedlings, 33 days for entry intoflowering, 35 days for 50%
flowering and 85 days for maturity. The coefficients of variation range from 3.51% (maturity
date) to 38.87% (shellweight). Nine (9) of the twenty-two (22) traits analyzed have
significantly high values (CV>20%) withthe highestbeingshellweight (38.87%), followed by
biomass dry weight per plant (32.42%) and hundred seed weight (25.55%). Likewise, the
median and the mean are close for all the characteristicsstudied.

Table 4:Analysis of variance of 16 traits studied.

Méd Min Moy Max SD Var CV (%)

NP 40,93 10,20 40,57 53,85 5,605 31,42 13,81
NL 122,19 77,25 122,02 161,55 16,704 279,025 13,69
PH (cm) 21,05 11,25 20,98 25,21 2,246 5,044 10,70
PeL (cm) 16,36 7,28 16,043 20,98 2,488 6,194 15,51
TNT 25,02 10,70 25,233 39,30 5,259 27,658 20,84
NS 9,10 4,47 9,150 12,60 1,488 2,214 16,26
BDW(g) 9,24 3,78 9,817 20,290 3,183 10,137 32,42
PL (cm) 1,640 1,150 1,648 2,080 0,137 0,0187 8,31

PW (cm) 1,280 0,830 1,283 1,590 0,094 0,009 7,32

SL (cm) 1,01 0,820 1,022 1,370 0,089 0,008 8,71

SW (cm) 0,660 0,440 0,676 1,170 0,093 0,009 13,75
NSP 19,7 9,61 20,17 33,15 5,13 26,320 25,43
DSW(g) 8,61 3,740 8,555 14,460 2,144 4,598 25,06
SeW (g) 2,670 1,380 2,866 8,090 1,114 1,241 38,87
DPW(qg) 11,22 5,94 11,42 20,63 2,885 8,327 25,26
BYLD (kg/ha) 636,9 371,3 652,9 1033,9 133,813 17906,17 20,5

YLD (kg/ha) 5334 233 532,3 899,7 133,39 17792,54 25,04
HSWe (9) 170,34 90,31 174,10 322,79 44,49 1979,15 25,55
DTM (j) 83,75 80,25 84,63 94,25 2,977 8,864 3,51

DTE (j) 7,00 6,250 7,183 9,750 0,453 0,206 6,306

DF (j) 32,75 30 33,00 36,25 1,144 1,137 3,46




50%F(j) 35,25 31,00 34,92 38,50 1,894 3,586 5,46

Legend :Max: maximum; Min: minimum; CV: coefficient of variation, Var : Variance, SD : standard deviation,
DTE : days to emergence, DF : days to flowering, D50%F : days to 50% flowering, DTM : days to maturity,
PH : plant height, NS : number of stems per plant, NP : number of petioles per plant, PeL : petiole lenght, NL :
number of leaves per plant, BDW : biomass dry weight per plant, TNP : total no. of pods per plant, DPW : dry
pods weight, PL : pod length, PW : pod width, NSP : number of seeds per plant, DSW : dry seed weight per
plant, SL : seed lenght, SW : seed width, HSWe : hundred seed weight, HI : harvest index, YLD : yield, SeW :
shell weight, SWe : seed weight, BYLD : biological yield.

3.1.2. Correlation matrix

Table 5 showed the Pearson correlation matrix between the studied traits. Strong
correlations are observedbetweenflowering date and 50% flowering date; the number of
leaves per plant and the number of petioles per plant; the number of pods per plant and the
number of seeds per plant; the number of pods per plant and the number of stems per plant;
the number of seeds per plant and the yield in kg/ha; hullweight and podweight per plant;
hullweight and seedweight per plant; shellweight and yield; the weight of pods per plant and
the weight of seeds per plant; podweight per plant and yield in kg/ha; the weight of seeds per
plant and the yield in kg/ha. Negativecorrelations are alsoobservedbetween the weight of 100

seeds and the number of seeds.

Table 5: Interrelation betweencharacters (Pearson Correlation Matrix).
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3.1.3. Morphologicaldiversity of bambara groundnut accessions from six regions of

Niger

The parametersthusstudiedweregroupedinto principal components. The first three axes
explainalmost 53% of the total variabilityobserved (Table 6). The charactersresponsible for
thesevariabilities are grouped in table 7. Thus the first axis explains 25.13% of the total
variabilityobserved, the second axis 15.46% and the third axis 15.46%.

Table 6:Eigenvalues and contribution of variables (parameters) to PCA axes.

AXes Eigenvalues Proportions (%) Cumulative percentages (%)
1 5.528254 25,12843 25.12843

2 3.400416 15,45644 40.58486

3 2633490 15,45644 (5255527 3

At the level of table 7, the analysis of signs of the correlations of each variable

(parameter) witheach of the axes indicates:

» On axis 1, accessions with the highestnumber of petioles, leaves and stems often have
a high vyield in podnumber, seednumber, seedweight, shellweight, podweight,
biologicalyield and yield in kg/ha.

» On axis 2, accessions with high 100-seed weightswith long and widepods and
seedsoften have lowyield.

» On axis 3, accessions with long height and long petioles, have a flowering date and

50% lateflowering and often a lowyield.

3.1.4. Shannon diversity index, Pieloufairness and effective speciesrichness (N)

The Shannon diversity index (H’) wasused to assessphenotypicdiversity for
eachparameter (Table 7). It varies from 4.42 bits to 4.49 bits. The highestdiversity (4.49 bits)
isobtained by podlength, podwidth, date of maturity, date of emergence, date of flowering and
date of 50% flowering. The diversitythatcontains the maximum parametersis 4.48 bits: the
number of petioles per plant, the number of leaves, the plant height, the petiolelength, the
number of stems per plant, the seedlength, the seedwidth, number of pods and biologicalyield.
The shellweighthad the lowestdiversity (4.42 bits).



Pielouequitability (Eq) corresponds to the ratio between the diversityobtained and the
maximum diversity. It expresses the regularity or equitable distribution of
individualswithinspecies. Fairness ranges from 0.98 to 0.99. Only the dry biomassweight and
shellweightparameterspresented the smallestequitabilities, all the remainsobtained high
equitabilities (Eq> 0.8) (Table 7).

Effective speciesrichness (N) indicates the number of speciesresponsible for the
observeddiversity. Hull weight (24.04%) and dry biomassweight (24.38) presented the

smallestnumbers of species (Table 7).

Table 7:Correlationsbetween the starting variables (parameters) and each of the first three

principal components and the indices.

Dim 1 Dim 2 Dim 3 Shannon Pielou'sEquitabilityEq Effective

index H’ specificrichness

(bits) N (%)
NP 0.617 -0.346 0.369 4,48 0,99 25,08
NL 0.616 -0.354 0.359 4,48 0,99 25,08
PH 0.080 -0.028 0.561 4,48 0,99 25,08
PeL 0.377 0.079 0.752 4,48 0,99 25,08
TNP  0.642 -0.452  -0.053 4,48 0,99 25,08
NS 0.474 -0.459  0.118 4,48 0,99 25,08
BDW  0.452 -0.128 0.321 4,44 0,98 24,38
PL 0.253 0.625 0.148 4,49 0,99 25,25
PW 0.227 0.629 0.140 4,49 0,99 25,25
SL 0.136 0.771 -0.025 4,48 0,99 25,08
SW 0.001 0.582 0.042 4,48 0,99 25,08
NSP 0.556 -0.418 -0.116 4,46 0,99 24,72
DSW  0.839 0.175 -0.431 4,46 0,99 24,72
SeWw 0.659 0.214 -0.033 4,42 0,98 24,04
DPW  0.880 0.209 -0.332 4,46 0,99 24,72
BYLD 0.606 -0.149 -0.221 4,48 0,99 25,08
YLD 0.846 0.162 -0.419 4,46 0,99 24,72
HSWe 0.255 0.607 -0.299 4,46 0,99 24,72
DTM -0.170 0.324 0.338 4,49 0,99 25,25
DTE -0.033 0.171 0.087 4,49 0,99 25,25

DF 0.244 0.273 0.554 4,49 0,99 25,25




50%F 0.425 0.273 0.518 4,49 0,99 25,25

Legend : DTE : days to emergence, DF : days to flowering, D50%F : days to 50% flowering, DTM :

days to maturity, PH : plant height, NS : number of stems per plant, NP : number of petioles per

plant, PeL : petiole lenght, NL : number of leaves per plant, BDW : biomass dry weight per plant,
TNP : total no. of pods per plant, DPW : dry pods weight, PL : pod length, PW : pod width, NSP :
number of seeds per plant, DSW : dry seed weight per plant, SL : seed lenght, SW : seed width,
HSWe : hundred seed weight, YLD : yield, SeW : shell weight, SWe : seed weight, BYLD : biological

yield.

3.1.5. Ascendinghierarchical classification (CHA)

The ascendinghierarchical classification (CHA) (figures 1 and 2) provides a structure

of 89 bambaragroundnut accessions from the collection of eightregions of Niger into four

groups. Group 1 (G1) isrepresented by 29 accessions ; group 2 (G2) by 20 accessions ; group

3 (G3) by 28 accessions and group 4 (G4) by 12 accessions (table 8, figures 1 and 2).

Table 8: Accessions groups.

Groups Accessions

Group 1 Ti 043, Do 015, Do 022, Ti 042, Do 008, Do 003, Ti 048, Ti 053, Do 004, Di 084, Do
009, Ti 054, Di- 4082, Ma-1062, Do 035, Ma 068, Ti 050, Th 115, Do 014, Th 117, Zi
088, Zi 096, Do 002, Do 040, Di 086, Th 118, Do 025, Do 015, Do 023.

Group 2 Do 007, Do 006, Do 038, Do 030, Do 29, Ti 049, Ti 055, Ma 072, Ma 073, Ma 074, Ma
077, Ma 058, Ma-E- 60, Ma 057, Ma-2-062, Ma 067, Di 081, Zi 101, Zi 095, Zi 097.

Group 3 Do 013, Do 031, Do 018, Do 019, Do 017, Do 011, Do 037, Do 041, Do 016, Ti 044, Ti
045, Ti 051, Ti 047, Ma 066, Ma 075, Ma-3-062, Ma-2-065, Ma 070, Ma 056, Ma-3-65,
Di 085, Zi 092, Zi 100, Zi 091, Zi 093, Zi 098, Th 113, Th 114.

Group 4 Do 024, Do 036, Do 001, Ti 052, Ma 059, Ma 060, Ma 064, Ma 069, Di-3-082, Di 083, Zi

087, Zi 094.
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Figure 1:Dendrogramfrom 3D HAC of bambara groundnut accessions.
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Group 4, made up of 13.48% of accessions, recorded the highestaverageyield (751.83 kg/ha)

and group 1 of 32.58% of accessions had the smallestaverageyield (433.47 kg/ha) (Table 9).

>

Group 3 and 4 are characterized by an earlydevelopment cycle marked by an
averageflowering date of 31  daysaftersowing (DAS) and an
averagephysiologicalmaturity of 80 DAS with high yields, 563.89kg/ha and 751
.83kg/ha, respectively.

Group 1 and 2 are characterized by a latedevelopment cycle markedrespectively by an
averageflowering time of 35 DAS and an averagephysiologicalmaturity of 86 DAS to
87 DAS.

Table 9: List of groups of accessions for certain parameters.

Parameters  G1(32.58%) G2 (22.47%) G3 (31.46%) G4 (13.48%)

YLD 433.47 500.45 563.89 751.83
BDW 8.85 9.19 10.56 11.80
TNP 17.30 17.67 22.98 24.45
NSP 22.53 22.62 27.85 29.64
DPW 9.24 10.93 11.85 16.49
DSW 6.96 8.06 9.06 12.08
PL 1,66 1,63 1,62 1,62
PW 1,31 1,29 1,27 1,27
SL 1,04 1 1,03 1,01
SW 0,7 0,7 0,67 0,64
HSWe 161.29 196.67 160.89 199.55
NL 112.07 120.38 131.34 129.86
PH 20.62 21.94 20.70 20.58
DTE 7.13 7.38 7.21 7.02
DF 34.73 35 31.46 31.54
50%F 36.34 36.60 33.28 32.65
DTM 85.67 86.53 80.46 80. 32

Legend : DTE : days to emergence, DF : days to flowering, D50%F : days to 50% flowering, DTM : days to

maturity, PH : plant height, NS : number of stems per plant, NP : number of petioles per plant, PeL : petiole

lenght, NL : number of leaves per plant, BDW : biomass dry weight per plant, TNP : total no. of pods per plant,
DPW : dry pods weight, PL : pod length, PW : pod width, NSP : number of seeds per plant, DSW : dry seed
weight per plant, SL : seed lenght, SW : seed width, HSWe : hundred seed weight, YLD : yield, SeW : shell

weight, SWe : seed weight.

3.1.6. Geneticparameters




3.1.6.1. Phenotypic and genotypic variance

The analyzedresultsshowedthat the phenotypic variance (Gzp) isgreaterthan the
genotypic variance (cszg) for all the parametersstudied (Table 10). The phenotypic variance
ranges from 0.014 to 54,296.52 and the genotypic variance from 0.005 to 5,055.80.
Yieldproduced the highestphenotypic variance and genotypic variance (czp:54296.52 and
6°;=5055.80) followed by 100 seedweight (6%,=1981.57 and °;=1978.38) and number of leaf
(cszIO =700.00 and 02g2138.74). Eight (8) measuredparameters (yield, number of leaves,
number of pods, number of seeds, number of petioles per plant, weight of 100 seeds, weight
of pods per plant, biologicalyield) have high phenotypic variances (>20% ), four (4) moderate
(10%<02p<20%) (seedweight per plant, dry biomassweight, petiolelength and plant height)
and ten (10) showed a lowphenotypic variance (<10%) (50% flowering date, flowering date,
maturity date, podlength, podwidth, seedlength, seedwidth, number of stems per plant,
shellweight and date of emergence). For the genotypic variances three (3) are high (>20%)
(Number of leaves, weight of 100 seeds and yield), four (4) are moderate (10% < ng <20%)
(number of pods, number of seeds, number of petioles per plant and biologicalyield) and
fifteen (15) are low (50% flowering, flowering date, maturity date, podlength, podwidth,
seedlength, seedwidthseed, number of stems per plant, hullweight, date of emergence,
seedweight per plant, podweight per plant, dry biomassweight, petiolelength and plant
height).

3.1.6.2. Phenotypic and genotypic coefficients of variation

For all traits, the phenotypic coefficient of variation ishigherthan the genotypic
coefficient of variation (Table 10). It was the hullweight trait thathad the highestphenotypic
coefficient of variation (PCV) (67.30%) and the dry biomassweight the highestgenotypic
coefficient of variation (GCV) (28.40%).). The lowest values for the phenotypic coefficient of
variation are obtainedwith the maturity date (3.57%) and for the genotypic coefficient of
variation with the flowering date (1.58%). The high PVVC and GCV values werefound at more
than 20% for the parametersnumber of seeds (PVC=36.14% and GCV=20.68%), dry
biomassweight (PVC=42.23% and GCV= 28.40%), 100 seedweight (PVC=25.57% and
GCV=2554%) and shellweight (PVC=67.30% and GCV=22.46%). The
seedwidthpresentsmoderatephenotypic and genotypic variation coefficients (PVC=17.82%
and GCV=12.29%). The lowphenotypic and genotypic coefficients of variation are flowering

date, 50% flowering date, maturity date and emergence date.



3.1.6.3. Broad-senseheritability

The resultsindicatelow (H?<30%), moderate (30% < H? <60%) and high (H? >60%)
heritability values in the broadsense. The broad-senseheritability range of all
measuredparameters ranges from 6.10% (flowering date) to 99.84% (100-seed weight).
Maturity date (95.77%) and 100-seed weight (99.84%) have high broad-senseheritabilities
(H>60%); seedlingheight (30.17%), podwidth (31.52%), podlength (33.42%), seedwidth
(47.62%), seedlength the seed (33.96%), the length of the petiole (40.79%), the number of
pods (37.55%), the number of seeds (32.74%) and the weight of dry biomass (45. 22%) have
moderatebroad-senscheritability (30%<(H?)<60%); 50% flowering date, flowering date,
number of leaves, number of stems per plant, hullweight, seedweight per plant, podweight per
plant, dry biomassweight, yield and date of emergence have lowbroad-senseheritability
(H*<30%) (Table 10).

3.1.6.4.Geneticadvance (GA)

The results show a large variation in expectedgeneticadvance (GA) rangingfrom
0.80% (flowering date) to 52.58% (100 seedweight) (Table 10). Thus, the weight of 100 seeds
(52.58%), the weight of dry biomass (39.35%), the number of pods (22.10%) and the number
of seeds (24.38%) revealed high geneticadvance. The parameterswithmoderategenetic gains
are biologicalyield (19.37%), seedwidth (17.47%), petiolelength (17.48%), hullweight
(15.45%). and the number of stems (14.42%); and trait remnants have lowgeneticadvance.

Table 10:Calculatedgeneticparameters of bambara groundnut accessions from 6 regions of

Niger.
Traits Mean  (c%) (6°) (6%) EVC( GCV(%) PCV(%) RD(%) H*(%) GA
%) (%)
50%F 3510 294 1.03 3.97 4.89 2.90 5.70 49.12 2597  3.04
DF 33.00 417 0.27 4.44 6.19 1.58 6.39 7527  6.10 0.80
DTM 84.62  0.39 8.77 9.15 0.73 3.50 3.57 1.96 9577  7.05
PH 21.08  7.08 3.06 10.14 12.62  8.30 15.10 4359 3017  9.39
PW 1.28 0.01 0.005 0.02 8.29 5.61 10.00 4390 3152  6.50
PL 1.63 0.02 0.01 0.04 9.58 6.80 11.76 4217 3342  8.10
SW 0.68 0.008 0.007 0.014 1292 12.29 17.82 31.03 4762  17.47
SL 1.03 0.01 0.005 0.015 10.00  7.16 12.28 4169 3396  8.59
Pel 16.05  6.60 4.55 11.15 16.01  13.29 20.81 36.13 4079  17.48
NL 122.02 561.26 13874  700.00  19.41  9.65 21.68 55.49  19.82  8.85




TNT 25.24 32.48 19.53 52.02 22.58 17.51 28.58 38.73 37.55 22.10
NSP 20.17 35.73 17.40 53.13 29.64 20.68 36.14 42.77 32.74 24.38
NP 40.57 60.00 16.42 76.42 19.10 10.00 21.54 53.57 21.49 9.53
NS 9.15 3.31 1.39 4.70 19.87 12.87 23.67 45.63 29.57 14.42
Sew 17410 3.19 1978.38 198157  1.03 25.54 25.57 0.12 99.84 52.58
BDW 9.82 9.42 7.78 17.20 31.26 28.40 42.23 32.75 45.22 39.35
HSWe 2.87 3.31 0.41 3.73 63.44 22.46 67.30 66.63 11.14 15.45
DPW 11.42 24.10 2.30 26.40 43.00 13.28 45.00 70.50 8.71 8.07
DSW 8.55 12.81 1.40 14.20 41.84 13.80 44.05 68.67 9.81 8.90
BYLD 18.38 26.22 10.50 36.70 28.00 17.60 32.95 46.58 28.54 19.37
YLD 533.31 4924052 5055.80 54296.52 41.61 13.33 43.69 69.15 9.31 8.38
DTE 7.20 0.38 0.11 0.0 8.62 4.61 9.77 52.81 22.30 4.50

Legend : DTE : days to emergence, DF : days to flowering, D50%F : days to 50% flowering, DTM : days to
maturity, PH : plant height, NS : number of stems per plant, NP : number of petioles per plant, PeL : petiole
lenght, NL : number of leaves per plant, BDW : biomass dry weight per plant, TNP : total no. of pods per plant,
DPW : dry pods weight, PL : pod length, PW : pod width, NSP : number of seeds per plant, DSW : dry seed
weight per plant, SL : seed lenght, SW : seed width, HSWe : hundred seed weight, YLD : yield, SeW : shell
weight, SWe : seed weight, BYLD : biological yield.

3.1.6.5. Matrix correlation coefficients betweendifferentgeneticparameters of accessions

Table 1lpresents the correlationsbetween the differentgenetic variables. The
environmental coefficient of variation iscorrelatedwith the phenotypic coefficient of variation
(r=0.95), the genotypic coefficient of variation (r=0.54), the relative difference (r=0.57) and
isnegativelycorrelatedwithheritability in the broadsense ( r=-0.54); the phenotypic coefficient
of variation iscorrelatedwith the genotypic coefficient of variation (r=0.76); the relative
differenceisnegativelycorrelatedwithheritability in the broadsense (r=-0.98) and genetic gain
(r=-0.58); phenotypic variance isstrongly and positivelycorrelatedwithgenotypic variance
(r=0.94) and environmental variance (r=1); environmental variance
isstronglycorrelatedwithgenotypic variance (r=0.93); genetic gain
ispositivelycorrelatedwithheritability in the broadsense (r=0.58) and the genotypic coefficient

of variation (r=0.86).

Table 11 :correlations of geneticparameters of accessions.
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Légendes : GA : geneticadvance ; EVC : coefficient environnemental variation ; PCV : coefficient
phenotypic variation ; GCV : coefficient genotypic variation ; azg : Genotypic variance ; azp :
Phenotypic variance ; H2 : Broad-senseheritability ; RD : relative difference.

3.2. Discussion

The study of the geneticvariability of accessions from Niger revealed a rich and
diverse geneticheritage. The descriptive analysis shows that the emergence time varies
between 6 and 10 DAS (daysaftersowing). Seévérin et al.,[24]obtained an emergence time
varyingbetween 6 to 11 DAS, Mahmudulet al.,[6]between 5 to 13 DAS and Wassouoet
al.,[25]between 7 to 8 DAS; on the other hand Karikari [26]observed a longer emergence time
of 14 to 25 DAS. The accessions fromeightregions of Niger obtained a flowering date
between 30 and 36 DAS, a heightbetween 11 and 25 cm, a number of pods per plant between
11 and 39, an averageyield of 532, 27 kg/ha and a weight of 100 seeds of 174.10 g.
Massaweet al.,[9] obtained a flowering time rangingfrom 64 to 76 days;Ouedraogoet al.,[27]
32 to 53 days and Pauloset al.,[7] 54 to 61 days. Shegroet al.,[28], believethatthisvariability in
the flowering date is due to climaticproblems, photoperiod, temperature, altitude and soil

structure as well as the genotypic nature of voandzou. It



shouldbenotedthatduringthisexperiment, somepodswereempty,
whichsuggestsAutopolyploidies [34]. The 16 quantitative parametersmeasuredshowed large
genetic variation. Such variation wasreported by Aliyuet al.,[29] and Mahmudulet al.,[6] in
vignasubterranea. The high coefficients of variation (>20%) observed in thisstudy express a
large scale of heterogeneity in the voandzou accessions confirmed by Harouna et al.,[30],
Moussa et al.,[31], Bainaet al.,[32] and Ibrahim et al.,[8]. Nine (9) of the sixteen (22) traits
analyzedpresented high coefficients of variation. Thesevariedfrom 3.46% to 38.87%.
Alreadyin 2011, Sévérin et al.,obtained coefficients of variation between 0% and 63.30%;in
2018, Harouna et al.,between 10.3% and 72%; in 2019, Wassouoet al.,between 1.79% and
37.08%. Only traits related to yieldhad high coefficients of variation. Indeed, according to
Swanevelder[33], yieldisveryunstable in bambara groundnut. This variability can bejustified
by the factthat populations exchange seedsduring the sowingperiod and select the
seedsthemselveswithoutusingsufficientlyrigorousdifferentiationcriteria. This
thereforepromotes the flow of geneswhichcontribute to geneticvariability. This explains the
observations of Goliet al.,[2], and Mahmudulet al.,[5], whichstipulatethat the variations in the

bambara groundnut are due to the existence of strongheterogeneity.

The first three components of the PCA with the twenty-two (22)
parametersmeasuredexplain 53% of the total variability. Séveérin et al.,[24], hadwith 4 main
components almost 83.86% of the total \variabilityfrom 25 quantitative
parametersmeasuredwith 101 accessions in a similarexperiment in lvory Coast; Wassouoet
al.,[25]obtained 75% total variabilitywiththree first components of the PCA with 12
quantitative charactersmeasured by working on 36 bambara groundnut accessions in the Far
North region of Cameroon; Moussa et al.,[31]obtained 81.40% withthree first components of
the PCA with 16 quantitative charactersstudied by working on the agro-
morphologicalcharacterization of 30 accessions of bambara groundnut [Vignasubterranea (L.)
verdc] cultivated in the Sudanian zone of Niger.

According to Dermaly[34], for a plant community to be able to copewithunforeseen
variations in the environment, itisnecessary for diversity to existwithin the component
populations of the community, the genotypewhichis best adapted to a generation n is no
longer necessarily the best at a generation n + 1. The Shannon diversity index (H”) isanother
index generallyused to categorize the diversity of species in a certain population. It accounts
for both the richness and uniformitypresent in speciesalsoused for a widediversity of fields[5].

The Shannon diversity indices obtained in thisstudy are between 4.42 and 4.49. All indices are



high (>4), whichexplains the existence of diversitywithin the accessions studied. Theseresults
are close to those of Mahmudulet al.,[S]whoobtaineddiversitiesbetween 4.93 and 5.01 with
115 accessions and 27 quantitative parameters. On the other hand, smaller values
wereobtained by Olukoluet al.,[35]between 0.09 and 0.16 with 124 accessions and twenty-
eight (28) quantitative characters and by Mahmudulet al.,[6]between 2 .57 and 2.71 with 15
accessions and twenty-seven (27) quantitative parameters, all withvignasubterranea.
According to Assogbadjo[36] the Shannon index varies depending on the number of species.
On the other hand, the numberdoes not determine the evolution of the value of the diversity
index, because a single species can dominate a population. Voandzou is a self-
pollinatingcrop[37], therefore the level of diversity of thiscropisinfluenced by farmers'
agricultural practices as well as seed management techniques such as recycling, storage,
exchange and new species introduction, supported by Alvarez et al.,[38] and Mahmudulet
al.,[6]. Suchdiversitywithinvignasubterranea can allow the breeder to
createheterozygousgenotypes, amongwhichthere are types withcharacters of interest, which
must thereforemaintain a segregational charge. When a selectiongives a privilege to
individualswhoprovidegreatersegregation in the descendants, the
heterozygousindividualwillaccumulate, duringevolution, the mechanismswhichbringhim a

“more”: itisthis convergent set whichconstitutesheterosis[34].

Pielou'sequitability (Eq) expresses the regularity or equitable distribution of
individualswithinspecies. For thisstudyit varies between 0.98 and 0.99. Mahmudulet al.,[5]
and Mahmudulet al.,[6]hadvery close results of 0.98 to 1. Theyobtained the sameequitability
(0.98) for the weight of dry biomass. The high equitabilitiesobtained for all parametersreflect
a high abundance of thesecharacters in the 89 accessions studied, supported by Dajoz[39],
Henigfeld[42], Ousséniet al.,[42] and Assogbadjo[36].

The ascendinghierarchical classification by the methodUnweighted Pair-Group
Method withArithmeticmean (UPGMA) made it possible to group the accessions into 4
distinct groups according to the degree of similarity of the characters. Wassouoet
al.,[25]obtained four groups by w orking on 36 accessions with 10
morphologicalcharactersmeasured ; Mahmudulet al.,[6]had 5 classes with 15 accessions for
27 guantitative parametersmeasured. All theseresultsprove the
morphologicaldiversitythatexistsbetween the bambara groundnut accessions. This
diversitywillundoubtedlyallow breeders to choose the parents that best meet the needs of the

populations. This choicecouldbeoriented in thispresentworktowards the accessions of group 4



whichpresent accessions performing in average grain vyieldshigherthan the total
averageyieldobtained (532.27 kg/ha).

Strong correlations are observedbetween the flowering date and the date of 50%
flowering (r=0.783). Accessions thatquicklyreach 50% flowering are thosethat have
startedfloweringearly. Wassouoet al.,[25]alsoobtained a strongcorrelationbetween the
flowering date and the date of 50% flowering (r=0.937) and drew the same conclusion. Strong
correlations are alsoobservedbetween performance-relatedparameters. Mahmudulet al.,[6],
Praneshet al.,[42] and Jonah et al.,[43]foundstrongcorrelationsbetweennumber of pods per
plant and number of seeds per plant, seedweight per plant, weight of pods per plant, yield.
Wassouoet al.,[25], alsoobserved a strongcorrelationbetweenseedweight and number of pods.
Ouedragoet al.,[27] state that traits such as number of pods per plant, number of seeds per
plant and 100-seed weight are positivelycorrelatedwithyield in bambara groundnut. Oyiga and

Uguru[44]thussee the possibility of usingthese variables to estimateyield.

The estimatedgeneticparametersshowedthat the genotypic variance islowerthan the
phenotypic  variance of all  observed traits, oftenwithsignificantdeviations.
Theseresultsconfirm, in agreement withthose of Malek et al.,[45], Danbeet al.,[46],
Mahmudulet al.,[5], Mahmudulet al.,[6], Pauloset al.,[7] and Ibrahim et al.,[47], a strong
impact of environmentalfactors on the expression of the charactersstudied and
thereforedifficultgenetic control over their expressions. Selectionis inefficient if

environmental variation isvery large and masksgenetic variation [48].

The genotypic coefficients of variation are lowerthan the phenotypic coefficients of
variation, withsignificantdifferencesbetween the two coefficients. The maturity date and the
weight of 100 seedshad close estimates, sothesecharacters are verylittleinfluenced by the
environment as reported by Baningaet al.,[49] and Ibrahim et al.,[8]. PCV and GCV values
are classifiedaccording to the suggested index of 0% to 10% for low variation, 10 to 20% for
moderate variation and greaterthan or equal to 20% for high variation [5]. This classification
made it possible to have an appreciation of the resultsobtained. The coefficients of phenotypic
and genotypic variations are high for the traits number of seeds (PVC=36.14% and
GCV=20.68%), weight of dry biomass (PVC=4223% and GCV=28.40%),
hundredseedweight (PVC=25.57% and GCV=25.54%) and shellweight (PVC=67.30% and
GCV=22.46%). This explains a high environmentaleffect and therefore the improvement of

these traits isdifficultthrough direct selection[47].



Bonaiti[50]thinksToomuchenvironmentaleffect can reduce the overallefficiency of the

selectionscheme.

Maturity date (RD=1.96%) and hundredseedweight (RD=0.12%) gave small relative
differences. A trait with a lowerdifferencereflects the weak influence of the environment,
which can give a strong and significantresultdesirable in the cropimprovement program.
These claims are supported by Umar et al.,[51], Usman et al.,[52], Mahmudulet al.,[6] and
Pauloset al.,[7]. For Fakutaet al., [53] direct selection can be effective for traits withsmall
relative differences. According to Drabo et al.,[54], the coefficient of variation does not
indicate the heritable and non-heritable part of a genotypicvariabilityalthoughitindicates the
existinglevel of variability. Heritability estimation indicates the degree of variabilitythat has
been transmittedfrom parents to offspring[55]. Therefore, for better information on the parents
to behybridized in order to obtain the desiredcharacters, an estimation of the genotypic
coefficient of variation and heritabilityisnecessary[56]. The number of seeds (GCV=20.68%-
H?=32.74%), weight of dry biomass (GCV=28.40%- H?=45.22%) and weight of 100 seeds
(GCV=25, 54% - H*=99.84 gave moderate to high coefficients of variation and heritabilities
in the broadsense. Selectionis all the more effective when the heritability of the traits is high
(Néverwendeet al.,[57] and Ibrahim et al.,[8]), because a strongheritability in the broadsense
of traits reflects a weak influence of environmentalfactors on their expressions ([54], [46],[7]).
The higher the heritability of a character, the more likelyitisthat the performance willbe the
same for the offspring[58]. hundredseedweight and maturity date had high broad-
senseheritabilities. Unfortunately, heritabilityalonedoes not predictwhetherselectionwillbring
a substantialimprovement[56]. However, the joint estimation of heritability and genetic gain
can provide more reliable information ([59],[49]). The hundredseedweighthad high broad-
senseheritability and high genetic gain (H?=99.84% and GA=52.58%), indicating the additive
action of genes, supported by Kashifet al.,[60]. Ridzuanet al.,[61] and Mahmadulet al.,[6]
argue thatlow to moderateheritabilities and genetic gain values can hinder trait improvement
due to high environmentaleffectscompared to geneticeffects on its state. According to Hubyet
al.,[62], verylowheritability values reflect the difficulty of selection. The performance of an
individualisexpressed as the sum of genetic and environmentaleffects. Thus, only efficient
selection can beachieved by choosing the parameterswithhigherphenotypic and genotypic
coefficient of variation, broad-senseheritability and genetic gain, whichmeansthat the effect of
additive genesisrobustenoughthat the environmentaleffect[52].

Conclusion



This studyhighlighted the existence of geneticdiversitywithin the collection of
bambara groundnut accessions of Niger. This
variabilityisorganizedaroundvegetativecharacteristics and yield and a structuring of 89
accessions into four groups. Group 4 presentsthe mostinteresting performance performances.
This group couldthereforebeused in improving the plant. The estimation of
geneticparametersalso made it possible to highlight a weak influence of environmentalfactors
on the expression of characterssuch as the date of maturity and the weight of
hundredseedswhichresulted in low relative differences (RD) between PCV and GCV. Also, a
high heritability in the broadsensecoupledwith a high genetic gain wasobtainedonly for the
weight of hundredseeds, thusshowing the intervention of additive genes in its expression.
Improvement by direct selectionistherefore possible for this trait.
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