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ABSTRACT

In order to evaluation the genetic diversity of agronomical traits, determine the relationships between traits
and the contribution of each trait in the diversity, a study was conducted on 49 mung bean accession’s in
the field of the National Plant Gene Bank of Iran, in the 2019-20 growing season and the most important
phenological and agronomical traits were recorded. Based on the results, grain yield, biomass, plant weight,
number and weight of grains and pods per plant and number of cluster per plant had the highest coefficient
of variation. The results of the factor analysis showed that plant weight, number and weight of grains and
pods per plant and number of cluster per plant had the highest coefficients in the first component; Grain
yield and harvest index had the highest coefficients in the second component and pod length and 100 grain
weights had the highest coefficients in the third component. Cluster analysis using Ward’s method divided
accessions into 3 distinct clusters. Discriminant analysis showed that grain yield, biomass, harvest index
and pods number per plant had maximum coefficient in the first function, which has the most effective role
(75%) to discriminant clusters. Based on the Wilk’s Lambda values, except grains per pod, pod length and
hundred grains weight, other traits had significant effect on dividing accessions into 3 clusters. High GCV,
PCV, coupled with medium to high heritability of plant weight, number of grains and pods per plant, pods
and grains weight per plant, cluster number per plant, 100 grain weights and harvest index, indicating that
selection will be effective for these traits. Path analysis demonstrated the direct effects of biomass, harvest
index and pod weight per plant on mung bean grain yield. These results clearly elucidate that these traits
had more diversity among mung bean accessions. The existence of such diversity makes possible the
selection of appropriate accessions based on breeder’s desire.
Keywords: Agronomical traits, landraces, phenotypic diversity, Vigna radiata, yield component.
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Table 1. Country of origin, collection site and the code of Mung bean accessions in NPGBI

Entry Code Cour]tr'y Collection site Entry Code Cour_]tr_y of Collection site
of origin origin
1 TN-39-102 IRN Kohkiloyeh boyerahmad 26 TN-39-192 IRN Golestan
2 TN-39-104 IRN Kohkiloyeh boyerahmad 27 TN-39-193 IRN Golestan
3 TN-39-106 IRN Mazandaran 28 TN-39-194 IRN Golestan
4 TN-39-110 IRN llam 29 TN-39-195 IRN Golestan
5 TN-39-125 IRN llam 30 TN-39-198 IRN Kermanshah
6 TN-39-112 IRN llam 31 TN-39-199 IRN Kermanshah
7 TN-39-114 IRN llam 32 TN-39-204 IRN Lorestan
8 TN-39-115 IRN llam 33 TN-39-209 IRN Lorestan
9 TN-39-119 IRN llam 34 TN-39-210 IRN West Azarbaijan
10 TN-39-123 IRN llam 35 TN-39-215 TWN -
11 TN-39-124 IRN llam 36 TN-39-216 TWN -
12 Parto IRN - 37 TN-39-217 IRN Khozestan
13 TN-39-140 IRN Markazi 38 TN-39-218 TWN -
14 TN-39-146 IRN Hamedan 39 TN-39-219 TWN -
15 TN-39-147 IRN Esfahan 40 TN-39-224 TWN -
16 TN-39-151 IRN Yazd 41 TN-39-225 IRN Khozestan
17 TN-39-164 IRN Khozestan 42 TN-39-226 IRN East Azarbaijan
18 TN-39-165 IRN Khozestan 43 TN-39-227 IRN East Azarbaijan
19 TN-39-167 IRN Khozestan 44 TN-39-120 IRN llam
20 TN-39-174 IRN Hormozgan 45 TN-39-182 IRN Sistan balochestan
21 TN-39-180 IRN Sistan balochestan 46 TN-39-221 TWN -
22 TN-39-186 IRN Khozestan 47 TN-39-222 TWN -
23 TN-39-189 IRN West Azarbaijan 48 TN-39-223 IRN Khozestan
24 TN-39-190 IRN Golestan 49 line (6173)
25 TN-39-191 IRN Golestan
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Table 2. Expected mean squares (EMS) and variance analysis of evaluated traits in mung bean genotypes

Plant Pods per . Grain Days to Plant
Sov df EMS Pod Length weight Plant Grains per Pod Yield Maturity Height
Genotype 48 c? 3.12™ 4143.90°  1344.73" 0.59™ 3505.708 212.31" 612*.61*
Replicatio 1 o2 3.37 201008  1718.38 0.00 3836.83 33.15 168.02
Block(r) 12 Gg 1.10 3668.08 1517.97 1.00 3277.77 156.84 107.63
Error 36 c? 0.615 1889.85 443.47 0.503 1642.223 88.76 105.19
=Y Jgue el
Table 2- Continued
Pod 100 . Grain
sov ar M Dl wegn s ST wagn PRI O o
g per Plant ~ Weight per Plant perp

Genotype 48 127.35" 11.02"  354.450” 3577  98965.56" 20295 059" 11452"  25771.005
Replication 1 34.57 19.76 272.20 0.04  179337.75  359.41 0.01 61.52 68865.58
Block(r) 12 65.18 8.20 236.68 0.26 75631.34 150.38 0.56™ 81.42 19491.43
Error 36 42.93 3.64 119.214 0.212  40217.03 817 0.21 25.445 13092.24
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Table 3. Mean, range, coefficient of variations and heritability of different agronomical traits in mung bean accessions

. Range Coefficient of variation (%)
Traits Mean - —— - - -
Min Max Heritability(%) Phenotypic Genotypic Environmental

Pod Length (cm) 8.55 6.77 15.93 80.29 14.61 13.09 6.49
Plant weight (g) 107.87 17.99 329.59 54.39 42.20 31.12 28.50
Pods per Plant 61.09 16 143.33 67.02 42.45 34.75 24.38
Grains per Pod 111 8.8 12.53 14.75 4.89 1.88 452
Grain Yield (g m?) 167.39 39.97 668.75 53.16 25.01 18.24 17.12
Days to Maturity 133.6 103 58.19 7.71 5.88 4.99
Plant Height (cm) 80.05 46.67 136.67 82.83 21.86 19.90 9.06
Harvest Index 26.96 10.46 56.95 66.29 29.60 24.10 17.18
Days to Flowering 39.04 35 66.97 6.01 4.92 3.46
Pod Weight per Plant (g) 37.44 9.22 99.2 66.37 35.56 28.97 20.62
100 Grains Weight (g) 472 2.88 8.12 94.06 28.31 27.45 6.90
Grains per Plant 507 100.25 1374.33 59.36 43.88 33.80 27.97
Grain Weight per Plant (g) 22.82 5 59.04 59.74 44.14 34.12 28.01
Pods per Cluster 271 15 5.07 64.41 20.04 16.08 11.96
Clusters per Plant 23.3 5.33 77.78 32.48 28.64 15.31
Biomass (g m?) 636.47 215.94 2677.08 49.21 17.84 12.51 12.71

Slas plo wadls gwob cpducdlyy a5 B o wls
(22,0 Ve-0+) lawgio s pddlyy 51 owyp 9,90
i lp Vb g pducdlys (V) Jgaz) wisg lo e
Sl bag sl o il e il Laylys
ol reipts S s 5 g5 e S5 s o2l
b (b swen (Ullahetal., 2011)  woo oo coie
«Dle Jgb (25 L 5y, Slas glp YU s pddly
als slass g e o dils slass iy (c_Lb.';)l &lo a9
LS (59, 00l ploxil (riyy (slayidghy )0 aigy ;0 BMe g
Sriphadet et al., 2007; ) sl oo (5,158 5 ilo

Khajudparn & Tantasawat, 2011; Hapsari et al.,
Yimram et al .(2018; Gayacharan et al., 2020

0 Slos ils s 59 Slaw a5 vge 4,155 55 (2009)
S E 93 Aigy ;0 BME dlaad g gy glay | caigy jo ails
VLB Lawgie (s pdy Sy o VL

OIY 5l aigs yo aligs ool ¢ ow) » 3 50 sBAged L o
olaws .0gs yuilo iy U VD jlabes ;o BMe slowi gV U
VEY U VE 5l ediges cpm ;0 PV (Sl L digr jo O
GAA N 5 Sle b e jo wlo slass 5 0ae
M Job g puiie (Sl Glodiges s 0 332 VY/D
S2 ()39 9 (S Sladiged G 53 e Sl VP L FIA
Sgs piin p,S Cold B YA JBlas 5l ladiges (yu j0 4ls
(Y Jgaz)

Wy g &gy ;0 DU olaws Slie Sl 2 @95 (o) 2
Olid (V JSK8) gy jo adigs dlaws g BME 0 als slass
A b go i )0 ddgs YO -V oluss b sloaiged a5 ols
VAVY olasd g aigr ;0 OME YO - Frocdldgs o O
3,90 sdiges b jo 1y Slolyd o i (B jo ails
aassls )y

S50 ladigas yo clize Slao g pdycilyy oyl
CIY ) Gl YL Wigs o abgs sl 5 alls s



4 VE) lins) oF 8.l Y 5,58 ool sl ol pske

L 25U 5, lo gme 9 shie (Swson 545 (2006)
ERIEPVCINERSRENE JEY T SROH R
Lyl 4 S @l oSles 5 ol 0)50 Job tals
5°)l-(>:.' (_gl.mda..i;f)b .\))b JMWMS)J[QSBGL:..N
i o olas ) Sl a5 ayll s g asbinsls
coolia iy 0y90 Jsb zalS wyls sgzg Juad 5]
(S g S >

S (Suilyi (slagly (8 iylan bl 5,0l 5
Fe 65k sln olS Gl (el Slaal 5l (S Al
Jeike o laylh jo aily o Slee sl g Lo b
(ludss Sbes glp aly o Slee ol oals lgie
Chauhan &) ceul YL cuile,y jasls 5 o8
.(Williams, 2018

cunlopy yarle g (1F40.308) oogicunsy b asle o, Slos
izl maw jo o poe Cute  Kion (1=0.742)
(i (ot (( BAS L 5, 9 g el b g 20 )0 S
bl Ao s iy 9 SO Jleis ] e jo o S o g

Pods per plant

s 2% W 35 40 45 S0 88

Clusters per plant

60

s 15 25 35 45 55 65 75 8 95 105 115 125 135 145 155 o

Slae a5 ol las le S Jdow g 4520
Sed ;000 b Gy 9 (BT U 59, (Sajled
Jeaz) ails ws o iy Jiol maw (o ls pre cuis
olS ;o (Sieled Olas o gme g cude (Ko (F
3 (2015) Hashemzehi & Moradgholi lwg il
o= )‘b‘rl.r.a 9 o M Y 0 u.u)‘)f
slodaoby yo 4 ol sasmoslid Sujeles law
Olgiss ) 0y93 Job rals b (a8l sl (o
By il e ((BaIS dsl B 595 oy b
el aalllas 590 HlalS (S 090 Jo-bo 5l (J3—3
L S, b 59, (Hashemzehi & Moradgholi, 2015)
L g (r=+0.492%%) Jlo sxe Codin (Suod gy glas )|
(r=-0.39**) )‘OLSZ.:.« LSQ.A.A Lsiw.o.m e&&‘bﬁ ua?LMa
as L’QT )‘ O odelive w‘b).: ua.‘>l.u: l.a ‘;.A...m)
o, les il 0 e Slas 3l (SO wbloy el
g_;l.‘>r...:‘ S yg 0 85..05.47 U"‘ W90 )Lo-u: L®) 6‘4.!‘& UL’B"',
O 1) Lagio B obsS (Sawms) B 59, b (Ale sl
Lawn & Rebetzke « ingh oyl gulo b guod o205 0

1 2 3 s

Pods per

rliictar

s 10 1

Grains per pod

Uibe (Seiis sladigas ;o BME (o dils slaei g dig g AdeS 0 S slaw ades slawi Jll)8 auier Jloges =) S
Figure 1. Frequency distribution of clusters per plant, pods per cluster and plant and grains per pod in
mung bean accessions
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Table 4. Correlation coefficients of traits in mung bean accessions
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a 3 = o
d Length 0.049 -0.433" -0.099 0.057 0.093 -0.068 -0.068 0.122 -0.126 0.024 0.583™ -0.361" -0.063 -0.365™ -0.309"
ant weight - 0.618™ 0.191 -0.063 -0.014 0.149 0.342" -0.165 0.178 0.683™ 0.188 0.661™ 0.732™ -0.095 0.565™
ds per Plant - 0.254 -0.038 0.057 0.218 0.317" -0.230 0.050 0.700™ -0.345" 0.943™ 0.691™ 0.385™ 0.878™
rains per Pod - -0.034 0.100 0.129 0.101 -0.111 0.009 0.149 -0.271 0.260 0.143 0.144 0.095
rain Yield - -0.149 -0.411™ 0.308" 0.742™ -0.328" 0.052 0.048 0.032 0.102 0.276 -0.038
ays to Maturity - 0.492™ 0.268 -0.390™ 0.305" 0.150 -0.037 0.044 0.075 -0.179 -0.034
ant Height - 0.276 -0.585™ 0.358" 0.326" 0.030 0.177 0.192 -0.183 0.166
iomass - -0.251 -0.045 0.334" 0.120 0.367™ 0.467™ 0.022 0.274
arvest index - -0.385™ -0.156 0.044 -0.164 -0.164 0.205 -0.198
ays to - 0.168 0.111 0.053 0.181 -0.414™ 0.032
ds Weight per - 0.119 0.711™ 0.765™ 0.022 0.630™
)0 Grains - -0.278 0.254 -0.504™ -0.206
rains per Plant - 0.773™ 0.381™ 0.852™
rain Weight per - 0.088 0.636™
Pods No. per - 0.274
cluster

*and **: significant at 5% and 1% of probability levels, respectively.
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Table 5. Stepwise regression between grain yield and other characteristics in mung bean genotypes

£ 8 5 5 8
n .© §2) - 5 = c
2 gg = 58 & g S
& x® Lo 2 F
Step 1 Y =67 + 0.16 (Biomass) Biomass 0.569 0.00™ 0.033 1 1 0.324
Y =-132.8 + 0.233 (Biomass) + Biomass 0.842 0.00™ 0.01 0.893 1.119
Step 2 - . - 0.948
5.6 (Harvest index) Harvest index 0.836 0.00 0.024 0.893 1.119
Biomass 0.819 0.00™ 0.01 0.828 1.208
Y =-140.9 + 0.227 (Biomass) + Harvest index 0.841 0.00™ 0.227 0.890 1.124
Step 3 0.57 (Harvest index) + 0.3 (Pod ) 0.954
weight per plant) Pod Wle'ght per 0.084 0.01™ 0.12 0.905 1.105
olant . . . . .

**: significant at 1% of probability level.
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Table 5. Path analysis and partitioning of correlation coefficient to direct and indirect effects for grain
yield in mung bean

Traits Direct effects Indirect Total_
effects correlation
Pod weight per
Harvest Index plant
Biomass 0.818 -0.275 0.025 0.569
Harvest Index 0.84 - -0.014 0.56
Pod weight per plant 0.084 -0.13 - 0.202

Residual effects = 0.215
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Table 7. Eigen value, explained variance percentage, factor loading and communality in mung beangenotypes

Factorl Factor 2 Factor 3 Factor 4

Eigen value 4.68 2.61 2.57 1.72 Communalities
%Proport|0-r1al Varlhance 29.25 16.32 16.05 10.74 (KMO=0.688")
% Cumulative Variance 29.25 45.56 61.62 72.36

Pod Length -0.11 0.12 0.76 0.06 0.60
Plant weight 0.85 -0.11 0.18 0.01 0.77
Pods per Plant 0.84 -0.07 -0.48 0.09 0.95
Grains per Pod 0.13 -0.02 -0.32 0.29 021
Grain Yield 0.06 0.89 0.08 0.18 0.84
Days to Maturity -0.07 -0.33 0.02 0.76 0.69
Plant Height 0.14 -0.59 -0.02 0.56 0.68
Biomass 0.38 0.20 0.06 0.72 0.71
Harvest index -0.12 0.80 0.11 -0.32 0.77
Days to Flowering 0.12 -0.66 0.16 0.07 0.48
Pod Weight per Plant 0.85 -0.07 0.09 0.20 0.77
100 Grains Weight 0.11 0.01 0.90 0.00 0.82
Grains per Plant 0.88 0.00 -0.40 0.10 0.95
Grain Weight per Plant 0.90 0.01 0.12 0.18 0.86
Pods per cluster 0.13 0.45 -0.69 -0.03 0.69
Cluster No per Plant 0.83 -0.07 -0.34 -0.03 0.80
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*: KMO (Kaiser-Meyer-Olkin) coefficient shows measure of sampling adequacy.
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Figure 2. The Distribution diagram of mung bean genotypes based on components extracted from PCA analysis of
traits
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Table 8. Means and standard deviation of measured quantitative traits in the center of clusters

Cluster NO. (Number of cases in each cluster)

Cluster1(22)

Cluster2(12)

Cluster3(15)

Characters Mean SD Mean SD Mean SD
Pod Length (cm) 8.6 14 8.7 14 8.4 0.9
Plant weight (g) 79.6 28.6 94.3 20.6 160.2 345
Pods per Plant 47.3 15.0 53.6 19.3 87.4 24.2
Grains per Pod 111 0.6 11.0 0.6 11.2 0.3
GrainYield (gm?) 143.7 41.1 193.2 30.1 155.7 37.2
Days to Maturity 137.3 10.3 126.6 8.6 1345 9.4
Plant Height (cm) 86.9 15.8 60.0 10.3 86.0 115
Biomass (gm-2) 604.8 120.9 569.5 86.4 664.9 108.6
Harvest index 24.0 49 36.7 75 235 5.6
Days to Flowering 39.5 1.9 37.3 11 40.5 2.6
Pod Weight per Plant (g) 30.3 12.3 31.8 7.8 49.8 8.1
100 Grains Weight (g) 4.6 15 45 11 5.0 13
Grains No. per Plant 384.0 133.8 448.6 176.4 734.2 190.6
Grain Weight per Plant (g) 16.9 6.1 18.6 5.1 34.9 6.7
Pods per cluster 25 0.5 3.1 0.5 2.7 0.7
Cluster No per Plant 17.9 43 20.5 5.7 29.7 7.3
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Figure 4. Diagram of the discriminant function and clusters situation based on the first and second functions
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Table 9. Tests of equality of group means, Wilks' Lambda value and meaningful effect of different traits for

separation of groups oriented from the cluster analysis

Wilks' F dfl df2 Sig.
Pod Length 0.99 0.24 2 46 0.79
Plant weight 0.39 36.37 2 46 0.00
Pods per Plant 0.53 20.55 2 46 0.00
Grains per Pod 0.99 0.31 2 46 0.73
GrainYield 0.77 6.88 2 46 0.00
Days to Maturity 0.83 4.82 2 46 0.01
Plant Height 0.56 17.71 2 46 0.00
Biomass 0.90 2.68 2 46 0.08
Harvest index 0.51 22.10 2 46 0.00
Days to Flowering 0.71 9.18 2 46 0.00
Pod Weight per Plant 0.56 18.28 2 46 0.00
100 Grains Weight 0.97 0.68 2 46 0.51
Grains No. per Plant 0.52 21.52 2 46 0.00
Grain Weight per Plant 0.35 42.60 2 46 0.00
Pods per cluster 0.87 3.36 2 46 0.04
Cluster No per Plant 0.53 20.07 2 46 0.00
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Table 10. Eigenvalue, percentage of variance determination in each function and standardized discriminant function

coefficients of the traits in the first, second and third detection functions for separation of groups oriented from
cluster analysis

F1 F2
Eigen value 5.69 1.9
%Proportional Variance 75 25
% Cumulative Variance 75 100
Pod Length 0.17 0.15
Plant weight 0.66 0.33
Pods per Plant 0.83 0.24
Grains per Pod -0.09 0.05
GrainYield 119 041
Days to Maturity -0.20 -0.01
Plant Height 0.18 -0.65
Biomass -0.84 0.25
Harvest index -0.95 0.90
Days to Flowering 0.42 0.00
Pod Weight per Plant -0.47 0.20
100 Grains Weight 012 -0.19
Grains No. per Plant -0.39 -0.86
Grain Weight per Plant 0.74 0.15
Pods per cluster -0.27 0.54
Cluster No per Plant 0.33 0.45
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