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Table 1. Meteorological data available for Parsabad in 2017-2018 cropping seasons

€S sl Sl ity glos SSlka L S5k olela by Ao
JL ole (1,5 5l (51,5 5l (51,5 5l ey e
Year Month Mean min. Mean max. Mean Temp. Sunny RH
temp (°C) temp (°C) (°C) hour (%)
# 19.7 34.4 27.1 9.8 61.9
June
s 20.6 35.9 28.2 9.9 62.2
July
T i 18.8 32.7 25.8 8.8 67.2
2017 August
% 11.7 20.9 16.3 5.2 75.3
September
ol 8.8 18.3 135 42 76.7
October
# 212 37.1 29.2 105 5.3
June
30 217 336 277 8.5 60.8
July
\TAY on 17,5 30.9 24.2 7.0 64.5
2018 August
s& 13.9 24.3 19.1 5.4 72,5
September
ol 8.2 16.9 125 3.8 79.3
October
L oo 350 Sl 585 o 5 A =Y J s
Table 2. Code and pedigree of soybean genotypes
55 S ot
Genotype code Pedigree
Gl Japanese nut soy x Willams82
G2 T215 x Telar
G3 Willamsx RVB
G4 Russian nut soy x L17
G5 Russian nut soy x L17
G6 Russian nut soy x L17
G7 Russian nut soy x L17
G8 Russian nut soy x L17
G9 Russian nut soyx L17
G10 Russian nut soy x L17
Gl1 Russian nut soy x L17
G12 Russian nut soy x L17
G13 K1380 x L87.0174
Gl4 Williams82 x L87.0174
G15 Williams x RVB
G16 Williams (control)
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Table 3. Combined analysis of variance of different traits in soybeans
e o SSle
Mean squares

Dl e a s 5 Slas G, Gos, ol els) Jjﬂ‘é‘“)‘ alisls s ab sl As O cb.»dpu
SOV

el s S Sal, e ay e S B <l $pS,
df Seed Day to Dayto No.of Plant Heightof No. of No. of seed 100 Seeds LAl per
yield  flowering maturity pod height Firstpod Sub-branches (m? weigh plant

Ju

1 137389° 157 005" 2700™ 39.8™  17.2™ 14 354" 15m 120.7m
Year (Y)
JlS 4 891376 0.13 008 1714 1646 93 0.88 2752 0.88 4431
Riyear
ke 15 97741  539” 1376 2639™ 2851™  54™ 0.83™ 308.35™  142™ 690217
Genotype (G)
Jlox 55
v .G 15  6829.7 397 10797 186.7™ 180.1™ 47" 0.55™ 210.6™ 105"  4686.9™
X
f 93 LgUa?
3664.2 0.45 0.2 1453 1187 56 0.66 55.1 0.04 535.8
Error (2)
(403) S o 5 16.67 123 0.35 253 114 28.0 155 314 1.96 452
CV (%)

#% & NS
¢

Aoy ) 50 Jlal C)la,.ﬂ):)l;‘;'m))\;‘;'mﬁ.b s S
ns, " and ™ Non-significant and significant at 5% and 1% probability levels, respectively

L Sae 55 3 Ciliies Slio o gas (§pialdlys 5 g o 55 omibls 35l o =8 Jsd
Table 4. Estimation of genotypic and phenotypic variances, and broad sense heritability values for different traits in soybeans.

Sles Wf)w’b)b J“"}JU’“L’)‘j @deJ“w‘)J
Traits Genotypic variance Phenotypic variance Broad sense heritability
. T 2
ool 2,51 ) g yG? O¢ i
Estimation of 9 O — o4y try =—— g YG*
variance g1 (g-1 +rg oGy Y £y &D
wlo 2 Klas 7361.0 9774.1 75.31
Seed yield
Ao 653, 3.73 5.39 69.10
Day to maturity
AL s 7425 137.6 53.96
Day to flowering
53 SN sl 193.01 263.9 73.13
No. Pod per plant
5 gl 262.5 285.1 92.07
Plant height
S o i) 0.75 5.4 32.40
Height of first pod
F Lol 0.70 0.83 84.33
No. of sub-branch
G e o s sl 244.38 308.4 79.25
No. of Seed (m?)
©x e O35 0.93 1.42 65.14
100 Seeds weigh
$3 S 5 gl patl 5538.1 6902.1s 80.23
LAl per plant
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Figure 1. Effects of genotype and year on grain yield (A), No. of seeds (/m?) (B), Days to maturity (C), Days to
flowering (D), 100 seeds weight (E), Leaf area per plant (F). Data represent the mean values of three replicates +
standard error. Differences between traits are indicated by LSD (P < 0.05).
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Table 5. Mean of traits studied in soybean genotypes during two years

! € gy e Sl (o 5l) ‘Gﬁéﬁ_?)l (o sila) e sl Cu;)l S 4l sl
Genotypes No. of pods per plant Plant height (cm) Height of first pod (cm) No. of sub-branches

Gl 51.8 100.8 8.5 11
G2 55.7 88.0 7.7 .0
G3 45.9 79.9 7.4 1.6
G4 37.1 95.4 10.1 11
G5 43.3 109.9 7.6 14
G6 41.8 102.8 7.6 1.3
G7 454 103.1 10.0 1.8
G8 57.3 101.6 8.0 1.8
G9 54.1 97.3 8.8 1.8
G10 47.6 102.7 9.1 1.7
Gl1 47.1 93.3 7.8 13
G12 46.3 92.9 7.8 13
G13 334 81.2 7.0 1.7
Gl4 46.7 86.5 8.4 2.0
G15 50.6 94.4 8.4 2.2
G16 55.2 97.5 9.8 2.1
LSD 5% 9.69 17.8 3.86 1.33
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Figure 2. Correlation coefficients between studied traits in soybean genotypes. Correlation coefficients with absolute
values higher than 0.20 and 0.36 were statistically significant at 5 and 1% probability levels, respectively
GY: Grain yield; DM: Days to maturity; DF: Days to flowering; NP: No. of pods per plant; PH: Plant height; FPH: First
pod height; NN: No. of sub-branches; NS: No. of seeds per m?, HGW: 100 seeds weight; LA: Leaf area per plant

¢A



VEN /Y opled /4l / aLS Sy sla ra gk

Cte o Ll 5 O sl gLl adS b S,
oSSbe 31 Bl s e ol ol b kE 350
als slan 5 alls 3 Sos Slio 4 by e o Ja e IS
GBI B8 G (slacisiy Jol pss byt 35t oo e 3
Cio s anlllas 5550 Sliv 4S5 oS 55 G16 5 G10
il 1y IS Sl 5l i 55 e 03 il sl
Cie S S0ke 5l Bl il Ao s o 2o 03> 4kt >
N slas 5 ol slaws Slie 4 by e S Sa
Sbr gy a3 53 G4 5 G6 G4 G3 slacsi ) o
WIS Gl ads pl IS Sl 5l Gl s i S
3 AMS U 55, ( Shs U 5a, e adlas 3,50 Sliv
oAb e o3 A 80 5 e O gl
Slio 4 by ja e IS o Sle 5l Glssl s s
Jlo poler adpt sp a5 S 5 O Sl
adllas 350 Slis IS 514 350 G15 5 G13 slacs s
wls 1y S 5S0le 51 a8 E500 8 4l Bl e
e JS Sl 31 Ol il Ao s 1 2is sl 4k
A S Colis 5 b s S Slio 4 by o Sw

.Jﬁ 43).3

Ere e o3 als slaS s pae 5 ke SNhasad 357 3
) o e BLEE VL e stias LIS 4wl 5 Shes L
d;r@j\é}gdjﬁﬁ e sl S e s 2
Sad & 355 g Lp 523 Sles Sl
Sl b esls @l s Shas b Vb 555 5 o 58
Sl e Ll g 45 55 BV slas bl it
OLan 5 (g3blcing o33 s 353 YU 5 Shes L ol
s o> (Yoosefzadeh-Najafabadi et al., 2021)
om0 IV 55 (Sen (55 5 5 e
K S il wls 3 Slas 5 455 55 OV slde Cds 53
e (SoUsA et al., 2015) Ol ,Kan 5 15 5 5 J= o
oren L3S IS de sl sl 1 r/08 ke
g 53 Dy A Gl 5 S &S Wsls 0L pudies
Ssp 4 Nlg e Sl glaastll sl 5 JsaS s 4l sl

(Tahmasebi et al., 2022) > 3& e JoeS olS 5 5 Shas
ahgt b 1 addlas 55 glacdi B lad s a
Jol Jsl ad s (V5 dslr 5 Y IS) 55 gauaid
il Ao s 35 G12 5 G11 G5 G2 Gl slacs 53

s addlae 3,50 Slio S Gl ad pl IS oSS S

87.19
o |
3 58.13
<5}
(=]
=
L)
<2
[an]
_____________________________________________ T e
29.06 cluster | .(:’_‘j:i: cluster IV
s = € = lois
= cluster Il =
l v oehis
0.00 { ] -I i. i. i. !_j
1 2 5 11 42 7 8 9 10 16 3 14 4 6 13 15

Genotypes lacu3g3)

Ward el s oy 4 sz 550 Dlio ol 5 b Glaci s (sduey S -7 IS

Fig.3. Dendrogram showing the genetic relationship among soybean genotypes based on agromorphological traits

using Ward's clustering method
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Table 6. Genotypes per cluster, percentage and prominent features of soybean genotypes grouped in four main clusters

Cluster Cluster members Percentage Features prominent
e 3 Wl sl o iy s 5 S as Ol o i
. $ B 5 Ole o o s @13 Ao O35 p 5YL
Jsl 4y S B3 Olges 0 2y SRR
Cluster (1) Gi2 ,G11 G5 G2 G1 31.25 The members of this cluster showed the highest value for
grain yield, number of seeds per m?, 100 seeds weigh, and
number of days to maturity traits.
4.;).: CLL:J‘ Qb.:ﬁ k')._:',«w"ﬁm M.)j.);h &.fj.i CA>-L~.A Qlﬂﬁ &'J._:‘M..:“;m
po3 ad = G16 ;G10 G G8 G7 31.25 SN Ll gl
Cluster (11) The members of this cluster showed the highest value for
leaf area per plant, plant height and first pod height traits.
L. Ml;w&;;dl‘}:&wﬁé
fom s> Gl4 ,G6 G4 G3 25.00 The members of this cluster showed the lowest value for
Cluster (I11) 100 seeds weigh trait.
5 - eS¢ Sty B 35 Olsse (o S (8 p 5Ll slad o
. @ g L85 Olge o 5aS 9 e p0 0 55 Alls Sl 5 &g 45 DS
ez 43 Bl Gt ) & d
glusfer (Ii/;). G15 ,G13 12.50 The members of this cluster showed the lowest values for

days to maturity, number of pods per plant, number of
seeds per m? and plant height triats, whereas they had the
highest values for the number of sub-branches.

il glaad o 55 i o Slio Sl -V Jy
Table 7. Standard deviation and mean of genotypes included in different clusters

Sliw Jsl 4> P2 2 pe s> polex wis2
Traits Cluster () Cluster (11) Cluster (111 Cluster (1V)
als %i_w 3970.22 +9.93 3993.11 +2.26 3378.00 + 6.22 2960.19 + 18.04
Seed yield
e b5 128.07 +1.97 127.2+1.39 125.6 +0.06 115.00 + 8.50
Day to maturity
AL 30 53.7 +3.57 56.73 + 1.88 55.71+0.04 114.92 +4.15
Day to flowering
Gy o3 U sl 48.89 +2.94 51.95+9.38 42.93+9.63 42.02+11.54
No. of pod per plant
“x CL‘_‘“J‘ 97.00 + 1.60 100.45 +5.21 91.18 +4.51 87.83 £8.01
Plant height
S sl gl 7.93 +5389 9.18 + 1.90 8.45 +0.28 7.74 +2.09
Height of first pod
L ol 1.26+0.76 1.85+0.08 1.57+0.27 2.02+0.23
No. of sub-branch
Gt oo il 2l 2537.47 +7.22 2362.07 +0.20 230554 + 2.58 2037.67 +12.38
No. of seed per m?
$lsdo O3 3 10.94 + 2.36 10.91 + 2.08 10.21 +4.41 10.44 +2.28
100 seeds weigh
S A S p el 528.43 + 3.27 530.48 + 3.67 499.82 +2.32 446.60 +12.72

Leaf area per plant

[
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ol s b (8 US02) o5 Sl 3 p05 53 0
Apea (oo adlie oS palde 5 sl adlfe 2l nslie) by
(Joolm Al s &S spde Sl B 55 4l
3 55 4l 3 G125 G11 G5 (G2 Gl slasi 5
5 bl Kb bl slhs G55 Ol 5 A S
o g S lesl s (Babaei et al, 2021) O, Kes
3 See 551G s sl sl 55 golb 5 85l
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£33 Wie sy e p S, ol B PHERNEPH
e Lota LUl sl a5 1) JS lls Sl Ao s YAV
Cmomes Dy £ b el sl 5 AUS L 3y, Sl bess
SVl (& JS) 438 ey PC2 Llas 53 PCT o5yl
O sy s o QL 1y py 5550 Dlbo s Laily; 5 S
LS o e IV S e a |y e Dlio S plals
Sl esl asly s e LS 1 LOT o oo )8 St
S (Stsot (SNl SIS 2 i 4l 5 Cte  Sirad

by Sl si3 o s Dlis (65,5 » ol slaad o 4 4 28 —A Jsir
Table 8. Principal component analysis of different traits in soybean genotypes

Slas J)\ UJ}A €}> 4.133.»
Traits PC1 PC2
als 3 Ko 0.46 0.01
Seed yield
S B 0.38 0.14
Day to maturity
AL S -0.13 0.57
Day to flowering
G o3 I sl 0.24 0.35
No. of pod per plant
S (U 0.26 0.03
Plant height
SN sl | 0.17 0.36
Height of first pod
TS St -0.20 0.57
No. of sub-branch
g 03 wls sl 0.40 0.07
No. of seed per m?
S ke O35 0.26 0.13
100 seeds weigh
et dendtag 0.42 0.19
Leaf area Index per plant
5 e 4.18 1.87
Eigenvalue
oty A3 41.90 18.70
Variance ( %)
e Sl 41.90 60.60

Cumulative variance (%)
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Figure 4. Diagram of soybean genotypes distribution over the first and second components
! CUJ)\ FPH <& o CUJ) PH 55 53 Y slus NP ¢ aulS U 55, :DF ¢ S, b 55, DM tals 5 Slas GY
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GY: Grain yield; DM: Days to maturity; DF: Days to flowering; NP: No. of pods per plant; PH: Plant height; FPH: First
pod height; NN: No. of sub-branches; NS: No. of seeds per m?, HGW: Hundred grain weight; LA: Leaf area per plant
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A slanY anlis 5wy s (Razmietal., 2021)
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Abstract

Soybean is the promising oilseed in the face of protein and oil shortage. In this study 16 advanced soybean
genotypes, in terms of seed yield and yield components were evaluated using multivariate statistical
methods. This experiment was carried out in the form of randomized complete block design (RCBD) in the
research farm of Ardabil Agricultural and Natural Resources Research Center (Moghan) for two consecutive
years (2017-2018). Combined analysis of variance emphasized the statistically significant differences for
seed yield, yield components and growth period among these soybean genotypes. Based on the mean
comparison results, G1, G5 and G11 genotypes had the highest grain yield, longest growth period was
observed in G1, G16 and G6 genotypes and highest number of seeds per m? was belonged to G1, G16 and
G9 genotypes. The broad sense heritability for plant height, seed yield and number seed in m? were 0.92.07,
75.31 and 79.25 percentage, respectively. Also, the results showed that there was a positive and significant
correlation between seed yield and leaf area of per plant, growth period, number of seeds per m? and number
of pods per plant. Genotypes were classified into four distinct groups in cluster analysis and
the Ward method. The results of principal component analysis and biplot confirmed by the clustering
results, t00.G1, G2, G5 and G11 genotypes belong to the first group from cluster analysis with higher seed
yield and number of seed per m?, and these genotypes are recommended in future breeding programs.
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