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Evaluation of genetic variation and relationships of agronomic traits in
soybean genotypes under normal irrigation and water deficit stress
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Table 1- List of investigated soybean genotypes under normal and water deficit stress

Eﬁgy Genotype Eﬁg Genotype Eﬁgy Genotype Eﬁgy Genotype
1 GN 2172 11 GN 2165 21 GN 3071 31  ChalestonxMostang/12
2 GN 2002 12 GN 2095 22 GN 3074 32 SpryxNemaha/3
3 GN 2130 13 GN 2087 23 GN 3070 33 SpryxNemaha/8
4 GN 2171 14 GN 2040 24 GN 3065 34 SpryxSavoy/2
5 GN 2167 15 GN 2046 25 GN 3025 35 SpryxSavoy/3
6 GN 2166 16 GN 2015 26 GN 3027 36 L6-P79
7 GN 2157 17 GN 2032 27 LianaxL32/2 37 DI74
8 GN 2156 18 GN 2011 28  HachestonxL16/16 38 D42.19
9 GN 2152 19 GN 2034 29 LianaxL32/3 39 D42.14
10 GN 2125 20 GN 2003 30 Stressland x 40 D42xWill 82
NMSB/3
A el dle 5o GaslesT lar! Joms sl Dlo gomst =Y J gl
Table 2- Meteorological information of experimental site in 2014
Maximum Average of dry Avergge of Av.er~age of Rainfall
Month wind speed weather maximum minimum (mm)
(km/h)  temperature (°C) temperature ("C) temperature (°C)
ols NICP (K e Ly S e Lo Joli> Jawgia Sk
“arvardin 21 March- 20 April 13 14.44 19.52 5.95 10.70
Jrdibehesht 21 April- 21 May 17 22.52 27.61 14.06 12.00
<hordad 22 May- 21 June 19 26.49 31.85 16.66 21.50
[ir 22 June- 22 July 12 30.89 36.79 20.84 0.00
Viordad 23 July- 22 August 10 30.30 36.48 20.40 0.00
shahrivar 23 August - 22 September 11 26.32 33.53 18.15 0.00
Viehr 23 September - 22 October 14 17.82 24.66 11.51 12.80
Aban 23 October - 21 November 10 9.35 14.88 4.52 23.90
Azar 22 November - 21 December 10 5.99 10.48 2.46 31.40
Jay 22 December - 20 January 11 5.22 10.30 0.16 7.60
3ahman 21 January - 19 February 11 7.15 12.32 2.23 19.40
Isfand 20 February - 20 March 13 6.43 12.79 0.74 19.60
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Table 3- Soil analysis in the experimented place in 2014

Sampling soil depth (cm)
STl (615 s gas Gos

Characteristics Sladis

0-30 30-60
Electrical conductivity (ds.m-1) EVF=-V/JUNR 1.39 1.19
pH pH 7.30 7.10
Total Neutralizing Value (%) SaT slsm 355 8.19 8.38
Saturated water content (%) ol 3,1kl DT (g sies 36 38
Organic Carbon (%) STosS 0.87 0.97
Total Nitrogen (%) JS 055 0.09 0.04
Absorbable Phosphate (mg/kg) ol JB ud 14.70 15.6
Absorbable Potassium (mg/kg) e JB ly 171 139
Clay (%) o) e 31 26
Silt (%) e Loy 44 45
Sand (%) e e 25 29
Soil texture S il Clay Loam Clay Loam
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Table 4- Analysis of variance for phenological characters in 40 soybean genotypes under normal irrigation condition

Mean square

Days Days to Days to . Days to .
o Degree To UMMMHHO beginning of  end of seed mo%mwﬁwm beginning of MM@ MO%MMMWN WMWMLM
Source of variation of flowering _uaﬂuvm seed forming filling R5-R6) maturity Am_w 1-RT) RS) Y
freedom Ry ®R5) R6) ) ®R7) -
Replication 2 10.41 s 16.66 " 18.76 " 24.86™ 1.43ns 436.91™ 312.43™ 19.08 s
Genotype 39 5.01m 18.15" 26.71"" 105.49™ 62.15" 117.18™ 111.23™ 98.57m
Error 78 4.75 11.53 7.05 33.18 22.86 34.83 29.53 69.01
Coefficient of variation (%) - 6.63 6.98 4.39 6.87 20.35 6.54 9.45 7.61
Phenotipic coeff. var. (%) - 3.93 5.06 4.94 7.07 19.37 6.93 10.59 5.25
Genotypic coeff. var. (%) - 0.90 3.06 4.24 5.85 15.4 5.81 9.07 2.87
Broad sense heritability (h?) - 0.35 0.36 0.74 0.69 0.63 0.7 0.73 0.3
Genetic advance percentage of mean - 0.14 1.85 4.52 8.37 5.93 9.05 9.21 3.54
Genetic advance percentage of mean (%) - 0.42 3.8 7.49 9.98 25.22 10.03 16.02 3.24
TS A Ll Con e 55 P 53 6558 Dlio il 4 g 7 s
Table 6- Analysis of variance for phenological characters in 40 soybean genotypes under water-deficit condition
Mean squart
Days to .
Degree  Days to Days to beginning Ummm HM wm_w.o d @Um.%m to Reproductive Days to
iati flowering poding of seed enc ot Hng cgimning stage maturity
Source of variation of RD) ®R3) formin seed filling  duration  of maturity duration RS)
freedom ®s. RO (R5-R6) R7) R1-R7)
Replication 2 30.78" 156.01™ 64.13* 52.23" 0.86™ 949.98*" 763.26™ 58.28 ™
Genotype 39 3.03™ 15.40™ 48.54™ 66.34"" 12.99* 189.51™ 167.43™ 48.49"
Error 78 1.47 6.04 9.8 16.33 42 81.33 67.38 26.18
Coefficient of variation (%) - 3.71 52 5.39 5.29 11.19 10.58 15.67 5
Phenotipic coeff. var. (%) - 3.08 4.8 6.92 6.15 11.36 9.33 14.27 3.93
Genotypic coeff. var. (%) - 2.21 3.74 6.18 5.34 9.35 7.05 11.03 2.67
Broad sense heritability (h?) - 0.51 0.61 0.8 0.75 0.68 0.57 0.6 0.46
Genetic advance percentage of mean - 1.07 2.84 6.61 7.3 2.9 9.35 9.2 3.81
Genetic advance percentage of mean (%) - 3.26 6 11.38 9.56 15.84 10.97 17.56 3.73

A
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Table 7- Analysis of variance for morphological, yield and yield components characters in 40 soybean genotypes under water-deficit condition

Hundred-seed  Grain No. of seeds No. of pods No. of pods No. of sub  piant Relative .

oy Degree of ioht ield lant lant in sub branch . Water Oil .

Source of variation freedom weig yie per plan per plan branches °remehes  Height  .ontent content Protein

(HSW) GY) (NP) NN) NB) NS) (HP)  RwO)

Replication 2 091" T:m:mm.mm 57.86" 3.57m 0.82" 2.00™  36.25™ 42.28™ 0.60™  4.71™

Genotype 39 2.73™  )70467.09" 147.10" 8.40™ 0.42" 1.88™ 237.86™ 55.84™ 1.59™ 5.34"
Error 78 1.94 121351.22  37.65 227 0.23 0.68 49.54  51.61 0.38 2.29
Coefficient of variation (%) - 13.44 21.96 27.24 15.09 22.02 25.92 1594 2635 2.72 4.11
Phenotipic coeff. var. (%) - 9.21 35.86 31.08 16.78 17.33 24.96 20.17  15.83 3.22 3.62
Genotypic coeff. var. (%) - 4.95 33.54 26.81 14.33 11.66 19.94 17.95 4.36 2.81 2.74
Broad sense heritability (h?) - 0.29 0.87 0.74 0.73 0.45 0.64 0.79 0.08 0.76 0.57
Genetic advance percentage of mean - 0.57 1025.14 10.73 2.52 0.35 1.04 14.52 0.67 1.14 1.57
Genetic advance percentage of mean (%) - 5.49 64.64 47.64 25.23 16.15 32.82 329 2.47 5.05 4.26

ns, * and ** Non-significant, significant at 5% and 1% probability level, respectively.

falS

el &l Ol 5 a0 55 g 4l sluas

Masoudi ef) 5 4 o 413 oIl Os ¢S 58

S5 3luas 5 OO sl b b 51 5 (al., 2008

Coguen by 3 Ses Lol el OO s

b 55 ol &

Cand 4S5

ST

”a

LS

ol Sl el

'UP@.TFJVJJJ

”~

b

BESTERIPCITELY

29
W g 53 &l 3w guee SialS Esly

bl wls

3l

219 7
5 5719
LS

ﬁmuu/m
23 /(f
C It
wmmc
3 5 4 4
a9~ N A
)Oo.ﬂ.)
28 9 5
.M.”J.&ay
2 Ty 3

23
1 3
o)
a 3
3 4
L3
i
3 M,r
@ 0
5 3

.tuuﬂﬂww@Lrﬁvdm%rlzuuu_o%c_urﬂ.hhﬁ.wr.\%%f.

L«o—(.)ﬂ.«;

S
BE el M‘?u d‘f’ ‘5‘]3 LSL'szj

ol su'.sj.(l.‘..s

P A

[Re aw
Ibu
N 3
fu i
mm. ...wh
4 a2 .
. i)
N
DA

5

9 i

o

STy

2 b gl gl o Sles sl

a0

53 Shes alS S 5 8
Lo

s

—

b Ly o o]

150055 Jsb

oS 55 S

_)'.’,.ﬁg_s‘i".’.

LS
sk AL als pUd

JJa

Ol

L

. . -

G

oS O

5 Shes Sdl sl

L !

; b S0 9d leé J&AK

s
Ao Olas Shee 15

% 9 % s



e #03 Slio Ll 5 (S5 855 b5

TS 5 5 Jl s LT Bl o b (55 ¥ 3 2 350 Dl Dl 43 5 580ba A sl
Table 8- Means and percentage of variations of investigated characteristics in 40 soybean geno
types under normal irrigation and water-deficit stress conditions

Normal d\Zt:?::?trs Reduction
rate (%)
Traits Slie — stress
ol -
e &S A S e 5
Days to flowering (R1) NI ER PPN 32.86 32.68 0.56
Days to poding (R3) PN Sy sl 48.62 47.24 2.83
Days to beginning of seed forming (R5) 415045 5 g5 b 5y, slaas 60.41 58.11 3.81
Days to full seed (R6) als04d 5 G 5y, sl 83.91 76.43 8.92
Seed filling duration (R6-R5) Sls 0 5 eys5 b 23.50 18.32 22.06
Days to beginning of maturity (R7) Oy 975 B 55 3l 90.19 85.23 5.51
Reprodactive stage duration (R7-R1) =385 dsb 57.52 52.37 8.95
Days to maturity (R8) Oy B 555 3lias 109.23 102.28 6.36
Grain yield (GY) 4ls 3 Slos 2794.03 1585.98 43.24
Hundred-seed weight (HSW) als 558 05 12.27 10.36 15.53
No. of seeds per plant (NP) G55 als slas 29.46 22.53 23.53
No. of pods per plant (NN) G5 > OV sl 12.73 9.97 21.69
No. of pods in sub branches (NB) A sl 5> O sl 2.59 2.16 16.58
No. of sub branches (NS) ALl 3.21 3.17 1.28
Plant height (HP) S i) 62.89 44.15 29.80
Relative water content (RWC) s 2Tl s 30.68 27.26 11.16
Oil content S Sl s 24.08 22.61 6.09
Protein OS5 Ol 32.89 36.83 -11.96

55855 Olalllae g1 01§ 0 b5 535
La!.:},g}a:u:*»\&'\drfui;?@&d&hw
o5 s dbe g b Ll b Cow S (6l
5 5 db s eoll Ll s gs a5 Al gy oS
Ol 31 ot 0L Vb b 3 Shas TS
DA2I4 S 55 o p 250 ST 5)
Lyl 4 >3 DI-74 3 D42.19 SpryxSavoy/3
s 3 Shos 28l s G b Sl 5 dmils
Ol o T 51005 o0 a8 Wisls OLES (g 28
535 3k TS 5 4 Jeie o 55
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Table 9- Average of grain yield and yield reduction percentage in 40 soybean genotypes under normal irrigation and
water-deficit stress conditions
Water deficits Grain yield reduction (%)

Entry No. Genotype Normal stress
LT s PHEN 2alS oo
b i w55 T 2 e TS s S S Candne
Jb 5

1 GN-2172 2741.00 1738.33 36.58

2 GN-2002 2110.33 1876.00 11.10

3 GN-2130 2550.00 1089.00 57.29

4 GN-2171 1784.67 219.67 87.69

5 GN-2167 1779.00 761.33 57.20

6 GN-2166 2328.33 1757.33 24.52

7 GN-2157 3500.33 1564.00 55.32

8 GN-2156 3003.33 770.67 74.34

9 GN-2152 2429.67 938.67 61.37

10 GN-2125 2012.00 1806.00 10.24

11 GN-2165 1685.00 1516.00 10.03

12 GN-2095 2582.67 1104.00 57.25

13 GN-2087 1969.33 809.33 58.90

14 GN-2040 2108.67 1278.33 39.38

15 GN-2046 2899.00 1572.67 45.75

16 GN-2015 2371.00 1427.67 39.79

17 GN-2032 2381.67 1072.67 54.96

18 GN-2011 2380.67 1632.00 31.45

19 GN-2034 3517.33 1649.33 53.11

20 GN-2003 2171.67 1173.00 45.99

21 GN-3071 3226.67 1818.33 43.65

22 GN-3074 3043.33 1706.67 43.92

23 GN-3070 2626.33 2027.33 22.81

24 GN-3065 2425.67 1717.33 29.20

25 GN-3025 3026.33 1273.33 57.92

26 GN-3027 2659.00 1095.67 58.79

27 LianaxL32/2 3699.00 2140.00 42.15

28 HachestonxL16/16  3305.67 2325.00 29.67

29 LianaxL.32/3 2900.67 1558.67 46.27

30 StresslandxNMSB/3  2922.00 1974.33 32.43

31 ChalestonxMostang/12  4092.33 2346.33 42.67

32 SpryxNemaha/3 2842.33 1682.33 40.81

33 SpryxNemaha/8 2567.67 1052.00 59.03

34 SpryxSavoy/2 2910.67 991.67 65.93

35 SpryxSavoy/3 3999.67 2494.67 37.63

36 L6-P79 2301.00 1631.33 29.10

37 DI-74 3080.67 2194.00 28.78

38 D42.19 3174.00 2107.33 33.61

39 D42.14 3927.33 2856.00 27.28

40 D42xWillg2 4725.00 2691.00 43.05
Sl g 55l Do Jlel dias 0L DAZKWIIIS2 5 55 4l 3 305 3 e TS
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Table 10- Result of factor analysis in 40 soybean genotypes under normal irrigation condition

Communality First Second Third Fourth Fifth  Sixth
factor factor factor factor factor factor
Traits Slae S iy LS L6 LSk LS LS
A S s s S
Days to flowering AEG 5, ol 0.822 0.850 0.016 0.166 0.040 0265 -0.004
Days to poding P3SN 5y, sl 0.567 -0.298 0.662 0.079 0.021 -0.052 -0.173
Day:efdbfzgﬁ?;zg of NP AE FRIRY 0904 0913 0.188 0.164 0.052 0071 -0.019
Days to end of seed filling als 0us 5 B 5, 5les 0.957 0.567 0.772 0.084 0.074 -0.164 -0.016
Seed filling duration ls O 5 oy93 sk 0.869 0.140 0.882 0.002 0.062 -0.260 -0.009
Days to beginning of maturity Ok £33 G 555 31 0.853 0.885 -0.030 0.019 -0.234 -0.113 0.013
Reproductive stage duration 8,50 dsk 0.857 0.882 -0.153 -0.001 -0.205 -0.102 0.045
Days to maturity Ostry B 595 3183 0.693 0.500 0393 0.323 0335 -0.191 -0.187
Grain yield s 5 Slas 0.769 0.223  0.582 -0.502 0.173 0.303 0.082
Hundred-seed weigh als )l 05 0.911 -0.162 -0.018 0.190 0.407 -0.235 0.792
No. of seeds per plant G 53 als Sldes 0.859 -0.116 0.240 0.408 -0.104 0.774 0.111
No. of pods per plant @ g2 53> e sl 0.478 0.018 0496 -0.078 -0.468 -0.006 -0.078
No. of pods in sub branches A sl 53 SN sl 0.700 -0.244 0.297 0474 0494 0.064 -0.283
No. of sub branches # A Lol 0.845 -0.243  0.803 -0.359 -0.079 -0.082 -0.007
Plant height G gl 0.727 0.192  0.650 -0.221 0.025 0.256 0.392
Relative water content i ST sl 0.529 -0.318 0.155 -0.417 0.397 0.127 -0.236
Oil content (1) 4ls 255 5 5oma 0.805 0.581 -0.477 -0.415 0259 0.030 -0.006
Protein () @15 (55 1 6 5 0.708 -0.494 0467 0247 -0.385 -0.127 0.144
Eigenvalues o3 p3lie - 4727 4294 1443 1273 1.086 1.031
Cumulative of variance (%) (Ao 33) ras bl - 26.261 50.114 58.130 65.205 71.241 76.967
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Table 11- Result of factor analysis in 40 soybean genotypes under water-deficit stress condition

Communality First Second Third Fourth Fifth  Sixth

factor factor factor factor factor factor

Traits Sl GESE LS LS LS LS LS

ST 280 O e
R R e i s T s
Days to flowering P 5 sl 0.687 0.533 -0.291 0.494 0.011 0.134 -0.236
Days to poding PIONE B 5y, sl 0.760 0.722 -0.236 -0.177 0.336 0.011 -0.197
Days to beginning of §ls0b ey, 50555 0887 0.697 0581 0.167 -0.097 0.151 -0.054
seed forming

Days to end of seed filling Gls O 5 B 5, slies 0.938 0.809 0.412 -0.036 0.166 0.240 -0.165
Seed filling duration s 0Ad o33 dsb 0.882 0.482 -0.193 -0.404 0.562 0.249 -0.268
Days to beginning of maturity 04w g4 6 55 slies 0.921 0.550 0.662 0.337 -0.215 -0.093 -0.104
Reproductive stage duration 3859 dsb 0.895 0.507 0.619 0.405 -0.266 -0.131 -0.052
Days to maturity Oy B 595 3las 0.812 0.440 0.501 -0.319 0.219 0.363 0.295
Grain yield als 3 Shas 0.669 0.633 -0.359 -0.226 -0.047 0.073 0.284
Hundred-seed weigh als ol 055 0.528 0.234 -0.547 0.078 -0.279 0.005 -0.301
No. of seeds per plant C g 03 4ils Sl 0.864  -0.175 0.257 0.343 0.678 -0.412 -0.142
No. of pods per plant 42 55 e sl 0.899 0.654 -0.550 0.276 0.064 -0.030 0.294
No. of pods in sub branches = #4 sbali s SMesls 0,632 -0.091 -0.106 0.601 0.355 -0.351 -0.039
No. of sub branches oA el sl 0.723 0.658 -0.488 0.106 -0.053 -0.123 0.150
Plant height <5 gl 0.813 0.699 -0.322 0.358 -0.072 -0.114 0.272
Relative water content e T Sl g 0.667  -0.188 0.241 0.209 0.275 0.059 0.672
Oil content S Sl g 0.893 0.531 0.099 -0.528 -0.204 -0.531 -0.002
Protein S Ol 0.896  -0.368 -0.191 0.600 -0.056 0.596 -0.083

Eigenvalues oy p3las - 5228 3.012 2281 1.428 1.284 1.132

(Ao y3) ez =ibylg 29.04

Cumulative of variance (%)

5 45.779 58.453 66.385 73.521 79.808
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Figure 1- Distribution of 40 soybean genotypes on the basis of first and second components
under normal irrigation condition
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Figure 2- Distribution of 40 soybean genotypes on the basis of first and second components
under water-deficit stress condition
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Introduction: The soybean (Glycine max L.) is one of the most important
source of grain oil and protein in the world. It contains 18 to 22% oil and 40 to
50% good quality protein. The low productivity of the pulses especially soybean
may be attributed to their susceptibility to pathogenic microorganisms, biotic and
abiotic stresses. Soybean production is expected to increase significantly in the
world. However, the yield of soybean is still low. The cultivation of soybean in
arid and semi-arid areas which face drought and are poor in soil nutrients is one of
the main reasons for the low yield of soybean. Evaluation of genetic diversity and
identifying genotypes with high yielding potential and tolerant to the environment
stresses could be valuable for progressing in future breeding programs.

Materials and Methods: In order to evaluate of genetic diversity and tolerance
to water deficit stress, 40 soybean genotypes were selected from maturity group 111
and IV and evaluated in a randomized completely block design (RCBD) under both
normal and water deficit conditions, in 2015 on the research field of Seed and Plant
Improvement Institute-Karaj, with three replications. Agronomic characteristics
were including days to flowering (R1), days to poding (R3), days to beginning of
seed forming (RY5), days to end of seed filling (R6), seed filling duration (R5-R6),
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days to beginning of maturity (R7), reproductive stage duration (R1-R7), days to
maturity (R8), hundred-seed weight, number of seeds per plant, number of pods
per plan, number of pods in sub branches, number of sub branches, plant height,
relative water content, oil content, protein and grain yield. After normality test of
errors distributions, test of equality of variances and test of the additive effects of
treatment and block, data were statistically analyzed using GLM procedure with
SAS 9.4. Principal component analysis and drawing of biplots were performed
using SPSS 21 and Statgraphics 16, respectively.

Results and Discussion: Under both normal irrigation and water deficit
condition grain yield, number of seeds per plant and number of sub-branches
showed not only higher phenotypic and genotypic coefficient of variation, but
also illustrated higher heritability and genetic advance. Grain yield (43.24%),
plant height (29.84%), number of seeds per plant (23.53% ), seed filling duration
(22.06%) and number of pods per plant (21.69%) showed higher reduction in
water deficit stress, respectively, while oil content increased under water deficit
stress conditions (11.96%). Days to flowering, number of sub branches, days to
poding and days to beginning of seed forming had the least reduction with 0.66,
1.28, 2.83 and 3.81 percent, respectively. The GN-2171, GN-2156, SpryxSavoy/2
and GN-2152 genotypes showed higher grain yield reduction with 88, 74, 66 and
61 percent, respectively while GN-2125, GN-2165 and GN-2002 had lower grain
yield reduction with about 10 to 11 percent. Although GN-2125, GN-2165 and GN-
2002 genotypes showed lower yield reduction under water deficit stress condition,
they did not have higher grain yield under both normal irrigation and water deficit
stress conditions. Not only the D42.14, SpryxSavoy/3, D42.19 and DI-74 genotypes
under both normal irrigated and water deficit conditions had higher grain yield but
also they showed lower grain yield under water deficit stress. Corresponding biplot
graph, the L6-P79, ChalestonxMostang/12, D42xWill82, SpryxSavoy/3 and DI-74
genotypes revealed higher values of the factors of grain yield and its components
which they could be consider the genotypes with high grain yield in both normal
irrigation and water deficit condition.

Conclusions: Although, the D42xWill82 and ChalestonxMostang/12 genotypes
had high grain yield in both condition but they showed high reduction in water
deficit stress condition. So, they are suitable to be cultivated in both normal
irrigation and water deficit stress even though they are relatively sensitive to water
deficit stress condition.
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