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Extended abstract

Introduction

Selection efficiency requires complete and accurate knowledge of genetic parameters such as
heritability, phenotypic and genotypic variation coefficient, environmental variance, selection response,
genetic gain, genetic and phenotypic variance, genetic and phenotypic correlation between traits that
the breeder consciously chooses the appropriate selection method in breeding populations. In this study,
some genetic parameters for yield and soybean agronomic and reproductive period characteristics under
normal and stress conditions were estimated and drought tolerant genotypes are determined by the
Ideal Genotype Selection Index (SIIG).

Materials and methods

In 2013, in an experimental farm in Karaj, 50 soybean genotypes were cultivated in two normal and
drought stress conditions in a randomized complete block design with three replications. Irrigation cycle
was determined based on the amount of evaporation from the surface of Class A pan. During the growth
period, the reproductive period characteristics and after the ripening agronomic traits were evaluated.
After collecting experimental data, analysis of variance, mean, minimum, maximum values of traits,
heritability, phenotypic and genotypic variation coefficient, environmental variance, selection response,
genetic gain, genetic and phenotypic variance, genetic and phenotypic correlation, and SIIG index
method was used for grouping genotypes based on drought tolerance.

Results and discussion

Among the the reproductive period characteristics the highest and lowest genetic gain in normal
conditions were 21.40 and 3.95% for day to the beginning of seed filling and the Reproductive relative
duration respectively and in stress conditions were 21.9 and 7.3% for day to the beginning of seed filling
and the Reproductive relative duration respectively.In normal conditions, the highest genetic gain was
0.52 for the number of pods per plant and the number of branches and the lowest genetic genetic gain
was 0.14 for the number of nodes per stem. In stress conditions, the highest and lowest genetic gain were
104% and 0.14 for the number of pods per plant and the number of nodes per stem, respectively. In
normal conditions, among the agronomic traits, the highest values of response to indirect selection of
grain yield were 1.6 and 1.41 g, through 100-grain weight and number of seeds per plant respectively and
in stress conditions, the highest values of response to indirect selection of grain yield were 1.04, 0.89
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and 0.87, through The number of branches, number of seeds per plant and weight of 100 seeds were
obtained respectively. Also, according to the Ideal Genotype Selection Index (SIIG), five genotypes were
in the tolerant group, seven genotypes in the semi-tolerant group, 11 genotypes in the semi-susceptible
group and 27 genotypes in the susceptible group. Roanak, Kabalovskaja and TMS genotypes were
identified as the most drought tolerant and AGS 363, Hermen and Kuban as the most drought sensitive

genotypes.

Conclusion

Based on the results, acceptable phenotypic and genotypic diversity in terms of agronomic traits was
observed among the studied genotypes. Most of the genetic parameters measured were almost identical
under both normal and stress conditions. The characteristics of the reproductive period had higher e
selection response (direct and indirect), higher broadsense heretability and higher genetic gain than the
agronomic characteristics. The highest indirect to direct selection efficiency for grain yield were obtained
from number of seeds per plant and 100-seed weight under normal conditions,and The highest indirect
to direct selection efficiencies were obtained from number of sub-branches, number of seeds per plant
and 100-seed weight in stress conditions. Also in this study, based on the ideal genotype selection index
(SIIG), Roanak, Kabalovskaja and TMS genotypes were identified as the most tolerant and AGS 363,
Hermen and Kuban as the most sensitive genotypes.

Keywords: Agronomic traits, Genetic gain, Heritability, Reproductive stages trait, Selection efficiency,
Selection index of ideal genotype
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Table 1. Drought tolerance indexes used and related references.
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Table 2. Statistical and genetic parameters of agronomic and reproductive stages characteristics of soybean
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Genotypic variance

SPFIEF XS 10, 0.08,
Phenotypic variation coefficient

SHETEN ward 09 (.08,
Genotypic variation coefficient

Broadsenes heritability

91.9™ 954" 941 973 20.1"" 0.003"

44 10.5 13.6 13.0 124 0.002

63 77 &7 95 14 0.56

54-72  67-99 77-105 84-113 7-22  0.5-0.6

30.6 31.8 314 324 6.7 0.001

29.2 283  26.86 28.10 2.6  0.0004

0.09. 0.07.  0.06. 0.06r 0.18.  0.05_

0.09. 0.07.  0.06. 0.06. 0.11.  0.04L

095y 089y 086y 0.87y 0.38vw 0.45m




e by 53 oS G5 Ll )0 (oialy Jolie 5 (oo Slao it i g oities (5255 & Gly (o) i SLL

Table 2. Continued aolol.Y Jgus

BB BP BS FS BM FM SFD RD

Normal J

(Oloy ooSbo) el og 7 44™ 43077 257 205 12725 05 227"
Genotype (MS)

(o oeSlolles ) 5 13 1340 06 18 6303 02 136
Error (MS)
oSk 50 1270 329 27 130 481 2.1 8.8
Mean
Ol i diols 26,7 41.9- 3.8-
9.6-154 19-945 09-53 64-247 0.7-3.7
Variation range 754 146.9 202
P ol g3 15 1436 08 68 4242 02 7.6
Phenotypic variance
SISl g0 14 989 06 62 2141 01 301

Genotypic variance

PR EM e 510 010, 036w 034w 0200 043y 0.19. 031y
Phenotypic variation coefficient

GHEIEN xS 47 008, 030n 029 019, 030w 015 020
Genotypic variation coefficient

e hs pes 071, 069 075x  091n  0.50m  0.64n  0.40w
Broadsenes heritability

Stress s

(Oloy ooBbo) wisl Her a4 527 7049% 36 1677 857.9% 04" 11.0%
Genotype (MS)

(Clop oSkt 0h g 20 1129 05 13 4454 01 6.7
Error (MS)
oSl 430 116 254 27 121 471 20 6
Mean
Ol gt il 26.7- 11.6- 21.8-
8.8-16.1 1379 58212 0826 2.1-114
Variation range 69.6 115 90.8

i ol 89.14 1.73 234.95 1.19 5.58 285.97 0.12 3.65
Phenotypic variance

S5l g 11 1973 1.02 52 1375 0.1 14
Genotypic variance

EESEST S 00 011, 060 041w 020 036w 018, 034y
Phenotypic variation coefficient

GSHREF S 19, 009, 055 037w 019, 025 0.5 021
Genotypic variation coefficient

GEPEGAREI 073 0.624 084y 0855 0925 048y 072 039
Broadsenes heritability
G 59, BM ails JolS" fyals 55 b 59, FS wals ol 5 £9,5 U 59, BS cgasy @M U 35, :BP 205 b 59, BB Juli ily Jolye Sliogas
g glis )| PH s olss sl Slio  cialy ol e oo Jsb RD (Gs,) ails o 5 >le Jsbo SED «JalS (e, B 59, FM ey £,
olaxs INSP gy ;o ails slows NS (p,5) ails wo 59 SW ¢ 2,3 asLi olass :NB gy 1o B olaws NP bl )5 0,5 slass NN o e s6les)
Gy (100 < 3ly s (V0 S Lawgie S /B¢ /YO > o8 eid 5 S5 £55 culpd (p,5) Wg S 3, Shos SYP B Lo als

15 <ol g (I Slangia S fFe /Y > () sages

Reproductive period characteristicsIncluding:BB: day to beginning bloom, BP: day to beginning pod, BS: day to beginning
seed filling, FS: day to full seed, BM: day to beginning maturity, FM: day to full maturity, SFD: seed fill duration (days),
RD: Reproductive relative duration, and agronomic triats including: PH: plant height, NN: number of nodes, NP: number of
pods, NB: number of branches, SW: 100 seed weight (g), NS: no.of seed per plant, NSP: no.of seed per pod, SYP: seed yield

per plant (g); Phenotypic and Genotypic variation coefficient (L < 0.25, 0.25 <M < 0.50 and H > 0.50), Broadsenes
heritability (L < 0.30, 0.30 <M < 0.60 and H > 0.60),
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Fig. 1. Genetic gain resulting from direct selection of agronomic and reproductive period characteristics in
normal and stress environments (Blue= normal & Red = Stress); BB: day to beginning bloom, BP: day to
beginning pod, BS: day to beginning seed, FS: day to full seed, BM: day to beginning maturity, FM: day to full
maturity, SFD: seed fill duration (days)RD: Reproductive relative duration, PH: plant height, NN: number of
nodes, NP: number of pods, NB: number of branches, SW: 100 seed weight (g), NS: no.of seed per plant, NSP:

no.of seed per pod, SYP: seed yield per plant (g).
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Table 3. Direct and indirect responses’ to the selection of agronomic and reproductive stages
characteristics under normal and stress conditions

Normal BB BP BS FS BM M SKD RD
BB 7.30 7.47 10.25 8.74 8.98 8.96 -1.51 -0.03
BP 6.68 9.05 11.99 10.71 9.66 9.59 -1.28 -0.02
BS 6.12 7.99 13.88 11.33 9.91 9.88 -2.55 -0.02
FS 5.86 8.02 12.72 11.87 10.13 10.10 -0.85 -0.01
BM 6.29 7.56 11.63 10.58 9.86 9.73 -1.04 -0.02
FM 6.27 7.49 11.58 10.54 9.72 9.79 -1.04 -0.02
SFD -2.22 -2.10 -6.28 -1.86 -2.19 -2.18 4.42 0.01
RD -4.24 -3.59 -3.88 -2.62 -3.51 -3.54 1.25 0.02
HP 1.96 4.33 7.51 8.60 6.57 6.57 1.09 0.01
NN 1.58 3.89 6.83 6.69 4.52 4.48 -0.13 0.004
NP 2.19 2.88 3.27 1.69 0.63 0.58 -1.58 -0.02
NB -0.43 -0.20 -2.27 -2.48 -3.06 -3.06 -0.21 -0.01
SW -2.01 -2.20 -0.64 -2.01 -0.94 -0.93 -1.37 0.02
NS -0.64 -0.10 0.44 -0.02 -0.10 -0.13 -0.46 0.01
NSP -0.98 -1.02 -0.86 -0.07 0.93 0.89 0.79 0.01
SYP -2.20 -1.33 0.16 -0.80 -0.52 -0.57 -0.96 0.02

Stress BB BP BS FS BM M SFD RD
BB 6.16 7.10 9.24 8.08 7.46 7.41 -1.15 -0.03
BP 6.61 8.39 9.61 8.98 8.73 8.92 -0.63 -0.02
BS 6.71 7.50 10.86 10.21 10.13 10.35 -0.64 -0.02
FS 5.76 6.88 10.03 10.34 10.21 10.37 0.31 -0.01
BM 5.36 6.73 10.01 10.28 9.88 10.10 0.27 -0.007
FM 5.23 6.77 10.06 10.27 9.93 10.16 0.20 -0.005
SFD -1.79 -1.05 -1.38 0.67 0.58 0.44 2.05 0.02
RD -3.46 -3.45 -3.54 -1.75 -1.29 -0.99 1.79 0.03
HP 2.54 3.64 5.69 5.72 5.02 5.18 0.02 -0.001
NN 2.98 4.35 5.39 4.26 3.12 3.31 -1.13 -0.01
NP 3.31 4.24 3.57 1.50 1.52 1.67 -2.07 -0.03
NB 2.59 3.44 2.22 0.79 0.45 0.45 -1.43 -0.02
SW -2.36 -2.78 -2.71 -3.36 -2.26 -2.07 -0.65 0.01
NS 1.23 3.23 2.13 1.40 1.13 1.24 -0.73 -0.01

NSP -2.22 -1.11 -1.35 -0.004 0.85 0.87 1.35 0.03
SYP -0.80 0.90 0.03 -0.69 -0.38 -0.10 -0.72 0.01
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Table 3. Continued aolsl .Y Jgus
Normal HP NN NP NB SW NS NSP SYP
BB 4.64 0.47 6.41 -0.10 -1.28 -3.23 -0.10 -1.48
BP 9.17 1.03 7.54 -0.04 -1.26 -0.46 -0.09 -0.80
BS 10.61 1.21 5.72 -0.30 -0.24 1.31 -0.05 0.06
FS 13.64 1.33 3.32 -0.37 -0.86 -0.08 -0.005 -0.36
BM 10.89 0.94 1.30 -0.48 -0.42 -0.34 0.06 -0.24
FM 10.87 0.93 1.19 -0.48 -0.41 -0.45 0.06 -0.27
SFD 3.78 -0.06 -6.80 -0.07 -1.29 -3.41 0.11 -0.95
RD 3.67 0.20 -7.87 -0.31 1.42 428 0.20 1.89
HP 17.02 1.35 -1.84 -0.45 -0.67 1.94 0.10 0.31
NN 10.76 1.76 7.76 0.10 -1.83 8.10 -0.08 0.33
NP -1.48 0.79 17.00 0.91 -1.55 7.95 -0.34 0.02
NB -4.72 0.14 11.95 1.41 -0.63 5.94 -0.31 0.28
SwW -2.47 -0.85 -7.11 -0.22 4.92 -12.09 -0.16 1.60
NS 0.91 0.48 4.62 0.26 -1.53 21.41 0.23 1.41
NSP 2.49 -0.24 -10.05 -0.70 -1.06 11.82 0.53 0.32
SYP 1.09 0.15 0.08 0.09 1.53 10.58 0.05 2.26
Stress HP NN NP NB SW NS NSP SYP
BB 5.96 0.98 12.63 0.71 -1.39 5.17 -0.19 -0.38
BP 797 1.32 15.04 0.87 -1.52 12.65 -0.09 0.40
BS 9.71 1.28 9.88 0.44 -1.15 6.51 -0.09 0.01
FS 9.58 0.99 4.07 0.15 -1.41 4.21 -0.0003 -0.23
BM 8.46 0.73 4.16 0.09 -0.95 342 0.05 -0.13
FM 8.58 0.76 4.51 0.09 -0.86 3.69 0.05 -0.03
SFD 0.09 -0.57 -12.27 -0.60 -0.60 -4.75 0.18 -0.53
RD -0.28 -0.63 -12.66 -0.86 1.04 -3.71 0.29 0.46
HP 14.15 0.90 0.21 -0.20 -0.36 0.84 -0.01 -0.14
NN 6.46 1.68 18.52 1.25 -1.50 15.25 -0.26 0.67
NP 0.13 1.59 26.52 1.83 -2.04 17.13 -0.38 0.43
NB -1.76 1.51 25.64 1.92 -1.71 20.21 -0.35 1.04
SW -1.43 -0.83 -13.22 -0.79 4.50 -13.33 0.05 0.87
NS 0.47 1.18 15.53 1.31 -1.862 16.75 -0.10 0.89
NSP -0.16 -0.96 -16.56 -1.10 0.31 -4.66 0.52 -0.001
SYP -0.71 0.46 3.44 0.59 1.07 7.91 -0.0002 1.53

wls JolS o 53 b 59, FS s o 5y £9,8 U 59, BSigay B b 35, :BP 205 b 55, :BB : oisly Jolw Sliogas
Sleo cgaly Jolye (ooas Job RD () ails ol Jolpe Jobo SFD LS (s, B 59, FMepam) £958 B 59, :BM
als so 59 SWe e )8 a5ls oslasy NBeaigy o B olaws NP Bl [0 0,5 olasy NN (o b)) @y glis )| :PH: el )5

(p,5) g S 0,8 SYP o3 )0 als slass NSPLasgy ;0 ails slass :NS«(p ,5)

Sl s o Genly & Bogapo polio o g eins el 4 bogiyo (S3,) Jpir b (59, ol
Reproductive period characteristics Including:BB: day to beginning bloom, BP: day to beginning pod, BS: day
to beginning seed filling, FS: day to full seed, BM: day to beginning maturity, FM: day to full maturity, SFD:
seed fill duration (days), RD: Reproductive relative duration, and agronomic triats including: PH: plant height,
NN: number of nodes, NP: number of pods, NB: number of branches, SW: 100 seed weight (g), NS: no.of seed
per plant, NSP: no.of seed per pod, SYP: seed yield per plant (g),

TThe values on the table diameter are the direct response and the other values are for the indirect response
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Fig. 2. Indirect to direct selection efficiency to improve grain yield in normal and stress conditions. (Blue = normal and
Red = Stress); BB: day to beginning bloom, BP: day to beginning pod, BS: day to beginning seed, FS: day to full seed,
BM: day to beginning maturity, FM: day to full maturity, SFD: seed fill duration (days),RD: Reproductive relative
duration, PH: plant height, NN: number of nodes, NP: number of pods, NB: number of branches,SW: 100 seed weight
(2),NS: no.of seed per plant,NSP: no.of seed per pod,SYP: seed yield per plant (g)
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Table 4. Yield under normal and stress conditions, SIIG index values, ranking and grouping of genotypes based on

water stress tolerance

No Genotype Yn Ys SIHG ‘Rank(class)|No Genotype Yn Ys SIIG Rank(class)
1 R.V.B 1921 1185 0.201 29 (S) 26 ERFurt 2181 1255 0.090 42 (S)
2 Clark 3130 1764 0443 15(MS) |27 VINIMK9186 2852 1935 0.330 20 (MS)
3 ™S 2069 1722 0.836 3(T) 28 PA 83 2278 1896 0.463 13 (MS)
4 AGS 363 2139 1514 0.019 50 (S) 29 VESTAG 97 2815 833 0.163 37(S)
5 Noir.Detonner72B 2319 2019 0.799 4(T) 30 Hack 2646 2009 0.645 8 (MT)
6 TN 6.90 2667 1569 0.498 12 (MT) |31 Iroqouis 2111 1894 0.381 17 MS
7 T 215 1438 1676 0.442 16 (MS) |32 S20-91 2688 1231 0.283 21 (MS)
8 Kabalovskaja- B 2285 1243 0.336 19(MS) |33 N.S -20 B-57 2347 1602 0.085 43 (S)
9 Kabalovskaja 2653 1222 0.938 2(T) 34 UniverStrarokrajinskaja 2500 2310 0.063 46 (S)
10 8-L.65-3266 2588 1181 0.748 5(1) 35 Szaljut216 1743 2088 0.222  25(S)
11  Black Hawck 2333 2106 0.548 10 (MT) |36 Amurska 42/6 2743 1819 0.703 6 (MT)
12 Illinoi 2231 1745 0.062 47 (S) 37 Beljska Kasna 2370 1130 0.447 14 (MS)
13 L2 2556 2074 0.532 11 (MT) |38 Iroqouis 2806 1889 0.647 7 (MT)
14 S3-941-8-1-8 2667 1477 0.642 9 (MT) 39 CSK 2500 2023 0.175 34 (S)
15 L.8 2681 1310 0.221 26 (S) 40 Dick manns Haekalit 2736 1593 0.084 44 (S)
16 Darby 2637 1495 0.185 33(S) 41 LDJ3 2602 1528 0.170  35(S)
17 NE-3297 2264 778 0.169 36 (S) 42 N.S-2 1491 1380 0.098 41 (S)
18 ST.Pazova 54/18 2463 1185 0.195 32(S) 43 ST.Pazova 54/18 2116 1495 0.103 39(S)
19  N.S-L-11-60 2194 1157 0361 18 (MS) |44 Kuban 2306 1588 0.061 48 (S)
20 Mercory 2227 1352 0.066 45 (S) 45 A.st29/54R0S-13 2120 1139 0.195 31 (S)
21 Roanak 2565 1630 0.987 1(T) 46 ZaltaZalha 2769 2347 0236 24 (S)
22 C.st26/60R 2407 1417 0.205 28 (S) 47 Talijanska Irana 2250 1491 0.197  30(S)
23 Pance Vacka-B 2718 1181 0.100 40 (S) 48 Hermen 2528 1361 0.052  49(S)
24 L.52 1759 1713 0.211 27(S) 49  Adepta SR-21-177 3056 1174 0.278 22 (MS)
25 Sort26S.M.A.B 2463 1468 0.149 38(S) 50 KabalovskajaB 2208 1421 0.249 23 (MS)

a5, (05,5) : Rank (Class) « iis g Jloy bl o 0,8les i34 YS ,Yn
Yn and Ys: Normal yeld and Stress yield,respectively; T: Tolerant, MT: Semi tolerant, Ms: Semi sensitive and S: Sensitive
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Table 4. Relative changes in agronomic and reproductive period characteristics in tolerant and susceptible genotypes
BB BP BS FS BM FM SFD RD HP NN NP NB SW NS NSP SPY YP

o
Tolerant
Yn 48 60 73 86 98 106 12 055 57.5 132 283 22 120 608 22 74 2353
Ys 46 59 69 85 94 101 16 054 470 124 253 25 112 447 19 51 2152
R(%) 32 1.7 59 04 49 43 -32 09 182 6.5 10.8 -13 6.5 264 13.6 31.0 8.5
ool
Sensitive
Yn 41 52 63 74 87 94 11 056 451 123 383 2.7 160 71.0 1.8 10.9 2280
Ys 41 51 61 73 83 91 13 055 370 114 283 3.0 143 444 1.7 63 1105
R(%) 1.6 22 39 07 48 40 -18 18 18.0 72 26.1 -12 10.7 374 7.7 42.1 515
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BB: day to beginning bloom BP: day to beginning pod, BS: day to beginning seed filling, FS: day to full seed, BM: day to
beginning maturity, FM: day to full maturity, SFD: seed fill duration (days)RD: Reproductive relative duration, PH: plant

height, NN: number of nods, NP: number of pods, NB: number of branches, SW: 100 seed weight (g), NS: no.of seed per plant,
NSP: no.of seed per pod, SYP: seed yield perper plant (g)
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Fig. 3. The Three-dimensional distribution of soybean genotypes according to SIIG index, yield in normal and
stress environments
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