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ABSTRACT
Water deficit is one of the most important factors limiting crop production including soybean. In order to
evaluate and identify water deficit tolerant soybean genotypes, 40 soybean genotypes were evaluated in a
randomized completely block design (RCBD) with three replications. This study was carried out under
both normal and water deficit conditions, in 2015 on the research field of Seed and Plant Improvement
Institute-Karaj. MP, GMP, HARM and STI indices which demonstrate the most significant correlation
with grain yield in norma and water deficit stress conditions were introduced as the best indices for
screening tolerant genotype. Based on biplot graph of first and second principal components, the
D42xWil182, SpryxSavoy/3, ChalestonxMostang/12 and LianaxL32/2 genotypes were introduced as
water deficit tolerant genotypes with high grain yield in normal condition and GN 2171, GN 2167, GN
2087 and GN 2011 genotypes were selected as sensitive genotypes to water deficit stress. Based on the
result of cluster analysis using MP, GMP, HARM and STI indices and grain yield under normal and
water deficit stress condition genotypes were classified in four clusters which the most of tolerant
genotypes to water deficit stress were located in the first and second clusters and the most of tolerant
genotypes to water deficit stress were located in the first and second clusters and the most sensitive were
grouped in the third and fourth clusters. The result of cluster analysis can be valuable in order to selection
of genotypes with high genetic distance as parents for hybridization and development of segregating

population with maximum variations.
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Table 1. List of investigated soybean genotypes under normal and water deficit stress

Entry Entry Entry Entry
No. Genotype No. Genotype No. Genotype No. Genotype
1 GN 2172 11 GN 2165 21 GN 3071 31 ChalestonxMostang/12
2 GN 2002 12 GN 2095 22 GN 3074 32 Spry xNemaha/3
3 GN 2130 13 GN 2087 23 GN 3070 33 Spry xNemaha/8
4 GN 2171 14 GN 2040 24 GN 3065 34 Spry xSavoy/2
5 GN 2167 15 GN 2046 25 GN 3025 35 Spry xSavoy/3
6 GN 2166 16 GN 2015 26 GN 3027 36 L6-P79
7 GN 2157 17 GN 2032 27 LianaxL32/2 37 DI 74
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 NMSB/3 40 D42 xWill 82
WA elys Jlo o Gtalejl sl U (sonldl (sla S5 ¥ Jsozr
Table 2. Meteorological information of experimental sitein 2014
Month wind speed Rainfall (mm)
(km/h) tempéerature tempéarature tempéerature
(&9 (&9 &9
Farvardin 21 March- 20 April 13 14.44 19.52 5.95 10.70
Ordibehesht 21 April- 21 May 17 22.52 27.61 14.06 12.00
Khordad 22 May- 21 June 19 26.49 31.85 16.66 21.50
Tir 22 June- 22 July 12 30.89 36.79 20.84 0.00
Mordad 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
Mehr 23 September - 22 October 14 17.82 24.66 1151 12.80
Aban 23 October - 21 November 10 9.35 14.88 452 23.90
Azar 22 November - 21 December 10 5.99 10.48 2.46 31.40
Day 22 December - 20 January 11 522 10.30 0.16 7.60
Bahman 21 January - 19 February 11 7.15 12.32 223 19.40
Esfand 20 February - 20 March 13 6.43 12.79 0.74 19.60
WTAY o 53 Galesl sl Jome 53 SB- &30 s ¥ Jpoor
Table 3. Soil analysisin the experimented place in 2014
Sampling soil depth (cm
Characteristics Pling epth (cm)
0-30 30-60
Electrical conductivity (ds.m-1) 1.39 1.19
pH 7.30 7.10
Total Neutralizing Value (%) 8.19 8.38
Saturated water content (%) 36 38
Organic Carbon (%) 0.87 0.97
Total Nitrogen (%) 0.09 0.04
Absorbable Phosphate (mg/kg) 14.70 15.6
Absorbable Potassium (mg/kg) 171 139
Clay (%) 31 26
Silt (%) 14 45
Sand (%) 25 29

Soil texture Clay Loam Clay Loam
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MP = (Ypi +VYs)/2 W)
(Rosielle & Hamblin, 1981)

TOL =Ypi - Ys )
(Rosielle & Hamblin, 1981)

GMP = /(Ypi x Ys) )
(Kristinet al., 1997)

S =1-(Ys/Yp) )

(Ficher & Maurer, 1978)

SS =(1-(Ysi/Ypi))/ S ®
(Ficher & Maurer, 1978)
ST =(Ypi x Ysi)/(Yp)? *)
(Fernandez, 1992)
HARM = (2x (Ypi x Ysi))/(Ypi + Ysi ) o)
(Kristin et a., 1997)
0,8l iy 4 YPI g Y8 aakal, ol jo oS
5 ole bl lulid 5 (oS i Ll o als
Lyl jo ale o Slee 1 Kls oSy 44 YP 5 YS
Loty cwl sole )bl lalyd 5 (DTS a5
s HARM GMP MP sla jm5Ls YL olie b
Bl Js aiiws oleS 25 4 Jexie STI
4 ool SSI 5 TOL slo_asls oYL olie b
Jloyt 053131 B ol o ol glS 23
Solal uls o o Slee slaosly gl alas yog
dwwwws@]pjwaé&b
sl axls 4 @TPS oS g oole 6)L:J.—‘ Lyls o
el SAS 9.4 53l 5 5l ool b 255 4y oo
Mged i g bl laadlie 4w al
5 Statgraphics 16 ,1338ls 5 5l eolawl b 42990
L RStudio ,l5-3le 5 5l soliinl b gladss 4 500
5 aloil d3heatmap i

Glagasls (Jomia slopBoly Lol jglaes,



ey L;’]NSW Q4 Jood bl i) Ken g (5 pmain

L olagBols bl cplpls sl glis oleS
DR el aoaSlh ol S ol
S5 Tl W o Shae o 553 e g8l
Ayl gole gl bulis o ol o Sles g ol
Lgl.mpé) ‘_,’_\Lwl.».w 6‘)-.’ oaoly LgL%a.;L;z Q..’.l).gb..l
«Schneider et al., 1997) siis dwdgw Joxio

(Schneiter et al., 1992

aya

R g gole syl Bl o 0 Slee b gl e
ol Osee W Jsam) wiols gl oS
Sy boarls picwle leca 1) bjasls
35 e i a Jesie gla Bl 0,5 Uy
Cae Koo S 5 TOL slomsls od,5 ks
5 wole bl Lyl o o Slee b lo me g
o5 st 5o o Shee b e 5 hte (Shuron

okl Ll 50 bge (ol Feoo Shoe (:Sles b (Sid 4 Joow slaasls sy oad 05515 polie § Joax

&leS A5 g ol
Table 4. Estimated drought tolerance indices based on average performance of 40 soybean genotypes
under normal and water deficit conditions.

Entry No. genotype Yp Ys MP GMP HARM STI TOL SSI
1 GN-2172 274.10 173.83 2239.67 218284 212745 0.6104 1002.67 0.8460
2 GN-2002 211.03 187.60 1993.17 1989.72 1986.28  0.5071 234.33 0.2568
3 GN-2130 255.00 10800 181950 166642 152622 0.3557 1461.00 1.3251
4 GN-2171 178.47 21.97 100217  626.12 391.18 0.0502  1565.00 2.0282
5 GN-2167 177.90 76.13 127017 1163.79 1066.33 0.1735 1017.67 1.3231
6 GN-2166 232.83 17573 204283 2022.78 2002.93  0.5241 571.00 0.5672
7 GN-2157 350.03 15640 253217 2339.77 216199 0.7013 1936.33 1.2794
8 GN-2156 300.33 77.07 1887.00 1521.37 122659 0.2965 2232.67 1.7194
9 GN-2152 242.97 93.87 1684.17 1510.18 135417 0.2921  1491.00 1.4193

10 GN-2125 201.20 180.60 1909.00 1906.22 1903.44  0.4655 206.00 0.2368
11 GN-2165 168.50 151.60 160050 1598.27 1596.04 0.3272 169.00 0.2320
12 GN-2095 258.27 11040 184333 168857 1546.80 0.3652  1478.67 1.3242
13 GN-2087 196.93 80.93 1389.33 126248 114720 0.2042 1160.00 1.3623
14 GN-2040 210.87 127.83 169350 1641.82 1591.72  0.3453 830.33 0.9107
15 GN-2046 289.90 15727 223583 213522 2039.13 05840 132633  1.0582
16 GN-2015 237.10 14277 1899.33 1839.84 178220 0.4336 943.33 0.9202
17 GN-2032 238.17 107.27 172717 159835 1479.15 0.3273 1309.00 1.2712
18 GN-2011 238.07 16320 2006.33 197110 1936.49  0.4977 748.67 0.7273
19 GN-2034 351.73 164.93 258333 240858 224565 0.7431 1868.00 1.2283
20 GN-2003 21717 11730 167233 1596.05 152324  0.3263 998.67 1.0636
21 GN-3071 32267 181.83 252250 242222 232593 0.7516 140833  1.0095
22 GN-3074 304.33 170.67 2375.00 2279.03 218693 0.6653 1336.67 1.0158
23 GN-3070 262.63 202.73 2326.83 230748 228828 0.6820 599.00 0.5275
24 GN-3065 242 57 17173 207150 2041.00 201095 0.5336 708.33 0.6754
25 GN-3025 302.63 12733 214983 1963.04 179248 04936 1753.00 1.3397
26 GN-3027 265.90 10957 1877.33 1706.86 1551.87 0.3732  1563.33  1.3598
27 LianaxL32/2 369.90 214,00 291950 281351 271138 1.0140 1559.00 0.9748
28 HachestonxL16/16 33057 23250 281533 277230 272993 0.9845 980.67 0.6861
29 LianaxL32/3 290.07 155.87 2229.67 212630 2027.73 05791 134200 1.0700
30 StresslandxNM SB/3 292.20 19743 244817 2401.87 235646  0.7390 947.67 0.7501
31 ChalestonxMostang/12 409.23 23463 3219.33 3098.71 298260 12300 1746.00 0.9868
32 SpryxNemaha/3 284.23 16823 226233 2186.72 211364 0.6125 1160.00 0.9439
33 SpryxNemaha/8 256.77 10520 1809.83 164353 149251 0.3460 151567  1.3653
34 SpryxSavoy/2 201.07 99.17 195117 1698.94 1479.33 0.3697 1919.00 1.5249
35 SpryxSavoy/3 399.97 24947 324717 315877 307278 12781 1505.00 0.8703
36 L6-P79 230.10 163.13 1966.17 193745 1909.15  0.4808 669.67 0.6731
37 DI-74 308.07 21940 2637.33 2599.80 2562.81  0.8658 886.67 0.6657
38 D42.19 317.40 210,73 2640.67 2586.25 253295 0.8568 1066.67 0.7773
39 D42.14 392.73 28560 3391.67 334910 3307.07 14368 1071.33  0.6309
40 D42xWill82 472.50 260.10 3708.00 3565.81 3429.07 1.6288 2034.00 0.9956
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Table 5. Correlation coefficient between yield under normal and water deficit cnditions and tolerance
indices in 40 soybean genotypes

Correlation Yp Ys MP GMP HARM STI TOL
Ys 0.693"
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* and **. significant at 5% and 1% probability levels, respectively.
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Table 6. Eigen values and vector values and cumulative variance of tolerance indices, yield under normal
and water deficit conditionsin 40 soybean genotypes

Cumulative
Component Eigenvalues of variance Yp Ys MP GMP HARM STI TOL SSl
(%)
1 5.835 72.938 0.873 0.956 0.989 0.999 0.994 0.985 0.106 -0.461
2 2.101 99.196 0.485 -0.290 0.144 0.014 -0.086 0.084 0.989 0.876
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Fig 1. Biplot graph on the basis of the first and second components for identifying tolerant genotypes to
water deficit stressin 40 soybean
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Fig 2. Dendrogram obtained by cluster analysis of 40 soybean genotypes based on yield under normal and
water deficit stressand MP, GMP, HARM, STI, TOL and SSI indices.

095 odbgaieg S slaglBaly

polie Jol dddse Sl 5l a5 as obboBoly

09,5 ;o oadbgdiog S sloBals aails |y o ,5YL 5o

iyl o a8 sy ad S IE ol ki pse



vy NS A5 4 Joos (bl o)) 5en 5 (6 pein aFY

lols b akl, 5o u,-ﬂ Sy 50 il o oS
3,5 ooliiul LT6S 25 4 oo (sl yene g oy

S 5 dom
ChalestonxMostang/12 D42xWil 82 sla5ol5
sboBoly olgea |, D4214 4 SpryxSavoy/3 «
2 GRS 9 g U5 Lame 9o 5 0 YL o Slee
GN sla 5ol imman wiad slolid al> o oyl
JJs 4 1, GN 2011 4 GN 2087 .GN 2167 2171
olie 9SSl s TOL (slo mslis (VL pyolie il
STl 3 MP .GMP HARM by asls ol
Srre e pl 5o LBy o Fsles plsiea

oels Jy anils 65568 9 Sles sole gl
Al crlply wogr esls Glas 55 (658 3 Sles
seolie (TOL 5 SSI) 25 4 Coles b a5l
Feie &S Wog edb LA 1) el
oses D Al o aS 0gd 0 Jeli |, olbaoBoly
plez 095 )3 Culedys sy a3 (g0
Ll ph 5o 0 Sles Sl 5l a5 wiid 513 olap Bl
el (Jy adl awge polis sole )l
Al g el gl (VL s 4 5 Sles
GMP MP Ll 25 a4 Jos slaasls
slagasls I 5l Sl polis STI g HARM
@Yk polis TOL 5 SSI Jolds s 4 Sl

OlFse 09 ool slaglely I cnlale sl

35 ok eS8 4 pele Slap ol olyiea,

REFERENCES

1

Abdipour, M., Rezaei, A., Houshmand, S. & Bagherifard, G. (2009). Evaluation of Drought
Tolerance of Indeterminate Soybean Genotypes in Flowering and Seed Filling Stages. Journal of
Research in Agricultural Science. 4(2), 140-150. (In Farsi)

2. Aminifar, J., Mohsenabadi, G. H., Biglouei, M. H. & Samiezadeh, H. (2012). Effect of deficit
irrigation on vyield, yield components and phenology of soybean -cultivars in Rasht
region. International Journal of Agri Science, 2(2), 185-191. (In Farsi)

3. Arnon, I. (1972). Crop production in dry regions (Vol. 2, pp. 11-19). London: Leonard Hill.

4.  Blum, A. (1988). Plant breeding for stress environments. CRC Press, Inc..

5. Board, J. E. (2002). A regression model to predict soybean cultivar yield performance at late
planting dates. Agronomy Journal, 94(3), 483-492.

6. Bokae, S, Babaie, H., Habibi, D., Javidfar, F. & Mohammadi, A. (2008). Evaluation of different
soybean (Glycine max L.) genotypes under drought stress conditions. Journal of Agronomy and
Plant Breeding, 4(1), 27-38. (In Farsi)

7. Daneshian, J., Hadi, H. & Jonoubi, P. (2009). Study of quantitative and quality characteristics of
soybean genotypes in deficit irrigation conditions. Iranian Journal of Crop Sciences, 11(4), 393-
409. (In Farsi)

8. Dehghani, G. H. & Alizadeh, B. (2009). A study of drought tolerance indices in canola (Brassica
napus L.) genotypes. IWSS-Isfahan University of Technology, 13(48), 77-90. (In Farsi)

9. Desclaux, D., Huynh, T. T. & Roumet, P. (2000). Identification of soybean plant characteristics that
indicate the timing of drought stress. Crop Science,40(3), 716-722.

10. Emam Jome, A. (1999). Determine the genetic distance by RAPD-PCR, evaluation of drought
resistance indices and analysis of adaptation in the Iranian chickpea (Doctoral dissertation, Faculty
of Agriculture, Razi University, Kermanshah, Iran. (in Farsi)

11. FAO. (2014). Food outlook, Global Market Analysis. http://www.fao.Food outlook.com

12. Fargji, A. (2014). Evaluation of seed yield and stress tolerance indices in soybean lines and cultivars
in gorgan area. Seed and Plant Production Journal, 30(1), 35-45.

13. Fereres, E. C., Gimenen, J., Berengan, J. & Fernendez, J. M. Dominguez. J. (1983). Genetic
variability of sunflower cultivarsin response to drought. Helia, 6, 17-21.

14. Fernandez, G. C. (1992, August). Effective selection criteria for assessing plant stress tolerance.
In Proceedings of the international symposium on adaptation of vegetables and other food cropsin
temperature and water stress (pp. 257-270).

15.

Fischer, R. A. & Maurer, R. (1978). Drought resistance in spring wheat cultivars. |I. Grain yield
responses. Crop and Pasture Science, 29(5), 897-912.



Y

16.

17.

18.

19.

20.

21.

22.

23.

24.

25,

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

WWAF liasy oF 8 Lo FA 5,90 ()]l ol)5 LS psle

Ganjai, A., Kafi, A., Bageri, A. & Shahriyari, F. (2005). Screening for drought tolerance in
chickpea genotypes (Cicer arietinum L.). Iranian Journal of Agricultural Sciences. 3(1): 103-122.
(in Farsi)

Kargar, S. M. A., Ghannadha, M. R., Bozorgi-Pour, R., Atari, A. A. & Babaei, H. R. (2004).
Investigation of drought tolerance indices in some soybean genotypes under restricted irrigation
condition. Iranian J. Agri. Sci,35(1), 97-111. (In Farsi)

Kargar, S. M. A., Mostafaie, A., Hervan, E. M. & Pourdad, S. S. (2014). Evaluation of soybean
genotypes using drought stress tolerant indices. International Journal of Agronomy and Agricultural
Research, 5(2), 103-113.

Karimizadeh, R., Mohammadi, M., Ghaffaripour, S., Karimpour, F. & Shefazadeh, M. K. (2011).
Evaluation of physiological screening techniques for drought-resistant breeding of durum wheat
genotypesin Iran. African Journal of Biotechnology, 10(56), 12107-12117.

Khalili, M., Naghavi, M. R., Aboughadareh, A. P. & Talebzadeh, S. J. (2012). Evaluating of drought
stress tolerance based on selection indices in spring canola cultivars (Brassica napus L.). Journal of
Agricultural Science, 4(11), 78.

Kristin, A. S., Serna, R. R., Perez, F. |., Enriquez, B. C., Gallegos, J. A. A. Valgo, P. R., Wassimi,
N. & Kely, J. D. (1997). Improving commonbean performance under drought stress. Crop
Science, 37, 51-60.

Liu, F., Andersen, M. N., Jacobsen, S. E. & Jensen, C. R. (2005). Stomatal control and water use
efficiency of soybean (Glycine max L. Merr.) during progressive soil drying. Environmental and
Experimental Botany, 54(1), 33-40.

Maroufi, A. (1998). Chromosomal localization drought tolerance indices in Wheat. M.Sc. thesis,
Faculty of Agriculture, Razi University, Kermanshah, Iran. (in Farsi)

Masoumi, H., Masoumi, M., Darvish, F., Daneshian, J., Nourmohammadi, G. & Habibi, D. (2010).
Change in several antioxidant enzymes activity and seed yield by water deficit stress in soybean
(Glycine max L.) cultivars. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 38(3), 86.
Mohammad Alipour Yamchi, H., Bihamta, M. R., Peyghambari, S. A. & Naghavi, M. R. (2011).
Evaluation of Drought Tolerance in Kabuli Type Chickpea Genotypes. Seed and Plant Improvment
Journal, 27(3), 393-409. (In Farsi)

Najafi, A. & Geravandi, M. (2011). Assessment of indices to identify wheat genotypes adapted to
irrigated and rain-fed environments. Advances in Environmental Biology, 3212-3219. (In Farsi)
Nourmand Moayyed, F. (1997). Sudy variation of quantitative traits and their relation to the
performance of bread wheat (Triticum aestivum L.) in dry and water conditions and determine the
best indices of drought resistance. M.Sc. thesis, Faculty of Agriculture, University of Tehran, Iran.
Pp. 15-57. (in Farsi).

Pouresmael, M., Akbari, M. A. H. D. |, Veezi, S. H., & Shahmoradi, S. (2009). Effects of drought
stress gradient on agronomic traits in Kabuli chickpea core collection. Iranian Journal of Crop
Sciences, 11(4), Pe308-Pe324. (In Farsi)

Rosielle, A. A., & Hamblin, J. (1981). Theoretical aspects of selection for yield in stress and non-
stress environment. Crop science, 21(6), 943-946.

Sanjari Pireivatlou, A., & Yazdansepas, A. (2010). Evaluation of wheat (Triticum aestivum L.)
genotypes under pre-and post-anthesis drought stress conditions. Journal of Agricultural Science
and Technology, 10, 109-121.

Schneider, K. A., Brothers, M. E. & Kelly, J. D. (1997). Marker-assisted selection to improve
drought resistance in common bean. Crop Science, 37(1), 51-60.

Schneiter, A. A., Johnson, B. L. & Henderson, T. L. (1992). Rooting depth and water use of
different sunflower phenotypes. In Proc. Int. Sunflower Conf., 13th, Pisa, Italy (pp. 7-11).

Silvente, S., Sobolev, A. P. & Lara, M. (2012). Metabolite adjustments in drought tolerant and
sensitive soybean genotypes in response to water stress. PLoS One, 7(6), €38554.

Toorchi, M., Naderi, R., Kanbar, A. & Shakiba, M. R. (2012). Response of spring canola cultivarsto
sodium chloride stress. Annals of Biological Research, 2(5), 312-322.

Turner, N. C., Wright, G. C. & Siddique, K. H. M. (2001). Adaptation of grain legumes (pulses) to
water-limited environments. Advances in Agronomy, 71, 193-231.

Zeinali Khanghah, H., Izanlo, A., Hosseinzadeh, A. & Majnoun Hosseini, N. (2004). Determine of
appropriate drought resistance indices in imported soybean cultivars. Iranian Journal of Agriculture
Science, 3, 875-885. (In Farsi)



