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Evaluation of drought tolerance in wheat genotypes
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Table 1. Cumulative amount of precipitation during growing season months

A RNSTERC P FE-E RS Lt L WY SR TR
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Sisab Station Shirvan Station
Ay Joad b sleale k) S5,k (gros 5lin e slos ooy STl Grock) S,y groms 5lukie Gllas gles s ST
Growing season Cumulative amount of Maximum Cumulative amount of Maximum absolute
months precipitation(mm) absolute precipitation(mm) temperature
temperature

obLT Oct -Nov 25 27.22 20 26.3
53T Nov - Dec 45 22.3 47 21.6
<> De - Jan 66 11.2 65 124
o Jan - Feb 101 9.2 105 11.7
L. Feb - Mar 131 16.5 132 18.2
opas, Mar - Apr 194 28.4 186 253
g, Apr - May 244 36.2 231 31.4
sls = May - Jun 265 394 243 34.8
L5 Jun - Jul 274 41.6 249 37.6
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Table 1: Pedigree of advanced wheat genotypes used in the study

No. Cross Name (Pedigree)

Lines
1 Azar-2
) Rijav
3 SABALAN/4/VRZ/3/0OR F1.148/TDL//BLO
4 PANDION//FILIN/2*PASTOR/3/BERKUT
5 F6 146P5-5/SABALAN F4(Mabh: sel at karaj)
6 SABALAN/1-27- 5614/4/NWT/3/TAST/SPRW//TAW12399.75 f4
7 Anaz/3/pi/Hys/4/sefid/5/GK OTHALON F4(Mabh:sel at karaj)-OSN
8 Tx90V6313/TX94V3724(TAM-2000BC41254-1-8-1)TX66V1405
9 WGRC10/3/KS93U69 sib/TA2455//KS93U69/4/JAGGER
10 SABALAN/DANICA//E136-91K2 TCI03-000810-0AP-0ZA-1ZA-0ZA
11 VARDZIA/BEZOSTAIA
12 MOB/NE94406(=NE86582//84MC29/NE82583)//KS91H184/3*RIO BALANCO
13 SEAFALLH/BEZOSTAYA1 TCI03-000609-0AP-0AP-0ZA-3ZA-0ZA
14 Iranwinter#22/MINA TCI03-000601-0AP-0AP-0ZA-3ZA-0ZA
15 SABALAN/DANICA//E136-91K2 TCI03-000810-0AP-0ZA-2ZA-0ZA
16 AZAMAH-3
17 SISABAN-4
18 MISKEET-12
19 USHER-16
20 SOKOLL//SUNCO/2*PASTOR
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Table 2: Combined variance analysis for grain yield and drought tolerance indices in two locations

Sl Sl
(MS)

e | > 5 L Sl e ls uu%rfo Ll uu%rfo
= e GoliTams e e S35 e Joms pels S o g, i ) \.C
S.0.V DF (GMP) 5 Slas (MP) (TOL) > 4 : S5 Ll 5 oS 0k

(STD) (SSD (Ys) (Yp)
Location s 1 1572518%* 1531548%*  11810%** 1.64%* 3.98** 1987376%* 1136532**
Error W= 6 4053 4063 989 0.04 0.02 3987 4617
Genotype <53 19 683096**  680020%* 21654%* 0.82** 0.52%* 734413** 636316**

Location x Genotype ol5ex s} 19 3578™ 3013ns 12899%** 0.01** 0.22%* 12338** 146™
Error = LT ol 114 2533 2559 1783 0.02 0.03 2429 3575
CV (%) 7.87 9.88 18.68 6.26 16.93 15.12 13.21

* % significant at 5% and 1% probability levels, respectively, and ns: not significant

Saisre b NS 5 LY 5Dl 3 s dme S **
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Continued Table 2: Combined variance analysis for grain yield and drought tolerance indices in two locations

Slas e 5SSk
MS)
- S s o S ol e ls s el Colo sl

8. 0.V o gt %__b.u,mﬁu <, o, T DMNN mbv = s Shes S St

(EC) (RWC) (YSD) (RDI) (SDI)
Location 15 1 1932%* 1742%%* 0.74%* 0.006** 0.07** 0.06**
Error s 6 5.65 35.28 0.01 0.0001 0.0001 0.001
Genotype 5} 19 1464%* 70.86%* 0.27%%* 0.008%* 0.01%% 0.08**
Location x Genotype oax s} 19 4.27%* 0.66** 0.005%* 0.003%** 0.004** 0.001%*
Error LT sls 114 8.36 4.12 0.001 0.001 0.001 0.001

13.83 9.79 13.12 9.41 12.41 16.94

CV (%)

* ** : significant at 5% and 1% probability levels, respectively, and ns: not significant
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Table 3: Mean comparison for grain yield and drought tolerance index of 20 advanced wheat genotypes

Py 5 Y (S oo a5 4 5 Shes (Sl wglia-F s

e 55 0ol CMM_ e e T e I T e 1t it N 53 >Nk
Genotype ol s Se > Shes e S e > Sles Gosr e Sase S N C AR
No. AMMV (RWC) (YD) (YSI) (RDI) (SDI) (GMP) (MP)  (TOL) (ST (SSD (Ys) (kg/ha)  (Yp) (kg/ha)
1 117.4° 49.75°  0.8390'  0.8601  0.9774>  0.1399% 1486" 14919 223%  0.6350 1.1620™ 1379' 1603’
2 93.38%  50.11°  0.99197  0.8349"  0.9488° 0.1651* 1780 1789° 316" 0.9140°" 1.3710° 1631 1948¢
3 95758 54.63°  0.9926"  0.8837° 1.004° 0.1163' 17368 1739"  214%  0.8649" 0.9663¢ 1632 1846
4 117.6* 56.38° 1.036d° 0.8678"  0.9861° 0.1322"% 1826d"  1831% 256"  0.9591% 1.0980™ 1703% 1959°
5 118.6° 52.51°¢  0.9109" 0.8632%  0.9809™  0.1368d° 161127 1616™  236%  0.7460° 1.1370™ 1498" 1736"
6 97.38% 53.13*  1.039%  0.8792¢  0.9991° 0.1208" 1821¢f 1825°  232%  0.9528° 1.0030° 1708% 1941°
7 96.75% 53.25°  1.076°  0.8528™  0.9691°°  0.1472° 1912° 1919°  299®  1.0530° 1.2230® 1769° 2069°
8 87.51" 52134 1.018%  0.8722%  0.9911° 0.1278" 1792¢F 1796°  245%%  0.9221° 1.0620% 1674 1919°
9 85.887 53.75°0  0.8185"  0.86058  0.9778™  0.1395% 1451% 1455 218%  0.6049" 1.1549% 1346’ 1564
10 100.67  48.51°  1.049°%  0.8766*  0.9962° 0.1234 1840%  1845%  240%°  0.9734% 1.0250% 1724°4 1965%

LBl g 513 gan Dl B o y3 0 pelaw 53 (ST O g03T ll 3 57 2k 3 (615 (sla S0l

Means followed by similar letter(s) are not significantly different at %5 probability level using Duncan’s test
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Continued Table 3: Mean comparison for grain yield and drought tolerance index of 20 advanced wheat genotypes

ol

ol

-5 =L Lo > >
Clﬂ;\.ﬂ: s (S g els Gl e ls el _ ok Q..W.F. el el (EVF.V Ses S
rs(ﬂm;ory\w S~ _ _ S LA T 4 5 S ‘r.“_..u ‘r.__pu
Qoaom““uMZo & b St 2 Shes N < ,.M/Fv Eoses doss chc Sisw i ’ . i ’ "
* (RWC) (Y1) (YSI) (RDI) A (MP)  (TOL) o i s
(EC) (SDI) (GMP) (STD) (SSD (Ys) (kg/ha)  (Yp) (kg/ha)
11 89.25"  53.75%  0.9565¢  0.8744°"  0.9936°  0.1256" 1682" 1685¢  225d°  0.8183%" 1.0380™ 1573¢ 1798
12 85.13%  58.88° 1.411°  0.9630°  1.094  0.0369"  2363°  2364° 88' 1.6040° 0.3071¢ 2119° 2608"
13 88.75"  54.13%  0.9474%®  0.8785% 0.9983° 0.12155  1661" 16658  215%  0.7924"  1.0090° 1558¢ 1773¢
14 98.75%  52.63%  1.033d° 0.8708%" 0.9883° 0.1292¢"  1818F  1823° 250 0.9496° 1.070% 1698% 1948°
15 11349 48.88° 1.058%¢  0.8582!  0.9751b° 0.1418° 1875  1882% 284%™  1.0120% 1.1780% 1739 2024
16 107.3° 5325 0.9097" 0.8738%  0.9930° 0.1262" 1596 1600 215% 07315 1.0480% 1493" 1708
17 83.88¢  59.13" 1.498a  0.9544°  1.085"  0.0456™  2521°  2522° 117" 1.8230*° 0.3785¢ 2263* 2780°
18 116.5°  52.63%  0.8349"  0.86487 0.9828% 0.1352F  1476* 14801 214d°  0.6262% 1.1220% 1373 1587
19 127.8*  52.38%  0.8896"  0.8655%  0.9835° 0.1345°7 1572 1577 228d°  0.7105 1.1170% 1463" 1691
20 1145 48.38°  0.6949  0.8523™  0.9685*  0.1477° 1238 1242% 198°  0.4403' 1.2270% 1043’ 1341%

LBl g 513 me D5l B Ao 53 0 pelaw 53 (ST O ga3T pld Lz &5 2 3 (5T (518 S0l
Means followed by similar letter(s) are not significantly different at %35 probability level using Duncan’s test
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Table 4. Correlation coefficients for grain yield and drought tolerance indexes

s Slas Lo _ _ Sl el .
e pefle T e el S oS T e TR e S
APl e b Pl _ _ .
. o5l S Jos Sosos 3 SMhes pukn - S Sls 3 Sdas ST oSS
S (Ys) < (STI) (TOL) (MP) (GMP) e (RDI) (YD) RWC) (EC) &,
(Yp) (SSI) (SDI) (YS])
Yp 1
Ys 0.88%* 1
SSI -0.72%* -0.82%* 1
STI 0.93%* 0.95%* -0.82%* 1
TOL -0.33* -0.48* 0.88%* -0.52%* 1
MP -0.89%** 0.93%* -0.78%** 0.93%* -0.41* 1
GMP -0.92%* 0.91** -0.73%* 0.94%** -0.43* 0.86%* 1
SDI -0.74%* -0.82%* 0.89%* -0.82%* 0.88** -0.78** -0.74** 1
RDI 0.76** 0.86** -0.87** -0.73** -0.86** 0.64** 0.68** -0.87** 1
YSI -0.71%* 0.79%* -0.92%* 0.82%* -0.82%* 0.68** 0.62%* -0.83** 0.78** 1
YI 0.79** 0.82** -0.83** 0.84** -0.74** 0.72%* 0.83** -0.64** 0.81** 0.82%* 1
RWC 0.68%* 0.72%* -0.85%* 0.87%* -0.83%* 0.62%* 0.58%* -0.49* 0.88%* 0.67%*  -0.78** 1
EC -0.62%* -0.76 0.78%* -0.83%** 0.76** -0.58%** -0.48* 0.59%* -0.62%* -0.44* -0.54%** -0.53** 1

*, ** . significant at 5% and 1% probability levels, respectively, and ns: not significant
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Introduction: Drought stress is the most restricting factor for crop production
in arid and semiarid regions. Reduction of crop productivity in these regions is
estimated to be more than 50%, due to climate change and global warming in
recent decades (Jha et al., 2014). According to the Mediterranean precipitation
pattern, in most parts of Iran, near all rainfall happens in winter season and there-
fore drought stress usually occurs in flowering and physiological ripening stages
of wheat. Understanding the response of these plants to different environmental
stresses such as drought stress and other restricting factors is inevitable. Drought
resistance is a quantitative trait, which is not measurable directly. This problem
appears during the identification process of resistant genotypes to drought stress.
In order to discriminate resistant genotypes, some indices are recommended based
on the seed yield in normal and drought conditions. The best index is the one that
is able to select genotypes with high yields under water-stressed and non-stressed
conditions. Shafazadeh et al., (2004) recommended that MP, GMP and STT indices
are suitable for detecting drought resistant and productive genotypes because they
had significant and positive correlation with seed yield in the both conditions after
flowering stage.
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Materials and Methods

This investigation was conducted using 20 improved lines of rain-fed wheat
genotypes at two experimental sites including Dry-land Agricultural Research Sta-
tion of Shirvan and Agricultural Research Station of Sisab, Bojnourd, Iran, dur-
ing the 2015-2016 growing season. The statistical layout was a completely ran-
domized-block design with 4 replications under water deficit (dryland farming)
and complementary irrigation conditions. After harvest and yield measurements of
genotypes in each growth condition, the following indices were calculated: stress
susceptibility index (SSI), stress tolerance index (STI), tolerance (Tol), mean pro-
ductivity (MP), geometric mean productivity (GMP), sensitivity drought index
(SDI), relative drought index (RDI), yield stability index (Y SI), yield index (Y]),
relative water content) RWC (and electrical conductivity) EC .(Data analysis was
performed using Path ,SAS and MSTAT-C software .Means comparisons were
done using Duncan‘s test and graphs were drawn by Excel.

Results and Discussion

Based on the combined analysis of variances ,the effect of location was sig-
nificant for all the indices .This shows that the effect of location on grain yield
of genotypes was different .The interaction effect of genotype x location was not
significant for grain yield under normal condition) Yp (but it was significant under
stressed condition) Ys ,(indicating that under water deficit condition ,the interac-
tion between genotype and environment is strengthened .The results showed that
grain yield of the genotypes in irrigated condition for both sites was not different
but grain yield of genotypes in stressed condition was different in each location.
In other words ,dryland yield of genotypes differed according to different growth
locations .The reason why interaction between genotype and location was non-
significant in normal growing condition was that at the both experimental locations
)Sisab and Shirvan stations ,(plants received irrigation water at the critical growth
periods) flowering and grain-filling stages (and therefore did not face any moisture
shortage in non-dryland growing condition at the both locations .Dryland yield of
genotypes at Sisab station) Bojnourd (was higher than that of Shirvan station due
to higher precipitation in Sisab .Our results showed that the effect of genotypex
environment is significant and the experimented genotypes possess adequate ge-
netic variation for selection) Mohammadi et al .(2015 ,.Genotypes No 17 .and12
with 2780 and 2608 kg.ha 1-in non-stressed and 2263 and 2119 kg.ha 1-in stressed
conditions ,were respectively ,superior to the other genotypes.



Evaluation of drought tolerance ...

Conclusion

Genotypes No 17 .and 12 based on the all investigated indices ,especially STI,
GMP and MP were found to be superior compared to the other genotypes in both
stressed and non-stressed conditions .Genotypes No 17 .and 12 produced 2780 and

2608kg .ha 1-grain yield in non-stressed condition and 2263 and 2119 kg .hal-
grain yield under stressed condition ,respectively .Therefore ,these genotypes were
selected as tolerant genotypes to drought stress .Heritability of grain yield trait un-
der drought stress is reduced due to genotype and environment interaction . There-
fore ,selecting genotypes with the lowest reduction in grain yield in end-season
drought stress condition would help improving grain production per unit area.
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