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Evaluation of drought tolerance of different wheat genotypes
under dryland and supplementary irrigation conditions

SUN Xianyin' ,LV Guangde', QI Xiaolei' ,XU Jiali' ,SUN Yingying',MI Yong',
MU Qiuhuan', YIN Xundong',ZHANG Jibo*, WANG Ruixia', QIAN Zhaoguo', GAO Minggang’
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Center, Ji’ nan, Shandong 250031, China; 3. Weifang University, Weifang, Shandong 261061, China)

Abstract: This study was conducted to determine genotypes with strong drought tolerance and high and stable
yield characteristics from different wheat lines under drought stress conditions. Using a randomized block design, 14
different genotype wheat lines were tested at Mazhuang Experimental Farm of Tai’ an Academy of Agricultural Sci-
ences during 2022-2023. The experiment set up drought and irrigation treatments, based on dryland yield and irri-
gation yield, and adopted mean productivity (MP) , geometric mean productivity ( GMP) , drought resistance coef-
ficient (DRC) , drought resistance index (DRI) , and stress tolerance index (STI) to compare the drought resist-
ance of different lines. The result showed that according to the values and ranks of different drought indicators for
different lines, genotypes V7, V14, V2, and V12 ranked higher, demonstrating high and stable yield performance.
The STI, GMP, and MP indicators were significantly positively correlated with both dryland yield and irrigation
yield and exhibited good yield consistency. Both principal component analysis and cluster analysis further clarified

the drought-tolerant, high-yield, and stable-yield characteristics of these genotypes. This study demonstrated that
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under drought and irrigation conditions, the STI, GMP, MP, and DRI indicators were effective for identifying and

classifying drought-tolerant and high-yielding genotypes. By comprehensively utilizing these four drought-resistance

indicators, the drought-tolerant and high-yielding lines V7, V14, V2, and V12 were identified, with drought re-

sistance grades of 1, 2, 2, and 1, respectively.

Keywords: wheat; genotype; drought stress; principal component analysis; cluster analysis; drought

tolerant index
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Fig.1 Variations of monthly precipitation, annual monthly precipitation, monthly temperature
and annual monthly temperature in 2022-2023
F1 WNNEERBHERSREZHE
Table 1 Names and hybrid combinations of the 14 wheat genotypes
455 No. £ FK Name 245 Parentage I No. £ FK Name 24 Parentage
Vi 75 (R B3 49/114¢ 45 Vs 5206121 e 25/ R & 77
Luohan 7( CK) Yumai 49/Shannong 45 Shannong 25/ Liangxing 77
1€ 25/ A% 1% 5199
V2 5204128 7088 (H)/CG15-009 \& 5206222 Shannong 25/ Zhongxin 5199
XAF 8678/ [ AL 517 P 22/7810 28
v3 5204550 Zhongxin 8678/ Liangxing 517 vio 5207499 Jimai 22/Taishan 28
P 22/ 4k 15 8678 5 185/ R A2 99
Ve 5204711 Jimai 22/Zhongxin 8678 Vit 5207813 Luyuan 185/Liangxing 99
JRA 21/FC009
V5 5205169 Yannong 21/FC009 Vi2 5850913 LS5539/SN09-63
4% 25/ % 22 P 22/%% 111 28
AL 5206108 Shannong 25/ Jimai 22 Vi3 396655 Jimai 22/Taishan 28
T 22/%44% 9236 R 99/KY088
V7 5207357 Jimai 22/Tainong 9236 vi4 TKM4835 Liangxing 99/KY 088
2 NESEERADETNRE DRC =YY, (4)
Table 2 Evaluation criteria of drought resistance y Y
s ckp
of wheat during the whole growth period DRI = % X 7 X % (5)
s P cks
HLRAER PLRAE R PRI =
Classification DRI Drought resistance STI = ( Ys x Yp)/Yp (6)
>1.3000 L3R High resistance ( HR) A, Y 5 Y, 03 Bt R S AN T A (kg -

I o S

1.1000~1.2999

0.9000~1.0999

0.7000~0.8999
=0.6999

5k Resistance(R)
145 Middle resistance( MR)
55 Sensitivity (S)
155 High sensitivity (HS)

hm™) 5 Y, 5 Y, 4351388 RT3 5 5 ANE T2
Fed (kg - hm™) Y, 5 Y, 8 xR R
i 5 AN i (kg - hm ™)
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Table 3 Analysis of variance of ¥, ¥, and drought tolerance indexes for 14 wheat genotypes
75 SRR B BHTE A TR JUER R SRR PLRER T RmZREE
Source of variation  df Y, Y, MP GMP DRC DRI STI
A Rep 2 110494.1 170953.6 24685.4 24220.9 0.0190 1.2051 0.0230
FEHHEY Genotype 13 268297.6" " 120838.7 " 140775.9* * 146768.1" * 0.0096 * 0.0639 " * 0.0248 * *
%25 Error 26 55833.3 55626.7 32855.6 33277.6 0.0040 0.0184 0.0058
TE: o« FRRIER AL R IR H] 5% W E KT, « + FoRIER AL RIKB] 1% 8 #E KT,
Note: * indicates genotypic differences at the 5% level, and * * indicates genotypic differences at the 1% level.
x4 BNNEEFEBNEMFE(Y,) ANEFE(Y,) SHBEMEERNEN
Table 4 Variations of Y, ¥, and drought tolerance indexes of 14 wheat genotypes
WH By AT RECh JUFEEE HiRAH PUREEL T RMZEH
Item Y./(kg-hm™?) ¥ /(kg-hm?) MP/(kg-hm™>) GMP/(kg-hm™>)  DRC DRI STI
SEHIE Mean 8496.75 9234.80 8865.77 8854.02 0.9204 1.1862 0.9213
e KAE Max. 9301.67 9742.22 9365.00 9364.79 0.9912 1.3875 1.0283
f/IME Min. 7350.56 8402.78 7929.73 7915.60 0.7946 0.8830 0.7347
brifE2E SD 598.11 401.40 433.24 440.11 0.0571 0.1456 0.0898
BRZRECV/ % 7.04 4.35 4.89 4.97 6.2000 12.2700 9.7500
x5 UANERBNERMTE(Y,) FNEFE(Y,)) SWEMEITNIEIRE

Table 5 Values of Y., ¥, and drought tolerance evaluation indexes of 14 wheat genotypes

L B Y, AN Y W Mp JUER R GMP HiR R PIRER TR EZIER PR
Line /(kg - hm™) /(kg - hm™) /(kg + hm™2) /(kg + hm™) DRC DRI STI Classification
Vi 7456.67B 8402.78A 7929.73B 7915.60B 0.8874A 1.0005AB 0.7347B 3

V2 9005.56AB 9571.67A 9288.62A 9284.30A 0.9409A 1.2810AB 1.0107A 2

V3 8366.67AB 8812.22A 8589.45AB 8586.56AB 0.9494A 1.2010AB 0.8645AB 2

V4 8372.22AB 9670.56A 9021.39AB 8998.00AB 0.8657A 1.0959AB 0.9494AB 3

V5 8294.44AB 9742.22A 9018.33AB 8989.23AB 0.8514A 1.0677AB 0.9475AB 3

' 8000.00AB 9134.44A 8567.22AB 8548.42AB 0.8758A 1.0593AB 0.8569AB 3

V7 9301.67A 9428.33A 9365.00A 9364.79A 0.9866A 1.3875A 1.0283A 1

V8 8540.00AB 9221.67A 8880.84AB 8874.29AB 0.9261A 1.1957AB 0.9234AB 2

\ 8977.78 AB 9057.22A 9017.50AB 9017.41AB 0.9912A 1.3455AB 0.9535AB 1
Vio 8943.33AB 9437.78A 9190.56AB 9187.23AB 0.9476A 1.2813AB 0.9897AB 2
Vil 8297.78AB 8601.67A 8449.73AB 8448.36AB 0.9647A 1.2102AB 0.8369AB 2
Vi2 9027.78AB 9370.00A 9198.89AB 9197.30AB 0.9635A 1.3151AB 0.9919AB 1
Vi3 7350.56B 9251.11A 8300.84AB 8246.26AB 0.7946A 0.8830B 0.7974AB 4
V14 9020.00AB 9585.56A 9302.78A 9298.48A 0.9410A 1.2833AB 1.0138A 2

T : [FAFUARIRE TR0 i & 8] 22 57 .3 (P<0.01)

Note: Different capital letters in the same column indicate significant differences between lines (P<0.01).
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Table 6 Ranking of Y, ¥ and drought tolerance evaluation indexes in 14 wheat genotypes

(7274 M AN RESTS JUATF- 257 R R EIRE e T 5 52 HE 4
Ranking Y, Y, MP GMP DRC DRI STI
1 V7 V5 V7 V7 V9 V7 V7
2 Vi2 V4 Vi4 Vi4 V7 V9 Vi4
3 V14 V14 V2 V2 V11 Vi2 V2
4 V2 V2 Vi2 Vi2 Vi2 Vi4 Vi2
5 V9 V10 V10 V10 V3 V10 V10
6 V1o \Wi V4 \ V1o V2 \
7 V8 Vi2 V5 V4 Vi4 V11 V4
8 V4 Vi3 V9 V5 V2 V3 V5
9 V3 V8 V38 V8 V8 V38 V8
10 Vil V6 V3 V3 Vi V4 V3
11 V5 V9 V6 V6 A\ V5 V6
12 V6 V3 Vil Vil V4 V6 Vil
13 V1 Vil V13 V13 V5 \ V13
14 Vi3 Vi Vi Vi V13 V13 V1
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Fig.2  Correlation between yield and drought tolerance evaluation indexes of 14 wheat genotypes
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N - R 1
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Table 7 Principal component analysis of yield and drought V7
tolerance evaluation indexes of 14 wheat genotypes V2
WiH EMT 1 EMr 2 Vi
Ttem Component 1 Component 2 V10 I
=it Y, 0.420 0.152 V12
HNE R Y, 0.273 0.622 VS:l
V9
T MP 0.417 -0.183 e —
I GMP 0.419 -0.159 V6 "
iR DRC 0.285 0.602 V3:|
LA E DRI 0.377 0.379 A
TR 2 AL STI 0.419 -0.157 v
FIE{E Eigenvalue 2.338 1237 A 4 6 8
L I I I J
Tk Percent of variation/% 78.120 21.850 Rk 3 FE % Euclidean distance
R HRE 78.120 99.970 3 14 EEBNENBERSRE

Cumulative percentage/ %

Fig.3 Cluster analysis of 14 wheat genotypes
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