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Abstract; To identify the drought resistance ability for different maize varieties and select strong drought re-
sistance varieties accurately, a systematic study about drought resistance was conducted at adult and seedling stages
for 8 maize varieties based on field experiment, drought shed and PEG simulating drought stress hydroponic experi-
ment. By investigating and analysis of agronomic characters, physiological indexes and yield characters under three-
controlled water conditions, varieties with better comprehensive drought resistance were screen out. These results

showed, under 2 years 5 pilot field tests and 2 years dry shed experiments, the varieties including Jiushenghe
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2468, Shandan 650, Lianchuang 825 and MC703 performed large drought resistance index ( DRI) with higher
yields under drought and irrigation conditions. The DRI for each variety was 0.910, 0.909, 0.907 and 0.873 in the
field conditions respectively, which had shorter powder separation ( AST) and more dry matter with higher SPAD.
Based on the hydroponic test, the varieties of Shandan 650, Xinyu 335, Jiushenghe 2468 and MC703 were selecte-
das drought resistant varieties,and its membership was 0.871, 0.697, 0.680 and 0.596, respectively. This group

had more developed roots and strong physiological enzymatic activities. Combining the identification results of the

first traits (yield, DRI) with the second traits (root, ASI, physiology) under three controlled water conditions,

MC703, Jiushenghe 2468 and Shandan 650 were selected as drought resistant varieties.

Keywords: maize; drought resistance; DRI; comprehensive evaluation
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Table 1 Tested corn inbred and breeding unit
ET R i =1V HS5 A HH AL
Code Name Breeding unit Code Name Breeding unit
JUER 2468 JEF IR A BR2 5 MC703 JEHAAMFLE B
Jiushenghe 2468 Beijing Jiushenghe Agriculture Limited Company Beijing Academy of Agriculture and Forestry Sciences
14 825 FEHTIB IR A A R 7 BRER 650 UL RB R A 27 B
Lianchuang 825 Beijing Lianchuang Seed Industry Co., Ltd Shandan 650  Northwest A&F University, College of Agronomy
. P Al B2 B8 T KA T \ R ARBHBER M E TR T
Hnidr 909 . s . F IR 958 A .
3 . Shanxi Academy of Agricultural Sciences, Henan Academy of Agricultural Sciences,
Ruipu 909 . . Zhengdan 958 . .
Maize Research Institute Grain Crop Institute
S R, 22 1z 95 A= 1A < 2% INE
108 _ %ﬁ%mi?*lkﬂ%l&n*&ﬁ‘{’ﬁ%ﬁ#ﬁﬁ e 335 %UQ%%ﬁ%ﬁnﬁFEA ]
4 Xinvu 108 Xinjiang Academy of Agricultural Sciences, Xianvu 335 Tieling Pioneer Seed Research
Y Institute of Food Crops Y Limited Company
F2 I MHER
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Table 3 Analysis of comprehensive variance for grain yield in field test conditions
7R 5 Sk Y 2019 2020
Source of A FiH P{H F A FH PAH
variation Degree of freedom F value P value Degree of freedom F value P value
fAf Genotype 7 26.53" " <0.001 7 529" <0.001
AbFE Treatment 1 515.50" " <0.001 1 234.73* " <0.001
88 &4 Environment 3 2224.73* % <0.001 4 502.05* " <0.001
X Repeat 2 0.12 0.892 2 2.39 0.095
DI R I 5
ALIEXIKL\““ 3 87.75" " <0.001 4 48.17* <0.001
TreatmentXenvironment
i 16 5
A 21 1425  <0.001 28 3.41°°  <0.001
GenotypeXenvironment
I b
AL 7 1.93 0.07 7 0.31 0.949
GenotypeXtreatment
S bR AT 55
SFAL R 21 171 0.037 28 0.38 0.998

GenotypeXtreatmentXenvironment

o= % * 435IFRIRTE P<0.05,P<0.01 K Eig2e 5 i 4k, TR,
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Xianyu 335, A, The same below.
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Fig.2 3D chart of yield of different varieties in field

under drought and irrigation conditions
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# * indicate significant differences at the P<0.05 and P<0.01 probability levels, respectively, the same below.
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Fig.3 Analysis of GGE biplot of different maize varieties in field test conditions
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Table 4  Average,variation coefficient and variance analysis about traits of maize under different water treatment in field test conditions

eI TEH K (CK) Trrigation RIS EN DS) Drought stress F {4 F value
Trait YJ{f Mean S 2K CV/ % {8 Mean SREZRE CV/ % (i Mean i Variety
FkfR Plant height/cm 274.84 5.33 256.34 5.31 41.09* 11.95**
FENL T Ear height/cm 97.43 7.80 89.01 7.65 41.13* " 14.89* *
o 22 E] ] ASL/d 1.98 11.99 2.53 7.51 17.14* ¢ 3417
SPAD {H SPAD value 59.96 11.50 58.50 13.77 52.65" " 6.76" "
23 A QA )
Green leaf numbers 7.09 13.66 5.68 14.84 56.50" " 11.26™*
/(piece + plant™)
EESTYI .
204.74 2.40 133.74 7.05 420 477
Root vitality/(mg - h™") 79242 347
ZEATIRE
Straw stiffness (N) SLT5 2.9 49.07 3.58 30.54 5.55
IEAEA AR (B - B
Male ear branches 6.16 52.04 5.32 53.18 10.26* * 56.94™
/(branch - plant™)
G T/ (kg - #71)
Dry matter at 0.24 10.76 0.20 12.20 5827 218"
post-silking
/ (kg + plant™!)
BT H (kg - B1)
Dry matter at 0.28 9.94 0.24 11.84 9.30* " 1.02

mature/ (kg - plant™")
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Fig.4 Effects of drought stress on agronomic traits of different maize varieties in field test conditions
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Table 5  Analysis of comprehensive variance for grain yield under drought and irrigation conditions in shad

AR SRR 5 A H 2 Y575 F{E PE

Source of variation Sum of squares(SS)  Degree of freedom(DF)  Mean squares( MS) F value P value

finfl Genotype 39611.903 7 5658.843 4.201" " <0.001

AbFE Treatment 1319896.43 1 1319896.43 979.78 * * <0.001

A Year 1760.124 1 1760.124 1.307 0.257

#H Repeat 4363.738 2 2181.869 1.620 0.206

<AL B GenotypeXireatment 2037.184 7 291.026 0.216 0.980

E XSRS Genotypexyear 1862.751 7 266.107 0.198 0.985

AbHEXAEA) TreatmentXyear 665.468 1 665.468 0.494 0.485
i A Kb B A 7y

1290.105 7 184.301 0.137 0.995

GenotypeXtreatmentXyear
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Fig.5 3D chart of yield of different varieties under

drought and irrigation conditions in shad
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Table 6 Average, variation coefficient and variance analysis about traits characters of maize under different water treatment in shad

Pk IEH#E/K (CK) Trrigation T2l (DS) Drought stress FAH F value
Trait PIE Mean ZREX CV/% ¥I{H Mean 7ZERZRE CV/% ¥{H Mean Ry Variety
Fk#ES Plant height/cm 294.70 3.90 273.79 3.57 31.69 " 4.01" "
FHA = Ear height/cm 106.00 8.48 92.98 8.14 153.50* * 30.76* *
OB 22 [ B 0] ASL/d 2.25 19.45 3.20 15.31 35.22% " 4.00* *
SPAD fH SPAD value 57.25 1.73 54.08 2.00 14.64" 0.76
S VA QIR /S
Green leaf numbers 6.87 15.97 5.66 21.52 19.59" 8.85" "
/(piece + plant™)
ARG T
65.72 8.21 19.90 21.58 T75F 53%F
Root vitality/(mg + h™!) 170.77 17.53
TR . .
Straw stiffness/N 42.19 2.96 35.85 4.24 582.68 13.68
WETYFR/ (kg - B
Dry matter weight at post-silking 0.28 10.76 0.18 18.60 37.21% " 0.32
/ (kg - plant™")
= L kel
RSN/ (kg - B 0.33 9.94 0.26 13.74 14.40" 0.65

Dry matter weight at mature/ (kg + plant™")
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Fig.6  Bubble charts of different maize varieties under irrigation and drought in shad
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The straw stiffness in irrigation

F7 KEEXREH 15 NEEERNBITES T
Table 7 Relative value analysis of 15 identification indexes in water culture seedling stage

eIy H/ME SN XA brifE2E 5 R AL
Index Minimum Maximum Mean Standard deviation CV/%
FHXT R (X, ) Relative plant height 0.850 0.975 0.907 0.040 4.38
AHX ARG (X,) Relative root length 0.818 0.956 0.875 0.043 4.89
AXFHHEAL(X5) Relative leaf area 0.673 0.885 0.788 0.072 9.13
AAXTHRAAFL (X, ) Relative root volume 0.881 0.949 0.92 0.026 2.86
AR B (X5) Relative DW at overground 0.625 0.838 0.751 0.077 10.23
AHX T #FE (X, ) Relative DW at underground 0.581 0.786 0.697 0.083 11.95
FHXT SOD A4 (X;) Relative SOD enzyme activity 1.034 1.161 1.099 0.037 3.37
AEXT POD Eifi 14 (Xg) Relative POD enzyme activity 1.098 1.268 1.180 0.051 4.33
AHXT CAT E#IG M (Xy) Relative CAT enzyme activity 1.126 1.249 1.174 0.042 3.60
AHXF Pro ¥ (X o) Relative Pro content 1.014 1.056 1.037 0.016 1.59
AHXS MDA 7 (X,;) Relative MDA content 1.024 1.292 1.121 0.081 7.18
SPAD fH (X ;) SPAD value 0.873 0.962 0.933 0.030 3.16
AHXF L PROGE A (X 3) Relative PH I Phi, 0.855 0.949 0.903 0.034 3.77
FHXF I R B (X)) Relative thickness 1.062 1.251 1.151 0.062 5.40
AHXFAE AL R BB (X 5) Relative NPQ 1.067 1.205 1.139 0.047 4.12




172 TRIB XA AT

5540 45

BNERR TS E P A R, RS AT,
F7 i DRI 2 0 MG 5 M85, 4000 X, X,
X X5 X, TiE 0 5 A FER bR AL S S48
b, MALE A BA AR AR VAR A ) 5 MR AR EAT
—E MR, T DIAE N B T S A ) R BT
Wigts.

FETF AL, 53 BT T3 5 b e 77 22 45
PRISRIRME (2 9) , SRR EMK, R AP R EE,
HAp Bl 650 25 A R sREUE I, 0,784, B
BT R R | JLE R 2468 MC703 IR 22,430
0.735 F10.675, 5k 81] 825 HYsRJ&E FEAUIN, o 0.284 B
R UEI R iR IS e s 3 NN NG5 S
rn A A BT R O BRER 650> 58 & 335> LR R
2468>MC703>BE A1 825> KK FL 958 > K 108 >Fif -

909, FF HH TS bR B sREUE, A ward F 7 B
BRI RIS T A Rk 2 RIS 7)),
i TR R S . PR 650 S8 335 L3
7K 2468 F1 MC703 , BA B m bk A2 ny b #R1
AT R E AT Y Phi, S I R —
JBeAn AR BB 825 KB EA 958 B & 108 FllE i 909, %
AR AR el FE AR, AH DGR MK Phi, 38
TRAFREAL
2.4 AEKSEFEGTEXSMHRBEESTEN
PENEIREEY I €A G b O B o N e
s g AT A (R 10) , RIFH AT, 5
T B BART S T A A 3 T LR P R R R
FhoMIEER] 825 Bk A 650, JLE K 2468 1 MC703, fiii
VEbkE AL E ASL SPAD MRARTE Sy ZEFTIREE

%* 8 XEX=2 DRI 5EXEIEIREINMEXES T
Table 8 Analysis of yield DRI and identification index

X, X, X3 X, Xs X Xy

XS X‘) XIO Xll XIZ Xl} Xl4 XlS

DRI 0.76* -0.44 -0.16

-0.18 0.87°* 0.13 033 086"" 0.03 0.07 0.40 0.08

0.74* 041 091"

Hox % % APIFEIRTE 0.05.0.01 K FARSCM: 2

Note; #*, * * indicatesignificant differences at the 0.05 and 0.01 levels, respectively.
x9 KEFEREHTIERMENENREE
Table 9  Subordinate degree of relative value of main indexes in hydroponic seedling stage
SRR Subordinate degree(SV)
G s SBETE i OROCAE LR i Ay
Plant height dry weight POD Phi, AHLNPQ
JLZETR 2468 Jiushenghe 2468 0.576 1.000 1.000 0.526 0.300 0.680 3
BX41) 825 Lianchuang 825 0.466 0.266 0.352 0.180 0.720 0.397 5
¥ 909 Ruipu 909 0.542 0.000 0.453 0.000 0.181 0.235 8
#rE 108 Xinyu 108 0.000 0.469 0.462 0.293 0.000 0.245 7
MC703 0.555 0.747 0.755 0.369 0.553 0.596 4
Bk 650 Shandan 650 1.000 0.989 0.548 1.000 0.819 0.871 1
FRE. 958 Zhengdan 958 0.046 0.418 0.000 0.845 0.602 0.382 6
J&E 335 Xianyu 335 0.505 0.833 0.295 0.852 1.000 0.697 2

JL. %% AK2468 Jiushenghe 2468 }
MC703

[ #1650 Shandan 650 }
% £335 Xianyu 335

I 61825 Lianchuang 825
§ifi 909 Ruipu 909 E
1108 Xinyu 108

H#.958 Zhengdan 958

7 KEBEAMIKERRTRES R
Fig.7  Clustering analysis of tested varieties
in hydroponic seedling stage
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Table 10 Comparison of evaluation results of drought resistance under different water control conditions

PR KH Field

24 Drought shed 7K Hydroponic

Type of drought

resistance FuAl Variety YLFAEE DRI FuAl Variety Y485 DRI FuAl Variety YR85 DRI
e JUZEK 2468 Jiushenghe 2468 0.910 MC703 0.671 BBA 650 Shandan 650 0.871
B Bt 650 Shandan 650 0.909 Bt 650 Shandan 650 0.670 e 335 Xianyu 335 0.697

Drought resistant
strong varieties

41 825 Lianchuang 825 0.907

JLER 2468 Jiushenghe 2468 0.662

JLER 2468 Jiushenghe 2468 0.680

MC703 0.873 B4 825 Lianchuang 825 0.662 MC703 0.596

P Sk 335 Xianyu 335 0.870 ek 335 Xianyu 335 0.670 A 825 Lianchuang 825 0.397
Dﬁ)uq;ht rcsuiztant Fii i 909 Ruipu 909 0.856 FBEA 958 Zhengdan 958 0.661 FBEA 958 Zhengdan 958 0.382
general varieties HEPA. 958 Zhengdan 958 0.854 %5 909 Ruipu 909 0.655 BrE 108 Xinyu 108 0.245
7k 108 Xinyu 108 0.824 #rE 108 Xinyu 108 0.654 Fii % 909 Ruipu 909 0.235
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