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Screening for Drought-Resistant Wheat Varieties in
Northern Central Area of Hebei Province
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Abstract: Drought is one of the major limiting factors that affect the wheat yield production in north
China. Identification of drought-resistant accessions from newly released wheat varieties is of great importance,
in order to ensure stability of wheat production in this area. The present study attempted to screen drought-
resistant varieties from 13 wheat varieties in central and north area of Hebei province under field conditions
with different water regimes. If compared to normal watering regime, several agronomical traits including plant
height, thousand kernel weight, kernels per spike, spikes per Mu, grain yield, chlorophyll content and leaf water
loss rate in vitro of wheat decreased significantly with variation under limited water regimes. A slight difference
on the resistance level of the varieties was observed using three indexes consisting of drought resistance index
(DI ), weighed drought resistance index ( WDI ) and drought-resistance comprehensive evaluation value ( D)
respectively, while two varieties were qualified showing drought-resistant. Three water-saving varieties have
been identified by evaluating with water-saving index. Among the agronomic and physiological traits tested, the
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chlorophyll content, spikelet per spike, plant height, water loss rate of cutting leaves, flag leaf length and kernels

per spike were found to be associated with drought resistance, and the chlorophyll content and spikelet per spike

might serve as indicators simplifying the drought evaluation process.

Key words: bread wheat ( Triticum aestivum L. ) ; drought resistance evaluation; drought-resistant index

weighed drought-resistant index ; drought resistance comprehensive evaluation values
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Table 1 Agronomic and yield-related traits of wheat varieties treated with different water treatments

DO D1 D2

LIS T + SRR T R FH T+ 5 SR
Traits P2 (%) P2 (%) N (%)
Mean + SD cv Mean + SD cv Mean + SD cv
Pk (em ) PH 732 £4.47b 6.11 77.73 + 4.59 5.91 77.66 = 4.79 6.16
I (cm ) HD 9.99 +2.08a 20.86 11.09 £3.17a 28.57 11.17 +2.93a 26.22
BRI E (ecm)PL 24.74 +2.85a 11.50 27.08 +3.12a 11.50 27.16 +3.20a 11.80
FEf (em ) SL 7.36 +0.89a 12.13 738+ 1.02a 13.84 7.52+0.93a 12.38
/N SNPS 17.16 + 1.14a 6.64 16.92 +0.97a 5.74 1733 +1.15a 6.61
%L (7)) SNPM 41.58 +2.55B 6.10 44.71 £ 2.16A 4.82 4528 +2.33A 5.09
TR KPS 28.47 + 1.33b 4.68 29.71 +1.39 4.69 30.57 + 1.69a 5.54
TRt (g) TKW 3543+ 1.72B 4.84 37.39 £ 2.00A 5.36 3836+ 1.97A 5.13
P (kg) Y 437.95 + 52.00C 11.87 512.69 + 45.35B 8.85 579.62 + 39.88A 6.88

KNG TR IR ZE R (P<0.01) 23 (P<0.05), F[H]

Capital letters and letters in lower case represent extremely significant difference ( P< 0.01 ) and significant difference ( P<0.05 ) , respectively.
PH: Plant height, HD: Heading degree, PL: Peduncle length, SL: Spike length, SNPS: Spikelet number per spike, SNPM: Spike numbers per Mu,
KSP: Kernels per spike, TKW : Thousand kernel weight, Y: Yield, the same as below

x2 ARIKSG AT/ E R EE MR

Table 2 Physiological characters of wheat varieties tested under different water treatments

DO DI
HEEPER T U R T
Physiological characters FIME £ bRifEE BRAE(%) I £ bR AR FE (%)
Mean + SD cv Mean + SD cv
MRS CC 47.69 +4.30B 9.01 52.34 +3.32A 6.34
A ARG KGR (g/h ) WLR 0.01+0.10B 40.79 0.03+0.01A 37.21
5 AHXT % K (% ) LRW 89.00 + 0.05A 5.71 92.00 + 0.04A 3.98

CC: Chlorophyll content, WLR: Water loss rate of cutting leaves, LRW : Leaf relative water content, the same as below

2.2 i/ E SR EEEN #1062 B DI AR (1.07), #idRGEELE, 134
22.1 ETFHEF|HEH(DI)WNEGRFREBMEITEN DL NFPUREAE 2=1.5 KT 5 Ayt S
TR TS HER/ N2 A PR 85 (R 3 ), &anFh Bo RBUR B 5 90, o, 2 1062 F1EE i 169
DI fHASLTE 0.52~1.07 Z [0, 3128 0.77, LAt Ssmar s, Tk 825 A4k 6049 ot ff.

®3 il hERFHREREY

Table 3 Drought index of wheat varieties tested

rn Al PURHREL Eil350 LN DO /7 Ht (kg ) D2 j7 ik (kg )
Varieties DI Ranking Drought resistance level Yield under DO Yield under D2
13 1062 Zhongmail062 1.07 1 ST 538.34 620.00
43 169 Lunxuanl69 1.03 2 BRI 498.34 551.67
4 825 Henong825 0.91 3 ki 465.00 545.00
T4 6049 Henong6049 0.87 4 k7 450.00 531.67
A4 6425 Henong6425 0.84 5 LRETN 480.00 625.00
A7 828 Shixin828 0.82 6 it 463.34 596.67

1% 175 Zhongmail 75 0.77 7 a5 430.00 550.00
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F3(4)
rn A PRHREL HE LR EH DO =4t (kg) D2 F= i (kg )
Varieties DI Ranking Drought resistance level Yield under DO Yield under D2
A4 130 Henong130 0.70 8 AR 423.34 588.34
F 7 816 Zhongmai816 0.66 9 U 433.34 646.67
504k 11 Jinghuall 0.63 10 iU 391.67 553.34
A4 18 Jingdong18 0.57 11 Tk 390.00 605.00
e F 119 Cangmaill9 0.57 12 R 360.00 520.00
/M 60 Xiaoyan60 0.52 13 U 370.00 601.67

222 ETHEMEGAGEEE(DE)N/IMEZR
MHLR TN MK @GR BEE, F K (5
F G045 PR 20 R A e B R 8 (DB 3] A 45 1R
BT 5468 50 F12 25 508 (E A% A it b g 7
P80 Z 18] Y S B RE R, Ul B L B K81 A
2N 2 (6] ) 78 A B T, A LG AR R
B DR, TR T A IR S R R Y S Bk

F4 BFHERSHEEHERXEKE

JE(F4), WUFEN, S5 aht R8O VIR
RIGHT 5 A PERAR YOS B FE%L (0.73 ) Fl R 5K
FE(0.73 ) AHXT /K & (0.70 ) M4 (0.68 )., fili
JE(0.65 ). PHIIERE S = ST A8 EUR IR LR
T 0.7 19 3 AR (R B R 9 ) B AR
KE)ERITH RS R A ERE (D) WE%
FEhR

Table 4 Correlation between each character and drought index

. N R, AR . i . PR " ERZTIN .
PR A BRI P B R BRRCEL TRE B DEEEL e A =1
Characters SNPM  KJEPL ' © LOFL  HD KPS  TKW SL  SNPS £kt CC w;{ PH
KRR 7, 0.73 0.73 0.70 0.68 0.65 0.65 0.64 0.61 0.61 0.60 0.59 0.59

LOFL: Length of flag leaf, the same as below

AR R T 9 R BE R R 35 K 45 3 A
ZEAEbR, TR R D E (R 5), PR RS
LW 2=2 AR 13 /N SRR R B BT

x5

VR Ram bt BT BT B U U S AN,
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FUEHT 828 NPT SRl

i hERMHREEESEEE MR ERRNEER

Table 5 D value and WDI values and corresponding scales for wheat varieties tested

st ;ZLEE Hey L Pl 3ET RS E 1 He¥ L
Varieties A Ranking Drough WDI Ranking Droueht
D resistance level resistance level

Fi# 1062 Zhongmail 062 0.88 1 FRHT 1.02 1 bt
4 825 Henong825 0.82 2 FRHT 0.99 2 [EAA
1% 175 Zhongmail 75 0.72 3 t 0.97 3 it
A1 828 Shixin828 0.65 4 bt 0.92 7 it
/ME 60 Xiaoyan60 0.59 5 Tt 0.95 5 it
4% 6425 Henong6425 0.56 6 Tt 0.95 6 LT
1% 169 Lunxuan169 0.54 7 SEETIN 0.92 8 LR
4% 6049 Henong6049 0.53 8 LR 0.88 9 Lt
%< 130 Henong130 0.39 9 AR 0.67 13 U
7 119 Cangmail 19 0.32 10 UK 0.96 4 LT
HAE 11 Jinghuall 0.24 11 U 0.85 12 AR
H4- 18 Jingdong18 0.23 12 {05 0.86 10 U
F 816 Zhongmai816 0.21 13 i 0.85 11 U
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Table 6 Water saving index of wheat varieties

/IME 60 JH[ 4% 6425 A1 HT 828 FIFSTE 169,
2.3 EHHHK/IE @M T KIS

HE— A SRR T K AR B (R 6)

Z:H

o =N

SCHR [ 25 ], % 28/ i g 3 KRR 23 5 A4
SFg. H A 130 B R MR dRc b, R g b A2

1062 FlIHZZ 175,

i TIKFEEL TR 74k (kg) Yield

Varieties WSI Water saving level D1 D2
4¢ 130 Henong130 1.21 LT 598.34 588.34
rhZ 1062 Zhongmail 062 1.17 [ 601.67 620.00
rhZ 175 Zhongmail75 1.00 [ 525.00 550.00
HUAE 11 Jinghuall 0.96 R 516.67 553.34
T4 825 Henong825 0.96 At 511.67 545.00
WA 119 Cangmaill9 0.95 g 496.67 520.00
1% 169 Lunxuan169 0.93 GRS 506.67 551.67
4% 6425 Henong6425 0.91 R 535.00 625.00
514 18 Jingdong18 0.82 A 498.34 605.00
/MEE 60 Xiaoyan60 0.77 55 481.67 601.67
T4 6049 Henong6049 0.76 55 450.00 531.67
i3 828 Shixin828 0.75 55 473.34 596.67
H1 4 816 Zhongmai816 0.68 55 470.00 646.67

24 MHXMESH

T E PR R A OGN AR 2B B
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Table 7 Correlations between characters and their correlations to DI and D values

. e B -
- Mok e ORI we o wore e U0 wwwo mew DY
Index cc WLR bL PH LOFL SNPS LRW SNPM i DI

D value

TR KPS 0.13 0.12 0.28 0.35 0.18 0.47 0.39 0.17 0.37 0.49
LR DI 0.78" 0.65" 0.62° 0.77" 0.56" 0.61" 0.43 0.49 0.69"
PRSI R(E Dvalue  0.567 0.62° 0.79" 0.39 0.52 0.42 0.77" 0.70"
4 SNPM 0.25 0.45 0.31 0.10 0.33 0.44 0.35
AR 7K i LRW 0.49 0.49 0.44 0.33 0.27 -0.03
/N SNPS 0.25 0.57 0.42 0.47 0.547
J#n < LOFL 0.56" 0.79" 0.62° 0.55
Pkim PH 0.77" 0.73" 0.40
TR BE PL 0.42 0.48

MR BIARL K WLR - 0.70

TR YR AR AL R A T A MERTE 0.05 F0.01 K [R5 B

"and " indicate significant difference at 0.05 and 0.01 level under different water treatment



80 7/

A = 22 %

2.5 BESH

kg i — 25 B R 25 MR Ta] B4 A BLAE F B FEXT T
B ECPT R MELR A B B E S RN, 73 At
FARBCMPU LR A B oy A 5 (Y ), DL TAE
(X)) M E A (X2) 07 X E7KE (X3),
R B AR SOK R (X4 ) B 1 R EE (XS )
(X6 ) FHA (X7) /PEEEL (X8 ) AR (X9 ) it
K (X10), F A (X11) R AL (X12) S A AR+,
AT TR, TR A A Sh R R Y A
)7 s Y=-4.69+2.62X2+4.33X8-1.62X7+0.37X9,
Horpb g R O i VR R RS 4 MR
B, SR A R INEBOVHT AR RO B
K (HERE R BT 0.84.0.73 ),

B AR SHUR TSRS B R E R R 7 2
H Y=-7.29+3.67X5+3.49X11+1.31X3-2.07X10-
6.00X6, FLHVEET AL BT REAL i AR K
TR R 4 D HRAEE BN W T R | R
AR S K XU LR G B (A Y AR E K
( HEEERE RBU0 0.45,0.45.0.41 ),

3 iTig
31 EMESIKSERRE A EEREE
Y,

VEIAE 32 B KA e i, bk 2 /A
o 2 A i R O A 7 B R, 3k
P RS AR AN RO TR A
B S AR, A BN 20 AR
TH AR B a2 BT e Rk
0 R R g sk R Y SR A R [
BE R ARBFFE, /N2 R 1 52 B 7R K
S50 (DO AbBE ) B, Fobk s | ToRLE R R
B2 i I R B R SR A HUR R e S
I3 W s 762 252 B e (D1 AbEE ) i, it
R BRORE R A oA bR 24 5 %0 R ( D2 b3 )
TREESE, X a5 GiRaE e ke
(T 25 5 — 2,

32 (EMIRBMIEMN A EERBERER

P B A 7 2 oA T AR 11 A i R
A 2R RPN R B Rk, b A R
FH PR R BORIST BA B R EE R L B
L Z BT 5 A B X B L 4 X 7 e, 2
HE TR A 2 T S R R T R G P e K
T RS B g R R AR SR B R K
S RN T SRR A R R

i U3 28 2% 18 T T S0 T T I A 4% R )
R O 2R R R O a1 25 PR A B PR T
SECHAR D (T R TR, ABFSE T, 24
DI, WDI., D {843 51 %ot 43t 38 5 B e S 0 AT 3T
i, A4 AR Rl BT R TR e A — B, B
SAETTABIRTFE Tas i B 10130 St ke — 2 3t
W /N Rl A SR B 2R, T A BT 1 R
L 2% 0 4 50 5 2 - HJE S 700 B T B o S 5 44 SR
A R, AR P 1062 il
T4 825 15 3 P J7 vk R BN BT, 30 7E
S L H T BT R R 1 Sy i
FRATT/INAE B P B AL R 2 T RRLE SR
VEIHT AR 2 32 22 JE PR P30 1) 52 2 Ptk PR
A a6 45 7 S i ek FNE M CHT A , B 2
TR 22 R T A SRRV (5
PR Sk, ATTWREE B E Y A BRI AR S
FI BT BIAR S, i ok R
R I N/ ST SRl S N 1 ST L
MR R NEE SR SR T B R K
SRR AR T 5 I R APk S 4T TS HOR / B 5
PhLi Ay B 2 5L i AR G, 4R 3 A ML/ VIS
TN A B B AR (AR BB
0.84.0.73 ). HUABESERIAA g/ BRI 5 2 5
A PN SRR , RIS L 00 5, N
TRHCRI4 2 S e T R A T AR IR

S Z 30k

(1] Arebpe, XA RRIGURN, THR3C, B3R AR, X . v [ /A2 ™
RSB esaadle, 2018, 8(1): 99-106
He Z H, Zhuang Q S, Cheng S H, Yu Z W, Zhao Z D, Liu
X. Wheat production and technology improvement in China.
Journal of Agriculture, 2018, 8 (1 ): 99-106

(2] BA . PEVNERFIXRII (— ). ZREW 4k, 2010,
30(5): 886-895
Zhao G C. Study on Chinese wheat planting regionalization (1).
Journal of Triticeae Crops, 2010, 30 ( 5 ): 886-895

[3] Piao S L, Ciais P, Huang Y. The impacts of climate change on
water resources and agriculture in China. Nature, 2010, 467:
43-5]

[4] Curtis T, Halford N G. Food security: the challenge of
increasing wheat yield and the importance of not compromising
food safety. Annals of Applied Biology, 2014, 164: 354-372

[5]  BRIBEAS . bl &/ NPT IR PP b B0 0 M o 2R
SSR FRMCHIIIRAIT . 405 « PHALRMFH R, 2013
Chen X J. Evaluation of drought tolerance index selection of
drought tolerant varieties and association analysis of important
traits with SSR markers in Chinese winter bread wheat.
Yangling : Northwest A& F Uniersity, 2013

(6] EZRGIR . PEGIAEE—2018. Jbut: hESE R,



13

EAUAFAE  FTpIb/INA SRl

SRR AT 81

2018: 408-409

National Bureau of Statistics of China. China statistical
yearbook—2018. Beijing: China Statistics Press, 2018: 408-
409

sk e W, HEGL BT A, L PR B . = AN
TR A 5 B Bebt AP ZR B PRI . 2 RAEY 40, 2016,
36(4):426-434

Zhang L L, Yang M M, Dong J, Zhao W C, Gao X, Chen D
Y. Comprehensive analysis of drought resistance of three new
wheat cultivars at different growth stages. Journal of Triticeae
Crops, 2016, 36 ( 4 ): 426-434

Blum A, Jordan W R. Breeding crop varieties for stress
environments. Critical Reviews in Plant Sciences, 1985, 2:
199-238

2B BRI, s . AR R R B S e T v
fedbde 2, 1990, 5(2): 20-25

LanJ S, Hu F S, Zhang J R. The concept and statistical method
of drought resistance index in crops. Acta Agriculturae Boreali-
Sinica, 1990, 5(2 ): 20-25

AR BT, X T, SCORET, F 2450, AR, H M8, T m s
KREL MBS E PPN T AT IY . AR %40, 2012, 38
(4):665-674

Qi X S, Liu Z X, Guan R X, Wang X R, Gou Z W, Chang R
Z, Qiu L J. Comparison of evaluation methods for drought-
resistance at soybean adult stage. Acta Agronomica Sinica,
2012,38(4): 665-674

AN, XGRS BT 2R I, B, S0 TS BUBT AR
AR VEWIAC . Bl AR D B3R AL A8 I BT S S S 5
FEbRIT G . IR A BTIREAAR, 2019, 20(3): 583-597

Li H M, Liu S D, Zhang S P, Li Y, Chen J, Ma H J, Shen
Q, Zhao X H, Li C D, Pang C Y. ldentification and indices
screening of drought tolerance at flowering and boll setting
stage in upland cotton germplasm resources. Journal of Plant
Genetic Resources, 2019, 20 (3 ): 583-597

TR, B, PR B VRN, OB BB L T DA/
TEH BTV S E R R R ZR AN . AR 22, 2014,
32(2): 148-157

Zhang J, Lu M, Sun S G, Pang Y H, Jing F, Chen X H.
Screening indexes for drought resistance of seven winter wheat
cultivars at the grain-filling stage. Plant Science Journal, 2014,
32(2): 148-157

F ok, IR, AR, R, LA . DDA AR
CHEARFNA: A AR 8 0 SCIR BE 43 A . P RO R,
2007, 40( 11 ): 2452-2459

Wang S Q,Hu Y G, She K J, Zhou L L, Meng F L. Gray
relational grade analysis of agronomical and physi-biochemical
traits related to drought tolerance in wheat. Scientia Agricultura
Sinica, 2007, 40 ( 11 ): 2452-2459

2, BHE, £, BNV BT S N R TR
IRPTRESEETFAN . AR IAA, 2018, 44 (7): 988-999

Li L, Mao X G, Wang J Y, Chang X P, LiuY P, Jing R L.
Drought tolerance evaluation of wheat germplasm resources.
Acta Agronomica Sinica, 2018, 44 (7 ): 988-999

SRORZE XREGN , pTHAE R  NESTE A RILA R
R EEAR LRI BALRBETE . WAL Rz, 1996,
19(4):6-11

Zhang R Z,Liu G R, LuJ X, Gu J T. The hereditary study

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

of some drought-resistance characters and major agronomic
characters of winter wheat growing on dry land. Journal of
Agricultural University of Hebei, 1996, 19 (4 ): 6-11

TRORZE AR B NPT A SRR S AR PR
IRIERTSE . AR R 224, 1991, 14 (2): 10-14

Zhang R Z, Lu J X. A preliminary study on the morphological
and physiological characteristics of drought resistance of winter
wheat. Journal of Agricultural University of Hebei, 1991, 14
(2):10-14

XZIA, SPREEE , BBl A, 55K , EOEH, BN, ML /N
A AP HTRAEENRRAITSY | AL B IR A, 2007, 8 (1)
76-81

Zhao HM, Guo CJ,Duan WW,QiYQ, Wang X Y,LiY M,
Xiao K. Studies on evaluation indices for drought resistance
capacity in wheat varieties. Journal of Plant Genetic Resources,
2007, 8(1): 76-81

Schonfeld M A, Johnson R C, Carver B F, Mornhinweg D W.
Water relations in winter wheat as drought resistance indicators.
Crop Science, 1988, 28 (3 ): 526-531

Flg e, SRR R KA, B, TR . RIS T/
BPEAR 5 b PR L TR, 2019, 17(17):
5775-5782

Yan J L, Zhang J L, Zhang D X, Feng L Y, Zhang S B.
Yield, drought resistance and water saving with physiological
traits under different water regimes in wheat. Molecular Plant
Breeding, 2019, 17 (17 ): 5775-5782

G PE/NE RS ALt hERE T R, 1997 1-4
Jin S B. Annals of Chinese wheat. Beijing: China Agriculture
Press, 1997: 1-4

SRAE SRR, S EE R, B S0 A2 AR L NI k)
83 B AR DA BRI DG R AFTY . A9 2441, 2005, 31
(12):1593-1599

Zhang J, Zhang Z B, Xie H M, Dong B D,Hu M Y, Xu P.
The relationship between water use efficiency and related
physiological traits in wheat leaves. Acta Agronomica Sinica,
2005, 31(12): 1593-1599

AR% . AHA A AR SR S L bt T E Ol AR, 2000
5-10

Zou Q. Experimental guidance of plant physiology. Beijing:
China Agriculture Press, 2000: 5-10

Pask A, Pietragalla J, Mullan D, Reynolds M. A= FR&EFl 11 7)»
A MR RB S ETE 0 . SO, B0 A AL 0T, F1EME, 1K
AR PE L Jnt: Bl iR, 2017 11-17

Pask A, Pietragalla J, Mullan D, Reynolds M. Physiological
breeding II: A field guide to wheat phenotyping. Translated by
Jing R L,Cao X Y,Ren Y, Wang D M, Xiao Y G, Zhu Z W.
Beijing: Science Press, 2017: 11-17

NIV X5, R/ ING, A SO, X 8288, B, 22 IR
SRAL P . B T K BAC /N SRR L L TR,
2019,23(4):29-33

Sun M Q, Liu Q, Song X Y, Gao Q, Zhang H, Liu X C, Zhang
G H, An Q X, Zhang L B. Screening of water-saving winter
wheat varieties in the central and south of Hebei Province.
Journal of Hebei Agricultural Sciences, 2019, 23 (4 ): 29-33
rhie N RS [ 5 s B A B e R . A N RAL AN
[ AR HE GB/T21127-2007 , /INAZ B 524 28 5 PP 15 AR L
. Abst: PESREL AL, 2007: 10



82 GERE 7/ B G G = S 22 %%
General Administration of Quality Supervision, Inspection resistance. Journal of Triticeae Crops, 2011, 31( 1 ): 88-91
and Quarantine of the People’ s Republic of China. National [33] MK, Thfd, s &, gk ds &S Xl de i, & —FF, i
standard of the People’ s Republic of China GB/T21127-2007, HEE MU SR 538 T /N2 Ay i b AU il A
Technical specification for identification and evaluation of psbA FERFERTEY  VEY2AR, 2013, 39(7): 1319-1324
drought resistance of wheat. Beijing: China Standards Press, Hou P F,Ma J Q, Zhao P F, Zhang H L, Zhao H J, Liu H
2007: 10 S, Zhao Y D, Wang Y X. Effects of betaine on chloroplast
[26] ZFJp, F250F A, 5, PR | 5 G i b 2 protective enzymes and psbA gene expression in wheat seedlings
M AEYZAR, 2015, 41 (6 ): 963-971 under drought stress. Acta Agronomica Sinica, 2013,39(7) :
Li L, Wang L F, Wu J, Jing R L, Wang S M. Identification 1319-1324
of drought resistance at seedlings stage in common bean [34] PH&YL, 220K, VLR, 263G . T80 %/ NE M -2t
( Phaseolus vulgaris L. ) varieties. Acta Agronomica Sinica, ISR el s A PV SR LN A =B =5
2015,41(6): 963-971 2009,24(1):1-6
(27 ] dAN, FEIM U, ok e, ooy S A0, s U, 2200, R Dk . 3 BaiZY,LiCD, Sun HC, WuTY. The effect and chromosomal
TR BT G A A PT FE S E Sb AR BRI L Rl R control on chlorophyll content and corticoid content under
,2017,50( 15 ): 2872-2887 drought stress in wheat. Acta Agriculturae Boreali-Sinica,
Wang C, Zhou L B, Zhang G B, Zhang L Y, Xu Y, Gao X, 2009,24(1):1-6
Jiang N, Shao M B. Drought resistance identification and [35] MR, TR, SR, BREER . 7 AN SRR BT B 1
drought resistance indices screening of job’s tears ( Coxi B RIAEYEER, 2015, 35 (11 ): 1542-1550
lacryma-jobi L. ) germplasm resources at seedling stage. Cui J M, Zhang C M, Zhang H Y, Chen Y E. Comparison
Scientia Agricultura Sinica, 2017, 50 ( 15 ): 2872-2887 of drought resistance of different wheat varieties. Journal of
[28] TR RIET, R0, 2295008, St . = PR3Pk (DG Triticeae Crops, 2015, 35 (11 ): 1542-1550
ST SR . T E R, 2006, 28 (3): 21-25, 43 [36] AL, B/, SR NPT A M S E R AR LR &
Yin L, Lu X P, Fu X F,Li M N, Guo J. The grey relation TEM . 22 2R EY244, 2008, 28 (4): 626-632
analysis and evaluation of hybrid pacesetter. Chinese Journal of Wu X S, Chang X P, Jing R L. Screening indexes for drought
Grassland, 2006, 28 ( 3 ): 21-25, 43 resistance of wheat at grain-filling stage. Journal of Triticeae
[29] A UL UL Bt PIPE AP, 23, ik, MR R . ASR/NE Crops, 2008, 28 (4 ): 626-632
st P~ SRR P 2 A B 1o KT S AT L TR ARl R [37] Z=fi4e, S04, sk LB AR RS, BN . 2/ N BT A PR
2244), 2017, 51(2): 131-139 MIRIFSE . VAT, 1993, 19(2): 125-132
Yang B B, Zhao DD,RenY Z, Xin ZY, Wang Z Q, Lin T B. Li D Q, Guo Q F, Zhang Y Q, Zou Q, Cheng B S. Studies on
Drought resistance of different wheat cultivars and physiological the physiological characteristics of drought resistance in winter
response to drought stress. Journal of Henan Agricultural wheat. Acta Agronomica Sinica, 1993, 19(2): 125-132
University, 2017, 51(2): 131-139 [38] ZERUfE, 5Kk, Tkt . AR KA hh MHEEA A A2 &P
[30] VFEEE, 2, BEVUK, FE AR, 20, 50 . TR/ HERESE L A, 2008, 27 (4 ): 77-81
R LR BIFEM . o E R4, 2008, 24 (3 ): 125-129 Li F H, Zhang B S, Wang Z B. Study on drought resistance of
XuHX,LiW, Cheng XY, Dong ZD, LiY, Cui D Q. Drought different maize hybrid and its parental inbred lines. Seed, 2008,
stress effect on agronomic traits of wheat. Chinese Agricultural 27(4):77-81
Science Bulletin, 2008, 24 ( 3 ): 125-129 [39] 22, Z2PW] B T8 PN, FRVERE , MK . 48 /N
[31] LI, BREAE, S, XN, X B, PR, BRTER . T 5 M A 2R TS BT MR LR SN . IR
3 X AN [ A A /N2 A AN B2 T 5 i D S B4R AR, 2014, 46 (7): 25-30
LRGN . 2 AW, 2018, 38 (10 ): 1246-1254 Li S, Jiang HM, Gong D C,Sun N N, Sun X H,Li L Z.
Mao HT,ChenMY,WuN,LiuHY,LiuYL,Zhang HY, Principal component analysis of primary agronomic characters
Chen Y E. Effects of drought stress on photosynthetic capacity and comprehensive evaluation on drought resistance of 48
and antioxidant system in wheat with different ploidy levels and winter wheat cultivars. Shandong Agricultural Sciences, 2014,
octoploid triticale at seedling stage. Journal of Triticeae Crops, 46(7):25-30
2018,38( 10 ): 1246-1254 [40 ] Frdade, oRoCte, ko, sOUA, miSC BRGNSl

HA] VPG R bR, FOlEE | R RN S Rk ) o2
RO PERRIM-E R B n i 28 5 MO SR ERC R | Z2R4E
Y4, 2011, 31(1): 88-91

Dong J L, Xu X, Li S H, Zhu L, Jing R L. Variation of carbon
isotope discrimination and chlorophyll content among different
cultivars of spring wheat and their relatedness to drought

PURFHERZR AR . T RO IFTE, 2001, 19(2): 14-
20

Shi S B, Xu W X, Zhang Q, Ke Y M, Gao W W. Study on
drought resistance and high yield for comprehensive evaluation
of spring wheat varieties in rainfed land. Agricultural Reseach
in the Arid Areas, 2001, 19( 2 ): 14-20



