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Analysis of drought resistance of some wheat materials in Shandong Province

DING Xiao-wen, CHANG Le, MU Ping
( College of Agronomy and Plant Protection, Qingdao Agricultural University , Shandong Provincal Key Laboratory
of Dryland Farming Techniques, Qingdao, Shandong 266109, China)

Abstract: Through the use of PEG — 6000 simulated drought stress, 21 shangdong wheat varieties were used as ex-
perimental materials to study the effects of different strains on the growth and development of winter wheat. Germination
rate, coleoptile length, main root length, root number, were as the experimental indexes to compare different varieties
drought-resistance characteristics of winter wheat. In seedling stage seedling drought repeatedly appraisal method was
used to compare drought-resistant characteristics of winter wheat under water stress. In middle and late stages through use
of the artificial water control dry shed simulated drought stress, during flowering period and filling period the first intern-
ode below the plant height, spike length, leaf relative water content, leaf POD activity, the output of maturity indicators
as the experimental indexes to analysis different strains of winter wheat drought-resistant characteristics under water
stress. The results showed that: 11, 17, 12, 4, 6, 15, 14 strains drought resistance during the whole growing period was
strong; 13 strain was susceptible to drought during the whole growth period; 20, 9, 2, 19, 18 strains drought resistance
was strong during germination and seedling stages; 10, 5 strains drought resistance was strong during germination and
middle and late stages; strain 7, 1, 8 strains drought resistance was strong during seedling stage; 16, 3 strains drought
resistance was strong during the seedling and middle and late stages. The comprehensive drought resistance coefficient of
seed germination period of 21 wheat varieties, comprehensive drought resistance coefficient at seedling stage and compre-
hensive drought resistance coefficient in late stage were analyzed. The results showed that the growth period of wheat
drought resistance was not always strong at each stage , seedling stage of middle and late periods were of the highest cor-
relation coefficient of 0.465.

Keywords: wheat; drought stress; drought resistance; germination stage; seedling stage; middle and late stage

WA EEE/NE ARG P EVNE R URERREZeRE FEERY . 3T 50 F AR

75 B #9:2016-07-29 f& 5] B #1:2016-09-25

EETE : 1R A IRAOM = bk 28 /N2 Q137 T BA (SDAIT — 01 — 05) 5 LR 48 A0V KRR TR I00 T 3 5/ 22 Fh R 9 YR 018 S5 00
EE B THEE(1990—) , %, INZRA R FEN, Wi+, FENF/NEHBEF T . E-mail: 709939160 @ qq . com,

BEEERE FO971—), 5 IWAREN, 2R WHF0 A S0, 0, RSN B F RS . E-mail: 1773602046 @ qq. com.



%5

TR IR A R I/ N A R TURRE Hr 203

HAEREIK HEORR BE A 72 W 0 AR AR PRIk , %
K FBURAR 20 B s A IR & E KN
F R TR IEAE R KA D I B A R A/ NZZ PR A
SRR T K OB 73 =7 8™ 8, P A& /N
AT RS B T S 5 A 2
et 5 Il A fRi A sk g A2 22— 3 AR/
HHCRFRREREA T 0, B 5T SRR ) P S 25 R 0T O
e 2R F WA BOR YT R /N SR T
EXPIREFEAEZEE L, NENIUREEE T
e S S P (o A o DA S (1= 1IN/ it =% N
HApIE AR bR HA R B S5 p £ 5o AR
5L M A FUR 2 B R P 0 SR o I A /N
BRI ZE A B R 2 8 &/ N T I Pt R Re T,
JE AT B EDUL PR ) M E R BT Al
AEXS A 252 2 R A S S e /N2 i ke
PR TSRS, PIEMRETE N S H 5 bR, B %% 1L
U813 oy 55 /NG B R AT S B A S TR A MR 2
KEFRES] ZF K SR, /N T R 4
SE A SRR L IR R R TR NSy
Jolie 251 B AL BRA AL A8 AR — I 0 T BB 1
TR/ NEPUR M R R R RN R
PLERTSE i T e Mg sk 2 — 100 s A Ak Wy g
(POD) A WU AP 25 5 AE T B 4540 7 AR
TR SRR L W R Y L TR
W FEUNEZ IR FE R R DL B AR
TR B AL, 52 /)N 22 235 Ak i 52 e 21 /N 2 Y e
U281 NG SRR LR AT R A BB ek
FOR YRR e B WILE A PR R AR

AR AEE N E SN R AT AT, D 21
ANEUER K/NZE b 2R I bR 7E & AR [ &
FRUE(GB/T21127 - 2007) , L 209% 58 £ % — 6000
(PEG - 6000) 7 AL T S a8, EL AN TR b R &
INZZFEAR 3 0T B R BB S 5 AR R E R A o
(GB/T21127 - 2007) , 4l i e &2 T B4 ik, e
BORTRN G RA/NZZTE K 43 W38 T B A P R e
RSN T WA 55T, LA 5 RN
TEIK AT E T s BT R A
1 BB
1.1 RIEH R

RIRAEER 21 A2 R B I AR PEEB L T
R N B RS &R, TUEE A R A HQ14006
HQ14007 , HQ14008 , HQ14009, HQ140010, HQ14011,
HER I R SR 7 5 TFEE 0850262 . BC13PTJO11 .

BC13PTJ012, BCI3PTJO13, % 111 50206, Z% LI 5366,
ZB828 I B 1 5, A EB I i R 233567, 234188,

234081 .7 % HOI2 JH 07151 &5 21, 2345 N
1.2.3.4.5.6,7.8.9.10,11,12,13,14.15.16.17.18.
19.20.21,

1.2 gt

B R WP R S, LA 21 G5 1L AR 22 X /N2 b ot
L, FH 75 % BOTERE T 7% 1 min, 208K 28 =00 6
FhF R IE 50T S e DARSUZ IR A & 28 R 48
BHBEIH A 256 (10 em x 10 em x 5 em) N, B & 2F &
100 K7, F5AEHE AT 15 ml 20% ) PEG - 6000 7K
WS, A 15 ml 28487k, TG B 3;
ST 25°CHEIRREFE , 12 h)6/12 h AL 3R, &
B SR AR RAMINE A RIAE PR 5 ml, 5557 168 h
PAEATHA A 25

BT R K, AR E R AR (GB/T21127 -
2007) 4l s A2 T 548 Tk

H S AT TR 4, 0 S R T S ARl KA
3K P52 56 34 B T 5401 (120. 70°E, 36.90°N ) , 4 3 Jiit
HitRE L P AR 1.5 m, K2 m, %2 m
(7K et , B4~ 553t v ) A R 4 DAEEIN 2 K 4
49 I A de R 7K B 25% , %5 1.34 g*em 3,0 ~ 20
em FEAPUT 1.32% 2R 0.075% JKff A 55.86
mg- kg™ U 39.97 mg- kg~ HALHH 86.34 mg-
kg~ ARFPEEHLHES, 2014 4F 10 A FA)E W LR
B, B A 8 47, P I4THE 25 om, TEAT/INEFR
G e VA S = L2 Y10 1 O ¢ Y D N BV S W 53
iU KD FERE AL TR, 43 AR I R AR
WK HEZK R 60 mme U 1o I Y - SR 4y
i R )R RS R A
AN REFPET AT HLAE 60 000 kg hm ™2 4l N 180 kg-
hm~=2.P,05 120 kg*hm~2 K,0 150 kg hm=2fY L {1,
FEFE M — PR I A =K,

1.3 MHRiAE

W RIS 5% 168 h 2 & ZEFh 450, 1 H B R 2F
R R 2R B AN AR A T AR BT
AR . R ZER = CR IR T80/ B0 0 i
) x 100%

B, & kT 5 - 2K TR KT
I EAATE R IR T S S R AR
DI AI TR R,

a=(b+c)x2!

= (X, x Xy x 100 + X, x X;_; x 100) x 27!
K, o AT R RM MM, %50 AHE KT
B R, % 5 c WBE KT RAAER, % X, NE—
WK IG =R E G AFE WA A Xy I —
W 5EH =R E S B A X, RS IR
K IG =R E AR A A



204 TR A AT

o535 &

INFZZEREAHAEI, 43 B BOR B R 21 A7)
F i AR — BRI AR A A —
B K IEC R IE . 2 9:00 4351 F K H A SR 4 5
TG | FH 000 52 i R AR KR R A K
R AL

AT & K i (RWC) (%) = [(JRtfff & - T
) /(MAEE - T5) ] x 100%

F 9:00 43931 TF K H AR B O, BT UK
BT RCE T 20°C VKAE £ A, POD 36 4 AG 1 <2
S22 AR By E e

B TE R R4 40 0 BURE , WSO 3R 45 >/ IX
o KA AT A AR 0.5 m?, I O T

PR R B = PEG B8 T 4845 19 1 Y/ X i 45
bR B~ YA

CERPURFREL = SR A T E FE bR R R
TACEH1E
1.4 BESIHH

PG/ INGZ df R A R 8 b b 5 R BOR K,
F ARG & s ikl 7 - 80 D, X 21 By N
PR IR A TLE AP . AT .

U(&) = [XL] - ijinJ/[)(jmax - ijin]’

] - 1\2\3 ......

D= 2" LUl 205D,
i=1

jo= 1,230

Hr, U(X;) e j ARS8 REUE, X, 5 i
MBS j AR IR R B X T X 5390
BZRM B TR R B R B R B/
{Eor, A5 j MRS 255 PR R MR A AR 5 R AL
| 7 /> ri | ARAREUEL, FORH j MR ARET
BhR AR B AR
2 ZER 50T
2.1 INEHEBREENSEESTEN

AT AR TR R B SR 8 ok EE 1 P I (R R
B, REFRJERBUETR RN 0.704, FHR KRS K
Bt/ R 0.460, 03 1, Wi xF D (H5 )8 sR%L
{EAECA T, W D 5 &8Pl 5 R A R o
BB A 2 TR ARG, 5 IR 2  IRAR B =R
HRAS R 2 A0 O R 0530 0.734.0..836.0. 750,
0.663, D {5 ] %5 fy 4= T b 0FA /N 22 8 Kk W 0 B 5
P, D {EMZAEALTE RN 0.139 ~0.830, H. D {Hi# K
X i B P PR R R . For D {ERTF 0.6 1Y/D
FMFE K 20.9.11.17.2.12.4,0.5< D {H < 0.6 [K)/)s
FmAE N 10.21.19.5.18.6.15.14 , 3% LRl %}

PEG — 6000 Jiirie S5 W ASBBURR, by /N2 1 2 T
55 P T
2.2 KoMEXNZNEHPERETHENEST

R ENT

T & S FNE 1 2R R AN TR, S BT A )
WA B BORIE], B b B 1.2.7 16T 40 BRAh, HiA
AR T 40 k. FEZa T IR T2 2 K5
Z G /INZZ LT B A0S B T DL U R A8/
F WP AR ES . PR TR KA T
INERERIETS HEE K T R 2 506 T ECE
BRI (W3R 2) . - TRZE, A
W ER) 41 T AT R HRAE 65% ~ T5% Z 18], fh & 13 1Y
TEIE R AR N 65% , i 5 3 B N 75% ;55 kT
B2ZJE A SR SR TR AR KR T 5, AR RN
iR BIIET- R 2E R K PR R 3.16.14.17 IIFIG %
KT 60%, 43 5 H 68.22% . 67.20% . 65. 36% .
63.26% LM, B i BRIV R T 60% . &R
9.11.12.20 AYTFIE AL 50% ~ 60% Z [6) ; i 55 18,
15.7 .4 BIFETE ZRAE 40% ~ 50% Z 7] 5 it % 1.8.2.6.
10 BYFEIE RAE 30% ~ 40% Z )5 i 2 19.5.21.13 Y
TN BRI, 43 9K 29.47% . 11.14% . 6. 98% .
4.68% . PR T VA KT 60% 1) /N i
2R 3.16.17.14.9.11.12.20.7, FE15 Z7E 50%
~60% Z A ) /NZZ fih R 53 5 R 18.15.4.1.8.6.2,
19, XEpPRDT R 5 e SN F AR B, A/
F TIPSR B T
2.3 INEHFHREENESITEN

TE/NZE AT AL A A R = R B — T Al
5 A X 25 7K R DA T A6 301 A S B B POD ity
T WO R A B e A L TS R DA
MEEEPURRENE 3. NPT R R BNRIE
PRBUE I YER F , w  AE X B K SR e B
KN 0.745, 3 1 POD 15 PESR &8 s BB e/ A
0.372, X} D {HS5&F8FrPF R AN eR B E
TTAEEA T, BRAE T 56— 1 S L R AR B K ST
BREBRFBESUES D HAHEEA R E; DES
FFAE POD 15 I POD IS MEPL S R BIR R
PRI 1) 52 0 38 TE R O, A G R B4 ol 0. 534,
0.533; D 5k & = Bt R RE KRR R EE Y
R IEAH DG, A O R 53R 0.655.0.651, 3%
B D B A5k 4 i s DA /N 22 WO T B R
i /N D EREEYE RS 0.213 ~0.797, Hd D
ERKTF 0.6 /NEEFR N 11,15.16,0.5< D fi <
0.6//NEMFE N 3.10.14.4.6.5.17.12, X 2af1 K
X R aE S AU, SR /NE R T R R R 1
Pl



555 TR IR A R I/ N A R TURRE Hr 205

F1 20 BNEMRIETERE 20%PEG - 6000 BB TR B ML &M
Table 1 Evaluation of drought resistant of 21 wheat materials stressed by 20% PEG - 6000 at the germination stage

- )& PREE Subordinate function values DG e
V::ieties JZF B FHREK JRAR %k YR D - value Comprehensive
Coleoptile length Main radicle length Number of radicle Germination rate drought coefficient

1 0.124 0.100 0.000 0.000 0.139 0.417

2 0.560 0.780 0.598 0.918 0.721 0.781

3 0.805 0.370 0.099 0.635 0.462 0.672

4 1.000 0.480 0.536 0.817 0.684 0.790

5 0.603 0.370 0.554 0.831 0.583 0.713

6 0.744 0.630 0.209 0.752 0.577 0.728

7 0.805 0.410 0.192 0.587 0.493 0.679

8 0.547 0.190 0.407 0.811 0.471 0.660

9 0.757 0.530 1.000 1.000 0.811 0.828

10 0.705 0.660 0.616 0.595 0.677 0.742

11 0.738 1.000 0.537 0.493 0.748 0.772

12 0.573 0.670 0.741 0.717 0.706 0.751

13 0.000 0.000 0.251 0.303 0.199 0.452

14 0.543 0.120 0.889 0.363 0.530 0.627

15 0.370 0.430 0.526 0.923 0.561 0.695

16 0.090 0.170 0.142 0.880 0.312 0.569

17 0.932 0.640 0.526 0.972 0.736 0.824

18 0.884 0.360 0.419 0.747 0.580 0.731

19 0.657 0.360 0.627 0.684 0.591 0.704

20 0.780 0.880 0.714 0.929 0.830 0.845

21 0.450 0.500 0.764 0.817 0.653 0.725

SEHIME Average 0.603 0.460 0.493 0.704 — —

x2 2 MNEMHERRARETEMETHREEER

Table 2 Survival rate of drought resistant of 21 wheat materials stressed by repeated drought at the seedling stage

A [h R BT REKIEER/ % R TREAKIER % PR T 5 G2/ %
Varieties Initial average number First time survival rate Second time survival rate Average number
1 30.0 74.00 36.67 55.33
2 37.7 69.69 33.24 51.47
3 47.3 75.00 68.22 71.61
4 45.0 72.11 41.78 56.94
5 47.3 69.50 11.14 40.32
6 46.3 71.54 31.68 51.61
7 38.0 74.21 46.05 60.13
8 46.0 72.17 35.00 53.59
9 47.7 73.53 55.62 64.58
10 4.0 67.50 30.91 49.20
11 42.3 72.64 55.48 64.06
12 47.3 70.77 54.90 62.84
13 43.0 65.00 6.98 35.99
14 48.7 70.07 65.36 67.72
15 49.0 71.53 46.53 59.03
16 50.0 74 .40 67.20 70.80
17 46.0 72.83 63.26 68.04
18 47.7 72.06 47.23 59.65
19 41.3 72.58 29.47 51.02
20 48.7 73.56 50.16 61.86
21 47.7 69.97 4.68 37.32
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Table 3 Evaluation of drought resistant of 21wheat materials under water stress at the middle and late stage

I R EUE AT RE
i B N BFS%— MRS JFEMPOD I POD , DAL Comprehensive
Varieties f:iljn EES Aok Blooming Filling z’j i D - value dt'uilg.}1t
’ Internode length RWC stage POD period POD ’ coefficient

1 0.000 0.182 0.653 0.741 0.348 0.172 0.270 0.854

2 0.500 0.3% 0.755 0.648 0.079 0.276 0.446 0.838

3 0.444 0.697 0.953 0.981 0.000 0.500 0.597 0.897

4 0.944 0.000 0.829 0.556 0.427 0.500 0.543 0.896

5 0.333 0.576 0.954 0.296 0.584 0.310 0.522 0.893

6 1.000 0.667 0.462 0.444 0.348 0.259 0.536 0.883

7 0.333 0.364 0.728 0.796 0.427 0.241 0.488 0.893

8 0.167 0.455 0.802 0.000 0.045 0.345 0.308 0.776

9 0.278 0.273 1.000 0.315 0.360 0.259 0.425 0.839

10 0.778 0.727 0.490 0.056 0.742 0.603 0.569 0.936

11 0.722 1.000 0.831 0.648 0.719 0.862 0.797 1.031

12 0.333 0.455 0.661 0.889 0.124 0.655 0.512 0.900

13 0.389 0.606 0.675 0.463 0.213 0.000 0.404 0.822

14 0.722 0.667 0.903 0.611 0.236 0.207 0.569 0.876

15 1.000 0.212 0.781 1.000 0.461 1.000 0.729 1.002

16 0.444 0.303 0.909 0.741 1.000 0.759 0.69%4 1.026

17 0.222 0.485 0.902 0.722 0.258 0.517 0.520 0.8%

18 0.778 0.424 0.448 0.204 0.416 0.724 0.493 0.896

19 0.278 0.091 0.988 0.833 0.416 0.259 0.486 0.884

20 0.056 0.3% 0.918 0.667 0.427 0.379 0.480 0.891

21 0.056 0.273 0.000 0.370 0.191 0.448 0.213 0.812

ii?a{i 0.466 0.440 0.745 0.571 0.372 0.442 — —
2.4 MNEELEFHRBHHEXES T B R AR S PR WGP R B KR

XF 21 B3/NEE i BRI SR B IR R B 0.465, AR BIBIAM W P RN ES A E
MZEEPIRRBC PR EE G IR R AT DU AN SR DR &30 v 0 L v s 0] . —
TN 40 BRMIZEE IR AR S HMLGEIE NN PUR R A REIUR SN i R A I
AR R RN 0.220, i AW ZEG PR RS DURAPEERE , XN TP E R, T B LR G/
TEMGE IR REOHCRECN 0.105, filizs  EZ2FWmii R,

R4 20 MNEMRBERH AR PEHRNRERBIEXST

Table 4  Drought resistant of 21 wheat materials at the germination stage, seedling stage, the middle and late stage values analysis

HRME TR R EMSGETISERE  TRMZGERE RN

S

. Drought coefficient of Drought coefficient of Drought coefficient of
Correlation L . .
germination stage seedling stage middle and late stages
B & W25 B P15 225X Drought coefficient of germination stage 1
LA PR R B Drought coefficient of seedling stage 0.220 1
G IZE G PSR B Drought coefficient of middle and late stages 0.105 0.465 1
N y SoHe 2 - Ha Y 2 feragi 4A)
NV IAHPHERE 52 250 S K A s A 2
3 e 5S4

FU LR AT R BR ) A REOT VR S 4 AR B0

AR 21 IR EK/NER R, FENE  SUFILEEAN S5/ E B AT R it R IR 25 1k
2. - 6000( PEG — 6000) # Al T 5 Msm uh 4 RERZFRES SR SR 0 AR TR g 45
il 2 /NAE HEAT W R e S, T R A K SRR vk FARHT 5 2 BOR i A PR 68 0 2R 5 VRN (E
X5 i R ANE AT A S, TESNEIXN (D)o D AESSAEARIUR R RS R R AR
ZMAEFE T T RPHASE . 7ot Zhou 8 BEIEAIE, RIMZFEI IIARK  FRIRRK K4
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