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H E.HAAKTHEAESFHXGERE(HT) 27 FHELE T E M8 (DT) YL EF B (NW) 35
TN SDWW-7" iR 6 5 Fn & H L 1 5 NEFMTF, 28 AL EREH PEG-6000 1 NaCl ¥ & # 4l T
fpfndh i PR R E 3 ALY TRAM TR EEAwEE, 2R2FN.(H)FETEREFEIRNE
AL T AL E PR, T BB L 23.55%~46.15% ;% i T 2 it 3t ‘SDWW-7"fo &7 K 1 &  ER & EY W EAL
BEZF(P<0.05), (2)FRANEMBAAZ T ERU R, B FHELEEH SDWW-7" “EK6F XRERTE
PR AERL S KHEF MR ERNBENN 1.24%~2.72%, (3) FRANEMPEEZ D, &
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Effects of high temperature and drought intergenerational effects
on drought and salt tolerance of wheat at germination stage

LI Gang, WANG Bohan, ZHANG Xuezhi, LI Cheng, LI Chunyan
(College of Agriculture, Shihezi University, The Key Laboratory of Oasis Eco-agriculture,
Xinjiang Production and Construction Groups, Shihezi, Xinjiang 832003, China)

Abstract: Wheat seeds ‘ SDWW -7’ , ‘Jinnong 6’ and ° Jinshinong 1’ were harvested under high
temperature stress ( HT) , post-anthesis drought stress ( DT) and normal irrigation ( NW) in Turpan, Xinjiang,
and the drought and salt tolerance of seeds harvested from three different environments were studied by simulating
drought stress and salt stress with PEG-6000 and NaCl solution of different concentrations. The results were as fol-
lows; (1) The 1000 -grain weight of male wheat decreased by 23.55% ~ 46.15% under high temperature and
drought stress, and the effects of high temperature and drought stress on starch content of *SDWW-7" and ‘ Jinshi-
nong 1’ were different( P<0.05). (2) Under drought stress, ‘SDWW=7", ‘Jinnong 6’ and ‘Jinshinong 1’ after
heat acclimation grew better with average relative salt damage rate between 1.24% and 2.72%. (3) Under salt

stress, the results showed that *SDWW-7" | ‘Jinnong 6’ and °Jinshinong 1’ had the best performance after high
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temperature training, ‘SDWW-7">*Jinnong 6’ >* Jinshinong 1’ showed the effect of two kinds of exercises on salt
tolerance of offspring wheat. (4) The comprehensive evaluation of drought resistance of wheat progenies showed that
under 15% PEG-6000(D1) and 20% PEG-6000(D2) drought stress, the progenies of ‘Jinnong 6’ and ‘Jinshi-
nong 1’ harvested under DT environment had the best drought resistance and ranked Ist and 7th respectively.
(5) The comprehensive evaluation of salt resistance of wheat progenies showed that under 50 mmol - L™'(S1) ,
100 mmol + L™'(S2) , 200 mmol - L™'(S3) salt stress, the salt resistance of wheat progenies was higher than that
of wheat progenies, ‘SDWW-7", ‘Jinnong 6’ and ‘SDWW-7", which were harvested in HT environment, had
the best salt tolerance, ranking 1,5 and 11, respectively. In conclusion, after high temperature and drought stress
training, the progeny of wheat had a greater germination advantage when subjected to adversity stress, indicating
the drought stress training of the paternal generation enhanced the drought resistance of the progeny, and the high

temperature stress enhanced salt tolerance of progeny, which suggested that this effect could be passed on to the

next generation and improve the resistance of progeny to stress.

Keywords: wheat; stress training; trans-generational effect; drought tolerance; salt tolerance
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K2 16 mm, 78 & & 535 3 000 mm,5—6 H 1)
SR R 30~35°C RIS HI RS B R
e i AR IS IR AN PR R B

AU FIEF HE R IR BT (NW) - 44 B 10 6
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B 2D RARR] . S Pk 2 1 0 B — B /N2 Rl H 5%
H,0, 7 10 min, fEHZEMEKMHYE 3~5 K, B3R
LA PR JZ UE AR, 43 591 1] 35 37 0L P9 00K 7 1) 2 18 7K
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Table 1  Osmotic pressure, pH value and conductivity

of each treatment solution

Ab BiEE H AR
Treatment  Osmotic pressure/MPa Conductivity/ (S + em™)
CK 0.00 6.85 0.93
D1 -2.95 6.94 5.11
D2 -4.91 7.50 5.44
S1 -0.25 7.06 540.00
S2 -0.49 7.10 1044.00
S3 -0.99 7.11 1834.00

£ : PEG-6000 B 15 A1y g =-1.18x102C-1.18x
1074 C2+2.67x 1074 CT+8.39x 1077 C> T; b il i1 b BRI 5 B IR 5524
Ky w=CRT, K C IR IE, R 0 # %0 (8.31 kPa - L - K7' -
mol ™), T AT EWE (K) .

Note: The PEG-6000 osmotic pressure calculation formula is ¢ =
-1.18x1072C-1.18x 107 C* +2.67x 107 CT+8.39x 1077 C* T. The
osmotic pressure calculation formula of salt stress treatment solution is 7=
CRT, in the formula, C represents solution concentration, R represents

constant(8.31 kPa + L « K™' - mol™"), T represents temperature (K) .
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HEVEM PR ERE S | SCHEVE B bR HERE AL AR 3 AR bRiE
2R, SR 5 4 AN TR) A2 4 3R 88 T W3k 19 /N 22 b 7
i FREL 50 mg &3 100 H G AL IIA 10 ml 250048
AT 0.5 ml To/K ZEEAT 4.5 ml NaOH, 7K
10 min JEHGER H W EC 250 wL E3EWNA 50
mL 28, /K 25 mL, FHIA 1 mol « L™ 2R
W 0.5 mL FELAF] 0.5 mL, FHAKESS, A4 10 min,
]I 82s FRT R L 7E 620 nm AR IEBOROG R S5 S AR
HERNZR  THRA B M & . BAIR 2 il k
SEOT RS

1.3.2 &&, T FaEMA RS R KRS BE 5,
SDS AR Fo s o 2 FHIE 2E HM-3020 4T
HMCTEAS W) 43 AT AT /N 22 b - 3E A7 B BT 7K 43
PRI A SDS VT RFAE ARE B2 0 5, 00 B 4 4 3
Y FE A 400~2 500 nm,

1.3.3 FHE FREEMHFEEw T EECK
HEiR TR T SDWW-7" Bk 6 5 F1° 4
AR5 AR, £ A0 BE AR 1 000 K7, E
25K,
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FHG D AT SRR pRECE R AT R 51 iR
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BT Excel H SPSS 19.0 #4F, iTA %1
WEDIANEL IFENRA F AR, Z2H K
KM Duncan 3%, .3 K8 P<0.05, AHHE5Hr
SR FH B IR RUAS 1 AH SR 23 BT, B Origin 2R
W HE A5 W3k (hitps : // www. bioinformatics. com.cn/ ) #f
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Table 2  Effects of high temperature and drought stress on grain quality of paternal wheat

S S A g Aoy R/ SDS VL e
Genotype Environment 1000—grain weight Moisture Wet gluten SDS sedimentation Hardness
content value
HT 25.76¢ 7.10¢ 27.33¢ 49.30c 110.73a
SDWW-7 DT 28.94b 8.80b 37.10a 67.40a 80.56b
NW 47.84a 10.03a 34.10b 59.27b 59.27¢
Hfe 6 HT 36.58b 7.00¢ 32.53b 65.13a 89.90a
Jinnong 6 DT 28.85¢ 8.60b 31.36¢ 59.37b 83.70b
& NW 47.85a 9.33a 34.43a 58.27b 61.10c
o HT 26.12b 7.00¢ 27.83¢ 55.03¢ 109.46a
ﬁlﬁfaigﬁ DT 21.20¢ 8.46b 36.73a 64.80b 106.00b
NW 39.12a 9.80a 34.93b 66.60a 74.33¢
Wi H Item F Al F value
LAY Genotype 2.27 0.18 0.62 0.04 0.87
4% Environment 40.99* * 452.80" " 14.03* " 2.99 62.18* "
F A RIX I GenotypexEnvironment 25.68" " 122.00" " 1046.10 " 104.89 " * 72.26" "

TE : RV B[R]/ NG Rk () R [ PR S5 b B 0] 77 35 22 53 (P<0.05) , = il = J3HIFIRAFAE B35 (P<0.05) AR 2.3 (P<
0.01) 25, FM,
Note : Different lowercase letters after the data in the same column indicat that there are significant differences among environmental treatments ( P<0.

05), * and * * indicate significant (P<0.05) and very significant (P<0.01) differences, respectively. The same bhelow.

x3 BEMWERTEHENXK/NEFRIENREB RN

Table 3  Effects of high temperature stress and drought stress on grain starch and protein of paternal wheat

SEH E78: TERY BB % HEEVER/ % SCHETEN/ %o H B %
Genotype Environment Total starch content Amylose Amylopectin Protein
HT 84.31a 30.54a 53.62a 10.57¢
SDWW-7 DT 74.62b 26.62b 48.01b 14.81a
NW 77.80b 27.91b 49.94h 13.11b
N o HT 81.63a 29.40a 52.08a 12.76b
J{i;{z 6 z DT 79.11a 28.43a 50.71a 14.27a
Hnong NW 78.40a 28.14a 50.30a 13.03h
HT 76.15b 27.28b 48.94h 11.82¢

I =]
;Lﬁhzz ! ﬁ] DT 71.20¢ 25.18¢ 46.03¢ 15.50a
fnsinong NW 80.73a 29.05a 51.68a 13.03b
TiH Item F 1§ F value

LAY Genotype 7.19%* 5.89" 8.70* * 32.83" "

4% Environment 15.58" ¢ 13.11" 18.03 " * 732.46* ¢

FHAFIXIFEE GenotypeXenvironment 6.99" " 6.41"" 7.24" 7 61.79" "
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Table 4  Effects of drought stress on the germination indexes of progeny wheat

HIX B2 % AR %

FE PR A E785 TRiR k%%/.% k?’l’*ﬁ/% Relative Daily k}j—%;& )FEXT%%}F:/%
Genotype  Environment Drought Germlna‘tmn Germination germination germination GBITHI-HE-ltIOIl Relative drought
treatment potential rate rate rate coefficient damage rate
CK 99.03a 99.03a 100.00a 14.15a 22.23a 0.00a
HT D1 96.66ab 97.81ab 98.77a 13.97a 20.14c 1.23a
D2 81.13cd 97.78ab 98.74a 13.97a 18.38e 1.26a
CK 99.00a 99.06a 100.00a 14.15a 22.25a 0.00a
SDWW-7 DT D1 88.94bc 97.78ab 98.71a 13.97a 21.30b 1.29a
D2 80.06cd 97.82ab 98.75a 13.97a 18.94d 1.25a
CK 97.04ab 97.03ab 100.00a 13.86a 21.69b 0.00a
NW D1 77.81d 94.40ab 97.29a 13.49a 18.34e 2.71a
D2 62.22¢ 93.27b 96.12a 13.32a 17.85f 3.88a
CK 100.00a 100.00a 100.00a 14.29a 22.19a 0.00b
HT D1 97.83a 98.91a 98.91a 14.13a 18.67¢ 1.09b
D2 81.15b 97.85a 97.85a 13.98a 17.23d 2.15b
ok 6 B CK 100.00a 100.00a 100.00a 14.29a 22.13a 0.00b
Jinnongz DT D1 94.44a 98.93a 98.93a 14.13a 20.89b 1.07b
D2 74.41c 97.81a 97.81a 13.97a 18.38¢ 2.19b
CK 97.03a 97.00a 100.00a 13.86a 22.21a 0.00b
NW D1 78.92bc 90.04b 92.82b 12.86b 18.46¢ 7.18a
D2 46.73d 85.63b 88.28b 12.23b 17.44d 11.72a
CK 100.00a 100.00a 100.00a 14.29a 22.12a 0.00¢
HT D1 92.22be 97.81a 97.81a 13.97a 20.19¢ 2.19¢
D2 85.56¢d 95.63a 95.63ab 13.66a 18.75¢f 4.37be
CK 100.00a 100.00a 100.00a 14.29a 22.20a 0.00c
eOR15
Jinshinong 1 DT D1 87.81cd 97.82a 97.82a 13.97a 21.53b 2.18¢
D2 82.23d 96.74a 96.74a 13.82a 19.12e 3.26¢
CK 98.02ab 98.03a 100.00a 14.00a 22.10a 0.00c
NW D1 81.15d 90.04b 91.85b 12.86b 20.04d 8.15b
D2 68.94¢ 81.10c 82.73¢ 11.59¢ 19.23e 17.27a
TiH Item F1{H F value
FEF A Genotype 0.41 1.61 3.59* 1.61 6.22% " 2.55
¥4 Environment 447" 4.83" 3.647 4.84" 4.23" 13.91" "
F54LHE Drought treatment 23.88" " 2.42 2.14 2.15 37.28" " 2.65
JE R IR
Cem;}zxﬁnj;fmem 0.16 0.45 0.63 0.45 0.15 2.62"
J LR R < EL AL B
Genoly[:xdroz;:%ealmenl 2.05 0.50 0.67 0.50 0.03 0.41
xR AL . .
Envir()nInTei'thIr(::g&}; Eeatment 26.61 23.61 12.74 23.61 12.00 4.86
SRR T A
GenotypexenvironmentXx 7.97** 6.53*" 533" 6.53" " 14.26" " 239"

drought treatment
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Table 5  Effects of salt stress on germination index of progeny wheat

wn s B gopwse RERCCHSRRERCC gpsw makssa
Genotype  Environment  Salt stress bcrmme%tlon Germination germination germination (Jemgnzjltlon Relative salt
potential rate coefficient damage rate
rate rate
CK 100.00a 100.00a 100.00a 14.29a 22.20a 0.00¢
HT S1 100.00a 100.00a 100.00a 14.29a 22.17a 0.00¢
S2 100.00a 100.00a 100.00a 14.29a 22.15ab 0.00¢
S3 98.89a 98.89a 98.89a 14.13a 22.22a 1.11¢c
CK 97.78a 97.78a 100.00a 13.97a 22.17a 0.00c
S1 94.44a 95.55a 97.72a 13.65a 22.16ab 2.28¢
SDWW-7 DT .
S2 93.33a 93.33a 95.45a 13.33a 22.22a 4.55¢
S3 90.00ab 92.22a 94.31a 13.17a 21.76d 5.69¢
CK 93.33a 96.67a 100.00a 13.81a 21.89cd 0.00c
NW S1 87.78ab 89.99ab 93.09a 12.86ab 21.94bed 6.91c
S2 81.11be 79.97bc 82.72h 11.42bc 22.06abc 17.28b
S3 71.11c 72.09¢ 74.57¢ 10.30c 21.86¢d 25.43a
CK 100.00a 100.00a 100.00a 14.29a 22.22a 0.00c
T S1 98.89a 98.89ab 98.89a 14.13ab 22.21a 1.11c
S2 98.89a 98.89ab 98.89a 14.13ab 22.17a 1.11c
S3 94.44ab 97.78abc 97.78ab 13.97abc 22.11ab 2.22bc
CK 98.89a 100.00a 100.00a 14.29a 22.16ab 0.00c
" 65 DT S1 98.89a 100.00a 100.00a 14.29a 22.14ab 0.00¢
Jinnong 6 S2 95.56ab 96.67abc 96.67abc 13.81abc 22.13ab 3.33abc
S3 91.11bc 93.33bc 93.33bc 13.33bc 21.94bc 6.67ab
CK 95.56ab 95.56abc 100.00a 13.65ahc 22.15ab 0.00¢
S1 95.56ab 95.56abc 100.00a 13.65abc 22.22a 0.00c
NW S2 92.22bc 92.22cd 96.50abc 13.17cd 22.15ab 3.50abc
S3 87.78¢c 87.78d 91.86¢ 12.54d 21.75¢ 8.14a
CK 98.89a 98.89a 100.00a 14.13a 22.17ab 0.00c
HT S1 98.89a 98.89a 100.00a 14.13a 22.23ab 0.00¢
S2 95.56abc 95.56a 96.63ab 13.65a 22.22a 3.37he
S3 95.56abc 95.56a 96.63ab 13.65a 21.54e 3.37he
CK 98.89a 100.00a 100.00a 14.29a 22.11ab 0.00c
SAR1ES DT S1 96.67ab 97.78a 97.78a 13.97a 22.08ab 2.22¢
Jinshinong 1 S2 96.67ab 97.78a 97.78a 13.97a 22.11ab 2.22¢
S3 92.22abc 96.67a 96.67ab 13.81a 21.73d 3.33be
CK 92.22abc 95.55a 100.00a 13.65a 22.05abc 0.00c
NW S1 87.78hc 92.22ab 96.51ab 13.17ab 21.76d 3.49bc
S2 85.56¢ 86.67h 90.71b 12.38h 22.02bc 9.29b
S3 74.44d 72.22¢ 75.58¢ 10.32¢ 21.88cd 24.42a
TiH Item F{& F Value
LAY Genotype 4.32" 4.67" 7.15%" 4.66" " 10.69* * 7.15%"
5% Environment 45.48* 50.07 " * 39.67" 50.09 * * 17.81** 39.67" "
b Wrif Salt stress 14.64* " 17.02* * 32.00" * 17.02* * 34.83%* 32.00"*
FHRIXIRBE Genotypexenvironment 4.18** 3.57°* 7.86"* 3.57" 1.69 7.86"*
FEFFIXER A Genotypexsalt stress 0.20 0.61 1.21 0.60 2.69" 1.21
HEExEL WA EnvironmentXsalt stress 2.53" 576" 11.13** 575" 1.31 11.13* "
A RIRSE G 0.61 1.07 2.03" 1.07 551" 2,03

GenotypeXenvironmentXsalt stress
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Fig.3 Effects of drought stress on bud length, maximum root length and root number of progeny wheat
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Fig.4 Effects of salt stress on bud length, maximum root length and root number of progeny wheat
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Table 6 Comprehensive evaluation of drought resistance of progeny wheat

KIS PREUHE Value of the membership function

HHXF

iENa)

H

WAN R g gopm ops PR ok SobR S0 BK Rek g D0 K
Genotype  Environment Drought Germination Relative Germination Relative Daily Ce - ati Bul Maximum Rootl D value Position
treatment  potential ~ germination rate germination germination rr;na 10tn length  root length number
potential rate rate coetiieien
HT D1 1.00 1.00 1.00 098 0.96 0.67 0.74 049 0.33 0407 4
D2 0.67 0.67 1.00 098 0.96 024 0.28 0.35 0.17 0.344 10
SOWW=7 T D1 0.83 0.82 1.00 095 0.96 095 049 0.06 0.67 0.400 5
’ D2 0.65 0.65 1.00 098 0.9 0.38 029 0.00 0.67 0.3%4 9
NW D1 0.61 0.64 0.80 093 0.76 0.26 072 0.39 1.00 0.360 8
D2 0.30 033 0.73 0.86 0.68 0.12 0.36 002 0.17 0.251 16
Hr D1 1.00 0.80 1.07 1.00 1.00 033 0.63 041 033 0391 6
D2 0.67 021 1.00 1.00 0.96 0.00 0.00 0.05 0.17 0278 14
H 65 DT D1 093 0.93 1.07 1.00 1.00 0.86 048 0.74 0.50 0431 1
Jinnong 6 D2 0.54 0.54 1.00 093 0.96 0.26 0.01 0.33 0.17 0317 13
NW D1 0.63 0.64 0.53 0.60 052 026 047 046 033 0277 15
D2 0.00 0.00 027 0.33 0.24 0.02 0.11 0.21 0.00 0.092 18
T D1 0.89 0.87 1.00 093 0.96 0.86 0.79 043 0.33 0407 3
D2 0.76 0.74 0.87 0.80 0 033 046 037 0.00 0326 11
SAk1S DT D1 0.80 0.80 1.00 093 096 1.00 1.00 0.70 0.33 0419 2
Jinshinong 1 D2 0.69 0.69 0.93 0.87 0.88 045 0.60 036 033 0.361
NW D1 0.67 0.67 0.53 0.53 0.52 0.64 0.76 1.00 0.50 0.321 12
D2 043 043 0.00 0.00 0.00 045 045 0.72 0.17 0.142 17
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Table 7 Comprehensive evaluation of salt resistance of progeny wheat
B PREUE Value of the membership function
A i W,
BT e FRAEH S SO RORR RERR RERR ‘?gﬂl FKOESRK R DI IR
Genotype  Environment  Drought Germination Relative Germination Relative Daily Ger;r;nalion Bud  Maximum  Root D value Position
treatment  potential ~ germination rate germination germination . length  root length number
potential rate rate coefficient
S1 1.00 1.00 1.00 1.00 1.00 092 0.77 0.75 1.00 023 1
HT 2 1.00 1.00 1.00 1.00 1.00 0.89 022 020 0.4 021 9
S3 0.96 0.95 096 0.96 0.96 0.9 0.11 0.16 046 0.20 11
S1 0.81 0.86 0.84 091 0.84 090 097 0.86 091 021 7
SDWW-7 DT S2 0.77 0.81 0.76 0.82 0.76 1.00 0.15 0.00 0.82 0.18 15
S3 0.65 0.67 0.72 0.77 0.80 0.33 0.07 0.08 0.36 0.14 2
S1 0.58 0.75 0.64 0.73 0.84 0.59 0.77 0.72 1.00 0.18 14
NW S2 0.35 045 028 032 0.32 0.76 0.15 020 0.64 0.12 25
S3 0.00 0.00 0.00 0.00 0.04 048 0.03 0.14 0.18 0.04 27
S1 0.96 095 0.96 0.96 096 0.96 0.72 0.79 0.73 022 4
HT S2 0.96 0.95 096 0.96 0.9 092 0.36 046 0.82 022 5
S3 0.81 0.77 092 091 092 0.83 0.07 0.12 0.18 0.17 17
. S1 0.96 1.00 1.00 1.00 1.00 0.87 0.75 0.96 1.00 023 2
k6 .
Jinnong 6 DT S2 0.85 0.86 0.88 0.87 0.88 0.87 0.34 0.39 0.36 0.19 13
S3 0.69 0.67 0.76 0.74 0.76 059 0.02 0.01 0.00 0.13 23
S1 0.85 1.00 0.84 1.00 0.84 1.01 0.81 1.00 0.82 022 6
NW S2 0.73 0.86 0.72 0.87 0.72 0.89 0.36 041 0.36 0.18 16
S3 058 0.67 0.64 0.78 0.4 031 0.12 0.16 0.18 0.12 24
S1 0.96 1.00 096 1.00 0.9 0.96 0.81 0.79 091 023 3
HT S2 0.85 0.86 0.84 0.87 0.84 1.00 0.19 0.30 0.55 020 12
S3 0.85 0.86 0.84 0.87 04 0.00 0.19 0.16 0.36 0.14 21
i1 B S1 0.89 091 092 091 0.96 0.78 0.83 0.83 0.73 021 8
Jinshinong 1 DT S2 0.89 0.91 092 091 0.88 0.82 042 0.39 0.73 0.20 10
S3 0.73 0.72 0.88 0.87 0.88 0.28 0.15 0.07 0.18 0.14 20
S1 0.58 0.80 0.72 0.86 0.76 0.33 1.00 0.79 1.00 0.17 18
NW 2 050 0.70 052 0.63 052 0.70 052 037 082 0.16 19
3 0.12 0.19 0.00 0.04 0.00 0.50 0.00 0.06 0.36 0.04 26
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Fig.1

Effects of drought stress on the germination
morphology of progeny wheat
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Fig.2  Effects of salt stress on the germination morphology of progeny wheat
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Fig.5 Effects of drought stress and salt stress on correlation of germination indexes of progeny wheat
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