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Characteristics of yield formation and water use in different drought
tolerance cultivars of winter wheat under drought stress

WU Jin-zhi'?, WANG Zhi-min'*, LI You-jun*, ZHANG Ying-hua'
(1. College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China;
2. College of Agronomy, Henan Science and Technology University, Luoyang 471023, China)

Abstract To investigate the effect of drought stress on the yield formation and water use in different drought tolerance
cultivars of winter wheat, three cultivars, JM47 (strong drought resistance), YZ4110 (weak drought resistance) and
AK58 (moderate drought resistance) , were planted under rain-proof shelter conditions in 2012 — 2013 and 2013 — 2014.
In the trial, three moisture treatments.including persistent drought from jointing to maturity (W1) .drought from anthesis
to maturity (W2) and suitable water supply from jointing to maturity (W3) were conducted on the basis of seeding at
sufficient soil moisture for overwintering security. The results indicated that there were no significant differences in the
grain yield and water use efficiency among different cultivars when the water supply was suitable. However, its grain
yield was decreased significantly under drought stress conditions,and the order of decreasing level was JM47<CAK58<C
YZ4110. Compared to YZ4110, the water consumption and dry matter accumulation increased at the earlier growth stage
of JM47, which led to increasing of the total kernel number per unit area . However, at the yield formation stage
(anthesis to maturity) of JM47 the flag leaf transpiration rate was decreased, the water consumption was reduced,and
the water production efficiency and the contribution of pre-anthesis translocation to grains were enhanced. Therefore, the
strong drought resistance cultivar JM47 gained the higher grain yield and water use efficiency. The cultivar of AK58 also
obtained higher grain yield due to the higher dry matter production capacity and pre-anthesis translocation contribution

when the drought stress took place from anthesis to maturity. The comprehensive research demonstrated that the main
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characteristics of the improved varieties with strong drought resistance and higher water efficiency had the stronger

water uptake and growth abilities at earlier stage. the bigger population sink,and the higher pre-anthesis translocation

contribution and post-anthesis water production efficiency under drought conditions.

Key words winter wheat; cultivars; yield formation; water use efficiency; drought tolerance
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Fig. 1 Soil volumetric moisture of different treatments in 2012-2013 growing season
F1 20122013 £EKZF 0~140 cm HIEHANEKE
Table 1 Average relative moisture of 0—140 cm soil layers of different treatments
in 2012—2013 growing season %
7K 53 Ak B i A BT THEH A
Moisture treatment Cultivars JS AS MS
W1 JM47 56. 36 47.43 42.44
YZ4110 59.78 53. 04 45.54
W2 IM47 55.47 53.29 43. 35
YZ4110 59.70 58. 60 47.60
W3 JM47 56.59 53.35 54.59
YZ4110 58. 74 57.48 59. 99

T IMAT 5 47;Y 74110 fERE 4110, FIH,
Note:JM47,]Jinmai47;YZ4110, Yanzhan4110. The same below.

R 2 2012—2013 £ .2013—2014 FENEZEERKRFAkDLBESRFE
Table 2 Moisture treatments in 2012—2013 and 2013— 2014 growing seasons

7K 434k 3 2012—2013 4F & B AN E 2013—2014 4% 3 #h v
Moisture Supplemental irrigation during different Supplemental irrigation after measuring soil
treatment growth stages in 2012—2013 moisture content in 2013—2014
Wi T ~ BB Bk el 0~140 cm + JZHXF &K & 371 ~ WAl 45 %0 ~55%
w2 AR5 K 75 mm Pl 0~140 cm + M & K I 3 ~FFAEWI S 70 %6 ~80% , FF
TEH ~ B g 45 % ~550%
W3 BERR K TFAE K FBER I & 75 mm 4526 0~140 cm 2R K R ~ RBUH A 70% ~80%
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Table 3 Effects of drought stress on ylcld and its components in different cultivars of winter wheat
ERE 7K 43 4k 3 AREE BRE SR/ TR/ e/
Growing Moisture i f (10" /hm?) Grain (10" /hm?*) g (kg/hm?) PR REIR/ Y
Cultivars Decrease
season treatment ESN SK TGN 1 000GW GY
2012—2013 4F W1 JM47 439.9 be 32.0 be 14 076 b 44.1 be 5974 b 8.16
YZ4110 303.0d 30.7 ¢ 9302 ¢ 44. 3 be 3593d 40. 26
W2 JM47 479.2 a 33.9 ab 16 267 a 44.0 be 6 441 a 0.98
YZ4110 407.0 ¢ 32.5 be 13 227 b 45.1b 5339 ¢ 11. 24
W3 JM47 462.3 a 35.0 a 16 198 a 43.8 ¢ 6 505 a -
YZ4110 466.4 a 30.2 ¢ 14 085 b 47.6 a 6 015 ab —
CV% JM47 4.28 4.57 8.03 9. 30 4.60 —
YZ4110 21.09 3.89 20.90 5. 42 25.08 -
2013—2014 4 W1 AK58 388.8 ¢ 31.0 cd 12 053 e 44. 4 de 781 d 18. 70
JM47 475.9 b 29.1 de 13 849 d 46. 1 be 6 544 be 7.15
YZ4110 410.0 ¢ 27.4 e 11 234 e 45.5 bed 5239d 21.45
w2 AK58 482.3 b 35.8 ab 17 266 ab 43.8 e 6 942 a 3.37
JM47 505.0 ab 33.8 be 17 069 b 45. 8 bed 7041 a 0. 10
YZ4110 465.0 b 31.3 cd 14 868 cd 46. 6 ab 6 230 ¢ 6.59
W3 AK58 508. 3 ab 35.1a 17 841 a 45. 8 be 7111 a
JM47 515.0 a 34.5 b 17 766 ab 45.1 cde 7 048 a —
YZ4110 519.4 a 29.8 cde 15180 ¢ 47.6 a 6 770 ab —
CV% AK538 13.67 8.34 21.19 2.30 10. 95 —
JM47 4,07 9. 04 12. 88 1.12 4. 20 -
YZ4110 11.77 6.67 15. 94 2.26 12.12 —

H  ESNL A7 20 %0 SK L BEUR 50 TGN, B
5% W F K.

K% 1 000GW . TRLTE  GY L bk 7 4k
CV:[al — A= K Z [ — W Al AN 7] 7K G Ak 21 E] 728 S R B, R Rl

[l — £ K& 2 ) — 51 S ) 5 B 3 R AN [ Ak B 1] 22 5 3

Note: ESN, Efficient spike numbers; SK, Spike kernels; TGN, Total grains numbers;1 000GW, 1000-grain weight; GY,Grain yield. Different
The

letters in the same column in the same growing season indicated significant differences at the 0. 05 probability level. CV:

coefficient of variation in different water treatments in the same growth season of the same wheat cultivar. The same as below.
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WA AT R A i TR R 4110, & THE T
58, RERIEAE 2 Fh T B 54T ZE AT R R
AE T 98 P T % 7 R Tk R X 3 T R R
4110 FIEST 58, TE/H TR TF (WD 2 47 I
A TERE 4110,

5 W3 AL, W1 b B8 3 FEAC T 3 A A
AEHT A W i AE 5 A W R A W L A FE AR PR A
FERIRINERE 4110 >5FH1 58> 47; W2 4b 3
BEAR T 3 AR 0 48 J5 A= W o F0E AR o R AR R
FE RO ERE A110>5840 58> & 47, 5 W3
FHEG, WL T W2 b 385 52 i 7 3 A i A A48 FI I 76
Yt = SR, B & 47 MR BT 58 B4R & iE

FERA K TE R 41105 W1 F1 W2 &b 35 X 45 i B il
PRAGBOL MBI .
AL L AR ~ JA R B B W R & N
AE T FNAE S5 09 ) ot A 7 i JF A ~ A i - B 3
WAL S5 W A R L 2 R R AL BRI RS R A W
i H A2 S e B BE DL 22 47 BN B RE 4110 K.
USROS RO & AT 550 R 1R 55 09 5 R R R
A110 AL s T N AR TP B AR R AR XS 38 £, L
TR 400 % 7 114 BT R K 5 [ B 46 J5 R 2 45 AH X 38
e B ) o A= 7 g
2.3 FAKEHMERKIESRE
2.3.1 #EARHFH
PARKRFELSRE OB E/R, 5 W3, T 5
AEEE W1 F W2 3 5 2 AR T 4% A B K i

x4 TEHENARAESENEYREFSREWNFEYWRTHRENRZ W

Table 4 Effects of drought stress on biomass accumulation and contribution of

pre-anthesis translocation to grains in different cultivars of winter wheat

R 7K 53 Ak B - Wi/ WwieAdya/  BAEWE/ AT m T L
Growing Moisture Cultivars (kg/hm?) (kg/hm?) (kg/hm?®) =TTk R/ Y
season treatment PRBA POBA TBA CPTG
2012—2013 4F W1 IM47 7 885 d 4356 b 12241 b 27.08 a 48.80 a
YZ4110 5298 e 2901 d 8 199 ¢ 19. 26 be 43.82 b
W2 IM47 8 914 ab 4452 b 13 366 a 30.88 a 48.19 a
YZ4110 8 220 cd 3965 ¢ 12185 b 25.73 b 43.81 b
W3 TM47 9 363 a 5134 a 14 497 a 21.07 b 44,87 b
YZ4110 8 502 be 5075 a 13577 a 15.63 ¢ 44.30 b
CVY% IM47 8. 69 9.13 8. 44 18. 77 4,47
YZ4110 24,17 27.31 24. 66 25.33 0. 64
2013—2014 4F w1 AKS58 7373 d 4501 ¢ 11874 d 22.14 a 48.68 a
IM47 9 148 b 5372 b 14 520 ¢ 17.91 b 45.07 b
YZ4110 7 325d 4490 ¢ 11815d 14.30 ¢ 44,34 b
W2 AKS58 8 148 be 5662 ab 13 810 ¢ 18.44 b 50.27 a
JM47 9 953 a 5799 ab 15 752 ab 17.64 b 44.70 b
YZ4110 8786 b 5385 b 14 171 ¢ 13.57 ¢ 43.96 b
W3 AKS58 8795 b 6 150 a 14 945 b 13.51 ¢ 47.58 ab
JM47 10 064 a 6167 a 16 231 a 12.50 ¢ 43.43 b
YZ4110 8859 b 5 906 a 14 765 b 12.76 ¢ 45.85 b
CVY% AK58 8.78 15.58 11.47 24. 00 2.77
TM47 5. 14 6.88 5. 69 19. 02 1. 94
YZ4110 10. 40 13.61 11.49 11.28 1.39

E:PRBA, BT A 974 s POBA L JE S 2R s TBA L B o s HT WCSR$E 80 CP TG AT 0 B %) 7 2 5Tk . R,

Note: PRBA, Pre-anthesis biomass accumulation; POBA, Post-anthesis biomass accumulation; TBA, Total biomass accumulation; HI,

Harvest index; CPTG,Contribution of pre-anthesis translocation to grains. The same as below.
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Ivi) ity o ) R 7K R R K 43 Ak B B OR TR T A A K 22 5

a2 ] AL, 20122013 AE AR ZE L3 BlK 43
AFRR O FE AT KRR K R - BEK T R Y W
TEJE 4110, 78 T 52 4b #L R & Fh ] FE 7K i 22 55 4%
Ko 2 ShFFEK I 22 5 T ZEAE 46 Fh ~ H05 0, BL By
BOFE /K 22 A7 10 3 TE e 4110, 4K 75 ~ 1k
P BFEK A AFEKE - HEERARE, 2013—
2014 AR 2R A AT AE W2 f W3 4 HT S FE
KA KRR SRR 4110 LT B #2257
MAE W1 Ab#E R H S AR /K i A 38K FE i 3

TAERE 4110, 3 Fh 22 5 b 32 2 AE 45 Fh ~ 39 W3 By
BrL B Be ke K i HFE K i 3 TE R 4110, 4K
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W AT MY HFE W1 AE T, KR ~ 4597 4
KA AR T & 4T,

ARG R R, TR0 B R AR K,
AT RZEETI R RGPS E AT KRS
TH0 TR 55 00 S AR R 4110, G B i TR N
XT A HE K WK fig T i FE K B 2 L TP R AR K 2
il A 22 S AN IR
2.3.2 kpAlAAA Fack

MAEAK I T 9 BT 2B 7= 808 F (R 6) . 7E W3 &b
R L3 A Wb Rl AEET K 3 A2 72 303 LB IR 7K a3 2R 7 3L

£6 TFRIOXRARTMENEKSHAYERNE=KE B
Table 6 Effects of drought stress on water use and production efficiency in different cultivars of winter wheat
kg/(hm* « mm)
K Kri SRR RSP BKAER ASEE
Growing season Moisture treatment Cultivars % WPEB B WPEA B WPET R WUE
2012—2013 4 W1 JM47 39.64 a 106.24 a 50.03 a 24.90 a
YZ4110 32.74 b 60.19 b 39.04 ¢ 17.11 ¢
W2 JM47 37.06 a 60.82 b 42.61 b 20.51 b
YZ4110 39.52 a 60.72 b 44.58 b 19.53 b
W3 IM47 39.49 a 33.69 ¢ 37.22 ¢ 16.70 ¢
YZ4110 40.05 a 35.76 ¢ 38.33 ¢ 16.98 ¢
CV% JM47 3.73 54.78 15. 95 19. 81
YZ4110 10. 88 27. 30 8.42 8. 04
2013—2014 4 Wi AK58 37.31b 39.07 ¢ 37.96 be 18. 48 be
JM47 40.73 a 56.55 a 45.43 a 20.48 a
YZ4110 37.15 b 44.72 b 39.70 b 17.60 b
W2 AK58 36.33 b 39.65 ¢ 37.62 be 18.91 ab
JM47 41.70 a 46.35 b 43. 30 ab 19. 35 ab
YZ4110 42.26 a 38.38 ¢ 40.70 b 17.89 b
W3 AK58 39.46 a 26.46 d 32.33 ¢ 15. 38 cd
JMA47 42.34 a 25.01 d 36.57 cd 15.88 d
YZ4110 41.28 a 27.71 d 32.01 ¢ 14.46 cd
CV% AK58 4,25 21.25 8.78 10. 95
IM47 1. 95 37.75 11.07 12.90
YZ4110 6.75 23.27 12. 68 11.43

T : WPEp - 4B K 40 £ 72803 WPE A 4B 5 K 40 A2 728003 s WPE » BUK 40 AE 72 803 s WUE K 0 R R

Note; WPEg, Water production efficiency before anthesis; WPE, , Water production efficiency after anthesis; WPET, Total water production

efficiency; WUE, Water use efficiency for grain yield.
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Fig. 2 Effects of drought stress on leaves transpiration rate (a) and water use efficiency (b)

in middle grain filling stage in different cultivars of winter wheat
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