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Compensation Effects of Rewatering at Flowering Stage on Leaf State and Yield
Structure of Winter Wheat under Drought

JIANG Meng-yuan', XUE Xiao-ping’, YANG Zai-qiang', ZHAO Hong’, DONG Zhi-giang’, XU Yi*, ZOU Jun-li’
(1. Jiangsu Provincial Key Laboratory of Agricultural Meteorology/Nanjing University of Information Science and Technology, Nanjing
210044, China; 2. Shandong Climate Center, Jinan 250031; 3. Taian Agrometeorological Experiment Station, Tai’an 271000)
Abstract: In order to investigate the compensation effects of rewatering during flowering stage on leaf state and
yield structure of winter wheat, four drought treatment were set during jointing-flowering stage by using winter
wheat variety ‘Jimai 22’ as the test material. Before jointing stage of winter wheat, soil moisture of 20cm soil layer
in each treatment should be controlled at about 60%. This experiment carried out one-time irrigation of water
according to 80% (W1), 50% (W2), 25% (W3) and 0% (W4) of normal water replenishment (75mm) at jointing

stage (April 2). This led winter wheat in different treatments to experience different levels of drought stress at
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different times. W1, W2, W3 and W4 treatments showed moderate drought, severe drought, severe drought and
extreme drought at the end of water control respectively. Winter wheat with normal irrigation in the field was as
control (CK, soil moisture, 65%-75%). At flowering stage (April 26), each treatment was rewatered until soil
moisture reached 90%. Soil moisture of each treatment was consistent with CK before winter wheat matured. The
effects of drought stress and rewatering on leaf area, leaf water content, chlorophyll content, yield and yield structure
of winter wheat were investigated. The results showed that leaf water content, leaf area and chlorophyll content
decreased with the increase of drought intensity. Leaf water content and leaf area in W1, W2 and W3 treatments
recovered to CK levels after rewatweing. The time required for recovery was positively related to the degree of stress.
The degree of recovery of chlorophyll content in those treatments decreased with the increase of stress. The
compensation effect of rewatering in W4 treatment were the weakest. Compared with control, these parameters
under extreme drought treatment were still significantly declined of 8.7%, 21.2% and 32.3% after rewatering,
respectively. At the end of water control, only W4 treatment in the four drought treatment groups reached the
extreme drought level. This indicated that extreme drought could cause irreversible damage to winter wheat leaves,
and rewatering could not be recovered. Drought stress resulted in the decrease of yield and grains per spike and the
increase of infertility spikelet rate. The decrease and increase were related to the degree of drought stress. Compared
with control, the yield and infertility spikelet rate in each treatment group were significantly different. As for grains
per spike, only W3 and W4 treatments reached significant levels, with a decrease of 20.0% and 23.3%. Rewatering
after flowering, thousand grains weight of each treatment group all recovered to CK level, showing obvious
compensation effects. Among the yield and yield structure, the most obvious compensation effect was thousand
grains weight, and then grains per spike. The compensation effects of yield and infertility spikelet rate were the
weakest.

Key words: Winter wheat; Drought; Compensation effect; Leaves; Yield structure
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Fig.1 Variations of daily meteorological elements during the field experimental period
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Table 1 Comparison of leaf water content in winter wheat under different water control and rewatering treatments

pasiil LB (8] Measuring time

Treatment Tid Ted T11d T16d T21d R2d R7d R12d R17d
CK 71.8+1.1a 73.0£1.6a 73.7+0.8a 75.4+1.8a 79.3£2.6a 74.8+0.9a 72.0+1.0a 67.9+2.8a 66.4+1.5a
W1 71.8£1.6a 72.6£0.7a 73.0+£2.4a 74.3£2.7a 75.1+0.8b 75.1£2.0a 70.9£2.4a 67.1+1.6a 64.1+1.4a
w2 71.5+1.2a 71.9+1.1a 72.8+1.4a 73.3+1.1a 73.6+1.0b 73.4+0.9a 69.2+1.0a 67.1+4.7ab 63.4+2.5a
W3 70.94+0.7a 71.5+0.7a 72.3+0.7a 72.7+0.7a 73.0+0.6bc 72.8+1.8ab 69.2+1.7a 66.5+1.1ab 62.8+0.6a
W4 71.4+0.8a 72.1£1.5a 72.4+1.4a 71.842.2b 70.6£1.4¢ 69.842.6b 66.0+1.4b 62.0+£2.5b 60.6+2.9b

T TAGRK PRI, RAGRE AN, H5 1d. 6d SRR E. RbEi N P IEAREE (0=3). NEFREZRIRAEH

[AI7E 0.05 KV B ZR B TIE.

Note: T stands for moisture control period, R stands for rewatering period, and the next 1d, 6d, etc. represent days. Data are

mean+tstandard deviation (n=3). Lowercase indicates the difference significance among treatments at 0.05 level. The same as below.
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MR RKFE T (W4 438D, EKEMH A& KRIR4
RIKE 2 IEH KF (CKD.
2.1.2  FRRMTHAN

2 ATLAE M, K EHIHE (T1d-T21d)
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B, SHIBERT AR 2EIES T REREN W4 b
P St e e b i, AEK i ] (T1d)
I BRI T AUA B KAl N 66.3cm’. [7] CK AHEL,
W1, W2 AbHE AR E K /P 2 11d I AR
HEEZER, MT2RERFER W3 W4 Lb3k T
FKF (P<0.05), AlFEIKT 19.6%. 19.2%. K53
A 16d, A0 HRAH BRI AR M I B T 2 5R AE Y
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®2 FRERKMEFIREKLETENEHERAVEL B (cm?)

Table 2 Comparison of leaf area in winter wheat under different water control and rewatering treatments(cm?)

sl NI [A] Measuring time

Treatment Tid T6d T11d T16d T21d R2d R7d R12d R17d
CK 57.144.8a 69.5+5.9a 82.0+10.6a 87.6%6.1a 102.9+4.9a 94.9+10.9a 88.3+2.6a 68.9+6.7a 62.7+0.7a
AVAl 52.9+7.4a 63.7+5.4a 75.7+7.2ab 79.0+10.7ab 83.7+6.2b 87.2+8.3ab 83.6+6.4ab 69.1+2.1a 57.5+5.4a
w2 59.4+4.1a 67.5£6.0a 72.7+5.2ab 73.444 9abc 75.5+4.9b¢c 79.14+5.9bc 72.0+7.0bc 69.7+8.1a 60.3+3.0ab
W3 56.2+5.8a 64.1+6.0a 65.9+7.2b 66.2+7.6bc 67.8+6.7¢ 71.4+4.9cd 67.0+8.7cd 64.8+10.0a 59.7+5.5a
w4 59.0+4.7a 63.5+10.6a 66.3+7.6b 62.2+7.2¢ 55.5+5.0d 63.4+6.8d 58.5+6.5d 51.8+4.6b 49.4+6.5b




* 258 -

hoE Ok M AR

W e

HKfE (R2d-R17d), &AFAEE KV (R2d)
MR AR Z BIWOR, BRI T AR ASOK 23 45 1) R S 2
H/NERK ., W1, W2, W3 LHE 5535762 K 2d. 12d.
12d WKE & CK K, 1 W4 Lb3 5 Kk B 46
AR FLT CK (P<0.05). ViU KX E%—
JE 6 Fl T R e FEEE B i AR A MR, 2
HET R/ NE R REKE 2 CK /K, {HEE
BT RREEMR, KN R
2.1.3 M AHSRERSE

EHP 3 AR, BN A IR i SR 2R
KREFBEHERE LL EAE TREKESR, HT5PE
B, SRS R CK B IRRA . 57K R 3
(T6d), HALEELH/K %M ERAR, WL W2,
W3 Al W4 GBI 3R & B CK ML E R AR E .
BEETRERERE, £ 16d i, LM W1 AbHH
SRGTERIKT CK, HELEEZER, W2, W3 H
W4 L CK 733K 9.3% 10.4%F1 14.9%, %
S B2 KT (P<0.05). 7] WL, FERT R T 5 (WD)
XPE I aR R R AR, R AL E (W2, W3
w4 TR0 B I SRS E.

K3 EoR, BKES 2 K, ST RAAHEHNZE
BAREZE, 5 CK ML, WI-W4 LbFHGRE 8D
HIFEAG 15.9%. 13.2%. 18.2%11 21.3%, HJik & &K
S (P<0.05). MEWEISFERI4hLL, T REKFER
W1 A4 25 B K 12d KR £ CK /K
W2, W3 (FER) K& W4 GBFE) KBRS IK 22d 17

6.0

5.0

-4 2 & & Chlorophyll content (mg-g™!)

BCK 8Wl B8W2 8BW3

R2d

BEMKT CK (P<0.05), HBEFMEHACH T 75
FE BN 0. IX R IAAE W1 BT REH R, ot
Fr SRR A B R KAME N A IR, 1 B R R
LHTREMT (W2, W3, W4 43D, fE)EHE
IKIEARE, IGARKE ZIER KT (CK).
22 FHEAEKMNZFELNEZEFELEMNMEYR
H# 3 0] UL, ST EHIA RIK oAb B R 4/
FEEMEZENT CK (P<0.05), HI FE ST
FEARAR A A . W1, W2 F1 W3 AbBRIE 255 )
N 16.2% 24.4%F1 29.4%, W4 LbFET-F M0 E,
FREm e, Hsr =3 m, 15 33.0%. HRIEH] LA
B, 25, Z/NErEMERERNR R
IAFIIRHIE . B4/ N /AN R T 4R TR AR
KARAFIREA K, BT DT T AE T 55 /M
ATCm, (ARREEE M/ MEAZE (P<0.05), W1,
W2, W3 1 W4 5 CK ML 3FHE T 6.2 4 7.5 4
9.6 N1 8.1 ANE 4 pio XTHDRIAT F, A ET
CK, HTREEME, MR, w3, wa
AbEEE CK RILHEEZR (P<0.05), XTI
KT 20.0%F1 23.3%. 5 AbFHZH [a] T4 5 22 5 AN
%, 5 CK MG EENE, W4 HTR SR T
CK, HEAFRABIEART CK. A WL, 241
TEST- S aasomd, Fe A s E TR E A S KA
RN I, AR ERA BRI B IR (CKO;
HUGRAERAL,  ANZ/ N ) K AME RN 7 55 o

R22d

NI i ] Measuring time
B3 FARKDIEHREKGETZNEHFMHTRESENLER

Fig.3 Comparison of chlorophyll content in winter wheat leaves under different water control and rewatering treatments
i NG PRI LELE 0.05 AP ERIZER BT IRELNIRHEZE (0=3).

Note: Lowercase indicates the difference significance among treatments at 0.05 level. The error line shows standard deviation (n=3).
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Table 3 Comparison of winter wheat yield structure under different water control and rewatering treatments

Qb3 Treatment
CK w2 w3 w4
e Yield (kg'hm-z) 8641.6+468.6a 7242.8+622.4b 6530.5+493.4b 6097.3£802.4b 5786.6+697.4b
/NEEEL Spikelet number 20.4+0.4a 20.7+0.4a 20.1+0.3a 20.2+0.7a 19.4+1.3a
AR Infertility spikelet rate (%) 7.8+1.3a 14.0+0.8b 15.3+1.8bc 17.4+2.3¢ 15.9+0.5bc
FRI AL Grains per spike 42.4+2 52 38.242.7ab 37.5+1.8abc 33.9+3.2bc 32.5+2.3¢
THiE Thousand grains weight(g) 42.9+0.7a 41.7+2.4a 41.1+0.9a 41.5+2.1a 43.7+2.4a
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