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1.1 X5 g5

I T 2014 4710 H 15 H—20154F 6 A 1 H 75 B R 2 B A< H AT 70 BT 9 75 /K50 3 Hh
£ F (113.89°E,35.32°N , ¥4k 73.2 m) K AUBH AR N IGT AT . BT B OTHACA 2 mx3.33 m, WITR AR
A JEZEMHKE YU L HEEYT T 10 eme HTH LR 1.5 m, 38 (5 38 35 2 AR5 & AH [F)D 53 Hb
ARSI L, 0~100 cm £ 2P 3 TAR B 9 1.35 grom?®, FTRIRE /K 360 24% (LI & 57K 3D , LA AL
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PR AN MO EZ 3667 ,2014 4210 H 15 HEM, 2015426 H 1 Htk . #5150 kg/hm®, P
ATEE N 20 om , FE BT 3L 2 4 I8 (NG P K B H 9 20015050750 kg/hm? YR AR, 31 5 97 138 i IR & (4B E=
46%)300 kg/hm’s 2/ A2 F BRI 43 i B CRE Rl — Bk 4 B A< J3 VIR 5 13 315 1 e Rt 6 BRI 8 % ok
PO EF M B, HARZIEI R B 7 K (CK) VB 5 7K (T A E FE 75 /K (T2 A ED 3 ANFEK KT, &
J5 5 7K AN EE 5 K AL B ) E K T BR 43 30l B 78 0 R 7K AR IR 10% 11 20% » 3E NV 2R 31 i 25 Ak 22 [] B ik 52 i
KRG WK 1. 24 F B CKOR T —417 HA S B3 48 FIFNE 2R e 280 3 A AR & i 3, v R 2 GR
AR T HAEL 60 em, SHAEHAHL 80 cm , J#E 3K BT 100 cm) FE /K 32 1 FR 43531 4 70%  80% 1 70% HH [i]
FEKZ(FO) , it RNR I 2 7 3 1388 5 /K 3 4200 SRS AR T 0 THE 7K T BRI 2R AT E 7K, WE K 8 B8 R 75
mm. SAAERE R 3, 9N NX, F N XIFHES -

VR /K O B RIK BT SO i R BE , HEOK R KR B BRoK 23 RE B A1, oAt R 355  HH () 24
5 it S5 5 > g AR AR [
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2.1 REEKMEMHEERRE S0

R4 W T EKGE A FIA AN R TR B AR R . R 2 W] DL HY, CKORT T2 A2 ()
IR o1 oy BB A K AR B RR B, BT S PRI B0 E 35, T1 AL B 1) I 2R o 1 7 B B2 S PRI
JE TR R A . 5 CRAEL, BKJGE S5 1K, T1 A1 T2 A BE R i - il 20 BR 51 20 500 4% 5 1 49.9% 11
2252%,HT1 AbH# 5 CK Z R A RE, T2 43 5 CK % 5 W3 ; B/KJE 55 11 K, T1 A3 1 il 2 B2 o3 & 73 B %
K7 36.1%, T2 AL BH A S B8 i B 20 B & 17 93.0%, TI A 5 CK Z R AR T2 A 5 CK Z R 8% 7F
HKJEH 16K, T1 AP R B E R i B2 B 1 5.0% , T2 A ) i 2208 7 & 70 B FAAIK 1 19.9%, T1 AL B AN
T2 4bHE 5 CK 2 5 AN 838 s fE B /K5 55 21 K T1 R T2 AbHE A i UR 52 = 43 5000 3 A 1 28.5% 1 12.0% , 1
HTI B T2 4035 CK ZRARE . U, A LA FFEE T S W08 (T1 AR T2 43D R R
K5 S5 RE A A /N 22 T B S R it £ 70 Bk B2 31 CKOKF o (H B B2 5 7K T2 Ab 3P &2 2 CKOK T [R50, i
Ja T T1 AR E & CK KPR TE .

R0 FRIEAKE LN R R TEMAE. TR £ . B0
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LAY phpLd

1 11 16 21
CK 40.30b 80.30b 56.96a 55.30a
IR R B U (g - g Tl 60.43b 51.34b 59.79a 39.52a
T2 131.1a 155.01a 45.61a 48.65a
CK 0.51c 1.89a 2.11b 0.23b
AVEPERE R > H0% Ti 0.73b 1.24b 2.97a 0.32ab
T2 1.01a 1.53b 1.77b 0.67a
CK 4.54a 427a 3.94b 2.04b
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VA 5 543 U (umol - LD Tl 4.03b 3.3b 3.88b 10.67b
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AL 2 B L 2 T B T 34.4% 10 19.2% , 22 5 03 s TE /K 55 16 K, T1 AL I AT 5 14 ol & 43 250
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SIS E] TR EK M TS CK Z M 2R AR  fEHKGH 16 X, T AR 4R 5 i &= Hde i 1
7.1%, T2 A FE F)H-43 3 5 8 3 B AR 1 12.9%, S AR FE 2 (8] () 2 R iR B 7 BB KPS ER K H 21 K, Tl
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F o SEEAE K o B FE R AN [, S BOE IR K G & /N SR R U AR F, Ho, i
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H2 2 AT DAE ), CK 1T B o 70 B0 A 7 R A 0t 52 T a3, T RN T2 A0 33 N 8 I i 20 2
ERBRET ARG . 5CKAME, BAKEH 1K, TLAIT2 AP TH 8 B0 500 Bl & 1 43.7%A1
115.1%, 22 5 W3 s EKJE 55 11 R, T1 A T2 Lb 2R 78 — 1% Jig & 53 F0 5l s 1 9.6% 41 55.5%, (H T1 Ab#E 5
CK Z A3 R /KIG 55 16 K, T1ACER A Y I i 58 /0 B T 3.9%, T2 AbFE (1 T8 18 3 &= 70 Bt
T193%, HTI A5 CK 2 B ZRALE HT2 B 5 CK 2 MM E R EEH R KEH 21 K, TIFAT2
REBRIG TR TR R B E A T T 7.3%A133.0%, 5 T1 AP 5 CK 2 (8] 22 3 AN 5%, T2 /b # 5 CK 2 7] [ %
FE. EEIRES 16K, TI T2 AH K /5 CK 2 8 BN B 5 /KB (TD I B R E5
R E 2 CKK Y, B 5 /K AL BE (T2 AbBED I P 1 7 & 70 B 26 16 KON, HAR AR R & %2 CK K
o BIKIG 7 7K A P O R A0 A0 R RIS A RS2 R /N 2 I B R () A B D8
S R R
2.5 REEKGZNEFFEMR TR E RK ST ARERNZ N

M3 ATUAE H, 5 CK AL, T1F T2 4bBE A RO E 53 3l FEAR T 3.3%40 6.6%, 22 AN B3 s T1 5 T2
Sb TR FERE R0 I PEAR T 7.7%F0 10.6% , 22 5 B 35 TI AR T-RE R B3R & 1 1.4% , T2 Ab R T-hi 5 & %
KT 1.9%, 5 CK 2 [A] [ 22 S 3 AN .38 s T1RD T2 b B 1R 5 20 A BEAR T 4.3%F1 13.6%, 1H T1 b3 5 CK
ZIIMES AR E, T2 S CK Z M 25753 . ] IL, B e R B K o il , IR EOKRES 18 5
AT A 7K 4 Py 30 6 A 3¢ ol () 35 3 A S R AR ) IE i AR K UK b 7 B T I R B R (2 a2 R W K ) v R
o T2 AbFRI 7= S BB AR IR T CK, U Bt A4 48 B 3 B 5 7K, 250 & /N2 AR 7 AR ORI A7 T s e RY)
il E SR AR B IR K, AN BE DR R T 30 25 15 7K 20 o 3 06 46 /N3 7= B T s e ) 7 T 520

FERIESIE 3.3 20455

b3 A RS (10° 3 +hm™) LR AR TR /g kR &/ (kg hm*) FEKE/mm R AH R (kg m™
CK 610a 36.88a 37.93a 7917.5a 508.72 1.56

T1 590a 34.05b 38.46a 7575.8a 433.98 1.75

T2 570a 32.98b 3723a 6 839.0b 468.74 1.46
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H1 2 3 TN, A3 ) 7K 40 I A0 T1 AR EE>CKR>T2 Ab 3, 5 CK AR, T1 AR ER /K 73 R R 18 1
12.2%, T2 AL BRI 7K 73 M IR AR T 6.3% 0 R WA AR AL S B2 7K 73 138 27K BE i vt A& /N2 (1 7K 70 )
P28 S K 7 e RIS SR 7K R 7K 73 A R AT A

33 i
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3 355 A K, AR R SE I T I AL B R RN /N K o B RS R T PR AR PR 75 i T, 5 3 4
09535 W ot o o o B5OR i i 3k 48040 7= 4 OMID AD Jofi 5 0 BT T 5 TH 4 30 0 i 40 B AR 22 ik R A K i, 1
F I — e A 2 A AR AR 2 13 B FIRR BE VK 5, R I VR W7 K kM2 BRGER A M2 B R0 AE DI A M RS AN
A ARBILAE A A T T B AR IR A 3 A Ak T T

5 CK ARG, AR FE BE 1) 7 K b B AT K5 IR I &t 4 B3 ek 52 31 CKUK P, £ 22 3R I HH 8 A M 2%
I8, {H B R 5 K AR B (T2 Ab 3D Pk S D5 B B B A T2 B 5 /KA BE (T 1D o 5K 5 8 A B2 1) AT ¥ PR W o o 20 45032
AAFIFEEE TR, T1 AR 2 CKKF {5 T2 A B AR A 42 CKKF, 1M B DI K, 5 0 R IR S5 A
FLGE RAHUT , (AR FEE FIAME N AL EAFAEART . B 7RI R A A SR R4, i 55
KR 5 KRR 2% BT A58 5 K FEFE 20 1 R 70%FC F1 60%FC, I PR S5 I 5T 5 /KRR FE 20 0 R
55%FC\45%FC, 53 A AR IS 5 /KR B 3 s 5 /K B BA AR 38 A S A 1 3, B 4R 4R S 00T 72 2o Rl &
FEAE , ARG 5 K B[] b A R R S5 IF A2 1 7 7K TB) i, 3 AT e AR W 70 4 SRS SRR R ) B R o it i 4 32
JRES NS, BT /KA (TOEKE LA, RIE KR 2 CK/KF, fEE/K)E 11 K 2t CK K, %
I HE 5 KRR M2 8N , T2 Ah B () P 1 2 35 0 B 0 BRPE SR K G R P v  (BAE IR B K G 21 RN —H
KT CKo st 7y B & 0 300 5 TR BRI ALK G, IR TR N B 2 LT 5 CK AR 17KF, T2 A B A
HHT R B ABARARBEME Z CKIK . B/K G Al i M hE o 50 78 88 B 2 43 B W It 103 ) T R 2
PR IO B 0 0 AR R T R 0 B, L 5 K R S PR P R (R S TR T K A

FE 7= B A6 B T, S A7 16 /A 7K 40 Jo 3 7™ B 5200 /N 22 3 A0 32 K » 3 B4 S e D B A, FEORE /b « T v
TS K BT TR &, SR AMERL R D 3 ) e A O . X 5 RN BB AL RO AR AL, 5 CKAH
Eb, T1 AL FE (O BER BUIK T CKLIE B 1 8 2 KT (p<0.05) , HoAth & 157 Bk it br CK B AM Y, HE LR %
755 5 VLB ARIA T BA R P 5 7K, E 2R A K G X & /N2 R B T RS 2 34 A B 5t ) SR T RS . T2 A3
(PR B = B 3T CK, AR B TR 1) 22 S 35018 ) 1 37K (p<0.05) . REMEY) B JG HK BB A 5 KM
RENE , A B B 5 /K 5 S /K TG /R A MR B 1) el R = S R B DR, TR SR 46 142 B T S e EE R R
HHAVK IR BEIK AN 20 4 /N2 2 2 AR BRAR AR FH 72 1 7 AR S R I R 1 A TR s e 1 ELE AR UE PR BN B R
B AR RO AT $5 T A R T VE R /K R R i R o AR R 6 30 P R b, %o /N2 T AR B R BR RS A 5
K, BT 7™ B 5 A /N2 AR R S RIVEE SR A R VR TE R 7K AN BB ok A T 0 AR B AR AR 1)
AR v A) s NEI K AN T AL

4 25

D A7 6 12 P2 5 7KRE S K 2 B K Ak P, 2K Jim A&/ 22 BRI Iy AR B AE AL FiR b e 08 DR Pk R
ECKAKT AR B CK I # 2 57, TN BRI AME2 RN, Jif 2R ol 8 PR AN 2R 3 20 3R I A2
RONL, ARSI I P K SRR R K AL B, Xt &N F R R RCR A — R R 5

2) R4 46 ) F 5 AKRE SR ST /K b B, 527K 5 A/ 22 T i 6 2B B AR AL AR R AN R R R B2
2 CK K, P2 5 i) BB AR T CK, BRI L 7 2 CK 2 318 B T B35 /KT (p<0.05) , B — B2 B 177
KM G, AERERE FOR 7 B AT 2 AR RO, SRS 47 1 10 2 2 5 /K RE SR I R MK AR B, 2 P &6
INZERIIR PRI
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and the efficiency of nitrogen fertilizer. [Result]Increasing nitrogen application increased the accumulations of
dry matter and nitrogen significantly, but a shortage of soil water could reduce dry matter accumulation. Increas-
ing the amount of irrigation water enhanced nitrogen harvest index. The yield, dry matter accumulation, nitrogen
accumulation amount, nitrogen fertilizer utilization rate, nitrogen harvest index, the efficiency of nitrogen fertiliz-
er, water use efficiency under the treatment of W400+N250 were higher than those under other treatments by
0.71%~45.28%,1.07%~48.87%,9.54%~70.61%,2.63%~37.65%,3.19%~10.38%,0.84%~32.80%,1.27%~ 43.24%,
respectively. [Conclusion] Under drip irrigation coupled with film mulching, the optimal amount of irrigation
for maize in western Heilongjiang was 400 m’/hm’ and the nitrogen application was 250 kg/hm’.

Key words: drip irrigation under film mulching; coupling of water and fertilizer; nitrogen utilization; yield; maize
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Physiological Development and Yield of Winter Wheat After Rehydration

Following Water Stress at Heading and Flowing Stage

CUI Jiaxin, NING Huifeng, SONG Ni, ZHANG Yingying, LIU Xiaofei, SHEN Xiaojun’
(Key Laboratory of Crop Water Use and Regulation, Chinese Ministry of Agriculture,
Farmland Irrigation Reasearch Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China)

Abstract:[Objective] Letting a plant suffer water stress at certain stages does not necessarily lead to a fatal dam-
age to yield and, in contrast, is a way to improve water use efficiency. The purpose of this paper is to present the
results of an experimental study on the response of physiological traits and yield of winter wheat to rehydration
after it suffered different degree of water deficiency at heading and flowering stage. [Method] The experiments
were conducted in lysimeters with rain-shelf and the water stress was introduced during the heading and flowing
stage via moderate (T1) or severe (T2) deficit irrigation, followed by a sufficient irrigation at the grain- filling
stage. The control (CK) was sufficient irrigation during the heading and flowing stage with other treatments kept
the same. In each treatment, we measured the physiological traits including proline mass fraction, soluble sugar
mass fraction, chlorophyll mass fraction and MDA mass fraction in the flag leaf.[Result]lCompared to CK, T1 in-
creased the proline mass fraction but reduced the chlorophyll mass fraction first day after rehydration, although
neither was significant. Eleven days after the rehydration, the soluble sugar mass fraction under T1 was signifi-
cantly lower than that under CK, as opposed to MDA mass fraction that was insignificantly higher under water
deficit irrigation than under CK. Compared to CK, water deficiency reduced the grain yield insignificantly by
4.3%. Under T2, both proline mass fraction and soluble sugar mass fraction 16 days after the rehydration were in-
significantly lower than that under CK. Compared with CK, T2 reduced the grains per spike and the grain yield
by 10.6% and 13.6%, respectively. Statistical analysis showed that the difference in grain number and yield per
spike was significant (p<0.05) while the difference in the 1000-grain weight was not significant between CK and
the treatments.[Conclusion]A moderate water stress at the heading and flowering stage coupled with a sufficient
water supply in the grain filling period can effectively improve water efficiency without scarifying yield, while a
severe water stress at the heading and flowering stage could cause a permanent damage to the plant thereby yield
loss even followed by sufficient irrigation.

Key words: winter wheat; drought stress; rehydration; physiological characteristics of flag leaves; grain yield
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