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PR 3.7%, [T 7.7%0) N0 HEcE™, 3=
B KR FH AR B E A B T 14.3%~19.0%
1 1.9%~2.8%M,

[N ) BT ABF R CAESE, EX/NETTIE G2
FHE VI 375 D RT3 A T L R VR K R K B A
72 )3 B R I 3905 v U5, (H DU BT 9 Kk 2 R e 4
HEREEAT, EKERZ, ZHERA, AHX &
VEWLHI A k. DI R @ ] % T
i, AFFRILERIT R AR MHX, 76/ & T
JR A LRI R BB ARG, W SRR T
AR AR 4 /INZE R Je A R I L 3 R R
IR, DU AN KRR I i A i B A
AR BEFR BT -

1 MR5REE

1.1 fAREXER
AL T 2019—2021 FAEF Sy AR K22 e B
PNV R NI, 1Z X R T R,
FA RS R A FEFET 0~20 em A AL . AL
B AT, B M 3 pH {H AR 1. 2019—
2020 A1 2020—2021 = A/IN AR I N A R K
&5 %24 269.03 mm A1 226.7 mm.
% 1 KB W\AEAT 0~20 cm £ B A A2 R
Table 1  Basic physical and chemical properties of 0~20 cm
soil layer of experiment field before sowing
HHLF RS H (i TREER AR R

d:{tﬂ% -1 -1 -1 -1
(9kg™) (mgkg™) (mgkg™) (mgkg™)
2019—2020 /£ 17.33 7.83 125.40 17.13 135.02
2020—2021 4 17.12 7.62 118.31 16.84 133.03

1.2 X3t

BERA/NE M “UFEE 227, TEAMF T RE
180 kg/hm® (N1). 210 kg/hm? (N2) 2 Fliti &UB6FE ;
2 FREMCRALK M7 % SO JFE (S2),
WAL A IAER ) (S3). JL 4 ANAbEE. N1S3.
N1S2.N2S3.N2S2 ZhBE, LAY T Bt ZUAE f B
TEAE IR VE () A5 L RE R AR 7 ORI (CKO, A
WFRE 3 ANEE . B IAS IR SCER[16], HAAM
RIG T WLFE 2. T E R /K B AR DLAE STk b 1) 7
245 0~20 cm L2 (RRRF RSN 1.35 g/em®) (9714
FEXT A KR AME R 100%7. LKFIHE KR, &
I HAE K B L3R 3. IRATIRIG R E A (NP !
K=15 : 15 : 15)J&jii 4% K,0 A1 P,05 & 90 kg/hm?,
HARIEK AR E CE A% 46%) BE/K S &5 UGB i .
BIGHIIE S 2.4 m, 470E 20 cm. JEEETTIZIE 145 3
47 (60 em [EJEE)” 77 =0l e LAGRIIEHE K B 20 P . 4/
FHERIH W14 08 2019 4F 10 A 14 HAI 2020 4 10
10 H, #&FhEH 150 kg/hm?, FEAREEHIZE 200
44

FRIM?, Y3k H 34> 5154 2020 4E 6 A 16 H Al 2021 4F

6 H 19 H.
& 2 RIigt
Table 2 Experiments design

e ﬁ@f\ﬂé%/ B 5/ (kg hm™2)
(kg hm™) AT FFAEH WS
CK 240 150 - -
N1S3 180 30 30 30
N1S2 180 45 45 -
N2S3 210 40 40 40
N2S2 210 60 60
k3 &AL FHANEKRE
Table 3 Irrigation volume at different stages of winter wheat
AT FFAEHA R
WEE TIRMC% By Ay P AL PU A
mm mm mm mm mm mm
2019—2020 ¢
CK - - 98.7 - 66.6 - -
N1S3 686 687 27 271 421 423
N1S2 100 732 735 304 305 - -
N2S3 667 669 283 284 393 395
N2S2 721 723 311 312 - -
2020—2021 4F
CK - - 90.5 - 67.4 - -
N1S3 548 550 214 217 336 338
N1S2 100 634 638 263 264 - -
N2S3 556 558 235 237 328 330
N2S2 642 645 277 278

V£ TTRMC 2 HARFEXT S 7K E s P1OATHRIFMEE K &5 Al R SERRAMEE K & o
1.3 MEERSHE
1.3.1 #tket@mAR454 (LA & SPAD
H&/NEFFAEIEI 00 7. 14, 21, 28 d FEHLE
B 30 FREAZE, KA LI-3000C & M- T ARSI 4= 45
M-TEFR,  [E A SPAD-502 il 5E it SPAD.
132 et A4k
H&/NEIFEfG 0. 7. 14, 21, 28 d & H
09:00—11:00 {5 FH {485 =Xt &0 724X (LI-COR 6400)
Mg FEH AR (P, ZABEE (T). S4LS
FE (Gg)o
133 et R E4HH
ZOCER[A8] T AN E N — % (MDA) &, £
HE SRR [19] 1) 77 V200 5 8 S A P B Ak il ( SOD DV,
K FH o i B B R s vk e T AL A (CAT) v,
SKH Sigma v i AR (POD) & .
1.3.4 AhEKZ M
KBTI E AL, ] 0~20 cm /24
XK, THEAMNE R, H LUK . ik36Hh 0~20 cm
IR B A 1.35 g/lem®. HERN:
TR EKE (%) =HIEFESKE
HH [] 47 7K 2 <100%, (D
TP KE (mm) =0.1xHIEARFE (glem®) x
HZEE (cm) xHEFESKE (%), 2
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WSl
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7ra

LAI

0 7 14 21 28
1efa REud
(a) 2019—20204

RIEMwA 71 (kglkg) =¥FKi= & (kglhm?) /
& (kg/hm®). (6)
1.4 BIREAIE

K H Excel 2019 #HAT AL . THE Ko HTs K
FH SPSS 17.0 #AT & 1% H7 o
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Fig.1 The flag leaf area index value of wheat under different treatments
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Fig.2 The SPAD of flag leaf in winter wheat under different treatments

2.2 AREALIBIT &L NEEM AR ERIENT
3 MY 2019—2021 “EEAE AL R 4/

AL AR B ARA . F AL B O
WA (P, Z&BHEZE (T) MASLFE (G B

45



FEBLHEZK 23] http://www.ggpsxb.com

T JE AR, P 5 GTEfL)E 7 d kB
B, TR 14 d ik BE&m. 165 14 d, &b
Po5 Gs 2URI R F%; SALEE Py Gs K/MEKIR N: N2S3
AbFE>N1S3 4b# >N2S2 AbFE>N1S2 4h# >CK, 1]
WL, D3 E Re G R SR ST P Gy HLHESIIL

3B
o 30
w»
£ 25 |
o
O 20 |
£
215}
® 10 |
do
R 5 t
D
0 1 1
0 7 14 21 28
165 RHud
(a) ¥ EiEZ 2019—2020 4
1.0
5 08t
=
S 06 |
£
£
B 04
i
—
o
r o2 |
0 L L
0 7 14 21 28
TeJE K/ d
(c) KALF/F 2019—2020 £E
12 ¢
=10
[Vs]
£ g
Q
I
2 6
= —o—CK
o4 i
j4) N1S3
s N1S2 ;
w 2T % N2S3
—%— N2S2
0 L L
0 7 14 21 28
1eJE K Hud

(e) #M5ika 2019—2020 4

FERT Poy Gs FI$ETF. N2S3 AR T, 5,
A L R R . ARG, R T 0K
PRATHI FFACI ZA R i o T B2 i AN R
Pov Trv Gs» BRITFIATWINF R,

3B -
% 30
S s |
(@]
(@)
S 20
£
S g5 |
2;3 N1S3
d 10 1 N1S2
2 —¢— N2S3
£S5 —%— N252
o 1 1 1
0 7 14 21 28
1ea REud
(b) aAE% 2020—2021 4
10 r

o
<)

06 |

AL R (mmol m2 §1)
o
~

0 7 14 21 28
TeJa K Hud
(d) LT 2020—2021 4
12
10
w
=
5 8
I
g 6
E . —e—CK
7 4 MR N1S3
= N1S2
2,1 —— N2S3
e —%— N252
0 1 1
0 7 14 21 28
15 K Hud

(f) 7R 2020—2021 4

B3 AR T A NEMt o4
Fig.3 The flag leaf photosynthetic characteristics of wheat leaf under different treatments

2.3 AEIIETZNZIETRZ RIS

4 [T 2019—2021 SRR AL BE TR 4/
FAC S5 I 3 2R () B A AR AL & AL BRI SOD
POD F CAT i&HPEY) 2 JeTt s G AR AR 1 AL,
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Fig.4 The senescence characteristics of flag leaf under different treatments
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Fig.5 The grain filling characteristics under different treatments

25 FRIEZ/NEFERHMKER. ERKFIA
M&E (IUE) FRBEMmE~H (PFPn)

£ 4 WY 2019—2021 “EiGHEEAR R AL R A/
2 i A R 2 R IR 2% . & b 3 AE RN
FERIEO TR EZR, 3 KA MR & A 51
BEE T HACEE ., Hd, 3 KA TR 2 A
B CK 2535 1 3.9%~6.6%F1 5.2%~10.3%, #H
SR P TR B R LR E 2R Hh,
N1S3 Kb 3 - 5 & A= (1) 2 a B{E 5 CK 737l 42
=1 5.3%F 6.2%. SACIEFEBIKFIHBE (UB)
KEAERAE 7 (PFPn) BB EET CK, 3 /KAbH
55 2 KAL) TUE 43 7% CK #2511 27.9%~33.7%F!1
44.2%~79.3%, 3 /KAbHE 5 2 /KALEE ) PFPn % CK 43
BB E T 24.7%~45.8%411 16.6%~36.4%. H:tf1, N1S3
AbEE IUE R PFPN 1) 2 a 445 CK 25l #2511 42.1%
1 44.8%, AHFENFEFESTR N B WUE SAH [F] 086 B2
) PFPn ZRANE 2. B2, 3 U Rgim i i 3 n
TRRE SR TR, P T KIER A
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R4 TR NEFZRAAMREF BAKIEA R E
Table 4 Effects of different treatments on winter wheat yield

and yield components and water-fertilizer use efficiency

e FAy o K Fhr RS IUE/ PFPn/
(10 hm®) g (kghm?) (kghm?mm?) (kg kg™)
2019—2020 4
CK  666.1a 299a 41.1b 6920.1b 41.9¢ 28.8c
N1S3 663.9a 302a 438a 7409.0a 53.6b 41.2a
N1S2 6634a  29.8a 422b 70219 67.5a 39.0a
N2S3 676.1a  304a 43.7a 7549.0a 56.0b 35.9b
N2S2 661.5a  304a 423b 7067.0b 68.3a 33.7b
2020—2021 4
CK  6765a 3l4a 458b 8277.7b 52.1c 34.3c
N1S3 692.6a 324a 47.6a 8707.9a 81.4b 50.0a
N1S2 689.3a  31.3a 464b 8420.7b 93.4a 46.8a
N2S3 7053a 321a 47.7a 9133.0a 81.2b 435h
N2S2 698.1a  31.6a 46.2a 8480.2b 91.9a 40.4b

VE O IUE JNREBEKRIARE; PFPn AEUEMWAFE 1, BTG AR
FREFRRACIE 22 7 B E (P<0.05) .
3 ¥ i
W E G EEA LAl 2 REe A R E
IEAT (R RE I, T v TR AR R /N 24036 A e 5 2 200
HURE PR R W, %R 300 kg/hm?, A
Dy AR 3 & I E 60 mm ZK & 7T S AE4E SPAD
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POD. CAT) i, /b7~ (MDA) fE M,
WA RN, iEE— e, AN — A A R
I BOVOIE /K B K117 L T B MR s 1k O B
AP, RHFTIESE, 5 CK AHEL, MEREAE 180
kghm?® &R, 4k, TFAE BERI 3 YR INGT HEAE
5 CK MU & 441 N 9w 7 165 1En SOD. POD.
CAT 5%, &Ik 7 MDA =, i 4k 223 it & & & 210
kg/hm® LA R . CK A4 B M IR 5 1 2
IKSFEENER RS K, /ZEME%E, KELH
BEVHAEAK Sy, IR T R imiE i K R — R
SR RE W] AE AN A B BB SR FE KR, BRI
W, WIEBGEK TR &/ N TR, A
JBETEHIIAR R B8 5E 1 k.

E KIS BRI R EOR A&/ N 22 P~ B i .25, 0~300
mm JE A K 8T ZORTEE S K AT R 35 4 A/
dkphie B, AR RN, 5 CK MLk, AT,
FEAER . FES IR e B R T RN E TR
AR T FPR 8, XA RGN AN A A
IR FE AR JE BAAK 3B, BN TR RS R . AT
LS R PE SR, P SR T 2 ARV
L o A A A S T 1 9 T B At A 4
FROE, DR, ACERIGh CKARME o R PR AT R R
SN VRE S R K B #h1) 1 ARE r E FR A5 R
Ve, M T ORFRLE SO SRR TR, X5 9%
SRR i — B S REEE T T, TR
£ 90~180 kg/hm? 5 Fl P4 A& /)22 75 85 ot it 40 & 96
0, % 225~300 kg/hm? J8 P, 38 it 20 o) 7=

BT e P T A — R AL 2 R D 25%
it S R 52%E K B, KR B AN BUIE A FH AR A%
GEMEWEREIE T X Gl & 300 kg/hm?, BEEME) 43 532
551 9.4%71 46.6%P, 2/ NFIZEPIRE AR, HE
VEWE AL AH LE, TV K IR — A A A B 7K 40 R R 4
BT 17.2%, FE 40%LL E. ARIGERE, 5 CKAM
Eb, 3RT. TFAE . BESI 3 YRR HE AL TR I & N
FR B3 T 5.2%~10.3%, FEWL /KA 2% (IUE)
$em 7 28.0%~55.8%, AIEMWAE7] (PFPn) #&5
T 24.7%~45.8%, N1 5 N2 ZEEAE R 2R AR,
it BF A [ s 347 00 3583 35 9 7 TS — A A 110 3 Wk e S 77 =X
ISy = S vl O R 2 O ==

4 25 i

FEKRE— A 32 T5 R 25 AF N, 3 ZKALEE (N1S3
FN2S3) 4EFF T A&/N e E EGE I LAL Al
SPAD, fE#2THFE (SOD. POD. CAT) 5 (K[
B T MDA &, %EZ% M5, fREE Tt
HrERE, RS TAEEAPRIE R R . N1S3 AbH T
WL A= B CK P T 5.3%F1 6.2%, %0
W=7 QUED. BEBKFI 3 (PFPn) £ CK
AR E T 42.1%F0 44.8%. N1S3 AR CEi% E
180 kg/hm?, 45 15 391 11 S0 V8 4% ST 330 9 /K )
AR R AR 2R3 5 L DX R FEE A B — AL T /K . R
P HEBE B AR 77 2

LB

[1]1 Mz, R4S, Tug, & PRI EE-F R A~ 5k H

K FIHI R IEAR ). E AR, 2013, 46: 1 149-1 157.
MEI Xurong, KANG Shaozhong, YU Qiang, et al. Pathways to
synchronously improving crop productivity and field water use
efficiency in the North China Plain[J]. Scientia Agricultura Sinica, 2013,
46:1 149-1 157.

[21 SR, BRI, K, S KL AR N KRR A A R
HIsZmA[I]. N A& 244k, 2019, 30(4): 1 170-1 178.

GUO Peiwu, ZHAO Junye, SHI Yu, et al. Effects of water-fertilizer
integration on water use and photosynthetic characteristics of winter
wheat, Chinese Journal of Applied Ecology, 2019, 30(4): 1 170-1 178.

[3] JU Xiaotang, XING Guangxi, CHEN Xinping, et al. Reducing
environmental risk by improving N management in intensive Chinese
agricultural systems[J]. Proceedings of the National Academy of
Sciences of the United States of America, 2009, 106(9): 3 041-3 046.

[4]  SREEE:, RETE, ERM, 55 SOTHKEAC B AN R
R I a5z e [3]. WEREHEK 224, 2021, 40(10): 64-70.
ZHANG Xiaopei, ZHOU Xinguo, WANG Hezhou, et al. The combined
impact of irrigation and fertigation on nitrogen uptake of winter wheat at
jointing stage[J]. Journal of Irrigation and Drainage, 2021, 40(10): 64-70.

[5]  TRARE, XIER, EEIE, 55 LA X ROl KR 2 T sk ke
3], A5 KHER, 2007(6): 1-3, 6.

ZHANG Yizhang, LIU Mengyu, TANG Changyuan, et al. Discussion
on status and sustainable development of agricultural water in North
China[J]. Water Saving Irrigation, 2007(6): 1-3, 6.

49



FEWEHEZK 23] http:/Avww.ggpsxb.com

6]

[]

(8l

[

[10]

[11]

[12]

[13]

[14]

[15]

FAN Yanli, LIU Junmei, ZHAO lJiatao, et al. Effects of delayed
irrigation during the jointing stage on the photosynthetic characteristics
and yield of winter wheat under different planting patterns[J].
Agricultural Water Management, 2019, 221: 371-376.
ALl Shahzad, XU Yueyue, JIA Qianmin, et al. Cultivation techniques
combined with deficit irrigation improves winter wheat photosynthetic
characteristics, dry matter translocation and water use efficiency under
simulated rainfall conditions[J]. Agricultural Water Management, 2018,
201: 207-218.
Tysph, gk, BORHE. ANIE 5 GRE Iy 0 AN R KoK g
R M), WEREHK 4R, 2019, 38(8): 9-14.
MA Shouchen, ZHANG Weigiang, DUAN Aiwang. Effects of different
deficit irrigation modes on grain yield and water use efficiency of
winter wheat[J]. Journal of Irrigation and Drainage, 2019, 38(8): 9-14.
IR, ERL RO, S REBEEN & /NG E AT 2152
FERFIERIFLM[I]. 220624, 2013, 33(6): 1 216-1 221.
SUN Huina, WANG Ke, XU Xinzhi, et al. Effects of low pressure
sprinkler irrigation on the photosynthesis and chlorophyl fluorescence
characteristics of winter wheat[J]. Journal of Triticeae Crops, 2013,
33(6): 1 216-1 221.
SRIEHE, B, S EiE, & ANERJEHEMOGARE. B X
K A e B R[], FEEBEHEZK 254, 2021, 40(5): 46-53.
ZHANG Xiaogi, YANG Si, SHI Yongfeng, et al. Responses of
photosynthetic characteristics and carbon metabolism of flag leaves of
winter wheat after anthesis to irrigation period and frequency[J]. Journal
of Irrigation and Drainage, 2021, 40(5): 46-53.
SHI Jianchu, YASOUR Hagai, YERMIYAHU Uri, et al. Dynamic
responses of wheat to drought and nitrogen stresses during re-watering
cycles[J]. Agricultural Water Management, 2014, 146: 163-172.
W, BOCF, 8T, & KB EAEN &N R ER AR R FIA
M), K ERRRSAR, 2016, 30(2): 168-174.
HUANG Ling, YANG Wenping, HU Xigiao, et al. Effects of irrigation
and nitrogen interaction on water consumption characteristics and
nitrogen utilization of winter wheat[J]. Journal of Soil and Water
Conservation, 2016, 30(2): 168-174.
TIAN Di, ZHANG Yuanyuan, MU Yujing, et al. The effect of drip
irrigation and drip fertigation on N,O and NO emissions, water saving
and grain yields in a maize field in the North China Plain[J]. Ecology
Environment & Conservation, 2017, 575: 1 034-1 040.
AR, 7K, WREE, 5. MURSRE A T ARSI EN M- £
KB RK SRR D). TRl RlE, 2017, 46(9): 11-17.
WU Jicheng, YANG Yonghui, PAN Xiaoying, et al. Effect of different
nutrients allocation under measuring-irrigation on yield and water use
efficiency of wheat and corn[J]. Journal of Henan Agricultural Sciences,
2017, 46(9): 11-17.
A, TR, T, 55 ASFERREENERT 0N K EAH K+
ARSI, N A5, 2016, 27(2): 445-452.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

SHI Yu, YU Zhenwen, HE Jianning, et al. Effects of supplemental
irrigation by monitoring soil moisture on the water-nitrogen utilization
of wheat and soil NO3--N leaching[J]. Chinese Journal of Applied
Ecology, 2016, 27(2): 445-452.

T, TR, ER, & SRR N KR & 5
mi[I]. B AE SR, 2012, 23(9): 2 489-2 496.

MA Shangyu, YU Zhenwen, WANG Dong, et al. Effects of field
border length for irrigation on the water consumption characteristics
and grain yield of wheat[J]. Chinese Journal of Applied Ecology,
2012, 23(9): 2 489-2 496.

BT, TR, AE, 5 SO SRR N N T
RFHERIK I F R[], AP A S 24R, 2014, 38(7): 757-766.
GUO Zengjiang, YU Zhenwen, SHI Yu, et al. Effects of supplemental
irrigation by measuring the moisture content at jointing and anthesis on
fluorescence characteristics and water use efficiency in flag leaves of
wheat[J]. Chinese Journal of Plant Ecology, 2014, 38(7): 757-766.
WA, WAETT, WHEER. B COp IREEN KRG I A A Fl e
AL RS PRSI ]. b E KRR, 1999(1): 41-45.

PENG Changlian, LIN Zhifang, LIN Guizhu. Effect of elevated CO,
concentration lipid peroxidation and activities of antioxidative enzymes
in rice leaves[J]. Chinese Journal of Rice Science, 1999(1): 41-45.
ERE, TI, MK, &K SR AL B T T[],
A 23R, 1983, 9(1): 77-84.

WANG Aiguo, LUO Guanghua, SHAO Congben, et al. A study on the
superoxide dismutase of soybean seeds[J]. Plant Physiology Journal,
1983, 9(1): 77-84.

Worfh, R, TKF5, &5 LA mi M N RERS AN eI R
UKL EE (RSN [J]. R AR 3 274, 2020, 56(3): 479-488.

FEI Liwei, DAI Xinglong, ZHANG Xiu, et al. Effect of late sowing on
grain filling characteristics and grain weight in winter wheat under heat
stress after flowering[J]. Plant Physiology Journal, 2020, 56(3): 479-488.
RO, X SCE, XUZOR, 45, WE KRR e N2 A8 e
R R R I]. AR, 2012, 2(5): 17-23.

HUI Haibin, LIU Yiguo, LIU Jiabin, et al. Effects of irrigation amount
and stage on the flag leaf senescence and yield of super-high-yield
wheat after anthesis[J]. Journal of Agriculture, 2012, 2(5): 17-23.

FrFE v, PRI, R, S AN RIR RN &N K TR R R
ma[J]. bk 4k, 2015(4): 200-205.

WEI Guofeng, LIN Qi, SHANG lJian, et al. Effects of different drip
irrigation amount on water use efficiency and quality of winter wheat[J].
Acta Agriculturae Boreali-Sinica, 2015(4): 200-205.

M, BRAE, TP, & RN AL - JOR P R AR
RIS []. HEBHEK 244k, 2018, 37(4): 18-28.

LI Xiaoli, LI Haoru, HAO Weiping, et al. Impact of drip fertigation on
yields and water use efficiency of wheat-maize rotation in North
China[J]. Journal of Irrigation and Drainage, 2018, 37(4): 18-28.

The Effects of Different Irrigation and Nitrogen Fertilization on Photosynthesis,
Protective Enzyme Activity of Flag Leaf and Yield of Drip-irrigated Winter Wheat

Abstract:

ZHAO Jinke, XU Xuexin, QU Wenkai, LIU Shuai, XU Yufan, MENG Fangang, JIA Jing, ZHAO Changxing*

(Qingdao Agricultural University, College of Agriculture/

Shandong Provincial Key Laboratory of Dryland Farming Agricultural Technology, Qingdao 266109, China)

[ Objective] Crop growth and its ultimate yield depend not only on irrigation and fertilization amounts

but also on the timing of their application. Taking winter wheat as an example, this paper investigates how irrigating
and nitrogen-fertilizing time affects photosynthesis, protective enzyme activity of flag leaf and grain yield. [ Method ]
The field experiment was conducted in the 2019—2020 season with Jimai 22 used as the model plant. We compared
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two nitrogen fertilizations: 180 kg/hm? (N1) and 210 kg/hm? (N2), with each applied at jointing and anthesis stages
(S2), or at jointing, anthesis and filling stages (S3). Crops in both N treatments were drip-irrigated with the irrigation
amount determined by crop demand for water. The control (CK) was traditional border irrigation coupled with 240
kg/hm? of N fertilization, with 90 kg/hm? of the N used as basal fertilizer and the remaining top-dressed at jointing
and anthesis stages, respectively. In each treatment, we measured the photosynthesis, senescence of flag leaf, yield
formation and water-nitrogen use efficiency. [ Result] Increasing irrigation frequency led to an increase in LAI, SPAD
of the flag leaf, net photosynthetic rate, stomatal conductance, transpiration rate, as well as the content of SOD, POD,
CAT, and grain filling rate. In contrast, the content of MDA decreased as the irrigation frequency increased. When
nitrogen application was increased from 180 kg/hm® to 210 kg/hm? there was no significant change in the
physiological indices. Maintaining water content in the top 0~20 cm of soil at 100% of the relative water content
delayed the commencement of the decrease in photosynthesis and senescence of flag leaf, while increasing the grain
weight and grain filling rate significantly during the middle-late anthesis. Compared with CK, N1+S3 increased
grain quality by 5.3%, yield by 6.2%, nitrogen fertilizer partial productivity (PFPn) and irrigation water use
efficiency (IUE) by 42.1% and 44.8%, respectively. Considering crop growth traits, yield, IUE and PFPn, N1+S3 is
optimal for water and fertilizer use efficiency, and can be used as an improved water-nitrogen practice for
drip-irrigating winter wheat in the Eastern North China Plain.

Key words: drip irrigation integration of water and fertilizer; winter wheat; photosynthetic characteristics;
senescence characteristics; yield
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Effects of Climate Change on Seed Yield and Water Use Efficiency of
Cotton in Arid Regions: A Simulation Study

DONG Haibo, CHEN Xiaoping”, FENG Shaoyuan, ZHANG Youliang, WU Hao
(College of Hydraulic Science and Engineering, Yangzhou University, Yangzhou 225009, China)

Abstract: [Objective] One challenge facing agricultural production in many countries is the potential influence of
global warming. The purpose of this paper is to elucidate the potential impact of climate change on cotton production
in arid regions in north China. [ Method] The study was based on numerical simulation. The root zone water quality
model (RZWQM2) was calibrated using data measured in 2018 from cotton fields at Qira Oasis in Xinjiang. The
validated model was then used to analyze the effect of climate change (1960—2019) on growth, yield and irrigation
water use efficiency (IWUE) of the cotton. The relationship between climate factors and cotton yield was analyzed
using correlation methods. [Result] Comparison with measured data shows that the RZWQM2 is accurate to
simulate change in water content in the soil profile except in the depth of 0.15~0.25 m. It also adequately predicts the
cotton growth and yield, with the average consistency index > 0.75. The simulation results show that the emergence,
flowering, cracked B1 and maturity stage of the cotton were delayed approximately by 1.1, 2.1, 3.5 and 3.5 d per
decade, respectively, from 1960—2019 due to temperature rise. The simulated seed yield and IWUE of the cotton
decreased by 45.95 kg/hm? and 0.13 kg/(mm hm?) per decade, respectively, from 1990—2019. Correlation analysis
reveals that air temperature and solar radiation affect cotton growth most significantly. The minimum temperature is
the dominant determinant of cotton growth, while the maximum temperature has a negative effect on cotton yield.
Among others, solar radiation is the most important determinant of cotton yield. [ Conclusion] Using the calibrated
numerical model, we analyze the potential impact of climate change and different meteorological factors on growth
and yield of cotton in arid regions in north China. The results provide baseline to understand how cotton production
will change with climate change in the Oasis regions in Xinjiang.
Key words: RZWQM2; climate change; cotton production; IWUE; oasis agriculture
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