2024 F4 A REMEHE K 4R $43 5 %4l
Apr. 2024 Journal of Irrigation and Drainage No.4 Vol.43
XEYRS: 1672 -3317 (2024) 04 -0041 - 09
— New 27 A 4
IKEFBE X g NEFE EK
V= 27 B i
=R R ES AT
WEA, ®RILK, &EK
(Frd ks KAHFREFIE, Fd 250022)
O E:(BM] REANE. AERRTARSHTRERGEASE. [(FE] KABRRE T X, 9HRE 4

APEARKRE, Xk Wl
W1: 1306 m3hm?, W2: 1088 m*hm?.
F1: 180 kg/hm?, F2:

NEFERK, BEEERELNDLFEH ARG,

2 580 m¥hm?, W2: 2 240 m’hm?, W3: 2 020 m¥hm?, W4:
W4: 650 m*hm?, 2 #4&
100 kg/hm?, #F 58K fAB G L& B B AKEA A

W3: 814 m3/hm?.

W B B R 52 K3 e i 38 e

1 560 m3/hm?, B EXK:
AAKF, XAbE, AEARHA:
RERFE M. [4R] W2FI1 &2
THEAZKREEHA

%7’3 F1 & 8>F2 432, X DA RFRESABEREEWARY BHW, W AZEZERKAFAEERK, L%,

EERAICBAEZNHEFE TS -, X D%, EEAEKREHMERE R, KHyf
M, (4] btk ko, X EWETEKREN 214 mm, ET

REZ I E I KB D
B ERETEKEN 103 mm, #EE5KE 100 kg/hm?,
x B A& AER KAAA
FESES: S274.1

WMER, ®BM%, SiFE. KTBEMBTEELNEZME X RKKEF A
43(4): 41-49.

2 R
R = 100 kg/hm?;

HE; WTHE; 7%
YRR : A doi:

10.13522/j.cnki.ggps.2023432

R[] EBHEKFR, 2024,

ZHEN Yuyue, XU Lirong, GAO Haiwei. Effect of water-nitrogen coupling on water and nitrogen use efficiency of rotated

winter wheat and summer maize under subsurface drip irrigation[J]. Journal of Irrigation and Drainage, 2024, 43(4): 41-49.

05 &

[ 7im Y b PR 2R E B E R E 71X,
/N FZ R T ARRN P S R R e AL, B RO IE T
M EEE 27%~29%, Fe82) 52 E K 30%, &3,
ESEZ) N ﬁ@k@%ﬁk@%%E (ERCa] YN SRS
AR KGR KT A R) -8, R K AT RS ﬂ%aw
%?EﬁAkﬁ¢%%&@ﬁW,Emiﬂﬁ%

(1) 5 16 2 Hb T 7K SR R A A1 1 S b X i 4 @Amﬂ
IR, b AN . B ROKRE R R AR
e NE 2 588 kglhm?, izt ey T HAth 5 5 U it FH 2060
K EAGHEER, <S8 KB EERES S,

BET ™ E S AT, 2 A2 R G eI
AR, & RRAES R E E IR, ™ EfaEK

AR EAF T, I R A FH KRR AR R 7K

s B 2023-09-14 {EEIHHR: 2024-01-02

HEWH: LEE HRREES (ZR2021IMEL45); FE K5 2023 4E2F8}
TR EFREBEITE (XKIC-202305)

EHBN: BWEA (1998-), %&. WAL, FEHFRITRANKERL
KZEPHE. E-mail: 1784111743@qq.com

BIEEH: Bk (1976-), &. %, WL, EZERFRITRNKCE R
JKZYE . E-mail: stu_xulr@ujn.edu.cn

© (EMHEKFR) MBS, FFHIREL CC BY-NC-ND #1Y

WA, PRI RE E K FIFE ¥ S 5k 2R X,
XHEY = 8RR R AR s e 0, ik, 7E4E
J6F J5E K AR 56 B FH T 35 R A R T R e
KNG BRI ECRMS, SCIA& /N EEK
FIKMERE . DR FeaE R Y 3 B (/K it B E P 7
MR R RCR A B B R AR R 0, ok,
5] Py A — e 25 25U 5 2 B, b VR AT AN R R
P KRR E R R, an Patra 25025} L T B -
VAT S Ji R DK E A% G ) JEE A MR 0 E SR R KR
FIF R, 45 R W N RELE 177K 54% 1 [R] I 7K 43
FIR RIS 2 18, A EFIH RS 8%~19%; %
5B S SV e by i EE o O E A [ RN B ROK R
KRB MR, $2H 5 ERAIAH L, BT
AR RTAE D> 229%FE K B2k R ARIEAEY P2 B TG B
N RILARERAL A AR K S 26 %
VEE N T TR E T KA AR 7 B 1R 5
2 B T E A HE K B T R E Y 85%fhf, BT LA
AT 07K 73R F e B = fars - o4 SC AR S ST i by
N PR IR R IER IR R
M, &5 LR 0 2 Uit A e ik R R RN, & E
N 120 kglhm?, th4bh, A 068X R

,/l:l

41


mailto:1784111743@qq.com

HEMEHE/K 3] http://www.ggpsxb.com

% 43 %

T HEXT A /N2 7K R g2 e e AH G 9, iz B
IR SRR SR B, T T O R T R EEE (0.8ETe)
A DA SRIRZE 3R R MOKRE J1, SR NG e A
IR RN R BV R e b R g RERE K R IR 5
VKB IREN Z /N KR B RIS I, 7E H R
FRKZ ) 80%E K & 4 1 T v] M HE & /N2 = i
fii; Dianna ZE08IRF SN, SR EEMARLL, R
VETE /N2 - K - R ol A 1) 58 T e 8 R o a2
58.5%, HERFFERIE 20%. [VIANA]Y % EPng,
FE] A1 B2 FH bR T E AR AR5 R A& /N . B O K &R
FH 3R 77 A 2B 1B 25 3 s [ NI 7 32 B4 R
T A [RIE /K 5 B (7] it 250 7 b T VR 2% 1 R [ R
M, sk ZEARICT R FRERE T ANE B E
KK B W R K BRI AR 2 i 7t . [40L

PISCHE I ] Jyitt, SRAT TR, BETEANH]
IKEE BN &N L B FORA K SR BRI R 52
Wiy, 3@ RS T NE . B BRSO KI5
W, AR SR R REROR (e IR BRI HE .

1 HR57RE

1.1 5 XHE5

HWALRBFETE X EESKA
(117°40" E, 36°64'N) T, 56X AR
1%, “FIHR N 166 mo /N7 B FKAE AR
FeokEWE 1, &/NEEFHAEMEKERN 199.51
mm, X FKAE A MEKEN 343.69 mm. K5
X &/NFZ N 35-5. 4137 35-7 1RFF, HEKAL
F 335, WREIX %12 IR B AL MR WA 1.

250 r 50
m— KR —— HEmE H B AL 1 40
200
4 30
£ 150 @)
E 120 <
i i
= 100 110 %
s
10
50
-10
0 ! \‘ \‘u‘\ ! \‘ ‘ L L H H‘ ‘ ! L | 1 -20
20210801 20211001 20211201 20220201 20220401 20220601 20220801 20221001
H39
Bl XEXERFGEA. BRKBE KT
Fig.1 Daily maximum temperature values, daily minimum temperature values and precipitation in the test area
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Tab.1 Basic physical and chemical properties of soil
FEEEem  HAEKE % TIEAERTE/ (g om®)  HIEEKE%  pHE AW (gke!)  NOs-N/(mgkg') NH,*-N/(mg-kg™)
0~20 274 1.52 9.98 8.17 15.13 14.20 2.09
20~40 30.5 1.66 9.47 8.32 9.15 23.26 2.06
40~80 26.4 1.47 13.23 8.41 6.28 6.17 1.97
80~100 30.1 1.53 16.58 8.27 4.86 5.60 1.93
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Tab.2 Fertilization program for winter wheat

HEAEE(ZEN)/ (kg-hm™2)

g KB e er e
(M*hm?) (0214 (20224F (20224 sl
10/15H)  3H27H)  5/6H)

WIFI 2580 40 70 70 180
W2F1 2240 40 70 70 180
W3FI 2020 40 70 70 180
W4FI 1560 40 70 70 180
WIF2 2580 40 30 30 100
W2F2 2240 40 30 30 100
W3F2 2020 40 30 30 100
W4F2 1560 40 30 30 100

BRI T 2022 £ 6 H—10 Ak 7. {61t
WE 8 AMHE, VE LR 3. 5 T KAEF I 2 K,
VEJKINIE] N 2022 4E 7 F 27 H GRTTHD 12022 4F
8 A 16 H (mhzzf), HEKEENRE 3. B R KA
JERAE, BAESr 2 YN,  CESR T BA RNl vt 22 B DA
121 7K AR I e B 7K e A

23 BREREKRERTE

Tab.3 Irrigation and fertilization program for summer maize
i AE £ (26 N)/(kg-hm2)
pm KR TTasegnem namaiE
(m*hm?) (2022 (2022 4 Sy

7H 27 H) 8 H16 H)

WIF1 1306 90 90 180

W2F1 1088 90 90 180

W3F1 814 90 90 180

WA4F1 650 90 90 180

WIF2 1306 50 50 100

W2F2 1088 50 50 100

W3F2 814 50 50 100

WA4F2 650 50 50 100

(¢) HEAFHEIT X
B2 ERAZARE S D&, LEAMET X

Fig.2 Sketch of irrigation system layout and winter wheat, summer maize cropping pattern
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Fig.3 Plant height and leaf area index of winter wheat in different treatments
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Fig.4 Plant height and leaf area index of summer maize in different treatments
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TN FHER 4 WIAN, A/NEEREE. BRI, TRRES
7 i YA E /K R N 2R B N S ek B B kb B
TH R R R K G a8 ey, H b 2 (6 2
RARE. F—EREXME T, W2F1 BN
B WIFl. W3Fl. W4F1 4518 7.57%-

12.23%- 35.28%; W2F2 AbBEA/NZZ = 83 WIF2,
W3F2., W4F2 b33 5511 391 9.82%- 3.58% 31.13%.
HFENVEKET, WIF1. W2F1 A3 WI1F2. W2F2
ARFEFE RN, UORHAE WL W2 AbFEREKSEHE T
IR A T4 N e s (HE W3, W4 &b
HREK BT, A A EINAA/NE = AR,
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Tab.4 Shoot dry matter mass, yield and components of winter wheat in different treatments

k4 ARAREZLDERETHRE, ZEALMRBE

sty FEBU(FE-m2) e THhI R /g PR TR 7=/ (kg-hm?)

WIF1 501+4.2b 38.82+0.3b 45.87+0.03a 3.33£0.03a 8 789.64+236.75ab
W2F1 518+3.5a 39.73+0.6a 46.21+0.04a 3.11+0.03a 9455.23+298.74a
W3F1 521+6.8a 37.11£0.4b 43.62+0.02b 3.00+0.03a 8 425.19+226.36b
W4F1 490+3.6¢ 36.02+0.2¢ 40.11£0.01c 2.95+0.02ab 6 989.53+227.24cd
WIF2 512+4.0a 37.26+0.5b 44.43+0.03a 3.09+0.03a 8465.23+301.21b
W2F2 514+4.1a 39.15+0.8a 45.12+0.04a 2.93+0.03a 9296.45+298.16a
W3F2 510+3.8a 36.47+0.3bc 43.13+0.03b 2.87+0.02ab 8 975.42+312.56ab
WA4F2 504+2.9b 36.15+0.2bc 41.62+0.02¢ 2.91+0.02ab 7089.53+221.45¢

o FESNARNE FREFOR SR E R EE (P<0.05), TH.
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Fl 4bFE R, W3, W4 MHEAKRTYRES WI. W2
MR ZERAEE . F2 AT, W3, W4 A3 kT
YIRES Wi, W2 AR ERE. F—#EKET,

LR 27 R B B I DT T8 o A7 JE 0 K
J K, W3F1 AbFE%: WAF1 KB 0 12.01%, W2F1
AbFESE W3F1 ALFEHA TN 10.84%, WIF1 4b¥E4: W2F1
AEERIE NN 1.13%; W3F2 AbFRAE WAF2 kb B0
16.22%, W2F2 AbEE: W3F2 ALHHE TN 5.61%, WI1F2
UETEE W2F2 ACTRIAIN 1.08%, BEAHEK B 6
SR S B WA /N

Tab.5 Shoot dry matter mass and yield of summer maize in different treatments

A5 FRAXKELERBETHRER>Z

s AT HUAT TR H R KL B/ g PRRTYR R/ 7= ht/(kg-hm™)
WIF1 17.00+1.00ab 483.67+5.03a 43.37+£3.77a 16.52+1.12a 9 487.47+452.36a
W2F1 17.67+1.53a 481.67+6.66a 37.89+0.71b 16.44+0.98a 9 381.25+402.41ab
W3F1 18.33+£2.52a 491.00+8.00a 36.3542.55bc 15.66+0.75ab 8 463.76+358.29bc
WA4F1 17.33£1.15ab 473.67+12.66b 37.21+1.14bc 15.54+0.84ab 7 556.52+221.34c¢
WIF2 17.33+£1.53ab 484.33+10.21a 40.45+1.34 ab 15.93+1.22a 9 356.51+356.16ab
W2F2 17.37+1.53ab 489.00+19.08a 39.56+2.35b 16.38+1.03a 9 256.22+431.76b
W3F2 17.43£1.53a 467.00+27.40bc 38.26+1.40b 14.284+0.96b 8 764.35+369.24bc
WA4F2 16.52+0.58b 453.33+13.05bc 38.18+2.79b 14.25+0.87b 7 541.48+293.27¢
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Fig.5 Nitrogen residue and nitrogen fertilizer bias productivity
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Fig.7 Water consumption and water use efficiency of winter wheat
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Fig.10 Fitted curves of summer maize irrigation volume with yield and water use efficiency
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1) FERA&/INFZ 77 8RR o ) FH 35508 11938 ‘L /K
TN 214~227 mm, ARG HI BN 9 116.79~9 245.19
kg/hm?, 7K 53 H 8% 25.77~28.24 kg/(hm? mm ).

2) e KR AR 4 ) FH KR 138 B K
A 103~113 mm, A 3R 128N 8 995.80~9 450.29
kg/hm?, 7K 73 R FH 0% A 26.48~28.42 kg/(thm? mm) .

3) GAWKE. HEAE. FE. AEREERK

IKFIRREE, AN E K EN 214 mm,
Jiti % & 100 kg/hm?, B FOKIE H#E/KE N 103 mm,
Jiti 2 & 100 kg/hm?.
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Effect of water-nitrogen coupling on water and nitrogen use efficiency of rotated

winter wheat and summer maize under subsurface drip irrigation
ZHEN Yuyue, XU Lirong*, GAO Haiwei

(School of Water Conservancy and Environment, University of Jinan, Jinan 250022, China)

Abstract: [ Objective] Root acquisitions of water and nutrients and their subsequent translocation and consequences

for crop growth are complex processes interactively influenced by a myriad of biotic and abiotic processes. This

paper aims to experimentally find the optimal irrigation and nitrogen fertilization for rotated winter wheat and
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summer maize under subsurface drip irrigation. [Method] The experiment was conducted in a wheat-maize rotation
field. The irrigation treatments for the winter wheat were 2 580 m3/hm? (W1), 2 240 m*/hm? (W2), 2 020 m*/hm?
(W3), 1 560 m3/hm? (W4). For the summer maize, the irrigation treatments were 1 306 m3*/hm? (W1), 1 088 m?*/hm?
(W2), 814 m*/hm? (W3), 650 m3*/hm? (W4). For each irrigation treatment, there were two nitrogen fertilizations for
the two corps: 180 kg/hm? (F1) and 100 kg/hm? (F2). During the experiment, we measured soil moisture, nitrogen
content, dry mass of the shoots and grain yield of the two crops at different growth stages. We also calculated water
consumption, water use efficiency, partial nitrogen fertilizer productivity of the two crops to assess the impact of
water-nitrogen coupling on these traits. [Result] For winter wheat, the W2F1 was the optimal water-nitrogen
coupling which gave the highest grain yield. For summer maize, its grain yield increased with irrigation amount for
both fertilization treatment. Soil nitrogen residual content was higher in F1 than in F2. With the increase in irrigation
amount in the winter wheat field, residual nitrogen content decreased first followed by an increase. In contrast,
residual nitrogen content in the maize field peaked in W1 treatment. The partial productivity of nitrogen fertilizer
mirrored the yield of both crops. Water consumption of both crops increased with irrigation amount, yet their water
use efficiency increased with irrigation amount initially and then declined when irrigation amount exceeded a
threshold value.[ Conclusion ] Analysis of irrigation amount, yield and water use efficiency of the two crops indicates
that the optimal irrigation amount and nitrogen fertilization for winter wheat and summer maize were 214 mm and
100 kg/hm?, and 103 mm and 100 kg/hm? respectively. They can be used as an improved irrigation and fertilization
for maize production in the studied region.

Key words: winter wheat; summer maize; water and nitrogen use efficiency; subsurface drip irrigation; yield
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Predictive models for reference evapotranspiration in Gaoyou irrigation district
LIU Meng', QIU Jinxian?, ZHANG Liyuan®, WANG Jie*, DING Dianyuan?, LIU Bo*>"
(1. Yangzhou Survey, Design and Research Institute Co. Ltd, Yangzhou 225002, China; 2. College of Hydraulic Science and
Engineering, Yangzhou University, Yangzhou 225009, China; 3. Water Resources Service Center of Jiangsu Province,

Nanjing 210029, China; 4. Yangzhou Water Conservancy Bureau, Yangzhou 225009, China)

Abstract: [Objective] Gaoyou irrigation district is located at the low reaches of the Yangtze River in northern
Jiangsu province, China. To improve its irrigation management, we compared four models for predicting the
reference evapotranspiration (E7y) in the district. [ Method ] The analysis was based on meteorological data measured
from 2003 to 2017 and the temperature forecasted from 2016 to 2017 in the district, from which we calculated the
ETp using the Penman-Monteith (PM) formula recommended by FAO-56. Using these calculated £7o, we forecasted
its change using the Blaney-Criddle (BC), Hargreaves-Samani (HS), McCloud (MC) and reduced PM (PMT) model,
respectively. [Result] For forecasting ETy 1 to 7 days in advance, the average root mean square error of the BC, HS,
MC and PMP model was 1.07, 1.00, 1.16, 0.99 mm/d, respectively; their associated average mean absolute error was
0.85, 0.74, 0.94, 0.75 mm/d, respectively; their associated average correlation coefficient with measured data was
0.79, 0.81, 0.76, 0.81, respectively. Overall, the results of HS and PMT model are comparable and both models are
superior to other models for forecasting the ETo up to 7 days in advance. [ Conclusion] Among the four models we
compared, the HS and PMT models are more accurate for predicting £7y change 1-7 days in advance for the Gaoyou
irrigation district.
Key words: reference evapotranspiration; temperature forecast; irrigation
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