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Optimization and Evaluation of Multi-objective Planting Structure
in Hetao Irrigation District Based on Water Footprint

GUO Ping ZHAO Min ZHANG Yan ZHANG Xiaoxing ZHANG Fan
(College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Agricultural water shortage is serious and ecological environment becomes deteriorating
continuously due to the reducing available Yellow River water resources and serious agricultural non-point
source pollution in Hetao Irrigation District, Inner Mongolia. Based on these problems, the footprint
concept was introduced into the multi-objective optimization model and multi-objectives decision
evaluation model to allocate the limited water resources rationally. Taking Hetao Irrigation District as an
example, the optimal planting structures of five main crops (wheat, corn, sunflowers, tomatoes and
melons) were obtained considering the aspects of economy, society, resources and ecology. Meanwhile
multiple optimization schemes ( multi-objective condition, single-objective condition and current
condition) were evaluated and selected by integrating the FAHP model and TOPSIS model. Results
showed that under the basic premise of food crop yield, reducing the planting area of wheat and corn, and
increasing the cash crops ( sunflowers, tomatoes and melons) were recommended. It can increase
economic income, ensure social equity, improve irrigation water use efficiency and reduce the negative
environmental effects simultaneously. Furthermore, the evaluation results showed that the multi-objective
optimization scheme, taking into account the tradeoffs amongst economic, social, resources and
environmental aspects, was better than both the single-objective condition and the current condition. The
research result can provide theoretical decision support and promote sustainable development to Hetao
Irrigation District and similar irrigation areas.
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Fig.2  Location of Hetao Irrigation District
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Tab.2 Current crop planting area hm?
HERR N Ek Y3 TR i
WLBH 1753 25207 27 640 2193 767
J¥Z 21067 33993 19913 1720 3113
YJ 16 527 50 247 50 567 1780 3647
YC 18 133 28 300 80 193 6200 820
WLT 5013 59 840 61653 3547 880
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Tab.3 Crop yield per unit area  kg/hm’

A INFE EN Ak JRK Fmi
WLBH 5425 10 851 2168 23809 69220
JFZ 6098 11317 3738 48194 90117
YJ 6228 12 831 3565 39023 82019
YC 5363 11257 3214 38200 81426
WLT 4786 11112 2246 32315 84797
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Tab.4 Parameters of crops

EY st FMERA,  EBREH, Rk
few (JE-kg™')  (JC-hm™?) (m*-hm™?) FiRE/kg
INFE 3.3 10 558.2 5300 2.946 x 108
/S 2.4 9224.3 4400 2.525 x 108
AL 6.5 3955.1 3100 2.255 x10°
JRKE 4.8 54 840.0 2000 1.295 x 108
i 3.6 19 408. 8 2 800 2.116 x 108
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Tab.5 Data collection about grey water footprint
HEL NE FER IR Fan RE
WLBH 25.3 3.9 2.8 51 4.7
J¥Z. 22,7 4.6 3.3 50 4.0
Y] 23.4 4.4 3.2 50 4.2
YC 23.7 53 3.1 53 4.3
WLT 24.7 3.8 2.9 53 3.8
WLBH 253 39 28 51 47
J¥7Z. 227 46 33 50 40
YJ 234 44 32 50 42
YC 237 53 31 53 43
WLT 247 38 29 53 38

HHER A E MK &
M,;/ (kg-hm ™)

RRBE T AR kR
M,“-/-/(kg-hm_z)

HVERT AR MR 6
JHEWE €,/ (kgom ™)
FRBEHT AR 00 i
B €/ (kg-m ™)

0.010 0.010 0.010 0.005 0. 005

0.005 0.005 0.005 0.003 0.003
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Tab.6 Data collection about blue and green water
m’/kg
IR WL NE S FR ZEIE T R
WLBH 0.780 0.469 1.089 0.187 0.075

JFZ  0.623 0.413 0.626 0.084 0.053

WA W, Y] 0.626 0.318 0.702 0.110 0.060
YC 0.697 0.391 0.611 0.100 0.055

WLT 0.820 0.429 0.916 0.127 0.069

WLBH 0.097 0.061 0.339 0.028 0.010

JFZ 0.115 0.071 0.180 0.017 0.009

LRAEIE W e YJ 0.105 0.069 0.202 0.022 0.011
YC  0.122 0.078 0.279 0.023 0.011

WLT 0.150 0.096 0.505 0.034 0.013

footprint
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Fig.3 Comparison of crop planting area in Hetao

Irrigation District before and after optimization
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Tab.7 Evaluation index values for each project

FE  Cll/(geemT)  Cl2/L0T c21  22/(kg'm™3)  C31/%  C32/(m*-TioL~')  C41/(m’-kg™!) C42/m?
P1 8.501 4.909 0. 062 2.904 78. 768 289. 905 3.424 x10 73 1.901 x 107
P2 8.368 5.332 0.072 3.092 80. 406 310. 831 3.174 x10 73 1.956 x 107
P3 6. 026 4.700 0. 144 2.343 80. 500 299. 787 4.381 x1073 2. 055 x 107

x®8 P—HAEFHIEMNIERE
Tab.8 Evaluation index values after normalization

ES Cl1 Cl12 C21 C22 C31 C32 C41 C42

P1 1 0. 669 1 0. 749 1 1 0.793 1

P2 0. 946 0 0. 878 1 0 0 1 0. 643

P3 0 1 0 0 0.472 0.528 0 0

x9 FiFMERNE
Tab.9 Weighted value of evaluation index
WES Cl11 Cl12 C21 C22 C31 C32 C41 C42 w
Cl11 1.00 4.83 2.86 4.83 2.86 4.83 1. 69 8.16 0.15
C22 0.21 1. 00 0.59 1. 00 0.59 1. 00 0.35 1.69 0.11
C21 0.35 1. 69 1. 00 1.69 1. 00 1. 69 0.59 2.86 0.13
C22 0.21 1. 00 0.59 1. 00 0.59 1. 00 0.35 1.69 0.11
C31 0.35 1.69 1.00 1. 69 1.00 2.86 0.59 2.86 0.13
C32 0.21 1.00 0.59 1.00 0.59 1.00 0.35 1. 69 0.11
C41 0.59 2. 86 1. 69 2. 86 1. 69 2. 86 1. 00 4.83 0. 14
C42 0.12 0.59 0.35 0.59 0.35 0.59 0.21 1. 00 0.10
F10  MBVA— LA EFHEIENIEIRE
Tab.10 Weighted and normalized value of each evaluation index

ES Cl11 CI2 C21 C22 C31 C32 C41 C42

P1 0.154 0.077 0.129 0. 086 0. 130 0.115 0.131 0.102

P2 0. 145 0 0.113 0.115 0 0 0. 142 0. 065

P3 0.019 0.115 0 0 0. 061 0. 061 0 0

A TOPSIS J5 i3 45 2 3 M7 R 945 H —
PEBRIREEES (d™ \d ™) Ik 11 FoR 3353 3 Fhoy
ZMLEE WG EE & 43931 0. 854 0. 558 #01 0. 322,
L3 Wl PR S W Ty Sy TR |3 A Z& el ok
/MR PL P2 P3, %2 HAREAL 5 B H bRt ik
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Tab.11 Relatively comprehensive closeness degree

and rank of different projects

SR Pl P2 P3
d- 0. 326 0.267 0. 143
d* 0. 056 0.212 0.302

¢ 0. 854 0.558 0.322

Hee 1 2 3

FIBLARTE DA L, 24— E R BT

H1 B IR TPEAN F5 AR 285 SR al 1, BRI K 2 -k
(Gini B0 WE2E5N, Z2 HARUAETT 5 P1 A 25 T 45
RGP TBARNE B P3, RISR T2 H ARSI X P AR 45
AT AL R, 200 b o BRI AR S B AR
A—ER S, BRIE—E S PR R A
P BRAT AL FHOK S SR bR Ak i, 4 i 7K B
TRBRIFHRCR 8D A K BEIRIR B, I D
BRI IR R A AR i IRE e, 2
HFMEALTT % P15 22 55800t 09 B0 H AR LA 7 58
P2 AHLE AP K 3277 ) C22 FIRRE AR 7™ JRK 2 308
CAL S, A TEHT 45 bR 208 T 80 H AR AL T7 %6 P2,



F12H

FRPE A FET KRB R X 2 A bR A 25 R LA IR R 5 A 355

DI ek e e KO H AR DA SRS 7E3E SR B K
V2B At L R T, BROR T DA s A 2
SR AH 5 [R5 2 AR T 22 (VIR K B, A
MK BEIE A A RCR AR, 25 BTk M £ H
PR T RIE S5 R AR Ak, FT S 2 B A2 BEIR
FAE AL S, W] 25 9 X ARl 7K % Y5t A 5
15 YL o IR A B I R IR B A 7
AR T L,
3.3 itig

ARG ZRBH | 547 P A 45 44 RIL R 2 12 3 7K 5
TR0 (90 HE DXAVE ) A 7= /K R 3 ) ek /b Tl
55 YL A RCHE it , F- BRIt L R R RE K D 28
TRGEE ES T X O BRI EY
AP R R T A TR B AL 7 K R I, i FE 7K 2R
HIVEY) (/NZ2 TR K ) A 7 o A8 v T R 1 7K 8 T a
TR IF A B A FE R s e kS &
HEXRREREZENRMRIE, M EHEEMRE
ARG TR, 0 T 0 R B AR T R R
Bt XN 1 W A R T AR AR SC I 9 4
RY5 FREE—3, ARG /N2 A1 K i A AT T AR
D TR A IR e i ) o T AR A B,
PEACTT I /INZZ AN 73t 0 Ak T AR A 3K XH e Ak
SEIE MR PR S5 A0 I G R B 23 45 22 0 4t
o BRURFN A A R AR SR, 5 FPEY A
WEAR I SR 3 R K 2 38 Y5 A — 5 2 B i A8
1k, B 3 Aok A AR R AR ], /N2 oK
FZEAGY 3 Aok L R E /) 5 TGS TN 1 3 Fhok
JEIBIAIE N, A, TS HE DR i A VR 7 A i i
ZEREARL AR HEIN T o VK S R R S T
T DX R 7K BRI A8

AH M 5T 25 3R K 2 i B A B T IR A ARl
APt RRIE FE IR 7K B IR SR A, XS B
SR  AG EENSEME ™ >, I, F
FRRA) S RS TR R4 oo 205 ) R X6 VT 5 X A

KIS , 30 T A3 o fin s 78 Do B, 42 w2
TR DX Ji 7K R A9 ) ) 238 S 2R 7K M P 2R 28, 2 e
WEAR BRI AR e AT T
TP S B SRR, 3 RE MU Sk A il R0 it
TR R SRR FH 3R I A IR R A TR, A3 A 25 B
ERCE S S SR AT s SN (IR e
TS DX R 200 DX ISl A5 B A7 A 235 A0 LR
et 5E MDA 5 S SR AR RO BIF 5 LA R Jon 4 v
B HRABIE XS S BR A E PR R
FBIBBD RN TG T A E M7 1 %o A R
—5E

4 #ig

(1) XS RAE 2R G2 2 Dy gt | A SCHE A7 Rl
ey BRI PR ZEN) S € R R/ o 191 U € |
AT ™ AR B A 5 R AE N, KR i BF
FEALS R T ST K R I 1 Fh A 2548 £ B ARt ik
LT DL R A RO 2 Uk 43 B ik A TOPSIS W5 £ H
FROCSRPEUT B | I 2R FHT AL T 0 55 AU XoF Jif 25 08 IX 3
FIRMAEZE A R 8, A > Il B ) Aol A
S e

() TE—EREEWIRENATEE T , Wb /N
(17.9% ) Fl 2K (20. 8% ) Ff 4 1 £, 38 I 2% 1€
(14. 1% ) JRZE(40.9% ) F1F i (132. 6% ) Ff il
R, 05 Ah S IR AN SR AR A — 2
ik, TEORIE— & it o ST AR S B LA
BRI B 22 I 2 TR 2%, 4R K A
(I R D8 S b B2 ) 7K B IR IR 9%, I 7 —
FRRE b U8/ KR AR 77 R I KK s AR
E[FER SR N

(3) FIHPF A+ 545 8] 2 HARfiifk e H
RO SEBRAE B0 3 Fh 5 R W25 B WK B o 43 03
0. 854 .0. 558 F10. 322, UM ALK L H b Fpa s
FPEACAE R AR T B 5 AR B 245 F4) D0 A A5 700 R0 3R

WRESZEAFI . BT LR AR A T R
& % x #t

(1] PMEIh. T 50 AR ERE X AR AL 7K RN 28 AR RS [ D], dbst. tEREBEATSE AR B ,2013.
SUN Shikun. Research on the spatial-temporal variation of water footprint of crop production in nearly 50 years in Hetao
Irrigation District[ D]. Beijing: Graduate School of Chinese Academy of Sciences, 2013. (in Chinese)

(2] JAZERE, 2=, FRIEAR B R KRB S T]. AKBHEPEE ,2001,12(3) 1413 -417.
ZHOU Weibo, LI Peicheng. Water environment problem of irrigation in China[ J]. Advances in Water Science, 2001, 12(3) .

413 -417. (in Chinese)

(3] JFIEMl, Adle, KRR 2. BEAES RGN — SZR SRR T[T ] A0k TR 4, 2011,27(11) ;: 199 —205.
FANG Yanxu, YANG Peilin, SONG Sulan. Secondary fuzzy comprehensive evaluation model for ecosystem health of irrigation
district and its application[ J]. Transactions of the CSAE, 2011,27(11) ; 199 —205. (in Chinese)

(4] Wi, R, BOUUT 48 S TTEREDORE A 7 BOK RPN )], Aol T4, 2014, 30(1): 63 -72.
CAO Lianhai, WU Pute, ZHAO Xining, et al. Evaluation of grey water footprint of grain production in Hetao Irrigation District
Inner Moreongolia[ J]. Transactions of the CSAE, 2014, 30(1): 63 =72. (in Chinese)

(5] mUIA. KEARBMAESS I AITE[ D], dEat. hELOLRFERE, 2005.



356 PO AT A S 4 2021 4
GAO Mingjie. Study on the optimization of regional planting structure for water-saving[ D ]. Beijing: Chinese Academy of
Agricultural Sciences, 2005. (in Chinese)

(6] THEE3E, WRspie, EOAR. AEMIRMESSH SRR ICHY 2 EARBIRIIAL 505 12: [ 1] ROl Bl 5 HR 2004,5(1) : 5 - 10.

MA Jiangin, CHEN Shouyi, QIU Lin. A multi-objective fuzzy optimization model for cropping structure and water resources and its
method[ J ]. Agricultural Science and Technology, 2004, 5(1): 5 = 10. (in Chinese)

(7] 8, FRT, skillE, & ETEERMRIEMARIKFEZ BARUCIC BRI )], KR, 2020,51(1) :56 —-68.

TAN Qian, HOU Tianyu, ZHANG Tianyuan, et al. A multi-objective robust programming model for agricultural water
management with uncertain weights[ J]. Journal of Hydraulic Engineering, 2020, 51(1) :56 —68. (in Chinese)

[8] HUANG L L, HUANG Z F. Application of in inexact two-phase fuzzy multi-objective programming method to crop area planning
[J]. Resource Science, 2016, 38(11): 2157 —2167.

(9] APEZE, w7, S8, 5 ST KRB AR EAE RS AT R —— UL TR IR I [ )], BRI Rk
513, 2019, 35(11) ; 1362 - 1374.

FU Guorui, HUANG Ziqi, JING Haizhao, et al. Research on optimization of crop planting structure based on water footprint—
a case study of Tieling City in Liaoling Province[ J]. Resource Development & Market, 2019, 35(11); 1362 - 1374. (in
Chinese)
[10] CHAPAGAIN A K, HOEKSTRA A Y. Virtual water trade; a quantification of virtual water flows between nations in relation to
international trade of livestock and products[ C] // Proceedings of the International Expert Meeting on Virtual Water Trade,
2003 49 -76.
[11] HOEKSTRA A Y, CHAPAGAIN A K. Water footprints of nations; water use by people as a function of their consumption
pattern[ J ]. Water Resources Management, 2007, 21(1) : 35 - 48.
[12] BSISO 14046: 2014. Environmental management-water footprint-principles, requirements and guidelines [ R]. Geneva,
Switzerland ; International Organization for Standardization, 2014.
[13] ARJEN Y, HOEKSTRA A Y, MEKONMEN M M. The water footprint of humanity[ J]. Proceedings of the National Academy
of Science of the United States of America, 2012, 3(9) :3232 -3237.
[14] DAIC, QINXS, LUW T. A fuzzy fractional programming model for optimizing water footprint of crop planting and trading in
the Hai River Basin, China[J]. Journal of Cleaner Production, 2021, 278 . 123196.
[15]  XUZ&. FEF AR A4 K B P AM FIBRIBESE [ DL dEst . hEARO R, 2019.
LIU Shuang. Research on the model of agricultural water resources efficient utilization based on water footprint[ D ]. Beijing:
China Agricultural University, 2019. (in Chinese)

[16] ZHANG Y, ZHANG F, ZHU H, et al. An optimization-evaluation agricultural water planning approach based on interval linear
fractional bi-level programming and TAHP — TOPSIS[ J]. Water, 2019, 11(5) ; 1094.

(177 BRIRDE. T /K BEU e O FH A3 ARt A M S M AT [ D] JEst: s EAOLRHEBE, 2008.

CHEN Zhaobo. Study on the agriculture planting structure optimization based on the high efficient utilization of water resources
in Tarim Watershed[ D]. Beijing; Chinese Academy of Agricultural Sciences, 2008. (in Chinese)
(18]  JAHE, WM, y9 it £ HAR TOPSIS MR7E/K BRI & 77 REFGIWFM I mSZ R [J]. KRR 545, 2012,
18(1) .70 -72.
LU Xingwang, YANG Huishan, LU Jinjin. Practice of multi-objective TOPSIS method in comprehensive evaluation of water
resource allocation scheme [ J]. Water Conservancy Science and Technology and Economy, 2012, 18 (1): 70 = 72. (in
Chinese)

[19]  HREIR. TR ARG M]. dat. A5 i, 2004,

[20] WEZRH,OREEHE M. BB ZE BT 0B s MOAE B Or BRI AR T ()] R TR S i TR, 2006,28 (11)
1692 — 1694 ,1755.
JI Dongchao, SONG Bifeng, YU Tianxiang. FAHP and its application in the selection of desigh scheme [ J]. Systems
Engineering and Electronics, 2006,28(11) ;1692 —1694,1755. (in Chinese)

[21] HOEKSTRA A Y, CHAPAGAIN A K, ALDAYA M M, et al. The water footprint assessment manual: setting the global
standard[ M ]. London and Washington, DC: Earthscan, 2011.

[22] CHAPAGAIN A K, HOEKSTRA A Y. Virtual water trade: a quantification of virtual water flows between nations in relation to
international crop trade[ J]. J. Org. Chem., 2002, 11(7): 835 -855.

[23] ALLEN R G, PEREIRA L S, RAES D, et al. Crop evapotranspiration-guidelines for computing crop water requirements[ M ] .
FAO Irrigation and Drainage Paper 56. Rome: FAO, 1998.

[24] MONTEITH J L. Evaporation and environment[ J]. Symp. Soc. Exp. Biol. , 1965, 19 205 —234.

[25] SUNS, WU P, WANG Y. The impacts of interannual climate variability and agricultural inputs on water footprint of crop
production in an irrigation district of China[ J]. Science of the Total Environment, 2013, 15(3) :498 - 507.

[26] KARNER K, MITTER H, SCHMID E. The economic value of stochastic climate information for agricultural adaptation in a
semi-arid region in Austria[ J]. J. Environ. Manage. , 2019, 249(1); 109434.

[27] HUZ, CHEN Y, YAO L, et al. Optimal allocation of regional water resources: from a perspective of equity-efficiency tradeoff
[J]. Resour. Conserv. Recycl., 2016, 109(2) . 102 - 113.

[28] HOEKSTRA A Y, CHAPAGAIN A K, AILDAYA M M, %5, /K 20 EM T M), XHRE, S, shernt, &%, Jbat.
BReg L, 2012.

[29] N4, 2508, 00, 45, ST AR BE e 40 i) AR J2 O o0 M i 7 77 B0 DO BC R R I (D] A AR SRR 24,
2007, 22(6) : 872 —879.

LI Gangjun, LI Juan, LI Huaien, et al. Application of scale transformation based on fuzzy analytic hierarchy process to water
right allocation in Ningxia Irrigated Areal J]. Journal of Natural Resources, 2007, 22(6) : 872 —879. (iin Chinese)

[30] Ry, B, B, WAL Ut TOPSIS 45 & BERITE # R /K SR WM th AR T [1]. b EARA K AR,

2012(2) . 30 -33,37.
XU Jianxin, FAN Hua, HU Xiaotao. The model combined entropy weight with improved TOPSIS and its application in



9512 FRPE A FET KRB R X 2 A bR A 25 R LA IR R 5 A 357

[31]

(32]

(33]

[34]

[35]

[36]

[37]

groundwater resources carrying capacity evaluation[ J]. China Rural Water and Hydropower, 2012 (2): 30 —33,37. (in
Chinese )

AR, BEX Z REAL S EZOKSGE R D], dEst: RO R, 2018.

REN Dongyang. Multi-scale modeling of the agro-eco-hydrological processes in irrigation district [ D ]. Beijing; China
Agricultural University, 2018. (in Chinese)

BERTC. T T KR R TR S AR 0 22 RO ROV 3 AR 7 DB S DT, dbst . p EOl R, 2018.

XUE Jingyuan. Modeling agricultural water productivity at multi-scales based on water and salt processes in arid area with
shallow groundwater[ D]. Beijing:China Agricultural University, 2018. (in Chinese)

XEe, AR, TS W DO K 2 05 R K v ih s 0 [ 0], HEE R T R4, 2014, 32(5) .
435 -440.

LIU Jing, WU Pute, WANG Yubao, et al. Temporal and spatial variation of grain production water footprint and net virtual
water export in Hetao Irrigation District[ J]. Journal of Drainage and Irrigation Machinery Engineering, 2014, 32(5) . 435 -
440. (in Chinese)

XNEE ARG , o, 2. R VLA R K R IR I 25 23 A1 B 5 82 R DR &R 20 A [ /0L ] AR HLBR7 412, 2020, 51(8) -
214 -222,335.

LIU Wei, LI Yuging, FU Qiang, et al. Spatial and temporal distribution of crop water footprint and its influence factors
analysis in Heilongjiang Province [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(8):
214 —222,335. http: / www. j-csam. org/jesam/ch/reader/view_abstract. aspx? flag = 1&file_no = 20200824 &journal _id =
jesam. DOI:10. 6041/j. issn. 1000-1298.2020.08.024. (in Chinese)

SONG G, DAI C, TAN Q, et al. Agricultural water management model based on grey water footprints under uncertainty and its
application[ J]. Sustainability, 2019, 11(20) ; 5567.

B, IR, B A5 T DX TR] 9 [ B AR v {5 1 24 SROASE 2R Fr) 0 DX /K B RRC [ 0/ OL ] . RP L2741, 2019,50(4)
228 -235.

YUE Qiong, GUO Ping, WANG Youzhi, et al. Optimal water allocation of irrigation district based on interval-parameter two-
stage stochastic fuzzy credibility constrained programming [ J/OL ]. Transactions of the Chinese Society for Agricultural
Machinery, 2019,50 (4) ;228 —235. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file _no =
20190426 &journal_id = jesam. DOI;10. 6041/j. issn. 1000-1298.2019.04.026. (in Chinese)

PN X SCHE 0 i, 45 TS DA /N A2 A 7 O 38 2 Wi TR U S STHR AR e M (1], R AR, 2016,
49(14) . 2751 -2762.

SUN Shikun, LIU Wenyan, LIU Jing, et al. Sensitivity and contribution rate analysis of the influencing factors of spring wheat
water footprint in Hetao Irrigation District[ J]. Scientia Agricultura Sinica, 2016, 49(14); 2751 —2762. (in Chinese)

[38] SEF, B5E, LA MEHHE RS EED K LI B2 [ J/OL] . R F 4R , 2021,52(1) ;256 —262.
WU Mengyang, CAO Xinchun, REN Jie. Effects of irrigation and drainage modes on crop water footprint in rice production[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52 (1) :256 - 262. http: // www. j-csam. org/
jesam/ch/reader/ view_abstract. aspx? flag = 1&file_no =20210129&journal _id = jesam. DOI; 10. 6041/j. issn. 1000-1298.
2021.01.029. (in Chinese)

(#5335 1)

(271 Pl PivGel el , o WY 46, 25 i JIE 7K 1 0 S ] 80303 7K R 8RR R AIE B = ek i 2wy [ 0] rp IR RO 27, 2016,

[28]

[29]

[30]

[31]

49(24) 4745 - 4756.

SUN Yongjian, SUN Yuanyuan, JIANG Mingjin, et al. Effects of fertilizer levels on nitrogen utilization characteristics and
yield in rice cultivars with different nitrogen use efficiencies[ J]. Scientia Agricultura Sinica, 2016, 49(24) ;4745 - 4756. (in
Chinese)

B UK, TS RS SR TR SOBUR I Bk T B BRI /0L ]. Rl W44 ,2020,51(5) ;263 -271.
CALI Jiabing, CHANG Hongfang, CHEN He,et al. Simulation of maize dry matter accumulation in normalized Logistic model
with different effective accumulated temperatures in field [ J/OL]. Transactions of the Chinese Society for Agricultural
Machinery, 2020, 51 (5) :263 —271. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no =
20200529 &journal_id = jesam. DOI:10. 6041/j. issn. 1000-1298.2020.05.029. (in Chinese)

Pl S Sr I FLI R, 2. ARt E0UK P R K R SR 20 ol e is M SRR 0] M E R S IR R R AR, 2015,
21(4) :836 —845.

HOU Yunpeng, HAN Liguo, KONG Lili, et al. Nutrient absorption, translocation in rice and soil nitrogen equilibrium under
different nitrogen application doses[ J]. Journal of Plant Nutrition and Fertilizers, 2015, 21(4) :836 —845. (in Chinese)
AMPONG-NYARKO K, DATTA S. Effects of nitrogen application on growth, nitrogen use efficiency and rice-weed interaction
[J]. Weed Research, 2010, 33(3) :269 - 276.

BELDER P, BOUMAN B A M, CABANGON R, et al. Effect of water saving irrigation on rice yield and water use in typical
lowland conditions in Asial J]. Agricultural Water Management, 2004, 65(3) :193 —210.



