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Response and Simulation of Farmland Water — Salt Transport and
Growth of Crops to Deficit Drip Irrigation

BO Liyuan'? ZHAO Yin'? MAO Xiaomin'?> CHEN Shuai'’
(1. College of Water Resources and Civil Engineering, China Agricultural University, Betjing 100083, China
2. Wuwet Experimental Station for Efficient Water Use in Agriculture, Ministry of Agriculture and Rural Affairs, Wuwet 733000, China)

Abstract; The research was based on a developed model for farmland water — salt transport and crop
growth (LAWSTAC). In order to explore the response of farmland water and salt transport and crop
growth to deficient drip irrigation and test the applicability of LAWSTAC model in the northwest arid
region, field experiment was carried out in the Wuwei Experimental Station for Efficient Water Use in
Agriculture, Ministry of Agriculture and Rural Affairs in 2018. Three treatments were considered in the
experiment, including three irrigation levels, i. e., 100% , 70% and 40% of full irrigation (i. e.
W100, W70 and W40) , respectively. The results showed that salinity in shallow (0 ~20 cm) soils was
reduced after the irrigation during the seedling period of seed-maize production. For the whole growth
period, the greater the irrigation amount was, the more obvious the phenomenon of desalination in upper
layer and salt accumulation in deeper layer was. Larger irrigation generally resulted in higher plant leaf
area index ( LAI) and higher final above-ground biomass of the seed-maize under the three irrigation
levels. The LAWSTAC model can well simulate the farmland water — salt transport and the growth of seed-
maize. The values of determination coefficient (R”>) of the simulated and measured LAI were 0. 99, and
the values of root mean square error (RMSE) were between 0.20 c¢m’/cm® and 0.87 ¢m’/cm®. The
values of R* of the simulated and measured aboveground biomass were 0.99, and the values of RMSE were
between 1.62 t/hm’ and 3.57 t/hm’. It was demonstrated that the LAWSTAC model can accurately
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simulate the dynamic changes of LAI and aboveground biomass of seed-maize. LAWSTAC model was

validated for simulating soil water storage in 0 ~ 80 cm soil layer under different treatments with 0. 41 <
R® <0.61 and 12 mm < RMSE <21 mm respectively. Under all treatments, the soil water salinity of 0 ~
80 cm soil depth was simulated well with 0.53 < R* < 0.60 and 1.37 g/L < RMSE < 2.56 g/L.
Therefore, the LAWSTAC model can be used for the preliminary prediction and evaluation of the

productivity of farmland with complex soil conditions.

Key words: water deficit; water — salt transport; crop growth; LAWSTAC model
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Fig. 1  Soil water supply and consumption of 0 ~ 160 cm soil layer for different growth stages under various irrigation levels
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Fig.3 Variations of soil salinity along soil profile before and after irrigation in different growth stages under various irrigation levels

20 cm - JZ HEBE G WA, FLAR Ak PR BE S AR
(RPN TEFRRB AR, B R TFRRRE)
AN R HE R K T 4% 25 B I K AT JG 0 ~ 20 em £
JEW R R 5 BUER R E = A, S8 3 —— X,
HI 2 A EAF AL B  #E K )R R )Z (0 ~20 em)
b e R A RS R A EF R

%2

BRER KK N 49% 49% 25% . KB 5 %R
0 R AN, AT BE 2 RO FE AR O & $h i R
B B A T A S R P RS0 1k, TG AR R K
AifE RIS S S, BRILZ AN, BARE R
FE T B HEAT 77 17 0,10 .20 em Ab B4 B (E {22
T Sk 1 07 8 X 4R 4 1 BRI A SRR

2.2.2 AFY R RS 04

R2 ARAERKRFTEEETHEKNEFEO~20cm £
RAERERERNEENN

Tab.2 Quantitative analysis of desalination and salt

4 Sy AN [7 7R A S i A R S
Jroe s A 8 B (M) .6 A 10 H (1 H1) A

9 J1 21 H (W) VR A BRI R AR . B
irrigation at various irrigation levels under different HAEBHINIHEDE,0 ~ 20 em £ 250 181 5 £ i 40 T
o HRZS 20 ~ 100 em -2 40 TR R A , 7040

accumulation in 0 ~ 20 cm soil layer before and after

growth stages

W100 4bH 54 B 5, W100 4b B i i £h % 5 il £h R

gL 7 159 AT Ejiig= et I

W100 -39 11 _24 103 5390 h 49% F159. 2% , W70 Lb PR i £ 5K 5 R ER %
W70 —11 123 41 32 Ay 49% Fi1 18. 9% , W40 Kb B (7 i £h 2 5 FH £ =
W40 -8 18 -21 -43

IR 25% F1 - 14. 3% (A E Ry ) , aniEl 4 F




513

W A5 AR THOK i B 5 1R 4 A 1 5 K I HE A i AR ELIE 5 253

TR FUOTHE AL B A R R G BUER AROR T T
HEWE AL 3, S IR W00 (13 7K ALK, Xk 3 A —
SERIIRBESE o BTLL, $h o BEOK iz gl 1 ik, &

HLS 2/ (uS - em™)

i TR K R OR , R R AR BT,
JE iR o AT A, 7 R B R HE K G IA T
PEMIE A R T FE K I, LR 2 BRERARCR AN I
L (s - em™)

L/ (WS- em ™)
0 400 800 1200 1600 0 200
T T T 1 T
| ——5/isH
20 —A—6/110F 20
g —m-9H21H g
i 4oF I 401
5 S
60 B 60l
+ H
S0 80}
100 1001
(2) W100

400 600 800 0 400 800 1200
T T 1 T T 1
—o—5H8H —o—5H8H
—A— 6/ 10H 201 —&—6H10H
—m—9H21H c —m—9H21H
2 a0k
i 40
g_-\é
60t
_H
80
100+
(b) W70 (c) W40

4 R [ K P 4 T B 5 50

Fig.4 Distributions of salinity along soil profiles under various irrigation levels

2.2.3 2AEFH0~80 cm + 2 4 HEEL 4 T R
FoE 5k

B S AR AT 24 F 6 A K0 ~
80 cm - J2% - SR 43 5T vk E A AU 5 S 1Y)
PO A R (3 7 BT Wk BE 10 0 ~ 80 em 3 5 4>
TR E AR ) . 0~80 em + )2 45 i &
W BE RSB 5 S D E 1Y A48 fh ol AL A W) 4, £ b BT
R*7£0.53 ~0.60 Z i) ,RMSE 7£ 1.37 ~2.56 ¢/L 2
6], Aok 15, LAWSTAC #52 BY 7R S48 il A £ oK 0 ~
80 em - )23 4 45 Eh 43 BT hE vk S 9 UK AR FE 48 1Y)
W100 W70 4815 %OR B4, 8 8 5 K 1) W40 B8R
R, TR ETE AN R 2 (Al AL B AR AE W] 2%

30 R=0.60 30

R*=0.53
o RMSE %2.56 g/I. RMSE#1.37 ¢/L
& i 20 20
L8 <
‘_”q & 10
g
2

1 1 1 1 1 ] 1 1

+HEth sy
JREWREE /(g L)
=

S, BT A AR SR g A 1 28 1) R 7
WE I 462 B L PR 26 M B T T S5 AR I 4
M PE N Z AL RS Hih W40 2 T K
A0 B, KRB, AL S g kR
28 ()8 S5 A, R L P 4 23 ) 7 S5 K T A 780 7 e
F9 2 %58 S AR B - R4 0 B LA TR B 5K Y W40 A
PS5 5 S (A TE R 22 K . X 5 HAO 450
FRORIT 5 45 SR AR, JHC AR 908 705 74 il - 39 5 K 2 il 4
A7 09 W 0 4347 22 B, - HE K 43 A2 B AR 10 1B 0L F Bl
B A 2 () AE S T LG SR R 4k 22 T R IR I, 4y
A T K A B 3 K 3 10 25 )8 S, O 5 8K
(LR 48 45 R T J %o L R 5T

30r R2=0.59
RMSEH1.76 /L.

T

1 1 1 1 1 1

e
A1)
= ®

0
04-10 05-10 06-09 07-09 08-08 09-07 10-07

(a) W100

0
04-10 05-10 06-09 07-09 08-08 09-07 10-07

(b) W70

0
04-10 05-10 06-09 07-09 08-08 09-07 10-07

() W40

5 REEBAKTT 0 ~80 cm + 2 38 b 43 o7 0 vk B2 A 40 45 2R

Fig.5 Simulation results of soil water salinity in 0 ~80 cm soil layer under various irrigation levels

2.3 EMERKEERSKEN

A TA] FRE TR /K P TT A i Ao TR I T AR BB AR
WA L L2 AR [ i A2 s B, N 6 B o kA
FE RV DR R i BT S NI TR L
AHEHI e AR 7 9%, ot T AR MO T R
0w NI P U B S 8 TR TR AE (o N
5 bk Al I BR[O A, 0 fE R B AE W00
(4.51) B H A Ak 73 351 2 55 36. 7% H137. 7% o
Tk L&, £ A B P E AR 0.99, RMSE g
0.20 ~0.87 em”/cm’ , 155 5 % A [r] HE 188 /K 7 19 1l
Foft R AR AR DL OR O 22 5

B 7 O il b R OK M b A i BB ADL AN R A% AL

B R*#14 0. 99 ,RMSE 7F 1. 62 ~3.57 t/hm” Z [i] , &
FRE K AL TR 4 1 W00 W70 () B8 FU A5 R A4, i
HE KA W40 BEIROCR B 2% . TE A TR AL T
il A R oK B AR R A AR [E] b A
P B SHEKEZEMEER, KT
ANy NS TR A NP N 1 B 7 N Ol N 55
Hi b A W4y Ik 24,25 .20.80,15.41 t/hm’,
W100 kb3 iy b b A W) 5 80 H At 4k 28 53 ) 42 &
16. 6% #1 57.3% , H - W40 b BL7E % A 2E 7 )
AW RN B AR, FE AR K 4y T R
JEROR T BOH R R OK AR F R R B AR K
g KAy W LA



254 g Ak WM % 2021 4
6 61 6
51 51 5r
~ 4 L R=0.99 g =099
b T 7| RMSE#}0.86 cm¥em? L *[ RMSE}0.87 em¥em?
< < <
B3 B3 E
< < <
32 32 3
R*=0.99
1 RMSE#0.20 cm¥/om? 1r
O | 1 0 | 1 0
04-20 06-09 07-29 09-17 04-20 06-09 07-29 09-17 04-20 06-09 07-29 09-17
H H H
() W100 (b) W70 (¢) W40
Bl 6 A [l BEK P T b ok LAT 4045 R
Fig. 6 Simulation results of seed-maize LAl under various irrigation levels
30+ 30r- 30
251 i 25F 25r
;‘ 20+ E 20+ { E 20k
B st oo st oo B1st jeo0
+H RMSE ~1.66 t/hm? H RMSE ~1.62 thm? H RMSE ~3.57 thm?
1 10F 4 10 4 1or
£ e £
5+ § 5r 5
1 1 0 1 1 0 1
04-20 06-09 07-29 09-17 04-20 06-09 07-29 09-17 04-20 06-09 07-29 09-17
H 19 H 39 H 9
(a) W100 {b) W70 () W40
7 A [ B K S T o A oK b AR A A 2R
Fig.7 Simulation results of biomass of seed-maize under various irrigation levels
3 oz Ak TR i Fof A I T BB ORI B 2 B A e R
zatl

i LTI (/B L

(1) 7 il 7 5K A2 R 0, B e R i, T2 (3) LAWSTAC #5 5 AT LA 4 3t 45 40 A7 = 3] O

(0~20cm) HHEA FRI| B M, & 24T WM
WG, K K, 1R 2 0 R RN IR 2 R AR B 4
EO

(2)W100 W70 W40 7K 73 4b BT K S 2 1)

Sl i) e K I D B K M B A=) A0 ~ 80 em -
JRI K 4 R iR R, A LAWSTAC #%
AT Sy 2 3 T oK A IR AT A S5k 20 1 R AR 7 7 11
12 BN 5 VAR o

2 £ x W

[1] CHEN S, MAO X M, BARRY D A, et al. Model of crop growth, water flow, and solute transport in layered soil [ J].
Agricultural Water Management, 2019, 221(8) ;160 - 174.

[2] LI Jiang, JIAO Xiyun, JIANG Hongzhe, et al. Optimization of irrigation scheduling for maize in an arid oasis based on
simulation-optimization model[ J]. Agronomy, 2020, 10(7) :935.

[3] ML, ZRWes ALKAE . WAL R KU BE K B A ML T FE W AR AP B I M ] bt s o [ KR K gt A
2009.

(4] (PERBREZS2)BEEH (230 [J]. BIETIRE ,2019(11) .40 -47.

(5] W51, B, By, B IERIHE K &0 A FK P AR M £ R A R B2 L1/ OL ] Al ALK ~A 41 ,2018,49(8 ) :275 - 284.
ZHAO Yin, MAO Xiaomin, DUAN Meng. Effects of film mulching and irrigation amount on farmland water —heat dynamics and
growth of seed-maize [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2018 ,49(8) :275 —284. http: //
www. jesam. org/jcsam/ ch/reader/view_abstract. aspx? flag = 1&file_no =20180832&journal_id = jesam. DOI:10. 6041/]. issn.
1000-1298.2018.08.032. (in Chinese)

[6] skEH. At R X R M FEK 5RO [T]. B EASRIAR, 2018, 26(10) : 1454 - 1464.

ZHANG Xiying. Water use and water-saving irrigation in typical farmlands in the North China Plain[ J]. Chinese Journal of
Eco-Agriculture, 2018, 26(10) ; 1454 — 1464. (in Chinese)
(7] TR, Z2HR, XA, 55 T it I T 7K a0t 7 X B2 6 K 7 Al A BRI K R T8 R 2w [T ] 9 HE K 22 3R,

2019,38(9) :28 -35.
NING Dongfeng, QIN Anzhen, LIU Zhandong, et al. Effects of irrigation and fertilization levels on grain yield and water and N

use efficiency of drip-fertigation summer maize in the North China Plain[ J]. Journal of Irrigation and Drainage,2019,38(9) :



LA W A5 AR THOK i B 5 1R 4 A 1 5 K I HE A i AR ELIE 5 255

(8]

[9]

[10]

[11]

[12]

[14]

[15]

[20]

[26]

28 —35. (in Chinese)
HOAEMS , X0 £, /N S5 5 BE IS 8 B AR KT i ROk R s [T ] R0l TAR 2241 ,2019,35(4) : 114 - 123,
CAO Zhengpeng, LIU Yuhui, ZHANG Xiaojing, et al. Effects of deficit irrigation on growth, yield and water use of potato
plants[ J]. Transactions of the CSAE,2019,35(4) :114 - 123. (in Chinese)
EWER BN, A58, 55 T BB BT & /N A IR AU HE AR R [T ] B R ,2019,40(5) 12413 - 2425.
WANG Xiaoyun, CAI Huanjie, LI Liang, et al. Effects of water deficit on greenhouse gas emission in wheat field in different
periods[ J]. Environmental Sciences,2019,40(5) ;2413 —2425. (in Chinese)
XIRAR 3R EL, ORI, 5 R A R R T AR R oK 7 s E W AE KRR A R 2w [T]. K R $5 4% 4k, 2019,
33(2).115 - 120.
LIU Zhandong, ZHANG Kai, MI Zhaorong, et al. Effects of water deficit on crop growth and water use under different soil bulk
densities[ J]. Journal of Soil and Water Conservation,2019,33(2) :115 -=120. (in Chinese)
B R, L SRS SR o 1 TR R o S 1 i R AR A R A = de s e [0 ] AR C AR 417 ,2019,35(14) <64 —70.
QI Dongliang, HU Tiantian, SONG Xue. Effect of irrigation regime on water consumption pattern and grain yield of seed maize
under partial root zone irrigation[ J]. Transactions of the CSAE,2019,35(14) :64 —70. (in Chinese)
WRSELL A 5, X XA, 45 B R T X oK A R BRI IR RS [T ). 57K ,2015(3) 22 - 27.
JI Jinghong, LI Yuying, LIU Shuangquan, et al. Effect of plastic film mulch and drip irrigation under plastic film mulch on
growth and development of maize and water use efficiency[ J]. Water Saving Trrigation, 2015(3) :22 —27. (in Chinese)
TR, e, UK S MR S0 T X R R [T]. R, 2015, 41(5) :778 - 786.
YU Aizhong, CHAI Qiang. Effects of plastic film mulching and irrigation quota on yield of corn in arid oasis irrigation area
[J]. Acta Agronomical Sinica, 2015, 41(5) : 778 —=786. (in Chinese)
IRIE AL SR A , 45 B WU YRR R R A K S i B [T ] K AR RRA AR ,2017,37(2) 1345 - 348.
LI Yuanyuan, YANG Hengshan, ZHANG Ruifu, et al. Effects of irrigation quota on growth and yield of spring maize under
shallow subsurface drip irrigation[ J]. Bulletion of Soil Water Conservation,2017,37(2) :345 - 348. (in Chinese)
PR BRPE BT S TR DX OB R A N R A I A AR [T ) T R XA S ,2019,36(3) :582 - 588.
LI Yuan, GENG Qinglong, LAI Ning, et al. Spatiotemporal revolution of soil salinity in winter wheat fields with different years
of drip irrigation without mulching in arid area[ J]. Arid Zone Research,2019,36(3) ;582 —588. (in Chinese)
U P A XA DR, 2 S [ 9 SRR 2 XA TR 200 A1 5 IR AR 52 ma [ 1/ 0L ). Rk LA 41 ,2013 ,44(12) 120 — 127.
WANG Feng, SUN Jingsheng, LIU Zugui, et al. Effect of different irrigation scheduling on salt distribution and leaching in
cotton field[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2013,44(12) :120 - 127. http: // www. j-
csam. org/jcsam/ ch/reader/view_abstract. aspx? flag = 1&file _no = 20131220&journal _id = jesam. DOI; 10. 6041/]. issn.
1000-1298.2013.12.020. (in Chinese)
R XU SR SF . RN T R E R R i A AR [T ] ol TR 4R ,2012,28(22) 182 - 87.
LI Mingsi, LIU Hongguang, ZHENG Xurong, et al. Spatiotemporal variation for soil salinity of field land under long-term
mulched drip irrigation[ J]. Transactions of the CSAE,2012, 28(22) : 82 —87. (in Chinese)
TR LT 5. & BT LK g R RELT]. T 5 X3 ,2017,40(6) :1218 - 1226.
LI Haixia, YANG Jing, CHEN Yaning, et al. Dynamic characteristics of soil water, heat and salt under drip irrigation in
Yangi County[J]. Arid Land Geography, 2017,40(6) :1218 - 1226. (in Chinese)
INGEDT, i S SO, AR, 55 AN () B 1R R T S X R ORI T K A s B LA (] R AR A4, 2017,33(12) ¢
144 - 152.
SUN Guanfang, QU Zhongyi, DU Bin, et al. Water-heat-salt effects of mulched drip irrigation maize with different irrigation
scheduling in Hetao Trrigation District[ J]. Transactions of the CSAE, 2017, 33(12) :144 —152. (in Chinese)
W A A A SRR SRR T K R A A AR K PR RS [T ] K HERE 2017 (7) 220 - 27.
YANG Hongwei, YANG Zhenghua, ZHANG Fucang, et al. Effect of different irrigation quota on soil water and salt distribution
and vyield of maize under the condition of drip irrigation under mulch[ J]. Water Saving Irrigation,2017 (7) :20 —27. (in
Chinese)
BOOGAARD H L, DIEPEN C A, ROTTER R P, et al. User’s guide for the WOFOST 7.1 crop growth simulation model and
WOFOST Control Center 1.5 R]. 1998.
WILLIAMS J R, JONES C A, KINIRY J R, et al. The EPIC crop growth model[ J]. Transactions of the ASAE,1989,32(2) .
497 -511.
JONES J] W, HOOGENBOOM G, PORTER C H, et al. The DSSAT cropping system model [ J]. European Journal of
Agronomy, 2003,18(3 -4) . 235 -265.
MCCOWN R L, HAMMER G L, HARGREAVES J N G, et al. APSIM: a novel software system for model development,
model testing and simulation in agricultural systems research[ J]. Agric. Syst., 1996, 50(3) :255 -271.
EITZINGER J, TRNKA M, HOSCH J, et al. Comparison of CERES, WOFOST and SWAP models in simulating soil water
content during growing season under different soil conditions[ J]. Ecological Modelling, 2004 ,171(3) :223 —246.
FAE, BRGRG, T, S KR A AR B SR KAR A sk 205 i 7 e s [/ OL . RO AL A% 41 ,2020,51(9) 249 -
257.
LU Jia,SHAO Guangcheng,ZHANG Kun, et al. Effects of root hydraulic lift on soil salt and tomato yield under water and salt
stress[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2020,51(9) :249 - 257. http: // www. j-csam.
org/jesam/ch/reader/view_abstract. aspx? flag = 1&file _no = 20200928 &journal _id = jesam. DOI; 10. 6041/j. issn. 1000-
1298.2020.09.028. (in Chinese)
(T %% 237 1)



SKOTHE A REATIRER K BEO 1 HEK R0 AR 5 B KB R 237

[28]

[29]

[30]

[31]

[32]

[33]

and Tillage Research, 2002, 66(2) : 197 —205.

iR, EM . I b BT 2 Rk KA LB ST [T ARl R 2 2= 4R, 1997 ,16(5) 349 - 356.

QU Chenxiao, WANG Wei. Mechanisms of water reserved by sand inter-layer in soil profile [ J]. Journal of Huazhong
Agricultural University, 1997,16(5) : 349 —356. (in Chinese)

Teie Je , XV aC, R0 2. REFFIRZ B K A KRR (1], E K & R4, 2006 ,4 (2) :34 - 38.
QIAO Hailong, LIU Xiaojing, LI Weiqgiang, et al. Effects of straw deep mulching on soil moisture infiltration and evaporation
[J]. Science of Soil and Water Conversation, 2006,4(2) : 34 —38. (in Chinese)

A AR PRSI R R 5 S R 2 [T ] E K AR R ,2005,3(3) 1110 - 116,126.

NIU Jianzhi, YU Xinxiao. Preferential flow and its scientific significance[ J]. Science of Soil and Water Conservation, 2005,
3(3): 110 =116, 126. (in Chinese)

AR, E 0,25 55 AEAT IR 2 5 MR R S5 A O R T K 26 R A R R R [T ], R0l TR22# 41 ,2013,29(23) :109 - 117.
ZHAO Yonggan, WANG Jing, LI Yuyi, et al. Reducing evaporation from phreatic water and soil resalinization by using straw
inter-layer and plastic mulch[ J]. Transactions of the CSAE, 2013, 29(23): 109 - 117. (in Chinese)

E B PR A RFERUS R 3 AR BRM K R IE SN TR (D). L HESE IR 2017 ,54(6) ;1395 — 1403.
WANG Manhua, CHEN Weifeng, SONG Xiliang, et al. Preliminary study on effect of straw mulching and incorporation on
water and salt movement in salinized soil[ J]. Acta Pedologica Sinica, 2017, 54(6) : 1395 —1403. (in Chinese)
Tk, EHRAE, JERE -0k /R . BAFEAT 2R L — 4T A BKER A RAET]. 35,2014 ,46(5) :954 - 960.
ZHANG Jinzhu, WANG Zhenhua, HUDAN T. Distribution characteristics of one dimensional vertical infiltration water and salt
in layered soil with subsurface straw layer[ J]. Soils, 2014, 46(5) : 954 —960. (in Chinese)

IR NN, RN, SF . AN FIREFF T SR AL MR R T K R Sh A AR L ma [ T]. 13,2013 ,45(6) : 1101 - 1107.

LI Furong, YANG Jinsong, WU Yakun, et al. Effects of straw mulch at different depths on water-salt dynamic changes of
coastal saline soil in North Jiangsu Province[ J]. Soils, 2013, 45(6) : 1101 —=1107. (in Chinese)

DELGADO I C, SANCHE Z, RAYA A J. Effects of sodium chloride and mineral nutrients on initial stages of development of
sunflower life[ J]. Communications in Soil Science and Plant Analysis, 2007, 38(15/16) : 2013 -2027.

LIU Wenzhao, LI Yushan. Crop yield response to water and fertilizer in loess tableland of China: a field research[J].
Pedosphere, 1995, 5(3): 259 —266.

I W 200 A5 B U S REFF B S B ORAR R A B i R [T ] Al AR ,2020,36(7) 1117 - 124.
ZHANG Wanfeng, YANG Shuqing, LOU Shuai, et al. Effects of tillage methods and straw mulching on the root distribution
and vyield of summer maize[ J]. Transactions of the CSAE, 2020, 36(7): 117 —124. (in Chinese)

(L#EE 255 I)

(27]

(28]

[29]

[33]

[34]

[35]

P A UK AR S R R E B IR S BT SE [ D] st R ER LR, 2016.

JIANG Jing. Experiment and simulation on the field soil water and salt movement under deficit irrigation with saline water in
the Shiyang River Basin[ D ]. Beijing: China Agricultural University,2016. (in Chinese)

LI S E, KANG S Z, LI F, et al. Evapotranspiration and crop coefficient of spring maize with plastic mulch using eddy
covariance in Northwest China[ J]. Agricultural Water Management, 2008, 95(11) . 1214 - 1222.

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

FHHE. TGAL T XH R LR A B ARFE K R 28 R B A S 7 ik 0P8 (D] dbat h E R R, 2016.

JIANG Xuelian. Characteristics of water consumption of female and mmale parents and evapotranspiration modeling of maize for
seed production in an arid region of Northwest China[ D]. Beijing: China Agricultural University,2016. (in Chinese)
ACEVEDO E, HSIAO T C, HENDERSON D W. Immediate and subsequent growth responses of maize leaves to changes in
water status[ J]. Plant Physiology,1971, 48(5) :631 - 636.

WEM S IFER, . LR WAL SR P B (1], K24k ,1985,30(9) 10 -21.

LEI Zhidong, YANG Shixiu, XU Zhirong, et al. Preliminary study on spatial variability of soil properties[J]. Journal of
Hydraulic Engineering,1985,30(9) :10 =21. (in Chinese)

THH L XNEH, A i, 5. BT WS B A P X 3R o3 2 (R SRR AE [T ] BRSO R4 ,2020,57 (2) :264 - 273.

DING Bangxin, LIU Xueyan,BAI Yungang,et al. Spatial variation of soil salinity in the typical oasis irrigation area of the lower
reaches of Tarim river[ J]. Xinjiang Agricultural Sciences,2020,57(2) :264 —273. (in Chinese)

LI X D, SHAO M A, ZHAO C L, et al. Spatial variability of soil water content and related factors across the Hexi Corridor of
China[ J]. Journal of Arid Land, 2019, 11(1): 123 —134.

HAO X M, QIU Y, FAN Y Q, et al. Applicability of temporal stability analysis in predicting field mean of soil moisture in
multiple soil depths and different seasons in an irrigated vineyard[ J]. Journal of Hydrology, 2020, 588 125099.



