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Water Use Characteristics and Profit Analysis of Spring Maize Production
with Different Irrigation Methods in Hetao Irrigation District
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Abstract. Located in the arid and semi-arid areas of Northwest China, the Hetao Irrigation District of
Inner Mongolia is facing both shortage of surface water resources and severe soil salinization, therefore the
high-efficient water-saving irrigation methods are the inevitable choice for sustainable agricultural
production. A three-year field experiment was conducted to study the effects of different irrigation
methods on yield, water productivity and net return of spring maize in the Hetao Irrigation District. Three
irrigation methods, i.e., border irrigation ( BI), furrow irrigation ( FI) and drip irrigation ( DI), were
compared. Taking the recommended traditional BI water level as the control, three water levels imposed
for FI were recommended, namely level (450 mm, H), 0.8 X recommended level (360 mm, M) and
0. 6 x recommended level (270 mm, L), respectively; while the three levels for DI were conducted
based on different threshold values of soil water matric potential, i.e., —10kPa (H), -30kPa (M),
and —50 kPa (L), respectively. Totally seven treatments were implemented by randomized block design
with three replicates. The results showed that the grain and straw yields were significantly affected by
treatments. Under BI condition, totally average 10% of irrigation water was lost through deep percolation
over the studied three years; whereas, under DI conditions, about 10.5 ~29. 0 mm water of groundwater
was contributed into the root zone through capillary rise for crop water uptake. The response coefficient K|

of maize grain yield-soil water under DI (0. 684) was smaller than that under FI (0. 821 5), indicating
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that the reduction of crop yield caused by decrease of crop water consumption was smaller under DI than
that under FI. That meant DI helped maintain a higher crop yield under potential drought stress than FI.
Compared with traditional BI, FI— H (450 mm) could increase the grain yield and net return, FI - M
(360 mm) could save 31% of irrigation water while keeping the grain yield and net yield as same as the
control. Compared with BI, DI —H and DI — M treatments could save irrigation water by 19% and 57%
respectively, but increase grain yield by 21% and 15% , and increase net yield by 28% and 22% ,
respectively, resulting in a higher water use efficiency. Therefore, considering the external environmental
conditions, including water diverted from the Yellow River, groundwater status and local farmers’
acceptance etc. , water level with FI =M or DI — M could be used as an alternative to traditional BI for
water-saving irrigation.

Key words: spring maize; Hetao Irrigation District; irrigation methods; crop water use; economic

benefit; crop water production function
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Tab.1 Physicochemical properties of soil in Shuguang Experiment Station of Hetao Irrigation District before sowing in 2016
TIEHE/ FLE 8 % HE/ FH i) 455 7K 2/ R/ ECe/ H
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cm 6’/"*;[ *ﬁ*\'ﬁ ?ﬁ*\‘l (g'(:m_s) ((:1‘113'(:111_3) ((:m3~(:m_3) (dS'm_l)
0~20 32.2 47.8 20.0 1.4 0.29 0.23 8.1 8.7
20 ~40 23.2 53.8 23.0 1.4 0.32 0.27 5.0 8.2
40 ~ 60 29.7 47.2 23.1 1.4 0.31 0.26 3.5 8.2
60 ~ 80 94. 1 3.8 2.1 1.5 0.28 0.19 2.8 8.3
80 ~ 100 49.3 34.7 16.0 1.4 0.31 0.29 2.4 8.1
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Fig. 1

Groundwater table during growing seasons of spring maize in Shuguang Experiment Station of

Hetao Irrigation District in 2016—2018
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Fig.2 Cultivating patterns of spring maize under different irrigation methods in Hetao Irrigation District
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Fig.3 Cumulative evaporation and rainfall during growing seasons of spring maize in 2016—2018 in Hetao Irrigation District
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Tab.3 Grain yield, aboveground biomass and harvest index of spring maize under different irrigation methods

in Hetao Irrigation District

R HKOKT KB ik / (t-hm %) Mo b i/ (thm ™) WA R
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DI-L 12.0¢ 9.4° 10. 3¢ 10.2°¢ 9.0° 9.8¢ 0.54* 0.51" 0.51"
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BRSO RC
2.3 FEXRASFA

BIF 5 DX I M T KSR — B AE 2 ~ 3.5 m Z [A],
HEW R SR (F 2) %2 kS 20l
i B LR X K S AT AN AT
A A I AR DX T2 - K S ROk e i Q)
M ATFHNBE L s B MRZE R,

AU AETHMS,Q NIE, RWRZBRERTE
BRI R, Q i, IR R )Z K g3 i D
R KB ETHAMEARIX Dy 32 o A [R]85 X 2 1]
MQEIE LM, HEUREZES RN T, FIA
10% 17 AACE 1 TR JZ 8 T 452 2K, T T 7 358 /0 1) 38 T
P13 P A TR LA T K B B A LT D 3 A i
oK AL BB KA 10,5 ~29. 0 mm [ 3t /Kl
W BE BT BUR X BRI (R 4) .

X FRR A AR 2016 4R A1 2018 4F , BEFE H14 HE i
PE T AR K A B S KR R D K R 4
B CAS g ti0) s e+ 5 2017 48 B 9 = ok 2
SN AL B AS Y05 1E , s EORWOR G B AR X
BHER P BARATIEAR . WERE A IF AR PR FE K i
ET 75 3 4FF- 257 537 mm, {5 p ARk 3 A 4b
HET g F 2 {5 73 53] 3462 423 358 mm , T i
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Tab.4 Water use of spring maize under different

irrigation methods in Hetao Irrigation District

HEWE WK AS/ ET/

Ay N I/mm P/mm Q/mm . . T/%
WEHE  BI 525 123 53.0 -42.0 553.0 10.1
FI-H 450 123 33.0 -11.0 529.0 7.3
W FI-M 360 123 22.4 3.0 463.6 6.2
2016 FI-L 270 123 -6.2 18.0 417.2 -2.3
DI-H 340 123 17.0 -6.0 440.0 5.0
WHHE DI-M 140 123 -3.0 66.0 332.0 -2.1
DI-L 70 123 -29.0 96.0 318.0 -41.4
mEWE BI 525 37 45.0 9.0 526.0 8.6
FI-H 450 37 12.0 18.0 493.0 2.7
WHE FI-M 360 37 3.3 43.0 436.7 0.9
2017 FI-L 270 37 5.0 60.0 362.0 1.9
DI-H 490 37 4.0 -12.0 511.0 0.8
WHE DI-M 300 37 11. 8 36.0 361.2 3.9
DI-L 130 37 -21.9 108.0 296.9 -16.8
H:E BI 525 135 59.0 -68.0 533.0 11.2
FI-H 450 135 56.0 -8.0 521.0 12.4

WHE FI-M 360 135 42.0 -14.0 439.0 11.7

2018 FI-L 270 135 -1.7 19.0 425. -0.6

7
DI-H 440 135 1.2 -26.0 537.8 2.5
WHE DI-M 240 135 0 45.6  420.6 0
5

DI-L 100 135 -10.5 60.0 305. -10.5

3 AREIKIKE 157 ¥ ET 4351 24 496 371,307 mm,
RV VR E RN E ST, B A HE K R G I, AR A
KRB (F 4) .

AN TR) I T 2RI E W 7K P 3 5 el K 4 A1) K
F(WUE) b 8K R 2% (WUEL) (P <0.05)
(£5). HEM Xz 2 57 B, Hrp g 3 47
¥ WUE K 2.46 kg/m’, i /4 £ WUE Jy 2.79 ~
2.98 kg/m’ Ji#E WUE % &, #F 3.23 ~4.12 kg/m’
Z 0] o X T m] — b Wy X (3 O )
34 WUE V-S4 24 2 3 oy bk b 3w o 5 41,
WUEI B K2 /NI A R AR mERE, HoAE A —
W 7 X BE B K B U0 B B i (P < 0..05)
(£5),

— M, B A AEOK B0 IEn, AE Y ey
i, 78 3058 B KAH (72 A S R 58 550 T EW T
e i B KA H) Z 5, i FE7K &= S8 38, AR
Y= PR AR . TR RE T A A I L A
L (B 4a) , BPFEFE/K & 460 mm A2 47 B, 3 £ oK
TR AT DA B 5 {8 (16 vVhm® 2247 ) 5 (H 2 X
TR, BLA B LA i RN AT & H4
P AR AR B B F L AR B AS AF 5 e g )
A0 P A FE K B AT R 0 R 38 B B ORAE, 0 SR 4k 2 5
I K R R (B b A K T KRN 25 5 )

RS MEEREFERFARERAFAXAKSFANEEERKFARE

Tab.5 Water use efficiency and irrigation water use efficiency of spring maize under different irrigation methods

in Hetao Irrigation District kg/m’

e WUE WUEi
BT WAKF 2016 4 2017 4 2018 4E SE 3 2016 4E 2017 4E 2018 4E S8y
i 34 Bl 2.41 2.45 2.53 2.46 2.53 2.46 2.57 2.52
FI-H 2.78 2.86 2.74 2.79 3.27 3.13 3.18 3.19
VT FI-M 2.96 2.77 3.21 2.98 3.81 3.36 3.92 3.69
FI-L 2.83 3.01 2.70 2.85 4.37 4. 04 4.26 4.22
DI-H 3.39 3.17 3.14 3.23 4.38 3.31 3.84 3.84
i DI-M 4.25 4.32 3.80 4.12 10. 07 5.20 6.67 7.31
DI-L 3.77 3.17 3.37 3.44 17. 14 7.23 10. 30 11.56

K FF L7 R A A S N T RE. 3 Ah, M
Kl 4a o] F A 4F ET 5 50T % A £ R R kL™
B 3 7 T VA E AL B

RS 777 ki 2 5 K 7 4 A X R K i 2 =2 T Y
56 R W12 B K 23 A 7 R R, H e K gy
U )37 22 5 K, e A 9 %8 T 39K 43 T 30 ) R R
B ARBEE R VA RE AN ME K 23 0.821 5 Al
0. 684, Uit A I 7 4% 14 % , 11 40 #E /K 12 19 00 e 51

V1A B 3 /DN e R AT T R ) TR E T R
W38 TR R VR P
2.4 ZFYEmAM

AR R 5 AR 7= S i B YA OG . 2016—2017
RN B X B KM R 1631 J6/1,2017—2018
AR BE BN R OKR A A% Bl GA B 1761 J6/t,2018—
2019 4EFE M ks o 1810 Jo/t 7 D e 3% R ot
FETTE, TEAR I 5E 1 2016—2018 4%, fifi 5 B N £ K
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Fig.4 Relationships between grain yield and ET and coefficient of yield response to water under different irrigation

methods in Hetao Irrigation District

WA R [l T, AR KRR P A B I (K 6) .
3 ARSI LI T v K Ak P A L R AR T Y
AR Ak B DR R 0l W A R AR (32 6) o
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Tab.6 Income of spring maize production under different
irrigation methods in Hetao Irrigation District

W HEK
0 KF

SR 2016 4E 2017 4E 2018 4 {4

Y
(t-hm %)

BI

13.3

12.9

13.5

13.2

FI-H
FI-M
FI-L

14.7
13.7
11.8

14. 1
12. 1
10.9

14.3
14. 1
11.5

14.4
13.3
11.4

DI-H
WiHE DI-M
DI-L

14.9
14. 1
12.0

16.2
15.6
9.4

16.9
16.0
10. 3

16.0
15.2
10. 6

TR RLHAN/

(JGt™")

1631

1761

1810

BeA/ (JE-hm ~2)

BI

21692

22717

24 435

22 948

FI-H
W FI-M
FI-L

23976
22 345
19 246

24 830
21308
19 195

25 883
25521
20 815

24 896
23 058
19752

DI-H
W DI-M
DI-L

24 302
22997
19572

28 528
27 472
16 553

30 589
28 960
18 643

27 806
26 476
18 256

ANTR) B 75 3R B RA SO IR L3R 7. AN
JRE TR A P A A ] 3% 32 A Bl ARHE R 255K
GERPRE L B A B SRR 2% 45 5 9 T ey 47 i
TR, T AT (LA ) 2R T
P T N 90 b A 4 7 B2 AT B IE B A, A TR E
P2 A i i 98 SR /K IE — A Ak e AR, TG it 2 11
(R 7)o AIRALEZ 8] A 5 5 Y 25 57 0 2 AR B A
JRE TR BT T, G v e R 9 A E MR R A B
FHT 1) i 7K 4 1 ( L3R 0 K Aty Dy 491 ) R oK 3R 25 4 R

B IR PR AL 1 hm® T, A1 300 JG, B A HE
PR AR PR IR S AR T AAD, T DA B R VA T Ah PR
HEWE R GL AT IH 9% Oy B A bR AR 60 T 5 T T E R &R 48
F2 B AT FE T E A S LW R v O A — Rk
P AR O e — YR AT ] i BE I E AL M A A
0. 15 JC/m  Ji A H B AR 3 B EE N 1 om, BT LA A
U VAT A A S 1 500 TG B B TH R g A T &
b 292 000 JG, 41 7% i /K 45 18 100 T (4% H] $60 mm
PVC & 200 m 11455) , B & HE R gef 1L A% 1500 O,
HoAbh ok 2 k13 R IR B B S
BB MFFEMS 400 JC o BRI HE A S0 1 H A L& 48 b
Wl A A ol 5 4R R E RGBS 1 hm 157,
BEAEYTIH 2% 1 R 400 J6/hm® | DR 7 94 8 TR 42 4 7
IH %434+ 1900 Jo/hm?, JHEBE/K 2% (0. 11 Jo/m’) |
HL 2% (0.5 50/ (kW-h) ) 3% B L E 8% — &
Wit FEH R R AT B O R E AT T,
WE: VRT3 E 1) R A B T e R S BRE K — IR
WE 1A NT A (AT %A 150 J6/d) , Jr Do
FEREIK 3 R, 450 Jo, W HEE K 4 IR, 7% 600 T,
177 ¥1k T SR FH KB — PR Ak e R VB K it JE 45 4R AH X
BRSNS, B RE AR BT AE 1 h(10 ST 9% ) 15,
3 /> TR HE K P 1 T R BT Y0 32,21 .10 ¥k, AP
HI T 2% 320,210,100 Jo (% 7). &5 b, AH X T m
VEE VR EROR E T 0 T W B R o TR K
tE T T S 4 R R G A T TR
T (RT) . SE WS, W &K b #
WAL 4 A B B B0 13 %, AR R T K 149, i K 1
THE VIR 25 55 I T R OT (A R T K 31% o T R T
S AN N A B B =i RS S [ | Rl
28% 1 22% , H =2 A6 - ik 9 43 00 15 K 19% F1
57% (K 7) .
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Tab.7 Annual expense of maize production and its economic analysis under different irrigation methods

in Hetao Irrigation District

SH - 5 T
FI- H FI- M FI- L DI-H DI- M DI- L
i 2000 2000 2000 2000 2000 2000 2000
JE 3000 3000 3000 3000 3000 3000 3000
A A 77 R ] e 525 525 525 525 525 525 525
(R E )/ A A 450 600 600 600 450 450 450
(JG+-hm~?) R RSP T (L) 900 900 900 900 900 900 900
I 5 750) LA (1 Tt 300 300 300 300 300 300 300
b AN 1200 1500 1 500 1 500 1200 1200 1200
BHIEH T 600 600 600 600
WK B 578 440 330 220 466 250 110
WA R (P AR S ) /0 R B 158 120 90 60 508 273 120
(JG-hm™?) W &R 60 60 60 60 1900 1900 1900
HE W T 450 600 600 600 320 210 100
M/ (FE-hm?) 10221 10 645 10 505 10 365 11 569 11 008 10 605
M A/ (J6-hm™?) 22 948 24 896 23 058 19 752 27 806 26 476 18 256
Bl 25/ (76 -hm =) 12727 14 251 12 553 9387 16 237 15 468 7651
AH X I R T K R % 14 31 49 19 57 81
NN %R ARKEN B FEKE
3 itig

3.1 AREEEAR THED K ST R4S

Fe BRI 5 K E AL S, A BF ST IR 0
ERKEAEPUOIR J5 B AT — R 12, — 7 Tk Pk &
5%, — TR IRAE F R R AL B E  T LR 2R
B R ARRE P IR — R (1), w] DA
JE AR R AL A0 1 A K K R R A — U
WE— S AERE RS 0 1A H 2245 (6 i 5 45 0
Z 1) #E47 o

B A v e D 50 TR R S A AR DA S 3 3 o 2
Y AR K T 25, 0 5 5 ) 9 K IS K SR 30k S R A
Ky ¥ ) BE, HE T R W AR B K 4y R RN AR K &
7Y ARWE R IR BT T R, B
AN AL 4 mox 15 m, BORE£7 B LB 2 5 /N X
HER I LA AT L 22 W 9 R Y S S K R R O R
T HEKAY I 2 R SR 2 ] R R B, %
GEmENE— A 10% 247 i K i 1 TR 2 8 TRk
AR R B, 5 B ABF IS5 A — 5 5w
2 A 0 b T O 7 =X AR E 9T v Y T K R ok
A PRAE A B RRAG, £E EAR E R W R,
FUl DK B T KA R R (RS) X
2 DR g VB B K S R A SN I ELVE A T i
ARAMTE T MR A H T I 1) A% B T DR
SEER G THRZ BN AT . WA T Rk
T 5 DX X £ A KT BB 5 45 SR Fe W], 28 0 I A R
LT 30% HHE WK B VR P ROUB 13% 1

717 9% VRE 3 3 % A X 398 R A7 K e ) AR 9 o Y
JAEBHLLS A EA ST AR R A2 BN, W
i it 2 B ML 0 /0 T R b 28 R, o R T 4R 0 K 4 R
AR (FKS) . Foh, HiABIRIE R, £ TY
JRAR B G A AR 73% L b SR KRR R
TE B F2 B 7= R U, AR 2 1 R KRR R AR K
TR He s T EOR AT RS A m
THRE S T DR 27 I Oy =X, S A T 2
Hh i AR X A BT BT A K PR 5, DA T A 32 1 0 A
RV R L R B Ah AR S i E Ak
H o R S K - HE K A T E AL B (DT - L) 15 3
TR AR AR R R M b 3R i, LEACH™ Bf
UGBS R HOK AWML, Y R G2
JK 4332 b BEL 7 b sk, AT R E e A S A K
TN ATKBE B S T — R ET AL B
FERAREY R0 AR BRI T 4
eV, R R U R AL A ) SE PR RE K BT X B RR
IR (3 4) (HF AT F K Pk b B3 AR P B S i 1
I 3) S TR FIHRE

K A3 A 7 BRI R B 7R i K 4 R Y B R K S
VEVIRE T 5K 43 T 300 () O BB o AR B 5 h L 3
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155, RN 8N T &N Y
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