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Irrigation regime for corn production with drip irrigation and
plastic mulching in Hetao irrigation region

FAN Ya-jun', LU Zhi-yuan', TIAN De-long®, GUO Ke-zhen®, XU Bing?, LI Jie-jun’
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Abstract: In order to propose a high-yielding and water-saving irrigation regime for corn production with drip irriga-
tion and plastic mulching in Hetao irrigation region, two years of field experiment was conducted. Crop evaportranspi-
ration for corn was measured, and crop water productivity was estimated using the Jensen model. Results showed that
corn was tolerant to water stress at seeding stage when water shortage had less effect on corn growth. By contrast, corn
plant was sensitive at stages of jointing to tasseling, tasseling to flowering and flowering to filling. Dirigation amount of
275 ~ 325 mm resulted in higher grain yield, with the distribution of irrigation being 20 ~ 40, 40 ~ 60, 115 and 80 mm
at the stages of seedling to jointing, jointing to tasseling, tasseling to flowering, and flowering to filling, respectively,
Compared with the usual surface irrigation, irrigation water saved ranged from 2 546.25 to 3 296.25 mm per hectare.

Keywords: corn; irrigation regime optimization; drip irrigation under plastic film mulching; water use efficiency
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PIRBEAY H B9, [ NIMA L2 XA R R
IKGHEAKEHEAT T RIS . 20 % 5T
SRR BN T - R ERK SRR 1 H AR N
ZEAT R HERE K I R T A LA K . A AR
2SI I K T H O 2 OO T T AE K
AR A R R, R4 N, BB FEK 1Y
T REZK s B AR 3G I, 2R B I RE K S FIFE K
SRR JE L SR I B 45 A SRR K R H RO 4 R R
W > 5K > BRI > 25 B ATIH ; FEK SR
FIUNEERATHA > G55 > 25 R 58 > BHRAEK
728 ORI ST, S I IR TR R Ak B
SFE KB H FAREREAR 8.37% ~ 59.33% , RAE/K
ot R R AR IR . SRR OB T
SRR IR A3 it S5 0 RS T T EAR IR I 5 /K LA
e TR T T VERRAEAEY) R B K, W53 A FLAEE , T
TR AT CWSI AVEYISEFRa% & 2515 8 ET,
DA CE N

H R E ] AV [X 56T T O JBETS 7 Y8 Yk o) 2 1
WFFE /b, ARSI Jensen 4550 ) 2510 %) vk X ] &
VR DX T 2 I oK A R R ) B 2R A T P4, A
T R TR X K S 7 11 & SR AR (S R A
1 MRSk
1.1 RIeXER

HH [R]30 562051 F 2012 4F 1 2013 4F7E NS 7 B
6 X 2P R T P R SO 11 L U A IR 56 3 (IN40°
24'32",E107°02' 19", #3% 1 072 m) #b47, Zst T
TESTJE PGS, J& iy KRR ZE R . FLRRE
RATEEK B, BRI oKD AT

R Z DGR G E R, TR
AR 144.5 mm, FEEFTE 7.8 H 4, A
SEHIFE A 36.5 mm Fil 46 mm, MIXHEEE 47 % ;4F
B2 ik 2 381 mm, EEEPLES 6 Ay, FHZEK
4 337.8 mm H1 375.4 mm, T4 4.08; 4E- V-3 H
HEETEL 3 209.5 h, A A GRS J 3 152.02 MJ-m ™2,
T AE K = 10°C IR 294 3 100°C, 2 3 DG RE BT
PdE & X 2 — AR ORI 142 do B4R 11
HZ2AE S5 R TIT 200 4% KIS A8 e 11
X F5 o ik A S RRAE . %R X R HERR N A
PUTT 17.48 g kg™, RN 0.36 g kg™ !, HRABEH
10.49 mg kg™, AN 162.43 mg-kg ™', pH { 8. 12,
JIET S SR FH T KR, b K B ARl 1.35
g L1, R X 3 L3R 1,
1.2 RI&i&ItT

oK T 3 E AR g 40 E LI T 2012 4R A
2013 4F 4—9 A AT, (Ao 6 5 IR
FH70 em ML, — a7, — B AT (R FPAB B 2, P
BEA 26 em, 47HE 45 em, BEE]EE 70 emo JESHE it BEAR
T 375 kgehm ™2 BB 150 kg hm ™2, B Al 40
FEET =B AR T SR B I, B GA A 225
kg+hm ™2, 56K HH T 6 K, 4051 330,270,
240.,180.,180,135 mm,2 PNEE BT, I 12 A~/NX Ak
PR /NX AL 72 m? (3.6 mx 20 m) . DL K
S W 330 mm X & AE B BB R AR
AR G35 i Ry a2, EA B0 3 O 58 L3R 2,
/INDR A R A R0 B R O v, R4S /N IX R B A
50 cm BE,40 cm 5 /N LA 3K 06 VS AU, I
WA X,

®1 RBRX LR
Table 1 Soil texture of the experimental field

R A ORI A1 / % -

Soil depth Density Soil particle size distribution R

3 Soil type

/em /(grm™?) 0.05~1 mm 0.002 ~0.05 mm <0.002 mm

0~20 1.476 9.69 69.82 9.73 WbEE 1 Silt loam
20 ~ 40 1.461 13.14 77.00 9.81 b+ Silt loam
40 ~ 60 1.453 2.80 83.35 13.62 b+ Silt loam

60 ~ 80 1.432 0.47 84.53 14.95 ¥ -1 Silt

1.3 JWikmB 5%

&K% K TRIME - PICO TDR 1+ 45 B+ 4H
5575, L TDR SN 3=, B 5 RPN — ik, 11
(i) 7 P T3 A TS, 3 i K T 2 R
S g, R BE R 0 ~ 20 em .20 ~ 40 cm .40 ~ 60
cm .60 ~ 80 cmo

1.4 FRFKE K EF BEFAKS T AR
HWE
I X A A 3 50 (HOBO) , /i A 3%
Be—RARAA A4 - 2 THRHR R ORBHE S A
1o Tl B T L B L B R R X &
Wi T e 4
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4.1 AekEemE fEedalntEEKRE KR, BERERAERH (mm); K 855 0 BB

DU A= HET 350 TDR AHZS & 4700 , R+ 500 €
JZYH 0~ 10 em, 10 ~ 20 ¢m,20 ~ 40 cm .40 ~ 60 cm .,
60~ 80 em. [ F WL A& P TF o 5Bk T
KTk

ET, = M; + K; + P, — AW; + D; (1)
[, BT, R B BAE) J2BrFE K i (mm) 5 P; 2R i By
BRI & @A R A (mm) 5 M; N5 @ B B

R KRR 1R X L S R AR ZI0RG -t A 2 aliih
o, IR - SR AR, HO T KR R A
JE VR, W3R 3505 D, h s i B R HOK B,
o TR 2 RO, 5 B 208 T — AR D, MG
D = 0(mm) ; & W; N5 BrEc etk a2 1k, 13

iR it (mm) AR W = 25 ko, RS

*2 Wikt
Table 2 Experimental design
Wi H Ttems yml ym2 ym3 yméd ym5 ym6
44 F W Whole growth period 11 10 8 8 6 6
N Y Jointin, 3 2 2 2 2 2
B ¢
IR B Heading 3 3 2 2 1 1
Irrigation AEW Flowering 1 1 1 1 1 1
times -
WEH Filling 2 2 2 2 1 1
FLE Milky 2 2 1 1 1 1
THEKZE R Trrigation quota/ (mm= K~ 1) 30 27 30 22.5 30 22.5
TEWEE B Trrigation quota/mm 330 270 240 180 180 135
BRI — K G 5 LR FF /N X R EG o Note: after the fall of a water to carry out experiment as the table.
#3 ARERTHHTAFASHESER/ (1’ -hm?)
Table 3 Groundwater used in different depth
% /m J 15 Month
Depth 3 4 5 7 8 9 10
1.0 157.95 189.75 242.55 897.30 616.50 395.55 291.30 336.90
1.5 62.70 40.20 51.30 104.10 586.05 233.40 171.90 193.20
2.0 41.85 36.30 48.15 142.35 406 .65 280.65 240.00 238.35
2.5 128.55 34.95 39.75 50.25 47.10 91.05 48.75 142.65
3.0 63.45 44.85 78.30 15.45 3.75 6.60 39.75 43.20
3.5 44.40 63.45 63.90 47.85 13.95 44.70 56.70 80.55
H 1] Date(M-d) H ¥ Date(M-d)
—_ O —~ O — — O — O — O —~ © — O —
Y IQ Teadadeagq
T &8 88 T £ 888588388
O T Ill U U II] U Uk U O 0 TTTT TIgrrororT T T T T g g T T Ir T 11T 0
2t E 5 | £
g 0573 £ “ ‘ 1% 3
S 4t 5 £ 3
g — = 10 =
g . 5 2 110 8
s 6F 108 £ :
z E 2
g 8 E 3 115 3
£ 2 & 20 =
o 155 o ]
Zo L5 EY x
. e T
14 = 30T 1%° =
N [ [ = Precipitation W [ 5 Precipitati
% WY = pitation
16 = a4 F /K f% Groundwater level - 25 35 - 3.0

2012

—— Ji N JK A7 Groundwater level
2013

1 2012 5 2013 St Pk R EREEN
Fig.1 Changes of groundwater and precipitation in 2012 and 2013
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1.4.2 KaeyfRzFemncs mERRENSDNREK
P RESE 10 BEIEATIN ™, PRI AR/ NX 1T R
ESRRBE T /N X SEBRAR B, SR I P-4 1 AR AT
L
IR HE 77 R BRI B SR TR Y Jensen 547
A
n A,
= ) @
K,y v, 40508 5 b " & M m ” =
(kg * hm™2); ET,;  ET,,; 535 k% 1o 5205 7t il 5
PR P BOFE KR (mm) 5 2, A5 @ AE B B BK )
HURRFR %L
VEVIK A FRREER T X5
WUE = Y/ET, (3)
K, WUE AEYIK 3 FIRRCEE (kg - m™) 5 Y AAE
Yy it (kg - hm™2),
1.5 #ERHERLER
(1) BrBie e

MBS & n b ERS AT BT 955, n

IR 1,2,3,4,5. 3878 EORPIRER — $07, 3007 —
FhAH, Fh A — 3, 0 — WE HEK — FLA

(2) Rz

PR AR NS AT B KE m,, i = 1,2,
3 , o

(3) REA &

AR 5 R & B Bew) vl FH T 0 B RE K &
SRR 2 A e R R B Rk Wy, Horh
W; R S KR R AR

W, = 10yH(0 - 6,) (4)
K, Wi SRR 2 AT R T SR oK
H(mm);y A EEAETR(g - em ) H NIHRITEN)Z
TREE (m) 5 0 TRV )2 N 501 & KR (R
T Er AT 0, A IEE R, B L g
EKFGORATE]

(4) Rt

RGN RIS R i R v &8 5 2 (R Y
KR AR AZ X N S R G T

OF, S vl WE¥

giv1 = i — m, (5)
N, gy qia RINES | KR+ LINEw), RG 0T
TorBe A 7K o, 5 58 BEERA [T R K R (mm) 5 m, 55
i BB K B L
@ THE 2 K A A

Wi = Wi+ P+ K; + M; — ET, (6)
L W, W AR BB R 3R E N R
fitt7K i (mm) ; ET,; M55 @ BB S BR s & it (mm) 5 P;
AR T i (mm) 5 K 3T KRR 45 5 (mm) 5 M,
HHEBEK AR (mm) .
(5) Hbrek%L
TER]Srfe K — @B OL T , 2R Jensen 1A 5B
SR AR 1 7 e d Ky B, B

F = max(—) = max]_[(EE]Tm) L (7)
A& A5 5 LA i .
(6) Ly Z%AF
LR AR UFERE K R AR, & KR AN
SUE L)
O HEKELH
O<sm <gq (8)
im =q (9)
(ETwin); < (ET,); < (ET,); (10)

K, g a4 F W g A AR ] K & (mm);
(ET i) i CET ) 53 3R 5§ BB e/ MFEZK B2
I RFE/K & (mm) o
@ TR 2 S KRR
0, < 0 < 0 (11)
Ao, 0, AT HNRIEE LS AR (S T 2B
I3HE) 50 N HERKERGE T RS A ) o
Q@ HFLIR WG TR L
6, = 0, (12)
q1 = (13)
K, 00 FRI IR RNRIE )2 B SR (S T
T RE AT
(7) e
BT IZEERLE RS (g, W), AR A

B HE TR R P a4, WU DS, s 4y R H
fi (qi) = maX[Ri(qi’ i>fi+l<qi+1)],L = 1,2,3,
on —1 (14)

. ’1,-
R(q;,m;) = (EETY:(”) ,i=1,2,,n (15)
= (o o

mi

XA, Ri(q;,my) i BYBUTE i IRZSTH P 21 9 24
gt fn (qn) ARBE B BIR B RE 5T5 A WL BB
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2 RS0
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IR I A 0 i, B0 S X R K B, 6
7 H—6 J1 22 H AR & 7K Z852 52 4K
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DL R R 2,6 ) 7—22 H RS E AR, b
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=3t NI (=L 7/ & MO LA E S0 || NN TR s e
IR AR N

NS Ak P A 48 K R AR AL B ET A AL 3
yml 385 7k g oA b P R, BT K R AR 1L
BHETHE 7K R A A B N i AR K, yml 24 H WIS
JKEEE ym2 ., ym3 | ym4, ymS ., ym6 43 7l =5 0. 39% .
1.23% .1.29% .1.38% \1.62% , T35 7KK/
SHEK R B VIR

——yml —&—ym2 —&—ym3

—%—ym4

—*¥—ym5 —8—ymb6

07-03 07-30 08-26 09-22
H % Date(M-d)

B2 EXREFHNO0~60 cm LEFHTFASHTEN

Fig.2  Dynamics of soil moisture at 0 ~ 60 cm layer during corn growth period
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Fig.3  Crop evapotranspiration at different stages for treatments of drip irrigation and plastic film mulching
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2.3 AEKGLAETHFEFKSFIRAER
M 4 BT, TR 7 R R FE K 3 R

H4II, KK BN 53566 mm B, F K

E=N= = Ay
A, A

12 871.83 kg hm ™2 ; 75 Jili if— 7 193 F01 76 30— 3% 141
BRK 9 Ab B ymS FIAL PR ym6 7= i 2 B TR
SO, 5540 B yml AH L EE 430 BEAR 25. 4% i
36. 1% , 33K J2& PR ok LG R U 1 6K T F A8 R A KA
A B A KR SR BE  VE IS 7K 43 B T SRR, Y

K K25

i V% A i ) R

NI}

=4
i

M oK

SRR AR AR

M 43T LAFE 7K 70 A AR Bl o T K
A3, A7 ARG B s 9K 22D 180 mm 1 4k B

ym5 FK 3 F AR B i, 4 2.93 kgem ™2,

T E 7K

4 270 mm 940 B ym2, K 4> F) B RCR AR, N
2.69 kg m™ 3 LR 7R RIK 2> B RCR I 434, 1E
T80 B 1 HE ) 2514 R AR HE ym3 S B R E K

I
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Table 4 Crop evapotranspiration, yield, and water use efficiency for treatments of drip irrigation and plastic film mulching

FE/K & Water consumption/mm - KN o 2
BRI Rl BN T R R AEE Yield Water
Treatment Sowing— Jointing— Heading— Flowering— Filling— Growth /(kg+hm™2) productivity
jointing heading flowering filling mature period /(kg=m™?)
yml 63.32 182.77 98.82 83.45 107.30 535.66 12871.83 2.83
ym2 39.49 168.15 77.14 78.18 102.81 465.77 12541.35 2.69
ym3 35.66 143.35 93.95 80.19 78.65 431.80 12069.75 2.79
ymd 35.25 127.71 106.30 61.18 90.94 421.39 11736.15 2.78
ymS 43.81 118.48 83.85 66.96 72.49 385.59 11296.50 2.93
ym6 28.52 111.41 57.96 61.82 76.17 335.88 9673.20 2.88

2.4 KSEFRBEERHEMRL

FRHEARE 171 428 50 3t 1) S 90 9 4 SR s 1) SRR 48
B, A3 Jesen TR FOR 7K A 7= pR i, FLHEAR
ik
Y ET 0.0741 ET 0.2140 ET 0.8143
Y_,: = (E—Tm)1 % (ET,:)Z % (E—Tm)3

ET 0.3865 ET 0.0356
(ET:)4 % (E )5

HRAE 2012 451 2013 4F (938 35 5040 , F1H /)
T Jensen AT B4 A SR R AR A R AL, SR A
LR 1T 1 07 9 FE45 A MATLAB {4 B a] SR AR
G400y 4525 B B B 189 7K 2 BB 85, 0 W 4 1A 7
B Mg Rk 5. s P BUSSE T A, £
KAEFHAE—AE N 7K 2 0 SRR e 5, LG e H e 7K
W23 X687 et i ™ S ™ 5 A U — R R K
Xof P (W R M /N o

FIFHZR 5 EEARSEL, D= i i KO8 HbR kAT
R B AL, Ltk g R an 2k 6, N3k 6 AT LIFE
Wil 25 VEE K R P3G, ORGP N . FEAS TR Y
BOKZRATT  HEK i 32 28 e A —TT AL AT 4
—JER R T K R N . R Y K
SEAL/INEE IV 5 T AR X K o SRR 5 1) i B —TT A
FTFAE—VER X WA B 3, DT AR A5 AR ) 7 o

X

VR B ) A A gl SR R Y HE K R A ) 275
mm ], P3G I K R, ARG 7 ) R AR N 5 K
HTE 275 ~ 375 mm Z RIS, K A SEBR = A
F I HAH R 14 P A HE I ] B R I —
PATHEKE N 25 ~ 30 mm, KT —Ih LA FE K Bl
40 ~ 60 mm, flE—FF ALK 54 115 mm, FFE—
VHEHORIHE I — L 2 W /K #2437 A 80 mm AT 20 ~
40 mmo IpcAHEREBE I B AR R 7 do

x5 EXRUUERHESY

Table 5 Optimum irrigation regime for corn production

AN U=}

TR Wusies e kR
BB T A # P/mm it /mm
Growth stage © MAXMIN g sitive Effective  Groundwater

water consumption

. index rainfall recharge
of stage
WFR—IE  a s o.om 18 2.38
Sowing—jointing
e,
PRI e 2 02140 6.2 §.24
Jointing—heading
m jﬂ? 98.82 0.8143 0 6.36
Heading—flowering
NI
ﬁﬁ {Eﬂ? 83.45 0.3865 16.2 7.93
Flowering—filling
M )
RS 107.30 0.0356 5.4 5.82

Filling—mature
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F6 ERERTEEMUERSE
Table 6  Optimum irrigation regime for corn with drip irrigation

and plastic mulching

WK Irrigation amount/mm

WEBEW pem— g— ME— FE— W -
Imigation ety g JFE MR AR vy

quota oo

Sowing  Jointing Heading Flowering Filling

/mm — _ — — —

jointing  heading flowering  filling  mature
75 0 0 60 15 0 0.266
125 0 20 65 30 10 0.394
175 15 20 80 50 10 0.541
225 15 35 95 65 15 0.721
275 15 40 115 30 25 0.916
300 25 60 115 80 20 0.992
325 30 60 115 80 40 1.018

3 4% ik

A 1k AR 1 B TR) R B6: , 6 5 K I S T A RE /K
i KRBT T 08T, 454 Jensen 5
RIS T R ORIK AT 77 bR B, FFE X B HE X E K1Y
VW VEAT T A A A e R

1) FORMFER A A AES Y — Sl By B 3
Wb, FE LS JLAS B B R REZK S il /N , T I ok
TEBRCT — il HE B 0 FE /K S B K, T AE P AR K i
NI 5 KO 7 S S I AN B

2) BRI, kA B IR FE K LA
A E PR AR L, 24 B IAFE K 54 536 mm
Bf, o e o DA i KO H AR BR AL, 1 Bk
PR PG T4 TR T 2 A« KT E UK = Dy 20 ~ 40
mm, P T — AR A E K A 40 ~ 60 mm, il HE—TF
TERTEK R 115 mm, FFAE—TE I RHE S —FL A

K22 80 mm F1 20 ~ 40 mm, T W E Hi K
275 ~ 325 mm, B A i H RA M TET VE B TS K
2 546.25 ~ 3 296.25 mm, TIKFCR 0 B3 .

3) TEREZK R S O &, B TR T T
IR, P I FE K SR H (R ) /), R L FE K
SRR ETHE B, X SR E S T 45
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WFFE AR i T e 2 AT R R T
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