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Effect of different irrigation and fertilization on water consumption and
yield of corn under the condition of sprinkler irrigation

WANG Hai-rui', LV Zhi-yuan', TANG Peng-cheng®, MIAO Shu?, GUO Ke-zhen®, REN Jie?
(1. Inner Mongolia Agricultural University , Water Conservancy and Civil Engineering College , Hohhot ,
Inner Mongolia 010018, China; 2. Hydroeleciric and Water Conservancy Science Institute of China ,
Institute of Water Conservancy Science in Pastoral Areas, Hohhot, Inner Mongolia 010020, China)

Abstract: Through the actual measured data in field, quantitatively researched the effects of different irrigation
amounts (three levels) and fertilities (three levels) to the water comsumption rule, yield and water production efficiency
of corn under the conditions of large scale sprinkler irrigation. The results showed that: The jointing stage and filling
stage were the critical period of corn water requirements. The water consumption of corn in each growth stage with differ-
ent treatments were change between 25.63 mm to 182.74 mm, the change range was rather big. Under the same fertility
treatment , the overall variation of corn’ s water consumption in each growth stage was showed the change trend as first in-
crease and then decrease. Under the same water treatment, the corn water consumption and yield were increased with the
fertility increase. According to the comparison, found that the sensitivity of water to production was bigger than the sensi-
tivity of fertilization. The relationship between total water consumption of corn in whole growth period with the yield was
showed a good parabolic relation (R?=0.829) and obtained when the water consumption was 4 673 m*>+hm~2, the cron
yield will be the highest as 11 151 kg*hm~2. Under the same condition of irrigation and fertilizaer, the yield of SF -9
treatment will be increased production of 8.4% than SF - 10(CK), the water production efficiency will be increased
15% . Other treatments will be increased the production from 7.89% to 54.51% . Under sprinkler irrigation condition,
the effect of increasing corn production was obvious.
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I B A < W AR E N AN TR IR AL Xoh T KA K ™ S F) 2 73

PRI RS R R, A
TR | T 20 4 4 26 5 2 ) 92
2. WA TR K TR 20 3 PR T 7
SRR B T A I A B A R
TR T — P K UCR 2] W A L
IR 7S 405 15 AL G M AT 0 .25 509 ¢
HF S BRI, WA R PR TR R,
TR B TR A R . 3R
IR LR 57 b TR 2 T v 4
R RN AT 19 51 GRS 6 B 147 25 7
TRBUEE . PR A PF T 200 T AR Tk
FERE T 1 2 FR O KAl A 7K W 0 B
BRI K R A BB S X7, Ak Fl
AT M LA 1 K R A 42,
47 K G A B, BRI AT AL BT
KT RS PR 75 K A
B AERI AT, 4952 4 7R M X 4 K B4R
AR

L BPRHS

KA ERE /N AR B T 2014 4F 4—10 H 7E N 52
I TR A AR B E LR (AR 1219008 ~
123°32", b 4F 43°32" ~ 44°32") HE4T . IRI X 7E N 5
AR RIS AR % TG LR, BT
JE 1) PN 8t e D e Y o R DX TR B
PEZE R, BRI IR b R
Mt 4 TRk, 244 R AR 35.8°C, Ik
AR - 25. 1°C, -3/ 7. 1°C, e R 202
d, 24F H #8 2 891.7 h, 4 -3 M5 T 269.7 mmo %%

ORI FH A - e s R AT T, i X+
JEJEERE 0 ~ 100 em H [A]H77K 5 25.66% ~ 29.35%,
BEEHEYTRE R 1.554 grom ™3, HHESERR
Wit

ZA SEERET , K b Fh TR 968 FE 2 b H
A I A PR RN e P 7 A AKOF B AR R
968 A HLIXAEY) . R T E AR E 2, i 48 /R
X R A FOR T K T IR , 455 KA mEHEBL
FEEARSE I R BIWERE S5 F T B KW B
5 KRB — R4 R BR A 5E . 130 7 Y8 X T AR 120
mx 252 m = 3.024 hn?, R FF-REWTENLIE L, 2 15,
B35 60 m, R A B MK, IR 4 BHEK (K.
R B3 K (i o AR IE 3SR B, ELAR 5
FAKFBIT N 1 R i3 3% 9 ANARIERE %
OB 1A K X R AR B S 10 AV 5 Ak
o BB X E AR 25.0 mx 50.0 m = 1 250
m?, /N X AR T 300 m?, ik 2 R E A, 2 18 4
INX RN X Z A B B A TE 1.5 m, R OR X
FE 5 ~6 mo X HE AL 3SR T 0 b BF AT 244 b oA R D
FE R . AR R A R X AL G A A A =tk
17, RIS 45 A A= B B0 0 AR ORI 2 oK ™ 4
FEAS/INK 3K 53 L B R AR LA B 7 5 L0 e
AT 24 IS KR I 5 SR P LTRSS
SEPRI T 1 BT 0 AN B BEA T AR
D7 R A HH2 Y TDR =4 /K 4300 2 X, HE3#% TDR
BAs M, BAEZ 0~20,20 ~ 40,40 ~ 60,60 ~
80 A Y, I 1 46 A = WS AR A5 o) A 5 R —
W HEK S RERAT 5 2 —K% .

&1 EREBREELRERKFIRTR

Table 1 The design table for experimental factors and levels of comn’s irrigation and fertilizer

Qb HER Z Levels factors production target

Jb K- ppE—

Treat t W & K & /mm - - -
realment Total irrigation N/ (kg*hm 2) P,0s/ (kg*hm 2) K,0/(kg*hm 2)
1 200( % High) 300( % High) 135(#% High) 225(7& High)

2 130(H Medium) 225(H Medium) 90( ' Medium) 150( 7 Medium)
3 T0(f% Low) 150(I% Low) 45(f% Low) 75(f% Low)

TE: (1) 3= NIP,0s Ko O AE At He it =0k G L5 IR R AT IS . () AR BT AOMRAL Ab 3 2 N R 00 o RAB 58 F KPR A I AL

Note: (1) The application ratio of N.P,0s.K,0 fertilizer was mixed by the three compound fertilizer and urea. (2) Low fertilizer treatment was referenced

with the local farmers triditional apply fertilizer rate of corn.

2014 4, AR I X P 22 /NW , - 249 B T R
ANTF 3 mm [0 TERL R, oK A B A S
O 244.04 mm, JE T — BT RF 0. 2014 4 £ K
A= F AR R A AT D0 L3R 3,

AT /N D S K A3 OR &AS /INK R K 43 i34 T
SEEHS W, 2 AR B K 43 BR A, S Hsf i KR E
4G B o 0 Ao 2 o B L P 4 7 R o K
s, LA R K A B SE PR K 8 AR 49.05 mm, S
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TR A WFF

5 34 3

K 4 U, oK A B TE K E B R 64.25 mm, JEE
K 2 AR AL B HE A E BN 73.65 mm, HHEK 1
W, HHAL L (SF - 10) AT KO Y 1A R 46 5t
M HEALIE K, HE K AR AR 2 Ak R K 23045 3], 3
I K R T =, 2014 445 5 0
WK i Wk 4,

AR K P 1 R R A B
AR, SR SR I AT

ET = P+ 1- ASWS + Q (1)

K, ET 6T (FE) K P oAERKER R0 B
AREN L T 5 — I B RO & s ASWS A+
Btk RSk Q M T KRR RIS e i b T
KA BB TR T 0 ~ 80 em ) I ZH I
— AR E IR AR N A A

0 =- k(S 2)

K, KCh) AR AN K R s dH Ol 5 1a) (1 6k
225d L NIHE SRR 0 3R AR SO R 20 em.
AW PR AR 2 35 R 4 2 KPR T A K
THE LUK AE R ASWS

ASWS = W, — W,

(3)

Wi = S} 6iHi (4)
A, W, R W K & (mm) ; W, HEE
S I OK & (mm) 0, MEE L3R T em(i =
20.40.60.80 cm) Ab AT AKCRIE

®2 EXKE 4 BRI KFLEIZITR
Table 2 The design table for orthogonal text with 4

factors and 3 levels

b3 45

T YN K
SF-1 1 1 1 1
SF-2 1 2 2 2
SF-3 1 3 3 3
SF-4 2 1 1 1
SF-5 2 2 2 2
SF-6 2 3 3 3
SF-7 3 1 1 1
SF-8 3 2 2 2
SF-9 3 3 3 3

DL 30 4R RAB S 1) T K T FH H Ay o) B Ak

SF—10(CK)  The local farmer traditional com planting field was

regarded as controll treatment

®3 TEEEMRISSERE
Table 3 Division of different growth stages and rainfall

it H

BB Growth stages

A~ e

Sowing ~ Seeding stage

ltem

Rl
Seeding stage

il 2|
Heading stage

HATH

Jointing stage

T3]

Filling stage

AFWRIN(H - /)

Division of growth period(m — d) 04-27~05-20 05-20~06-24 06-24~07-23 07-23~08-15 08-15~09-28
R 5 Rainfall/mm 0 3.2 196.03 0 44.81
F4 EREEEHERKE
Table 4  Irrigation amount of corn in each growth stage
J# 7Kt Trrigation amount/mm
e S U i i it T
irrigation Seeding stage Seeding stage Jointing stage Heading stage Filling stage
SF -1 196.20 49.05 49.05 0 49.05 49.05
SF -2 196.20 49.05 49.05 0 49.05 49.05
SF-3 196.20 49.05 49.05 0 49.05 49.05
SKF -4 128.50 0 64.25 0 0 64.25
SKF-5 128.50 0 64.25 0 0 64.25
SF -6 128.50 0 62.25 0 0 64.25
Sk -7 73.65 0 0 0 0 73.65
SF -8 73.65 0 0 0 0 73.65
SF-9 73.65 0 0 0 0 73.65
SF - 10(CK) 83.10 0 38.10 0 0 45.00
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2.1 AEERFEIRALIEE K4 B EFEKME
2.1.1 BAFTHHRTARILETESLRE M
W S EORASAE F N KA A T 2
¥ 0~ 80 em MY HHEZF B — MK, BT IR TT A FK
HETF I AR R, 2014 4FE T KRS 4T AH
KRR B I A3 5 R .

5 AEBEZKUGEEXZETPRTANILENSRE
Table 5 Groundwater recharge and leakage in each growing stage

of maize under condition of large scale sprinkling irrigation

H T ACKN R EEFNS Tt

Ground water recharge and leakage/mm

RREL A B

BT A AR

Treatment T .
otal Sowing ~
. : Seedi inting Headi Filli
cumulative  Seeding e;: ne J(ntn e eld 6 lt 108
. . S| e stage stage stage
infiltration stage e 8 8 8

SF-1 —-55.68 -24.20 -2.75 -2.91 -10.87 -14.95
-17.49 -4.11 -6.95 -3.97 -7.48

-16.16 -8.26 -3.43 -7.99 -15.49

SF -2 -40.00
SF-3 -51.32

SF -4 -7.92 -21.53 2.21 -0.22 12.18 -0.57
SF-5 -24.37 -32.92 0.01 2.62 4.73 1.18
SKF-6 0.55 -32.87 9.08 -9.18 26.32 7.20
SF-17 16.04 -35.73 41.66 -11.05 18.68 2.48
SF -8 9.44 -40.95 43.57 -8.52 14.71 0.63
SF-9 12.98 -42.86 38.39 -9.73 40.57 -13.39
SF - 10 4.29 2.46 -4.22 -17.01 15.01 8.04
2.1.2 "RHELHTARRERELLE ERLE AT

AR I K P 8 O R 25
TR FEAC S A F B B FE AR R AT, Bk
SEEHBFKEWE 1R,

HIE 1A v LUE Y fE S K b B R, SF - 1,SF
-2.SF - 3 A& AE B I AE K =BT LG SF - 10
(CK) fry , il JE 5 X7 4 A2 B BAE /K 5 A 52 e L 3K
VERH R 7K o 45 P IE R UK &R . K 1B W] LA
L IEF K ME PR ,SF - 4 . SF - 5 .SF — 6 ZbF 4%
B WIFE KB T SF = 10(CK) , 4% 4b 351 &) AF 22 75
A KA AR AR AR it AT £ 6 45 2E A AR K
A K, BB 1C AT LUE S, K TR,
SF - 7..SF - 8 &b B84 A= A A FE K S W 2 T SF -
10(CK), SF - 9 By 44 F M B AE K ZLT SF - 10
(CK) o fR/KATALBR A it A 5 X 45 28 5 W A RE /K
FEAB M, H 2= AR, Bk s TR AR
IR R A 1A ~ CBIRFRK R LA , Bk Ak
FRA(SF = 1,SF =2 .SF - 3) > HK 43 Ab R (SF - 4,
SF - 5.SF - 6) > fll/K /b B (SF - 7.SF - 8.SF -9),

200

(A) =K7Y

High water level

FE/K /mm
Water consumption
=
(=}

A~ RATW A WESR N

Sowing~ Seding Jointing  Heading Filling
Seeding stage stage stage stage
t
stage E 5 W] Growth stage
——SF-1 —«SF-2 —4—SF-3 ——SF-10(CK)
200
(B) H1K 4>
= Medium water level
£ 150
EE
&z
ol 5100
= o
"3
s 501
=
b T R W el RER

Sowing~ Seding  Jointing Heading  Filling
Seeding stage stage stage stage
t .
stage 42 75 11 Growth stage
——SF-4 —=—SF-5 ——SF-6 ——SF-10(CK)
150 (C) MK 5

Low water level

—_
(=3
(=]

FE/K H/mm
Water consumption

n

(=}

Er R T I BT AR RERW

Sowing~ Seding  Jointing Heading  Filling
Seeding stage stage stage stage

stage ..
€ = 7 W] Growth stage

—»—SF-7 -—e—SF-8 —&—SF-9 ——SF-10(CK)

1 AEERXETERSEEHHFEKAE
Fig.1 The corn water consumption in each growth stage

under different fertilization level

SAEFMEFRKELRE SF-2>SF-1>SF-3>
SF-4>SF-5>SF-6>SF-7>SF-10(CK) > SF -
8>SF -9 b3, 255 F WIRYFE/K &t B RE K B 1
TR . WERE ST EOK A A B AR K i SR
AR B BT i BRSSO R AR A
BB WIFE K OGRS > HESRIN > il
> B > REFD 2 B, RRRR A L DR AR AR
B 5 BRI, AR ARG, X — B B FORFEAK D - 48 2%
RAE. MEEVRNAERKET , FEKEAEE K, 2
P HIR IR o AR A FOK PR A A
ARSI AE ) B 3 AR R 3 B K, H [R]85
IF, IZ B BAEYIAE KR E 7 AR B B B, O &
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5 34 45

VE R TG IR, 28 T KR B K. 739k 2014 4%
b DX R R AR AP, 32 AR AR I, i LA 72
B FEZK SR I PGB s il ~ FESR O, oK
AR AL BRAFE K B R B 4R T IS T [, X
U B B A KRS SR A KR AR,
HRZE -2 e 4, i T R g R, e T 2 2k B K
AR EFFOKENG . FORAF AL %2R F K
HE 25.63 ~ 182.74 mm Z[A)A54k, A RHE K .

FOKEA B E K FINE 6. BRI, £4F
HHE K A SF - 1.SF -2 b3 5 SF - 3 gbh 25
S MR KRR SF -2 b FE 5 SF-2.SF - 3
AR B 22 5 b 2 s KA AR BT 454 IRE K R A
S SF—4 AbH 5 SF—5.SF - 6 AbFH 25 S B 3, A
KIS SF—4 5 SF - 5 Ab P95 4% g 3, SF - 5 4b
Hi5 SF - 6 AbH 2 St B K b R, KB E
WM KEESFARE,

ST ARTRL K Ak AN R T AE 2 T FoK A% A 7 0
Ro ARMGEEXNERSEFHFEKERNFIT

Table 6 The influence of different fertilization level to the corn water consumption in each growth stage

%5 B3 Difference significant

ALH R 00 i) B D) S L
Treatment Sowing ~ Seeding Seeding Jointing Heading Filling Whole growth
stage stage stage stage stage period
SF-1 43.96aA 70.28aB 182.74aA 81.68bB 120.72aA 451.87abA
. Fak SF-2 84.59hB 54.76aAB 164.61aA 78.62bB 121.68aA 461.25bA
High water level
SF-3 90.39hB 38.19aA 166.75aA 58.94aA 118.34aA 444 .62aA
SF -4 40.80aA 64.18bA 158.23bA 55.64aA 116.74aA 415.58hB
. ok SF-5 39.51aA 57.75aA 154.87bA 48.09aA 110.46aA 410.67aAB
Medium water level
SF-6 43.97aA 55.65aA 134.47aA 53.45aA 109.79aA 410.33aA
SF -7 42 .84aA 41.30aA 129.77aA 53.44aA 119.74bA 376.09aA
K SF -8 32.44aA 31.03aA 141.23aA 50.78aA 106.84abA 386.32aA
Low water level
SF-9 25.63aA 29.80aA 138.48aA 55.96aA 103.24aA 371.11aA

I KRG FREIRZERIE 0.01 BFKF,/NEFRERIR 25715 0.05 BE K
Note: Capital letters indicate significant differences at the level of 0.01, small letters indicate significant differences at the level of 0.05.
TERBIGTHEAAT DX FORA RS I AT BB WA AR, W T8 S R, MK it . XA
FE AR RCHAT A, G5 R W3R 7 AT EVA L BURTIIR PR R IR AR T
HIZE 7 AL, 2014 4R FORB A TR KBS 35 A IR I FE /K 2 B0 ok 2
FEAKHE BVAE AL — B0, SO TR B, . AR 60% L L
FERP 2 A0 LUK . X U] ERAE SR A

RT 204 FERFELEREFTHNRBKEL

Table 7 The corn’s water consumption modulus for each growth stage under different treatment in 2014

FE/KIEEL Water consumption modulus/ %
posiiil

Treatment S iE e ] Hi 1Y) HATH il 2l
Sowing ~ Seeding stage Seeding stage Jointing stage Heading stage Filling stage

SF-1 8.80 14.07 36.59 16.36 24.17
SF -2 16.78 10.86 32.64 15.59 24.13
SF-3 19.13 8.08 35.28 12.47 25.04
SF -4 9.37 14.73 36.33 12.77 26.80
SF-5 9.62 14.06 37.71 11.71 26.90
SF-6 11.07 14.01 33.84 13.45 27.63
SF -7 11.07 10.67 33.52 13.81 30.93
SF -8 8.95 8.56 38.98 14.02 29.49
SF-9 7.26 8.44 39.22 15.85 29.24
SF - 10(CK) 9.85 13.41 37.60 12.06 27.08
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2.2 BEEETEXRFEKSEFESFEKEN
X&R
FORBHAE 1 m® IKPTREAS ™ 1Y R0 & L
KRG PR
WUE = Y/ET (5)
A, Y AEKRZE (kg « hm™); ET B KRFEK &
(m® » hm™2),
T RIR 25 S B, A SC LA Y R K
S EER, TR AL K A AL PRI R S TR
R L 8,
F8 AEKSLETERFTE KSEFRMIGF=R
Table 8 The comn’s yield, water production efficiency and

yield increasing rate under different water treatments

kR KRR Hk

Ab P Water Yield Water production  Yield

Treatment coniunnpliogl /(kg+hm2) efﬁcieni:); increasing

/(m’+hm~?) /(kg'm™?) rate/ %

SF-1 4993.75 9247.50 1.85 54.51
SF-2 5042.55 8460.00 1.68 41.35
SF-3 4726.16 8432.50 1.78 40.89
SF -4 4355.81 10005.00 2.30 67.17
SF-5 4106.69 8655.00 2.11 44.61
SF-6 3973.26 8595.00 2.16 43.61
SF -7 3870.93 7590.00 1.96 26.82
SF -8 3623.21 6457.50 1.78 7.89
SF-9 3531.10 6487.50 1.84 8.40
SF-10(CK)  3734.21 5985.00 1.60 0.00

MFE 8 ATLIFHH, SF - 4 b H = i K,
10 005 kg*hm~2, SF — 4 ZbBH /K 43 7= R bk,
2.30 kg*m ™, SF - 10( 24 h ) A FH ) F= 5 h 5 985.00
kg*hm™2,SF - 10( 24t ) 4b B 7K 43 A= 77 %4 1. 60
kgem™3, Hid SF - 8. SF — 9 40 B A RE K K T 24 4
K 7 20 SF - 10 AL, 1 oK 7= & 5 F SF - 10
ALFR G FE 4, AR PR SF - 9 B SF - 10 (CK) 34 7=
8.40% , KA H PP RUR AR 15.0% , B Ab BB = 1E
7.89% ~54.51% ,KI3HE 77 RUORSE R 5% ~ 43.75%
ZIE] WA NSO W . SR 8 B W] LUIAR
SRR K SR I, 7 e A e RS g,
FRIG K Ak 3 B i A %) 398 fim Xof 7 e 4G 0 7 R 3R A
Ko il —E i, A FEK G B3G5 2
B, SFE K RGN B — 2 R, PR R IR 2R,
TEUf 52 B0 AR vl " IR, 4™ a3k B R KAE S a0
ARLESEINFE K R, PR AN S O IR A E R
HEFEFE K BRI IR R R Z8 Bk, 77 it bl
VR K ST 255 A v T B A o n A AR, YD
PN 7K R A ) SRR P S v T A R AR A A A

B2 Rk R Y 5 kA E M ERKE ET
I ZR 2R o i AT DL, 3 2 A PR R A £k
KFR L HEHRER

Y= aET*+ bET + ¢ (6)
X, a be HIENHRE
X (6) X 1 P& A e
Y = — 0.0031ET? + 28.04ET — 54369  (7)
R? = 0.829

TR RO RAF AR, BT L — B 38
dY/dET = 04k, FR7 RN B KA B (7) KT,
185 ET = 4 673 m® - hm™2 B =& Y K, N
11 151 kg + hm™2,

12000

4210000 ¢ .

*

8000 <

6000 [ )
y=-0.0031E£7°+28.04 5T-54369

4000 R’=0.8295

74 & Yield/(kg * hm

2000

0

3500 4000 4500 5000 5500
FE/K #/(m® « hm?)

Water consumption

B2 FEXRTESFHKENXRML

Fig.2  The relation curve of com yield with water consumption
4+ M\
3 4% ik

1) BEHEAMER 401 WA 2 TR 7k o6
BB B, AR BB, T oK 45 A T B RE K R
K, EAARFAL A A F IFEK SR AE 25.63 ~ 182.74
mm Z [ A5 AL, AR K, A4 B I RE K i 5 FEK
BB R > RN > Sk > T > 96 Fh
2 LT, R T RAE SR AR K o ROR ROk 4
A H HIRE K R 1K) 60% LA b, FE K B MR 5L B AT 5
I IR S IR AR Tk 3

2) WEEAM AR R AR AL B R OR AR E
WIFE KA [FIAE )40 N, B 250 EOR &R
H WIFE KR B Y S BT S R A AR AL
B, TR B ARE K kB VR /K R P B T o 5 7
KRR it A 6 45 A B A RE K 1 R L
AR AE UK A AN ET i A B X 452 T A RE K
SRR K o AR AT A B it I 8 %o 4% 2E 5 A
ISP R, F R BLER , K A 0 T
AU R, PR iR AR A i SRR JEE S
Fite A 12 A P B B

(F#% 107 W)
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5K I8 2 45 < AN () 78 i 5 R TR /K 0 i A i B 4 A AR A B R R 107

ACFR A M A AT 55 (T) BB M ER (P <
0.05) o Z5E75 R4 AR/ N (AN BT VB 57 i
JE (RIS TR0 Ve) 7 i K a3 A2 77 30 R 55 45
b, 38 B 75 /KA PR ARG T H 7 55 A B (T, ) 38 726 8
R AE R R R SR/ INER i A 4 S i BOK
I AL 638 T8 3] B 1 K-, 2 i S 5 4% 5 i 48 7K
A T A HAR L

XT T AR T M 2 25 A AR (T Ty ), 36 FE A
5 HEWE (T ) FIARTHERE ZK (Tyy ) AH EL, 480 26 A BT A A
A RSN | HE R 2 R S T AR B
i\ Ve S RERAREEZER(P>0.05), Ul&EE
G , R L G T 25 A A M
BN, TR A G OUT 26 1 4R & K
(] B, ) 7285 1) A A R AR i B 32 5 3K -5 i JR T
A0S 56 T8 5 MR AT T2 45 SR A — B

2 % X #k:
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