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The water demand and optimal irrigation schedule of maize in drought years at
eastern area of Inner Mongolia
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Abstract: In order to highly utilize the limited water resources of eastern Inner Mongolia in drought years, a three
— year (2009—2011) test was carried out in Tongliao city Korgin district to analyze the law of water requirement of
maize in drought years. The results showed that the water consumption was high at elongation stage and tasseling stage
and low in seedling stage and postulation stage. Furthermore, the water consumption of elongation stage and tasseling
stage accounts for more than half of that during the whole growth period of maize. The water consumption intensity was di-
minishing in the order of tasseling, elongation, postulation and seedling. A reduction in yield was caused by different wa-
ter stress for each growth period of maize in a certain range. The yield reduction by low irrigation at tasseling stage was
the most serious. Water productivity and yield was not corresponding to the requirement of water consumption. The pro-
ductivity of water resources could be enhanced by the effective water stress. At the same time, the insufficient irrigation
in drought years under different irrigation quota of corn is emphasized by this study.

Keywords: eastern Inner Mongolia; drought years; maize; water demand regulation; efficiency of water applica-

tion; optimal irrigation schedule
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WS AR ER TG I IR AT, 2T
FEEARE R X2 — EER, E 2R %
ARHRTFE 5T, NS A BB XA A=A i 30 b 3578
b, EARSR B B K B8 A D, S 3 SR AR 4R
5, TERAR G B R 2 A R R R ik
70% VAL, R0 02 I AR SR B B R 23k 90% LA
LB R FAR R 50% ~ 60% o A T T K
BER, Ml HEWE A F H FR B, Ko A 7 21, K5
B 2 m MEMR YA RN EEREZ

_[2-3]

o]

AL TR N S T KRR ) St %) B A
X, Mk, LB AL T =F AR5 v 3 a(2009—2011 4F)
BRI WL T Ay 8] F JE AF 5% R 4 38 A0 T K B R
%,2011 4E4 T FZK & 29.29 12 o, 55— b4l
FHK & ® ik 24,56 12 o, A& B K &1
83.87% ,z5 = T4 E ARV /K o B R 7K & 65% K
ST ] TR R K IR A — E AT T, &
WK HfeREW K e g K. B, 208 T #iX
H X AEY T FEAKAEEXS TR R R KAl 48
YEVIRI K A3 R A, i G 33 0 o 1 A o
BRSO A M R VR —— K AE
T RAR D T K A TF B FT , by P9 5 i 7R b X
A BRACR IR 4 B C B SR L P R e

1 MRSk
1.1 HREER

T 2 i AR A T R R0 DX, & b R
FRAEME R, T 5T RS, RN
186 m, UZE/ ], BELZ R, BRI, Rk
I A TETIRIES . PSR K 6.2°C, BE PG RE
PR FT L, AF H BB ECN 2 967 h, A FE TR
N 382. 1 mm, FEFN AR N LIRS 5T, B 2R 4—
5 U REmT R G 24N 13% , B W £ TE 6—8
AUy, i 2F0) 69% . ZAFRFHKGEH 3.9 mes™ !,
BEXK, e KBRS XG5 29 mes™'
1.2 REAEBRFE

MR T SR R BA 958, Rl A 2 1 2B b A,
ZEA]PE 60 cm, BRIE 24 com, FIAE % ELE 6.3 x 10* ~
6.6 x 10* ¥k -hm =2, KI5 6 A H, B0 FE 3
AEE I 18 A/PX, AN/ PNXEFHN 3.6 mx 50 m
=180 n?, ik EE X ANEIE A 3.6 m Fe i X, 56 X
SAAIFL 0.45 hi? o 3R Ab B+ 32K 23 T A A
VKT BRE A - S35 17 W I 15 4% (TDR) 2647 X0, 2
d W — VR, P N B S i — vk, 1 AR T R A
TR (CK) (£ 1)

WIS HBER 0~25 em WIEL,25~80 em Wy
AL ,80 ~ 100 em MR - F W2 BHE)Z LA E
1.24 g-em™3, fLBE 55% , A FF KK 33.3%

x1 ERAELAEILIT
Table 1  Design of experimental treatments of corn
- BBk 43 45 The moisture conditions of each stage/ %
Treatments Hi Y] BT ) el
Seedling stage Elongation stage Tasseling stage Filling stage
FESHHEWE (W) Full imrigation 70 70 70 65
AR/ AL (W,) Seedling stage low water treatment 50 70 70 65
YT IAMK K AL (W;) Elongation stage low water treatment 70 50 70 65
SHEAMK K AL BE (W,) Tasseling stage low water treatment 70 70 50 65
HEFIAMKK AL B (W) Filling stage low water treatment 70 70 70 50

X EE X CK

H 4K F%7K Natural rainfall

T R A 5 K AR B T BRAE, e b R A R K 4 199 90% 5 45 B Bk 3 2 141 o F T 3K B T 20 L o

Nota: moisture content listed in the table are the lower limit value; each stage of the moisture conditions refers to the percentage of field capacity.

R2 BEEERAREBENMRERS S
Table 2 The annual rainfall distribution at different stage of corn

[ TR 1434l /mm Rainfall distribution

i WA 5/ ‘ ‘
Year Rainfall 13 HA fil HE) I
Seedling stage Elongation stage Tasseling stage Filling stage
2009 212.9 70.2 67.4 40.1 35.2
2010 242.3 84.1 71.4 66.3 20.5
2011 209.0 4.2 75.5 72.8 18.5
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WE R X TKRTE 5 A9#EFR,9 A F Ak
A AEE AL 135 d, ELAARREFRD R R 2 4R 52
BRAz PHE LTI AE o 2009—2011 4F KA B Wy Bek 43
AR 3,

K3 EXRTRAEREEH(M-d)
Table 3 The corn growth stage of different years

ARIRE 2 m =y b KU A X 4 B
MRS WL 6,

F4 BEXREKRE/ (0 hm )
Table 4 The actual irrigation of different years

HREE RS, [

KbFE Treatment

BB AR
Growth stage  Year w2 w3 W4 W5 CK

2009 0 0 0 0 0 0
Rl

o T R PO e . 2010 671 672 672 652 617 0
e Seedling ~ Flongation  Tasseli Filli Seccling
Year re — eedling ongation asseling illing 2011 0 0 0 0 0 0
emergence stage stage stage stage
2009 05-07— 05-25— 06-29— 07-29— 08-17— I 2009 682 578 0 661 o 0
05-25 06 - 28 07-28 08 - 16 09 -28 El - 2010 478 0 0 545 515 0
ongation
ol 05-01— 05-25— 06-27— 07-27— 08-16— 201 626 401 0 620 498 O
05-25 06 - 26 07 -26 08 - 15 09 -27 2009 824 756 756 0 a7 0
—04— 05-25— 06-28— 07-27— 08-16— I}
a0 05-04— 05-25— 06-28— 07-27— 08-16 i 2010 0 0 0 0 0 0
05-25 06 -27 07 -27 08 - 16 09 -27 Tasseling
2011 0 0 0 0 0 0
H R R K 0 SR K i o B s & _—_— 2000000 &6 8900
K7
K NKIURN KB AR w00 27 270 352400
— — e L 5 2011 817 813 848 759 0 0
Ko ANV 25 Ak PR PR K BAE TE L3R 4.
N - VR 2009 1506 1334 1402 1500 1191 0
2009—2011 #54F J& TR A 7 301 A B WL 3% pon
= s VR 0] ST = 2y w 2010 1416 942 1485 1411 1132 0
> %%ﬁ*/l’?lé H %,[ ﬂﬁ/ﬁ%ﬁﬁ H ﬁjﬁ% ’ @Tﬁ 2009 ol 2011 1443 1214 848 1380 498 0
2011 4F 5—9 A% HilE 728 % H IR el i L f
£S5 20092011 EMSIEHE
Table 5 The climate data of the year from 2009 to 2011
e i/ C AR/ C P2l C X BE /% H A/
gy A R SR Gl TR RE /% e ey PO
Maximum Minimum Average Relative . Sunshine
Year Month . Wind speed .
temperature temperature temperature humidity duration
5 26.5 12.1 19.2 37.0 3.8 10.3
6 26.1 15.5 20.8 57.0 3.4 9.6
2009 7 29.2 18.8 23.9 65.6 2.9 10.5
8 30.4 18.0 23.9 58.0 2.6 10.5
9 24.1 11.0 17.3 48.6 3.0 9.6
5 22.0 11.4 16.5 59.5 3.3 6.4
6 31.1 17.5 24.5 49.0 3.1 8.8
2010 7 29.3 20.6 24.6 74.4 2.6 5.5
8 28.8 17.9 23.1 67.7 2.6 7.6
9 25.0 11.6 18.1 51.8 2.6 7.9
5 22.6 10.9 16.7 46.3 3.6 8.2
6 28.0 16.7 22.2 59.3 3.0 7.6
2011 7 30.2 20.5 24.8 71.4 2.4 4.1
8 29.5 19.0 23.9 68.6 2.1 6.6
9 23.3 9.2 15.7 51.5 2.5 8.5

2SR50

B RS ST ROK SLE R 5
MR IR PRAE R PR AN () , 7 108 10 3t XA [] 45 073 Kl

2.1

53 T TR SCAF | TEH 7K SCAEFNRAE 7K SCAF (— it
PRIERNT 37.5% (1 B TR A- 03 VR S IR /K SCAE £
EFRATF 37.5% ~ 62.5% 2 [8] [ AR 1 Ry h 45
IKSCHE ARIER KT 62.5% T AE W AE K T 2
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A TR 95 % PRUE R M A N R T F48) o
WRAEVED A= 5 0 A S W o, R 2 AR B R
YERFHE , 18 5 X HZ M X 1980—2011 4EA4E 4= & 11
PRI N R AT R o0 AN TR K SCAR Ay  VE A B A
AR AL 327 mm DA _E R IE A A T 259 ~ 327 mm
R4 5259 mm LLF T RAE, 2009—2011 4F,
FORAH W N R I A Dy 212.9.242. 3,

209.0 mm, B J{ T T R4EM . 254 KSR 5
(2 6) A%, 3 30 a P (1980—2011 4F) K 7K 4F (5 &
YR 37.5% , 1T 20 a N (1992—2011 4F) At /K 4F
SR 50% , 3 10 a 2K (2002—2011 4F) F KA K
53 70% ; Bk BB D @A R, T R ARG
SESTE S P

®o6 EREBFHABEMITRAKIELS
Table 6 Rainfall analysis and hydrological year divided in maize growth period

o 5O H' B%7J§/mm 7}@‘(% . 5—9 H']z%ﬂ.(/mm 7J<Sc% . 5—9 H}%ﬂ;/mm 7JOC$'
Year ' Precipitation Hydrologic Year . Precipitation Hydrologic Year . Precipitation Hydrologic

in 5—9 month year in 5—9 month year in 5—9 month year
1980 145 Hi Dry year 1991 492 - Wet year 2002 191 Hi Dry year
1981 360 F Wet year 1992 441 F Wet year 2003 246 K Dry year
1982 209 Hi Dry year 1993 368 FE Wet year 2004 245 i Dry year
1983 368 E Dry year 1994 530 FE Wet year 2005 362 [: Wet year
1984 318 F- Normal year 1995 348 FE Wet year 2006 373 |- Wet year
1985 362 F Wet year 1996 226 i Dry year 2007 137 K Dry year
1986 408 F Wet year 1997 319 57 Normal year 2008 305 7 Normal year
1987 291 F Normal year 1998 494 F Wet year 2009 213 Hi Dry year
1988 342 F Wet year 1999 286 F- Normal year 2010 242 Hi Dry year
1989 328 F Wet year 2000 202 Hi Dry year 2011 209 Hi Dry year
1990 278 SF- Normal year 2001 210 i Dry year

2.2 ARALEEREEMERKESEAEESHT

VEY H [RIFEK R HR /R ARG R ISR~ A=
FIAWTHFEM K=, B3R 7 /A, WS ARH T2
0y R AR B WIFE KA T 246 ~ 410 mm Z[A],
FEATHEWE S N FORAE T AR #E /K & 400 mm
Fetio S3HT KA AL B[R A B B B FRE K 15
L, EAREAE BAEKEAE 33 ~ 158 mm Z[H], 48
K. HAAA B B Bk /K AR b T
TSRS =, O RO A S Ui AEAR Y
H1 Al A A R PR, o TR 4 K, FE K
Ko

FEK R SR VE W 76 B IR [R] P A RE K i, 2
AW A B B BEOAR /R FE B a] SR VRS 424
PN 5 K, T 4 T K R ) S T HE TR R
) e B BRI FH T HE S SE AR, T LA
JKEEBE T BT BAR 2000—2011 AE T
FAAEADy  (HR R A3 () E K 58 B2 B 51X 591 2009 4
HAEEKIBENT 1.20 ~6.60 mm-d ™" Z ], ¥E/K 58
BERE R AT T AR E TS AR, 1%
RS A IR K AR A 8. 2010
AEHFEKTREAN T 0.90 ~4.30 mm-d~ ' Z b, 5
2009 AEAH L, H #E7K 5 B2 AR fb i Fam L, 4> il Ak 2
AARAT IEASTR] , 5 40 B A 5 300 P9 38 A2 K 3 ki A7

B KR 2011 4 HAEKHREETE 0.79 ~ 4.95 mm-
d~ '), HAsfk a # 5 20092010 4EARL . £ 1 AT
15, NSRRI T 2 A4F £ oK &4 F B BB K o
KBNS MY A e R 10 A 10 3R e 40
2.3 EXRFERKDSEFTR

TR B XA P 00 T AR A A A K S 2
FEAE R . KA AR R B B IR AR
A 5 7K 3 W aE A VR AL B i vk | 8 VR
R MWZAR, 5w SRR, A
[ Ak B K= 0 R KA R IR,
KR A B BBk o3 038 Z5 T 25 18 1 I
™ o VRPN o3 2 2R (WP AT

WP = Y/ET (1)
L, Y NEY) 7 i (kg - hm™2); ET RAEYIFEK
(TEZE K 7%, m® - hm™2),

T B U R I K A il B B o EORAE
HARRAE T (CK) U™ w3k 16.9% LA L K 3
JifriE AL 3 (W2 403 ) 38 R AR, AT 0% ~3.7%
Z 18] PR A0 e AL B (W3 AR B ) 38 K 4% ~
5% ; FEEIA K 20 138 Ak B (W4 Ab B ) 387 R 8% ~
15% 5 FE K A i Ab PR (WS AP Y= R 4% ~
11% o 1] DLAMAE A T 52 X0 B K 7™ i i e K, HEvk
PRI ER
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Table 7 The water consumption on different growth stage of corn
Ay Jb B Him AT A I EEHEM
Year Treatments Seedling stage Elongation stage Tasseling stage Filling stage Growth stage
Wi 82 147 125 57 410
w2 78 135 120 67 400
W3 79 96 106 115 396
2009
W4 90 140 66 118 413
W5 70 150 78 65 364
CK 72 92 58 50 272
Wi 121 106 85 63 375
w2 158 52 79 68 357
W3 152 65 72 109 398
2010
W4 118 124 71 62 376
W5 121 110 82 42 355
CK 85 48 74 38 246
Wi 89 123 91 94 397
w2 76 100 99 80 356
W3 76 57 929 87 319
2011
W4 69 125 98 86 378
W5 77 106 95 33 311
CK 78 54 94 38 264
Wl -=+W2 -+W3 -&W4 -=W5 —+CK
2 T (a) 2009 2301 (b) 2010 9351 () 2011
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Seedling Elongation Tasseling Filling
- 5 Wl Growth stage

Seedling ElongationTasseling Filling
= W Growth stage

Seedling Elongation Tasseling Filling
= 5 W] Growth stage

1 2009—2011 FERARLBEZEETHEFEKEE

Fig.1 Different water consumption of corn on various growing stages in the year of 2009—2011

A3HT 2009—2011 445 Ab B K 43 A 7= A 15 (R
8) , AN BAL 3 (CK) /K43 AR 7= e . BT CK
HIFRA, TR A FE K RN, Ko 7= R 5
i, (HJE S FE 0 EE (W AR BE) A EL , CK V80 i 3 4
BB, P E K A e R BOR IR . b FE
FhHE K 43 38 (W4 B3R ) S BOK 43 4 72 R,
O A B B BOK S 8 2o e 7= = A R
SO, BT E (W2 AbBR) K A A 7 R s T
BT JE K 43 e (W AR BE ) 5 K o A 7= R 314
W SHESR Iy 10 AL B (W3 W4 AR B ) (1) 7K 43 A
PRI T W1 AABE, Z5 BRrR, S AS A AR B B
K A Tl 28 T $ R K oy AR 7 R AN BT K 4y

R B AN 21 R = o il B OKR AR /K & B3, re
RGN, MizK oA 7= 2 TG [ IR S Rk 7= rh
AREE HiBsR 7 Rk, fERAH s e i Rl
T AR 3 7 A3 i, R & Z ] (8 A i
i P9 52t AR AR X T R AR A PR /K SRR A5 LR #4 0
KAz o
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2.4.1 e - RER BB BHECLE KR E A
YEYI B K (I B0 /NP e A F
T R TR KR B G e 4 A W K A TG 3 A
YIS K B B, AR KO JE B R AR I 1 7 i
XA AE— S 1 BT 2 0 (AF 840 HE ) T e
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\]%ﬁiug ’ Eﬂ“%%/éj%\z%ﬂ{Eﬁﬁ{/ﬁ%iﬁ/ﬂﬁE@Ei & _ [ _ 2 n K. _ ETa (2)
. EAPFTEINN Stewart B BLEGE G N 520 Yo = =1 ET,

IR I X () R A AR s X i S e R R
RERINANE W 45 B Bk i %) 72 R B 2 i 100 iR A
Stewart 15 | k=N

X, Y, AE S bR i Y, YRR = 45 ET,
WA E WS PRZE R & ET, N E B MR KR LR
5 K AR BE (i) ket B R BUR R B

R BREFKEFTERKSEFTE

Table 8 The computation of water demand, yield and water productivity

74/ (kgshm=?) 5 W1 AbFAH HLIsTE 2 % K2/ (kg m™?)
b3 Yield Yield reduction rate Water productivity
Treatments
2009 2010 2011 2009 2010 2011 2009 2010 2011
Wi 14145 13440 10530 0.0 0.0 0.0 3.45 3.58 2.65
w2 13620 13110 10560 3.7 2.5 0.0 3.41 3.68 2.96
W3 13575 12885 10005 4.0 4.1 5.0 3.43 3.23 3.14
W4 13005 12555 8940 8.1 6.6 15.1 3.15 3.34 2.37
W5 13575 12900 9345 4.0 4.0 11.3 3.73 3.63 3.01
CK 11760 10860 8715 16.9 19.2 17.2 4.32 4.42 3.3
2.4.2 HAERXNGRFEA  FEMEYRIUER THORE 2 A+ EK R
BB AR, W LR U — A 2 B B Rl 7 0, <0< 0pi=1,2,,n (5)

SIS RN BCF BRI R . AR EoRAE KR,
W HAETBIX N @ BB SRR RO % B B
KL m, AR K AR B 0 [A) 75 7K B 2K, i
E TRV E B, T K TR ) 88 5 1T S AR R AL
%9,

F9o EREBHEIGITRAAR

Table 9 The basic information of corn on irrigation system design

FRAEKH B Com growth stage R i BE7e 7K &5
B Ei= 7 m;
Stage H 19 EH BB Sensitive ~ Water demand
Date Growth stage index /(m*+hm~?)
1 05-25-06-28 Hisl 0.1804 1459
Seedling stage
2 06-28~07-26 :f}in/ﬁﬁ 0.2472 1874
Elongation stage
i
3 07-26~08-16 Tfhzﬁ/ﬁﬁ 0.3173 1509
Tasseling stage
S
4  08-16~09-28 ) 0.2551 1066

Filling stage

TER]S3 e K i — @ B0 T, R ] Blank FE5, L)
B SR T AR i RO B R B
F = max(%) = max[l - Z::lKi(l - EE,TT,::)] (3)

LY RA AL K R A B KR A A
UL A

KLY

n
Z’i:lqi = Q < ET; < ET,;

(4)

0<sm <

Ao, 0, i 2 O SRR (S T R E
MIE ) (%) 50, A ERKE O T RN A
I3 (%) o

LS A

0 < 0, (6)

Kp, 00 W EER S KRS T ERENE
) (%)

R A P SR, s HE T AR A -

fi" (g;) = max| Ri(qi’mi) + fier }((Im)% ,

i =1,2,n -1 (7)
K, Ri(qi, W) HTE ¢ IRETN, IR AR B (i)
s f " (qn) AR R B B R AR

FI T 3 4 5 R =X, SR P i A n
B B i e , i B B 1, SR )5 7R IE n] 3% B ik
R, AT K 1 e P Al E IR o BE, TR LR 10, FET
BUAE M M <1 200 m® - hm ™ 20, 30 /K 2 0 8 SGAR
UE KA A E AT KBRS 1200 m’ - hm ™2
<M <1800 m*+hm™2Hf, K AV 7K 5 AR R PR IE
PRI I R K ZER 2 1800 m® - hm™?
<M <2 400 m® - hm ™2, JEBE 9 7K 5 R AK U R IE 1
1 BT R R A KSR Y 2 400 m
hm™2< M <3 000 m® - hm 20, £ KB FWIHK 5
W HAEIATEZK 2 7525 2 400 m’ +hm ™% < M <3 600
m’ - hm 2B, R AR B AT K 6 W, flE L R
TR 2K
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Table 10 Optimize irrigation system of corn in dry years
N 7K 5/ (m®+hm~?) Irrigation amount
THEK U EK - - —
Irrigation frequency i ] P e S 2AEHEM
Seedling stage Elongation stage Tasseling stage Filling stage Growth stage
2 600 600 1 200
3 600 600 600 1 800
4 600 600 600 600 2 400
5 600 600 600 + 600 600 3000
6 600 900 600 + 600 450 + 450 3 600
3 4t g K 2524 2400 m’ - hm ™ < M <3 600 m’ - hm ™2,

1) T 5450 B ORLESR I b e 0T RE K o 8%
K FEZK o W 0 I A48T W B 0, 5 2 B B
K TN 44.78% ~ 60.57% . FE/KHRJE &
PRSI > ] > SR > W, 2R E WA
FEKIRENT0.79~6.5 mm-d ™' Z A,

2) TR F BB AR AN R RE B A K 4
PJ 2 i 18— W B ()™ , 7K 4 J 3 B B A [ ik
TREEATF . EOKRTE B SRR T ™ 235 2] 16% LA
L I R K S W 28 AL B RN B A
B 2 A, A EE I K 43 ke 2 BOE 0™ 10%
Db o AR e S g P R K R B ER R HA —
bk, B AR 8 A T4 & T R AR K R
SR RIEEL &

3) B S S AR SR TR E
KIS A e ) 3 . MK 5 (M) < 1 200 w? -
hm ™25, I 7K 0 R E S8 DR IE R K b A 0 L
KR, A EIAMEK 2 7524 1 200 m’ - hm ™2 <
M<1 800 m®+ hm ™2, T K A FE 7K it W AR R PR TIE 35
I A RN K EOR, A E IR 3k
241 800 m*+hm %< M <2 400 m*+hm ™2}, HEE ) 7K
SR ORAIE B B RS i R K L
ROAEFMHEK 4R 22400 m* - hm > < M <
3000 m’ - hm 2B, FORAEE BIHEK 5 Uk, i

TRETHIEK 6 U, Al HESK IV K45 2 IR o

2 % X #:
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