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Irrigation Simulation of Spring Maize in Central and Western of Jilin Province
Based on WOFOST Model
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Abstract: Based on meteorological data from 1961 to 2015 of midwestern stations in Jilin Province, the
Peman-Monteith formula was utilized to calculate the evapotranspiration of spring maize’s growing season in the
main growing areas and confirm the effective precipitation in the growing periods. The net irrigation amount of
maize and the irrigation requirement index determined the critical irrigation periods; then the WOFOST crop model
was used to simulate the yield of irrigation schemes for different precipitation years of the site, and the critical
irrigation periods which were verified through the simulation yielded results to get a better irrigation plan. The
results showed that the effective precipitation in the midwest of Jilin Province accounted for about 69% of the water
demand, and the irrigation requirement index was higher in the sowing—seedling stage, seedling—jointing stage and
milk—maturing stage. The three growth periods were the critical periods of spring maize to irrigate. When the spring
maize was irrigated, the most efficient irrigation stage was the milking—maturing stage, followed by the

sowing—emergence stage, multiply the irrigation time during the critical growth periods.
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Fig.1 Distribution of meteorological stations and study

subareas in Jilin province
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Table 1 Growth period and k. value of spring maize of central and western Jilin province
EiAgititle) Hy =gk Pl il 2 FLAA- R
Sowing—seedling Seedling—jointing Jointing—tasseling Tasseling—milking Milking—maturing
i Central (. )Date(mm.dd) 04.26—05.16 05.17-07.02 07.03-07.22 07.23-08.22 08.23-09.20
ke 0.38 0.74 1.15 1.06 0.85
P Western [ (7. [ )Date(mm.dd) 05.01-05.18 05.19-07.05 07.06—07.23 07.24-08.22 08.23-09.21
ke 0.4 0.82 1.26 1.26 0.99
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Table 2 Annual average evapotranspiration(ET,) , effective precipitation(P.) and irrigation amount(IR) in spring maize growing

periods(mm)
s sy I I R w_ij
Region Station Whole period
ET. P. ET. P. ET. P. ET. P. ET. P. ET. P. IR
gz 134 Baicheng 36.6 12.9 208.7 98.9 103.4 73.4 156.5 81.7 105.9 31.0 611.1 2979 3132

Western K% Da’an 35.7 14.0 198.7 98.5 106.3 72.1 157.1 96.1 104.0 36.9 601.7 317.7 284
4 Fuyu 335 223 196.6 112.4 94.0 80.0 140.4  108.6 94.7 44.8 559.3 368.1 191.2
AT %8 Qianguo 32.5 17.8 194.1 99.6 99.0 75.7 150.0 85.8 98.0 38.8 5737 317.8 2559
¥z % Qianan 353 15.4 207.6 102.4 101.7 79.0 153.5 1281 103.8 46.5 601.9 3714 2305
FA R Songyuan 32.8 17.4 192.8 96.3 97.8 72.2 148.4 90.4 96.9 383 568.7  314.6  254.1
Pk r Taonan 37.1 13.1 217.7 94.5 111.1 70.8 165.3 84.6 110.0 29.1 641.1 2922 3489
JE i Tongyu 37.6 16.8 218.5 99.9 109.1 64.0 162.5 86.0 110.3 29.5 638.0  296.1 3419
K% Changling 343 19.2 199.7 98.3 98.3 72.0 148.3 94.5 100.9 32.6 581.6 3165 265.1
3% Zhenlai 35.4 12.7 205.0 93.0 104.2 73.6 154.8 85.9 103.8 28.9 603.1  294.1 309
SFYIME Average 35.1 16.2 203.9 99.4 102.5 733 153.7 94.2 102.8 35.6 598.0 318.6 279.4

s 15 5 Dehui 37.0 22,5 172.5 112.0 95.2 88.7 123.5 119.0 77.4 42.5 501.0  389.2 111.8

Central Z<“F Dongfeng 299 30.4 148.3 124.7 101.0 90.8 1555 102.8 70.6 56.2 467.9 442.4 25.6
/> E& Gongzhuling 38.6 26.9 175.8 115.7 98.6 91.7 133.1 124.4 82.4 44.7 519.8 412.0 107.8
JLE Jiutai 35.1 25.4 163.8 124.4 943 90.6 129.7  117.0 75.2 46.4 485.5 416.6 68.9
LB Lishu 38.2 27.8 176.4 114.3 96.9 87.9 132.7  120.6 80.0 473 5122 4100 1022
1LY Liaoyuan 33.6 30.7 152.5 121.2 90.5 99.0 149.5  114.1 55.2 54.3 454.8 4459 8.9
A % Nongan 37.1 23.1 174.3 107.3 96.9 88.0 1224 1104 80.2 40.8 511.0  369.6 1414
1L Shuangliao 38.6 20.4 178.6 92.4 101.5 85.7 1294  108.2 82.9 359 5309 3427 1882
AP Shuangyang 34.6 28.9 160.5 124.2 91.5 1054 1434 1141 74.9 48.5 475.7 4504 25.3
VU~ Siping 36.2 29.8 165.6 120.6 93.8 93.0 145.0  120.8 79.1 50.2 4955  438.6 56.9
P18 Yitong 33.6 27.2 154.6 121.8 90.4 101.3 1478 113.1 73.6 53.8 465.3 4520 13.3
Kk Yushu 359 26.1 170.2 116.6 96.9 90.2 128.5 118.3 76.1 45.2 497.5 406.6 90.9
K4 Changchun 38.2 26.5 176.6 118.4 97.5 97.0 1246 1294 82.3 47.1 519.2 4183 1009
V41 Average 359 26.6 166.9 116.4 95.0 93.8 135.8  116.3 76.1 47.1 492.5 417.6 74.9
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Note: I, II , III,

maize. The same as below.

HFERSEFTMIREONRE, KM
o R 2H, HUEHIAEITKE H o R —
| PO IR KRR, TR
& 203.9mm A 166. 9mm,  H P& liE—FL 2y,
3901k 153, 7mm F1 118.5mm, P 2 F1 5 A4 & T /K
SRR 50%LAF o PRI X R R AR A R K I
TE R, Sk 99.4mm, 11T B X A AR K B
S RAE S IRAEFh A —FL 2, B A =R, o
2k 133.6mm F 116.4mm. 54 F PR /KE S5 FH/KE
P AR5, FURMUE LA — e ER, IR
X AT R A K B T KR 69% 4547, TR, A7
TE 7853 R 24 B K TR YR 1) 4 A N AT

IV, V mean sowing—seedling, seedling—jointing, jointing—tasseling, tasseling—milking, milking—maturing of spring

22 BERAFREBEHEBRS KBRS

FE (20 VRS uh AU A i I 5 SR TR AL
SR 2, WEIRE W, SRET. G OKE
B T R IE AR B AAEL, A,
R 1T RN L R A M T SR TR O 2 s T
HeEg i, hEs 3 ANMEE W IDIE 0N 0.42.
0.41. 0.33, PE¥ IDI{EAKICA 0.65+ 0.62 1 0.51,
AT DL T KA X ] 30 R A K X R VG 1) A R R e
s A ROR B OGS EE I . ARl A R A A
H—HUr A, R, AR R R AR
ZEIF, R HERE AR B I O R -, -k
A FL - B



% 6 11 FRPBHAE: JET WOFOST #5235 AR A4 v i i 4 oK HEEASEA © 415 -
100 ()P fiWestern B - T S - I O #f-fiyhe I
B - FLAN m RV -
0.80 | ]
= 060 f — - : . R -
8 - ] u . ] .
= — ] N N '_ N J e
ﬁ _ N N g 3 ‘T ; f},‘ N
K 040 | . :
=
020 |-
0.00 ME N N
AR IR K AR bliki} LA’ i3k VG S K%
Fuyu Qianguo | Changling | Songyuan | Tongyu Qianan Zhenlai Taonan Baicheng Daan
¥ 5 Station
060  (b)H#Central
é B :T
& 0.40 L
%
i& 020 F
000 [N EM,L L e L. L ' . ' s '
B | RE | AR LA | AR | TE | RZ | WL | WH | W | HE | EK | KE
Dehui |Dongfeng| Gong | Jiutai Lishu [Liaoyuan| Nongan |Shuangliao| Shuang | Siping | Yintong| Yushu | Chang
zhuling yang chun
¥ 45 Station

B2 HEWNEAEM. PREEREERTRAEETHERTRKELY

Fig. 2 Irrigation requirement index of spring maize during different growing stage in central and western Jilin province
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Fig.3 Comparison of LAI between measured value and simulated value in Yushu station and Baicheng station
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Table 3 Different hydrological years and precipitation in typical sites

A

St ¥J{H Mean FIKEE Wet year(P=25%)  “F/K4E Median year(P=50%)  #l/K4E Dry year(P=75%)
ation
Hik Yushu [%7K & Precipitation(mm) 406.6 479.3 405.9 324.5
SEH Year 1986 1987 1972
(4 Baicheng  [%/K & Precipitation(mm) 297.6 364 296.7 208.8
Ay Year 1983 1976 1989
x4 BREKFERXREEEHNLERS
Table 4 Total irrigation amount in critical growth periods in different hydrological years
A2 HEMR T Amount of irrigation (mm)
Growth period B Station FoKaE PR BRIKAF:
Wet year Median year Dry year
&P Sowing-seedling (1) Hid Yushu 8 15 25
F133 Baicheng 20 35 35
i H—4K 7 Seedling-jointing (I1) A% Yushu 40 60 50
3% Baicheng 70 110 130
FL Y] Milking-maturing (V) A% Yushu 20 20 60
F133 Baicheng 60 90 90

24 AREBRARZEIIE R LI
241 AR RIS R

FHAR RTS8 3 AR N AR O o5 v e
i, DA ui K Bhia r= 22 . KA A A 3k =

JKAFE 1986, 1983 AR SEAAME PTWSO 435k
13206 Fil 12594kg-hm >, “F7K4E 1987, 1976 4E43 %
1 10650 F1 9698kg-hm ™, HR/KAE 1972, 1989 4FE4)
Wk 9656 F1 8828kg-hm 2. FHALILIZE AT 401, Kk
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Table 5 The percentage of simulated yield difference of one critical irrigation period in different hydrological years

43 L Percentage (%)

AT 3l TEBEL A A A
Growth period Station Irrigation times B A A
Wet year Median year Dry year

I Kk Yushu 1 8.98 9.67 9.87

2 8.71 9.47 9.84

13 Baicheng 1 5.55 8.02 9.74

2 5.26 7.61 9.68

il A Yushu 1 9.0 9.72 10.30

2 8.77 9.55 10.27

434 Baicheng 1 5.57 7.99 9.89

2 5.28 7.64 9.86

Y% Kk Yushu 1 6.58 9.37 9.76

2 6.19 9.15 9.70

4% Baicheng 1 5.11 727 9.58

2 4.62 6.67 9.11
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Table 6 Irrigation plans and percentage of simulated yield difference under two critical periods in different hydrological years (%)
FEM 5 % Trrigation plans
S Station 45 No. 1 2 3 4 5 6 7 8 9 10 11 12

K] Critical periods /1 I/ /1 I/ /v /v /v /v v IV v 1/v
FEBIXEL Times 11 12 2/1 2/2 11 12 2/1 2/2 11 12 211 2/2

it Yushu HUKAE Dry year 555 529 516 490 384 329 362 312 508 457 484 440
*F-7K4F Median year 911 900 88 878 869 828 846 812 894 88 891 885
F2IK4F Wet year 956 953 951 949 946 942 944 932 955 949 953 947

13§ Baicheng BK4E Dry year 529 519 502 494 462 413 445 385 507 483 496  4.68
F7K4F Median year 715 708 701 695 661 650 658 642 691 670 689  6.62
F27K4E Wet year 972 970 968 967 962 957 959 954 968 965 966  9.59

x71 ZEAKBEH 12 RERARESKSHEFEETDLL (%)

Table 7 Irrigation plans and percentage of simulated yield difference under three critical periods in different hydrological years (%)

WEIE )7 % Trrigation plans

S Station 4’7 No. 1 2 3 4 5 6 7 8

S Critical periods 1/11/V L/11/V 1/1/V 1/11/V 1/11/V 1/1/V 1/1/V 1/11/V
R Times 1/1/1 1172 12/1 11212 2/1/1 2/172 2/2/1 2212

Kkt Yushu /K4 Dry year 3.74 3.30 3.48 3.21 3.43 2.93 3.27 2.81
SF7K4E Median year 8.38 7.94 7.99 7.74 8.25 7.66 7.81 7.55
F2IKHE Wet year 9.42 9.36 9.40 9.35 9.37 9.33 9.36 9.24

44 Baicheng H/KE Dry year 3.93 2.96 3.83 3.40 3.70 2.76 2.95 2.56
F7K4E Median year 6.35 6.21 6.33 6.15 6.23 5.93 528 492
FEIKEE Wet year 9.47 9.38 9.44 9.36 9.41 9.30 9.40 9.26
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