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Analysis of irrigation water requirement for maize and soybean in Siping region of Jilin Province

LIU Yu', TAN Jurrli', LT Wang cheng', LIU H ar jun?
(1. School of Civil and H ydraulic Engineering, N ingxia University, Yinchuan 750021, China;
2. College of Water Sciences, Beijing Normal University, Betjing 100875, China)
Abstract: Temporal distributions of precipitation and water requirements of maize and soybean during the growth period in St
ping region were analyzed. Crop water requirement w as computed using the Penman- M onteith equation ( FAO 56 PM formula)
and crop coefficients. Effective precipitation and wat er requirements ( 7. )for maize and soybean sin different hydrological years
were analyzed using the P 1II distribution curve. Results showed that the average effective precipitation, w ater requirement
(ET,), and water deficit are 423.24,503.73, and 80.49 mm respectively for maize, and 442. 62,484. 18, and 41. 56 mm respec
tively for soybean in Siping region. During the wet year ( P= 25%) ,normal year ( P= 50%), and dry year (P= 75%), the effec
tive precipitation is 517. 47,425. 60, and 352.79 mm respectively, and the corresponding water requirement is 504. 88, 467. 83,
and 506. 29 mm respectively for maize; whereas the effective precipitation is 540.23,452.26, and 371. 42 mm respectively, and
the corresponding wat er requirement is 434. 67,498. 80, and 450. 77 mm respectively for soybean. Supplementary irrigations at
the fast development stage of maize and at the blossom and productive stage of soybean are important for maintaining high
yields in Siping region.

Key words: Siping region; reference crop evapotranspiration; water requirement; water deficit; frequency analysis
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(R EBEA  JTAEk, [E A ST BoR AR WA T K B AT A
P P T ARG R R A IED TR B, sl 3T
TG BRI A A A AR A XV E W 7 K S R S, TR
TAE N K RO S ARG KERAE X
RAE W00 T K B R K SRR AT TR, WFSE R B oK
A EWTKE 300~ 400 mm, F £ KT W TKEN
500~ 600 mm; 2RI T o EHEK KR KT KR
A, TR AR K 7K i AR EAE 400~ 700 mm Z ], B
KK BAALTE 350~ 400 mm 2 [A); JUR ZE &9 R
CROPW AT BEAELHFFT /AT T 1L 6 2 F 54X ok f K 2 &
VKR, G R LKA B A0l 32 &0 A, HEl
7K A 2 R I N 2 AR TR AR SR R B R T
TURIXLUE TR 3 Fofr; B S 260 SR T ARSI AL
THRAEZE TR AR EH B . B AXTE D F KRR
FEME T K BB 2 28 Z AR P Sk 65 L, A R K SCAE Y
FAIE 7K 35 1 A0 5 K 1) 2 AR K, TR A 0 B2 3 A AN [ K
SO IR T /K 5 K R, A K % 5 P4 41t
% FE R BOR .

AR SCAR R I LR 2120 FAO) HEZEIK J77% Penman -
Monteith 23 ( PM 2 20) 18 FE ¥ & Hiko il 51 oK fK
L K R Bk O Loy A 2%, W AR AT e AN
[Fl7K SCHO3 A 350 MK R R TG K o, 4 W ok K S AR T
P31 %7K 55 7 K o3 A R AE, FR TR (K 32 BB B, IR G
HREBE K 5

1

1.1 AR5 R

PUSEHLIX (124715 — 124°34 E,4257 - 4313 N) fi T3
MRS PG 0, M ARFA S s b, a8 YL eI R TR R
S, ZAEBERT RO 570 mm, HJEAE B A2 K, BEK
BAMERFER 6 -8 A, L EHEA N 1.3~ 1.7
m, FAER B TRTH, L ZRE WD N 1.3~ 1.4 m.
R KA —MEAE 10 m A5 A7, {H 2 F5r 7 X 2L 3K 40~ 50 mo
2012 4SS RN, AR P E R R 85. 8 J7 hm?, i
RAEW MR R 93.7% o Horh TR FHETIA R 77.0 J5
hm?, KEARETARA 1.0 J7 hm?, 25 &6 £ 45 Yrim AR
89. 8%, 1. 2% o PUT-HBIX L HBAM IR H B 72 L B R R) 22
EEAR, BRI = RKIRA 2 —, BE K50 0 & R A
FEH AN TOK 1 B0

BRI B WP A g (BERAL GRS
54157)1951 - 2014 F RSG5, A HFHE. HE
TR H B AR H K H IR N 3 AP XGE S H P
SR EPU R St Ry =
1.2 %HHhEKk=E

YEMIIR T3 K TR FAOS6 HEFE A U4

ET.= K xET, (1)
KA ET, WEWF K (mm/d); K, IEW R2EG ET, &
ZAEY T K E(mm/ d) .

FAO ¥Z ZAEYMTAKE ET o & O — & R 54
AR AR KA TG B, RG], ML 12 em, T3

c 1226+ HBWEXR

ANEALLE 78 R4 F I A E. S H1EW K52 KA Per
man- Monteith A 115

0.408 R,~ G)+ ¥ 53— (e, ¢,)

A+ Y(1+ 0. 34u,) (2)
Hp:ETy AS AR A BUK S (mm/ d); R, JAFE YR
EHEMI/ (m*. d); 6 LEHBEMY (- d)), K
h ARG - G R S ) PR H BRRE 6= 0 T
H2m &EHFHRE(C) s w, H 2 m mH A RGH
(m/s);e, b2 m mEHTPHWAKSIE(kPa); e, N2 m &
B H PR SEBR K S (kPa) 5 (e e, ) MK UL 72 ( kPa) ;
Y TR B kPa/ C); A IR FE - W AIIKIR TR #h 2R iRt
#(kPa/ C).

1.3 ERFRSAFTHANA B EKE

LA 24 b 8 R R, ROK— AR 4 7 b AR
T, 8 H o R AR, A K2 O 120~ 130 d; KE7E 4 HJE
A A LRFER, 8 A N AR, A K 120~ 130 d.
S R RN R T F I R I E SRk, B4 A 16 HAE N
TSR B 4E R H #8,8 H 23 H AR KW HIE; 5 A 1
HAKRERHEMEN, 0 H 2 B KSR M. WAps
AR A 2121 FA 056 XEY) K B B 1k 4, B Sk Fk s
725 KB B R0 2 1 Rt R K T A 59 B .
FRAK G EA LK B HIE 1.

1
Tab.1 Partition of growth stages of

ET()Z

maize and soybean growth in Siping region

£ EE BRI TR g BRI
Tk H# 416-55 56-69  610- 7724 725- 823
KA 20 35 45 30
 HM 51-520 521-614 615-8&9  810- 92
K RE 20 25 55 25

FORFIR A H I A K RBR T 2% Rk A — sk i
MK ESh, 4 Ho HE4 H15H.4 H21 HE 4 A
30 H A IR K A Ay T RORIR SRR ST o, DU 72 25 )
B K & o

PUSP-H DX M AST 0, 29 H B KR KIN, — B A2 7=
MR W, KA SN AXH U HBEKENT
3 mm HFEKEAT NG HBFEAKEN, M H FKE 3~ 50 mm
1) H B K AR A B8 K, 2 HBEK 8K F 50 mm B, B
H K1) 0. 8 f5E N KRN .

H I3 A KRR AR 6301 P9 I A 2880 Bk e AR B HE
A, AR IR BR O BB SR A A ik T
RN K A A AT R K R ) ER R AT R £, H Bk BT
AN IR LG (BT FEIKE P= 25% T 7K4E P= 50% Ak
£ P= 75%) L KRR E WA % BEKE.

2

2.1 ERFXK A FHAR BEK S5

2 NI X 1951 4E- 2014 FE KA KRG A N
ZETWHMBKRER TR, R, WP X 2557
FE/KE 631,16 mm, Hf TR EF WA A UHFEKER
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465.01 mm, (5 Z4EFHIFOKET 73. 7%, TF 4 45 S HTH R
Bk IR, A 179.4 mm, 7 24P E R AL FINH B
IR 38. 6% ; TR L B IHAN A K, 24134 4 3B oK
BN 144. 23 mm M1 67.20 mm, 535 5 2 ETHAEFHNE
KB 31% 1 14. 5% ; # ] 2 9P YA K E &,
AT N A KRN 5.7% . K4t §a sk KEe
H 484,19 mm, 2P EKEM 76. 7%, JT 16 4550047
BRI K, N 244.96 mm, 5 ZEFE W AE &4 EWH
KB 50. 6% ;5 H U B IRAE K, 248 P %
7K 424 93.73 mm Al 63. 52 mm, 735 &% 467 28 &)
P SRR B 19.4% 13, 1% ; B W 2 45 135 44 2% Bk
il HAEE AR R KER 2.7% .
2
Tab.2 Average annual effective

rainfall for maize and soybean in the growth period

EY) AkE K
10 BEKRE IR wrimg it w0 A KT T A 455000 W
/mm H/mm gy /mm /mm / mm / mm
BN 63116 465.01 5.74 26.67 67.20 179. 4 144.23
K 484.19 12.93 27.48 63.52 244.96 93.73

3N ERRKTGAEE MWW BB KE WA 57 45
F, R ATAN, F KA CP KR KA R A E W AT 3%
JKEA A 516 47 mm.358 76 mm.245 21 mm; K& 4EF
DI 25 4 K B3 990 0 562 08 mm <390 45 mm 266 86 mm.

3

Tab.3 Frequency analysis results of average effective rainfall for

YR R BB, 4359 R 136 40 mm AT 104 14 mm, 73531
KA WK 27% M120 7% ; TR 45 SEisoR,
9238 08 mm, f FARAAEF WFKE MW 47 3%, HFHFH
KEKNS 29 mm. KEZFEFHT/KEET, 484 18 mm,
Hh s W, 5 371 70 mm, fTKGAEF TR KRN
7. 8% ;s AR TN B R, 430 24 101 23 mm Fl 72 59
mm, 75 5K G 24 H W FHKE 120 9% 1 15% ; I 16 44
SEWIER K, 272 68 mm, T K E A4 EH WIFH KRR 56 3%,
H P FEKEHN 4 95 mm.

4 ET

Tab.4 Average annual water requirements

c

of maize and soybean in Siping region

o AEH W B AR TR AN BRIl
/ mm / mm / mm / mm /mm

EVS 503.73 25.11 136. 40 238. 08 104. 14

K& 484. 18 37.70 101.23 272. 68 72.59

HLAR 2R 3 A %% BeoK hik AT 0BT 4 R, € AN IR 7K S
o EEIUK SCHE R FE R, $ B A0 23 b 45 SR AR 09 JR )
8 2 ~ 3 AN, B AR TR ST IEE D I &4 5.
F 545 T TUSPHIX AN WK SCAEA Bk MUK G AR E TN
IKEI T ah A . B R A%, 2 KEE VK SR RiKEE oK
SETERKES B A 504 88 mm <467 83 mm.506 29 mm; K
HF KRS BN 434 67 mm 498 80 mm<450 77 mmo.

5

Tab.5 Effective rainfalls and water requirements for maize and soybean

in the grow th period during the wet, normal, and dry hydrologic years

maize and soybean in the growth period mm
_— gtz FiKAE  PAKAE FEKAE B9 KSCEEGY  AROKE M KR PEE
B c, c¢/C, (P=75%) (P=50%) (P=25%) 1964  509.76 488. 80
FKA 517.47 —————  504.88
ok 438.0 0.29 1.7 347.65  427.64  517.11 1989  525.18 520. 97
K& 463.2 0.27 2.3 373.30  450.30  539.03 ) 1957 421.80 479.91
5 PR 425.6 ——————— 467.83
N P 1983  429.40 455.76
=
2.2 M EKRELA 1970 359.20 525.48
s FAO56 %kl G & VU PFHIX IR 440, AT & HiK4E 1996 359. 70 352.79 505. 36 506. 29
KK GEAREK I BEWED R K, [, 2% 0k 2003 339.46 488.03
[6, 13135, WK 1. 1971 541.58 451.10
FIKAE 540.23 —————— 434.67
2010  538.88 418.24
x o 1977  444.60 496. 08
g PKEE 452.26 —————— 498.80
. 1994  459.92 501. 51
1991  374.12 464. 38
Fi7K AR 371.42 ————  450.77
1995  368.72 437.16

1

Fig. 1 Crop coefficients of maize and soybean in Siping region

FHAARZEIREAAX(2) T TS B EY & H = ET0,
SEAEMARL(E ), HE T (A1) PUSFHLIX FK FRTE
WFRARKEET,), WE 4. WL ol LUE H, DY X oK EE
MEBEWBW, ERZETPF KR ET, J503 73 mm, H
PR, 25 11 mm, F B RAE B HHFKERNS%; 4

2.3 BKFIHAE

DU M X K FN K S K ST g5 R 6. mR]
A0, PSP X T oK K A E BN 2 41 S K B4 Bk
80 49 mm M1 41 56 mm. FKEREHI(4 16— 55) A ki
(725- & 23) fighisimi AL JLFG K b, 2L AR B 2b% K 3y
AEEW RAEWI T KR, LA AKI(S6- 69) Bk BHRA,
H 69 2 mm, FFAE G 921( 6 10— F24) §ikE 4 58 68 mm;
REL B M8 10~ 9 2) AEE L I /K= A0, ALK By
AEEWL, Hoh A K (521- 6 14) Bk B & K, 4 37. 71
mm, B Y F T A 45 52 WK B 4 i 10 22 mm, 27. 72
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mm o AN S REATREBE, B 2o B RO

6

Tab. 6 Average annual water deficit for maize and

soybean in the growth period

mm

e . 5
e T s m
HRABEKE 423.24 5.74 26.67 67.20 179.4 144.23
K @mAKE 503.73 - 25.11 136.40 238.08 104. 14
BoKE  80.49 - - 1.56 69.2  58.68 - 40.00
TR 442,62 12.93 27.48 63.52 244.96 93.73

K& KR 484.18 - 37.70 101.23 272.68 72.59
BokE 41,56 - 10.22 37.71  27.72 - 21.14

VU 3 DAS [R) K SCARA f R K B v B4 R ILE 7, thk
F, B OK A KR P KR SR K AR oK B 2 90 O 153 50
mm.42 23 mm.~ 12 59 mm; K&K ERK B 5 5 79 35

mm-+46. 54 mm.- 105 56 mm.
7
Tab.7 Water deficit for maize and soybean in the growth period

during the wet, normal, and dry hydrologic years

mm

1ED) Bk 7K AT FIKAR FKE

A1 R B K B 352.79 425. 60 517.47

5/ il K 506. 29 467. 83 504. 88
K& 153. 50 42.23 - 12.59

R bR 371.42 452.26 540. 23

K K= 450. 77 498. 80 434. 67
oK 79.35 46. 54 - 105.56

3

ARFEF VY IX S % B d, KA Penman M onteith 22
(PM 2 30) AHEY &R B0k e T B KR K 0 K,
T A AT FOKFR LA A I B K B 5 /K =, B8 e e
BoKE. ERINT.

(1) PUSFHBIX K 22 48P 1 A 30 WK & 77 7K & Rk
FIY N 423 24.503. 73,80 49 mm, [ 14 1] K0k B fiE g
W FLF KA, FEAR I B AR K i AN Re T AR
A, B AR KUK S8 K, 4 69. 2 mm; KE 24T
AR KRR LT KR R K 23 0 h 442 62, 484 18,41 56
mm, BT RE 0 LT K Ah, JoAh B B AN RE A2,
Ho K HHOKER A, B 37 71 mm.

(2) W W R FKFE(P=25%) EKF(P=
50%) HiKEE( P= 75%) KA M-8 2B K 8 43 i)
H1 517 47425 60,352 79 mm, P ¥ K 25> A 504 88,
467. 83.506 29 mm; K AH WP V38 % K 5550000
540. 23,452 26371 42 mm, FiKE 35K 434 67.498 80.
450. 77 mm

(3) IS B A FITT fs 45592 W2 FK FIOK B2 pRid
A KB B, R R T A R . PG A % BUR
FOMEME 1~ 2 WK, BEVX 30~ 40 mm, A Y3 SR AT ACIR
B, LA M

c 1228+ HBWE IR
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