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Abstract: Climate data from seventy-one meteorological stations in the soybean planting areas in three provinces of
Northeast China ( NEC) during 1961 to 2010 were used to calculate the reference crop evapotranspiration using the
Penman-Monteith formula. Then combined with the revised crop coefficient, soybean water requirement can be obtained
during each growth stage. Finally, we calculated the Crop Water Deficit Index (CWDI) by considering cumulative effects of
moisture surplus condition during the soybean growing season. and obtained the degree of drought Based on this index and
the degree of drought, the characteristics of spatio-temporal variation for occurrence frequency and degree of soybean
drought in NEC during the study period were analyzed. Result shows that there is a significant spatial variation in the
occurrence frequency of soybean drought, which was increased from east to west. Light drought is the most frequent drought,
followed by the middle drought and heavy drought during the whole soybean growing season. There could be relatively higher
frequency of light drought in the western regions of Heilongjiang Province and the western and southern regions of Liaoning
Province. In the western regions of Jilin Province, there is relatively less frequency of light drought, but the frequencies of

middle drought and heavy drought are higher. We also found the basic vegetative phase (sowing to branching) experienced
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the most severe drought and the frequency of drought exceed 50% (once every 2 years) at the 56% of the selected sites in
the study areas, the frequency of drought exceed 80% ( four every 5 years) at the 31% of the selected sites in the study
areas. The drought during the panical formation phase ( branching to flowering) is lichter, drought frequency was lower than
80% in most regions in the study area except Qian’an and Tongyu of Jilin Province, and drought frequency was higher than
50% (once every 2 years) at the 48% of the selected sites in the study area. The drought during the reproductive phase
(flowering to maturity) is lightest, but there could be still high drought frequency (50%—80% ) in the southwest regions
of Heilongjiang Province, northern of Sanjiang Plain, western of Jilin Province, and western and southern of Liaoning
Province. Interannual variability in CWDI differs from regions. The CWDI showed a downward trend during the sowing to
branching stage in all three representatives sites. We can find a maximum inter-annual fluctuation during the branching to
flowering stage, it showed a downward trend in Liaoning Chaoyang and Heilongjiang Suihua during this stage, and a upward
trend in Jilin Tonghua. There is least value of CWDI during the flowering to maturity stage, and showed an upward trend in
Liaoning Chaoyang and Heilongjiang Suihua during this stage; interannual variability is not significant in Jilin Tonghua. In
other words, generally the drought threat is progressively more severe during reproductive phase. There is also obvious
decadal variability of drought degrees during whole growing period. In 1980s, either drought degree and range were the

smallest, from 2000 years, the range of medium drought and heavy drought increased significantly.

Key Words: the three provinces of Northeast China; soybean; drought; Crop Water Deficit Index ( CWDI) ; spatio-

temporal characteristics
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Table 1 The date of soybean Growth Periods in Northeast China

£ FEFH 1Y I35 H 3] EIRIAE e H 1]
Province Sowing date Branch date Flowering date Maturation date
fisy 04-30—05-05 06-10—06-22 07-08 09-10—09-15
bk 05-10 06- 19—06- 30 07-08—07-10 09-19—09-21
BT 05-10—05-20 06-30 07-10—07-20 09-21

1.3 W5k

1.3.1 SEAEWZEHE (ET,)
SHAEYZER R IR R TIT I, = — 88—

15 m) ,AERKHERG K43 70 0, 56 4 108 5 b TAT 1) ¢ €0,

B 28 B, AR SCoR 1998 4F B A [ R AR 21 41
(FAO) #E## ) Penman-Monteith /= Wi - R ,
THEAKXWT .

http ; //www.ecologica.cn



21 HH iR SCHA

G AR TR

FRIL =8 KE T R 2 6235

_ Q408A(R, = G) + 900y uy(e, —e,)/ (T +273)

ET,
0 A+y(1 +034u,)

(1)
A, R, MR GRS (M) - m™ - d7"), 6 A
P (M) - m™? - d7) TR FHRAR(C) u, 2
m ARG (m/s) e, MIEFIKIGHE (KPa) , e, A5E
ProK 3% FE (kPa), A A A A1 K 35 R il 48 & &
(kPa/°C) ,y A TR FEE(kPa/C) , R, A Fly n]
FIHARXITR, 6 ABHMERT 20, Hd T, | e, 50
KRG

cmid

132 E¥RE(K,)

VEVM R BRI VEY F- A Kk B B B iy 75 K 2
ET S5XIN I BESH e AR B E ET, 10 HAE, BETEY)
ARl A ROMR B A | 4 A B ST S, AR F
UK 1 1998 4F FAO HfE 7F 1Y 43 Be Bl 7 ¥ 3631
B RRIK G R B I S 3 AR e
MRB A : Kiicray = 04, Koaerny = 1115,
Koacray = 0.5, FFHRIE #5505 0 M 5 1R 3 KA
B IAREZ B AR REGHEATITIE A .

h
K id :Knmi(]('l'ah) + [0'04( UZ - 2) - 0'004(RHmin - 45)] (?)0.3

Koacray + [0.04(U, = 2) = 0.004(RH,,;, = 45) ] (h/3)* K. ra) < 0.45

Kcel](l =

K('(‘bﬂd( Tab)

KK HITERERSAT T ED RZEGK N
WIEEREARENEDREG U, N 2m S AR H
I RH A H SR AT EE s b iz AR B BB
WYERI -3 B

X THREFIHT AL TR S B EY 28, S R
FAO HEFRY i, IVED A & 1 0 A &= BfE AR
B BN ZR b X R AR FI R 4 ) VR R BUBUME N
0.4,

1.3.3 {E¥FEKE(ET,)

YEYITE K R AR TE/K A0 72 2 H A HAb A
RORMHIA AT AW R A5 fe e 7 i I s 2 K
g1, ARSCR HETA N FAO HE7E 1Y (8] 4% 07
Pt RS B 2 E Y 25 iR F R UEY) R
s, AT .

ET =K, x ET, (3)
K ET, iz HAEW# /K& ET, % H S EYZE
i K o HVE R
1.3.4  {EYIK 55 54840 (CWDI)

VEMIIK 435 36 B0 ( CWDI) S R AEAVEY K 4 5
BRAR L Y FE IR Z — o B IEETIK o3 5 i i i R
SN, 7K o3 77 bR B — e S 22 5 Ay B FRUE
WK o5 e g, AR

CWDI=axCWDI,+bxCWDI,_, +¢xCWDI._,+
dXCWDI,_,+exCWDI._, (4)
Arfr, CWDI RAE A=K = i a) it Bt 550 2K
4y 7 B 4& %, CWDI, . CWDI._, . CWDI._, . CWDIL_; |
CWDI,_, 735 hy iz ) S LT 4 R) 1Y 7K 43 75 k46 55

(2)
K(ten(l( Tab) = 0‘45

ab.c.d.e RXERA) A BITAE RE, — B o BUE A
0.3,b BUH} 0.25,c BUE N 0.2,d BUHE R 0.15,¢ B
A 0.1,

X(4)H,CWDI, fHE AR .

(ET, - P,)/ET, x 100% ET, = P,
CWDI, =
0 ET, < P,
(5)

K, PoREE i AT BEBEKE (mm) , ET, N5 i
AR RBUWEY) T K (mm) |, 5300 2R 0 AT INIE H R
KE(P) FMIFGKE( ET, ) Bil153],

A SRR G4 B B B AR K 43 77 et
Bt %A BRI o MO TR AE & B BT R 10 56 1
Kilt, 5 10 dfER 1 ), BAEBTHBUHE L, S AR
5d WA H R E—a), B 5 d R AlE AR —
A, B R AR (4) AR (5) HHHAEIEAET
B Bt N 4B RIHVEIK 4 75 B8 5k, e, R
B BB VR K 7375 s BUE iz A B I BL N 45
FIHEYK 5 B
1.3.5 TERHURE(F,)

HRAESC i 2 B VE K 43 75 Bds b, TH AR
AFEFB BT R ARAMR F,, B35, & AR
TREMFERES Gt R SRR b TR A K
mr .

F, =n/N x 100% (6)
K PO BEER T R R AWK  n Iz B W B
RAFAER T BRGNS OB E AR AL

http ; //www.ecologica.cn



6236

Eild 34 %

A,
&

1.3.6 A% (TR)

HAMRER AT ] — IR & R
No FH o, FRFEAR SN n MR SRR E
£, 37 x, TS LRI ] ST o, 5 o, B — TP [l
TifE:

x;, =at, +b

K, a R EIHFRE b A BH L 7T o —3fe i
P B a (910 f5FE RSB R (TR) ,
FRAMEE R B 10a WS AL IE(H R s S 2
REE FUERR R B
1.3.7 ZBRFRE(CV)

S RBORARE2E 5P BB LA, AT DL
BRI £ 51 25 25 AR BE R/ TR AT .

cv=2
m

K, o PV EERAIRRERE | w o W EER AL
AR5 ZRROBOR A 2 A AR 2 NS E 5 A 5+
RN, BT A R N AR E Y

2 HREHS

21 FRIERFLITIE
ARIEEG AR =B REA PR B, S 1

90
80
70 -
60
50
40
30 |
20 ¢
10
0
1960

90 -
80
70 +
60 @ ®
50 f
40 +
30 +
20 +
10 ¢

L:(‘

R

1970 1980 1990 2000 2010

VeI 45 R 5

Crop water deficit index/%

1980 1990 2000 2010

A4y Year

0 .
1960 1970

GAT AR (R T RS ) M E A W5 45
RO SRR E T RS RAR G TITIE, ITIE
Ja s RN 2,

F2 FILZHAXREEYWAKDSEHIEH(CWD) WTFEDE
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Fig.3

Frequency of light (a), middle (b), and heavy or above (c¢) drought during the growing season of soybean in Northeast China
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Fig.4 Frequency of drought during the stage of sowing to branch (a), branch to flowering (b), and flowering to maturation (c) of

soybean in Northeast China
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