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Abstract; Seasonal drought has serious affections on agricultural production in Hunan Province, Developing an optimal
cropping system to prevent and avoid drought disaster could provide scientific guidance for local agriculture production. In
this study, adaptation and ensure index between precipitation and crop water requirement were analyzed using weather and
crop phenological data of representative stations in Hunan Province from 1981 to 2007. Then optimal cropping systems
based on precipitation were evaluated for the local agriculture to prevent and avoid local seasonal drought. Representative
stations and cropping systems were selected according to the aridity and topography. And crop coefficients used in the study
were amended using the time-averaged single-value approach recommended by FAO. Results showed that: (1) the optimal
cropping systems were wheat-rice and potato-rice in humid low-altitude complex-terrain area of north Hunan Province and
sub-humid medium-low altitude hilly area of northeast Hunan Province,(2) while in sub-humid low-altitude plains area of

north Hunan Province, it was more suitable to adopt cropping systems of rape-cotton rape-rice and soybean-rice, (3) in
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sub-arid low-altitude plains and hilly transitional area of east Hunan Province, optimized cropping systems were rape-sweet
potato, rape-cotton and rape-rice Similarly, for the other areas, it was, (4) rape-rice, wheat-rice and potato-rice in arid
low-altitude hilly area of southeast Hunan Province, (5) rape-rice and rape-cotton in arid low-altitude basin area of middle-
south Hunan Province, (6) potato-rice and rape-sweet potato in the humid high-altitude hilly area of northwest Hunan
Province, (7) rape-sweet potato, rape-rice, wheat-rice and potato-rice in humid high-altitude hilly area of southwest

Hunan Province, (8) and rape-sweet potato and rape-cotton in arid high-altitude hilly area of west Hunan Province.

Key Words: the adaptation between precipitation and crop water requirement ; ensure index ; the optimized cropping system

to prevent and avoid the drought disaster
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Table 1 Representative stations and cropping systems of each region
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Fig. 1 Location of representative stations
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Table 2 Standard crop coefficient for each crop recommended by FAQ!'!]

1E¥) Crops Keii(ma) Ke iq(ab) Ke i (1ab) 1E¥) Crops Keian) Ke g tab) Ke ena(Tab)
A

£ /N# Winter wheat ?»3;]((;&4‘) 1.15 0.4 EK Maize 0.3 1.2 0.6

JK#F Rice 1.05 1.2 0.75 3% Rape 0.35 1.08 0.35

#1.2% Sweet potato 0.5 1.15 0.65 H#i4E Cotton 0.35 1.18 0.65

K& Soybean 0.4 1.15 0.5 L4 B Potato 0.5 1.15 0.75
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Table 3 Revised crop coefficient in different growth stages of each crop in representative stations of Hunan Province

Rl B K N o
Represer?tation Each stage SEi ':Fﬁ WA T3 %’J‘f EE.?K x5 foprem a% Wik
station Kc E?ﬂy Mlds'eason L?te Rape Winter Maize Soybean Potato Sweet Cotton
rice rice Rice wheat potato
ST Pingjiang Kc; - 0.97 0.77 - 0.99 1.10 1.09 1.09 - -
Ke g — 1.12 1.12 - 1.06 1.11 1.07 1.08 - -
Ke g - 0.66 0.67 - 0.40 0.49 0.41 0.70 - -
£ Changsha Ke;y 0.97 0.91 0.60 0.85 - 1.07 1.04 — 0.87 0.97
Ke,ig 1.13 1.14 1.14 1.03 - 1.12 1.09 — 1.11 1.08
Kc g 0.68 0.68 0.69 0.35 - 0.51 0.43 — 0.60 0.54
5 FH Hengyang Key 1.03 0.95 0.79 0.91 — — — — — 0.97
Ke i 1.14 1.15 1.13 1.01 - - - - - 1.11
Ke g 0.69 0.68 0.67 0.35 - - - — - 0.56
MEHH Chenzhou Ke;y 0.84 0.95 0.85 0.90 0.99 1.05 1.05 1.09 - -
Ke,ig 1.13 1.14 1.12 1.01 1.07 1.11 1.08 1.09 - -
Kc g 0.69 0.66 0.66 0.35 0.40 0.51 0.43 0.69 - -
H1& Changde Ke; 0.98 0.96 0.86 0.92 - 1.10 1.06 — - 0.97
Ke i 1.11 1.12 1.11 1.01 - 1.10 1.07 — - 1.08
Kc g 0.66 0.65 0.66 0.35 - 0.48 0.40 — - 0.54
424k, Anhua Ke;y - 0.99 0.87 - 1.06 1.10 1.07 1.07 - -
Ke,ig — 1.12 1.12 - 1.06 1.11 1.07 1.08 - -
Ke g - 0.66 0.67 - 0.40 0.49 0.41 0.68 - -
&M Sangzhi Kc;y; - 0.99 — 1.05 1.07 - - 0.99 0.98 -
Ke,ig - 1.13 — 1.02 1.08 - - 1.10 1.10 -
Ke g — 0.67 — 0.35 0.40 - - 0.69 0.59 -
1EYT. Zhijiang Ke; - 0.99 — 0.97 1.04 - - 1.11 0.98 1.01
Ke i - 1.14 — 1.02 1.08 - - 1.10 1.10 1.11
Ke g - 0.68 — 0.35 0.40 - - 0.69 0.60 0.57
Xl Wugang Keyy 1.04 0.98 0.84 0.95 1.00 1.10 1.08 1.09 0.96 -
Ke,ig 1.12 1.14 1.13 1.01 1.07 1.10 1.08 1.09 1.10 -
Kc g 0.68 0.67 0.66 0.35 0.40 0.48 0.42 0.69 0.59 -

2.3 1R K-S B ARFEKGE LB AR UESE B

AICHE T A XA A 1981—2007 44 [AIFH AL BE A VE IR 7K 5 B AR IEKGE BLBE , 27 [0 & AP A
i BE BRI K -5 B SR R 7K 38 T BE B /N BB 30 W BE A S A AR AE S AN ATR] , o AR B4 o ol BE (A 7K
5 B AR MK IS E B BB AN S i BE 22 57 , P RPEI R K5 B ARFEZKGE B BEPRIESE Bt AT o . 1EIRRK S
A AR e 7K A T BE ARAIE 15 A K 8] 7 51 A A T REVE B R PR IR /K 5 B AR /KB BCBEAEL, T LATRAP AP
TEPFO LR BE AN A

R 4 A A X IR SO RIFRE ) BE PRI K 5 B SRR K& i BE PRI T8 SO L HEF IR P o
BERT LA, BRI R S BEAE 7 K5 B AR MR /K& e BE AR IR 2 2R (LTS L O 0. 67—0. 94, 4% bl
B BASE AR R (B ART & - i -E PR T K S B ARRKIE R B PRIESE 5 =, O 0. 86—0. 945
T - 2 - AR AR S ME e K5 B SR K& L BE RAIE 36 BUSL e LUk, 40531 g 0. 78—0. 84
0.78—0.84.,0.77—0. 85 1 0. 77—0. 86 ; TR Ay T -F . -8 A - AP A A, (R RR K 5 B AR FE/KGE BT
BERUESE B 0.73—0.78 0. 72—0.79 1 0. 70—0. 79 ; {E¥I 75 /K 5 B 2R [ 7K & L BE AR IE 15 B IR 4
R -RE AR K, HAE D 0. 67—0. 74,
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Table 4 Insure indexes of adaptation between precipitation and crop water requirement of each cropping systems in Hunan Province

R0 5 Representative station

Tl =
Ceropping sysems L ke mW WM WE %k ®E i &N
Pingjiang Changsha Hengyang Chenzhou Changde Anhua Sangzhi Zhijiang Wugang
i -F5-F5 Ra-Ri-Ri — 0.75(4) 0.73(3) 0.75(4) 0.78(4) - — — -
FE-F5 Ri-Ri - 0.70(7) 0.67(4) 0.68(7) 0.74(6) - — - 0.73(7)
H-FF Ra-Ri — 0.80(2) 0.78(1) 0.81(1) 0.83(2) - — — 0.84(2)
#% - W- Ri 0.83(1) — — 0.80(2) - 0.77(1) 0.85(3) 0.79(3) 0.84(2)
2f5 P-Ri 0.83(1) — — 0.80(2) — 0.77(1) 0.86(1) 0.79(3) 0.83(4)
E-f§ M-Ri 0.79(3) 0.74(6) — 0.75(4) 0.77(5) 0.72(3) — — 0.79(5)
5 -F5 So-Ri 0.78(4) 0.75(4) — 0.73(6) 0.79(3) 0.70(4) — — 0.78(6)
i-# Ra-C - 0.80(2) 0.78(1) — 0.84(1) - — 0.82(2) -
iil1-#% Ra-SP — 0.94(1) — — — - 0.86(1) 0.87(1) 0.87(1)

T RS RO 0 2t S R RS SR K 5 B ARKIE FC B RIESR B S MRS T s W: /03, M: EK, Ri: K7HE, Ra:
W3, SP: 41, C: M4k, So: K&, P: DikHE
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B P BE RIS B R o NS ANZLZ PP R A B A PR T K5 B AR MK B B 2928, T -7 AR AR
KIEITE K-S B AR FE/KGE BLBE FIAEE R , iR i BE PR T /K -5 B AR K TC BE PRAIE 18 Bt 28 s 5 T 7
REMBE AT PP A B IR K-S B AR IEK iR 0E BO R BE B, RS- R A AR KR 7 K 5 B AR FEK &
PIE BERUAR , AR il B B VR T K -5 B SR REKGE Be BE AR IE 4 BRI B R
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Wyt 7K A AT RE PR , 120 JBE A S P A 7= v Bl 5 UK 19 BB T B

A A St AR i BEAE 7K 5 B AR FEKGE i BE AR IE S BRSPS (E VR D 5 R MM 7K S B SRR /K& i
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x5 HEAEREETEVEKSBARKEEERERBHMENERL
Table 5 Optimized cropping system based on the insure index of adaptation between precipitation and crop water requirement of each region in

Hunan Province

R R BRI B R BRI I B

Representative station ~ Optimized cropping system Representative station ~ Optimized cropping system

F-IL Pingjiang KNP R - R K Changsha TSR-LL 3 SR AL - s

#5 ¥ Hengyang TSR-FP A SRR 7R HRM Chenzhou THSR-PRE AN - - A
7 Changde THSR-ARAE I 3- Al K - 224k, Anhua KNI DR - PR

FH Sangzhi i SUERTIPSAE 1EYT Zhijiang TR-L0 3 T S-HRAE

X Wugang TSR3 - PR AN - S DR - P

MR LAE ), B HOROE B AR X R B -0 - A R AN S A, B RAERR AR
A5G PR Bk R R M 3.
3 #FigEitie

AWFELE L B SRR ARl A 7= ME— K 70 R IR BRI 3R T, 22T 45 3b B AR I K BEIR S LR B X 4 = {4 A
HEBE , 3@ A XA [ X A A o BE AR TG 7K 5 18 AR ek 7K 3 T BE FRAIE 8 5By 20 A7 , TR 7 980 e A 4% DX 3k
FR R AP BE A8 AR /K5 B AR TC JBE S JHL AR IE 418 BB 1R B A A ol JBE A 975 -4 L - -7
% -FEFE-FERE, E TR S B AR K 3 T BE % H R TIE 8 BB AR A o A o 2 40975 e -5 A L A8 . B
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(6) WHPGILHBRIE = MR LR LU XS T B AR K SR 14 Bl 5 SR AE ] B2 O - R A -

(7) WV R N P AR e X BT B SR R 7K W TR 1% [ 57 ke O A o BE Dy - - L R R RN A
B

(8) WHPE T R =y i 4k 1Ly dth, Fr B2 IX LT B SR 3K 0 U 114 o7 572 3 b AL o] B85 A e - A - AR

PRGN TREARZE T T R R A 7= KA L RS E M8, Rk A 7= AR i BE e BB A —
HIFE S B o (HABIFEEA % B K 7 Rt S R K XHEY BN TE R s AN ZEWI RS & KSR s IX. , v
BREVERKEBTSBP AT ZRNEZE KRR, ES5RERHRS, BFERSH RBEK R B R
oK 5T K EY A KRB RANATER, URIEBXTEY TR K BT 7E , 48 B 58 35 R FEY
K5 B SRKEK IE Bie BE GRIEFS B AR ) BE AR AL , 3 — 2P AR B XA A 748 T AR 221 L SE R PR R T PR
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