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Analyzing and Zoning of Eco-climate Suitability of Oilseed Rape in Shaanxi Province
LIANG Yi', LI Xing-min’, ZHOU Hui’, ZHU Yan-nian’, YAN Sheng-an'
(1. Shaanxi Meteorological Service Observatory for Economical Crops, Xi’an 710015, China;2. Shaanxi Meteorological Science Research
Institute, Xi’ an 710015 ;3. Shaanxi Remote Sensing Information Center for Agriculture,Xi’an 710015)
Abstract: Based on the meteorological data and geographic information during the growth period of oilseed rape at 96
weather stations from 1981 to 2010 in Shaanxi province, by using GIS technology, authors built the climatic division
for oilseed rape in order to provide scientific basis for sustainable development. Firstly, through the comprehensive
analysis of climate suitability characteristics and key influential climate factor on oilseed rape yield, some factors such
as mean daily minimum air temperature in January,air temperature at stem elongation period , air temperature at whole
growth period, = 0°C accumulative temperature at whole growth period, and precipitation during the whole growth
period were selected as the climatic regionalization indices. Next, small grid reckon model was established to calculate
the spatial distribution without station in Shaanxi province of each regionalization index values of 100m x 100m grid
node. Thus, the distribution graph of the eco-climate suitable planting areas of oilseed rape was formed by using
comprehensive evaluation method. The results indicated that the most suitable regions for oilseed rape plant distributed
around flat and dam areas below 600m along Hanjiang river and its tributaries in southern Shaanxi, and the plain areas
below 700m along Weihe river and its tributaries in central Shaanxi. The suitable regions were the surroundings,
including valley and shallow mountain areas below 850m in the northern piedmont of Qinling, hilly country area below
750m in the southern hillside of Qinling and northern foot of Bashan mountain, and loess tableland area below 800m at
the northern bank of Weihe river.
Key words: Oilseed rape; Eco-climate; Suitability; GIS; Zoning
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Table 1 Comparison of climate factors during growth period of oilseed rape in Shaanxi between the two time intervals

x (C) % (C) % (C) % (C - d) x5 (mm)
i 45, Station
1971 —2000 1981 —2010 1971 —2000 1981 —2010 1971 -2000 1981 —2010 1971 —2000 1981 -2010 1971 —2000 1981 —2010
¥EM Yaozhou -5.3 -4.9 6.8 7.4 7.1 8.9 2377 2475 283.9 274.3
¥4 Chengcheng -6.6 -6.3 6.6 7.2 6.8 8.6 2349 2438 254. 8 253.9
Bt Chencang -4.2 -3.9 7.1 7.7 7.5 9.3 2431 2556 350.7 329.5
X, Fufeng -5.3 -5.1 6.7 7.3 7.1 8.9 2364 2475 324.4 298.5
i Lintong -4.5 -4.4 7.9 8.4 7.9 9.8 2594 2685 344.9 335.3
1% H Lantian -5.4 -5.5 7.3 7.5 7.4 9.1 2470 2530 404. 1 382.2
& Hantai -0.6 -0.2 7.6 8.1 9.3 11.3 2969 3084 454.6 440. 4
Y FH Hanyin -0.4 -0.3 8.1 8.4 9.9 11.7 3143 3197 474.9 462.0
7iFg Shangnan -2.6 -2.6 6.3 6.7 8.7 10.5 2778 2834 415.2 415.1

ex o 1A BBl AEER TSR A ETH9 A -BF5 A) PHRE:x HEFTH=0CHE;xs M EFTHMEKE, TH.

Note: x, is daily minimum air temperature in January; x,is air temperature at stem elongation period; x; is air temperature at whole growth stage; x,is =0%C

accumulative temperature at whole growth; x5 is precipitation at whole growth stage. The same as below.
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Xt 2005 - 2008 AF[R PSR X &-B AN [ 4F 3 7
ST R A B AR M S AR T I R A AT
MR, R R R 2, dhisRal L, AR
=0CHIR AEFHR &S A (L A) BREFR
IR FEIT H EF RK SRR i S 3

EHHERFEMRKKR(P<0.05), Nit—F N
EHIhA = B IE 2R N T R iR B E R
PRI, ] PRAE B [F] £%0 A 0 57 , 1) 52 200 [
Tk, EBGE 0. 05 K FRE IR 13 THET5
TSR AT B WA

*2 WEFESXBLETHSKETHHEXREH(R)
Table 2 Correlation coefficient( R) between yield and meteorological factors during the key growth stages of rape

R G EE Meteorological factor R F {8 F-vaule
THHEAS IR Air temperature at seeding stage 0.282 21.241*
B EW SR Air temperature at stem elongation stage 0.359 36,253 *
ISR Air temperature at florescence 0.208 11.112*
i RHS M Air temperature at podding stage 0.247 15.971*
HFHIRIE Air temperature at whole growth stage 0. 296 23. 601 **
1557 H PSR =25°C F 3 Days of T=25% at podding stage 0. 098 2.371
fE 1 H EHSE =21C H# Days of T=21C at podding stage 0.258 17.456 *
1 B Air temperature in January 0. 200 10.229 **
IR RIRS IR Annually extremely lowest temperature 0.241 15.054 **
1 A H &L E 51 Mean daily minimum air temperature in January 0. 286 21,752
£ FHFHE Accumulative temperature at whole growth stage 0.322 28.257*
9 11 K Precipitation from Sep. to Nov. 0.117 3.401
T #A[% /K & Precipitation at seeding stage 0. 107 2.813
& Z W FE/KE Precipitation at stem elongation stage 0. 042 0.434
E AL WIF% /K B Precipitation at stem elongation-florescence 0. 144 5.159*
= F H[& 7K B Precipitation at whole growth stage 0. 144 5.170*
AEHAFT H Rainy days at florescence 0.231 13. 841 ™
#4 BB H Rainy days at podding stage 0.019 0.092

" A FoRE R 0. 05,0 01 K BEMAER Note: *

2.2 BEARFEEFTHSERXRIER
2.2.1 XRIFEFRAGTERRL

BTV RIS B X R R F R R 28
BT —BIMSRE REREASBES S, 8
FFERER K2 s — BT A PRSI R 7, £
BUEMRA SR A & BIR K & = B A4 H BIXmK
FEREME RN FESRH T, REPEF SR EE
BB PY Vi SR X SR 5, 275 2 SR AR
RERRIFEE S E MM 2 RS2/ T
SAPTEE S R 1 A H R (R EHSOR BRI T HRIR.
TIPSR AT =0C R ME TR KEILS
AFEPR NEA PSS R B X RIFEPR (3R 3) o
2.2.2 XAFEtRHH—feab Bl

x5 B R S B X KGE B XS B XA it
7R RN B FEAN R 3 43 AL Y Bk BR M | R B X A8
HHE BRI ARG, A BB 4E i S s R BT 38 A 0 4

is P<0.05, " is P<0.01.

®3 BEAHFEMESEEREX IR
Table 3 The climatic regionalization indices of oilseed rape
in Shaanxi
(C)  %(C) x(C) x(T-d) x(mm)
J8Hr{H Value = -3.4 =7.6 =9.7 =2600 =410

FRAVERIE ™, UBORI PR AT 43 X, 38 s 7 Y
2 X R TIE B SRR R

1 x; = -3.4
£13.5
w(x,) = XllT _13.5<x, < 3.4 (1)
0 < -13.5
1 x,=7.6
_2.8
w(x) = X24 . 2.8<x,<7.6 (2)
0 %, <2.8
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1 X3 29.7
3.9
w(x) =23 3.9 <x, <9.7 (3)
0 %, <3.9
1 %, =2600
1700
w(x,) = X“W 1700 <x, <2600 (4)
%, <1700
1 % =410
190
w(xs) = stzo 190 <x, <410 (5)
0 x, <190

Kb, x, 0 1 H B BRMCFRR(C)  x, A

BRI (C) s NETHFHRR(C) x4k
FH=0CHUR(C - d) ,x HEFHFKE(mm)
2.2.3 XREIRs AfeAb B

f& DEM B4R 3235 T R KRB SR WK
BE 4 BRI AR R BEREAT AR SR a0 A AL EL A 204, o0 X
oI 1 A A RARFER EEY YR
AFIEYAE EFTH=0CREMETHRKE
(¥ GIS /NP HER BRI (R 4) , FLHL & KR HE 1R 19
25 (AR EL AL 2, XoF 4R 22 P F AT IDW SR #EATHR L)
BEHBESEE Y, ATHRE FTRAEERESE
FRAERICR , B IE X o iU HEAT T 2 SURAIE , 1 fEL 45 2R
BHEM,

®4 RRHERE/NFEEE R

Table 4 Small grids reckoning models of regionalization indices

X 18, Region HEB A Reckoning model R
ZIE LI x; =74.77 =0, 155\ — 1. 744¢ — 0. 0047h 0.957 *
ZU LIRS, UL x, =132. 87 0. 29\ =3. 06¢ -0. 0033h 0.956*
BT LIRS x, =47.07 =0.17)\ =0. 845¢ -0. 0026h 0.733*
AL x, =26.35 —0. 0086\ —0. 442¢ —0. 0046h 0.974*
£ IR, BUT AL x, =103, 57 ~0. 396\ — 1. 546¢ — 0. 003h 0.939*
BT LIRS %, =21. 03 =0. 062\ —0. 152¢ 0. 0031h 0.848*
ZUe LI x3 =23.97 +0. 102\ - 0. 689¢ - 0. 0041h 0.951*
LR, BT L x3 =79. 62 -0. 159\ — 1. 498 — 0. 0033h 0.913*
PIT LIS X3 =37.46 -0. 125\ —0. 3369 -0. 0038h 0.828*
ZW LI x, =5283.4 9. 65\ —33. 236¢ — 1. 0096h 0.963*
£ IR, BUT AL x, =23859. 90 —34. 03\ -504. 61¢ -0.813h 0. 965 *
ST LR X, =2200. 8 +7. 83\ +12.75¢ —0. 852h 0.864*
Bl K xs =1132.2 +7. 76\ —48. 57¢ - 0. 025h 0.918 *
ZU LIRS, DU AL xg = —827.38 +24. 74\ —44. 03¢ +0. 03h 0.873*
=il xs = —1146 +6. 25\ —26. 42¢ +0. 197h 0.931*

HEoNe h P HRFEE SEMEREE (m)

2.2.4 XREAHIE

FIH GIS B AR , 78 32 BL X R #5 A 4% 0] 4k 1) e ik
b REE XU R RS RO AL, @ SR F I
WS B o A 45 DR o I8 17 ol 3 7= 1 00 Ol TR I
MARR B B & B A A A0 A BV B R 0, S5 A SE b
WESHEIHFHNEEN: = 1 0.18,0.12,
0.20,0.28,0.22 } , FERIEAIFHRFRINE, KA
LHEMBCR TN 2, FIH GIS 25 [ 4 He R ¥ %
PEN AR AOMRE B ST B I, AR BB R R R R
MLEETEM G B, LR & TEAIE N

P=§,l(xip,(xi) (6)

Note: N, and h is longitude, latitude and altitude (m) , respectively.

[P PONGEE AN, n(x;) W5 | DM
KEE,i=1,2,,5, a0 HMIEFFNE,0 <o, <1,
S, =1, HHEEW PETEO ~ 1, FIRIEHBETTH3E
HERAMREG G RIS

LEETHE LA R SGE BA K B R RO ARAE
GEE BRI A RO L b P 2, i E P=0.85,
0.69~0.85.0.45 ~0.69., <0.45 R IHBEH B
HOKIEE AL 4 NER, 9 S /ERE 7E SR
EEMEX KA, I 1,

2.3 RIERSH
231 BEEKX

K1 ] RAREERX, ZXK B WTHE P=

0.85, Hrt [ A X ABEm)IE FIREEX, AXAD
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BAR TR - 4.9 ~ -2.9C, EEHTHRE
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T Y SHUER ARSI, LK, WA R4S , L EH%
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ot B et e N 2.3.2 EEK

- 1 I X RE B X, KRG A VI (E 0. 69 <
37°N Los

= .
1m T WY X The sub-suitable regions

T AL R ETL X
36°N| IBiffJei s R
W] R Tie
T AR BT IX
T BRkAL 8 LA MR R IX

suitable regions

?}
&
b
q

° .
32°N 0 2550 100 150 200 !
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1 BREMRSEEEEXYE
Fig.1 Climate suitability regionalization of oilseed rape in

Shaanxi province

FEDUT M H 3 Wi 2 1 3R 600m LY T )IE L E X,
AT A3 2R T R0V T A X I, P S e X 3 T R T
FRILAFAA, B8 G BE FE B S B(X)
BRI i, V8 S DOT 0 S ] S A P £ 2L
o REPHXALFE AR DCH M3 B(X)IRAH
T AR I R B B KU AR A LT 4, 5
FEARIAT SR A TE 0T S TT , SR 2 Tl 200900 3 38R A
WA JNGE , B P B ZE 5 N RN T 2%, TSR I
VA8 R ST N = PEM bk A: U D= B TIES = R 8
BRI PR R R 4R N 2R 8 5 A 2 [ PR
WA CFIR . % X IRIER 175 - 600m, Vi L H
HFHKIE 10.6 ~13.5C, 4= F I =0C FHIRE 2900 ~
3542°C - d,1 HBBRFEHEE -2.6 ~1.2C , %%
HFE S| 6.9 ~9.6C, £ F B AKE 400 ~
590mm, XK PSR PR, REF LIRS AR MR £,
AR REXI,

I B X AXHFRERE X, A XA W A H
KRR 700m LU E)IEE ERX . JEERLAIE
b—TEIE A A, PR G K AR RIS T B
H, IR LA ZR ISR 3R 600m DL T ILETRHE R R . &
X4k 300 - 600m, yi ¢ AE B W SIR 8.9 ~
10.2°C , A= & #] = 0°C FUIE 2600 ~2900°C - d,1 A H

P<0.85, HFTARNEERIUEREREX, £8
A AE RIS A 850m LI F R4 B I EBE X,
ZIEERE Bl AL RS R L R AT, E B AR R
B, VS B, A B, R T R B E X
JER WY 750m DUF AR 1L Febi X, LA X R e )1 B B
T8 X JH 0 4R 700m DU IR L bR bt . % K
P 600 —750m, A B HITEHSE 8.9 ~10.8C , 4
B =0°CFH 2600 ~3000°C - d,1 A A &5
H-3.9~0.3C , FEMHFEHKEET1~9.6C, 4T
AR KE 390 ~560mm, AXSMHEERFEE, WER
LA X AR A R, B E SRR RS, B 1D
Z M, B2 K RO E, AR AEEnEAK +
PRFE, T U M DX EE A T SR A 7=, G R, PIUAT LA Rt AR
HEMEZERDEHEE™, Bk R &0HF
FHREK,
IBXAXFEIEERKX, FE/MEBNIL

B EE X UL TR 800m LR 9 RUE X, B AR IR AL YE
X ,dtZJkil 800m DI FHEIX , % X ¥#E#k 350 - 780m,
HRAETHPF AR S 1 ~10.3C ,AFH =0CHE
2300 ~ 2780C - d,1 A HBEEHSE -4.1 ~
-6.3C , HEWTHSIRG6.8 ~9.9C , = F K E
250 ~320mm, JEALPEIRIFEAEE R, FKkEL,H
AP b X A B SRR AR E NG R4, R R AR

FAFE TP, ERR, HEKERE AL, £X
jtiﬁﬂ*%ﬁﬁ TR AR, B K S5 1 1T, i 2 BV

SAEARE, R, BKAEIBRE 158, ANRE N R AR A
%émﬁ SR PR AR RS R,
2.3.3 WEERK

BRI X A RER X, & X8 %E4 A E

0.45<P<0.69, HPF A XAZEELWKKERX,
FEAMRFE A LR % 1E H X A ¥4k 1150m
DTFRZEERIDX, ZIJLE R 1000m LT E L
X, AR T 58 B AR N E— R Z B 45 Hols, KB
FERYLFNBEW W B2 WG 3R 1200m DL F XK, % X80
750 - 1150m, 3R A BRI THSIE 7.1 ~8.9C &4
FH=0°C BUH 1800 ~3542°C - d,1 J HREEWE,
H-6.5~ -3.9C, BEYTFHSES5.5~7.2C, &
BIREKE 320 ~630mm, %X KSR HAFE 2
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- 56 - tH ok R %

34 %

HRAR R ER, TH 5, B REREL
AR RGE X

MB X AEIL R RIET X, £ 54 7e g A
LA EE X AL 1000m U FHEEX ., %X
YEHR 650 — 1100m, HiSEAE B P HISIE 6.1 ~8.6C,
HF H1 =0°C FlE 2000 ~2410C - d,1 A B BEEY
R -9.1~ -5.20C ,BEHFHSIES.2~7.3C,
HF IR K & 230 ~310mm,, A I3 P 30 Ml X R 44 TR
EBAE LA, R X B FK 4 A P K
R B, Iz i b DX H T 7K SRR, HE R R AN 2, SR
KRR VRE MR, WEMEI AR K,
PRI R 0 1 [X P 7 5 | 6 R X5 2 e 1 o H i 2
THSET) s O X A0 A A RE ) R S B
PR £ GBS G, R LM IRBWT
VRPERESR I SR Y R A KA AT NS A
Bt BTN 1 U A o o
2.3.4 ABETKX

VX ARER X, Z XIS &G HHE P<0.45,
HF VA RARBRILUABEE R, EZR BRI T
ZIA TN 1200m PLEAERILX , 2 AMACh £
AR X, SRR, BN SRR E T E A S H
WMEEFAE, VB KoAPILE EREREEX, &KX
BEEN TECKGEERILF LK & SR,
ARXZOEAR, VB, RS EER K. B
IR, B R K ARt 22, TSR AE BRI KA, 1
HAIRAK, A ST ™ i, T A R T E,
3 Zwh5itig

(1) LA Irim 3Rl K WS s a b P v
TSR RIS B, LA R AF R PR P 3 = X 4 B AR
FAF 3 H3E =2 5 M P AE T RS M E TR 24
TEHCHE , AR R B R & A B IR K8 21
AR M BV 3R A = PR B R e AR R A
TR B P TIR SE S B X RS R R,
20 {H40 80 AEARIMSRAME R RITEHT 7 A WA,

() ARRKR, Z BB HE RS MR
TG F IR, 4 KA 5T 4% R R 4 /N )Y
R, N A GIS Hi R , 45 H e 76 0 I i X3,
100m x 100m 4% & b B X RIFEAR S EE RAE, R
FREA VA B 7 B 45 BB 5 Tl 3228 B S48 B A
LR RIE, KRR b R TR LR
SHEETHIXT YR A E AR BRI R BT, KRB T
RIZE R 22 ) 5 PR AR 4R AR BT

(3) KRG R B, BV A S R REE X
FE O FE R R DU R L S v R 84K 600m LLF 1]

IR, LK S H B R H S AR 1 K 700m
IR R X B B X R E S AER R ILERR
850m LA F 4RI R B X, Z# IR R L dL g
YR 750m DA 9% Ll Fo g i, LA BB b R Gl
X LAtk 800m LUTF 1 & Y Hb X, 3X 5B U 45 Th 3
PR EUREE A B,

(4) BEPEIhSRA 7= 5 [ N THSE 3 7= XA H, fE R
TR R AR TE R N R AT R A B, PRl AR
7 BRIl SRS X, S e 7 3 3 A K e A
X3, 7 78431 FH 24 K S SR IR B, 35 7
PERARIE AR ACY, I pR B T S P ok A AR TR 2B AR
KR RE X, + # AR R, B & G4, &£ F 0™
FE RIS R BRI 3% B A A2 T o A, MR
BRI R R, E TR AR s B R L R
EE X WE RN, MR AERLRE, ML E,
W, B K E WK, QRN SR K £ AR RE, S
HE, UFLUENE N £ B E R 58, AR
WREMKIER AARTE; P EEEEX, KEFREK
FAF MR N EEBRAR LR, A, B KR ALRR ST
B, AR IGRM A MIESEM, Bk LTREAMER
AR ZBEINRKEER , KBS, (HEE
8w, U 2 SR AR E R A R A,
FRARRER X ; WAL RIE R BSR4 7=, K
SPRIRIIAL TR K TR, REHbX o] ZE5 | 3
R TR DX T8 X4k R L H W U S 5 W 40 b DX T M 5 A
S, BEREY A P IR BB R M BT 1 A B, 1L
T XA FIHTE NS4 TS e iR IE F AR K

(5) R A K 32 &R BRI IR 3L A
ma, K S A MR E SR, AXRIE RT3
HF R, % 5 A AR SRR RIS E,
& EfedE— e e, I BAE =1 S ME,
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