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Analysis of key climatic factors influencing on seed cotton yield in cotton-wheat

double cropping

HAN Yingchun, WAN Guoping , FAN Zhengyi, LI Yabing, FENG Lu, MAO Shuchun "
Cotton Research Institute ,Ministy of Agriculture/State Key Laboratory of Cotton Biology, Anyang 455000, China

Abstract: The gray relational grade and stepwise regression analysis were conducted to analyze the relationship between
seed cotton yield and major climate factors, including accumulated temperature, rainfall and sunshine hours, in cotton-
wheat double cropping system in Huanghuaihai cotton region from 1993 to 2010. The results indicated that the yield
variations among different years were mainly influenced by accumulated temperature above 20°C , and followed by sunshine
hours and rainfall from April to October, with the correlation coefficients of 0.4463, 0.4052 and 0. 3133, respectively.
During the growing season, the yield was mainly affected by sunshine hours in August, sunshine hours in September and
accumulated temperature above 20°C in August. The correlation coefficients were 0. 7201, 0. 7116 and 0. 7042,
respectively. The stepwise regression analysis also showed that the accumulated temperature was the key factor positively
affected the yield. In contrast, rainfall showed a negative effect. The regressive equation (P=0.0007598 ,R*=0. 7477 ) can

be applied to predict the seed cotton yield of cotton-wheat double cropping system in Huanghuaihai cotton region.

Key Words: cotton-wheat double cropping;seed cotton yield ; climatic factor
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P AL 964. Skg/hm* (294 24 FAF A 2473, 5 kg/hm® ) ) 2248 B 45 1987 4 il (L 7R 4 22 A 19 JOFF A 7
3900. Okg/hm’* ™) ; B F R A5 1994 AT 1730 Bk 74 44 M 22 T VR AE AT A 7= £ 2428, 5 kg/hm® ) H FEAO B2 e
FERFFE T 1993—2010 4F 4452 18a 1 s 8 NAR IS T MBS TR 5 F- 2 2660. 2 kg/hm® , 25 fk 5 Fl
1 1282.5—3583. Skg/hm” , AF S R EGAR 25. 17% (£ 1), FRHIAH  EE I NAREA: B W], SR T 1928
AR SRR AL T A PR ) 0k 3h ) = B4 R

A AN F XL T B R I 5 A VF 2 R3E 7 5T 05 1 22 R AR G e i 647, B T
SET5 A5 B AN A OB AR B I 2, e LA R 25 51 1982 AR XS R I H R A i T Ikt RS HE
B IHEEATEERGE(KORGE) R THESMW T FB, Ak, KERGEHISHR ZRH, &40
A5 e —FIRE 1 ol A K 2 T (A3 428 14 A8 o v e R IR B 4 ST [l 0 )y i Bl A T B A AR i 1 1 SR A
P A AR e 14 [ R R R B AN 8 2 DR T A O e et R [ I D R AR 5 I K €5 5%
AT A% A [T A 7 s | s TR VA X 22 PR (X 1993—2010 4224 P ZAFIAE 18 4F SR A AL kP AR 77 it
FIRH R G B RFEA T OCHR BE 43T, SR M P RO AT AE AT A ™ et A DGR IR, 57 PR AR P i 5 00
SRS DT [l AR A L AR AR it hy 22 A S T R % R I S K A
1 #R5HZE
1.1 MRS 5

SR M A % R4 )RR AL, Bl 1993—2010 4E AR A6 4= K &= 4—10 A {5 #9 = 10°C 1
i =15C AR  =20°C BUR MK B H 8B K08 =8N T, R E RO B 2 B A AE BT 5T B IR 56 3t
1993—2010 422 1 P AT PR AR AL - X AT A8 B0 7= N A S R 7, R4 7K 68 S K A B R 22 034 26 1A 43 A, A AE
st A 2N X 234 SR, 22 AR P AC 7 SO AR 4-2 S CIFE 1. 4m, Bl 4 15702 2 174 AE) A1 3-2
A (HFTE 1. 4m, Bl 3 11/NE2 2 ATHRAE)  S5R FHZ8 4 MB35
1.2 kb si

FIH Excel XSG PORHIRE: [ P~ b AT 308, Fe K (5 R GBS ZoR 751 g 1993—2010 4F K44 7~
B ML FW 4—10 H=10°CHE . =15C IR  =20°C BUR FEKE R H BEEOUN— 8k g —4
ARG, ZGPIBRAR BN EEES Y ) ,i=1,2, 18, 2R FE M 4—10 A =10°CBUR(X,,) . = 15C U
(X)) \=20°CHUR(Xy,) K (X,) HIRIE(X,) (B H =20CBUR (M, —M,,) FEKE(Mg—M,,)  H
SRITA (M 5 —M,, ) S8R T TP, B0 T i 200 ) B v AL B R PR AL e Y = YV VX, = X,/
X, (j=1,2,,5) sM= My/M, (k=1,2,+,2,1) . BISEAMIR AN B F- 28, T T3 (8 2 ot 17
B A T & R LGSO, 15 I EALFE 1, SR DPS B b B 2 457 ik H & S50 5 7 B R 48 06
BRI, AR R = o AR R (3R 1) M R B AU T A A8 i SR DPS B b B R 587 K
PE AR A AT
2 #RE5SH
2.1 PUERRAEATRR ™ B 5 A0 R B R 6 0GR 43 A
2.1.1 Mt m A5 ) R

F AR AERAR = B 5 A A N PSR P T LB (R 2)  ARAEAE K Z T 4—10 A BUR AR A6
PR FAERN T, =20°C BUR L = 15CRUE . = 10°C BUR S SN 15 AR AL F-HR 7= 8 1 SC 1 R 5000 3 oA
0.4513 0. 4442 F10. 4309 ; HCh H BRETEL, 5874 7= 5 19 JCI0E R ECN 0. 4099 5 R 7K S X0 FF i 77 8 14 52 ) i
/N SRER RN 0.3060

1993—2010 4EH1 L) 1996 AEARAEFFAR = S B Ak (2 1) 1L 1282. Skg/hm? %5 1993—2010 4 F- 37 1 I
1377.7 kg/hm® JlIEAE] 51.8% , ZAFEE 4—10 H =10°C FUE . =15C FUR . =20°C FUR A H BEA 505 18a
SER AR 119.4°C + d,136.4°C - d.254.9°C - d 1 184. 9h, 1M P /K F U140 142. 8mm, 1994 AFEFFAR ™
3583.5 kg/hm’ , =i fie ey, 38 18 A3 G 0R 34. 7% o ZAFE 4—10 1 =10°CFE = 15CHUH  =20C
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FRIR AN BRI 18 4443 B3N 112.3°C + d.,187.3°C « d.213.6°C - d il 254. Oh, i [# 7K 8 ] 5 fin
172. 4mm , FFAR P 5 fe i AR 1994 1996 4F | B /K it M 5T S (B3 i iy, s R 19 DXl RAE THRAE
AR 4—10 H 43 511E], 1994 AR RRIR AT H BRSO i, 1996 4 AR A H BRI Eomi /b H B R8s 6 H 4y
551996 4EFH 18 AR F-BE A0, Hog A Oy Y W i, BRI E 7 i s I Y 52U R -2 H BRI ORI
T, T 3 K X 7 S Y RE M /N 5 AR DB R /D | K 2 B4R S 1A, il G RS R AT S B K 2 i 2
T o XROCHK BE M4l R — 2, SR IIF K G OCHR FE 73tk - A T A AE A 5 0 2 AU S AR PR IRl ™ i 1Y
KRIHOR AT, A5 S5 e T 58, Ak P=SC BRI A A
F1 1993—2010 £4—10 BHEESEEFSHETE

Table 1 Key climatic factors in the total growing period of cotton from April to October and seed cotton yield of cotton-wheat double cropping

system in 1993—2010

=10°C Bl =15C IR =20°C R

° I R

P At oo o o

Year =100 =15C =20C Rainfall/ mm /h /(kg/hm?)

/(C - d) /(C - d) /(C - d)

1993 4332.0 3977.4 3059.7 432.9 1352.5 1953.0
1994 4627.1 4358.6 3497.2 639.8 1450. 0 3583.5
1995 4419.3 3967.3 3045.4 411.2 1319.8 1464.0
1996 4395.4 4034.9 3028.7 610.2 1011.1 1282.5
1997 4548.7 4221.8 3189.9 199.7 1435.3 2908. 5
1998 4675.0 4408.3 3657.9 630.2 1075.3 3102.0
1999 4590.2 4332.8 3271.3 403.6 1015.3 3448.5
2000 4574.9 4199.3 3469.7 922.9 1147.5 2466.0
2001 4659.0 4338.8 3518.5 431.7 1115.4 3202.5
2002 4449.4 4128.4 3258.2 290.0 1096. 0 3201.0
2003 4374.0 3937.0 3057.6 484.8 828.3 1878.0
2004 4395.4 3974.7 3104.9 455.3 1283.4 2382.0
2005 4611.5 4297.1 3331.2 411.6 1366.6 3262.5
2006 4616.3 4342.8 3371.0 276.5 1123.8 2934.0
2007 4466. 1 3961.9 3299.5 337.8 1144.4 3174.0
2008 4477.5 4119.5 3221.9 486.4 1131.5 2608. 5
2009 4520.9 4387.3 3213.3 598.3 1328.8 2523.0
2010 4534.0 4095.5 3508.2 390.0 1303.7 2509. 5
F-# Average 4511.7 4167.4 3268.5 486.5 1192.0 2660.2
CV/% 2.33 4.05 5.77 35.85 13.98 25.17

R2 1993—2010 FHRIEEFH (4—10 A) SIEEF SR AIREFR SR KBS
Table2 Analysis on the grey relational grade about climatic elements of cotton growth period (from April to October) and seed cotton yield in

1993—2010

=10°C =15C R =20C
i e v T S
Ttem =10 =15 =20C Rainfall/mm Sunshine hours/h
/(C - d) /(C - d) /(C - d)
%éﬁ)éf;: . - 0.4309 0.4442 0.4513 0.3060 0.4099
Grey relational coefficient

X3> Xo> X > Xs> X,

Gradation of grey relational coefficient

http ; //www. ecologica. cn
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2.1.2 MAEARRIAF WA A 75 7 5 G

A MR PR T S ARAEA R AE B 4—10 A 0y 8 A AU TR F 0 Mg> Myy> Ms> My> My> M, o>
M,> My> M, > M,> Myg> My > Myo> M, > My> My> M,> My> My,> M> M, (£3) , 7821 AP BT
T3 AN 8 J1.9 A H RIS BRI 8 4 =20°C B, B AL AR B I N4 T AU A1 LA H IR ORI ARG )
PR SE I R K SRR AL P B SR BN X IR AE AR T 4—10 &SRR T SARAL ) i OCIR
Praf ik —2.

FRAEAN ) A= 300 H BRI E0 5 7 i 1 OCIRFE (R 3) o PIEARIAE AR AL RF AR 7 1 5 AL [m) A 7 00 0 1 Bt
BOCHRE fe ok, Hoh LGB 8 3 i H IRINFEOCIR B2 e ok, ok o 9 H 35 =02 5 54 A 6 J1.7 AAI10
JTBY H RIS OR ™ 0 1 SCIR BE A v . R IIARAL BRAESS #2101 8 1 03 % H BRI 430 A2 1) 24 7 1) e 2 22 1
2 LCH(5 A0 Ak 22389 A4y) H IR s R 7 s R I ik 225 81 (10 ) /Y H IR Eoos 7
AR S M i 553 AT Db e 9 T A DX A2 AT 1 S S VA AR BT SR B i M , (2 A A 5 P SR B it AL A4 AT, B
K AT ; J5 AN AR B R, SR IR O 28 | 2ot BLA s Sz 3 R AT A R 1 7 1 it

R3 WEAEFREBHRERFSABRBIEFRTEI RIS (1993—2010 4£)
Table 3 Analysis on the grey relational grade about climatic elements in different cotton growth period and seed cotton yield in 1993—2010
HFH A Growth period

4 A 5H 6 H 7H 8 H 9 H 10 A
=20°C #Uf Temperature 0.47440 0.66911 0.69016 0.69635 0.70416 0. 66893 0.37357
F#7K £ Sunshine 0.45099 0.42312 0.54139 0.48115 0.40373 0. 44058 0.36433
H &S5 Rainfall 0. 64858 0. 68396 0.64353 0.63454 0.72010 0.71156 0.59425

FRAEAN ) A B 10 =20°C BUR 5 7 i W OCHRBE (3R 3) o AR 52 M P SR ARLAS 46 7 8 1) |l UM A 1
FLA IR AL BRAEZE 41 8 4y =20°C BUR 57 f i R B e K, o 7 A8 =9 A6 A5 A =20CH#
5 i I SCHR P A Ry, R B BRSP4 7= 6 1) 5% W e g 1) B S ZE TP AR 4548 1 7—8 H s FEMRAE A K
F A A= B AR ,5—9 H BUR A SR R AL B = s i i K, 5—9 A A AL = % il () SR e 1, e B B
B EARTRRATINA K R Es 48 2 Wk B RS 0t 22 40 SR AT 0T S A AR B I BRI,
L IR UERE T MR, 1 ™, TR R E D I SR IR R S5 b g, P S BARL A A2
PR A A AR AR R A KGO B A 7 ) SRR

FRAEAN ) A B IR K B 5 e B B S BREE ( 6 3) o WK o) P SR AL AR A6 7= B R /N T I R B R B L
PR AT AR AL 77 e AR AEAE B I 45 A Bk G DGR B3 3/, o DL 6 Bk i i QR B B K, LR Ry 7
=4 .9 AMS A, RUFBKE B2l A e 25580 6—7 A Gy A 164 K A Bl i s
M e il LA A Tt B R . 6—7 A BERELH N SR AL AT FAE R ZE RS vk AR & B0, R
A RAAEm: 2L K I 22 | FH RV RGN, AN M A A6 1 ik 22 L2 4838 , T - 8508, IR, 2246
AFETE 6 A LA WUR N A KAE , ks A it As AL, 2 AR AE R R, $5 1= P 401 A AL i 2R ) st i
W B , R TSRS FT I DA A P 3 XU G 2, BRAIC FE (R , mI A %007 L2 B i A A = i
2.2 FERMGEEF SRR 200D mH 5
2.2.1 e R AR5 80208 I

DLZE R R = o PR AR o (36 1) , A B AR 6 FH 5 R A ™ d DG i = 1) =20°C B (X, ) L, DA
K&K (X,) ATH BERFH(X,) %5 3 AR T, 36 54 A {AR & g A2 4 R, 7 3 N M7
H e X A S [ A O R A AR e, T B R T R

Y=-5805. 52119+2. 7040824572X,~1. 5008364122X,+0. 23567189240X

FHRERY P=0.005168 ,R*=0. 5867 , Durbin-Watson=2. 1 , 3 B i 32 45 [0 9 3 57 (%) 05 A 1T DA 1 2 AR

DX SR A 7 ) T AR
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AR 3T AT LUAT RO P 25 Aol i DR300, 8 2 AN [ R 3 ) 445 2R ) 2 I R B2 DR L X 4% R SR TR 1
5P AERARR P R A TAR ST (R 5)  RE RECR® 1K 0. 5867 , R B B2 52 M P AR AL RFAR ™ k) 222
SR T R B i KA 2 =20°C R, D TEASONE 5 LU Rk i, O S0 2000 5 57 = H BRIP4, S IE
ROV, MBI 7 ) BN R B IERQNE 33 MUK (8 S A 45 R — 2L

F4 ODRAFEHBEXSH

Tabled The correlative parameter of regressive equation

| 3 ye Tl bin- S

A EIEES MIEEY @4 ﬁ Jif P E . . Dulblr{ thson

. . .. P value of regressive P value of regressive R Giit
Variable Regressive coefficient . . .
coefficient equation Durbin-Watson value

X, 2.7040825 0.000784647 0.005168 0.5867 2.1

Xy -1.500836 0. 056056935

X 0.2356719 0.740513397

R5 ANEFRESKATFHERERRY
Table S Direct path coefficients of each climatic elements

KLHF Climatic elements X3 X, X R?
12 2B Direct path coefficient 0.7626 -0.3742 0. 05869 0.5867

2.2.2 MAEARE TIN5 8 2 o0 4 BUE 234
A KPR P B S AR AR T I 4—10 A4 H =20°C BUE (M, —M, ) XK & (M—M,,) % 252 4~ A48
B A AT A R A AT
Y= -6407. 38127+10. 779309138 M, +8. 412503403 M, +7. 058092973 M ,—5. 458101094 M,
£6 ERKEIEXSH

Table 6 The correlative parameter of regressive equation

ISEY *P{E .
AR DIEES P lqu Z%fé& P ﬁ p lﬁ%? P X R Durbin-Watson 4 i1+
Variable Regressive coefficient vatue o rfegr8551\ ¢ vatue o r.egresswe Durbin-Watson value

coefficient equation

M, 10. 7793090 0.0070568 0.0007598 0.7477 3.0998
M, 8.4125034 0.0330676
M, 7.0580930 0.0203180
M, -5.4581010 0.0035845

AL REAS 7 H=20C IR (M,),5 H.6 A8 AMEKE(M, M, 1 M,),5%HF PHEE/NT
0.03(FE6) , B ITFE P=0.0007598 , R* = 0. 7477 , Durbin-Watson = 3. 0998 , 75 2 1] D izt FT] T 2 VA% X 24
FF R 7= 2 1) TN T4

WARATIE BB R 3K 0. 7477 (2. 7) , R WA B T2 5% 0 P AR AL R AR = i 1) R AL T, Xk
M= f s M i KIS M, , B8 H AR Rk, R S8, Rk 8 22 p BTG Lol My, BV 7 H 4y =20°C BRI,
SAEREO , AR 22 P 5 = M, AT M, B S AR 6 A KR M IERN .

RT ANEFRERESKEFHERBEERY

Table 7 Direct path coefficients of each climatic elements

K% HAF Climatic elements M, M, M, My, R
H B2 R B Direct path coefficient 0.4591 0.3690 0.3819 -0.5453 0.7477
3 itig

TERCORIR AT R AR T K@ ZR G, 45 DT BT B DRI B HE P R R R, R %2
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AR B SR T AR PR TR A 3 L FORL R | BEAE 78 4048 R 4% R X 7 R R e ) B
W28 A [ A 5325 AT LA K 2 AT R % 114 725 a2 mp b 20 6l 7 1m0 05 O R P A T L A o, ST < el [l A
W45 X 7= A S M A T R AL AT ASBIF ST B R A0 W7 AR 2 A, IR R AL T A A A e R
A PR X8 R AT AR R ) R

JRAE RS BT 45 S 3R I A A6 4 A B I (B 6P HF A ™ 2 52 e e K ) 2 B, LR IR . =20°C Bl >=15C
FHIE > = 10°C FRIE , FLOCHEBE 43514 0. 4513 0. 4442 F1 0. 4309 5 {H FH IR X 77 5 14 52 0 32 32 SR PRZE TG 09 8
H.7H .6 Af 5 A 2GR = g 52 7 55 T H BRI AR AL BRAEZ5 2 010 8 H 1 =20°C BURLX ™=
R ERA, DM AR R AR 458 — 5, A R A AT AR P G 5 — SR B AR IR T H R R, %
KB 0. 4099 ; TEARAE AN R A B B LAARAE R AE 25 80 10 8 Ak 224 9 9 H IR BI06) 7™ 5 e e K, 3X i
BRAAED SRATIE S RS S5 ie—30, oK 7= 5 00 IR fee /DN , 1 R 4 98 45 g R T, T X
T8 P R AL B2 A B RE MR, 3 1T B S FR T B0 X AR IR K Z 46 TR e 7—8 H 0y (HFFEERT R K AN [F]
TR VTS DX P A 25, DRI T X AT A 7= ) 52 M 8 /N P

A [V A 43 485 S R 2 0 5 i 19 S00RR A0 7 190 =8 A M IR P B, ELA I A%, BV A A 1 40
[E] , R AR vy 7 By 5 AR 4 A 7 S0 1) R K S B X 7 Y B2 el S B A, BIVRAE /K s A 7 AT 5 H AR IRk
X S o BN . i — 2RI 4—10 F % A KRS = s T % 48 U sy Hr e SR 1,8 A Bk
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b FREACSE R, 2 U DX A /K A I A B S S B IS M DGR e I 0 8 H BRI R
AEX R | BRI e B 254 1 R AT, B K R R 28 S 5 829% n] 3 =R ™ Bk A=
NI =, 1S H A 6 H 4y & F Bk e X T 50 R A, 1993—2010 4 18a 0] 5 H F YRR K &8
35. 7Tmm,6 H 3P KE 60. 8mm, i H Gt Rk E 5 4—10 AL 4 T IR K =Y 20. 6% , it IE
MR E TR KRN , UK 2 S8R S AR KR R, AR R A i 5 A 6 A Rk s Xt
FEAE A IE RN ,

BN AR AP ARAE AR A L AR AR T T R B B R Rk | b I 5 A AR R R R AR R, 5
A .6 T E AL RIFERE K, 7850 RIS TGEIR A2 sE 48 = = bR v s SRR 2 ks AT 0, By 1k (R
i, BV ZS SO AR, R AR AR R L SR T A R
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