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BE.[Ew)E ARk A k%K ZF R 4 (Decision support system for agrotechnology transfer, DSSAT ) £
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Influence of Climate Change on Cotton Production Potential Based on DSSAT Model

Simulation
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Abstract: [Objective] Analyze the influence of climate change on cotton potential productivity in Shihezi region by using
decision support system for agrotechnology transfer (DSSAT) model, so as to provide thoughts for sustainable development of
cotton planting management. [Method] Based on the field test data in Shihezi area, this study verified the applicability of
DSSAT V4.7 model, simulated cotton light and temperature potential productivity and climate production potential, and
analyzed the impact of climate change on potential productivity on cotton. [Results] After the adjustment of variety parameters,
the simulated value of the model is in good agreement with the experimental measured value, so the model can be used in the
study of cotton in Shihezi. In the past 51 years, the average temperature and total solar radiation in the growth period of cotton in
Shihezi have shown a very significant trend of increasing, while the rainfall change is not significant and the trend of climate
change is partly various in different growth stages of cotton. The actual yield and light and temperature potential productivity of
cotton have shown a very significant improving trend; the average value of production potential was 3.6 times than the actual
yield, and due to the lack of precipitation in this area, the simulation results of climate production potential are not good. Cotton
light and temperature potential productivity has a strong correlation with the meteorological factors in the growth period, and has
a very significant positive correlation with the monthly average minimum temperature and the monthly total solar radiation. But
the potential productivity has no significant correlation with most monthly rainfall and some monthly average maximum
temperature. Therefore, the increasing of temperature and total solar radiation are conducive to the production of cotton.
[Conclusion] Climate change has a positive effect on cotton yield and production potential in Shihezi.
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LA BRVS B g 32 SRR 1 AU S A B 2L
o 4% A SRR DG (Y ) B, BT ) <A 78
B2 RS UGS thi il R R
G R E R AL s i LR EY
QR =i AES AR By IR SR v b S R N PP (0]
FRAE R RIS 2548 A B ) o BRI = i S5 14 B
BRI ITAEAR | B N A TR AR AR AR
VER) A= 70 Ty s i ) WF 580 T AR 2 TAF . Sin-
narong 50z TR T #6722
FEl R K A2 7 BV TR 20 5 TR SO S5 i i A= 2 X
WL ISR AL A T BOGIR AR 7798 T 5 Kriti-
ka Kothari 47>k F] CERES-Wheat #5513 7-4575 77
B ST M 1R~ S/ N R A A A P TR T 3 7 SR
XA T AR AR BRI VLA B A f
AU IR, R, AT SRR A A AR A
PR IR TS, S R B J3E b 2 4% 24 b A
PRARE  AZ AR AEA 7 0, XA AR 7 Ml B R] &
SR ERAEEZ L,

PN AR R PR A7 R GE (Decision sup-
port system for agrotechnology transfer, DSSAT) /&
H A Sz AR 2 —P) ) ]
A5 3 17 X SR U B A D A AR AR A
ALK 35S FEVPO AR X ROl Y 52
e 7 T, N B R BRI 25 & i Aok
AR VEMI R 7, H 258 T P S M AR
Yy, WA I P s R B o3 A U 2 A AR A E 25
A= AR PR s B AN 22 DL ASBIESE LUB
AT T o ESE X sk, PPA DSSAT V 4.7 rf
CROPGRO - Cotton 45 71 /£ % 4 [X. 1) i i 1 , 8
FURRALAE 78 1 3100 A e A2 A xss Hesz iy, Ry )
PR AL A P 4R PR SR S

1 #MHEF*

1.1 #REERFXIEIET

111 Ao KB, RS T s 4 /R
HIE X A7 T (44°18'52" N 85°58'50" E), 1%
DX Ja T B 1 T R A R 442.9 m, Z4F
SRR 7.7 °C L7 AR SR 32.7 C,
1 A4 ARSI —20.3 °C, 4K
199.7 mm, 4F H FEFE 2 800~3 000 h, JCFH
180 d ZiAy , IR Hb - HES AR JEE 1 | + b

it

1.1.2 RIS, AR R AR AL S Rl N BT
Biti b 45 45 BEFRET R 2500k 2015 4E 4 A 11
H.20164F4 A 11 H 201744 A 15 H, {5
Hi/NX A 25 m* (10 mX2.5m), 3 RKER [
HLIXHES , - Ae /N A sy . SR T
THER T 3, BN — BN AT, A7 66 cm +
10 cm, #RHE 10 cm, MAEE N 19 Tk -hm 2, Ik
AREFIRIY 10 H 1A,

AR A 5 AN (N) AL, 4350128 . NO
(it %) N1 (120 kg-hm™?) N2 (240 kg-hm ) |
N3 (360 kg-hm™2) Fil N4 (480 kg-hm?), #4-4b
TR B ZNEIILL 30%E AL, HA 1) 70%7E
FRAEAE B IR A . BEIE (P,Os) FERIIE (K.0)
2% 150 kg hm > AT 2L, IR #R 2 kb
T HE AR FH — FRCE L £, At FH R) A8 PR 404
PRI R AT,

1.1.3  $8FRIIE S LR, A B I e R
DRI 7=, M — 2Pk s B — R F By
B AT IA B2 A B, 2548 B 1 H (Rl HR:
SEREA/INX REPLZE 3 BRAELRE , $2 0 A A B 407
A3FE SR FH T BSCGRBOR R i R B AR, T
THRE AR E, FrRAERUAS | B35 A FEAL
VEE 1 m AT RAETT, R A AL AR E B2 2, R Ak
2RI T S PR, TARAE S I

1.2 HBVEREERE L

1.2.1 K544 (Weather Data), G5 dE K H
ARG AFE 1967 4EZ 2017 4F H MR E]
(h) FE <R (C) E AR (C) FEK i (mm)
% H &, A H RS R] (h) AR BRER S g, =
2% “ Angstyon (317 Jm B ) 8568 X MEA AR A0S
s w |1l

&=medh§%> (1)

AP ROSKRHEFRS (MI-m™); R AR
SCHRGT(MI-m™2) ;0 7% H H BEEFE (h) ; N R
H a] R A, R ORI (h) ;a0 b 25 REL,
5YH R A R RIS AR Sk
k21 21 (Food and Agriculture Organization, FAO)
8 =025, b=0.5,

122 FHERHE (Sbuild), 580 320k A
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2015 4F % 2017 48 H RS Y S E G . B4R
FIESHOE R XTI E 4 0~100 cm + 15
53R 5 2, 100 E 5 )2 H 3R pH A E AL
BT RS A AN RGETTHE

1.2.3 [ Frig% 24 (Generalized likelihood un-
certainty estimation, GLUE), CROPGRO-Cotton
BRI A 38045 2R3 1, SR DSSAT 4.7

i) GLUE 200 08 7 A v 00, X # 4E
Yy S Rl ik 5 45 5 b AT S BB HE , e
2015 AFEAR A6 H [A]a 95 2008 2617 S 800, B
2016 Fi1 2017 4 H [ B4 1 9"& F LA
TR PP 2 T B ARSIk 2 o 1w AL AE
B R i 4% W%F%Wﬁhﬁ AT S HH
FIGHIE

%1 CROPGRO-Cotton # 2!y F iz & RETAIE X
Table 1 Definition of the genetic coefficient used in the CROPGRO-Cotton model

S Trait € X Definition of trait AT Unit
CSDL IS K M T Ut AR B 7 i AR AT H oy (it F R ) h
Critical short day length below which reproductive development progresses with no daylength ef-
fect (for short day plants)
PPSEN & & X6 RIS e AR B2 ) 48425 (S F AR Ry IEAHD) I/h
Slope of the relative response of development to photoperiod with time (positive for short day
plants)
EM-FL  AH4¥785 &% ZIAETE] Time between plant emergence and flower appearance d
FL-SH 55— fE s — M4 Z [ 1S a] Time between first flower and first pod d
FL-SD S Z A FISE — ANk 22 [8] () B5F 8] Time between first flower and first seed d
SD-PM  ZH—ANkPRir= Az Rl A BRALENZ 8] YR [E] Time between first seed and physiological maturity d
FL-LF F—Z A B P RS SR 2 [R] AU E] Time between first flower and end of leaf expansion d
LFMAX 5@ 5 F i ROtE# % Maximum leaf photosynthesis rate under optimal conditions mg- (m?+s)™!
SLAVR  Frifl/ KRAAF T b Re e i R cm?eg!
Specific leaf area of cultivar under standard growth conditions
SIZLF TSR HIAL Maximum size of full leaf cm’
XFRT 4 H B2 fiss o919 i i d ok L fsi] %
Maximum fraction of daily growth that is partitioned to seed + shell
WTPSD ki fix K H & Maximum weight per seed g
SFDUR  Fifl A= K 25 N Al SR SRR R ) 1L I ] d

Seed filling duration for pod cohort at standard growth conditions

SDPDV  #RifEAE K4 T AR -9 FkE Average seed per pod under standard growing conditions 4
PODUR i A= K 26 PF T b Ak B e 2 AR E Al T 5 It 1)

Time required for cultivar to reach final pod load under optimal conditions

THRSH ¥ B i SHR4S i 1Y Fu

%

The maximum ratio of (seed/ (seed+ shell)) at maturity causes seed to stop growing as their dry

weight increases until shells are filled in a cohort

SDPRO  FfFH Y% 1 5T & & Fraction protein in seeds
SDLIP  F—Frf[)iifi§ % & Fraction oil in seeds

%
%

i
i3
Es
Eifd
Q
gl
[l
5]
=]
4]
Q.
19
=]
3]
o




Cotton Science

116 o ¥ i 2%
124  (EYEFHAE (XBuild),, EISECRET Y ($—R)
AL T IR Ao 6 R 01 RS AR D F1 5T (3)

B R HO b A A A AR
W11 DSSAT BERIBALIARAS ; AR SE bR 4
PR 1967 4R % 2017 4ROt 7= g% 1= A 5t
THEYE) M AEAE B IR 2015 4F 2 2017
AT FH [ LIS 5 B~ R AR
1.3 RENENIER

P HIH— LI TR R 2% (The normalized
root mean square error, n-RMSE) % & & U{H 5
SR AR 25 SRR B, OF F —BEHE 4 (Index
of agreement, D) K S5 UL{E AN SEINMEL A W) 75 BEL
A IL(2)F1(3),

z (SI_R1>2’ 100%
nRMSE= || =1 - X220 (2)

R

PIRN

A, 8, ML, R SR, Jy 9 P4

fE 0 A BELHOREAKC. - RMSE /1, BT

ML ST 3 D (ELEBEE 1, B DL
IS —SCHERLE, I,

S,—E\ + \R,-—E\ )?

2 HERGHMN
2.1 IRIESMSH A IE SERIEIE

K 2015 AFEEHRIEAT T SERIE, BAME
B A ADE 5 S MME =22 8] A U3 — AR G 2 AR iR
ZXNT 10%, ISR IE A SO 2,

HH 2016 4FH1 2017 AEEL IR S USRS | 15 i A
AL HBhi . 45 5 R A - R AR 2R

®2 AXEHRERTISE

Table 2 Cotton variety parameters after commissioning

e 2 el SR e~ eSitl ZHa SRR SR
Parameter type Parameter value Parameter type Parameter value Parameter type Parameter value

CSDL 23.00 FL-LF 75.00 SFDUR 26.65
PPSEN 0.01 LFMAX 1.15 SDPDV 23.48
EM-FL 4291 SLAVR 170.00 PODUR 8.00
FL-SH 8.00 SIZLF 296.20 THRSH 70.00
FL-SD 12.43 XFRT 0.80 SDPRO 0.153
SD-PM 40.53 WTPSD 0.18 SDLIP 0.12

LN

- 17 AR 4 B0 7 B B n-RMSE 3 Bl A

8.16% .3.5% .1.46% .8.78% F1 8.94% ,D 43 il N

2 800

0.952.,0.936,0.989.,0.992 Fl 0.965 (&1 1), F W4
AEAF Y TR ORI e AR S

—~ r 7
g = "
£ 2600 | . , /!
. ’ ’ = 6 F n
| |
2 s 2400 F e g:= ,- =
’H\ ~ 7 ~ > ’
= - N | =T 5 L7
= 2 2200f . m B OT ,
< ’ 9z = 7 m
= // ] +\: = ’
- ;2000- EE 4l /,’
2 Z 1800l m n-RMSE=8.94% == ’
3 = B u Dni0es == P n-RMSE =8.78%
g N S © S © 2
& N S QS SR . . . . !
g NN ARSI N > 3 4 5 6 7
n
2. R = b - i AR RO HE
5 Simulated yield / (kg + hm™) LAT simulated value

B1 FEMHEREHNEMESIUNENSER

Fig. 1

Fitting results of simulated and measured values of yield and leaf area index
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HAVEGF R — 2, ah M SR T I e 22 MEEEMBRSKEFHENEDR

HRAE i Bl Y 2 BB AL | vl T ) 3 X A M 1967 4E F 2017 A4 T HL X AR A6 AR &
TERIRE AR ST MBS N T RAETHE ARG K 2), 47

&3 1967 £X 2017 ERAEZFEFTNRFHRE BEXKEMKELEHNIEM@ZE
Table 2 Climate tendency rate of average temperature, rainfall and total solar radiation in different growth
stages of cotton from 1967 to 2017

P H4gdre il SPH A K B 55

BB KK i : . -
Average maximum  Average minimum Total solar radiation /
Growth stage Rainfall /mm
temperature /C temperature /‘C (MJ-m™2)

&M - 1 Seeding and emergence 0.058 0.034 0.064™ 0.562"
Th ] Seedling stage 0.065 0.021 0.061™ 2.467"
1] Bud stage 0.196 0.015 0.054™ 1.216™
41 Blooming stage 0.025 0.003 0.039” 1.672"
2245 Boll stage 0.104 0.032" 0.047" 1.44~

H ] growth stage 0.448 0.019™ 0.050™ 2.675

B * FR 25 3 (P<0.05) ,** FUR 270 B3 (P<0.01),
Note: * indicates that the correlation is significant at the 0.05 level; ** indicates that the correlation is very significant at the
0.05 level.
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- 200} g 3 290
‘ I o E
g £ | L T ﬁ £ 285
%3 150 . NATARNATT | ® 5
¥ E AR AR = £ 28.0
£ WLV el 7 5
= | i T I B
100 e 0 gm (m E 275
iAW . | " ) b\
e - L £ 270"
50 F z ‘
L 1 L 1 J 26-5_
1967 1977 1987 1997 2007 2017 1967 1977 1987 1997 2007 2017
AEAy Year Ay Year
o 15.0r _4600F
ERa] T "5 4500 P
Z 14.0} =t . | [
© | ] = | -
= & 135} Tamamt L = 4400 er
£ - 0""-- - = L -
r £ 13.0f - \ .‘ AR
=g "y " - £ £ 4300 LI L I
= E 1250 M o Tem| o WS . .
¥ = bR o = k L ‘.
wEnol | " S 42001 Fol |
o S o L K £ { I
H_S 11.5;’, ™ E 4100 | " ]
% 11.0f G |
£ 105} T 4000f =
< 10.0 - - - ) = 5900 e
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FEAy Year HAy Year

B2 1967-2017 FAAFHRBEEETNRARS[KEFHZR EELEHE
Fig. 1 Year by year change characteristics of different meteorological factors in growth stage of cotton
in Shihezi from 1967 to 2017
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1A R B B AR S B T, Bk AR
AR, IF HARFA T N BB A
JIT 25 55 R - T BT A R I AR S A Bl 2
TR BEE N 0.064 C K BH R B 5 B 3
bR H ARG R 3G i LA
SO AL 5 30 - 25 5 IR AR AN R B B R S = A
= LI, MK EAEYRESREEAND
LT i AR T K RN B R
REHFHR BE LIS okl EFH
BT PR AR A L T B R T s A
L TR K BH S A S o B i 14 22 S
AEWE
23 HREFFEMNRRAEFE SR E T FE
FI Fl CROPGRO-Cotton %7 45 ) 47 Ja] 1~ b

XM AL G A P 1 (] 3) L 3l 51 4F kM AR S PR
PR DGR A PR T S R Y
AERS K 108.33 kg-hm2,49.86 kg-hm 2, 25k #
AR, MR = HE R 1262.77
kg-hm 2 (HAE PRG35, JEHR A 2001 4F 2
J& , bR R AR, b 2008 4F 2 2017 4
Et 2007 428 1998 4F i 1K 671.5 kg-hm ;08
TR P M M 4 585.73 kg-hm ™2, 7E 2003
FEIRFNE T 6 000 kg-hm ™ P b, I HoGEA ™
TIPSR SR Y 3.6 i, BEAM  KRAE =
R W AR R AN HZ e, 1A 1)
SRS BEE AR RS AR AL SE B it 50
A PR I 22 BRI W A e, U AR E AR B B R
UK N PR ARTEA W2 Tt

2017
I iR
2007 Light—t'emperaturf% .
potential productivity
, | Pdie
Ei 1997 Actual yield
—
x
& 1987
1977
1967 e L . 1
2000 4000 6 000 8000 10 000

HAAE7= i Cotton yield /(kg + hm™)

B3 AAFHRBERREBNMIGETE
Fig. 3 Light and temperature production potential and actual yield of cotton in Shihezi

24 SZEFIBENBESE NN
A XA A A B B B S 4E 4 T —10
A AR AL 7= 1 5 A3 AR A A K
PH SV S S B 35 AE ARG RS K 2 A B K BRI
oy A i R R B . ARKE S
FRAE G A 77 08 7 AH G R EUAE 8 H R i 35 IEAH
X%, HA A AR B A F¥RE RS
FRAEGIR A =W TIAHOC R BB THE 5 H .7 AR
8 HEAWEIEAC, HAH 5 ek i
FAEARG s AP AR R S GIR A 1
(R KA G 2R E0R 0.68; H K PHESR ST S5 M6
A =0 ARG R BRI Ry 0.431~0.556
(% 4), ULHHSCHR R IR A6 = 1 AR AR =
A RVHEN, AW FHIXUT 51 4EA R

ARG A 7 9 0 B BRI 1 LAl AR BH SR
S FEBSERN R KB IREINR

3 ik
3.1 DSSAT #HE R AT X fiE A

ARG 1 R TR AR AL 25 L 8 A% 35 % YR b 2
AR A AE A 77V 1 (52, H IR R A AE—
LB ] U ERTT

— 75 T E A R WF 5T DSSAT A5 1Y i i L 4
HWETZWIL N T 54 R H )4 FEAL
it D BR OB A, (AR TR Y AU 285 SR B
REUEDS ) BRI X, (AR o HA R
PERERS) 2 I

T3 — 7 T A 25 A ity A R R e 7
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Table 4 Correlation analysis of cotton light and temperature production potential and meteorological factors

Aty Bkt AR

Month Rainfall/mm Average maximum temperature/C Average minimum temperature/C  Total solar radiation/(MJ-m?)

4 0.026 0.442™
5 0.041 0.268
6 —0.060 0.445™
7 —0.086 0.007
8 0.324" 0.105
9 —0.063 0.391™
10 0.020 0.348"

PR R RPH SR
0.598" 0.475"
0.592" 0.513"
0.680" 0.556"
0.467" 0.456"
0.570" 0.494"
0.506" 0.556"
0.428" 0431"

T FORAEHF56R A 1 5 B EERDE(P<0.05) ** FIR TR N F 50IRAE ) S B EHDE(P< 0.01),

Note: * indicates significant correlation between meteorological factors and production potential of light and temperature

(P<<0.05) and ** indicates very significant correlation between meteorological factors and production potential of light and tem-

perature (P<<0.01).

1981 4 28 2008 4F- (1] & AR5 9 F A
T AR 2015 AEHTRAR AL B E R AR AR
PRI 29.7%2, XA A8 7=t 3 N 1T 2216 114
S T LA AR A A AR A 7 0 T 1 R A T
BT
32 WIEEFEBEINGEE

F AR 1R D A 7= 08 D0 Ak 58 5 a5
KHIEMEA Fr 2253, ARWF558 F DSSAT AR Il
SRR AL IR A T T ST He A A 2 X R AP
BBUEAR, R DSSAT BB AL 2 AR
TR A =18 01,38 7% TBAEY A B R B ™, 5
Gh AR TR R, HEEAREMTT
(IR K TE T AR AL IR H  KF5oR, A T3
SRR, R R K B i > T BB R A AR S
A5 A P20 T RS SR AN AR

4 %it

23k AR S5 R I DSSAT #5174 14
BEALE 5 [R) 06 0 SEE ) & B 38 s, 2 RE
W T4 - X AR AE ROBSLRFSE . 3 51 4F ok
71 DA A A 7 30 1 - 4 AR R K B B
SR E LI BoKE R B E R, AL
£ S % 7 DGR AR P s ) S L b T e
A I T RS BRE E Y 3.6 £, UREHAR AL
EAFTEARRRY B Th2s ), R4 T AR AE G
YR A 7 S LR R K B B B
ST KRB R 2, R DR Y

S T AR AL R R
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