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Assessment of ecological suitability of winter wheat in Jiangsu province based on

the niche—fitness theory and fuzzy mathematics
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Abstract: In order to quantitatively evaluate the influence of weather and soil on the growth of wheat crops, we use the day
—to—day meteorological data from Jiangsu province during 19802010, and develop an ecological suitability model of winter
wheat on the basis of the niche suitability theory and fuzzy mathematics. The growth suitability of winter wheat in Jiangsu
province is evaluated and the regions in the province are delineated for different degrees of suitability with the aid of GIS
spatial interpolation and analysis technologies ; the different degrees of suitability assigned included the most suitable, more
suitable, suitable, and not suitable. The major ecological factors affecting winter wheat growth such as temperature,
precipitation, sunshine, soil depth, organic matter, and pH value were considered during the analysis. The analysis process
includes four parts. First, the analysis was performed taking into account every growth period of winter wheat, to gain spatial

distribution of meteorological stations during 19802010, using the most suitable method from the six spatial interpolation
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methods, including IDW, Kriging, and spline. Second, the analysis was conducted using the fuzzy mathematical models
and considering the obtained ecoclimatic indices for the crop’s growth period, and the suitability of temperature,
precipitation, and sunlight in different growth periods. Third, the weight of each meteorological factor at the different
stages, the suitability of temperature, precipitation, and sunlight for the entire life period were calculated for analysis.
Lastly, the comprehensive adaptability model for winter wheat was constructed using the relative weight method which
determine the weight of all factors, each high suitability degree factor multiplied to reduce its weight while each weak factor
multiplied to increase its weight. The integrated suitability values of winter wheat were calculated using this comprehensive
adaptability model taking into consideration the previous results that took into account the temperature, precipitation,
sunshine, soil thickness, soil pH, and soil organic matter concentration. The conclusions of our research are: 1) The
suitability of temperature and sunshine hours gradually decreases from north to south within the study area, while the
suitability of rainfall gradually decreases from south to north. 2) The suitability of soil thickness and soil organic matter are
higher for crop growth in most of the study area, while the suitability of the soil pH value is low. For climatic suitability, the
suitability value of Jiangsu province varied from 0.68 to 0.81, where the suitability in middle and north area exceeds 0.73.
3) The climate of Jiangsu province is suitable for the growth of winter wheat, and the suitability value decreases from north
to south. Considering soil suitability, the value for middle, south and northwest parts of study area are more than 0.7, which
indicates that they are suitable for the growth of winter wheat. 4) The comprehensive suitability degree for most part of
research area varies from 0.5 to 0.86, which is considered suitable for the growth of winter wheat. Our research can provide
reasonable guidance to the scientific plans for the cultivation of winter wheat in Jiangsu province. Furthermore, the
developed suitability model that considers crop variety and its growth stages provides a new method to the crop ecological

suitability evaluation, and can be used in similar researches.

Key Words: soil; geographic information systems; crops; fuzzy mathematics; climate; ecological suitability; Winter

Wheat Varieties
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FHHTHZNEERTOROVEECFEEE  H AT BRI 18 4xiin 5 8 Uk | B3 2 A8 N1 AT 904
/N FAEIE BN BB, A/ N LR B o 2 U L O TE ARG L AR SORR IO Ko i T vk
FIAE SIS IS , W/NE BRI 22 16 5 1925 A B IR0 AR AR HH &, 238 5 B A U B £ 8 BT
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T ARSI AR T LB RE A/ N2 o DX IR A R B A AR
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1.1 B

F E Z A O B TT 95 SR 40 456 1980—2010 4F H W FERL , (4545 Kk & | H
WIS B8 s VLA TRk n + 25 5 | 398 pH (A HIEA LB & &, tirg ot R g 41k ; N STRM ¥ 3t
T 90 m =S [E I HER AT R AL DEM ( digital elevation model ) ; YLJ3 45 2 /NZ 32 16 5 il M I A6 £
I K= s s, VL8 R FALL
1.2 Hdnib g

R G TR/NLERFE 16 B 7 MEFBRRIIRIE, 85, FILIRE SR 40 DR 30 a 19
T K | H BRI RS QB IR 1 AR PR IR A F I 30 a P . R, R T ORIE G
SRR TORS ARG RE X 7 A A B 40 1ok OB B AP 241725 (invers distance weight, IDW) | 3538 5 FL
4 ( Ordinary Kriging, OK) \Pp[A] ¢ B 4> ( Co—Kriging , CK) A M 4% 1] 3 PR &Y ( radial basis function, RBF) H7 (£ )]
FEAS IR IIRE SRR 2% 6 Aol () 47 {1 )5 125 S5 BU 2 [E) 4k , %0 235 SRR AT 58 SURL 3, 187 P-4 246 X 52 22 ( mean
absolute error) FIJ AR 1% 2% (root mean square error) YE R PEM i (EKS B 94K B . 8 7 A F 1 6 FGEE T
REEFRXT a5 AOR B AERRE T CK, K A nAG (7512 OK, H BRI BUf (LR 19 7 2 RBEF
AR IR S5

®1 HE16 ShERMEFTH

Table 1 Growth periods of winter wheat variety Yangmail6

HF W] Growth stage A B Period FHL Days/d H 1 Start and end date
R Sowing stage 10 A Fal—11 A T4 25 10-25—11-20
Sy BE Tillering stage 11 A NA—12 A4 30 11-20—12-20
A Over winter stage 12 A¥al—2 A LAl 50 12-20—02- 10
& ] Reviving stage 2 Hfj—3 H LA 30 02-10—03- 10
17 1 Jointing stage 3 Hfj—4 A 40 03-10—04-20
Y] Heading stage 4 A FH—s5 A Il 15 04-20—05-05
Y] Maturing stage 5 Hfj—6 H LA 25 05-05—06-01

2 MIRAE

2.1 EEVEEM R
K MW 2 G R B BTN B TR ZE A B MR8 B AN R R L oy

n

IFI:Z(F[XWL.) (1)

A IFT RZEAE B F NS« DVEM PR SEEE , W5 | DNIEM Fe bR AL
SR 16] KV T5 8 & /N2 AP RS BRI 43 B0 H (>0.75) GE‘H (=0.5—0.75) KGEH ( =0.
25—0.5) FIAIEE(<0.25)4 54,

http ; //www.ecologica.cn



4 2 R

B
i

Eild 36 &

22 MGE WiKE

VEW Y A 2535 PR B0 F O IR SR oK R A A HLRT  pH AR B & B R R L R e 1Y
XEFREFA ), 4 T EEMERFE , R NHEZ e 8, AV A K & F R BoE R H et
2 BN TR] P10 26 2530 I TP v DR S B 1) 25 5 AR SR 2% S R R AR AR R AS R R e A5 TR R
FIRCE, BARREAR(2) T,

(1-U,)*
—_— 02 <U, =<1
2 (1 _Ui>2
i=1
W=y (1-0)? (2)
—xU, U,s02,i#m
Z (1 _Ui>2
i=1
1-U, U, <02,i=m

K, W, & SCRLE U ot — AN F SR8 B U, NP e i SR8 B S/ N I PRI JE B, %A
FEALEVTAN BT SRS 8 B/ N IR 7, 25 /T 0.2 BH R A BRI PR 7, DUJ T 5 2658 A F R X AL o, 75 0 ey
A PR 1 B A s ] e Y
2.3 BOMIECA SRR R AL

YEPIT B ER 5T R A 1 A ARGE B B AN IE B2 43, X SR A e PR IR | TR AR 2502 S5 T eR 57
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e sin— T+ T, <T < T,
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REIREL,
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Table 2 Weight coefficients of factors for each growth stage

R S BE] 210 BT el ity A
# KT . o . o L : .
Factors Sowing Tillering Over winter Reviving Jointing Heading Maturing
actors stage stage stage stage stage stage stage
K Temperature 0.10 0.15 0.19 0.13 0.06 0.18 0.19
H i Sunshine 0.08 0.07 0.04 0.05 0.18 0.30 0.28
[#%7K Precipitation 0.11 0.05 0.09 0.11 0.19 0.21 0.24
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[ — 243 B, A0S DX 40 B S 2 T L S X 5 i 3 L DX SR R YT 5 48 L 3 B AR Y X A VT A
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Fig.2 Climatic suitability of Jiangsu province
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Fig.3 Soil suitability of Jiangsu province
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Fig. 4 Comprehensive suitability for winter wheat in

Jiangsu province

DA [ Sk o A i P R - BV ME N R A = 0 e e - €2 1 N R R N 010 8 1 993

SRR RS IR, A s R R 4

B TR T A RAE—BL

http ; //www.ecologica.cn



14 1 EWE AT A AL R A AN A T EE A 9

4 Z5iie

AR SCR) FH Z2 76 {8 7 750 e 3 BCRR AR 1k S R 2R 2 (Rl 1) ASOR 52 37 o B B AR AR | o3 T
TLIE &N A | 08 BRSO, R 4B R 0l B W T AR, A 745 & 0, 19 BT 0 A 4 /N A i
EFPRE X R, S5 5

1) VLA SIRIE N 0.54—0.81, H FEIEHJE M 0.53—0.91, /K& B M 0.25—0.63, SR R4
RSB BA/ N AREE B AR 5 A i R A AL 1 A RO B AR - 2 B A A 5
FRA B 345 B R 400 B A R 2R i FAAI

2) YLIRAE FCER A3 DI £ HE L RE 2 4/ INE A TR BN 1 3 AL A A/ N K iE
HERTF 0.8 1 XI5 4248 64% , KT 0.6 1 XI5 424 75% ; -3 pH (HiE BEESE BA/NEAK G HE
KT 0.6 X 2ER 61%,

3) VTIRAE A/ IN 32 A A T A0 S B RE Y L 0.68—0.81, Fr b BB A 23 IX Bl B E KT 0.73, &4
B S B A A P A /N KR S A i e N AR A VLR R EE T 0—1, TR
R AR5 P AL EB A AR 43 DX B KT 0.7, 38 A R A /N o 0.7 DL X 244 1Y 82% , i BB
KT 0.89 B IXIR 5 EE Y 35.7% , EEAMAAERIT WERWT R R % X, 2500 E 2ROt
SOy <R

IVLHELNELGEEEHER B TLE FANGE B AN E | 25 W RS hiff s B4 /NE
A PR AGE A /N A AR K AN X 3 T 0 A A VAT AT S AR X e

ARICHFEH LA NZ AR BT A4 22 16 5 061 2z Fh s FEME BN Bifh e E R R SRR T
S, BT SRR G =3 s TR AR R B, R 1) SIS S R BN 1 I TR
+- 4 pH A 2R DL A WU & 55 =S A S A /N KRR =3 00k, X TRE S5
Y SZBR = 3 s A w22 , 7655 R 8 & B i — 2D B e 3

Bt JEEH IR AR e A4/ N BORL RGBS e | PN 55 2 DI A 18 SO 22 19 128 mh i 11 119 5 B L
SRR e XA SO S A BB A RO

2% 3L HR ( References)

[ 1] Nguyen Thanh Tuan, Qiu J J, Ann Verdoodt, Li H, Eric Van Ranst. Temperature and precipitation suitability evaluation for the winter wheat and
summer maize cropping system in the Huang-Huai-Hai plain of China. Agricultural Sciences in China, 2011, 10(2) . 275-288.
[ 2] Abdelkader Mendasa, Amina Delali. Integration of multicriteria decision analysis in GIS to develop land suitability for agriculture; Application to

durum wheat cultivation in the region of Mleta in Algeria. Computers and Electronics in Agriculture, 2012, 83, 117-126.

[3] ZRUbp, pgdkat, B, BSOS, RG24 SR 28O HT AT AR A /N A B X R ST P I A 2541, 2012,28(26) 1 119- 124,

[4] TWE, A B g 4/ N A2 RIS B AR (I 7E . AR 25 2, 2005, 24(5) :503-507.

[ 5] TR, AR N & /N2 KNG P S AR AT IE . BEIRRL,2008,30(9) £ 1297- 1402.

[6] WangDC, LiC]J, Song XY, Wang J H, Yang X D, Huang W J, Wang J Y, Zhou J H. Assessment of land suitability potentials for selecting

winter wheat cultivation areas in Beijing, China, using RS and GIS. Agricultural Sciences in China, 2011, 10(9) : 1419-1430.
[ 7] FER ¥ MBI SR 2T IR & /N2 Sl B 5. A o i 41, 2013,29(32) :374-378.
[ 8] ZAR, 20k, BEE B e A 5008 BRI K AR R/ N EA KRG TN . 22N K24 (A AFER) ,2010,46(2)
45-50.
1 BRAENS, ShIRAA, I B R R WK A AT SRR TR A /N i B X RIAF T VT A AR B, 1990(6) < 8- 11.
T BTl BRI BT b, 352 BRAHT , 250 VL9 /N 32 KRB R 940 TE A AR M B2, 2002( 2) + 15- 18.
[11] ARSESF, 20 BUEL , TR SC b A 2 /N2 UMl T E SO 23 B AR RHIE T P AP R4, 2011,32(3) :399-406.
1 SR SRR, ROCE i L, RIS B A /N i P A 2 AR B A AR AR AL DX ). AL R L 2012,33(1) :86-92.
] ZEapge X, FLEEE, BN IR , 28 0] B T 23 [A) SR 2R M VR 9 26 2538 T A 0 TR I —— LA L 0Tl o 4], [l e 2 41, 2011, 27

http ; //www.ecologica.cn



10 A E = 36 &

[14]
[15]

[16]

[17]
[18]
[19]
[20]

[21]
[22]
[23]

[24]
[25]

[26]
[27]
[28]

(11):262-265.

BEWH, Z2 0 BH , 22245 06, T2 JBUR TR, TEBE 28 AR A 25 38 B PR 8 S AR TN O 6 Bl A TR Al TR 2444, 2012, 28(20) :195-202.
Sudabe Jafari, Narges Zaredar. Land suitability analysis using multi attribute decision making approach. International Journal of Environmental
Science and Development, 2010, 1(5) ; 441-445.
Madrau S, Zucca C, Urgeghe A M, Julitta F, Previtali F. Land suitability for crop options evaluation in areas affected by desertification; the case
study of Feriana in Tunisia. Land Degradation and Desertification; Assessment, Mitigation and Remediation, 2010: 179-193.
ST P E/NE A A Al R, 1996.
WA RHE AR A AN AR b 5 E A R A, 2004,
TR AEY——HIRZ Fh 2 5 VR A S VR S AR L8 7 I BESE [ D] At - e Al K, 2005.
Mirza Hasanuzzaman, Kamrun Nahar, Masayuki Fujita. Extreme temperature responses, oxidative stress and antioxidant defense in plants. 2013
[2013-3-13]. http://dx.doi.org/10.5772/54833.
AL T M AR RS AUt S SR AR, 2008.
WSO B 936 AR 2408 R AR (B ) ALat : h E g AR, 2011,
Camilo L. Medina, Rogéria P Souza, Eduardo C Machado, Rafael V Ribeiro, José A B Silva. Photosynthetic response of citrus grown under
reflective aluminized polypropylene shading nets. Scientia Horticulturae, 2002, 96(1/4) . 115-125.
BB, o E 2R DY A T R AR AR S I SE. A SRR, 1996, 11(4) : 340-346.
AL, Tz, Bofede, RBkHE, A12%, Sk#SF, SRERT5. BT HORAC IR K B /N2 KRB iR E 1 UM KURL A . Al T AR AL
2011, 27(2) : 230-236.
TReEie, wlg, W SRR AR A KOl T AR B, K R ORERRTST, 2000, 7(2) : 73-76, 118-118.
BRI, EA, FFOtRg. A S0 TR A AL K A b R & B AN B . AR 2827t 1996, 16(2) : 113-120.
PR, FET GIS P FME BT RAEIFR [ D], FI At . Al K2, 2007.
[29] iZRAE/NERFREEVIFEUMELAL. INARE 2/ NER T A B R SR . DR, 1981, (2): 1-7.
[30] F&f, Beia, FB, E5. ABMETE T EERET GIS Wkt S m ik M PRI, 324, 2006, 43(2) : 190-196.

http ; //www.ecologica.cn



