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Definition of management zones based on fuzzy c-mean algorithm in oasis

farmland

CHEN Yan, LU Xin*
Key Laboratory of Oasis Ecology and Agriculture of Xinjiang Production and Construction Group, Shihez 832003, Xinjiang, China
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Abstract ; Percent organic matter, total nitrogen, available phosphorus, and salinity were estimated in 176 topsoil samples.
These samples were collected from a 9600 hm’ cotton field in northern Xinjiang Province. A fuzzy c-means clustering
algorithm was used to assign these samples to management zones. The derivative of the objective function with respect to the
fuzziness exponent, (8J/8¢)c>’, was used to determine the optimum fuzzy control parameters. The optimum number of the
classes and the fuzziness exponent was 4 and 1.5, respectively. The average confusion index was 0. 17 in all management
zones. Thus, the overlapping of fuzzy classes at points was low and the spatial distribution of membership grades was
unambiguous. To estimate the validity of zoning result, the general statistics analysis on the data was carried out. The
zoning statistics showed that variation coefficients of soil properties decreased, while the means of the soil properties differed
sharply between management zones. These results indicated that fuzzy c-means clustering algorithm can be used to delineate
management zones by the optimum fuzzy control parameters. The management zones can then be used to help guide the rate

of fertilizer application in an effort to manage soil nutrient levels more efficiently.
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SR TR X =S BR W Y TRE) Z—, B FRROK 2R RE A, BGRB8 T 2
ARargiiil, RRERTTMELRGH X & SEEARE RGN XA, 7510 T 5 X P 43 78 51 4
A VRN s B K RS E A B R s S, R P e 3 BR JE A T B ARRAE , IR
FKRIFEMFK R BB A LW P e, ZENRRSNHTET2M L EE R BEREE
43 RBFF , AT LLIATRG N R A A I SEAFE 5 AR SR B9 4 7= DO B, X Rl 9 B BT =k BT R K
WHEEEEM,

KiE LIEE 2R F— s B R 3 SR R (B X)) TS ELIE B B ROB Rl i —
APRFERAE D TR - (E R ek (FCM) 7E8 B4 K BBSE P BLR S ) o MR II04r £ I8 25 )
Bl B g — MR RO, Hr RECR R AR 5 H R O E I , A B 2R 00 , RESS AT i
BARF S RAERESEERAL , (B FCM B A7 0B 15 2 B (BURI2E BIB BB A S 20) A 5 1 52
XL TR R R TR PN AR S X I AL PR AHER S, EhZias
MR E R X MBS KR, BOABRI A 8Oy 2, 5] FIERI4: RB4E 8 (FPL) F1H —4k2 250 (NCE ) X
BT XK (BB B 50 1T BeR B, ZEMEY NIS| B fh 1 3 (FPL) MARHE L2 2508
(MPE) i T BHEMEHES X, EHkg! £ HETLBNIEMITFNRA c-o ZWA A BIRE
[ B B T 38 BRI 2 BRI BORT AT 40, ik T R T RO SRR A 3 4 KBS o, B3Rk #b
REPREBEWEAEAR, FALEREBTEHE, RHRUNRMSNARIE T KER B ABRXE, L
ZFp 13T E A EARIR , B - ER LB R E LHEEES X, FERMANAREM, RA o £
W A B VR B 1 E 18 B BDMIHE T 248, 1R B ) R VR L BE 8 30 ( CT) FRAEHE B R B R R AT 2 I
BBRE, P XHHLBSIRAET M RBR BT S XTI,

1 #R5FZ*
1.1 B XA

R XA g iR R ER-EI 125 B B X2 BRI SRR X 7 F 84°20" ~84°40'E, 44°36' ~
44°54'N ZJa], Huab RN ALRE , v VB /R 72 b 78 B 4 , 18 2 s YRl O AR oy 7K ETYAT D SRRV R s S T Y e B R
WH-RVR, BX BRMEERD, 2ETR, K5 i RRE L R M OKRREE, 28 PR
18.6.5C, =10C 15 shFRIR 3622°C ;4E ¥ H MR Af%% 2620h, H I H 43238 63% , ¥3K 260 ~300m, TLFEHA 164d, B
AHHER 1. 17 J7 hm®, Hep i A AR 9600hm” , Rl F A R BUE b & H, A 8] # 8 it IE 8 (158 R
)%,

1.2 HIEERRBU ST

2005 4F 10 F7E 125 FIRGHEMR X AT A HNBURE , LA &SR AR S B R A O R B0 4. Sm O 2B RZE 0 ~
30cm B FEHHERBI S A HIEHEREIRA 1A, SURE 1I|HE 176 3, FFEW T LB MRES PO, K
5.86m. %% 2. 25m WIS HLEN BIRIET= & , T B B A D= VR Bk S RAE 7= B4R , RE A )43 L
B 1, REWLBEHRZBEANT AHEHITENTENE, 8NMERNETE SHEA A, 2R B
R ERE EAGALR LR, ME T s IR Y
1.3 BdRaET

T ARBEERET 2N L EEE T ERHE T, X L IER SR SRR T MR R
HWEERZTEENNEELA RN, FEFTE B 78T, R FIvs HE 20 2 ek Xt IR 46 4038 BE1T AR
HEALALTE, BN SPSS12.0 B, A XMFTEE, o0 T FEZRKIHE 7R B2 REE, 05 2 B
B S ERN LA KoL B EEMER S HZ H ArcGISS. 3 SERLKY, 3R A5 AR IEE A X SRAE AU 4
BrEREEEEHE. KR PEY cHERKLERESREMEY M BNt EREES
MATLABG. 0 42323
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1.4 EESXITHE
1.4.1 EH -ERRE

B - {ERRL (FCM) BH HR —Fh 3 B R
R, WREAT LT P B 7= B MR REE
FHRET . TR RYEN n, ZWHER
HECE N p S IREHESR , B0 - ERISLRE T E
HiEHEM R o, & SCREFOHFHBHE—R
FREOEMRBE, ENEFDBRREIRBBREEN
BAE/ME, BF B B AR R EON -

J(MC) = 3 B uid;
i=1,+,n; j=1,, (1)
AR C BREELFITROIEM ¢ xp, M BEEA
BRIRBIEREM n x ey (n; e [0,1]) 5 i MERR
TIEBHEXNTHE AN RELFORBEE, 0(e=1) £
—AN TS SRR G RN A B AR B H) H B, BV n
A8 H ( Fuzziness Exponent) (s d?j B i PMERTE

0 5 10 km

RS AR OZ BRI | | |

ORI BIR o BNTTRLIE B o PSR
B HEREMWES S RNR ISR, BNEPSRE mJDi@ﬁﬁﬁﬁiMMm
#7255 5 | P AR 2 548 %1 ( Fuzziness Performance Index,
FPI) S 52 B BRI B8, FPL B35 R R B IR 36 3 0 R R B — %, R B o B2 Y
AVBRRRE FPLIEMTEEAT 0 ~ 1 20, [EHSET 0 25 AR5 X [R5 69 5 D, 4 B R 7 8 B 43 X )
25k B FPL kB & SR IAGE 3 . ABFS0R A McBratey Fl Moore 1 i c-p 2B
BRBEERFNE o BT —MEHTF ¢ IR B - [ (8]/0p) "] FHIGER/NG c (8487
B IERRE o ENBTHET B EBAA o (85 BAEE"Y

ARIERONIAN LS 5L 605 5 o P JE U A R 2 U1 R O RERT K 391, 2 I BT 5E X 4008 1 34 (X
B, IR, S IR 7] - S0 M BIE A RE A Y S R B , A FIR ALFE B0 ( confusion index,, CI) 3t
BE T R R TR R B M

CI=1- [Mmm‘ _M(mu—l)i] (2)

ARL) B, s 5B § ANBE B T HE + BRI BIB R TR, o) W & AVRE S L5 2
KB,
2 RSN
2.1 RS BB A S

% 1 WP + SR R BRI R RO A R, WHERE , R R L B
RRAIE 2R BEESBETHEAT, EN0 RS BREE, RS BRE, RETRAK
(CV) ByFo/N LB s B A SRR - S S, OV <109 ; A Sk, OV = 10% ~ 100% 5 SRAE S,
CV >100% " BHFE X + LB M 200 000 h Sl 70 5, W R L B B4 X R4 R SC 2 B i
TR HEY BT AR 4

N T BB R0 - SR TR B T I SR AR S5 AR B PR TR
ST, 32 RREKMAET RS LR MR 2L AR, LR 2 R AR SR R R B
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EMRXR; BRI SHRAETEEBFRAMICKR MXREOY -0.323; MEIFH SHAETBRLXAANHE, &
RERSWBERMLREI BRI TR EE , BRESB RO KRN, FERARR B SR BRE
NPEUHERR, [ 5 XL BRI B B 3 B A

£1 THEHERRESBEGLET A
Table 1 Descriptive statistics of soil properties and crop yield

R BAME  RAE  PHE RE EE RE ME  BREK
Soil properties Min Max Mean Median sD Skewness Kurtosis CV(%)
BHLE OM(g/kg) 4.33 38.30 14.99 14.42 6.05 0.84 3.88 40.37
4% TN(g/kg) 0.29 1.51 0.79 0.77 0.26 0.56 3.08 32.91
PR E AN(mg/kg) 20.50 102.17 45.05 40.25 17.20 1.51 3.99 38.18
B AP (mg/kg) 9.33 60.67 28.32 24.67 14.59 0.46 3.13 51.52
A AK (mg/kg) 140. 00 431.00 325.91 325.50 56.84 -0.70 3.58 17.44
3k Total salt( % ) 0.02 1.36 0.25 0.20 0.15 1.31 3.48 60.00
7=& Yield( kg/hm?) 1533.70 2808. 10 2050.90 2068. 10 224.42 -0.14 2.40 10.94

F2 BIERERIHEEBEEMENEHAXRERE
Table 2 Correlation matrix for selected soil properties and yield in the study area

TR =B Yield oM TN AN AP AK Total salt
Soil properties (kg/hm®) (g/ke) (&/ke) (mg/kg) (mg/kg) (mg/kg) (%)
7=& Yield( kg/hm?) 1

HHLET OM(g/kg) 0.697 ** 1

245 TN(g/ke) 0.657 ** 0.660 ** 1

BB R AN(mg/kg) 0.523°* 0.356 ** 0.301° 1

TR AP (mg/ke) 0.317° 0.500 ** 0.319° 0.182 1

T AK (mg/kg) 0.120 0.275° 0.057 0.150 0.185 1

J53: Total salt (%) -0.323° -0.242 -0.473%* -0.239 -0.155 -0.089 1

* FIRTE 5% WIERKE L FEBEHLE; + « BARE 19 WBRAFELERBEFHRXME  + Indicates correlation is significant at 5%

probability level; * * indicates correlation is extremely significant at 1% probability level

2.2 R MR AR

Rl )+ TR FA A B 2 ST 7EXT KOR T SR M S A R E R GR IR > b B E T R
4 PR MASIE S B0 R M T BRI TS R ROR AT . A A B 5 R A B TE A 20 AR 4 A, AR EIE
ORI R 0,188 K 3, iR 1 TARERK HEAIE 2R EBR IR R AR S RO B
B IRMIE RS , eSO R IR B IES M

FEX A SR BT, B4 4 F 1R MR 2 7 2R RIEHEAT T3 BT, B8 R A X 2 N3 3
FiRo. BHURF BEAABREE, 28  EMBET AR EN S, 4 HHERHNRSHESEABEK L
{B7E 25% ~T5% Z ARk, B A4 25 8] A 6™, B Hap 552 oy 45 H 1 R IR L 1tk R 2 S R
FREISER, RS T 47 2B R EERE b | SR AT T BRI (B vk X R M MR HEA T IR (B R 2k DR M 2=
43 A (B 2)
2.3 ETHEMRAEITREED X A AR

¥ 4 Fp B MR 2R F AR B 40N 0. Lkm x 0. 1km 233 R & BT , 2P K Ia AR EAIEE,
BE) 1175 NE RIS ERETE . SRS XTIR B BT SE 8, SRBUE MR 0 8 AR, s & 3
BT E L SR BERRBIRIE, 1 n xp(n=1175,p =4) B + 5B HBOW £ AW - HEREE
IR SO BIM R T R REAT B IR 2. 0 T W S B B ORI 2K DI ¢ RBDBIINAEEL @ XT LT ¢ B 2
~6,p 1. 1~1.8 8}, - [ (8]/3¢p) ™’ JHZER , A c-p HAT - [ (31/3p) ™ | MEUEZL R WK 3, WLLE
H, M c=4 B, - [ (81/8¢) ™’ | AR HISEER/D, IR XBREEN X 4 c=4.0=1.5 8, -[(3)/
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dp) I BUEE . BB KB R B A BRI BHUN N c =4.9 = 1.5, FIF MATLAB 6.0 ) FCM &
BBUMX B ¢ =4 BRIINBEEE ¢ = 1.5, BAERWECH 100, R RE E =107, BB £ HTER R
238 53 YGAIR, J(F, C) iA B /IME 1550. 70, 53| BU I A HE AR SRR R BUE RS , i SRR BRI, B i
MR BB R T KA N SR R, BRI B E A X E (K 4a)

®3 THEHAFTERISY
Table 3 Semivariogram parameters of soil properties

TR kil R&MH G BEHEC+C G/ (C+ G)  FHBR(km) EHEE(km) FI5m
Soil properties Model Nugget Sill (%) Major range Minor range Direction
R .
AHYLE OM . 4.97 17.73 27.02 5.21 1.96 NW45
Spherical model
45 TN *Eﬁ 0.014 0.038 36.84 3.27 1.55 NW45°
Exponential model
*Eﬁ o
HER s AP . 132.43 247.53 53.50 13.07 4.68 NE9
Exponential model
B3k Total salt R 0.51 0.93 54.84 3.18 0.50 NwW18°

Spherical model

AHLE OM (g/kg) &% TN (g/kg) R AP (mg/kg) Rk Total salt (%)

w30 <05 g 0.75~10 Em <20 g 25~35  mm >S50
R 0.5~0.75 @ >10 Tm 20~25 | 3550

<10
mm 10~15

B2 R AERES R

Fig.2 Interpolated distribution map of soil properties

RELERBE(CH RIEFSENRBRRNAT EHELBE, HBK, AFRESEHNEE ST ELY
REBREHS, S IERBREAAHEHBR, B 4b HRELERHE, TUEBAESEH XL/ L, B
RX PEMEIRNTLE/DX BN L IERERRBABIEXN® R, LU EH —B &S, C>0.8, KX ®
RBHTERESBORBRRAHEEE K. AR TERBXREN CIERHEN0.17, BAEN S, 1
JB TR B BN 2 2% 45 R A E B/, 2 E) | ISR B SR R A I

R T WS R EERRE T LIMEAZE EHEAE KRS , W& B X H BB SR T ¥ s TR R/
BEREER(ISR)#NT T HIXEEFEEERE(FR4) . SHXAMEL, FEHEFX T HBEHHNTR R
¥R TR/, BRI ZER R H 25 X 40. 37% BN 8] 14.88% ~24.28% Z 0], &AW ER R HAE
BFSEIX 1Y 32. 19% W /R 10.21% ~14.39% 2 8], BB 7S R B 2 FHSE X 9 51. 52% Wi/ 3l 13. 88%
~18.65% Z 8], MEL IS S REUH 2P XA 60% W /M3 36.93% ~50.32% Z 6, KM & XAK IR
HESREHER/DN, SESHETHE—,

SR 2R BEERR RN, AR S X LIEENE 2R BEHNEIIRBEEZR  BABRRIX2 5
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X 4 R BIREE , HA 5 X 2 ) 353k B R i 2 2% R ¢

S XBERTTE MK 1.2 ZIFIFSK 2,4 LRI ST o e e

WB%E BESKEHFIHBELR, BEERIK 2000

G, EEHS XA T EEERSERER B ERE/N, T

B X HE B, G EER—EFES XK ARAMERE

) it AL 2 T 7B () 0 IX o) St 2 R A 8,00 106

2.4 SREVN 5EH 4.00%10°
£ 5 RIERELNBREPOERE, REDPLEE .

42 F] LR BT, BRVEB B R I R s s e 17 s

GRS U RBRHAZ AN ERY , BiEE

5 R MAG PO AR LA 4a, WS LIESE B3 RS FRBREREMER ¢ 5 - [(8/80) " 11

HIEA M EES AT E M XA HEEEEE *F

ﬂ%’ptilzi%\,ﬁmﬁﬁ\éﬁ%&é%%@Zﬁigﬁ%o Fig. 3  Fuzziness exponent ( @) against — [ ( 8J;/8¢ ) ™ ] for
A1 TR X TR, R A KR PR diflerent class numbers of

L, BHEFERE, SHEEAR S, RAKRIE®Z, R4

1.60x107

1.20x107

“[(8IF/5¢)c0.5]

N
FH4PIX Zone RELBE CT
B Zone 1 EE 0-0.2
TEE Zone 2 EER 0.2~04
BZEE Zone 3 0.4~0.6
@ 7 one 4 i
a b

B4 HEHXE(a) RIRAIEEE BN 7B (b)

Fig. 4 Management zones map and predictive map of confusion index

TRENEME TR, ZHRE BHEMAIEMRS R TR EZE. 27X 2 206 TR FHRERIL
BT R XKIE, WX OB TR X, TR BT R, 1R fROKBE R, BER& 2K, 24
WL L RZ—, ZHAVUE, L8, BPOK RAEE, EAARREIRTENER, 2R3 NTHAERX
FIER, AR B VR HRTE R RO , RO AR BE BT , &5 DM A UL , Phl L3 £ E R LR
BB, I — R R B, X 4 U THR K K, X HERME T, AR E R PERR A,
PROKBEREPEBREF  EBHIHS B B TS, BB, SR DS BE R, RA R 1RE
JIKF, ZIR B R H

PR K AR KO B F AR BEAR R B R RR N P ERENESR, =R b
FHONPFR ] B AR, D G — BB KA v AR B AL ST SR MR 7 3R i TR X AT
EBERTT X, R AR SRR RS S B EALE G, R B X e R - R AT B A ORI A e
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BB KB A E0E , AR BRI BR, B M7 il R o (X 2 8t S 5% I, 7 % 8 01 3 9 [X A /Ry 1 PR A
B, xR E R/ MEREBOE N RTR T, REER —E D KR AR — R REE G, X TE—REH
or XA B B R R X, T A AR E—E B R, W L% R A R A A T B

F4 ARTHEEHSITH LSR @BRER
Table 4 Zoning statistics for soil properties and LSR test

HHLE OM &5 TN EHHE AP 2k Total salt
pmzme OO T ymE ARRR PHE  ERAK FHE  DRFK PHE | RRRK
samples Mean (Y Mean (Y Mean (Y Mean (Y

(g/'ks) (%) (g/'ks) (%) (g/'ks) (%) (g/'ke) (%)
Zone 1 417 10.89dD 18.58 0.65dD 11.59 25.83dC 13.88 0.47aA 36.93
Zone 2 355 15.51cC 19.42 0.82cC 10.21 27.58¢B 18.65 0.45bA 38.49
Zone 3 235 19.01bB 24.28 0.95bB 14.39 51.49aA 15.6 0.23dB 41.58
Zone 4 168 22.51aA 14.88 1.04aA 10.44 28.71bB 16.14 0.25¢B 50.32

= BEBH/NEFBMKEFZRIHEMR 5% 1% BE/KF = Different small and capital letters after the means indicate significant difference
at 5% , and 1% level, respectively

x5 TEEEREDOER
Table 5 Class centroids for the OM, TN, AP and the total salt data set

43X Zone HHlE OM 43R TN T AP L Total salt
Zone 1 -1.00 -1.06 -0.49 0.48
Zone 2 -0.02 0.01 -0.34 0.41
Zone 3 0.47 0.57 1.96 -0.60
Zone 4 1.25 1.19 -0.18 -0.45
3 Fit

EH XX BRI R = B SR HE TR SRR, SRR SRS FRTUSA
R L R 1 = R TR AR SE 1 L F B R SE I E T A R SRR R, KR A LR E B RB X R
Mo B2 6]_E AR S , LR S R T AR X B R R 23 A 5 AR AR AL, RE T X R K B gy K
IR, ABIFRIEE AL B £ T RB IR N T = AR RN - ERRR R E K
HEHEESX I ¢ - o ZREARMPUELH E T & ERBMERSH, KX SR B EH D X8
R HETNERR . SRR AR 4 MBS X A MBEEEON 1.5, SREN . SERSXLHE
PR S REOIB K AT 2P 5 KA Frgeh, 7 K& TR R 27 B2 , R 25 KRR LR 8 8,
A RIS AIAS B AR R /) , B s W] _E SRR SR SC RMXT AR, SRR ST X Y, B A SR it S RS
EH X B, A B X LR 3 8t ML ) S ARl BTt Bt R 2L %ﬂ‘%mi&%ﬁiﬁﬂ%‘%ﬁﬁ
FH I XTEFBE SR X A ZRE B, e KB 'R HRE, RER VL EHEER, X5
DB RO B A5 R R = R R R, I P KSR 3 B B TAER St {3t ﬂmﬁ%ﬁtﬂ,j’ﬁ%ﬁﬁ\
TR A0 R TR A B R AL PR SR AR

A5 E T BRI RIS BT, B ZE TR E LRSI R RS E B0 X A7, 3 T8
B3 X AR B AR B 57, 20 IX A R B R R B 1l A2 4 R A IS R I, iR B 7 4 B SR B P BEAT IR I
B F4, HEBEHR AR RIS SRR, B R A R R S B, A R
xRS ERERERE— TR RNER, SE RS HERNEY T BN =ERF R, {EEHH
TLH = B SRR AR IR B R IE RS &, T E RS R R A EE + LR, XER T —28R
HIE o
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Table 3 Semivariogram parameters of soil properties

T HeJm 1k iz H4fE G, HEMHEC+C  C/(C+ Cp) TR (km)  WHIZEF(km) sy
Soil properties Model Nugget Sill (%) Major range Minor range Direction
e Bk .
HHLE OM . 4.97 1773 27102 5.21 1.96 NW45
Spherical model
R
4% TN T 0.014 0.038 36. 84 327 1.55 NW45°
Exponential model
et EiE 1 o
SRR AP . : 118243 247.53 53.50 1132107 4. 68 NE9
Exponential model
ok
JEE Total salt ik 0.51 0.93 54.84 3.18 0.50 NW18°

Spherical model

HHLBE OM (g/kg) 2%, TN (g/kg) HRBE AP (mg/ke) B3 Total salt (%)
= <10 15~20  mm >30 == <05 = 0.75~10 = <20 25-35 wmm>50 <01 Em03-05 mm>08
= 10~15  =m20~30 0.5~0.75 =m>10 £ 20~25 mm 35~50 £30.1~0.3 =m0.5~0.8

B2 e E A

Fig.2 Interpolated distribution map of soil properties
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Fig. 4 Management zones map and predictive map of confusion index
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