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Abstract: Considering the fact of the barren coastal saline farmland, the large spatial variability of soil properties, and the
low benefit of extensive management, the precise division method of management zones is studied, to take differential
measures to improve the level of land use of saline land. In this paper, taking farmland in Wudi County as a research area,
we used grid method combined with fixed-point field sampling of land use status and laboratory analysis to obtain soil
attribute data. We applied geo-statistical method to analyze the spatial variation characteristics of soil attributes in ArcGIS
10.2. Fuzzy c-means algorithm (FCM) was used to calculate the fuzzy membership degree of each sample point in MATLAB

R2016a. The interpolation was used to predict the spatial distribution of the fuzzy membership degree. The partition was
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carried out based on the principle of maximum membership degree. The accuracy of partition results was verified by
variability analysis and LSR difference significance test. The results showed that the farmland soil in Wudi County was
slightly and moderately salinized with low content of available nitrogen, medium content of organic matter and available
phosphorus, and high content of available potassium. The content of organic matter, available nitrogen, available
phosphorus, available potassium, and salt showed a moderate variability ( coefficient of variation 25.0%—52.3%). The
spatial variability was relatively large to be regulated in different zones. The nugget effect values of available potassium, salt
content and pH were less than 25% , which were mainly influenced by the soiltexture , groundwatersalinityandother structural
factors. The nugget effect values of organic matter, available nitrogen, and available phosphorus were between 50% and
75% , which were greatly influenced by cultivation methods, fertilization and other human random factors. Therefore, the
farmland in the county was divided into three zones with estimated area of 25.6 thousand hm®, 17.6 thousand hm® and 32.4
thousand hm’. The coefficient of variation of soil nutrients in the three zones was 23.9%—51.5%, 15.9%—50.3%, and
14.7%—33.0%, respectively. The results showed that there were significant differences among the three zones, while the
variability within the zones was significantly lower than that in the non-zones. And the management zoning and the spatial
distribution characteristics of soil attributes have a high degree of fitness. The results of zoning can be used as the
operational units of differentiated management. The results provide a basis for the unified management within each division
and differentiated management among different zones, which is helpful to improve the precision management level of coastal

saline farmland.

Key Words: saline farmland; spatial variability; management zone; fuzzy c-means algorithm; maximum degree of

membership ; least significant range method
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Table 1 Descriptive statistics of soil properties

+- 3R WME WKRME P CFEE 31 brif 22 I B 2355 5 R
Soil properties Min Max Mid Mean Level SD Skew Kurt Cy

A HLE Organic Matter/ ( g/kg) 6.127 29.314 19.508 19.253 H 4.804 -0.292  -0.390 0.250
HRA Available N/ (mg/kg) 21.372  112.880 58.852 59.349 i 17.826 0.218 0.062 0.300
AW Available P/ (mg/kg) 7.555 75.920 25.214 29.527 H 15.457 0.635  -0.403 0.523
A Available K/ (mg/kg) 80.000  345.000  165.000  179.676 [ 59.002 0.688  -0.290 0.328
Fr b Soil salt content/ (g/kg) 0.097 3.070 1.107 1.204 % 0.583 0.953 1.467 0.484
pH 7.600 8.680 8.210 8.184 H 0.249 -0.343  -0.482 0.030

2.2 EIEEEAR ST

FE SPSS 20.0 Hx 4 48 J AR S EA T AH S AT A5 BIA OC REUERE (R 2) . Bk 2 v A HLT AR
A AR AL pH (EAE 5 MHEFRIAHSCHER S . & R B DGR, (A R ISR XA T A AT
JEIX, T KSR B G &, IR TR UES K, BG & Eh BAE N r KPP M FE bR 2 — . B, e
i 6 A A AR N B X TR AR bR
2.3 IR A AR SRR

TE SPSS 20.0 1 HHAEA K-S ( Kolmogorov-Smironov ) T B TIE A AR H: , YRR ERIA B & 1R 0.05 &
5 IXIRA 95% , #5550t ik i 2Pk P (B >0.05, MR BT, A7 & B (£ 3) . MR 3 AL AW A
B pH 1 K-S fHYI KT 0.05, M IEA /0 5 AR08 808 A S i RS A, Zxh o i 5 K-S ERT
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Table 2 Correlation coefficient matrix of soil properties

R b AL FRUA U R G
. . Organic Matter/  Available N/ Available P/ Available K/ Soil salt content/ pH

Soil properties

(g/'kg) (mg/kg) (mg/kg) (mg/kg) (g/kg)
H LT Organic Matter/ ( g/kg) 1 0.603 ** 0.373** 0.065 -0.062 -0.102
H3A Available N/ (mg/kg) 0.603 ** 1 0.436** -0.052 -0.073 -0.333 %
H %W Available P/ ( mg/kg) 0.373** 0.436** 1 -.159* 0.016 -0.191**
LA Available K/ ( mg/kg) 0.065 -0.052 -0.159" 1 -0.140 0.052
FrEh i Soil salt content/ (g/kg) -0.062 -0.073 0.016 -0.140 1 -0.003
pH -0.102 -0.333** -0.191 ** 0.052 -0.003 1

% FIRAE 0.01 ACE (UM WA * FIARTE 0.05 AKCF-(XUM) 82 ARE

*3 TEREESSHRI
Table 3 Normal distribution test of soil properties

o= | AHLT AR AR A bR

H
Check projects Organic Matter ~ Available N Available P Available K Soil salt content b
K-S {f Value of K-S 0.739 0.583 0.163 0.290 0.107 0.230
Lo i A
B S 3 3 3
Whether logarithmic transformation 3 A = = = &
S A2 Type of distribution N N Ig N g N g N N

N. IEA%M Normal distribution ; 1gN BB JE A A IE A 434 Conforms to normal distribution after logarithmic variation
iz H] ArcGIS 10.2 Hige it T R 647 e A (H, R H C—V 22 SUR B0 vk | T8 3 22 YR sk 6 i 45 de (0 400 A6
Y R 2 A LT R LA AR TR B A RO R A R A R AR R pH LA B R Ry BRI
FERY I A3 e A B AR A AT T 0 A T AR T 1( 4) .

x4 TEEUMTREHEERRBRSH

Table 4 Variation function model and related parameters of soil properties

A iy St wwai ORI e EERR
Soil properties Theory model Nugget(C,) Partial Sill( C) (Cy/ (C+C)) /Mean Stand o >
FHLF Organic Matter R 12.45 11.53 0.519 0.0034 1.0036
FBA Available N BRI 7Y 211.92 102.27 0.674 0.0014 0.9908
F 3 Available P TR A A5 202.27 99.41 0.670 -0.0004 0.9678
B Available K FREB Y 709.63 2708.3 0.208 0.0034 1.1217
B Soil salt content BRI 7Y 0.083 0.287 0.224 0.0018 1.0498
pH BRI 7Y 0 0.040 0 -0.0004 1.0344

— B, B4 B0 (Nugget / Sill) I BUE /N T 25% B, B 5025 (8] 40 56 M 5 78 25%—T75% 2 I8, B
R AE2S [RIAH DG s KT 75%0 , HA S as (ARG E . i3k 4 ol WL, R38R P A ACEURA 208 1) B 4 300 (E
539K 51.9% 67.4% 67.0% , Ut BHIX =P 1 3@ P (1 25 ] RE OGSk v 85 K- | 225 0] A8 SRR AiE 22 BE AL Y 26 g
FR Z R SL R RE R, AR o R I R A AN A 50 BN 20.8% .22.4% , #R/INT 25% , 1 I B £k 8 R Ak A
LA RS [AAH DG , HAR A TR Z BEAIL Y R g /N, R R a5/ E N R B, pH AUBR &N E R 0, Ul
pH HA7 584 (125 (8] [ ARG , H2s (8] 48 S ARRE 58 4 45 i e R R B

iz FH v HLAS 10 R 3 R Mk e AR LA AR I | A a9 M 0 2 TR AR (AL T (P 2) , LA - 38 i s ) AR
SRS T B U 00 , S0 - 48 JeE 1 s ) A S B Ak S nT AL, P T 2 AT L, A MILJSR v A IX o 45 A L
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Fig.2 Spatial prediction interpolation of different soil properties
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Fig.4 Management zones map based on fuzzy clustering analysis

FIRE BERAIE , X A TR] 43 X P M Jg e b AT GE 47, 19
BT AR R R BRI /MR 2575 (LSR) (945 43 X 22 5
EYERIEE R (FS) .

XFEbFE 1 FNER 5 AT, 454 X - M AR S R AR AR XA BT R R, o AL AR S R A
25.0% FFE N 14.7%—23.9% , A 30 R AL 5 2 50H 30.0% FFEH 17.9%—30.0% , 4 508728 5 2504 52.3% F
M 33.0%—51.5% , HESU A S 2 B0 32.8% PN 18.29%—29.3%, pH {H72E 5 R KH 3.0% FFHEH 2.7%—
3.0% , A/ )8 T 5578 Sk, A3 XSS IR X pH 2N ; Frdh it AR 5 R R 48.4% 75K 41.0%—54.1%,
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X1 X1 4y XIII
A
h ]
0 15 kml
4] 4l ]
[10.040—0.238 [10.110—0.227 [10.050—0.156
9 0.238—0.369 9 0.227—0.323 9 0.156—0.286
Bl 0.369—0.481 N 0.323—0.410 I 0.286—0.426
Il 0.481—0.596 N 0.410—0.523 N 0.426—0.572
Il 0.596—0.855 N 0.523—0.695 N (0.572—0.900
E5 SARXRTERMREEETERNSHE
Fig.5 Spatial prediction zones map of soil fuzzy membership value in different zones
DX MAE S R BT R, 3 X 1 Ao DX I 34w A T, i & dh i o A R385,
F5 BHXIERERHEAESITF LSR LR
Table 5 Descriptive statistics and LSR test results of soil properties in different zones
AL BHA AR B b "
SERE A Organic Matter Available N Available P Available K Soil salt content P
AR Rl AR Pl BR RmE BR PsE AR BmE R mmm AR
Zones Sample Mean/ EY4 Mean/ EY4 Mean/ £ Mean/ Y11 Mean/ Y14 Mean/ EY4
size (g/kg) Cy (g/kg) Cy (g/kg) Cy (g/kg) Cy (g/ke) Cy (¢/ke) Cy
| 65 15.385¢C 0.239  46.737¢cB 0300  21.222bB  0.515  150.885¢cB  0.270 1.454aA 0.499 8.301aA 0.027
II 44 18.041bB  0.159  52.670bB  0.236  20.399bB  0.503  248.636aA  0.182 0.828bB 0.541 8.171bB 0.029
1 84 22.880aA  0.147  72.619aA  0.179  40.740aA  0.330  165.833bB  0.293 1.229aA 0.410 8.101bB 0.030

BRI AR NG FRRRS TR 5% 1% 835K AR BP0, FRARRE S A BA RS, PR R B 7 R B2 5

LSR K92 SRR (R 5) , TGP A XA HABRTE 3 >0 IX BRI 0 35 25 5 (P<0.01) B g 3 2
S (P<0.05) , A& s XM X 1L 2 A BE 2R (P<0.01) , i fEaX TS X T 43X
) 2 A 3 22 5 (P<0.05) , pH fEAE X MM X T 40 X T 22 o] HoA 4 i 35 25 57+ (P<0.01) .

SMARTIT T, 0 DX N () 388 PR SRR BE 00 IX R4S IX Y78 SRR FE A BT I e, 401X Tl 1) 2 55 i PR A i 40
XZESREA T T, HA oK AR SRR BE T Bt A B, 45 SRR ol - 98 J 1 S J8 B A WA, 40 X T AR B
A, X Jm v, FETAR 5 RO LSR ARG I 25 SR SR 0 A5 o X AT 3w RG B . 45 20 X i) - 8
T REH 25%—52.3% I8/ NR 14.7%—51.5% , £5 53 X P8 ) 25 ) A8 S 4 4 i 5 X0/, L4593 IX 1]
B BEWZES 7 XER T LME A - O E R G — R oT, MRIEE S Git& o Xm, 10
PRI AR50 2.56 77 hm? [1.76 Ji hm* 3.24 J7 hm’*,
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IZSCLLTOAE B A H S DX, SR FH AR 745 G b b R FH SR o5 B AR | 5 AL 36 43 B AR 4 B8 s
B iz ArcGIS 10.2 HGE 1777 34T 38 J@ 4 19 25 (6] 48 SF-RRAE ; 76 MATLAB R2016a R M c-3{E 5
1 (FCM) THEAAE SRRSO S5 i B 3 a4 {10 3000 00 SR80 SR i B 19 25 T o A, 56 T o R SR i B D I 4
DX, AR AR SR T B2 53 A1 L 3 B DX 235 SR B A 80 5 30 3 748 Sk e A R e/ VI 227 (LSR) 22 57 Wl MR AGL
X o DX 235 R HEAT A B JE

W A5 R . ToRE B A - 8 SR R 5 & v B AR AL A AR S i mAIG , A LT A 5l & i rh 45 3K
PR AR AP A RCA AR SRS i P R R (R R RN 25%—52.3% ), A3 (AR PR A
K, A X R 5 23 (18 S0 M o, s A R B A pH (B & OV B ER/IN T 25% , 52 N K [R5 Wi R o 458
AN, FEAZ IR T KR R AR SR R B S e A AL A RICE R RO B B ROV AR 509%—T5% 2
6], ZBEE 2 AR AE A R Z AR ke B 4o T I 3G 3 848 BRI A 3801 A3 R 2.56
J hm? [1.76 J7 hm® 3.24 J7 hm®; %43 X 3575348 53 R A58 23.9%—51.5% . 15.9%—50.3% . 14.7%—
33.0% , K35 25 SR F W45 43 DX (0] 22 5 W 38 1 45 0 DX N AR S B AR TPt X, A X5 g w2
) o3 A R A B e LS B R 4 X 45 SR AT LAAE R 22 R AL B AR o0, BFSE 45 SR 45 o KN 4
— AN[R) 53 DX JR) 22 S AL A BRAR AL TARYE WS B T R SR A A HORS MEAL A KO i P 5

T X5 pH A 8 128 53 RECE A, DB Xl 28 1 Sh i AR I K I 4, 5 i 5 Y
i AZ R R A Y E, - K ER R L S e R DA AT AR b AR B A X R L X AR AR AN B g sl AR
SR R A X IR A0 A R R DA b A K SR
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