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Fuzzy Synthetic Evaluation of Soil Nutrients in Cultivated Land
Based on Cloud Model in Da’ an City, Jilin Province
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Abstract; There are randomness and fuzziness to a large extent in soil nutrient synthetic evaluation. In
order to effectively solve the uncertain transformation problem between the qualitative concepts and
evaluation indexes, which are described by membership function, based on the cloud theory and fuzzy
mathematics theory, a fuzzy synthetic evaluation method was presented based on the cloud model. Taking
Da’an City in Jilin Province as the research object, totally 7 soil nutrient elements contents were selected
such as organic matter in the cultivated layer as evaluation, and the weight of each index was determined
by using entropy method. The cloud model was applied to the comprehensive evaluation of soil nutrients,
and the soil nutrient fuzzy comprehensive index of each evaluation unit was obtained ( cloud fuzzy
comprehensive index, CFCI). In addition, COK was used to get the interpolation of CFCI, and a
distribution map of soil nutrients CFCI grade was formed. The results showed that the evaluation results
from the data characteristics of the study area, CFCI was in the range of 2. 43 ~ 4. 89, the average value
was 3. 78, the standard deviation was 0. 45, coefficient of variation was 11. 85% , which was in moderate
degree of variation; from the perspective of spatial distribution pattern of the evaluation results, the
comprehensive level of soil nutrients in Da’ an City was decreased gradually from north to south, and the
higher concentration of cultivated land was, the higher the level of soil nutrient comprehensive was.
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Fig.1  Distribution map of sampling sites
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Tab.1 Standard of soil nutrient contents classification
ZH WEe=Z (1) WEAZ(M) Bz (1) FE(V) FEE(V) (= 1QD)

HHUF SRR F /(g kg™") 0~6 6 ~10 10 ~20 20 ~30 30 ~ 40 > 40

SRTREL F,/ (g kg™") 0~0.5 0.5~0.75 0.75 ~1 1~1.5 1.5~2 >2

LR RRIL F,/(goke™") 0~0.2 0.2~0.4 0.4~0.6 0.6 ~0.8 0.8 ~1 >1

SRR F,/ (g kg™") 0-~5 5~10 10 ~15 15 ~20 20 ~25 >25

AR AT R Fy/ (mgekg ™) 0 ~30 30 ~ 60 60 ~90 90 ~ 120 120 ~ 150 > 150

AW Fo/ (mg-kg™") 0-~3 3-~5 5~10 10 ~20 20 ~40 >40

A TR F,/ (mgekg ™) 0 ~30 30 ~50 50 ~ 100 100 ~ 150 150 ~200 >200
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Tab.2 Weight of soil nutrient in cultivated land

evaluation factors in Da’ an City

*‘Elﬁ’f/f‘ Fl FZ F3 F4 FS Fﬁ F7

E  0.175 0.123 0.171 0.163 0.117 0.139 0.112
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Fig.2 Diagram of antecedent cloud generator
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Fig.3  Flow chart of fuzzy synthetic evaluation

based on cloud model
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Tab.4 Cloud standards for soil nutrient evaluation

&t ez (1) WA= (1) Bz (10) FAECIV) FECV) REE (VD)
F, (3,2.55,0. 1) (8,1.70,0.1) (15,4.25,0.1) (25,4.25,0.1) (35,4.25,0.1) (45,4.25,0.1)
F,  (0.25,0.21,0.02) (0.625,0.11,0.02) (0.88,0.11,0.02) (1.25,0.21,0.02) (1.75,0.21,0.02)  (2.25,0.21,0.02)
F, (0.1,0.08,0.01) (0.3,0.08,0.01) (0.5,0.08,0.01) (0.7,0.08,0.01) (0.9,0.08,0.01)  (1.25,0.21,0.01)
F, (2.5,2.12,0.1) (7.5,2.12,0.1) (12.5,2.12,0. 1) (17.5,2.12,0. 1) (22.5,2.12,0. 1) (35,8.49,0.1)
Fs (15,12.74,0.2) (45,12.74,0.2) (75,12.74,0.2) (105,12.74,0.2) (135,12.74,0.2) (175,21.23,0.2)
F, (1.5,1.27,0.15) (4.0,0.85,0.15) (7.5,2.12,0.15)  (15.0,4.25,0.15)  (30.0,8.49,0.15)  (50.0,8.49,0.15)
F, (15,12.72,0.25) (40,8.49,0.25) (75,21.23,0.25)  (125,21.23,0.25)  (175,21.23,0.25)  (250,42.46,0.25)

— ARG IR (K S) 4R R W] WFIE X 7
T IRIR AR BRI AL S R BIIAE 10% ~60% , BAR L
B AR S o T AR B 978 S 28 B0 el R /NI
B IR VN RN NE 3 €7 N o W G T AN )
A, T LU A 22 S dn AR R A e D 4 B, AR

SR BN 51.79% ; WA 4 [ B Uk e A 3R
IR UE A KR A LT & R R T =
GLLON AR > 45 bR 3 Jm T U 9, R W% X A
HLBE &5 kR K P i A, o 28 8O0 b 1 9 Y B
HE £ 4
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Tab.5 Statistical results of soil nutrient contents

bR F, F, F, F, Fy Fy F,

75 Ak, 715 Bl 5.25 ~24.92 0.77 ~1.98 0.12~1.33 3.33~36.24  60.00 ~137.83  6.21 ~16.94  79.23 ~199. 60
SE 5 14. 05 1.38 0.73 17.92 95. 54 11.25 135.56
bR 22 5.75 0.31 0.36 9.28 18.58 2.85 28.57

A 2B % 40. 93 22. 46 49.32 51.79 19. 45 25.33 21.08
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A COK 3k Xt + e 9% o0 M = 25 & 45 2L
(CFCT) FEAT A 3 M , MATIOUHBF 571X JoR 4 38 5% 73 5%
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ﬁﬂ?
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ASCR A b —s FrBtt CFCL#EAT IE 25 43 ik g™
LA b Ko B g R U BN 0.2, KT
0.05 4 & IEAS 5317 B 5k, LA R KOk - 0..027 0,
e 2 K0 3..000 2, 5 bR vl I 25 23 A5 (i B &R 20
0, B2 2R B0 3) 43T, B AR 45 R BEAFT 5 IE S
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SN COK Hi fELAY 55 Ah— > 45 A5 L2 P9 ) 2% 4
S E S =AUNEIPS (VNN EPS T T R
BEBEE o A SPSS 23.0 By RS S AH 3G 1 23 A Xf
CFCI {5 L HEIR I 4548 bR fELUEAT AN A 3 AT, 159 51
Pearson HICRE(F 6) . HIF 6 M1, A5 CFCI Y
FHSCPE S w25 , Os  4 R A b F) A2 B AT A AL

(2) f5 70 L o I i 4

WRCFH 22 (ME) (3907 %22 (RMSE) |47
T2 (MESD) b5l #7152 2 (RMSSD) -4

% 6 CFCI 5&1545 Pearson X R
Tab.6 Correlation between CFCI and each index

*Hb*/f\‘ F] FZ F} F4 FS F() F7
CFCl 0.357 0.575 0.541 0.568 0.248 0.359 0.212
BEMLH 0.0 0.01 0.0 0.01 0.01 0.0l 0.05

prif iR 22 (ASE) il DABS (RMSE 5 ASE (4 22 4
XHE) X 6 TR 22 2 KA 0y 4 2RRG J5 1 7 8k 4l . DA
UL SRR E (R T) 58 B B 1y ME
RMSE \MESD , DABS Af %5 iy 65 78 5 3 i T %,
[F] B 41 OB fry RMSSD AR ¢ 1 H A A5E Y B 45 308 1
Lo LRSS SR WIHR RO 174 57 e B 38O Bt
PR H e O R Sy Yk COK A {728 S R SRS 1
RT TREHPEIHZTIARIERELR
Tab.7 Comparison of cross validation accuracy

among variogram models

i ME RMSE  MESD RMSSD  ASE DABS
BRI 0.0056 0.3863 0.0135 1.0751 0.3593 0.027
$&% 0.0022  0.38 0.0045 1.0484 0.3628 0.0172
EE o 0.004 0.4 0.008 1.122 0.3572 0.0428

(3) =5 [B) 4 {H 25

A B SR Wr Sk I 2% 2 B R LS A s
HER CFCLARE A SR h 6 9, il 1 ik =
(2.98~3.41) I : MR H=(3.41 ~3.60) I :85k=
(3.60 ~3.76) . IV: 1% (3.76 ~3.93) . V. FE &
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Tab.8 Grading of CFCI

s ST I B o 5 X [Ei2E 32
L1l / % i/ %
2.98 ~3.41 3.94 3.94
I 3.41 ~3.60 21.18 25.12
i} 3.60 ~3.76 26.92 52.04
v 3.76 ~3.93 23.75 75.79
\ 3.93 ~4.14 16. 15 91.94
VI 4.14 ~4.60 8. 06 100
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Fig.4 Distribution of CFCI of soil nutrients in cultivated

land in Da’ an City
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