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Fig.1 Land use pattern and soil type in the southern Dongting Lake River Basin
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Fig.2 Sampling sites in the southern Dongting Lake River Basin
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Table 1 Value assignment standard for membership evaluation of qualitative indices

FEVERE AR
Qualitative index

T fE e

Value assignment standard

S| AT A TR 128, IR, s RER. R . B, RSO, ML, SEIRERML . BT T . AR M
o (U0) BURR IR, A TR EHEARASH 13 B2y 3
KIEE 1 0.8 0.7 0.6
BB bIRCIRG ALY HE A TR
KB 1 0.9 0.8 0.7
B2 Bt A RPHE, iR G hi Wt
B33y 1 0.85 0.7 0.6
T A A 2 i BLU I o /N - Je 2 il FAHL BT 2 A
SRIEE 1 0.75 0.7 0.65 0.55 0.5
(42 J 3 R TR ST 15 95 2 T Lmﬂﬂﬁgwwr%> Heren
3 . XS XS X3
TS SFK . = ‘
Ih'S BRIRBLREGT ST TD=1 000e-x)/(r—x)+0.1 3 <x<x,
0.1 x<x 0.1 X < xEx > x4
fx)=49 09(x—x)/(x—x)+0.1 x,<x<ux, (3
1.0 X2 X AP, BT x L x, 2R bR A g R Ik
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Table 2 Membership function type and turning point of quantitative indices

AE PHESFacHets  AHLE o A A e AL e AP
- BD pH CEC SOM TN AN TP AP TK AK
?%jﬁ o (gem™) (cmolkg™) (gkg') (gkg') (mgkg') (gkg') (mgkg') (gkg') (mgkg')
S PO T e FhS A
Parabolic function S function
X, 1 4.5 <5 <6 <0.5 <60 <0.2 <3 <6 <30
X, 1.1 6 >20 > 40 >2 >200 >1 > 40 > 30 >200
X3 1.2 7
X, 1.4 8.5
134 BR&ESEANFHGTE LREGIENE  Pon. HHEEEIEN 122 gem?, AT EAF;

¥ (Soil Fertility Index, SFI) [T :
SFI:Z(qixa)i) (4)
i=1

K, g 5 i WP AEFRIRIE B, o, I3 i
PENHEFRIIACE, n MIEM AR L

1.3.5 #agaz® ARAFSEFIH SPSS 16.0 421714k
PG Hr, GS'9.0 A AT 22 R 5 3
WG . R ArcGIS 10.6 #E3E1 723 (a4 {E A1
22 SN R YA A pe

2 HERPH

2.1 HIRiERREA ST 2R
Xt R EAR A TR PR A, AR INER 3

13 pH (AR 6.03, EiRmERYE; CECHHN
25.22 cmol kg', J& F R J1 K5 AP .
R TR RN RO B Y 50 31.03 g kg
1.85 gkg'. 155.2 mg kg™ Al 21.65 mg kg, ¥J&E T
B K SEACER . A A B A Y 40
105.58 mgkg™'. 0.76 gkg' fl 18.12 gkg™', @ T
KoKV BRI EE T 59720 5 R AU 2R T
SRAR RSN, HARFERE T SRR (10% <
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P J A IR IE 5317 .
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Table 3  Statistical characteristics of quantitative indices

ity e/ME INE] ¥ifH brifE 22 R (%) P
Index Min Max Mean SD CVv (K-S test)
AE (gem?) 0.94 1.38 1.22 0.08 6.4 0.00
BHE FacHfem (cmolkg ™) 2.10 53.40 25.22 14.71 58.3 0.00
pH 4.10 8.50 6.03 1.01 16.7 0.00
AHLR (gkg') 4.70 61.00 31.03 9.64 31.1 0.01
2R (gkg!) 0.29 3.88 1.85 0.58 31.2 0.00
A (mgkg™) 12.00 510 155.20 48.17 31.0 0.00
28 (gkg) 0.14 3.00 0.76 0.34 44.7 0.00
R (mgkg™) 0.50 372.20 21.65 27.38 126.5 0.00
28 (gkg™) 1.00 69.90 18.12 7.41 40.9 0.00
R (mgkg!) 14.00 590.00 105.58 57.48 54.4 0.00

pH AR K, 16 BH 3B RE BT AE I IX PN B 43 L
B —, FEMARRAN, UHPHES A G st
FHEAFE LA . B pH 4b, HARFEPRAPEL LY
NTF 025, UEEITRIRIE Tomas ARG, £%
ZLEMIPEN R pH BIERIEE LG KT 0.25, J& T
HAERR R R S, URBHBEAL IR 2R A5 A TN e .

Rl T 1T A5 380 %) #5 F8 A 1) 2 T 22 BRI AU R4
AR, 1538 TR PRTERT ST X N Y 2 (] 43 A
K, [RS8 R PO T ARG T, S5k 5
PR o WFSE X B bb - S O A 1« PRk A ik Y
1A o 32.12% . 25.40% F1 22.99%, AbT
OO R B R T AR 2 20%; BFFEIX N 4
e E F A T B, Y 74.96%, 40T
T E LN B TR (5 24.06% , HASERAG) & e/
T 1%, 138 CEC FZAT 1 9K, ALk
71.51%, UiWABFSEIX e RE )0k, HIAPLIT .
SRR A BT 2 ok, mAR S A
52.46% . 51.93% F1 48.46%, ] VLAY X NER AR5
Eraios, HIEIANRe ree, WK, &
AR AR EEALT 3 YUK, AL )
H 45.44% F1 54.86%, FURALT 2 Gk - 0 4k e T

BUS AR, Uil X INBE R IR0 S B,
RN BE AT . O R 4 EEAL T
4 GOKF, RS LAl 48.27% F1 52.12%, Ik
Ab T 3 KRR R A K, SIS X
WS R IR Z , RAEAER LN R
BRI P 7o
22 TEEHEZEEITFNSIBIRENEE
221 XERAZASFHRDBFEEGH T X
PEAIFE AR TIEAS 2 AL EdE, X 14 TEM e bR
3 A S B e AT A M o BT BRI
HRT 1 BERTH 71, REGTERFRES] 72.38%.
TN BT A P X Norm {H U155 6 Fizs .

fE PC1 Mgk e bn 2L . 2R . it
A, RFLIEERAE S s PC2 P # T FE bR
JEEBOL . L BE, ARFESLHAAE; PC3 R gk
EFR bR A0 . HE, ISR BE
PC4 Hh R L AE AR e A . BHE i, AR+
PERPEAR s PCS R Eimi EAR AR 228 . 28k, U
T AL ¥ S7 5 PC6 i # i (6 bR 42 CEC,
T+ IERRACRE F1 5 PCT FP g BT (B 45 bR 2 ) T
TR, R TR A ST

T4 FHERBERRSY

Table 4 The Semivariogram models and parameters

Eistan Jiiil HegfE (G) HAEE (CHC) Hdt i (Cy/C+C) AR (A) 2
Index Model Nuggect Sill Nuggect/Sill Range

AHE (gem™) FRH R 0.00068 0.00602 0.113 6000 0.108
FHE T2 (cmol kg™') FRHRY 23.5 216.0 0.109 8700 0.418
pH BRARAEAY 0.302 1.093 0.276 84900 0.761
FHUE (gkg!) FREIRY 11.90 93.01 0.128 22500 0.715
245 (gkg') FRERY 0.0369 0.3338 0.111 16500 0.879
WA (mgke™) Fa B 255 2310 0.110 11700 0.543
2 (gkg!) R B 0.0148 0.1156 0.128 12900 0.496
FRE (mgkg) FRBRY 79 712 0.111 13200 0.084
28 (gkg!) B 7.30 55.88 0.131 19200 0.475
A (mgkg!) B 381 3226 0.118 13500 0.265
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Table 5 The proportion of graded area of quantitative indices for different categories

eI a4
Index Category
FHEFAc i Sy (ecmolkg™) 1% (>20) 24% (20~15) 3% (15~10) 4%% (10~5)
MR (%) 71.51 18.27 8.63 1.58
UL Fravull (gkgt) 12 (>40) 2% (40~30) 3%% (30~20) 4% (20~10)
mAGE (%) 6.45 52.46 36.55 4.54
o HEE (gkg!) 19% (>2.00) 2%% (2.00~1.50) 3%% (1.50~1.00) 4%% (1.00~0.75) 5%% (0.75~0.50)
MR (%) 32.95 51.93 13.96 1.14 0.02
BRfivE L R (mgkg') 1% (>200)  24% (200~150) 3%% (150~120) 4% (120~90)  54% (90~60) 6% (<60)
mAGE (%) 5.56 48.46 35.51 9.65 0.81 0.01
Sff HEE (gkg!) 1% (>1.0) 2%% (1.0~0.8) 3% (08~06) 44 (06~04) 590 (04~02)
MR (%) 12.43 24.36 45.44 16.93 0.84
AR FEIE (mgkg') 1% (>40) 24 (40~20) 3% (20~10) 4% (10~5)
mRGE (%) 4.88 31.24 54.86 9.02
el TEE (gkg!) 1% (>30) 24% (30~24) 39 (24~18)  4%¢ (18~12) 59 (12~6) 6% (<6)
MR (%) 3.44 9.62 28.52 52.12 5.34 0.95
B SRUE (mgkg') 140 (>200)  24% (200~150) 3%% (150~100) 4%% (100~50)  5%% (50~30)
ARG (%) 1.35 8.87 40.89 48.27 0.62
pH R itk (45~55) WIRME (5.5~6.0) ik (6.0~7.0) WEH (7.0~75) Btk (7.5~82)
MR (%) 25.40 32.12 20.99 7.75 13.74
B EFHRVEE (gem™) @H (L1~12) RE (12~14) WE (12~14)
WG (%) 24.06 74.96 74.96

AT TR AL MDS.

HWK, XA MDS [F]— 5y TR T+
KT (I3, P AR R B M4 xE ) , PCI
FABLT . 2% RPN L, PR EA S,
R Norm {HERKRHYA HLBUHESR; PC2 FFHfE &L
A5 B E ARG, SR B Norm (R AY L

g b ; PC3 HoA 2w 5 A o MO, BR
B Norm {HIR KA RWEER; PCA HAE SHFZER
WA, H#H Norm (EAHNT, & RIEARLL
SE PERUREARAE R o A h SO R0, DR R

H; PC5 iy e R E M, SRE Norm {HAL
Ry apifits; PCo AT CEC bR, MUfRH ;

*6 ERDBEEMER Norm &

Table 6 Principal component loading matrix and Norm values

B
LN Principal component Norm(ff
Index PCI PC2 PC3 PC4 PCS PC6 PC7 Norm Value
AU 0.78 0.40 -0.02 -0.12 -0.09 -0.02 0.05 1.33
£ 0.72 0.49 -0.01 -0.12 -0.15 —0.04 0.02 1.32
A 0.64 0.38 0.04 -0.12 -0.03 0.08 -0.02 1.13
HIE B -0.43 0.70 0.10 0.15 -0.08 0.02 -0.01 1.20
J5 % S351} -0.45 0.69 0.09 0.16 -0.01 -0.05 -0.02 1.21
pH -0.30 0.56 0.06 0.36 -0.02 -0.06 -0.11 1.01
PEpd -0.03 -0.09 0.78 -0.26 —0.03 0.12 -0.05 0.99
LB -0.08 -0.04 0.75 -0.28 -0.12 -0.03 -0.12 0.98
Fo:is 0.32 -0.22 0.19 0.66 -0.11 -0.13 -0.30 1.03
HBEZ T -0.35 0.27 -0.25 —0.64 0.14 0.04 0.00 1.04
ol 0.21 0.05 0.00 0.10 0.75 0.22 -0.04 0.89
S 0.11 0.13 0.32 0.13 0.63 -0.16 0.21 0.85
PHE A2 i i 0.00 0.04 -0.02 0.11 —0.05 0.91 -0.23 0.97
AT - A 7 -0.03 -0.03 0.14 0.24 -0.18 0.24 0.88 0.99
FRIF(E 2.32 1.98 1.42 1.31 1.08 1.02 1.00
FERGT TR (%) 16.59 14.12 10.13 9.34 7.73 7.30 7.18
FatoilkE (%) 16.59 30.71 40.84 50.18 57.91 65.20 72.38
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Fig.3 Pearson’s correlation coefficient of the indices involved in the assessment

PC7 rf FUA T L AR B b, IR B . BT E
AHFFEH) MDS A : AP, BB, AR &
#, 2. CEC Al LR AL

5 MDS 535l AT ER O dr, R R R 2
T, I AT 5EA IR A 105 2
FAB B iZ A8 R A E . TDS 5 MDS HFE AR AR

222 I ZAFENIARREG AL X TDS FT R R S S AR AN 7 FiR .
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Table 7 Weights of soil fertility assessment indices
¥dE4E (TDS) I/ NS (MDS)
o Total data set Minimum data set
BV
Index AWT I A E BT NE
Common . Common .
. Weight . Weight
factor variance factor variance
LM A AR 0.71 0.07 0.55 0.16
HJE 0.72 0.07
EIITEERIN illipat N A 0.95 0.09 0.30 0.09
BRI HEZ T 0.69 0.07
A 0.74 0.07 0.47 0.14
P 5 73 40 i 0.91 0.09 0.64 0.19
pH 0.55 0.05
R 5Kt AHLET 0.80 0.08 0.38 0.12
e 0.80 0.08
Tl AL 0.59 0.06
s 0.61 0.06
R 0.70 0.07 0.48 0.14
el 0.68 0.07 0.53 0.16
U 0.68 0.07
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X (4) 15, BHAEARER S IR 2R AT
231 R RN E R SRR 5% (SFI) . TDS 5 MDS 14 SFI $#i3iR 1E 553140 #r
Je SR B S AT R ACE . (32 7) AilEiis g5k 8.

x8 ET2BMENESEHNTREITFNERNGIHFIEE
Table 8 Statistical eigenvalues of soil fertility assessment results based on TDS and MDS

23 HIREEHEETN

LR AL e/ IME KA ¥IE FrifiE2E R EY Pearsontfl5& R %L

Index value Min Max Mean SD ()% Pearson’s correlation coefficient
SFI ( TDS) 0.46 0.95 0.71 0.07 10% 0.788™

SFI (MDS ) 0.37 0.97 0.69 0.09 13% -

"™ P<0.01, SFI, TIEACI4EE48%0 TDS, 28dits; MDS, /M.

ATLLE P 1Y SFLYE M, SAE A 7 R4
T, HMEMEGMEERIALR N : y=
1.030x — 0.033, FHXZ%k rik%] 0.788 (P <0.01) ,
ARG, LRI A E# A 5T MDS 154
PR Z T LIACHE TDS Sl J 15 i 3slobf b+ A 2647
ZIe
232 EBERAZESIFNBHRZA S ASIE X
T MDS 1529 SFI #F472¢ 5 22 R8s, Ha i
WA BRI, HILEA(E R 0.00092, FEGHN

0.00837, HREEN 0.11, JB Fomaslalfett, A8
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Table 9 Rice yield in different Soil fertility index values
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Comprehensive Assessment of Soil Fertility of Cultivated Land in
Southern Dongting Lake Basin Based on Minimum Data Set

CHEN Fang-zheng', REN Jian!, LIU Si-han?, HU Ke-lin""
(1. College of Land Science and Technology, China Agricultural University, Beijing 100193, China;
2. College of Resource and Environmental Sciences, Hunan Agricultural University, Changsha 410128, China)

Abstract: Establishing a new method to assess soil fertility of cultivated land using less input and cost without
reducing any useful information is helpful to guide agricultural production and land use planning. In this study, four
administrative cities in southern Dongting Lake River Basin were selected as the study area. The 14 indices
representing four main components, such as site conditions, soil profile properties, soil physical properties and soil
nutrients were comprehensively considered. Soil fertility was evaluated by the integrated index based on the minimum
data set (MDS) using principal component analysis, and its main limiting factors was also analyzed. The results
showed that the study area was mainly slightly acidic. Soil bulk density (BD) and the nitrogen nutrient presented
trends of slightly tight and at a higher level, respectively. The phosphorus nutrient ranged from the medium to high
level, and the potassium nutrient was at a low level. The MDS was consist of seven indices, including soil parent
material, soil profile pattern, CEC, BD, SOM, AP and TK. The mean and standard deviation of total data set (TDS)
and MDS were close with a Pearson’s correlation efficient of 0.788 (P < 0.01). The areas with high soil fertility index
(SFI) were mainly located in the concentrated rice planting area near the southern Dongting Lake water system. Those
with low SFI were mainly distributed in the hilly area with relatively high altitude or low vegetation coverage close to
urban construction area. Phosphorus and potassium nutrients were the main limiting factors of SFI in the study area.
The results provided a theoretical guidance for the comprehensive assessment and improvement of soil fertility in the
southern Dongting Lake Basin.

Key words: Soil fertility index; Minimum data set; Principal component analysis; Dongting Lake River Basin
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