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Fig. 1 Distribution of sampling sites in the 1982 (a) and 2016 (b) surveys of cropland soils in Fujian Province
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Table 1 Data of pH and relative properties of cropland soil in Fujian Province

WA AN/ s AP?/ AL OM / CEC bkr Sand o
2016 4FpH 19824FEpH ) ] ] ! kL Silt /%
(mg-kg™) (mg-kg™) (gkg™) /(emol- kg™) 1%
3.04~8.42  3.09~8.59 7 ~608 3~ 449 1.81~60.10 4.78~2736  0.20~99.88  0.12~79.86
. 3R ) AR AERRE K [ /KA pH AR A TR AL
Zhiki Clay /% Y7 ¥ Gradient /° 5 s o © R
Altitude /m AMT?/°C AMP?/mm AMRPH® AMFAR® /(kg-hm™?)
0.00~64.82  10~1418 0~36 11.6~21.3 1 037~2 051 4.17~6.97 258 ~ 1980

(D AN: Alkalyzable nitrogen, @AP: Available phosphrous, @ AMT: Annual mean temperature, @AMP: Annual mean precipitation,

(5AMRPH: Annaul mean pH of rainfall, ©® AMFAR: Annaul mean fertilizer application rate per hectare
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Table 2 Mean of ApH of cropland soil and area of soil acidification in Fujian Province during 1982 and 2016

ATHIX Administrative — pHZS{L M Wk m A Acidification TTECIX pHAE AL R AL T A Acidification
region Mean ApH areas/10°hm’ Administrative region Mean ApH areas/10’hm’
&M Fuzhou -0.49 14.06 J% 4 Quanzhou -0.38 10.13
Ja Longyan -0.53 14.62 = Sanming —-0.10 8.77
¥ Nanping -0.30 19.28 Ji [T Xiamen -0.58 1.18
T Ningde -0.21 10.04 7% Zhangzhou -0.33 11.86
T [ Putian -0.40 4.500 fR# Fujian -0.34 94.44
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Table 3 Grey slope correlation analysis between A pH and potential impact factor of the cropland soil in Fujian

HEF A RS A [ 5 TR A IR F AL P B3I

Order Potential impact factor Grey correlation coefficient Impact type
1 A 34 LA T Bt FIE £ AMFAR ~0.954 1] Negative
2 CEC 0.932 iE[4] Positive
3 ZFhki Clay 0.884 1E [ Positive
4 AEHIREK B AMP -0.669 1f115] Negative
5 [% sk 4= pH AMRPH 0.626 1E[7] Positive
6 FHHLBT OM 0.623 iE[1] Positive
7 WA AN -0.613 111 Negative
8 H AL AP -0.609 17 Negative
9 fbHi Sand -0.596 71 [1] Negative
10 AR AMT -0.590 711 Negative
11 Y% Gradient -0.575 1 1i] Negative
12 Hyhi Silt 0.561 1E [A] Positive

x4 TEHIXREMENEERBELSES
Table 4 Fitting indices of the standardized modification model for balanced relation
EEPREE T PRI o B ERA A 2551

Fitting index of model

Evaluation criteria

Fitting result of modification model

o XL 5 5L X’/ df <2 (P>0.05) 0.569 (P=0.451)
Absolute GFI1V >0.9 1
fitting index RSMEA? <0.1, #/N#4; The smaller, the better 0
ARXF L5 8 5L NFI1? >0.9 1
Relative fitting TLI® >0.9 0.999
index
CFI® >0.9 1
©
{5 I H IF1 >0.9 !
Information index ECVI? #/N# U The smaller, the better 0.006

(DGFI: Goodness of fitting index; @ RSMEA: Root square mean error of approximation, (3 NFI: Normed fitting index; @ TLI:

Tucker-Lewis index; & CFI: Comparative fitting index; ©® IFI:

index
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Fig. 2 Standardized modification model for balanced relations between key impact factors of the cropland soil acidification in Fujian
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Study on Driving Factors of Soil Acidification Based on Grey Correlation-
Structure Equation Model

ZHOU Biging"® QIU Longxia®? ZHANG Liming"? ZHANG Xiu' CHEN Chengrong’ XING Shihe"**'
(1 College of Resourcs and Environment, Fujian Agricultural and Forestry University, Fuzhou 350002, China )

(2 University Key Laboratory of Soil Ecosystem Health and Regulation in Fujian, Fuzhou 350002, China)

(3 School of Environment and Nature Science, Griffith University, Nathan 4111, Australia )

Abstract [ Objective] Soil pH is an important indicator of soil fertility and also a factor
significantly impacting crop growth and production. Soil acidification, as a result of the joint effects of a
number of external and intrinsic factors, has become an urgent problem to solve for sustainable development
of agricultural production in China. How these factors affect soil acidification differ significantly in
pathway and effect. It is, therefore, of critical significance to elucidate region-specific key driving factors of
soil acidification to the control of soil acidification and improvement of soil quality. [ Method ] The study
set Fujian Province as its research object. Based on the 1:50 000 spatial cropland and soil type databases of
the province, the data of topsoil properties of the 36 777 sampling sites investigated in 1982 and the 56 445
sampling sites in 2016, and other relevant data including climate elements at the meteorological stations,
pH of the precipitation at the acid rain monitoring points and fertilizer application rates from 1982 to 2016
in Fujian Province, a spatial database of cropland soil acidification and its potential affecting factors of
the province was established. On such a basis, in-depth discussion was performed of key driving factors of
cropland soil acidification in the province during the period from 1982 to 2016 with the aid of the grey slope
correlation (GSCM)-structure equation (SEM) model. [ Result ] Results show that soil pH of the cropland
had decreased on average by 0.34 unit and 70.67% of the cropland soils had been acidified in various
degrees by 2016 in Fujian Province, and the acidification varied significantly and spatially in degree.
GSCM analysis shows that the main driving factors of the cropland soil acidification in Fujian Province
included annual mean fertilizer application rate, CEC, clay content, annual mean precipitation, annual mean
pH of the precipitation and organic matter content. Grey correlation coefficient of their absolute values was
higher than 0.620. The key driving factors of the cropland soil acidification illuminated by SEM included
severe acid rain, high precipitation and high application rate of chemical fertilizers, reaching 0.38, —0.40
and —0.70 in direct effect, 0.11, —0.35 and —0.16 in indirect effect, and 0.49, —0.75 and —0.86 in total
effect, respectively. [ Conclusion ] The model of SEM-GSCM proves to be a better method to explore for
key driving factors of cropland soil acidification in different regions. An effective approach to control of
cropland soil acidification in Fujian is to control acid rain through controlling the industry from emitting
acidic exhaust gas, and optimize fertilizer management through extrapolating the use of organic manure to
minimize chemical fertilizer application in agriculture.

Key words GIS; Farmland; Soil acidification; Impact factor; Influence path; Influence effect
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