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Abstract: Soil pH is an important indicator of cropland soil fertility and quality. Decline in soil pH is a vital problem in soils
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Thus accurate knowledge on the degree of acidification and its causes of regional cropland soils is crucial for the enhancement
of the quality of cropland soils and sustainable development of agriculture. In this study, data on topsoil attributes collected from
36 777 sampling sites in the second soil survey in 1982, 236 445 sampling sites of soil fertility investigation for fertilization in
2008, average annual temperature and precipitation for 1980-2008 in Fujian Province were used to establisha 1 250 000 map of
relevant cropland soil attributes database in ArcGIS software. This database, containing a total of 34 593 patches, was used to
study the extent of acidification, and combined with the Grey slope correlation analysis model to explore the causes of crop-
land soils acidification in the province. The aim of the study was to lay the scientific basis necessary for understanding soil
acidification regulation. The results showed that the area of acidification during the studied period accounted for 67.60% of the
total area of croplands in the province. Also the areas with strong, moderate and low acidifications accounted for 0.83%,
18.26% and 48.52% of total croplands in the province, respectively. Analysis on prefectural city scale showed that strongly
acidified croplands were mainly distributed across Longyan City and Quanzhou City, accounting respectively for 86.88% and
8.39% of total strongly acidified croplands in the province. Moderately acidified farmlands were mainly distributed across
Nanping City, Longyan City and Quanzhou City, accounting respectively for 29.88%, 18.10% and 16.94% of total moderately
acidified cropland in the province. The weakly acidified croplands were widely distributed across Fujian Province. On the
whole, strongly and moderately acidified farmlands were mainly distributed across the north, southwest and southeast littoral
regions of Fujian Province. In terms of soil type, gley paddy soils, percogenic paddy soils and acid purplish soils had signifi-
cantly acidized in 1980 to 2008, with acidified areas accounting respectively for 82.87%, 72.37% and 69.20% of total gley
paddy soils, percogenic paddy soils and acid purplish soils in the province. However, the acidification degrees of percogenic
and hydromorphic paddy soils were relatively severe, with the total area of strong, moderate and low acidifications accounting
respectively for 98.94%, 84.51% and 87.36% of total acidified cropland area in the province. In terms of land use type, paddy
and irrigated fields were significantly acidified, accounting for a high proportion of the study area. Acidified areas accounted
respectively for 70.35% and 60.78% of total paddy and irrigated fields in the study area. Grey slope correlation analysis
gested that increasing severity of acid rain, high temperature, high precipitation and high fertilizer input were the main factors
contributing to the acidification of croplands in Fujian Province. An effective control approach of cropland acidification in
Fujian Province was by strict control the emissions of industrial acidic exhaust gases containing sulfur. It was also necessary to
optimize fertilizer management programs by increasing organic fertilizers application and reducing chemical nitrogen and
phosphate fertilizers application.

Keywords: Fujian Province; Farmland; Soil acidification; Soil subgroup; Land use type; Grey slope correlation analysis
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Table 1 Acidic or alkaline transfer matrix of cropland soil in Fujian Province from 1982 to 2008 %
1982 pH pH Soil pH in 2008
Soil pH in 1982 pH<4.5 4.5=pH<5.5 5.5=pH<6.5 6.5=pH<7.5 7.5=pH<8.5
pH<4.5 — 98.03 1.97 — —
4.5=<pH<S.5 4.16 86.90 8.84 0.11 —
5.5=pH<6.5 7.99 47.73 39.09 4.93 0.26
6.5=pH<7.5 2.07 12.44 60.79 21.25 3.44
7.5=pH<8.5 — — 48.99 24.29 26.72
( 2), 26 29.88% 18.10% 16.94%;
67.60% ) ) )
10.58%  9.33%
48.52% 18.26% 0.83% , R
86.88%; ,
R 8.39%,
20.71% 17.66%  15.73%;
12.06% 11.79%
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Table 2 Areas of farmland with different acidification degrees in different municipalities of Fujian Province from 1982 to 2008
x10° hm?
Acidification degree
Municipality Cropland area
Strong acidification Moderate acidification Low acidification
Fuzhou City 164.54 0.47 22.87 76.78
Longyan City 163.57 9.66 44.34 56.66
Nanping City 235.51 — 73.19 134.84
Ningde City 159.99 — 6.74 102.40
Putian City 75.39 — 8.38 25.39
Quanzhou City 148.45 0.93 41.50 54.40
Sanming City 192.04 — 16.69 114.98
Xiamen City 21.80 0.05 5.37 7.01
Zhangzhou City 180.41 — 2591 78.50
Total 1341.70 11.12 244.99 650.95
2.2 ,
(3, , 39.23%,
1982—2008 26 ;
>
, , 32.17%,
, 6.11%, 66.21%  36.00%

3 1982 2008

Table 3 Area proportions of acidic or alkaline soil in different subgroups of cropland soil in Fujian Province in 1982 and 2008 %

pH<4.5 4.5=pH<5.5 5.5=pH<6.5 6.5=pH<7.5 7.5=pH<8.5
Soil subgroup 1982 2008 1982 2008 1982 2008 1982 2008 1982 2008
Coastal aeolian sand — — 0.68 30.09 62.26 69.91 36.46 — 0.60
Coastal solonchaks — — — — — — 10.45 18.10 89.51 81.90
Latosolic red soil — — — 6.03 61.64 72.48 38.36 21.50 — —
Red soil 0.39 1.57 70.18 58.96 29.08 34.49 0.34 4.98 — —
Yellow soil — 0.28 94.18 79.70 5.82 20.02 — — - -
Greyfluvo-aquic soil — — 60.83 39.39 39.17 60.61 — - - -
Bleached paddy soil —_ 0.91 77.76 80.67 22.24 17.97 — 0.44 — —
Gleyed paddy soil 1.22 291 89.59 94.70 9.01 2.39 0.19 — — —
Percogenic paddy soil 0.22 6.33 81.52 83.46 18.06 9.94 0.20 0.27 - —
Acid purplish soil — —_ 40.45 79.68 59.55 20.32 — — - —
Salted-acid paddy soil — — 2.28 2.28 97.72 97.72 — — — —
Submergenic paddy soil — 0.63 44.30 53.19 33.06 32.58 22.64 13.59 - —
Salinized paddy soil — — — 17.26 71.85 70.38 25.60 12.31 2.55 0.04
Hydromorphic paddy soil 0.12 2.59 71.66 69.90 28.15 27.05 0.08 0.45 — —
( 4,26 ;
R 98.94%;
s s
71.91%,
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Table 4 Areas of different acidification degrees soils in different subgroups of cropland soil in Fujian Province from 1982 to 2008
x10° hm’
Acidification degree
Soil subgroup Area
Strong acidification Moderate acidification Light acidification
Coastal aeolian sand 8.22 — 3.19 1.63
Coastal solonchaks 7.43 — — —
Latosolic red soil 57.94 0.05 17.96 18.39
Red soil 16.30 — 1.66 6.52
Yellow soil 2.22 — 0.27 0.77
Greyfluvo-aquic soil 0.73 — — 0.28
Bleached paddy soil 4.61 — 0.45 2.58
Gleyed paddy soil 66.56 0.07 14.12 40.98
Percogenic paddy soil 928.74 9.26 176.18 486.70
Acid purplish soil 0.40 — 0.15 0.13
Salted-acid paddy soil 0.11 — — —
Submergenic paddy soil 2.08 — 0.16 0.68
Salinized paddy soil 41.97 — — 10.33
Hydromorphic paddy soil 204.38 1.74 30.86 81.97
2.3 ; 78.22%
( 5),26
1982 , ( 6),1982—2008 26
7.24%, 788.55x10° hm’
2.34%  5.38%, ) 70.35%,
59.76% 10.20% 2.12%  0.10% 0.90%
18.54%  50.91%
0.30%,  29.37x10° hm’, 60.78%,
3.29%, 15.26% ’ 0.11% 24.01% 36.66% R
: 15.63%, 85.55% , 51.69%,
, 0.59% 14.80% 36.30% , 1982 ,
1.57%  3.17%, ,
0.54% 4.13% 0.06%; 68.57% ) ,
;22.25% >
; 17.12% 12.69%

5 1982 2008
Table 5 Area proportions of acidic or alkaline soil of different cropland use types in Fujian Province in 1982 and 2008 %

pH<4.5 4.5=pH<5.5 5.5=pH<6.5 6.5=pH<7.5 7.5=pH<8.5
Land use type 1982 2008 1982 2008 1982 2008 1982 2008 1982 2008
Dry farming field 0.11 1.68 41.78 41.24 4432 47.49 13.19 9.06 0.59 0.53
Irrigated field 0.10 0.30 4433 47.62 27.36 38.04 25.89 10.26 2.32 3.78
Paddy field 0.26 5.64 79.25 81.59 19.41 12.17 1.02 0.56 0.06 0.04
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Table 6 Areas of different cropland acidification degrees in different land use types in Fujian Province from 1982 to 2008

6 1982—2008

x10° hm®

Acidification degree

Land use type Area
Strong acidification Moderate acidification Low acidification
Dry farming field 172.41 1.02 25.52 62.59
Irrigated field 48.33 0.05 11.60 17.72
Paddy field 1120.95 10.05 207.87 570.63
2.4 > > CEC
7 , CEC pH pH
, , R
, ( 0.850;
ApH ); ,
, R| 0.800~0.850;
, R| 0.790 pH
( ApH )
pH R CEC
R| . CEC> >
pH > > > > >
7
Table 7 Grey correlation analysis between cropland soil acidification and impact factors in Fujian Province
Gray correlation Gray correlation
Impact factor coefficient [mpact factor coefficient
CEC 0.927 Sand —0.848
Clay 0.921 Average annual temperature —0.844
pH Average annual pH of precipitation 0.907 Application amounts of P fertilizers -0.831
Average annual precipitation —-0.898 Application amounts of N fertilizers -0.807
Organic matter 0.851 Silt 0.788
3
3.1 ( ) ,
37.45%,
. (
17
pH [ ], )
, 27.28%
, 3.2
15.8~21.7 28 1015~ pH
1923 mm, =10 5000~7 800 [ 17 :
b
18-19
: . CEC el ( )
) ) ( ) ;
, pH 201, NH;
: R| S0;
0.898  0.844, H'( H) 2]
1982—2008 67.60% NH, H,
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