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(16.47%)
(17-18] (16.07%) (9.30%) (2.02%)
(9] (1.75%) (43.26%)
(31.06%) (21.47%)
(26] (52.92%)> (19.70%)>
201 (13.52%)> (6.09%)
(4.54%)> (1.51%)>  (0.04%)
le. 21] ( 1 1)
[5, 8, 15, 22]
[23-24]
pH
pH
pH
1
N
1.1 : A 08 16
(23°12" ~ i
23°57'N  113°10' ~ 114°02'E) RFER o HEA b
5] CTIWES e Hofbbot
(D T el it
171 km 2 300 km? N L)
KU . T
i I3,
MU e R TR
1 RIBEARE 2010 EL PR ERES ST
(53.40%) Fig. 1 Land use type and smilnszl(l)lﬁl)mg sites of Liuxihe watershed
FT 1 RIEARE 2010 £ FI B
Table 1 Land use patterns of Liuxihe watershed in 2010
(km?) (%) (km?) (%) (km?) (%) (km?) (%)
101.61 4.54 15.66 2.30 46.79 5.12 39.16 6.08
33.83 1.51 1.66 0.24 2.58 0.28 29.59 4.60
0.94 0.04 0 0 0.59 0.06 0.35 0.05
1184.31 52.92 575.71 84.54 374.35 40.99 234.16 36.38
10.50 0.47 1.13 0.17 8.25 0.90 1.12 0.17
29.19 1.30 5.40 0.79 18.33 2.01 5.46 0.85
440.84 19.70 34.08 5.00 328.24 35.94 78.51 12.20
5.56 0.25 0.03 0.000 05 1.22 0.13 4.30 0.67
302.57 13.52 17.56 2.58 99.33 10.88 185.67 28.84
117.36 5.24 29.24 4.29 32.60 3.57 55.50 8.62
11.31 0.51 0.48 0.07 0.93 0.10 9.89 1.54
2238.01 100 680.95 100 913.20 100 643.71 100
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Fig. 2 Soil pH distribution in 1980s and 2010
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97.3% 1~3 24.76%(33.76 km?®) pH
(pH<6.5) 31.22% 25.6% 29.51% 24.67% -1
1 ~2 (pH<5.5) 14.63% 3.38%(4.61 km?)
1980—2010 10 pH 54.81% 71.87%
229 28.85% 2 pH
2.08 km? 34.79 km? 16 pH
0.12 km’ 30.57% pH

R2 1980—2010 FHit T IRAF = pH KA
Table 2 Statistics of farmland soil pH during 1980—2010

pH 2010 1980s 1980—2010
(%) (%) (%)
1 <4.5 8 1.05 0 0 -2 8 1.05
2 4.5~55 229 30.17 10 1.32 -1 224 29.51
3 55~6.5 416 54.81 749 98.68 0 416 54.81
4 6.5~7.5 103 13.57 0 0 1 108 14.23
5 7.5~8.5 3 0.40 0 0 2 3 0.40
- - 759 100 759 100 - 759 100
F3 RERE S AR 0 18 pH R ERG
Table 3  Area statistics of pH in various farmlands and soils during 1980—2010
/
1980s 2 (km?) 1.47 0 0.48 0.04 0.09 0 0.03 0.09 1.96 2.08
(%) 2.49 0 12.63 5.01 0.31 0 3.70 0.26 1.93 1.53
3 (km?)  57.52 42.36 3.35 0.68 29.19 1.20 0.90 33.74 99.65  134.29
(%) 97.51 100 87.37  94.99 99.69 100 96.30 99.74 98.07 98.47
2010 1 (km*)  0.06 0.02 0 0 0.04 0 0 0.08 0.04 0.12
(%) 0.10 0.05 0 0 0.13 0 0 0.24 0.04 0.09
2 (km*)  18.11 3.61 2.50 0.66 9.33 0.58 0.29 4.53 29.97 34.79
(%) 30.71 8.51 65.21 92.21 31.88 48.00 31.02 13.39 2949 2551
3 (km?)  40.07 36.65 1.33 0.06 19.06 0.62 0.65 27.18 69.96 97.79
(%) 67.92 86.52 34.79 7.79 65.11 52.00 68.98 80.35 68.86 71.71
4 (km®)  0.75 2.08 0 0 0.85 0 0 2.04 1.64 3.68
(%) 1.27 4.92 0 0 2.89 0 0 6.02 1.61 2.70
1980—2010 -2 (km®)  0.06 0.02 0 0 0.04 0 0 0.08 0.04 0.12
(%) 0.10 0.05 0 0 0.13 0 0 0.24 0.04 0.09
-1 (km?)  17.40 3.61 2.08 0.66 9.32 0.58 0.26 4.48 28.91 33.64
(%) 29.50 8.51 54.31 92.21 31.82 48.00 27.32 13.23 28.45 24.67
0 (km*)  40.03 36.65 1.68 0.02 19.01 0.62 0.68 27.20 70.12 98.01
(%) 67.86 86.52 43.95 2.77 64.90 52.00 72.68 80.41 69.02 71.87
1 (km?) 1.50 2.08 0.07 0.04 0.92 0 0 2.07 2.54 4.61
(%) 2.55 4.92 1.73 5.01 3.14 0 0 6.12 2.50 3.38
(km?)  58.99 42.36 3.83 0.71 29.28 1.20 0.94 33.83 101.61 136.37
(%) 43.26 31.06 2.81 0.52 21.47 0.88 0.69 24.81 74.51 100
4 4 2010 pH==5.5( ) pH<6.5( )
pH 6 pH
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pH 5.79 6.12 53 0.63 0.39 2010
5.8 3.89 ~ 7.86 pH

T4 2010 EqELIEHS pH IR

Table 4 Statistics of soil pH in various farmlands and soils in Liuxihe watershed in 2010

759 3.89 7.86 5.79 0.63 0.39
4 5 6.31 5.62 0.62 0.38
241 4.4 7.86 6.03 0.64 0.41
514 3.89 7.64 5.68 0.59 0.35
288 436 7.64 5.66 0.57 0.32
284 4.12 7.45 5.92 0.64 0.40
19 4.67 6.4 5.39 0.62 0.38
2 53 5.5 5.40 0.14 0.02
161 3.89 7.86 5.84 0.66 0.44
5 5.13 5.9 5.55 0.36 0.13
T o i
sl
7L
r 6.45 622 6.385
= B R ok, Ej;; S R T e S
5__ 2l dss 521 S 52 5, B8 531 ° 52
| 4.75
. 1
3 I Il | Il | Il | Il | 1 | |
SRS KH KPS ZUME RZng B OKRL WBLLE E6 1
BRI L
4 2010 FAREHHLE 5 TIEXR pH 2%
Fig. 4 Soil pH distribution in various farmlands and soils in 2010
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( 3) 1980—2010 x5 AR RXAGHHLIE pH KA K it
Table 5 Area statistics of farmland soil pH in different locations of
Liuxihe watershed
pH pH 1980s 2010
(km?) (%) (km?) (%)
2 0.79 4.57 10.71 61.86
3 16.53 95.43 6.60 38.14
pH 2 1.29 2.58 14.67 29.37
3 48.66 97.42 34.82 69.70
4 0 0 0.46 0.93
pH 1 0 0 0.12 0.17
6 1980s 2 0 0 9.40 13.60
2.08 km’(1.53%) 2010 34.79 km? 3 69.10 100 5637 8157
(25.51%) 1980—2010  33.76 km? 4 0 0 321 4.65
(24.76%) pH 33.64 km*(24.67%) 1 0 0 0.12 0.17
0.12 km?* (0.09%) 2 2.08 1.53 3479 2551
461 km2(3.38%) pH 3.68 km> 3 134.29 98.47 97.79 71.71
(2.70%) 0.93 km’ 4 0 0 827
(0.68%) 2.3 pH
pH pH
Pearson pH
% 6 1980—2010 £ Hith + 1% pH 56
Table 6 Transfer matrix of farmland soil pH in Liuxihe watershed in 1980—2010
pH 1980s(km?)
45~55 5.5~6.5 (%)
2010  (km?) 1 <4.5 0 0.12 0.12 0.09
2 45~55 1.15 33.64 34.79 25.51
3 55~6.5 0.93 96.86 97.79 71.71
4 6.5~17.5 0 3.68 3.68 2.70
2.08 134.29 136.37 100
(%) 1.53 98.47 100 -
2010 1980s
Fz7 R TIE pH 5 1R A RE S EIS LAY Pearson HHX 14
Table 7 Pearson correlation coefficients between farmland soil pH and landscape metrics of different land use types
PLAND AREA_MN PD ED LSI FRAC_MN Al ENN_MN
676 —0.049 —-0.039 -0.05 —0.103%** —0.144** —0.122%%* 0.126%* -0.069
508 0.243%** 0.157** 0.149%** 0.243** 0.175%* -0.035 0.032 —-0.004
25 -0.18 —-0.118 -0.321 —0.066 0.015 0.264 —-0.108 —-0.094
559 —0.271%* —0.165%* —0.188%* —0.265%* —0.198%* 0.05 —0.120%* 0.099*
181 —0.041 —-0.033 0.028 0.028 0.093 0.053 —-0.001 -0.113
177 —-0.026 0.186* —0.188* -0.017 —-0.064 0.038 0.244** 0.003
636 —0.052 -0.016 —0.108%* —0.084* —0.124%* —0.005 0.006 0.073
177 -0.028 —0.066 0.009 0.018 0.085 0.146 —-0.061 0.137
759 0.205** 0.066 —0.078* 0.176** —-0.065 -0.016 0.211** —-0.036
717 0.241%* 0.197** —0.111%* 0.147%* —0.071 0.027 0.154** 0.034
267 —-0.082 —0.055 —0.054 —-0.109 -0.07 0.012 0.031 -0.019
Ok P<0.05 P<0.01 PLAND AREA-MN PD
ED LSI FRAC_MN Al ENN_MN
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« 9
( )

x8 MEHMEE pH SERNUS HHERUREEIE
E T2 RY Pearson 1% 14
Table 8 Pearson correlation coefficients between farmland soil pH
with landscape diversity, distance and density variables

PD SHDI Dis_Ro Dis_Rv Dens_Ro Dens Rv
ED pH 759 0.011 —0.042 —0.015 0.182%* 0.238%*
SHDI  Shannon Dis Ro
Dis Rv Dens_Ro
Dens_Rv
FRAC_ MN ENN_MN 3
pH ENN_MN 2010
PLAND ED 1980—2010
LSI (pH
pH >27%) pH
AREA MN Al pH o pH
PD Al pH
pH
1980—2010
PLAND AREA MN ED Al pH
pH PD
PLAND AREA MN
pH pH
PLAND ED Al pH PD pH
ED
PLAND Al pH
pH
PD ED LSI
pH pH
LSI
ED LSI FRAC MN pH pH
pH Al
LSI
PLAND AREA MN PD ED
LSI pH
PLAND ED 1980—2010
pH [3-4] B (8]

pH
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Impacts of Landscape Patterns on Farmland Soil Acidification in
Typical Subtropical Small Watersheds of China

YUAN Yuzhi', GUO Ying', ZHANG Yucan’, ZHANG Qiao’, ZHENG Chao'”,
SUN Hui*, CHAI Min', GUO Zhixing'"

(1 Guangdong Institute of Eco-environmental Science & Technology, Guangdong Key Laboratory of Integrated Agro-
environmental Pollution Control and Management, Guangzhou 510650, China; 2 Department of Agriculture and Rural Affairs
of Guangdong Province, Guangzhou 510075, China; 3 College of Resources and Environment, Shanxi Agriculture University,

Jinzhong, Shanxi 030800, China; 4 Institute of Earth Environment, Chinese Academy of Sciences, Xi’an 710061, China)

Abstract: Soil acidity is a serious constraint to food production worldwide, soil degradation caused by soil acidification
has become a global consensus. The impact factors of soil acidification were complex, landscape pattern is an important
influential factor of ecological process, but the relationship between landscape pattern and soil acidification is not well understood.
In order to discover the spatial and temporal patterns of farmland topsoil pH and watershed landscape, and to quantitatively
examine the impacts of landscape pattern on farmland soil acidification. in this paper the Liuxihe watershed was selected as the
study area and soil sample buffer as the research unit based on 759 farmland topsoil samples and land use pattern in 2010,
distribution map of soil pH in 1980s, and the research methods included landscape pattern index analysis, spatial analysis and
correlation analysis. The results showed that: 1) The watershed was dominated by acidic soil in 2010, soil mean pH was 5.79,
86.03% of the samples and 97.3% of the farmlands with pH<6.5; Soil pH were in an order of irrigated cropland (6.03)>irrigated
paddy fields (5.68)>dry cropland (5.62), and in an order of alluvial soils (5.92)>paddy soils (5.84)>latosolic red earths
(5.66)>purplish soils (5.55)>yellow earths (5.40)>red earths (5.39). 2)Soil acidification was significant during 1980—2010, soil
pH decreased in 31.23% of the samples and 33.76 km® (24.76%) of the farmlands; Soil acidification in paddy fields and dry
cropland were significant (pH reduction rate>27%), and irrigated farmland soil pH showed an increasing trend. Soil pH decreased
in 92.21% of yellow earths and 54.31% of red earths. Except alluvial soils with an increasing trend of pH, farmland soil
acidification was significant in other soils, among of which yellow earths was most significant, followed by red earths. 3)
Farmland soil pH was increased and the distribution became more complicated from the upper reaches to lower reaches. pH were
lower in the upper reaches, two side of middle reaches and the east sides of the lower reaches, acidic soil was spread outwards
during 1980—2010 and soil acidification was obvious. Soil pH increased in complex pattern in the middle of middle reaches and
the west side of lower reaches. 4)Except dry cropland, significant correlation were found between landscape metrics of different
land use types and soil pH in shrubbery land, grass land and bare land. Soil pH was positively correlated with the densities of
water area and road. The destruction of natural forest, the fragmentation of paddy fields, garden plots and water, scattered
distribution of impermeable construction land may increase the risk of soil acidification while large area of water renewal and
agglomeration of paddy fields may reduce it. These conclusions are useful for the control and remediation of farmland
acidification.

Key words: Landscape pattern; Soil acidification; Farmlands; Liuxihe watershed
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