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INTRODUCTION

S

Soil acidificationismostly defined as adecreasein soil pH
(Krug 1983). The acidification/alkalization process in na-
ture is driven by the interactions among organisms, soil,
climate, and the decomposition of the plant detritus (Chapin
[11 2011). According to datistics, thearea of acidificationis
about 3.777 x 10° ~ 3.950 x 10° hain the world, accounting
for about 30% of non-ice cover land area, of which the lower
layer of soil acidification occurs in about 2.98 x 10° ha,
accounting for 75%inacidic soil area(VonUexkll & Mutert
1995).

Soil acidification is one of the hot global issuesfor ar-
able land; about 40% of arable soils are affected by soil
acidification. Since the second half of the 20" century, soil
acidification has been reported in some countries with a
decreasing pH value trend (Hallbacken & Tamm 1986,
Falkengren-Gremp 1987a, 1987Db, Billet et al. 1990). Acidi-
fication can affect soil propertiesin various degrees, such as
enhancing element content like Al, Mn and Fein soil solu-
tion (Neves et al. 2009, Watmough et al. 2007, Boruvka et
al. 2005, Hell & Stephan 2003). High concentrations of these
element contents could be phytotoxic and decrease the ex-
changeable base (Dubikov&2002). Dissolution of clay min-
erals could be triggered by soil acidification. Then alu-
minium ions from minerals may be released into soil solu-
tion leading to acidification (Céspedes-Payret et al. 2012,
Barréet al. 2009).

One fifth of pH values of the arable soil have been

declined by morethan 1.0 unit in lessthan 20 yearswithout
liming of chemical fertilizer (Luewilleet al. 2008). Europe

In this study, soil samples were collected from typical arable lands in Liaoning Province. The location
of soil samples was recorded by GIS coordinates. Soil pH was determined and compared with the
record in 1980. Results showed that soil pH generally decreased with years, from 7.08 to 6.59
between 1980 and 2008. Areas with soil pH below 6.5 increased. The reduction of soil pH varied with
soil types. The eolian sandy soil had the lowest soil pH, followed by brown soil, meadow soil and
paddy soil. The eolian sandy sail, acidic and slightly acidic soil accounted for 90%, 91.8% and 90.7%
in the corresponding sail types, respectively.

has been the phenomenon of large areas of forest death
caused by soil acidification. In Helsinki, Finland, soil pH
values on the southwest coast forest were reduced by
0.57£0.11 pH unitsin 60 years (Ahokas 1997). In Britain,
the pH of cultivated land and grassland soil declined 19%
and 35% during 1982~1988, respectively (Goulding
1998). Unreasonabl e land managements have accel erated
soil acidificationin VictoriaProvince of Australia, resulting
inan annual loss of $470 millionfarm productivity dueto
soil acidification (Rengel 2003). Field trials in Canada,
Alberta showed that soil pH values had a continued
dowdown (1.0 to 1.5 units) for 18 consecutive years by
ammonium nitrate (305 kg N ha?) (McAndrew & Malhi
1992). Soil acidification with decreasing pH would cause
serious grassland degradation, reduce grassy species, and
affect biodiversity (Banasova & Sucha 1998, Roem &
Berendse 2000).

Liaoning Province, a major agricultural province in
China, has been important for itslocation and specia role
in producing food. Liaoning Province terrain has sloping
from northeast to southwest, mountains and hillslocate in
east and west sides, saline-alkali soil distributesin central
west region, cinnamon locates in the western region and
eastern area of mountains. The soil acidity has a regiona
digtribution feature, where soil pH hasabig difference from
southeast acidic soil to northwest alkaline soil. It isimpor-
tant to clarify farmland soil quality by surveying the char-
acterigticsof soil acidity in Liaoning. Theseresearchresults
of acidification of arable soil in Liaoning Province (1980-
2008) are important theoretical foundation basis for soil
fertility evaluation and soil improvement.
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Fig. 1: Distribution map of soil pH in Liaoning province in 1980.

GI'S (Geographic Information System) isawidely used
tool in agriculture and analysing soil survey data. Acidifi-
cation features of farmland soil in Liaoning province was
analysed using GI S datato better understand soil acidifica-
tion distribution.

MATERIALS AND METHODS

Liaoning Provinceislocated in the south of northeast China
within the east longitude 118°53' to 125°46' and north | ati-
tude 38°43' to 43°26'. Terrain roughly inclines toward the
middle from north to south and from east to west. Thisarea
islocated in the east coast of Eurasia, and belongsto tem-
perate continental monsoon climate zone. This region has
abundant sunshine with a hot rainy season and a high
cumulative temperature val ue. Liaoning province cultivated
land fertility evaluation data covering 14 prefecture-level
cities and 67 counties were used in this paper. A total of
9249 setsof datawere collected in the year 1982, 2005 and
2008, including latitude, longitude, soil type, soil parent
material, accumulated temperature, annual precipitation,
organic fertilizer, nitrogen, phosphorus and potassium fer-
tilizer, and crop production. Excel 2007, SPSS17.0, Ori-
0in8.0, and ArcGis9.0 were used for analysing data.
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RESULTS AND DISCUSSION

Precipitation, temperature and biological typesvary in dif-
ferent regions of Liaoning province. The east and south
areahas higher precipitationwhilewest region isrelatively
dryer. Soil pH values were analysed in five different
orientations, including the eastern, southern, western, north-
ern and central Liaoning province. Fushun, Benxi and
Dandong cities (eastern Liaoning), Dalian and Yingkou cit-
ies (southern Liaoning), Chaoyang, Huludao, Jinzhou and
Fuxin cities (western Liaoning), Shenyang and Tieling cit-
ies (northern Liaoning), Anshan, Panjin and Liaoyang cit-
ies(central Liaoning) wereinvolved. Soil soluble substance
gradually dissolves into soil solution under precipitation
or irrigation, leaving the plant rhizosphere soil layer with
the flowing water. L eaching occurs with excess base cati-
ons, which causes soil acidification (Poss et al. 1995, Van
Breemenet al. 1984).

The trend of soil pH in Liaoning Province in 1980
showed the greatest pH value in the western Liaoning re-
gion, whereasthe lowest inthe eastern Liaoning region (Fig.
1 and Fig. 2). Soils with pH between 6.5 and 7.5 (neutral
soil) were distributed in the western, southern, and central
regions. Soilswith pH between 5.5 and 6.5 (dightly acidic
soil) were distributed in the northern and eastern Liaoning
regions. This can be evidenced by base cations |eached by
great precipitation in eastern and northern regions. There-
fore, climate and organisms greatly contributed to the soil
acidity in Liaoning province.

Soil acidity is widely distributed among different re-
gions in Liaoning province (Fig. 3). The soil pH valueis
mainly below 6.5 indicating acidified soils. The pH of the
northern and western soilsis neutral. The soil pH in part of
the region of Shenyang and Panjin city is greater than 7.5.
Theweak acidic soil ispresent in eagtern, southern and cen-
tral regions. Acidic soilswith pH lower than 5.5 were distrib-
uted in the eastern and southern regionsincluding Dandong,
Fushun, Yingkou and in the central region Anshan.

The overall pH analysiswas done and shown in Fig. 4,
which indicated that most of the soil in Liaoning province
was acidized. The sequence of soil pH in different regions
of Liaoning wasligted asfollows, western Liaoning > south-
ern Liaoning > central Liaoning > northern Liaoning > east-
ern Liaoning.

Further analysis of soil pH of 14 prefecture-level cities
in Liaoning provinceis shownin Fig. 5. Neutral soilswere
distributed in Benxi, Yingkou, Panjin and Chaoyang, and
dlightly acidic soil intherest area. Strong soil acidification
was present in eastern Liaoning regions of Dandong and
Fushun.
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Fig. 3: Distribution map of soil pH in Liaoning province in 2008.

The proportion of acid arablelands (pH 4.6-5.5) in east-
ern, southern, northern and central areasis higher than in
the west (Table 1). Dandong and Fushun have the largest
proportion of acidic soils for 94.74% and 88.66%, respec-
tively. Acid soils occupied 77.96 % in Dalian and 83.97%
in Tieling in the northern Liaoning. The acidic soils ac-
counted for 70.27% and 69.51% in the central region of

Anshan and Liaoyang, respectively. The acidic areain the
western region of Jinzhou and Fuxin is more than 55%.

For 28 years (1980 to 2008), the spatial distribution of
soil pH of arableland in Liaoning Province showed a simi-
lar trend. The soil in southeast areawas acidic, whereasnorth-
west areawas alkaline (Fig. 1 and Fig. 4). The spatial vari-
ability of soil pH was moderate. The overall pH value was
decreasing with an average decrease from 7.08 (1980) to
6.59 (2008) (Table 2).

Thedifference between pH changes of different timesis
very significant since 1980. Proportion of cultivated land
at pH 7.6 to 8.5 (dightly akaline soil) and 6.6 to 7.5 (neu-
tral soil) decreased by 13336.4 km?2 and 2635.6 km?, respec-
tively; the alkaline soil farmland decreasing significantly.
Proportion of dightly acidic soil (pH 5.6- 6.5) and acidic
soil (pH 5.6 - 6.54) increased by 14235.1 km? and 1736.9
km?, respectively (Table 3).

The arable land soil was slight acidic in Liaoning
province. Seriousacidification areawasmainly located in
Fushun and Benxi cities (eastern Liaoning), Yingkou city
(southern Liaoning), Fuxin and Jinzhou cities (western
Liaoning), Tieling city (northern Liaoning) and Anshan
city (central Liaoning). Thisacidification areawas 10889.6
km?2accounting for 21.7% of the total arable land. Weakly
acidified soil waswidely distributed in Liaoning province
as the largest 33742.3 km? accounting for 67.2% of the
total arableland. In only 11.1% (5594.8 km?) of the arable
land soil pH increased, which was mainly distributed in
the Chaoyang city (western Liaoning), Dandong city
(eastern Liaoning), and parts of Panjin city (central
Liaoning) (Table 4 and Fig. 6).

Probability density changes of arable soil pH in 14 pre-
fecture-level cities with time was analysed and shown in

Nature Environment and Pollution Technology @ Vol. 17, No. 3, 2018
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Table 1: Distribution of soil acidity in Liaoning province.

Region City Acidity Degree pH Sample No. Area (hm?) Percentage
Eastern Liaoning Dandong Strong acidity <4.5 0 0 0
Acidity 4.6-5.5 36 4728.17 31.58%
Weak acidity 5.6-6.5 72 9456.34 63.16%
Neutrality 6.6-7.5 6 788.03 5.26%
Benxi Strong acidity <4.5 0 0 0
Acidity 4.6-5.5 0 0 0
Weak acidity 5.6-6.5 27 3201.28 38.03%
Neutrality 6.6-7.5 44 5216.90 61.97%
Fushun Strong acidity <45 0 0 0
Acidity 4.6-5.5 26 3022.61 26.80%
Weak acidity 5.6-6.5 60 6975.24 61.86%
Neutrality 6.6-7.5 11 1278.79 11.34%
Southern Liaoning Dalian Strong acidity <4.5 0 0 0
Acidity 4.6-5.5 17 3928.10 28.81%
Weak acidity 5.6-6.5 29 6700.88 49.15%
Neutrality 6.6-7.5 10 2310.65 16.95%
Weak alkalinity 7.6-8.5 3 693.19 5.08%
Yinkou Strong acidity <4.5 0 0 0
Acidity 4.6-5.5 18 796.74 14.75%
Weak acidity 5.6-6.5 36 1593.48 29.51%
Neutrality 6.6-7.5 27 1195.11 22.13%
Weak alkalinity 7.6-8.5 41 1814.80 33.61%
Western Liaoning Chaoyang Strong acidity <4.5 0 0 0
Weak acidity 5.6-6.5 45 3159.48 16.01%
Neutrality 6.6-7.5 125 8776.34 44.48%
Weak alkalinity 7.6-8.5 102 7161.49 36.30%
Alkalinity 8.6-9.5 1 70.21 0.36%
Huludao Strong acidity <45 0 0 0
Acidity 4.6-5.5 16 782.99 7.51%
Neutrality 6.6-7.5 88 4306.45 41.31%
Weak alkalinity 7.6-8.5 22 1076.61 10.33%
Jinzhou Strong acidity <4.5 0 0 0
Acidity 4.6-5.5 5 187.73 2.49%
Weak acidity 5.6-6.5 108 4054.91 53.73%
Neutrality 6.6-7.5 66 2478.00 32.84%
Weak alkalinity 7.6-8.5 20 750.91 9.95%
Alkalinity 8.6-9.5 2 75.09 1.00%
Fuxin Strong acidity <4.5 0 0 0.00%
Acidity 4.6-5.5 11 2251.54 22.00%
Weak acidity 5.6-6.5 18 3684.33 36.00%
Neutrality 6.6-7.5 11 2251.54 22.00%
Weak alkalinity 7.6-8.5 9 1842.17 18.00%
Alkalinity 8.6-9.5 1 204.69 2.00%
Northern Liaoning Shenyang Strong acidity <4.5 0 0 0
Acidity 4.6-5.5 149 1028.18
Weak acidity 5.6-6.5 260 1805.51 51.69%
Neutrality 6.6-7.5 51 359.20 10.14%
Weak alkalinity 7.6-8.5 43 304.12 8.55%
Tieling Strong acidity <4.5 0 0 0.00%
Acidity 4.6-5.5 64 3172.59 24.43%
Weak acidity 5.6-6.5 156 7733.20 59.54%
Neutrality 6.6-7.5 34 1685.44 12.98%
Weak alkalinity 7.6-8.5 8 396.57 3.05%
Central Liaoning Panjin Strong acidity <4.5 0 0 0
Acidity 4.6-5.5 1 104.28 2.56%
Weak acidity 5.6-6.5 4 417.11 10.26%
Neutrality 6.6-7.5 12 1251.34 30.77%
Weak alkalinity 7.6-8.5 22 2294.12 56.41%
Table conti...|

Nature Environment and Pollution Technology @ Vol. 17, No. 3, 2018
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Anshan Strong acidity <4.5 0 0 0
Acidity 4.6-5.5 11 1168.50 14.86%
Weak acidity 5.6-6.5 41 4355.31 55.41%
Neutrality 6.6-7.5 18 1912.09 24.32%
Weak alkalinity 7.6-8.5 4 424,91 5.41%
Liaoyang Strong acidity d"4.5 0 0 0
Acidity 4.6-5.5 5 285.29 6.02%
Weak acidity 5.6-6.5 61 3480.60 73.49%
Neutrality 6.6-7.5 17 970.00 20.48%
Weak alkalinity 7.6-8.5 0 0 0
Table 2: Soil pH from 1980 to 2008 in Liaoning province.
Time Samples Mean Min Max Standard deviation Coefficient of
variation (%)
1980 964 7.08 5.40 10.00 0.71 10.03
2008 2525 6.59 5.00 9.32 0.71 10.77

Table 3: The distribution changes of arable land pH in Liaoning province in 28 years.

pH range Area (hm?) in 1980 Percentage (%) Area (hm?) in 2008 Percentage (%) Variation (km?)
4.6~5.5 38.0 0.0 1774.9 3.5 1736.9
5.6~6.5 9184.2 18.3 23419.2 46.7 14235.1
6.6~7.5 20727.0 41.3 18091.4 36.0 -2635.6
7.6~8.5 20277.5 40.4 6941.1 13.8 -13336.4

Table 4: The pH changes in Liaoning province.

pH range Area (km?) Percentage (%)
<-2 76.6 0.2
-2~-1 10813.0 21.5
-1~0 33742.3 67.2

0~1 5570.1 11.1

>1 24.7 0

Notwithstanding pH decreasing amplitude of cinnamon
soil reached 78.2%, but only 29.3% of its area presented a
larger decreasein the range of > -1. The pH changes of dif-
ferent soilsin Liaoning province showed adight acidifica-
tion, which mainly concentrated in the range of -1-0.

CONCLUSIONS

In the selected 28 years (1980-2008), the spatial distribu-
tion of arable soil (Liaoning province) pH showed asimilar
trend. The pH of soilsshowed adecreasing trend. The over-
all soil pH valuesof arable land in Liaoning province were
normally distributed. The average pH val ues were decreas-
ing to acidification over time in acidulated areas, which
account for 50.2% of the total arable land. Soil acidity dis-
tribution has been widely varied among different regions.
Acidification areain occupied land was 21.7% of the total

arableland soil. Thetrend presented aweak acidificationin
other soil types. Aeolian sandy soils presented the most
significant decreasing amplitude pH values, followed by
brown soils, meadow soil and paddy soil.
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