WFL Publisher

A #\ Science and Technology
www.wor ld-food.net

Journal of Food, Agriculture & Environment Vol.10 (1): 956-958. 2012

Meri-Rastilantie 3 B, FI-00980
Helsinki, Finland
e-mail: info@world-food.net

Quantifying the acidification in Thai agricultural soils under acidic deposition

Rab Nawaz *, Sajjad Ahmad, Muhammad Arshad and Preeda Parkpian
School of Environment, Resources and Development, Asian Institute of Technology, P.O Box 4, Klong Luang,
Pathumthani 12120, Thailand. *e-mail: Rab.Nawaz@ait.asia RNUAF@yahoo.com

Received 18 November 2011, accepted 3 January 2012.

Abgract
Soil acidification isunfavourablefor agricultural production dueto reduced availability of plant nutrients and decreased activity of soil microbes. This
study quantifiesthelevelsof soil acidification that result from different rates of acid deposition in three agricultural soils (Korat, Pak Chong and Phon
Pisal soil series) of Thailand. In alaboratory experiment, acidic solutions (pH 5.0, 4.0, 3.5, 3.0, 2.5 and 2.0) and unpolluted water (pH 7.0) were
sprayed on soil columns for a period of 45 days. Soil acidity was measured in different soil layers after the application of treatments. Acidic
treatments caused significant (p<0.001) declinesin soil pH in all theinvestigated soils. Soil acidity increased with decreasesin pH levelsof theapplied
solutions. Acidic solutions caused more acidification in the upper layers of the soils. Soil acidity development depended on the pH of the applied
solution, soil texture and the cation exchange capacity of soils. Very good correlations were found between soil acidification and pH levels of the
applied solutions, i.e. R?=0.978 (K orat), R?= 0.982 (Pak Chong) and R?= 0.983 (Phon Pisai). Polynomial equationsto characterize the relationships

between the pH levels of the treatment solutions and the resulting soil pH levels were also developed using regression analyses.
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Introduction

Rapid increase in developmental activities has considerably

increased the atmospheric pollutant levels which have severely
affected natural ecosystems*. Sulphur dioxide (SO,) and oxides
of nitrogen (NO ) are the principal pollutants of concern in

industrialized areas, primarily because they are causative agents
of acid rain 2. Acid rain decreases growth and fruit yields of

vegetables?®, causestheleaching of plant nutrients, causesforests
to decline and accel eratesthe deterioration of building materials®.
It also increases the mobilization of heavy metals (Cd, Cu, Zn,

etc.) which cause rhizotoxicity in contaminated soils 5. The
northeast region of Thailand isvery important from an agricultura
point of view. Mg or cropsgrown in this areainclude sugarcane,
ground nut, cassava, maize, guava and jute. Soils of this region
contain kaolinite and are highly weathered ¢. The problem of acid
deposition has also been observed in the Southeast Asia region
including Thailand ™. The main objective of this paper was to
quantify the acidification effects of acid rainin thetropical soils
of Thailand.

Materialsand M ethods

A laboratory experiment was conducted on threetropical soilsi.e.
Korat (Kr, soil 1), Pak Chong (Pc, soil 2) and Phon Pisai (Pp, soil 3).
Soil sampleswere collected from the agricultura fieldsat adepth
of 30 cm. The soil sampleswereanayzed for basic soil properties
including soil pH by pH-meter, particle size distribution by the
hydrometer method *°, cation exchange capacity (CEC) by 1IN

ammonium acetate ' and soil organic matter by the wet-oxidation
method 2. Plagtic cylinderswere used to contain soil columnshaving
15 x 35cn? dimensions. The experiment was performed on 63 soil
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columns i.e. 3 types of soils x 7 pH levels of solutions x 3

replications. Sulphuric and nitric acids were used to prepare
solutionshaving pH levelsof 5.0, 4.0, 3.5, 3.0, 2.5and 2.0. Deionized
water was used asacontrol treatment (simulated unpolluted rain)
withpH 7.0. Thetotal volume of theapplied solution (V =24.38L)
was calculated using average annual rainfall (h=1379.1 mm) and
radius of the soil columns (r = 75 mm). Acidic solutions were
applied tothe soil columnsintheform of spray for aperiod of 45
days. After the experiment, soil was removed from the columns
and cut into threelayershaving equal depths (10 cm). Soil pH was
measured in three soil layers and the data were statistically

analyzed by F-tests at o = 0.01. Polynomia equations were

devel oped to characterize the rel ationshi ps between the pH levels
of the treatment solutions and the resulting soil pH levels were
also developed using regression analyses.

Resultsand Discussion
Thebasic propertiesof theinvestigated soilsaregivenin Table 1.
Clayey textured soils (soils 2 and 3) have higher CEC dueto more
clay and organic matter content as compared to the sandy textured
soil (soil 1). Two soils(soils1and 2) areacidicin nature, while soil
3isdightly akaline.

Soil acidification by acid deposition: Analysis of variance
(ANOVA) showed that there were significant declinesin soil pH
levelsof all theinvestigated soils (p<0.001) (Table 2). Sail acidity
increased with adecreasein pH of the applied solutions, asfound
in afield study 2. Acidic solutions caused more acidification in
theupper layer (0-10 cm) of the soils due to downward movement

Journal of Food, Agriculture & Environment, Vol.10 (1), January 2012



Table 1. Basic propertiesof theinvestigated soils.

. Depth  Bulk density  Particle size distribution (%) . . SOM CEC
Soil “m)  (Megm?)  Sand St Clay _ Soiltexwre  pH (L) )  (cmol kg
Kr 0-30 1.53 80.30 12.43 7.27 Loamy sand 5.82 0.19 2.75
Pc 0-30 1.18 34.30 18.43 47.27 Clay 6.31 2.94 17.72
Pp 0-30 1.32 38.15 20.50 41.34 Clay 7.14 0.75 17.56
Table2. Resultsof analysisof variance (ANOVA).

Source of variation =~ DF e M1§cs Pp e P va}ll;e Pp
Treatment (T) 6 13.58 9.93 12.89 <0.001 <0.001  <0.001
Soil depth (D) 2 0.97 1.61 0.92 <0.001 <0.001  <0.001
Interaction (TD) 12 0.14 0.24 0.23 <0.001 <0.001  <0.001
Error 40 0.01 0.01 0.05

of base cations. Sharp declinesin soil pH were found in soil 1 as
the pH of the applied solutionsdropped below 4.0. The soil pH in
thetop soil layer reached 3.75 (soil 1), 4.71 (soil 2) and 4.17 (soil 3)
under acidic treatment with pH 3.5, 3.0 and 2.5, respectively (Fig.
1). Highest acidity levelswerefound in soil 1, i.e. the Korat soil
series due to its sandy texture, low CEC and low sulphate and
nitrate adsorption capacity. The behaviours of soils2 and 3 were
foundto besimilar intheir lower layersdueto similar soil texture
and higher CEC. Soil pH inthe middlelayers (10-20 cm) dropped
t03.34 (s0il 1), 4.63 (s0il 2) and 4.93 (soil 3) whentheacidic solution
with pH 2.5wasapplied (Fig. 2). In case of thelower layers, under
the same acidic treatment (pH 2.5) soil pH was found to be 3.38
(sail 1), 5.04 (soil 2) and 5.34 (soil 3), as presented in Fig. 3.
Considering the entire column (0-30 cm), the highest acidity was
observed in K orat soil followed by Pak Chong and Phon Pisai soil
(Fig. 4) dueto sandy textureand low original soil pH of Korat soil
in comparison with those of other soils having clayey texture.
Nitrogen accumulation in the soils also results in depressed

soil pH (increased soil acidity) 4. High levelsof soil acidity have
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Figurel. Soil acidity development in the upper soil layersunder different
acidic deposition.
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Figure3. Soil acidity development inthelower soil layersunder different
acidic deposition.
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numerous adverse effects in agricultural soils *5. A number of
different studies found that soil acidity could be reduced by
applying cal careous and limestone sediments *°, boron-adsorbed
goethite'® and plant biomass .

Quantification of soil acidification: Table 3 showsthe results of
the regression analysis of soil acidity developed for all the soils
under the different applied acidic solutions. Very good correlations
were obtained between pH of the applied solutions and soil
acidification, i.e. R?=0.978(soil 1), R?2=0.982 (s0il 2) and R?=0.983
(sail 3). Sail acidity levelswere characterized by the polynomial
regression equations as shown in Table 3. These relationships
can be very useful for soil scientists, agriculturists,
environmentalists, policy makers and politicians to assess the
possible acidification effects of acid rain on tropical agricultural
soilsand to provide support for policiesto control the emissions
of acidifying gaseswhich cause acid rain.
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Figure2. Soil acidity development inthemiddle soil layersunder different
acidic deposition.
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Figure4. Sail acidity development intheentire soil column under different
acidic deposition.
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Table 3. Results of regression analysis between soil pH

and acidrain pH.
Sr. No. Soil R’ Polynomial equation
1 Kr 0.978 Y =—0.174x* - 2.240x — 1.104
2 Pc 0.982 =—0.221x*+2.511x - 0.512
3 Pp 0.983 =—0.204x*+2.471x — 0.160

Note: Y isthe soil pH and X isacid rain pH.

Effectsof soil acidification: The solubility and mobility of heavy
metals (e.g. Zn, Cd, Co, Cu, Cr, Mn, Pb and Ni) in soilsincrease
under highly acidic conditions, which can cause phytotoxicity 8.
Soil acidification causes reductions in respiration rates and
enzymatic activity in microbes™. Itisunfavourablefor agricultura
productivity dueto thereduced availability of plant nutrients (N,
P, K, S, Mo, etc.) and decreased activity of soil microbes, e.g.
bacteria. Inacidic soils, soil water and leachate contain substantial
quantities of AlI®* and H* ions. Acidic soil water with high
concentrations of aluminium ions causes damaging effects to
vegetation 2. All of these effects of soil acidification result in
decreased plant growth and consequently reduced crop
production. Soil acidification causesthe downward movement of
Cu, resulting in groundwater contamination and accumulation of
Pb in soils and plants, posing threats to human health and food
security 2.

Conclusions

Acidictreatments caused significant declinesinthe soil pH levels
of all the investigated soils. Soil acidity levels increased with
decreasesin pH level s of the applied solutions, particularly inthe
upper layers. Acidity levelsin the treated soils depended on the
pH of the applied solutions aswell asthe texture and CEC of the
investigated soils. Soil acidification mobilizes toxic metals,

adversely affects plant growth rates and causes groundwater

contamination. The anthropogenic sources of acidifying gases
are ever-increasing due to continuing urbanization and

industrialization in the region. Theresulting acid rain may cause
substantial increasesin soil acidification in the highly weathered
soils of Southeast Asia. Therefore, all possible measures should
be taken to control the emissions of acidifying gases (SO, and
NO).
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