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Agricultural practices that depend on identifying soil quality has an effective role in
sustaining plant growth. Soil quality has direct and indirect effects on water quality,
plant growth, and the environmental. Acid sulfate soils are widespread along the
coastal plains of the Malay Peninsula. Planting rice in these types of soils has some
challenges as it has low pH, contains toxic amounts of Al and Fe, and inadequate
amounts of Ca, Mg and K. This study focused on studying the quality of acid sulfate
soils and their effects on both field water quality and rice production. The field under
study was at Kg. Golok, Kemasin-Semerak, Kelantan, Peninsular Malaysia. The
study was conducted in three stages. The first stage was a preliminary investigation
about the important properties of acid sulfate soils by taking soil samples randomly
from surface (0-15cm) and sub-surface soil (15-30 cm) in twelve plots. Second stage
was a detailed analysis of soil quality using some physical and chemical indicators.
In addition, various physical and chemical indicators of the soil were selected to
assess soil quality to ensure the functionality of acid sulfate soil. The physical
indicators were texture, bulk density, and particle density. Thus, for chemical
indicators, soil pH, EC, CEC, N, P, K, Ca, Mg, Al, and total N, C, and S were
determined. Then, was followed by detailed water quality analysis to study the effect
of acid sulfate soil on field water quality by taking ten surface water samples
randomly from different places in the area under the study to see the impacts of acid
sulfate materials on field water quality. Oxidation of acid sulfate soils form sulphuric
acid, which will result in releasing metals, acidity, and nutrients into the soil, surface
water, and ground water. These surface water sample were collected and analysed
for pH, EC, cations (Ca, Mg, K, Al and Fe), anions (F, CI, Br, NO, NO3, POy, and
S0O,), and heavy metals (As, Cd, Cr, Cu, Mn, Pb, and Zn). The final stage involved
conducting a glasshouse experiment at Universiti Putra Malaysia, in five treatments
with three replications. The treatments were ground magnesium limestone (GML) at
rates 0, 2, and 4 t/ha. They were with and without organic fertilizer at rates 0 and
0.25 t/ha. Rice variety MR 219 was tested in this study. Glasshouse experiment was
done by CRD, which was replicated three times. After one month of adding lime and
organic fertilizer, the soil samples were analyzed to determine the effect of adding



lime with organic fertilizer in changing the quality of acid sulfate soil, and to
determine how it enhance the growth of rice.

The results gained from this study showed that physical properties of acid sulfate
soils were in appropriate conditions for planting rice. The texture of the soil was silty
clay loam to clay loam. This type of texture has more capacity for water retention to
fill the need of rice from water. Bulk density seems be at good levels. Thus, it is a
very important property affecting the structural support, water and solute movement,
and the soil aeration. Chemically, as these types of soils contain pyrite and due to its
oxidation process, high acidity (pH 3-4) with toxic amounts of aluminum and iron
will be released into the environment, making these soils infertile for plant growth if
it is not ameliorated with an appropriate amendment. The infertility of these types of
soils came as a result of high acidity (pH 3-4). Exchangeable Al was high in most
plots, which reached 9.87 cmolc/kg. The concentration of Al was much higher than
the critical level for rice production. Thus, they contained low amounts of essential
nutrients for plant growth. Fe concentration ranged from 134 to 335 mg/kg. The
initial top soil exchangeable Ca was less than 2 cmol/kg soil, which is the required
level for rice growth. Exchangeable Mg was almost less than 1 cmolc/kg, which is
the required level. Field water quality was strongly affected by acid sulfate materials
through decreasing pH, which in most samples was less than 4. Most cations were in
water samples: Ca concentration ranged from 26.22-48.71 mg/L, Mg ranged from
13.75-17.82 mg/L, while Al ranged from 203.07-465.76 uM. Iron ranged from 77.46
to 163.90 uM. Furthermore, most anions were lower than the critical levels, except
for chloride that had a high value ranging from 20.10 to 47.42 mg/L. Sulfate was
very high in all water samples ranged from 283.80-629.80 mg/L, which is mainly
due to the composition of acid sulfate soils of sulfate. Nitrate ranged from 1.09-3.90
mg/L. Generally, heavy metals were low in concentration, indicating that acid sulfate
soil deposits did not release extra amounts of heavy metals into water bodies that
have a problematic impact on soil, plant, and the environment. Manganese (Mn)
ranged from 0.198-0.906 mg/L, zinc (Zn) ranged from 0.018-0.191 mg/L, aluminium
(Al ranged from 0012-0.077 mg/L, and copper (Cu) ranged from 0.020-0.087 mg/L.

Glasshouse experiment results showed that rice yield was significantly increased by
adding lime with organic fertilizer (P < 0.05). Liming had a clear role in increasing
pH and essential nutrients, and in decreasing the toxic amounts of Al in the soil.
Applying GML at the rate of 4 t/ha in combination with organic fertilizer, increased
soil pH from 3.73 to 5.45 and Ca concentration from 0.37 to 1.53 cmol./kg, and
decreased Al concentration from 2.52 to 1.87 cmol/kg.

The findings of this project suggested the quality of acid sulfate soil has many
problems that should be treated to be used for rice production, and the best
management practice to help reducing problematic effects of these problems is
adding ground magnesium limestone in combination with organic fertilizer. In
addition, water quality of acid sulfate area has significantly affected by sulfuric
materials in an acid sulfate soils. Adding lime, particularly GML in combination
with organic fertilizer at the rate of 4 t/ha had positive effects in improving the
quality of these soils.
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Amalan-amalan pertanian yang bergantung kepada pengenalpastian kualiti tanah
mempunyai peranan yang efektif dalam mengekalkan pertumbuhan tanaman. Kualiti
tanah mempunyai kesan langsung dan tidak langsung ke atas kualiti air,
pertumbuhan tanaman dan alam sekitar.Tanah sulfat berasid adalah luas, di
sepanjang dataran pantai Semenanjung Malaysia. Penanaman padi dalam tanah-
tanah seperti ini mempunyai beberapa cabaran seperti ia mengandungi pH yang
rendah, mengandungi bahan toksik Al dan Fe, dan amaun Ca, Mg and K yang tidak
mencukupi. Kajian ini menjurus kepada pengkajian kualiti tanah sulfat berasid dan
kesan-kesannya ke atas kualiti air di bendang dan pengeluaran padi. Bendang yang
dikaji adalah kawasan Kg. Golok, Kemasin-Semerak, Kelantan, Semenanjung
Malaysia. Kajian ini dijalankan dalam tiga peringkat. Peringkat pertama ialah kajian
awal tentang kepentingan ciri-ciri tanah sulfat berasid dengan mengambil sampel
tanah secara rawak dari permukaan (0-15cm) dan tanah di bawah permukaan (15-30
cm) untuk duabelas plot. Peringkat kedua ialah analisis terperinci kualiti tanah
menggunakan beberapa petunjuk fizikal dan kimia. Tambahan pula, pelbagai
petunjuk kimia dan fizikal tanah telah dipilih untuk menilai kualiti tanah dalam
memastikan kefungsian tanah sulfat berasid. Petunjuk-petunjuk fizikal adalah
tekstur, ketumpatan pukal dan kepadatan partikel. Maka itu, untuk petunjuk-petunjuk
bahan kimia, pH tanah, EC, CEC, N, P, K, Ca, Mg,Al, dan jumlah N, C, and S telah
ditentukan. Kemudian, diikuti dengan analisis kualiti air yang terperinci untuk
mengkaji kesan tanah sulfat berasid ke atas kualiti air bendang dengan mengambil
sepuluh sampel air di permukaan dari tempat-tempat yang berlainan di kawasan itu
untuk melihat impak bahan sulfat asid ke atas kualiti air di bendang. Pengoksidaan
tanah sulfat berasid membentuk asid sulfurik, yang akan membawa kepada
pembebasan logam, keasidan dan nutrient ke dalam tanah, air permukaan dan air dari
dalam tanah. Sampel air permukaan ini dikumpul dan dikaji dari aspek pH, EC,
kation (Ca, Mg, K, Al dan Fe), anion (F, Cl, Br, NO2 NOs3, POy, dan SO,), dan
logam berat (As, Cd, Cr, Cu, Mn, Pb, dan Zn). Peringkat terakhir melibatkan
pengendalian satu eksperimen rumah kaca ke atas plot yang mengandungi beberapa
bahan sulfat asid di Universiti Putra Malaysia, dalam lima rawatan dengan tiga
replikasi. Rawatan-rawatan tersebut adalah batu kapur tanah (GML) pada kadar 0, 2,



and 4 t/ha. Rawatan-rawatan tersebut menggunakan, atau tidak menggunakan baja
organik pada kadar 0 and 0.25 t/ha. Variasi padi MR 219 telah diuji dalam kajian ini.
Eksperimen rumah kaca dibuat oleh CRD, yang telah direplikasi sebanyak tiga kali.
Selepas sebulan menambah kapur dan baja organik. sampel tanah telah dikaji untuk
menentukan kesan menambah kapur dengan baja organik dalam menukar kualiti
tanah sulfat berasid, danmenentukan bagaiman ia boleh meningkatkan pertumbuhan
padi.

Keputusan yang diperolehi dari kajian ini menunjukkan bahawa curu-ciri fizikal
tanah sulfat berasid berada dalam keadaan yang sesuai untuk menanam padi.
Tekstur tanah ialah dari lom tanah liat berkelodak kepada lom tanah liat. Tekstur
jenis ini mampu menyimpan air untuk memenuhi keperluan air padi ini.
Ketumpatan pukal berada pada aras yang baik. Oleh itu, ia menjadi satu ciri yangs
angat penting dalam memberi kesan kepada sokongan struktur, air dan pergerakan
bahan larut dan pengudaraan tanah. Dari aspek kimia, oleh kerana jenis-jenis tanah
ini mengandungi pyrite dan berikutan proses pengoksidaannya, keasidan yang tinggi
(pH3-4) dengan amaun toksik aluminum dan besi akan dibebaskan ke alam sekitar,
menjadikan tanah ini tidak subur untuk pertumbuhan tanaman jika ia tidak
diperbaiki melalui kaedah yang sesuai. Ketidaksuburan jenis-jenis tanah ini terhasil
dari keasidan tinggi (pH 3-4). Kebolehtukaran Al adalah tinggi dalam kebanyakan
plot, yang mencapai 9.87 cmolc/kg. Konsentrasi Al adalah lebih tinggi dari aras
kritikal pengeluaran padi. Oleh itu, ia mengandungi kandungan nutrient yang rendah
untuk pertumbuhan tanaman. Konsentrasi Fe adalah dari 134 sehingga 335 mg/kg.
Tanah terbaik Ca yang boleh ditukar pada mulanya adalah kurang dari 2 cmolc/kg
tanah, iaitu aras yang diperlukan untuk padi. Mg yang boleh ditukar ialah hampir
kurang dari 1 cmolc/kg, iaitu aras yang diperlukan. Kualiti air di sawah sangat
terjejas oleh bahan sulfat asid melalui pH yang berkurangan, yang mana dalam
kebanyakan sampel ia kurang dari 4.  Kebanyakan kation adalah rendah dalam
sampel air: konsentrasi Ca berjulat dari 26.22-48.71 mg/L, Mg berjulat dari 13.75-
17.82 mg/L, sementara Al berjulat dari 203.07-465.76 uM. Besi berjulat dari 77.46
kepada 163.90 uM. Tambahan pula, kebanyakan anion adalah lebih rendah dari
aras yang kritikal, melainkan forklorida yang mempunyai nilai yang tinggi dari
20.10-47.42 mg/L. Sulfat adalah tinggi dalam semua sampel air dari 283.80-629.80
mg/L, disebabkan oleh komposisi sulfat dalam tanah sulfat berasid. Nitrat adalah
dari 1.09-3.90 mg/L.Umumnya, logam-logam berat adalah rendah dalam
konsentrasi, dan ini menunjukkan bahawa pembuangan tanah sulfat berasid tidak
membebaskan amaun tambahan logam berat ke dalam air, yang memberi kesan yang
memberi masalah kepada tanah, tanaman dan alam sekitar. Manganese(Mn) berjulat
dari 0.198-0.906 mg/L, Zink (Zn) berjulat dari 0.018-0.191 mg/L,Aluminium (Al)
berjulat dari 0012-0.077 mg/L, dan Kuprum (Cu) berjulat dari 0.020-0.087 mg/L.

Keputusan eksperimen rumah kaca menunjukkan bahawa hasil padi meningkat
dengan ketara dengan cara menambah kapur dan baja organik (P < 0.05). Kapur
mempunyai peranan yang jelas dalam meningkatkan pH dan nutien-nutrien penting,
dan dalam mengurangkan amaun toksik Al dalam tanah. Melalui pengaplikasian
GML pada kadar 4 t/ha digabungkan dengan baja organik, meningkatkan pH tanah
dari 3.73 kepada 5.45 dan konsentrasi Ca dari 0.37 kepada 1.53 cmolc/kg, dan
mengurangkan konsentrasi Al dari 2.52 kepada 1.87 cmol/Kkg.
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Dapatan projek ini mencadangkan bahawa kualiti tanah sulfat berasid mempunyai
beberapa masalah yang perlu dirawat untuk digunakan untuk pengeluaran padi, dan
amalan pengurusan yang terbaik untuk membantu mengurangkan kesan-kesan
masalah ini ialah dengan menambah batu kapur magnesium tanah dan baja organik.
Tambahan lagi, kualiti air kawasan sulfat asid telah menerima kesan yang signifikan
dari bahan-bahan sulfur dalam tanah sulfat berasid. Dengan menambah kapur,
khususnya GML berserta baja organik pada kadar 4 t/ha mempunyai kesan positif
dalam menambahbaik kualiti tanah-tanah ini.
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CHAPTER 1

INTRODUCTION

1.1 General Introduction

Soil is an unconsolidated mineral body on the earth’s surface which has been
influenced by both genetic and many environmental elements. Also, it has its own
physical, chemical, and biological properties which differ from the source which was
derived from during a specific time. Soil is a very important natural source as its role
to filter water, support plant growth, provides habitat for many types of organisms,
and sequester carbon from the atmosphere. Depending on the functions that a soil
performs, we can assess the quality of that particular soil. Consequently, the soil's
ability to perform these critical functions can be described by the term “soil quality”
(Gaskell et al., 2000). Throughout the history of agriculture and cultivation, many
management practices have been used to increase food production. This is for the
rapid growth of the population without taking in mind the importance of protecting
natural resources such as soil and water. Soil degradation is one of the most
important indicators in assessing environmental quality. Poor land management,
including unreasonable land use, has caused the deterioration of soil quality,
resulting in soil structure degradation and organic matter loss. Thus, this affects
water, air, and nutrient fluxes in the soil, in addition to the plant growth (Golchin et
al., 1995; Tejada et al., 2006). In addition to that, changes in soil quality are not only
associated with management, but also with the environmental context, such as
temperature and precipitation (Andrews et al., 2004).

Soil quality term can be defined as the capacity of a soil to function within the
ecosystem and land use boundaries. This is aimed to sustain biological productivity,
maintain environmental quality, and promote plant and animal health (Doran and
Parkin, 1994). The importance of soil quality generally comes from four important
functions, which are environmental quality, productivity and sustainability, and
biodiversity and human safety (Parr et al., 1992). The quality of a soil cannot be
assessed directly; it needs a combination of chemical, physical, and biological
factors that gives the soil the ability to perform a wide range of functions (Tamm et
al., 2006). Many studies have been conducted concerning soil quality, but there is
still no well-defined universal methodology to characterize soil quality by means of
a set of clear indicators (Bouma, 2002). Furthermore, lack of knowledge about the
soil’s nature and properties and excessive human use of management practices to
increase income, leads to a decline in the quality of the soils. There is a strong link
between soil quality and land management in which both have a direct influence on
water and atmospheric quality, and by extension, on human and animal health
(Doran and Parkin, 1994; Kennedy & Papendick, 1995). Therefore, the quality of
any soil mainly depends on genetic characteristics. Nevertheless, human
management practices also have a clear effect on the soil quality (Pierce and Larson,
1993; Masciandaro, 1999). All natural resources such as soil, air, and water have a
close relationship by which all have effects on each other. As soil quality improves,
the quality of the other resources will also improve. Decline in soil and water quality



can have a risk on aquatic ecosystem, industrial, agricultural, and on human health.
In addition, heavy metals will be released to the ground water and the nearby
environment.

Acid sulfate soils are those soils that occur naturally and contain iron sulfides.
Sulfides are formed by bacterial sulfate-reduction, a process requiring anaerobic
conditions, sulfate, and degradable organic matter (Cook et al., 2000). Sulfur will be
stored safely in these soils if it is not exposed to air and oxidized. Therefore, if it
exposed to air for management purposes or any other purpose, iron sulfides will
react with oxygen and water, produce sulphuric acid, and iron compounds that
affects both soil and water quality. These types of soils have a specific quality
whereby they are considered as the most problematic type among many types of
soils. Thus, this is because of the bad impacts they have on plants, humans, and the
environment. This impact occurs because they have pH less than 4, high amounts of
toxic Al and Fe, and low quantities of essential elements for plant growth. No
problems will appear if this type of soils is not exposed to the oxidation process.
Acid sulfate soils are widespread in Malaysia, occurring almost exclusively along its
coastal plains (Shamshuddin & Auxtero, 1991; Shamshuddin et al., 1995; Muhrizal
et al., 2006; Enio et al., 2011). Therefore, growing rice in acid sulfate soil is very
common in Malaysia as the warm weather and continuous raining create a good
environment for rice production. In general, acid sulfate soils do not fit into the
desired characteristics for plant growth, unless in doing some improvement
practices. Some of these practices include ground magnesium limestone (GML)
liming, flooding, leaching, and applying manganese dioxide (Park & Kim, 1970).
However, rice can be planted in acid sulfate soils because it is known to have a
tolerance of relatively high acidity conditions, but the quantity of ferrous sulfate
produced during the oxidation of pyrite process showed the adverse effect on rice
growth (Kobayashi, 1939).

According to Zhang et al. (2004), soil quality regarding soil productivity is a
function of various factors, such as parent material, physical properties, chemical
properties, and topography. Soil physical properties strongly influence soil function
and determine potential land uses (Fernandez-Ugalde et al., 2009; Griffiths et al.,
2010). The total quality of agro-ecosystems occurs due to the significant effects of
physical and chemical properties and biological soil processes (Flores-Delgadillo et
al., 2011). Soil with good physical quality also has fluid transmission and storage
characteristics that permit the correct proportions of water, dissolved nutrients, and
air for both maximum crop performance and minimum environmental degradation
(Topp et al., 1997). For planting rice in acid sulfate soil, chemical soil indicators
have stronger role in affecting on rice yield than physical soil indicators. Thus, this
happens because the main problems of these soils come from nutrients imbalance
and high acidity. A high quality soils not only produce food and fiber, but also play
an important role in stabilizing the natural ecosystem and in enhancing water and air
quality (Griffiths et al., 2010). Good soil quality is characterized by maintaining high
productivity without significant soil or environmental degradation (Govaerts et al.,
2006). Meanwhile, a better knowledge of agricultural soil quality is essential for
designing farming systems, which effectively maintains or improves soil quality and
crop production (Qi et al., 2009; Bonanomi et al., 2011). Loss in soil fertility directly



affects the reduction of rice yields due to the reduction in soil quality (Lal, 2004). On
other hand, adding of organic matter and careful management of fertilizers,
pesticides, and tillage will protect the soil and improve the soil quality.

Water quality means the features of a water resource that will affect its fitness for a
definite usage. Therefore, it can be defined as a certain physical, chemical, and
biological properties combined to assess the quality of the water. The most obvious
function of water is the transportation of nutrients into plants through their roots. It
also supports the plant on their cellular components. Thus, plant wilting will be the
result of the absence of water. However, the plant will not be able to process the
water correctly for use if the water is too acidic or too alkaline. As a result, the
quality of water has a direct effect on the overall life of the plant. The drainage
discharged from acid sulfate soils are a serious environmental concern in many
regions worldwide with pH often less than 4 and concentrations of iron and
aluminum that are high enough to cause serious downstream impacts on flora and
fauna (Callinan et al., 1993; Wendelaar Bonga and Dederen, 1986). Surface water in
acid sulfate soils is fresh during rainy seasons because the rain would wash toxic
substances to a definite depth of the soil. However, during the dry season, toxic
elements which have a harmful effect on the plant will move back to the surface. The
moving of sulfuric acid through the soil will release iron, aluminium, and in some
cases manganese. Sulfuric acid usually lowers soil pH, resulting in decreasing the
availability of nutrients. In addition, acidity will dissolve aluminum and iron, and
make them more available to plants in a toxic amount. Generation of acidic metal-
rich drainage, results from the oxidation of pyrite and other iron-bearing sulfide
minerals and the consequent release of sulfuric acid and dissolved iron in solution
(Evangelou, 1995; Appelo and Postma, 1999). Acidity and low dissolved oxygen can
deteriorate water and damage its quality. In addition, due to the oxidation of the
metal bearing sulfides and exposure of silicate minerals to extreme acidity, very
large quantities of metals are mobilized and leached to watercourses from these soils
(Sundstro™m et al., 2002; Osterholm and Astrom, 2004; Sohlenius and Oborn, 2004).
Pyrite oxidation produces high concentrations of ferrous ions and sulfuric acid,
which attacks clay minerals and produces high concentrations of monomeric
aluminum and other acid-soluble metals. Subsequent leaching of these toxic products
into adjacent water bodies is rapidly increasing the stress on ecosystems. Drainage
from acid sulfate soils has been associated with effects on plant growth (Moore and
Patrick, 1991), acidification of water bodies (Sammut et al., 1996; Nguyen and
Wilander, 1995; Astrom and Bjorklund, 1995; Wilson et al., 1999; Cook et al.,
2000), and mortality of fish (Sammut et al., 1995). Many environmental problems
are associated with the discharging of these acidic products into nearby rivers or
lakes where fishes and some other marine creatures are tolerant to acidity. However,
the damage on concrete and steel is as a result of these acidic drainages. Hence, the
purpose of this study is to determine the water properties of acid sulfate soil area and
their effects on heavy metals concentrations.

Crop yield is strongly affected by soil quality, climate, and farm management
practices (FAO, 1985). Therefore, the quality of acid sulfate soil has a very close
relation to rice cultivation. Rice in nature is known to have a tolerance towards
acidity. Properties that naturally exist in acid sulfate soils like hydromorphic,



topographic, and hydrologic settings make these soils favorable for rice production.
However, if the pH is so low, the rice will be adversely affected. Another property of
soil that affects the quality of acid sulfate soil for rice planting is toxic amounts of
Al.  Similar findings reported by Shamshuddin et al. (2013) and further by;
Shamshuddin et al. (2014), stated that Al concentration under field condition in acid
sulfate soil areas in Malaysia is more than 800 uM, which is much bigger than the
critical level which is 15 uM (Elisa Azura et al., 2011). The properties which are not
suitable for cultivation in these types of soils should be treated with some practices
to make them an acceptable environment for rice planting. Among these practices,
application of ground magnesium limestone (GML), submergence, leaching,
phosphate application, and applying of basalt were commonly addressed. Hence, the
study was conducted on assessing the quality of acid sulfate land to determine the
quality of both soil and water and addressing the proper method to be used for rice
cultivation.

1.2 Objectives

The general objective of the study was to determine the quality of soil in an acid
sulfate area in the Kelantan Plains, Malaysia and how it affects the growth of rice.

Thus, the specific objectives were:

1. To determine soil and water quality in an acid sulfate soil area cropped to rice;
2. To study the effect of ground magnesium limestone in combination with organic
fertilizer on the rice growth.

1.3 Hypothesis

Land quality has very strong relation with soil productivity. Thus, it is very
important to identify soil and water quality status in order to choose the best
management practices. The fertility of acid sulfate soil should be improved in order
to be used for rice cultivation. Adequate amount of lime in combination with organic
fertilizer may lead to an improvement in the quality of these soils. This is because
lime has the ability to correct soil acidity and hence soil quality, enhances the
amount of essential nutrients such as calcium and magnesium, and decreases the
toxic amounts of certain elements in the soil such as aluminum, manganese, and
iron. In addition to that, it has the ability to increase the bacterial activity that
encourages a favorable soil structure, thereby supporting rice growth.
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