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Abstract: Acid sulfate soils (ASSs), which are one of the worst soils in the world, release huge amounts of acid and 
toxically high concentrations of metals, affecting biological activity in the soils as well as in the surrounding water 
environments, which requires sustainable measures for their reclamation. Accordingly, an incubation study was 
conducted with the topsoil of two different ASSs (Cheringa and Badarkhali) to assess the effects of basic slag (BS: 
size <1 mm; pH 9.6; Ca 20.8 %; Mg 9.8 %, etc.) on reduction of Fe and Al toxicity in ASSs. It is noted that BS is a 
byproduct of steel industry in Bangladesh and can be collected almost free of charge. These soils received BS at the 
rate of 0 (T0), 11 (T1), 22 (T2) and 33 (T3) t ha-1 under various moisture regimes (saturated condition M1, i.e. 100 % 
moisture content, wetting-drying cycles of 100 and 50 % moisture M2, and moisture at field condition M3, i.e. 50 %). 
The impacts of these treatments on selected parameters in these soils were studied within180 days of incubation. The 
application of BS was found to be increased the pH of soils from 3.6 to 5.1 for Cheringa; 3.9 to 5.2 for Badarkhali 
soils at the end of incubation. These increments were more striking with the highest doses of BS under saturated 
moisture conditions in both of the soils. The treatments exerted significant (p≤0.05) effects on the decrement of Fe 
and Al ions in different period of incubation. The striking changes were recorded for the rate of decrements of Fe 
and Al ions, under saturated condition compared with the control after 180 days of incubation. These results suggest 
that the application of BS not only reduction of soil acidity but also to improve these soils at desirable pH (pH>5) 
levels in the same moisture conditions. [Journal of American Science 2009;5(4):33-42]. (ISSN: 1545-1003). 
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1. Introduction   

Acid sulfate soils (ASSs), which are one of the worst 
soils in the world, release huge amounts of acid and 
toxically high concentrations of metals, affecting 
biological activity in the soils as well as in the 
surrounding water environments (Gosavi et al., 2004; 
Mathew et al., 2001; Minh et al., 1997; Thawornwong 
and van Diest 1974). Acidification from ASSs cause a 
number of chemical, biological and physical problems 
arise such as aluminum and iron toxicities, decrease 
availability of phosphate, nutrient deficiencies, arrested 
soil ripening, hampered root growth, blockage of drains 
by ochre and corrosion of metal and concrete structures 
(AARD and LAWOO, 1992). The initial heavy rain on 
acid sulfate soils cause a ‘first-flush’ runoff and 
drainage of toxic water with properties including low 
pH, low concentration of dissolved oxygen and high 
concentration of dissolved aluminum which caused 
massive fish kill (Anon, 1990; Lin and Melville, 1994). 
The ASSs cause on- and off- site problems (Ritsema et 
al., 2000). On-site problems, which have been 
extensively reviewed (Dent 1986), include Al toxicity in 
drained soils, Fe and H2S toxicity in flooded soils, 
salinity and nutrient deficiencies, especially decrease 

availability of phosphate. Engineering problems include 
(i) corrosion of steel and concrete and (ii) uneven 
subsidence, low bearing strength and fissuring leading 
to excessive permeability of unripe soils; blockage of 
drains and filters by ochre; and the difficulties of 
establishing vegetation cover on earthworks and 
restored land. Off-site problems stem from drainage 
effluents, earthworks, excavations, and mines. The acid 
drainage water carries Al released by acid weathering of 
soil minerals. Drainage waters may also be enriched in 
heavy metals and arsenic, a toxic cocktail endangering 
aquatic life and public health. Acid drainage and 
floodwaters may travel for many kilometers before they 
are neutralized. Acid drainage can have disastrous 
effects on freshwater and estuarine fishes, especially on 
invertebrates that are unable to escape. These soils 
could display a high agricultural potential if they were 
to be reclaimed by appropriate methods (Khan, 2000). 
Moreover, the reclamation of these soils may be 
difficult but very essential due to the formation of 
acidity during dry periods of the year and hampering not 
only crop growth but also destroying aquatic lives.The 
conventional reclamation by the application of lime and 
flash leaching in the proposed soils are not effective and 
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sustainable (Khan, 1994). Because, soil acidity 
produced by 1% oxidizable sulfur requires about 30 ton 
of CaCO3 per ha (van Breemen, 1993). Usually ASSs 
contain 1-5% oxidizable sulfur and showed antagonistic 
effect on micronutrient levels as well as on the balance 
of basic cations in plants (Khan et al., 1996). Tri et al., 
(1993) revealed that construction of raised bed is the 
most important land management practices for acid 
sulfate soils. However, this practice has not enough 
success. Its success depends on several factors of the 
soils, their position and environmental conditions 
(AARD and LAWOO, 1992). Acidity and salinity 
problems relating to rice production in the studied acid 
sulfate soils were alleviated by the application of 
leaching. Khan and Adachi (1999) reported that 
reclamation of the soils through leaching enhanced the 
losses of basic cations from top soils, whereas increased 
acidic cations in the top soils by exchange reactions. 
After seven years of leaching practices on acid sulfate 
soils in Vietnam, Sterk (1993) reported that the acid 
content of the topsoils is not decreasing, which might be 
attributed to enrichment of acidic cations like aluminum 
in the top soils. Khan (1994) reported that leaching is an 
effective method for reclaiming both salinity and acidity 
of the soils but losses of basic cations through leaching 
should be considered for the greater success of 
reclamation. Takai et al., (1992) claimed that nutrient 
deficiency is an important factor for the improvement of 
acid sulfate soils. Khan (1994) revealed that for the 
reclamation and improvement of ASSs, BS would be 
effective to reduce acidity of the soils because BS was 
found to increase soil solution pH and optimized the 
concentration of some elements like Ca, Mg, P and Si, 
which are very essential/beneficial for crop production 
as well as alleviates the toxicity of Fe and Al. Moreover, 
there is evidence that high Ca and Si concentrations in 
drainage/waste waters protect fish against Al toxicity 
(Birchall et al., 1989). Potential ASSs may have high 
pH like 6 to 7 does not mean that the soils are safe 
because at that situation it may create H2S, Fe and some 
organic acids problems (Kabir, 2005).  

ASSs are of major environmental concern in many 
wetlands. Van Mensvoort and Dent (1998) claimed for 
about 24 M ha of ASSs of which about 0.7 M ha are 
located in different pockets of inundated coastal areas in 
Bangladesh where crop production is very low; some 
where the lands are unproductive though the soils have 
high agricultural potential (Khan, 2000). The nature and 
characteristics of these pockets of ASSs varied from 
place to place and even within pockets owing to the 
difference in mangrove vegetations and accumulation of 
sediments (Khan, et al., 2007). Since the ASSs can exert 
severe effects on surrounding ecosystems, immediate 
steps should be taken to improve these soils further 
(Khan, et al., 2002). Delayed effects of potential 
chemicals stored in the ASSs resulted in harmful effects, 

like a “chemical time bomb” on the associated 
environments (Khan and Adachi, 1999). It has recently 
been estimated that these affect some 100 million 
hectares (M ha) of land world-wide (Sheeran, 2003). 
For sustainable use ASSs, acceptable cost effective 
chemical reduction of the acidity is very essential. Soil 
acidity produced by one percent oxidizable sulfur after 
neutralization (3 to 30 t of CaCO3 per ha, depending on 
clay content and mineralogy) by exchangeable cations 
requires about 30 t of CaCO3 per ha (Van Breemen, 
1993). Usually ASSs contains 1 to 5 % oxidizable sulfur 
which indicates a huge amount of lime would be needed. 
Generally calcite (CaCO3) is used as agricultural lime 
but it is to some extent expensive. As a result farmers 
often become reluctant to ameliorate ASSs. With this 
objective BS, a low cost liming material was undertaken 
to use as an ameliorant of ASSs. From its suitability BS 
as a byproduct from the steel industry in Bangladesh 
can be collected almost free of charge. However, 
application of BS as agricultural lime is not well 
documented. Moreover, the reducing capacity and 
potentiality of the BS for the exchangeable cations in 
different ASSs are also not known but needed for its 
economic and sustainable budgeting for these problem 
soils (Khan, et al., 2002). Accordingly, agricultural 
limes such as BS were planned to incorporate into two 
ASSs under different moisture regimes. 

Jintaridth, 2006 reported that deficiency in plant base 
minerals is an important factor when the reclamation 
and management practices are performed in ASSs. Takai, 
et al., (1992) also claimed that nutrient deficiency is an 
important factor for the improvement of ASSs. Dent 
(1986) reported that BS from the steel industry was 
effective in reducing the soil acidity and also 
economical if available locally. The application of BS in 
ASSs significantly increased soil pH, Ca and Mg with 
an associated decrease in Na, Fe and Al concentrations 
over time (Khan, et al., 2006a). This BS had a very high 
pH of 9.6 and contained 20.8 % Ca, 9.8 % Mg, and 
12.8 % SiO2 (Khan, et al., 2006b). They also added that 
the BS has been used on a small scale for the 
reclamation of ASSs in Bangladesh since 1985 and 
to-date there is no evidence of its harmful effects. The 
reclamation of these soils may be difficult but essential. 
Successful reclamation of the ASSs may result in the 
development of productive fields for crop growth. 
While poor soil reclamation may lead to creation of 
unfavorable soil conditions for crop growth and 
formation of actual ASSs, the real problem is resulted in 
the coastal tidal flat plain areas (Khan, et al.. 2006b). 
Cook, et al., (2006) reported that the progressive 
oxidation of organic matters, sulfides and increasing 
acidity in the profile of ASSs is not only decreasing 
bases in the soil solution but also strongly affect the 
fate/mobility of metals and metalloids in groundwater, 
posing threat to groundwater resources and health of 
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both terrestrial and aquatic ecosystems (Abou-Seeda, et 
al., 2002). In ASSs, water management is the key to soil 
management and proper water management can limit 
acidification (Khan, et al.. 2006b). However, the 
potentiality of BS for the reduction of ASSs and 
associated ion dynamics under variable soil moisture 
regimes and wetting-drying cycles should have much 
influence regarding sustainable reclamation and 
improvement of ASSs. Considering the above 
background, the present study was done in order to 
assess the remedying capacity of BS under various 
moisture regimes and its effects on the reduction of Fe 
and Al ions in the soils. 

2.1 Incubation experiment 
For assessing of BS on reduction of Fe and Al 

toxicity in ASSs under various moisture regimes, an 
incubation study was carried out in the laboratory of the 
Department of Soil, Water and Environment, University 
of Dhaka, Bangladesh during 2000 to 2001. Accordingly, 
an experiment was conducted for 180 days (six months) 
under saturated moisture condition (water content = 100 
% by weight), moisture at field capacity (50 % by 
weight) and wetting-drying cycles of these treatments. It 
is mentioned that during the incubation experiment, the 
moisture contents was monitored and kept it at a fixed 
value by watering when it is required. The effects of 
these treatments with time were also considered for this 
experiment.  

 
2. Methods and Materials 
 
Table1: Some selected physical and chemical properties of the acid sulfate soils (depth 0-20 cm) 
before the  incubation study.

Texture 
Moisture at field condition (vol. %) 48 49
Soil pH (Field) 3.8 4
Soil pH (Soil:Water=1: 2.5) 3.6 3.9
Soil pH (Soil:0.02 M CaCl2=1.2.5) 3.3 3.4
Pyrite content (%) 7.3 6.6
Electrical Conductivity (1: 5 dS m-1) 18.5 19
Organic matter (Wet oxidation, g kg-1) 39.1 30.7
Available nitrogen (1.3 M KCl, mM kg-1) 3.6 3.3
Available phosphorus (0.02N H2SO4, mM kg-1) 0.1 0.11
CEC (1 M NH4Cl: cmol kg-1, at pH 7.0) 17.2 18.5
Aluminium-saturation (1M NH4Cl: %) 40.3 41.2
Iron-saturation (1M NH4Cl: %) 8.3 7.1
Sodium-saturation (1M NH4Cl: %) 12.4 13
Potassium-saturation (1M NH4Cl: %) 1.4 1.6
Calcium-saturation (1M NH4Cl: %) 1.8 1.9
Magnesium-saturation (1M NH4Cl: %) 5.5 6.2
Water-soluble ions
Sodium (Flame photometry: cmol kg-1) 3.01 3.2
Potassium (Flame photometry: cmol kg-1) 0.3 0.25
Calcium (*AAS: cmol kg-1) 0.3 0.37
Magnesium (AAS: cmol kg-1) 3.34 3.43
Iron (AAS: cmol kg-1) 0.35 0.31
Aluminium (ASS: cmol kg-1) 2.1 1.9
Sulfate (BaCl2, : cmol kg-1) 4.86 4.2
*Atomic Absorption Spectrophotometer

Cheringa soil Badarkhali soil

Silty clay loam Silty clay loam

Soil properties
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T0=Control; T1=Basic slag (BS)@11; T2=BS@22; T3=BS@33 t ha-1; M1=Saturated condition; M2=Wetting-Drying cycle;
 and M3=Moisture at field condition
Figure 1 Effcets of basic slag and moisture regimes at the end of incubation times on pH in the soils.
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Surface layer (Topsoils: depth 0 to 20 cm) of two 
different ASSs (Cheringa and Badarkhali) were 
collected from Cheringa and Badarkhali upazilas in 
Cox’ Bazar district, Bangladesh. These soils were 
air-dried and grounded uniformly and passed through 2 
mm (10 meshes) sieve and mixed thoroughly. Then 
fifty grams of each soil with respect to treatments was 
taken in a plastic bottle (10 cm height and 4 cm 
diameter). The four different doses of 0, 11, 22 and 33 t 
ha-1 of BS were considered for this study (the 
application rates were selected from feasible stand 
point of view). The BS was collected from a steel 
industry and then grounded to less than 1 mm sizes. 
The composition of basic slag (%)：SiO2 12.8, Ca 20.8, 
Mg 9.8, Fe 11.3, Mn 0.04, PO4 0.03, others 44.96 and 
pH 9.6 (Source: Laboratory of Soil Science, Institute 
for Plant Nutrition and Soil Science, University of Kiel, 
D-24109 Kiel, Germany, 1999). It was mixed 
thoroughly as per treatments. The distilled water was 
added at saturation condition of soil (by 50 ml), moist 
at field condition (by 20 ml) and at wetting-drying 
cycles (by 20 ml on drying and 50 ml on wetting).  In 
wetting-drying cycle, the soil samples in the bottles 
were kept open to air under saturated condition for 15 
days at room temperatures (25° to 30° C) for natural air 
drying towards field capacity during the following 30 
days. The wetting-drying cycle was continuously 
repeated within every one and half months and 
maintained up to the end of the incubation period of 
180 days. The desired levels of moisture in the soils in 
each bottle were maintained by the addition of distilled 
water (pH 6.7, EC 0.5 dS m-1) when required. The soils 
were sampled in order to analyses the soil pH, ECe (EC 
of saturation extract of soil) and exchangeable cations 
at 1, 15, 45, 60, 90, 105, 135, 150, 180 days after 
incubation. There were 9 sets of bottles and each set 
contained 24 bottles (2 soils X 4 treatments X 3 

replications), i.e. the numbers of total bottles were 216.  
The soils were analyzed for textural class (pipette 

method; Day, 1965), pH (field, 1:2.5 water and 0.02 M 
CaCl2: Jackson, 1973), ECe (Richards, 1954), organic 
carbon (wet combustion with K2Cr2O7; Nelson and 
Somners, 1982), available nitrogen (micro-Kjeldhal 
method; Jackson, 1973); available phosphorus (0.02 N 
H2SO4, Spectrophotometry at 440 nm wave length; 
Olsen, et al., 1954), exchangeable cations (Jackson, 
1973) such as Na+, K+ (Flame photometry), Ca2+, Mg2+, 
Fe2+ and Al3+ (atomic absorption spectrophotometry; 
Hesse, 1971), and CEC (Chapman, 1965). The level of 
significance of the different treatment means were 
calculated by Duncan’s New Multiple Range Test 
(DMRT) and Least Significant Difference (LSD) 
Techniques (Zaman, et al., 1982).  
 
3. Results and Discussion 

The studied soils, namely Cheringa and Badarkhali 
(depth: 0-20 cm) showed a silty clay loam texture, 
initially low pH of 3.6 for the Cheringa and 3.9 for the 
Badarkhali soils, high ECe (18.5 for Cheringa and 19.0 
dS m-1 for Badarkhali soils) and high amount of 
organic matter . Some selected physical and chemical 
properties of the studied ASSs (depth 0 to 20 cm) 
before the incubation study are given in Table 1. 
 
3.1 Changes in soil pH 

A significant (p≤0.05) positive increase in pH were 
determined with the increased rates of BS application 
in both the soils compared with the control where no 
BS was applied but the water content was maintained at 
field capacity (Figure 1). It is evident from the data that 
the initial low pHs of the soils was increased steadily 
with the highest doses of BS and the effects were more 
pronounced with the latter periods of incubation. The 
pH rose from 3.6 to 5.1 in Cheringa soil and 3.9 to 5.2 
in Badarkhali soil after 180 days of incubation, which 
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revealed a wide and significant (p≤ 0.05) changes in 
soil pH were made by the application of BS in both the 
soils (Figure 1). The lower pHs were observed in the 
control treatments having moisture at field capacity as 
compared with those obtained from the saturated and 
wetting-drying cycle conditions. This might be due to 
having more oxidized conditions at field capacity than 
those of the other soil conditions. The release of acidic 
materials occurred from the break down of pyrite in 
more oxidized acid sulfate soils, reflecting the 
requirement of more liming materials to reduce more 
acidity in both the soils. The facts that these soils 
contain pyrite were reported by many researchers 
(Khan et al., 2006). In case of control, except for 
several initial increased trends within first 90 days, the 
almost unchanged values of soil pHs were found in 
both of the soils throughout the whole period of 
incubation of 180 days. Application of BS was found to 
be increased the soil pH linearly with their increase 
doses regardless of water contents and soil conditions. 
Khan, et al., (1996) reported that the application of BS 
at the rate of 12 t ha-1 in acid sulfate soil raised the soil 
pH from 5.3 to 7.4. The rise of soil pH in present study 

also remained almost similar range, which might be 
due to the washout of soluble sulfate and/or in the 
formation of insoluble sulfate compounds like gypsum, 
akaganeite (Bigham, et al., 1990). 

The increase in soil pH or in other way, it can be 
expressed in the reducing capacity of BS by releasing 
exchangeable cations in the acid sulfate solution was 
found to be the highest after180 days of incubation 
with each of the moisture condition and treatment in 
both the soils. This might be due to the reduction of 
produced acids with the released basic ions with the 
passes of time and the slow releasing of basic ions from 
the BS might hold the steady increase in pHs of the 
soils. Throughout the incubation period, it was noticed 
that the potentiality of BS as a liming material will be 
effective for reducing the acidity of acid sulfate soils 
for long time. To maintain a reasonably good 
conditioned soil for growing crops, the soil should be 
amended at saturated soil condition followed by the 
application of BS at 33 t ha-1. The BS was also reported 
effective in increasing soil pH as well as maintained 
favorable soil conditions (Abbaspour, et al., 2004; 
Alves, et al., 2006 and Khan, et al., 2006b). 

 
3.2 Changes in water-soluble iron and aluminium 

Iron is mostly a pH dependent element. The amount 
of water-soluble Fe was low throughout the incubation 
time and the quantity was found to be decreased with 
the increment of pH in both the soils as compared with 
the control (Figure 2).  The leased amount of Fe were 
determined in the soils of high pH as a result of BS at 
33 t ha-1 under saturated condition in both the soils 

followed by the condition of field capacity and 
wetting-drying cycle. The steepest fall in the 
concentration of the Fe were observed with the 
application of lime (Khan et al., 1996). They also 
reported that the concentration of K, Ca and Mg were 
increased while the concentration of Fe and Mn 
decreased in the ASSs. 

T0=Control; T1=Basic slag (BS)@11; T2=BS@22; T3=BS@33 t ha-1; M1=Saturated condition; M2=Wetting-Drying cycle;
and M3=Moisture at field condition
Figure 2 Effcets of basic slag and moisture regimes at the end of incubation times on water-soluble Fe and Al ions in the soils.
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The availability of Al is also highly pH dependent, 
i.e. available at the lower pH value of <4.5 and the 
higher pH of > 10 (Donahue et al., 1987).  With the 
amendments through BS, the pHs of both the soils were 
found to be increased strikingly as compared with the 
initial pHs, which resulted the low availability of Al. 
The amount of water-soluble Al in both the soils was 
found to be decreased under saturated condition. 
Cheringa soil was found to be content more, Al, which 
might be due to their initial high potential acidity as 
compared with Badarkhali soils. Application of BS of 
33 and 22 t ha-1 were found to be effective in 
decreasing Al contents in both the soils regardless of 
moisture regimes. The BS at 33 t ha-1 exerted more 
detrimental effect regarding the availability of Al, 
which reduced to almost half of the amounts of its 
initial contents in these soils (Figure 2). 
 
3.3 Changes in exchangeable iron and aluminium 

The results showed that the contents of exchangeable 
iron remarkably decreased with time. The lowest 
content of Fe2+ was determined by the highest dose of 
BS (33 t ha-1) under saturated conditions in both the 
soils where the corresponding pH rises at highest levels 
of 5.1 at Cheringa and 5.2 at Badarkhali soils (Figure 
1). So, the exchangeable Fe2+ was found to have 
negative relationship with their corresponding pH. 

The initial very high contents of exchangeable Al3+ 

in both the ASSs were found to be decreased strikingly 
with the higher dose of BS regardless of moisture 
regimes (Figure 3). The maintenance of saturated 
moisture condition of soil was found to be more 
suitable practice in order of decrement in contents of 
exchangeable Al3+ in both the soils followed by 
moisture at field capacity and wetting-drying cycle. 
The amounts of exchangeable Al3+ was very high in 
Badarkhali soil as compared with Cheringa soil, which 
might be due to the variation in their corresponding pH 
level. The lowest value of exchangeable Al3+ was 
recorded by the higher rates of BS (33 t ha-1) as 3.56 c 
mol kg-1 in Cheringa soil and 3.32 c mol kg-1 in 
Badarkhali soil under the moisture at saturation 
condition. The second lowest contents were found for 
the condition of moisture at wetting-drying cycle (3.86 
c mol kg-1 for Cheringa and 3.67 c mol kg-1 for 
Badarkhali soils) followed by the condition of field 
capacity (4.0 c mol kg-1 for Cheringa and 4.1 c mol kg-1 
for Badarkhali soils) having the treatment of BS 33 t 
ha-1. The lower doses of BS (11 and 22 t ha-1) exerted 
comparatively the higher contents of exchangeable Al3+ 
in both the incubated ASSs. It was noticed that the 
exchangeable Al3+ in ASSs fell steeply as soon as pH 
rose above 4.0 (Gotoh and Patric, 1974; Hart, 1959). 
Moreover van Breemen (1973 and 1976) has shown 
that Al activity was inversely related to pH, increasing 
roughly 10 folds per unit pH decrease. 

T0=Control; T1=Basic slag (BS)@11; T2=BS@22; T3=BS@33 t ha-1; M1=Saturated condition; M2=Wetting-Drying cycle;
and M3=Moisture at field condition
Figure 3 Effcets of basic slag and moisture regimes at the end of incubation times on Exchangeable Fe and Al ions in the soils.
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4. Conclusions 
From the results, it was revealed that the Fe and Al 

toxicity of the studied acid sulfate soils (ASSs) were 
remarkably decreased by the application of basic slag 
(BS). Moisture at saturated condition was found to be 
best for the reduction of these ions in both the soils, 
which will be supportive for planning of crop 
production on these soils. The highest dose (33 t ha-1) 
of BS in Cheringa and Badarkhali ASSs were found to 
be reduced the acidity of these soils at desirable pH 
(pH>5) levels under same moisture conditions. The 
present findings suggest that by the use of BS or material 
rich in basic cations in these soils is a pre-requisite to be 
brought into productive land in order of quick reduction 
of acidity problems.  
 
Acknowledgements 

The research is carried out by the financial and 
technical supports of the Volkswagen Foundation (Ref.: 
1/73802 dated 03.08.98) and Alexander von Humboldt 
(AvH) Foundation of Germany. The senior author also 
wishes to express appreciation to the Ministry of 
Education, Science, Culture and Sports, Government of 
Japan and the Graduate School of Environmental 
Science, Okayama University. 
 
Correspondence to: 
Abul Hasnat Md. Shamim 
Ph. D Student 
Graduate School of Environmental Science  
Okayama University, Okayama 700-8530, Japan 
Telephone and fax number: 0081-086-251-8874 
E-mail: abulhasnats@yahoo.com 
 

Received: 1/26/2009 / Revised: 14/07/2009 

 
References 
[1] Abbaspour A, Kalbasi M, Shariatmadari H. Effect 

of steel converter sludge as iron fertilizer and 
amendment in some calcareous soils. J. Plant Nutr. 
2004; 27: 377-94. 

[2] Abou-Seeda MH, EI-Ashry I. Assessment of basic 
slag as soil amelioration and their effects on the 
uptake of some nutrient elements by radish plants. 
Bulletin National Res. Centre (Cairo), 2002; 27: 
491-506. 

[3] Agency for Agricultural Research and Development 
(AARD) and The Land Water Research Group 
(LAWOO). Acid sulfate soils in the humid tropics: 
Simulation model and chemical processes to 
evaluate water management strategies. Wageningen, 
The Netherlands, 1992. 

[4] Ahmed N, Wilson HW. Acid sulfate soils of 
Caribbean region-their occurrence, reclamation and 
use. Soil Sci. 1992; 153 (2):154-164. 

[5] Alves MC, Paz Gonzalez A, Colorado G, Perecin 
Junior H, Vidal V. Influence of bio-solids rate on 
chemical properties of an Oxisol in Sao Paulo, 
Brazil. Common Soil Sci. Plant Anal. 2006; 37: 
2481-93. 

[6] Anon. Regional Research Program on relationship 
between epizootic ulcerative syndrome in fish and 
the environment. Network of aquaculture centers in 
Asia-Pacific, Bangkok. 1990. 

[7] Bigham JM, Schwertmann U, Carlson L, Mural E. 
A poorly crystallized oxihydroxisulfate of iron 
formed by bacterial oxidation of Fe (II) in acid 
mine waters. GeoChin. CosoChim. Acta, 1990; 54: 
2743-2758. 

[8] Birchall JD, Exley C, Chappell JS, Phillips MJ. 
Acute toxicity of aluminium to fish eliminated in 
silicon-rich waters Nature, 1989; 338:146–148. 

[9] Chapman HD. Cation exchange capacity. In: 
Methods of Soil Analysis. Part 2, Agron. Series 9. 
C.A. Black (ed.). Am. Soc. Agron., Publication, 
Madison, WI, USA. 1965; pp. 891-900. 

[10] Cook TJ, Watkins R, Appleyard S, Vogwill R J. 
Acidification of groundwater caused by a falling 
water table in a sandy aquifer in the Perth Region, 
Western Australia. The 18th World Congress of Soil 
Science Abstract. July 9-15, Philadelphia, 
Pennsylvania, USA, 2006; pp. 680. 

[11] Day PR. Particle fractionation and particle size 
analysis. In: Methods of Soil Analysis. Part 2, 
Agron. Series 9. C.A. Black (ed.). Am. Soc. Agron., 
Publication, Madison, WI, USA. 1965; pp. 545-566. 

[12] Dent D. Acid sulfate soils: a Baseline for Research 
and Development. ILRI (International Land 
Reclamation and Improvement) Publication  no. 
39: Wageningen, The Netherlands, 1986; pp. 58. 

[13] Donahue RL, Miller RW and Shickluma JC. Soils: 
an Introduction of Soils and Plant Growth. 5th Edn. 
Prentice-Hall of India Pvt. Ltd., New 
Delhi-110001, India, 1987. pp. 667. 

[14] Gosavi K, Sammut J, Gifford S, Jankowski J.  
Macroalgal biomonitors of trace metal 
concentration in acid sulfate soil aquaculture 
ponds. Sci. Total Env. 2004; 25: 25-39. 

[15] Gotoh, S and Patrick, WH. Transformation of iron 
ina waterlogged soil as influence by redox 
potential and pH. Soil Sci. Soc. Am. Proc. 1974; 
38:66-71. 

[16] Hart, MGR. Sulfur oxidation in tidal mangrove 
soils of Sierre leone. Plant Soil, 1959; 11:215-236. 

[17] Hesse PR. A text Book of Soil Chemical Analysis. 
John Murry Publicatin, London, 1971. 

[18] Jackson ML. Soil Chemical Analysis. Prentice 
Hall of India Pvt. Ltd., New Delhi, 1973; pp. 
41-330.  

http://www.americanscience.org                                            editor@americanscience.org 39



Reduction of Fe and Al toxicity in acid sulfate soils                   Shamim, et al. 

[19] Jintaridth B.  The role and effectiveness of 
Phospho-microorganisms with rock phosphate. 
The 18th World Congress of Soil Science Abstract, 
July 9-15, Philadelphia, Pennsylvania, USA. 
2006; pp. 681. 

[20] Kabir SM. Acid sulfate soil ecosystems and their 
sustainable management. Unpublished Ph.D thesis, 
University of Dhaka, Bangladesh. 2005; pp. 1-2. 

[21] Khan HR, Blume H-P, Kabir SM, Bhuiyan MMA, 
Ahmed F, Syeed SMA. Quantification of the 
severity, reserve and extent of acidity in the 
twenty profiles of acid sulfate soils and their 
threats to environment. Soil & Environ., 2007 26 
(in press). 

[22] Khan H R, Kabir SM, Bhuiyan MMA, Blume H-P, 
Adach T, Oki Y, Islam KR. Physico-chemical 
amendments of acid sulfate soils for rice 
production in Bangladesh. The 18th World 
Congress of Soil Science Abstract, July 9-15, 
Philadelphia, Pennsylvania, USA. 2006a; pp. 682. 

[23] Khan HR, Bhuiyan MMA, Kabir SM, Oki Y, 
Adachi T. Effects of selected treatments on the 
production of rice in acid sulfate soils in a 
simulation study. Jpn. J. Trop. Agr. 2006b; 50: 
109-115. 

[24] Khan HR, Bhuiyan MMA, Kabir SM, Ahmed F, 
Syeed SMA, Blume H-P. The assessment and 
management of acid sulfate soils in Bangladesh in 
relation to crop production. In: The restoration 
and management of derelict land, M. H. Wong 
and A. D. Bradshaw (Ed.), World Scientific 
Publishing Co. Pte. Ltd. UK, 2002; pp. 254-262.  

[25] Khan HR, Rahman S, Hussain MS, Blume H-P. 
Response of rice to basic slag, lime, and leaching 
in two saline-acid sulfate soils in pot experiments. 
J. Plant Nutrition and Soil Science, Germany, 
1996; 159: 549-555.    

[26] Khan HR. (2000): Problem, prospects and future 
directions of acid sulfate soils. Proc. Inter. 
Conference on Remade Lands 2000, pp. 66-67. A. 
Brion and R.W. Bell (ed.). Nov. 30 to Dec. 2, 2000, 
Perth, Australia. 

[27] Khan HR, Adachi T (1999): Effects of selected 
natural factors on soil pH and element dynamics 
studied in columns of pyretic sediments. Soil 
Science and Plant Nutrition, 45, pp. 783-793. 

[28] Khan HR. Fundamental studies on reclamation 
and improvement of problem soils in relation to 
rice production. PhD thesis, Okayama University, 
Okayama 700, Japan, 1994. 

[29] Khan HR, Rahman S, Hussain MS, Adachi T. 
Morphology and characterization of an acid sulfate 
soils from mangrove floodplain area of 
Bangladesh, Soil Phys. Cond. Plant Growth, Jpn, 
1993; 68: 25-36. 

[30] Lin C, Melville MD. Acid sulfate soil-landscape 
relationships in the Pearl River Delta, southern 
China. Catena, 1994; 22: 105-120. 

[31] Mathew EK, Panda RK, Madhusudan N. Influence 
of sub-surface drainage on crop production and 
soil quality in a low-lying acid sulfate soil. Agr. 
Water Manage.; 2001; 47:191-209. 

[32] Minh LQ, Tuong TP, van Mensvoort MEF, Bouma 
J. Contamination of surface water as affected by 
land use in acid sulfate soils in the Mekong River 
Delta, Vietnam. Agr. Ecosys. Env. 1997; 61: 19-27. 

[33] Moore PA, Jr Attanandana T and Patrick WHJr. 
Factors affecting rice growth on acid sulfate soils. 
Soil Sci. Soc. Am. J., 1990; 54:1651-1656. 

[34] Nelson DW, Sommers LE. Total carbon, organic 
carbon and organic matter. In: Methods of Soil 
Analysis. Part 2, Agron. Series 9. A.L. Page (ed.). 
Am. Soc. Agron. Publication Madison, WI, USA,  
1982;  pp. 539-579. 

[35] Olsen SR, Cale CV, Watanabe, FS, Dean, L.A. 
Estimation of available phosphorus in soils by 
extraction with sodium bicarbonate. USDA Circ. 
939, Washington, USA, 1954. 

[36] Richards LA. Diagnosis and improvement of 
saline and alkali soils. In: USDA Handbook No. 
60. US Govt. Print. Office, Washington, USA, 
1954; pp. 84-156. 

[37] Ritsema CJ, MEF, Van Mensvoort, DL Dent, Y, 
Tan H, Van Den-Bosch and ALM Van Wiji. Acid 
Sulfate Soils.p G121-154. In E.S. Malcome (Ed.) 
Hand Book of Soil Science, CRC Press, 
Washington D.C., 2000. 

[38] Sheeran B  VirosoilTM – An effective and lasting 
treatment for acid sulfate soils. Virotec. 
International Ltd. www.virotec.com., 2003. 

[39] Sterk, G. Leaching of acid from the top soils of 
raised beds on acid sulfate soils in Mekong Delta 
of Vietnam. Technical report no. (EEC project 
STD Vietnam, Department of Soil Science and 
Geology, WAU, Wageningen, The Netherlands, 
1993. 

[40] Takai Y, Vilarnsorn P, Stittbush C, Boonson A, 
Adachi T, Matsumoto S, Okazaki M, Sugi J. Soil 
amelioration trails in peat and acid sulfate soils. In 
Coastal low land ecosystems in the southern 
Thiland and Malaysia. Ed. K. Kyuma, et al. 
Publication By Showado Printing Co., Sakyku, 
Kyoto, Japan, 1992;  pp. 318-335. 

[41] Thawornwong N, van Diest A. Influence of high 
acidity and aluminum on the growth of low land 
rice. Plant Soil, 1974; 41: 141-159. 

 40

http://www.virotec.com/


Marsland Press   Journal of American Science 2009;5(4):33-42 
 

http://www.americanscience.org                                            editor@americanscience.org 41

[42] Tri LQ, Nhan NV, Huizing HGJ, Van Mensvoort 
MEF. Present land use as basis for land evaluation 
in two Mekong Delta districts. In Selected Papers 
of the Ho Chi Minh City Symposium on Acid 
Sulfate Soils. (Eds.) DL Dent and MEF Van 
Mensvoort. ILRI (International Land Reclamation 
and Improvement) Publication no. 53, 1993; pp. 
299–320. 

[43] Van Breemen N. Environmental aspects of acid 
sulfate soils. In Proceedings of 4th International 
Symposium on Acid Sulfate Soils, ILRI 
(International Land Reclamation and 
Improvement), Wageningen, Publication no. 53, 
1993; pp. 391-402.  

[44] Van Breemen N, and Pons LJ. Acid sulfate soils 
and rice. In Soil and Rice. The International Rice 
Research Institute (IRRI), Los Banos, The 

Philippines, 1978; pp. 739-761. 
[45] Van Breemen N. Genesis and solution chemistry 

of acid sulfate soils in Thailand. Centre for 
Agricultural Publishing and Documentation, 
Wageningen, The Netherlands, 1976. 

[46] Van Breemen N. Calculation of ionic activities in 
natural water. Geochemistry Cosmochim , Acta 
1973; 37: 101-107. 

[47] Van Mensvoort MEF, Dent DL. Acid sulfate soils. 
Methods for assessment of soil degradation. R. 
Lal, et al. (eds.). Advances in Soil Science. CRC 
press LLC, Boca Raton, Flo. 1998;  pp. 301-335. 

[48] Zaman SMH, Rahman K, Howlader, M. Simple 
lessons from biometry. Publication no. 54, 
Bangladesh Rice Research Institute (BRRI), 
Gazipur, Bangladesh. 1982.        

 



Reduction of Fe and Al toxicity in acid sulfate soils                   Shamim, et al. 

ISSN: 1545-1003 

The Journal of American Science 
Normal paper structure for the Journal of American Science: 

Each manuscript is suggested to include the following components but authors can do their own ways:  
(1) The complete article title.  
(2) Each author’s full name; institution(s) with which each author is affiliated, with city, state/province, zip 

code, and country; and the name, complete mailing address, telephone number, facsimile number (if 
available), and email address for all correspondence.  

(3) You must put at least one email address under the authors’ address.  
(4) Abstract: including Background, Materials and Methods, Results, and Discussions, 100-300 words 

preferred.  
(5) Key Words.  
(6) Introduction.  
(7) Materials and Methods.  
(8) Results.  
(9) Discussions.  
(10) Acknowledgments. 
(11)  Correspondence to.   
(12) References. 

 
Description of Manuscript Preparation and Format: 

(1) Software: Microsoft Word file. 
(2) Font: Normal, Times New Roman, 10 pt, single space. 
(3) Indent: 8 spaces in the beginning of each new paragraph. 
(4) Manuscript:  Don’t use “Footnote” or “Header and Footer”. 
(5) Spelling check: Do spelling check when you finish.  
(6) Color: Email and website addresses are blue, and all other contents are black.  
(7) Abstract: 100-300 words are preferred, and remember to add “[The Journal of American Science. 

2009;x(x):xx-xx]. (ISSN 1545-1003)” in the end of abstract.  
(8) Page setup: Margins: top 72 pt, bottom 72 pt. left 72 pt, right 72 pt.  
(9) Paper size: Letter, width 612 pt, height 792 pt.  
(10) Layout: Header 36 pt, Foot 36 pt.  
(11) Title: Use Title Case in the title and subtitles, e.g. “Debt and Agency Costs”.  
(12) Figures and Tables: Use full word of figure and table, e.g. “Figure 1. Annul Income of Different Groups”, 

Table 1. Annual Increase of Investment”.  
(13) References: Cite 10-20 references preferred, by “last name, year”, e.g.  “(Smith, 2003)”. References 

should include all the authors’ last names and initials, title, journal, year, volume, issue, and pages etc. 
(14) Reference Examples: Journal Article: Hacker J, Hentschel U, Dobrindt U. Prokaryotic chromosomes and 

disease. Science 2003;301(34):790-3.  
(15) Book: Berkowitz BA, Katzung BG. Basic and clinical evaluation of new drugs. In: Katzung BG, ed. Basic 

and clinical pharmacology. Appleton & Lance Publisher. Norwalk, Connecticut, USA. 1995:60-9.  
(16) Insert page number by bottom / center.  
(17) Header for odd: Marsland Press         Journal of American Science 2009;x(x):xx-xx. 
(18) Header for even: short title    Family name of the first author, et al.  
(19) Footer: http://www.americanscience.org                            americansciencej@gmail.com.  
(20) Submission Address: sciencepub@gmail.com, editor@sciencepub.net, Marsland Press, P.O. Box 21126, 

Lansing, Michigan 48909, The United States, 347-321-7172.  
 
 

 42

http://www.americanscience.org/
mailto:americansciencej@gmail.com
mailto:sciencepub@gmail.com
mailto:isa@msu.edu

