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Abstract: Potassium is mainly present in soil in the natural form known as the K-bearing
mineral. Potassium is also available in fertilizer as a supplement to plants and can be
categorized as macronutrient. The application of potassium improves the texture and structure
of the soil beside to improves plant growth. The main objective of this study was to determine
the concentration of potassium in sapric peat under different conditions. Physical model was
used as a mechanism for the analysis of the experimental data using a soil column as an
equipment to produce water leaching. In this investigation, there were four outlets in the soil
column which were prepared from the top of the column to the bottom with the purpose of
identifying the concentration of potassium for each soil level. The water leaching of each
outlet was tested using atomic absorption spectroscopy (AAS). The results obtained showed
that the highest concentrations of potassium for flush condition at outlet 4 was 13.58 ppm.
Similarly, sapric under rainwater condition recorded the highest value of 13.32 and 12.34
ppm respectively at outlet 4 for wet and dry condition. However, the difference in Sapric,
rainwater and fertilizer category showed that the highest value for the wet condition was
achieved at outlet 2 with 13.99 ppm while highest value of 14.82 ppm was obtained for the
dry condition at the outlet 3. It was concluded that the outlets in the soil column gave a
detailed analysis of the concentration of potassium in the soil which was influenced by the
environmental conditions.

1. Introduction

Peat is a type of soil which is formed by the decomposition and accumulation of organic matter
which exists on the earth surface over thousands of years ago. Peat have the characteristic potentials
to retain water and air and as a result are known to be waterlogged especially in the terrain where
there is poor drainage system. Peat soil is the accumulation of pure organic material which contains
at least 65 % of organic matter or less than 35 % mineral content [1]. According to estimation,
there are about 2.4 million hectares of peat in Malaysia where major portions of hectares of about 1.5
million hectares are located in Sarawak alone [2]. The deposition of the peat soil may occur in three
different geographical conditions which are the lowland coastal swamps, inland swamps and the
valleys having high altitude which are free from draining situations and highland swamps [1].
Organic matters in peat also contains carbon derived from dead and decomposed plant remains. The
high organic content is a significant feature of peat soil which normally has the appearance of a
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brownish black colour [3]. The other physical properties of peat includes decomposition degree,
water content, specific density and bulk density [4].

According to United State Department of Agriculture (USDA, 1999) classification of peat has
been narrowed to 3 categories which are fibric, hemic and sapric peat soils. Fibric peat consists of
high organic fiber content with more than 66 % low degree of humification. As compared with fibric
peat, the sapric peat has low organic fiber content usually less than 33 % degree of humification and
consists of most decomposed materials. However, the behaviour of hemic peat serves as the
intermediate between the fibrous and sapric peats [5]. The level of peat decomposition can be
preliminary measured by using Von Post Scale which is expressed in terms of a ten class scale (H1 to
H10) on which higher numbers can be used to indicate stronger peat decomposition. The degree of
decomposition is related to the deposition of peat in the environment and the types of decomposed
peat forming plants [3]. According to Haut [6], sapric peat usually contains highly decomposed
materials and changes from very dark grey to black appearance. The original plant fiber is mostly lost
and the water retention capacity is also less than fibrous or hemic. In addition, sapric peat also
contains deposits which are likely to exist at lower void ratio and display lower permeability,
lower compressibility, lower friction angle and also at a higher coefficient of earth pressure at
rest.

Malaysia is one of the largest producers of palm oil in the world with an estimated area of 50,000
km? involved with oil palm cultivation. Since in the 1990s, about 25 % of peatland area in Malaysia
has been converted to oil palm plantations to satisfy the demand for crude palm oil [7]. However,
most farmers prefer to use chemical fertilizer as the most convenient and effective method to
increase food production without considering the effect of the application on the soil and the impact
on environmental quality [8]. Chemical fertilizer enhances the soil faster, much cheaper and can
absorb the nutrients immediately [9] compared to the organic fertilizer [10].

Application of fertilizer to the soil helps to nourish the plant with supply of nutrients. Fertilizer
contains three major plant nutrients which are the nitrogen, phosphorus and potassium widely known
as N-P-K. Potassium is one of the six essential nutrients required for plant growth and reproduction.
Potassium is categorized as macronutrient similar to nitrogen (N) and phosphorus (P). The primary
source of potassium is traditionally from ash remains after burning wood, but due to the factor of
increasing demand, the production of potassium is being obtained from natural salt deposits, salt
lakes and brines. Potassium is an important nutrient which is usually transported in the plant at a high
concentration that occurs in the vascular tissues such as the phloem tissue for the supply of nutrients
to the plant [11]. Potassium can increases crop yield and improves quality of crop production in
terms of application and the supply of nutrient in the soil to enhance plant growth beside acts as an
enzyme that serves as catalysts for chemical reactions. However, potassium acts in the form of
positive ion (cation) K" as a mechanism of plant absorption [12]. According to Zorb [13], the
application of lower fertilizer K in the context of unbalanced fertilization may result in a
significant depletion of K reserves available in the soil and thus could lead to the decrease in soil
fertility. However, excessive use of fertilizer may affect groundwater quality as a result of pollution.

Generally sapric peat is in the deepest position which found 3 meters down in the peatland floor
when viewed from the soil surface. Sapric peat or mature peat, has a high content of humus and also
has a very good ability in mineral protecting [14]. Then, sapric peat can be characterize as an
incredibly powerful natural fertilizer, yet one which is extremely gentle to the soil. Decaying process
that occurring in perfectly as a factor that sapric peat providing a lot of nutrients compared to hemic
and fibric peat. Thus, the role of potassium as physiological processes can happen with effectively
and helps plants live a healthy life. Beside the presence of potassium naturally, the use of fertilizers
as an additive can affect the chemical reaction in sapric peat. Environmental factors affecting the
concentration of potassium in sapric peat such as the presence of rainwater. However, the differential
condition in the experiments such as wet and dry condition as a mechanism helps to process the data
analysis. The objective of this study was to determine the concentration of potassium in sapric peat
under different conditions.
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2. Materials and Methods

The sapric peat used for the study was collected from Kampung Medan Sari, Pontian, Johor,
Malaysia (Figure 2.1). The samples were placed in bins and were covered with plastics bags to
conserve the moisture content. The preparation of peat soil sample begins by separating the fiber
greater than 1 cm from the container containing the peat. A study was conducted on the water that
comes out of the soil column to determine the presence of soil nutrients. The detailed dimension of
the soil column used for the investigation was 280 mm height and 110 mm diameter. The design of
the soil column comprises of 4 outlets. The difference between the outlets was 70 mm from the top
and bottom of the soil column. The soil column is illustrated in Figure 2.2.

Kampung Medan Sari, Pontian Johor
(1928 24.2° N 103° 26’ 37.3’E)

Teluk Kerang

Figure 1. Location of soil sample collection

The aim was to determine the concentration of metal ions that leach out based on the depth of the
column. Soil samples were placed in the soil column by compacting the soil each time it was inserted
into the column. 3000 ml of distilled water was used to flush the soil sample in order to clean the
soil from fertilizer and heavy metals. The distilled water poured into the soil column was to leach out
the fertilizer and heavy metals from the column. The process was followed by sapric and rainwater
condition to identify the likely contaminants in the medium of soil and rain water in two different
seasons where involving the dry and wet season. 100 ml was used to infiltrate the soil in the dry
season while 1500 ml was used to saturate the soil in the wet season. The evaluation of the amount of
water that is required for the retaining capacity of the soil was based on the seasonal conditions. For
instance, 1500ml acts as a saturated condition based on volume of soil column and pore size. The
comparison between volume of soil column and tabulation of rainfall was done according to the wet
season. However, the reverse calculations was needed for dry season with comparison between
volume of soil column and tabulation of rainfall by using 1500ml as a subject. ~Furthermore, the
study also covers the actual situation used to illustrate the effect of sapric, rainwater and fertilizer
condition on the agricultural area. Wet and dry seasons were also conducted to determine the
concentration of potassium leached into the water. 0.1 mg of fertilizer was used for the investigation
The concentration of potassium was determined using the atomic absorption spectroscopy (AAS).
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Soil column

Conical flask

Figure 2. Soil column for water leaching

3. Results and Discussion

The investigation of the presence of potassium in the soil was demonstrated by the water leached at
the outlet of the soil column. The result of the water leached at the outlets of the column showed the
presence of potassium in the soil. Besides that, it can also be deduced that the presence of potassium
could also probably be due to the source of the soil sample which was obtained from agricultural
land. The intake of fertilizers as a source of nutrient was aimed to increase crop production.
Potassium is present in the form of cation minerals required by plants for absorption [10]. The
absorption of potassium occurs in the plant at quite a high concentration, in particular in the
meristematic tissues and in the phloem [9].

According to the Environmental Quality Standards Regulations, 1999, water quality standard is
divided into two, namely surface water standard and groundwater standard. This studies is more
focused on groundwater quality and the standards were utilized as the reference point to determine
the condition of the soil. The groundwater standard limit for potassium is usually less than 10 mg/1 or
10.01 ppm. In this study, flush leachate in Figure 3 was observed to have high concentration of
potassium was 13.58 ppm at outlet 4. This value was the highest compared to outlet 1, 2 and 3 having
values of 2.837 ppm, 2.799 ppm and 2.401 ppm respectively. Also, the concentration of potassium at
outlet 4 can be said to be high and more than the standard of groundwater. Although the outlet 3 was
the lowest in terms of the potassium concentration. In the case of other outlets, the potassium
concentration is almost identical for the outlet 1 and 2. Although sapric peat can be categorized as
saturated peat when compared to other type, but the amount of nutrient retained is high in sapric peat
compared to hemic and fibric peat. Then, the flow and storage of water that move through the peat
are intimately related to the physical properties of peat making outlet 4 is high concentration. The
higher of nutrient in sapric peat is due to the degree of decomposition and process of decaying [15].
Besides that, the high concentrations of potassium at outlet 4 could probably be due to sapric peat
deposits which may likely exist at lower void ratio and could display lower permeability, lower
compressibility, lower frictional angle and at a higher coefficient of earth pressure at rest [5].
This can be explained by the time factor and the distance taken by the water to move in the soil. For
this reason, the presence of water helps potassium to combine together from the soil surface to the
deepest area of the soil column. Based on the result, outlet 4 as a groundwater level can be said to be
contaminated due to the concentration value exceeding the permissible standard. In addition, the
value of potassium in sapric also was recorded as 21.617 ppm based on the total value for all outlet.
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Figure 3. The reading of potassium under flush
condition with combination of sapric and distilled
water

Figure 4 illustrates the pattern nutrient yield for outlet 4 for sapric and rainwater condition. The result
obtained showed that the potassium concentration was higher than the groundwater standard and was
same as flush. Harter [16] stated that the allowable range for potassium as secondary constituents was
0.01 - 10 mg /1. From this investigation, the value of potassium in rainwater was evaluated as 0.21
ppm. The result obtained for sapric and rainwater experiment generally showed that outlet 4 recorded
the highest value of potassium for both wet and dry condition compared to other outlets. However,
wet condition was observed higher by 7.35% than dry condition. Soil wetting and drying also
significantly affects the potassium fixation in the soil [17]. Outlet 1 achieved the lowest value
compared to other outlets and in comparison with the standard condition, the value achieved for
potassium for wet condition was also low by 55.97 % compared to the dry condition. This
phenomena can be attributed to the high volume of water leached out at outlet 1 which reduce the
concentration of potassium in the soil. In addition, outlet 1 can be considered as soil surface and the
amount of potassium present in the surface soil was low when it is related to the soil volume between
the surface level and the outlet 1 level. In comparison, the highest value of 13.320 ppm was obtained
for the wet condition with the outlet 4 followed by outlet 1, 2 and 3 with value of 2.825 ppm, 2.961
ppm and 3.971 ppm respectively.

The concentration of potassium at outlet 4 that exceeding the standard limit indicates the effect of
groundwater quality may be occur. The factor that influenced the yield of potassium was similar as
mentioned for the flush condition which were the time and distance taken by the water to move into
the soil and affect the concentration of potassium. Total amount of potassium for all outlet generally
is 23.007 ppm which exceeds the standard limit proving that sapric peat has a high nutrient.

For the dry condition, outlet 2 was lower than the other outlets and if compared according to
seasonal conditions. Dry condition was observed to be low compared to the wet condition with
difference of 26.55%. Besides that, the concentration of potassium for outlet 4 was the highest with
value of 12.340 ppm. Although Rahman [18] stated, sapric peat has more than 90 % of finer
particles which make it difficult for assist in the permeability and movement of water, the potassium
is still able to dissolve in water and increase concentration. Metal will move underground naturally
and act in tandem with groundwater to produce contaminants [19]. The outlet 1 recorded the second
highest value followed by the outlet 3 and 2 with value of 5.741, 2.175 and 2.375 respectively.
However, the less difference of a concentration of potassium between outlet 2 and 3 was probably
due to the arrangement of particles closer which made it difficult for the water to leach out from the
soil column. Although the dry condition, the total concentration of potassium for all outlet is 22.631
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ppm and can be consider exceeding the standard limit even without the presence of fertilizer. This
proves that sapric peat has a high nutrient due to the complete decomposition process resulting in a
high concentration of potassium even in dry condition.
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Figure 4. The reading of potassium in sapric
under rainwater condition

Generally, peat soils also requires input such as fertilizers and ameliorants to improve and
maintain soil fertility [20]. Based on Figure 5, the result of sapric, rainwater and fertilizer condition
showed that the outlets 1 and 2 can be said to be high level for wet condition where outlet 2 achieved
the highest concentration with a reading of 13.990 ppm. This condition is contradictory with flush,
sapric and rainwater condition where potassium was observed high at the outlet 4. The value for
outlet 1 was obtained as 12.971 ppm followed by outlet 3 and 4 which were 11.141 ppm and 3.008
ppm respectively. The amount of metals at the soil surface is usually higher than the concentration at
the bottom of the soil. Environmental factors such as agriculture, industrial and solid wastes and
urban activities can also cause pollution at the same time concentration of metal at soil surface is
high [21]. Besides that, this is attributed to the occurrence of low water solubility in very low
mobility especially in cases prone to the accumulation in surface horizons of the soil [22]. The extent
of leaching depends upon various factors which includes texture, amount of K applied, number and
frequency of leaching either in terms of irrigation or rainfall event [23]. The impact of the high
concentration of potassium in the soil will affect the groundwater quality to produce salinity which
can have negative impact on plant growth [24]. According to Holthusen [25] the use of potassium
through the application of mineral K fertilizer affects the soil structure and the ability to absorb the
water. In addition, higher concentration of potassium in soil solution was due to an increase in micro
shear resistance that may explain the change in water retention. So, when solid fertilizer is used on
the soil surface, the water and fertilizer are combined and it is possible that the water can leach out at
outlet 1,2 and 3 higher than the outlet 4. Besides, solid fertilizer requires time to fully dissolve over
liquid fertilizer which can act together with water and flow to the groundwater. Liquid fertilizers are
best suited for solute as they readily dissolve in irrigation water.

However, outlets 4 achieved the lowest value for wet condition compared to other outlets with
difference of 14.3% higher than the dry condition. The vertical movement of the ground surface is
accompanied by changes in water storage, the hydraulics, biogeochemistry and thermal properties
[26]. The coefficient of water storage of sapric peat and its saturated hydraulic conductivity similarly
decreases rapidly with depth in the soil where the water leach out is less so that it affects the
potassium concentration [27]. Also, the highest value obtained shows that at outlet 2, the difference
between wet condition and dry condition can be said to be bigger with the value of 85.95% higher
than dry condition. Based on the total concentration of potassium for all outlet in wet condition is
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41.11 ppm. High potassium values in sapric peat naturally and the use of fertilizers for agriculture
causing potassium values are high in sapric peat and can effect groundwater quality.

Furthermore, for dry condition, outlet 3 was at highest position compared to the other outlets with
reading of 14.820 ppm and a difference of 24.8% was observed higher for dry condition than wet
condition. The pattern of the graph illustrated a bigger difference between the outlet 3 and other
outlets followed by outlet 4, 2 and 1 with reading of 2.578 ppm, 1.965 ppm and 1.507 ppm
respectively. Undecomposed peat near the ground surface has both elastic and plastic properties that
enables it to expand and contract readily with wetting and drying conditions [27]. In terms of the
observation, the concentration of potassium at outlet 1 and 2 were observed low. This trend may
likely be due to the arrangement of its pores where during dry condition, the soil shrinks with
evidence of reduction in pore sizes. The deposition of soil particles is also a likely factor that
contributed to low concentration of potassium at the outlet 4. The arrangement of the soil particles on
the outlet 4 is closer than the outlets 1,2 and 3, this is because the movement of the water is limited to
the outlet 3 as represented by the base of the soil column. Hence water leaching out at outlet 1,2 and
3 causes the potassium levels to be too high. However, the total concentration of potassium for all
outlet in dry condition is 20.87 ppm. When viewed as a whole for comparison between wet
condition and dry condition, the concentration of potassium was observed always high for outlet 1, 2
and 4 for wet condition compared to outlet 3 which experienced high concentration of potassium in
the dry condition.
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Figure 5. The reading of potassium in sapric under
rainwater and fertilizer condition

4. Conclusion

The influence of environmental conditions on the concentration of potassium in the sapric peat has
been investigated. The effect of soil nutrient showed that potassium in sapric was recorded as 21.617
ppm based on the total value for all outlets. This gives evidence that the use of chemical fertilizers
can affect groundwater quality especially if it is used excessively. Thus, this experiment can serve as
useful guide for farmers on the application of fertilizers for crops.
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