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 In this study, effects of lime (CaCO3) and fertilizers (Urea and NPK 15:15:15) on 
availability and movement of ammonium-N (NH4+-N) and nitrate-N (NO3- -N) in peat 

soils under aerobic and anaerobic condition were studied. Treatments used were: T0 

(Control), T1 (NPK only), T2 (Urea only), T3 (Urea + NPK), T4 (Lime only), T5 (Lime 

+ NPK), T6 (Lime + Urea) and T7 (Lime + Urea + NPK). Results showed that 

treatment applied with NPK only, combination of urea and NPK, liming with NPK, and 

liming with both urea and NPK had produce observable amount of NO3- -N  in aerobic 
condition, indicating that application of NPK was able to enhance nitrification. 

Consequently, treatment with a combination of urea and NPK, and lime with urea give 

the highest total concentration of NH4+-N produced throughout the weeks under 
aerobic and anaerobic condition, respectively, suggesting that highest concentration of 

NH4+-N is able to be produced in both conditions as long as there is an existence of 

urea in the treatment, with either liming or NPK application. For mineral soil 
underlying peat, there was NH4+-N deposition observed which ranged from 4.2% up to 

50.43% showing that there is a nutrient movement in peat water throughout its profile 

even though the water table is fixed at certain depth in a closed system. From this study, 
it can be concluded that combination of urea and NPK demonstrate a steady pattern of 

NH4+-N and NO3- -N release under aerobic condition whereas combination of urea 

and lime works better under anaerobic condition for NH4+-N release. 
 

 
© 2014 AENSI Publisher All rights reserved. 
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INTRODUCTION 

 

 Tropical peat soil which clustered under oligotrophic group is naturally poor in nutrient contents 

(Andriesse, 1988; Okazaki and Yonebayashi, 1992). For this reason, high fertilizer input is required to supply 

sufficient nutrient to plants. In peat soils, source of nutrientscome mainly  from decomposition of organic 

materials. However, this decomposition process is basically controlled by fluctuation of water table that creates 

the aerobic and anaerobic environment. Under anaerobic condition, decomposition process was slow and 

sometimes was impeded (Andriesse, 1988). Consequently, the water moved through the peat, carried together 

dissolved nutrient, organic particles and humic compounds. It acts as an important medium in transporting the 

input and output of the organic substances and mineral compounds into and out of the peat (Verhoeven, 1986).  

 Nitrogen (N) is one of the elements that play important roles in plant nutrition. Although it is one of the key 

elements required by plants in greatest quantity, it is also one that is most often deficient. Roughly about 50% of 

N from fertilizer application are being absorbed by plants whereas the rest are being transformed into either 

NH3, NO, N2O,N2 or leached mainly as NO3
-
 into groundwater (Galooway and Cowling, 2002). The 

management of N resources is thus critical especially in peat where acidic condition and anaerobic environment 

dominated. Even though total N in peat soils is considerably high, the availability of mineralized-N for plant 

uptake is what really crucial. In Malaysia, many works has been conducted on the economic requirement of 

fertilizer and lime in pineapple production as most pineapple estates on peat soils use lime as a primary tool to 

correct the acidic condition. Application of lime is known to increase the pH of soils which further improve the 

availability of most nutrients. However, there is scarce information on the fate of ammonium-N (NH4
+ 

-N) and 

nitrate-N (NO3
- 
-N) supplied by fertilizers with an addition of lime and the existence of fluctuating water table in 

the peat system.  
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 In this study, we hypothesized that there is variation in availability of NH4
+ 

-N and NO3
- 
-N from different 

treatments due the presence of lime and fertilizers. It is expected that less NO3
- 
-N is available compared to NH4

+ 

-N during the alternate changes of aerobic and aerobic condition. We also hypothesized that there is some 

vertical movement of NH4
+ 

-N and NO3
-
 -N in the peat profiles. Hence, the aim of this study was to investigate 

the effect of liming with CaCO3 and the application of urea and NPK fertilizers on availability of NH4
+ 

-N and 

NO3
-
 -N in peat soils under aerobic and anaerobic condition.  

 

Methodology: 

A. Soil sampling: 

 Soil samples were obtained from natural undisturbed peat area in Klang, Selangor by using 100 cm long 

PVC tube similar to that of Asam et al. (2012). The mineral soils underlying the peat layers were also sampled. 

A total of 224 samples were taken and used to simulate a vertical peat profile in the laboratory.  

 

B. Treatments: 

 In the lab, the peat materials and mineral soils were assembled (0-90 cm peat, 90-100 cm mineral soil) in 

transparent PVC tube (x cm height, y cm diameter) designed with slits constructed at 10 cm intervals for sample 

extraction. The water table was set at 30 cm below the peat surface to create an aerobic condition at 0-30 cm and 

anaerobic condition at 30-100 cm depth. The amount of lime applied was based upon the graph of a separate 

study determining the pH of peat soil as affected by the liming. For urea and NPK fertilizer, the amount applied 

was calculated based on dosages applied by farmers in the field.  

 The treatments applied were as follows: 

 T0: No treatment (Control) 

 T1: NPK only 

 T2: Urea only 

 T3: Urea + NPK 

 T4: Lime only 

 T5: Lime + NPK 

 T6: Lime + Urea 

 T7: Lime + Urea + NPK 

 After the water table adjustment and treatments application, the peat columns were incubated at +25°C and 

the water levels were kept constant by adding deionized water. 

 

C. Soil sampling and analysis: 

 Soil samples were taken weekly from week 1 until week 8 at 4 different depths; 0-30cm (a), 30-60cm (b), 

60-90cm (c) and 90-100cm (d). The later represents mineral soils underlying peat. All  the samples collected 

were oven dried, sieved and analyzed. Soil pH was determined by using pH meter with a 1:5 sample/water ratio 

whereas soil NH4
+ 

-N and NO3
-
 -N were analyzed by using steam-distillation methods (Keeney and Nelson, 

1982). 

 

D. Statistical analysis: 

 All of the data gathered were analyzed with Statistical Package for Social Sciences (SPSS) v.19. Analysis 

of variance (ANOVA) was carried out to determine the effect of the different treatments and the significant 

parameters were compared using Pearson multiple comparison test. Correlations between parameters were 

analyzed to determine the relationship between the different parameters analyzed. 

 

Results: 

3.1 Effects of lime and fertilizers on soil pH: 

 Table 1 showed the mean soil pH for all treatments throughout the experimental weeks. The results 

revealed that all the soils were acidic including those with liming application. However, treatments with lime 

(T4, T5, T6 and T7) resulted in improved soil pH. Treatments without lime but with urea included (T2 and T3) 

was observed to have a pH comparable to those with liming treatments. It was also noticed that the acidity was 

increased at deeper peat profile. Statistically, the treatments were not significant (p-value = 0.074) but 

throughout week 1 to week 8, the pH of the treated soils showed significant different with  p-value of 0.04 (data 

not shown). Despite the fact that there was no significant difference observed between treatments, a little change 

in pH is more than enough to influence the peat soil chemistry. 
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Table 1: Mean of soil pH for different treatments under different conditions throughout experimental weeks. 

 W1 W2 W3 W4 W6 W8 

A B C A B C A B C A B C A B C A B C 

T0 3.39 3.22 2.53 3.37 3.25 2.41 3.39 3.40 2.66 3.54 3.32 2.63 3.27 3.33 2.66 3.36 3.43 2.62 

T1 3.97 3.28 3.15 3.15 3.21 2.50 3.28 3.60 2.65 3.34 3.38 2.60 2.81 3.27 2.53 3.04 3.30 2.63 

T2 3.38 3.32 3.28 3.57 3.19 2.50 3.93 3.50 2.60 4.06 3.31 2.63 4.38 3.27 2.63 4.68 3.36 2.59 

T3 3.36 3.31 2.66 4.09 3.23 2.45 3.87 3.34 2.66 4.51 3.47 2.53 3.43 3.48 2.69 3.29 3.34 2.59 

T4 4.10 3.33 2.62 3.17 3.21 2.44 3.47 3.57 2.66 3.60 3.33 2.60 3.31 3.24 2.66 3.45 3.46 2.62 

T5 3.43 3.27 3.00 3.40 3.20 2.44 3.55 3.42 2.59 3.47 3.30 2.53 3.13 3.27 2.59 3.71 3.41 2.66 

T6 4.17 3.37 3.06 3.55 3.43 2.41 3.78 3.64 2.63 4.09 3.31 2.70 4.32 3.35 2.66 3.89 3.27 2.70 

T7 4.25 3.24 2.63 3.53 3.19 2.47 4.18 3.58 2.72 4.43 3.40 2.65 3.79 3.31 2.65 4.45 3.30 2.63 

Notes:  

A = Aerobic peat 
B = Anaerobic peat 

C = Mineral soil underlying peat 

 

3.2 Effects of lime and fertilizers on availability of NO3
-
 -N: 

 Table 2 shows the concentration of NO3
- 

-N in aerobic peat, anaerobic peat and mineral soils underlying 

peat for different treatments. As expected and hypothesized, the concentration of NO3
- 

-N is hardly detected 

especially in anaerobic peat (B and C). As for aerobic peat, the trace of NO3
- 
-N is only observable at week 6 for 

most of the treatments (T1, T3 and T5) whereas some treatments showed absence of NO3
- 
-N throughout the 

weeks (T0, T4 and T6). However, T2 shows a trace of NO3
- 

-N concentration as early as weeks 2 and 

diminished in the following weeks. In addition, T7 showed a little trace of NO3
- 
-N at week 4 and demonstrate 

an increment of about 100 times higher in the following week before showing a decrement in week 8. On top of 

that, the results demonstrate that all treatments with NPK application (T1, T3, T5 and T7) released certain 

amount of NO3
- 
-N but only take place after 6 weeks after application. In combination with lime and urea, the 

trace of NO3
- 
-N released was observable 2 weeks earlier as showed by T7. Statistically, there is a significant 

difference of NO3
-
 -N concentration between each treatment (p-value = 0.045) as well as throughout the weeks 

with a p-value of 0.00 (data not shown).  

 
Table 2: Concentration of nitrate-N in aerobic peat, anaerobic peat and mineral soils underlying peat for different treatments. 

 Week 1 Week 2 Week 3 Week 4 Week 6 Week 8 

A B C A B C A B C A B C A B C A B C 

T0 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

T1 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 57.07 n.d. n.d. 48.30 6.62 n.d. 

T2 n.d. n.d. n.d. 1.84 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

T3 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 70.21 n.d. n.d. 87.75 n.d. n.d. 

T4 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

T5 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 215.73 n.d. n.d. 78.98 n.d. n.d. 

T6 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

T7 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 2.72 n.d. n.d. 278.84 n.d. n.d. 44.79 n.d. n.d. 

Notes:  

A = Aerobic peat 

B = Anaerobic peat 
C = Mineral soil underlying peat 

n.d. = not detected 
 

3.3 Effects of lime and fertilizers on availability of NH4
+ 

-N: 

 Figure 1 shows the NH4
+ 

-N concentration in aerobic peat, anaerobic peat and mineral soils underlying peat 

for different treatments throughout experimental weeks.  
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Fig. 1: Concentration of ammonium-N in aerobic peat, anaerobic peat and mineral soils underlying peat for  

different treatments. 

 

 Under aerobic condition, treatment T3 gives the highest total concentration of NH4
+ 

-N produced 

throughout the weeks followed by T2 and T7. Under anaerobic condition, treatment T6 gives the highest 

concentration followed by T3 and T7. For mineral soil underlying peat, NH4
+ 

-N concentration is highest for T6 

followed by T7 and T3. Statistically, all of these treatments were significantly differed among each other 

throughout the weeks, represented by the p-value of 0.00 (data not shown). 

 This observation enlightens that amount of NH4
+ 

-N released is highly associated with the appearance of 

urea. Under aerobic condition, application of solely urea released sufficient amount of NH4
+ 

-N. Still, the blends 

with NPK resulting in higher and consistent NH4
+ 

-N release. In anaerobic environment, incorporation of lime 

with urea helps to enhance the concentration of NH4
+ 

-N. Thus, it is suggested that if the field has not been 

limed, application of either only urea or combination of urea and NPK is convenient for aerobic peat condition. 

The fluctuation of the NH4
+
-N concentration (Figure 1) showed that there is a NH4

+
-N movement in peat water 

even though the water table is fixed in a closed system. 

 

3.3 Movement of NO3
-
-N and NH4

+
-N in peat soils under fixed water table: 

 Considerable amount of N loads on surface water is believed to be originated from the subsoil. However, 

most of them were poorly quantified and fractioned. There is also a high presence of some elements such as N 

and P in anaerobic peat and nearly impermeable marine clay in the subsoil. According to study conducted by 

Van Beek et al. (2007), the concentration therefore increased with depth and decreased after 6 m depth reached. 

Dissolved N and P are highly dominated by uptake, biogeochemical and lateral transport processes. Thus, only 

part of N and P input from fertilizers being retrieved in the soil solution. In this study, further observation has 

been made to indicate the depth of where this movement occurred most and preferable by NH4
+
-N. 

 As there is no strong pattern on NO3
- 
-N movement in vertical peat profiles, hence, it is not discussed in 

further details. As for NH4
+ 

-N, Figure 2 shows the movement of NH4
+ 

-N concentration in 1 m simulated 

vertical peat profiles. General observation showed that high concentration of NH4
+ 

-N deposited in 0-30 cm 

depth which is aerobic condition throughout the week, except for T4 in which the mineral soil underlying peat 

dominated the NH4
+ 

-N deposition. Under anaerobic condition, the deposition of NH4
+ 

-N is highly detected in 

30-60 cm depth followed by mineral soil underlying peat and 60-90 cm depth. Statistically, only T2, T3, T6 and 

T7 show a significant difference among treatments for ANOVA, with a p-value < 0.01 (data not shown). High 

deposition of NH4
+ 

-N in mineral soil underlying peat is therefore prefers the existence of lime with either urea 
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or NPK. Among all the treatments, T6 results in highest deposition of total NH4
+
-N throughout the week with an 

increment of 50.43% compared to control (T0), followed by T7 and T3 with about 39.89% and 31.36% 

respectively. 

 

 
 

Fig. 2: Movement of NH4
+
-N concentration in 1 m simulated vertical peat profiles. 

  

 Other treatments recorded about 4.2% - 30.61% deposition of NH4
+
-N in particular mineral soil, with T2 

recorded the lowest percentage. From this data, the treatments were then statistically compared to determine any 

significant difference between each depth. The results showed that only depth 0-30 cm was significantly 

differed with all depths for all treatments (data not shown), demonstrating that aerobic condition records a 

significantly high amount of NH4
+ 

-N deposition compares to other depths. Under anaerobic condition, the 

amount of NH4
+ 

-N was not significantly differed although some patterns of deposition observed, as illustrates in 

Figure 2. Moreover, the movement pattern under anaerobic condition is not involving high amount of NH4
+ 

-N. 

Hence, it can be concluded that high deposition of NH4
+ 

-N takes place at 0-30cm and there is a movement of 

NH4
+
-N in anaerobic condition, even though it does not involving significant amount of NH4

+ 
-N.  

 

Discussion: 

 One of the most important processes that enhance nutrient concentration in peat soil is decomposition. It is 

the process where the organic compounds in plant or litter materials are being broke down by soil microbes, 

which make these litters as their source of energy (Swift et al., 1979). In natural peat system, the rise of water 

table contributed by rainfall while the fall is mainly caused by flow of excess water from peat system and evapo-

transpiration process. During wet season, the water table rises as the amount always exceeding the combination 
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of evaporation and groundwater run-off and may rose up onto the peat surface. In contrast, the water table may 

drop often to a meter or more during dry season if the rain-free period last for weeks (Rieley, 2005). This 

fluctuation of water table created an aerobic and anaerobic condition in peat which suspected to give effects on 

nutrient dynamics and availability as it inhibit decomposition process. Creation of aerobic environment 

permitted the oxidation of NH4
+
 into NO3

-
 by nitrifiers and under anaerobic condition, the NO3

-
 is transformed 

into N-gaseous by denitrifiers (Rittmann and McCarty, 2001). The later requires nitrate as electron acceptor 

while source of reducing power comes from degradable organic matter (Mahne and Tiedje, 1995), and be in 

charge of the fate of nitrate in the soil (Tiedje, 1994) 

 In addition, N-cycle primarily influenced by microbial activity, which responsible in mineralization of 

organic matter into NH4
+
 and consequently oxidizing NH4

+
 into NO3

-
, followed by production of nitrogenous 

gaseous through reduction of NO3
-
(Prosser, 2007). 

 Findings from this study demonstrate that pH of the soil was naturally acidic, ranging from pH 2.5 – 3.5 in 

both aerobic and anaerobic environment. The main reason is generally due to domination of humic substances 

namely humin, humic acid and fulvic acid, as well as the abundance of H
+
 ion in peat soils (Andriesse, 1988). 

The results also showed that pH of peat soils is decreased as it moves downward anaerobic peat profiles, in 

contact with mineral soils underlying peat. This lowering of acidity is probably contributed by the presence of 

pyritic material from mineral soils underlying peat, as well as admixtures of mineral soils (Andriesse, 1988; 

Murtedza et al., 2002). Moreover, this lower acidity indicates lower decomposition activity in particular peat as 

pH is positively correlated with a degree of decomposition (Murayama and Johari, 1992 as cited by Murtedza et 

al., 2002). Nguyen et al., (2004) in their study verified that N mineralization is largely affected by degree of 

humification of humic acid under anaerobic peat. This finding is possibly true in this study, proven by a low 

concentration of NH4
+ 

-N produce under anaerobic condition indicating slow N-mineralization. 

 Liming therefore is agreed in improving the physical, chemical and biological properties of soil through its 

direct and indirect effects on the amelioration of soil acidity and mobilization of some elements. Findings from 

this study demonstrate that liming is able to raise the peat pH but the increment is comparable with those 

treatments applied with urea, without presence of lime (Table 1). The explanation on rising of pH by urea due to 

occurrence of salts has been discussed specifically by Pertti (1985) which concluded that besides of being able 

to increase pH, urea does not hinder nitrification. In line with the findings, this study also showed that urea helps 

increasing pH but have no contribution on nitrification. Astonishingly, the results clearly showed that NPK 

stimulates nitrification merely in aerobic peat condition as shown by concentration of NO3
-
 -N released in Table 

2. Despite of this, a study conducted by Levin et al. (2010) proved that the nitrate accumulation assist in 

lowering soil acidity before denitrification process takes place. Referring to data in Table 1, it is obviously 

shown that pH of the soils were decreased at week 6 in concurrent with highest NO3
-
 -N release of the same 

week (Table 2) for T1, T3, T5 and T7, which is similar to the findings. 

 Another finding in this study reveals that adequate concentration of NH4
+ 

-N was obtained when the 

samples were treated with urea. Noticeable amount of NH4
+ 

-N release was detected as early as 2 weeks after 

applications (Figure 1). This is probably because of the properties of urea itself, in which it is rapidly 

hydrolyzed into ammonium ion (NH4
+
) once it enters the soil system (Gould et al., 1986). Furthermore, the 

release NO3
-
 -N at week 2 for treatment solely treated with urea (T2) in aerobic condition is in line with the 

findings by Robertson and Groffman (2007) showing that the rate of nitrification is hardly rely on amount of 

oxygen and ammonium available. Anne and Roger (1988) argue that even though urea hydrolyzed quickly, 

nitrification process will only takes place in peat soils if lime and Nitrosomonas were presents, since the later 

cannot survive under unlimed peat. Additionally, the evidence also showing that application of lime on aerobic 

peat improves the microbial activity whereas little activities discovered under anaerobic condition. Nevertheless, 

the result in this study shows that nitrification occurs neither the treatments were lime nor unlimed. On the other 

hand, aerobic peat shows vigorous concentration of NH4
+ 

-N release compares to anaerobic peat. Under 

anaerobic phase, Levin et al. (2010) in their study demonstrates the lost of certain amount of ammonium load in 

peat soils through ammonia volatilization while the remnants is believed to be nitrified. In this study, the 

nitrified ammonium is absence since there is no trace of nitrate discovered under anaerobic peat except for T2 at 

week 8 (Table 2). As such, it is assumed that most of the ammonium in this study is lost through volatilization. 

However, high concentration of ammonium ion may enhance the accumulation of ammonia which is highly 

volatile and further loss as ammonia gas (Gould et al., 1986).  

 In a simulation study done by Van Beek et al. (2007), the finding showed that there is a transportation of 

nutrients to adjacent surface water as the major drainage fluxes passed through the peat layer. The study also 

suggested that most of the N leached to surface water was in form of dissolved organic N and NH4
+
-N which 

originated from reduced and deeper peat layer, as well as surface run off. These layers were believed to 

designate the composition of soil solution and then supply N and P load to surface water. In this study, the 

findings demonstrate that higher deposition of NH4
+ 

-N occurred in aerobic peat than in anaerobic peat. For the 

later condition, evidence on deposition of NH4
+ 

-N in mineral soils underlying peat is appealing to be studied 



298                                                   Nur Qursyna Boll Kassim and Adzmi Yaacob 2014 

Journal of Applied Science and Agriculture, 9(11) Special 2014, Pages: 292-299 

further especially the one concerning whether the nutrients deposited can be re-utilized by aerobic peat through 

fluctuated water table in peat system. 

 

Conclusion: 

 From this study, it can be concluded that pH of the peat soils was naturally acidic under aerobic and 

anaerobic condition with a range of pH 2.5-3.5. Throughout the weeks, additional of lime and urea is capable to 

enhanced the soil pH. In addition, pH of the soils is detected to become more acidic as it moves down the peat 

profiles. As for NO3
-
 -N availability, treatments incorporated with NPK have a tendency to release more NO3

-
 -

N compares to those that were not. Moreover, concentration of NO3
-
 -N is only traceable in aerobic peat 

whereas under anaerobic condition, NO3
-
 -N is absence, which is possibly due to denitrification. Apart from this, 

concentration of NH4
+
-N shows more variation under aerobic and anaerobic condition, demonstrating active 

mineralization process. The study reveals that under both conditions, amount of NH4
+
-N detected is high as long 

as there is an existence of urea in the treatment. However, it is suggested that under aerobic condition, 

combination of urea and NPK resulting in higher NH4
+
-N released whereas in anaerobic environment, 

combination of lime with urea helps in releasing more NH4
+
-N. Despite of this, the later treatment also 

demonstrate higher deposition of NH4
+
-N in mineral soils underlying the peat. 
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