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Abstract 
Introduction: Nitrogen (N) fertilizer is the most widely used fertilizer (300 - 350 Kg/Ha) on the 
corn plant, mean while it has mobile character, so it becomes the lowest utilization (40% - 50%) 
compared to other nutrient elements. Aims: The aim of this research is to examine the effect of 
various qualities and dose of litter on the dynamics of N mineral soil and soil nitrification poten-
tial on maize cultivation system. Method: The treatment is set by Randomized Completely Block 
Design (RCBD). Four kinds of litter is chosen to represent the groups of low quality (Tectona gran-
dis and Pterocarpus indicus) and the groups of high quality (Oryza sativa and Eupatorium inulifo-
lium) are given on four doses: 4, 8, 12 and 16 mg/Ha. All treatments are fertilized with urea 150 
kg/Ha. Variables measured include the soil concentration of 4

+NH  and 3
−NO , potential nitrifica-

tion conducted in 2, 4, 6, 8 and 10 weeks after planting the corn. Result: The research shows that 
the addition of low-quality litter is influenced very significantly by release of 4

+NH , formation of 

3
−NO  and potential nitrification of soil. Others results show that the content of litter (lignin, poly-

phenol and C/N ratio) has the most powerful influence as regulator of 4
+NH  released (p < 0.01), 

the formation of 3
−NO  (p < 0.01) and potential nitrification of soil (p < 0.01) rather than the con-

tent of lignin, polyphenol and C/N ratio of litter separately. Conclusion: The conclusion of this re-
search is that the management of litter quality input can be applied in the field to regulate the 
process of nitrification in soil and potential to increase N used efficiency of corn plant. 
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1. Introduction 
Nitrogen fertilizer is the most widely used fertilizer (300 - 350 kg/Ha) on the corn plant, but because it has mo-
bile characterization, it becomes the lowest utilization (only 40% - 50%) compared to other nutrient elements [1]. 
Approximately-estimated 50% of the fertilizer N in wet tropical areas will be lost [2]. Although corn plants can 
absorb the N in the form of 4NH+  and 3NO− , but 4NH+  form is more efficient because it requires lower pho-
tosynthesis energy for reduced in NH3 i.e. 5ATP per 4NH+  molecule, where as 3NO−  requires 20ATP per mo-
lecule [3]. Inhibition of nitrification can increase the efficiency usage of photosynthesis so it can increase the dry 
weight of the plant. Proven that N uptake in wheat would increase by 35%, if 25% of its fertilizer N was in the 
form of 4NH+  [4]. It is expected that the optimization of nitrification can be developed with a variety of efforts 
such as the selection of the right litter, so as to achieve the welfare of the corn harvest. 

Corn is one of the most important food crops after rice and wheat. Corn is the main source of carbohydrates 
and as an alternative source of food in some developed countries. Indonesian peoples also use corn as a staple 
food. Corn’s cobs and leaves are also used as a source of carbohydrates for livestock. Corn’s plants can also be 
taken its oil, made of flour or cornstarch and used as industrial raw material. Corn cobs have rich pentose. Ge-
netically engineered corn has also been widely cultivated [5]. Because of the importance of this corn cultivation, 
it must continue to increase in yields and quality, so that it can improve the quality of human resource as a whole. 

Nitrification is the oxidation process of 4NH+  by successive chemoautotroph bacteria produce 2NO−  and 
3NO− . Bacteria of the genus Nitrosomonas and Nitrospira do nitrification with oxidize 4NH+  become 2NO− , 

being bacteria of the genus Nitrobacter do nitrification with oxidize 2NO−  become 3NO−  [6]. Nitrification is 
considered as a detriment because in addition to lowering the efficiency of the utilization of N by plants, it also 
causes complex environmental problems. Through the nitrification that about 67% of the N fertilizer on various 
food crops in the world (equivalent to US 15.9 billion dollars/years) will be lost in the form of gases, N2O, NO2, 
NO and N2, and or lost in the form of nitrate ( 3NO− ) to the sub soil layers that can’t be reached by the plant roots 
[1]. The leaching of 3NO−  will be followed by the leaching of base cations (K+, Ca2+ and Mg2+) resulting in the 
lower base saturation and increase soil acidity. Factors affecting nitrification are nitrification bacteria popula-
tions, the availability of 4NH+ , soil pH, and the concentration of base cations, aeration, drainage, moisture, 
temperature, fertilizer salts as well as the presence of nitrification inhibitor compounds in soils [6] [7]. In devel-
oping countries being sought hinder nitrification use slow-release N fertilizer [8] or N fertilizer with nitrification 
inhibitors such as Thiourea, Sulfathiazole, Dyciandiamide, Etridiazole and N-serve [9]. Application of the syn-
thetic nitrification inhibitor compound shows reduce the loss of soil N effectively, beside the price is expensive 
(relatively). It also has a detrimental effect on non-target microbes such as N2 fixers (diazotroph) bacteria and 
mycorhiza fungi [10]. The low potential of soil nitrification in mixed coffee farm is closely related to the diver-
sity of litter quality in surface soil and soil organic content. This indicates that the input of organic matter quality 
regulate can inhibit nitrification rate, and increase the efficiency of N utilization [11]. The study is designed to 
optimize the N fertilizer inputs via biological control of nitrification on the corn plant by manipulating the dose 
and the quality of litter input (lignin and polyphenols content as well as C/N ratio). By balancing the process of 
N immobilization and nitrification in soil, it is expected to optimize the utilization of N fertilizer inputs and to 
reduce N loss from the soil, so as to reduce the environmental impact. 

2. Method 
This research used a Randomized Complete of Block Design (RCBD). We used four types of litter materials se-
lected based on their quality, i.e. lignin, polyphenol, C/N content. Corn seeds use BISI 2 and soils use Alfisol. 

Experimental plots were divided into subplots in 3 × 1 m2 dimensions. The basis fertilizers are given simulta-
neously with the application of litter as a substrate of nitrification. Basis fertilizer dose calculated based on the 
results of preliminary analysis of soil and nutrient needs of corn crops. Given fertilizer was urea (213.32 kg/Ha), 
SP 36 (437.81 kg/Ha), and KCl (237.68 kg/Ha). Planting corn spacing was 75 × 25 cm2. 

Soil samples for measurement of 4NH+  and 3NO−  taken at a depth of 0 - 10 cm. Taken soil done intensity 
as minimum possible as to avoid change the composition of soil. Five grams of soil samples extracted with 20 
ml of a KCL 3M solution, shake for 1 minute, add 2 drops of toluene to prevent mineralized and nitrification 
process, allowed to stand overnight, then filtered with a Whatman-42 filter paper [12]. The concentration of 

4NH+  and 3NO−  was measured in The Laboratory of Chemistry and Soil Fertility, Faculty of Agriculture, Se-
belas Maret University, using spectrophotometer on λ 535 mm [13].  
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Soil samples for potential nitrification measurements taken by aseptic at a depth of 0 - 20 cm. Nitrification 
potential was measured from the total of 2NO−  formed of soil samples after add up with (NH4)2SO4, and incu-
bated at a temperature of 25˚C for 5 hours [14]. 

The measurement variables of 4NH+ , 3NO− , and potential nitrification done once every 2 weeks, which was 
in week 2nd, 4th, 6th, 8th, and 10th after the litter application. Corn seeds planted on day 2nd after the litter applica-
tion. The harvest was done in 13 weeks after planting with trim the corn cobs in advance. The data analyzed by 
analysis of variance test in SPSS for window 17. 

3. Results and Discussion 
3.1. Doses and Quality of Litter 
Litter used in this research content of lignin, polyphenols, and C/N ratio varies (shown in Table 1). 

Litter decomposition rate is determined by the quality of litter or the content of soluble carbohydrates, amino 
acids, active polyphenols, lignin, as well as the C/N ratio [15]. High quality litter categorized by ratios C/N less 
than 25%, lignin <15%, and polyphenols <3% contents, thus they were rapidly decomposes. Based on the lignin 
content and C/N ratio content, Rice (Oryza sativa) straw and Teak (Tectona grandis) were classified as low 
quality, where as Angsana (Pterocarpus indicus) litter, and Kirinyu (Eupatorium inulifolium) were classified as 
high-quality litter. Litter quality differences will result in the release patterns of different 4NH+  thus it might be 
able to control the rate of nitrification [16]. 

3.2. Dynamic of N 
The length of stay 4NH+  in soil (Table 2 and Figure 1) can be estimated by calculating the rate value of the 
mineralized k and 1/k stays of 4NH+  (1/k) in soil only about 1.4 to 1.9 weeks except to litter hay reach in 2.1 
weeks. 

High-quality litter (Pterocarpus indicus and Eupatorium inulifolium) increase the concentration of 4NH+  in 
week 6th after the application.On the other hand, addition of low quality litter (Tectonagrandis and Oryza sativa) 
caused immobilization of 4NH+  from the beginning to the end of experiment (in 10 weeks). Analysis of va-
riance showed a highly significant effect (p < 0.01) in the treatment of type and dose of 4NH+  soil concentra-
tion of the litter on the soil at the various times of incubation. However, there is no real effect of incubation time 
on soil 4NH+  concentrations. The addition of low quality litter (Tectona grandis and Oryza sativa) did not in-
crease the concentration of 4NH+  significantly difference compared with the control experiment (no litter and 
no urea), the average concentration of 4NH+  about 35 mg/Ha (Figure 1). 

Concentration of 4NH+  in second week is higher than in the following weeks. In week 6th and an increased 
4NH+  concentration in low dosage treatment of straw (4 mg/Ha), and the 10th week on the litter of straw in high 

dosage (16 mg/Ha), begin mineralized. The increased of 4NH+  concentration followed by increased of 3NO−  
 
Table 1. The analysis results of the litter quality.                                                               

Kinds of Litter 
Contents Litter 

Quality Organic C (%) Total N (%) Lignin (L) (%) Polyphenol (Pf) C/N 
Pterocarpus indicus 42,08 2.36 7.30 6.50 18 High 

Eupatorium inulifolium 10.00 1.58 20.20 6.40 12 High 
Tectona grandis 40.30 1.58 14.70 34.70 25 Low 

Oryza sativa 35.26 1.78 25.30 2.30 20 Low 

 
Table 2. Rate of 

4NH+  mineralized in soil with various additional litter quality.                                       

Treatment Regression R2 k.week−1 1/k 
Control y = −0.7392x − 0.0632 0.4734 0.7392 1.4 

Tectona grandis y = −0.6614x − 0.3883 0.5332 0.6614 1.5 
Oryza sativa y = −0.4816x − 0.3779 0.4485 0.4816 2.1 

Pterocarpus indicus y = −0.7011x + 0.3224 0.7381 0.7011 1.4 
Eupatorium inulifolium y = −0.5145x + 0.1200 0.8947 0.5145 1.9 
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Figure 1. 

4NH+  concentration in soil (corrected with atomic weight) after the addition of 
various qualities and dosage of litter.                                                

 
in soil with the pattern varies between species. High concentration of 4NH+  in the early incubation (week 2nd) 
on the whole treatment thought to derive from the basic fertilizer urea hydrolysis. The high concentration of 

4NH+  on the second week also thought to derive from the basic fertilizer urea hydrolysis. In week 2nd and 4th, 
litter treatment Pterocarpus indicus in high quality (N = 2.36%; (L P)/N = 5.8) and in high dosage (4 mg/Ha) 
increased NH4

+ concentration from 42 to 50 mg/Ha, or increased from 90% to 361% of the amount percent in 
the control experiment (from 21.9 to 10.85 mg/Ha) which only added urea fertilizer (for control experiment). 
However, in week 6th after incubation, 4NH+  concentration is declining for all treatments. 

The concentration of 3NO−  in soil is precisely the lowest concentration at week 2nd, and increased to peak in 
week 6th (Figure 2). Decreasing 4NH+  concentration accompanied by increasing 3NO−  concentration indi-
cated transformation process of 4NH+  to 3NO−  in the soil. The results of variance analysis showed that the 
differences in 3NO−  concentration were highly significant (p < 0.01) in an incubation time, dosage and type of 
litter given by. In various types and dosage of litter, an increase in the formation of 3NO− , real start in week 2nd 
to week 4th and 6th. Litter of Tectona grandis (low quality) always generates average of low 3NO−  concentra-
tion of soil (145 mg/kg) than any other litter respectively from 219 mg/kg (Oryza sativa), 309 mg/kg (Pterocar-
pus indicus) and 246 mg/kg (Eupatorium inulifolium). Pterocarpus indicus treatment resulting formation of 

3NO−  (893 mg/kg).The higher dosage of high quality litter, the higher the amount of 3NO−  formed. 
Indicated that the process has not been held fast immobilizes 4NH+  each section of 8 C assimilated during 

the decomposition of organic matter, soil microbes need about 1 part of N to form the new growth in biomass 
(or with the ratio C/N = 8/1). It was also stated that the whole of C assimilated only about 1/3 of it used to the 
cell builder and the rest would be released as CO2. Therefore every 24 grams of C, the soil microbes need about 
1gr of N so that the addition of organic matter with high C/N ratio (C/N > 24) into the soil will result in immo-
bilize of 4NH+  from the soil solution by microbes. The concentration of 3NO−  in soil was determined by the 
amount of fertilizer addition of 3NO−  or organic materials, absorption roots, microbes, and immobilization or 
the magnitude of the rate of nitrification in the soil [17]. Synthesis of 3NO−  will increase in accordance with the 
availability of 4NH+  in the soil. However, the increasing is not necessarily proportional to the availability of 

4NH+ , and time of occurrence of nitrification also depends on the presence of bacterial nitrification and soil 
conditions. Nitrification bacteria grow very slowly, so often nitrification took place after the lapse of a few days 
from the addition of 4NH+  in soil [18].  

3.3. Potential Nitrification of Soil 
Potential nitrification were measured by the number of 2NO−  formed in soil samples after enriched by 
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(NH4)2SO4 as nitrification substrates and incubated for 5 hours (Figure 3).  
Analysis of variance results showed a difference of species/quality and time of incubation effect quite signifi-

cant (p < 0.01), whereas the dosage litter affect significant (p < 0.05) against potential nitrification of soils. The 
increasing of potential nitrification in soils is closely connected and significantly (r = 0.802) increased concen-
trations of 4NH+  in soil. Dynamics potential nitrification caused by adding with low quality litter is different 
from high quality litter. Adding low quality litter (Tectona grandis and Oryza sativa), only at very high dosage 
showed increasing soil nitrification potential as well as 90 % of nitrification potential in initial conditions (22 
mg/ 2NO− /kg/hour) with low dosage. The key to control nitrification was by controlling the release of 4NH+  in-
to the soil and by maintaining soil pH of H2O about 4.5 to 5.0. Because that liming needed to be considered, it 
would improve the process of nitrification in soil. 
 

 
Figure 2. 

3NO−  concentration in soil after the addition of various qualities and dosage of 
litter.                                                                          

 

 
Figure 3. Soil nitrification potential after addition of various types of quality and dosage of litter.  
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On the field condition, N which is not absorbed by the corn plant rooting potentially lost leached to the lower 
layers. 3NO−  leaching will bring as well as base cations [6] [19]-[21]. 

4. Conclusion 
The conclusion of this research is that the management of the quality of the litter input can be applied in the field 
to hinder the nitrification process of soil N from leaching and improving the efficiency of the utilization of N on 
corn plants. 
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