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Appropriate and simple analysis methods for an accurate estimation of soil N mineralization potential 
are required to optimize N fertilizer recommendations. We used soils from non-cultivated and cultivated 
plots in central Côte d’Ivoire to investigate the quantum of ammonium (NH4

+) that could potentially be 
mineralized. The soil was first treated with H2O2 at 60°C for 2, 4, 6 or 8 h (and referred to as hot 
extraction) or at room temperature (25°C and referred to as 0 h). The NH4

+-N extracted increased with 
the heating time but decline slightly after 6 h. More NH4

+-N was extracted in non-cultivated plots with 
the hot extraction, and the difference was significant at 6 h. The NH4

+-N measured with the hot 
extraction correlated significantly with the CEC. We obtained the strongest correlation in non-cultivated 
plots (r2 = 0.88, p < 0.0001) at 6 h, and the weakest also at 6 h but in cultivated plots (r2 = 0.64, p < 
0.0001). Similarly, we observed a significant correlation between the NH4

+-N extracted and the amount 
of N taken up by rice seedlings grown in pots, and the best correlation was again at 6 h. The study 
illustrated that N mineralization with H2O2 at 60°C for 6 h is an appropriate procedure for extracting 
potentially mineralizable NH4

+-N in soils.  
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INTRODUCTION  
 
The estimation of soil organic nitrogen (N) mineralization 
is important for optimal N fertilization of crops. Non 
leguminous plants take up mainly inorganic forms of N 
(NH4

+-N and NO3
- -N) from soils, while up to 95% of soil N 

is bound in organic matter. Existing methods include 
biological (incubation methods) and chemical extraction 
methods. The biological methods are thought to be more 
relevant because the mineralization occurring during 
incubation is a microbial process which better mimics 
mineralization observed under field conditions (Sahrawat,  
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1982). However, biological methods are time-consuming 
and laborious (Haney et al., 2001). In contrast, chemical 
extraction methods where soil organic matter is oxidized 
with chemical agents are less time-consuming 
(Whitehead, 1981) and are also easier to run (Haney et 
al., 2001). Many authors have reported different chemical 
methods using KCl solution for mineral N extraction 
(example: solution concentration, extraction time and 
temperature) (Oien and Selmer-Olsen, 1980; Whitehead, 
1981; Sahrawat, 1982; Gianello and Bremmer, 1986; 
Smith and Li, 1993; Kowalenko, 2006).  

Since organic N mineralization is an oxidation process, 
all chemical reagents that can oxidize soil organic matter 
have a potential to release NH4

+-N from the soil absor-
bent  complex. Hydrogen  peroxide  (H2O2)  is  a  reagent  
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Table 1. Selected soil properties in non-cultivated and related cultivated plots collected in 2007 in three agro ecosystems in central Côte d’Ivoire. 
 
  Soil properties 
Treatments Plot history Clay (%) Silt (%) pH H20 CEC (cmol kg-1) Total C (mg g-1) Total N (mg g-1) 

Non-cultivated 25.3 8.0 6.1 8.72 18.8 1.60 
Forest  

Cultivated 25.6 8.4 6.0 8.02 17.4 1.49 
 
Non-cultivated 

 
22.5 

 
4.4 

 
6.4 

 
7.04 

 
14.6 

 
1.29 

 
Fallow 

Cultivated 21.0 5.9 6.1 6.82 14.6 1.20 
 
Non-cultivated 

 
20.1 

 
7.1 

 
6.1 

 
5.99 

 
12.5 

 
1.21 

 
Savanna 

Cultivated 16.7 6.9 5.8 4.98 11.0 1.07 
 
 
 
commonly used in soil analysis for organic matter 
oxidation before mineralogical determinations (Mikutta et 
al., 2005). Sahrawat (1980) showed that NH4

+-N can be 
extracted with a solution  of  KCl  after  treating  samples 
with a solution of 30% H2O2 for 15 min at room tempera-
ture (25°C). In other work, Sahrawat (1982) treated 
samples with the same H2O2 solution at the same room 
temperature for 1 h, and observed an increase of the 
amount of NH4+-N extracted, and a better correlation 
between this NH4+-N and that measured by incubating 
the samples at 30°C for 2 weeks or at 40°C for 1 week. 
This indicated that temperature and time during which the 
soil is left in contact with the H2O2 affects NH4

+-N 
extraction. Besides, since the ammonification in soil 
proceeds optimally between 40 - 60°C (Lee et al., 2009), 
we hypothesized that heating the soil/H2O2 suspension at 
moderate temperatures may improve the subsequent 
NH4

+-N extraction. The objectives of this study were to 
estimate soil NH4

+-N extracted with a solution of KCl after 
a prior heating of the soil/H2O2 suspension for minerali-
zation, and to determine the contribution of the NH4

+-N 
extracted through this method to rice seedlings. 
 
 
MATERIALS AND METHODS 
 
Study sites 
 
The study sites were located in the forest-savanna transition zone 
of central Côte d’Ivoire known as the “V-Baoulé” (6° 50’ – 7° 50’ N 
and 4° - 6° W). The average annual rainfall in the area is 1000 - 
1200 mm with temperature ranging between 26 and 29.5°C (CSRS, 
Station expérimentale, Bringakro, Côte d‘Ivoire). The cropping 
system in the study area is based on yams which are cultivated 
mainly at the forest. After one cropping year, the land is left under 
natural fallow (dominated by Chromoleana odorata) for 2 - 5 years 
before being cultivated again. The savanna was traditionally not 
cropped; however due to the high population growth rate, it is more 
and more cultivated by farmers whose have limited access to forest 
land. Soils in the area are ferralsol (WRB, 2006) derived from 
granitic and schistose rocks. They are characterized by a high 
proportion of coarse elements at low depth.  

Soil samplings 
 
The soil samples were collected at the onset of the rainy season in  
2007. The number of samples collected from the forest, the fallow 
and the savanna zones were 21, 19, and 10 pairs (total of 100 
samples) respectively. A pair included a sample collected from a 
plot where yams had been cropped during the last growing season 
(cultivated plot) and left under natural fallow thereafter, and the 
other collected from an adjacent site under natural vegetation (non-
cultivated plot). Fewer samples were collected from the savanna 
site because these soils are rarely cropped by farmers and it was 
difficult to find cultivated plots. Each sample was collected with a 
hoe within an area of 1 m2 which was ploughed to a depth of 20 cm. 
The samples were air-dried, sorted from coarse organic residues 
and ground to pass through a 2 mm sieve and individual sub-
samples were used for determining soil properties following the 
protocols described in Pansu and Gautheyrou (2003). Soil particles 
size distribution was classified using the pipette Robinson method. 
The soil pH was measured in a soil to water ratio of 1:2.5. The 
organic C and total N were determined using the Walkley and Black 
and Kjeldahl methods respectively. The cation exchange capacity 
(CEC) was analyzed with a neutral (pH = 7) acetate ammonium 
solution. Soil properties are reported in Table 1.  
 
 
Hot and cool NH4

+-N extraction procedure 
 
Five gram (5g) of a sub-sample from the sample described above 
(air-dried, sorted from coarse organic residues and sieve at < 2 
mm) was placed in a 300 ml Erlenmeyer flask. Fifty ml of 25% H2O2 
was added and homogenized manually. The suspension in the flask 
(soil + H2O2) was put in a ventilated oven with a temperature of 
60°C for 2, 4, 6 and 8 h, respectively. After incubation for the 
predetermined times, the suspension was cooled and 150 ml of 1 M 
KCl added. The new suspension was homogenized on a 
mechanized rotary agitator for 30 min and filtered. The N-NH4

+ was 
measured in the filtrate by steam distillation method (Pauwels et al., 
1992). These samples will be denoted as 2, 4, 6 and 8 h 
respectively, based on incubation times.  

The cold extraction (cool extraction) was carried out without 
heating the soil/H2O2 suspension following the procedure proposed 
by (Sahrawat, 1980; Sahrawat, 1982). However, the soil/H2O2 
suspension was left at laboratory temperature (25°C) overnight 
before extracting the N-NH4

+ which was a modification of the 
method   used  by  Sahrawat (1980, 1982). These samples will be 
identified as 0 h.  
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Figure 1. Amounts of NH4

+-N extracted with a 1M KCl after allowing the soil samples proceed with a solution of 25% 
H2O2 for 24 hours (0 hour) or after heating the soil/H2O2 suspension at 60°C for 2, 4, 6 and 8 hours respectively. 
Bars represent the standard error of the mean. 

 
 
 
Pot experiments 
 
In order to assess the availability for plants of the NH4

+-N extracted 
with the hot procedure, pots experiments were conducted with soils 
sampled at the onset of the rainy season in 2008. Four samples 
from the forest and four samples from the savanna were used for 
the experiments. In each agro ecosystem, the samples were 
collected at different locations with different soil properties (data not 
shown). The extractable NH4

+-N of these samples was measured 
using the hot extraction method described above. The pots used 
were perforated plastic pots of 200 ml capacity each, having a 
plastic cap stretched across the bottom. Soil sieved at < 2 mm was 
added at a rate of 150 g per pot. Each sample was split in eight 
pots giving a total of 64 pots. Rice (NERICA 2) seeds were pre-
germinated, and five seeds were planted in each pot. In order to 
avoid K and P stresses, each pot received 25 ml of KH2PO4 solution 
with a concentration of 1 gl-1. Each pot was irrigated once or twice a 
day with 20 - 30 ml of de-ionized water to maintain humidity close to 
soil water holding capacity. The excess of water was collected in 
the plastic cap and re-use in order to limit nutrients losses with 
water flow. After 3 weeks, the plants were carefully removed, and 
separated into shoots and roots before drying in an oven at 70°C to 
constant weight and determining their dry weights. The 
concentration of nitrogen (N) was measured on a sub-sample of 
shoots and roots using the Kjeldahl method (Pansu and 
Gautheyrou, 2003). 

The PROC REG procedure of SAS v. 8.2 was used to estimate 
to regression coefficients of the different correlations. 
 
 
RESULTS AND DISCUSSION 
 
Impact of heating time duration on NH4

+-N extraction 
 
NH4

+-N extracted increased rapidly by heating up to 6 h. 
This is due to the increase in soil organic matter 
oxidation. The rate of increase was lower between 6 h 
and 8 h in cultivated plots, and declined in non-cultivated 
plots (Figure 1) suggesting the end of the oxidation 
process and/or losses of mineral N through volatilization. 
This oxidation of the organic matter with the heating time 
duration and the and the subsequent volatilization may 
explain why Smith and Li (1993) observed similar 
increase pattern to that  observed  in  our  work  although 
they did not use H2O2. These authors extracted soil 
mineral N by boiling soil samples with 1 M KCl for 0.5, 1 
and 2 h respectively, and found a 40% increase of the 
mineral N extracted between 0.5 and 1 h, while only up to 
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Table 2. Regression coefficients of the linear correlation between the cation exchange capacity (CEC) and the NH4
+-N extracted at 

different heating time. 
 

CEC = a* NH4
+-N + b 

Heating time (h) Plot history 
Slope (a) s.e.a Intercept (b) s.e.b r2 P-values 

Non-cultivated 18.61 5.77 4.48 1.08 0.18 0.0023 
0 

Cultivated 10.36 3.76 5.05 0.81 0.14 0.0082 
 
Non-cultivated  

 
20.81 

 
1.65 

 
2.20 

 
0.50 

 
0.77 

 
<0.0001 2 

Cultivated 24.32 2.61 1.52 0.64 0.64 <0.0001 
 
Non-cultivated 

 
13.98 

 
0.98 

 
1.74 

 
0.48 

 
0.81 

 
<0.0001 4 

Cultivated 10.03 0.96 3.19 0.44 0.69 <0.0001 
 
Non-cultivated 

 
10.39 

 
0.56 

 
0.28 

 
0.44 

 
0.88 

 
<0.0001 6 

Cultivated 7.36 0.79 3.01 0.50 0.64 <0.0001 
 
Non-cultivated  

 
7.04 

 
0.91 

 
2.83 

 
0.72 

 
0.55 

 
<0.0001 8 

Cultivated 6.63 0.66 3.20 0.45 0.68 <0.0001 
 

s.e. : Standard error of the coefficient; NH4
+-N: Ammonium nitrate expressed in mg g-1; CEC: cation exchange capacity expressed in cmol kg-1. 

 
 
 
10% increase was noticed from 1 to 2 h. NH4

+-N 
extracted with the cool procedure was marginally lower in 
the non-cultivated plots than in cultivated ones (Figure 1), 
but the difference was not statistically significant. With the 
hot procedure however, NH4

+-N contents were greater in 
the non-cultivated plots compared with the cultivated 
ones, difference was significant at 6 h. This decrease of 
NH4

+-N in cultivated plots suggests that some of the 
NH4

+-N have been taken up during the cropping period as 
shown by different authors (Cheryl et al., 2001; Solomon 
et al., 2002; Ilnicki and Zeitz, 2003). 

The amount of NH4
+-N extracted in the non-cultivated 

plots was 12, 30 and 43% higher than in the cultivated 
plots in the forest, the fallow and the savanna sites 
respectively (data not shown), when the soils were 
heated for 6 h. The narrow gap of NH4

+-N between 
cultivated and non-cultivated plots at the forest site is in 
agreement with Chabalier (1986) who did not observe 
any N fertilizer effect on maize yield after five consecutive 
years of cropping in the same forest area, while a 
significant effect was obtained after the fifth year. This 
was related to an active N mineralization rate which 
released sufficient N for plants both in fertilized and 
unfertilized treatments in the first years.  
 
 
Relationship between the CEC and the NH4

+-N 
extracted 
 
For a given sample, the CEC was measured on a sub-
sample different from that used to extract the NH4

+-N. A 

positive correlation was observed between the CEC and 
the NH4

+-N extracted. The CEC represents actually the 
potential of the soil to exchange cations (including NH4

+-
N) between its solid and its liquid phases. The simple 
linear regression fitted between the CEC and the NH4

+-N 
was highly significant for the different heating time 
duration (0, 2, 4, 6 and 8 h) (Table 2). The lowest 
correlation coefficients were obtained at 0 h (cool 
extraction) both in cultivated (r2 = 0.18, p < 0.0023) and 
non-cultivated plots (r2 = 0.14, p < 0.0082). With the hot 
extraction procedure however, higher correlations were 
observed irrespective of the heating duration. The 
amount of NH4

+-N extracted by this procedure explained 
55 to 88% of the variation in the CEC. The correlations 
were stronger in non cultivated plots than in cultivated 
ones except at 8 h, and the highest correlation was 
observed at 6 h (r2 = 0.88, p < 0.0001). Similar relation-
ships between the CEC and the NH4

+-N were observed 
by Narteh and Sahrawat (1997), who correlated the total 
C, total N and clay contents, pH and the CEC with NH4+-
N extracted with the incubation method and concluded 
that the CEC was the best index for predicting the 
mineralized NH4

+-N based on the coefficient of 
determination (r2 = 0.68; n = 15). In our study, high 
coefficients of determination (r2 = 0.55 - 0.88; n = 50) 
were observed between the NH4

+-N extracted with the 
hot extraction procedure and the CEC. This correlation 
between the CEC and the NH4

+-N (which derived from 
the oxidation of soil organic matter) is in agreement with 
et al. (2003) who reported that 75 - 85% of the CEC in 
tropical soils depends on  soil  organic  matter because of  
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the low cation fixation capacity of the clay example, 
kaolinite in these soils.  

In contrast to the CEC, the correlation between the 
NH4

+-N extracted and the C/N defined by Jansen (1996) 
and Powlson et al. (2001) as a mineralization index was 
very weak in our study. Similar weak correlation was also 
observed between the NH4

+-N extracted and the clay 
content which protect the OM against microbial activity 
(Feller and Beare, 1997).  
 
 
Total N extracted in the form of NH4

+-N 
 
The NH4

+-N extracted was correlated with the total N 
content. This correlation was however significant only 
when NH4

+-N was measured with the hot extraction 
procedure (Figure 2). Similar correlations have been 
reported by Stanford and Smith (1972) and Narteh and 
Sahrawat (1997) who measured the NH4

+-N with incubi-
tion methods. This suggests that the hot extraction 
method used in our study can be used to predict the 
potentially mineralizable NH4

+-N. The amounts of NH4
+-N 

extracted at 6 h was about 40 and 50% of the total N in 
non-cultivated and cultivated soils respectively. Pansu 
and Gautheyrou (2003) used biological extraction method 
and observed similar values, but they obtained much 
lower values (12 - 20%) when they used chemical 
extraction method. The proportions of 40 and 50% are 
also much higher compared to the proportion of free 
organic matter in tropical soils (15 - 20%) reported by 
Feller (1994). The proportions of total N extracted in the 
form of NH4

+-N in this study may include both the fraction 
of NH4

+-N that is readily available for plants, and the 
fraction that is mineralizable on a long term basis. This 
suggests that the hot extraction method presented in this 
work does not allow distinguishing between both fractions 
as already reported by N’Dayegamiye et al. (2007). 
Further investigations are therefore needed to quantify 
the different proportions of these two fractions.  

These two fractions may represent the part of the total 
N in the active pool of the soil organic matter while the 
rest could be considered as linked to the recalcitrant pool 
which is hardly mineralized (Bidisha et al., 2007). The 
proportion of total N extracted in the form of NH4

+-N was 
significantly lower at the savanna site than at the forest, 
but no difference was observed between the forest and 
the fallow (data not shown). This low proportion at the 
savanna site was presumably due to the fact the organic 
matter (OM) at this site is derived essentially from roots 
biomass which are more lignified. Indeed, the savanna 
site is burnt annually during dry seasons for hunting and 
also for feeding cattle with the re-growth of grasses 
(Imperata sp., Panicum sp., Pennisetum sp.) (Adou-Yao 
C., personal communication) at the beginning of the rainy  
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season. The aboveground biomass and the resulting litter 
are therefore poorly developed at this site. In the forest 
and the fallow sites however, the OM is dominated by 
residues of aboveground organs which are less lignified 
and thus easily degradable (Floret et al., 1993). 

The total N extracted in the form of NH4
+-N was 

significantly increased in non-cultivated plots only in the 
savanna site (data not shown). This can be related to a 
susceptibility of the cultivated soils in the savanna to 
erosion and volatilization of its N content due the sandy 
nature of the soil at this site.  
 
 
Relationship between the amounts of N in plant total 
biomass and the NH4

+-N extracted 
 
There were significant linear correlations between the 
amounts of N taken up during the pot experiments and 
the NH4

+-N extracted for all heating durations (Figure 3). 
Different authors used different NH4

+-N extraction 
methods and observed the same relationships. For 
example, Smith and Li (1993) extracted the potentially 
mineralizable N with a solution of hot 1 M KCl and 
observed correlation between the mineral N measured 
and the amounts of N in dry grass (r2 = 0.90), barley (r2 = 
0.81) and oats (r2 = 0.81) grown in pots. Similarly, 
Sahrawat (1980) found significant correlation between 
the amount of NH4

+-N released with an anaerobic 
incubation method and the N taken up by rice crops 
grown in a greenhouse pot experiment. The highest 
correlation (r2 = 0.87, p < 0.0007) observed at 6 h 
confirmed that this period is an appropriate heating 
duration of the soil/H2O2 suspension to estimate the 
mineralizable NH4

+-N that contribute to soil N supplying 
capacity. 
 
 
Conclusions 
 
Heating the soil/H2O2 suspension before extracting the 
potentially mineralizable NH4

+-N was more effective than 
when the suspension was not heated. The dynamics of 
the NH4

+-N extracted between cultivated and non-
cultivated plots and/or its correlation with the amount of N 
taken up by plants may suggest the contribution of the 
extracted NH4

+-N to plant N nutrition. We conclude that a 
moderate heat of the soil/H2O2 suspension at 60°C for 6 h 
is a convenient procedure for a quick estimation of 
potentially mineralizable NH4

+-N. The subsequent NH4
+-N 

measured and its relationship with the CEC may be 
useful for predicting soil-derived nitrogen availability for 
crops. It is recommended that the fraction of the NH4

+-N 
extracted which is directly available for plants be studied 
further. 
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Figure 2. Relationship between the NH4

+-N extracted with a 1M KCl after allowing the soil samples proceed with a solution of 25% H2O2 for 24 
hours (0 h) or after heating the soil/H2O2 suspension at 60°C for 2, 4, 6 and 8 h, respectively and the total N. Bars represent the standard error 
of the mean. 
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Figure 3. Relationship between the amount of N exported by the total biomass (root and shoot) of rice seedlings grown on non-cultivated 
forest (�) and savanna (�) soils (n = 8) and the amounts of NH4

+-N extracted after heating the soil/H2O2 suspension at 60°C for 2, 4, 6 and 
8 h, respectively. Bars represent the standard error of the mean. 
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