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 The aim of this study was to assess the influence of the storage period at different 
temperatures on the concentrations of extractable inorganic NH+

4, NO-
3 and NO-

2 in the 
three Nile River terraces soils from the River Nile State, North of Sudan. Storage 
treatments were: (i) time zero (control), (ii) 10 days, and (iii) 30 days. Each treatment 
was replicated three times at three different temperatures; 10˚C, ambient laboratory 
temperature 25˚C, and at 45˚C in incubator. Statistical results revealed that, ammonium 
(NH+

4) was extremely unstable and concentration increased significantly (P < 0.05) 
with increased of storage period (0.80±0.06 and 1.44±0.064 mg kg-1) after 10 and 30 
days, respectively as compared to 0.89±0.05 mg kg-1 for the control sample. Similarly, 
NH+

4 concentrations increased significantly with increased in temperature (0.80±0.06, 

0.76±0.41and 1.94±0.06 mg kg-1) after 10, 25 and 45˚C, respectively. The NO-
3 and NO-

2 concentrations were less influence by increased of storage period and temperature, 
although the change varied among samples sites. We therefore highly recommend that 
inorganic N (particularly NH+4) should be rapidly analyzed in order to obtain accurate 
results; otherwise, the time between extraction and analysis should be carefully 
recorded which might help considerably interpreting data from various studies. 
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INTRODUCTION 

 
Most of soil N is in organic form (-NH2) and is only made available to plants through mineralization to 

inorganic NH4
+ and NO-

3 [4]. Inorganic N concentrations in a particular soil reflect the net effects of N inputs 
(e.g., mineralization, inorganic fertilizers and atmosphere), and outputs through plant uptake, leaching, 
denitrification, volatilization and immobilization [9]. 

Long and short-term changes in inorganic N (NH4
+, NO-

2 and NO-
3) concentrations during different storage 

periods as well as different temperatures is still under assessment, and little information given by some 
researchers e.g. Nina and Sigunga, [9] and  Boczulak et al., [3].   

Soil samples are often store before start the physio-chemical properties analysis. Samples can also be 
effectively “stored” at room temperature for hours to days during transport from the field site to the laboratory. 
This can affect subsequent concentrations of extractable inorganic nutrients, including NH4

+ and NO-
3. 

Changes in inorganic N during storage at field moisture have been well known for many years and are used 
to determine potentially mineralizable N [6]. This has implications for studies involving the isotopic 
composition of soil NO-3, which can change considerably within hours of sampling [5]. 

The soil-fresh sample received in the laboratory should be analyzed directly after sampling for 
determination of nitrate, nitrite and ammonium. The chemical changes in the soil can be slowed during storage 
and transportation by freezing it. Air-drying can also preserve the soil sample for many months. Lag time 
between field sampling and analysis must be minimized. Otherwise, storage time will inevitably introduce an 
additional factor influencing analysis results [7].  
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The biochemical processes of nitrogen (mineralization, immobilization and de-nitrification) which depend 
on soil moisture, temperature and carbon and since these processes vary with time and space, the concentration 
of soil inorganic N inevitably varies temporally and spatially [9]. 

In this study, we evaluated the influence of short storage period at different temperatures on inorganic 
nitrogen (NH4

+, NO-
3 and NO-

2) concentrations in three soils of the Nile river terraces, River Nile State, North of 
Sudan. We tested the hypotheses that (1) inorganic nitrogen concentrations would be significantly change during 
different storage period as well as different temperatures (2) inorganic nitrogen would be positively correlated 
with soil formed at different time but derived from similar origin source (3) ammonium concentration would be 
most changed during storage period at different temperatures. 

 
MATERIALS  AND METHODS  

 
Site description and soil sampling: 

The investigated area is located in North of Atbara city, River Nile State, Sudan, with an altitude of (336-
358 meters) above sea level. The study area covered about 8.0 km and is located where the coordinate is at 
17.82289 to 17.82389 N and 33.99974 to 34.02127 E. The study area falls within the arid climatic zone [13]. 
The average annual rainfall varies from 0 to < 100 mm. Mean maximum temperature of the hottest months (May 
and June) is 43˚C. Mean minimum temperature of the coldest month (January) is less than 13˚C. The mean 
annual relative humidity ranges between 15 to 21% (January to February), less than 15% (March to June). The 
predominant natural vegetation in the study area consists of the following species: Tundub (Capparis decidua), 
Seyal (Acacia tortilis), Usher, Musket (Prosopis chilensis), Heglig (Balanites aegypiaca) and Seder (Zizyphus 
spina-christi). The calculated soil temperature regime is hyperthermic and soil moisture regime is aridic. The 
soils of the study area belong within Entisols and Aridisols orders [12]. Nine soil samples were collected from 
three different Nile river terraces (Table 1). At each site, approximately 5 kg of soil sample was collected from 
the depth of 0-30 cm by auger and kept in sealed polyethylene bag in order to maintain moisture and to avoid 
the contamination, and then immediately transported to the laboratory. 
 
Samples preparation for analyses: 

In the laboratory, soil samples were air-dried and passed through 2mm mesh sieve to obtain the fine earth 
fraction. To evaluate the influence of storage period at different temperatures on the concentrations of inorganic 
N (NH4

+, NO-
3 and NO-

2) a 1:5 soil suspension was shaken for 30 minutes, and then extracted by filter paper 
Whatman No. 42. Each soil extract was divided into three treatments: (i) zero time (control); (ii) storage for 10 
days; and (iii) storage for 30 days. Each treatment was replicated three times: (i) storage at 10 ˚C; (ii) storage at 
ambient laboratory temperature (25 ˚C); and (iii) storage at 45 ˚C in incubator. 

 
Soil analysis to determine storage effect at different temperatures: 

Extractable inorganic soil ammonium (NH4
+), nitrate (NO-

3), and nitrite (NO-
2) were extracted from 1:5 ratio 

of soil to water for all samples and determined using ion chromatography model (Dionex TM IC 5000). 

Determination of soil properties: 
Subsamples of each air-dried soil were crushed in a grinder. The particles-size distribution of the soil 

samples was determined using particle size analyzer model (Mastersizer, 2000, Malvern) and the soil texture 
class was determined according to Soil Survey Staff [11]. Soil pH was measured in 1:5 soil suspensions using a 
digital pH meter model (3510, Jenway) and the results were compared according to the classification of [8]. The 
electrical conductivity (EC dS/m at 25˚C) was determined in 1:5 soil extract using a conductivity meter model 
(4510, Jenway), and the results were compared according to the classification of [12]. Percent calcium carbonate 
(%CaCO3) was estimated by calcimeter. The samples were treated with 0.1N HCL; the volume of CO2 from 
pure calcium carbonate and samples were recorded. The percent calcium carbonate was then calculated 
according to [1].  
 
Statistical analysis: 

Changes during storage period at 10, 25 and 45˚C were determined by repeated measures analysis of 
variance using storage period and treatments as factors. Values for fresh extracts (zero days) were compared 
with those from extracts stored for 10 and 30 days by one-way analysis of variance with Tukey significant 
difference test for mean separation (P < 0.05). All statistical analysis was performed using SPSS16 Command 
Syntax software (IBM, 2012). 

 
RESULTS AND DISCUSSION 

 
Site characteristics and physico-chemical properties of the soil samples: 
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Table 1 summarizes the site characteristics of the study area and some physical and chemical properties of 
soil samples. The soil texture ranged from sandy loam (sample 1) in the first terrace, silt loam (sample 2) in the 
second terrace, while the soil texture of sample 3 (third terrace) was sand. This could be due to the fact that 
these soils falls in the mining area which are truncated soils. The soils of the study area were moderately 
calcareous and the %CaCO3 ranged from 2.58 to 7.40 %. The soil reaction (Soil pH) was alkaline with a pH 
value ranged from 8.46 to 8.80. As compared to Rhoades (1990) classification for soil salinity, the soils of the 
study area were non-saline and the electrical conductivity (EC 1:5) ranged from 0.22 to 0.57 dS m-1. 
 
Table 1: Site characteristics and selected physio-chemical properties of three soils of the study area: 

Parameter Site 1 Site 2 Site 3 
Location  First Nile terrace Second Nile terrace Third Nile terrace 
Latitude (UTM) 17.81779 17.82389 17.82289 
Longitude (UTM) 33.99229 33.99974 34.02127 
Elevation, m (a.s.l) 349 353 358 
Soil pH 8.73 8.46 8.80 
EC, dS m-1 0.22 0.25 0.57 
CaCO3 % 5.50 2.58 7.40 
Sand % 48.38 86.12 32.61 
Silt % 47.77 12.13 61.14 
Clay % 3.85 1.75 6.25 
Texture class Sandy loam Sand Silt loam 

 
Influence of Three Different Temperatures on inorganic N concentrations: 

Table 2 shows the influence of the three different temperatures on extractable inorganic NH+
4, NO-

3 and NO-
2 

concentrations after 10 days of storage. Statistical analysis revealed that, after comparing first and second 
incubation temperatures (10˚C and 25̊C) for each soil type, no significant difference (P > 0.05) was found in 
NH+

4 and NO-
3 concentrations throughout 10 days of incubation in all soil samples which collected from 1st and 

3rd Nile terraces. In direct contrast, significant difference (P < 0.05) was found in soil samples that collected 
from 2nd Nile terrace. Consequently, the concentration of NH+

4 was slightly increased in that soil samples from 
1.92±0.034 to 2.84±0.098 mg kg-1 (Fig. 1a), and NO-3 concentrations was highly decreased from 0.49±0.009 to 
0.04±0.001 mg kg-1 (Fig. 1b), while NO-

2 concentration was slightly decreased from 1.35±0.26 to 0.04±0.02 mg 
kg-1 (Fig. 1c). This could be due to predominant of reduction conditions. Recently, it has been reported that 
increased temperatures affect markedly on increasing inorganic ammonium concentrations and decreasing in 
nitrate and nitrite concentrations (Boczulak et al., 2015). On the other hand, after comparing 10˚C and 45̊C 
incubation temperature, highly significant difference (P < 0.001) was found in NH+4 concentrations in soil 
samples collected from 2nd terrace which showed highly increased from 1.92±0.034 to 4.27±0.146 mg N kg-1 
(Fig. 1a), and slightly increased from 2.84±0.098 to 4.27±0.146 mg kg-1 when comparing (25˚C and 45̊C) 
incubation temperature. Contrasting to that, no significant difference (P > 0.05) found in NO-3 and NO-

2 
concentrations at all incubation temperatures in the soil samples collected from 3rd terrace. Our findings suggest 
that a possible effect of soil pH on NO-

3 and NO-
2 stability may occur. As suggested by Benjamin and Romero 

(2009), soil pH effect markedly on inorganic nitrate and nitrite concentrations, resulting in a lack of change in 
concentration during storage at different temperatures. 

 
Table 2: Influence of three different temperatures on inorganic N concentrations after 10 days of storage: 

Location Elements Treatments (Means ± Std. Error) 
10 °C 25 °C 45 °C 

First Nile terrace  
 

NH+
4 0.80±0.06a 1.51±0.32a 1.37±0.056a 

NO-
3 14.43±0.04b 14.52±0.061ab 14.78±0.074a 

NO-
2 0.32±0.001b 0.48±0.01a 0.41±0.039ab 

Second Nile terrace NH+4 1.92±0.034c 2.84±0.098b 4.27±0.146a 
NO-

3 0.49±0.009a 0.04±0.001c 0.16±0.022b 
NO-

2 1.35±0.26a 0.04±0.02b 1.22±0.28a 
Third Nile terrace NH+4 1.01±0 .083b 1.143± 0.152b 3.613±0.55a 

NO-
3 1.47± .058a 1.45± 0.032a 1.65±.0.066a 

NO-
2 0.053± .003a 0.06 ±0.001a 0.123± 0.043a 

Means in each row with different letters are significantly different at P < 0.05. 
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Fig. 1: Changes in NH+4 (a), NO-
3 (b), and NO-

2 (c) concentrations in soil samples during storage for 10 days at 
three different temperatures. Site 1 = 1st Nile terrace; Site 2 = 2nd Nile terrace; Site 3 = 3rd Nile terrace. 

 
After 30 days of storage period as shown in Table 3, there were no significant differences (P > 0.05) in NO-

3 

and NO-
2 concentrations at the three different temperatures (10˚C, 25̊C and 45̊C) in soil samples collected from 

1st Nile terrace. Whereas, highly significant differences (P < 0.001) were found in NH+4 concentrations in soil 
samples collected from 2nd Nile terrace which showed highly increased from 0.14±0.11 to5.69±0.24 mg kg-1 
when comparing 25°C and 45°C incubation temperature. Additionally, it was clearly observed that, NH+4 

concentrations were significantly increased after temperature exceeds 25°C at all soil types (Fig. 2a). It has been 
previously reported that inorganic NH+

4 concentrations increased dramatically with increasing temperatures 
although the effects may varied among soil types (Benjamin and Romero, 2009). Contrary to that, in study 
conducted by Boczulak et al. (2015) to investigate the long and short-term temperature differences affect 
organic and inorganic nitrogen availability in forest soils, NH+

4 concentrations were decreased rapidly with 
increased temperature. By contrasting, it was observed the disappearance of NO-

3 at soils of 3rd Nile terrace after 
30 days of storage at all temperatures (Fig. 2b). Reason for this is unknown, but could be due to the presence of 
reduction conditions. Depending on our study results; there is inverse relationship between NO-

3 and NO-
2 

concentrations with high temperatures. Reason for this could be due to the presence of reduction conditions 
(Hart et al., 1994). 
 
Table 3: Influence of three different temperatures on concentration of inorganic N after 30 days of storage period: 

Location Elements Treatments (Means ± Std. Error) 
10 °C 25 °C 45 °C 

First Nile terrace  
 

NH+
4 1.44±0.06ab 0.76±0.41b 1.94±0.06a 

NO-
3 0.00±0.00a 0.00±0.00a 0.00±0.00a 

NO-
2 0.41±0.057a 1.59±0.65a 0.5±0.038a 

Second Nile terrace NH+4 3.07±0.047b 0.14±0.11c 5.69±0.24a 
NO-

3 1.27±0.31a 0.00±0.00b 0.06±0.05b 
NO-

2 0.00±0.00b 0.26±0.31a 0.00±0.0b 
Third Nile terrace NH+4 1.46±0.072b 1.99±0.184b 4.57±0.86a 

NO-
3 0.00±0.00a 0.00±0.00a 0.00±0.00a 

NO-
2 0.053±0.003a 0.057±0.008a 0.00±0.00c 

Means in each row with different letters are significantly different at P < 0.05. 
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Fig. 2: Changes in NH+4 (a), NO-

3 (b), and NO-
2 (c) concentrations in soil samples during storage for 30 days at 

three different temperatures. Site 1 = 1st Nile terrace; Site 2 = 2nd Nile terrace; Site 3 = 3rd Nile terrace. 
 
Influence of storage period on inorganic N concentrations: 

The data in Table 4 and Fig. 3 showed that after compared time zero and 10 days of incubation at 10°C, there 
is no significant difference (P > 0.05) in NH+

4, NO-
3 and NO-

2 concentrations at all Nile terraces, except for 
NH+

4 concentrations in soil samples collected from 2nd Nile terrace, which showed significantly increased from 
1.17±0.08 to 1.92±0.035 mg kg-1. Similarly, statistical analysis also revealed that, there is no significant 
difference (P > 0.05) at all sampling sites after compared the three storage periods (time zero, 10, 30 days) of 
incubation at 10°C, except for soil samples collected from 2nd Nile terrace which showed highly increased in 
NH+

4 concentrations from 1.17±0.08 to 3.07±0.047 mg kg-1 after 30 days of storage. In addition, NO-
3 

concentrations were also significantly increased from 0.41±0.052 to 1.27±0.31 mg kg-1 in that site after 30 days 

a b 
c 

a b c 
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of storage. Similar trends were found in several other studies where the NH+
4 and NO-

3 concentrations increased 
with increasing storage period (Hales and Ross, 2008; Nina and Sigunga, 2012; Boczulak et al., 2015). 
 
Table 4: Influence of storage period on inorganic N concentrations at 10°C in the three soil samples: 

Location Elements Treatments (Means ± Std. Error) 
Time zero 
(control) 

10 days 30 days 

First Nile terrace NH+4 0.89±0.05b 0.80±0.06b 1.44±0.064a 
NO-

3 14.32±0.077a 14.43±0.04a 14.61±0.08a 
NO-

2 0.41±0.02a 0.32±0.00a 0.41±0.057a 
Second Nile terrace NH+4 1.17±0.08c 1.92±0.035b 3.07±0.047a 

NO-
3 0.41±0.052b 0.48±0.008ab 1.27±0.31a 

NO-
2 1.53±0.078a 1.35±0.26a 1.55±0.32a 

Third Nile terrace NH+4 1.34±0.083ab 1.01±0.083b 1.46±0.072a 
NO-

3 1.49±0.028a 1.46±0.057a 1.51±0.043a 
NO-

2 0.06±0.01a 0.053±0.003a 0.056±0.003a 
Means in each row with different letters are significantly different at P < 0.05 
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Fig. 3: Changes in NH+4 (a), NO-
3 (b), and NO-

2 (c) concentrations in soil samples at different storage periods 
(at 10 °C). Site 1 = 1st Nile terrace; Site 2 = 2nd Nile terrace; Site 3 = 3rd Nile terrace. 

 
Comparing (time zero, 10 days) of incubation at 25°C (Table 5), there is no significant difference (P > 0.05) 

in inorganic N concentrations in all soil samples at the three sites, except for NH+
4 concentrations in soil samples 

collected from 2nd Nile terrace, which was significantly increased from 1.17±0.08 to 1.92±0.035 mg kg-1. 
Significant difference (P < 0.05) was also found in NH+4 concentrations in soil samples of 1st Nile terrace when 
comparing (time zero, 30 days) of storage period, which was significantly increased from 0.80±0.06 

to1.44±0.064 mg kg-1. Additionally to that, NH+4 concentrations showed highly increased from 1.17±0.08 to 
3.07±0.047 mg kg-1 in soils from 2nd Nile terrace. Also, NH+4 concentrations was significantly increased from 
1.01±0.083 to 1.46±0.072 mg kg-1  when comparing (time zero, 30 days) of storage in soil samples collected 
from 3rd Nile terrace. Our findings in agreement with similar trends found in several other studies where the 
NH+

4 and NO-
3 concentrations increased with increasing storage period (Hales and Ross, 2008; Nina and 

Sigunga, 2012; Boczulak et al., 2015). 
 

Table 5: Influence of storage period on concentrations of inorganic N at 25 °C of the three soil samples: 
Location Elements Treatments (Means ± Std. Error) 

Time zero 10 days 30 days 
First Nile terrace NH+4 0.89±0.05b 0.80±0.06b 1.44±0.064a 

NO-
3 14.32±0.077a 14.43±0.04a 14.61±0.08a 

NO-
2 0.41±0.02a 0.32±0.00a 0.41±0.057a 

Second Nile terrace NH+4 1.17±0.08c 1.92±0.035b 3.07±0.047a 
NO-

3 0.41±0.052b 0.48±0.008ab 1.27±0.31a 
NO-

2 1.53±0.078a 1.35±0.26a 1.55±0.32a 
Third Nile terrace NH+4 1.34±0.083ab 1.01±0.083b 1.46±0.072a 

NO-
3 1.49±0.028a 1.46±0.057a 1.51±0.043a 

NO-
2 0.06±0.01a 0.053±0.003a 0.056±0.003a 

Means in each row with different letters are significantly different at P < 0.05 
 

The effects of storage period on inorganic N concentrations at 45°C were shown in Table 6. Statistical 
analysis revealed that, after compared time zero with 10 days storage, NH+

4 concentrations were significantly 
increased (P < 0.05) in soil samples at all three sites, it was increased from 0.22±0.054 to 1.37±0.057b mg kg-1 at 
1st terrace samples, 0.17±0.032 to 4.27±0.145 mg kg-1 at 2nd Nile terrace, and from 1.087±0.062 to 3.61±0.55a 
mg kg-1 at 3rd Nile terrace. Contrary to NH+4, NO-

3 and NO-
2 showed no significant difference (P > 0.05) in their 

concentrations at all samples sites after 10 days of storage.  After 30 days of storage, NH+
4 concentrations were 

highly increased in soil samples of 1st and 2nd Nile terraces, while showed slightly increased in samples from 3rd 
Nile terrace. On the other hand, NO-

3 and NO-
2 concentrations were significantly decreased in soil samples from 

a b c 
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2nd and 3rd Nile terraces, whereas; soil samples from 1st Nile terrace, showed no significant difference in their 
concentrations. Contrary to that, NO-

2 and NO-
3 concentrations were highly decreased in 2nd and 3rd Nile terraces 

from (1.01±0.11 to 0.00±0.00 mg kg-1) and from (0.22±0.028 to 0.057±0.052 mg kg-1). By contrasting, NO-3 
concentrations showed highly decreased from 1.64±0.075 to 0.09±0.011 mg kg-1 in soil samples from 3rd Nile 
terrace. Our findings in agreement with similar trends found in several other studies where the NH+

4 and NO-
3 

concentrations increased with increasing storage period (Hart et al., 1994; Hales and Ross, 2008; Nina and 
Sigunga, 2012; Boczulak et al., 2015). 

 
Table 6: Influence of storage period on concentration of inorganic N at 45 °C of the three soil samples: 

Location Elements Treatments (Means ± Std. Error) 
Time zero 10 days 30 days 

First Nile terrace NH+4 0.22±0.054c 1.37±0.057b 1.94±0.062a 
NO-

3 14.55±0.086a 14.76±0.074a 14.81±0.014a 
NO-

2 0.46±0.018a 0.41±0.039a 0.50±0.038a 
Second Nile terrace NH+4 0.17±0.032c 4.27±0.145b 5.69±0.24a 

NO-
3 0.22±0.028a 0.16±0.022ab 0.057±0.052b 

NO-
2 1.01±0.11a 1.22±0.165a 0.00±0.00c 

Third Nile terrace NH+4 1.087±0.062b 3.61±0.55a 4.57±0.68a 
NO-

3 1.64±0.075a 1.65±0.06a 0.09±0.011c 
NO-

2 0.087±0.012a 0.12±0.044a 0.00±0.00b 
Means in each row with different letters are significantly different at P < 0.05 
 
Conclusion: 

After studied the effect of the storage period at three different temperatures on the concentrations of 
inorganic N, we conclude that, inorganic NH+

4 was often increased with increase of storage period and 
temperature. Although, highly results were obtained at 45°C storage temperature. Additionally, there was 
positive relationship between NH+

4 concentrations and storage period, which means, it's better to analyze 
inorganic NH+

4-N immediately after extractable  if possible, to ensure that values represent field conditions. 
 

ACKNOWLEDGMENT 
 
The authors are greatly indebted to dean of Agriculture College and general manager of Educational Farm - 

Nile Valley University.  
REFERENCES 

 
[1] Balázs Horváth, Oliver Opara-Nadi and Friedrich Beese, 2005. A simple method for measuring the 

carbonate content of soils. Soil Sci Soc Am J 69: 1066-1068. 
[2] Benjamin, L. Turner and Tania E. Remero, 2009. Short-Term Changes in Extractable Inorganic Nutrients 

during Storage of Tropical Rain Forest Soils. Soil Sci. Soc. Am. J. 73: 1972-1979. 
[3] Boczulak et al., 2015. Long- and short-term temperature differences affect organic and inorganic nitrogen 

availability in forest soils. Canadian Journal of Soil Science, 95(2): 77-86. 
[4] Brady, N.C., R.R. Weil, 2008. The Nature and Properties of Soils. 14th Edition. Pearson Edition, Incl. Upper 

Saddle River, New Jersey, USA. p: 653. 
[5] Hales, H.C., and D.S. Ross, 2008. Drastic short-term changes in the isotopic composition of soil nitrate in 

forest soil samples. Soil Sci. Soc. Am. J. 72: 1645-1652. 
[6] Hart, S.C., J.M. Stark, E.A. Davidson, and M.K. Firestone, 1994. Nitrogen mineralization, immobilization, 

and nitrification. p. 985–1018. In R.W. Weaver et al. (ed.) Methods of soil analysis. Part 2. Microbiological 
and biochemical properties. SSSA Book Ser. 5. SSSA, Madison, WI. 

[7] ICARDA, 2013. Methods of Soil, Plant, and Water Analysis: A manual for the West Asia and North Africa 
region George. 

[8] Marx, E.S., J. Hart and R.G. Stevens, 1999. Soil test interpretation guide. Oregon State University, pp: 1-8. 
[9] Nina D. O. and Sigunga D. O., 2012. Effects of drying method, storage period and carbon: nitrogen ratio on 

inorganic nitrogen contents of Vertisols. African Journ. Of Environ. Sci. and Tech, 6(12): 476-482. 
[10] Rhoades, J.D., 1996. Salinity: electrical conductivity and total dissolved solids, In: R.L. Sparks (Ed.). 

Methods for Soil Analysis, Part 3: Chemical Methods, Soil Science Society of America, Madison, pp: 417-
435. 

[11] Soil Survey Division Staff, 1993. Soil survey manual. United States Department of Agriculture. pp: 63-65. 
[12] Soil Survey Staff, 2014. Keys to Soil Taxonomy, 12 edition. United States Department of Agriculture, 

Natural Resources Conservation Service, pp: 97, 123, 287. 
[13] Van der Kevie, W., 1973. Climate Zones in the Sudan. Soil Survey Department, Wad Medani. 


