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Abstract. Laboratory studies were conducted to determine the nitrification of ammonium sulphate, the 
hydrolysis of urea and oxidatIOn of released ammonium, via nitrite, to nitrate in sOli samples collected from 
eIght localities of Saudi Arabian sOIls. The additIOn of ammonium sulphate and urea to sOlis led to a marked 
increase in the concentration of nitrate, with a slight increase in nitrite. in most soils. The maxImum amount of 
mtmte was recorded in Alkharj (52 ppm) and Qassim (44 ppm) soils These sites exhibited the largest number 
of nitrifying microorganisms. Hail soil (10 ppm) reached the lowest amount of nitrate productIOn in the 
presence of added ammonium sulphate and urea 

Introduction 

Nitrification is the biological fonnation of nitrite or nitrate from compounds containing 
reduced nitrogen [1]. The term generally refers to the oxidation of ammonium ion to 
nitrite and nitrate by specialized bacteria and fungi. A wide variety of heterotrophic fungi 
have been shown to be capable of oxidizing reduced fonns of nitrogen [2 J. A survey was 
made of the capacity of Actinomycetes, which are abundant in soil, to fonn nitrite and nitrate in 
an ammonium medium [3]. Although the ability of fungi to hydrolyze urea and nitrifYing 
released ammonium were well established [4- 6J. Certain fungi and heterotrophic bacteria have 
a role to play in nitrification also. particularly in acid forest soils [7]. 

The nitrification in Saudi Arabian soils have been shldied by a very few workers, though 
largely on the central part of Saudi Arabia [8-1 OJ. No infonmation is available that compares 
nitrification process of soils collected from different localities at Saudi Arabia. 

Here we report the nitrification of ammonium sulphate, the hydrolysis of urea and 
oxidation of released ammonium, via nitrite, to nitrate in agricultural sandy soils 
collected from different localities at Saudi Arabia .. The soil characteristics and counts of 
soil microorganisms were also investigated in selected Saudi soils. 
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Materials and Methods 

Collection and analysis of soil samples 
Soil samples were collected in sterile polyethylene bags from eight different 

localities at Saudi Arabia, with five samples of each site from soil surfaces at a depth of 
0-15 cm. Mechanical analysis of the soil was made by the sieve method and soil texture 
was determined using the soil texture triangle. The methods described by Jackson [11] 
was used for determination of the total soluble salts (T.S.S) and calcium carbonates 
content. Soil pH (a water-soil slurry 10:1) was determined with a glass electrode. Soil 
organic matter was determined calorimetrically using the method described by Walinga 
et ai., [121. 

Nitrification and extraction of soil nitrogen ions 
Soil samples (1.0 kg of each) were amended with either ammonium sulphate (5000 

ppm) or urea (10000 ppm), in order to investigate the ammonium nitrification process, 
hydrolysis of urea and nitrification of released ammonium in soil. 

The soil samples were incubated in polyethylene bags, closed with a small hole to allow 
for gas exchange. The bags were set up in triplicate. The soils were moistured to constant level 
of a water potential of -0.9 MPa (25% WHC) and incubated at 25"C for 4 weeks. 

Urea, nitrate and nitrite were extracted from soil with distilled water. Ammonium 
was extracted from soil using KCL (I.SN) .. In all cases a 1 ~ \0 soil extractant ratio was 
used and the slurry was shaken for 15 min (100 throws min ). After being shaken, the 
soil slurries were filtered through Whatman No 1 filter paper and the concentration of 
nitrogen ions were determined. Ammonium was determined according to the indophenol 
blue method [13]; nitrate using an Orange 1 method [14] and nitrite colorimetrically as 
described by Hesse [15]. 

Numeration of soil microorganisms 
For the quantitative estimation of fungi, actinomycetes and total bacteria the 

dilution plate method of Waksman as detailed by Johnson and Curl [I6J was used. Soil 
(1 g) was shaken in sterile Ringer's solution (10 ml) for 15 min. Samples ofthe resulting 
suspension were then serially diluted in Ringer's solution. The final dilution was then spread 
on the surface of the medium. Incubation periods were 3 days at 30°C for total bacteria and 
5-7 days at 30°C for total fungi and actinomycetes. Counts of nitrifYing bacteria were 
detennined according to the MPN method described by Nacos and Wolcott [17]. 

Results 

The soil characteristics of different regions in Saudi Arabia arc shown in Table 1. 
All soil samples tested contained low percentages of organic maHer. The soils were 
slightly alkaline (pH 7.2-8.1). and sandy in texture in all cases, with the exception of 
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sandy clay and loamy sand soils in Qassim and Wadi dawaser respectively. There was a 
high content of total soluble salts in Hail (0.51 %) and Wadi dawaser (0.69 %) soil 
samples. Both of Hail and Qassim soils had the highest concentrations of calcium 
carbonate (20.13 % and 15.22 %, respectively) and the lowest calcium carbonate 
concentration was recorded in AI-Kharj soil (1.87 %). 

Table I. Soil characteristics of different regions in Saudi Arabia ( n - 3 ) 

Soil locality 

AI-Hassa 

AI-Jouf 

AI-Kharj 

Hail 

Qassim 

Riyadh 

Tabouk 

Wadi Dawaser 

Mechanical fraction Texture O.M 
% class 

Sand Sand Clay 

89.0 5.8 5.2 Sand 

98.3 0.9 0.8 Sand 

926 1.2 6.2 Sand 

913 33 54 Sand 

56.4 6.1 37.5 Sandy clay 

90.6 4.2 5.2 Sand 

890 33 7.7 Sand 

82.0 5.5 12. 5 Loamy sand 

% 

0.80 

o 13 

0.07 

009 

068 

062 

0.74 

0.02 

pH 

74 

7.8 

7.2 

73 

77 

75 

81 

8.0 

T.S.S 
% 

023 

0.08 

0.13 

051 

014 

019 

034 

0.69 

702 

12.30 

1R7 

2013 

1522 

962 

543 

1192 

Table 2 illustrates the counts of soil microorganisms at different regions in Saudi 
Arabia per gram soil. Both of AI-Kharjand Qassim soils recorded the highest counts of 
nitritying bacteria and fungi being 94 and 73 x 10] MPN for nitrifying bacteria, 75 and 
68 x 10' cfu/g for fungi, respectively (Table 2.). Riyadh soil exhibited the highest counts 
of actinomycetes 70 x 103 cfu/g. While the maximum number of total bacteria was 
observed in AI-Kharj soil, approximately 3-8-fold higher than the other Saudi Arabian 
soils. 

Table 2. Counts of soil micruorganisms (do/g) at different regions in Saudi Arabia per gram soil. (all 
values are means of six "cplicatcs ± S.D) 

Soil locality Total ha~tcria nitrifying ~acteria Actinom3cetes Total f~ngi 
x 1 W x 10 ). I 0 _~x,-"I 0,,--__ 

AI-Ilassa 22.710.6 31 1 1.9 5012.4 43 --= I I 

AI-Jour n ,,-.- 0.4 43 + J.I 33:t 4.5 28 -:<: 3.0 

AI-Kharj 89.7 i 13 9412.0 67 i I 7 75 .!: 2 4 

Hail 11.0 -t 0.9 22 --± 4.1 28 = 1.6 3(j:± 1.0 

Qasslm 123+1.4 73 --± 2.7 45 :± 3.2 5):± 0.4 

Riyadh 32 1 i 0 6 31 i::; 0 70 J 1 4 6R:t 1 9 

Tahouk 22 7 +4.0 5 I --± 3.1 17:± 2 5 22:± 1 , 
Wadi Dav.'tlscr 14510.R 60124 1 () + 1 :; 3R + 0.6 
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Addition of ammonium sulphate caused a slight decline of soil pH especially 
during the first two weeks of this study (Table 3), while amendment of soil with urea 
raised the soil pH by 2 to 3 units in most investigated soils. 

Table 3. Changes in the pH of Saudi Arabian soils after addition of ammonium sulphate (5000 ppm) 
and urt'a-N (10000 ~pm). All values are means of tri~licates + S.D. 

Soil locality Nitrogen forms Time in weeks 
added 

2 J 4 
Al-Hassa Ammoniurn 7.1 -t 0. I 7.2 ± 0.2 7310,0 7.3 ± 0.1 

Urea 7.6100 7.5 ± 0 I 7.4 + 0.2 74 ± 0.0 

AI-Jouf Ammonium 77 ± 0.2 7.8 ± 0,0 7.8 ± 0 I 7 8 + 0.0 
Urea 7.9±00 7.8 -tO,1 7.8.± (),3 7.8 ± 0.1 

i\t-Kha~j Ammonium 6.9 ± 0 0 6.9:± 0.2 7.0:± 0.1 7.0 J- 0.2 
Urea 7.5 :± 0.1 7.510.1 7.4:± 0.0 7.5 ± 0. 1 

Hail Ammonium 7.310.2 7.410.1 7.3 J 0.2 7.3 -± 0,0 
Urea 7.4 :± 0.1 7 J:!- 0.0 7.3.:!: 0.1 7.3 i 0 I 

Qassim Ammonium 7.6.± 0.1 7,6±0.0 7.6:± 0.0 7.6:± 01 
Urea 7.9±0.2 7 8 ± 0.3 7.8 ± 0.1 7.8:± 0.0 

Rlvadh Ammonium 7.4+0.1 7.4 ± ° 2 74103 7510.0 
Urea 7.7 .± 0.0 7.7+0,0 7,7 --± 0,0 7,6 --± 0.2 

rahouk Ammonium nuo.o 7.R 1 0 2 7.9103 79 i 0.2 
Urea 83 + 0.0 8.4 -± 0, I 8.3 + D,{) 8,2 + 0,2 

Wadi \)awascr AmmonIum 79::1- 0,2 7.9.± 0.3 7.9 i 0.1 7.9100 
Urea IU-tOI g,O -t 0.2 g,2 ± 0.2 8.1 -:I- (J,O 

Figures 1-4 show that the Saudi Arabian soils oxidized ammonium sulphate and 
ammonium released from hydrolysis of urea fonning nitrite and nitrate. The oxidation of 
ammonium, as measured by both loss of ammonium and increases in nitrite and nitrate, 
varied fTom one soil to another. Since the significant difference of nitrifYing 
microorganisms counts in Saudi Arabian soils, which are capable of nitrification, we 
were interested in determining their ability in this respect compared with each other. 

All of Saudi Arabian soils hydrolysed urea leading to the formation of similar large 
amounts of ammonium (Figs. I & 2). This decline in urea was associated with a 
concomitant increased In net ammonium, nitrite and nitrate production. The 
concentration of added urea decreased more rapidly in AI-Kharj soil compared to the 
other Saudi Arabian soils tested. AI-Kha~j soil followed by Qassim soil recorded the 
highest hydrolysis of urea being 2723 ppm and 2456 ppm (hg. 2) of released ammonium 
respectively. While the lowest hydrolysis of urea was observed in lIail soil with 78 ppm 
ammonium released at the end of the incuhation period. Therefore, Al-Kharj and Qassim 
soils were particularly active in released ammonium process forming the maximum 
amount ofammoniurn at the end of the incubation period. 
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Fig. 3. Changes in nitrite and nitrate concentration in some soils from Saudi Arabia following the 
addition of ammonium sulphate (5000 ppm). 
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addition of urea-N (10000 ppm). 
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As can be seen urea hydrolysis was largely correlated with increased of 
ammonium concentration in soils tested, especially in the case of AI-Kharj and Qassim 
soils (Fig. 2). Therefore the urea hydrolysis increased soil pll and accumulated 
ammonium ions. 

Overall Al-Kharj soil appeared to be the most active in the nitrification of 
ammonium sulphate, the hydrolysis of urea and oxidation of released ammonium, via 
nitrite, forming nitrate (Figs. 3 and 4). In the nitrification of ammonium sulphate most of 
the soils studied produced betwen 20 - 23 ppm nitrate over the 4 weeks incubation period 
while AI-Kharj soil produced 34 ppm nitrate (Fig. 3). Also during the oxidation of 
released ammonium the relatively largest amount of nitrate (52 ppm) was formed by the 
soil of AI-Kharj (Fig. 4). On the other hand the Hail, Tabouk and Wadi Dawaser soils 
reached the lowest amount of nitrate with 10, 26 and 25 ppm respectively at the end of 
the incubation period. 

However, in all soils tested the concentration of nitrite ions never exceeded the 
concentration of nitrate formed. The results show a small amount of nitrite in all sites 
with some exception, such that there was no amount ofN02- detected in the Hail and 
Tabouk soils (Fig 4). Nitrite ion is usually considered to be intermediates and rarely 
exceed the concentration of nitrate. As a result, N02" ion was only formed transiently in 
trace amounts towards the end of the incubation period. 

Discussion 

In the past, nitrification process was thought to be restricted to species of 
Nitrosomonas and Nitrobacter only. But in recent years, our understanding of the 
ecology of soil nitrification has changed. The new aspect about nitrifier ecology has 
become particularly evident that two types of nitrification are now recognised; 
chemoautotrophic and heterotrophic nitrification [7]. The ability of heterotrophs to 
oxidize reduced foons of nitrogen has long been recognised. A wide variety of 
heterotrophic microorganisms have been shown to be capable of oxidizing reduced forms 
of nitrogen, including gram negative and gram positive bacteria, spore and non-spore 
formers, an obligate anaerobes, fungi and species ofactinomycetes [2-7). 

All of the soil samples oxidised ammonium to nitrate and nitrified the ammonium 
produced by urea hydrolysis to form nitrate. Net nitrate production varied among the 
soils depending on whether the ammonium was provided directly or as a hydrolysis 
product of urea. Generally however, higher concentrations of nitrate were detected when 
urea rather than ammonium sulphate was provided as the N source. Similar results were 
reported earlier [6;7;9; 1 0). 

Saudi Arabian soils nitrified the ammonium produced by urea hydrolysis to form 
nitrate, while nitrite was only fonned transiently in trace amounts towards the end of 
the incubation period. In addition they were also able to nitrify ammonium sulphate 
forming nitrate and again transient and small amounts of nitrite were produced. The 
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NO} is usually fonned as transitory intermediates during soil oxidation of ammonium 
[4;6]. 

Urea. whether added to soils as fertilizer or as animal urine, is hydrolyzed by the 
soil enzyme urease. The urea hydrolysis increases soil pH and accumulate ammonium 
ions [1,7]. Hydrolysis of urea associated with a concomitant increased in net ammonium, 
nitrite and nitrate production, consistent with the results of other workers [4-6; I 0]. So the 
marked increased of ammonium concentration in soils was attributed to the urea 
hydrolysis and oxidation process of nitrogen ions that caused by the activity of soil 
microorganisms. Fungi, Actinomycetes and heterotrophic bacteria, which are abundant in 
soil, undoubledly play an important, and in some cases dominant, role in the process of 
nitrification to form nitrite and nitrate [5-7]. 

Optimum nitrate production occurred in AI-Kharj and Qassim soils, such that they 
exhibited the highest counts of nitrifying bacteria and fungi .. As a result of these inputs 
the microbial population of AI-Kharj and Qassim soils is likely to have been adapted to 
ammonium oxidation and urea hydrolysis, so that when ammonium sulphate or urea was 
added, it was nitrified faster than that in the other soils studied. The trend of ammonium 
oxidation and urea hydrolysis in case of the other soils are therefore more typical, 
consistent with the findings of previous studies [8- 10; 18- 20]. 

This investigation shows that the addition of ammonium sulphate caused a slight 
decrease of soil pH, but urea hydrolysis associated with an increase of pH values. 
Oxidation of ammonium to nitrate via nitrite is acidifying the soil. This process, 
however, is generally not strongly acidifying under natural conditions and it is only 
associated with a marked shift in soil pll after the input of an ammonium-based 
fertilizer or a manure, or in a weakly buffered sandy soil l7]. The abundance of 
calcium carbonates in Saudi Arabian soils is what makes the soil strongly buffered. 
The soil pH reflects the carbonate contents and is controlled by calcium carhonate. 
Tisdale ef ai., [21, pp. 84-123] reported that soil pH can rise by 2 or 3 units in the 
immediate vicinity of a urea fertilizer granule. 

The Al-Kharj and Qassim were the most active soils in the process of oxidized 
ammonium to nitrate and nitrified the ammonium produced by urea hydrolysis to form 
nitrate in the ammonium and urea amended soils over the 4 weeks incubation period. Al
Hassa. Rivadh and AI-Jouf soils were average in this respect. On the other hand, the Hail 
soil reach~d the lowest amount of nitrate production in the presence of added ammonium 
sulphate and urea which may referred to the lowest viable counts or nitrifying 

microorganisms occurring in this site. 

The nitrifying microorganisms occur abundantly in soils receiving applications of 
nitrogen as a fertilizer, cither in organic (sewage, etc.) or inorganic forms. It was shown, 
for example, that soils having large numbcr of nitrifYing bacteria and nitrifYing fungi 
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were capable of oxidizing ammonium more rapidly than the soils less in numbers of 

nitrifying microorganisms [1; 4; 7]. 

In conclusion, the addition of ammonium sulphate and urea to soils led to a marked 
increase in the concentration of nitrate, with a slight increase in nitrite, in most soils. The 
maximum amount of nitrate was recorded in Al-Kharj and Qassim soils, sites which 
exhibited the largest number of nitrifying microorganisms. Hail soil reached the lowest 
amount of nitrate production in the presence of added ammonium sulphate and urea. 
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