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Abstract 

Mineralization of nitrogen (N) in soil is an important process that controls life on earth. In this 

study, the monthly pattern of soil mineralization was assessed by using intact soil incubation 

cores in the upper soil layer (0-15cm). The experiment was conducted in semi-arid rangeland of 

Tomagh, Balochistan, Pakistan in three land use types: protected, orchard and grazed. The study 

was conducted from May 2009 to April 2010. Results showed that there was highly significant 

(P<0.01) response in N-mineralization, N-ammonification, and N-nitrification both on monthly 

and land used basis. The N-mineralization, N-ammonification and N-nitrification were higher 

during growing season in the months where there was higher rainfall. Maximum mineralization 

(0.7602 µg g-1), ammonification (0.7482 µg g-1) and nitrification (0.4879 µg g-1) occurred in 

orchard area, whereas minimum for the same attributes were recorded in grazed area (0.0291, 

0.0200 and 0.0091 µg g-1 respectively). In conclusion, the temperature and moisture of soil were 

found to be controlling factors for N-cycling. Moreover, grazing in Tomagh semi-arid rangeland 

exerted significant negative influence on N-cycling.  
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Introduction   

While considering the materialistic 

substance, it can be said that the most 

abundant elements on earth is Nitrogen (N). 

For the life to exist 2 to 20 per 100 carbon 

atoms are present in different life form [1]. 

In soil the available N exists in different 

organic forms of nitrogen, like nitrate (NO3
-) 

and ammonium (NH4
+). The range of N 

quantity present in vegetation is from 1-240 

g N/m2 [2]. The N mineralization in soil 

plays an important role in its bioavailability 

of N to plants and soil microorganisms in 

many ecosystems [3, 4]. It influences soil 

fertility [5, 6], plant growth [7] and primary 

production [8]. This is the biological process 

of conversion of organic N to inorganic 

forms i.e. nitrate (NO3
-) and ammonium 

(NH4
+). N mineralization is influenced by 

many factors such as plant and microbial 
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biomass, moisture and temperature of soil 

[9]. In the soil sulfur, N and phosphorous are 

present more than 90% in organic form [2]. 

Especially nitrogen is usually a limiting 

factor for plants amount other nutrients in 

arid and semi-arid regions [10, 11]. A 

watery soil not saturated but moist and 

warm is quite suitable for fast 

mineralization. Variation of seasonal and 

temporal nature for N cycling is reported in 

grassland [12], forest [10] and other 

ecosystems [13, 14] in both growing season 

[15] and non-growing season [16, 14]. 

Nitrogen undercurrents in terrestrial 

ecosystems can be expected by the influence 

of soil’s moisture and temperature and their 

interactions to N mineralization. Plant 

biomass over earth is influence by grazing, 

likewise herbivores alter physiology of soil 

by crushing [16] which change 

mineralization rates of N, by affecting 

severely soil organisms activities [17, 18]. In 

arid and semi-arid rangelands N 

mineralization is influenced by the reducing 

soil organic carbon contents and microbial 

biomass because soil being compact due to 

trampling [19]. Soil compaction also occurs 

by grazing which influences negatively N 

cycling by changing water infiltration and 

aeration [20]. In this study seasonal bases 

scrutiny of the mineralization of nitrogen in 

soil of such area which is under grazing, 

protection (ungrazed) and orchard areas is 

targeted. The main reason to select an 

orchard site was to enquire whether the site 

without animal interference can have greater 

N mineralization or not.   

Materials and methods 

Study site was located at Livestock Research 

Station of Arid Zone Research Centre, 

Quetta in Tomagh Range (300 21⁄ N and 680 

36⁄ E), 15 km west of Sanjawi of District 

Ziarat, 1800 meter high from the see level 

[21] and the climate is Mediterranean type. 

There is a cold season throughout the winter, 

from mid-November to end of February in 

the targeted area where temperature is 

frequently below the freezing, whereas 

summers are usually dry and warmer. The 

average annual rainfall from 1999-2009 is 

250 mm (Figure 1). Temperature maximum 

and mean minimum (mean) is equal to 32o 

C, 1o C respectively. In this area the 

dominant flora is Ephedra intermedia, 

Chrysopogonaucheri (Boiss), 

Astragalusstocksii, Caraganaambigua, 

Saccharumgrifithii, Bromus tectorum, 

Pistaciakhinjak Salvia cabulica, Prunus 

eburnean, Perowskiaatriplicifoli. 

Fraxinusxanthoxyloides Poabulbosa, 

Artemisia quettensis, 

Cymbopogonjwarancusa (Jones), Ferula 

oopoda, Ferula costata, Sophoramollis, 

Ebenusstellata, Tetrapogonvillosa, and 

Convolvulus spinosus. Soil is silt loam in 

texture with 42.5% sand, 36.6 % silt and 

20.8 % clay.  
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Figure 1. Monthly rainfall during 2008, 2009 and average of over previous eight years 

The experimental area was divided in three 

types; grazed (unprotected), ungrazed 

(protected) and orchard (of apple tree). The 

temperature of soil was recorded with digital 

thermometer from all three sites (Table 1). A 

pair of PVC tubes, 15 cm long and 3.5 cm in 

diameter, were penetrated to a range 10 cm 

in soil in all three experimental sites in first 

week from May 2009 to -April 2010 for 

incubation to assess nitrogen mineralization. 

The initial inorganic nitrogen (NH4
+-N + 

NO3
--N) analysis was done by taking out 

one tube immediately from the soil and the 

second tube was left for incubation on the 

site. All the tubes were covered on the top 

by a film, having eight 1mm diameter holes 

of plastic piece. Tubes were collected after 

incubation period of 30 days for inorganic N 

analysis of soil within tubes. After removal 

of stones and coarse roots by hand sorting, 

from soil cores, thoroughly hand mixing of 

soil was done. After sieving with a 2 mm 

mesh size soil was stored at 4ºC. Finally 10 

g of collected soil sample was dissolved in 

50 ml solution (2M) of KCl [22] and the 

same was further analyzed using a UV 

spectrophotometer for extractable NO3
-and 

NH4
+ while following laboratory standard 

method [23]. Net N mineralization was 

periodically estimated by using the tube 

incubation technique [24] during spring i.e 

March-May, summer i.e. June, July and 

August and autumn i.e. September-October 

of the years 2009 and 2010. Further six 

samples of soil were collected from un-

grazed area under the cover of entities 

Chrysopogonaucheri, and entities of 

Cymbopogonjwarancusa (3-Replicates; 1 

replicate = shared sample of four replicates 

of both species mixed). Same was doe from 
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orchard (Apple) side i.e. six entities of apple 

tree (3 replicates; 1 replication = shared 

sample of two replications) while from 

grazed plots, nine entities of 

Cymbopogonjwarancusa and 

Chrysopogonaucheri were selected 

randomly (3-Replicates; 1 replication = 

shared sample of three replicates of either 

mixed species). At each collection location a 

distance of 1 to 10 m among sampled flora 

was observed. Every month repeated all the 

above said procedure in plots of grazed, un-

grazed and orchard. N mineralization on a 

dry mass basis, throughout growing season, 

was defined as the change before and after 

incubation in concentrations of inorganic 

Nitrogen, net N ammonification was 

measured being difference among NH4
+-N 

concentrations pre and post of incubation, 

Whereas the net N nitrification was 

measured being difference among NO3
--N 

concentrations pre and post incubation 

process. For all the incubation periods net 

amount of mineralized and nitrified N was 

summed for calculating total annum net 

mineralization and mineralization of 

nitrogen [25, 26].  

 

Table 1. Mean for net N-ammonification (µg g-1) of the studied lands soil during the months 

of June 2009 to April, 2010  

Months Protected land Orchard land Grazed land 

June 0.7833 c 0.9633 b 0.0077 h 

July 0.9533 b 0.8767 bc 0.0093 h 

August 0.9567 b 0.6167 d 0.0085 h 

September 0.5667 d 0.6100 d 0.0133 h 

October 0.5267 d 0.5867 d 0.0063 h 

November 0.3033 f 0.4833 de 0.0047 h 

December 0.2200 f 0.3333 ef 0.0057 h 

January 0.1967 fg 0.2367 f 0.0480 gh 

February 0.2267 f 0.9233 bc 0.0513 gh 

March 0.5433 d 0.9867 b 0.0407 gh 

April 0.6167 d 1.6133 a 0.0247 h 

Mean 0.5348 b 0.7482 a 0.0200 c 
 No major difference P < 0.05 in the mean values preceding same letters, although grand mean values of row, 

preceding same letters also showing No major difference P < 0.05. 
 

Results  

Results showed that there was a significant 

difference in temperature between different 

months and land type (P<0.05). In general, 

Soil temperature was mostly lower while 

soil moisture was mostly higher in orchard 

as compared to the other two sites, while 

soil moisture was higher in protected than in 

grazed area (Table 1). ANOVA showed 

significant difference in mineralization, net 

ammonification and net nitrification 

between sites and months (P<0.05, Table 2). 

The mineralization of N, ammonification 

and nitrification were higher in orchards 

than grazed area while protected area had 

intermediate values for these N contents (P 

< 0.05; Tables 3 to 5).  
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Table 2. Soil temperature and moisture data in upper 0-15 cm depth 

Values within column followed by different letters are different at P<0.05 

 

Table 3. ANOVA (factorial) run on N-mineralization, net ammonification rates and net 

nitrification (µg g-1) of soil in all three selected plots 

Source of 

variation 

 Mineralization rate Ammonification rate Nitrification rate 

dF. F-value P-value F-value P-value F-value P-value 

Months 10 38.49 0.0000** 36.03 0.0000** 416.83 0.0000** 

Lands 

used 
2 666.44 0.0000** 513.78 0.0000** 2.8233.6 0.0000** 

Lands 

used x 

months 

20 25.15 0.0000** 21.35 0.0000** 196.02 0.0000** 

Total 98 
NS = Non-significant at 5% LSD Level.* = Significant at 5% LSD Level. ** = Significant at 1%    LSD Level 

 

Table 4. Mean for net mineralization (µg g-1) of the studied lands soil during the months of 

June 2009 to April, 2010 

Months Protected land Orchard land Grazed land 

June 0.9333 c 0.9760 c 0.0157i 

July 1.1633 b 0.8883 cd 0.0180 i 

August 1.1900 b 0.6300 ef 0.0187 i 

September 0.8900 cd 0.6227 ef 0.0160 i 

October 0.8667 cd 0.5957 ef 0.0143 i 

November 0.5067 f 0.4883 fg 0.0097 i 

December         0.3233 h             0.3370 gh               0.0093 i 

January 0.2900 h 0.2410 h 0.0523 i 

February 0.3367 gh 0.9353 c 0.0633 i 

March 0.6667 e 1.0047 c 0.0587 i 

April 0.7467 de 1.6427 a 0.0440 i 

Mean 0.7194 a 0.7602 a 0.0291 b 
No major difference P < 0.05 in the mean values preceding same letters, although grand mean values of 

row, preceding same letters also showing No major difference P < 0.05 

 

Soil temperature oC 

 Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr  

Protected 

(ungrazed)  

34.07a 32.62a 26b 32.35b 25.24a 9.37b 5.71b 3.98a 7.90a 14.20b 20.43b 

Orchard 17.35b 27.5c 27.47b 25.78c 16.63b 12.82a 9.18a 3.58a 7.33a 16.70a 20.43b 

Grazed  35.67a 28.99b 30.78a 33.74a 21.28c 10.81b 8.77a 4.44a 8.26a 16.65a 22.48a 

Soil Moisture 

Protected 

(ungrazed)  

1.92a 1.42a 0.97a 1.25a 0.50a 0.45a 0.59a 0.73a 0.48a 1.40a 2.319a 

Grazed  0.99b 0.77b 0.55a 0.65b 0.32a 0.34a 0.29a 0.31a 0.17a 0.71b 1.59b 
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Table 5. Nitrification (µg g-1) of the studied lands soil during the months of June 2009 to 

April, 2010 

Months Protected land Orchard land Grazed land 

June 0.1733 m 0.5233 e 0.0080 q 

July 0.2100 k 0.7700 a 0.0087 q 

August 0.2333 k 0.6733 b 0.0100 q 

September 0.3233 i 0.5867 c 0.0027 q 

October 0.3400 i 0.5433 d 0.0080 q 

November 0.2033 ki 0.5000 f 0.0050 q 

December 0.1033 p 0.3733 h 0.0037 q 

January 0.0933 p 0.1867 i 0.0043 q 

February 0.1100 p 0.3700 h 0.0120 q 

March 0.1233 no 0.4133 g 0.0180 q 

April 0.1300 m 0.4267 g 0.0193 q 

Grand Mean 0.1845 b 0.4879 a 0.0091 c 
No major difference P < 0.05 in the mean values preceding same letters, although grand mean values of 

row, preceding same letters also showing No major difference P < 0.05 

 

Discussion 
Findings in this study are consistent with 

other published reports [27], who recorded 

maximum N mineralization rates in summer 

[28], and seasonal response was great with 

high rates occupying in spring and summer 

while conducting a 6-year experiment on 5 

sites.  Transformations of soil N is 

temperature-dependent biological processes 

in the rangelands of arid areas [29]. In 

present study the readings of nitrification to 

temperature sensitivity of net N-

mineralization and ammonification were 

favoring previous findings of researches 

[30-32]. Wet season showed higher values 

of N-mineralization and nitrification rate 

versus dry season whereas higher mean 

precipitation per annum causes higher 

primary production and net nitrogen 

mineralization [18, 22, 33]. And inorganic 

pools of N, net N-mineralization and net 

nitrification were strongly altered by 

changes of season.  The current study in 

Tomagh proposes that as moisture and 

temperature of soil is altered by vegetation 

on N-cycling in rangeland of semi-arid 

areas. Moreover, microbial biomass (MB) 

and soil organic carbon (SOC) contents 

evaluation was not included in this study, 

but their effects on N mineralization is 

ensured. Grazing has positive effects as 

decrease in SOC and MB in addition to 

decreasing infiltration of air and water 

because amplified compaction [19, 20, 34]. 

The optimum soil pH for ammonification 

ranges between 6.0 to 8.0 and for 

nitrification and between 7.5 to 8.0 [35]. The 

pH of our study area was alkaline i.e. 

average 7.88 (pH values ranged from 6.9 to 

8.0%). Higher rate of ammonification in our 

case study as compare to nitrification is 

unknown. While concluding, greater 

nitrogen mineralization was analyzed in 

orchards that possessed a decreased soil 

temperature and increased soil moisture 

versus the rest of sites. It is further 

registered through this research that grazing, 

soil temperature and moisture are important 

controlling factors of mineralization of 

nitrogen [36].  

Conclusion 

Nitrogen cycling may be controlled by the 

soil temperature and soil moisture in 

Tomagh Semi-arid rangelands. Besides, 

substantial adverse impact on N-cycling has 

occurred because of over grazing in area. 
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