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Abstract 

 Nitrogen affects primary productivity in natural ecosystems, thus understanding the dynamics of 

nitrogen pools and how they change in response to prescribed fire is crucial for management of forests 

and other terrestrial ecosystems. Therefore, a study on impact of prescribed fire on ammonification, 

nitrification and soil net nitrogen mineralization under four land uses viz., Chir Pine forest (Pinus 

roxburghii), grassland, scrubland and non-fire site in Chir Pine (control) at three soil depths (0-5 cm, 

5-10 cm and 10-15 cm) for a period of one year was carried out. The experiment consists of five 

replications in a factorial randomized block design. A prescribed fire of moderate intensity was 

induced in the month of March, 2018 and soil samples were taken before and after the fire at monthly 

intervals (April, 2018 to March, 2019) for a period of twelve months. Results revealed that 

ammonification rate increased initially for a period of few months post-fire up to rainy season, and 

then showed a declining trend in all the burnt landuses, and decreased with increasing soil depth. The 

ammonification was found the highest (23.18 mg N kg-1 month-1) under burnt Chir Pine forest, while 

unburnt Chir Pine recorded the lowest rate (-0.08 mg N kg-1 month-1) of ammonification. The 

nitrification rate stayed almost the same as pre-fire levels in the initial few months after fire, and then 

started mounting from August onwards till the end of study period. Burnt Chir Pine forest recorded the 

highest nitrification rate (32.78 mg kg-1 month-1) and unburnt Chir Pine recorded the lowest (0.80 mg 

kg-1 month-1). Nitrification was found the highest at 10-15 cm soil depth because of leaching losses. 

Post-fire, the net nitrogen mineralization was found the highest with a mineralization rate of 0.09 mg 

N kg-1day-1 in burnt forest at 10-15 cm depth as well as in grassland at 0-5 cm and 5-10 cm soil depth. 

However, in unburnt Chir Pine forest, net immobilization (-1.4 mg N kg-1) was found at 0-5 cm soil 

depth. Prescribed fire accelerates the rate of net N mineralization, and therefore N availability in all 

the burnt landuses over control, which contributes to ecosystem productivity. Thus, our study may 
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make a valuable contribution towards understanding and predicting the implications of prescribed fire 

in the management of fire-prone terrestrial ecosystems.  

Keywords: Ammonification, Chir pine forest, Grassland, Nitrification, Nitrogen mineralization,        

Prescribed  fire, Scrubland. 

Introduction 

Forest habitats, which cover 31% of the total land surface, are an important nutrients reservoir in 

terrestrial ecosystems1. They are indispensable in the global nutrient cycles. Nitrogen (N) availability 

is regarded as the primary constraint to plant growth and development2. N mineralization and 

nitrification are two of the most critical internal ecosystem processes that influence inorganic N 

availability to plants and microorganisms3. N cycling affects not only soil conditions, but also 

correlated to number of environmental issues including soil acidification, nutrient leaching, and N2O 

emissions4. Burning summers and less yearly rainfall due to climate change have increased the 

frequency and severity of wildfires across the world in the recent years5,6. Climate change prediction 

models revealed that wildfires would be more frequent and intense in the next decades.  As per the 

reports of Forest Survey of India7, it has been estimated that in India, during 2018, a total of 37,059 

active forest fire events were occurred, which indicated a 1.5 times increase in the forest fires when 

compared to the year 2012. In India, wildfires wreak havoc on nearly around 3.73 million hectares of 

forest area each year8. Forest fires significantly stresses the terrestrial habitats, resulting in serious 

casualties and economic losses9,10. Plants and surface soil N are consumed by wildfires, resulting in 

contraction of the N pool in a flamed forest11 and a subsequent drop in N mineralization rates12.  

The fire impacts on region are dependent on the intensity and duration of fire13. Fire can be a 

destructive force or a management tool, depending on how we define it. Recently the use of 
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prescribed fires has been gaining popularity as a tool to reduce the occurrence and the impact of 

wildfires by reducing fuel availability. Prescribed fire is the systematic planned use of fire of low 

intensity under predetermined weather, fuel and topographic parameters to achieve defined 

objectives14,15. Prescribed burning affects structure and productivity of ecosystem and may directly or 

indirectly alter the biogeochemical cycles, including N cycling16. 

 In North-Western Himalayas, particularly in Himachal Pradesh, more than 50% of the total forest 

area is subjected to frequent annual fires. During the period of 2016-2017, nearly 1,200 to 2,500 

forest fires have been reported affecting thousands of hectares of land area7 (FSI, 2019). Therefore, 

prescribed burnings are generally carried out for preventing wildfires, particularly in Chir Pine forest 

by state forest department. Chir Pine forests (Pinus roxburghii), spread in the Western Himalayas and 

Shiwaliks ranges at an elevation of 450-1800 meters above sea level, are particularly more 

susceptible to fires during summers as they shed resin containing needles making these forests highly 

inflammable by providing ample source of fuel to wildfires17. Chir Pine are huge trees (reach 30-50 m 

in height) having diameter of up to 2 m. The fire frequency in these forests is very high, generally 

repeats every year. In grasslands and scrublands adjoining the Chir Pine forests, prescribed fires are 

induced with the objective to prevent shrub encroachment and fuel load in grassland, and invasion 

and spread of exotic species in scrubland, which may also resulting in wildfire in adjoining forest. 

Although, the aboveground N fluxes to the atmosphere from the combustion of floral biomass 

following prescribed fire have been well documented18-20, however, uncertainties remain concerning 

the temporal responses of belowground soil N pools that hamper our ability to comprehensively 

assess the effects of prescribed fire as a management tool in preventing wildfire in fire-prone 

ecosystems and predict ecosystem functioning following fires. In order to fill this knowledge gaps, 

this study was carried out, and to the best of our knowledge, this examination would be the first of its 
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kind in India, especially in Himachal Pradesh to determine the effect of prescribed fire in terms of 

temporal variations on ammonification, nitrification and net nitrogen mineralization under three 

different ecosystems at three soil depths.  

Materials and methods 

Study Site 

The research was carried out at Solan district of Himachal Pradesh, India during 2018-2019. The 

experimental sites comprised of Burnt Chir Pine forest, grassland, scrubland and control (unburnt 

Chir Pine area adjoining same burnt Chir Pine plantations) under the Department of Silviculture 

and Agroforestry, Dr. YS Parmar University of Horticulture and Forestry, Nauni. The region is 

located (30º52′ North latitude and 77º11′ East longitude ) at an elevation of about 1260 mean 

above sea level (masl). The research site falls under the sub-temperate, sub-humid agro-climatic 

zone-II, and receives an average annual rainfall of  approximately 1115 mm (about 3/4 of it is 

received during the mid-June to mid-September). First significant rainfall event after setting of 

prescribed fire occurred in the month of June (190.0 mm).Winter rains are scanty, mainly 

received during the month of January and February. May-June are the hottest and December-

January are the coldest months. The spring season ranged from mid-February to mid-April. 

Geologically, the area is a part of the outer Himalayas. The soil is derived from inferakasol which 

comprised of calcareous shales, dolomitic limestone with bands of intermittent shales21.The soil 

under tree/grass vegetation are particularly shallow with very poorly developed loamy texture. 

According to Soil Taxonomy of USDA, the soils of the experimental sites fall in the order 

Inceptisol and sub group Eutrochrept. The agrometeorological data of the study area (March, 

2018- March, 2019) is given in Fig 1. 
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Experimental Design and Prescribed fire specifications 

Four representative sites depicting three different ecosystems viz. Burnt Chir Pine forest, 

grassland, scrubland and a control of non- fire Chir Pine site were selected (Fig. 2). The 

experiment was laid out in a factorial randomised block design having five replications. 

Prescribed burning was set in the month of March, 2018, before noon hour as per the prescription 

parameters established for Chir Pine forest, grassland and scrubland of a study site by qualified 

firefighters under the supervision of officials of Himachal Pradesh Forest Department. The 

maximum temperature recorded was 24.3˚C and no rainfall event during 15 days prior to 

prescribed burning occurred. Mean evaporation was of 59.5 mm with a wind speed of less than 10 

km h-1 in the month of setting of prescribed fire. Maximum flame height was 1.2 m with a flame 

length of 1.7 m, and fire spread was 0.52 ha h-1. The initial soil properties (0-5 cm, 5-10 cm and 

10-15 cm soil depth) are given in Table 1. (Insert Table 1 below this line). 

Soil Sampling and Analysis 

After one month of prescribed fire, prior to soil sampling in the burnt plots, all the leaf litter was 

removed from the soil floor. After that, for a depth reference, a ruler was penetrated into the soil 

and mineral layers were carefully scrapped from the topsoil using a steel spatula at 0–5, 5-10 and 

10-15 cm depth, and soil samples were collected at monthly intervals for a period of 12 months 

(April, 2018 to March, 2019) from a square delimited plot size of 50m × 50m, from the same 

place from where pre-fire soil samples were taken in order to avoid sampling errors for the study 

of ammonification, nitrification and net N mineralization. Each sampling square was about 5m 

apart from the neighbouring square. Soil samples were taken from the unburnt Chir Pine forest 

area (control) for a period of 12 months in a similar way. The samples were air-dried, crushed in 

wooden pestle mortar, passed through 2-mm sieve and then used for further analysis. 
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For the determination of inorganic fractions of N, aliquot was prepared. For preparation of 

hydrolysate, 3g of soil was shaken with 30ml of 2N KCl for 1 hour and filtered. The extract was 

then stored in refrigerator and was further used for extraction of ammoniacal-nitrogen (NH4
+-N) 

and nitrate- nitrogen (NO3
- -N) as per the method given by Black22. For the determination of 

NH4
+-N, steam distillation of 10-20 ml aliquot was done along with 0.2 g MgO. Distillate of 

about 30 ml was collected in a beaker containing 20 ml of boric acid-mixed indicator solution, 

which was further titrated with 0.005 N H2SO4. After removal of NH4
+-N, 0.2 g of Devarda alloy 

and 1 ml of sulfamic acid solution were added to destroy nitrite. Distillate of about 30 ml was 

collected, which was further titrated with 0.005 N H2SO4 for determination of NO3
- -N. 

The net increase in NH4
+-N and NO3

--N was used to indicate ammonification and nitrification, 

respectively. The net N mineralization (per month basis) was calculated by simple subtraction of 

NH4
+-N+NO3-N values of succeeding month from their preceeding months23. The soil net N 

mineralization rate was estimated by adopting the formula24 which is as follows: 

Nmin = (N2 - N1)/d, 

 where, Nmin is soil net N mineralization rate (mg kg -1d-1), N1 is the initial inorganic N content 

(NH4
+-N +NO3

--N) before incubation, N2 is the final inorganic N content (NH4
+-N + NO3

--N ) 

after incubation; d is the incubation days (d). 

 

Statistical Analysis 

Data generated from laboratory studies on ammonification, nitrification and net N mineralization 

were analysed using two-way analysis of variance split plot (ANOVA) with two factors 

(landuses and months post- fire) under factorial randomized block design at 5% level of 

significance as per the model suggested by Panse and Sukhatme25. The data recorded was also 
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analysed using MS-Excel, OPSTAT (online statistical analysis software) and SPSS 16.0 package 

software. 

 

Results and Discussion 

Soil Physico-chemical properties 

One year post-prescribed fire, no significant differences in soil texture and bulk density 

were observed. Our results are in conformity with that of  Tan et al26; Phillips et al27; Grady and 

Hart28; Pierson et al.29 and Meira-Castro et al30. In contrast, some other studies reported significant 

change in soil texture31,32, and higher or reduced values of bulk density after prescribed fire33-35 Soil 

pH and EC was found to increase slightly from their pre-fire levels in all the burnt landuses,  which 

varied from 2.92% to 5.61% and 3.24% to 4.12% after one year of prescribed fire which might be 

due to the addition of ash rich in basic cations and salts36-38. Available N, P and K content were also 

found to increase marginally one year post-fire, which varied from 0.47% to 3.67%, 0.21% to 

2.96%, and 0.95% to 3.21%, respectively, which might be due to the release of basic cations, ash 

formation and mineralisation of organic forms of nutrients39.However, the changes in soil physico-

chemical properties were not statistically significant. The very low values of per cent change 

indicated that the soil properties were influenced by the forest fires initially, but with the passage of 

time, the soil returns to the pre-fire conditions. Our results arein confirmation with the findings of 

Binkley et al40; Arocena and Opio41; Gundale et al42 and Valkó et al43. 

 

Ammonification  

The data pertaining to temporal and spatial variations in ammoniacal-nitrogen content post-fire at 

different soil depths is given in Table 2. Significant difference in ammonification rate was 
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observed post-prescribed fire. It ranged from 14.5 mg N kg-1 month-1 to 23.18 mg N kg-1 month-1 

in burnt Chir Pine forest, 11.98 mg N kg-1 month-1 to 17.23 mg N kg-1 month-1 in grassland and 

11.68 mg N kg-1 month-1 to 16.68 mg N kg-1 month-1 in scrubland soil. At 0-5 cm soil depth (Fig. 

3 a), the highest ammonification rate (23.18 mg N kg-1 soil) was found under burnt Chir Pine 

forest in the month of July, 2018 (rainy season), while the lowest (-0.08 mg N kg-1 soil) was 

recorded under unburnt Chir Pine forest (control) in the month of January, 2019. At 5-10 cm and 

10-15 cm soil depth [Fig. 3(b), 3(c), respectively], a similar trend was observed in terms of 

spatial variations as that of 0-5 cm soil depth viz., burnt Chir pine site recorded the highest (21.74 

and 19.28 mg N kg-1 soil, respectively) in the month of July, 2018, whereas, control recorded the 

lowest (-1.2 and -1.96 mg N kg-1 soil) in the month of January, 2019 and February, 2019, 

respectively. On comparing different depths, the highest  increase in ammonification rate was 

recorded under 0-5 cm depth (62.7%), followed by 5-10 cm (38.3%) and 10-15 cm soil depth 

(17.5%). 

Analysis of data revealed that ammonification rate increased only in the immediate 

months following fire for a short period of time, particularly in the months of rainy season which 

could be due to sudden rise in soil temperature caused by prescribed fire in the initial few months 

resulting in favorable soil micro-climatic conditions leading to thermal decomposition of organic 

N44-52, and thereafter, it showed a diminishing trend in all the burnt landuses and ultimately 

tended to reach the pre-fire levels by the end of study period which might be attributed to the 

washing off of nutrient-rich ash layer through runoff and wind53, microbial immobilization, and 

assimilation of NH4
+-N by plants54. Higher ammonification rate in burnt Chir Pine site compared 

to grassland and scrubland could be due to rapid burning of piles of highly inflammable resin 

containing needles leading to more protein hydrolysis and destructive distillation of organic 
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N55,56, and significant increase during rainy season might be resulted from higher temperature 

favouring the ammonification, whereas, decrease during winter season could be due to low 

temperature, a limiting factor for ammonification57. The higher ammonification rate in surface 

layers of soil as compared to the sub- surface layer might be attributed to volatilization of 

organic N from the soil and its further condensation in surface soil layers due to their downward 

movement. Moreover, surface layer of soil was typically more exposed to fire, while deeper soil 

layers insulated from it, therefore, combustion imparts much stronger effects on the thermal 

decomposition of organic matter in this layer. Our results corroborate the findings of Knoepp 

and Swank58; Prieto- Fernandez et al59 and Nave et al60.  

 

Nitrification  

The temporal and spatial variations in NO3
- -N content post-fire are depicted in Table 3, and 

significant impact of prescribed fire on nitrification rate was recorded. The nitrification rate post-

prescribed fire ranged from 0.72 mg kg-1month-1 to 32.78 mg kg-1 month-1 in burnt Chir Pine 

forest, 0.98 mg kg-1 month-1 to 24.76 mg kg-1 month-1 in grassland and 1.04 mg kg-1 month-1 to 

27.12 mg kg-1 month-1 in scrubland. In terms of temporal variations, the highest nitrification rate 

was observed (32.78 mg kg-1 month-1) in the month of March, 2019 (Spring season), while the 

lowest (0.80 mg kg-1 month-1) was observed in the month immediately following prescribed fire 

i.e., April, 2018. At 0-5 cm depth [Fig. 4(a)], the highest nitrification rate was recorded under 

Burnt Chir pine forest (26.02 mg kg-1 month-1), whereas, unburnt Chir Pine site recorded the 

lowest (-2.36 mg kg month-1). Similar trend was observed in terms of landuses for other two 

depths viz., 5-10 cm and 10-15 cm [Fig. 4(b), 4(c) respectively] as that of 0-5 cm soil depth. 
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When different depths were compared, the highest nitrification rate was observed at 10-15 cm 

soil depth, being 25.9% and 7.2% higher than 0-5 cm and 5-10 cm soil depth, respectively.  

 

Post-fire, the nitrification rate was low in the starting few months in all the burnt landuses, which 

could be attributed to lower initial population of nitrifiers as the fire might have significantly 

reduced their count and hence, the period of incubation was insufficient for their significant 

expansions, and later on, it showed a hiking trend which might be due to conversion of increased 

NH4
+-N content by nitrification, destruction of nitrification inhibitors and enhanced count of 

nitrifiers as the time progresses since fire61-66. The highest nitrification rate in the spring season 

could be attributed to the favourable soil conditions viz., temperature, optimum oxygen and 

moisture content, and soil pH for nitrification. Among all the land uses, higher nitrification rate 

under burnt Chir Pine forest might be due to the development of optimum conditions of soil 

temperature and pH required for the rapid conversion of ammoniacal form of nitrogen to nitrate 

nitrogen as well as increased ammonification rate. This corroborates with the findings of Prieto-

Fernandez et al59. Higher nitrification rate in deeper soil layers is ought to the fact that there was 

no inactivation of nitrifying microbial population because the temperature hit in this layer was 

not high enough and furthermore, the occurrence of rain which took place amidst the fire and the 

sampling may result in leaching of NO3
--N from the surface layers to deeper one67,59. 

 

Net N mineralization  

The significant difference in net N mineralization following prescribed fire in burnt landuses 

over control was recorded. In burnt Chir Pine forest, one year post-fire, net N mineralization 

ranged from 25.3 mg kg-1 to 33.3 mg kg-1, whereas in grassland and scrubland, it ranged from 
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28.4 mg kg-1 to 33.0 mg kg-1 and 26.1 mg kg-1 to 31.4 mg kg-1, respectively (Fig. 5). Net N 

mineralization on per day basis ranged from 0.06% to 0.09% in burnt Chir Pine forest, 0.04% to 

0.09% in grassland, 0.01% to 008% in scrubland and -0.04% to 2.2% in unburnt Chir Pine site. 

Net N mineralization rate was found the highest under burnt Chir Pine forest (0.09%) at 10-15 

cm depth, and grassland (0.09%) at 0-5 cm and 5-10 cm soil depths. It was observed that burnt 

sites had higher net N mineralization as compared to unburnt sites which might be due to  the 

deposition of organic matter and non-uniformity in burnings resulting inin higher rates of net N 

mineralization. Our results arein conformation with the findings of several other studies68-70. In 

contrast, some other studies reported higher rates of net N mineralization in unburnt sites than in 

burnt sites71-73. Moreover, the contribution of ammonification towards net N mineralization was 

found higher (30%) than the nitrification. Similar results were reported by Nardoto and 

Bustamante49. However, some scientists claimed that the nitrification is the dominant process in 

N mineralization74.  In unburnt chir pine site, net immobilsation (-1.4 mg kg-1) was occurred at 0-

5 cm soil depth, which might be due to increased uptake of N from the soil by microbes. This 

corroborates the findings of Singh et al75.  

 

Conclusion 

From the present study, it was concluded that prescribed fire had a positive impact on 

ammonification as well as nitrification, though for a shorter period of time. Ammonification rate 

increased immediately post-fire and peaked with the start of rainy season, and  declined 

thereafter, while nitrification rate remained same as pre-fire levels initially for a few months 

post-fire, and then increased and peaked during the months of spring season. Prescribed fire 

accelerated the rate of net N mineralization in all the burnt landuses over control, thus, enhanced 
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the availability of N which plays an important role in determining the primary productivity of 

ecosystems. Considering the positive effect of prescribed fire on N availability and, consequently 

on ecosystem productivity, it can be used as an effective management strategy to control 

wildfires which otherwise can cause severe damage to the biodiversity and economic losses as 

well. 
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Table 1 Initial values of soil pH, Electrical Conductivity (ds m-1), Bulk Density (Mg m-3), 

Ammoniacal-N (mg kg-1) and Nitrate-N (mg kg-1) under different land uses prior to the 

initiation of fire 

                     Depths 

Properties 

and Land uses 

0-5 cm 5-10 cm 10-15 cm 

Soil pH 

Chir pine forest 5.8 5.9 5.9 

Grassland 6.1 6.2 6.4 

Scrubland  6.1 6.3 6.5 

Unburnt chir pine 5.8 5.9 5.9 

Electrical Conductivity 

Chir pine forest 0.44 0.46 0.47 

Grassland 0.51 0.53 0.54 

Scrubland  0.52 0.54 0.54 

Unburnt chir pine 0.44 0.46 0.47 

Bulk Density 

Chir pine forest 1.11 1.12 1.14 

Grassland 1.13 1.14 1.16 

Scrubland  1.14 1.15 1.16 

Unburnt chir pine 1.11 1.12 1.14 

Ammoniacal-N 

Chir pine forest 93.78 91.6 89.60 

Grassland 83.57 82.14 81.52 

Scrubland  82.60 81.30 80.70 

Unburnt chir pine 93.78 91.60 89.60 

Nitrate-N 

Chir pine forest 51.20 54.60 51.80 

Grassland 49.30 53.80 51.60 

Scrubland  50.20 53.10 50.70 

Unburnt chir pine 51.20 54.60 51.80 
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Table 2: Ammoniacal-nitrogen content post-prescribed fire at different depths (April, 2018-

March, 2019) 

Months 

(M) 

0-5 cm  

Mean 

5-10 cm Me

an 

10-15 cm Mea

n BC G S UB

C 

BC G S UB

C 

BC G S UB

C 

April, 

2018 
110.82 

96.7

2 
95.58 

94.1

4 
99.32 

106.1

0 

94.1

2 

93.

40 

92.

96 

96.

65 

105.

06 

93.

52 

92.

38 

91.

92 

95.7

2 

May, 

2018 
112.38 

97.5

4 
97.06 

93.6

6 

100.1

6 

108.8

8 

96.8

2 

95.

84 

90.

06 

97.

90 

106.

80 

95.

06 

94.

98 

92.

49 

97.3

3 

June,  

2018 
114.64 

99.5

0 
98.76 

92.9

6 

101.4

7 

111.4

4 

97.7

8 

96.

98 

89.

64 

98.

96 

107.

04 

96.

70 

95.

08 

90.

08 

97.2

3 

July,  

2018 
116.96 

100.

80 
99.14 

94.4

8 

102.8

5 

113.3

4 

98.9

0 

98.

14 

91.

12 

100

.8 

108.

88 

97.

78 

96.

52 

92.

22 

98.8

5 

August,  

2018 
111.18 

99.1

2 
99.28 

94.8

0 

101.1

0 

110.4

0 

96.5

2 

96.

12 

92.

49 

98.

88 

105.

98 

94.

44 

93.

42 

92.

64 

96.6

2 

Septembe

r, 2018 
106.84 

98.2

4 
96.18 

95.6

6 
99.23 

105.9

8 

96.0

8 

95.

78 

92.

92 

97.

69 

101.

58 

93.

42 

92.

38 

93.

32 

95.1

8 

October,  

2018 
104.78 

97.9

0 
95.42 

95.1

8 
98.32 

101.5

8 

95.0

8 

94.

44 

92.

52 

95.

91 

99.2

8 

91.

92 

90.

92 

92.

16 

93.5

7 

Novembe

r, 2018 
101.58 

97.2

6 
94.32 

95.4

2 
97.15 99.94 

94.9

8 

92.

64 

93.

42 

95.

25 

96.1

8 

89.

14 

88.

38 

91.

80 

91.3

8 

December

, 2018 
99.28 

98.2

4 
92.38 

94.9

8 
96.22 98.24 

94.0

2 

91.

44 

92.

22 

93.

98 

95.4

2 

88.

74 

87.

58 

93.

32 

91.2

7 
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January, 

 2019 
96.18 

95.8

4 
90.26 

93.8

6 
94.04 95.42 

93.3

2 

90.

08 

94.

28 

93.

28 

93.0

2 

86.

78 

85.

98 

94.

80 

90.1

5 

February,  

2019 
93.66 

94.1

6 
89.50 

93.2

2 
92.64 92.38 

91.8

0 

88.

74 

94.

80 

91.

93 

91.8

0 

86.

18 

84.

76 

93.

60 

89.0

9 

March,  

2019 
93.04 

92.5

4 
88.38 

92.9

4 
91.73 91.12 

90.9

2 

87.

58 

93.

02 

90.

66 

90.0

8 

85.

16 

84.

58 

91.

04 

87.7

2 

Mean 
105.11 

97.3

2 
94.69 

94.2

8 
 

102.9

0 

95.0

3 

93.

43 

92.

46 
 

100.

09 

91.

57 

90.

58 

92.

45 
 

CD0.05  

M 1.74 1.60 1.61 

 L 1.00 0.92 0.93 

M×L 3.47 3.19 3.23 

(BC= Burnt Chir Pine; G=Grassland; S=Scrubland;  UBC= Unburnt  Chir Pine;  M= Month;  

L=Landuses) 
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Table 3: Nitrate-nitrogen content post-prescribed fire at different depths (April, 2018-March, 

2019) 

Months 

(M) 

0-5 cm  

Mean 

5-10 cm Me

an 

10-15 cm Mea

n BC G S UB

C 

BC G S UB

C 

BC G S UB

C 

April, 

2018 
52.00 

51.9

2 
51.32 

49.8

6 
51.28 57.10 

55.5

0 

54.

14 

51.

66 

54.

60 

53.3

8 

52.

70 

52.

50 

50.

86 

52.3

6 

May, 

2018 
51.92 

52.7

4 
52.58 

48.8

8 
51.53 59.46 

57.7

8 

57.

52 

51.

50 

56.

57 

53.0

6 

52.

58 

52.

12 

50.

50 

52.0

7 

June,  

2018 
54.92 

53.7

6 
52.86 

49.5

4 
52.77 61.26 

59.6

0 

59.

46 

51.

90 

58.

05 

59.6

6 

57.

40 

56.

06 

51.

90 

56.2

6 

July,  

2018 
59.42 

58.9

6 
58.40 

47.3

0 
56.02 64.22 

61.1

2 

61.

46 

50.

92 

59.

43 

62.6

2 

60.

32 

60.

86 

52.

12 

58.9

8 

August,  

2018 
64.54 

62.5

4 
61.78 

48.9

6 
59.46 67.32 

63.7

0 

63.

46 

51.

98 

61.

62 

66.5

2 

62.

90 

63.

46 

52.

58 

61.3

7 

Septembe

r, 2018 
66.54 

63.9

6 
64.42 

50.8

0 
61.43 69.92 

65.9

2 

64.

78 

52.

62 

63.

31 

68.9

2 

64.

92 

64.

18 

51.

62 

62.4

1 

October,  

2018 
71.10 

67.0

8 
65.78 

51.4

4 
63.85 73.66 

70.3

4 

71.

12 

53.

42 

67.

14 

72.2

6 

69.

54 

70.

32 

52.

42 

66.1

4 

Novembe

r, 2018 
73.20 

70.0

0 
69.24 

52.0

4 
66.12 76.08 

71.0

2 

71.

90 

52.

12 

67.

78 

74.8

8 

70.

02 

70.

70 

51.

52 

66.7

8 

December

, 2018 
69.68 

63.8

6 
63.74 

49.5

4 
61.71 76.20 

65.9

2 

66.

90 

51.

36 

65.

10 

74.8

0 

64.

52 

65.

80 

50.

76 

63.9

7 

January, 

 2019 
71.54 

64.9

4 
64.08 

49.4

6 
62.51 78.68 

73.6

2 

72.

46 

51.

34 

69.

03 

78.6

8 

72.

82 

71.

46 

50.

74 

68.4

3 

February,  

2019 
75.54 

67.7

6 
66.98 

48.8

4 
64.78 82.12 

77.1

0 

78.

82 

50.

84 

72.

22 

81.7

2 

76.

10 

77.

82 

49.

84 

71.3

7 

March,  

2019 
77.22 

71.3

0 
70.50 

50.6

8 
67.43 85.18 

77.9

6 

78.

22 

53.

72 

73.

77 

84.5

8 

76.

36 

77.

42 

52.

52 

72.7

2 

Mean 
65.64 

62.4

0 
61.81 

49.7

8 
 70.93 

66.6

3 

66.

69 

51.

95 
 

69.2

6 

65.

02 

65.

23 

51.

45 
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CD0.05  

M 1.71 1.40 1.51 

 L 0.99 0.81 0.87 

M×L 3.41 2.80 3.02 

   

(BC= Burnt Chir Pine; G=Grassland; S=Scrubland;  UBC= Unburnt  Chir Pine;   M= Month;  

L=Landuses) 

 

 

 

 

 

 

 

 

Figure’s legends 

Fig. 1 Agro-meteorological data of the study area (March 2018 – March 2019) 

 

Fig.2 Location of landuses at Dr. YS Parmar University of Horticulture and Forestry, Solan, 

India 

Fig. 3 Ammonification (mg kg-1) under different landuses at monthly intervals (a) 0-5 cm; (b) 5-

10 cm; (c) 10-15 cm 

Fig. 4 Nitrification (mg kg-1) under different landuses at montly intervals (a) 0-5 cm; (b) 5-10 cm ; 

(c) 10-15 cm 

Fig. 5 Net N mineralization (mg kg-1) in soil under different land uses at different depths 
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Fig. 5 




