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Abstract 

Our study on soil N dynamics was conducted in the year 2015 after wheat. It focused on the effects of 

soil managements with sole and combined applications of mineral and organic fertilizers in the long-term 

experiment conducted since 1999 at instructional farm, College of Agriculture, Junagadh Agricultural 

University, Junagadh, Gujarat. The long-term fertilizer experiment included twelve fertilization 

treatments and each treatment had four replicates were arranged in a randomized block design. With 

respect to forms of nitrogen it can be deduced that there was a declined in soil nitrogen levels. After 16 

year application of sole and combined applications of mineral and organic fertilizers in the long-term 

fertilizer experiment the available-N status marginally increased in treatments which received FYM (T8 

and T9). At initial stage of experiment (1st year) average available nitrogen status of LTFE soils falls 

under medium range (250-500 kg N ha-1), but after 16th year all treatments exhibited low range of 

available nitrogen status in soil, except treatments which received FYM (T8 and T9) which showed 

medium range in available-N status of long term fertilizer experiment soils. The overall, organic carbon 

and total-N status increased significantly after 16 year of experiment, whereas ammonical-N and nitrate–

N status of LTFE soils in general decreased after long run, but ammonical-N increased in the treatment 

T10 due to fixation of atmospheric nitrogen by Rhizobium bacteria. It was established here that for 

maintaining N fertility of soil at long run, addition of FYM is essential with inorganic fertilizers. In long 

term fertilizer experiment soils, the per cent depletion of different forms of nitrogen was interesting under 

all treatments. The total-N and organic carbon showed negative depletion after a span of 16 year, whereas 

mixed trend was observed in available-N fraction, where maximum positive per cent depletion was 

recorded in T7 and T12 treatment and maximum negative per cent depletion was noted in T9 treatment 

which received FYM. 

 

Keywords: Integrated nutrient management, nitrogen fraction, long term fertilizer experiment, 

calcareous soils 

 

Introduction 

Nitrogen is an important element for plant life. In the importance it comes only next to carbon, 

hydrogen and oxygen as it figures in the composition of proteins, nucleic acid, growth 

hormones, vitamins etc. It is also one of the main structural components of a living organism. 

Soil nitrogen is primarily in the organic fraction of the soil. The atmosphere above the soil 

contains 79 % nitrogen, but this nitrogen can only be used directly by leguminous plants, 

which have symbiotic nitrogen-fixing microorganisms, such as Rhizobium, in nodules on their 

roots. In the lithosphere, igneous rocks are the main source of soil nitrogen (Stevenson, 1986) 

[19]. Most of the nitrogen in the plough layer of arable soils is present in a continuum of 

complex organic form (Kelley and Stevenson, 1995) [9], hence only a small proportion of total 

N is present in the available forms (NH4
+ and NO3

-) in the soil. Nitrate is first reduced to 

ammonium level in a series of steps in order to be absorbed by the plants. The average Indian 

soil contains about 0.05 per cent nitrogen. To supplement N, along with organic sources, 

extensive and continuous application of mineral fertilizers stimulate mineralization and 

immobilization, thereby influencing the biological transformation of the nitrogen in soil 

(Duhan et al., 2005) [5]. 
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Nitrogen occurs in soil as inorganic and organic compounds. 

Nitrates and nitrites of calcium, potassium etc. are the main 

inorganic forms of nitrogen, while organic form chiefly the 

proteins. The mineral N of the soil exists as NH4
+, NO3

- and 

sometimes NO2
- either in soil solution, on exchange sites of 

soil particles or as NH4
+ held by clay minerals. Some gaseous 

nitrogen may also be found in the soils atmosphere and 

dissolved in soil solution. In most soils, about 95-98 % of 

total N is bound in organic compounds, and the rest is in 

inorganic forms which, except in soils containing much fixed 

ammonium, are easily available to plants (Stevenson, 1982). 

In the tropics, available N is rarely adequate for plant growth 

unless it is replenished by organic N mineralization. 

Continuous addition of fertilizer N along with organic 

manures is known to stimulate mineralization and 

immobilization (Asami, 1971) [1], thereby affecting the levels 

of different organic and inorganic soil N fractions. 

Considering this fact, there is a urgent need to study the 

dynamics of different fractionsof nitrogen under intensive 

cropping system and hence, the present investigation was 

planned. 

 

Materials and Methods 

Study Site Description 

The AICRP LTFE was started in the year 1999 at 

Instructional Farm, College of Agriculture, Junagadh 

Agricultural University at Junagadh to study the effect of 

continuous application of fertilizers (N, P, and K) and manure 

in a groundnut-wheat crop rotation. In present work of LTFE 

soils, which was started 16 years back on Typic Haplustepts 

calcareous clay soil, there was addition of different amounts 

of major nutrients fertilizers, which changes in soil status in 

terms of major nutrients as well as soil organic carbon 

fraction content in soil. The LTFE experiment site is situated 

between 20.39o to 21.8oN latitude and 69.0o to 72.3oE 

longitude with altitude of 60 meters above the mean sea level. 

The climate is subtropical in Junagadh. The average annual 

temperature is 25.7 °C in Junagadh. Average annual rainfall is 

about 903 mm with 45 rainy days. About 91% of the annual 

rainfall is received during southwest monsoon season (June-

September).  

 

Soil Description 
The experiment soils are calcareous in nature derived from 

trap basalt, lime stone and sand stone under semi arid climate. 

Taxonomically, the soil is classified as Haplustepts. The soil 

is dominated by smectite group of clay minerals, which give 

rise to mild cracking in dry season, due to which it is further 

classified as Typic Haplustepts at sub group level. The 

experimental soils was calcareous (CaCO3- 42.2 %) in nature, 

alkaline in reaction (pH 8.2), free from salinity (EC2.5-0.19 dS 

m-1), had CEC 27.3 cmol (p+) kg and clayey in texture. From 

fertility point of views, it was medium in available nitrogen 

(271.23 kg ha-1), low in available phosphorus (P2O5-25.51 kg 

ha-1) but high in available potassium (K2O-363.57 kg ha-1).  

 

Treatments 

The long-term fertilizer experiment included twelve 

fertilization treatments and each treatment had four replicates 

were arranged in a randomized block design. All plots were 

continuously under groundnut - wheat rotation from the 

beginning of the experiment. The twelve treatments were T1- 

50 % NPK of recommended doses in Groundnut-wheat 

sequence, T2- 100 % N P K of recommended doses in 

Groundnut -wheat sequence, T3 -150 %N P K of 

recommended doses in Groundnut -wheat sequence,T4 - 100 

% N P K of recommended doses in Groundnut –wheat 

sequence + ZnSO4 @ 50 kg ha-1 once in three year to 

Groundnut only (i.e. 99, 02, 05 etc.), T5 - N P K as per soil 

test,T6 - 100 % N P of recommended doses in Groundnut –

wheat sequence, T7 - 100 % N of recommended doses in 

Groundnut -wheat sequence, T8 - 50 % N P K of 

recommended doses+ FYM @ 10 t ha-1 to Groundnut and 100 

% N P K to wheat, T9 - Only FYM @ 25 t ha-1to Groundnut 

only, T10 - 50 % N P K of recommended doses + Rhizobium + 

PSM to Groundnut and100 % N P K to wheat, T11 - 100 % N 

P K of recommended doses in Groundnut -wheat sequence (P 

as SSP) and T12 –Control. 

 

Soil sampling and analysis 

In the experiment, groundnut crop was grown during kharif 

1999-2000 and wheat crop was grown during rabi1999-2000. 

The soil samples were collected during three periods (1st and 

16thyears), initial year (1999- before Groundnut) and 16thyear 

(2015- after Wheat). For the present study, soil samples were 

collected after crop harvest with the help of tube auger from 

the each plot of the above mentioned treatments representing 

the plough layer (20 cm). These soil samples were cleaned 

and air-dried. The soil samples, after air-drying, were ground 

with wooden mortar and pestle to pass through a 2 mm plastic 

sieve. The bulk soil samples were stored in polyethylene bags 

for chemical analysis. 

The soil samples were analyzed for determining the forms of 

nitrogen on the basis of method mentioned below.  

Total Nitrogen: Total nitrogen was determined by the 

modified kjeldahal method (Jackson, 1973).  

Available nitrogen: Available nitrogen was determined by 

alkaline permanganate method (Subbiah and Asija, 1956).  

Ammonical nitrogen: Ammonical nitrogen was determined 

by Richardson's method (Richardson, 1938) N.B. - It's 

modification of Olsen method.  

Nitrate nitrogen: Nitrate nitrogen was determined after 

Olsens extraction for ammonia (Olsen, 1929) [10].  

Organic carbon: Organic carbon was determined by wet 

oxidation method (Walkley and Black, 1935) [22].  

*Depletion percent: These nutrients depleted from soil by 

different cycles were calculated by the formula: 

 

 
 

Statistical Analysis  
All the analytical data recorded during the course of 

investigation were subjected to statistical analysis by using 

Randomized Block Design. Statistical analysis was completed 

using the SPSS 16.0 software package for Windows. 

Statistically significant differences were identified using 

analysis of variance ANOVA. As per the method outlined by 

Panse and Sukhatme (1985) [11], the value of test at 5 and 1 per 

cent level of significant was determine and the values of SEm, 

CV per cent also calculate. The pooled analysis of two cycles 

of data was carried out as per procedure suggested by 

Cochran and Cox (1967) [4]. 

 

Result and Discussion 

Available Nitrogen 
The available nitrogen status of LTFE soils showed non-

significant difference among the treatments in 1st year, 16th 
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year and pooled result. Year x treatment interaction was also 

found significant (Table-1). In 1styear the non-significantly 

higher value of available-N was observed under the 

application of 100 % N to groundnut-wheat sequence. But 

after 16year the non-significant highest value of available N 

was observed under application of FYM @ 25 t/ha to 

groundnut only (T9 ) followed by 50 % NPK of RDF + FYM 

@ 10 t ha-1 to groundnut-wheat sequence & 100% NPK to 

wheat (T8). This results was in confirmation with the finding 

of Varalakshmi et al.,(2005) who reported that available N 

significantly improved with the use of 100 % recommended 

fertilizer + 7.5 t FYM ha-1. There was overall decreased in 

available N status of soil after a period of 16 year than initial 

year but it was marginally increased in treatments which 

received FYM and NPK as per soil test. This might be due to 

increase in organic matter content of soil due to application of 

FYM and fulfill crops requirement through soil test bases. 

The increasing N status in FYM received plot, it could be 

resulted due to better biological activities in the presence of 

FYM. Similarly, Shilpashree et al., (2012) [16] reported that 

significantly lower available nitrogen status was recorded in 

the treatments which received nitrogen only through 

fertilizers and without any organic matter application 

including absolute control compared to all other treatments 

and Eresha et al., (2016) [6] was also reported that the higher 

available nitrogen was recorded in treatment receiving FYM 

along with inorganic fertilizers in long term fertilizer 

experiment (LTFE). 

 
Table 1: Status of available nitrogen in soils of LTFE in 1st year and after 16th year. 

 

Treatment 
Available N ( kg ha-1 ) 

1st year 16th year Pooled 

T1 252.84 262.07 257.46 

T2 296.35 272.19 284.27 

T3 249.31 248.30 248.81 

T4 262.64 269.36 266.00 

T5 235.98 246.11 241.05 

T6 261.46 244.09 252.78 

T7 299.88 241.45 270.67 

T8 264.21 278.60 271.41 

T9 261.46 283.23 272.35 

T10 292.04 264.43 278.24 

T11 292.04 267.22 279.63 

T12 286.55 243.28 264.91 

MEAN 271.23 260.03 265.63 

S.Em.± 23.53 16.38 14.34 

C.D. at 5 % NS NS NS 

C.V. % 17.35 12.60 15.27 

 

 

Organic carbon (O.C.) 

The organic carbon showed significant difference in 16th year 

and pooled result and it was recorded higher under application 

of FYM @ 25 t ha-1 to groundnut only (T9) followed by 50 % 

NPK of RDF + FYM @ 10 t ha-1 to groundnut-wheat 

sequence and 100 % NPK to wheat (T8). In long term, there 

seems to be an increase in soil organic carbon after 16th year 

of experimentation (Table-2). This increase in organic carbon 

content could be due to enhanced root development of crop 

resulting in higher residues as a result of intensive farming 

with continuous fertilizer applications. This increase was 

attributed to the addition of FYM, because addition of organic 

manure helps to stimulate the growth and activity of 

microorganism, thus resulting in the improvement of root and 

shoot growth, leading to production of higher biomass which 

increased soil organic carbon (Kaur et al., 2008). Reddy et al., 

(2017) was also found that among the various treatment 

continuous use of farm yard manure with 100 % NPK 

treatment resulted in highest organic carbon content in soil 

compared to other treatments. There was overall increased in 

organic carbon status of LTFE soils after16th year as 

compared to initial status of soil (1st year). In 1st year the non-

significantly higher value of organic carbon was observed 

under 50 % NPK of RDF in Groundnut-Wheat sequence (T1) 

treatment followed by T6 (150 % NPK of RDF in Groundnut-

Wheat sequence). The FYM application improved soil 

physical condition, ultimately root growth increases and more 

biomass added to the soil, seems to increases organic carbon 

status of the particular soil. 

 
Table 2: Status of organic carbon and total nitrogen in soils of LTFE in 1st year and after 16th year. 

 

Treatment 
Organic carbon ( % ) Total N ( % ) 

1st year 16th year Pooled 1st year 16th year Pooled 

T1 0.615 0.621 0.618 0.053 0.053 0.053 

T2 0.548 0.677 0.612 0.047 0.058 0.053 

T3 0.510 0.668 0.589 0.044 0.058 0.051 

T4 0.555 0.684 0.619 0.048 0.059 0.053 

T5 0.525 0.670 0.597 0.045 0.058 0.051 

T6 0.600 0.621 0.610 0.052 0.054 0.053 

T7 0.510 0.631 0.571 0.044 0.054 0.049 

T8 0.563 0.758 0.660 0.048 0.066 0.057 

T9 0.525 0.790 0.657 0.045 0.068 0.057 

T10 0.563 0.649 0.606 0.048 0.056 0.052 

T11 0.563 0.667 0.615 0.048 0.058 0.053 

T12 0.540 0.631 0.586 0.047 0.054 0.050 
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MEAN 0.551 0.672 0.612 0.048 0.058 0.053 

S.Em.± 0.048 0.015 0.025 0.004 0.001 0.002 

C.D. at 5 % NS 0.044 NS NS 0.004 NS 

C.V. % 17.240 4.550 11.540 17.220 4.760 11.580 

 

Total Nitrogen 

The total nitrogen showed significant difference among 

treatment in 16th year and pooled over years and only non-

significant result were observed in 1st year (Table-2). In16th 

year and pooled, the highest value of total nitrogen was 

observed under application of FYM @ 25 t ha-1 to groundnut 

only (T9) and it was at par with 50 % NPK of RDF + FYM @ 

10 t ha-1 to groundnut-wheat sequence & 100 % NPK to 

wheat (T8)which could be resulted due to better biological 

activities in the presence of FYM. Redda and Kebede (2017) 

revealed that total N contents of the soil increased with the 

use of FYM in conjunction with inorganic fertilizers. In 1st 

year the non-significantly higher value of total nitrogen was 

observed under application of 50 % NPK of RDF in 

groundnut-wheat sequence (T1) treatment followed by 

application of 150 % NPK of RDF in groundnut-wheat 

sequence (T6). Similar resul ts were also reported by Reddy et 

al., (2003). 

 
Table 3: Status of ammonical nitrogen and nitrate nitrogen in soils of LTFE in 1st year and after 16th year. 

 

Treatment 
Ammonium-N ( mg kg-1 ) Nitrate-N ( mg kg-1) 

1st year 16th year Pooled 1st year 16th year Pooled 

T1 29.000 34.000 31.500 12.250 19.250 15.750 

T2 40.250 41.000 40.625 21.000 13.000 17.000 

T3 71.750 42.500 57.125 27.000 15.250 21.125 

T4 28.000 46.250 37.125 21.000 17.750 19.375 

T5 29.750 38.250 34.000 28.000 13.250 20.625 

T6 71.000 33.000 52.000 22.750 11.750 17.250 

T7 31.500 32.500 32.000 35.000 23.000 29.000 

T8 35.000 48.250 41.625 31.000 20.500 25.750 

T9 54.250 52.750 53.500 35.000 23.500 29.250 

T10 35.000 58.000 46.500 29.750 25.750 27.750 

T11 56.000 35.500 45.750 42.000 20.750 31.375 

T12 38.500 24.000 31.250 35.750 19.000 27.375 

MEAN 43.333 40.500 41.917 28.375 18.563 23.469 

S.Em.± 2.509 2.420 1.743 1.596 1.429 1.071 

C.D. at 5 % 7.218 6.962 NS 4.591 4.113 3.024 

C.V. % 11.580 11.950 11.760 11.250 15.400 12.910 

 

Ammonical Nitrogen 

The ammonical nitrogen showed significant difference due to 

different INM treatments in 1stand 16th year (Table-3). In first 

year, the highest value was recorded in plot of T3 treatment 

i.e. 100 % NPK RDF followed by T6 treatment i.e 100 % NP 

RDF in groundnut-wheat sequence, while in 16th year the 

highest value was recorded in plot of T10 treatment i.e50 % 

NPK + Rhizobium + PSM to groundnut and 100 % NPK to 

wheat followed by FYM @ 25 t ha-1 to groundnut only (T9). It 

might be due to fixation of atmospheric nitrogen to the soil by 

microbes and better biological activities in the present of 

FYM. This finding is corroborated with Rajani et al., (2010) 

who observed that there was an increased in ammonical-N 

and nitrate –N status of LTFE soils in the treatment with 

Rhizobium culture due to fixation of atmospheric nitrogen by 

Rhizobium bacteria. Whereas when pooled over years, the 

highest value of ammonical-N was found in T3 treatment 

followed by T9 and T6 treatment. In long run, there was a 

slight decreased in overall ammonical nitrogen status of the 

LTFE soil. The results are supported by earlier works of 

Sihag et al., (2005) [17], Balagopalan et al., (1986) [2], who 

observed that surface soil samples decrease in NH4-N.There 

was overall decrease in ammonical-N status of LTFE soils 

after a span of 16 years, but here it was interesting that in T1, 

T4 and T10 treatment ammonical-N status of that soil 

improved, that might be due to low crop yield and 

atmospheric-N fixation by Rhizobium bacteria in soil of T10 

treatment. 

 

Nitrate Nitrogen 
The significant differences found in status of nitrate-N in 

LTFE soils at 1st year and 16th year, due to various INM 

treatments (Table-3). The pooled result over years was also 

showed significant difference among treatments. Initially (1st 

year), the highest value for nitrate-N (42.0 mg kg-1) were 

recorded in plot of T11 treatment i.e 100 % NPK of 

recommended dose of Groundnut-Wheat sequence. After 16th 

year, the highest value of nitrate-N (25.75 mg kg-1) was 

recorded in plot which received T10 treatment and it was at 

par with T9i.e FYM @ 25 t ha-1 to groundnut only and T7. It 

might be due to fixation of atmospheric nitrogen by 

Rhizobium bacteria. These overall results were also in 

agreement with the work of earlier worker (Sihag et al., 2005) 

[17]. Adding green manure favored the soil conditions and 

might have helped in the mineralization of soil N leading to 

build up of increased N status in soil. Whereas, when pooled 

over years, the highest value of nitrate-N was found with T11 

treatment followed by T9 and T7 treatment. There was overall 

decrease in status of nitrate-N after 16th year as compared to 

initial year. Balagopalan et al., (1986) [2] was also reported 

similar results i.e. overall decrease of nitrate nitrogen in 

surface soil samples. 

 

Depletion per cent of different forms of nitrogen 
In LTFE soils after a span of sixteen year the total nitrogen 

showed negative depletion that means it increased (Table-4) 

and that were ranged from -0.755 in T1 (50 % NPK of 

recommended dose of Groundnut-Wheat sequence) to -50.99 

per cent in T9 (FYM @ 25 t ha-1). Similar results were also 

found in case of O. C. per cent depletion, ranged from -0.976 

in T1 to -50.476 in T9. These results were also in agreement 

with the finding of Sihag et al., (2005) [17] that, the application 
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of chemical fertilizer alone or their combined with organic 

manures significantly increased all the form of nitrogen over 

control or their initial status. Among various N fractions, 

amino acid nitrogen was dominant N fraction. Whereas 

ammonical nitrogen showed negative trend in per cent 

depletion, except in T3, T6, T9, T11 and T12 were positive 

depletion was noted, the highest per cent depletion of 

ammonical N was noted in T6 (100 % NP of recommended 

dose of Groundnut-Wheat sequence). In case of nitrate 

nitrogen, all treatments exhibited positive 

 
Table 4: Depletion per cent of different forms of nitrogen after 16 

year groundnut-wheat sequence in LTFE soils. 
 

Treat. Total-N O.C. Amm.-N Nitr.-N Av.-N 

T1 -0.755 -0.976 -17.241 -57.143 -3.652 

T2 -23.729 -23.540 -1.863 38.095 8.152 

T3 -30.682 -30.980 40.767 43.519 0.406 

T4 -23.013 -23.243 -65.179 15.476 -2.559 

T5 -27.152 -27.619 -28.571 52.679 -4.291 

T6 -3.675 -3.500 53.521 48.352 6.645 

T7 -24.146 -23.725 -3.175 34.286 19.484 

T8 -35.258 -34.636 -37.857 33.871 -5.448 

T9 -50.993 -50.476 2.765 32.857 -8.325 

T10 -15.464 -15.275 -65.714 13.445 9.453 

T11 -18.969 -18.472 36.607 50.595 8.501 

T12 -17.204 -16.852 37.662 46.853 15.102 

 

depletion, except T1, this might have been attributed to 

leaching losses and crop uptake mostly this form of nitrogen. 

Same picture was also found in case of available nitrogen, 

where the highest positive depletion was noted in treatment 

which received 100 % N (T7 ) and higher negative depletion 

was noted in both the treatments which received FYM i. e. T8 

(50 % NPK + FYM @ 10 t ha-1 to Groundnut and 100 % NPK 

to wheat) & T9 (FYM @ 25 t ha-1). These finding corroborate 

the result of Rajani et al., (2010) who observed that in LTFE 

soils the per cent depletion of different forms of nitrogen was 

interesting under all treatments. In LTFE soils the total-N and 

O.C showed negative depletion after a span of 16 year and 

available-N exhibited positive depletion in all treatments. 

 

Conclusion 

The continuous use of chemical fertilizers and amendments 

for sixteen years in a medium black calcareous Typic 

Haplustepts brought out marked increase in the different 

fractions of nitrogen viz. total nitrogen, available nitrogen, 

ammonical nitrogen, and nitrate nitrogen and organic carbon 

content compared to the untreated plots. The different 

fractions of nitrogen were higher in the plots which received 

organic and inorganic fertilizers (T8 & T9) compared to the 

plots receiving only chemical fertilizers for sixteen years. 

Application of chemical fertilizer N (NPK, NP, and NK) was 

also a feasible way to increase different fraction of nitrogen in 

soils, compared with control treatment. Continuous cropping 

without fertilization proved deleterious to soil health as it 

resulted in a marked depletion of various N fractions 

throughout the soil profile. Thus, these results suggest that 

there is a need for supplying fertilizer as per crop requirement 

along with other nutrients and organic manures to sustain N 

reserves and enhance the N availability in Typic Haplustepts 

under intensive cropping. The integrated use of optimal 

fertilizer dose with FYM could be the better proportion in 

view of the above findings as well as the additional advantage 

of creating a favorable environment with the use of the latter 

in terms of improved physical and biological properties of 

soil. 

 

Reference 

1. Asami T. Immobilization and mineralization of nitrogen 

compounds in paddy soils V. Distribution of 

immobilization nitrogen to various organic N fractions. J 

Sci. Soil Manure. 1971; 42:103-108. 

2. Balagopalan M, Jose AI, Sharma JK, Nair CTS, 

Kedharnath S, Kondas S. Distribution of organic carbon 

and different forms of nitrogen in a natural forest and 

adjacent eucalypt plantation at Arippa, Kerala. Eucalypts 

in India. Past, present and future. Proceeding of the 

national seminar held at Kerala Forest Research Institute, 

Peechi, Kerala, India. 1986, 112-119. 

3. Balaguravaih D, Adinarayana G, Prathap S, Reddy TY. 

Influence of long-term use of inorganic and organic 

manures on soil fertility and sustainability of rainfed 

groundnut in Alfisols. Journal of the Indian Society of 

Soil Science. 2005; 53:608-611. 

4. Cochran WG, Cox GM. Experimental design. 2ndEdn. 

John Wiley and Sons Inc., New York, 1967. 

5. Duhan BS, Kataria JP, Kuhad JP, Dahiya SS. Effect of 

nitrogen, farmyard manure and metribuzin on nitrogen 

transformation. J Indian Soc. Soil Sci. 2005; 53:184-187. 

6. Eresha, Gowda RC, Lingappa M, Patil S, Srinivas DK, 

Babu AG. Effect of long term manure and fertilizer 

application on major available nutrient status and sulphur 

fractions under finger millet-maize cropping system in 

Karnataka. International Journal of Farm Sciences. 2016; 

6(2):13-18. 

7. Jackson ML. Soil chemical analysis. Prentice Hall of 

Indian Pvt. Ltd., New Delhi, 1973. 

8. Kaur T, Brar BS, Dhillon NS. Soil organic matter 

dynamics as affected by long-term use of organic and 

inorganic fertilizers under maize–wheat cropping system, 

NutrCyclAgroecosyst. 2008; 81:59-69. 

9. Kelley KR, Stevenson FJ. Forms and nature of organic 

nitrogen in soil. Fert. Res. 1995; 42:1-11. 

10. Olsen C. Nitrate nitrogen was determined after extraction 

for ammonia Compt. Rend. Trav. Lab. Carlsberg. 1929; 

17:1-20. 

11. Panse VG, Sukhatme PV. Statistical methods for 

agricultural worker (Fourth Edition). ICAR, New Delhi, 

1985. 

12. Rajani AV, Patil DV, Butani BM, Naria JN, Golakiya 

BA. Dynamics of nitrogen fractions in a calcareous 

vertichaplustepts under AICRP-LTFE soils. An Asian 

Journal of Soil Science. 2010; 5(1):204-208.  

13. Redda A, Kebede F. Effects of Integrated use of Organic 

and Inorganic Fertilizers on Soil Properties Performance, 

using Rice (Oryza sativa L.) as an Indicator Crop in 

Tselemti District of north-western Tigray, Ethiopia. 

International Research Journal of Agricultural Science 

and Technology. 2017; 1(1):6-14. 

14. Reddy SK, Singh M, Tripathi AK, Singh MV, Saha MN. 

Changes in amount of organic and inorganic fractions of 

nitrogen in anEutrochrept soil after long-term cropping 

with different fertilizer and organic manure inputs. J 

Plant Nutri. Soil Sci., 2003; 166:232-238. 

15. Richardson HL. The determination of ammonical 

nitrogen. Journal of Agricultural Science. 1938; 28:73-

121. 

16. Shilpashree VM, Chidanandappa HM, Jayaprakash R, 

Punitha BC. Effect of integrated nutrient management 



 

~ 3239 ~ 

International Journal of Chemical Studies 

practices on distribution of nitrogen fractions in soil. An 

Asian Journal of Soil Science. 2012; 7(1):13-17. 

17. Sihag D, Singh JP, Mehla DS, Bhardwaj KK. Effect of 

integrated use of inorganic fertilizers and organic 

materials on the distribution of different forms of 

nitrogen and phosphorus in soil. Journal of the Indian 

Society of Coastal Agricultural Research. 2005; 53:80-

84. 

18. Stevenson FJ. Organic forms of soil nitrogen. In F. J 

Stevenson (ed.): Nitrogen in Agricultureal Soils. 

American Society of Agronomy - Soil Science of 

America. Madison. WI, 1982, 67-122. 

19. Stevenson FW. Cycles of soil C, N, P, S and 

micronutrients. John Wiley, New York, 1986, 380. 

20. Subbiah BV, Asija GL. A rapid procedure for the 

estimation of available nitrogen in soils. Cure Science. 

1956; 25:254-260. 

21. Varalakshmi LR, Srinivasmurthy CA, Bhaskar S. Effect 

of integrated use of organic manures and inorganic 

fertilizers on organic carbon, available N, P and K in 

sustaining productivity of groundnut-finger millet 

cropping system. Journal of the Indian Society of Soil 

Science. 2005; 53:315-318. 

22. Walkley A, Black IA. An examination of methods for 

determining organic carbon and nitrogen in soils. Journal 

of Agriculture Science. 1935; 25:589-609. 

23. Yamashita T, Kasuya N, Nishimura S, Takeda H. 

Comparison of two coniferous plantations in central 

Japan with respect to forest productivity, growth 

phenology and soil nitrogen dynamics. For. Ecol. 

Manage. 2004; 200:215-226.  


