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Introduction 
 

Groundnut, (Arachis hypogaea L.) is the 

premier oilseed crop of India mainly grown 

under rainfed conditions as a sole crop and 

intercrop during kharif and rabi seasons. 

During the year 2014-15 there was a 

production of 6.68 million tons of groundnut 

from an area of 4.19 million ha with an 

average yield of 1591 kg ha
-1

 in India 

(Directorate of Groundnut Research, 

Junagadh). Globally, India ranks first in area, 

fifth in terms of productivity and second in 

production after China. Though India occupies 

a unique position with respect to area as well 

as production, the average production and 

yield per ha of groundnut is comparatively 

very low. 

 

Long-term fertility experiments provide 

valuable information on impact of continuous 

use of fertilizers with organics and varying 

combinations of inorganics on soil fertility and 

crop productivity and become good platform 

for monitoring the changes in soil fertility and 

productivity. These long-term studies are 
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A long-term field experiment was started at the Regional Agricultural Research Station, 

Tirupati of Acharya N.G. Ranga Agricultural University during kharif-1981. The present 

study was undertaken during kharif-2015 with a prime objective of monitoring the changes 

in concentration over a period of time. The soil of the experimental field was red sandy 

loam (Haplustalf). The experiment has eleven treatments each replicated four times in a 

randomized block design. The pH, EC and organic carbon of the soil was not significantly 

influenced by different treatments in both the surface and subsurface soil.The free calcium 

carbonate of surface soil was significantly influenced by different treatments whereas sub 

surface soil was not significantly influenced by different treatments. The available N of 

surface soil was ranged from140.3 to 184.6 with a mean value of 165.0. However, highest 

significant value was recorded in FYM alone treated plot (T2) (184.6).Available P, K, 

content of the soil decreased in all the treatments studied as compared to its initial status of 

P (20.2 kg ha
-1

) in both the surface and subsurface soil. The exchangeable calcium of 

surface soil was ranged from 2.32 to 4.39 with a mean value of 3.37. The exchangeable 

magnesium in surface soil ranged from 1.80 to 2.74. 
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important for examination and quantification 

of cultivation based changes in agro-eco-

systems and enables the evaluation of effect of 

continuous fertilizer application on different 

nutrient concentrations in soil. Long-term 

fertilizers trial on groundnut has been 

conducting since 34 years at Regional 

Agricultural Research Station, Tirupati. Hence 

the present investigation was undertaken to 

study the long-term effect of manure and 

fertilizers on soil physico-chemical and 

chemical properties in rainfed groundnut 

growing alfisols with test crop groundnut, 

Dharani variety. 

 

Materials and Methods 

 

Soil samples were collected at sowing of the 

crop at two depths i.e., 0-15 and 15-30 cm. 

soil pH, EC and organic carbon were 

determined by Jackson(1973), Richards et al., 

(1954) and Walkley and Black wet oxidation 

method (1934).The free calcium carbonate 

content of the soil was determined from Piper, 

(1966). The available nitrogen was determined 

by alkaline permanganate method (Subbaiah 

and Asija 1956), phosphorus by Bray and 

Kurtz (1954) and available potassium by 

Jackson (1973).Exchangeable calcium and 

magnesium were determined by following 

versenate titration method (Vogel, 1978) and 

expressed as cmol (p+) kg
-1

 of soil. Data was 

analyzed statistically for test of significance 

following the Fisher’s method of analysis of 

variance as outlined by Panse and Sukhatme 

(1985). 

 

Results and Discussion 

 

Physico-chemical properties 

 

Soil pH 

 

The pH of the soil was not influenced by 

different treatments in both the surface and 

subsurface soil. The pH of the surface soil 

ranged from 5.24 to 5.61. The highest value 

was recorded in control (T1) (5.61) followed 

by FYM alone (T2) (5.57) whereas the lowest 

value was recorded in NPK treated plot (T8) 

(5.24). The pH of the subsurface soil ranged 

from 5.22 to 5.50. The highest value was 

recorded in control plot (T1) (5.50) whereas 

the lowest was observed in NPK treated plot 

(T8) (5.22). A slight decrease in soil pH was 

observed (Table1) in all the treatments studied 

with surface and subsurface soil as compared 

to the initial soil pH (6.7) studied during the 

starting of this experiment in the year 1981. 

The trend of little variation with respect to pH 

in the surface and sub-surface soil among 

manurial and fertilizer treated plots might be 

due to the acidifying effect of different 

fertilizer combinations and FYM alone.This 

was supported by the findings of Urkurkar et 

al., (2010), Hemalatha and Chellamuthu 

(2013) and Brar et al., (2015). 

 

Electrical conductivity 

 

The EC of the soil was not significantly 

influenced by different treatments in the 

surface and subsurface soil. The EC of surface 

soil ranged from 0.04 to 0.19 and subsurface 

ranged from 0.04 to 0.09dS m
-1

. The highest 

was recorded in gypsum alone treatment plot 

(T6) (0.19) and the lowest value was recorded 

in the treatment P alone treatment plot (T4) 

(0.04). The soil is said to be normal in soluble 

salt content as per the limit suggested by 

Lakshmi et al., (2013). The trend of variation 

of EC of the soil between the treatments in 

both the soil layers was almost negligible and 

statistically non-significant. This was 

supported by Bhaskar et al., (1992) and Brar 

et al., (2015). 

 

Soil organic carbon 

 

The organic carbon content of surface soil 

ranged from 0.28 to 0.53. However, the 

highest value was observed in FYM alone 
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treated plot (T2) (0.53) followed by T3 (0.40) 

and T1 (0.39) whereas the lowest was 

observed in K alone treated plot T5 (0.28). 

With regard to the sub surface soil, the organic 

carbon ranged from 0.25 to 0.31. However, 

the highest value was observed in NPK + L 

(T10) (0.31) whereas the lowest value was 

observed in P alone treated plot (T4) (0.25) 

and K alone treated plot (T5) (0.25). The soil 

organic carbon content did not influenced by 

the different treatments in both the surface and 

sub-surface soil.  

 

However, numerical differences were 

observed among the different fertilizer 

combinations and FYM alone in the surface 

and sub-surface soil. the accumulation of 

organic matter in the surface soil was more in 

the FYM alone treated plot (T2) (0.53 per 

cent) as compared to rest of the treatments 

(0.28 per cent to 0.39 per cent) This might be 

due to the supply of organic matter through 

application of FYM to the soil @ 5t ha
-1

 once 

in three years continuously for the last 34 

years. 

 

Free calcium carbonate (%) 

 

The free calcium carbonate of surface soil 

ranged from 0.24 to 0.46 with a mean value of 

0.33. However, the highest significant value 

was observed in FYM alone treated plot (T2) 

(0.46) which was on par with K alone treated 

plot (T5) (0.45). Lowest value was observed in 

gypsum alone treated plot (T6) (0.24) which 

was on par with T9 (0.26) (Table1).  

 

With regard to sub surface soil, the free 

calcium carbonate was ranged from 0.19 to 

0.43. However highest value was recorded in 

FYM alone treated plot (T2) (0.43) and lowest 

value was observed in gypsum alone treated 

plot (T6) (0.19).In general, the alfisols of 

chittoor district had a low content of free lime. 

This was supported by Ranganayakulu et al., 

1986 and Munaswamy et al., 1989. 

Major nutrients 

 

Available nitrogen 

 

The available N of the surface soil was ranged 

from140.3 to 184.6 with a mean value of 

165.0. However, highest significant value was 

recorded in FYM alone treated plot (T2) 

(184.6) which was on par with N alone treated 

plot (T3) (181.4) whereas lowest was observed 

in control plot (T1) (140.3).  

 

In the sub surface soil available N ranged from 

129.9 to 178.2 with a mean value of 157.5. 

However, highest significant value was 

recorded in FYM alone treated plot (T2) 

(178.2) whereas lowest was observed in 

control plot (T1) (129.9).  

 

From the results (Table-2) it could be noticed 

that the available nitrogen was said to be low 

irrespective of the treatments studied as per 

the rating chart given by Muhr et al., (1965). 

The accumulation of higher amount of 

available nitrogen in the FYM treated plot as 

compared to other treatments might be due to 

supplying of FYM to the soil once in three 

years for the last 34 years. Similar results were 

also obtained by Babu et al., (2007). 

 

Available phosphorus 

 

The available phosphorus content of the 

surface soil ranged from 46.5 to 25.4 with a 

mean value of 38.3. However, significantly 

highest value was observed in 

NPK+gypsum+ZnSO4 (T11) (46.5) which was 

on par with T8 (44.4), T2 (44.0), T10 (43.7), T5 

(43.2) and T9 (42.8) whereas lowest value was 

observed in control plot (T1) (25.4). In the sub 

surface soil ranged from 24.7 to 41.6 with a 

mean value of 34.7. However, significantly 

highest value was observed in 

NPK+G+ZnSO4 (T11) (41.6) which was on par 

with T8 (40.9), T10 (40.8), T9 (40.0), T2 (39.1) 

and T5 (36.5). 
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Table.1 Soil physico-chemical properties of experimental field as influenced by long-term application of manure and fertilizers 

 

 

Table.2 Soil available macronutrients (kg ha
-1

) and secondary nutrients (Ca and Mg) of experimental field at sowing as influenced by 

long-term application of manure and fertilizers 

 
Treatments Nitrogen (kg ha-1) Phosphorus (kg ha-1) Potassium (kg ha-1) Exchangeable 

calcium(cmol (p+) kg-1) 

Exchangeable Magnesium 

(cmol (p+) kg-1) 

  0-15cm 15-30cm 0-15cm 15-30cm 0-15cm 15-30cm 0-15cm 15-30cm 0-15cm 15-30cm 

T1 Control 140.3 129.9 25.4 26.6 170.35 102.15 2.32 3.38 1.80 1.86 

T2 FYM @ 5 t ha-1 184.6 178.2 44.0 39.1 157.95 94.92 3.11 3.58 2.45 2.48 

T3 N @ 20 kg ha-1 181.4 170.5 32.4 27.8 181.72 136.59 3.29 3.46 2.21 2.24 

T4 P @ 10 kg ha-1 157.7 158.4 36.7 33.2 147.39 100.60 2.98 3.50 2.02 2.08 

T5 K @ 25 kg ha-1 153.9 143.5 43.2 36.5 312.43 253.54 3.37 3.59 1.97 2.03 

T6 Gypsum @ 250 kg ha-1 156.7 154.2 27.0 24.7 135.35 99.71 4.39 4.56 1.92 1.97 

T7 NP 162.6 153.4 35.2 30.2 136.72 86.21 3.06 3.34 2.74 3.01 

T8 NPK 169.6 159.1 44.4 40.9 187.88 126.98 3.08 3.43 2.67 2.70 

T9 NPK+G 165.7 154.7 42.8 40.0 227.28 104.35 3.98 4.16 2.30 2.37 

T10 NPK+L 169.2 164.4 43.7 40.8 203.67 135.52 3.52 4.10 2.14 2.16 

T11 NPK+G+ZnSO4 173.4 166.2 46.5 41.6 178.67 97.69 3.96 4.20 2.41 2.52 

SEm+ 3.83 2.15 2.23 2.02 3.62 1.60 0.02 0.29 0.22 0.30 

CD (P=0.05) 11.10 6.24 6.48 5.85 10.51 4.65 0.03 NS NS NS 

Note: G = Gypsum, L= Lime @ 100 kg ha
-1

, ZnSO4 @ 25 kg ha
-1

 

Treatments pH Electrical conductivity (dSm-1) Organic carbon (%) Free calcium carbonate (%) 

0-15cm 15-30cm 0-15cm 15-30cm 0-15cm 15-30cm 0-15cm 15-30cm 

T1 Control 5.61 5.50 0.05 0.05 0.39 0.29 0.37 0.30 

T2 FYM @ 5 t ha-1 5.57 5.43 0.08 0.07 0.53 0.29 0.46 0.43 

T3 N @ 20 kg ha-1 5.44 5.39 0.05 0.04 0.40 0.28 0.29 0.28 

T4 P @ 10 kg ha-1 5.39 5.36 0.04 0.07 0.34 0.25 0.36 0.30 

T5 K @ 25 kg ha-1 5.37 5.32 0.05 0.05 0.28 0.25 0.45 0.36 

T6 Gypsum @ 250 kg ha-1 5.35 5.30 0.19 0.07 0.36 0.29 0.24 0.19 

T7 NP 5.32 5.30 0.05 0.09 0.34 0.28 0.29 0.26 

T8 NPK 5.24 5.22 0.07 0.06 0.32 0.29 0.31 0.24 

T9 NPK+G 5.41 5.30 0.08 0.08 0.37 0.30 0.26 0.25 

T10 NPK+L 5.54 5.41 0.18 0.06 0.38 0.31 0.34 0.26 

T11NPK+G+ZnSO4 5.44 5.33 0.12 0.06 0.32 0.30 0.31 0.29 

SEm+ 0.08 0.05 0.04 0.01 0.05 0.05 0.01 0.04 

CD (P=0.05) NS NS NS NS NS NS 0.02 NS 
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The accumulation of considerable amount of 

available phosphorus in the treatment NPK + 

gypsum + ZnSO4 (T11) both in the surface 

(46.5 kg ha
-1

) and sub-surface (41.6 kg ha
-1

) 

soil as compared to rest of the treatments 

might be due to the blocking of available 

phosphorus which lead to formation of 

tricalcium phosphate. The formation of 

tricalcium phosphate might be due to 

presence of considerable amount of calcium 

in the soil. Large buildup of available 

phosphorus in the fertilizer and manurial 

treatments under long-term experiment on 

groundnut crop was also reported by 

Srinivasarao et al., (2013). 

 

Available potassium 

 

The available potassium content of surface 

soil was ranged from 135.35 to 312.43 with a 

mean value of 185.40. However, highest 

significant value was observed in K alone 

treated plot T5 (312.43) whereas lowest 

significant value was observed in gypsum 

alone treated plot (T6) (135.35).  

 

In the sub surface soil was ranged from 86.21 

to 253.54 with a mean value of 121.66. 

However, highest significant value was 

observed in K alone treated plot (T5) (253.54) 

whereas lowest significant value was 

observed in NP (T7) (86.21).  

 

The results (Table-2) indicated that the 

available-K content was said to be medium to 

high in surface soil and low to medium in the 

sub surface soil as per the rating chart 

suggested by Muhr et al., (1965).  

 

The buildup of soil available potassium in the 

K alone treated plot and K inclusive fertilizer 

combinations might be due to the additional 

potassium applied since long time in the long-

term manurial and fertilizer trial. Similar 

results were also reported by Singh et al., 

(2009) and Babu et al., (2007). 

Exchangeable Calcium  

 

The exchangeable calcium of the surface soil 

was ranged from 2.32 to 4.39 with a mean 

value of 3.37. However, highest significant 

value was observed in gypsum alone treated 

plot (T6) (4.39). The next best treatment was 

observed in NPK+G (T9) (3.98) which was on 

par with T11 (3.96) whereas the lowest value 

was observed in control plot (T1) (3.38). In 

The sub surface soil was ranged from 4.56 to 

3.38. However, highest value was observed in 

gypsum alone treated plot (T6) (4.56) whereas 

the lowest value was observed in control plot 

(T1) (3.38). In general, exchangeable calcium 

was relatively higher in the surface soil as 

compared to that of sub surface soil. 

 

The exchangeable calcium both in the surface 

and sub-surface from the table-2 was said to 

be high as per the limits suggested by 

Pasricha and Sarkar (2002). The higher value 

of exchangeable calcium in gypsum alone 

treated plot both in surface and sub-surface 

soil might be due to continuous application of 

gypsum @ of 250 kg ha
-1

 for the last 34 years. 

These results were in conformity with 

findings of Babu et al., (2008). 

 

Exchangeable Magnesium 

 

The exchangeable magnesium in surface soil 

ranged from 1.80 to 2.74. However, highest 

value was observed in NP treated plot (T7) 

(2.74) whereas lowest value was observed in 

control plot (T1) (1.80). The exchangeable 

magnesium in sub surface soil ranged from 

1.86 to 3.01 (Table 3).  

 

However highest value was observed in NP 

treated plot (T7) (3.01) whereas the lowest 

value was observed in control plot (T1) (1.86). 

The higher exchangeable magnesium was 

recorded in K inclusive fertilizer 

combinations and similar results were 

reported by Nathiya and Sanjiv, (2015). 
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The present study revealed that the long-term 

application of fertilizers and manure 

improved the soil physico-chemical and 

chemical properties. Over a period of time, 

depletion of the nutrients was observed in the 

control, whereas, the application of manure 

and fertilizers has maintained good soil health 

and nutrients in soil in sustainable manner 

there by to achieve higher yields. 
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