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Introduction 
 

India is the 2
nd

 most populated country in the 

world after China with a population of 

17.74% of the total world population 

(www.worldmeters.info//). By 2025, India is 

going to be the world most populated country. 

In India, Rice (Oryza sativa L.) – wheat 

(Triticum aestivum L.) cropping system 

covers about 12 million hectares (Tripathi et 

al., 2011) and it is the backbone of country’s 

food security with a yield potential of 8-12 

t/ha/year (Ladha et al., 2012). Kumar et al., 

(2016), by 2030, the demand of total food 

grain will reach 311Mt involving 122 Mt of 

rice, 115 Mt of wheat, 47 Mt of coarse grains 

and 27 Mt of pulses. The use of unbalanced 

fertiliser leads to an unhealthy plants. 

Therefore, use of balanced proportions of 

fertilizer and in sufficient quantity is 

necessary. Application of balanced 

fertilisation improves HC, soil moisture 
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An investigation was carried out at LTFE, Farm, IGKV, Raipur(C.G) in order to study the 

influence of long term application of balanced and imbalanced fertilization on different 

soil physical properties under rice-wheat cropping system during kharif-2018. BD, 

hydraulic conductivity, soil moisture content (gravimetric and volumetric), total porosity 

and soil temperature significantly improved with the combined use of inorganic fertilizer 

along with FYM. The soil (cone) penetration resistance was found higher at the maturity 

stage than flowering stage of rice. The lowest value of BD 1.13m
-3

 was  achieved at depth 

of 0-5cm due to application of 100% NPK+FYM, while the application of 100% NPK + 

FYM resulted in highest HC (1.2 cm hr
-1

), gravimetric moisture content (23.5%) and the 

total porosity (57.2%). The volumetric moisture was found highest in 100% NPK + FYM 

and 150%NPK treatment at the depth of 15-20cm (32.8%).The lowest soil temperature 

was found in treatment 100%NPK + FYM (16.40C). The PR was significantly lower 2.26 

kN cm
-2

 in 100%NPK+FYM at the depth of 5cm in the flowering stage of rice crop. The 

positive significant correlations were observed between various soils physical properties, 

whereas BD was found negatively correlated except with soil temperature. Similarly, soil 

temperature is negatively correlated with all physical indices but BD. The present 

investigation shows the significance of balanced use of fertilizers along with FYM for 

improving various soil physical properties over long term conditions. 
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content, porosity and decreases bulk density 

and soil strength (cone penetration). 

Observing all the negative impact of chemical 

fertilizers on soil health arouse an idea of 

using organic materials as a nutrient source to 

conserve the physical, chemical and 

biological properties of soil from further 

deterioration. 

 

The result of uncontrolled use of mineral 

fertilizer poorly affected physicochemical 

properties of soil, which resulted in 

decreasing productivity of rice-wheat 

cropping system (Kakraliya et al.,2017). The 

soil physical, chemical and biological 

properties improve by organic manure 

application and also enhance the crop 

productivity vis-à-vis maintain soil health.  

 

The combined application of manures and 

compost resulted in higher SOC content than 

the application of the same amount of 

inorganic fertilizers. Several studies have 

reported that inorganic N application along 

with FYM in irrigated systems resulted in 

reduced bulk density, higher hydraulic 

conductivity and SOC and also improved soil 

structure and microbial communities.  

 

In general, the continuous cultivation of crops 

leads to the reduction in SOC and soil 

physical properties. A combination of organic 

amendments and inorganic fertilizers is 

considered as strategy of INM in order to 

sustain agronomic productivity and to 

improve soil fertility.  

 

The combine use of organic and inorganic 

nutrient source in INM has supplied higher 

nutrients than the use of each component 

separately (Palaniappan and Annadurai, 

2007). Long term experiments is more 

advantageous for reviewing the changes in 

soil properties and finding information on 

agricultural sustainability developing future 

strategies to maintain soil health. 

Materials and Methods 

 

The present study was conducted in kharif- 

2018at Long Term Fertilizer Experiment 

(LTFE) Farm, I.G.K.V, Raipur, Chhattisgarh 

which was initiated in 1999. The experimental 

site lies at 22
o
 33

’
 N to 21

o
 14

’ 
N latitude and 

82
o
 6

’ 
E to 81

o
 38

’ 
E Longitude with the 

altitude of 293m above MSL.  

 

The field experiment has been laid in 

Randomized Block Design (RBD) in three 

replications with ten treatments comprising 

control, N, NP, NPK at varying doses alone 

and with ZnSO4 (10 kg ha
-1

), FYM(5 t ha
-1

), 

BGA(10 kgha
-1

 dry culture) in kharif crop 

only and GM (sown in site and mixed in soil 

in kharif season only). The N, P and K were 

provided as per treatment details through 

urea, single super phosphate and muriate of 

potash, respectively. 
 

Soil sampling and analysis 
 

Soil samples were collected from four depths 

(0-5, 5-10, 10-15 and 15-20cm) from all the 

replications at the maturity stage of rice in 

2018. The soil bulk density at desired depths 

was determined by core sampler method 

(Blake, 1965). Soil moisture content was 

determined by gravimetric method whereas 

volumetric moisture content was calculated 

by using the formula ( ) = . The 

hydraulic conductivity was measured in the 

field at the depth of 0-20cm with the constant 

head in-situ method using the Guelph 

permeameter.  

 

The soil strength (Penetration resistance) was 

measured with the instrument soil static 

penetrometer at the depth of 5, 10 and 15cm. 

Soil temperature was measured with the 

instrument called soil digital thermometer and 

the soil total porosity was estimated from the 

bulk density and the particle density by using 

the equation:  
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                                         Bulk density 

Total porosity (%) = 1 - ------------------ x 100 

                                        Particle density 
 

Where, particle density was taken constant 

i.e., 2.65 Mg m
-3

. 

 

Results and Discussion 

 

The bulk density (BD) samples were taken at 

the maturity stage of rice crop at four depths 

(0.0-5, 5-10, 10-15 and 15-20cm). Significant 

differences in BD values between different 

treatments at all the depths were observed. In 

general, BD increased with increase in soil 

depth. The lower value of BD 1.13, 1.16, 1.19 

and 1.23Mg m
-3

at depth of 0-5, 5-10, 10-15 

and 15-20 were recorded in 100% NPK+FYM 

treatment and the control plot showed the 

highest i.e., 1.33, 1.36, 1.4 and 1.48 Mg m
-

3
,respectively that was on par with 

imbalanced inorganic fertilized treated plots 

(Table 1). Significant influence on bulk 

density of soils was observed under different 

organic sources over control. Suwara et al., 

(2016) found that the application of farm yard 

manure lead bulk density to decrease from 

0.03–0.09 Mg/m
3
 compared to unfertilised 

and mineral fertilized soil. Kumar et al., 

(2017) also reported the significant reduction 

in BD in the plot treated with bulky organic 

manures over in-situ green manuring and 

concentrated organic manures. Bhatt et al., 

(2017) found a significant improvement in 

BD with the combined use of inorganic 

fertilizers along with FYM in surface and sub-

surface layer by 7.71-8.55 and 7.31-8.12 

percent, respectively over the control. 

 

At the depth of 0-5cm 100%NPK + FYM 

treatment showed the highest gravimetric 

moisture content (23.5%) followed by 

150%NPK (22.2%).The gravimetric moisture 

content increased with the increase of depths 

(Table 2). So, the highest moisture content 

was found at 15-20cm depth in treatment 

100%NPK+FYM (26.6%) followed by 

150%NPK (25.2%). Gedaya et al., (2018) 

also reported the high soil moisture retention 

with the application of FYM as well as 

fertilizers. Similar finding was revealed by 

Yang at al. (2011) where the MNPK 

treatment retained more water than NPK and 

CK treated soil for 0-5cm layer at the tension 

ranges from 0 to 0.25 kPa and from 8 to 33 

kPa. 

 

The lowest gravimetric moisture was found in 

the control for all the four depths i.e., 15.7, 

17.3, 18.1 and 18.7 %, followed by 100%N 

(17.4, 18.0, 18.3 and 18.7%), respectively. 

The similar trend was also found in 

volumetric moisture content. Volumetric 

moisture was found highest in 100% NPK + 

FYM and 150 % NPK treatment at the depth 

of 15-20cm (32.8%) whereas at the upper soil 

layer 100% NPK + FYM treated plot has 

higher moisture than 150%NPK treatment 

(Table 3). The lowest volumetric moisture 

was observed under control at all the four 

depths of soil (21.2, 23.5, 25.4 and 27.6 %), 

respectively. Singh et al.(2000) also reported 

the advantage of FYM in increasing the 

moisture content. From the above results it 

gave the idea that the application of soil 

organic matter continuously into the soil 

retains more available water at deeper layer. 
 

The saturated hydraulic conductivity was 

significantly improved by the organic and 

inorganic fertilizers but the more evident 

effect was found when organic manures 

integrated along with inorganic fertilizers than 

inorganic fertilizers alone. The highest 

hydraulic conductivity (HC) was found in 

100% NPK + FYM (1.2 cm hr
-1

) and the 

control showed the lowest hydraulic 

conductivity (0.78 cm hr
-1

) (Table 4). Increase 

in HC may be due to increase soil organic 

carbon content of higher root biomass with 

application of fertilizer and more aggregate 

formation with the presence of FYM 

(Nandapure et al., 2014 and Dhaliwal et al., 

2015). Kumar et al., (2017) also reported the 
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improvement of hydraulic conductivity in 

Vertisol with the plant nutrient provided 

through organic manures. Pant et al., (2018) 

also witnessed the increase in hydraulic 

conductivity with an application of fertilizer 

and addition of FYM further indicated the 

constructive effect on soil properties. Kaje et 

al., (2018) and also witnessed the similar 

finding. Katkar et al., (2012) recorded the 

higher hydraulic conductivity in soil treated 

with NPK + farm yard manure @ 10 

tonnes/ha than 150% NPK and 100% NPK 

through chemical fertilizers without organics. 

Xin et al., (2016) also observed the use of 

balanced fertilizer enhanced the hydraulic 

conductivity than the application of 

unbalanced fertilizers. 

 

Soil strength, as measured penetration 

resistance (PR), increased with soil depth 

under balanced as well as imbalanced 

fertilization in soil (Table 5). The PR value 

was found greater at maturity stage than the 

flowering stages showing that the PR 

increases with increase in the root 

proliferation. At the depth of 5cm in the 

flowering stage of crop, PR was significantly 

lower 2.26 kN cm
-2

 in 100%NPK + FYM 

followed by 2.46 kN cm
-2 

in 50%NPK  + GM 

and 2.51 kN cm
-2

 in 150%NPK. At the depth 

of 10 cm, the PR was significantly lower 2.95 

kN cm
-2

 in 100 % NPK + FYM and 3.63 kN 

cm
-2

 in100%NPK + FYM at 15cm of depth. 

PR increased in the same fashion at all the 

depths amongst various treatments. The 

highest PR value was recorded in Control plot 

3.9, 4.59 and 6.25 kN cm
-2

 at respective 

depths. The values significantly increased 

near maturity than the flowering stage. 

Similarly, the lowest PR value was found in 

100%NPK+FYM that was at par with 

50%NPK+GM and 150%NPK for all the 

depths. The lowest PR value was 2.6kN cm
-2

 

in 100%NPK+FYM for 5cm and 3.9 and 4.0 

kN cm
-2

 for the depth of 10 and 15 cm, 

respectively were observed at maturity stage. 

The control plot had shown the highest PR 

value i.e., 4.2, 5.6 and 6.4kN cm
-2 

at all the 

depths, respectively. Celik et al., (2010) 

reported the low penetration resistance in the 

soil amended with manure and compost. 

Agarwal et al., (2010) also reported the 

significant reduction in PR due to application 

of manures whereas the increase in PR with 

depth of 25cm, then at 25-40cm it decreased 

and again increased below 40cm was 

observed by (Quang et al., 2012). The similar 

findings were reported by Bhogal et al., 

(2018). 

 

The lowest soil temperature was found in 

treatment 100%NPK + FYM i.e., 16.4
0
C and 

15.8
0
C followed by 50%NPK+GM (17.6

0
C 

and 16.5
0
C) for 0-5 and 5-10cm, respectively 

(Table 6). The highest soil temperature was 

observed under control for both the depths (0-

5 and 5-10cm) i.e., 24.2 and 23.7
0
C, 

respectively. Nwankwo et al., (2012) also 

concluded the decrease in soil temperature 

with increasing depth and thereafter started to 

increase with depth. 

 

There was a greater total porosity in the 100 

% NPK + FYM and 50% NPK + GM 

treatments compared to the control and 100% 

alone inorganic fertilizers plots in all the 

depths. The significant higher porosity was 

observed under 100%NPK+FYM treatment 

(57.2, 56.1, 55.0, 53.5%) at all the four 

undertaken depths i.e., 0-5, 5-10, 10-15 and 

15-20cm, respectively, over other treatments 

(Table 7). The control plot showed the lowest 

porosity percentage that was on par with 

imbalanced inorganic treated plots 100% NP 

and 100% N in all the depths. Yang et al., 

(2011) reported the increase in total porosity 

in the plot treated with MNPK with a lower 

bulk density than NPK and CK treated plots 

(p ≤ 0.1 at 0–5cm and p ≤ 0.01 at 10–15cm). 
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Table.1 Effect of inorganic fertilizer and organic manure on bulk density at various depths at 

maturity stage of rice 

 

Treatments  Bulk density (Mg m
-3

) 

Depths (cm) 0-5 5-10 10-15 15-20 

Control 1.33 1.36 1.40 1.48 

50% NPK 1.29 1.33 1.37 1.41 

100%NPK 1.21 1.25 1.26 1.30 

150% NPK 1.20 1.22 1.25 1.29 

100% NPK + 

ZnSO4 

1.24 1.26 1.28 1.32 

100% NP 1.29 1.31 1.33 1.34 

100% N 1.30 1.33 1.39 1.45 

100% NPK + FYM 1.13 1.16 1.19 1.23 

50 % NPK + BGA 1.26 1.28 1.29 1.33 

50% NPK + GM 1.16 1.18 1.22 1.27 

CD (5%) 0.11 0.16 0.17 0.17 

 

Table.2 Gravimetric moisture content as affected by the continuous application of fertilizers and 

organic manure at maturity stage of rice 

 

Treatments Gravimetric moisture content (θw%) 

Depths (cm) 0-5 5-10 10-15 15-20 

Control 15.7 17.3 18.1 18.7 

50% NPK 18.5 19.3 20.0 20.4 

100%NPK 21.2 21.3 22.4 22.9 

150% NPK 22.2 23.6 23.8 25.2 

100% NPK + 

ZnSO4 

20.8 20.8 21.4 22.1 

100% NP 20.7 20.8 20.9 21.3 

100% N 17.4 18.0 18.3 18.7 

100% NPK + FYM 23.5 24.5 25.4 26.6 

50 % NPK + BGA 18.9 19.4 20.2 20.5 

50% NPK + GM 21.2 23.3 23.5 24.0 

CD (5%) 3.6 3.75 3.86 3.56 
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Table.3 Volumetric moisture content as affected by the continuous application of fertilizers and 

organic manure at maturity stage of rice 

 

Treatments Volumetric moisture content (θv %) 

Depths (cm) 0-5 5-10 10-15 15-20 

Control 21.2 23.5 25.4 27.6 

50% NPK 24.3 25.8 27.5 28.7 

100%NPK 26.1 26.4 28.4 29.8 

150% NPK 26.7 28.8 29.8 32.8 

100% NPK + 

ZnSO4 

25.6 26.4 27.5 29.3 

100% NP 27.0 27.0 28 28.6 

100% N 23.4 23.9 25.5 27.0 

100% NPK + FYM 27.0 28.5 30.0 32.8 

50 % NPK + BGA 24.0 24.9 26.0 27.4 

50% NPK + GM 24.6 27.4 28.7 31.0 

CD (5%) 4.8 4.5 5.7 7.3 

 

Table.4 Effect of balanced and imbalanced application of fertilizer on Hydraulic conductivity at 

flowering stage of rice 

 

Treatments Hydraulic conductivity (cm hr
-1

) 

Depths (cm) 0-20 

Control 0.78 

50% NPK 0.92 

100%NPK 1.0 

150% NPK 1.03 

100% NPK + ZnSO4 1.01 

100% NP 0.85 

100% N 0.75 

100% NPK + FYM 1.2 

50 % NPK + BGA 1.08 

50% NPK + GM 1.13 

CD (5%) 0.14 
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Table.5 Effect of continuous application of balanced and imbalanced fertilizer on soil strength 

 

Treatments Cone resistance (kN cm
-2

) 

Flowering stage 

Cone resistance (kN cm
-2

) 

Maturity stage 

Depths (cm) 5 10 15 5 10 15 

Control 3.91 4.59 6.25 4.2 5.6 6.4 

50% NPK 3.51 4.16 5.93 3.6 5.3 6.0 

100%NPK 2.62 3.43 4.83 3.0 4.5 4.9 

150% NPK 2.51 3.33 4.77 2.9 4.4 4.8 

100% NPK + 

ZnSO4 

2.81 3.88 4.83 3.2 5.0 5.1 

100% NP 2.89 4.0 5.25 3.3 5.1 5.3 

100% N 3.61 4.31 6.18 3.7 5.4 6.2 

100% NPK + FYM 2.26 2.95 3.63 2.6 3.9 4.0 

50 % NPK + BGA 3.18 4.12 5.56 3.4 5.2 5.5 

50% NPK + GM 2.46 3.13 4.47 2.9 4.4 4.5 

CD (5%) 0.57 0.67 0.89 0.6 0.88 0.9 

 

Table.6 Effect of balanced and imbalanced fertilizer on soil temperature at maturity of rice 

 

Temperature (
o
C) 

Depths (cm) 0-5 5-10 

Control 24.27 23.7 

50% NPK 23.0 22.7 

100%NPK 19.2 18.2 

150% NPK 18.9 17 

100% NPK + 

ZnSO4 

19.9 19.5 

100% NP 20.7 20 

100% N 23.2 23.1 

100% NPK + FYM 16.4 15.8 

50 % NPK + BGA 21.4 21 

50% NPK + GM 17.6 16.5 

CD (5%) 3.3 3.7 
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Table.7 Effect of long term application of balanced and imbalanced fertilizer on porosity at 

different depths at maturity of rice 

 

Treatments Porosity(%) 

Depths (cm) 0-5 5-10 10-15 15-20 

Control 49.1 48.6 47.1 44.2 

50% NPK 50.6 49.8 48.3 46.7 

100%NPK 53.4 52.9 52.5 50.9 

150% NPK 54.7 54 52.9 51.4 

100% NPK + ZnSO4 53.2 52.3 51.5 50.1 

100% NP 50.8 50.5 49.9 49.4 

100% N 49.6 49.8 47.6 45.4 

100% NPK + FYM 57.2 56.1 55 53.5 

50 % NPK + BGA 52.2 51.7 51.1 49.8 

50% NPK + GM 56.3 55.6 53.9 51.9 

CD (5%) 4.6 6.1 6.4 6.7 

 

The application of organic manures along 

with inorganic fertilizers decreased the soil 

bulk density, increased soil moisture content 

and saturated hydraulic conductivity (Ksat) as 

well as decreased soil penetration resistance, 

soil temperature and increased soil porosity. 

Hence the integrated application of organic 

manures and inorganic fertilizers are 

recommended in order to improve the soil 

physical properties. 
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