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Abstract 
A field experiment was conducted during kharif, 2019 in Bihar Agricultural University, Sabour, 

Bhagalpur to study the effect of different approaches of fertilizer application on chemical properties of 

soil under rice based cropping system. Nine treatment were included in this experiment which comprised 

of control (without fertilizer application), farmers’ practice, general recommended dose, soil test based 

yield targets 30, 40 and 50 quintal/ha replicated thrice in a randomized block design (RBD). The results 

revealed that Soil Test Crop Response (STCR) based fertilizer application significantly increased the 

available nitrogen (N), phosphorus (P), potassium (K) in soil as compared to other treatments without 

STCR. Although, the values of soil pH, EC and organic carbon (OC) was not significantly affected in 

comparison to its initial value with respect to different treatments. The content of available N, P and K 

statistically varied in the order; STCR with IPNS for high target yield> STCR without IPNS for high 

target yield> STCR with IPNS for medium target yield> STCR without IPNS for medium target yield> 

STCR with IPNS for low target yield> STCR without IPNS for low target yield> General fertilizer 

recommendation> Farmers’ practice> Absolute control. 

 

Keywords: Rice, soil test crop response, integrated plant nutrient system, available n, available p, 

available k 

 

1. Introduction 

The success from green revolution has been followed by declining soil health due to 

imbalanced use of fertilizers for longer period and this degradation has led to wide gap 

between crop removal and fertilizer application (Kumar et al., 2007) [11]. To narrow down this 

gap, balanced use of fertilizers is most crucial approach. Conventionally, fertilizer application 

based on soil testing is being commended throughout the world to know the nutrients status 

and their imbalances in the soil and apply required amount of the nutrients accordingly to 

overcome those imbalances (Gautam et al., 2013) [3]. However, in conventional soil testing 

method, the fertilizer recommendations are usually given by categorizing soil into low, 

medium and high fertility classes taking into consideration only the available nutrient status of 

soil prior to raising crop. But for an efficient fertilizer recommendation, available nutrient 

status of the soil as well as requirements of particular crop needs to be considered before 

applying the fertilizer (Tegegnework et al., 2015). 

Therefore, in this context, prescription based fertilizer recommendation approach which 

considers every bit of nutrient present in soil for achieving targeted yield of crops under a 

particular agro-climatic situation is most suitable one. This approach is crop as well as variety 

specific. It provides scientific base for balanced fertilization not only between the fertilizer 

nutrients but also the available nutrients present in the soil (Ramamoorthy et al., 1967) [19]. 

Targeted yield concept focuses on a balance between ‘fertilizing the crop and fertilizing the 

soil’. Therefore, this investigation was carried out to evaluate the effect of STCR approach 

based fertilizer application on soil chemical properties in rice based cropping systems under 

different fertilizer approaches of fertilizer application. 

 

2. Materials and Methods 

The field experiment was started in the year 2017 for “Developing and monitoring modified  
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STCR equations for prominent crops in Agroclimatic Zone II, 

IIIA and III B of Bihar”. Geographically, the experimental 

field is located at 25o50’N latitude, 87o19’E longitude and at 

an altitude of 52.73 meter above mean sea-level. The present 

study was on the 3rd crop cycle (Kharif 2019) under rice based 

cropping systems. Taxonomically, the soils of the study fall in 

the order “Inceptisol” and sub group “Typic Ustifluvents” as 

per the taxonomic system of soil classification (Verma et al., 

1976). These soils were slightly alkaline in nature. The field 

experiment was conducted in Randomized Block Design 

(RBD) with 9 treatments and 3 replications with plot size of 

24 m2 under Rice- Wheat and Rice-Maize cropping systems. 

The treatment details are as follows: 

 
Table 1: Details of treatment 

 

Treatments details 

T1 - General fertilizer recommendation (100:40:20 kg ha-1) 

T2 - Farmers’ practice (130:30:10 kg ha-1) 

T3 - STCR with IPNS for low target yield(30 q ha-1) 

T4 - STCR with IPNS for medium target yield(40 q ha-1) 

T5 - STCR with IPNS for high target yield(50 q ha-1) 

T6 - STCR without IPNS for low target yield(30 q ha-1) 

T7 - STCR without IPNS for medium target yield(40 q ha-1) 

T8 - STCR without IPNS for high target yield(50 q ha-1) 

T9 - Absolute control 

 

In rice, N, P and K was applied through urea, superphosphate 

and muriate of potash, respectively. In treatments comprising 

of STCR with IPNS approach, vermicompost was applied at 

the rate of 24 kg/plot in addition to inorganic fertilizers. For

rice crop, recommended dose of fertilizers was 100:40:20 kg 

ha-1 of N:P2O5:K2O and for farmers’ practice, fertilizer 

application rate was 130:30:10 kg ha-1 of N:P2O5:K2O. Plot-

wise composite soil samples were collected before sowing 

and after harvesting of rice crop in Kharif 2019 upto 0-15 cm 

from the experimental plots. Collected soil samples were left 

for drying under shade and then put in oven for 5 hours to 

remove the residual moisture content. After that, soil samples 

were processed using wooden pestle and mortar and passed 

through 2mm sieve and properly stored in polythene bags for 

further analysis. Methods for analysis of different soil 

properties are depicted in Table 2. Soil pH reading was taken 

with pH meter from the soil solution in the ratio 1:2.5. EC is 

determined from supernatant solution by EC meter. 

Oxidizable Organic carbon (OC) was estimated using 

Walkley and Black (1934) [31] rapid titration method with 

Ferrous Ammonium Sulphate (FAS). Available nitrogen (N) 

was estimated by alkaline potassium permanganate method in 

soil and result was expressed in kg N ha-1..For estimation of 

available phosphorus, Olsen’s extractant was used. In this 

method, Ascorbic acid extractant was used and reading was 

taken at 660 nm in spectrophotometer. Available K was 

determined by using 1N Ammonium acetate taking soil: 

solution ratio 1:5.  

 

STCR equations used to calculate fertilizer doses- 
 

Without IPNS   With IPNS 
FN=4.54T-0.39SN   FN = 5.66T – 0.55 SN – 0.46 CN 

FP2O5=2.73T-2.92SP2O5  F P2O5 = 2.89 T – 2.18 SP2O5 – 0.50 C P2O5 

FK2O=1.85T-0.24SK2O  FK2O = 2.83 T – 0.55 SK2O – 0.32 CK2O 
 

Table 2: Methods used for determination of different properties of soil 
 

Sr. No Parameter Method Reference 

1 pH Soil: Water (1:2.5) Jackson, 1973 [6] 

2 Electrical Conductivity (dS m-1) Soil: Water (1:2.5) Jackson, 1973 [6] 

3 Oxidizable Organic Carbon (g kg-1) Wet digestion method Walkley and Black, 1934 [31] 

4 Available Nitrogen (kg ha-1) Alkaline potassium permanganate method Subbiah and Asija, 1956 [23] 

5 Available Phosphorus (kg ha-1) Olsen’s method Olsen et al., 1954 [16] 

6 
Available potassium 

(kg ha-1) 

Flame photometric (Extraction with 1N NH4OAc) neutral 

ammonium acetate method 
Jackson, 1979 [7] 

 

3. Results and Discussion  

3.1 Soil pH 

Data pertaining to soil pH after the harvest of rice in Kharif 

2019 is shown in Table 3 and Table 4 for R-W and R-M 

cropping systems, respectively. The values of pH found to be 

varying from 8.07 in absolute control to 7.87 in high target 

yield under R-W, and from 7.63 in control to 7.52 in high 

target yield under R-M cropping system. The results showed 

that the soil pH did not change significantly in comparison to 

its initial value with respect to different treatments. However, 

marginal decrease in soil pH was recorded in all the 

treatments under both R-W and R-M cropping system. This 

might be attributed to the release of organic acids during 

decomposition of organic matter which was applied in the 

form of vermicompost. Similar non-significant results of pH 

were observed by Kumar et al. (2018) [12] and they further 

reported that pH was reduced to neutrality in treatments 

comprising of organic nutrient addition. This result was 

supported by Patil et al. (2003) [17], Katkar et al. (2005) [9] and 

Ojha et al. (2014) [15]. 

 

3.2 Soil Electrical conductivity (EC) 
The result of EC was observed non-significant in comparison 

to its initial value with respect to different treatments for R-W 

and R-M cropping systems (Table 3 & Table 4). However, 

slight increase in EC value was observed than initial value 

especially in treatments with IPNS approach. Halemani et al. 

(2004) [5] reported a similar non-significant influence of 

organics and their combination on EC value. However, the 

slight increase in EC value might be due to the contribution of 

dissolved salts from soil and water. This contribution of salts 

may also be due to release of ionic species during reduction 

process which was reported by Sur et al. (2010) [24]. Gogoi et 

al. (2015) [4] reported that addition of organics favors more 

availability of soluble forms of K, Ca, Mg and Na which leads 

to development of some salts, hence increased EC.  

 

3.3 Soil organic carbon (SOC) 

The data of SOC content was found to be non-significant 

compared to its initial value with respect to different 

treatments for R-W and R-M cropping system (Table 3 & 

Table 4). However, there was a slight increase in SOC content 

than the initial amount in treatments receiving vermicompost 

after harvest of rice. Though a slight increase in value was 

observed in treatments receiving balanced application of 

organic source in addition to inorganic source. A similar non-
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significant result of SOC was observed by Mittal et al. (2018) 
[14]. However, the increase in SOC value might be attributed 

to the direct addition of organic matter through vermicompost 

which resulted in better root growth and ultimately more 

addition of biomass to the soil. Similar results were reported 

by Stolyarenko et al. (1992) [22], Surekha and Rao (2009) [25], 

Vineela et al. (2008) [30], Mishra et al. (2008) [13]. 

 

Table 3: Effect of STCR based nutrient management on various soil parameters under R-W cropping system 
 

 pH* EC*(dSm-1) SOC(g kg-1) 

 
Before 

sowing 
After harvest 

Before 

sowing 

After 

harvest 

Before 

sowing 

After 

harvest 

T1: General fertilizer recommendation 8.15 7.95 0.11 0.11 4.2 4.1 

T2: Farmers’ practice 8.21 7.95 0.11 0.12 4.1 4.0 

T3: STCR with IPNS for low target yield 8.23 7.95 0.12 0.13 4.3 4.2 

T4: STCR with IPNS for medium target yield 8.18 7.99 0.12 0.14 4.4 4.5 

T5: STCR with IPNS for high target yield 8.13 7.87 0.16 0.17 4.5 4.6 

T6: STCR without IPNS for low target yield 8.28 7.99 0.11 0.14 4.2 4.1 

T7: STCR without IPNS for medium target yield 8.24 7.99 0.13 0.15 4.4 4.4 

T8: STCR without IPNS for high target yield 8.25 7.96 0.12 0.15 4.3 4.3 

T9: Absolute control 8.27 8.07 0.11 0.11 4.0 3.8 

S.Em(±) 0.03 0.04 0.03 0.02 0.05 0.04 

LSD(P=0.05) NS NS NS NS NS NS 

 

Table 4: Effect of STCR based nutrient management on various soil parameters under R-M cropping syste 

 

 pH* EC*(dS m-1) SOC(g kg-1) 

 
Before 

sowing 
After harvest 

Before 

sowing 

After 

harvest 

Before 

sowing 

After 

harvest 

T1: General fertilizer recommendation 7.99 7.59 0.14 0.11 4.1 4.0 

T2: Farmers’ practice 7.96 7.60 0.13 0.12 3.9 3.9 

T3: STCR with IPNS for low target yield 7.96 7.62 0.15 0.15 4.3 4.1 

T4: STCR with IPNS for medium target yield 7.98 7.58 0.14 0.16 4.3 4.4 

T5: STCR with IPNS for high target yield 7.96 7.52 0.15 0.17 4.6 4.7 

T6: STCR without IPNS for low target yield 7.97 7.54 0.15 0.15 4.2 4.1 

T7: STCR without IPNS for medium target yield 8.04 7.54 0.11 0.14 4.4 4.3 

T8: STCR without IPNS for high target yield 8.01 7.61 0.13 0.16 4.5 4.5 

T9: Absolute control 8.09 7.63 0.12 0.11 3.5 3.3 

S.Em(±) 0.03 0.04 0.03 0.02 0.05 0.04 

LSD(P=0.05) NS NS NS NS NS NS 

*Soil: Water:: 1:1.25 

 

3.4 Soil available nitrogen 

Application of fertilizers alone or in combination with organic 

manure significantly increased available nitrogen content over 

control (Table 5 & Table 6). The highest amount of available 

nitrogen content was observed in treatment T5 which is STCR 

with IPNS for high target yield (279.5 kg ha-1 in R-W and 

269.6 kg ha-1 in R-M) followed by treatment T8 which was 

STCR without IPNS for high target yield (270.5 kg ha-1 in R-

W and 267.4 kg ha-1 in R-M). However, the treatments 

receiving general fertilizer recommendation (GFR), farmers’ 

practice as well as absolute control showed a decline in their 

amount from initial. The treatments with or without IPNS in 

case of low target yield also showed a decrease in their 

available nitrogen status after harvest of rice in both cropping 

systems. Minimum value of available nitrogen was found in 

treatment which did not receive any source of nutrients i.e., 

absolute control (156.9 kg ha-1 in R-W and 155.5 kg ha-1 in R-

M). This increase in amount of available nitrogen content 

might be partly due to release of N from mineralization 

process by the application of organic matter and fertilizer 

releasing nitrogen, and partly due to release of native soil 

nitrogen as reported by Gogoi et al.(2015) [4]. Chesti et al. 

(2013) [2] and Baishya et al. (2015) [1] also reported similar 

findings. The available nitrogen content was significantly 

improved over general recommended dose and farmers’ 

practice under both the cropping system of R-W and R-M 

which could be due to the reason that prescription based 

fertilizer application provides balanced nutrient status to the 

soil (Singh et al., 2016) [21]. 

 

3.5 Soil available phosphorus 

The available P after harvest of rice differed significantly 

under different treatments in both R-W and R-M cropping 

systems (Table 5 & Table 6). In R-W cropping sequence, it 

varied from 26.3 kg ha-1 (T9) to 48.9 kg ha-1 (T5). The farmers’ 

practice (T2) as well as GFR (T1) improved the available 

phosphorus over control and increased its content 

significantly by 17.1 and 23.0 per cent respectively in R-W 

and in R-M, the increase was 15.3 and 30.1 per cent 

respectively. The STCR with IPNS for high target yield was 

statistically similar with STCR without IPNS for high target 

yield. The available P in the treatment of STCR with high 

target yield for IPNS was significantly improved by 51.2 and 

58.8 per cent over GFR and farmers’ practice, respectively in 

R-W. However, under R-M, it was improved by 38.7 and 56.4 

per cent, respectively. Sharma et al. (2016) [20] reported that 

this build-up of available phosphorus might be due to release 

of organic acids during degradation of fertilizers and organic 

manures which helped in releasing P by their solubilizing 

action. Similar were the findings reported by Tolanur and 

Badanur (2003) [27] and Verma et al. (2005) [29]. Another 

reason behind this increase may be that the organic matter 

forms a cover on sesquioxides which makes them inactive and 

ultimately reduces the phosphate fixing capacity of soil and 
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makes phosphorus available. The considerable build up in 

available phosphorus might be also due to the influence of 

organic matter in increasing the labile form of phosphorus in 

soil through complexing of cation which are mainly 

responsible for fixation of phosphorus like Ca2+ as reported by 

Kharche et al. (2013) [10].  

 

3.6 Soil available potassium 
Likewise N and P, available K was also influenced 

significantly under different treatments in both the cropping 

systems (Table 5 & Table 6). In initial soil sample (before rice 

sowing) available K content of the soil varied from a 

minimum of 147.6 kg ha-1 under T9 to a maximum of 219.6 

kg ha-1 under T5 (STCR with IPNS for high target yield) in R-

W and 140.6 kg ha-1 under T9 to 219.5 kg ha-1, respectively in 

R-M. The available K significantly increased by 30.4 per cent 

and 35.4 per cent in R-W and R-M, respectively for farmers’ 

practice over control. GFR treatment recorded a significant 

increase in its content by 31.7 per cent over control in R-W 

and 37.2 per cent in R-M. The treatment STCR with IPNS for 

high target yield was statistically at par with STCR without 

IPNS for high target yield. On the other hand, farmers’ 

practice was found statistically at par with STCR with and 

without IPNS for low target yield in both cropping sequences. 

After harvest, the soil available K content varied from 135.2 

kg ha-1 (T9) to 224.5 kg ha-1 (T5) in R-W and 137.2 kg ha-1 

(T9) to 219.9 kg ha-1 (T5) in R-M. The lowest values of 

available K in T9 was significantly inferior over all other 

treatments, while the highest value of T5 was at par with T8 

(STCR approach without IPNS for high target yield) in R-M 

cropping system. Farmers’ practice and GFR increased 

available K content in soil by 38.6and 42.3 per cent, 

respectively over control in R-W and similarly, 37.3 and 39.4 

per cent, respectively over control in R-M. The treatments of 

target yield 30, 40 and 50 q ha-1 without IPNS increased the 

available K content by 1.2, 5.2 and 12.2 per cent respectively 

over GFR R-W and, 0.6, 4.9 and 12.3 per cent, respectively in 

R-M. A decrease in the amount of available K was observed 

in GRF and farmers’ practice in comparison to the initial 

value and this reduction might be due to continuous mining of 

the native K pool in the soil that also caused reduction in crop 

yield (Katkar et al., 2011) [8]. Further, Tiwari et al. (2013) [6] 

and Ram et al. (2016) [18] reported that available K content 

improved when organic manure was added with inorganic 

fertilizers. Increase in available potassium under STCR 

including IPNS approach might be due to direct addition of 

available K to soil as well as reduction of potassium fixation 

and its further release due to interaction of organic matter 

with clay (Katkar et al., 2011) [8]. 

 

Table 5: Effect of STCR based nutrient management on available N, P and K status of soil (kg ha-1) under R-W cropping system 
 

Treatments Available N Available P2O5 Available K2O 

 

Before 

sowing 
After harvest 

Before 

sowing 

After 

harvest 

Before 

sowing 

After 

harvest 

T1-General fertilizer recommendation 238.2 212.9 34.3 32.3 196.7 192.4 

T2-Farmers’ practice 212.2 186.8 32.5 30.78 192.6 187.6 

T3-STCR with IPNS for low target yield 258.1 232.7 35.8 32.1 202.6 200.1 

T4-STCR with IPNS for medium target yield 261.1 266.1 43.6 47.3 209.5 212.9 

T5-STCR with IPNS for high target yield 273.5 279.5 45.2 48.9 219.6 224.5 

T6-STCR without IPNS for low target yield 247.8 243.4 41.8 38.1 197.6 194.7 

T7-STCR without IPNS for medium target yield 250.3 252.7 42.3 45.9 201.4 204.7 

T8-STCR without IPNS for high target yield 263.9 270.5 43.9 47.6 213.6 215.8 

T9- Control 182.3 156.9 28.3 26.3 147.6 135.2 

S.Em(±) 2.9 2.1 2.5 2.0 2.9 4.8 

LSD (P=0.05) 9.0 5.0 1.4 1.5 7.9 5.1 

 

Table 6: Effect of STCR based nutrient management on available N, P and K status of soil (kg ha-1) under R-M cropping system 
 

Treatments Available N Available P2O5 Available K2O 

 

Before 

sowing 

After 

harvest 

Before 

sowing 

After 

harvest 

Before 

sowing 

After 

harvest 

T1-General fertilizer recommendation 235.9 210.5 33.7 33.2 192.9 186.5 

T2-Farmers’ practice 210.9 185.5 30.5 29.5 185.8 179.5 

T3-STCR with IPNS for low target yield 256.2 230.8 34.8 32.7 202.9 198.6 

T4-STCR with IPNS for medium target yield 260.7 265.7 41.7 43.9 206.7 208.7 

T5-STCR with IPNS for high target yield 267.6 269.6 44.6 46.1 215.9 219.9 

T6-STCR without IPNS for low target yield 242.9 238.5 41.5 37.4 193.5 191.9 

T7-STCR without IPNS for medium target yield 246.5 248.8 40.4 42.3 200.7 201.6 

T8-STCR without IPNS for high target yield 264.8 267.4 42.8 44.2 210.3 214.8 

T9- Control 180.9 155.5 26.9 25.5 140.6 137.2 

S.Em(±) 6.4 5.8 2.8 1.9 2.8 2.6 

LSD (P=0.05) 9.0 9.0 1.4 1.6 8.0 8.2 

 

5. Conclusion  

The present investigation suggested that application of 

fertilizer application on the basis of STCR based targeted 

yield treatments significantly improved the available N, P and 

K status in soil as compared to all the other approaches of 

fertilizer application. However, different approaches did not

significantly influence the value of soil pH, EC and OC which 

was predictable in such a short duration of time. Also, 

different soil properties as well as fertility status of soil were 

improved under IPNS (Integrated Plant Nutrient Supply 

System) treatment for low, medium and high target yield as 

compared to other treatments.  
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