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Abstract 

                  Efficient plant nutrition management enhances and sustains agricultural 

production and safe guards the environment. The use of organic and inorganic fertilizer has 

its advantages and disadvantages in terms of nutrient supply, soil quality and crop growth. 

Developing a suitable nutrient management system that integrates use of these fertilizers may 

be a challenge to reach the goal of sustainable agriculture. To achieve this sustainability an 

experiment was conducted at the Crop Research Farm, Dehradun, India. Two popular rice 

varieties, MTU 7029 for aman season and IET 4786 for boro season were selected for this 

experiment. As per guidelines enumerated by the Department of Agriculture, Govt. of 

Uttarakhand, NPK fertilizer @ 80:40:40 and 120:60:60 kg ha-1 were considered as the 

recommended dose of NPK fertilizer for Aman and Boro rice respectively and applied with 

vermicompost and biofertilizer in different treatments. Growth and yield parameters of rice 

plants like plant height, LAI, tiller number, panicle length, effective tiller number, spikelet’s 

number, filled grain number, percentage of chaffy, test weight, grain yield, and straw yield 

were recorded. After harvesting of each crop, soil of each plots were analyzed for pH, EC, 

organic carbon, available N, available P2O5, available K2O, available Fe, Mn, Zn, Cu and 

biomass of PSB and Azotobacter were measured. By this study, it is possible to state that 

vermicompost alone or with phosphate solubilising bacteria and Azotobacter can able to 

supplement at least one fourth of NPK chemical fertilizer. Vermicompost alone or with bio-

fertilizer unable to supplement 50 % of the recommended dose of NPK fertilizer to get 

comparable yield of both aman and boro rice.    
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Introduction 

               Rice is the staple food for over half of the world’s population (FAO 2014). It 

occupies 11 percent of world agricultural land. Over 90 % of the world’s rice is produced and 

consumed in the Asian region by six countries namely China, India, Indonesia, Bangladesh, 
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Vietnam and Japan. With the increasing demand by the huge population, rice will continue to 

be primary sources of food of this area. Worldwide, India stands first in rice producing area 

and second in production after china. It contributes 21.5% of global rice production. The 

productivity of rice in India is higher than Thailand, Pakistan, Bangladesh, Nepal and Brazil 

but much below than the productivity in Japan, China, Korea, U.S.A. and Indonesia.   

  Overwhelming response to chemical fertilizer in raising agricultural production is 

well recognized. Barun and Roy (1983) estimated that chemical fertilizer contributed up to 

50% rise in crop yields. The Green Revolution in India owes much of its success to fertilizer 

application. Dr. Norman E Borlaugh, Nobel Laureate rightly pointed out, “If high yielding 

varieties were the catalysts that gear up the green revolution, the chemical fertilizers were the 

fuel that power its thrust”. Productivity improvement has however been accompanied by an 

increase in the consumption of non-renewable forms of energy. This non renewable form of 

energy like chemical fertilizer will be in future, a key limiting factor for increasing 

agricultural production. At present few thousand crores are being spent by the Govt. of India 

as subsidies to procure and distribute chemical fertilizer at reasonable price among farmers, 

as most of the chemical fertilizers used in our country are imported from outside. 

  Besides the draining out of huge money, the other harmful contribution of chemical 

fertilizers on soil health cannot be overlooked (Myers et al 1985). The harmful effect of 

chemical fertilizers on soil health as well as on environment was not speculated clearly 

earlier. Continuous and overuse of chemical fertilizer for long period not only deteriorated 

overall soil health but also it reduced productivity of soil. Some of the harm, chemical 

fertilizer may cause include waterway pollution, acidification of soil and mineral depletion of 

soil. 

  But pure organic agriculture will not be the substitute to combat against the harmful 

effect of pure chemical agriculture as it is associated with yield risk. At this juncture, it is 

essential for us to evolve and adopt a strategy of integrated nutrient supply by using a 

judicious combination of chemical fertilizers, organic manures and bio-fertilizers (Adeniyan 

et al). 

  The present work “Organic Agriculture’s approach towards sustainability; its 

relationship with the rice production, a case study in alluvial zone of Uttarakhand, India” has 

been taken to: 

I. Evaluate the integrated nutrient management on aman and boro paddy. 

   II.      Reduce dependency on chemical fertilizer by organic and bio-fertilizer 
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III. Find out best integrated dose of inorganic, organic and bio-fertilizer for successful 

aman and boro rice cultivation. 

  IV. Study the effect of inorganic, organic and bio-fertilizer on the soil fertility and                  

microbial diversity. 

 

REVIEW OF LIERATURE 

               Ocampo et al. (1975) worked over- ‘Interaction between Azotobacter and 

Phosphobacteria and their establishment in the Rhizosphere affected by the soil fertility’ and 

observed that there were always more Azotobacter and PSM in the rhizosphere, when plants 

were inoculated with both type of organisms than when each organism was inoculated singly. 

  Apart from atmospheric nitrogen fixation, it has other properties which are 

considered to be responsible for their beneficial effect like ability; to produce vitamins and 

growth substances which enhance seeds germination (Shende et al. 1977). 

  Banik and Dey (1981) has worked over phosphate solubilizing micro-organisms of a 

latertic soil to the study the effect of inoculation of some tricalcium phosphate solubilizing 

micro organisms on available phosphorus content of rhizosphere soils of rice (Oryza sativa 

L. CV. IR-20) plants and their uptake of phosphorus.  

              Krishnamoorthy and Vajranabhaiah (1986) found that seven species of earthworms 

could promote the production of cytokinins and auxins in organic wastes very dramatically. 

They also demonstrated a significant positive correlations (r = 0.97) between earthworm 

populations, and the levels of cytokinins and auxins present in ten different field soils and 

concluded that levels of earthworm activity were linked strongly with PGR production. They 

reported that auxins and cytokinins produced through earthworm activity could persist in 

soils for up to 10 weeks although they degraded in a few hours if exposed to sunlight. 

               Biological fertilizer with 50% of chemical fertilizers (nitrogen, phosphorus and 

potassium) led to an increase in plant growth, plant height, branch number, fresh and dry 

weight of safflower in comparison to applying chemical fertilizers alone (Ojaghloo, 2007). 

  Uma and Malathi (2009) studied the efficacy of vermicompost produced from 

organic waste over chemical fertilizer by applying it to Amaranthus species. Growth, survival 

rate was better with vermicompost as compare to chemical fertilizer. Biochemical analysis 

revealed greater values in plant tissues with use of vermicompost, over chemical fertilizer and 

control. Similarly percentage of nitrogen content; phosphorous content and potassium content 
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of plant tissues was higher. They also found better soil health in vermicompsot treated plot as 

compare to chemical fertilizer. 

 

MATERIALS AND METHODS 

           In this experiment, two popular rice varieties i.e. MTU 7029 for aman season and 

IET 4786 for boro season were selected for this experiment. As per guidelines enumerated 

by the Department of Agriculture, Govt. of Uttarakhand, NPK fertilizer @ 80:40:40 and 

120:60:60 kg ha-1 were considered as the recommended dose of NPK fertilizer for Aman and 

Boro rice respectively. The individual plot size was 5 × 3 m. The buffer channel around each 

individual plots was laid to avoid seepage of fertilizers among the plots. Extreme care was 

taken throughout the growing season to eliminate any contamination effect among the 

treatments. Same treatments were repeated for consecutive two years on the same plots.  

Table1. Treatment details 

  

 

 

 

 

 

Different growth and yield parameters of rice plants like plant height, LAI, tiller 

number, panicle length, effective tiller number, spikelet’s number, filled grain number, 

percentage of chaffy, test weight, grain yield, straw yield were recorded. Biological yield and 

harvest index were calculated. Initial soil characteristics were measured. After harvesting of 

each crop, soil of each plots were analyzed for pH, EC, organic carbon, available N, 

available P2O5, available K2O, available Fe, Mn, Zn, Cu and biomass of PSB and 

T1  Full recommended dose of NPK 

T2 Full recommended dose of NPK + Vermicompost 2.5 t/ha 

T3 

75% Full recommended dose of NPK + Vermicompost 2.5 

t/ha 

T4 

50% Full recommended dose of NPK + Vermicompost 2.5 

t/ha 

T5 

Full recommended dose of NPK + Vermicompost 2.5 t/ha 

+PSB @ 7.5Kg/ha+ Azotobacter 7.5 Kg/ha 

T6 

75% Full recommended dose of NPK + Vermicompost 2.5 

t/ha + PSB @ 7.5Kg/ha+ Azotobacter 7.5 Kg/ha 

T7 

50% Full recommended dose of NPK + Vermicompost 2.5 

t/ha + PSB @ 7.5Kg/ha+ Azotobacter 7.5 Kg/ha 
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Azotobacter were measured. Micronutrient content in rice grain was also measured in this 

experiment. 

 

RESULTS AND DISCUSSION 

  Influences of different treatment combinations to different growth and yield 

parameters, chemical and biological properties of the soil were observed in this experiment. 

A synopsis of the major findings are given here. 

1. Plan height 

Plant height drastically came down with reduction of NPK fertilizer to half of the 

recommended dose. Vermicompost alone and in combination with bio-fertilizer failed 

to supplement chemical fertilizer up to this level of reduction. But, plant height did 

not get influenced significantly when 25 % NPK fertilizer was reduced. 

Vermicompost alone and in combination with bio-fertilizer successfully supplemented 

this magnitude of reduction of chemical fertilizer. But maximum plant height in both 

aman and boro season (92.32 and 92.96 cm respectively) was recorded in treatment 

combination which received full recommended dose of NPK fertilizer along with 

vermicompost @ 2.5 t ha-1 and bio-fertilizer @ 7.5 kg ha-1 each of the PSB and 

Azotobacter. 

2. Leaf area index 

 Leaf area index get influenced by the different treatments at all the growth stage but 

influences was more vivid at later stage of growth than at 25 DAT. At later stage, 

vermicompost alone or with bio-fertilizer failed to supply adequate nutrient to the 

crop particularly where half of the recommended dose of chemical fertilizer were 

reduced. Highest and lowest LAI value at all growth stage for both crops was 

associated with highest and lowest application of all the inputs. In this investigation 

bio-fertilizer hardly has any influences on the leaf area index. 

3. Number of tillers 

Number of tillers per hill is basis of yield of the crop as later on most of it converted 

to panicle. Number of tillers per hill were also get significantly influenced by the 

chemical, organic and bio-fertilizer. Maximum number of tiller per hill was found 

where all the inputs were applied adequately. But reduction of NPK fertilizer up to 25 

% does not have any adverse effect on the tiller number when vermicompost and bio-

fertilizer were applied. Although significant influences vermicompost on the number 
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tiller per hill was noticed but the role of bio-fertilizer on the tiller production was not 

so prominent in all the years of study. 

4. Panicle length 

This study has shown that panicle length in all the year for both the crops is 

significantly reduced only when NPK fertilizer curtailed to half of the recommended 

dose. 

5. Effective tillers 

One of the more significant and obvious findings to emerge from this study is that 

effective tiller number get influenced by all the treatment combination and all inputs 

have significant contribution to the number of effective tiller. Firstly reduction of 

chemical fertilizer was not fully supplemented by the vermicompost alone but bio-

fertilizer also played important role towards increasing effective tiller numbers. 

Secondly, up to 25 % reduction in chemical fertilizer can be substituted by the 

vermicompost and bio-fertilizer without any loss in the effective tiller number. These 

findings enhance our understanding on role of adequate supply of major nutrient on 

the number of effective tiller. 

6. Spikelets number 

Spikelets number is also get influenced mainly by the amount of chemical fertilizer; 

particularly lowest application of NPK fertilizer with or without vermicompost 

produce lowest number of spikelets per panicle. Like other growth parameters, 

application of all the inputs in adequate amount tends to produce maximum number 

of spikelets per panicle. 

7. Number of filled grain 

Number of filled grain per panicle in the present study is largely affected by the 

amount of NPK fertilizer rather than other inputs. This study has shown that half of 

the recommended dose of NPK fertilizer unable to produce sufficient number of filled 

grain comparable to other doses.  

8. Test weight 

The most interesting observation of this study is that the test weight gets altered by 

the application of vermicompost. The control plot which received only chemical 

fertilizer record lowest test weight, which is even lower than test weight associated 

with treatment that received half of the recommended dose of chemical fertilizer 

along with vermicompost alone or with bio-fertilizer. 
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9. Grain yield  

The data presented in the Table 2 & 3 shows that vermicompost alone or with 

phosphate solubilising bacteria and Azotobacter can able to supplement at least one 

fourth of NPK chemical fertilizer. Although highest yield is obtained with full dose of 

NPK fertilizer along with vermicompost and bio-fertilizer but it is marginally higher 

yield than obtain from full dose of NPK fertilizer along with vermicompost or 25 % 

less NPK fertilizer along with vermicompost and bio-fertilizer. But it is confirmed 

from this study that vermicompost alone or with bio-fertilizer unable to supplement 

50 % of the recommended dose of NPK fertilizer to get comparable yield of both 

aman and boro rice. But, bio-fertilizer at this level of NPK fertilizer significantly 

increases the rice yield. In aman season, on an average vermicompost alone increased 

5.6 % grain yield whereas vermicompost along with bio-fertilizer increased grain 

yield by 10.23 %. In boro season, 7.3 and 12.32 % grain yield has been increased by 

vermicompost and vermicompost plus bio-fertilizer respectively. 

10. Straw yield  

The data presented in the Table 2 and Fig 1 shows that highest straw yield has been 

associated with highest dose of NPK fertilizer along with vermicompost and bio-

fertilizer. But this yield is at par with 25% less NPK fertilizer along with 

vermicompost and bio-fertilizer. Similarly, half of the recommended dose of NPK 

fertilizer along with vermicompost alone or with bio-fertilizer unable to produce 

comparable straw yield with full dose or 75 % of recommended dose of NPK 

fertilizer. In aman (Table 2&3) season, vermicompost alone increased 5.3 % straw 

yield whereas vermicompost along with bio-fertilizer increased grain yield by 7 %. 

Influences of vermicompost and bio-fertilizer are more in boro season(Table 4&5 and 

Fig 3&4). In this season, 9.66 and 16.33 % grain yield has been increased by 

vermicompost and vermicompost plus bio-fertilizer respectively. 

11. Biological yield  

The data presented in the Table 2, 3, 4&5 and Fig 1, 2, 3&4 show that. Naturally, it is 

also influenced by the different treatments. Full recommended dose and 75 % of the 

recommended dose of NPK fertilizer along with bio-fertilizer both record comparable 

biological yields. Whereas, biological yield drastically reduce when NPK fertilizer 

are reduced by 50 %. Both vermicompost and bio-fertilizer influences the straw yield 

significantly. 
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12. Harvest index 

Harvest index of this study do not vary much more (Table 2&3 and Fig 1&2). But, 

significantly lowest Harvest Index has been recorded, particularly in aman season, in 

the treatments where half of the recommended doses of chemical fertilizer are 

applied. 

13. Economic analysis 

The economic analysis of this study show that maximum net return can be achieved 

through application of full recommended dose of chemical, organic and bio-fertilizer. 

But the most obvious finding to emerge from this study is that reduction NPK 

fertilizer up to 25 % not only reduce the cost of cultivation but also it provide same 

net return as with full recommended dose of chemical fertilizer. Benefit cost is also 

higher, particularly in boro season with 25 % less NPK fertilizer plus vermicompost 

and bio-fertilizer. Net return and benefit cost ratio is very poor when 50 % NPK 

fertilizer have been reduced. 

14. pH, Electrical conductivity and organic carbon 

The present study also provides additional information with respect to soil reaction 

and nutrient status in post harvest soil. Although pH of the post harvest soil is not 

significantly altered but slightly increased by the application of vermicompost. 

Electrical conductivity is also not influenced by the treatments. Organic carbon status 

is significantly increased by the addition of vermicompost. But bio-fertilizer has no 

influence on the organic carbon status. 

15. N content 

Available nitrogen status in post harvest soil is significantly increased both by the 

vermicompost and bio-fertilizer. On an average, in aman season 14 % N are added by 

vermicompost alone, but it is further increased by the addition of bio-fertilizer and 

reaches to 22 %. Azotobacter as bio-fertilizer alone contributes 7.3 to 8.6 % available 

N to the soil. In boro season vermicompost contributes 13 % available N and 

vermicompost plus bio-fertilizer add 21 % available N to the soil. In this season, 

Azotobacter alone contributes 3.4 to 7.54 % available N to the soil. 

16. P Content 

Similarly available P content in soil is also get influenced by the phosphate 

solubilising bacteria present in the bio-fertilizer. In aman season average 7.91 and 

19.51 % available phosphate are contributed to the soil by vermicompost and 
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vermicompost plus bio-fertilizer respectively. In boro season it is 9.45 and 2.29 %. 

Phosphate solubilising bacteria in bio-fertilizer alone contributes 10.77 to 18.35 and 

9.67 to 14.00 % available phosphate to the soil in aman and boro season respectively. 

The findings of this study suggest that efficacy of PSB increases with lower doses of 

chemical fertilizer. 

17. K content 

Available potassium content in post harvest does not get influenced by different 

treatments. Application of lower doses of potassium does not get reflected in the post 

harvest soil. But, available K content in soil is slightly increased by the application of 

vermicompost. 

18. Micronutrient content 

Available micronutrient (Fe, Mn, Zn, Cu) content in soil are increased by the 

application of vermicompost. But, most interesting findings in this regard is that the 

amount of these micronutrients increases in soil with the decreasing amount of NPK 

fertilizer application. Highest amount of these micronutrients are found in the 

treatments where 50 % less NPK fertilizer are applied. This may be due to poor 

growth of crop with restricted supply of plant nutrient which causes lesser uptake of 

these plant nutrients. Iron, manganese, zinc and copper content in grain are also done 

in the present study. Uptake of this micronutrient is increased by the application 

vermicompost. Highest uptake of these elements is associated with highest application 

of all the inputs. Similarly, reduction in NPK fertilizer to 50 % drastically reduces 

uptake of these elements in the grain. This finding gives an insight into matter that 

nutrient content in rice grain can be enriched by different management practices 

which will be beneficial for human health. 

19. Microbial population  

The microbial population of phosphate solubilising bacteria and Azotobacter in the 

present study are increased in post harvest soil by the application of vermicompost 

and bio-fertilizer. 
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Table 2: Yield  and harvest index of aman Paddy (Year 2015) 

Treatments 
Grain 

yield(tha-1 ) 
Straw 

yield(tha-1 ) 
Biological 

yield(tha-1 ) 
Harvest 
Index  

T1 5.08 6.31 11.4 44.57 

T2 5.3 6.68 11.98 44.24 

T3 5.25 6.6 11.85 44.3 

T4 4.2 5.8 10 42.01 

T5 5.45 6.85 12.3 44.31 

T6 5.4 6.78 12.18 44.34 

T7 4.56 6.1 10.66 42.78 
SEm+- 0.08 0.09 0.07 0.69 

CD(0.05) 0.18 0.21 0.15 1.5 
CV% 2.2 2 1 2 

 
 
Table 3: Yield  and harvest index of aman Paddy (Year 2016) 

Treatments 
Grain 

yield(tha-1 ) 
Straw 

yield(tha-1 ) 
Biological 

yield(tha-1 ) 
Harvest 
Index  

T1 4.98 6.24 11.22 44.39 

T2 5.22 6.52 11.84 44.09 

T3 5.17 6.5 11.67 44.31 

T4 4.12 5.75 9.87 41.74 

T5 5.61 6.9 12.51 44.85 

T6 5.46 6.81 12.27 44.5 

T7 4.32 6 10.32 41.86 
SEm+- 0.88 0.12 0.12 0.75 

CD(0.05) 0.19 0.27 0.27 1.63 
CV% 2.2 2.4 1.3 2.1 
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Table 4: Yield  and harvest index of boro Paddy (Year 2015) 

Treatments 
Grain 

yield(tha-1 ) 
Straw 

yield(tha-1 ) 
Biological 

yield(tha-1 ) 
Harvest 
Index  

T1 5.11 6.48 11.59 44.09 

T2 5.56 7.27 12.83 43.34 

T3 5.52 6.71 12.23 45.13 

T4 4 5.25 9.3 43.01 

T5 5.8 7.62 13.42 43.22 

T6 5.75 7.4 13.15 43.73 

T7 4.31 5.72 10.03 42.97 
SEm+- 0.09 0.15 0.31 1.7 

CD(0.05) 0.18 0.32 0.62 3.7 
CV% 3.03 3.9 4.57 4.8 

 
Table 5: Yield  and harvest index of boro Paddy (Year 2016) 

Treatments 
Grain 

yield(tha-1 ) 
Straw 

yield(tha-1 ) 
Biological 

yield(tha-1 ) 
Harvest 
Index  

T1 5.08 6.68 11.76 43.2 

T2 5.51 7.24 12.75 43.22 

T3 5.5 6.8 12.3 44.72 

T4 4.07 5.1 9.17 43.51 

T5 5.83 7.71 13.54 43.06 

T6 5.71 7.28 12.99 43.96 

T7 4.42 5.68 10.1 43.76 
SEm+- 0.08 0.22 0.27 1.82 

CD(0.05) 0.32 0.5 0.93 3.97 
CV% 2.69 5.73 3.97 5.1 
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Fig.1:  Yield and harvest index of aman Paddy (Year 2015) 

 

Fig.2:   Yield and harvest index of aman Paddy (Year 2016) 
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Fig.3:  Yield and harvest index of boro Paddy (Year 2015) 

 

Fig.4: Yield and harvest index of boro Paddy (Year 2016) 

 

RECOMMENDATIONS AND CONCLUSION 

After evaluating the actual and modified nutrient management practices of rice 

cultivation, we are in a position to frame out a recommendation for the farmers of this zone 

which will offer sustainable agriculture, more production, more profit and better livelihood to 

the farmers. 

i)  Chemical fertilizer: NPK fertilizer at 75 % of the recommended dose. 

               In aman season, ¼ nitrogen, full recommended dose of phosphate and ½ potash 

fertilizers to be applied as basal dose during final land preparation i.e. just before 
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transplanting. Half of the recommended dose of nitrogen fertilizer at maximum tillering stage 

i.e. 18-20 days after transplanting (DAT) and rest ¼ N and half of the recommended dose of 

potash to be applied during panicle initiation stage.  

             In boro season ¼ nitrogen, full recommended dose of phosphate and 3/4th potash 

fertilizers to be applied as basal dose during final land preparation i.e. just before 

transplanting. Half of the nitrogen at maximum tillering stage and rest ¼ N and half of the 

recommended dose of potash to be applied during panicle initiation stage. 

ii) Organic manure:   Vermicompost at 2.5 t ha-1 at the time of land preparation. 

iii) Bio-fertilizer:    

            Phosphate solubilising bacteria and Azotobacter at 7.5 kg ha-1 each. This should be 

mixed together with vermicompost and apply 10 days before final land preparation and 

transplantations in the main plot. A gap of ten days between bio-fertilizer and chemical 

fertilizer application to be maintained to avoid immediate harmful effect of chemical fertilizer 

on the microbial agent. 

           The findings from this study make several contributions to the current status of rice 

research. First, vermicompost @ 2.5 t ha-1 and bio-fertilizer together must not be total 

substitute of chemical fertilizer. Second, integrated approach of nutrient management is best 

for sustainable rice cultivation rather than purely organic or chemical. Third, test weight of 

rice grain can be improved by the application of vermicompost. Fourth, there is immense 

scope of exploring PSB to make fixed phosphorus available to plant. Fifth, availability 

micronutrient elements in soil can be improved by the application of vermicompost. Sixth, 

nutrient content in rice grain can be improved by the altering nutrient management practices. 
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