
 

  

Journal of Applied and Natural Science  

10 (3): 995 - 1002 (2018) 

ISSN : 0974-9411 (Print), 2231-5209 (Online) 

journals.ansfoundation.org   

Effect of organic fertilizer and microbial inoculants on soil  
biological properties and yield of scented rice (Oryza sativa L.) 

Amit Kumar Sah 
Department of Soil Science and Agricultural Chemistry, Bihar Agricultural University, 
Sabour, Bhagalpur-813210 (Bihar), INDIA 

Mahendra Singh* 
Department of Soil Science and Agricultural Chemistry, Bihar Agricultural University, 
Sabour, Bhagalpur-813210 (Bihar), INDIA 

Amit Kumar Pradhan 
Department of Soil Science and Agricultural Chemistry, Bihar Agricultural University, 
Sabour, Bhagalpur-813210 (Bihar), INDIA 

Sambhu Prasad 
Department of Agronomy, Bihar Agricultural University, Sabour, Bhagalpur-813210 
(Bihar), INDIA 

N. Chatoopadhyaya 
Department of Soil Science and Agricultural Chemistry, Bihar Agricultural University, 
Sabour, Bhagalpur-813210 (Bihar), INDIA 

Subrat Keshori Behera 
Department of Statistics Mathematics and Computer application, Bihar Agricultural Uni-
versity, Sabour, Bhagalpur-813210 (Bihar), INDIA 

Kajal Kiran  
Department of Soil Science and Agricultural Chemistry, Bihar Agricultural University, 
Sabour, Bhagalpur-813210 (Bihar), INDIA 

*Corresponding author. E-mail: m.singh30648@gmail.com 

Abstract 
A field experiment was conducted at Research farm of Bihar Agricultural University, 
Sabour with Katarni rice cv Bhagalpur Katarni during kharif season of 2017. The experi-
ment was laid out with ten organic treatments in Randomized block design (RBD) with 
three replications. Results revealed that the maximum microbial population viz., Bacteria, 
Actinomycetes, Fungi, Azospirillum, PSB and KSB (71.66, 27.33,  57.66, 43.66, 63.00 
and 47.66 cfu × 105 g-1 oven dry soil) were recorded under treatment T5 {(75 % N (FYM) 
basal + 25 % N (V/C) at 25 DAT + Azospirillum@ 5 kg ha-1  + PSB @ 5 kg ha-1 + KSB @ 5 
kg ha-1)} at panicle initiation stage  trend was similar at harvesting stage. The treatment 
T5  significantly increased dehydrogenase activity by 81.62%, 10.80%, 24.86%, 15.66%, 
17.83% and 18.91% when compared with application of T1 (RDF), T3 {(100 % N FYM) as 
basal)}, T7 {(100 % N (GM)}, T8 {(50 % N (GM) + 50 % N (V/C) at 25 DAT)}, T9 {(75 % N 
(GM) + 25 % N (V/C) at 25 DAT + Azospirillum@ 5 kg ha-1 + PSB @ 5 kg ha-1 + KSB @ 5 
kg ha-1)} and  T10 {(75 % N (GM) + 25 % N (V/C) at 25 DAT + Panchagabhya on foliar 
application )}, respectively. The maximum grain yield of paddy (27.39 q ha-1) was also 
recorded under treatment T5 which was found to be most effective in modifying soil micro-
bial population, microbial community structure and grain yield of scented rice. 
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INTRODUCTION 

Indiscriminate use of chemical fertilizers and pesti-
cides during green revolution period resulted in 
several harmful effects on soil, water and air caus-
ing their pollution. This has reduced the productivi-
ty of the soil by deteriorating soil health in terms of 
soil fertility and biological activity. The excess use 
of pesticides has led to the entry of harmful com-

pounds into food chain, death of natural enemies 
and development of resistance against pesticides. 
Hence, enhancement and maintenance of system 
productivity and resource quality is essential for 
sustainable agriculture. The high cost of these 
products, the difficulties of meeting demand for 
them, and their harmful environmental legacy 
have encouraged scientists to develop alternative 
strategies to raise productivity, with microbes play-
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ing a central role in these efforts (Vaxevanidou et 
al., 2015). It is believed that application of organic 
fertilizer and biofertilizers can solve many of these 
problems as this system is believed to maintain 
soil productivity and pest control by enhancing 
natural processes and cycles in harmony with 
environment. 
Farm yard manure supplies nitrogen, phosphorus, 
potassium and micronutrients like Fe, S, Mo and 
Zn etc. It improves physical and chemical proper-
ties and health of soil such as aggregation, aera-
tion, permeability, water holding capacity, slow 
release of nutrients, increase in cation exchange 
capacity, stimulation of soil flora and fauna etc. 
On an average, it contains 0.50, 0.17 and 0.55 per 
cent of N, P and K, respectively (Gaur, 1991).  
Vermicompost is an aerobically degraded organic 
matter produced with the help of worms. It con-
tains 0.80 to 1.10% N, 0.40 to 0.80% P2O5 and 
0.80 to 0.98% K2O, 10 to 52 ppm Cu, 186.60 ppm 
Zn, 930.00 ppm Fe and plant growth promoting 
substances such as NAA, cytokinins, gibberellins, 
etc. (Giraddi, 2001). It improves physico-chemical 
properties of the soil and enhances the microbial, 
crop growth and yield (Vasanthiand Kumaraswa-
my, 1999). Use of panchagavya and fish amino 
acid improves the soil and plants health also 
providing protective measures against plant dis-
eases. Panchagavya and fish amino acid enhanc-
es the biological efficiency of the crop plants and 
disease resistance (Sarkar et al., 2014).  
Biofertilizers play a significant role in fixing atmos-
pheric nitrogen, production of growth promoting 
substances and making phosphorous available to 
the plants hence the application of biofertilizers is 
very essential to the plant (Upadhayay et al., 
1999). Generally, plant growth promoting rhizo-
bacteria facilitate the plant growth directly by ei-
ther assisting in resource acquisition (Ahemad 
and Kibret, 2014). Considering with these facts 
the present investigation has been formulated to 
evaluate the effect of organic inputs (viz., Ver-
micompost, FYM, neem cake, green manures and 
Panchgavya) and microbial inoculants (viz., 
Azospirillum, Phosphorus Solubilizing Bacteria 
(PSB) and Potassium Solubilizing Bacteria (KSB)) 
on soil properties under rice rhizosphere.Soil en-
zymes, usually produced by the soil inhabitants 
are known to play an important role in maintaining 
soil health and sustainability.The enzymatic activi-
ty in the soil is mainly of microbial origin and is 
derived from intracellular, cell-associated or free 
enzymes (Das and Verma 2011). Soil enzymes 
determine the various metabolic processes of soil. 
Different soils have different enzyme levels due to 
the fact that each soil type has different amounts 
of organic matter content, nutrients and activity of 
its living organisms. Soil enzyme activities are 
very sensitive to both natural and anthropogenic 
disturbances and show a quick response to the 

induced changes (Dick 1997). 
Rice (Oryza sativa L.) is a predominant staple 
food and a major source of dietary carbohydrate 
for more than half of the world‟s population. Fresh-
ly harvested rice grains contain about 80% carbo-
hydrate which includes starch, glucose, sucrose 
and dextrin (Verma and Srivastav, 2017).Rice is 
the second most widely grown cereal crop and is 
the staple food for more than half of the world‟s 
population. As reported by DACFW(2016), Rice is 
grown over an area of 43.39 Mha in India with an 
annual productivity of 2.4 t ha-1. Bihar is the 6th 
largest producer of Rice in India after West Ben-
gal, Uttar Pradesh, Punjab, Tamil Nadu and An-
dhra Pradesh. Land resources are degrading due 
to intensive cultivation and use of chemical fertiliz-
ers, pesticide and weedicide. This has caused 
environmental imbalance and it is causing prob-
lem to all living being on the Earth. The soil is be-
coming low and deficient in organic content. Per-
sistent nutrient depletion is posing a greater threat 
to the sustainable agriculture. Therefore, there is 
an urgent need to reduce the usage of chemical 
fertilizers and in turn increase the usage of organ-
ic manures and organic fertilizers. Rice production 
currently depends on the large scale use of chem-
ical fertilizers which pose an environmental hazard 
for rice producing areas. Organic manure has the 
capacity to fulfil nutrient demand of crops ade-
quately and promotes the activity of macro and 
micro flora in the soil. The area under scented rice 
varieties is increasing day by day with the opening 
of the world market as well as increased domestic 
consumption due to their premium quality. Under 
this situation organic cultivation of scented rice is 
a good option for earning more money by the mar-
ginal rice growers of Bihar by narrowing the cost 
of cultivation simultaneously with production of 
high value scented organic rice. In cultivation of 
scented rice under organic farming system, weeds 
are one of the hindrances for getting profitable 
yield. Under this system the chemicals are banned 
for controlling weeds. 
There are several reports which show that the 
combined and/or sole application of organic ma-
nures and biofertilizers increases yield and influ-
ences the quality attributes in crops (Bahadur et 
al., 2006) such as rice crop. Keeping this in view, 
the present investigation was undertaken to find 
out the suitable combination of organic manures 
and biofertilizers which can boost biological prop-
erty of soil and better yield of scented rice i.e. 
Katarni in this case, which has been reported to 
have a low recommended dose of fertilizers and 
the nutrient requirement can be met through sole 
application of organic material. 

MATERIALS AND METHODS 

The present study was undertaken to evaluate the 
response of organic fertilizers and biofertilizer on 
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soil biological properties and yield of scented rice 
under field condition during the Kharif season of 
2017 with a promising var. Bhagalpur Katarni, at 
the research farm of Bihar Agricultural University, 
Sabour, Bhagalpur, India. The organic fertilizer 
were locally procured from the Bihar Agricultrural 
University, Dairy farm and microbial inoculants 
viz., Phosphorus Solubilizing Bacteria (PSB) 
(Burkholderiacepecia), Potassium Solubilizing 
Bacteria (KSB) (Fraturiaaurentia) and Azospirillum 
(Azospirillumvirilandii) were obtained from the 
Biofertilizer Production Unit, Bihar Agricultural 
University, Sabour. 
 The experimental soil was well drained Aquic 
Hapludoll silty clay loam having pH 7.3, Electrical 
conductivity 0.68, dSm-1 organic carbon 0.51 per 
cent, available phosphorus 12.50 kg ha-1 , availa-
ble potassium 190.00 kg ha-1 and nitrogen 175.00 
kg ha-1. The experiment included ten treatments 
which comprised of T1-100% RDF, T2- 1/3 N 
(FYM) + 1/3 N (V/C) + 1/3 N ( Neem cake ), T3-
100% N (FYM) as basal application, T4-50% N 
(FYM) as basal application + 50% N (V/C), T6-
75% N (FYM) as basal application + 25% N (V/C)  
Azospirillum + PSB + KSB, T7-75% N (FYM) as 
basal application + 25% N (V/C) + Panchgabhya 
as foliar application at 25 DAT, T8-100% N (Green 
manure), T9-50% N (Green manure)  50% N (V/
C), T10-75% N (Green Manure) + 25% N (V/C) + 
Azospirillum + PSB + KSB and 75% N (Green 
Manure) + 25% N (V/C) + Panchgabhya asfoliar 
application at 25 DAT.The irrigation has applied 
as per requirement of the crop.Rhizosphere sam-
ples were obtained by collecting the soil adhering 
to the roots. The 10 g of soil samples were placed 
in an Erlenmeyer flask containing 90 ml of steri-
lized distilled water, and shaken for 30 min. Ten-
fold series dilutions were prepared, and appropri-
ate dilutions were plated in specific media and for 
the isolation of bacteria, fungi and actinomycetes, 
the Plate Count Agar, Czapek-Dox Agar and Ken-
knight and Munaier‟s Medium, respectively were 
used. The numbers of colony forming cells were 
determined in each plot by serial dilution pour 
plate method (Subbha, 1986). 
Dehydrogenase activity was determined by using 
procedure as outlined by Casidaet al., 1964. 1 g 
air-dried soil, was taken in an air-tight screw-
capped test tube (15 ml capacity). 0.2 ml of 3% 
TTC solution in each of the tubes were added to 
saturate soil. 0.5 ml of 1 % glucose solution was 
added in each tube. Tapping was done gently to 
drive out tapped oxygen and thus water seal was 
formed above the soil. Incubation was done at 28°
C for 24 h. After incubation, 10 ml methanol was 
added and shaken vigorously, allowed to stand for 
6 h. clear pink coloured supernatant was with-
drawn and reading was taken with a spectropho-
tometer at a wavelength at 485 nm. However, acid 
and alkaline phosphatase activity was determined 

by following procedure as outlined by Tabatabai 
and Bremer, 1969. For each soil, two sets of 1 g 
(oven dry equivalent) soil (< 2 mm) were taken in 
50 ml conical flasks. Out of these, one set were 
used as control. Then 0.2 ml toluene and 4 ml of 
MUB (Modified universal buffer) (pH 6.5 or 11) was 
added and 1 ml of p-nitrophenyl phosphate solu-
tion was added to one set of samples. After swirl-
ing both flasks for few seconds for mixing the con-
tents, it was stopped and placed in an incubator at 
37°C for one hour. After incubation, the stoppers 
were removed and 1 ml of 0.5 M CaCl2 and 4 ml of 
0.5 M NaOH was added. Flasks were swirled for 
few seconds and 1 ml of p-nitrophenyl phosphate 
solution was added to remaining set of samples. 
All the suspension was filtered through Whatman 
No. 1 filter paper quickly and yellow colour intensi-
ty were measured at 440 nm wavelength. After 
comparing with standard curve, finally acid and 
alkaline phosphatase activity was expressed as μg 
p-nitrophenol (PNP) released g-1 soil h-1. The ob-
tained field experiment data were analyzed by us-
ing standard procedure for Randomized Block De-
sign (RBD) with the help of a computer applying 
analysis of variance (ANOVA) technique 
(Snedecor and Cochron, 1971). The differences 
among treatments were compared by applying “F” 
test of significance at 5 per cent of probability and 
P values was used to examine differences among 
treatment means. 

RESULTS AND DISCUSSION 

Effect on soil microbial population: The ob-
tained results (Table 1) showed that the maximum 
microbial population (Bacteria, Actinomycetes and 
fungi) was observed at panicle initiation stage of 
rice in comparison to harvesting stage under ap-
plied all treatments. It might be due to the addition 
of FYM or vermicompost in soil which leads to an 
increase in microbial population and activity due to 
more amounts of available carbon and nutrients 
like N and P to soil micro organism which provide 
more energy. Later on, the nutrients were exhaust-
ed due to crop uptake which reduces the microbial 
population in soil. It may also be due to secretion 
of various root exudates by rice roots, utilized by 
the bacteria for their carbon requirement and leads 
to increase in multiplication of the microbial popu-
lation. The application of all organic amendments 
and microbial inoculants significantly increased 
bacterial population in soil at both panicle and har-
vesting stages over recommended dose of N, P 
and K. The addition of organic inputs enhanced 
the microbial counts in soil, which might be due to 
carbon addition and changes in physico-chemical 
properties of soil. 
The maximum bacterial population (71.66 cfu × 
105 g-1 soil and 40.00 cfu × 105 g-1 soil), fungi pop-
ulation (27.33 cfu × 104 g-1 soil and 22.66 cfu × 104 
g-1 soil) and actinomycetes population (57.66 cfu × 
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105 g-1 soil and 46.33 cfu × 105 g-1 soil) are flour-
ished in the treatment T5 {(75 % N (FYM) basal + 
25 % N (V/C) at 25 DAT + Azospirillum@ 5 kg ha-

1 + PSB @ 5 kg ha-1 + KSB @ 5 kg ha-1)} at both 
the panicle and harvesting stage. The recom-
mended dose of fertilizer (RDF) resulted in lower 
values of microbial populations than organic ma-
nure treatments. Microbial population composition 
and density is an important attribute of soil organic 
matter quality, as it provides an indication of a 
soil's ability to store and recycle nutrients and en-
ergy. It also serves as a sensitive indicator of 
change and future trends in organic matter level. 

The results were in the conformity of the results of  
Meena et al.,  (2015) who conducted a field exper-
iment and found that application of 120 kg N ha–1 
either through FYM (Farm Yard Manure equiva-
lent to 120 kg N ha–1) or vermicompost 
(Vermicompost equivalent to 120 kg N ha–1 ) re-
sulted in maximum microbial population of bacte-
ria (28.60 and 27.12 cfu105 g-1 soil), fungi (23.96 
and 22.17 cfu 104 g-1 soil) and actinomycetes 
(14.16 and 12.92 cfu102 g-1 soil), respectively. It is 
an established fact that compost has considerable 
amount carbon and nutrients, which support of 
growth and activity of microorganism in soil. Simi-
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Table 1. Response of organic inputs and microbial inoculants on microbial population status of experimental 
soil under rice rhizosphere. 

Treatments 

Bacteria 
(cfu × 105 g-1  soil) 

Fungi 
(cfu × 104 g-1  soil) 

Actinomycetes 
(cfu × 105 g-1  soil) 

Panicle Harvest Panicle Harvest Panicle Harvest 

T1: control ( R:D:F) 20.00 13.66 12.00 8.33 20.66 13.33 
T2:1/3 N( FYM) + 1/3 N (VC) + 1/3 N (NC) 64.33 29.33 20.33 18.00 49.33 35.00 
T3:100% N (FYM) as basal 56.33 26.33 19.00 12.66 43.00 33.00 
T4:50% N (FYM) as basal + 50% N (VC) at 25 
DAT 67.00 34.00 23.00 20.33 52.00 40.33 
T5:75% N (FYM) basal + 25% N (VC) at 25 DAT 
+ Azospirillum + PSB + KSB 71.66 40.00 27.33 22.66 57.66 46.33 
T6:75% (FYM) as basal  + 25% N (VC) at 25 
DAT + Panchagavya on foliar application 71.00 39.33 27.33 22.00 57.00 46.00 
T7:100% N (GM) 36.33 20.00 15.00 10.00 31.33 28.00 
T8:50% N (GM) + 50% N (VC) at 25 DAT 58.33 24.33 17.33 16.00 40.66 31.33 
T9:75% N (GM) + 25% N (VC) at 25 DAT + 
Azospirillum + PSB + KSB 53.00 22.66 16.33 14.33 35.33 30.33 
T10:75% N (GM) + 25% N (VC) at 25 DAT + Pan-
chagavya on foliar application 53.66 22.66 16.00 14.00 35.33 30.00 
CD (0.05) 5.29 7.73 3.60 6.62 5.99 7.75 
SE(m) 1.76 2.58 1.20 2.21 2.00 2.58 
CV (%) 5.55 16.43 10.75 24.19 8.20 13.44 

*VC-Vermicompost, NC-Neemcake, GM-Green manure, PSB - Phosphate Solubilzing bacteria, KSB - Potassi-
um Solubilzing bacteria, FYM-Farm yard 

Table 2. Effect of organic inputs and microbial inoculants on Azospirillum, PSB and KSB population. 

Treatments 
Azospirillum 
(cfu× 105 g-1 soil) 

PSB 
(cfu× 105 g-1 soil) 

KSB 
(cfu× 105 g-1 soil) 

Panicle Harvest Panicle Harvest Panicle Harvest 
T1: control ( R:D:F) 13.00 8.66 18.33 15.00 10.33 6.33 
T2:1/3 N( FYM) + 1/3 N (VC) + 1/3 N (NC) 34.00 28.33 49.33 31.66 39.00 30.00 
T3:100% N (FYM) as basal 26.00 25.66 37.00 26.33 34.66 27.33 
T4:50% N (FYM) as basal + 50% N (VC) at 25 
DAT 36.33 31.66 53.33 35.66 42.00 32.00 
T5:75% N (FYM) basal + 25% N (VC) at 25 DAT 
+ Azospirillum + PSB + KSB 43.66 35.66 63.00 41.66 47.66 37.00 
T6:75% (FYM) as basal  + 25% N (VC) at 25 
DAT + Panchagavya on foliar application 43.33 35.33 63.00 41.00 47.00 36.33 
T7:100% N (GM) 22.66 16.33 27.33 19.33 27.00 17.66 
T8:50% N (GM) + 50% N (VC) at 25 DAT 32.66 21.00 35.00 24.00 33.66 25.66 
T9:75% N (GM) + 25% N (VC) at 25 DAT + 
Azospirillum + PSB + KSB 30.00 20.66 32.33 22.33 30.00 22.66 
T10:75% N (GM) + 25% N (VC) at 25 DAT + 
Panchagavya on foliar application 30.00 20.00 33.00 22.00 29.33 23.66 
CD (0.05) 6.09 5.54 9.65 6.57 6.38 3.88 
SE(m) 2.03 1.85 3.22 2.19 2.13 1.29 
CV (%) 11.32 13.18 13.56 13.63 10.83 8.68 

*VC-Vermicompost, NC-Neemcake, GM-Green manure, PSB - Phosphate Solubilzing bacteria, KSB - Potassi-
um Solubilzing bacteria, FYM-Farm yard 



 

999 

lar results were found by the Krishnakumar et al. 
(2005) they studied the microbial populations in-
fluenced by organic farming and found that appli-
cation of FYM + NC (Neem Cake) showed signifi-
cantly higher bacterial population (38.6 cfu g-1 of 
soil), fungal population (15.2 cfu g-1 of soil) and 
Actinomycetes population (12.2 cfu g-1 of soil) 
than absolute control (15.9 cfu g-1 of soil). 
Azospirillum: Presented experimental findings 
(Table 2) showed that the application of organic 
source of nutrient and biofertilizers (Azospirillum, 
KSB and PSB), significantly increase Azospirillum 
count in soil over recommended dose of fertilizer 
(RDF). It might be due to addition of organic in-

puts which leads to changes in organic carbon 
content and physico-chemical properties of soil. 
The increasing the microbial population with the 
application of manure might be due to assimilated 
growth and microbial activity of soil (Upadhyayet 
al 2011). Similar results were obtained by Meena 
et al., 2015 who reported that the application of 
leaf compost equivalent to 120 kg N ha-1 resulted 
in higher amount of microbial population then 
RDF. At panicle initiation stage Azospirillum count 
in soil were recorded higher than after harvest, it 
might be due to the availability of congenial envi-
ronment and source of carbon for the bacterial 
growth and their multiplication. The plant roots 
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Table 3. Effect of organic inputs and biofertilizers on soil enzymatic activities. 

Treatments 

Dehydrgenase 
(μg TPF g-1 soil 24 
hr-1) 

Alkaline phospha-
tase (mg PNP  g-1 
soil hr-1) 

Acid phospha-
tase (mg PNP g-1 
soil hr-1) 

Panicle Harvest Panicle Harvest Panicle Harvest 

T1: control ( R:D:F) 11.33 7.66 15.00 8.00 13.00 9.33 
T2:1/3 N( FYM) + 1/3 N (VC) + 1/3 N (NC) 56.33 39.00 58.66 37.00 57.00 35.33 
T3:100% N (FYM) as basal 55.00 37.00 54.66 32.77 54.33 31.00 
T4:50% N (FYM) as basal + 50% N (VC) at 25 
DAT 58.00 42.66 61.00 39.33 60.33 40.00 
T5:75% N (FYM) basal + 25% N (VC) at 25 DAT 
+ Azospirillum + PSB + KSB 61.66 48.00 63.33 43.8 68.66 47.66 
T6:75% (FYM) as basal  + 25% N (VC) at 25 
DAT + Panchagavya on foliar application 61.00 47.33 63.00 42.4 68.33 47.33 
T7:100% N (GM) 46.33 28.00 47.66 30.88 50.00 24.33 
T8:50% N (GM) + 50% N (VC) at 25 DAT 52.00 34.00 52.66 29.11 53.00 29.33 
T9:75% N (GM) + 25% N (VC) at 25 DAT + 
Azospirillum + PSB + KSB 50.66 31.66 51.00 22.66 51.33 26.33 
T10:75% N (GM) + 25% N (VC) at 25 DAT + 
Panchagavya on foliar application 50.00 31.33 50.33 21.55 51.00 26.00 
CD (0.05) 5.96 2.57 3.86 9.15 3.48 2.89 
SE(m) 1.99 0.86 1.29 3.05 1.16 0.96 
CV (%) 6.87 4.30 4.32 16.79 3.83 5.29 

*VC-Vermicompost, NC-Neemcake, GM-Green manure, PSB - Phosphate Solubilzing bacteria, KSB - Potassi-
um Solubilzing bacteria, FYM-Farm yard 

Table 4. Effect of application of organic fertilizers yield and yield parameters of rice. 

Treatments Biological 
yield (q ha-1) 

Grain yield 
 (q ha-1 ) 

Straw yield 
( qha-1 ) 

T1: control ( R:D:F) 65.16 29.09 36.06 
T2:1/3 N( FYM) + 1/3 N (VC) + 1/3 N (NC) 60.87 25.36 35.50 
T3:100% N (FYM) as basal 57.09 24.74 32.35 
T4:50% N (FYM) as basal + 50% N (VC) at 25 DAT 65.20 26.86 38.33 
T5:75% N (FYM) basal + 25% N (VC) at 25 DAT + Azospiril-
lum + PSB + KSB 65.27 27.39 37.88 
T6:75% (FYM) as basal  + 25% N (VC) at 25 DAT + Pan-
chagavya on foliar application 64.85 27.10 37.7 
T7:100% N (GM) 52.93 22.58 30.35 
T8:50% N (GM) + 50% N (VC) at 25 DAT 50.59 23.87 26.72 
T9:75% N (GM) + 25% N (VC) at 25 DAT + Azospirillum + 
PSB + KSB 54.66 23.09 31.57 
T10:75% N (GM) + 25% N (VC) at 25 DAT + Panchagavya on 
foliar application 53.88 23.03 30.85 
CD (0.05) 6.58 3.91 N/A 
SE(m) 2.19 1.30 2.79 
CV (%) 6.45 8.94 14.32 

*VC-Vermicompost, NC-Neemcake, GM-Green manure, PSB - Phosphate Solubilzing bacteria, KSB - Potassi-
um Solubilzing bacteria, FYM-Farm yard manure 
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secreted various types of organic acids, which is 
an easily available source of food for soil microor-
ganism (Dotaniyaet al., 2013). The application of  
T5 (75 % N (FYM) basal + 25 % N (V/C) at 25 
DAT + Azospirillum@ 5 kg ha-1  + PSB @ 5 kg ha-

1 + KSB @ 5 kg ha-1) significantly increased 
Azospirillum count in soil over T1 (R: D: F – 40 kg 
N + 30 kg P + 20 kg K), T2 (1/3 N ( FYM) + 1/3 N 
(VC) + 1/3 N (NC), T3 (100 % N FYM) as basal)}, 
T4 (50 % N (FYM) as basal + 50 % N (V/C) at 25 
DAT),  T7 (100 % N (GM), T8 (50 % N (GM) + 50 
% N (V/C) at 25 DAT), T9 (75 % N (GM) + 25 % N 
(V/C) at 25 DAT + Azospirillum@ 5 kg ha-1 + PSB 
@ 5 kg ha-1 + KSB @ 5 kg ha-1)  and T10 (75 % N 
(GM) + 25 % N (V/C) at 25 DAT + Panchagavya 
on foliar application ant at par w3ith the applica-
tion of T6 (75 % N (FYM) as basal + 25 % N (V/C) 
at 25 DAT + Panchagavya on foliar application) it 
may be due to the availability of nutrients from the 
FYM and vermicompost for longer period of time 
to the bacteria. The results are similar to the find-
ings of Brar et al., 2017 who found significantly 
higher bacterial population (28.10 × 108 cfu g- 1 of 
soil in observed in plots treated with FYM + non 
edible oil cakes + biofertilizers. 
PSB and KSB: The count of phosphate solubiliz-
ing bacteria (PSB) and potassium solubilizing bac-
teria (KSB) significantly increased in treatments 
having organic manures and biofertilizers over the 
control treatment (Table 2). The maximum PSB 
count and KSB count (63.00 cfu × 105 g-1 soil, 
41.66 cfu × 105 g-1 soil, 47.66 cfu × 105 g-1 soil and 
37.00 cfu × 105 g-1 soil) were reported at panicle 
initiation than at harvesting stage which may be 
due to the availability of nutrients from the FYM 
and vermicompost for longer period of time to the 
bacteria. The findings were in the confirmation of 
the results of Iswandiet al. (2011) who reported 
that rice root exudates contain some organic com-
pounds as a source of nutrition for microorgan-
isms and encourages colonization in the popula-
tion of Azospirillum spp. and PSB during flowering 
stage of rice crop. 
Dehydrogenase activity: Dehydrogenase activity 
is affected by various treatments at the panicle 
initiation and harvesting stage of rice which are 
presented in the results. Microbial respiration is 
supposed to be highest in panicle initiation stage 
over harvesting stage of rice plant. The rice grows 
in the reciprocal and interactive ecosystem be-
tween soil-microorganism-rice and atmosphere, 
the rice development consequentially affect soil 
microorganism and soil enzymatic activities. In the 
present result  the application of  T5 {(75 % N 
(FYM) basal + 25 % N (V/C) at 25 DAT + Azospi-
rillum@ 5 kg ha-1  + PSB @ 5 kg ha-1 + KSB @ 5 
kg ha-1)} significantly increase dehydrogenase 
activity by 81.62%, 10.80%, 24.86%, 15.66%, 
17.83% and 18.91% when compared with applica-
tion of T1 {(R: D: F – 40 kg N + 30 kg P + 20 kg 

K)}, T3 {(100 % N FYM) as basal)}, T7 {(100 % N 
(GM)}, T8 {(50 % N (GM) + 50 % N (V/C) at 25 
DAT)}, T9 {(75 % N (GM) + 25 % N (V/C) at 25 
DAT + Azospirillum@ 5 kg ha-1 + PSB @ 5 kg ha-1 

+ KSB @ 5 kg ha-1)} and  T10 {(75 % N (GM) + 25 
% N (V/C) at 25 DAT + Panchagavya on foliar 
application)} respectively. Similar trend follow at 
harvesting stage but at harvesting stage each and 
every inoculated species of VAM fungi having de-
hydrogenase activity is less than that of flowering 
stage inoculation. It might be due to the fact that 
organic compost and microbial inoculants itself 
can increase soil enzymatic activities (Caravaca et 
al., 2004). Addition of FYM @ 10 t ha-1 significant-
ly increased the enzymatic activity in the soil. This 
increase might be due to manure application 
which promote biological and microbial activities 
and accelerated the breakdown of organic sub-
stances in the added manure, which is known to 
stimulate the dehydrogenase activity (Pedrazzini 
and Mckee, 1984). 
Acid phosphatase: A trend similar to dehydro-
genase activity was observed for the acid phos-
phatase activity during the study. The treatment T5 
{(75 % N (FYM) basal + 25 % N (V/C) at 25 DAT + 
Azospirillum@ 5 kg ha-1  + PSB @ 5 kg ha-1 + KSB 
@ 5 kg ha-1)} resulted in significantly higher acid 
phosphatase activity with respect to other treat-
ments. This treatment also gave similar trends at 
harvesting stage. At panicle initiation stage , appli-
cation of  T6 {(75 % N (FYM) as basal + 25% N (V/
C) at 25 DAT + Panchagavya on foliar applica-
tion)} significantly increase dehydrogenase activity 
and with the applied treatments except application 
of  T5 {(75 % N (FYM) basal + 25 % N (V/C) at 25 
DAT + Azospirillum@ 5 kg ha-1  + PSB @ 5 kg ha-1 

+ KSB @ 5 kg ha-1)}, T4 {(50 % N (FYM) as basal 
+ 50 % N  (V/C) at 25 DAT)} and T2 {(1/3 N ( FYM) 
+ 1/3 N (VC) + 1/3 N (NC)} at panicle stage.It 
might be due to the more secretion of enzymes 
from the soil fungi. The similar results were ob-
tained by Shwetha (2008) who found that the sig-
nificantly higher microbial activity in the treatments 
given organic manures such as compost, ver-
micompost and green leaf manure with fermented 
organics viz., Beejamruth, Jeevamruth and Pan-
chagavya over RDF (recommended dose of ferti-
lizers) , FYM and fermented organics alone.  
Alkaline phosphatase activity: The results for 
alkaline phosphatase activity showed that the 
maximum activity for each and every applied treat-
ment was recorded at panicle initiation stage than 
harvesting stage. The application with the treat-
ment T5 {(75 % N (FYM) basal + 25 % N (V/C) at 
25 DAT + Azospirillum@ 5 kg ha-1  + PSB @ 5 kg 
ha-1 + KSB @ 5 kg ha-1)} and T6 {(75 % N (FYM) 
as basal + 25 % N (V/C) at 25 DAT + Panchaga-
vya on foliar application)} given maximum Alkaline 
phosphatase activity at both the growth stages. 
The results are the confirmation of Singh, et al, 
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2016. Soil enzymatic pool is mainly maintained by 
soil microorganisms. In addition to that other soil 
microflora, plant residues undergoing varying de-
gree of decay also contributed to this pool 
(Krishnakumar et.al., 2005). Alkaline phosphatase 
activity of soil increased up to panicle initiation 
stage and declined afterwards. Rice crop pro-
duced higher amount of root exudation at initial 
stages of growth which enhanced microbial activi-
ty in crop and modified nutrient concentration in 
soil (Dotaniyaet.al 2014 and Singh et al. 2017). 
Yield and yield parameters: The experimental 
findings showed that among applied organic treat-
ments the maximum grain yield (27.39 q ha-1) and 
biological yield (65.27 q ha-1) was found in treat-
ment T5 {(75 % N (FYM) basal + 25 % N (V/C) at 
25 DAT + Azospirillum@ 5 kg ha-1  + PSB @ 5 kg 
ha-1 + KSB @ 5 kg ha-1)} and minimum (22.58 q 
ha-1) was recorded in T7 {(100 % N (GM)}. Appli-
cation of  T5 {(75 % N (FYM) basal + 25 % N (V/C) 
at 25 DAT + Azospirillum@ 5 kg ha-1  + PSB @ 5 
kg ha-1 + KSB @ 5 kg ha-1)} significantly increased 
grain weight of paddy by 17.56%, 15.69%, 
15.91% over treatment T7 {(100 % N (GM)}, T9 

{(75 % N (GM) + 25 % N (V/C) at 25 DAT + 
Azospirillum@ 5 kg ha-1 + PSB @ 5 kg ha-1 + KSB 
@ 5 kg ha-1)} and  T10 {(75 % N (GM) + 25 % N 
(V/C) at 25 DAT + Panchagavya as foliar applica-
tion )}. However, the maximum straw yield (38.33) 
under the treatment T4 (50% N (FYM) as basal + 
50% N (VC) at 25 DAT). This might be due to the 
more availability of nutrients for its uptake which 
leads to increase the plant biomass and its devel-
opment. Similar findings observed by the Raghav 
and Shashi Kamal (2007). However there was no 
significant effect was found on straw yield by the 
applied treatment. The maximum straw yield was 
recorded under the application of treatment T4 
{(50 % N (FYM) as basal + 50 % N (V/C) at 25 
DAT)}. It may be because of vigorous growth of 
rice plants due to more availability of mineral to 
the crops. Several studies have revealed the posi-
tive effects of organic amendments and bio-
fertilizers singly or in combination to increase 
plant nutrient availability, uptake and increase 
crop yield (Naderet al., 2008).Chaturvedi et al. 
(2008)also reported that organic amendments 
have a great effect on organic matter content and 
nutrient values, as well as improve the structure, 
water and air balance and microbiological activi-
ties of soils. 

Conclusion 

Organic management practices have the potential 
to upkeep the soil health as well as sustain the 
crop yield over a longer period of time. For scent-
ed rice varieties like Bhagalpur Katarni, which 
have relatively low nutrient requirement, a strate-
gy for inclusion of completely organic treatments 
for crop production is worthwhile. After perusal of 

the results obtained in the study, it may be con-
cluded that the application of 75 % N (FYM) basal 
+ 25 % N (V/C) at 25 DAT + Azospirillum  @ 5 kg 
ha-1  + PSB @ 5 kg ha-1  + KSB @ 5 kg ha-1 ) sig-
nificantly increase the microbial population, enzy-
matic activity, available N, P and K in soil over 
control treatment. This treatment also significantly 
increased grain yield when compared with T7 
{(100 % N (GM)}, T9 {(75 % N (GM) + 25 % N (V/
C) at 25 DAT + Azospirillum @ 5 kg ha ha-1  + 
PSB @ 5 kg ha-1 + KSB @ 5 kg ha-1)} and  T10 
{(75 % N (GM) + 25 % N (V/C) at 25 DAT + Pan-
chagavya on foliar application )}. Since, agricultur-
al sustainability is a priority in the modern day in-
tensive agriculture, the positive effect of meticu-
lously formulated treatments including organic 
amendments and microbial inoculants on the soil 
microbiological parameters and yield of scented 
Katarni variety of rice is encouraging. 
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