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ABSTRACT : The field experiment was carried out at MARS, Dharwad during Kharif 2010-11 and 2011-12 to study the effect of
organic farming practices on soil properties and beneficial soil micro-organism among the organic manurial treatments, application
of EC (1/3) + VC (1/3) + gliricidia GLM (1/3) equivalent to RDF recorded significantly higher uptake of N, P2O5 and K2O (72.53, 14.26
and 77.3 kg ha-1, respectively) over EC (1/3) + VC (1/3) + GLM (1/3) equivalent to RDN. Among the organic treatment combinations,
application of EC (1/3) + VC (1/3) + gliricidia GLM (1/3) equivalent to RDF with foliar spray of Panchagavya @ 5 per cent recorded
significantly higher uptake of N, P2O5 and K2O (73.80, 15.16 and 78.4 kg ha-1, respectively) over other organic combinations and
was at par with (1/3) + VC (1/3) + GLM (1/3) equivalent to RDF with borax @ 0.2 per cent + MgSO4 @

 1 per cent and RDF + FYM.
Among the nutrient management practices, integrated application of EC (1/3) + VC (1/3) + gliricidia GLM (1/3) equivalent to RDF
recorded significantly higher available soil N, P2O5 and K2O (282.5, 28.8, 328.3 kg ha-1, respectively) over FYM @ 5 t ha-1 + RDF.
Combined application of EC (1/3) + VC (1/3) + GLM (1/3) equivalent to RDF and EC (1/3) + VC (1/3) + GLM (1/3) equivalent to RDN
recorded significantly higher organic carbon (5.6 and 5.5 g kg-1, respectively) over FYM @ 5 t ha-1 + RDF (5.2 g kg-1). Integrated
application of EC (1/3) + VC (1/3) + gliricidia GLM (1/3) equivalent to RDF recorded significantly higher bacteria, fungal,
actinomycetes, phosphorus solubilising bacteria, N2-fixers, enzymes mainly phosphatase and dehydrogenase activity and soil
respiration rate (73.19 cfu × 106/ g of soil, 26.84 cfu × 103/ g of soil, 39.65 cfu × 102/ g of soil, 26.15 cfu × 103/ g of soil, 29.52 cfu × 103/
g of soil, 25.01 pnp/g of soil/hr, 11.99  TPF/g of soil/day and 9.51 mg of C or CO2/hr/100 g of soil, respectively) at 60 DAS as
compared to application of FYM @ 5 t ha-1 + RDF. Among the different treatment combinations, application of EC (1/3) + VC (1/3)
+ gliricidia GLM (1/3) equivalent to RDF with foliar spray of Panchagavya @ 5 per cent recorded significantly higher bacteria,
fungi, actinomycetes, N2-fixers and P-solubilizer, phosphatase and dehydrogenase enzyme activity and soil respiration rate over
RDF + FYM.
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INTRODUCTION

With escalating population and shrinking resource
base, the challenge to increase agricultural production
on sustainable basis is indeed a formidable one. Synthetic
external inputs have the limitations of higher costs and
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causing damage to environment. So, combined use of
organic sources of nutrients helps to maintain healthy
crop growth and to obtain sustainable yield and quality.
Among the various factors affecting the growth and yield
of cotton, nutrient management play a vital role. Presently,
the chemical fertilizers are the major source of nutrients
but escalating cost, coupled with increasing demand of
chemical fertilizers and depleting soil health necessitates
the safe and efficient use of organics in crop production.
These practices gaining much popularity to enhance and
maintain soil organic carbon status for obtaining
sustainable crop yields. In this context, to field experiment
were carried out to study the soil properties in organic
production system.

EXPERIMENTAL METHODS

A field experiment was conducted at MARS,
Dharwad during 2010 and 2011 to study the nutrient
management practices for organic cotton production. The
soil of the experiment site was clay, having medium
carbon (0.41 %) and available NPK (264.70:24.80:285.30
NPK kg ha-1). The experiment was laid out in Split Plot
Design with three replication. The main plot comprises
of five manual treatments as M1 : Recommended dose
of fertilizer (RDF)(80:40:40 N:P2O5:K2O kg ha-1+ FYM
@5 t ha-1), M2: Crop residues equivalent to 50 per cent
RDN with compost culture + vermicompost equivalent
to 50 per cent RDN M3: Crop residues equivalent to 50
per cent RDF with compost culture + vermicompost
equivalent to 50 per cent RDF, M4: Compost equivalent
to 50 per cent RDN + vermicompost equivalent to 50
per cent RDN, M5: Compost equivalent to 50 per cent
RDF + vermicompost equivalent to 50 per cent RDF
and sub plot consists of six green manures treatments
are S1 : Gliricidia GLM mulch @ 7.5 t ha-1, S2: Gliricidia
GLM mulch @ 7.5 t ha-1 + Soil application of jeevamrutha
@ 500 lt ha-1 at sowing, 30, 60 and 90 DAS, S3: Lucerne
GM alone as inter crop (1:2 row proportion), S4 : Lucerne
GM as inter crop + Soil application of Jeevamrutha @
500 lit ha-1, S5 : Sunnhemp GM alone as inter crop (1:2
row proportion), S6 : Sunnhemp GM as inter crop + Soil
application of jeevamrutha @ 500 lt ha-1, two control
treatments are T1: Recommended dose of fertilizer
(RDF)(80:40:40 N:P2O5:K2O kg ha-1 + FYM @ 5 t ha-1)
and T2: Recommended dose of fertilizer (RDF)(80:40:40
N:P2O5:K2O kg ha-1) only. As per the treatments the

organic manures equivalent to RDN and RDF through
farm yard manure, cotton stalks (50 %), compost (50
%), green leaf manure were applied 15 days before
sowing and 50 per cent vermicompost was spot applied
to the soil before dibbling of cotton seeds and top dressing
with remaining 50 per cent of vermicompost was done
at 60 DAS. The chemical fertilizers as per the
recommended package alone and along with farm yard
manure were applied to the check treatments. The seeds
were treated with cow urine, Azospirilum, Phosphate
solubalizing bacteria, Pseudomonas striata, Trichoderma
and cow dung slurry before sowing. The seed of hybrid
cotton DHB-915 was obtained from ARS Dharwad,
Hebballi farm and were hand dibbled with two cotton
seeds per hill on 12 July, 2010 and 15 June, 2011. Two
rows of sunnhemp and lucerne at 30 cm apart were grown
as a green manure crops in between two rows of cotton
(90 cm). Sunnhemp was cut at 30-35 DAS was mulched
in between the rows where lucerne was regularly
harvested (3 times during the year) at 30 to 35 days
interval and used as mulch between the rows. Gliricidia
green leaf manures @ 7.5 t ha-1 were mulched in between
the cotton row at 30 DAS. Nitrogen estimation was done
by Kjeldahl’s method (Jackson, 1973) phosphorus by
vanado molybdate phosphoric yellow colour method and
potassium by flame photometric method. The soil
adhering to the roots was carefully collected and used
for enumeration of total bacteria, fungi and actinomycetes,
by standard serial dilution plate count technique using
soil extract agar for bacteria count (Bunt and Rovira,
1955), Martin’s Rose Bengal agar for fungi (Martin,
1950) and Kusters agar for actinomycetes (Kuster and
Williams, 1964). The microbial populations were
expressed as number of colony farming units per gram
dry weight of soil.

EXPERIMENTAL RESULTS AND ANALYSIS

The uptake of major nutrients mainly nitrogen,
phosphorus and potassium differed significantly due to
organic manures. Among the organic manurial treatments,
application of EC (1/3) + VC (1/3) + gliricidia GLM (1/
3) equivalent to RDF recorded significantly higher uptake
of N, P2O5 and K2O (72.53, 14.26 and 77.3 kg ha-1,
respectively) over EC (1/3) + VC (1/3) + GLM (1/3)
equivalent to RDN. The results suggested that addition
of organics not only increased the availability of these
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nutrients in the soil, but also favoured the release of
nutrients from organic sources through mineralization by
micro-organisms and their uptake by the crop. Among
the recommended nutrient practices, integrated application
of FYM @ 5 t ha-1 + RDF recorded significantly higher
uptake of N, P and K (79.0, 17.1 and 80.9 kg ha-1,
respectively) accounting for 16.52, 36.77 and 5.35 per
cent, respectively (Table 2) higher over EC (1/3) + VC
(1/3) + GLM (1/3) equivalent to RDN. The increase in
total dry matter production and seed cotton yield could
be ascribed to increased uptake of nutrients. These results
are well supported by Padole et al. (1998). Foliar spray
of Panchagavya @ 5 per cent recorded significantly
higher uptake of N, P and K (74.33, 15.23 and 79.36 kg
ha-1, respectively) over bio-digester @ 20 per cent and
was at par with borax @ 0.2 per cent + MgSO4 @ 1 per
cent and vermiwash @ 20 per cent.

Among the organic treatment combinations,
application of EC (1/3) + VC (1/3) + gliricidia GLM (1/
3) equivalent to RDF with foliar spray of Panchagavya
@ 5 per cent recorded significantly higher uptake of N,
P2O5 and K2O (73.80, 15.16 and 78.4 kg ha -1,
respectively) over other organic combinations and was
at par with (1/3) + VC (1/3) + GLM (1/3) equivalent to
RDF with borax @ 0.2 per cent + MgSO4 @ 1 per cent
and RDF + FYM. Similar results were also observed by
Sanjutha et al. (2008) and Tolanur (2008). Application of
organics with foliar spray of Panchagavya noticed
enhanced biological efficiency of crop plants and created
greater source and sink in the plant system (Boomathi et
al., 2005). Improved leaf area index was also observed
with foliar spray of Panchagavya which indicates
increased photosynthetic efficiency of plants and further
led to increased uptake of nutrients. Integrated application
of FYM @ 5 t ha-1 + RDF + Panchagavya @ 5 per cent
recorded significantly higher uptake of nitrogen,
phosphorus and potassium (80.20, 17.39 and 81.82 kg
ha-1, respectively) over rest of the combinations but was
at par with FYM @ 5 t ha-1 + RDF + borax @ 0.2 per
cent + MgSO4 @ 1per cent and FYM @ 5 t ha-1 + RDF
+ vermiwash @ 20 per cent. This might be due to higher
total dry matter production in this treatment. Foliar
application of boron accelerates the translocation of
nitrogen compounds, increased the protein synthesis and
stimulates fruiting and hastens the translocation of
nitrogen and sugars thus, improving fruiting resulted in
higher biomass production and yield.

Among the nutrient management practices,
integrated application of EC (1/3) + VC (1/3) + GLM (1/
3) equivalent to RDF and EC (1/3) + VC (1/3) + GLM
(1/3) equivalent to RDN recorded significantly higher
organic carbon (5.6 and 5.5 g kg-1, respectively) over
FYM @ 5 t ha-1 + RDF (5.2 g kg-1). It was higher by
7.96 per cent over FYM @ 5 t ha-1 + RDF. Lower organic
carbon content was recorded in plots supplemented (Table
1) with RDF + FYM as compared to 100 per cent organic
manures application, which is in conformity with
observations of Katyal (1985). The foliar spray of
Panchagavya @ 5per cent was recorded significantly
higher soil organic carbon (5.5 g kg-1) over foliar spray
of bio-digester @ 20 per cent (5.3 g kg-1) and was at par
with borax @ 0.2 per cent + MgSO4 @ 1 per cent (5.5 g
kg-1). Among the different treatment combinations,
application EC (1/3) + VC (1/3) + gliricidia GLM (1/3)
equivalent to RDF with foliar spray of Panchagavya @
5per cent recorded significantly higher soil organic carbon
(5.7 g kg-1) over RDF + FYM (5.0 g kg-1) and was at par
with EC (1/3) + VC (1/3) + gliricidia GLM (1/3) equivalent
to RDF with foliar spray of borax @ 0.2per cent +
MgSO4 @ 1 per cent and EC (1/3) + VC (1/3) + gliricidia
GLM (1/3) equivalent to RDF with vermiwash @ 20 per
cent (5.6 and 5.5 g kg-1, respectively). Malewar et al.
(2000) reported that, organic carbon improvement in soil
with application of FYM 10 t ha-1 and FYM 10 t ha-1 +
100 per cent RDF (6.75 and 6.70 g kg-1 of soil) as
compared to inorganic fertilizer alone. Solaiappan (2002)
reported that annual application of FYM @ 10 t ha-1 along
with RDF significantly increased the organic carbon
content of the soil from an initial value of 0.33 to 0.42 per
cent at the end of I year cycle and further to 0.49 per
cent at the end of II year cycle.

The available soil N, P2O5 and K2O varied
significantly due to different nutrient management
practices. Among the nutrient management practices,
integrated application of EC (1/3) + VC (1/3) + gliricidia
GLM (1/3) equivalent to RDF recorded (Table 2)
significantly higher available soil N, P2O5 and K2O (282.5,
28.8, 328.3 kg ha-1, respectively) over FYM @ 5 t ha-1 +
RDF. It was higher by 3.42, 9.72 and 4.38 per cent over
FYM @ 5 t ha-1 + RDF. The increment was higher with
application organic manures as the loss of nutrients is
lower with greater accumulation of nutrients enrich the
available pool of nitrogen (Bharadwaj and Omanwar,
1994). Higher organic carbon content has been owing to
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the continuous addition of enriched compost,
vermicompost and gliricidia GLM equivalent to
recommend levels of nitrogen with favourable
environment for greater biological activity increased pool
of nutrients. Organic manures in conjunction with foliar
spray of Panchagavya recorded significantly higher
available soil N, P2O5 and K2O (279.46, 28.38 and 324.49
kg ha-1, respectively) as compared to foliar spray of bio-
digester @ 20 per cent and was at par with borax @ 0.2
per cent + MgSO4 @ 1 per cent and vermiwash @ 20 per
cent and cow urine @ 10 per cent. Among the different
treatment combinations, application of EC (1/3) + VC
(1/3) + gliricidia GLM (1/3) equivalent to RDF with foliar
spray of Panchagavya @ 5 per cent recorded significantly
higher available soil N, P2O5 and K2O (284.4, 29.7 and
330.0 kg ha-1, respectively) accounting for 5.66, 23.51
and 13.40 per cent, higher available NPK over RDF +
FYM (269.2, 24.1 and 291.0 kg ha-1) and was at par
with EC (1/3) + VC (1/3) + gliricidia GLM (1/3) equivalent
to RDF with borax @ 0.2 per cent + MgSO4 @ 1per
cent, EC (1/3) + VC (1/3) + gliricidia GLM (1/3)
equivalent to RDF with vermiwash @ 20 per cent and
EC (1/3) + VC (1/3) + gliricidia GLM (1/3) equivalent to
RDF with cow urine @ 10 per cent. Application of EC
(1/3) + VC (1/3) + GLM (1/3) equivalent to RDF with
foliar spray of Panchagavya @ 5 per cent recorded
higher gain in available N, P2O5 and K2O over RDF +
FYM and closely followed by EC (1/3) + VC (1/3) +
gliricidia GLM (1/3) equivalent to RDF with borax @
0.2 per cent + MgSO4 @ 1 per cent. Higher soil available
N, P2O5 and K2O may be due to higher soil microbial
activity and higher root activity in the rhizosphere and
improved soil physical and chemical properties. Higher
organic carbon content has been owing to regular addition
of enriched compost, vermicompost and gliricidia GLM
with greater biological activity brought about by
Panchagavya spray resulted higher available nutrients.
Apart from major nutrients the availability of
micronutrients enhanced as indicated by higher values
of DTPA extractants viz. ,  Cu, Zn, Fe and Mn,
respectively. These results are in confirmity with findings
of Katyal (1985); Chapale et al. (1990); Badanur et al.
(1990) and Kademani et al. (2003). Similarly, Padole et
al. (1998) and Malewar et al. (2000) indicate higher
available N, P2O5, K2O and sulphur in the soil receiving
FYM @ 10 t ha-1 over inorganic fertilizer alone.

Integrated application of EC (1/3) + VC (1/3) +

gliricidia GLM (1/3) equivalent to RDF recorded
significantly higher bacteria, fungal, actinomycetes,
phosphorus solubilising bacteria, N2-fixers, enzymes
mainly phosphatase and dehydrogenase activity and soil
respiration rate (73.19 cfu × 106/ g of soil, 26.84 cfu ×
103/ g of soil, 39.65 cfu × 102/ g of soil (Table 3-6 ), 26.15
cfu × 103/ g of soil, 29.52 cfu × 103/ g of soil, 25.01 
pnp/g of soil/hr, 11.99  TPF/g of soil/day and 9.51 mg of
C or CO2/ hr/100 g of soil, respectively) at 60 DAS as
compared to application of FYM @ 5 t ha-1 + RDF.
The foliar spray of Panchagavya @ 5 per cent in
combination with organic manures recorded
significantly higher population of bacteria, fungi,
actinomycetes, N2-fixers and PSM, phosphatase and
dehydrogenase enzyme activity and soil respiration rate
over foliar spray of bio-digester @ 20 per cent with
organic manures and was at par with borax @ 0.2
per cent + MgSO4 @ 1 per cent and vermiwash @ 20
per cent. Among the different treatment combinations,
application of EC (1/3) + VC (1/3) + gliricidia GLM
(1/3) equivalent to RDF with foliar  spray of
Panchagavya @ 5 per cent recorded significantly
higher bacteria, fungi, actinomycetes, N2-fixers and
P-solubilizer, phosphatase and dehydrogenase enzyme
activity and soil respiration rate over RDF + FYM
and was at par with EC (1/3) + VC (1/3) + gliricidia
GLM (1/3) equivalent to RDF with borax @ 0.2 per
cent + MgSO4 @ 1 per cent, EC (1/3) + VC (1/3) +
gliricidia GLM (1/3) equivalent to RDF with vermiwash
@ 20 per cent and EC (1/3) + VC (1/3) + gliricidia
GLM (1/3) equivalent to RDF with cow urine @ 10 per
cent. The enhanced soil microbial activity as indicated
by both population, microbial diversity and enzymatic
activity was mainly due to favourably soil environment,
sufficient energy in the form of carbon and protein
sources with organic sources of nutrition. These results
are in line with the findings of Solaiappan (2002) who
opined that, addition of organic manures improved the
microbial activity and enhanced the availability of native
and applied nutrients which in turn increased the yield of
cotton Mathur (1997). Application of vermicompost and
crop residues stimulated the N2- fixing bacteria mainly
Azotobacter and Rhizobium sp. (Gaur, 1984). Finally
concluded that combined application of EC (1/3) + VC
(1/3) + gliricidia GLM (1/3) equivalent to RDN with foliar
spray of Panchagavya @ 5 per cent improved soil
properties.
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