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The effect of Pusa compost inoculant coupled with windrow turner was studied
to reduce the time of composting and for producing the better quality compost. An
experimental setup with trapezoidal piles set at 30 m long, 1.2 m high, 2 m bottom width
and 1.5 m top width and three levels of culture inoculum (500 ml, 1000 ml and 1500 ml)
utilizing approximately 44.44 tonne of agro-waste and 24 tonne of 3-4 days old raw cow
dung was laid. The pile was mixed at regular interval of 10 days using the windrow
turner powered by 55.95 kW tractor. This operation ensured proper aeration and creating
favourable conditions for microbial growth. The peak temperature of 68°C was attained
at 1000 ml inoculated cultured pile within 15 days. The reduction in density as 21.98%
and 49.0% in the subsequent turnings reduced the power consumption from 7.93 kW to
6.13 kW and composting time to 45 days. The same pile also showed an increase in
electrical conductivity from 1421 uS/m to 1640 uS/m, nitrogen availability from 0.31% to
0.672%, potassium from 0.51% to 1.33% and phosphorus from 0.18% to 0.61% , C: N ratio
from 53:1 to 18:1 with neutral behaviour. The per cent moisture loss was 13% only. All the
measured parameters showed the conformity with the BIS standards for efficient
composting and product formation. Thus, 1000 ml culture dose per tonne of material
gave better results for all measured parameters and is recommended for efficient and
nutritious composting to ensure sustainability in crop production.
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The food grain production of India has
now touched thelandmark of 250.47 mtin 2011-12
(Economic survey, 2011-12) and consequently, the
amount of agro-waste started to escalate and has
reached about 889.71 mt annually (Agricultural
Statistics at a glance, 2010). Globally, biomassis
ranked fourth as an energy resource, providing
approximately 14% of the world’'s energy needs
and can be efficiently used as an alternative for
fossil fuels.
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The conventional and traditional method
of burning agro-waste remains a constant hazard
to human and animal health and represent amajor
source of environmental pollution (El-Shimi, 2007).
Owing to the hazardous potential of using the
ordinary mineral fertilizers in the soil and its
surroundings including ground water and open
drains, organic manure through compost
application was found to be a suitable substitute
for such mineral fertilizers (Abbaset al., 2006 and
2010). Composting is aprocess by which organic
wastes are decomposed through the activities of
successive groups of microorganisms (Gajdos,
1992) and converted into organic manure rich in
plant nutrients and humus (Sharmaet al., 2011).
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Although, there exists a number of
different composting methods and technologies,
there are three main systems of centralized
composting: aerated static pile process, windrow
process and enclosed systems (Martin and
Gershung, 1992 and Hong et al., 1983). Merkel
(1981) reported that the rate at which organic matter
decomposes is affected by the moisture content,
C: N ratio of the organic matter, temperature,
availahility of oxygen, pH vaue, and particlesizes.

The decomposition of agro-residues is
enhanced by the addition of lignocellulolytic fungi
which speeds up the process of composting. The
effect of fungal inoculation on composting of
cellulosic material iswell documented (Gaur, 2002;
Mishra et al., 1982). Cellulolytic fungi like
Aspergillus awamori, Trichoderma viride,
Phenerochaete chrysosporium and Aspergillus
nidulans were added for recycling organic matter
and to convert it into nutrient rich compost.

About 100-150 man hoursarerequired for
preparing compost by pit (10 mx 1 mx1 m) method
and requires continuous monitoring. The pile
method of compost involveslaying the material in
the form of piles and subsequent mixing with the
help of compost turner-cum-mixer. The compost
turner-cum-mixer consisting of mixing rotor,
hydraulic system to operate the rotor, water tank
to storewater and culture, and side tank for weight
balancing. The machineemployed for turning hel ps
to increase the capacity, timeliness, precision and
uniformity of mixing and creating favourable
conditionsfor microbial growth. Theturner-cum-
mixer reduces the energy consumption per tonne
of the material handled and is used for mass
production of compost. The compost turner-cum-
mixer ishaving provision of adding moisture during
operation that adds extra feather to its working
ability. The study was undertaken with broad
objectives:

1 To determine the optimal quantity of the
inoculant for effective compost preparation.

2 To study theimpact of turning and inoculant
dose on the compost parameters.

MATERIALSANDMETHODS

The experiments were conducted in the
biomass utilization unit of IARI campus. This
necessitated the collection of input raw material as
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paddy straw from the premises of the IARI, New
Dehi. Themateria laiddin30mlong, 1.2mhigh,2m
bottom width and 1.5 m top with trapezoidal pile
was mixed with 3-4 days old cow dung with the
help of aloader. Thetotal amount of material utilized
in 30 m pile was 44.44 tonne approximately. The
cow dung of about 6 trolleys were added which
constituted about 24.0 tonne. The 80 litre
concentrated culture was mixed with 300 litres of
water and sprayed on the top of the pilesin three
different doses (500, 1000 and 1500 ml). The
materials were turned and the scattered materials
were kept in place with the help of loader which
lifts and carries material upto aheight of 3 meter.
The pilescontaining raw material wereturned with
the help of the windrow turner with following
specificationsinstead of manual turning, Table 2.
Random samples were collected
periodically withthe help of soil sampler to achieve
the uniformity and analysed for determining the
impact on various parameters. The temperature of
the pile was measured with dial thermometer. The
moisture content was measured with the
gravimetric soil moisture method and pH with
digital pH meter. Thediffusivity of the nutrientsin
terms of electrical conductivity was determined
withthedigital conductivity meter. The density of
the compost was measured by mass obtained by
the digital balance and dividing by the volume of
the compost which is obtained from the measured
cylinder. Organic carbon was determined by
Walkley and Black method, Nitrogen by Kjeldahl
distillation and Phosphorus by Olsen’s method.

RESULTS

The culture and machine parameters
affecting the proper turning and mixing of compost
were studied as follows;

Influence of the time duration on the compost
density and on moisture

The density of the compost indicates the
mass per unit volume of the material handled for
compost making. The density of the compost
decreases with thetimein view of the decreasein
size created by the action of the cutting forces of
therotor of windrow turner.

Thedataobtained revealsthat increasing
the number of turnings with the period of
composting decreased the compost density
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manifoldly (Fig 1). The turning of piles using
compost turner mixer after every 10 daysinterval,
the compost density decreased from 724.4 kgm
t0562.3 kgm3, showing adecrease of 22.37% with
thereduction in the power requirement from 8 kW
t07.36 KW during thefirst 15 daysand then to 440
kgm3, a further decrease of about 39.26% with
reduction in power to 6.93 kW during the next 15
days in treatment where 500 ml of culture was
inoculated in the pile. In 1000 ml cultured pile, the
density decreased frominitial 615.55 kgnr3t0480.2
kgm3(decrease of 21.98%), power requirement to
turn decreasesfrom 7.93 kW to 7.31 kW and further
t06.13 kW causing the density to reduce to 313.8
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kgm-(decrease of 49.0%) whilein 1500 ml cultured
pile there was reduction in density from 684.0 to
521.0 kgm (decrease of 23.83%), power
consumption decreased from 6.87 kW to 6.23 kW
and further to 5.29 kW causing the density to
reduce further to 328.8 kgnr3(decrease of 51.92%).
The statistical analysisrevealstheinoculum dose
with 1000 ml givesthe better performance.

The moisture content is the most
important component for efficient composting as
the growth of the fungus also depends on the
availability of sufficient moisture to maintain
metabolic activities. However, the major
disadvantage of turning is the reduction in the

Table 1. Specifications of the compost turner-cum-mixer

S.No.  Components Dimensions

1 Mixing rotor diameter (mm) 400

2. Length and shaft diameter of rotor (mm) 2670, 63

3. Length of rotor shaft(mm) 2870

4, Hydraulic system with base plate, hoses (5 nos.) 1000 mm stroke,63 mm cylinder dia.
and direction control valve (5 nos.)

5. No. of blades over rotor surface 42(nos.)

6. Length and width of blade (mm) 260, 80

7. Dimension of Water tank (mm) 1220 x 1350 x 1250

8. Side tank(mm) 1250 x 730 x 760

moisture level due to the exposure of the inner
layersto the sunlight. The moisture migratesfrom
the inner layersto the outer surface from where it
getsevaporated. The variation of moisture content
in the 1.2 m high pile decreased with the
advancement of the composting period and
subsequent turning by windrow turner (Fig. 2).
Thedecreaseis mainly attributed to the shifting of
inner moist layersto thetop layers and subsequent
moistureremoval.
Changes in temperature during paddy straw
degradation

Thetemperature was measured at the end
of each turning operation accomplished by
windrow turner. The temperature profiles at the
centre of the piles varies with the composting
period. In the pile with 500 ml culture, the initial
atmospheric temperature being 39° C increased to
61° C dueto microbial activity inthefirst 10 days
whereall the pathogenic microbeswereeliminated.
The subsequent turnings resulted a decrease in

temperatureto 50° Cin next 10 daysand finally to
43°C dueto decreasein microbial activity. Thepile
with culture dose of 1000 ml showed increase in
temperature from 38°C to 68°C within thefirst 10
daystill sufficient moisture was available and then
temperature profile showed the downward trend
and reduced to 56°C in next 10 days and finally
reduced to 50°C till composting wasover. Thethird
pile with 1500 ml culture dose, the initial
temperature rosefrom40°Cto 63°Cinfirst 10 days
and then decreased to 56°C in the next 10 days
andfinally to 53°Cinthelast period of composting,
Fig. 3. The statistical analysis of the data shows
1000 ml culture dose assisted to attain the peak
temperatureinpile.
Degradation of paddy straw with variation in
electrical conductivity

The variation of the electrical
conductivity with the increase in the composting
time, Fig. 4. Theelectrical conductivity of the pile
with the culture dose of 500 ml per tonneincreased
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from 1359 uS/mto 1437 uS/minthefirst 15 days
due to high temperature and reduction in particle
sizeand further to 1484 uS/min the next 30 days of
composting. The electrical conductivity of the
second pilewith 1000 ml culturevaried from 1421
uS/m to 1546 uS/m in first 15 days and further
increased to 1640 uS/m in the next 15 days of
operation while the electrical conductivity of the
third pilewith 1500 ml dosevaried from 1468 uS/m
to 1531 uS/m and increased to 1656 puS/m,
respectively, in the entire composting period of 45
days. The statistical analysis determines 1000 ml
as optimal culture dose for enrichment of the
COmMpOst.
Effect of degradation of paddy straw on pH during
composting

The pH isalso animportant parameter as
it determines the final quality of the prepared
compost. The data obtained shows the variation
of the pH value with composting time, Fig 5. The
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pH of the 500 ml cultured pile decreased from
neutral (pH 7.0) to acidic (pH 6.5) infirst 15 days
and remained acidic throughout the period of 45
days of composting due to release of organic
products. The pH of 1000 ml pile remains neutral
for most part of the composting period and starts
to reduce to 6.5 at the end of 30 days and finally
becomes neutral inthelast 15 daysof composting.
ThepH of the 1500 ml decreased from akaline (pH
7.5) to neutral (pH 7.0) in the first 15 days and
remained neutral till the end of the 45 day long
composting process. According to BIS standard
for composting, the pH should lie in between 6.5
to 7.5 and the measured pH showed the conformity
with BIS.
Availability of Nitrogen, Phosphorus and
Potassium (NPK %) content during degradation
of paddy straw

The data collected demonstrates that the
availability of the Nitrogen gets affected with
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composting time, Fig 6. The Nitrogen content of
the 500 ml culture pileincreased from 0.208 % to
0.33%inthefirst 15 daysand thenfinally increased
t0 0.498% in the next 15 days of composting. The
1000 ml culture pile showed adlight variation from
the 500 ml cultured pile where nitrogen content
increased from 0.31%10 0.373% inthefirst 15 days
and improved to 0.672% in the next 30 dayswhile
nitrogen content of the pile with highest culture
mediaof 1500 ml varied from 0.33%1t00.384%in 15
daysand further improved to 0.629% in the next 15
days of composting, respectively. The statistical
analysisshowed the 1000 ml culture dose asoptimal
for improvement of Nitrogen percentage in the
COmMpost.
Potassium

The availability of the potassium is also
affected with the advancement of the composting
time, Fig 7. The pile with 500 ml culture dose
contains 0.33% of potassium in the first 15 days
which increased with the first turning to 0.76%
and further to 1.02% in the next 15 days of
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composting. Similarly, the potassium content of
the 1000 ml cultured pilevaried from 0.51%1t0 1.10%
inthe 30 days and further to 1.33% during the last
phase of 15 days. The 1500 ml pile had apotassium
content of 0.58% in the first 15 days which
increased to 1.2% and then to 1.42% in the next 15
days of the composting period, respectively. The
statistical analysis shows 1500 ml culture dose
hel psin theimprovement of the available potassium
ascompared to 1000 ml and 500 ml culture dose.
Phosphorus

The phosphorus is considered as the
energy currency for the plants and the availability
at optimum concentration is essential for proper
growth and metabolic activities. The variation of
the phosphorus content with the time of
composting is shown in Fig 8. The phosphorus
content of pileof 500 ml culturevaried from 0.21%
to 0.33% in the first 15 days of composting and
increased to 0.45% in the next phase of 15 days
interval. The pile of 1000 ml culture showed
variation from 0.18%to0 0.43% inthefirst 15 days

I+

el LA
= n.7 —m— 100
E I.%: [ REEl]]
T
; 4 z
F
o
0
0.1 '
15 W 15
M leer ol aluys
Fig. 6. Variation of available Nitrogen
% content during composting

e ——* LG
el ==F 1001
E 05 - 1106
2 s
-
- 4 -
=
201-
—
B LY v
g [
=

(=R

15 20 qh

Mnnlrer of days

Fig. 8. Changes in Phosphorus
availability during composting

J PURE APPL MICROBIO, 8(1), FEBRUARY 2014.



574

whichthenimproved to 0.61% after the next turning
in 15 days. The pile with 1500 ml culture had a
phosphorus content of 0.19% which increased to
0.47% in thefirst 15 days and further to 0.69% in
the next 15 days, respectively. The statistical
analysis indicates the 1000 ml culture dose to be
optimal for enrichment of the compost.
Influenceof C: N ratio on compost quality

The change in the C: N ratio with the
composting time shown, Fig. 9. The C: N ratio of
the 500 ml cultured pile decreased with the time of
composting from 55:1 to 35:1 by the breakdown of
larger molecules into simpler ones and finally to
22:1. The 1000 ml culture pile showed the decrease
inC: N ratiofrom 53:1to 31:1 inthefirst 15 days
andfinally to 18:1inthenext 15 dayswhilethe C: N
ratio of 1500 ml culturepiledrasticaly reduced from
54:1t028:1 andthento 16:1. The statistical analysis
indicatesthat the 1000 ml pileand 1500 ml cultured
pile showed better performance as compared to
500 ml culturepile. Inview of cost and application,
the 1000 ml cultureisviable and isrecommended
for getting acceptable C: N ratio.
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DISCUSSION

The application of the efficient microbial
culture enhanced the composting process and
provided the impetus to the microbial growth,
which ultimately improved the quality of thefinal
compost. The success of the windrow/pile
composting depends on the degree of turn
provided by the blades of the rotor of windrow
turner. The addition of the culture helpstoincrease
the microbial number which, in turn, decomposes
the material at the faster rate than usual process.
The multiplication of microbes led to increasein
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temperature due to availability of sufficient
moisture and raw materials. Asthe pileisturned,
the moisture level starts to decrease and finally
the microbial growth gets affected.

With advancement of time, the particle
size startsto decrease which was mainly attributed
to the breakdown of complex moleculesinto smaller
ones by the inoculated fungal culture and the
impacting forces of the rotor blades per unit
volume of the disturbed compost. These two
actions accel erated the composting period and the
mature compost was ready in 45 dayswhich would
otherwise takes more than 120 days for complete
degradation. The breakdown of the particle and
subsequent turnings increases the surface area
and exposed the inner surfaces to the sunlight
resulting in decreasein moisture content. Theinitial
moisture content which was kept at 80% in all the
piles and were irrigated after every turning
operation.

The smaller particles supply the nutrients
to the soil easily, once it is applied. The piles of
1000 ml and 1500 ml showed better performancein
terms of electrical conductivity. The essential
nutrientslike NPK followstheupward trendinview
of richness enshrined to it by the metabolic
activities of the microorganisms.

The power consumption to turn the piles
is of significant importance as it governs the
amount of energy consumption for composting.
Thewindrow turner utilized for turning and mixing
the composting materials was operated by 55.95
kW new Holland tractor. The energy consumption
to turn the materialsis the governing factor in the
adoption of windrow composting. In the initial
stage, the power consumption is high due to the
presence of harder and dry materials. The power
consumption reduces with the subsequent
turnings due to the metabolic decomposition by
the microorganisms in presence of moisture,
resulting in reduction in total power consumption.

The C: N ratio of the pile decreased due
to volatilization of the gasesand utilization by the
microorganisms. Microorganisms use carbon for
both energy and growth, whilenitrogen for protein
production and reproduction. All the measured
parameters showed the proximity with the BIS
standard for efficient composting.

Atlower culture dose of 500 ml, sufficient
microorganismsarenot availableto multiply rapidly
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and raised the temperature by utilizing the moisture
available, increase the time of composting. At
higher dose of the 1500 ml culture, high number of
the microorganisms utilize the available raw
materials rapidly and increase their number.
However, the continuous consumption reduced
theavailability of the moisture, whichisgoverning
factor for metabolic activitiesand takeslonger time
for the composting process.

Keeping in view the cost-benefit ratio of
the culture preparation, 1000 ml pile showed
promising behaviour than 1500 ml and 500 ml
culture dozed pileandisrecommended for effective
and efficient composting of paddy straw.

CONCLUSON

The efficient preparation of the compost
by the minimum of theinput resources can reduce
the overall cost of production. The study
determines the optimum dose of the inoculated
cultureto enhance the process of composting. The
application of theinoculant at 2000 ml per tonne of
the material handled coupled with turning and
mixing operation threetimes per cycle of compost
production was found optimum.

Highlights

! Therate of composting isinfluenced by the
quantity of the inoculated culture applied.
The availability of high moisture plays a
deciding role in enhancing the process of
composting.
The decrease in density for 1000 ml
inoculated culture dose was observed and
variesfrominitial 615.55 kgm=t0480.2 kgm
3(decrease of 21.98%) and finally reduceto
313.8 kgnr3(decrease of 49.0%) which was
observed to resemble closely with 1500 ml
culture dose and variesfrom 684.0 to 521.0
kgm2 (decrease of 23.83%) and finally to
328.8 kgm3(decrease of 51.92%).
Power requirement for 2000 ml inoculated
culture dose showed adownward trend and
decreased from 7.93 kW to 7.31 kW and
further t0 6.13 kW whilefor 1500 ml it varied
from 6.87 kW to 6.23 kW and further to 5.29
KW.
Thelossin moisture after irrigating to 80%
of the capacity variesfrom 19.0%1t0 12.76%
in 1000 ml pile.
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Thebetter C: N ratio reduction was observed
in 1000 ml cultured pileand variesfrom 53:1
t018:1.

The piles need to be irrigated after every
turning operation to maintain 80% of the
moisture content in the pile.

Based on the cost of preparation and
application, 1000 ml inocul ated culture dose
was found to give best performance.
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