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The aim of the study was to analyze the extent of involvement of labour in
manual chopping of paddy straw and also to determine its optimum size for the
development of paddy straw collector-cum-chopper to degrade the valuable agro residue
in shortest possible time for value added product using microbial inoculants for
composting. Three sizes were selected; after harvest, single blade chopping (CPS4-5 cm)
and two blades chopping (CPS2-3 cm) of manually operated chaff cutter. Three different
doses of compost inoculant prepared from Aspergillus awamori, Trichoderma viride
and Aspergillus nidulans (T1: untreated; T2: 300 g; T3:500 g; T4: 1000 g) were applied on
the paddy straw for conversion to compost. The moisture content was maintained at
60 % of water holding capacity (WHC) by adding water at different intervals. The straw
size of CPS4-5 cm with T8 treatment surpasses all other treatments in terms of low cost
for chopping and power consumption along with improvement of selected parameters -
pH 7.0 with subsequent increase in electrical conductivity 0.5 dS/m, nitrogen content 0.78
%, phosphorus 93.7 ppm, potassium 0.69 % with 56.9 % decrease in carbon content from
first turning to fourth turning in 35 days. The C: N ratio decreased from 84.89 to 18.70 (a
reduction of 77.97 %) from initial value and is a definite parameter for conversion of
substrate to compost. The study showed that though some of the parameters for CPS2-3
cm were better than that of CPS4-5 cm at 1000 g inoculant dose (T, and T,,), overall the
latter was found to be the best size for the development of paddy straw collector-cum-

chopper as well as preparation of compost in shortest possible time.
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Adoption of efficient farm machinery with
heavy reliance on the intensification of agriculture,
giving higher share to fertilizers has resulted in
manifold increase in production of farm
communities for feeding the burgeoning
population. On one side, the bumper harvest has
saved the humanity from certain holocaust, while
on the other side the decline in the productive
capacity of agricultural lands (Tripathi et al., 2006)
and repeated cultivation without any concrete
mechanism for straw management had caused

* To whom all correspondence should be addressed.
Mobile; +91-8800878018;
E-mail: muzamil4951@gmail.com

reduction in organic matter (Ghosh et al., 2004).
Rice (Oryza sativa L.) is a major crop grown
worldwide with the annual productivity around 800
million metric tonnes, also responsible for
generation of large production of rice (paddy) straw
(Soest, 2006). The management of rice residues
through direct incorporation of straw in soil is
associated with certain problems such as
immobilization of plant nutrients particularly
nitrogen and reduced germination of subsequent
crops. Moreover, rice straw waste contains high
C: Nratio of about 80:1, rich in silica (about 11 %)
and lignin, which makes it difficult to get degraded
(Kumar et al., 2006). Therefore, farmers resort to in
situ burning of a part of crop residues that remain
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scattered in the field and is difficult to collect
(Jacobs et al., 1997; Reinhardt et al.,2001). Biomass
burning has drawn global concerns for its effects
on visibility, health, global climate change (Lemieux
et al., 2004) as well as serious traffic accidents in
addition to the loss of valuable resource (Chou et
al., 2009). The appearance of Asian Brown Cloud
(ABC) over South-East Asia was a grim reminder
about the damage caused by burning in open
fields. About 38.5 lakh tonnes of organic carbon,
59000 tonnes of N, 2000 tonnes of P and 34000
tonnes of K are lost by paddy straw buring (Beri &
Sidhu, 1999). Pollutants emitted during biomass
burning can produce significant changes in blood
parameters as indicated by lymphocytosis,
eosinophilia and neutrophilia in sheep (Ahmed e?
al., 2003) oxidative stress (Rivero et al., 2005) as
well as kidney (Uboh et al., 2010) and liver
dysfunctions in buffaloes (Massaguer et al., 2002).
Burning releases considerable amounts of
toxicants which function as endocrine disruptors
and affect the integrity of reproductive function in
mammals and ultimately contribute to infertility
(Smith et al., 2007).

Crop residues are important sources of
plant nutrients and shoulder the responsibility for
maintaining the stability of agricultural ecosystem.
Therefore, sustaining crop productivity depends
upon the amendment of organic as well as mineral
fertilizers. India produces more than 3000 million
tonnes of organic wastes annually which includes
crop residues, animal shed wastes, rural and urban
wastes, vegetable market wastes, forest and
industrial wastes (Gupta et al., 1998; Sharholy et
al., 2008). About 500 Mt are generated from crop
residues with highest production in Uttar Pradesh
(60 Mt) followed by Punjab (51 Mt) and
Mabharashtra (46 Mt). Cereals (rice, wheat, maize,
millets) generate 70% i.e. 352 Mtresidue followed
by fibres (66 Mt), oilseed (29 Mt), pulses (13 Mt)
and sugarcane (12 Mt). Rice crop has the individual
share of 34% followed by wheat 22% and 13%
fibre crops.

Composting of rice straw arises as a safe
alternative option which results in reusability of
the nutrients contained in the residue (Kausar et
al 2010). Management of paddy straw through
composting will avoid air pollution caused by
residue burning; prevents loss of plant nutrients
and organic matter (Sidhu and Beri, 2005) and
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leaching of nitrates (Sidhu and Brar, 1997). The
primary step in the preparation of compost in
shortest time from paddy straw requires the size
reduction, which can be accomplished by cutting
or grinding (Arif, 1999).

Straw chopping is necessary as a pre-
treatment to incorporation into the soil or
enhancement of decomposition rate. It reduces
the length of straw avoiding long pieces of material
fouling on cultivation and swing implement. It also
eases the mixing process with soil, enhances active
biological breakdown of the straw.

The mechanization has failed to solve the
problem of efficient utilisation of paddy straw, as
paddy straw gets entangled within the blades of
locally available choppers and cause blocking.
Moreover, most commonly available land
preparatory implements like offset disc harrow and
rotavators has very low efficiency in spreaded
straw conditions and are unable to do a good job
(Anonymous, 2002). Thus, an integrated
management technique of collecting, conveying,
chopping, composting is the need of the hour. In
the backdrop of current scenario, a study was made
to determine the energy consumption along with
drudgery involved by measuring heart rate in
chopping the paddy straw and an effort to
determine the optimum size using microbial
inoculum suitable for the development of paddy
straw collector-cum-chopper.

MATERIALS AND METHODS
Utilisation of manually operated Chaff cutter

India has about 10.4 million manually
operated chaff cutters 2.74 million powered and
0.166 million animal-operated chaff cutters (17th
Livestock Census, 2003) used for cutting green as
well as dry fodder (Table 1).

In order to measure the energy
consumption associated with the chopping of
paddy straw, a 500 Nm torque sensor was attached
with the manually operated chaff cutter. The
operation was conducted on three subjects; A (age
27 years, weight 69.2 kg), B (age 35 years, weight
55 kg) and C (age 25 years, weight 67 kg). Two
persons were needed, one to feed the paddy straw
to feeding roller and other to operate the chaff
cutter. The heart rate monitor was attached with
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the operator to determine the drudgery involved
in chopping the paddy straw. Initially, only one
blade of the chaff cutter was used, which was
gradually increased to two, after measuring the
heart rate and human power consumption, Table 2.
The two sizes obtained from one blade (4-5 cm)
and two blades (2-3 cm) along with the normal
harvested size of paddy straw was subjected to
composting in order to determine the optimum size
of the paddy straw for the development of paddy
straw collector-cum-chopper. The doses of the
inoculant were varied as untreated, 300g, 500g and
1000 g per tonne of the material handled.
Inoculum

The inoculum containing a fungal
consortium of three fungi; Aspergillus awamori,
Trichoderma viride and Aspergillus nidulans were
used with varying doses to analyze the
decomposition pattern of different sizes of paddy
straw. The Fineness Modulus, an indicative of
proportion of fine and coarse aggregates in
compost inoculum was measured by sieve analysis
technique and found to be 6.32.
Fineness Modulus = + Cumulative % Retained /

100
=631.8/100 =6.32
Compost Preparation

The three sizes of paddy straw were
allowed to decompose in 60 litre perforated lid
plastic bins after adding 3-4 days old cow dung,
soil, and old compost in the ratio 0f 8:1:0.5:0.5 with
varying rates of inoculant. The level of moisture
was maintained at 80% by adding water at different
intervals of composting wherever required. The
materials were turned at an interval of every eight
days. Atotal of 12 treatments with three replications
were as follows:
T1: Unchopped Paddy straw (UPS) + cow dung +
soil + old compost
T2: Unchopped Paddy straw (UPS) + cow dung +
soil + old compost + 300g inoculant per tonne
T3: Unchopped Paddy straw (UPS) + cow dung +
soil + old compost + 500 g inoculant per tonne
T4: Unchopped Paddy straw (UPS) + cow dung +
soil + old compost + 1000 g inoculant per tonne
T5: Chopped Paddy (4-5 cm) straw (CPS4-5) + cow
dung + soil + old compost
T6: Chopped Paddy (4-5 cm) straw (CPS4-5) + cow
dung + soil + old compost + 300g inoculant per
tonne
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T7: Chopped Paddy (4-5 cm) straw (CPS4-5) + cow
dung + soil + old compost + 500 g inoculant per
tonne
T8: Chopped Paddy (4-5 cm) straw (CPS4-5) + cow
dung + soil + old compost+ 1000 g inoculant per
tonne
T9: Chopped Paddy (2-3 cm) straw (CPS2-3) + cow
dung + soil + old compost
T10: Chopped Paddy (2-3 cm) straw (CPS2-3) +
cow dung + soil + old compost + 300g inoculant
per tonne
T11: Chopped Paddy (2-3 cm) straw (CPS2-3) +
cow dung + soil + old compost + 500 g inoculant
per tonne
T12: Chopped Paddy (2-3 cm) straw (CPS2-3) +
cow dung + soil + old compost+ 1000 g inoculant
per tonne
Chemical Analysis

The samples were collected at different
turning intervals, dried and grinded to pass through
2 mm sieve for chemical analysis of pH, EC, ash
carbon, nitrogen, phosphorus and potassium. Total
Nitrogen was estimated by micro-Kjeldahl method
(AOAC, 1965), Phosphorus and Potassium by
Spectro photometric and Flame photometric
methods (Tandon, 2005). C: N ratio was calculated
by dividing the percentage of organic carbon with
percentage of total nitrogen (Anonymous,2006).

RESULTS

Changes in pH and EC during degradation in
plastic bins

The breakdown of complex molecules into
simpler ones by the action of microbes in the
inoculant led initially decrease in pH and increase
in electrical conductivity in all the treatments
(Table 3 & 4). The UPS decomposes slowly owing
to larger molecular size as compared to the chopped
paddy straw. For UPS laded with 1000 g inoculant
dose (T4), pH decreased from 9.25 to 7.51 with 39.3
% increase in electrical conductivity from first to
fourth turning. Initially the rate of composting was
higher due to increase in microbial load as well as
activity. The best treatment was CPS2-3 cm
showing pH reduction from 9.6 to 6.64 with an
increase in electrical conductivity from 0.43 to 0.67
dS/m (an increase of 53.4 %) after 35 days of
composting. The results scrutinised by SPSS
statistical software confirms the significance of
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smaller size for preparing neutral compost with
higher electrical conductivity.
Total Nitrogen

Total Nitrogen was measured by
Kjeldahl’s method. The reduction in the particle
size with the growth of microbes resulted in an
increase in the nitrogen content of the compost
thereby helping in preparation of N enriched
compost, Figure 1. The UPS also showed
decomposition but at a slower rate and lower

Table 1. Chaff cutter population in India (millions)
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increase in nitrogen content. Both CPS4-5 cm and
CPS2-3 cmssizes showed higher content along with
1000 g inoculant dose. The former led to an increase
0f 95 % from initial valuei.e. 0.4 to 0.78 % while the
latter increased by 86.4 % from initial value i.e.0.44
to 0.82 % during first to fourth turning. This was
mainly due to slow and continuous decomposition
of CPS4-5 cm as compared to CPS2-3 cm size. The
statistical analysis showed that the results were
significant at 5 % level of significance, signifying
the importance that both the sizes can be swapped
for the development of paddy straw collector-cum-
chopper.

Location Manually  Animal Power Total  Ash Carbon and Phosphorus
Operated  Operated  Operated The process of composting was also
iat ith th i tent
Rural 10.10 0.16 2210 1247 ?;srl’la;d V:il N © decie.ase n C‘rf‘rbofll Coﬁl en
Urban 03 0.006 0.064 037 able 5) and subsequent increase in phosphorus
Total 10.40 0.166 2074 1284 level, Figure 2. Similar results as in total nitrogen
Table 2. Heart Rate and Power Consumption in manually operated Chaff cutter
A B C
Heart Rate, Power, Heart Power, Heart Power,
bpm w Rate, bpm w Rate, bpm W
One Two One Two Time, One Two One Two One Two One Two
blade blades blade blades sec blade blades blades blades blade blades blade blades
856 927 617 923 30 802 893 809 904 766 81.0 6731 1084
934 107.8 83.7 1055 60 874 946 858  80.1 834 894 5093 108.7
100.8 119.5 58.6  93.6 90 937 995 718 771 916 943 6157 805
106.6 1253 705 86.5 120 962 1057 85.6 101.7 964 987 5537 1235
113.8 1355 109.7 1183 150 100.0 112.0 647 113.2 100.0 1047 8423 1109
130.5 166.4 8293 895 180  115.8 126 96.0 9192 1123 1248 79.25 9438
156.2 181.2 90.22 915 210  129.1 1435 736 1224 1146 1481 743 882
1699 1869 950 127.8 240 147.8 162.1 1159 1174 1295 1532 983 133.1
1743 1858 805 994 270  159.8 177.8 1245 1364 1409 1697 746 104.9
1846 1983 864 1164 300 177.5 1935 1327 150.0 1554 180.5 81.0 1204
* Values are avg. of three replications
Table 3. Reduction in pH during composting
UPS CPS4-5 CPS2-3

Sampling Interval in days

Sampling Interval in days

Sampling Interval in days

Treatment 8 16 24 32 Treatment &

T1 943 9.05 855 8.12 T5 9.42
T2 927 893 840 796 T6 942
T3 929 872 819 7.63 T7 935
T4 9.25 8.66 8.08 7.51 T8 9.39

16 24 32 Treatment & 16 24 32
8.81 8.33 7.99 T9 9.25 8.66 8.11 7.65
89 824 771 TI10 9.81 9.09 798 7.52
8.82 792 724 TI1l 943 852 759 7.07
843 7.54 697 TI12 9.60 824 742 6.64

* Values are avg. of three replications
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content were achieved where the loss of carbon
content from 32.5 to 13.89 % was observed along
with an increase 0f47.1 to 103.8 ppm (increase of
120 per cent) phosphorus content for CPS2-3 cm
endowed with 1000 g inoculant dose. It was also
observed that for CPS4-5 cm at same inoculant
dose, the carbon content decreased by 56.9 per
cent and phosphorus increased by 104 per cent.
UPS showed lower content of carbon and
phosphorus in comparison to CPS4-5 cm and CPS2-
3 cm with carbon reduction of 38 % and
phosphorus hardly exceeding 80 ppm after fourth
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level of turning. Thus, it is necessary to chop the
paddy straw to ensure its faster decomposition as
well as nutrient enrichment to be applied to
exhausted soil. Statistical analysis revealed that
size of paddy straw, days of composting; inoculant
dose had significant effect on reduction in carbon
and increase in phosphorus content at 5 % level of
significance.
Potassium

Earlier farmers demand was for N & P but
nowadays the demand for K is also increasing
rapidly and undeniably, Potassium is essential

Table 4. Variation in EC during composting

UPS CPS4-5 CPS2-3
Sampling Interval in days Sampling Interval in days Sampling Interval in days
Treatment § 16 24 32 Treatment 8 16 24 32 Treatment 8 16 24 32
T1 023 03 0.3 0.3 TS5 03 04 04 04 T9 03 04 04 04
(30.43) (33.33) (33.33)
T2 027 029 036 04 T6 033 04 04 05 T10 037 04 05 05
(48.14) (51.51) (35.13)
T3 03 033 04 043 T7 033 04 05 05 TI1 04 05 05 0.56
(43.3) (56.6) (40.0)
T4 033 04 04 046 T8 04 043 05 05 T12 043 046 0.56 0.67
(39.3) 25) (53.4)
* Values are avg. of three replications
% 4T over initial is given in parentheses
~ 09 8 days = 09 16 days
$ 08 ¥ X o8 Y
> 07 z 0.7
Z 06 = 06
PR IPT T |
= 04 0.4
03 + -—Ix ‘-I- T 1 03 + T T T ]
T1 T2 T3 T4 T1 T2 T3 T4
Treatment Treatment
B Unchopped ®4-5cm 2-3cm M Unchopped ®4-5cm m2-3cm
09 24 days —~ 09 32 days
T o8 X os
> 07 Z 0.7
Z o6 = 06
€ 05 3 0.5
= 0.4 = 0.4
0.3 - T T T 1 0.3 + T T T T
T1 T2 T3 T4 T1 T2 T3 T4
Treatment Treatment
M Unchopped ®4-5cm m2-3cm m Unchopped m4-5cm m2-3cm

Fig. 1. Total nitrogen content during composting in plastic bins
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component in the compost which adds feather to
its charisma for being suitable replacement to
hazardous agro-chemicals. The composted
material of CPS2-3 cm size showed an increase in
potassium content from 0.36 to 0.77 % in
comparison with CPS4-5 cm, where it increased
from 0.32 to 0.69 % at 1000 g inoculant dose after
35 days of composting, Figure 3. Statistical
analyses by SPSS software heavily favoured the
treatment of CPS2-3 cm.
C: Nratio

C: Nratio is considered as ultimate criteria
to determine the feasibility of the material for
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composting; high initial C:N ratio will cause a
slower beginning and the required composting time
to be longer than usual (Tuomela ez al., 2000) while
low initial C:N ratio results in high emission of NH,
(Tiquia and Tam, 2000). During composting, C: N
ratio decreases due to loss of gases at periodic
intervals. The UPS showed the slow the slow
reduction in C: N ratio, reaching a value of 40.46
from 92.6 with 1000 g inoculant dose, Figure 4. The
CPS4-3 cm with 1000 g inoculant dose resulted in
C: N ratio reduction of 77.9 % , which was
comparable with 77% of C: N ratio reduction by
CPS2-3 cmsize. The results in conformity with BIS
standards for composting.

Table 5. Reduction in Ash Carbon during composting

Treatment Ash Carbon (%)
UPS CPS4-5 CPS2-3 Days
T1 36.7 343 30,5 268 36.0 302 25.1 22.0 345 270 226 19.5 8
T2 357 330 291 255 367 297 250 186 355 293 236 16.5 16
T3 356 319 264 238 353 278 225 16.5 349 277 215 14.6 24
T4 37.6 323 258 231 342 246 1973 147 355 253 19.1 13.8 32
* Values are avg. of three replications
110 4 110 +
100 - 8 days 100 - 16 days
E 90 - E 90 -+
2 80 - g 80 -
a 70 - & 70 A
60 - 60 -
50 r 50 - B
40 T T T 1 40 - T T T
T1 T2 T3 T4 T1 T2 T3 T4
Treatment Treatment
«=¢==Unchopped =ll=4-5cm 2-3cm «=¢==Unchopped ==ll=4-5cm -2-3cm
110 110 ~
100 - 24 days 100 - 32 days
90 - 90 -
E 80 - z 8 -
D)
: 70 g 70 -
60 - A~ 60 A
50 - i
r: 071 g
40 — T T T 40 - . . ,
T T2 3 T4 T1 T2 T3 T4
Treatment Treatment
=== Unchopped =l=4-5cm =¢==Unchopped =l=4-5cm 2-3cm

Fig. 2. Changes in Phosphorus content during composting in plastic bins
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DISCUSSION sizes were tested to find the feasibility of the

materials for composting in shortest possible time.

The compost serves as an alternative to  The slow degradation pattern of UPS due to larger
hazardous agro-chemicals to enrich the exhausted ~molecular size prevents the growth of micro-
soil with necessary ingredients. Three different organisms and was responsible for keeping the

0.8 0.8 16 days
0y 8 days 0.7 y
—~ 0.6 ~ 0.6
L os Sos
¥ 0.4 ¥ 0.4
0.3 0.3
0.2 0.2
0.1 T T T 0.1 T T T
T1 T2 T3 T4 T1 T2 T3 T4
Treatment Treatment
® Unchopped ®m4-5cm m2-3cm M Unchopped ®4-5cm ®2-3cm

K (%)

Treatment Treatment

B Unchopped ®4-5cm m2-3cm M Unchopped ®4-5cm m2-3cm

Fig. 3. Alteration in Potassium content during composting

100 8 days 100
80 80
2 2
60 g 60
z z
40 < 40
&) &)
20 20
0 0
T1 T2 T3 T4 T1 T2 T3 T4
Treatment Treatment
M Unchopped M4-5cm ®2-3cm M Unchopped ®m4-5cm ®2-3cm
100 100
80 80
2 8
g 60 g 60
Z 40 Z
131 ) 40
20 20
0 0
n T2 IE} T4 T V) 3 T4
Treatment Treatment
B Unchopped ®4-5cm ®2-3cm M Unchopped ®4-5cm ®2-3cm

Fig. 4. C: N ratio variation at different intervals during composting
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value of nutrients at low level and also needed
longer time for degradation. The pH remained
alkaline in unchopped paddy straw even after four
stages of turning and completion of 35 days with
most of the parameters not favourable with BIS
standards. It showed marginal increase in electrical
conductivity to 0.47 dS/m, nitrogen 0.57 %
potassium 0.37 %, phosphorus 80.6 ppm even with
highest dose of inoculant i.e. 1000 g per tonne of
the material handled (T4). Even C: N ratio was not
obtained within the limit set by BIS necessary to
be entitled for the completion of degradation and
formation of compost. Thus, it becomes clear that
chopping of paddy straw is an essential operation
to transform the paddy straw biomass into nutrient
rich compost in shortest possible time.

The CPS2-3 cm size has shown desirable
results in terms of attaining the values
recommended by BIS for efficient composting. The
pH of the compost which is essential to maintain
the neutrality of the soil remained in the safe zone,
from 9.6 to 6.64 with increase in electrical
conductivity to 0.67 dS/m, nitrogen 0.82%,
potassium 0.77 %, phosphorus 103.8 ppm and C: N
ratio reaching to 17.01 during whole period of
degradation i.e. 35 days. However, the problem with
CPS2-3 cm paddy straw was initial decomposition
rate was very high which exhausted moisture, which
was essential for sustaining microbial growth. This
problem was compensated by 4-5 cm paddy straw,
where slow and continuous decomposition ensures
the enrichment of the compost by proper utilisation
of the resources. The compost pH reached to 6.97,
electrical conductivity 0.5 dS/m, nitrogen 0.78 %,
potassium 0.69%, phosphorus 93.7 ppm with C: N
ratio reaching to 18.7.

Considering the cost, power and labour
intensive work involved in chopping the paddy
straw, it was found that CPS4-5 cm was optimum to
convert paddy straw size (4-5 cm) was optimum to
convert into compost within 35 days in plastic bins
and was selected for the development of paddy
straw collector-cum-chopper for rapid composting.
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Notations:

UPS = unchopped paddy straw
CPS2-3cm = chopped paddy straw 2-3 cm
CPS4-5cm = chopped paddy straw 4-5 cm
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