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Abstract: Trash burning is a major problem in sugarcane to overcome this, a sugarcane trash chopper cum 
spreader was tested at farmer’s field for its performance and economic feasibility. The chopper cum spreader was 
tested at five levels of moisture content of trash (13.2, 14, 15.15, 16.6, and 18.8% db) and five levels of operational 
speed (2.6, 2.8, 2.9, 3.1, and 3.4 km/h). The performance of the sugarcane trash chopper cum spreader heavily 
depends on moisture content and speed of operation. The maximum field capacity (0.43ha/h) was obtained at a 
speed of 3.2 km/h, but maximum shredding efficiency (90.40%) was found at a speed of 2.9 km/h. Maximum  
uniformity coefficient (0.95) and shredding capacity (4.31 t/h) was obtained at a speed of 2.9 km/h and at a moisture 
content of 13.13%. Maximum trash lifting efficiency (93.95%) was observed at a speed of 2.76 km/h and at a  
moisture content of 13.13%. The cost of operation was Rs. 2015/ha with B: C ratio of 1.5. The break-even point of 
the chopper cum spreader was 17.7 ha and payback of the machine was 1.3 years if operated for 250 h/year. The 
energy consumption of machine was calculated to be 1327.7 MJ ha-1. The optimum performance of sugarcane trash 
chopper cum spreader was obtained at a moisture content of 13.13% (M5) and forward speed of 2.9 km h-1 (V3). The 
sugarcane trash chopper cum spreader may be recommended for chopping of sugarcane trash for mulching to 
avoid burning of trash and conserving natural resources. 
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INTRODUCTION 

In India, sugarcane is an important commercial crop 
occupying about 5.06 million hectares area with an 
annual production of 335 million tonnes and produc-
tivity of 66 t ha-1 during 2012-13, which is very low as 
compared to world average of 80 t ha-1. Sugarcane 
occupies about 3.0 per cent of the total cultivated area 
and it is one of the most important cash crops, contrib-
uting about 7.5 per cent of the gross value of agricul-
tural production in the country (Anonymous, 2015). 
In sugarcane cultivation, disposal of trash in the field 
after harvesting of sugarcane is a major problem faced 
by sugarcane growers in India. In conventional 
method, after harvesting, dried and semi dried cane 
trash is collected and heaped or spread in the field. The 
trash is then usually burnt in the field with the belief 
that the heat generated, probably eradicates disease 
causing pathogens and the nutrients of trash are added 
to the soil in the form of ash. Burning removes the 
natural trash mulch from the field (Brain and Kenith, 
1973). However, trash mulching has proved advanta-
geous in conserving soil moisture, soil protection 
(against erosion and nutrient leaching), controlling the 
weeds and specially increasing organic matter and ni-
trogen fixation by soil micro-organisms (Patriquin, 
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1982). There are significant quantities of nutrients in 
fresh cane trash. A typical trash blanket from a 100 t 
ha-1 crop will contain (approximately) 64 kg N, 66 kg 
K, 40 kg Ca, 25 kg Mg, 10 kg P and 10 Kg S (Oliveira 
et al. 2002, Mitchell and Larsen, 2000). A substantial 
proportion of these nutrients are lost if the trash is 
burnt. Moreover, mulch retention can improve soil 
organic matter and microbial activity (Graham et al. 
2005, Yadav et al. 1994). With the retention of trash 
we can get 30% K, 23% N, 18% S, 17% Mg and 11% 
Ca in the field (Mitchell et al., 2000). Mulching of 
sugarcane trash also showed positive and significant 
impact on cane yield and sugar recovery (Minhas et 
al., 2010) and incorporation of residue also shows 
higher stalk population, higher cane yield and higher 
sugar yield (Kennedy and Arceneaux, 2006). 
In addition to huge loss of plant nutrients, organic mat-
ter and degradation of soil properties, burning causes 
severe air pollution with very bad effects on human 
and animal health. It has been estimated that one kg of 
sugarcane trash on burning release 1,303 ± 218g  CO2, 

65 ± 14g CO 1.5 ± 0.4g NOx, 16 ± 6g UHC and  
0.9283g MCE (Franca et al. 2012). This can affect 
regional environment which also has linkage with 
global climate change.Possible alternates to avoid trash 
burning may be treating trash with a chemical adjuvant 
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for decomposition, reducing the residue particle size 
by shredding and then incorporating the trash in the 
soil or to retain it on the surface. Keeping in view of 
the above a prototype of sugarcane trash chopper cum 
spreader was evaluated and tested for its performance 
and economic feasibility.  

MATERIALS AND METHODS 

A sugarcane trash chopper cum spreader whose speci-
fications were given below was tested at farmers field 
in Bharpur village of Ratia Tehsil of Fatehabad district 
in Haryana state, whereas laboratory testing of ma-
chine and crop parameters were done in the laboratory 
of department of Farm Machinery and Power Engi-
neering, CCS Haryana Agricultural University, Hisar, 
Haryana during 2012-13. 
Treatments: The sugarcane trash chopper cum 
spreader was tested at five different forward speeds V1 

(2.76 km h-1), V2 (2.8 km h-1), V3 (2.9 km h-1), V4 
(3.12 km h-1), V5 (3.2 km h-1) and at five different 
moisture contents M1 (18.75 %), M2 (16.54 %), M3 
(15.15 %), M4 (13.19 %), M5 (13.15 %) on dry basis 
with three replication. 
Field and crop parameters: The machine was tested 
in high yielding mid maturing sugarcane variety CoH - 
119. The various crop parameters as dimensions of the 
sugarcane trash like length (cm), thickness (cm) of 
stalk, amount of trash left on the ground (t ha-1), mois-
ture content of trash and soil (% db), row to row and 

plant to plant spacing (cm) and density of trash (g cm-

3) were determined from randomly selected samples 
before and after operation of the sugarcane chopper 
cum spreader.  
Performance parameters: The various performance 
parameters which were calculated during the field test 
were as follows: 
Field capacity (ha h-1) 

Es =  
Where, Es = Field capacity of the machine, ha h-1 
A = Total area covered, ha 
T = Time of operation, h  
Field efficiency (%) 

e =    x 100 
Where, e = Field efficiency, % 
Et = Theoretical field capacity, 
Es = Actual field capacity, 
Et = Width x Speed (kmh-1) 
Shredding efficiency (%) 

Ec =  x 100 
Where, Ec = Shredding efficiency of the machine, % 
 F = Amount of chopped trash on the field after opera-
tion, t ha-1 
C = Amount of trash on the field before operation,tha-1 
Trash size reduction (%) 

Eb = x 100 
Where, Eb = Trash size reduction, per cent 
F = Length of trash after operation, cm  
B = Length of trash before operation, cm  
Shredding capacity (t h-1) 
Sc = AT x Field capacity, ha h-1 
Where, Sc = Shredding capacity, t h-1 
AT = Amount of trash on field, t ha-1 
Uniformity coefficient:  

Uc =  
Where, At = Amount of trash left on the selected plot, 
kg 
Am = Average amount of trash left on all plots, kg 
Uc   = Uniformity coefficient  
Economics parameters: The economics of tractor 
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Table 1. Specification of sugarcane trash chopper cum 
spreader. 

S.N. Particulars Values 
1. Dia. of suction fan, mm 1650 
2. No. of wings 04 
3. Ground clearance of 

wings, mm 
385 

4. RPM of suction fan 486 
5. RPM of blower fan 1728 
6. No. of fins 06 
7. Dia. of fan, mm 695 
8. No. of blade on each bar 13 and14 alterna-

tively on each bar 
9. Spacing between blade to 

blade, mm 
83 

10. Dia. of shredder rotor, mm 719 
11. RPM of shredder rotor 1188 
12. Power required, HP 45-60 

Table 2. Effect of different forward speed on performance parameters of the machine. 

Treatment Average 
wheel slip, % 

Fuel consumption, 
l h-1 

Av. width of 
operation, m 

Field capacity, 
ha h-1 

Field effi-
ciency, % 

Shredding 
efficiency, % 

V1 2.90 8.78 1.78 0.36 77.30 84.0 
V2 3.20 9.00 1.77 0.38 77.90 88.40 
V3 3.40 8.85 1.75 0.41 80.80 90.40 
V4 3.40 8.75 1.76 0.42 76.50 86.60 
V5 3.50 9.15 1.75 0.43 76.80 85.20 
Mean 3.25 8.95 1.76 0.40 78.20 87.00 
C.D. 0.32 N.S. N.S. N.S. N.S. 3.69 
SE(m) 0.10 0.52 0.29 0.06 1.16 1.16 

Critical difference (C.D.) at 5% level of significance. 
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operated sugarcane trash chopper cum spreader will be 
helpful in decision making for purchasing a new ma-
chine for individual farmer to own a machine or its 
custom hiring. In order to determine the techno-
economic feasibility of prototype, four economic pa-
rameters i.e. cost of operation, benefit-cost ratio (B:C 
Ratio), payback period (PBP) and Break-Even point 
(BEP) were calculated as follows. 

Cost of operation =     
Where, F.C = Total fixed cost, Rs. 
V.C = Total variable cost, Rs. 
H = Working hours, h 
Break-even point (B.E.P): 

BEP =  
Where, BEP  = Break even point, ha 
FC    =    Annual fixed cost, � yr-1  
CF    =    Custom hiring fee, � h-1 
C      =    Operating cost, � h-1 
Payback period: 

   
Where, P = Pay back period, years 
I = Amount of investment, Rs.� 
E = Expected annual net revenue, Rs.� 
Benefit Cost ratio: 
B: C Ratio = Gross return, Rs ha-1 

Cost of operation, Rs ha-1 
Energy requirement: The energy requirement of the 
sugarcane trash chopper cum spreader was determined 
by considering energy from all sources such as human, 

diesel, tractor and machinery during the operation as 
prescribed by Panesar (2002). 
Statistical Analysis: The experimental data recorded 
were subjected to statistical analysis in accordance 
with the help of “Analysis of variance” technique. The 
critical difference (CD) for the treatment comparisons 
were worked out wherever the variance ratio (T test) 
was found significant at 5 per cent level of probability.  

RESULTS AND DISCUSSION  

Effect of forward speed and moisture content of 
trash on performance parameter: The field capacity 
of the sugarcane trash chopper cum spreader varies 
from 0.36 to 0.43 ha h-1 with an average of 0.40 ha h-1 
(Table 2). The variation in field capacity was due to 
increase in forward speed of operation, however, the 
results were found non significant at 5% level of sig-
nificance. The highest field capacity, 0.43 ha h-1 was 
found at a speed, V4 (3.12 km h-1) and minimum field 
capacity, 0.36 ha h-1 at speed, V1 (2.76 km h-1). The 
similar findings were given by Patil et al. (2009) show-
ing that the field capacity of the sugarcane trash shred-
der varies from 0.2 to 0.5 ha h-1 in sugarcane crop. The 
field efficiency of the machine varied with varying 
forward speeds of operation. The average field effi-
ciency of the machine was found out to be 78.2%. Ini-
tially the field efficiency of the machine showed an 
increasing trend primarily due to lower wheel slip and 
higher efficiency of suction unit. However, with in-
crease in speed, the wheel slip increases and the effi-
ciency of suction unit decreases thus causing decrease 
in field efficiency. The results were found non signifi-
cant at 5% level of significance. Patil et al. (2009) also 
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Table 3. Effect of forward speed and moisture content of trash on shredding capacity (t h-1). 

Treatment  M1 (18.75%) M2 (16.54%) M3 (15.15%) M4 (13.19%) M5 (13.13%) Mean V 
V1 3.56 3.70 3.90 3.88 4.17 3.84 
V2 3.66 3.79 3.92 4.08 4.25 3.94 
V3 3.67 3.81 4.00 4.14 4.31 3.99 
V4 3.63 3.75 3.77 3.93 4.23 3.86 
V5 3.58 3.66 3.89 3.88 4.13 3.83 
Mean M 3.62 3.74 3.90 3.99 4.22   
Factors C.D. SE (m) 
Factor (M) 0.061 0.021 
Factor (V) 0.061 0.021 

Critical difference (C.D.) at 5% level of significance. 

Table 4. Effect of forward speed and moisture content of trash on trash lifting efficiency (%). 

Treatment M1  (18.75 %) M2 (16.54 %) M3 (15.15 %) M4 (13.19 %) M5 (13.13 %) Mean V, % 
V1 86.29 86.4 87.54 88.08 93.95 88.45 
V2 84.90 86.58 86.98 88.26 91.86 87.72 
V3 83.96 85.63 85.67 87.27 91.03 86.71 
V4 81.14 86.15 86.71 88.18 90.87 86.61 
V5 83.15 84.87 85.80 86.73 89.34 85.98 
Mean V 83.89 85.93 86.54 87.7 91.41   

Factors C.D. SE (m) 
Factor (M) 1.07 0.38 
Factor (V) 1.25 0.44 

Critical difference  (C.D.) at 5% level of significance. 
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evaluated sugarcane trash shreeding machine and 
found that field capacity varies from 0.28 ha h-1 to 0.62 
ha h-1  and field efficiency varies from  51.34% to 
74.01%.. The field efficiency was highest (80.8%) at 
forward speed V3 (2.9 km h-1) and lowest 76.5% at 
forward speed V4 (3.12 km h-1).  
The shredding efficiency of machine varies from 84 to 
90.4% with forward speed of 2.76 to 3.2 km h-1. The 
trash shredding showed significant deviation at 5% 
level of significance at varying speeds. The percentage 
of the chopped trash was found highest 90.4% at 
speed, V3 (2.9 km h-1). The results were found signifi-
cant at 5% level of significance. Verula (2010) de-
signed and developed a shredder whose shredding effi-
ciency was found to be 81%.  
Effect of forward speed and moisture content of 
trash on shredding capacity (t h-1): The shredding 
capacity of machine varies from 3.56 to 4.31 t h-1 with 
forward speed of 2.76 to 3.2 km h-1 at a moisture con-
tent of 13.13 to 18.75 % (Table 3). An inverse relation-
ship was observed between the moisture content of the 
trash and the shredding capacity. This negative rela-
tionship was attributed to the fact that increase in 
moisture content of the trash results in  increase of 
weight of the trash which results in decreased trash 
lifting efficiency and thus decreasing shredding capac-
ity. The shredding capacity increased initially with 
increase in speed of operation and the maximum shred-
ding capacity was obtained at speed of 2.9 km h-1 (V3). 
The shredding capacity decreased with further increase 
in the speed of operation. The initial increase in the 
shredding capacity of the machine was due to the fact 
that the suction unit was not able to lift the maximum 
trash at lower speed, with increasing speed the trash 
available to the suction unit increases however after 
reaching maximum capacity at optimum speed the 
shredding capacity decreases on further increasing the 
speed. The reason might be due to lesser time available 
to the suction unit to lift the whole trash from the field. 
The maximum shredding capacity of the machine was 
found to be 4.31 t h-1 at moisture content of 13.13 % 
(M3) and forward speed of 2.9 km h-1(V3). The results 
were found significant at 5% level of significance.  
Effect of forward speed and moisture content of 
trash on trash lifting efficiency (%): The trash lifting 
efficiency of machine varies from 81.14 % to 93.95 % 
with forward speed of 2.76 to 3.2 km h-1 at a moisture 

content of 13.13 to 18.75 % (Table 4). The trash lifting 
efficiency of the machine showed a varying trend with 
the moisture content of the trash and forward speed of 
operation. Trash lifting efficiency decreases with the 
increase in moisture content that might be due to in-
crease in weight of the trash at high moisture contents. 
The trash lifting efficiency showed a linear increasing 
trend with the increasing forward speed, which can be 
attributed to the fact that at low forward speed the time 
required to lift the trash is more as compared to higher 
forward speed. The maximum trash lifting efficiency 
of the machine was found to be 93.95 % at moisture 
content of 13.13 % (M5) and forward speed of 2.76 km 
h-1(V1). The results were found significant at 5% level 
of significance. Similar findings were found by Arav-
indareddy et al. (2008) found that increase in speed 
from 2.4 to 3.0 km h-1 resulting in increase in collec-
tion efficiency of 96.6 and 96.7% for 20 and 30 mm 
ground clearance, in sugarcane crop. 
Effect of forward speed and moisture content of 
trash on uniformity coefficient: The uniformity coef-
ficient of the machine varies from 0.90 to 0.95 with 
forward speed of 2.76 to 3.2 km h-1 at a moisture con-
tent of 13.13 to 18.75 % (Table 5). The maximum uni-
formity (0.95) was obtained  at moisture content of 
13.13 % and forward speed of 2.9 km h-1 , however the 
results were found non satisfactory. 
Economics and Energy parameters: The cost of  
operation of sugarcane trash chopper cum spreader 
was Rs. 786/h and Rs. 2015/ha. The benefit cost ratio 
was found to be 1.5. The result of B: C ratios of more 
than unity indicate that investment in machine is eco-
nomically viable. Belonio (2003) developed a low cost 
axial flow type shredder for grasses, trashes and leaves 
operated by 7.5 hp gasoline engine with capacity of 0.7
-1.5 t/day and found a B:C ratio of 2.18. The Pay Back 
period of the sugarcane trash chopper cum spreader 
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Table 5. Effect of forward speed and moisture content of trash on uniformity coefficient. 

Treatment M1 (1 8.75%) M2 (16.54%) M3 (15.15%) M4 (13.19%) M5 (13.13%) Mean V, % 
V1 0.90 0.92 0.91 0.91 0.92 0.91 
V2 0.92 0.92 0.93 0.92 0.92 0.92 
V3 0.94 0.94 0.93 0.94 0.95 0.94 
V4 0.94 0.93 0.94 0.94 0.93 0.94 
V5 0.93 0.93 0.93 0.94 0.94 0.93 
Mean V 0.93 0.93 0.93 0.93 0.93  

Factors C.D. 
Factor (M) N.S 
Factor (V) N.S 

Table 6. Economical and energy parameters of sugarcane 
trash chopper cum spreader. 

S. N. Particulars Value 
 1 Labour requirement, man-h ha-1 2.5 
 2 Cost of operation, Rs h-1 786 
 3 Cost of operation, Rs ha-1 2015 
 4 Benefit Cost ratio 1.5 
 5 Pay Back period, years 1.3 
 6 Break Even point, ha. 17.7 
 7 Energy requirement, MJ ha-1 1327.7 
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was found to be 1.3 years if operated for 250 hours per 
year. Breakeven point was found to be 17.7 ha, which 
means that the shredder is feasible for large scale farm-
ers. However custom hiring of the machine can be use-
ful for small farmers for income generation. The en-
ergy requirement of the sugarcane trash chopper cum 
spreader was found to be 1327.7 MJ/ha. 

Conclusion 

The performance of the sugarcane trash chopper cum 
spreader heavily depends on moisture content and 
speed of operation. The maximum field capacity 
(0.43ha/h) was obtained at a speed of 3.2 km/h, but 
maximum shredding efficiency (90.40%) was found at 
a speed of 2.9 km/h. Maximum uniformity coefficient 
(0.95) and shredding capacity (4.31 t/h) was obtained 
at a speed of 2.9 km/h at a moisture content of 13.13%. 
Maximum trash lifting efficiency (93.95%) was ob-
served at a speed of 2.76 km/h at a moisture content of 
13.13%. Moisture content of mulched soil was 2.5 
percent higher than the un-mulched soil after 4 months. 
The cost of operation was Rs. 2015/ha with B:C ratio 
of 1.5. The break-even point of the chopper cum 
spreader was 17.7 ha and payback of the machine was 
1.3 years if operated for 250 h/year. The energy con-
sumption of machine was calculated to be 1327.7 MJ 
ha-1. The optimum performance of sugarcane trash 
chopper cum spreader was obtained at a moisture con-
tent of 13.13% (M5) and forward speed of 2.9 km h-1 
(V3). The sugarcane trash chopper cum spreader may 
be recommended for chopping of sugarcane trash for 
mulching to avoid burning of trash and conserving 
natural resources.  
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