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Abstract 

In India, most of the maize combine harvester currently being used employs snap roll type header. This type of 
header is costly, dependent on row spacing of maize crop and causes losses at headlands during turning. 
Moreover owing to its heavy weight its frequent lifting and downing during harvesting season causes hydraulic 
leakages in certain sections of combine. Therefore to overcome these problems a new light weight cutter bar 
Maize header is developed and evaluated for maize crop. The performance evaluation of the cutter bar type 
maize header is done in a dislodged and a partially lodged (30-40%) maize crop. For lodged crops, the header 
losses varied from 19.18-26.71% and for dislodged crops it was varied from 5.29-10.15% respectively. The 
cylinder losses for dislodged crop varied from 2.70-2.86% and for lodged crop it varied from 0.85-2.04%. The 
mean cleaning efficiency for lodged and dislodged maize crop was found as 88.87% and 90.58% respectively. 
The grain damage for lodged and dislodged crop was observed as 8.31% and 5.94% respectively. The trash 
content for lodged and dislodged crop was 2.75 and 3.45% respectively. The performance of snap roll and cutter 
bar was also done. Total losses with snap roll header were higher as 15.06% and lower for cutter bar as 10.85%. 
The brokens were higher for cutter bar as 5.94 and lower for snap roll as 3.45%. The trash content was 3.45% for 
cutter bar header and 2.24% for snap roll header. The total energy input in snap roll header, cutter bar maize 
header and maize dehusker cum sheller were 2360.05, 1970.90 and 3770.48 MJ/ha respectively.The cost of 
operatin with cutter bar maize header, snap roll maize header and maize dehusker cum sheller were 53.62 $/ha, 
68.73$/ha 187.32 $/ha respectively. 

Keywords: combine, snap roll header, cutter bar header, cylinder loss, harvester, header ear loss, maize, crop 
residues, yield components 

1. Introduction 

Losses while harvesting can be separated into three categories. Gathering losses that occur at the front of the 
combine consist of ears (missed or dropped by corn head) and kernels (shelled by the stalk rolls on the corn 
head). Threshing and separating losses are found on the ground behind the combine. Threshing losses are 
damaged kernels in the tank and kernels attached to the cobs that were not shelled by the combine rotor or 
cylinder. Separating losses are loose kernels that were not shaken out of the cobs and husks and were, 
subsequently, lost over the back of the combine (Humburg et al., 2009; Sumner & Williams, 2009). Mechanisms 
to gather and cut the crop are located in the header, also called the cutting platform. Slat-type (bat) and pickup 
reels are commonly used for gathering small grain crops. Pickup reels are used for lodged crops (crops that have 
fallen over due to heavy rains, winds, etc.), as they have fingers that pick them up for cutting. Proper operation 
of the reel is critical to minimize header losses that include shatter losses and cutter bar losses. Both these losses 
are affected by cutter bar height, reel position with respect to the cutter bar, and reel peripheral speed, which is 
recommended to be about 25-50% faster than the forward speed of the combine (Behroozi-Lar & Mobli, 2006). 
Grain losses induced from platform of the investigated combine gained 1.29% and losses at the back of the 
combine was 0.96%. The most amount of damaged grains achieved 10.8% at the speed of 850 rpm for the 
cylinder (Hassani et al., 2011). The header loss depends on reel rotational speed, ground speed and cutting bar 
knives. Reel rotational speed and ground speed are mostly efficacious and their losses are 0.5-2% of field yield 
components (Mazaheri, 1997). Crops with low height couldn’t be cut by a cutter, as the seeds drop when they 
come in contact with the reel. Behroozi-Lar (1995) showed that the reel should be placed in 15-25 cm above the 
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cutter bar; also, cutting height should be lower than lowest size of crop; furthermore, the reel speed should be 
adjusted about 1.25-1.50 of ground speed. Mansouri and Minaei (2003) studied the effect of forward speed on 
header loss and indicated that header loss intensified with an increase in ground speed. A study, using regression 
analysis model, was performed to estimate and predict the combine header loss at different adjustments of 
combine header. Three factors were considered as input variables and combine header losses were regarded as 
output variables. Model showed that the coefficient of determination (r2) is equal to 0.6292 (Abdi & Jalali, 2013). 
Qarnar-uz-Zaman et al. (1992) showed that the losses increase with an increase in ground speed. Mostofi et al. 
(2011) found that the best ground speed for JD 995 was 1.32 km/h. Optimum operating condition of stripper 
header was obtained with a hood height of 75 cm, header height of 60 cm and rotor speed of 760 rpm. In this 
condition, the average amount of unstripped loss (header and straw walker) and total loss respectively was 0.54, 
1.17 and 1.94% of yield, which indicated considerable decrease of grain losses according to conventional 
cutter-bar header loss. In all the experiments grain losses decreased with an increase in combine speed. 

The results showed that power model was the best model to describe the dependence of the independent 
variables and the dependent variables. The optimum conditions for the minimum combine header loss (103 
kg/ha), reel index, cutting height of crop and horizontal and vertical distances of reel from cutter bar were 
obtained 1.2 cm, 25 cm, 5 cm, 5 cm respectively (Zareei & Abdollahpour, 2016). Relevant parameters and 
indicators were established according to the results of the investigations. Fuel consumption was obtained 14.04 
l/ha, and 58.97 l/ha for maintaining an efficiency of 24.2 ha/h and an average working of speed 8.0 km/h. The 
utilization range of investigated harvesters was 70%, with a considerable potential for improvement through 
better harmonizing of the working regime and the working conditions (Miodragovic & Djevic, 2006). Sensitivity 
analysis revealed that cylinder speed was the most significant parameter in seed corn harvesting losses 
(Pishgar-Komleh et al., 2012). Though, harvesting losses cannot be eliminated, yet they can be decreased. Each 
kilogram of corn (or any other crops) that is saved by careful use of combine, adds to the profit derived from a 
cultivated hectare (Hanna & Fossen, 1990). Some factors in combine harvester that can reduce corn losses are 
ground speed, header height, concave, cylinder or rotor speed and cleaning unit (Digman, 2009). So, achieving 
proper combine setting (ground speed, cylinder speed, cleaning airflow, snapping rolls and spacing between 
plates) (Hanna, 2008) can help increase combine efficiency, increase grain quality and minimize field losses. 
Although harvesting losses cannot be removed, they can be reduced to 63 kg ha-1 in corn (Hanna & Fossen, 
1990). Several studies in this area, such as by Quick (2003) have established a hyperbolic relationship between 
grain damage and harvested yield for corn combines. He found a certain “sweet spot” where the harvested or bin 
yield was optimal under the given crop conditions. Corn picker field tests showed that ground speed and 
snapping roll adjustment are the most important factors determining picking losses (King et al., 1955). Morvaridi 
et al. (2008) analyzed the effect of ground speed and cylinder speed on corn harvester losses. Results indicated 
that the effect of cylinder speed was more significant on thresher loss as compared to the ground speed. The 
maximum total loss (5%) was calculated at ground speed of 2.23 km h-1 with the cylinder speed of 550 rpm. The 
experimental research has substantiated that a variable radius concave with a working plane tilt angle of the 
oblique concave crossbar equal to 45° would be the rational option for corn ear threshing. In this case, the 
threshing losses of the grains were minimal (0.03±0.01%), and the maximum share of grains damaged in the 
threshing unit do not exceed 4% (Pužauskas et al., 2016). Harvest losses were determined for combines 
harvesting soybean and corn in Brazil. Total soybean combine losses ranged from 47.4 to 260.5 kg/ha (1.2% to 
5.5% of yield). The headers were the largest contributors to losses with 31 to 247 kg/ha. Total corn combine 
losses ranged from 36.2 to 320.6 kg/ha (0.3% to 3.6% of yield). Of this loss, header ear loss accounted for the 
largest portion with 0 to 237 kg/ha. Shatter losses were the primary cause of losses in the headers. Also, they 
increased markedly as harvest moistures decreased below 13%. Lodged corn can increase header ear losses as 
compared with any other source of loss (Paulsen et al., 2014). Threshing, separating and cleaning losses for 
well-trained combine operators can be very low, rice 0.3%, maize 0.4%, soybeans 0.75-1%, and wheat 1% of 
yield or less. Losses will go higher when the header is included but in general, rice should be less than 1.25-2.2%, 
maize less than 1.8%, soybeans less than 3%, and wheat less than 2% of yield in good standing crop (Paulsen et 
al., 2015). Till present from all the review cited, header plays an important role in minimizing shattering and 
cutterbar (i.e., header) losses. In most maize predominant areas, only snap roll headers are used in maize 
harvesting, which is highly dependent on row to row spacing of maize crop leading to higher losses during 
turnings, improper snap roll spacing and due to operator skill also. Moreover higher cost of snap roll header 
makes it unfeasible for small and marginal farmers. Therefore a new type of cutter bar type maize header was 
designed and developed for harvesting of maize crop which cuts the maize plant from a certain height (adjustable) 
and feeds plant along with cob to the threshing unit of the combine. The maize header was capable of cutting the 
maize crop, irrespective of the width of the row. The present study was focused to design develop a low cost 



jas.ccsenet.

cutter bar 
its econom

2. Method

2.1 Cutter 

A first pro
developed
University

 

 

In this he
provided t
tempered 
section ree
tines were
the gatheri
of driven p
speed of c
were provi
auger cylin
height of c
towards au
header and
Figures 2 a

 

org 

maize header 
mic evaluation 

d 

Bar Header D

ototype of cutt
d (Figure 1) b
y, Ludhiana, In

eader the conv
to overcome th
to give a grea
el with spring 
 provided in st
ing losses. The
pulley and pul
ombine. The a
ided in the mid
nder. The reel
cut and reel he
uger by a squa
d combine are
and 3.  

and investigat
with snap roll 

Development a

ter bar type he
by the Depart
ndia in collabor

Figure 1. A

ventional cutte
he thrust comi
ater strength. 
tines was pro

taggered mann
e drive to reel 
lley driving re
auger was mad
ddle in a stagg
l was lighter th
eight hydraulic
are section reel
e given in Tab

Journal of A

te its performa
header and m

nd Experimen

eader with squ
tment of Farm
ration with M/

A line diagram

er bar was us
ing from maiz
The reel secti

ovided. The re
ner, so as, to e
was provided

eel were select
de of hot rolled
gered pattern, s
than the conve
cally. The crop
l in a cutter ba
bles 1 and 2 a

Agricultural Sci

157 

ance for both d
aize dehusker 

tal Layout 

uare section re
m Machinery 
/s Nirmal Mech

m of cutter bar 

sed, but with 
ze crop stalk. T
ion was made
eel was made 
efficiently colle
d mechanically
ted, so as, to r
d sheet. The au
so as to create
entional snap r
p after being h
ar header. The 
and a view of

ience

dislodged and
cum sheller in

eel for maize c
and Power E
hanical Works

type maize he

extended fing
The fingers w

e of mild steel
of square sect
ect the cut mai

y through belt d
reduce the rpm
uger was drive
 a positive fee
roll header. Th
harvested along
detailed specif
f cutter bar he

d partially lodg
n Indian condit

crop harvester
Engineering, P
s, Moga, Punja

 
eader 

gers. The exte
ere made of m
l with four se
tion and was b
ize stalk with 
drive. After in

m of reel as co
en through cha
eding action of
he provision w
g with maize c
fications of cu
eader and its p

Vol. 13, No. 4;

ged maize crop
tions. 

r was designed
Punjab Agricul
ab, India. 

ended fingers 
mild steel and 
ections. The sq
bigger in size.
cobs and mini

nitial trials the 
ompared to for
ain drive and sp
f cut plants tow
was given to a
cobs was conv
utter bar type m
parts are show

2021 

p and 

d and 
ltural 

were 
were 

quare 
. The 
imize 
sizes 

rward 
pikes 

wards 
adjust 
veyed 
maize 
wn in 



jas.ccsenet.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

org 

Figure 2. 

Figure 3. 

View of devel

View of devel

Journal of A

   

loped cutter ba

oped cutter ba

Agricultural Sci

158 

ar header and e

 

   

ar header and c

ience

extended finge

control unit of 

ers and auger d

combine harve

Vol. 13, No. 4;

drum 

 

ester 

2021 

 



jas.ccsenet.org Journal of Agricultural Science Vol. 13, No. 4; 2021 

159 

Table 1. Specifications of cutter bar type maize header 

Particulars  Specifications of cutter bar type header Material of parts  

Width of header, mm 3710 - 

Total no. of blades on cutter bar 48 High carbon steel 

Cutter bar height adjustment Hydraulic - 

Cutter bar height adjustment range, mm 0-1524 - 

Extended Finger length, mm 254 Tempered mild steel 

Finger to finger spacing, mm 76.2 - 

Reel type 

 

Pick up 

 

Mild steel 

Nylon bush at ends -35 mm 

Reel section and side, mm  Square, 1168.40 - 

Number of spokes on each square section and length, mm 4, 609.60 Mild steel 

Tine length, mm 279.40 Spring wire 

Number of tines between two consecutive square sections 10 - 

Tine arrangement on consecutive bars Staggered or alternative. - 

Reel speed adjustment Mechanical - 

Reel height adjustment  hydraulic  

Reel height adjustment range, mm 38.1-914.4  

Spacing between cutter bar and reel, mm 508 - 

Auger window, mm 940 × 305  

Auger diameter, mm 355.60 Hot rolled sheet 

Auger bearing at ends  UCF 207 (2) 

Auger lugs length, mm 114.30  

Spacing between spokes 203.2  

Driving pulley size, mm 101.60 SG Cast iron 

Driven pulley size, mm 609.60 SG Cast iron 

Centre to centre spacing between pulleys, mm 1371.60 - 

Distance between centre of driven pulley and crop divider edge, mm 609.60  - 

Length of platform section, mm 584.2 Mild steel 

Length of crop divider edge from cutter bar, mm 685.80 Mild steel 

Weight, Kg 1200 - 
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Table 2. Brief specifications of combine used in field experiments 

Different systems of combine Specifications 

Model  Ashok Leyland 
Engine Power, Kw (at 2200 RPM) 78.33  
No. of Cylinder Six 
Air Cleaner Combination of Dry & Wet Type 
Cooling System Water Cooled 

Clutch  
Type of Clutch Single, Heavy Duty Dry Clutch 
Diameter, mm 310 

Transmission  
No. of Gears 3 Forward, 1 Reverse 
Forward Gear Speeds, km h-1 L, H 
1st Gear 2, 4 
2nd Gear 4, 8 
3rd Gear 8, 20 
Reverse Gear 4, 8 

Threshing Mechanism  
Threshing Cylinder Type Rasp Bar Type 
No. of Rasp Bar and Spikes 8, 152 
Diameter, mm 606 
Width, mm 1250 
Speed, rpm 540-1200  
Speed Adjustments By Means of Mechanical Variator 

Concave  
Grate Size, mm 35 × 16 
Clearance, mm Front-24, Rear-17 
Adjustment Mechanical 

Cleaning Sieves Area, m2  
Upper Sieve 2.47 
Lower Sieve 1.70 
Grain Tank, m3 2.60 
Fuel Tank Capacity, ltr 365 
No. of Batteries 2 
Capacity and Rating of Each, V, Ah 12, 88 
Tyre Size, Ply Rating 
Front 18.4/15 × 30, 12/14 
Rear 9.00 × 16, 16 

Main Dimensions (in working, mm)  
Length 8370 
Width 3800 
Height 3800 
Ground Clearance 340 

In Transport, mm  
Length, l, mm 12280 
Width, b, mm 3045 
Height, h, mm 3800 

 

Maize crop was sown at a research farm of Department of Farm Machinery and Power Engineering and at 
Farmer’s fields during 2014, 2015 and 2016. Maize varieties PMH-2, Pioneer-1844, DKC-9108 was taken for 
the present study. Maize crop was sown at a recommended spacing of 0.60 m × 0.20 m in experimental plots. 
The mean stalk height, girth and weight varied between 2.00-2.29 m, 49.23-60.30 mm and 9.58-11.52 Mg ha-1 
and mean grain yield varied between 6.29-7.02 Mg ha-1 [at 21% m.c. (w.b.)] for different experimental plots. The 
mean cob outer diameter with husk varied between 42.74-44.68 mm. To study the effect of header on various 
losses, cutter bar type header was tested on the standing and partially lodged maize crop (Figure 3) at the 
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                                    (2) 

where, C: effective field capacity, ha h-1; S: speed of travel, km h-1; W: rated width of implement, m; Ef: Field 
efficiency, in percent. 

                                  (3) 

where, T0: theoretical time per hectare (per acre); Te: effective operating time = T0 × 100/K; K: percent of 
implement width actually utilized; Th: time lost per acre due to interruptions that are not proportional to area. At 
least part of Th usually tends to be proportional to Te; Ta: time lost per acre due to interruptions that tend to be 
proportional to area. 

2.3.1 Estimation of Fuel Consumption 

Before starting the test, the engine’s fuel tank was completely filled. The quantity of fuel required to fill the tank 
after harvesting the test field was measured using a 1 l graduated cylinder. Thus, the fuel consumed during the 
test was determined. 

F = L/A                                      (4) 

where, F is the fuel consumption in l ha-1; A is the area harvested in ha; and L is the quantity of fuel required to 
fill the tank after harvesting the test field in l.  

2.3.2 Caluclulations of Various Losses and Grain Quality Parameters in Combine Operation 

(1) Header Ear Loss 

For measuring header losses, data for fallen cobs and kernels in front of machine where the separator had not yet 
passed. The combine was backed off by a distance equal to length of combine. Loose kernels, broken and whole 
cobs were gathered from this front area (w × l). These were gathered to calculate the header losses. The header 
ear losses were calculated as 

        (5) 

(2) Cylinder Loss and Grain Quality Parameters 

For measuring cylinder loss kernels still attached to the threshed cobs were collected from 1/100 acre area and 
weighed. The small kernels at the butt and tip end of cobs were not taken. 

The loss of grains and ears which are left unthreshed by the combine over a unit area. 

          (6) 

After the operation, samples weighing 200 g of grains were collected from the grain tank of the combine. These 
samples were then cleaned to get the trash content, broken grains and clean grains. 

                       (7) 

                      (8) 

                      (9) 

2.4 Energy Calculations 

Following equations were used for energy calculations in maize combine harvester with various headers: 

Human energy consumption (MJ/ha) = No. of human labour used × Time (h) × Human energy equivalent 
(MJ/h)/Area covered (ha); 

Fuel energy consumption (MJ/ha) = Fuel consumption (l/h) × Fuel energy equivalents (MJ/l)/Effective field 
capacity (ha/h); 

Enrgy embodied in machinery (MJ/ha) = Weight of specific machine (kg) × Energy equivalent of machinery 
(MJ/kg)/Wear out life of machine (h) × Effective field capacity (ha/h).  
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The performance of snap roll header was compared with cutter bar header and operational parameters were 
measured for both and are shown in Table 10. 

 

Table 10. Operational parameters for cutter bar and snap roll type maize header 

 
Cutter bar type header Snap roll type header 

Range Mean  Range Mean 

Forward speed , km/hr 2.10-2.50 2.33  1.50-1.70 1.60 
Width of cut, m 3.65 3.65  3.60 3.60 
Field capacity, ha/h 0.32-0.40 0.36  0.20-0.50 0.28 
Fuel consumption, l/h 8-11 11.25  7-10 8.50 
Fuel consumption, l/ha 25.00-27.50 31.25  20-35 30.35 
Height of cut, m 0.32-0.45 0.36  0.40-0.45 0.42 
Threshing cylinder rpm 600-700 -  600-700 - 
Reel/snap roll rpm 35-40 -  450-500 - 

 

The performance of snap roll and cutter bar header with maize combine was also done and are shown in Tables 
11 and 12. Total losses with snap roll header were higher as 15.06% and lower for cutter bar as 10.85%. The 
brokens were higher for cutter bar as 5.94 and lower for snap roll as 3.45%. The trash content was 3.45% for 
cutter bar header and 2.24% for snap roll header. The higher trash and broken for cutter bar may be attributed to 
higher non grain portion as compared to cutter bar header.  

 

Table 11. Quality of maize grain harvested with cutter bar and snap roll maize header. 

Maize grain threshing  
quality parameters 

Cutter bar Type header Snap Roll Type header 
CD (5%)

1 2 3 Mean±S.E. 1 2 3 Mean±S.E. 

Cleaning Efficiency (%) 90.36 88.28 93.10 90.58±1.50 94.85 94.76 94.09 94.76±0.24 3.93194 
Broken loss (%) 5.72 7.42 4.70 5.94±0.70 3.05 2.68 3.26 3.00±0.17 2.25258 
Trash content (%) 3.90 4.28 2.19 3.45±0.64 2.41 2.45 1.87 2.24±0.19 NS 

 

Table 12. Total field losses with cutter bar and snap roll maize header 

Header and cylinder losses 
Cutter bar Type header Snap Roll Type 

CD (5%)
1 2 3 Mean±S.E.  1 2 3 Mean±S.E. 

Total weight of lost grains per ha (kg) 910.33 558.88 810.00 759.74  1373.33 813.34 976.67 1054.34 - 

Total weight of grains per ha (kg) 7000 7000 7000 7000  7000 7000 7000 7000 - 

Total Loss (%) 13.00 7.98 11.57 10.85±1.49  19.61 11.61 13.95 15.06±2.37 NS 

 

The economic analysis of cutter bar header was done with snap roll type maize header and conventional maize 
dehusker cum sheller, which is shown in Table 13. The saving in cost and time with cutter bar type header was 
77.77% and 85.42% as compared to maize dehusker cum sheller. The saving in cost and time with snap roll 
maize header was 71.72% and 83.68% as compared to maize dehusker cum sheller.  
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Table 13. Economics of cutter bar type maize header, snap roll header and maize dehusker cum sheller 

Tractor 45-50HP Maize dehusker cum sheller snap roll cutter bar 

New cost, P 550000 120000 500000 180000 

Life (yrs), L  15 10 10 10 

Avg. use/yr (h) 700 200 700 300 

Rate of interest (%), i 12 12 12 12 

Field capacity, ha/h Of implement 0.17 0.28 0.36 

Salvage value, S = 10% of P 55000 12000 50000 18000 

Annual Fixed Charges     

Depreciation (Rs/yr)  33000 10800 45000 16200 

Interest cost (Rs/yr)  36300 7920 33000 11880 

Taxes, insurance and shelter (Rs/yr) = 2% of P 11000 2400 10000 3600 

Total fixed costs (Rs/yr) 80300 21120 88000 31680 

Total fixed costs (Rs/h) 114.71 105.60 125.71 105.60 

Variable Costs     

Fuel required (l/h) (depend on implement 0 8 10 11.25 

Labour required with machine 1 1 5 5 

Labour cost (Rs/h) 40 31.25 31.25 20 

Repair & maintenance (Rs/h)  39.29 30.00 35.71 30.00 

Fuel cost (Rs/h) at rs68/l  0 544 680 765 

Cost of lubricants (Rs/h) = 20% of fuel cost 0 108.8 136 153 

Labor cost (Rs/h)  40 31.25 156.25 100 

Total variable cost (Rs/h) 79.29 714.05 1007.96 1048.00 

Total Costs     

Total cost (fixed + variable) (Rs/h) 194.00 819.65 1133.68 1153.60 

Total cost, Rs/ha including tractor  5962.65 4741.71 3743.33 

Labour required off machine operation, man (h/ha)  250 10 10 

Grand Total machine Cost, Rs/ha   13775.15 5054.21 3943.33 

 

Particulars Cutter bar maize header Snap roll maize header Maize dehusker cum sheller

New cost (Rs unit-1), P  180000 500000 120000 

USD ($ unit-1) 2803.55 7787.63 1869.03 

Cost of operation, Rs/ha  3943.33 5054.21 13775.15 

USD$/ha* 53.62 $ 68.73 $ 187.32 $ 

Field capacity, ha/h 0.36 0.28 0.17 

Man-h involved per ha 42.00 47.00 288.00 

Saving in cost as compared to maize dehusker cum sheller, % 77.77  71.72  - 

Saving in time as compared to maize dehusker cum sheller, % 85.42  83.68  - 

Saving in cost and time as compared to snap roll header 21.98, 10.64%   

Weight, kg 1200 1860 815 

Human energy consumption, MJ/ha 82.32 92.12 564.48 

Fuel Energy consumption, MJ/ha 1759.69 2011.07 2649.88 

Energy embodied in machinery, MJ/ha 128.89 256.86 556.12 

Energy embodied in machinery, MJ/ha 1970.90 2360.05 3770.48 

Note. * 1USD = 73.54 INR. 

 

4. Summary 

A new type of cutter bar type maize header was designed and developed for harvesting of maize crop which cuts 
the maize plant from a certain height and feeds plant along with cob to the threshing unit of the combine. Height 
of cut was adjustable. The maize header was capable of cutting of maize crop irrespective of maize crop row 
width. The pre-harvest losses varied from 84.87-164.91 kg/ha. For lodged crops the gathering losses varied from 
19.18-26.71% and for unlodged crops varied from 5.28-10.14% respectively. The higher gathering losses in 
lodged crop may be attributed to fact that header could not pick the lodged crop whereas in unlodged crop the 
header picked cobs from maize plant efficiently. The cylinder losses for unlodged crop varied from 2.8% and for 
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lodged crop were 1.6%. The mean cleaning efficiency for lodged and unlodged maize crop were 88.87 and 
90.58% respectively. The grain damage for lodged and unlodged crop were 8.31% and 5.94% respectively. The 
Trash content for lodged and unlodged crop were 2.75 and 3.45% respectively. The maize combine performance 
was satisfactory with cutter bar header for maize crop at 1st low gear, forward speed of 2.10 Km.h-1 and reel rpm 
of 35. The maize crop residue after harvesting with cutter bar type maize header can be easily chopped and 
incorporated with disc harrow, rotary tiller etc. The performance of snap roll and cutter bar header with maize 
combine was also done. Total losses with snap roll header were higher as 15.06% and lower for cutter bar as 
10.85%. The brokens were higher for cutter bar as 5.94 and lower for snap roll as 3.45%. The trash content was 
3.45% for cutter bar header and 2.24% for snap roll header (Figure 14). 

 

 

Figure 14. Graphical representation of field losses with combine harvester with cutter bar maize header 
and snap roll maize header 

 

Undoubtedly header was more effective during turning at headlands as compared to snap roll type header owing 
to its independence from plant row spacings lacking of which in case of snap roll header causes a lot of gathering 
losses during turnings at headlands. Similar results were reported by Paulsen et al. (2014) in lodged maize crop. 
In the present study, 30-40% maize crop was lodged. Though the cutter bar type maize header was adjusted to 
nearly horizontal position yet the lodged crop was not picked completely. Cutter bar header passed over fully 
lodged crop without picking the cobs which lead to higher gathering losses for this header. Cutter bar header 
managed to pick cobs from those plants which though lodged but having cobs positioned at some height from 
ground. The lodged crop affects badly the working of any header mechanism during combine harvesting. The 
operator driving skill, header adjustment during field operation, combine forward speed with respect to reel 
speed, optimum maize crop moisture content (not too wet nor to dry) are the key factors which are needed to be 
given due importance before starting harvesting with combine so as to minimize various losses during field 
operation and better combine harvester performance. Particularly in case of lodged crop the field layout (from 
where to start) also plays an important role so that driver has an overview in mind how to operate effectively and 
adjust combine, reel and thresher speed during various sections of field so as to minimize field losses and 
maximizing the clean grain output. The developed cutter bar header cuts the maize plant from a certain height 
(adjustable) with minimum losses and feeds plant along with cob to the threshing unit of the combine. The maize 
header was capable of cutting the maize crop, irrespective of the width of the row and has higher field capacity 
as compared to snap roll header.  

Thus a low cost effective cutter bar maize header was developed which is in the range of small and marginal 
farmers also and can be operated on custom hiring basis also. Moreover this header owing to its low weight can 
be operated with low HP combines with low repair and maintenance cost. 
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5. Conclusions 

The performance of snap roll and cutter bar header with maize combine was also done. Total losses with snap 
roll header were higher as 15.06% and lower for cutter bar as 10.85%. The brokens were higher for cutter bar as 
5.94 and lower for snap roll as 3.45%. The trash content was 3.45% for cutter bar header and 2.24% for snap roll 
header. This new type of developed cutter bar header can be used for harvesting maize crop efficiently and with 
minimum of losses as compared to snap roll header and maize dehusker cum sheller. Undoubtedly, the header 
was more effective during turning at headlands as compared to snap roll type header. Since, the header is 
independent of the width of the row, the gathering losses at the turning are much lower than those acquired in 
case of snap roll header. Though the cutter bar type maize header was adjusted to nearly horizontal position yet 
the lodged crop was not picked completely. Cutter bar header passed over fully lodged crop without picking the 
cobs which lead to higher gathering losses. Cutter bar header managed to pick cobs from those plants which 
though lodged but had cobs positioned at some height from ground. The operator driving skill, header 
adjustment during field operation, combine forward speed with respect to reel speed, optimum maize crop 
moisture content (not too wet nor to dry) are the key factors which are needed to be given due importance during 
combine harvesting. For minimizing various losses during field operation and better performance, particularly in 
case of lodged crop, the field layout (from where to start) also plays an important role. Therefore, the operator 
must have an overview in mind about how to effectively operate and adjust combine, reel and thresher speed 
during various sections of field thereby ensuring minimum field losses and maximum output. 
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