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ABSTRACT
Weeding is an essential aspect of agriculture. Weeds are managed with the aid
of herbicides. Hence the weeds are removed by mechanical methods. At present
most of the farmers practicing traditional method of manual weeding, especially in
smaller farming is combined with numerous problems they are time-consuming,
less efficient, requiring significant human effort, which lead to physical strain
and discomfort for laborers. Hence, experiment was conducted to study the
performance of various advanced hand tools at COAE, UAS, GKVK, Bengaluru.
Trials were performed to review the performance of different weeders namely,
improved hand weeder, cycle weeder, single wheel three tyne hoe, twin wheel
shovel type hoe. Various soil parameters such as moisture determination, bulk
density prior to test and parameters such as weed control efficiency, field
capacity, plant damage, field efficiency, draft and power input, Efficiency index
of weeder were considered during the test. The field capacity of 0.027, 0.0037,
0.038 and 0.038 ha/hr respectively observed for improved hand weeder, cycle
weeder, single wheel three tyne hoe, twin wheel shovel type hoe. Average draft
and power requirement of the weeders were found as 11.08, 7.65, 4.42, 5.40 kg
and 0.07, 0.06, 0.05, 0.06 hp, respectively. It is observed that there was no plant

damage while carrying out the weeding with the above weeders.
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A:RICULTURE plays a important role in the Indian
conomy, contributing about 15-16 per cent
to the GDP and known for wide range of crops due
to its varied agro-climatic conditions. Essential crops
include paddy, wheat, maize, millets, pulses, cotton,
sugarcane, oilseeds and various seasonal horticultural
crops. It is the main source of income for a vast
population, particularly in rural areas. As the
population continues to grow, there is a pressing
need to increase food and fiber production to meet
rising demand. This can accomplished through either

expanding the cultivated land or implementing modern
farming technologies to boost crop yields (Singh
et al., 2020). Enhancing crop yield is a multifaceted
endeavor that relies on multiple strategies and also
the use of high-yield variety seeds, agronomic
practices and effective measures to prevent yield loss
caused by various factors, including weeds, insects,
pests and diseases. Among these factors, weeds stand
out as most significant contributors to crop yield loss
(Shekhar et al., 2010). To control weeds, herbicides
must be used repeatedly. This repeated application of
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herbicides leads to increase in environmental hazard
and harms non-target organisms and neighboring crops
due to chemical drift (Bindu ef al., 2023). Reduced
weed growth in the initial stages resulted in better
utilization of light, nutrients and increased
photosynthetic efficiency leading to taller plants
(Keerthana et al., 2024). Weeds rival for essential
resources like sunlight, water and nutrients. When
not properly controlled, they can greatly reduce crop
yields, disrupt harvesting, and sometimes result in
total crop failure. Hence, weed management is a
pivotal component of modern agriculture. The quality
and quantity of crop yield depends upon effective and
timeliness of weed removal from the field. Weeds
causes highest annual yield loss of about 45 per cent
compared to dieses (20%), insects (30%) and pests
(5%) (Gupta et al., 2014). Weeding involves one-third
of cost of cultivation and accounts about 25 per cent
of labour required during crop production (Kumar
et al., 1993 and Manjunatha et al., 2007). Removing
weeds during the initial stages of crop growth is
essential for optimizing crop yield. The initial 15 to
60 days following seed sowing represent a crucial
period when weed development greatly reduce yield,
resulting in a loss of approximately 16 to 42 percent.
Weed removed by manually using tools like a khurpi,
spade, hand hoe, demanding substantial labor input
and involving labor-intensive and time-consuming
work. Furthermore, the labor needed for weeding
varies factors such as type of weeds present, their
density, the timing of the weeding operation, soil
moisture conditions and the efficiency of labour.
(Sahu, M. and Goel, A. K., 2017). Timely weeding is
the important farming operations for increased
production and is a major determinant in effective
weed control (Mohan, S. S., 2020). Weeds can be
controlled by mechanical, chemical, biological and
traditional methods. Among the different methods,
weed control by mechanical method is the best with
no limitation because of its effectiveness in keeping
the soil tillage can mulch the soil, which results air
circulation with in soil and water conservation
through runoff (Hari et al., 2019 and Manjunatha
et al., 2014). As the entire State faces an acute
shortage of labour, there is need for assessement of

suitable weeding equipment is necessary. Manual
labour requirement for weeding about 25% (900-1200
manhours/hectare) during a crop production (Yadav
and Pund, 2007). Moisture of soil found to be
11.63 per cent optimum for weeding in groundnut
and the operation cost of developed weeder at this
moisture was found to be Rs.244.00 as against
Rs.2450.00 per hectare in conventional method of
weeding by using trench hoe (Mishra, et al., 2008).
Considering the socio-economic factors of farmers and
the nature of their land holdings, a cost-effective and
light weight manual weeder emerges as the most
suitable option for mechanized weeding. In India,
there is a wide variety of hand weeders available, each
tailored to specific regions to accommodate the
diverse needs related to soil types, crops, and cropping
patterns (Alizadeh, M. Z. 2011). Therefore the
experiment was undertaken to assess the efficiency
and performance of weeders in real practical
conditions.

MATERIAL AND METHODS
Constructional Details of Weeders
Improved Hand Weeder

The hand weeder consist of long handle with one
number of 25 mm diameter and 1200 mm length pipe
of which 520 mm long handle is fitted. At rear side of
the middle pipe, two arms of size 250 X 25 X 3 mm
of Mild steel flats are fitted. Star wheel is fixed at the
end of the arm with 120 mm diameter. The star wheel
facilitates the easy movement of tool and cutting
blade is fitted to the arm of about 200 mm. The width
of cut using blade is 120 mm.

Cycle Weeder

The manually operated push-type cycle weeder
consists of a single spoked wheel fabricated from
mild steel, having a diameter of 640 mm and width of
30-50 mm. Inverted ‘V’ type long handle, fixed with
nut and bolt to wheel frame of length 1120 mm and
diameter of 25 mm, positioned at a height of 1000
mm. A weeding blade of size 170 % 45 x 9.5 mm is
mounted below the frame, just behind the wheel.
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Single Wheel Three Tyne Hoe

Single-wheel three-tyne hoe main frame is fabricated
from a mild steel pipe of length 1000 mm and 25 mm
diameter. It is equipped with an inverted ‘V’ type
handle, extended backward for operator comfort,
with a handle height from ground level of 950 mm
at a distance of 400 mm. A 550 mm diameter single
rubber-tyred spoked wheel is mounted at the
front. The blade assembly consists of three tynes
fabricated of high carbon steel, each having
dimensions of 180 x 75 x 10.5 mm.

Twin Wheel Shovel Type Hoe

Double circular wheels, each 300 mm in diameter,
fabricated from mild steel. Fixed on the main frame
made angle iron of size 175 x 120 x 12 mm. An
adjustable solid mild steel pipe, 900 mm in length, is

: Before weeding

Fig. 3 : Weeding Operation Using Single Wheel
Three Tyne Hoe

fitted between the wheels to enable the operator to
push/pull and control the tool during operation. A
shovel-type blade of size 25 x 45 x 12.5 mm is
attached beside the two wheels for effective weeding
between row to rows.

Experimental Procedure

The performance evaluation weeders was conducted
in sandy loamy soil at Dry land agriculture, UAS,
GKVK, Bengaluru. The distance between row to row
was 65 cm and plant to plant was 45 cm. The crop
was 30 days old and the field was infested with grass
weeds and total of three replication were conducted.
The density of weed at the time of weeding was
30 per m?. The field was divided into 4 plots each of
size 10 x 10 m in groundnut field. The experiment
was carried for weeders in randomized design and
three replications.

Fig. 4 : Data collection
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Moisture Content

Samples were collected in each plots with help of
auger. The samples was kept in hot air oven at 105°C
for 8 hours (Srinivas et.al., 2010). Samples were kept
for outside for cooling then weight of wach samples
were noted down. The Moisture content on dry basis
has been evaluated using the formula

W, - W,

MC (%) = %100

2
Where,
W, - Weight of wet soil sample, kg
W, - Weight of the dried soil, kg.

Power

The input power required for weeding operation was
calculated by considering draft and speed by using
following equation (Hari et al., 2019)

Power (hp) = %

Where,
D = Draft, kg
S =Travelling speed, m/sec.

Weeding Efficiency

Number of weeds was counted before operation
and number of weeds left after operation in a
1 m? area was recorded. Weeding efficiency was
expressed by following formula (Tsegaye, A and
Qabaradin, A., 2021).

W W
Wedding efficiency = . : 2 x 100
Where,
W1 = No. of weeds before operation, per square
meter.

W2 = No. number of weeds after operation, per square
meter.

Plant Damage

Plant damage percentage was calculated by recording
number of plants in 15 m row length before weeding

and number of plant damaged in 15 m row length after
weeding. Plant damage was evaluated by following
formula (Veerangouda et.al., 2010).

Plant damage, (%) = (1- {% ) = 100

Where,

q = No. of plants in a 15 m row after weeding

p

No. of plants in a 15 m row before weeding
Field Capacity

Actual area covered by the implement, based on
total time utilized and width. Effective field capacity
(ha/ h) is given by:

EFC= 7

Where,
A = Area covered, ha
Tp = Productive time, h

Ti = Non-productive time, h

Field Efficiency

The percentage of time the machine operates at its
full rated speed and width.

Actual field capacity

FE(%) =
(%) Theoritical field capacity

Depth of weeding

The depth of weeding plays an important role for the
draft of weeder and it was measured in the field.

Draft of weeder

Soil resistance during its forward movement at rated
width and depth. (Hari et.al., 2019)

D=Wxd xR
Where,
D = Draft of weeder, kg

W = Width of cut, cm
d_ = Depth of cut, cm

w

R_= Soil resistance, kg/cm?.

S
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Performance Index

The performance index of weeder found using the
following equation.

_axqxe
P

PI

Where,

a = Field capacity, ha/h,

q = Plant damage factor, per cent.
e = Weeding index, per cent,

P =Power input, hp
Speed of Operation

The speed of operation for each weeders was
measured in a test plots at distance of 10-meter
between crop rows was marked in all the plots (Kumar
et.al.,2018). The time taken to cover 10 m of distance
were recorded using a stopwatch. Total of four trails
were conducted for each type of weeder in their
respective field plots (Kumar et.al., 2014). The crop
parameters such as number of crop plants in the row,
the number of damaged plants, and density of weeds
before and after the operation, as well as the total field
time and the actual time required for weeding with
different types of weeders were recorded to evaluate
the performance of the weeders.

RESULTS AND DISCUSSION

The groundnut crop was approximately 30 days old
when the weeding operation was carried out, with a
row-to-row spacing of 400 mm. At the time of
weeding, the soil moisture content averaged 10.2%.
The plant population was about 20 plants per
square meter and the mean plant height was
recorded as 25 cm. The field experiments were
performed in accordance with the RNAM and BIS
testing standards and procedures, and the results
obtained are presented in Table 1. The following
treatments were considered for the field evaluation
study.

T1= Weeding by using improved hand weeder
T2 = Weeding by using sprocket cycle weeder

T3 = Weeding by using single wheel three tyne hoe
T4 = Weeding by using twin wheel shovel tyne hoe

Field Capacity

Single wheel three tyne (T3) and hoe twin wheel
shovel tyne hoe (T4) weeders was found maximum
effective field capacity of about 0.038 ha/h, which
was higher compared to improved hand weeder
(T1) and cycle weeder (T2) of 0.027 and 0.037 ha/h
(Table 1). Due to its faster movement and its
width it can cover larger field so that it has highest
effective field efficiency compared to other weeders.
Area coverage with wheel and hoe in wheat crop
was 0.36 ha/day which was much lower than the
T3 and T4 (Garg and Sharma 1998). The forward
speed of T3 and T4 weeders was about 3.42 and
3.27 km/hr that of the T1 and T2 is 1.84 and 2.40 km/
hr, hence the difference in effective field capacity.

TaBLE 1
Weeding Efficiency
. Weeding Weeding
Particulars depth, cm efficiency %

Improved hand weeder 5.5 95.45
Sprocket cycle weeder 2.5 80.57
Single wheel three tyne hoe 2.5 91.33
Twin wheel shovel tyne hoe 2.5 83.20
Weeding Efficiency

Maximum weeding efficiency was observed with
‘improved hand weeder T1 (95.45 %) followed by
single wheel three tyne hoe ‘T-3’ (91.33 %), and by
‘twin wheel shovel tyne hoe T4’ (83.20 %) and
sprocket cycle weeder “T-2’ (80.57 %). It is observed
that, weeding efficiency depends on shape of blade,
moisture content of soil at testing plot and cutting
depth of weeder blade. The maximum weeding
efficiency is obtained with improved hand weeder was
observed because of the capability of this hand tools
to work between plant to plant spaces in a row and
maximum working depth of about 5.5 cm. Zero plant
damage observed in improved hand weeder. It is
concluded that weeder is more efficient because
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Fig. 5 : Effect of forward speed on Field Efficiency (%)
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Single wheel three tyne Twin wheel shovel type
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Fig. 6 : Effect of Machine Operational Parameters on Weeding Efficiency (%)

efficiency is more than 95 per cent and also more
comfortable to work and less weeding efficiency was
observed in sprocket cycle weeder due to less working
depth of 2.5 cm.

The performance index, which depends on the
weeding index, field capacity, power input and
plant damage, was found to be highest (105.38)

for the T4 weeder and lowest (36.81) for the T1
weeder. The overall field performance of the weeders
is summarized in Table 2. The results indicated
that the developed weeder is suitable not only
for groundnut cultivation but also for other crops,
since the row spacing can be adjusted accordingly. In
addition, the penetration angle of the blades can be
modified based on the operational requirement.
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TABLE 2

Effect of working width on percentage of
damage of ragi crop

Tool Effective Percentage

Tool working width, of damage
cm (%)
Improved hand weeder 15.5 0
Sprocket cycle weeder 17.00 2
Single wheel three tyne hoe 13.00 0
Twin wheel shovel tyne hoe 18.00 2

The lowest performance index (36.8) was observed
with the improved hand weeder (T1), mainly due to
its manual operation, limited working width, and
higher labor requirement. In contrast, the twin wheel
shovel type hoe (T4) recorded the highest performance
index (105.38) owing to its dual wheel support,
efficient shovel blade design, and wider coverage,
which enhanced stability, reduced drudgery, and
improved field efficiency. The comparison indicates
that improvements in design and operational
characteristics have a direct impact on enhancing
performance and Productivity Draft and power
requirement are important parameters for a weeder,

TABLE 3

Effect of speed of operation on efficiency

Speed of Field
Tool operation  efficiency.
kmph %
Improved hand weeder 1.85 96.42
Sprocket cycle weeder 2.40 92.50
Single wheel three tyne hoe 3.42 86.36
Twin wheel shovel tyne hoe 3.27 65.51

and they should remain within the physical capacity
of the operator. The average draft values recorded for
weeders T1, T2, T3, and T4 were 11.08, 7.65, 4.42,
and 5.4 kg, respectively. The draft mainly depends on
factors such as soil type, effective cutting width, and
depth of cut. It was observed that weeder T1 required
the highest draft, which may be attributed to its greater
working width compared to the other weeders.

It was observed that the Improved hand weeder
(T, and Single wheel three tyne (T, hoe recorded 0%
plant damage, indicating that these implements are
highly crop-friendly and do not adversely affect the
standing plants during weeding operations. On the

100
80

60
49.68

4D 36.8
) I
0

Improved hand weeder Cycle weeder

Performance index

105.38
69.41

Single wheel three tyne Twin wheel shovel type
hoe hoe

Fig. 7 : Effect of machine operational parameters on performance index
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TABLE 4

Field performance of the manually operated weeder

Description Improved Sprocket Single wheel Twin wheel
P hand weeder cycle weeder three tyne hoe  shovel tyne hoe
Soil moisture content, % (db) 12.5 11.5 11.5 11
Bulk density before operation, g/cc 1.38 1.40 1.40 1.41
Bulk density after operation, g/cc 1.35 1.37 1.38 1.38
Speed (km/hr) 1.85 2.4 3.42 3.27
Weeding efficiency, % 95.45 80.57 91.33 83.20
Plant damage, % 0 2 0 2
Effective working width, cm 15.5 17 13.0 18
Average working depth, cm 5.5 2.5 2.5 2.5
Draft requirement, kg 11.08 7.65 4.42 5.4
Effective field capacity, ha/h 0.027 0.0037 0.038 0.38
Field efficiency, % 96.42 92.50 86.36 65.51
Power (hp) 0.07 0.06 0.05 0.06
Performance index 36.81 49.68 69.41 105.38
12
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g 4.42
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= 4
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Improved hand Cycle weeder Single wheel three  Twin wheel shovel
weeder tyne hoe type hoe

Fig. 8 : Effect of Machine Operational Parameters on Draft Requirement (kg)

other hand, the Cycle weeder (T,) and Twin wheel
shovel type hoe (T ) showed a plant damage of 2 %,
which may be attributed to the close proximity of their
working components to the crop rows and their
relatively higher operational aggressiveness.
Although the level of plant damage caused by these

tools is minor, it highlights the need for careful
handling while operating such weeders in order to
minimize crop loss. Overall, the findings suggest
that the improved hand weeder and Single wheel
three tyne hoe are safer options for reducing crop
damage, whereas the Cycle weeder and Twin
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wheel shovel type hoe require more precision in
field operation.

The power requirement of improved hand weeder
(T,) recorded the maximum power requirement
of 0.07 hp, followed by the Cycle weeder (7,) and
Twin wheel shovel type hoe (T,), which required
0.06 hp each. The Single wheel three tyne hoe

(T,) exhibited the minimum power requirement
of 0.05 hp. The variation in power requirement can
be attributed to the design and operational
characteristics of the weeders. The higher value
observed for the improved hand weeder may be
due to its greater soil-engaging surface and higher
resistance during operation. In contrast, the single
wheel three tyne hoe required the least power,
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indicating better operational efficiency and reduced
drudgery. The cycle weeder and twin wheel shovel
type hoe showed intermediate power values,
suggesting a moderate level of effort for effective
weeding.

The performance of different weeding tools was
evaluated and compared. The results showed that
the improved hand weeder recorded the highest
average weeding efficiency (95.45%) and an
effective field capacity of 0.027 ha h™', with no plant
damage, compared to the other weeders tested. In
contrast, the single wheel three-tyne hoe weeder
required the minimum power input and also resulted
in zero plant damage (0%). It also achieved a higher
average field capacity (0.038 ha h', weeding
efficiency (91.33%), (86.36%). and field efficiency
Therefore, the improved hand weeder and the single
wheel three-tyne hoe weeder were identified as the
most effective and efficient tools for weeding
operations.
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