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ABSTRACT: A self-propelled harvester was developed to be used
as a mechanical cultivator for weeding between rows of maize crop
(variety Giza 310) at different stages of plant growth considering the
optimum parameters affecting the performance of the developed
machine. The developed machine was compared to the traditional
weeding methods. :

The performance of developed machine before and after
development was investigated in terms of field capacity, field
efficiency, damage of crop plants, weeding efficiency, eradication
slippage ratio, consumed energy and costs. The function of change in
weeding forward speed and penetration angle were considered.

The experimental results revealed that the use of developed tiller
maximize both of weeding and field efficiencies and minimize both of
losses, energy and cost comparing with the traditional methods
(Hand — hoeing) and animal drawn-weeder under average weeding
speed of 5 km /h and cutting blade angle of 21", :

Key words: Mechanical, weed, control, weeding, system, inter-rows.

INTRODUCTION

Weed control is one of the
most important operations in crop
production because weeds compete
crops for water, nutrients and
sunhght. Therefore,
cause variable effects in decreasing
yield according to their variety and
density.

weeds  may

The control of weeds and
grasses is one of the greatest time
and labour consuming operation in
the crops production.

Kepner ef al (1987) stated that
the contrel of weed and grasses has
always been one of the greatest
ttme and labour consuming
operations in production of crops.



298

In addition requiring extensive
control measures, weeds rob crop
plants nutrients and water, often
serve as hosts to insects and other
pests that attack crop plants, and

create equipment  problems
especially in harvesting.

Oni (1990) showed that weeds
account for about 50 - 75%
reduction in yield due to lack of
satisfactory weed control methods.
He developed two types of rotary
weeders for the draught animal
named ‘the high clearance straddle
— row and the Emcot-attached
(inter -
Weeding performance of these two
implements were compared with
that of strad, the commercially
available rotary weeder and also
with the manual method of weed
control. Results show that the draft
requirement for the straddle-row
weeder average 1kN  when
operated at a speed range of 0.60 —
0.62 m/s while that for the Emcot-
attached rotary weeder averaged
0.80 kN for the same speed range.

Shaiboon (1993) indicated that
using hand hoeing for weed-
control of (faba bean crop) gave
the highest yield and net profit, but
requires more labour comparing
wiith  the chemicai weeding
methods. He found that using
mechanical cultivation = was

row) rotary weeders. .
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considered the suitable way for
weed control of faba bean and the
least pollution effect.

Biswas, et a/ (2000) reported
that animal-drawn weeders play an
important role in the mechanical
control of weeds. Due to high
output, animal- drawn weeders
help in the time liness of
operations compared to manual
methods and are cheaper. Within
the crop rows weeds may be
removed manually. Other weed
control methods such as chemicals,
crop competition or crop rotation
may be utilized for effective weed
management.

compared

Imbabi  (2001)
different method of weeding were
rotavator, donkey- pulled

cultivator and hand —hoe, besides
the control method (unweeded).
The evaluation included the bulk
density of soil, plant growth
parameters, field productivity and
efficiency, regrwoth percentage
and the operation a cost. Results
indicated that using rotavator gave
the highest field productivity (0.5
fed./h.), the lowest cost (126.27 L.
E. /ton) and adequate efficiency.
On the other hand, using hand -
hoe pgave the lowest field
productivity (0.15 fed/h) highest
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efficiency (96.35%)
with the others.
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Mganilwa, et al (2003)
designed and constructed an
engine powered hand held

Prototype weeder to address the
problem of manual weeding. The
prototype wecding cfficicncy was
96.4% and the effective weeding
capacity was 0.42 fed/h which is
- approximately twenty times than
manual weeding. So the engine

powered weeder could be useful
equipment in modernizing
agriculture for small holder
farmers.

The proper row-crop weeder

improved plant giowth by
eradication weeds, improving the
soil  properties, counteracting

losses of water by evaporation and
scarify the soil inter-row.

The objectives of this study are:

1-Develope a self propelled
harvesting machine to be used as
tiller inter-rows in maize fields.

2-Determine the optimum
parameters affecting the
performance of  developed
machine.

3. Comparing the developed

machine with the traditional
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MATERIALS AND
METHODS

Laboratory Experiments

The developed machine was
fabricated in a local workshop at
Bordean, Zagazig Center, Sharkia
Governorate, Egypt, during the
years 2001 , 2002.

Field Experiments'

Field experiments were carried
out at El-Manshia farm, Belbeis
Center, Sharkia Governorate,
Egypt. Through two successful
agnculture seasons 2002/2003 and
2003/2004. To develop and
evaluate the  self-propelled
harvesting machine to be used as
tiller inter-rows in maize crop
(vaniety Giza 310).

Comparing with the traditional
weeding methods under Egyption
conditions.

The mechanical analysis of the
experimental soil were carnied out
in unit of analysis and studies,
Soils, Water and Environment
Research  Institute  (SWERI)
Agricultural Research  Centre,
Egypt. and classified clay soil

weeding methods. (Table 1).
Table 1: Soil mechagical analysis
Depth  Moisturs Y Y % iine % %o Soii
0
(cm) cm;}‘fnt clay silt sand c;}:;;e teftire
20 24 58.1 253 13.42 3.18 Clay
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The following equipment were
used in this research. Tractor (IMT
553) of 76 Hp (56.6) kW, chisel
plow locally made (7 tines), Land
leveler locally made (3.00 m
width) hydraulically controlled, the
furrower locally made (4 furrows),
animal-drawn  weeder locally
made, hand hoe (18cm width)

“(locally made).

The specifications of the
machine before development as
. shown in Fig. 1 are: self-propelled
harvester model BCS270: engine
type lamberdini, made by ltaly,
powered by 9%kw (12.24hp), Gear
box: 4forward speeds, one revers
speed, powerd wheel size (front
wheel 16X600, steering wheel size
12X400 and total weight 392kg.

' The developed machine is
shown in Fig. 2

The machine was adopted to be
qualified for weeding operations,
between  rows  successfully.
Consuming least power, least cost
in the presence of maize plants at
different periods (growth stages).

The  developed  machine
consists of the following parts:

1.Main frame: A square hollow
beam of mild steel having
dimensions of (800x800), 5,
1800 mm for cross section,
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thickness
respectively.

and length,

2.Tines: having dimensions of
900, 46, 16 mm for length, width
and thickness, respectively.

3.Blades: having two winges of
200mm- length, 3mm thickness
per each, fixed at angle of 45°.
The distance between wings is
200mm.

4.The spyders: are two par
serrated spyders with diameter
of 300mm at the front of the
blades with distance of 60mm
between each moving in
rotational movement.

5.The weeds rakes: (Digited
fingers) the rake consists of
fivteen digited fingers fixed on
triangular tool bar with a spacing
of 5mm collect the cutted weeds
out of the field.

The experimental area was
about (3 feddans) cultivated with
Maize (variety Giza 310) divided
into 18 equal plots, having
dimensions of 11.5x60m per each.

Six treatments namely A, B, C,
D, E and F were investigated and
replicated three times in a
completely randomized block
design:
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I No. Description Qt. § No. Description Ot ﬂ
| I Guards 2 9 Driving seat t |l
I:z Cutter bar 1 [ 10 Rear wheel P |

3 Swath board 2 [ 11 Cutters 2

4 Front wheel 2 12 Fingers 4

5 Transmission 1 13 Knife bar 1
Fs P.T.0. 1| 14 Cutter bar lever 2 B
i - Hydraulic lev. 1 | 15 Engine 1
LK Driving wheel 116 Controlling : B

Fig. 1: Specification of self propelled mower before development
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i Drive wheels 2 11 Depth Adj. Scrow 2 i
2 Balancing weight 130k&42 P.T.O. 1
3 Engine 1 13 Machine gear pox 1
4 Driving wheel 1 14 Front axle 1
5 Hydroulic Jever 1 15 Machine main frame 1
6 Driver set 1 16 Cuitivation spyders 6
7 Rear wheels 2 17 Cultiovation sweeps 3
8 Tool bar 1 18 Fixed finger raking weeds 3
9 Fixed arms 2 19 Depth adj. wheels 2
'I 16 Beaiis 3 ll

Fig. 2: Specification of self-propelled mower after development to be
inter-row tiller
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Treatment A: Mechanical
weeding with the - developed
machine at blades angle of 12°
with two pair spyders (working
depth was about 5 cm).

Treatment B: Mechanicai
weeding with the developed
machine at blades angle of 12°
without two pair spyders {working
depth was about 5 cm).

Treatment C: Mechanical
weeding with developed machine
at blades angle of 21° with two pair
spyders (working depth was about
8 cm}.

Treatment D: Mechanical
weeding with the developed
machine with blades angle of 21°
without two pair spyders (working
depth was about 8 cm).

Treatment E: Animal drawn
weeder {two passes). (working
depth about 6 cm).

Treatment F: Manual
weeding with the conventional
hand-hoe (working depth about 5
cm).

The treatment F is considered
as conventional method.

The developed machine were
operated under three different
forward speeds 3.5,5,6.5km/h, two
different penetration blade angles
of 12° and 21° and two different
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weeding depths and 8cm with and
without adding two pair of spyders
at the front of blades, for first and
second weeding.

Measurements

Evaluation of  developed
machine performance was done
taking into consideration the
following indicators:

Weeding Power

Weeding power was estimated
from the fuel consumed during the
weeding operation using the
following formula (Barger et al.,
1963).

foxpf xcvx 427 X g, . X1
Bhyp = the'm b

Where :
Bhp : Brake horse power, .. ....hp.

60X 60x 75

fc : Fuel consumption L/h.

pf : Density of fuel kg/L (for diesel
fuel = 0.85 kg/L).

1w : Thermal efficiency considered
to be 40% for 5 diesel engine.

Nm : Mechanical efficiency of the
engine considered to be 80%
for diesel engine.

C.V.: Calorific value of fuel about
10000 kcal/kg.

427: Joules constant  (thermo
mechanical equivalent) J/kcal.
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Weeding energy

~ Estimation of the energy
required for operating weeding
machines was carried out using the
following formula:

Engine power(kW)

Energy requirements(k W.hifed ) =
Effective field capacity (fed/h)

The weeding efficiency

The weeding efficiency was
calculated by :

B-A

EW = x100

Wherer:
EW: The weeding efficiency.

B : Weight of dry matter of weeds
before weeding.

A : Weight of dry matter of weeds
afier 21 days from weeding.

The performance index (P;)

The performance index (P;)
was calculated by the following
equation (as suggested by Gupta
1981):

8
X
L2
b4
Le]

s
[¢:]

Where :

a :The actual field capacity (fed/h).
q : (100-% plants damaged) (%).

e : Weeding index (%o).
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p : Power in put (hp).
P; : The performance index.

The weeding index(e) is given by:

1 Z4100.... (%)
W

W, : Weed count before weeding,
W : Weed count after weeding.
The field efficiency

The field efficiency was
calculated the following equation:

Effective field capacity 100
x

'rl =
f Theortical field capacity

Cost analysis

The machine cost was
determined using the following
equation (Awady 1978).

C=Phi{l/a+if2+t+n+{(12WSF}+mi44
C : Hourly cost (L.E./h).

P : Price of machine L.E.

h : Yearly working hours (h/YT).

a : Life expectancy of the machine
in year.

i : Annual interest rate (%/yr).

r : Annual repairs and maintenance
rate (%/YT).

R PR S CIR § Ta
YY . DOUWCD {(n. vy

S : Specific fuel consumption kg/
k. W.h).
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F : Fuel price (L.E./L.).

m: Operator monthly  salary
L.E./mo.

1.2: A factors accounting for
Lubrication.

144:Monthly ~ average  hours
(h/mo.).
The operating cost was

determined using the following
equation:

Machine cost/h

Operating cost/fed =
Effective field capacity (fed/h)

Theoretical Analysis

The operating force Q¢ on the
blade, in the direction of motion is
distributed at the cutting edge into
normal force Q , and tangential
force Q..

The force Q, produces friction
force Q; = Q, tan 0,, (0.-angle of
friction between weeds and
blades).

The roots are cut through only
when the tangential force Q is
higher than friction force Qy, i.¢. as
shown in (Fig. 3).

Q, tan 0,,<Qcos 6,
(Q sin 8, tan 0,,< Qcos 0,
tan 6, < tan(90-0,)

The apex angle 28, therefore
should be, 26, < 180-26,,
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Design Considerations

The weeder was designed to
suit row crops spacing (60 cm) and
more than 60cm.

Thea

A Ras

TR

working  width
computed the working zones of
each blade and spacing between
them. As shown in (Fig. 4).

W, > 4atan @, + 2w, + A,
Where: '
W, : crop spacing (60cm),
W, : effective width of each sweep,
mm
d : operating depth (8cm),
A;: spacing between working
zones of each sweep, cm
O : angle of intemal friction of
soil, degree.
working width of each sweep.

W < Y% ({(distance between
rows- 4 x depth x tan Internal
friction angle).

S : Space between two tines could
be also competed from.

S : 2 x depth tanB + working width
of each sweep.

Where

s: the space between two tines.

According 1o the
given above, determine the draft
and the optimum cutting blade
angle.

caugtions
cguations
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Fig. 3: Force analysis on the shear
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Fig. 4: Row width adjusting
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RESULTS AND
DISCUSSION

The main results obtained from

the experiments are discussed
under the following main points:

1. Effect of Different Weeding
Methods on Wheel Slippage
(%), Draft (N) and Consumed
Energy (kW.h./ton ..45)

Wheel slippage

(Figs. 5 a and b) show that the
lowest mean values of slippage
were 6.67%, 6.96% and 10.23%
under treatment [B] at average
weeding speed 3.5, 5, 6.5km/h,
resp. for (WWG) Comparing with
the mean values of wheel slippage
were 15.98, 17.76 and 19.42% for
(OWGQG) under the same treatment
[B] and the same average weeding
speeds.

Adding weight of 130kg to the
machine, made it more balanced,
decreased wheel slippage
especialty at low speed 3.5 km/h,,
where the value of slippage
increase slowely at Skm/h by
7.19% and reached up to 10.32%
at 6.5 km/h.

Moreover as depth of
operation increase sequencly the
slippage will be increased.

Draft (N)

The lowest mean values of
draft were 137.01, 14198 and
174.15 N for first weeding, while
they were 98.26, 116.96 and
14146 N for second weeding
under treatment [B] (blades angle
12°, depth =5cm) at speeds of 3.5,
5 and 6.5km/hr, resp. for (WWGQG)
while these values of draft were
153.94 , 173.15 and 197.90 N for
first weeding and 105.54 , 125.32
and 151.57 N for second weeding
for (OWG) under the same
treatment [B] and the same
average weeding speeds comparing
with traditional weeding methods
[E] recorded 139.95 and 136.62 N
for first and second weeding res.

It is known that the cutting
angle plays an important role
where it affects deeply on draft
requirement. Both of the low
cutting angle of (12°), and less
depth decrease required draft for
weeding by 29435 N with
percentage of 56.17%.

Consumed energy (kW.h./ton y,.4,)

(Figs. 5 ¢ and d) cleared that
the lowest average values of
consumed energy were 5.144,
4937, and 5.094 for first and
4.646, 3.069 and 4.277 (kW.h/ton
weeds) for second weeding, under
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OWG: Without added a 130 kg balancing weight on the front axel of the developed machine.
WWG: With added a 130 kg balancing weight on the front axel of the developed machine.

Fig. 5-a: Effect of different weeding methods on wheel slippage (%)
for first weeding
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for second weeding
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Fig: 5-c: Effect of different weeding methods on consumed energy
(kW .h/ton weeds) for first weeding
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Fig. 5-d: Effect of different weeding methods on consumed energy
(kW.h/ton weeds). For second weeding
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C] treatment (blades angle 21°+
two pair spyders) for average
speeds 3.5, 5,- and 6.5km/h, resp.,
for (WWG) while the lowest
values were 5.816, 3.439 and
4.662 kW .h./ ton e, for first and
5.346, 3.495 and 3.698 (kW.h/ton
weeds) fOr second weeding under the
same treatment [C] and the same
speeds for (OWG) comparing with
traditional weeding methods of
51.962 and 27.9989 (kW.h/ton
weeds) for first and 56.88 and 27.056
for treatments [F] and [E)],
respectively.

The lowest values of energy
consumed at weeding speed of
5km/h may be due to the increase
in weeding efficiency. Increasing
weeding speed from Skmv/h to 6.5
km/h. caused an increase in the
energy consumed by 1.208
(kW .h/ton weeds) for (WWGQG), and
0.203 (kW.h/ton weed) for (OWG)
for second weeding, while the rate
of weeding decreased due to the
decrease in weeding efficiency.
The difference between the two
rates can be explained as follows:
when a balancing weight was
added to the front of the developed
machine decreased the slippage
ratio and improved the draft, as a
result low energy values will be
consumed. The increased the
amount of cutting weeds from the
wnit of the area due to reduced

ﬂpnf‘i’f’:r‘ nnﬂcnde f"ﬂP‘ﬂJ\ h‘\. {) 1 gt-;

w wASAES wel

(kW _h./ton weeds) for WV WG) and
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by 1.169 (kW.h/ton weeds) for
(OW@G) for first weeding under
treatment C.

2, Effect of Different Weeding
Methods on Field Efficiency(%)

Field efficiency (%)

(Figs. 6 a and b) show that the
highest values of field efficiency
were 77.04,82.26 and 70.02% for
the first weeding and 79.53, 80.90
and 84.89% for the second
weeding for (OWG) and 82.95,
9152 and 8191% for first
weeding and 81.66, 93.62 and
87.89% for second weeding for
(WWG) at average weeding speed
of 3.5, 5.- and 6.5 km/h res., under
treatment [C] comparing with the
traditional weeding methods of
77.33 and 57.52 % for first and
78.53%, and 59.54% for second
weeding under treatment [E]
(animal -drawn weeding) and {F]
{Hand hoeing weeding ), res.

The highest values of field
efficiency may be due to the high
control and steering of the
developed machine under different
conditions,

3. Effect of Different Weeding
Methods on Damage Plants of
Corp (%) and Weeding
Efficiency (%)

Damage plants of maize crop(%)

(Figs. 7 a and b) show
relationship  between  damage

piants of crop and adding 130 kg
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OWG: Without added a 130 kg balancing weight on the front axel of the developed machine.
WWG: With added a 130 kg balancing weight on the front axel of the developed machine.

Fig. 6-a: Effect of different weeding methods on field efficiency (%)
for first weeding
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GWG: Without added a 120 kg balancing weight on the front axel of the developed machine.
WWG: With added a 130 kg balancing weight on the front axei of the developed machine.

Fig. 6-b: Effect of different weeding methods on field efficiency (%)
for second weeding
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balancing weight. Because adding
balancing weights on the powered
wheels at the front of the
developed - machine create more
controlling in the machine
performance keep plants less
ijures. So the damage plants of
crop decreased by 3.43% for
weeding speed Skm/hr for first
weeding under treatment A.

Weeding efficiency (%)

The maximum values of
weeding efficiency was 93.21%
for first weeding and 95.63% for
second weeding recorded for
treatment [F], the higher values of
efficiency were 84.49, 89.76 and
82.13% for first and 88.79, 92.46
and 85.69% for secand weeding
(WWG) and 78.76%, 83.91 and
81.50% for first and 81.11, 84.53
and 79.72% for second weeding
for (OWG@) recorded for treat [C]
for average. Speed 3.5, 5,- and
6.5km/hr, resp. Comparing with
the lowest values of weeding
efficiency of 75.63% for first
weeding and 78.11 for second
weeding recorded for treatment

[EL.

The higher values of weeding
efficiency can be explained by the
fact that, the percentage of
weeding efficiency is function of
some parameters for the developed

315

cultivator. These parameters are
cutting angle, cultivation depth,
apex angle and the weeding speed,
so, the weeding efficiency
increased by adding the balancing
weights on the front of the
developed machine by 5.85% at
weeding speed Skmv/hr and first
weeding under (C) treatment, due
to decreasing the slippage ratio,
improve performance of the
developed machine and increased
effective width and depth of
weeding (a cross — section) of
weeding soil by improving the
cutting and apex angle increased
weeding efficiency by 7.93% for
weeding speed Skm/hr and second
weeding under the same treatment
C.

4. Effect of Different Weeding
Methods on Eradication (%)
and Total Costs (L.E./fed.)

Eradication (%)

(Fig. 7 ¢ and d) clear that the
highest percentage. of eradication
(%) were 100.00, 97 and 95.07%
for first and 100.00, 98.21and
96.39% for the second weeding,
directly, after 10 days and after
21°days, res. under treatment [F].
The higher of percentage of
eradication were 98.18, 98.32 and
98.32 for first and 98.49, 99.06
and 98.68 for second weeding for
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Fig. 7-c: Effect of different weeding methods on eradication (%) for
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Table 2: Effect of different wedding methods on total costs (L. E/ fed)

Avera;lge Average soil Total coasts (L.
Treatments weeding _ moisture E./fed)

sPef:rgk“‘ content (%) OWG WWG

A : Blade angles 12°t two pair spiders depth =5 cm 3.5 23.75 17.35 14.89
5.0 22.19 11.41 10.24

6.5 20.86 10.12 8.84

B: blade angles 12° only depth =5 cm 35 24.91 18.04 15.18
5.0 22.73 11.91 10.15

6.5 19.99 10.51 9.23

C = blade angles 12° only depth =5 cm 3.5 21.43 16.57 15.19

5.0 23.26 10.99 9.43

6.5 20.67 9.34 824

D = blade angles 21° only depth = 8 cm 3.5 24.11 15.97 14.90
5.0 25.63 11.41 10.34

6.5 227 10.11 8.94

E: Apnimal drawn weeder depth =6 cm 2.1

- 25.81 - 82.22 82.22
F = Hand hoeing angles depth=5cm 0.2 28.24 133.79 133.79

9007 (Z) "ON £€ 10A “saY *ou3y “f 320307

L1t
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directly, and 94.36, 9543 and
91.11 for first and 95.21, 96.04
and 91.38 for second weeding for
after 10 days and 87.74, 90.35 and

84.33% for first and 88.23, 90.58
and 8224 for secand weeding
after 21days for average speed
3.5,5,-and 6.5km/hr resp. Under
treatment [C] comparing with the
lowest percent of eradication were
96.63, 89.56 and 70.26 for first
and 96.82, 89.56 and 74.71% for
second weeding that for directly
after 10 days. And after 21days,
res. under treatment [E] (animal-
drawn-weeder d=6cm).

The highest percentage of
regrowth (%) were low after
weeding directly and increased
with increasing the period after
weeding (after 10 day and 21 day)
that may be due to the tubers and
rhizomes of some weeds that lift
through the soil layers which
regrowth after later time and the
ratio of regrowth weeds increased
by 2.35% for 10 days under
treatment C at weeding speed
5km/hr and first weeding and by
8.04% for 21 day at the same
conditions so, the eradication ratio
decreased with increasing time
period.

Total Costs (L.E./fed.)

The lowest Cost of 1518,
10.15 and 923 (L.E/fed) for
{(WWGQG) and 16.57, 10.99 and 9.34

(L.E/Fed) for {(OWG) for average

Abd El-Maksoud, ef al.

speed 3.5, 5.- and 6.5km/h, res.
under {C] after that A,B then D,
res., according to the price level of
2002.

All of that Comparing with the
highest costs recorded of133.79
and 82.22 (L.E/Fed) resp. under
treatment [F] and treatment [Ej. as
shown in Table 2.

Conclusions

1.The developed machine . is
recommended to be used for
mechanical weeding  under
treatment [C] (blades angle
21°+Two Pair spyders, d = 8cm)
at workable speed of about 5
km/h.

2.The cutting angle (blades angle)
not increased about 21°.

REFERENCE

Awady, M.N. 1978. Engineenng
of tractor and agricultural
machinery text book. Col.
Agric. Ain- Shams, Univ. 5"
Ed. In Arabic 161 — 164.

Barger, E.L., J.B.L. Jedohl, W.M.
Carleton and E.G. Mekibben.
1963. Tractor and their power
units. 2" ed, Johan Wiley Sons.
Insc., New York. U.S A

Biswas, H.S., D.S. Rajput and R.S.
Devnani. 2000. Animal-drawn
,,,,,,,,,,, 1 control in
India. Animal power for weed
Control. http://www. atnesa. org
PP: 134-140.



Zagazig J. Agric. Res., Vol. 33 No. (2) 2006

Gupta, C.P. 1981. Report on
weeders. Regional Network for
Agricultural Machineray,
Manila, Philippines.

Imbabi, T.A. 2001, Weed Control
in sesame for reduced Pollution
in Egyptian Conditions. Misr,
J.Ag. Eng., 18 (3). PP: 726-740.

Kepner, R., R.A. Bainer and E.L.
Barger. 1987. Principles of farm
machinery, the AVI Publishing
Company, Inc. N.Y., London.
PP. 495,

Mganilwa, Z.M., P.J. Makungu
and S.M. Mpanduji. 2003.
Development and assessment of

319

~ an engine powered hand held
weeder in Tanzania,
International Conference on
Industrial Design Engineering,
UDSM. DARESSALAAM, July
17-18, 2003 146-151.

Oni, K.C. 1990. Performance
analysis of ridge profile rotary
weeders. AMA. 21 (21): 43-49.

Shaiboon, M.A. 1993, Effect of
different methods of weed
control  with two  land
preparation methods on plant
growth and yield of faba bean
Crop. Misr, J.Agric. Eng., 10
(3); 658-6067.



320 Abd El-Maksoud, et al.

g paal Jiall bl ghdl) s (el Aadial AT alli ek
g T pabl e da = Naguiall 36 Gl £3ea
') 38 e gy~ " pd) yf axiall 26 Tyl
BN Anata — Aol 38 Al ~ et 30 Auaigh wd
- BN Analy — dsl 3 Al - Jualadl) pud
dpalaall hisbd cpp Jand AuSailSon 48 oS Jardld A5 jad A0 Ldandl gk o
pi bl diliaa 4y a8 Jal g 26 (FY 0 B Lilia) 330 Sl Cigiaa B A g 5al
oad] aptad o LS Jgeanal) L Chghua o sl & paall Jad Jadil ATy gk
A 5 shaall AN pidl A fha o3 LaSy o8y ghaadl A £l S 3 A ikdd Julge
ol gl el sty Baad (e Auulih 3 )
b Bapad) gl y cadidl Leyt) gl o3 30 5 ) ghaall A1 S ga il g
cohhdal) Claaga <6 9al dalull) (Aalul) cChuuall ¢ pua B Y
Coa At pall 030 Ay ghadl HJ}AM@SJMB‘N;M!H.‘EP:
Jal3 B jal BpliS (Jganall CATL! ALY dpu (Agliadt Selish (Ahad dawd dua
Bshadl AD VIV Ll ANE Ayl Jlaliult A o@3ad Alad A
o oAS A AN Gy Sighanadl ABlN g ASlgiuaddl 30D cagdel eDigid
il A i T gia g (s all Aabul adadh Ayl
on NS ap B sk AR datuly A Lle Jaaid gl o gl
ok a Aijhally cillaill g ALY g S8 gl e DS iy Bajad Belisy dpthald 3p it
ﬂbﬁ&ﬂ*ﬂﬂhaw gk b (et Bal et Baal) Ll e
JYY aeaa A el Aaluly adabt g s delufps 0 5 ghad





