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ABSTRACT

The main objective of this study is to evaluate and quantify the relative
effectiveness of the different mechanical inter-row cultivation systems using the
modified high clearance tractor prototype with inter-row cuitivator. To achieve the
objective of this study, the field performance configurations of eight different
cultivation systems for inter-row cultivator, were prepared using three shapes of
cultivation tools {blades), namely; shovel blade, sweep blade and ridger, each shape
was provided with tow different sizes called a4,a; for shovel blade shape, bib; for
sweep blade shape and c¢4,c; for ridger shape. Four different levels of cultivation
speeds namely, 511, 6.23, 7.09 and 8.16 km/h were used to evaluated the
performance of the cultivation systems under study. The field tests was conducted at
research farm of Rice Mechanization Center, Agric. Eng. Res. Institute, Kafr EI-Sheikh
Governorate, during corn crop growing seasons 2007 and 2008. From the obtained
results it was concluded:

At a given cultivation speed of 5.11 km/h the maximum values of damaged
corn plants percentage of 3.91 and 4.08 % obtained with sys 7 and sys 8,
respectively. While the minimum values of damaged corn plants percentage of 3.45
and 5.56 % were obtained with sys1 and sys 2, respectively. The increment
percentage in the weeding efficiency for any given inter—row cultivation systems was
ranged from 2.4 % to 3.9 %, from 2.6 % to 4.7 % , and from 3.2 % to 4.3 % by
increasing forward speeds from 5.11 to 6.23 km/h, from 6.23 to 7.09 km/h and from
7.09 to 8.18 km/h, respectively. The maximum values of field capacity of 1.84, 1.94,
2.00 and 2.05 fed/h were obtained for cultivation system 1 compared with 1,81, 1.92,
1.97 and 2.00 fed/h due to using cultivation system 8 at different levels of forward
speeds of 5.11, 6.23, 7.09 and 8.16 km/h respectively. It could be observed that
increasing forward speed the values of the total draft power and total energy
requirement of each inter-row cultivation system was increased.

INTRODUCTION

_ Mechanical weed control allows farmers to reduce or even eliminate
herbicide use, and contribute to a better environment, Mechanical weeding is
not widely use in Egypt while hand tools still providing a satisfactory weed
control.

Klooster {1982) reported that the inter-row implements have been
designed that control weeds within the crop row by directing soil along the
row to cover small weeds. The mechanical weed control is one tool in an
integrated weed management system. Weeding is an important agriculiural
unit operation. Delay and negligence in weeding operation affect the crop
yield up to 30 to 60 percent (Duane ef al., 1999).
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Pullen and Cowell {1897) reviewed the merits of six different
mechanical weeding mechanisms, and quantified their performance in
controlling inter-row weeds at different growth stages and at different tractor
speeds. Weed control was not necessarily better at earlier weed stages and
weeding too early often missed late germinating weeds. Increasing forward
speed did not improve the performance of ali the implements equally. Mbanje
et al. (2001) evaluated the animal drawn weeders with ducks foot tines are
best for light soils but difficult to control on heavier soils where reversible
tines should be used. The energy required to pull a weeder depended on the
tool used, the width and depth of soil disturbance but all were within the
draught power capacity of oxen. They recommended that the cultivation
pattern of operation should avoid sharp turns on the headlands and should
allow time for cuitivated rows to dry out a certain extent before the draft
animals trample the soil on the subsequent runs. A recommended pattem is
to move along alternate sets of five rows, starting at one side of the field and
continuing to the other side.

Mechanical weeders range from basic hand tools to sophastlcated
tractor driven or seif-propelled devices. Tractor implements may include
cultivating tools such as hoes, harrows, tines and brush weeders, cutting
tools fike mowers and strimmers, as well as implements like thistle-bars that
can do both. Some implements are front-mounted, whilst others are rear-
mounted or carried on specific tool bars. Some of the rear-mounted
machines, may require a second operator to steer as close to the crop rows
as possible, others have computer controlied vision guidance systems that
adjust the steering automatically{Anaon, 2003).

Terpstra and Kouwenhoven (1981) found that in the path of the hoe
weeds were uprooted, 57 percent being killed by incorporation in the soil and
33 percent by desiccation on the surface. The effect of welting after
cultivation was to decrease the number of weeds killed from 90 to 78 percent.
Soil caver of 15 mm depth killed small weeds and a covering of 20 mm killed
larger plants. Increasing the working depth from 25 to 40 mm gave only a
small increase in the number of weeds killed. At high speeds the depth of soil
cover increased, improving the weed kill. Tractor speed at different stages of
crop and weed deveiopment is important for weed control but the effect may
be influenced by other factors. Good weed control was obtained by harrowing
at 5 kmv/h but the direction of harrowing did not matter. Harrowing depth was
important in maintaining good weed control at later crop stages. At the 3-leaf
crop stage, harrowing at 2 or 4 cm depth gave a 40 and 60% reduction in
weed biomass respectively. Late harrowing at 2 or 4 cm deep at the 6-leaf
crop stage gave a 30 and 40% reduction in weed biomass respectively
(Rydberg, 1995).

Jones et al., (1996) found that burial to 1 cm depth was the most
effective treatment, closely followed by cutting at the soif surface. Plants need
io be buried totally to be controlled but piant size, angle and growth habit
influence the depth of covering required. Bowman (1997) indicated that the
main controf actions of the cultivation machines are cutting and burial. There
are different types of blades available and various mounting methods. They
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cut weeds off at the root and are effective against tap-rooted weeds. If the
hoe operates too deeply, established fibrous rooted weeds may re-grow in
moist soil. Increasing the working depth has been shown to do liftle to
improve weed Kkill, but higher forward speed increases seil covering of weeds
and reduces survival. Some weeds are uprooted while others are buried.
Increasing the working depth does liitle to improve weed kill, but higher
forward speed increases soil covering of weeds and reduces survival {Pullen
and Cowell, 1997). For the destruction of re-growth and weeds, fit the
cultivator with duckfoot. To break down large clods and furrow slices, fit the
cultivator with reversible tines and attack the clods while the soil is still moist.
Increasing the werking depth from 10.to 30 mm doubled the number of
uprocted plants. However, the impact of uprocting has been shown toc cause
higher mortality than soil covering in weeds harrowed at or 3-4 days after
emergence. Increased working depth and forward speed in a drier soil give
increased soil covering (Kurstjens, 2002).

Demes ef al (1990) mentioned thata high clearance tractor was
developed for muiti uses such as chemical weed control, spraying, leaf
fertilizing of high crops using a spraying/spreading frame of 18 m width;
injection of liquid nitrogen into the soil simultanecusly with inter-row
cultivation; inter-row spraying of high crops and liquid nitrogen fertilizer
distribution on the soil surface, using an inter-row sprayer and cutting out of
male row hybrid maize using a row cutter mechanism. Lara-Lopez (1996)
indicated that the using of high clearance tractor in field operations include
primary and secondary tillage, planting, row crop cultivation, spraying and
local transportation. The tractor was primarily designed for primary tillage and
cuitivation on the row crops such as corn and sarghum.

Pullen {1999) reported that hoe weeders such as the sweep and the
duckfoot are used only to control weeds in the inter-row space. The sweep
are mainly ‘A’ or 'L’ shaped when viewed in plan and has been used to control
the weeds by cutting their roots just below the surface. The operating depth is
normally about 25 mm. The duckfoot share may be mounted on individual
parallelogram linkages or fitted to individual spring tines. They work deeper,
are more aggressive and cause more soil disturbance than the sweeps and
are not suitable for narrow row widths, Alexandrou, et al. (2001) evaluated
four different weeding mechanisms on the corn and soybean fields for weed
control at three growth stages, between and within rows, at two different
speeds. Canola was chosen as the weed and cultivation took place at 2-leaf,
5-leaf and 8-leaf stage of growth. Their results indicated that, sweep and row
cultivators were the maost effective in reducing the number weed piants
between rows. Ridger sweeps is usually considered a primary tillage
operation for ridging or re-ridging rows, it is also widely used for weed control.
The ridger destroys weeds mainly by covering them with soil. It also has a
pulling effect at the place where the share cuts the soil in the furrow. When
the ridger is being used for weeding it should operate at a shallower depth
than when it is being used for primary tillage. If the crop is still small, the
ridger has to operate at a very shallow depth to aveid covering the plants
(Walsh et af. 2002),
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MATERIALS AND METHODS

The main objective of this study is to evaluate and quantify the relative
effectiveness of the different mechanicai inter-row cultivation systems using
the modified high clearance tractor prototype with inter-row cuitivator. The
modified high clearance tractor prototype was locaily modified, constructed,
and tested in workshop of Rice Mechanization Center (RMC), Agric. Eng.
Res. Institute during 2007 and 2008 years.

High clearance tractor prototype and inter-row cultivator

The modified high clearance tractor prototype was constricted and
fabricated to suit inter-row crop cultivator mounting or other post growing
practice machine in addition to use it as well as a self propelled sprayer in
separate operation or in combination with cultivation operation. The main
components of the modified high clearance tractor are shown in Fig. {1).

The main frame was made from steel-beam with vertical clearance of
910 mm from the ground surface to allow grown plants for passing smoothly
during moving the tractor above it with a minimum damage of plants and
carry tractor engine and other components of the tractor. The distance
between the wheel tracks is flexible to allow adjusting it for running in a
different row widths. The overall width, length and height of main frame is
225, 150 and 150 cm, respectively.

A Yanmar diesel engine, water cooled, 4-cycle, 3 cylinder diesel
engine of 29 hp /3000 rpm {21.36 kW) was used as a source of power. The
engine was connected with HST (hydro-static transmission system) for
transmitting power from engine to tractor wheels and PTO using. A
mechanical steering unit was used in the front wheels to steer the tractor at
road and field operations. The high clearance tractor was equipped with a
modified hydraulic three-point lift system which consists of the upper link, the
right and the left lower linkages to hitch the inter-row crop cuitivator and
other machines may be jointed with it.

The inter-row cultivator was used in the present study consists of
frame, shanks and blades as shown in Fig (1). The frame of the cultivator
was fabricated from squared section (6x6 c¢cm) of steel beam with 240 cm
length to carry out shanks and cultivation tools. It was equipped with three
point hitching device to mount it with tractor. Three spring steel shanks with a
squared cross section 2.5x2.5 cm were fixed with frame by steel clamp with
two boits for each. There are three different shapes and two sizes for each
cultivation tool (blade) shape were used in this study with inter-row cuitivator,
namely; shovel, sweep and ridger shapes as indicated in Table (1).

[ 1 | Front wheel 8 | Hydraulic piston
2 | engine 1 9 | Upperlink ‘ f
3 | Steering wheel 10 | Shank o '[
4 | Driver seat 11 | rear wheel
5 | Fuel tank 12 | Cultivation tool |
6 | Sprocketandchain | 13 i Cultivator frame :
7 | Upper hitch point E B !
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Fig. (1): Side view and plan of the modified tractor mounting inter ro
culitivator.
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Experimental variables and procedure

The experimental work was carried out at research farm of Rice
Mechanization Center, Agric. Eng. Res. Institute, Kafr El-Sheikh Governorate,
during com crop growing seasons 2007 and 2008. The experimental area
about 3 feddans were good seedbed prepared and precise planting of corn
crop to provide uniform test conditions for successful inter-row cultivation.
The corn seeds were planted on row spacing of 70 ¢m on fiat soil without
ridge forming between rows.

To achieve the objective of this study, eight different inter-row
cultivation systems were prepared using three shapes of cuitivation tools
{blades), namely shovel blade, sweep blade and ridger. Each shape was
provided with two different sizes called a,, a; for shovel blade shape, b,,b, for
sweep blade shape and ¢y,¢; for ridger shape as shown in Table (1).
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Table {1): The soil moisture content, plant characteristic at different
cultivation stages and the combination of cultivation blade
shapes and sizes were used in the suggested eight inter-
row cultivation systems.

Growing stage 1% stage 2™ stage 3" stage
Flant age, day 14 21 28
Plant height, cm 12.15 21.13 47.5
Stem diameter, cm 0.59 1.03 1.41

Soil moisture content, % 31.53 25.34 20.15

Blade shape Shovel sh : Ridger

Cultivation system 1

Size ¢, =

Size cz i i -

Size ay

Cultivation system 2
Size a Size by

Cultivation system 3 l 5 Y
Size a4 Size by =

Cultivation system 4 '
Size a4

Cultivation system 5

Size ap &

Cultivation system 6
Size a

Cultivation system 7 D, £ bl [
Size a; Size by Size gy =
e | E

| Size by 5| Sizecy - {

The arrangement of different combination from blade shapes and sizes
were dene to suil corn plant characteristics in each growing stage of com
plants and soil moisture contents in the growing stage. Therefore, the shovel
shape blade with its two sizes was used in first stage, while the sweep shape
blade with its two sizes was used in the second stage. However the ridger
shape with its two sizes was used in the third stage. Four different levels of
cultivation speeds, namely; 5.11, §.23, 7.09 and 3.16 km/h were used to
evaluated the perfarmance of the cultivation systems in this study.
Measurements

To evaluate the field performance of suggested eight different inter-row
cultivation systems, different parameters like weeding efficiency, damaged

| Cultivation system & N
i Size gy ZEEC
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plants %, field capacity and efficiency, total draft power consumption and total
cultivation energy requirement for each cultivation system were measured
1. Weeding Efficiency

Weeding efficiency was determined by manually removing the weeds
between the crop rows in an area of 1m? on the experimental plots before
and after cultivation operations. The ccllected weeds were counted and
recorded. The process was repeated in 5 randomly selected locations for
each cultivation system under study. The weeding efficiency (nw) was
determined from the following relation accordlng to Olawale and Philip
{(2006):

Where,  nw = weeding efficiency. :
W, = total number of weeds present in between two crop rows
in unit area before the cultivation operation.
W, = total number of weeds remaining immediately after the
cuitivation operation in the same area.
2- Damaged plants
The damaged plants due to mechamcal cultivation were counted from
some rows for a certain distance immediately after cultivation to determine
the amount of damaged corn plants. The percentage of damaged corn plants
was computed according Tiwari et al, {1993) by using the following equation:

oo « 100

O .=

v

Where, D = Damaged plants, % .
= the total number of corn plants within an adjusted
distance before cultivating operation;

P = the total number of injured plants immediately after
cultivating operation within the same adjusted
distance.

3- Cuitivation draft force

A spring dynamometer was used to measure the cultivation draft force.
It was calibrated before and after experiments. The modified high clearance
tractor was attached with inter—row cultivator using the suggested eight
different inter row cultivation systems to measure the total cuitivation draft
force. The modified high clearance tractor mounting cultivator was puiled (as
a dummy machine} by a 38.5 kW auxiliary Yanmar tractor. Then the
cultivation draft force was measured by a dynamometer. The average
dynamometer readings were recorded at four different levels of forward
speed. The total draft force was calculated for each cultivation system
including draft forces for each companent in the system.
4- Power Consumption and energy requirement

The total power consumed by each inter-row cultivation system under
study was calculated as follows:

: =(FxV)/C
Where: P, = Power consumption (kW)
V = cultivation speed (km/h)
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F = total cultivation draft force (kN)
C = constant (3.6)
The total energy required (Eg) for each inter-row cuitivation system under
study was estimated using the following equation:-
E,=ts
fe
Where: E£g = total energy required (kW .h/fed)
Ay, = actual field capacity (fed/h)
5- Field Capacity and Efficiency :

The theoretical, actual field capacities and efficiency of inter row
cultivator for each cultivation system were calculating according to Kepner et
al. {1986) method under different cultivation speeds in the study.

6- Scil analysis

The mechanical analysis of the experimental field were determined by
taking random twenty samples at an average depth of soil layer 0-30 ¢m and
mixed together. Soil mechanical analysis carried out at Soil Department,
faculty of Agric., Kafr El-Sheikh University. The scil samples were analyzed
according to the USDA method { Yong and Warkentin, 1975 }.

Clay % | Slit% |(Clay +Slit) %| Sand % | Caco3 % | Organic Soiltypel

matter %
53.32 | 17.63 70.95 29.05 13 | 171 Clay |

RESULTS AND DISSCUTION

- Damaged plants

The percentage of injured plants or damage corn plants occurred from
cultivation operation during testing the of modified tractor with the inter-row
cultivator system. It was calculated with respect to the number of undamaged
ptants within adjusted distance. The damage percentage was determined for
each component of suggested inter-row cultivation systems and different
forwarded speeds of 5.11, 6.23, 7.08 and 8.16 km/h .

The obtained results of the total damaged plants for each inter-row
cultivation system was illustrated in Fig.(2) and indicated that, al cultivation
systems under study resulted in different values of damaged plant
percentage, however, this effect was differed according to the cultivation tool
shape of each system and soil moisture content at the cultivation proceeding
time in each stage of the cultivation system. It could be concluded that |, the
damaged and broken corn plants percentage was increased with heavier
cuitivation systems which contains cultivation toofs of sweep b, , and ridger ¢;
than other cultivation systems. At a given cultivation speed of 5.11 km/h the
maximum values of damaged corn plants percentage of 3.91 and 4.08 %
obtained with heavier cultivation systems of sys 7 and sys 8, respectively.
While the minimum values of damaged corn plants percentage of 3.45 and
5.56 % were obtained with lighter cultivation systems of sys 1 and sys 2,
respectively.
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Fig. ( 2 ): Effect of different inter-cultivation system and forward speeds
on the damaged corn plants.

Comparing the effect of the cuitivation systems on the damaged plants
percentage under different forward speeds of 5.11, 6.23, 7.09 and 8.16 km/h.
it can be concluded that, increasing the forward speed increased the
damaged plants percentage for any given cultivation system under study.
increasing forward speed form 5.11 to 6.23 km/h increased the damaged
plants percentage by 10.78 % and 16.52 % for cuitivation sys1 and cuitivation
sys8, respectively. While increasing forward speed from 6.23 to 7.09 km/h
increased the injured plants percentage by 10.39 % and 11.44 % for
cultivation sys1 and cultivation sys8, respectively, The corresponding
increment rate of damaged plants percentage. due to increased forward
speed from 7.09 to 8.16 km/h were 15.33 % and 14.82 % for cultivation sys1
and cultivation sys8, respectively.

Therefore, it could be recommended that using any given inter-row
cultivation system at any forward speed up to 7.09 km/h to avoid the
increment rate in damaged plants percentage than 5 % as shown Fig.( 3 ).
The contribution effects of the cultivation tool shape and size for each
component in inter-row cultivation systems on the damaged corn plants
percentage was illustrated in Fig. (3) from the data shown in this figure it
could be cleared that the cultivation blade shape of ridger {C) contribute with
highest percentage on the total injured corn plants followed by cultivation
blade shape of sweep {B) and cultivation blade shape of shovel (A) With
respect to contribution effect the size of each cultivation blade shape, it could
be noted that the small size of shovel (a,), sweep (b,y) and ridger (c.} gave
the lower values of damaged plants percentage than that obtained with the
sizes of shovel (a,), sweep (b;) and ridger (c;) at any given forward speed
under study. Also, in general the effect of each cultivation blade shape and
size in suggested inter- row cultivation system under study on the damaged
carn plants percentage was greatly influenced by the growing stage of con
crop and soil moisture content.
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Fig. (3): Distribution effect of blade shape and size on the total damaged
plants percentage for each cultivation system.

The averzage percentage values of the affects of cultivation blade
shape and size of shovel (a, and a;) were ranged from 26 % to 27 %
compared with the total damaged corn plants percentage for each cultivation
system at different levels of forward speed under study. However the average
percentage values of the effects of cultivation blade shape and size of sweep
(b, and by) were ranged from 31 % to 33% on the damaged corn plants from
the total damaged plants percentage for each cultivation systern. While the
cultivation blade shape and size of ridger (c; and c¢;) contributed 39-40 %
from the total damaged corn plants for each inter row cultivation system at
any given forward speed under study.

Weeding efficiency

The effects of the inter-row cultivation systems on the weeding
efficiency between corn rows and within row under different forward speeds
of 511, .23, 7.09 and 8.16 km/h was illustrated in Fig (4). The obtained
results indicated that, the weed control efficiency differ significantly between
the inter row cultivation systems at any given forward speed. It could be
cbserved that, the highest values of the weeding efficiency were obtained
with inter row cultivation system 8 followed by system 4, systems, system 2,
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system 7, system 3, system 5 and system 1 which gave the lowest values of
weeding efficiency at any given forward speed under study. This resuit may
be due to the different shape and size of cultivation tool for gach cultivation
system.

—

‘ |
100 —a-— Sy5 1|
i
® —-=A-- Sys 2|
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E -—-8--5ys 4 9
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Fig. (4): Effect of different inter-row cultivation systems and forward
speed on weeding efficiency.

With respect of the effect of forward speed on the weeding efficiency, it
could be mentioned that, increasing forward speed improved the weeding
efficiency of any given cultivation system. The increment percentage in the
weeding efficiency for any given inter-row cuitivation systems was ranged
from 2.4 % to 3.9 %, from 2.6 % to 4.7 % , and from 3.2 % to 4.3 % by
increasing forward speeds from 5.11 to 6.23 km/h, from 6.23 to 7.09 km/h
and from 7.09 to B.16 km/h, respectively. These resulis means that, high kills
achieved at the higher forward speeds were because of the design of the rear
blade , which threw the soil to cover all growth weeds within row.

Weeding efficiency of the sweep shape sizes was higher than that
obtained with shovel shape, because the weeding control of the sweep shape
was mainly achieved by cutting the weeds below the surface and gave
shallow depth, however, the shovel shape gave higher soil throwing and
uprooting weed which decreased the killing action of weeds. Same trend was
happened with big size of shovel and sweep tool which gave higher weeding
efficiency than obtained with small size of shovel and sweep tool.

The contribution values of the effect cultivation blade shape and size
an weeding efficiency for any given of inter-row cultivation system at different
levels of forward speeds are shown in Fig. (4). By using inter-row cultivation
system 8, which contains shovel (az) + sweep (by) + ridger (¢;) in comparison
- with inter-row cultivation system1 which, contains shovel (a,) + sweep (by) +
ridger (Cy), it could be observed that the weeding efficiency was increased by
31% to 35% for a given levels of forward speeds. This increment percentage
may be due to the big sizes of each cultivation blade shape which make it
more aggressive effect on weeds than small sizes. In other words, weed

6571



El-Shaikha, M. A. et al.

control was mainly achieved by combination of big size of sweep (b;) which
caused uprooting and burial, in addition to the effect of the big size of ridger
(cz), where move the soil to cover most growing weeds between rows or
within row. This action was less effective after using shovel shape size (a,)
and (a;) than sweep shape size (b,)and [sz

| Speed 5.11 kmin | Speed 6.23 km/h |

00 10 :
[ 7
&l / <1
; T
. B, 3 i
8 G
< 2
1.0 :
ot [ 6% {BF /
w2 o |8 A=k
1 il [
18| b1 . E
w. 4| 7 4 " b | i
- Tl o
, - 113'1211 131 1”"5 I"‘5
0% 1 % 4
Syl Sysd Sys) Sysd SysS Sysé SyT 5 Sys ) Sysl Sysd Sysd SysS Sysé Sys7 §
Speed 7.08 km/h |
0

TRy SR YL T S ey Sys1 Sys2 Sysd Sysd Sy=5 Sys6 SysT §

Culthvation systens

Ciphivati o dyilems

Fig. (5): Distribution effect of the cultivation tool shape and size on
weeding efficiency for each cultivation systems.

A major advantage of the sweep shape was that soil disturbance
caused by the blades was small , even at the high speeds. Thus the risk of it
COvering a crop, even on narrow row spacing would not be great. The ridger
was more aggressive than the sweep because of the shape of the blade,
where the weed control was achieved by a combination of uprooting and
purial weeds. By increasing the forward speeds the action of all blades on
weeding efficiency was increased. Possibility at the higher speeds there was
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more movement of the soil as it flowed increasing in affects of all blades to
separate more weed plants.

Fieid capacity and efficiency

Field efficiency of any given inter-row cultivation system is the ratio of
effective field capacity to theoretical field capacity expressed as percent. It
includes the effects of time lost in the field and failure utilize the full width of
the machine. The obtained data of actual field capacity and efficiency for
inter-row cultivation systems under study at four different levels of forward
speeds were plotted in Fig. (6). From these results it is clear that, by
increasing forward speed the theoreticai and actual field capacities
increased, while the field efficiency decreased. These resuits may be due to
the unproductive time (turning and adjusting time) which almost was similar in
the theoretical and actual field capacities for both forward speeds were used.
Generally , the vaiues of actual field capacity for any given inter row
cultivation system was increased by an average of about 5.4 %, 3.1 % and
2.5 % due to increasing forward speed from 5.11 to 6.23 km/h, from 6.23 to
7.09 km/h and from 7.09 to 8.16 km/h, respectively.

21 0.8 = Sys 1

—r—— Sys 1
«=-f=~-Sys 2
i Sy5 3
~-elm-= Sy d
———Sys 5
~-M--- Sys 6 |-
——-5ys7

2.0 .7

1.9 0.6

Field capacity, fed/h
Field efficiency, %

1.8 , Y

Cultivation Speed, km/h : CultivationSpeed, km/h

Fig. (6): Effect of forward speed on the field capacity and efficiency for
different cultivation systems,

The maximum vaiues of field capacity of 1.84, 1.94, 2.00 and 2.05
fed/h were obtained for cultivation system 1 compared with 1.81, 1.92, 1.97
and 2.00 fed/h due to using cultivation system 8 at different levels of forward
speeds of 5.11, 6.23, 7.09 and 8,16 km/h respectively, The field efficiency
was slightly affected with changing the combination of -each inter row
cultivation system and highly affected with forward speed increase. Similar
trend was obtained for any given inter-row cultivation system under study .

By using the heavy cultivation tool such as sweep shape or ridger
instead of lightly cultivation blade of shovel, the actual field capacity was
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decreased. Therefore, using the inter-row cultivation system 1 to system 4
resuited an slightly increment in field capacity than that obtained by using
system 5 to system 8. This resuits may be due to increasing wheel slippage
resulted from using heavy combination of inter-row cultivation system which
decreased forward speed and consequently, increasing the actual cultivation
time, therefore the actual field capacity was decreased, The obtained values
of field capacity were ranged between 0.74, 0.65, 0.57 and 0.51 % for using
inter row cuitivation systemt compared with 0.73, 0.64, 0,56 and 0.50 % for
using inter row cultivation system8 due to changing forward speed between
5.11, 6.23, 7.09 and 8.16 km/h, respectively.
Power Consumption and Energy Requirement

The total power consumed and energy required for different inter-row
cuitivation systems under study at different levels of forward speed were
measured, caiculated and plotted in Fig. (7). The obtained resuits indicated
that the total draft power consumption and energy requirement were highly
affected by using different shape and sizes of cultivation blades in each
cultivation system. The values of total draft power and energy requirement
were differed between cultivation sysiem according to its combination. !t
could be observed that the highest values of total power consumption of
11.18, 13.1, 15652 and 17.14 kW and total energy requirements of &.11,
6.79, 7.8 and 8.46 kW h/fed were obtained with inter-row combination system
4 followed by system 2, system 8, system 6, system 3, system?, system 1
and system § with respect of to the effect of forward speed on total draft
power and total energy requirement,
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Fig. (7): Effect of forward speed on the total power consumption and
energy requirements for different cultivation systems.

it could be observed that increasing forward speed the values of the
total draft power and total energy requirement of each inter-row cultivation
system was increased. However the increment rate due to increasing forward
speed in the total power was higher than that obtained in the total energy
requirement. Increasing forward speed from 5.11, t0 6.23, 7.09 and 8.16 km/h
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increased the total draft power for cultivation system 4 by 17.2 %, 18,5 % and
10.4 %, respectively while the increment rate percentages in the total energy
‘requirement were 11.1%, 14,9% and 8.5%, respectively. These results may
be due to the effects of forward speed on the slippage and field capacity
consequently, on the total energy. Also, from results illustrated in Fig (7) one
can say the best inter-row cultivation system is that gave the lowest values of
the total power and total energy requirement .
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