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The aim of this investigation is to develop and evaluate a sugar beet topping machine
suitable for smallholding farms, easy to use and high efficiency. The research was carried
out in Al-Maseen Village, Al-Dilengat center, Al-Behera Governorate, Egypt during
2022-2023 season. The performance of the developed topping machine was evaluated at
three different levels of forward speed (1.0, 1.2 and 1.5 Km/h), three different levels of
vertical and horizontal distance between knife and sensor, (1.5, 2.0 and 2.5 cm) and (4, 5
and 6 cm) respectively and two types of knives (sharpened from one edge and two
edges). Evaluation was based on the following parameters: Topping efficiency, correct
topped beets, over topped beets, under topped beets, damage beets, non-topped beets,
Effective field capacity and field efficiency. The result indicated that, maximum of top-
ping efficiency was 96 % at forward speed 1.0 km/ h, 2.5cm and 6 cm vertical and hori-
zontal distance respectively and maximum of correct topped beet was 95.65 % at for-
ward speed 1.2 km/ h, 2.0 cm and 5 cm vertical and horizontal distance respectively. On
the other hand, minimum of over topped beet and non-topped beet was 0.00, 4.00 %
respectively at forward speed 1.0 km/h and under topped beet was 0.0 % at forward
speed 1.5 km /h. Also, the maximum field capacity of machine was 0.211 fed/h at for-
ward speed 1.5 km/h and field efficiency was 98.43 % at forward speed 1.0 km/h. The
results of the study recommended operate the machine at forward speed 1.2km/h with
vertical distance 2.0 cm and horizontal distance 5 cm by using two side knife, the value
of the correct topped beet was 95.65 %.

1. Introduction

One of the most significant crops is

(Colak, 1986). The separation of sugar beet tops from

the sugar beet root's heads is one of the key steps in the
sugar beet,

which also produces feed and organic matter for the soil
in addition to sugar. Sugar beet is used in the manufac-
turing of more than 40% of the world's sugar (Ibrahim
et al., 1989). In Egypt, the importance of this crop as a
source of sugar increasing consumption of sugar by
Egyptian population. Between harvesting activities in-
cluding digging, gathering, cleaning, and loading, the
topping process consumes half of the total harvest time.
Because of this reason topping process is the most im-
portant process of sugar beet harvest (Colak, 1990).

In order to harvest sugar beet, there are three main
techniques: one level harvest using combine harvesting
equipment, two level harvest, and three level harvest

* .
Corresponding authors.

sugar beet harvest process (Volodymyr Bulgakov et al.,
2015). Kanafojski and Karwowski (1976) stated that top-
ping above line a — a (the critical section of cutting) for
instance by 1 cm. Fig. 1, increases the mass of roots by 5
- 8 %. On the other hand, too low topping decreases the
useful mass of roots. Raininko (1990) mentioned that
the losses during topping operation, Fig. 2 can be ex-
plained as: 1) if the cut of topping is lower than zero
level (the critical section of cutting), the loss is 1.8%
Mg/ha, 2) if the cut of topping is lower than zero level
by lcm, loss is 3.3 Mg/ha and 3) if the cut of topping is
lower than zero level by 2 cm, loss is 3.5 Mg/ha. Ismail
etal. (1993) developed a horizontal type of disc mower
to remove the vegetative top— portion of potato and
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sugar beet crops, the experimental machine consists of;
cutting disc, cutting knives, and simple mechanism was
added to control mower height. Aly (1998) Mention
how they used a power tiller to build a sugar beet top-
ping for small holding farms. Frame, knife leveler,
knife, feller, rubber ground wheel, knife level control,
drive system and drawbar make up the device. Tayel et
al. (2009) mention that created a sugar beet topping for
small holding farms. Its components include a frame,
cutting disk, vertical shaft, cut height controller, and
transmission systems (gear box, pulley, and belt). The
primary components of the created topping unit pro-
duced the finest results at laser leveling land and speeds
of 0.5 and 7.72 m/s, which discovered the maximum
topping eff. 97.39%, technical topping eff. 90.2%, and
accurate topped beet percentage 92.62%. Lowest under-
topped beet percentage (2.68%), over-topped beet per-
centage (4.7%), and topping losses (77.91kg/fed).
Salman (2013) reported that a machine was developed
that might be used to remove sugar beet leaves from re-
claimed land prior to mechanical harvesting. The major
three components are the frame, the horizontal rotary
shat, and the sets of rectangular rubber strippers that
are mounted in the circular rings surrounding the shaft
and secured with clamps and quadrants. Three

different PTO speeds—>540, 725, and 1000 rpm —three
different forward speeds—0.48, 1.0, and 1.68 m/sec—
and three different levels of cutting—3, 6 and 10 cm—
were used in the study to evaluate the machine and
gauge its mechanical effectiveness. It was noted that the
average weight loss was 6.2%. The data acquired
showed that the optimal treatments boosted topping ef-
ficiency up to 88%: PTO speed of 1000 rpm, forward
speed of 0.48 m/s, and cutting level of 10 cm. The pur-
pose of this project is to create and assess a low-cost,
simple-to-use sugar beet topping machine that is appro-
priate for Egyptian farms. Tayel. et al. (2014) said that
Fig. (2.9) shows how to top sugar beets using a small
machine. At a sugar beet moisture content of 50.0% and
a topping height of 2 cm, increasing the forward speed
from 1.5 to 2.5 km/h tends to increase overtopping from
(2.9 to 3.22%), under topping beet from (2.82 to 4.02%),
and un topped beet from (3.71 to 4.26%), These trends
could be caused by the difficulty of maintaining a top-
ping knife adjusted at a constant height while moving
at high speeds, since increasing forward speed from 1.5
to 2.5 km/h tends to decrease the percentage of correctly
topped beets from 92.00 to 90.39 percent and the effi-
ciency of topping from 96.29 to 95.74%.
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Fig. 2. Loss of yield during topping operation. (a) Loss caused by incorrect topping. (b) Loss caused by broken

root tips.

2. Materials and methods

Field experiments were conducted at Al-Maseen
Village, Al-Dilengat center, Al-Behera Governorate,
Egypt during 2022-2023 season in an area of about 0.5
feddan.

Variety of sugar beet seeds the multi-germ seeds
(BTS 970), show some physical properties in Table 1,
this variety is the most used in this area.
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Table 1

Mean dimensions of sugar beet plants, mass and root volume.
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Cutting force: Table 2, show the cutting force required
to cut and removal leaf cluster from sugar beet plant by
knife. The cutting force was ranging from (607.5 to 1330
N), with a mean value of (929.31 N), (C.V =23.25%).

Table 2

The cutting force required to cut leaf cluster from sugar
beet plant.

pP.P min max average S.D. CV%

607.5 1330 92931 216.08 23.25

Force
N

g 62.7  90.6 77.05 711 9.23

~

Leaf cluster
diameter

The sugar beet topping unit (Table 3) consists of
frame, sensor lever, knife, control unites. The construc-
tion of a sugar beet topping unit was carried out local
workshop.

Table 3

The dimensions of sugar beet topping unit.

Items Specification
Overall width (cm) 20
Overall length (cm) 50
Overall height (cm) 50
Total mass (kg) 20.8

Frame: The frame was used for fixing all compo-
nents. It consists of base, part for fixing a bill attached
to the knife control unit, part for fixing a bill attached to
the sensor control unit, part for fixing a bill attached to
all the control unit and part for fixing tension spring.
Hitching with drawbar and the unit is raised and low-
ered by hydraulically clamping it with upper arms.

Topping sensor: The sensor was designed to raise
and lower the topping unit until the cut is in the right
place. It consists of three same parts designed to pass
the top of the sugar beet without any distortions of the
sugar beet.

Knife: The knife made by steel thickness 6 mm,
length 240 mm. Two knives typed namely knife is
sharpened from one edge (one side knife) and knife is
sharpened from two edges (two side knife).

Control unites: The control unites consist of Con-
trol unit for sensor and knife together, control unit for
sensor, control unit for knife and tension spring:

1. Control unit for sensor: the control unit for sensor

represented in arm, through its movement, the
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position of the sensor is controlled before the start 3. Control unit for sensor and knife with tension
of the topping process. Spring: the tension spring keeping of the position

2. Control unit for knife: the control unit for knife of the sensor and knife together at the bottom

represented in arm, through its movement, the point for three levels after passing it from the top

of the sugar beet.

position of the knife is controlled before the start
of the topping process.

(1 Frame. @ Topping sensor. (3 Knife. (#) Control unit for sensor.
(5) Control unit for knife. (6) Control unit for sensor and knife with tension Spring.
Fig. 3. Assembling of topping unit.
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Fig. 4. Elevation and side view of topping unit set up. (Dimensions in mm)
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A tractor (Kubota) was used for operating the top-
ping machine. The tractor power 25.36 Kw (34 HP), 4
cylinder and diesel engine.

2.1. Mechanical soil analysis
The mechanical soil analysis shows in Table 4.
Table 4

The mechanical soil analysis.

Soil composition (%)

Soil
Clay (%) Silt(%) Sand (%) Classification
55.92 6.00 38.08 Clay

2.2. Evaluation of the developed machine

The experiments were designed and carried out to
study factors affecting on performance topping unit of
sugar beet following:

1. Forward speed (1,1.2, and1.5 km/ h).

2. The horizontal clearance between the sensor top-
ping and the knife (4,5 and 6 cm).

3. The vertical clearance between the sensor topping
and the knife (1,5,2,0 and 2,5 cm).

4. Two kinds of knifes (sharpened from one edge
and two edges with 22 degrees.

2.3. Forward speeds (S)

S =Tx336 /b

where:
S = forward speed in (km/h).
L = travel distance in (m).
T = time of experiment in (s).

2.4. Beet crop quality

Topping efficiency, correct topped beets, over
topped beets, under topped beets, damage beets and
non-topped beets were assessed in a percent as indica-
tor for the topper unit performance.

Toge = T 100
=—X
eff Bt

where:
Tett = Topping efficiency in (%).
T, = Topped beet.
B, = Total beet.
BD = Broken beet in (%).
Bp = Damage beet.
TC = Correct topped beet in (%).

T¢ = Correct topped beet.

TO = Over correct topped beet in (%).
To = Over correct topped beet.

TU = Under correct topped beet in (%).

2.5. Effective field capacity (C.y)

The Effective field capacity is the actual average
working rate of area the amount of time lost during the
operation is conceding.

It can be determined from the following equation:

1
T 4T

C

where:
T,= Theoretical time per feddan.
T; = Summation of time lost in minute such as
turning time.

2.6. Field efficiency
The field efficiency was calculated by using the fol-

lowing equation:

_effective field capacity ""Cef” (fed/h)

" theoretical field capacity "Cy,"” (fed/h)

o - S.W
th ™ 4200

X 100

F

where:
Cin= Field capacity in feddan per hour.
S = forward speed, in meters per hour.
W = Operation width of the topping unit.

2.7. Fuel consumption

Fuel consumption was recorded by accurately
measuring the decrease in fuel level in the fuel tank im-
mediately after executing each operation. The fuel con-
sumption per unit time was determined by measuring
the volume of fuel consumed during turning time (the
decrease of fuel level in the fuel tank). It was calculated
by using the following equation:

F —Vx36
CTT .

where:
FC = Fuel consumption rate in (L/h).
V = Volume of fuel consumed in (cm?).
T = Time of topping process in (s).

2.8. Topping power

Power is the most helpful criterion for judging the
energy required for topping process with high effi-
ciency. The topping process power determined by fol-
owing equation (Embaby, 1985):

F¢ 1

T.P.= 505 X pr X LGV X 427 X 1y X e

where:
T.P. = Topping power in(kW).

1
X —=X
75 1.36
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FC = Fuel consumption rate in (L/h).
ps =Density of fuel in (kg/L), (0.85 kg/L for die-

sel fuel).

L.C.V = Lower calorific value of fuel, kcal/kg
(11000 kcal/kg).

427 = Thermomechanical equivalent in
(kg.m/kcal).

nth =Thermal efficiency of the tractor engine in
(%), (35 % for diesel engine).

nme = Mechanical efficiency of the tractor en-
gine in (%), (80 % for diesel engine).

2.9. Energy requirements

The energy requirement for topping process de-
pends on the amount of power consumed by the topper
unit, field capacity. Energy requirements were calcu-
lated by using the following equation:

_T.P

E.R.=—
Cn

where:
E.R. = Energy requirements in (Kw.h/fed).

100

Cyp, = Field capacity in (fed/h).
3. Results and discussions
3.1. Topping efficiency

Generally, the obtained data cleared that the top-
ping efficiency decrease with increased of forward
speed at different vertical and horizontal distance with
knife types, while the topping efficiency decreased by
decrease vertical distance at different forwarded speed,
horizontal distance and knife types.

The highest topping efficiency value 96% was rec-
orded at operational condition of 1.+ km/h, 2.5 cm ver-
tical distance, 6 cm horizontal distance for the two-side
knife type. The same value was recorded at operational
condition of 1.0 kim/h, 2 and 2.5 cm vertical distance, 5
cm horizontal distance space for two side knife type; on
the other hand, the lowest topping efficiency value
79.16% was recorded at operational condition of 1.5
km/h forward speed, 1.5 cm vertical distance, 4 cm hor-
izontal distance space for the one side knife as shown in

Fig. 5.

a1l fcam & |2 0cm | 2 Fcp

\
}

WW
os

‘s -

Ss

— -
t 3 -
e

so — i

7s

Herizoatal distance (4

100

)

os l

Ss

effeciancy
8
‘//
r

so —

7S

Topping

Rorizoatal distance (5 cm)

100
oS

di

ss
so
78
7o

0.8 1 1.2 1.4 1.6

Hortzontal distance (6 cm)

0.5 1 1.2 1.4 1.6

l Forward speed (lkm/h) l

Fig. 5. Effect of different forward speed on topping efficiency, at three different levels of vertical and horizontal

distance for two knife types.
3.2. Correct topped beet

Generally, the obtained data cleared that the correct
topped beet increased by decrease of forward speed at
vertical distance 1.5 cm, horizontal distance 4 cm at both
two types of knives.

The highest correct topping value 95.65 % was rec-
orded at operational condition of 1.2 km/h, 2.0 cm

vertical distance, 5 cm horizontal distance for the two-
side knife type; on the other hand, the lowest correct
topping value 63.16% was recorded at operational con-
dition of 1.5 km/h forward speed, 1.5 cm vertical dis-
tance, 4 cm horizontal distance space for the one side
knife as shown in Fig. 6.
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Fig. 6. Effect of different forward speed on correct topped beet, at three different levels of vertical and horizontal

distance for two knife types.
3.3. Under correct topped beet

Generally, the obtained data cleared that the under
correct topped beet decrease with increased of for-
warded speed at different vertical and horizontal dis-
tance with knives types, while under correct topped
beet decreased by decrease vertical distance at different
forwarded speed, horizontal distance and knives types.

The highest under topped beet value 13.05% was
recorded at operational condition of 1.0 km/h, 2.5 cm
vertical distance, 6 cm horizontal distance for the one-
side knife type; on the other hand, the lowest under
topped beet value 0.00 was recorded in more than one
situation, especially 1.5 and 2 cm vertical distance
spaces, 5 and 6 cm horizontal distance with the three
different forward speeds, for both two knives types as
shown in Fig. 7.

3.4. Owver correct topped beet

Generally, the obtained data cleared that the over
correct topped beet increases with increase of for-
warded speed at different vertical and horizontal dis-
tance with knife types, while over correct topped beet
decreased by increase vertical distance at different for-
warded speed, horizontal distance and knife types.

The highest over topped beet value 36.84 % was rec-
orded at operational condition of 1.5 km/h, 1.5 cm

vertical distance, 4 cm horizontal distance for the one-
side knife type; on the other hand, the lowest over
topped beet value 0.00% was recorded at operational
condition of 1.0 km/h forward speed, 2.5 cm vertical dis-
tance, 5 cm horizontal distance space for the two side
knife as shown in Fig. 8.

3.5. Damage beet

Generally, the obtained data cleared that the dam-
age beet increases with increase of forwarded speed at
different vertical and horizontal distance with knife
types, and also increases by increase vertical distance at
different forwarded speed, horizontal distance and
knife types.

The highest damage beet value 9.08% was recorded
at operational condition of 1.5 km/h, 2.5 cm vertical dis-
tance, 6 cm horizontal distance for the one-side knife
type; on the other hand, the lowest under topped beet
value 0.00% was recorded in more than one situation,
especially 1.5 and 2 cm vertical distance spaces, with
three different levels of horizontal distance spaces and
forward speed 1.2 km/h, for the both type knives, as
shown in Fig. 9.

-7-
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3.6. Non topping beet

Generally, the obtained data cleared that the non-
topping beet increases with increase of forwarded
speed at different vertical and horizontal distance with
knife types, while decreases by increase vertical dis-
tance at different forwarded speed, horizontal distance
and knives types.

The highest not topped beet value 20.84% was rec-
orded at operational condition of 1.5 km/h, 1.5 cm ver-
tical distance, 4 cm horizontal distance for the one-side
knife type; on the other hand, the lowest not topped
beet value 4.0% was recorded at operational condition
of 1.0 km/h forward speed, 2 and 2.5 cm vertical dis-
tance, 5 cm horizontal distance spaces, also 2.5 cm ver-
tical distance, 6 cm horizontal distance spaces for both
type knives, as shown in Fig. 10.

3.7. Effective field capacity

The operational width is considered to be constant
0.60 m. Therefore, field capacity is a function of traveled
distance and effective time which includes the time
losses for turning (average 8 sec) at forward speed. Dur-
ing test operation in field, the distance was constant, so
the main effect factor to measure the effective field ca-
pacity “EFC” is the time (Table 5).

Generally, the obtained data cleared that by in-
creasing forward speed “S” from 1.0 km/h to 1.5 km/h,
“EFC” increased at all treatments. It has a direct propor-
tional with “S”. The maximum value of “EFC” 0.214
fed/h, was obtained at “S” 1.5 km/h, has directly pro-
portional to topping forward speed, Also, it was related
with “S” by linear relationship, as shown in Fig. 11.

Table 5

The relationship between field efficiency and effective
field capacity at different forward speeds.

S Field efficiency Effective field
(km/h) (%) Capacity (fed/h)
1.00 98.43 0.139
1.2 98.13 0.168
1.5 97.67 0.211

3.8. Fuel consumption:

Fuel consumption is an important factor in the cost
of topping operation. Fuel consumed for both two knife
types was determined per hour.

The results indicated that the fuel decreased by in-
creasing of forward speed for both two knife types. The
same trend was clear at use of both types of knives.

-9-
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Fig. 10. Effect of different forward speed on non-topping beet, at three different levels of vertical and horizontal
distance for two knife types.

0.25
vy =0.1401x
? = (.9993
,,,,, @
o2 e
: pa—
ﬁ oas |— 1 1 e
i o
1=
@
&
0 0.1
=
2
43
0.05
0
0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6

forward speed (km/h)

Fig. 11. Effective field capacity “EFC” (fed/h), Vs forward speed “S” (km/h).

3.9. Power requirements for topping Table 6

It could be realized that one side knife recorded the  Effect of tractor forward speed on the fuel consump-

lowest value of power requirement (4.56 Kw) at for-  tjon (L /h) and Power requirement (Kw).
ward speed of (1.5 km/h) (Table 6). Meanwhile, one side

knife recorded the highest value of power requirement S Fuel consumption =~ Power requirement
(12.17 Kw) at forward speed of (1.0 km/h). The same (km/h) (L/h) (Kw)
trend was clear at use of both types of knife. 1.00 4.0 12.17

1.2 2.3 7.00

1.5 1.5 4.56
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4. Conclusions

The conclusions of this study can be summarized as
follows:

= By increasing forward speed decrease topping ef-
ficiency. While under topped beet, over topped
beet, damage beet and non-topped beet were in-
creased. On other hand, the correct topped beet in-
creases to (1.2 km/h) then decreases to (1.5km/h).

= The best result for topping efficiency 96% at for-
ward speed 1.0 km/h, 2.5 cm vertical distance, 6 cm
horizontal distance and two side knife.

= The best result for correct topped beet 95.65% at
forward speed 1.2 km/h, 2.0 cm vertical distance, 5
cm horizontal distance and two side knife.

= The best result for effective field capacity 0.214 at
forward speed 1.5km/h.

Applied recommendations

1. The highest values of the correct topped beet
were obtained by using two side knife with ver-
tical distance 2.0 cm and horizontal distance 5 cm
at forward speed 1.2 km/h.

2. The possibility of using more than one unit with
the tractor, thus increasing the field capacity and
decrease total costs for feddan.
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