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FIELD PERFORMANCE AND EVALUATION FOR
TOMATO TRANSPLANTING

A. Lotfy, H.A.El-Gendy, and E.M. Arif

ABSTRAT

The aim of this work is to study the energy consumption and
cost analysis for tomato transplantmg It is estabiished by using
different tractor powers’ (18 4, 29.4, 47.8, and 58.82 kW) to select
the proper tractor power to minimize the energy and cost
requirements. |

The transplanter performance in terms of seedling losses,
tr’é_hsplanting energy requirement, and costs were investigated as a
function of change in transplanting speed. The results indicated
that: The use of tractor power (18.4 kW) reduced the energy with
(35.41, 59.7, and 67.2 %) and cost with {(15.75, 35.42, and 47.69
%) of transplanter comparing with other tractors. The average
transplanting speed of 1.0 km/h is the optimum for transplanter by
using different tractor powers, and the mechanical transplanting
was more economical to use for the lowest consumption of the
energy 891 MJffed, and also to the least seedling losses 7.9%.
Subsequently, it increased the production 14.5 ton/fed compared
with manual transplanting, which consumed 1840 MJ/fed and gave
20.8 % seedling losses, and yield of 9.78 ton/fed.

INTRODUCTION
Tomato is the first valuable vegetable crop in monetary

terms. in Egypt. Therefore its planted area is always growing. Its
area increased from 331000 fedda'ns with an average production of
7.44 ton/fed in 1980 to 401000 feddans with an average production
of 14.67 ten/fed in 1898 (Agricultural Economic Statistics,
1999). The minimizing of the vegetable crops price is necessary to
increasing its yield, by improving the techniques of agricultural
processes such as planting mechanization. However,
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mechanization becomes a heavy load on the producer to cover the
high cost of production and to achieve a reasonable profit.
Therefore, the optimization of the consumed energy in tomato
transplanting is an important factor to reduce the cost of planting
operation. Mohamed et al. (2000) concluded that the total costs of
transplanting tomato with Holand and Lanenn roulette (Semi-
automatic transplanters) were less than manual transplanting by
59.1 and 35.5%, respectively. MHarb et al. (1993) compared the
mechanical with the manual tomato transplanting by using two
different types of transplianting machines. The results indicated that
the coefficients. of variation on row spacing were 7.13, 26.01
and 35.14% for the disc pocket, disc and manual transplanting
respectively. EL-Zemeity (1994) recommended that depending on
transplanting speed of 1.4 km/h leads to the lest parameters of
horsepower, the missed hill, damaged hill, unfixed hills and
slippage of transplanter. EL-Attar (1999) found that, the vegetable
crops depend on mechanical transplanting the seedlings quickly
and efficiencly with minimum labour requirements. Saleh (1990)
reported that there are two common types of transplanting systems
presently available to the farmer , which are manual and
mechanical transplanting. Hand transplanting is arduous work,
slow process and needs consuming more labor than any other
cperation in vegetable planting. Salama et al. (1995) found that
mechanical transplanting significantly increased fruit weight and
number of fruits per plant covered with manual transplanting.
Younis et al. (1991) reported that the fuel requirement for chisel
plow, disc harrow, land leveler, seed drill, transplanter and small
combine (Yanmar) were 4.47, 3.15, 2.74, 1.22, 3.15 and 5.83 it
fed respectively. Odigboh and Akubuo (1391) reported that the
field efficiency decreased by increasing forward speed. EL-Shazly
and Morad (1994} found that the shape of field and its dimensions
have a high effect on energy consumption and L/W ratio of 2 is
considered the best ratio. Amin, et al. (1998) found that the
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increases of transplanting speed from 0.5 to 1.25 km/h was
accompanied with the increasing in field capacity, human error
,damaged hills, seedling slope angle, and decreased the energy
consumed and costs of transplanting operation. The objectives of
the present work are:

Evaluate the energy requirements in tomato transplanting -
Investigate-the effect of the forward speed and tomato seedling
space on the machine perform'ance - Select the proper tractor
power. '

MATERIALS AND METHODS

The experiments were performed at EL-Serw Agric. Res.
Station -Damietta Governorate (bl _jus i tilas ¢ 5wl idaad) in
2000/2001 season in an area about one feddan to evaluate the
tractor power and the energy requirements for tomato
transplanting. The transplanting machine was pulled by four
different tractor powers (Table 1).
Table { 1): The specifications of tractors and transplanter

machine.

Specification _ Tractors
Manufacture Byelarus | Egypt | Japan | Japan
Model MT3-80 DM-34 | E-384 | L.B-2850
Fuel type Diesel
Power, kW 58.82 47.8 29.4 18.4
Total mass, kg 3160 2255 | 1250 970
No. of labourers 1 1'
Labour mass kg 70
Total mass, kg 3230 2325 1325 1040

Machine specifications:
- The semi-automatic transplanter used in transplanting

tomato seedlings (variety: PETO 86) of 60 days age and 15 cm

mean height, had the follwing specifications: disc pocket
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arrangement with spring loading, Holland type model 1700, USA
manufacture, with 130 cm length, 245 cm width, 90 cm height, and
150 kg mass + 4 labourers. The machine covered 2 rows and was
attached with the tractor by the 3 — point hitch.

Mechanical and chemical analyses of the experimental soil;

Mechanical and chemical analyses of the experimental soil
was performed at soil and water laboratory, EL-Serw Agric. Res.
Station Damietta Governorate « s Lhaa ¢ obpdly el Y1 Jilad Jana)
{Hlzad Lailas Sand 28.20%, Silt 17.15 %, Clay 54.65 %, Soil pH 7.9,
E.C. m-mohes 3.2, Organic matter 1.96 %, available nitrogen
18.33%, available phosphorus 6.65%, and- available potassium
250% -

Transplanting density:

The transplanter was adjusted by changing the number of
gear teeth on drive shaft to transplant the seedlings on three
different spacings of 25, 30, and 35 cm on the row ( named d,, d2
and d; ) and the transplanter rows were adjusted to give 1 m
spacing in between.

Transplanting speed:

Four different forward speeds were in the averages of 0.5,
1, 1.5. 2, 2.5 km/h as used in the experiments. '
The consumed energy:

Thea mathematical model of predicting the consumed energy
was modified by Kassem (1986). From this model the energy could
be classified and computed by using the following equation:

A- Transplanting energy requirement (Eq

Ee=(Cifc)p Fe
Where: F, = 2.64 X + 3.91 - 0.2 (V(788 X + 173)), E;= energy
used as fuel ,MJ ffed., Cs= energy input coefficient used to present
the energy values of the fuel = 47.2 MJ /L (Lower et al., 1977).,
P = power used, kW, F, = fuel efficiency, L/IkW.h., X = load factor
= (.2 to 0.8 for transportation and agricultural operation (Shaibon,
1985).

Thel0™ Annual Conference of the Misr
190 Society of Ag. Ang ., 16 =17 Oct, 2002



B- Human Labour ener =
Em = (Cp/f. c) N Where,»Em human energy ,MJ/ fed.,
Cn = energy input coefficient representmg the human labour
= 2.3MJ/man.h, (Pimental et al., 1973)., '
N = number of !abourers requrred to perform any operation.
Machine losses:

The percentage of the damaged, voided, and dropped
seedlings. were counted after each treatment and calculated by.the
following equations. (Hossa:y et a! 1 981).

Ms = (Nm/Ny)x 100, Ds = (Nd/NJx 100 Fs = (N¢/ Ny x 100,

Total losses = Mg + Dg + Fs

Where: Ms = voided seedtmgs %., Ds = damaged seedlings %..
Fs = dropped seedhngs %.. N = number of missed seedlings
per unit length., Ny = number of damaged seedlings per unit
length., Nr = number of droping seedlings per unit length., Ny =
theoretical number of seedhngs per unlt length N

Transplanting efficiency; ' '

Transplanting efﬁcuency ( Te ) for each treatment was
determined using the formuta Te = (Nt -Ms +Dg + Fs X 100) f,:N,
Seedhry_atterlnq 7 :

A - Longitudinal scattenng the dtstances betweén seedllng along

the row . were measured. The longitudinal scattering was

determined by the devaatlon accordmg to the foltowmg equatson
ont =V EX=(EX2N)I(n=1)) |

Where: a1 = standard dewat[on ‘cm., X = distances between hills

within the row, cm., n'= nurmber of observatlon

B - Transverse scattering. :
The transverse scattering was calculated by measuring the

scattering of seedlings around the center line of row by using the

same previous equatlon W|th "X" representmg lateral spacmg

Transplantlnq cost: '

Cost analysis was performed according to method of
(Kepner et al 1982 for estlmatmg both flxed and variable costs.
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, RESULTS AND DISCUSSION
Energy: -

- Figures (1-A and 1-B) show the relationship between
different tractor powers and transplanting forward speed on
the energy consumption (MJ/fed). -

1- Fuel energy required "Ef":

The results showed negative relation between fuel
energy required and forward speed. By mcreasnn_g the
forward speed from 0.5 to 2.5 km/h, the fuel energy required
decreased from 4935.65, 4010.95, 2466.99, and 1543.96
MJffed. to 1269.17, 1031.40, 634.36, and 397.02 MJ/fed.
with using 58.82, 47.8, 29.4, and 18.4 kW fractors power,
respectively. '
3- Human (Labour} energy “E,":

Hurman (Labour) energy “EL" was constant under
different tractors because the number of laborers .were
constant and.did not change by the changing of the tractor
type. The human energy decreased from 58.08 to 14.94
MJ/fed. by increasing the forward speed from 0.5 to 2.5
km/h. Also the consumed energy for tomato manual
transplanting was 1840 MJ/fed, nearly about 1.08, 2.065,
3.59, and 4.185 times larger than the total energy in
mechanical transplanting by using 58.82, 47.8, 29.4, and
18.4 kW tractors power, respectively. under different forward
speeds (from 0.5 to 2.5 km/h).

Losses:

Figure (2) shows the relationship between forward
speed and transplanting losses (damage, drop, void, and
total), at the different planting sbecing distances 25, 30, and
35cm '

1- Damaged seedling losses:

The damaged seedling losses increased by increasing

the forward speed. The obtained results indicated that the
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Fig. {(1-A): The effect of the forward speed, "km/h" on the fuel energy
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Fig. {1-B): The effect of the forward speed, "km/h" on the tabour energy
required. EL, "MJ/fed” at different tractor powers.
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damaged seedling losses increased from 3.8, 2.8, and 2.2% -
to 12.5, 9.6, and 5.7% by increasing the forward speed from
0.5 to 2.5 km/h at 25, 30, and 35 cm planting spacing
distance, respectively.

2- Dropped seedling losses:

The dropped seedling losses increased by increasing
the forward speed. The obtained results indicated that the
dropped seedling losses increased from 4.4, 2.7, and 1.9% to
13.2, 104, and 8.2% by increasing the forward
speed from 0.5 to 2.5 km/h at 25, 30, and 35 cm planting
spacing distances, respectively.

3- Void seedling losses:

The void seedling losses increased by increasing the
forward speed. The obtained results indicated that the void
seedling losses increased from 3.6, 3.5, and 2.9% to 13.7,

9.6, and 8.3% by increasing the forward speed from 0.5 to 2.5
km/h at 25, 30, and 35 cm planting spacing distances,
respectively. -

4- Total transplanting losses:

For tomato transplanting operation, the total losses
increased as the transplanting forward speed increased. The
total transplanting losses was low with the lowest forward
speed 0.5, and 1km/h than others, and it was low at the 35¢cm
planting spacing distance than others.

The field capacity:

Figure (3) shows that the theoretical (Tgc) and actual (Agc)
field capacity increased with increasing of transplanter forward
speed. So, the lowest value of theoretical and actual field capacities
of 0.2 and 0.13 fed/h, was obtained at the lowest transplanter
speed of 0.5 km/h. Meanwhile, the highest value of theoretical and
actual field capacities of 1.0 and 0.8 fed/h were obtained at the
highest transplanter forward speed of 2.5 km/h. That may be due to
decreased time required in performing the unit area.
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Fig. (2-B): The effect of the forward speed,"km/h” on the seedling floated,
"%" at different planting spacing distances.
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Fig. (2-C): The effect of the forward speed, "km/h" on the seedling void,
"%" at different planting spacing distances.
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Transplanting efficiency:

Figure (4) shows that the highest value of transplanting
efﬂcienéy of 88.2% was obtained at the 0.5km/h transplanting
forward speed with 35cm distance between seedlings. Meanwhiie,
the lowest transplanting efficiency of 61.0% was recorded at
machine forward speed of 2.5 km/h and distance between
seedlings <f 25 cm.

Generally, the increase of transplanting speed had negative
effect on transplanting efficiency. On the other hand, increasing the
forward speed tended to decrease the number of seedlings per unit
area and increase seedling losses per unit area. This is due to the
higher speeds, which were always associated with high anguiar
velocity of transplanting disc, and that is due to decrease the
chance of pocket to catch the seedlings, and results in increasing
the total losses (damaged, missed and dropped) of seedlings,
subsequently decreasing the tranSplanting efficiency.

Seedlings scattering:

Effect of transplanting speed on both longitudinal and .
transverse scattering values at 30 ¢cm hills spacing is shown in fig
(9). Itis illustrated ,that increasing transplanting forward speed from
0.5 to 2.5 km/h tended to increase both longitudinal from 2.1 to 4.6
cm and transverse scattering from 1.4 to 4.2 cm. In general, the
distribution uniformity of seedlings over the unit area decreased by
increasing both of the longitudinal and the transverse scattering
values, resulting due to the increase of fransplanting forward
speed.

Transplanting cost:

From figure (6) it can be stated that the increase of the
mechanical transplanting forward speed from 0.5 to 2.5 km/h
decreased the costs of transplanting. And also the transplanting
cost decreasing by decrease the tractor power. The lowest value of
transplanting cost were 65.35, 34.03, 24.47, 19.67 and 16.82L.E/
fed by using tractor power of 18.4 while highest values of
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- Increase transplanting speed from 0.5 to 2.5 km /h tended to
increase field capacity, seediings losses, and decrease the energy
consumption and cost of transplanting operation

- The consumed energy during manual transplanting operation was
1840 MJ /fed nearly about 1.08, 2.065, 2.88, 3.59 and 4.165 times
larger than the energy consumed in mechanical transplanting by
using small tractor power (18.4 kW) at speed of 0.5 to 2.5 km/h.

- The data showed a little difference in the transplanting efficiency
and seedlings uniformity at speeds of 0.5 and 1.0 km /h.
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transplanting cost were 124.94, 65.07, 46.76, 37.60 and 32.16

L.E/fed when working at 0.5, 1.0, 1.5, and 2.5 knv/h transplanting

forward speeds, respectively. Also the results indicate that, the use

of small tractor power (18.4 kW ) reduced transplanting cost by

47.2, 35.42, and 15.75% comparing with other tractors, and

reduced. transplanting cost by 65.97 % comparing with manual

transpianting. Therefore, selecting tractor power is an important
factor to reduce transplanting cost.

Tomato production

By increasing the mechanical transplanting speed from 0.5

to 2.5 km/h, the tomato yield decreased from13.24, 14.8, and 12.86
ton/fed. to 7.74, 8.12, and 7.41 ton/fed. by changing the seedling
spacing distance from 25. 30 and 35 cm respectively as shown in
Fig. (7). The transplanting forward speed of 0.5km/h and seedling
distance of 25.0 cm, can be recommended to get the highest yield
production of 14.8 ton/fed. While the minimum vyield 7.41 ton/fed
was found with the transplanting forward speed of 2.5 km/h and
seedling distance of 35 cm, comparmg with 9.78 ton/fed by using
manual transplanting.

Manual transplanting:

The obiained data indicated that the manual transplanting gave
field capacity of 0.1 fed /h and transplanting efficiency of 79.2,
seedling damage of 2.9 %, void hilis of 12.7 % and dropping
seedling of 5.2 %, longitudina! scattering of 24.6 % and transverse
scattering ¢’ 19.2% and operational cost of 100 L.E /fed.

CONCLUSION
This research aimed to optimize the energy for tomato
transplanting and improve the performance of transplanter
machine. From the obtained data it can be concluded that :

- The use of small tractor power (18.4 kW) saved the transplanting
energy consumption with percentage of 67.2, 59.7, and 35.42 %
and reduce the transplanting cost with percent of 47.69, 35.42,
and 15.75 % comparing with higher tractor power.
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