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CONSUMED ENERGY FOR TRANSPLANTING

OF SOME VEGETABLE
S.E. Abdel - Aal,* S. E. Badr,** and A. Lotfy **
ABSTRACT

The vegetable production still the challenge for Egyptian farms.To face
this challenge the experiments were carried out during 1999/2000 and
2000/2001 seasons in two different sites at El-Gemmiza and El-Serw Research
Stations, El-Garbia and Damiatta Governorate. The objective of the present
study is o cvaluate the effect of transplanting systems i.c.,, manual and
mechanical transplanting (New-Holland and Linnen Roulette transplanter) at
forward speed ie., 092, 14, 19 and 24 km/h on some vegetables
productivity (tomato, cabbage, eggplant, onion and letiuce) and energy
requirements. The resulls showed that, the higher power requirements, actual
field capacity and total losses of seedlings (missed; floated and damaged) were
resulted by increasing forward speed, while field effliciency and yield
production were decreased. The lowest consumed energy of 821.25 Ml/fed
was rtecorded in the case of using Liinnen ftransplanter with tomato
transplanting at forward speed of 2.4 kmyh, while the highest values was
7021.82 MJ/fed by using New-Holland transplanter for onion and lettuce
transplanting at forward speed of 0.92 ki/h. The lowest consumed energy per
unit yield production of 16.0 kW/ton was recorded in the case of using Lannen
transplanter with cabbage transplanting at forward speed of 2.4 kmv/h, while
the highest value was 333.99 kW/ten by using New-Holland transplanter (or
lettuce transplanting at forward speed of 0.92 km/h.The use of manual
transplanting was followed with Jower yield than mechanical transplanting for
all varieties and the production of El-Gemmiza farm was higher than El-Serw.
Mechanical transplanting by Linnen raulette transplanter at forward speed of
2.4 km/h increased the total yield and decreased consumed energy compared
with other transplanting,.

INTRODUCTION.

The goal of agriculture should be increase and maintain high yield levels
of food crops per unit of area, water, energy input and time.

To achieve this goal, many attempts were executed in many directions
such as improving soil fertility, introducing new promising varieties or cropland
expansion and mew improved technical methods. Vegetables are considered a
unique crop in its adaptability to different methods of transplanting. Morsey
(1990) used four speeds of transplanter for mechanical transplanting- under
Egyptian condition to find out the proper transplanter speed for soil conditions.
He found that the minimum missing rate of 4% and the high yield 0of3.03

* Lect. of Agric. Eng., Agric. Eng. Dept., Fac. of Agric, Zagazig Univ., Egypt.
** Researcher, Agric. Eng. Res. Inst. (AEnR), Egypt,

Misr J.Ag. Eng. ' 2002
rJAg Eng., July 2002 657



ton/fed recorded under 1.2 km/ly speed. The inerease ef forward speed led to an
increase of longitudingl and transverse seattering fer direct seeding and
transplanting €Metwalli et ai 1998). Inereasing of forward speed inereased the
fuel consumption during planting operatiens (Mestafa et al 1993). The tetal
yield of onion decreased by 17.62% when transplanting forward speed
increased from 0.9 to 2.0 ki/h, but the net power requirement of transplanting
increased from 9.01 to 17.6% with inereasing forward speed frem 0.9 1o 2.0
km/h (Desouki 1997). El-8ahrigi et al. (1991) found that the eest of manual
transplanting of enion seedling are absut 1.52, 2.0 and 2.22 times larger than
that when using 2, 3 and 6 rows transplanting maehine. Alse 2 times larger than
when using 6 rows transplanting mashine. They eoneluded that using
mechanical sowing or transplanting metheds is recommended for ebtaining high
yield and minimizing eest. Mastafa et al. (1696) found that the predustien cests
of mechanical and half meshanical metheds were eheaper than manual
transplanting by 56.3 and 46.9% respestively. Alse manual transplanting gave
31.2% and 4.70% higher in pet profit than meehanieal and half mechanisal
methods of transplanting. The average number of plants per m? was higher with
manual f{ransplanting (68.205 plant/m?), whereas in meehanieal treatment:
(36.205 plant/m’) and half meehanieal (54.79 plant/m?). Harb et al. (1993) found *
that the coefficients of variation on rew spacing were 7.13, 26.01 and 35.14%
under the dise pocket transplanter, dise transplanier and manual transplanting
respeetively. The eensumed energy of preduction operation for sere main cfops
was diseussed by El-Bhazly (1986). He eoneluded that energy requirements ean
be managed using proper sizes of tractors required by different agrisulture
operations. The energy input of ransplanting seme vegetables were ealculated
for cabbage, eggplant and letiuee of 31764.72, 37870.67 and 31344.67 Mi/fed
(Khalil 1999). AbdEl-Mageed {1999) and Mady et al (2001) found that the hand
transplanting eest per unit produetion was 3 times of meehanieal transplanting.

This researsh aimed to evaluate transplanting systems and forward speed
on seme vegstable production under study te seleet the proper system for
transplanting seme vegetable in respect to minimizipg the energy requirements
and maximizing yield produstion and prefit. :

MATERIALS AND METHODS

Field experiments were carried out during 1999-2000 apd 2000-2001
seasens in an area abeut 3.0 feddan in twe sites at El- Gemmiza and El-8erw
Agrieultural Resedreh Sjations El-Garbia and Damiatta Governerate te evaluate
transplanting eperation for seme vegetable erops named tomato, cabbage,
eggplant, enion and lettuce by systems:

. 1= Manual transplanting. _ ] ' ]

2- Meshanieal transplanting by using twe semi-aulematie transplanters. [e.,
New-Helland transplanter (Fig.1) and Lannen Reulette transplanter (Fig2)
under forward speeds of 0.92, 1.4, 1.9 and 2.4 km/h.
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Fig.(2): Linnen Roulette transplanter
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fhet. .r-aispecilication of the transplanters and tractor are tabuiated in table (1).

Table (1): Transplanting machines and tractor specification

. [ Transplanters

.. Type of machine Tractor New-Iloliand By —
Manufacture Egypt USA Finland
Model Nasser-60 1700 Ri-2
Engine type Diesci -- : -
Power kW at 2200 rpm 46 -- -
Total Length em 340 130 130
Total width cm 190 245 240
Total height cm 205 90 120
Total mass kg with operalors 2255 430 {4 operalors) | 290 (2 operators)

| Hitching type 3 points 3 points 3 points =

Number of planting rows -- 2 2

’lant density:

Transplanters were adjusted as the technical recommendations for
different crops for row spacing and seedlings with the row were 100 x 40, 60 x
40, 60 x 40, 30 x 20 and 30 x 20cin for tomato, cabbage, eggplant, onior and
lettuce respectively. .

Experimental procedure:

The experimental seed bed preparation was managed by chisel plow two
passes with 20 cm depth followed by rotary-tiller with depth 15 cm and leveling
with hydraulic scraper.

The transplanted area for each crop was 2100 m’ d|v1dcd into 8
experimental plots. Data for each crop were analyzed with split-split plot design.
The measurements were divided into three sections as follow:

1- Field capacity and efficiency:

The theoretical, effective field capacity and efficiency were estimated by
using the follomng equations (Hanna et al 1985):

Fo =(S x W)/4200 (1)
F., = 60/( T +Ty) )
. E =(Fu/F)x 100 _ 3
Where: F,  : theoretical field capacity (fed/h), E : field efficiency (%),
Fea actuai field capacity (fed/h), S :forward speed (km/h),
T, + the utilized time/fed {(min), W : transplanter w1dth (m),
T, :the summation of lost time/fed (min).

2- Damaged, Missed and Floated seedlings:

The total losses of damaged (D,), missed (M;) and floated (F,) seedlings
were counted manually in the field after each treatment and the percentage of
losses were calculated as follows:
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D, =(Nd/Nt)x100 4

M, =(Nm/Nt)x100 (3)

F, = (NF/Nt)x100 _ (6)
Where: Nd :number of damaged seedlings per length unit,

Nm : number of missed seedlings per length unit,

NF : number of floated seedlings per length unit,

Nt 1 theoretical number of seedlings per length unit.

3 — Consumed energy :

Consumed energy per feddan was calculated through measuring the fuel
consumption for cach feld operation, energy requirement of machinery and
human labor energy.

3 -1 Energy requirements of machinery:

[t can be calculated by usiug formula as follow:
Ey  =Cp/F.c (Wi/TDL + WM/MDL) %) -
where:  Ey  : energy requirement of machinery (MJ/fed),
Cy  :energy input coefficient used to represent the embodied energy
in a piece of equipment or tractor =10! MJ/kg (Pimmental et al
1973 and Lower et al 1977),
- W¢ 1 mass of tractor (kg), WM :mass of machine (kg),
TDL : tractor design life (h), MDL : machine design life (h),
F.c :field capacity (fed/h).

3-2 Fuel encrgy requirement:

It can be calculated by using the next formula:
E;r = (C].‘ / F.C) xPx F[.: (8)
where: Eg  :energy used as fuel (MJ/fed),
Cr  :energy input coefficient used to represent the energy values of
the fuel =47.2 MJ/L. (Lower et al 1977),

p : power used (KW),

¥ ¢ fuel efficiency (L/ kW. h) = (2.64X + 3.91) - 0.2 4588}( +173
X : load factor = 0.2 to 0.8 for transportation and agricultural

operation (Shaibon 1985).

3-3 Human labor energy :

En, =(Co/ Fe)xN,, )]
where: Ey. : human.energy labor (MJ/fed),
Cy.  :energy input coefficient represents the human labor energy =
2.3 MlJ/man. h(Lower et al 1977),
N;  :number of {abors required to perform any operation.
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ﬂ‘- Productivity:

The yield production (ton/fed) was imassed for each treatment to
determined the proper system for each crop after harvesting.

RESULTS AND DISCUSSION

1- Seedling losses:

-

The seedling losses divided into the missed, damaged and floated
seedlings from table (2}, the missed seedlings was high in lettuce and the lowest
one in onion i all wansplanting methods. The damaged seedlings was high in
fettuce and low values under eggplant. The higher floated seedlings values was
in lettuce and the lowest values in tomato. The percentage of seedling losses by
using Lénnen transplanter was lower than that by using New-Holland -
transplanter, as seen in table (2), this is due (he easiest of Linnen transplanter *
feeding system.

Table (2): Effect of transplanting method on percentage losses of missed
(M), damaged (D) and floated (I) seedlings

B . [Fnrward Tomato Cabhbage Eggplant Onion Lettuce
Transplanting speed
method kmh (M |D |F |M D |F |M {D [F |M|D [F |[M [D |F
092 |24 (4.2 [1.2 123 |24 {14 126 1.4 |09 [1.9 j47[2.1 |2.]1 |5.2 {24
New-Holland 1.4 (2.8 |46 (1.7 |29 {41 12,4 |27 j2.2 /1.8 (2.6 |53 |2.8 {4.2 {59 |3.6

trans. 19 145 148 134 {50 16.1 [5.8 144 (5.7 13.9 5.1 |7.2 |5.7 14.8 |86 [6.9
24 [7.2 |72 [6.6 18.1 (8.5 {7.3 [8.7 16.1 (7.8 |8.1 194 {7.8 [10.619.1 |7.7
0.92 (2.3 |2.8 (1.0 |18 119 |1.0 |2.2 |10 [0.6 [1.6 [3.8 [1.6 |1.9 |4.2 |2.1
14 124 12.9 115 (2.3 130 [1.9 |2.1 [1.6 |14 [2.2 [3.6 |2.5 13.7.]3.8 [2.6
19 132 (3.7 3.0 |32 13.6 4.7 13.1 |4.1 [3.8 [3.6 4.9 (4.8 |4.2 |5.7 |5.5
2.4 |64 (4.9 [4.8 (6.8 (7.1 [54 (7.5 |48 142 [7.0 [7.1 16.6 |8.1 |7.8 | 6.5
Manual trans. 92 [3.7 172 (7.8 |29 |65 |8.1 [2.9 [5.7 [102[5.1 |82 [9.7(74 (938

Liinnen trans.

The missed and floated seedlings increased by increasing forward speed,
decreasing seedling spacing and with untrained workers, but the damaged
seedlings mainly gaused according to the plant stem structure, it was strong i®
eggplant followed with cabbage, onion, tomato and very weak in lettuce. The
missed, damaged and floated seedlings values were about 34.1, 40.9 and 25.43%
for tomato; 32.39, 37.5 and 30% for cabbage; 38.2, 31.97 and 29.88% for
- eggplant; 27.83, 41.77 and 28.89% for onion and 30.48, 40.49 and 28.97% fo¥
lettuce from total losses respectively.

In general, the missed seedlings as seen in table (2) were higher in the
New-Holland transplanter than Linnen transplanter this due to the easiest
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feeding system of Linnen transplanter, but the damaged seedlings was the
lowest in manual transplanting than the mechanical transplanting.

2- Field capacity and efficiency:

Fig (3) shows that the highest actual field capacity of 0.93 fed/h was
remarked with forward speed of 2.4 km/h for tomato transplanting, but the
lowest value was 0.11 fed/h at forward speed of 0.92 kim/h for onion or lettuce
transplanting.

The transplanting field efficiency was affected by transplanting conditions
(forward speed, row spacing, kind of crop, operator skill and transplanting
system). Fig (4) shows that the highest field efficiency of 93.18% was remarked
with forward speed of 0.92 km/h for tomato transplanting. While the lowest
percentage was 76.47% at 2.4 km/h for onion or lettuce transplanting because
the cabbage and eggplant have the same row distances (60x40cm) also onion
and lettuce have the same row distances (30x20cm).

This is due to that theoretical and actual field capacity increased, while
field efficiency decreased by increasing forward speed, also increasing row
spacing increased field capacity and efficiency.

[T P ——— - 100 _ :
@ Tontzte ' 8 Tomato ;
-~ 9.90 2 Cablage: 3 9% {1 Cabbage,
§ ose |.B Eggplant’ M. E Eggplant;
. iTJ Qainn o 9 {C] Onion
E 0.79 & fgif_‘:'f_c_,:
§ 0.60 g Rs
- .50 5 840
& 0 lg s
g 0.30 .'.E
0.20 i ™
oo | 8 = 65
o.00 LIMCL] 60
0.92 114 1.5 2.4 9 1.4
Forward speed (km/h) Forward speed (knyh)
Fig. (3): Effect of forward speed on Fig, (4): Effect of forward speed on
actual field capacity. field efficiency.

3- The production

The effect‘of transplanting method and forward speed on productivity of
the vegetables under experiments was tabulated in table (3) in both experimental
areas. Data indicated that:

1-The yield production under manual transplanting was lower than
mechanical transplanting. The average values of total yield under Lédnnen
transplanter increased by 16.87, 13.74, 15.19, 6.9 and’15.28% compared with
manual trasplanting for tomato, cabbage, eggplant, onion and lettuce
respectively.
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2-The production of different transplanted vegetables by using Linnen
transplanter was more than new-Holand transplanter. Increasing forward speed
from 0.92 to 2.4 km/li, decreased the yield production of tomato, cabbage,
eggplant, onion and lettuce by 29.84 and 32.21%; 18.9 and 26.54%; 37.37 and
37.47%; 39.58 and 37.37% and 39.42 and 39.30% under New-Holland and
Linnen transplanter respectively. This is due to increasing losses-and the amount
of soil accumulation around seedling not enough to fixed seedling.

3-The production in El-Gemmiza station was higher than El-Serw station,
this is due to the differences in soil fertility.

Table (3): Effect of transplanting methods on yield production (ton/fed)

Transplanting  |[Forward
method speed

El-Gemimiza station El-Serw station

(Km/h) } Tonato Cabbage | Egeplaut | Oninn ]T.cllurc Tomato kal:hage Eggplant [Onion Lettnuce

New-Haltand | 092 | 1545 | 2809 | 768 1745 | 756 11352 [ 2484 | 611 | 590 | 5.84

frans. 14 11324 [ 2602 | 643 lewe | 616 | 1188 | 2272 | 485 | 472 | 439
1o [1192 | 2361 | 538 1503 | 537 L1005 | 1986 | 447 | 384 | 3.75
24 1ipgs | 2278 | 4.8 432 {458 {x78 1677 | 352 | 349 f 302
092 [1714 | 3282 | 918 1734 § ;3 1wz [ 27921 762 | 649 | &89
14 13497 12976 | 746 |6e2 | 652 129t | 2547 | 583 | si | 542
19 1248 | 2656 | 658 1557 | s46 11075 | 2224 | 5329 | 426 | 487 L
24 1162 [ 2401 | 574|491 | 482 951 | 2017 | 467 | 392 [ 4.1t
Manuval trans. ' 1168 | 2542 | 614 [s58i | 524 [ 954 | 22413 521 | 416 4.12

Liianen trans,

4-Total consumed energy:

The effect of transplanting method and the crop transplanting conditions (row
and seedling spacing) on total consumed energy are shown in Fig.(5) for New-
Holland and Léinnen transplanters. Data show that, the energy inputs including
machinery, fuel and human labor energy for different crops by using mechanicat
transplanting were decreased with increasing forward speed and row distances..

New-Holland transplanter Linnen transplanter
gnoa : . 3000 - , i
r iE Tomalo | ;%Tomam
o 7000 - ‘&) Cabbagel | = zop0 _ I8 Capbage
= E | Eggplany ~_._‘_’ ; i b Eggplant!
= IO Onion = i - 10 Onion
H i doo + d
Z so0o | B Lettuce | = 6 3 I Lettuce |
- (S = e
2 so00 2 5000
< -
] =
o 4000 = 4000
s o
£ H E
3 3000 3 00
e . £
= =
2 z2p00 o 1000
5] ]
= 1000 = 1000
o 0
1.4 1.9 1.4
Forward speed (k) ° Forwsrd speed (km/h)

Fig. (5): Total consumed energy for mechanical transplanting under
different forward speeds.
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Increasing forward speed from 0.92 to 2.4 knvh, the total cu.samed
energy was decreased by 65.3, 66.4, 60.4, 59.12, and 59.12% for t mato,
cabbage, eggplant, onion and lettuce under New-Holland transplanter
respectively

The consumed energy was the same value for both cabbage and ey zplant
because they have the same row distance, alsothe consumed energy ‘.as the
same value for both onion and lettuce due to the same reason.

Increasing forward speed and row spacing, decreased the coi:umed
energy due to the increase of effective field capacity and vice-versa. The lowest
total consumed energy of 821.25 MJ/fed was recorded with tonmzato transpianting
by Léinnen transplanter and the highest value was 7021.82 MJ'fed with new-
Holland transplanter under forward speed of 0.92 kin/h and 20 cm row :pacing,
for onion and lettuce.

5- Consumed energy per unit production

The consumed energy per yield production (kW. I/ ton) was estimated to
evaluate the transplanting systems. From table (4), it can be scen that the
average consumed energy per unit production by using New-Holland
transplanter were higher than Lénnen transplanter by 9.48, 11.67, 16.92,9.98
and 4.67% for tomato, cabbage, eggplant, onion and lettuce at EL-Gemmiza
farm respectively.

Table (4): Effect of transplanting method on consumed cnergy per unit
yield production (kW. h/ton)

. 4 El-Gemmiza station El-Serw station
Transplanting |~ o o] 2 O o |2 % |z l g
speed | £ | 32 s £ 1k E g |3 £l
method (km/} s 2 s |2 2 k 2 : | f k|
m/h) | = %) 5o Q N S 3 =] X
0.92 (3387 [31.83 [116.40 (272.8 [58.0 {38.71 { 35.99 [146.31 330.59 333.99
New-1lolland 1.4 2843 {2416 | 98.14 212.01 0857 13169 | 27.78 j130.11 P72.20 P92.66
trans. 1.9 24.00 | 19.81 |90.64 R03.12 |190.26|28.19 | 24.55 H16.94 266.07 PT2.45

2.4 2128 3117.13 | 81.10[191.02 {18018 [26.28 [ 23.26 [110.83 236.45 [264.49
0.92 30.19 | 2693 | 96.30 P46.01 P4291 13513 | 316601601 B11.58 P79.93
1.4 2486 | 2101 | 83.65[191.90 [194.85 [28.83 | 24.50 |107.03 P48.61 3439
1.9 2267 ) 1816 | 73.78 [181.38 1185.03 {26.29 | 21.68 [91.15 P37.15 p07.45
2.4 1963 | 16001 67.20(166.19 16932 | 23.99 | 19.12 {82.60 P19.35 |198.54

Linnen trans.

: CONCLUSION

The results of the present study indicated that the use of Lénnen
transplanter was the suitable method for mechanical transplanting of most
vegetables than the other methods, it has less consumed energy per yield
production, total seedling losses and high field efficiency and tqtal yield
production. :
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The cabbage and cggplant have best transplanting condition followed by
womato and onion, but fettuce needed a special skills.

The mechanical transplanter still unsuitable for use with " present
conditions. It must be developed to increase field capacity and ability of
transplanting most of vegetables.
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