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Abstract

Introduction: In developing countries, since most farmers have small plots of land, they are unable
to afford expensive machinery for cultivating vegetables, so they use the manual method. In this
method, on average, each worker works for about 8 to 9 hours a day. This activity causes physical
fatigue, reduces work accuracy, and uneven distribution of seedlings across the field. On the other
hand, during peak work, due to the high demand for human resources, there is usually a shortage of
human resources. This shortage of manpower during the planting season affects the right time and
the final yield of the crop. Transplanting machine is used to increase productivity, uniform
distribution, precision in planting, save time, and timely planting. A review of the resources of the
last few years in the special planting of seedlings has given automatic feeding with determinate pot
seedlings, reducing manpower, increasing the final yield and increasing the carrying capacity at the
same time, and as a result, it also helps to improve the performance of semi-auto games better and
also helps to improve the performance of semi-autos, reducing human intervention, and on the
other hand, seedlings grown in paper pots, to mechanize the transplanting operation by improving
the quality of the pot in the soil and helping to meet the conditions. Growth and organic matter in
the soil are a better option. Therefore, this research aimed to develop, design and evaluate a smart
seedling planting device in small farms to identify the speed of the advance operation using
seedlings grown in paper pots.

Materials and Methods: In this study, the physical and mechanical properties of two
biodegradable pot models, an incomplete cone and a square pyramid, were evaluated for use in a
transplanter in a pressure test device. According to the field data of tomato planting methods, a
model with suitable dimensions for small farms was first designed using SolidWorks engineering
software. Then, to build the transplanter, its frame was first built. Considering the dimensions of
the device, a potting tractor model with a nominal power of 45 hp was used to provide driving
forces due to its appropriate maneuverability in a small space and greenhouse. In this device, a
furrow opener with adjustable height for working at different depths was installed at the beginning
of the device. A finger covering system, soil leveler, and two-disc coverings were used to properly
position the pot in the created furrow. To transfer the pots in this device to the drop tube, a
turntable with a stepper motor was used to transport them at different rotational speeds, an
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electronic circuit to control its rotational speed, and two infrared sensors to detect and count the
pots. Then, for its field evaluation, two factors, the advancing speed at three levels (0.7, 1.5, and
2.5) and the type of seedling at two levels (4 and 6 leaves) were studied in a completely
randomized factorial design with three replications. The aim of designing this transplanting device
is to use biodegradable pots to develop sustainable agriculture and reduce physical damage to roots
during planting.

Results and Discussion: The results of this study showed that the most suitable incomplete cone
pot that withstands the highest force in the pressure test was used as the most suitable pot for use in
the transplanter. Then, to eliminate lateral forces on the movement of the pot in the drop tube, a
diagonal position in the opposite direction of movement was used. The results of the analysis of the
measured data showed that the effect of the forward speed on the parameters of the percentage of
uniformity of the distribution of seedlings, the percentage of changes in the planting depth, the
percentage of plant deviation from the row and the percentage of physical damage was significant
at the 1% level, and its effect on the parameters of the percentage of multiple planting and non-
planting, acceptable and unacceptable planting was significant at 5% level. Also, the effect of the
seedling type factor on the parameters of the percentage of seedling mortality after planting and
plant deviation from the row were significant at 1% and 5% levels, respectively. The interaction
effect of the factors was not significant on any of the measured parameters. Comparison of the
average effects of the measured factors at the three levels of forward speed and two types of
seedlings showed that all factors had equal effects at the two speed levels of 0.75 and 1.5 km/h,
except for the factor of the percentage of uniformity of seedling distribution (with an average of
89.36%) at the speed of 1.5 km/h and the mortality of seedlings after planting at four leaves (with
an average of 22.33%).

Conclusion: Considering the physical characteristics of the biodegradable pot, the incomplete cone
model was selected for use in the device. The best performance of the transplanter device at three
levels of forward speed and two types of transplanting was achieved at a forward speed of 1.5 km/h
and 6 leaves with the lowest percentage of plant deviation from the row, physical damage, multiple
planting and non-planting, percentage of unacceptable planting, percentage of depth changes, and
with the highest percentage of acceptable planting and uniform distribution.

Keywords: Falling tube, Number of leaves, Forward speed, Biodegradable pot, Transplanter.
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Figure (8) Position of the seedling pot on the distributor plate and the forces applied to it (24)
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Figure (9) Location of electronic equipment installed on the transplanter; 1- Stepper motor with
solar gearbox, 2- Electronic board, 3- Biodegradable pot, 4 and 5- Infrared proximity sensor
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Table (1) Analysis of variance of the effect of seedling speed and type on the uniformity of seedling
distribution relative to the regulation distance

p-value Slay o ke Sl o gazes &ol3T a3 s i
Mean squares  Sum of squares df SV,
0.07 12549.8 25099.6 2 3oy o
Forward speed
s L:J .
0.796™ 29.4 29.4 1 s
Seedling type
s
1.9 106.8 56
Error
25235.9 59 S
Total
0.45 S
C.v.
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Table (2) Analysis of variance of the effect of speed and type of planting on the percentage of
changes in planting depth

p-Value C’L‘"J" J:i\':‘ CJL‘”;‘ C)w ‘53‘)’T 4>y CJ‘,_«:-'J c“
Mean squares Sum of squares df S.\V.
0.0” 192.217 384.4 2 3 S
Forward speed
celis .
0.506™ 3.750 3.750 1 & . &
Seedling type
Lo
1.788 100.1 56
Error
488.283 59 &
Total
Ol i o i
0.23 SR
C.V.
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Figure (10) Comparison of the average percentage of uniformity of seedling distribution at different
advancement speeds

to the average distance (%)
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Figure (11) Comparison of the average percentage of planting depth changes compared to the set
depth at different forward speeds.
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Table (3) Analysis of variance of the effect of planting speed and seedling type on the percentage
of plant deviation from the row

Slas i Sils

REIRE ST

p-value Sl o § gores s
Mean squares Sum of squares df SV,
00 700.617 1401.2 9 83 o S o
Forward speed
* s Ulg N
0.047 1121 112.1 1 e
Seedling type
o
3.036 170.03 56
Error
1683.33 59 5
Total
Sl kS s i
0.72 i
C.V.
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Table (4) Analysis of variance of the effect of speed and seedling type on the percentage of acceptable
and unacceptable planting

(Mean squares)cla o ke

I
(o305 J6 6 cals (4o y3)d 3 b6 il ©ol3T s ;*:/C“‘
Unacceptable planting (%)  Acceptable planting (%) df o
9035* 8182.9* 2 St =
Forward speed
135" 7.3" 1 sligs
Seedling type
I
188.57 308.58 56
Error
CH I
0.11 0.29 et s
C.V.
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Table (13) Comparison of average of
acceptable and unacceptable planting
percentage on three levels of speed
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Figure (12) Comparison of average plant

deviation from the row at different planting
speeds and types
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Table (5) Analysis of variance of the effect of speed and seeding type on the percentage of non-planting
and multiple planting

(Mean squares) ol » 5.5k

I
(drys) sl (1) sl i PR ;\”/ <
Non-planting (%) Multi planting (%) df o
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Forward speed
celis o o
29.40" 26.67™ 1 e
Seedling type
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Ol ot o 2
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Table (6) Analysis of variance of the effect of speed and seeding type on the percentage of mortality
and physical damage
(Mean squares) s, ,» ke

Ol i n
(4032) (S5 ol (40,3) 0 55 @357 4y ;‘:’/C‘”
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2445** 1007ns LS}J-:":; Q&J.w
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135" 5607** iy s
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[
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O kS g o
0.71 0.25 e P
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Figure (16) Comparison of average percentage Figure (15) Comparison of the average of
of physical damage at three speed levels the percentage of multi-planting and no-

planting for three levels of speed
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