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Fig.4. Different engagement positions of separator belt with outer surface of seedling bunch
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Table 1- Physical properties of atypical seedling

o . - s S Standard Coefficient
Physical properties Mean Maximum Minimum deviation of variation (%)
A e 1013 1304 7.03 063 6.20
Seedling mass (g)
e G b 50.2 52.8 480 1.46 201
Length of end part of seedling (mm)
adyy YL (gl B ) b
Seedling diameter at 5 cm above the seedling end 6.9 7.9 6.0 0.58 8.51
(mm)
e 9.87 109 85 0.68 6.85
Diameter of seedling(mm)
A Jyb 223 248 200 15.71 7.04
Length of seedling (mm)
(o) o5 39 g e Sl 0 0.79 0.93 07 0.07 9.06

Coefficient of rolling friction between seedlings ()
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Table 2- Analysis of variance inevaluation of parameters of metering device (mean squares)

Ol 2o @ J Jt

Variation 8850 o ha
¥ eSOUr Ces df Consumed Miss
seedling length

oo
pasle el Juolgs o
CwlsS Sy5as cwils Swd

- Miss Multiple Mean Damaged
Quality of index index plant seedling
feed index :

spacing

EPREY)

dowd 99
Belt type
dows (Jad sy Caus
Linear velocity ratio
of 2 0.259"™ 451.36"™
belts
Awd SO sl sl

Number of seedlings
ina 2 0.07™ 3.95™

bunch
Ca s o Xdowd 95
bdows s
belt type x Linear

velocity
ratio of belts

5 =lds olawi X dews g9
<
Alwd
Belt type x number of
seedlings in abunch
bdows (Jad Cis po Cuns

2 0.658** 629.14*

0.003™ 25.01™

0.036"™ 31.55™

Qiwd Sy L dlaws x 4
Linear velocity ratio 0.071"™ 294.28"™
of belts xnumber of
seedlings in a bunch
G s s X Ao £g5
sl dlaw X badews (Jas
A S 8
Belt type x Linear 0.38™ 541.69™
velocityratio of belts
x number ofseedlings
inabunch
s

23
Error

22.431™ 482.27** 296.685* 25.007* 2.891™

236.038"™ 471.541* 4.341™ 25.75% 5.675™

116.118"™ 4.861™ 73.464"™ 1.142"™ 9.388"™

556.745** 349.646* 23977™ 18.338* 0.116™

49.127™ 13.621"™ 114.483™ 0.388™ 0.116"™

3.977™ 37.285™ 16.866™ 0.084"™ 0.116"™

56.119™ 0.576™ 45.325™ 0.224™ 1.038™

3

(Significance level of 0.01) «/-\ Jlusl gaw 5 s jbooine

(Significance level of 0.05) +/-8 Jls! gaw 3 ()b iz ¥
(no significance) ,ls sxs pae NS
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Introduction

In recent years due to lack of water resources in our country, planting of bare root seedlings of onion has
been welcomed by farmers. Considering the desired high dense planting of Iranian farmers, lack of proper
transplanting machine has appeared as the main problem. To overcome this problem, some researchers tested a
few methods, but none of them reached to complete successfully. As the one of last efforts, Taki and Asadi
(2012) developed a semi-automatic transplanting machine with 9 planting units. This machine requires to 9 men
to separate and single out a bunch of seedlings. Usage of this machine is very time-consuming and labor
intensive. In Iran, transplanting of bare root seedlings is practically performed by hand with a density of 700-800
thousand plants at hectare. The main purpose of this study was designed, manufacture, and evaluation of an
automatic metering device that with the separation and singulars of bare root seedlings of onion could get a high
density planting.

Materialsand Methods

Fig. 1 shows the main employed idea of this research for separation and single out a bunch of seedlings.

As shown in Fig. 1, the metering device consisted of two carrying and separating belts with different teeth
forms. Placing seedling bunches between the two belts, the belts move at different speeds in opposite directions
and separate seedlings from their bunch.

For proper design of metering device system, measurement of some physical properties were necessary. The
obtained information was used to select two belts form. A belt with flexible plastic teethes with a height of 6 mm
and the distance of 4mm was selected as separator while for carrier, two types of belts were selected: the first
was the same as a separator and the second was made of metal teethes.

Based on the average thickness of seedling bunch and some pre-tests, the horizontal angle of separator belt
determined as a=20 degrees. Theoretical calculations were done to computatingof the needed force of the
system. In this section, seedlings were modeled as some solid cylinders with a length of 200 and a diameter of 10
mm. In the mentioned system, it was necessary that the speed of separator belt is more than the speed of carrier

V,

| = Separator
belt. Thus, ratio of two linear velocities ( Vearia ) of 1.67 and 2.32 were considered for evaluation of the
system. For evaluation of manufactured metering device, the effects of three factors, i.e., carrier belt type, ratio
of linear velocities of the belts, and number of seedlings in a bunch (n =30 and n =60), on qualitative planting
parameters were studied in a factoria experiment based on completely randomized design with three
replications. The studied qualitative planting parameters were miss index, consumed seedlings, miss length,
quality of feed index, multiple index, mean, and damaged seedlings.

Results and Discussion

The results of analysis of variance showed that, except of belt type, effects of the two studied factors and all
interactions are statistically non-significant on consumed seedlings and miss length indexes. The results
indicated significant differences between miss index (P<0.01), multiple index (P<0.05), and mean (P<0.05) as
affected by belt type. None of the studied variable had a significant effect on damaged seedlings. Interactions of
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belt type and ratio of linear velocities significantly affected the quality of feed index (P<0.01). An increase in
ratio of linear velocities in plastic toothed belt lead to decrease of mean and miss indexes, whereas in case of
metal toothed belt there is no significant effect on this two indexes. The results also showed that increase of
linear velocities for the two types of carrier belt lead to increase of consumed seedlings and decrease of miss
length. At the two ratios of linear velocities, miss length in metal toothed is less than plastic toothed belt.
Conclusions

Commercia transplanting machines are not suitable for dense planting of onion. In this research an automatic
metering device for separation and singularize of bare root seedlings of onion was manufactured and evaluated.
The results indicated that the carrier belt with long and rigid teeth, having an angle of attack, could separate
seedlings more efficiently. The results also showed a 80 percent increased in uniformity of plant seedlings
distances is reachable using the metering system.
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