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RESULTS OF STUDIES ON OPTIMIZATION OF SEEDER MECHANISM
FOR SOWING VEGETABLE SEEDS IN CELL TRAYS

Experiments were carried out to optimize the parameters of cell tray vegetable seeder with the aim of adopting it to
a specific working conditions. Two major factors, the vacuum pressure in the seeding drum and suck hole diameter
were tested on cabbage seeds (Valentina cultivar) and plastic tray with 64 cells at three levels (— 1, 0, +1) for each
factor using the orthogonal central composite design (CCD) regression experiment. The effects of these factors on
the single-seed rate (seed singulation), double-seed rate and empty-seed rate were investigated. The experimental
results showed that major factor affecting single-seed rate, empty-seed rate and multi-seed rate was vacuum
pressure, while suction hole diameter do not affect double-seed rate. It has been established that the round holes
of the seeding drum conform to the round-shaped cabbage seeds to ensure high-quality seeding within the required
agrotechnical indices — up to 96.0 % of single-seed sowing, and up to 4 % seeding of cells with double and empty-
seed rate. The study determined the optimal parameters of vacuum pressure to be 2,9 kPa and 1,0 mm for suction
hole diameter at a constant speed of conveyor belt 2,4 m/min. These parameters provided the basis for design and

performance improvement of the tray vegetable seeding mechanism.
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Introduction. The value of vegetables as an
important article of daily human diet has come to be
recognized all over the world in recent years. Many
specific chemical substances needed by our body for
growth, reproduction and for maintenance of health are
obtained from vegetables.

Vegetable seedling production technology provide
convenient way to look after the ‘baby’ seedling,
provide favourable growth conditions, eliminates the
problem of difficult soils, easy weed control, improved
crop uniformity, more optimal use of hybrid seeds,
shorter growing season and more efficient use of land,
more accurate prediction of harvest date as well as
higher yields [1].

Tray seeding technology has become one of the
best techniques of raising vegetable seedlings in recent
years. Precision cell tray seeder is mainly used to
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achieve precision seeding, and it is the key equipment
to accomplish the goal of mechanized and automated
seedling in the greenhouse. The cell seedlings planter
can greatly improve the productivity of labour and
reduce labour intensity at the same time. The seed
metering mechanism is the core component of precision
cell tray seeder. Its performance directly influences the
production, the sowing quality and the cost [2].
Research on vacuum seeding technology is fast
developing in Europe, America and Asia and other
parts of the world [3], where different types of metering
mechanisms are employed such as drum, needles,
and plate types. Liao et al. [4—6] conducted several
researches on horizontal plate precision meter for corn
seed, putting forward the corresponding measures and
methods on reducing the broken seeds rate. Similarly,
Yuetal [7, 8] studied on corn precision metering device
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with concave metering inner-cell, with single seed rate
of about 90% and empty seed rate less than 3,5 %. Seed
size was required strict of these mechanical seed meter,
and seed-filling was not high enough. Wu et al. [9]
presented an automatic precision seeding system which
has high automatic level, and the experimental result
showed that the miss index and multiple index for corn
seeds were 3,70 % and 4,62 % respectively. Xia et al. [10]
used cabbage seeds for sowing performance test. Their
single factor test results showed that with the increase
of diameter of suction hole, single-seed rate began to
increase and then decreased, multi-seed rate increased,
empty-seed rate began to decrease and then increased.

Afify et al. [11] developed a mathematical model
for predicting the optimum vacuum pressure of
a precision vacuum seeder using onion seed properties.
Vacuum characteristics and the hole geometry of
seed plate. Results indicated that the developed
model could satisfactorily describe the parameters
affecting in determining the vacuum pressure in the
hole with correlation coefficients ranged from 0,97 to
0,99. It is also showed that the final model could be
used for predicting the optimum vacuum precision
of a precision vacuum seeder of onion seeds with an
efficiency of 0,99.

Gaikwad and Sirohi [12] developed a predicting
plug tray seeder using indigenous materials and off-
the-shelfavailable standard components. Experimental
results indicated that the seeder worked satisfactorily
at suction pressure of 4,91 and 3,92 kPa and nozzle
diameters of 0,46 and 0,49 mm to achieve more than
90 % single seed sowing in the case of capsicum and
tomato respectively.

A cell tray vegetable seeder with capacity of
200—300 trays/h which works with a vacuum seeding
drum were designed and developed in Belarusian
State Agrarian Technical University (Minsk). The cell
tray vegetable precision seeder is made out of local
material with a vacuum pump as source of vacuum
for seeds suction. The main objective of the study was
to investigate the seed-metering performance of the
seeder with target of reducing double-seed rate and
empty-seed rate as well as determining the optimal
parameters.

Material and method. Experimental device and
operating principle. The cell tray vegetable seeder
shown in figure 1, is composed of seed hopper, seeding
drum, dibbling/compaction cylinder, conveyor belt,
frame, perlite/vermiculite hopper, transmission chain
and switch control. The principle of operation was
described by [13] as shown in figure 3.

The seeding mechanism consist of frame 1; the
rack 2; dibbler with cone-shaped punches 3; chain
transmission 4; seeding drum 5; seed hopper 6.

Experimental materials and methods. The
combination factors affecting performance of seed-
metering mechanism were based on the single factor
preliminary experiments [14]. The seeds used in this
test were cabbage known as valentina cultivar obtained

Figure 1 — Experimental platform of the cell tray vegetable
precision seeder

Figure 2 — Cell tray vegetable precision seeder seeding mechanism:
1 — frame; 2 — the rack; 3 — dibbler with cone-shaped punches;
4 — chain transmission; 5 — seeding drum; 6 — seed hopper
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Figure 3 — Schematic and operational diagram of the seeding
mechanism: 1 — seed hopper; 2 — vegetable seeds; 3 — multiple
seeds blower; 4 — seeding drum; 5 — hollow axis of rotation;
6 — vacuum chamber; 7 — seed scraping mechanism; 8 — seed;
9 — suction hole; 10 — conveyor belt; 11 — cell tray

from Agro-industrial Complex “Zhdanovichi” in
Minsk. The one-thousand kernel weight (TKW) of the
seeds was 467 g, and there was friction angle of 21,22°
with stainless steel material [15]. The study considered
the vacuum pressure in the drum (x,) and the suction
hole diameter (x,) as the experimental factors. The
single-seed rate, double-seed rate and empty-seed
rate were taken as indices using quadratic regression
experimental design. The three levels were adopted
basing on the results of a preliminary experiment to
obtain a compromise solution. The coding of factor
levels is presented in table 1.

Before the experiment, necessary preliminary
checks were conducted and the speed of the conveyor
belt was regulated by means of vector frequency
converter to 2,6 m/min, while the motor speed became
stable, 64 cells tray was then seeded for four replicates
and the results were recorded.
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Table 1 — Code and level of factors

Code value Vacuum pressure | Suction hole diameter
x, (kPa) x, (mm)
Upper level (+1) 1,0 1,0
Zero level (0) 2,5 1,4
Lower level (—1) 4,0 1,8

Results and discussion. The experimental results.
By the initial experimental design, results of quadratic
orthogonal regression experiment were presented in
table 2. The recorded values are the average ones from
four observations.

Regression equation and secondary order of
experimental factors. The experimental data were
analyzed using Microsoft Excel. The regression
equations were determined between each experimental
factor and performance index as shown below:

Y, = 61,19 + 1,04X, — 0,67X, + 0,63X X, —

— 071X, +0,17X,; (0
Y,=1,50 — 1,33X, + 0,54X, —

—0,88XX, — 0,13X,; (@)
Y,= 1,31+ 0,29X, + 0,13X, + 3)

+0,25X X, +0,71X,,— 0,04X,,
where Y1 is single-seed rate, %; Y, is empty-seed
rate, %; Y, is double-seed rate, %; X, is vacuum
pressure; kPa; X, is suction hole diameter, mm.

In order to verify the significance of regression
equation, the F test was used for equations (1),
(2) and (3). According to the lack-of-fit test,
F,, =124, F, =201 and F,, = 1,24 were all less
than F| ; (4,27) = 5,56, the lack of fit was significant
at the level of o = 0,05 and the equation fits well with
the experimental data according to the 7-test of the
regression coefficients, reaching a significance level of
0,05. Eliminating the insignificant factors, the models
between the experimental factors and performance

index are as follows:

Table 2 — CCD experimental results

Y, = 61,19+ 1,04X —0,67X, + @
+0,63X X, — 0,71X,;

Y,=1,50 — 1,33X, + 0,54X, - 0,88X X,;  (5)
Y,= 1,31 +0,29X, + 0,71X, . (6)

The test of the regression equation coefficients
of equations (4)—(6) indicated that the primary and
secondary order of the factors affecting the single-seed
rate and empty-seed rate were the vacuum pressure in
the seeding drum and the suction hole diameter while
the factor affecting double-seed rate was vacuum
pressure.

Discussion on the effect of the two factors. The
relationship between single-seed rate, empty-seed
rate, double-seed rate and the factors affecting
performance index are shown using Mathcad 15.0 in
figures 4—6 below.

Figure 4 elucidates the interaction of vacuum
pressure and suction hole diameter on single-seed
rate. A higher region of single-seed rate emerges when
vacuum pressure is at the 0,5 level while suction hole
diameter is approximately at zero level. When vacuum
pressure in the seeding drum is fixed, the single-seed
rate decreases with decrease in suction hole diameter;
when the suction hole diameter is fixed, single-seed
rate increases initially with increase in vacuum pressure
and then decreases. The highest point of 61,6 cells
(96%) appears when the vacuum pressure is at the 0,5
level. When the vacuum pressure is below 0,5 level,
the single-seed rate increases with increase in vacuum
pressure; when the suction hole diameter is above zero
level, the single-seed rate decreases with increase in
suction hole diameter. In case of vacuum pressure and
suction hole diameter interaction, the vacuum pressure
is the main factor that influence the seeding rate.

Figure 5 shows the interaction of the vacuum
pressure in the seeding drum and suction hole diameter
on empty-seed rate. The lower region of empty-seed
rate is noticed when the vacuum pressure is at 0,5 level
and the suction hole diameter is at approximately
0,5 level. When the suction hole diameter is fixed, the
change of empty-seed rate decreases with increase in

Serial Vacuum pressure Suction hole Single-seed rate, Empty-seed rate, Double-seed rate,
number x, (kPa) diameter x, (mm) cells (%) cells (%) cells (%)
1 1,0 1,0 61,5 (96,1) 1,0 (1,6) 1,5 (2,8)
2 4,0 1,0 62,3 (97,3) 0,3 (0,5) 1,5(2,3)
3 1,0 1,8 58,5(91,4) 4,3 (6,7) 1,3 (2,0)
4 4,0 1,8 61,8 (96,6) 0,0 (0,0) 2,3(3,6)
5 2,5 1,4 61,5 (96,1) 1,3(2,0) 1,3 (2,0)
6 1,0 1,4 59,8 (93,4) 3,3(5,2) 1,0 (1,6)
7 4,0 1,4 62,0 (96,9) 0,3(0,5) 1,8 (1,5)
8 2,5 1,0 62,0 (96,9) 1,5 (2,3) 0,5(2,3)
9 2,5 1,8 61,5 (96,1) 1,8 (2,8) 0,8 (1,6)
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Figure 4 — Interaction of vacuum pressure (a) and suction hole
diameter on single-seed rate (b)

vacuum pressure. The lowest empty-seed rate 0,90 cell
(1,4 %) is noticed when the vacuum pressure is
approximately at zero level. When the vacuum pressure
is below the zero level, the empty-seed rate increases
with decrease in vacuum pressure; when the suction
hole diameter is below 0,5 level empty-seed rate
increases with increase in the suction hole diameter.
During interaction of vacuum pressure and suction
hole diameter, the vacuum pressure is the leading
factor that influence the seeding rate.

Figure 6 indicates the interaction of the vacuum
pressure in the seeding drum and suction hole diameter
on double-seed rate. Lower region of double-seed rate
appears when the vacuum pressure is approximately at
0,5 level. When the vacuum pressure is fixed, the change
of double-seed rate with horizontal displacement of the
cabbage seeds is almost negligible; when the suction
hole diameter is fixed, double-seed rate increases
with increase in vacuum pressure. When the vacuum
pressure is approximately at 0,5 level, the double-
seed rate is effectively at minimum 1,73 cells (2,7 %).
When the vacuum pressure is below 0,5 level, double-
seed rate disappears with increase in vacuum pressure.
When vacuum pressure and the suction hole diameter
are in interaction, suction hole diameter has no effect
on double-seed rate.

Performance index optimization. According to
precision cell tray seeder performance requirement,
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Figure 5 — Interaction of the vacuum pressure in the seeding
drum (a) and suction hole diameter on empty-seed rate (b)

three regression equations for the performance index of
single-seed rate, empty-seed rate and double-seed rate
are taken as the index. A solver main objective method
was used with Microsoft Excel to optimize the solution,
achieving the improved parameter combination
scheme under different objective functions.

The optimum parameter combinations are
presented in table 3.

To achieve maximum single-seed rate with
minimum empty/double-seed rates, the optimum
parameters are: the vacuum pressure is 2,9 kPa and the
suction hole diameter is 1,0 mm.

Experimental verification. According to the
aforementioned study, the performance indices are
asingle-seed rate 0f 96,0 %, an empty-seed rate of 1,4 %
and a double-seed rate of 2,7% are found to be within
the limit of cell tray precision seeder agrotechnical
requirements.

Table 3 — Optimum parameters of the seeding mechanism

Factors Optimized values
Vacuum pressure, kPa 2,9
Suction hole diameter, mm 1,0
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Figure 6 — Interaction of the vacuum pressure in the seeding
drum (a) and suction hole diameter on double-seed rate (b)

Conclusions. An orthogonal central composite
design (CCD) was used to establish a nonlinear
regression model that illustrates the relationship
between the vacuum pressure in the seeding drum,
suction hole diameter and single-seed rate, empty-seed
rate and double-seed rate. This enables a theoretical
foundation for parameters improvement of the
vegetable seeds cell tray precision seeder.

Vacuum pressure and suction hole diameter are the
main factors affecting single-seed rate and empty-seed
rate, while the only factor affecting double-seed rate
is vacuum pressure. The optimal seeding mechanism
parameters of the vegetable cell tray precision seeder in
the study are the vacuum pressure in the seeding drum
of 2,9 kPa and suction hole diameter of 1,0 mm.

The performance indices verified experimentally
are the single-seed rate of 96,0 %, empty-seed rate
of 1,4 % and a double-seed rate of 2,7 % which all
meet the agrotechnical requirements with seeding
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instability (Hy) and non-uniformity (Hp ) of 0,01 % and
1,4 % respectively.

Single-seed vegetable cell tray seeding techniques
are important for reducing seeds wastage, ensuring
germination rate and improving vegetable production,
which is conducive to the promotion of rational use
of human and material resources to achieve quality
seedlings for vegetable-growing enterprises in Belarus.
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PE3YJIbTATbl UCCJIEAOBAHUI NO ONTUMU3ALIUUN YCTAHOBKU
A9 BbICEBA CEMSAAH OBOLLHbBIX KVJIBTYP B KACCETbI

Ipesedennl pe3ynbmamol SKCNePUMEHMANbHBIX UCCACO08AHULL NO ONMUMU3AYUU NADAMEMPO8 MEXAHU3MA BbICeBA-
oueeco annapama ycmaHo8ku 0451 8blCe8a CEMsIH 0B0ULHbIX KYAbIMYP 8 KACCEMbl ¢ Yeavblo adanmauuu K KOHKpem-
HblM yeaosusm pabomel. [lea ocHOBHbIX (hakmopa: paspsoicerue, cozoasaemoe 8 gvicesarouem bapabdare, u oua-
Memp Npucacvlearoujeco omeepcmus — Oblau nposepeHsl Ha cemenax kanycmol (copm Valentina) ¢ ucnoav3osanuem
naacmuKo8uix Kaccem ¢ 64 sueiikamu na mpex yposusx (—1, 0, +1) npu opmoeonarbHoM yeHmMparbHoM KOMNO-
suyuonnom naare (OLIKII) peepeccuonnozo sxcnepumenma. Hccaedosano éausinue paxkmopos Ha 00HO3EPHOBOI
8bices, 8bices ¢ 080UHUKAMU U nponyckamu. Pesyrsmamol uccaedoganuili noKazaiu, 4mo OCHOBHLIM (haKmopom,
BAUSIOUUM HA 00OHO3EPHOBOLL BbICE8, BbICE8 C NPONYCKAMUU, BbICe8 ¢ 08OUHUKAMU, S8ASAEMCS 8AKYYMHOe 0asie-
Hue, a duamemp NPUCACLIBAIOUE20 OMBEPCMUSL He BAUSeM HA biCe8 C 0BOUHUKAMU. YCmaH081eHO, Ymo Kpyenble
omeepcmust gvicesaroueco 6apabana coomeemcmeayom hopme ceMsH Kanycmol 0451 0becnevenus KauecmeeHHo20
8bicesa ¢ mpebyembimMu azpomexHuteckumu nokazamenamu — 0o 96,0 % o0unozeprosoeo evicesa u 0o 4 % svicesa
aueek ¢ dgolinukamu u nponyckamu. Onpeodenernsvi ONMUMANbHbIE 3HAYEHUS NAPAMEeMPO8: BaAKYYMHOe dasieHue —
2,9 klla u duamemp ecacvisaroueco omeepcmus — 1,0 Mm npu NOCMOSAHHOL CKOPOCMU OBUNICCHUSL NCHMOYHO0
mpancnopmepa — 2,4 m/mun. Yemanoeneno, umo 3mu napamempsbt MO2Ym CAYICUMb OCHOBOU 015 paspabomru
U NoBblULeHUsl dPDeKMUBHOCMU BbICEBAIOWE20 ANNAPAMA ON5L BbICEBA CEMSIH 080UIHBIX KYAbINYD 8 KACCeNbl.

Karoueswte caosa: BAKYYMHOE aaeﬂeﬂue, auaMemp npucacslearuieeco omeepcmus, Kauecmeo eviceed CeM:AH,
Kanycma, gbvlcesarowuil annapam
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