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PREFACE

The foilowing study was concerned with the development
of a precision metering system for pregerminated seed. The
primary objective was to develop a system capable of accu-
rately singulating and spacing germinated seed. The result—‘
ing system is reported as developed along with‘ data on the
efficiency of the system,
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CHAPTER I
INTRODUCTION

The production of vegetables for commercial processing
and fresh market sales is an 1increasingly large part of the
agricultural production of the United States. In 1977 the
estimated total value of the twenty two principal vegetables
and melons grown for fresh markgt was $2,405,500,000, seven
percent higher than the previous year. Thié production .
involved a total harvested area of 1.7 million acres. The
estimated value of the thirteen major commercial processing
vegetables was $1,059,000,000. This gives an estimated
total value of vegetable and melon crops grown in the United
States in 1977 of nearly 3.5 billion dollars (USDA, 1877).

The production of vegetables has traditionally been
very labor intensive, particularly in the crop thinning and
harvesting operations. A great deal of research work has
been done in recent years in an effort to mechanize vegeta-
ble production. Much of this work has concentrated on har-
vesting and as a result successful harvesters have been
developed for maﬁy crops. Mechanical harvesters require a
full plant stand with uniformly matured fruit for optimum
performance, This has increased the importance of accurate

plant stand establishment and rapid emergence.



Vegetable crops have traditionally been established by
two methods, transplanting or direct seeding. Both of these
methods result in relatively high costs for crop establish-
ment. Transplanting involves growing seedlings in a green-
house or field and transplanting the seedlings into the
field. In recent years field transplanting has been mecha-
nized but most of these machines still require that each
" seedling be handled individually. Direct seeding involves
the placing of dry vegetable seed directly into the field.
Because of the many variables affecting the final emergence,
the number of seed planted 1is often two to ten times the
desired plant stand. The plants are then thinned, either by
hand or with a mechanical thinner, back to the desired spac-
ing.

The need for a method of precision planting of vegeta-
ble seed with assured emergence 1is evident. Many of the
vegetable seed frustrate effofts in this area due to their
small size and odd shapes. | Many researchers have attempted
to alleviate these problems by processing the individual
seed to make them easier to meter. While these efforts were
often successful in achieving accurate metering, the cost of
planting was increased and the problem of insuring seedling
emergence was not solved.

The planting of ‘pregerminated seed is one possible
solution to the problem of seedling emergence. Séed are

germinated in an artificial environment until the radicle



emerges through the seed coat. The viable seed can then be
sorted from the nonviable seed before planting. This method
avoids many of the causes of nonemergence and results in a
much higher percentage of seedling emergence. The planting
of pregerminated seed incorporates the major advantages of
both transplanting and direct seeding. A live plant is
placed in the soil and the seed can be planted by a machine
with little hand labor required.

While the use of pregerminated seed can help solve many
of the problems associated with the production of vegetable
crops, there is still a need for a planter which can accu-
rately plant the pregerminated seed. Planters curre&tly in
use either do not have the capability of handling'the frag-
ile pregerminated seed without damage or do not have an ade-
quate means of precision metering the seed. Any such
planter would have to overcome several difficulties includ-
ing identification, singulation and handling of the fragile
seed. It should be able to meter and accurately space
within the row a number of seed with different sizes, shapes

and spacing requirements.

The objectives of this research were to:

1. Determine an acceptable means of transporting
the pregerminated seed with respect to seed
protection, facilitation of planting

operation and ease of handling.

2. Design, construct and evaluate a mechanism
capable of precision planting pregerminated
seed of various sizes, shapes and intra-row
spacings at acceptable field planting rates.
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5

populétion, unless the plant spacings are accurate, each
plant will experience a different effective population
depending on the spacing of the adjacent plants.

Most plant establishment systems involve three separate ,
operationsé the selection of a single seed. or plant, the
placing the seed or plant in the desired target location,
and the emergence of the seedling or the survival of the
trnnsplaﬁt (Rohrbach et al., 1971). The last part of the
plant establishment procedure is usually the result of
uncontrollable events that occur after the planting and as
such are not generally considered in evaluation of a partic-
ular planter. The selecting of a single seed or plant and
the resulting transfer of that seed or plant to. the soil are
both very - much a function of the design of the planter or
transplanter being wused. Several factors can combine to
affect the precision of a planter. These can include seed
type, seed uniformity, machine vibration, machine adjustment
and operating speed. Each different planter design will be
affected differently and will have its own probability dis=-
tribution for the selection of zero, one, . or multiple seed
as a result. 1In addition, the transfer of the sééd or plant
from the metering device to the soil can add more randomness
to the ultimate seed location, Rohrbach et al. (1971)
illustrated the effects of random factors on a generalized
plant spacing device (Figure 1). The figure shows a general

probability distribution around the seed target sites.
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Two distinct methods are currently being used in com-
mercial vegetable production, transplanting and direct seed-
ing. Transplanting is most often used with high wvalue
crops, crops that germinate poorly, and in colder regions
where it gives a longer effective growing season. Consider-
able labor and expense is required to grow the seedlings for
transplanting. Direct seeding uses a planting mechanism to
meter and place the dry seed in the soil., Because of a lack
of accurate metering and other factors affecting emergence,
an area is generally seeded at two to ten times the desired

plant population and later thinned.

Transplanting

Transplanting is the process of placing live seedlings
in the growing area at the desired plant population. The
seedlings are grown in another location, wusually a green-
house, and transported to the field for planting, either as
bare-root stock or in the growing container. The process of
growing and transplanting seedlings is very energy and labor
intensive and as a result the costs are quite high. When
labor is available, the transplanting of the seedlings is
often done by hand. However labor is becoming less availa-
ble and growers are increasingly turning to mechanized means
of transplanting their crops.

Much of the mechanization of transplanting operations
has occurred in the tobacco and forestry industries.

Tobacco growers have been forced to transplant seedlings



because the minute size of the tobacco seed makes direct
seeding practically impossible, The forestry industry uses
transplanting to rapidly reestablish lafge areas that have
been cut.

Many transplanters now in operation are manually loaded
with bare-root seedlings, These machines often require two
persons per trow (in addition to the dfiver) for optimum
operation. C. W. Suggs (1979) developed a transplanter with
multiple loading stations to increase the efficiency of the
machine operator. The increased efficiency results from
providing the operator with multiple loading stations that
can be filled with seedlings before they are actually needed
by the machine, The transplanter consisted of a chain with
plant clips attached at appropriate intervals, a loading
table and a furrow opener. When the clips were present
before the operator, they opened to accept a plant. As they
moved into position to place the seedling in the soil, the
clips were closed, holding the seedling in position. As the
clip passed through the furrow it opened up again, 1leaving
the plant in the furrow.

The multiple loading transplanter was successful in
increasing operator efficiency. With planting rates
adjusted to two percent misses, the modified transplanter
averaged 78.9 plants/min while a conventional transplahter
with two operators achieved 72.3 plants/min and with one

operator achieved 54.4 plants/min. Although this was a sig-



nificant 1increase in
requirement was still present.

In studies

operator performance,

of transplanted tobacco and

a high

labor

cabbage crops,

Huang and Splinter (1968) listed the following disadvantages

of conventional hand transplanting of bare~root stock:

1. High labor requirements in a short period of
time.

2. Weather hazards often cause dgrowers to miss
the optimum transplanting period, thus
reducing yields,

3. Plant losses occur due to handling of the
transplants, thus requiring extra labor to
£fill in the skips.

4, Unavoidable human error results in
nonuniformity of stands and missing plants
which consequently affects mechanical
harvesting.

5. Human error increases exponentially with

planting rate

and from a

human engineering

standpoint, transplanting speed is limited to
less than 1.5 miles per hour.

These reasons plus the

occurs when the

seedling 1is

unavoidable root damage which

pulled from bed

the growing

convinced Huang and Splinter that an automatic transplanting

system with each seedling

necessary.

grown in

its own container was

Growing each seedling in an individual container

minimized the root damage during the transplanting operation

and gave the additional

gravitational transfer
greater weight of the potting
effect

of the seedling

of the seedling

leaves

advantage of facilitating

to the solil. The

container and the parachuting

allowed the plant to be

v
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dropped into position and still remain upright. The impact
of the container with the soil resulted in <close contact
between the two. The impact force couid be controlled by
drop height, weight and size of the container. In an
invgstigation of various fiber <containers, the researchers
found peat to yield the greatest amount of tops and roots.
The researchers developed a system of growing the
secedlings in wooden grids, with the number of seedlings per
grid controlled by the size of the peat containers. The
automatic transplanter was constructed to accept and meter
the seedlings directly from wooden grids similar to the

growing grids. The seedlings were rapidly transfered to the

transplanter by placing the growing grid over the
transplanter grids and removing the bottom, This allowed
the seedlings to fall into the transplanter grids. The

seedlings were transfered to the soil by allowing them to
fall through drop tubes to the ground,. The tubes were
equipped with a suction device to accelerate the fall of the
plant. The furrow for the plants was opened with a spiked
opener to provide é soft landing zone for impact absorbtion
and to prevent tumbling. Two press wheels set at 45 degree
angles closed the furrow around the seedlings.

Huang and Spiinter (1968) reported that high livability
and a wuniform stand were achieved with the automatic

transplanting system. However there was no mention of

transplanting rates for the system,



Other transplanters

seedlings have been

industry. The transplanting
rapidly increased
feasible for replacing
transplanting.

containerized transplanter

vertically into a planting shoe

the appropriate time a
horizontally out of the rear

the forward speed of the

seedling stationary relative
to remain vertical as
around it.
cartridges and required both

Moden et al. (1978)

type container transplanter.
punched holes in the soil.
behind a tractor
rather than in furrows.

operator into

the hole was punched by means of

The transplanter could be

sized containers and showed planting

percent.

which

developed for

as new developments make

Moden et al.

the press

The transplanter

and placed

the dibbles and were

11

utilize container grown

use in the forestry

of containerized stock is being

it increésingly

direct seeding and bare-root
(1977) developed a
which loaded the seedlings

traveling in a furrow. At

piston forced the container

of the shoe at a rate equal to

transplanter. This made the

to the ground, and allowed it

wheels closed the furrow

used hand-loaded seedling

a driver and operator.

developed an intermittent dibble

The dibble was a device which
The transplanter was towed

seedlings in the punched holes

The seedlings were hand fed by an

left in the soil after
a trap door in the dibble.
rapidly

changed for different

success rates up to 92
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Direct Seeding Methods

Direct seeding is the process of planting dry seed
directly in to the field. Direct seeding is by far the most
widely used method of planting agricultural crops.. It does
however have several disadvantages, particularly for weak
seedlings or crops which need ﬁo be precision planted. Many
limiting factors are sometimes present and may reduce see-
dling emergence to 30 percent (Harriott, 1978). These fac-
tors include lack Sf uniform seedbeds, poor seed depth con-
trol, high or low temperature dofmancy of the seed, lack of
secedling vigor, soil crusting and insect damage. Because of
these obstacles, growers often overplant by many times the
desired plant population. The stand then has to be thinned,
either mechanically or by hand. With this situation it is
obvious that a great deal of money could be saved in seed
and labor if an accurate planter could be developed.

Efforts to improve planters have focused in many dif-
ferent areas over the years. There have been many attempts
to improve the performance of the planter by using various
- schemes to meter the seed. Attempts have been made to
improve the metering properties of the seed by pelleting,
wafering, placing seed in a tape, etc. And there have been

efforts to improve the quality of the seedbed in order to

improve seedling emergence.
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Cell Type Planters, This type of planter has tradi-

tionally been used for most agricultural crops. It consists
of a plate or drum with cells, normally around the outer
edge, that rotate through a hopper containing the seed to be
metered. As the cells pass through the hopper they are
filled, one seed per cell, and then transfered to an outlet
and dropped to the ground. Under laboratory conditions with
uniformly sized, symmetrical particles this can be a very
rapid and accurate meter. However under actual practice
this type of meter has proven to be lacking as a precision
meter,

Much testing has been done on both horizontal and ver-
tical plate planters and several factors have been identi-
fied which 1imit the performance of cell type seed meters
(Barmington, 1948; Bainer, 1947; Wanjura and Hudspeth, 1968;
and Rohrbach et al., 1971). Agricultural seed and vegetable
seed in particular are seldom symmetrical or uniformly
sized. This wvariation in size and shape results in some
cells being left open and others containing multiples. Even
with uniform symmetrical particles, small differences in .
construction can affect the accuracy of cell plate planters.
Wanjura and Hudspeth report that variations in'metering cot—
- ton seed were found to be due to the geometry of the hopper
bottom, <cell plate speed and the plates themselves. They
report that seed spacing along the row is random and unsui-

table for precision planting. Bainer also found some varia-
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tion in seed spacing due to the type of seed drop tubing

used to transfer the seed from the meter to the furrow.

Pnuematic Planters. In an effort to overcome some of

the shortcomings of the cell type planter, several research-
ers have attempted to develop pnuematically controlled
meters. Most of these involve blowing or drawing seed into
position at the proper time. In general, pnuematic planters
suffer the same vhlnerability to variations in seed size and
shape as the cell type planter. Giannini et al. (1957)
listed some of the problems associated with vacuum type

seed-selection units:

1. Seed are small, making allowable orifice
sizes very small. This results in a very
small gripping force and a tendency to be
easily cogged by dirt and chaff.

2, The small gripping forces allow seed to be
easily dislodged at inappropriate times.

3. Some vegetable seed have pointed ends. This
allows a single orifice to hold multiple seed
if they are held by the points.

Sial and Persson (1979) listéd fiQe separate operaﬁions
in the pnuematic metering of seed. These include seed
orientation, seed pickup, seed holding and transport, brush
off of extra seed, and seed ejection. They then studied
each operation theoretically and experimentally. Several
alternative methods were investigated for each operation and
the best combination was determined for cabbage seed. The .
researchers did not attempt to evaluate their design in a

field type application.
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Giannini et al. (19A7) developed a vacuum type planter
for lettuce seed that opened a furrow, placed single seed ét
intervals greater than 51 mm (2 in), covered the seed with a
non crusting soil amendment, and pressed the soil and soil
amendment around the seed. The planter used modified
syringe needles for the pick up nozzles and a cam-type
apparatus to distribute the vacuum among the nozzles at the
proper time. The planter was field tested and compared with
a bulk metering planter normally used for lettuce. The
vacuum planter showed several advantages over the. bulk
metering planter, including using one-tenth the seed of the
bulk meter, increasing emergeﬁce percentage by greater. than
a factor of two, a 45 percent reduction in thinning time and
an increase in the number of harvestable heads. Al though
the vacuum planter was a great improvement over the bulk
meter, it still experienced operational problems. These
included a high sensitivity to seed size and a tendency to
plug the nozzles under certain conditions. |

Short and Huber (1970) developed a vacuum planter for
cucumbers which utilized modified grease fitting for
nozzles. The meter used a planetary type motion which
allowed a zero relative velocity between the nozzles and the
seed at the time of pickup. The researchers tested the
planter within a nozzle air velocity range of 30.5 to 91.5
m/sec (100 to 300 ft/sec). The percentage of theoretical

seced drop was very dependent on the nozzle air velocity;
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ranging from less than 508 percent to greater than 148
percent.. In the best test run, a nozzle air velocity of
54.9 m/sec (180 ft/sec) was used. The percent of
theoretical seed drop was 120 with 80 percent of the nozzles
having a single seed and 20 percent having multiple seed.
The percent of theoretical seed drop was only slightly
affected by seeding rate in the 1.5 to 6 seed/sec range.

Other types of pnuematic planters have been developed
on principles other than the vacuum nozzle. Moden et.al.
(1974) reported on development of a pnuematic planter which
used a rotating drum with orifices around the perimeter. As
the drum rotated, both vacuum and positive pressure were
used. For 390 degrees of rotation a vacuum was placed in
the drum to. adhere the seed to the orifices. From 300 to
330 degrees the vacuum was off to allow the seed to drop
out of the orifices. At 330 degrees a positive pressure was
applied to the drum to remove any foreign material and seed
which may have remained in the orifices. The major
deficiency of the planter was the large number of multiple
seed which occurred. The percentage éf orifices with only
one seed ranged from 89.4 for Ponderosa Pine with a 51 mm (2
in) spacing to 37.4 for Douglas Fir with a 182 mm (4 in)
spacing. Multiple seed were the largest cause of error,
being up to 94 percent of the error for Douglas Fir.

Some researchers have attempted to use fluidics to
precision meter seed. Walters (1971) reported on an attempt

to meter Douglas Fir seed with a fluidic device. Al though
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the fluidic system had several desirable properties, such as
rapid rate.of switching, no moving parts, and self-cleaning
abilities, it was unsuccessful due to a lack of uniformity
in the size and shape of the seed. Rohrbach and Kim (1972)
developed a fluidic device for singulating small particles.
The device was extremely accurate, with an error rate of 1.7
percent at a 24 particle /sec rate. However the particles
used were 2.87 mm (9.113 in) diameter plastic beads. No

attempt was made to test the device with seed.

Dibble~-Type Planters. Another type of experimental

planter is the dibble type. These planters use punches of
various types to make holes or depressions in the ground.

The seed are then dropped into the holes, which are equally

spaced along the row. This requires a mechanism which can
place the seed accurately into the holes. Dibble planting
allows the seedlings to avoid harsh environments.

Environmental factors known to harm emergence are soil
crusting, salt accumulations, low moisture availability,
soil compaction, low 1ight intensity, low oxygen
availability and temperature extremes (Cary, 1967; Wilkins
et al., 1979).

Jafari and Formstrom (1972) developed a precision,punch
planter for use with sugar beets. The planter consisted of
a wheel to punch holes in the soil, a seed metering device
to place the seed in the s0il indentations and a seed_pickup

device to move seed from the hopper to the metering device.



18

The hole punching wheel had six 38 mm (1.5 in) high 99
degree cones mounted on the circumference. As the planter
moved forward, the holes would be equally spaced. The wheel
was built to give a concave shaped seedbed. The seed meter
consisted of a grooved rotating plate which gave the seed a
rearward velocity equal to the forward ground speed. This
theoretically allowed the seed to have zero velocity
relative the the holes and to fall directly into the holes.
The seed were fed into the meter through a tube suspended
from the hopper. The seed pickup mechanism kept the seed
tube full by rotating a metal finger in the bottom of the
hopper. The finger kept the seed agitated so that they
could feed freely down the seed tube.

The planter was field tested at 4.83, 6.44 and 8.05
km/hr (3, 4 and 5 mi/hr) forward speed with no significant
differences 1in seed spacing cauéed by the speed. The
planter successfully placed from 94 to 97 percent Vof the
seed ih the punched holes. Although the planter was
successful in placing seed in the wide shallow holes that
were punched, it's design limited the advantages achieved by
punch planting. Because the seed were only dropped on the
soil, a press wheel was necessary to provide sufficient
contact with the soil, The major advantages of punch
planting are due to placing the seed deeper in the soil than
normal and having no soil <covering the seed. This planter

was not designed to take advantage of these properties.
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Two machines were developed by Heinemann et al. (1973)
for planting seed which have physically weak seedlings such
as carrot, lettuce, onion and beets. Both used the same
principles but employed a different means of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>