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Abstract.--The M NI - PLUG transpl ant systemallows the
production of high quality Douglas fir transplants within a period of
one or one and a half years. This patented systemwhi ch was originally
devel oped for the vegetabl e industry has been adapted for forestry by
V¢yer haeuser Conpany under an excl usi ve use agreenent from Gower's
Transpl anting, Inc. Along with reduced production tine, this system
of fers substantial |abor savings through the use of a highly automat ed
transpl anting machi ne. The paper describes the production

aspects of this system

I NTRODUCTI ON

In 1983 Weyer haeuser Conpany of Taconmg,
Washi ngton teaned up with Gower's Transplanting, |Inc.
(GTl) of Salinas, California to adapt GTl's automatic
veget abl e transpl anting systemto the producti on of
forest seedlings. Qur vision at that tine was to be
able to produce a Douglas fir seedling capable of
hi gh survival rates within one growi ng season and
do this at a cost which woul d be conpetitive with
ot her classes of seedlings. This paper describes our
progress to date relative to the production aspects
of this new type of seedling. Field performance
resul ts which have been highly satisfactory are
reported by Tanaka el sewhere in these proceedi ngs
(Tanaka, 1988). Véyer haeuser Conpany currently hol ds
exclusive rights to use this patented systemin all forestry
applications.

GREENHOUSE PHASE

The M NI -PLUG ™production cycle utilizes
both the control | ed greenhouse environnment and the natural
climate of the bareroot nursery to produce a vi gorous,
hardy transplant in one year. Figure 1 outlines several

gronth cycles for MN -PLUG transpl ants. Seedlings for
the standard cycle are sown into the greenhouse in
January and
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transplanted into the nursery in May of the sane year.
These seedlings will be ready for lifting the
following winter. A second cycle which produces a MN -
PLUG transplant in 1.5 years can be initiated by sow ng
during early sunmmer and transplanting in the fall.
Conbi ning the wi nter sow and sumrer sow cycles gives the
greenhouse the opportunity for double cropping.

Produci ng a high percentage of fully rooted
seedlings is a prinmary focus during the greenhouse phase of
M NI - PLUG production. It is inportant that the root
matrix of the seedlings hold their integrity during
the transpl ant process because the plugs are punched
out the bottomof the growi ng tray by a spear shaped
probe. To allow the plants to be set directly into the
ground, the tray is specially designed with an open
bottom The tray is also designed to serve as a
magazi ne for the plugs so that a whole tray of plants
is loaded at a tinme (Branch 1986).

The 26.5 inch by 6.75 inch tray has 256 cells
whi ch are approximately 1 cubic inch per cell.
Because of this relatively small volume, it is
inportant to fully fill each cell with grow ng medi um so
that no air pockets exist. To acconplish this goal, we
designed and nodified a tray filler which fills the
cells in a stepwise fashion. Enpty trays are placed
on a conveyor holding a series of three bins
contai ning peat. As the trays pass underneath each
bin a layer of peat drops into the trays. |Inmmediately
followi ng each bin, a specialy designed packi ng wheel with
cogs rotate into the cells conpressing the peat as the tray
passes underneath. One wheel is necessary for each
row of cells. The progressive sequence of filling and
conpressing results inauniformy filled tray which will
enabl e the devel opnent of a fully extractable root system
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Figure 1.--MINI-PLUG™ transplant production cycles.

To facilitate air pruning of the roots, the
trays are supported by extruded al um num supports
whi ch are mounted on top of the growi ng beds. The
beds are enclosed on all sides and warmair is punped
in below to provide heat. The trays are thus warnmed
by the rising heat.

Once the seedlings have conpleted their
devel opnent in the greenhouse they are ready to be
transported to the nursery. Full trays of plants are
| oaded into plywod bins. Each bin holds six trays and
the bins are stacked onto pallets which hol d nine bins per
pallet. The palletized bin systemw || hold 54 trays
or 13,824 seedlings. The pallets may be noved with a
pallet jack or a forklift. The palletized system
provides a transport unit which can be placed directly on
the transpl anter.

BAREROOT PHASE

Pall eti zed bins of M N-PLUG starters
arriving fromthe greenhouse operation are directly
| oaded onto the transplanter using a forklift. The
pallets are placed on an alum numroller conveyor,
which allows themto be easily noved into place. The
transplanter is currently designed to hold three
banded ullets or approximately 42,000 M N - PLUG
starters.

The basic transplanter crew consists of a tractor
driver, tray handl er, and transpl anter operator. One or
two additional people follow the nmachine and repl ant
poorly placed seedlings. These crew nenbers can al so
assist in the loading of the transplanter at the ends of
beds.

The transplanter is 3-point nobunted on an 80-
horsepower tractor (fig. 2). The M NI - PLUG
starters are pneunatical ly planted; consequently, two 10-
hor sepower air conpressors are required. These conpressors
are mounted on the front of the tractor and they are driven
by the tractor engine (Branch 1987).

Each patented seedling starter tray acts as a
magazi ne; therefore, 256 seedling cells are | oaded
into the machine at one tinme. One side of the starter
tray is notched between each starter cell. These notches
are used by an indexing cylinder to feed the tray
through the transplanter. The indexing cylinder
cycles 80-90 tines per minute and with each cycle
eight air driven plant setters spear a M NI -PLUG
starter cell. Wile holding the seedlings vertical,
the setter spears push the starter cells through the
bottom ess trays into the furrows created by the shoes.
Water is injected into the furrow just ahead of the
actual planting of the MN -PLUG starters. The MNI -
PLUG starters are held vertically by the setter spears,
while the furrow shoes continue to nove forward and soil is
packed around the cells. The setter spears then
retract and both the trays and setters return to position
over the shoes, ready to plant another conplenent of eight
seedlings (figs. 3-6). A unique feature of this
machine is that during the planting process the carriage
hol ding the trays and setters noves backwards at the same
speed the tractor is moving forward. Thus, the MNI-
PLUG starters are planted at zero relative ground speed,
resulting in high quality planting. The enpty trays
are indexed out of the nachine, flipped 90 degrees on side
and conveyed back to the tray |oader for placenment
into an enpty bin (Branch 1987).



adj usted depending on soil noisture and weat her
conditions. This water systemelimnates the need for
imediate irrigation to reduce transplanting shock.
Thus, soil preparation and transplanting activities
are not interrupted by irrigation.

Once transplanted in the bareroot nursery, the
MN-PLUG transplants are culturally treated simlar to
ot her transplant crops. These seedlings are lifted
and shipped to the field after one growi ng season in the
bareroot nursery. Upon lifting, these seedlings exhibit
a dense nop-like root systemhaving a profusion of |ateral
roots. Though sonewhat nore conpact than other
seedlings, MNI-PLUG transplants have an excell ent
shoot to root ratio (table 1).

SUMVARY

M NI - PLUG™ t ranspl ants have excel | ent shoot to
Figure 2.--M N -PLUG ™tranpl anter and root ratios, whi ch resul t. in high survil val and gr ov_vt h
rates. In the field high outplanting production rates

tractor. h . :
are possible because of their conpact size and nop-
like root system The M NI-PLUG ™transpl ant system
requires a shorter production cycle (1-1.5 years)
Preci se adjustnent of the planter nmechanism to than other transplant stock types (2-3 years). A

the surface of the transplant beds is required as the M NI - hi gher | evel of growi ng space utilization can be

PLUG ™starters are only about 1 inch in length. To achi eved as | ess space is required in both the

acconplish this, hydraulic cylinders were installed in the greenhouse (2218 starters/sq neter) and the nursery

link arns of the three point hitch to provide side to side (113 transplants/sq neter) than other transplant

adj ust ment and a hydraulic cylinder was nounted on the ski stock types. Because of the short greenhouse growth

frane at the rear to give fore and aft trim The Cyc|e nmore than one crop Eer year may be gr own in the

controls for this bed trimsystemare nounted at the greenhouse. The M N -PLUG™ transpl anting systemis

rear of the transplanter to allow quick and precise hi ghly autonated with the capability of transplanting

adj ustment by the machine operator. In contrast, nost 40,000 M NI -PLUG ™starters per hour. Transplant

transplanters are manual ly adjusted or hydraulically shock is reduced because the M N -PLUG™ starters are

adj usted by the tractor operator, who is in a poor provided with in-furrow watering as part of the

position to judge bed conditions and planting transpl anting process. Transplanting costs are |ess as

quality. a result of a lower |abor requirenent; and total seedling
costs per thousand can be further reduced by the

During transplanting, water can be injected increased stocking level in the nursery beds.

into each furrowjust prior to the planting of the M N - PLUG

™starter cells. The water systemconsists of twin

two hundred gallon water tanks mounted on the tractor

and a hydraulically driven tube punp | ocated on the

transplanter. The quantity of water flowing into the

furrows is

Table 1.-— Morphological comparison of different stock

types from 1988 tests.

Stock Height Caliper Shoot/Root Ratio
Tyvpe (cm) (mm) (Dry Weight)
IMPT-5s 20.6 4.3 1.67
MpT-F a4a7.0 7.6

2+0 37.0 5.4 2.949

1+1 52.2 6.9 2.86

2+1 51.9 7.4 2.33

IMPT-5 Spring Transplanted Mini-Plug™ fransplant
2MpPT-F Fall Transplanted Mini-P]ugTM Transplant
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Figure 3.--Tray has just indexed to position new Figure 4.--Spear extends into starter cell to
starter cell under setter mechanism hold it vertical while cell is pushed

through tray into furrow behind shoe.

Figure 5.--Spear holds starter cell upright as Figure 6.--Mni-Plug ™starter has been
shoe noves forward and soil cl oses pl anted, spear retracts and setter
around cel | . mechani smreturns to position over the

shoe for the next cycle.
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