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Abstract .--The well known Plug+l and the recently
devel oped M niplug+l seedlings begin their life as typical
plugs in a container nursery. Each is grown on a slightly
different schedule but at the end of their container grow ng
phase both are transplanted in a bareroot nursery. In the
bareroot nursery they continue their developnment for another
growi ng season or until they are outplanted to a reforestation
site. Both of these stock types devel op bushy tops and fibrous
root nasses. Such attributes are needed for high survival and

good growth on typical Northwest reforestation sites.

| NTRODUCTI ON A BRI EF DESCRI PTI ON OF THE
M NI PLUGH SEEDLI NG TYPE
The Plug+l and Mniplug+l seedling

types are the newest anong a variety of The “Mniplug+l” is an outgrowh of
seedling types used for reforestation. They the “Plug+l” production. Both spend their
are hybrids derived from nerging recently first growing phase in a container nursery
devel oped containerized seedling production as a Mniplug or Plug and the second
met hods with age-old bareroot nethods. Due growi ng phase in a bareroot nursery as a
to this, it wutilizes two different nur- M ni pl ug+l or Pl ug+l . Wiile they are
series (greenhouse and open field) and two simlar, they are also different.

distinctly different grow ng schedules and

growi ng regines. Good coordination between The major differences between the two
the two nursery types is essential to are the foll ow ng:

harnoni ze the two production phases.
1. The container size for the M niplug

Pl ug+l seedlings have been produced in is 1 cu. inch (Styro-1) and for the
large scale quantities for over a decade. Plug 2.5 cu. inches (Styro-2).
Georgia-Pacific Cor poration (cont ai ner ) ) )
nursery), with the cooperation of Tyee Tree 2. The seedling density in the green-
Nursery (bareroot), was instrunental in house for the Mniplug is 210 seed-

. . . li . ft. f the Pl 100.
devel oping this seedling type. The process I ngs/sq and for the Plug 10

is described by Philip Hahn in 1984.3 3. The greenhouse space utilization is

Therefore, this report wll concentrate further increased by the M niplugs
nostly on the devel opnent of the M niplug+l because two crops/year are raised
seedling type as carried out by GCeorgia- instead of only one Plug crop on the
Pacific Corporation and cooperating bare- sane greenhouse space.

root nurseries, primarily the International

Paper Company nursery at Kellogg, Oregon. 4. The Mniplugs also utilize the

bareroot space better because they are
transplanted in a closer spacing than

t he Pl ugs.
1Paper presented at the Western Forest Nursery M ni pl ug producti on has a short
Counci |l 1990 conference held in Roseburg, Oregon on hi story. Ther ef or e it is still in its
August 13-16, 1990. devel opnent stage. In spite of this, the
2phi | i p F Hahn is Director of Forestry pr OSUC“ on of tge Seeld_lll(ng _typel II S ShOW! ng
Resear ch at Ceorgia-Pacific corporation's Forestry goo success. ust Ike 1n a contai n-

Research Center, cottage Grove, Oregon. erized production, there are also several
approaches used f or producing M nipl ugs.
3Hahn, Philip F. Forest Nursery Manual, 1984
(Edited by Duryea, Landis), pp 165.




To satisfy the tree seedlings unique
r oot requirenent, Georgi a-Pacific
Corporation stuck to the proven container
configuration and developed a container
type highly suitable for tree seedling
production. The container block size is
4”x14”x20". Each block has 408 one cubic
inch size cavities. The slightly tapered
container cavities have root guiding ribs.
There are holes anong the cavities to help
air circulation anbng the densely grown
seedlings. Each block consists of four
segnents to aid seedling extraction. This
container is comonly known as the Styro-|
(1 cu. inch cavity size) block (fig. 1) or
HAHN 408

Figure 1.--Hahn 408 container with fall sown
M ni pl ugs.

The HAHN 408 cont ai ner pr oduces
seedlings with good roots and stens suit-
able for transplanting with a slightly
nmodi fied conventional transplant nmachine
(see fig. 1).

CONTAI NERI ZED GROW NG PHASE
Gowing Facility
Georgia Pacific Corporation uses a

shel terhouse type growing facility (fig.
2). These houses have permanent roof covers

with double full Ilength roof vents. They
have heaters and wall vents, renovabl e
sidewal | covers, photo period extension
lights, ceiling fans. All envi ronnment

control equipnment is notorized and therno-
statically controlled. Since the houses
provide good natural ventilation through
wal | and roof vent openings, there is no
need for cooling pads and large air noving
fans to cool the houses. The seedlings are
grown in these houses as close to natural
growi ng conditions as possible. Thi s
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Figure 2--CGeorgi a Pacific’s Shel terhouse
growing facility.

provides |ess troubl esomre growi ng and hel ps
in developing the required norphologica
and physiological traits for good trans-
pl ant quality.

Cont ai ners

The shape and size of the HAHN 408
cont ai ner were described earlier. Ct her

-

Figure 3--Fall sown M niplugs raised in Hahn 408
contai ner ready for spring transplanting.



container types may also be used for such
seedling production but we found the KAHN
408 to be the nost desirable when used in
a shelterhouse system (fig. 3). Beside the
container’s attributes to produce the
desired root configuration, it also aids in
producing a hardy seedling when used in a
shel terhouse facility.

Crop Growi ng Schedul e

Before starting the Mniplugs, their
production is tinmed so that they reach
optimum size and condition on the desired
spring or fall target transplant dates.
Pre-est abl i shed sow ng dat es, target
hei ght, and dianeter charts aid in this
process (figs. 4 & 5).
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Figure 4--Target height for fall sown
M ni pl ugs.

M ni pl ug Production for Spring
Transpl anti ng

Sowi ng for the spring transplant
growi ng schedul e takes place in August or
early Septenber. Warm weather conditions
during this time of year aids rapid ger-

m nati on. Soon after germ nation t he
activated photoperiod extension lights help
pr event premat ure budsetting, t hus

pronot i ng conti nuous seedl i ng gr ow h.
During growi ng, height and dianmeter growth

are closely nonitored and matched to the
predesignated growing charts shown in
Fi gures 4 and 5.

For optimm gromh, the climte in the
greenhouse is nmmintained at 70-75°F during
daytime and 60-65°F during the night. For
nurturing the seedlings, an appropriate
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Figure 5--Target dianeter for fall sown
M ni pl ugs.

irrigation and fertilization schedule is
fol | owned.

Table 1 shows a typical nutrient
requirenent for liquid feed application.
The reconmended rates are only suggested
guidelines. They are altered to accommpdate
specific nursery conditions and nutrient
requirenents of the seedlings. Periodic
testing of soi | and foliar nutrient
contents aid in balancing the nutrient
needs of the crop. Tables 2 and 3 show the
foliar nutrient indicators for optinmn
seedl i ng growt h.

When growing is done by follow ng the
growing schedule and the predesignated
growmh charts, the seedlings generally
reach the proper size for hardening around
|ate Novenber. For hardening, the green-
house tenperature s nmmintained around
65°F, the lights are turned off, and the
seedlings are exposed to several nutrient
and water stresses to initiate budsetting.
After budset initiation, normal irrigation
and fertilization resumes as needed. The
fertilizer applications favor high K and
low N nmixes to pronote stem lignification
and strong bud devel opnent. Wen budsetting
is taking place the greenhouse tenperature
is allowed to cool to 26-28°F. Seedlings
exposed to short and light freezes helps
the hardening process. Avoid freezing the
root plugs. The insulating capacity of the
styroblock container will aid in this
effort. During the entire grow ng season,



TABLE 1 — CGeneral nutrient requirenments for a liquid feed application
to grow Dougl as-fir containerized seedlings

. ol e L
' Macronutrients ' M cronutrients
| (ppm : (ppm
Nutrients 1+ N P K Ca M s Zn Nh Fe B b a
Est abl i shment ! :
Phase : 70 100 90 30 10 10 : 0.20 0. 20 0.10 7.00 0. 20 0. 05 0.50
1 1
Rapid Gowh | |
Phase : 160 90 100 50 15 15 : 0.50 0.50 0. 30 12.00 0.30 0. 06 0. 60
1 1
Hardening | |
Phase 1 50 60 140 20 5 7 1 0.30 0. 40 0. 20 5.00 0. 15 0.03 0.50
1 1

TABLE 2 — Desirable Soil Fertility levels for Containerized Seedling Production
The rates are based on Soil and Plant Laboratory, Inc.’s testing nethod.

: : Macronutri ents : M cronutrients | Sat urat ed

| | (ppm | (ppm I Extract
__________ L U U

| Hal f : : e =

1 1 * 1 1

! (?/ft pH  ECe N'\bs “HA PO4- K Ca Mj +Qu 2zZn M Fe ippm M/L
DESI RABLE ' 200- 4.5- 0.5 ! Total of 50-  600- 6000- 800- '4- 18- 30- 350- :.1- 0.3-
LEVEL 1 280 5.5 1.0 . 100-300 175 1000 8000 1000 . 8 25 70 550 .5 2.0
*Rati o of NOB: NH4 should be 2:1 or better
TABLE 3 — Desirable foliar mneral content rates.

The rates are based on Soil and Plant Lab., Inc. tests
| Per cent . Parts Per MIlion

___________ .
Nutrients | N P K My Na S T Qu Zn Mh Fe B
DESI RABLE E 1.5- . 4- 1. 0- . 10- .01- 2- E 4- 15 100- 50- 25-
LEVEL 2.5 8 2.0 .20 03 4 v 20 40 300 80 50



di sease and insect control is maintained as
needed.

By the end of January or early
February the crop reaches the proper nor-
phol ogi cal and physiological condition for
packaging and storing. The seedlings are
freezer stored (28°F) wuntil transplanting.
Transplanting nornally takes place fron
late March to early June. This depends on
the work schedul e and weat her conditions in
t he bareroot nursery.

Spring Transplanting of M niplugs

Spring transplanting has a lot of
advantages. It is also traditional and well
suited for containerized and bareroot
crops. The seedlings generally devel op
their most favorable physiological con-
dition for spring transplanting. Wth a
spring transplant schedule, bareroot nur-
series are able to rotate their nursery
space better and keep their space occupied
for a shorter time period. There is no need
to worry about over wintering a freshly
transpl ant ed crop. I'n addi tion, late
har deni ng and Wi nter frost sensitive
species develop better wth spring than
with fall transplanting. The M niplug+l
crop production specifically adds two nore
advant ages to t he spring transpl ant
schedule. First, the plug growing phase
takes place on bonus growing space in the
container nursery as a second crop. Second,
the fall grown plug doesn't develop a pot-
bound root system as the spring sown and
hel d over Styro-2 plug does.

On the flip side of the above, general
and specific advantages, one needs to | ook
at some of the disadvantages for spring
transplanting, too. Late summer or fall
sown seedlings grow under a nore artificial
environment than the spring sown crop. As
the days get shorter and colder during
fall, the wuse of photoperiod extension
lights and heaters are required. Using
artificial neans for growi ng makes grow ng
cunmbersome and increases the cost for the
contai ner phase production. However, nost
of this cost increase is conpensated by
| ower spring transplant production costs in
the bareroot operation phase.

It may be nore natural to transplant
in the spring than fall. However, spring
transpl anted seedlings will have a shorter
time for growing between transplanting and
lifting. For this reason, they wll devel op
into snaller trees than the fall trans-
plants (figs. 6 & 7).

Figure 6--Fall sown Mniplugs transplanted in
April 1990 (photo: July 5, 1990).

On the other hand, the spring trans-
planted Mniplug+Hl will still have a good
mass of fibrous roots because of its nany
root starts and the absence of pot-
boundness.

M ni pl ug Production for Fall
Transpl anti ng

Sowing normally takes place in early
to md-April. Due to the small container

Figure 7--Fall sown Mniplugs transplanted in
April 1990 show good hei ght and root
devel opnent by early July.



cavity size and dense spacing, the seed-
lings are produced in short grow ng periods
(4-5 nmonths) (fig. 8).

The spring sown seed gerni nates
rapidly and the seedlings also develop
rapidly at near natural growi ng conditions.
Gowing during the sumer, under near
natural growing conditions, is less cum
bersone and | ess expensive when conpared to
fall grow ng.

The nutrient requirenment and grow ng
schedule for this crop is simlar to the
fall sown crop (see Tables 1, 2 & 3 and
Figs. 9 & 10).

Hardening of the seedlings for trans-
planting is also inportant. The seedlings
need to have the proper norphol ogi cal and

L T e

Figure 8--Spring sown Mniplugs raised in
shel terhouse for fall transpl anting.
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Figure 9--Target heights for spring
sown M ni pl ugs.

physi ol ogi cal condi tion for successful
transpl ant devel opnent . Transpl anting
normal |y takes place during Septenber.

Fal | Transpl anting of M ni pl ugs

Fall transplanting works well when the
seedling's are conditioned for the open
field over wntering requirements. Most
species are suitable for this. However ,
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Fi gure 10-- Target dianmeter for spring
sown M ni pl ugs.

there are sone species |ike Western Hem ock
and true firs that set bud late. Therefore,
they don’t do well when fall transplanted.

There are several good reasons for
fall transplanting Mniplugs. These are
the foll ow ng:

Seedl i ngs renoved from
greenhouses | ate August or early
Septenber provide space for a
second crop.

Fal | transplanted plugs con-

tinue bud devel opnent, l'igni-
fication and maintain active root
and di amet er growt h in the

bareroot nursery bed. This prinmes
the seedlings for early budburst
and nore rapid growmh during the
following growing season (figs.
11 & 12).

They develop into |arger
seedlings than the spring trans-
plants and have a heavier and
nore fibrous root system

The husky transplants are
produced at a lot |ower cost than
the simlar size Styro-2 trans-
pl ants.



Wiile there are some highly desirable
advantages in fall transplanting there are
sonme di sadvant ages, al so. These incl ude:

The problem of over wi ntering
a freshly transplanted crop under
potential adverse weather con-
ditions in the bareroot nursery.
Wth good species selection and
hardened crops this, however, is
sel dom a probl em

The bareroot nursery space
cycling is nore difficult.

The seedl i ngs occupy t he
bareroot nursery space |onger
than the spring transplants do.
Due to this the bareroot pro-
duction phase for fall trans-
planting is higher. This higher
cost is sonewhat conpensated by
the lower container or first
phase production costs.

Packagi ng, Handling and Shi ppi ng
The crop is ready for transplanting

when the seedlings are in the proper
physi ol ogi cal and norphol ogi cal stage. At

Figure 11--Fall transplanted plug conparisons. this stage, the stens are lignified enough
Fromleft to right: (Plug (Styro=2), to allow extraction of seedlings fromtheir
Plug+l, Mniplug (Styro-1) and M nipl ug+l containers wthout injury. The root plugs
(photo: June 6, 1990). are firm enough to hold together during

shi ppi ng and transpl anti ng.

Al  plugs are packaged in a pre-
extracted form Such a packaging nethod is
a routine operation in container nurseries.
Most nurseries have an assenbly-line type
packagi ng operation. This makes the process
quick and cost effective. About 100
seedlings are renoved from 1/4 of the HAHN
408 styroblock to form a seedling package.
The root plugs of these seedlings are
placed into a plastic bag to protect the
roots. About 30 of these bags fill a
14" x20" x16" shi ppi ng box. The stacked boxes
on pallets are weasily noved into cold
storage or loaded onto refer wvans for
shi pnent. One 40 foot van has the capacity
to transport about 1.8 million seedlings in
one shi prent.

Shipping and storing large quantities

of M niplugs are convenient and in-
Figure 12--Fall transplanted M nipl ugs expensive. This nekes it easy to keep up
al nost ready for hardening with a rapid transplant operation.

(Photo July 5, 1990).



BAREROOT GROW NG PHASE

As soon as the Mniplug seedlings
arrive at the transplant nurseries, the
second or  bareroot growing phase for
M ni pl ug+l production begins. Naturally, by
this tine, the bareroot nursery nmust be
ready to schedule and «carry out the
transpl anti ng.

The bareroot nursery operation to
produce Mniplug+l is simlar to Plugs+l
production. However, sone adjustnments are
needed in the equipnent wused and in
cul tural practices.

Bed Preparation

Timng transplant bed preparation is
relatively easy for fall transpl anting
because of good climatic conditions during
late sumer. Fall transplanting also helps
in shifting sone of the workload from the
heavy spring transpl anting | oad.

Both fall and spring planting bed
preparation requires simlar pl owi ng,
discing, rototilling, soil-loosening and
bed shaping procedures. Precise bed shaping
is nore inmportant for M niplugs, because of
their snmaller size, than for |larger seed-
ling types.

Pl anti ng and Handl i ng

Mechani zed transplanters wth sone
nmodifications are highly suitable for
M niplug transplanting. Due to the smaller
seedling size, the transplanter is equipped
with smaller plating shoes. The smaller
shoes are put closer on the row This way
the 68 row planters are converted to 9-12
row planters (fig. 13). N ne row planters
are successfully used and a pilot nodel 12
row planter is being considered for future
devel oprent .

Cl oser seedling spacing increases the
efficiency of the expensive bed space util-
ization. This lowers the bedspace assoc-
iated cultivation and grow ng cost, too.
When these savings are added to the savings
from the Mniplug production the overall
seedling cost becones one of the |owest
anong transplant seedling types. Besides
its low cost, it has all the good qualities
(bushy top, strong stem fibrous roots,
etc.) the Plug+l transplants denonstrated
in the past.

Figure 13--Nne row transpl anter. Suitable
to transplant M ni pl ugs.

Rearing of the
Transpl anted Crop

The bareroot rearing practices for
M ni plug+l production is sinmlar to those
used for Pl ug+l producti on. The only
exception mght be the lack of need for top
nowi ng. However , at the rate the fall
transplanted Mniplug are growing, this nmay
not be an exception either (see fig. 12).

Due to the detailed discussion of
Pl ug+l transplant production in the Forest
Nursery Manual (see Chapter 16), the dis-
cussion of this is omtted in this paper.

CONCLUSI ON

M ni pl ug+l transplant seedlings are the
newest and just one nore seedling type anobng
the many available for reforestation. There
is no doubt that they will fill a special
purpose but will not cure all re-forestation
probl ens. They show special qualities and
abilities to perform well if produced and
used properly. They are produced in the
shortest time out of all transplants and
they are the nost econo-mical.
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