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Abstract.--A new stock type, mni-plug ™transplant (MPT),
has been devel oped at Weyerhaeuser Conpany. MPT's are started in
the greenhouse and transplanted into the nursery where they are
grown for one season. Advantages of using MPT's are (1) short
production tine to inprove flexibility of regeneration planning, (2)
ease of planting due to conmpact nop-like root systemand (3)

relatively | ow production costs.

A total of 68 trials to evaluate

Dougl as-fir MPT's were installed at six regions in Washi ngt on and

Oregon in 1985, 1986 and 1987.

Survival, vigor, danmge and

hei ght growm h were neasured annually. The results showed that
probably owing to favorable root to shoot ratio and fibrous roots,
MPT s performed as well as or better than other bareroot stock types
including 2+0's, lowdensity 2+0's, 1+1's, plug+H's and 2+1's at a

najority of sites. MPT's put

on the sanme anpunt of height growth

or greater than the other stock types. Furthernore, MPT's ap-
preci ably exceeded the other stock types on a relative growth rate

based on the original height.

However, MPT's had less total height

than other stock types due to its smaller initial height. There
appeared to be no preference of MPT's over other stock types in
terns of frequency of bi g- gane browsing and rabbit clipping. But,

because of their snaller size,

MPT's were unabl e to withstand heavy

ani mal danmge as well as larger stock types.

| NTRODUCTI ON

A new net hod of producing planting stock
called "nmini-plug ™transplant (MPT)" has been
adapted fromthe agricultural transplant industry
for forestry by Steve Hee and his nursery staff,
\%yer haeuser Tinberland D vision (Hee, et al., 1988).
M ni-plug'™starter crops are sown in Decermber into
trays with cavities about one cubic inch in vol une.
They are grown for 5-6 nonths in the greenhouse
under an extended
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dayl ength. Actively growing starter plants, 4-5
inches in height, are then transplanted into the nursery
beds by nachi ne around May and grown for one season
bef ore out pl anti ng.

There are a nunber of advantages to using
MPT's. First, they take only one year to grow and
thus increase flexibility of regeneration planning.
Second, they are potentially inexpensive as conpared
with other types of transplants including 1+1's, 2+1's
and plug+l's because of short production time, greater
growing density and a high degree of mechanization.
Third, they have a conpact fibrous root system and
are easy to plant in the field.

To determne the field performance potenti al
of Douglas-fir MPT's, we installed a total of 68
field trials at six geographic regions in
Washi ngton and Oregon and have been nonitoring
their perfornance in conparison wi th other stock types
in these trials annually. The present paper reports
our observations to date.



MATERI ALS AND METHODS

Fiel d performance of MPT's was conpared
with that of 2+0's, low density 2+0's, plug+l's,
1+1's and 2+1's of Douglas-fir at the follow ng six
Weyer haeuser western regions: Cascade, Chehalis,
Twi n Harbors, Longview regions in Washi ngton and
Springfield and Coos Bay regions in Oregon. At
each region, three types of trials were installed:
(1) stock comparison tests (SCT), (2) field
perfornance trials (FPT) and (3) region block
pl anti ngs (RBP).

Al'l the stock used in this study were
produced at one of three Weyerhaeuser barreoot
nurseries: Aurora |ocated near Portland, O egon;

M nma near dynpia, Washington; and Turner near Salem
Oregon. MPT starter plants were grown at the Conpany's
greenhouse in Rochester, Véshington and subsequently
transplanted into the nursery beds at Aurora and

Mma. In the 1985 trials, MPT's and 2+0's stock were
fromboth Aurora and Mna while 1+1's and 2+1's stock
were from Aurora and M ma, respectively. In the
1986 and 1987 trials, all the stock tested at the
Washi ngton regions were from M nma while those tested
at the Oregon regions were from Aurora. The only
exceptions were the stock out planted at the Longvi ew
region in 1986, when MPT's were from Aurora, 2+1's
fromAurora (SCT) and Turner (FPT's and RBP), 1+1's
fromAurora and 2+0's from M na.

The SCT was a replicated row planting of
several stock types and followed a random zed bl ock
design. It consisted of 100 trees/stock type (four
bl ocks x 25 trees in 1985 trials and five blocks x
20 trees in 1986 trials). The approxi mate distance
bet ween rows was three feet and di stance between
trees within a row was two feet. All the stock
types operationally used at a given region were
included in the SCT at that region so the nunber of
stock types varied fromone region to the other. The
SCT was encl osed by a fence and was protected from
ani mal damage pressure in order to study maxi num
survival and growh potential. The fence was
specially installed for the 1985 SCT's while progeny
test sites with existing fences were used for the
1986 SCT's.
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The FPT was also a replicated row planting
with the same spacing between rows and trees
within a row as SGT, It was a conpletely
randoni zed design with four blocks each with 25
trees for a total of 100 trees/stock type. The
two maj or differences between SCT and FPT were
that (1) the FPT was not encl osed by a fence and
was subject to ani mal damage pressure and (2) the
FPT generally conpared the performance of MPT's
with that of one or two other stock types
operationally used at the site where the FPT was
| ocat ed.

The RBP was a larger scale trial consist-
ing of two 3-6 acre bl ocks. One bl ock repre-
sented MPT's and the second bl ock the other
stock type operationally used in that area.
Trees were planted with operational spacing of
10 x 10 feet. The trial was replicated two to
three tinmes in the 1987 installations in
Chehalis, Twin Harbors and Longvi ew. Speci al
enphasi s was placed in selection of sites so
that two stock types were tested under uniform
envi ronnents.

We installed a total of 68 trials during the
1985, 1986 and 1987 period. A breakdown of
installations by types of trials at each regionis
shown in Table 1. A breakdown is al so shown
according to the year of installation in Table 2.
Study sites used for these trials are shown in
Tabl e 3 by region and year of installation. The
nanes of sites are acconpanied by the nmethod of site
preparation in parenthesis -- burned (B), scarified
(S) or no site preparation (N)

Al the trials were installed at the
begi nning of each installation year and trees were
assessed for vigor, survival, type and |ocation of
damage and height in the fall of each year
following installation. Vigor, survival and damage
were al so assessed in early sumer in many of the
trials. Assessments were made on all the trees in
SCT's and FPT's. In RBP's, permanent transects
enconpassi ng all areas of blocks were established
and about 100 tagged trees were nonitored in each
stock type.

Trees were classified into one of five vigor classes
using the followi ng Weyer haeuser western forestry
seedl i ng assessnent code.

Description

Green needles, no loss of foliage
Green needles, 751+ foliage retention
Some chlorosis, 501+ foliage retention
Chlorotic, dying

Brown stem and foliage



Table 1.--Nuaber of trials installed in each of three trial
types at six regions in Washington and Oregon.

Region sct! FPT? RBP® Total
Cascade 1 6 [ 13
Chehalis 1 4 5 10
Twin Harbors 1 4 6 11
Longview 2 6 3 11
Springfield 4 10 0 14
Coos Bay 1 8 [ 9

! Stock comparison test.

2 Field performance trial.

3 Region block planting.

Table 2.--Number of trials installed in each of three years

at six regions in Washington and Oregon.

Region 1985 1986 1987 Total
Cascade 1 9 3 13
Chehalis 0 7 3 10
Twin Harbors 0 8 3 11
Longview 1 6 4 1
Springfield 2 6 6 14
Coos Bay 0 5 4 9
Total 4 41 23 68

Table 3.--Study sites used for MPT trials at 6 regions in 1985-1987.

Sites

Year of

Region Installation
Cascade 1985

- 1986

- 1987
Chehalis 1986

- 1987
Twin Harbors 1986

" 1987
Longview 1985

. 1986

" 1987
Springfield 1985

- 1986

" 1987
Coos Bay 1986

. 1987

Bald Hills (B)!

Boyles Lake (N), Carnmation (N), Deer Creek (S),
Bayne Junction (N)

Orting Lake (N), Bald Hills (B), 3950 Road (N)

Kings Lake (N), Rhodes Lake (N)

Barr Hill (N), Highrock (N), Greenwater (N)

Garrard Creek (S), Bloomquist (B), Deer Creek
(B and N)
Ceres Hill (N), Deer Creek (B and N)

Church Road (B), Wishkaw (N), Mayors Brother (B)
Delezenne (B), Fall River (N)
Satsop (B), Hippl Camp (N), Wiekswood (B)

Mt. Brymion (B)
Finkas (B), 1390 Road (N}, 4534 Road (N),

0020 Road (B), 0518 Road (B), Tower Road (B)
4830 Road (B), 1890 Road (B), Sucker Creek (S)

5330 Road (B), 5540 Road (B)

Wendling (S), Shoestring (S), 3330 Road (B)
5180 Road (S), 114 Road (N), 9300 Road (B)

7010 Road (N), 1060 Road (S), 6260 Road (B),
410 Road (B), 2340 Road (B), 5305 Road (N)

3394 Road (S), 8300 Road (N), 8312 Road (S)
9120 Road (S), 9100 Road (N), 3360 Road (N),
3367 Road (N)

! Notations between parenthesis show methods of site preparation:

(B) = Burning

The data was anal yzed usi ng anal yses of
variance procedure (Steel and Torrie, 1960).
Percent age val ues were transforned into arcsin

fwprior to analyses. In conparing three or nore
stock types, if F values were significant at the 5%
risk level, the treatnent differences were tested

using Duncan's new nultiple range test.

(8) = Scarification

(N) = None

Because of a |l arge anobunt of data fromall

the assessnents, in the present
reporting selected pertinent
predom nantly fromthe fall
focusing on total survival,
hi gh and nedi um vi gors and ani mal
trials. Yearly changes of total
1986 SCT are al so reported.

hei ght

paper we'll
information
1987 assessnent,
percent of trees with
damage of all

be only

in 1985 and



RESULTS Survival and Vigor

1985 Trial:

MPT's from M na and Aurora exhibited ex-
cellent survival, 96% and 94% respectively at M.
Bryni on, Longview after three grow ng seasons in
the field (Table 4). Survival of Mnma MPT' s was
significantly higher than that of 2+0's from M ma
(789 and Aurora (83% . The 2+1's from M na showed an
i ntermedi ate survival of 87%

Table 4.--Survival of four stock types after three growing seasons in
1985 trials at four sites.

Stock Type Nursery Mt. Brynion' Bald Hills® 5330 Road’ 5540 Road’

MPT Mima 9 a* 73 a 79 a 70 a
MPT Aurora 94 ab 75 a 80 a 65 b
240 Mima 78 b 5 b
240 Aurora 83 b 56 ab
241 Mima 87 ab 1b
i+l Aurora - - 81 a 96 a

Longview region, assessed in the fall of 1987.

2 Cascade region, assessed in the fall of 1987.

3 springfield region, survival after two growing seasons assessed in the fall
of 1986.
* Means followed by the same letters within each column are not significantly
(p < .05) different.

At Bald HIls, Cascade, overall survival was
lower than at M. Brynion due to harsh conditions of
sout hern exposure and shal | ow soils. The survival
trend, however, was the same as M. Brynion with
MPT's fromMma (73% and Aurora (75%
outperformng 2+0's fromMna (35% and Aurora (56%
and 2+1's from Mm (31%.

At 5330 Road, Springfield where the field
condition was al so harsh (southern exposure) overall
survival was also lower than at M. Brynion. MPT's
fromMnm (799 and Aurora (80% showed a sinilar
level of survival as did 1+1's from Aurora (81%.

At 5540 Road, a milder site with northern
exposure, survival of MPT from Mnma (70% and
Aurora (65% was greatly reduced as conpared with
1+41's (969 . The survival difference was
significant between Aurora MPT's and 1+1's. The
reduction was mainly due to browsing by a deer which
had entered the fenced area, becom ng trapped and
causi ng damage for an extended period of tinme. The
larger 1+1's were able to withstand the browsing
nore than the MPT' s.

1986 Tri al :

Cascade -- MPT's perforned as well as 2+1's,
|l ow density 2+0's, plug+l's and 2+1's at all FPT's
except at Bayne Junction (Figure 1). Percent of
MPT's with high and nmedi um vi gor was substantially
reduced at this site due to rabbit clipping in the first
year and bi g- game browsing in the second year.

As in the 1985 trial, survival of MPT's (76%
and 2+0's (68% stock was substantially |ower at
Bald Hills due to harsh conditions. A though not
significant, percent of trees with high and nedi um
vigor was greater for MPT's (72% than for 2+0's
(53% .

In RBP's, survival of MPT's was significantly
hi gher than that of 2+0's (99%vs. 85% and |ow
density 2+0's stock (96% vs. 87% at Rhodes Lake
and Kings Lake, respectively. At 3950 Road, both
MPT's (97% and plug+l's (94% showed an equally
hi gh survival .
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Figure 1.--Survival and vigor of mni-plug
transplant (M conpared with those of |ow
density 2+0 (2L0), plug+l (P1) or 2+0 (20)
in 1986 trials after two growi ng seasons at
Cascade regi on, Washi ngton: BL = Boyles
Lake, CA = Carnation, DC = Deer Creek, BJ =
Bayne Junction, OL - Oting Lake, BH = Bald
Hills, 3950 - 3950 Road, KL = Kings Lake, RL
= Rhodes Lake. Wthin each site, stock types
followed by the same letters are not
significantly (p<.05) different in total
survival (capital) and high and medi um vi gor
(small letter).



Chehalis, -- In SCT's and FPT's, MPT's
showed hi gh survival rates of over 90% and did as
well as 2+0's, 2+1's, 1+1's or plug+l's at all
sites (Figure 2). In the RBP's, plug+l's survived
significantly better than MPT's (96% vs. 82% at
Deer Creek burned site while an opposite trend was
observed at Deer Creek which received no site
prep. (82%vs. 89% not significant).
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Figure 2. --Survival and vigor of mni-plug
transplant (M conpared with those of 2+0
(20), 1+1 (11), 2+1 (21) or plug+l (P1l) in
1986 trials after two growi ng seasons at
Chehal is regi on, Washington: CC = Garrard
Creek, BLM = Bl oonqui st, DC(N) = Deer Creek,
no site preparation, DC(B) = Deer Creek,
burned. Wthin each site, stock types
followed by the same letters are not
significantly (p<.05) different in total
survival (capital) and in high and medium
vigor (snmall letter).

Twin Harbors -- Survival of MPT's and plugH's
was substantially reduced (to less than 75% at
Del ezenne FPT and RBP (Figure 3). Al though the
difference in survival or percent of trees with high
and nmedi um vigor was not significant, the inpact of
the damage tended to be greater for the snaller
MPT's. Survival of MPT's was also significantly
reduced by bi g-game browsing as conpared with 2+0's
(61%vs 91% at Fall River RBP. MPT's perforned
equal ly well or better than other stock types where
ani mal danmge pressure was | ow.
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Figure 3.--Survival and vigor of mni-plug
transplant (M conpared with those of 2+0
(20), low density 2+0 (2LO), 1+1 (11), plug+l
(P1l) or 2+1 (21) in 1986 trials after two
grow ng seasons at Twi n Harbors region,

Washi ngton: CR = Church Road, WK - W shkaw,
MB = Mayor Brother, DL = Del ezenne, FR = Fall
River. Wthin each site, stock types followed
by the same letters are not significantly
(p<.05) different in total survival (capital)
and hi gh and nmedium vigor (snell letter).

Longvi ew -- MPT's general ly had | ower survival
(75% 87% at this region than at Cascade, Chehalis
and Twin Harbors (Figure 4). Poorer performance is
attributed to unusually severe winter damage from
freezing and desiccation while in the nursery beds
at Aurora. Many lots of transplants from Aurora showed
less than normal survival in 1986. In contrast, 2+1's
stock from Turner, which did not suffer winter injury,
showed high survival rates of nostly over 90% The
di fference between survival of MPT's and 2+1's was
significant at 1390 Road FPT (95%vs 77% and at
4534 Road FPT (95%vs. 75% . At Finkas SCT,
however, MPT's survived as well as
2+1's or 1+1's fromthe same nursery. Danmage
caused by bi g-gane browsing significantly reduced
the percent of trees with high and nedi um vigor
as conpared with 2+1's (29%vs. 85% at Tower
Road RBP.

Oregon -- As in Longview, overall survival of
MPT's, 1+41's and 2+0's stock was relatively | ow and
variable at Springfield (Figure 5) and at Coos Bay
(Figure 6) due to the winter nursery damage. MPT's
survived as well as 1+1's and 2+0's stock at eight
out of 11 trials in these regions.
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Figure 4.--Survival and vigor of mni-plug
transplant (M conpared with those of 2+1
(21), 1+1 (11), or 2+0 (20) in 1986 trials
after two growi ng seasons at Longvi ew region,
Washi ngton: FR = Finkas road, 1390 = 1390
Road, 4534 = 4534 Road, 0020 = 0020 Road,
0518 = 0518 Road, TR = Tower Road. Wthin
each site, stock types fol lowed by the sane
letters are not significantly (p<.05)
different in total survival (capital) and
hi gh and medi um vigor (small letter).

= §CT — + FPT !
wD SS 3330 5180 114 9300

(Percent)

100 ﬂ
8o {
i
|
|
60 |
BN
Blala BlA|A 8|A a8 AlA|A AA!A A‘AlAl
a0l b |ab| a biab a bla(ab ajala .aa,ia‘ a‘a‘a
i
20| | “ ‘
L

M1120 M1120 M 1120 M1120 M1t 20 M1120
Stock

[ High and Medium Vigor Low Vigor Il Dead

Figure 5.--Survival and vigor of mni-plug m
transplant (M conmpared with 1+1 (11) or 2+0
(20) in 1986 trials after two grow ng
seasons at Springfield region, Oregon: WD =
wendl i ng, SS = Shoestring, 3330 = 3330 Road,
5180 = 5180 Road, 114 = 114 Road, 9300 =
9300 Road. Wthin each site, stock types
followed by the sane letters are not
significantly (p<.05) different in total
survival (capital) and high and nedi um vi gor
(small letter).
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Fi gure 6.--Survival and vigor of mni-plug m
transplant (M conpared with those of 1+1
(11), 2+1 (21), or 2+0 (20) in 1986 trials
after two growi ng seasons at Coos Bay region,
Oregon: 3394S = 3394 Road south facing
sl ope, 8300 = 8300 Road, 8312 = 8312 Road.
Wthin each site, stock types followed by
the same letters are not significantly
(p<.05) different in total survival
(capital) and high and nedi um vigor (snall

letter).
1987 Trial:

Cascade -- MPT's perforned as well as 1+1's
stock at Barr Hill and Greenwater and slightly

better than low density 2+0's stock at Hi ghrock
(Figure 7).

Chehalis and Twin Harbors -- The frequency of
ani mal danmage was relatively high at nost sites (30%
- 709 . However, browsing and clipping were nostly
on |lateral branches and generally had no significant
inpact on survival after one grow ng season. MPT's
did as well as 2+0's, 1+1's and 2+1's stock at all
sites except at Deer Creek (with no site prep.)
where 1+1's survived significantly better than MPT' s
(100% vs. 95% . (Figure 8)

Longview -- MPT's and 1+1's showed an excellent
performance of survival over 95%in both FPT's and RBP's
at all three sites (Figure 9). At Sucker Creek RBP,
survival of MPT's was reduced to 79% as conpared
with 2+1's (92% due to rabbit clipping; however, the
di fference was not significant because of the |arge
variability within stock types.

Springfield -- Al three stock types in-
cluding MPT's, 1+1's and plugH's showed excel | ent

performance at all six FPT's sites in Springfield
wi th survival exceeding 95% (Figure 10).
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Figure 7.--Survival and vigor of mni-plug

transplant (M conpared with those of 1+1
(11), or 2+0 (20) low density 2+0 (2L0O) in
1987 trials after one growi ng season at
Cascade region, Washington: BH = Barr Hill,
HR = Hi ghrock, GW= Greenwater. Wthin each
site, stock types followed by the sanme
letters are not significantly (p<.05)
different in total survival (capital) and

hi gh and medi umvigor (small letter).
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Fi gure 8. --Survival and vigor of mni-plug transplant

(M conpared with 2+0(20), 1+1(11) or 2+1(21)
in 1987 trials after one grow ng season at
Chehal is and Twi n Harbors regions, Wshington:
CH = Ceres Hill, DC(B) = Deer Creek burned site,
DC(N) - Deer Creek no site preparation, SP =
Sat sop, HC = Hippi Canp, WD - W ekswood. Wthin
each site stock types followed by the sane
letters are not significantly (p < .05)
different in total survival (capital) and high
and medium vigor (small letter).
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Figure 9.--Survival and vigor of mni-plug
transpl ant (M conpared with those of 1+1(11) or
2+1(21) in 1987 trials after one grow ng season
at Longvi ew regi on, Washington: 4830 = 4830

Road, 1890 = 1890 Road, SC - Sucker Creek.
Wthin each site, the differences between
stock types were not significant (p < .05) in
total survival or in high and medi um vigor.
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Fi gure 10.-- Survival and vigor of nini-plug
transplant(M conpared with those of 1+1(11) or
plug+l (pl) in 1987 trials after one grow ng

season at Springfield region,
7010 Road, 1060 = 1060 Road, 6260 = 6260 Road,
410 -

Road.

410 Road, 2340 = 2340 Road,

Oregon: 7010 -

5305 - 5305

Wthin each site, the differences between

stock types were not significant
survival or high and nmedi um vi gor.

t ot al

(p <.05) in



Coos Bay -- Overall survival was sonewhat
|l ower at Coos Bay than at Springfield (Figure
11). The 1+1's tended to performslightly better
than MPT's and 2+0's, but the differences anong
stock types were not significant.

HElI GHT GROWIH

Hei ght growmt h of MPT's paralleled that of
2+0's and 2+1's at M. Brynion 1985 SCT site
(Figure 12). After three growi ng seasons in the
field, the height differences anong three stock types
were about the sanme as those at the time of
out pl anti ng.

The observations from 1986 SCT's showed t hat
the height growh rate of MPT's was greater than
that of 2+0's with both stock types attaining the
sane total height (73 cm after two grow ng seasons
inthe field, although the original height of 2+0's
(30 cm was greater than that of MPT's (19 cm
(Figure 13). A sinmilar trend was al so observed in
the 1986 FPT's and RBP's (unpublished data).

The 1986 SCT's al so showed that the total
hei ght after two growi ng seasons was greater for 2+1's
(92 cm and 1+1's (91 cm than for MPT's. But the
growmh rate of MPT's was the same or slightly
greater than those of 2+1's or 1+1's as evidenced by
slightly smaller differences in total height between

stock types after two grow ng seasons.
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Figure 11.--Survival and vigor of mni-plug
transplant (M conpared with those of 1+1(11) or
2+0(20) in 1987 trials after one grow ng
season at Coos Bay region, Oregon: 9120 - 9120
Road, 9100 = 9100 Road, 3360 = 3360 Road, 3367
= 3367 Road. Wthin each site, the differences
bet ween stock types were not significantly (p <
.05) different in total survival or high and

medi um vi gor .
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Figure 12.--Total height of three stock types at M.
Bryni on, Longview. All neasurenents were
done in the fall of each year.
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Figure 13.--Total height of three stock types.
Mean of three stock conparison tests
installed in 1986. All neasurenments were
done in the fall-of each year.

ANI VAL DAMAGE

The above survival and vigor data showed that
the inpact of ani mal damage was greater on MPT's
than on other stock types due to their smaller
original size. There was no distinct
preference of MPT's over other stock types based on the
frequency of animal damage in 1986 (Table 5) and
1987 (Table 6) trials, the browsing just caused
nore danmege to the snmaller MPT s.

Wth respect to site preparation, aninal
damage of MPT's tended to be greater on burned
sites than on scarified sites or sites with no
preparation in both 1986 (Table 7) and 1987
(Table 8) trials.



Tabl e 5.-Percent of aninal-damaged trees by
stock type during the first (1986) and
second (1987) year after outplanting in
1986 FPT and RBP.

FPT RBP
STOCK TYPE © o s -
(%) (%) (%) (%)
MPT 12 17 38 21
240 6 16 17 18
141 6 21 . .
241 28 20 12 .
P+1 18 25 22 12

Table 6. -Percent of aninal -danaged trees by stock
type during the first (1987) year after
outplanting in 1987 FPT and RBP.

STOCK TYPE FPT RBP
(%) (%)
MPT 13 25
2+0 11 12
141 15 15
2+1 - 42
P+1 28 65

Tabl e 7. -Percent of animal-danaged trees by site
preparation during the first (1986) and
second (1987) year after outplanting in 1986

FPT and RBP.
FPT RBP
SITE PREP ;s_s _—;7 ;(; ;7-
(%) (%) (%) (%)
BURN 3 20 44 29
SCARIFIED 6 15 - -

NONE 7 10 28 16

Tabl e 8.-Percent of aninmal-danaged trees by
site preparation during the first (1987)
year after outplanting in 1987 FPT and RBP.

STOCK TYPE FPT RBP
(%) (%)
BURN 20 42
SCARIFIED 1 -
NONE 10 8
DISCUSSION

Based on survival, vigor and height grow h,
MPT's performed as well as or better than other
bareroot stock types including 2+0's, | ow density
2+0's, 1+1's, plug+l's and 2+1's at a majority of
sites. Superior performance of MPT's was
particularly evident at a shallow, harsh site at
Bald Hills, Cascade Washi ngton, where |arger 2+0's
and 2+1's stock showed | ower survival rates. It was
al so noted that MPT's do not appear to suffer from
transpl ant shock as nuch as other stock types as
was evidenced by their generally conparable or
superior height growth over the other |arger stock
types. In terns of the percent of the original
hei ght, height growth of MPT's was significantly greater
than that of other stock types.

Good survival and height growth of MPT's are
attributed to their norphol ogical characteristics..
They have a high root to shoot (R/'S) dry weight
ratio and fibrous root system Masurenents of stock
outplanted in 1987 showed that R/'S ratio of MPT's
(0.62) was greater than that of 2+0's (0.38), 1+1's
(0.38), 2+1's (0.42) or plug+l's (0.47) (Table 9).
The MPT's are al so characterized by a nop-type
fibrous root systemwhich results from many grow ng
tips created by air-pruning of roots near the root
collar while growing in the containers (Hee et al
1988) .

Use of MPT's increases flexibility of
reforestati on planni ng because of their short
production tine of one year. Changes in |ogging
schedul es or an unexpected fire could create a need
for a readily available planting stock such as MPT' s.
MPT's are also less costly to produce than 2+1's or
plug+l's, although their production costs are
currently simlar to that of 1+1 because of a
somewhat variable yield. W expect, however, that
the cost of MPT's will be less than that of 1+1's
in the near future because they require a short
production time, transplanting is highly mechani zed
and they are grown at a higher density.



Table 9. Morphological characteristics of five stock types used
in 1987 installation.

Dry Weight
Stock type Avg. Height Avg. Diameter Shoot Root R/S ratio
(cm) (ma) (®) (8)
MPT 23 4.7 3.8 2.3 0.62
240 38 5.1 5.5 2.0 0.38
1+1 46 6.7 11.4 4.3 0.38
2+1 54 7.8 15.8 6.6 0.42
P+1 40 6.1 8.2 3.3 0.47

Wil e height growth in percentage of original
hei ght was the greatest of all stock types, total
hei ght of MPT's at the end of the first, second and
third year in the field was generally snaller than that
of other stock types due to their smaller original
si ze. Because of this factor, MPT's were often
unabl e to withstand bi g-gane browsi ng and rabbit
clipping as well as the larger stock types
especially if damage occurred prior to budbreak.
Survival, vigor and growh of MPT's were
significantly reduced in areas of heavy ani nal
pressure in Twin Harbors and Longview in 1986.

Furt her observations suggested, however, that there was
no preference of MPT's over other stock types based on
the frequency of aninal danage.

In order to mininmze such ani mal damege,
it appears to be advantageous to use larger MPT's
than the ones currently produced w thout conproni sing
the root to shoot balance and fibrosity of roots.
Nursery trials have been in progress wth prom sing
results. Crops started in m d-sumer and subsequently
(1) transplanted in fall or (2) stored in a cooler or
freezer before transplanting the next May have shown
larger and nore uniformsize than the current crop.
This crop requires an additional halfyear to produce
but may perhaps be nore desirable for use in the
areas W th heavy ani mal danmage pressure.

It has been pointed out that tree planters
have difficulty in naintaining spacing between trees
in the field due to poor visibility of small MPT' s.
However, this advantage may be offset by the fact
that the root systemof MPT's is conmpact and easy
to plant. This seens to be particularly true in
poorly prepared sites or rocky sites where stock
with a larger root systemis difficult or sonetines
i npossible to plant.

The present study indicated that the fre-
quency of aninal damage of MPT's was greater in
burned areas than in areas with no site prepara-
tion. Additional observations fromspecifically
designed trials woul d be needed to ascertain this
trend since the present study was not intended to
test the differences of site preparation under
simlar field conditions. The obser vations, however,
are in agreenent with those of others (Canpbell 1982).
If the above trend is proven to be true it may be
possible to reduce the | evel of animal danmage by
planting MPT's in areas with mnimumsite
preparation.
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