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A RVAN S REPCRT

- The year of 1983 has bheen a busy one for the Cooperative Forestry Research
Unit (CFRU), particularly as a result of the changes at the University which
saw the School of Forést Resources become the College of Forest Resources.
Wth this change, came new CF RU leadership. Dr. Geg Brown was appointed Dean
of the College of Forest Resources on August 1, 1983, and becane the Director
of the CFRU scientists, staff, and programs. The Mwsmy Conmittee, on behalf
of the CFRU membership, extends their de%p appreci ation to Dr. Fred Kni ght for
his leadership of the CFRU as Director the School of Forest Resources. Dr.
Knight not only played a central role in establishing the CFRU, but also in
guiding the CFRU through its first seven years

Jim Robbins, a nenber of the CFRU Advisory Committee since 1976, resigned
this year. During Jinis tenure he served as secretary to the commttee and was
a valuable advocate for the white pine industry. CFRU thanks Jim for his
Egntribution and welcomes Bob  Chadbourne, Jimts replacenent on the Advisory
mm ttee.

The Advisory Committee took a significant step in defining its role by
adopting official by -laws at its January 1983 neeting. In addition, the
Advisory Conmittee approved a set of policies and proced ures to guide the
operation of the CFRU staff. Both documents formalize policies and procedures
that had been approved over the years by the Advisory Comittee

Qur research program continued to make inportant progress as the new
Hardwood Research Project got underway wth the approval of Bill Ostrofsky's
problem analysis. A specific research project dealing with hardwood
shelterwood cutting was approved in conjunction wth Bill"s problem analysis.
Qher projects approved include: tw prograns dealing with precomer ci al
thinning, a stocking assessment study using aerial photography, and a forest
protection project on seed and cone insects

A highlight of the year for the Advisory Conmittee was the summer neeting
held in Geenville. After a brief business mee ting, the committee took a field
trip to the precommercial thinning work being conducted by Bob Seymour and
hel icopter herbicide treatments installed by Mux MCormack. Qur thanks to Bob
Max, and to Scott Paper Conpany for an interesting day.

The year of 1 984 promses to be challenging as we continue to deal with
the organizational changes brought about by the new College status. This year
the commttee will also be planning renewal of funding for CFRU for the third
5-year period. The conmittee hopes to be ready by January 1985 to begin
solicitation for continued support.

E. Bart Harvey, Chairman
CFRU Advi sory Conmittee
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CEAN S REPCRT

The Cooperative Forestry Research Unit (CFRU has had another successful
year in 1983. This is ny first opportunity as Dean of the College of Forest
Resources to prepare a letter for the CFRU Annual Report* and based on the
excellent reputation of the CFRU* | amproud to have this opportunity.

During 1983, mny research acconplishnents were made by the CFRU staff.
You will read about these acconplishments in this Report, but | would like to
hi ghlight the follow ng contributions:

1) Effects of different site preparation practices on conifer seedling
.dgbar_lﬂ ng damage caused by the weevil, Hylobius congener, were
i dentified.

2) Technology was advanced and costs were reduced for precommercial
th|hnr:j| ng in young spruce-fir stands using mechanical and chem cal
met hods.

3) Shelterwood harvesting in northern hardwoods and acid deposition
effects on bark fungi of hardwood regeneration were investigated.

During 1983, Ron Lovaglio and Bob Chadbourne were appointed to the
Advisory Conmittee, and | would like to welcome them | also would like to
recogni ze those leaving the Advisory Commttee during 1983, Charles Wbb and
James Robbins, and thank them for their dedicated service. Likewse, | would
like to recognize Charles G adzik who left the CFRU staff during 1983, and thank
himfor his contributions to the CFRU during recent years.

Since ny arrival at the College of Forest Resources on August 1, 1983, we
have continued to hold regular CFRU staff meetings. Also, Advisory Com  nittee
meetings have been held on schedule during 1983, and | have had several
opportunities to meet with the CFRU Executive Subcommittee.

During 1983, Roger Taylor retired as Superintendent of the University
Forests after many years in this role, and the  College is indebted to Roger for
those vyears of service. Chuck Sinpson subsequently joined the College of
Forest Resources as our new Superintendent of University Forests. David (Chip)
Leslie joined our College's Wldlife Division as an Assistant Professor on
August 1, 1983, and effective September 1, 1983, David Field became Chairman of
our College's Forestry Division. | would like to thank Floyd Newby for having
served as acting Chairman during the past year. Finally, Fred Knight presently
is serving as o ur College's first Associate Dean, and we are indebted to him
for his vyears of service as the previous School's Director and College's
I nterim Dean.

A busy year is in store for the CFRU staff and Advisory Committee during
1984. It 1s the year in which we begin promtion and negotiations for
continuation of the CFRU for July 1985 through June 1990. The CFRU Executive
Subcommittee already has net to outline several tasks which will be undertaken
during 1984. These wll ‘includ e publication of promtional mterials, tours,
semnars, and personal visitations. Several events in recent vyears nust be
considered during renewal of the CFRU program for the next five  -year period.
These include changes in land ownership patterns within Maine, and the
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inclusion of a hardwood silviculture research programin CFRU.

| would like to thank Bart Harvey for having provided |eadership as
Chairman of the CFRU Advisory Co mnmittee during 1983. You are aware of the
outstanding job he has done, and we look forward to the CFRUS continued
relationship with Bart. | further would like to thank all of the staff and
menbers of the Advisory Conmittee for their service to the CFRU during 1983.
Wthout the attention and efforts of each of these individuals, the CFRU coul d
not have achieved its present successful status and high  -standing reputation
In turn, | would like to thank all the CFRU cooperators for having nade the
entire CFRU program possi bl e

Finally, | would like to pay particular tribute to two individuals who
provided outstanding service to the CFRU between 1976 and 1983. Amy Morin
served as secretary to the CFRU during this period, and contributed greatly
toward its developnment and growth. Lynne Lavoie joined the CFRU in 1983 as
secretary, and already has begun to build on the excellent services provided by
Any. | further would like to express the gratitude o f everyone serving with or
associated wth the CFRU to Fred Knight for having provided outstanding
| eadership as Director for CFRU during this period. | hope to be able to
continue the level of |eadership established by Fred

Geg N Brown, Dean Col | ege
of Forest Resources



MAI NE AGRI CULTURAL EXPERI MENT STATI ON M SCELLANEQUS REPCRT 298

SI LVI CULTURE
Dr. Maxwel | L. MCormack, Jr.

I ntensive Forest Harvesting

Post-harvesting evaluations of the paired watershed study on Wynouth
Point, T4R12 VELS, have continued. During 1983> the fourth year of soil
solution and stream water sanpling was conpl et ed.

The Ph.D. dissertation of C Tattersall Smth, Jr., "Nutrient Renovals and
Soi| Leaching from a Wole-Tree Harvest of a Red Spruce (Picea rubens Sarg.)-
Bal sam Fir CAbies balsamea (L.) MII.] Stand in North-Central Mine," has been
conpleted. This is a detailed account of the initial analytical work on the
study. Included are descriptions and discussion of tree biomass and nutrient
contents, the forest floor and mineral soil, soil solution conditions before
and after harvest, the harvesting procedures, and the harvest residue
management treatments. The manuscript will serve as a basis for future
te{:hni ﬁalOI publications reporting specific results from the Weynouth Point
wat er sheds.

CFRU Progress Report 26 entitled "Intensive Harvesting, Residue
Management Al ternatives and Nutrient Cycling in the Spruce -Fir Type: The
Veynouth Point Study" has been published. It describes the establishnent of
the Weynmouth Point study and summarizes the work done through the winter of
1981-82. It includes information on soil conditions and initial data on the
soil solution chemstry for nitrate and calciumrelative to drainage class. A
listing and review of regression equations for estimating bi omass of bal samfir
and red spruce are al so presented.

During August 1983, CW Martin of the U S. Forest Service and C.T. Smith,
Jr. of the Univ. of New Hanpshire initiated a survey of the regrowth vegetation
on the harvested watershed. This is part of the continuing effort to docunent
conditions and changes associated with forest stand-soil characteristics and
interactions related to harvesting systems. Sampling of soil solution and
streamwater also will be continued.

Precomer cl al Thi nni ng

During July 1982, field trials were conducted to evaluate a helicopter
system for use in treating a common forest management problemin the
northeastern forests of balsam fir, red spruce, black spruce [£.  mariana
(MI1.) B.S.P.], and white spruce [£. glauca (Mench) Voss]. It is typical
for natural regeneration to develop with 10,000 to 40,000 stens per acre. The
objective of this technique was to adjust the density of stocking (ADS) by
reducing the woody vegetation in regularly spaced bands. The establishnent of
this study and a conplete list of treatments appear in our 1982 Annual Report.

Five blocks on three cutover spruce-fir forest sites 1n northern Mine
were treated. In addition to the conifers, observed hardwood species were
quaking aspen (Populus trenuloides Mchx.), pin cherry (Prunus pensylvanica
L.f.), paper birch (Betula papyrifera Marsh.), gray birch (B_. populifolia
Marsh.), and red maple (Acer rubrumL.). Common red raspberry CRubus idaeus L.
var. strigosus (Mchx.) Maxim] was also an inmportant component. Post -
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harvesting devel opment of vegetation varied among the sites*  providing
opportunities to evaluate results on trees ranging from3 to 25 ft (1-8 m in

height. In some cases, taller residual trees interfered with helicopter
navigation and the spray patterns.

In July 1983, one year after treatment, all swaths were evaluated. Two
pairs of observers each appraised two bands, and their evaluations were
conbined to form conposite ratings for each entire swath. Effectiveness was
assessed on a scale fromO0 to 10, where 0 to 4 represents inadequate
silviculture! advantage, 5 is the threshold of benefit, and 6 to 10 reflects
increasing silvicultural effectiveness up to conplete control. The conposite
ratings are based on 24 different values for each treatnent.

Treatments involving bromacil (Hyvar XL ) or glyphosate (Roundup*') were
not stjLviculturally effective in this study. Treatnments using dicanba
(Banver”), picloram (Tordon®), or 2,4-D, applied singly or in conmbination, all
provi ded satisfactory control of hardwood species in the bands (Table 1).

Table 1. One-year silvicultural effectiveness® on hardwood brush
species following aerial strip treatments to reduce
density of stocking in young spruce-fir stands.

Rate An Paper G ay Rasp- Red

Her bi ci de | bl & Aspen  Cherry Birch Birch  berry Maple®
di canba 6 8 9 8 _ 6 8
dicanba + 2,4-D 2+3. 8 7 9 9 9 7 8
di camba + 2,4-D 3+5.7 8 9 9 9 8 7
di canba + picloran 3+1 9 9 9 8 7 7
di camha + 2,4-D A+4+1 8 9 9 9 _ 8
+ picloran
picloram+ 2,4-D 1+4 8 9 9 9 - 8
picloram+ 2,4-D 1.546 9 9 9 9 8 8
Conposite ratings across five study sites; 0 = no control, 10 = conplete

control (MCormack et al. 1982). All rates
are active ingredient per acre. Linmted
number of observations.

The best control of conifers involved treatnents with dicamba and picloram
(Table 2). The addition of 2,4-D consistently provided inmproved efficacy. The
reduction of conifer stems was closely related to their freedom from
overtopping vegetation which inter cepted spray coverage. Success of these
trea}nents does not appear possible where broad!eaf canopies overtop target
coni fers.

The size of the target conifers also appears to be an inportant factor
The smaller the trees, the nore susceptible they are to th e treatnents.
Species differences are also reflected in the effectiveness ratings. Red
spruce is easiest to control, followed by balsam fir. Black spruce was the
conifer nost tolerant to the treatments. The tolerance exhibited by black
spruce is not necessarily a problem In some nanagenent situations an increase
in the black spruce component coul d be desirable because, of the spruces, this
species is relatively invulnerable to a prevalent insect pest, the spruce
budwor m [ Chori stoneura fumiferana (C enens)].
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Table 2. One-year silvicultural effectiveness® on

conifer species density of
following aerial strip treatments to reduce
stocking in young spruce-fir stands.

. Rat e, Red Bl ack Bal sam
Her bi ci de | b/ & Spruce Spruce Fir
di canba 6 55 1.0 5.0
dicanba + 2,4-C 2+3. 8 9.0 1.0 5.0
dicanba + 2,4-C 3+5.7 8.5 0.0 3.0
dicanba + pi dor an 3.1 6.0 2.0 4.0
dicanba + 2,4-D + picloran 4+4+1 8.0 3.0 7.5
picloram+ 2,4-D 1+4 7.0 3.0 5.0
picloram+ 2,4-D 1.5+6 6.0 3.0 5.5

Conposite ratings across five sites; 0 = no control, 10 = conplete control
(McCormack et al. 1982)
All rates are active ingredient per acre.

First-year results indicate several factors to be considered in future
work with this technique: 1) It would be advantageous to select stands for
treatment which do not have overstory trees, and 2) Select stands which have
been treated previously to defoliate residual hardwoods. At least three
modifications would Ilikely impro ve control of the target conifers. First,
earlier application of treatments (i.e. md to late June, rather than July)
woul d increase softwood susceptibility. Small -plot field trials wth sinmlar
treatments during My -June 1983 confirmed this view Second, an increase in
the total volume applied per treated area would inprove coverage in situations
of high-biomass targets. Perhaps a volume of 25 gal/a would be rmore
appropriate than the 20 gal/a used. Third, applying the ADS treatments during
the early stages of stand development would assure better control of the
overstocked sof twood regeneration.

The results from this study of the ADS technique indicate its promse as a
mans for addressing a serious forest managenent problem  Experience in
executing these t ests verifies that the technique can be applied efficiently,
under operational conditions, and to large acreages. QOperational tests
incorporating the suggestions for inproving results wll help to determne the
utility of this silvicultural technique in the northeastern spruce-fir forests.

Thinning Spruce and Spruce-fir Stands

During 1983, the four major sites of the long -term thinning study were
remeasured to evaluate responses over the five -year period since treatment.
All  the individual study trees were relocated and remarked as necessary.
Thirteen to 21 attributes of each tree were remeasured. This project was the
first field test of the Mdel 516 Polycorder*, a portable, progranmable
manual / el ectronic data collection system The Polycorder functioned well. Its

Omi data International, Inc., P.O Box 3489, Logan, Uah 84321.
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major attributes Included: 1) rapid, accurate data recording; 2) programed
pronmpting of field procedures for orderly data measurement; 3) conveni ent
review and editing, 4) ease of use in adverse weather such as heavy rain; and

5) automatic transfer of field data to the computer for analysis.

Two sites, Rowel 1 Brook (T 1R13 WELS) and Lakeville Plantation, have
suffered heavy defoliation from the spruce budworm Several balsam fir trees
are conpletely def oliated and considered dead. Many red spruce trees are close
to death and have foliated live -crown ratios as low as 10 percent. It appears
that these conditions wll seriously reduce the possibility of positive
responses to the thinning treatnents.

As a result of the defoliation, ground vegetation of raspberry, red naple,
striped maple, and paper birch has occupied the forest floor on the two sites.
O some of the areas spruce and fir regeneration had becone established but is
being overtopped. In an effort to maintain the sites for the thinning study,
as well as to secure the conifer regeneration, it was decided to control the
broadl eaved brush with a backpack mnist Dblower application of herbicide.
dyphosate was applied to the Rowel! Brook site in August; t  he control blocks
and one portion of the thinned area were left unsprayed. It is planned to
spray the Lakeville Plantation site in 1984. Tree crowns on the Scott Brook
site are in good condition after apparent recovery from an earlier budworm
infestation. The Clayton Lake site is predomnantly black spruce and continues
to be in a relatively healthy condition with good, full crowns. To date, |0ss
of study trees from windthrow has not been a serious problem on any of the
Sites.

The 1983 data are being conpar ed to the original neasurenents to determne
the possible value of an interim report of five -year responses. A conparison
of height and dbh across all species neasured on the Scott Brook and Cayton

Lake sites is shown in Table 3.

Table 3. Average 5 -year height and dianeter increnent
for spruce and fir study trees on two selected

sites”
Average 5-Year |ncrenent
Study Sites Hei ght Coh
Thinned Control  Thinned Control

Scott Brook (T5RL5 WELS)

Thinned n=76; Control n=10 5184 2010 1109 0163

Clayton Lake (T11R16 VELS)

Thinned n=122; Control n=9  *?% 2 o7 er 4T o 3

! These two locations exhibited little evidence of spruce budworm
defoliation in conparison to the Rowell Brook and Lakeville

Plantation sites.
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Data have been collected on an individual tree basis so that specific
growth response nodels can be developed. It is intended to maintain this study
for at |east another five-year period.

Managenent of Undesirabl e Vegetation with Herbicides

Smal | - Pl ot Tests

A series of small -plot field tests for Frelininary evaluation of new
herbicides was initiated. Four -neter-radius plots (0.0124 a) have been
established on three sites representing different conditions which are typica
of vegetation regrowh on spruce -fir cut -overs. Table 4 summarizes the
materials applied in the 1983 treatnents.

Table 4. Summary of new herbicide test-plot treatments
establ i shed during 1983%

, Total Number

Nateri al Manuf act ur er Range of Rates of Plots

AC252,925  Anerican Cyananm d Co. 0.50 to 1.00 Ib° 33

AC263, 499 American Cyanamid Co. 0.50 to 1.00 Ib 6

ucCr7179 Uni on Carbide Agric. 0.50 to 1.50 Ib 33
Prod. Co

QUST E.l. duPont de Nemours & 1.50 to 12.0 oz 14
Co., Inc.

DPX T6376 E.I. duPont de Nempurs & 0.25t0 1.0 oz 3
Co., Inc.

! Dates of application across the three sites were 25 May through
. 25 August.
> NI rates are active ingredient per acre

These chemcals exhibit potential for a wde variety of forestry uses in
Maine. Wde-spectrum control of vegetation shows promse for site preparation
Selectivity indicates possibilities for reducing conpetition around coniferous
species or, perhaps, selecting from within groups of conifers to reduce the fir
component in developing spruce -fir regeneration. During 1984, the established
plots will be evaluated and additional treatments will be applied.

Austin Pond Study

The Austin Pond study site (Bald Mn. Twp.), aerially treated with a
variety of herbicide treatnents in August 1977, was re  -evaluated. Initially
it was not intended to carry this study beyond three years. However, continued
interest in the vegetation development on the area resulted in a decision to
sanple conditions in nost of the 26 study bl ocks.
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The original blocks f3 X 8 ch = 2.4 a) were relocated and ten plots (0.2 x
0.2 ch) were systematically located within a rectangul ar zone cover_inﬁ t he
central 20 percent of a single treatnent area. All stems, breast height and
above, were tallied to indicate species conposition. Total heights and
diameters of domnant and codominant trees were measured to assess relative
gromh rates and devel opment. The data are being reviewed for inclusion in a
report on the Austin Pond site. Selected data from glyphosate and triclopyr
treatments are shown in Table 5.

Table 5. Average val ues of stocking and total height, by species, for
selected treatments six years after herbicide application at
the Austin Pond site.

— R S
= " e
o
. R p— - E
¢ : 1
| (i1 ] a
= o
= ) Ul = =
= i Lo
o| Treatment | ¥ 2 c o % Lu 0 ©
to , stemsfa °"""} —Total Ht —
stand) -
900 525 2325 675 1175
5| Control (13.8) 8.1) (35.6) (10.3) (18.0) 50 6.2 20 21
5300 225 175 200 2550
19| Control (53.9) 2.3) (1.8) (2.0) (26.0) 58 6.3 2.8 3.3
0] 75 0] 300 4350
7| Glyphosate 2 22 19 26
yp (0) (1.6) (0) (6.3) (91.1)
100 125 0 475 5225
3| Glyph t 4 2.8 2.3 19 29
yphosate 1.7) (@1 (0) (7.9) (86.7)
750 25 0 300 4750
17 | Glyphosate | 4 25 21 24 3.2
yp (12.8)  (0.4) (0) (5.1) (80.8)
_ 25 675 475 3075 10300
21 | Triclopyr 2 (0.2) (4.6) (3.2) (20.8) (69.7) |2.1 3.4 22 3.0
_ 25 0 450 725 5075
24 | Triclopyr 2 (0.3) (0) (6.0) 9.7 (67.7) |14 - 21 26
. 250 275 0 650 5425
1| Triclopyr 4 (3.6) (4.0) (0) (9.4) (78.9) |26 3.1 22 26
. 100 400 25 175 2950
16 | Triclopyr 4 1.6 3.8 1.6 2.9
4 (2.7) (10.9) (0.7) (4.8) (80.3)
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Tn'clopyr and glyphosate continue to exhibit strong residual benefits in
comparison wth untreated controls. Phenoxy herbicide treatnents of 2,4,5 -T,
or combinations of 2> -D + 2,4,5-T, show sone benefit which has faded in recent
years. A conifer component was maintained> but it is again overtopped by
comnpeting hardwoods. Plot  neasurements do not reflect totally the conditions
which are apparent by visual examnation. After six years, several treatment
related patterns of vegetation devel opnent are evident:

1. The nost effective treatnents have maintained a species composition to
al | ow devel opment of a productive conifer stand

2. Among the coniferous species present, fir tends to have the strongest
positive response to treatments

3. Undesirabl e hardwoods have attained a strong position of dom nance in the
the untreated bl ocks

4 A wel | -distributed, but not domnant, hardwood component has been
mai ntai ned across the nost effective treatnents

Reference Cited

MCormack, ML., EB. Sprague, T.B. Saviello, and RJ. Hendler. 1982. Tining
triclopyr and glyphosate treatments on forest brush. Proc. NEWSS
36: 209- 214,
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FOREST PROTECTI ON
Dr. Mark W Houseweart

Regeneration Wevil Study

This was the second year of study by Celeste Welty, MS. graduate

student, on her thesis project concerning a seedling debarking weevil, Hyl obi us
congener Dalla-Torre. The adult weevil (Figure 1A) feeds on the bark at the

base of seedling stems (Figure | B) and causes seedling death by girdling
(Figure 10).

Field experinents on the influence of
various site characteristics on seedling debarking damage were continued in
1983.  Experiments on duff and slash were repeated, and one on site
preparation was initiated. Consistent  with 1982 results, fewer seedlings were
debarked when duff was scraped back  from the seedling bases than when duff was
left intact. Neither the amount nor the freshness of slash had a significant
effect on the percentage of seedlings debarked. Fewer seedlings were debarked
on sites that were burned (in combination with raking or disking) than on
unburned raked sites, untreated controls, or those harvested with a whole -tree
system

\

A

Figure 1. Hylobius congener, a seedling -debarking weevil: A Adult weevil on
stem of seedling. B. Debarking damage on white pine (Pinus strobus
L.) seedling. C. Closeup of the girdled seedling.
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G eenhouse experiments on host tree susceptibility to debarking conducted
in 1982 and 1983 indicate that there were no consistent differences in
susceptibility among the nine conifer species tested.

A nore efficient version of the split -bolt traps used in 1982 was tested
in 1983 to nonitor U congener popul ation abundance in G enwood and Row and*
Maine. These split -bolt traps were made of freshly cut red spruce (Picea
rubens Sarg.) treated with an insecticide. These traps needed to be checked
only weekly rather than daily* as required for the untreated bolts used in
1982. This technique may be developed as a suppression method to be used along
plantation edges.

Spruce Budwor m Tr| chogramma Proj ect

As in last vyear's annual report, the activity on this project has been
directed toward witing and publishing the results obtained from previous field
seasons. Only three manuscripts remain; two are in press at the Canadi an
Entonologist: "Field releases of  Trichogramma mnutum Riley for suppression of
epidemc spruce budworm populations in Mine" and "Development and |ongevity of
. mnutum ..." in tw laboratory host species. The last in the series wll
be a CFRU Researc h Bulletin entitled "Alternate insect hosts and
characteristics of forest stands supporting native populations of |. mnutum"

Vhite Pine Wevil TPIssodes strobl (Peck)l

This project was initiated this fall by MS graduate student, Lise Dietz
MGallaird. Previous research by Dr. Wayne N Dixon, former CFRU graduate
student, identified behavioral patterns of the white pine weevil which make it
potentially susceptible to suppression neasures during adult activity periods
in the fall. Fall applica tion of insecticides has a much wder "wndow for
the target population than spring applications. Additionally, about 85 percent
of the fall brood population is located in the upper third of the crown, wth
\(/veevilsz)feeding on the lateral branches in expos ed horizontal positions
Figure 2).

As a follow-ijp study of Dixon's results, we tested the efficacy of six
insecticides (Rabon® Methoxyclot® Dursban® Pydrin® Pounce®, and Sumthion@)
for suppression of the white pine weevil in the fall. A hand -pruning treatnent
and controls were also included. The study was replicated on three white pine
stands near Orono, Mine. Treatment effects wll be evaluated by direct counts
of weevils on nine monitor trees in each plot, weevil counts in drop trays, and
counts of "weeviled" leaders during the spring and summer of 1984. Prelimnary
results are being analyzed at this time. Figure 3 shows an adult white pine
weevil emerging from an exit hole, an enpty exit hole, and a weevil feeding on
a lateral branch in the fall.
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Figure 2. Location and timng of occurrence of white pine
weevils on host trees in the fall by: A
current growth, B. conpass quadrant, and C. tree
cromn level [Dixon, WN and MW Houseweart

(1983)].
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Figure 3. A Adult white pine weevil energi ng from stem in late sumer. B Exit
hole used by several weevils. C. Wite pine weevil feeding in the
fall in the typical head -down position below the apical tuft of
needl es on a lateral branch

Seed and Cone |nsects

State Cone Danmge Survey

This project is a statewide survey of the major conifer species in Mine
which is providing valuable information about the current levels of seed damage
due to insects and other agents. Conparisons of damage |evels between tree
species wll help refine priorities for f uture seed and cone insect research.
CFRU cooperators and state and federal agencies provided overwhelmng support
by sending us representative  sanples from throughout the state. Approximtely
3000 cones were collected from 14 species in August and Septenber of 1983
Collections were made at rmore than 90 locations in Mine ranging from Comstock
Twp. and Mro Pit. in the north, to Oxbow Twp. in the west, Wodstock and
Sidney in the south, and Beddington and No. 21 Pit. in the east. Currently
our laboratory personnel are busy dissecting the cones and assessing seed
damage. Balsam fir  [Abies balsamea (L.) MII.] and tamarack Clarix laricina
(DuRoi) K. Koch] are two of the tree species nost severely damaged in the 1983
cone sanples (Figure 4).
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Figure 4. A Sound tamarack seed and B. Damaged tamarack seed with larva of
causal agent.

Intensive Studies on Tamarack and Exotic Larch

During 1983* intensive investigations were made on ecological factors of
tamrack seed production, damage by seed -feeding insects of tamarack and hybrid
exotic larches (Larix spp.), and identification of damaging insect species.
M. A Lee Eavy, a Ph.D. graduate student in Forest Resources, and our
Assistant Scientist, Robert K. Lawrence, have been cooperating on this
project. Ecological investigations included environnental nonitoring for
timng of tree and insect life cycle events, and investigation of pollination
factors that may affect seed production in tamarack. Pollination factors were
investigated in two experim ents: 1) pollen dispersal was nmonitored from a
single, isolated, mature tree to determne the pattern and distance of pollen
transport, and 2) controlled pollinations were performed at tw study sites
(Od Town and Medford, Mine) on ten trees to define an d evaluate inbreeding in
natural popul ations of tamarack.

Seed-feeding insects received the nost enphasis during the 1983 season.
Two study sites were established in tamarack stands at Od Town and Medford,
Mine. At four- and seven-day intervals, 60 tamarack cones were collected from



16 MAI NE ACGRI CULTURAL EXPERI MENT STATI ON M SCELLANEQUS REPCRT 298

the field and dissected in the laboratory to record damage levels and insects
responsible for the damage. Bagging/exclusion trials were conducted on ten
trees per site. Fifteen branches per tree were selected and bagged with nylon
mesh enclosures (Figure 5) to protect the cones from insects. At a pre
selected tine, each branch was e xposed to insect attack for four or seven days
to define the activity periods of the various seed -feeding species. Post -
season cone collections and examnations provided final seed yield data and
damage |evels for the exposure trials.

In addition to cone s anples, insect life cycles were monitored by
emergence traps on the ground, Mlaise traps at ground level and 4 m high in
trees, and by traps which collected mature insect larvae falling from study
trees to pupate in the ground litter. Over 1,000 inmmature insects are now
being reared In environmental chanbers, to obtain adults for identification.

Prelimnary results indicate that the mjor seed -damaging insects in
tamrack are a spiral -boring fly mggot [HylenyiaC?) sp.] and small seed mdges
(Cecidonyiidae) (Figure 6). W also observed damage caused by the spruce
budworm  [Choristoneura fumferana (Clenens)], and some unknown early -season
bud-mining lepidopteran larvae, and several late -season coneworms. Most of
tges?,fspefanns are in rearing or in the process of being prepared for
i dentification.

Figure 5. Graduate Student, Lee Eavy, bagging a tamarack branch bearing cones
(June 1983).
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Figure 6. Seed mdges (Cecidomyiidae) found in damaged tamarack seed (May
1983).

Cone and seed damage was also nonitored in hybrid exotic larches in 1983.
A study site was established in a Georgia -Pacific Corp. hybrid larch plantation
in Tal mdge, Maine. Cones were collected weekly from 15 trees and were
examned for the presence of insects and seed damage. Insect life cycles were
monitored using trapping te chniques simlar to those nentioned above. Data
from these collections are currently being analyzed. Coservations in the field
indicate that the primary insect pests of cones at that site were spruce
budworm and unidentified early -season |epidopteran larva e. W also believe
that a very high proportion of the cone crop in that plantation was renmoved by
red squirrels CTam asciurus hudsonicus (Erx|eben)].
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TI MBER MANAGEMENT AND HARVESTI NG
Dr. Robert S. Seymour

oerational Density Control 1n Young Spruce-Fir

At the April 13 neeting, the Advisory Committee approved a proposal to
test a promsing system for preconmercial thinning in dense spruce -fir sapling
stands. The approach involves an initial stand entry with a large mechanica
swath cutter (Figure 7) to create access corridors and leave strips of residual
trees. Then in a follow -up operation, crop trees are released on an 8 x 8 -foot
spacing by workers using brush saws. The study was designed to address severa

important questions:

How do stand conditions affect production of both mechanical and manua
precomercial thinning operations?

How do productivity of brush-saw workers and residual -stand quality
conpare with and without nmechanically created corridors?

WWhat is the optinum conbination of mechanical and manual operations for
thinning dense spruce-fir stands?

Figure 7. Hydro-Ax 520 equi pped with a Rotary Ax brush cutter.
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The study was conducted on Scott Paper's Northern District. Scott |eased
a Hydro-Ax 520 equipped with a Rotary Ax brush cutter, and operated the unit on
a trial basis over a four -nmonth period. Brush -saw operators under contract
with Scott carried out the individual-tree spacing work.

Production of the Hydro -Ax and the brush -saw workers was timed in three
stands aged 13, 18, and 22 years since harvesting, and was related to stand
conditions by regression analysis. A detailed discussion of experinental
procedures and prelimnary results wll be published as CFRU Research Note 14

]gSegnDur, Ebeling and Gadzik 1984). The following sunmary highlights the ngjor
i ndi ngs:

1. Athough the Rotary Ax did an effective job of elimnating standing
vegetation under virtually all conditions (Figure 8 , its production was
strongly affected by stand structure. Travel speed and area treated were
lower in stands over age 20 that contained many trees over four inches dbh;
younger stands sprayed previously wth herbicides to elimnate conpeting
har dwoods were treated nore efficiently.

Figure 8. Swaths cut by the Hydro-Ax.
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Brush-saw production was also affected by stand density; as the number of
stems cut increases from 5» 000 to 15>000 stems per acre, area spaced drops
from 0.23 to less than 0.12 acres per hour (Figure 9). Above this
density, production drops nore slowy, leveling off at about .06 acres nper
hour in the densest stands encountered.

The inherent efficiency of  brush-saw operations apparently is not improved
b% prior nechanical treatment. Workers treated area in residual strips at

the same rate as stands wth no nmechanical swaths. However, overall
productivity of brush -saw workers is still higher in nechanically treated
stands, because they need to thin only a portion of the total area

PRODUCTION = 0.064 + 0.816 (I/STEMS)
1 R%: 0.62
@ Manual treatment only
0 24 4 {no strips)
@ Working in mechanically
& .
| created residual strips.
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Figure 9. Relationship between stand density and production
of a skilled brush -saw operator in an 18 -year-old
spruce-fir stand, wth and wthout mechanically
created strips.
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4. Apout sixteen percent of all residual crop trees had wounds wth exRosed
wood; roughly equal proportions were damaged by the Hydro -Ax and the brush
saw. However, any sacrifice in residual stand quality from mechanical
thinning appears to be mnor relative to the potential gain in area treated
with the conbined mechanical - manual system

A detailed analysis of density -control costs and how they are affected by
stand conditions and econonmic variables wll be presented in Gaduate Research

Assistant Rob Ebeling' s master's thesis and forthcom ng publications.

In addition to the produ ction studies, 45 0.05 -acre permanent plots,
containing approximately 2000 individually nunbered and measured crop trees,
were established to evaluate growh response to the spacing treatnents. Crop
trees will be remeasured at 5-year intervals.

Commercial Thinning Systens for Small-Dianeter Stands

No production studies of commercial thinning operations were undertaken in
1983. Analyses of data obtained in the 1982 study of prebunching and cable
logging systems were completed in early 1983, and several mnus  cripts
docunenting the findings are in various stages of preparation. Four CFRU
publications are planned which will be entitled as follows:

Commercial Thinning in Small-Diameter Spruce-Fir Stands:

|. Production, logging costs and residual stand damage from tree-length
skidding and skyline yarding, wth and without prebunching.

I, Tr'eer-]l ength prebunching systems based on a radio-controlled portable
w nch.

I'11. Case study of the Smth Tinbermaster, a small skyline yarder. IV. Case
study of a cable skidder operation with controlled job |ayout.

The first paper is virtually conplete and should be published as a CFRU
Research Bulletin in early 1984, Results are essentially unchanged from those
reviewed in last year's annual rep ort. A two -stage harvesting operation,
involving prebunching butts -ahead with a radio -controlled wnch before
skidding, was slightly nore efficient than a conventional two -man skidder crew,
but the advantage was minor. Prebunching also reduced costs of 1og ging with
the Smith Tinbermaster cable yarder; however, skyline yarding, with or wthout
prebunching, is significantly more costly than skidding.

Simulation of Spruce-Fir Wod Supplies and Forest Devel opnent

On Mrch 15-16, | led a workshop describing the structure and potential
applications of the Geen Wods nodel, which has been under developnent for
several years. The workshop, sponsored jointly by the College of Forest
Resources and the CANUSA spruce budworms research program of the US Forest
Service, was attended by over 40 individuals, including representatives from
all major spruce-fir landowners in Mine. A manuscript (Seymour, Mtt et al.
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1984) describing the scientific basis of the model and one of its applications
has been completed* and will be published as a General Technical Report of the
USFS Northeastern Forest Experiment Station.

In cooperation with analysts of the J.W Sewall Conpany, | helped design
and analyze the conputer sinulations which formed the basis for the projections
in the recently released Mine spruce -fir supply/demand analysis (Sewall Co.
1983) funded by the Maine Forest Service .

Resear ch Associate Position Vacant

In December, Charles Gadzik, CFRU Research Associate, left the Uit to
become forester for the Baskahegan Conpany, a CFRU cooperator with tinberlands
in northern Washington County. Chuck's contributions t o our thinning studies
were invaluable, and his talents will be mssed. | plan to fill the vacancy in
spring of 1984, after a re-evaluation of the research direction of ny program

Reference Cited

Sewall, J.W, Co. 1983. Spruce-fir wood supply/demand anal ysis. Final Report
prepared for: Maine Dept. Conservation. 94 p. + appendices.
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HARDWOOD S| LVI CULTURE
Dr. WIliamD. Ostrofsky

Mbdi fied Shelter-wood System

Many hardwood stands in Mine contain a high nunmber of low -quality,
defective American beech (Fagus grandifolia Ehrh.) which is the result of past
harvesting practices favoring shade tol erant species and the occurrence of the
beech bark di sease. However, Anerican beech resistant to Cryptococcus fagi suga
Lind., the scale insect which is a primary causal agent of the disease, are
known to occur infrequently in Mine hardwod stands. Thus, a nodified
shel terwood system was designed to i nprove species conmposition and tree quality
in these stands. The experiment was conducted on |and owned by the Ceorgia -
Paci fic Corporation, near Lanbert Lake, Maine.

Six plots 0.8 acres (0.33 ha) in size were established in the stanch The
first step of the experiment was to apply either glyphosate (Roundup ) or
triclopyr (Garlon 3A) to the advanced regeneration in order to elimnate young
beech (Table 6). Mst beech regeneration is fromroot sprouts of ol der trees,
which are known to be susceptible to the beech bark disease. Two plots were
treated with glyphosate, two with triclopyr, and two left untreated to serve as
contrgls.lThe herbi ci des were applied at |abeled rates by backpack m st bl ower
in md-July.

Table 6. Stand size-class structure at Lanbert Lake, Mine, 1983

Speci es

Size Qass - -----mmmmm oo oaa o m-----

Beech Red Maple Yellow Birch Sugar Maple  Paper Birch
New Germnants 217 7117 234 0 0
Seedl ing 600 300 34 17 0
Sapling 1 3484 167 350 0 17
Sapling 2 567 167 251 0 68
Sapling 1 =1.1"-8" 1n height. Sapling

2 =8.1 in height to 4" dbh

The next step was to inject the |arge, defective beech stens using an axe-
frill method; glyphosate or triclopyr was used in the respective treatnents
(Table 7). This stemtreatment was done in md-August to prevent root sprouts
of susceptible beech from developing in the stand after the parent trees had
been harvest ed.
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Table 7. Stemtreatment of herbicides at Lanbert Lake, Mine, 1983.
Nunber of Beech Stens Treated

ri or nerui ti ae Per Plot Per Acre
1 Triclopyr 90 112
2 Tri cl opyr 141 176
3 d yphosat e 110 137
4 @ yphosat e 113 141
Mean 114 142

® Each plot is 0.8 acres (0.33 ha) in size.

The entire stand was then marked for a shelterwood harvest. Species
comprising the residual stand (41 sq ft/a BA) included red maple (Acer rubrum
L.)» sugar naple (Acer saccharum Marsh.), yellow birch (Betula alleghaniensis
Britton), and beech judged to be resistant to the beech bark disease. Twenty -
two resistant beech were found on the entire study site. Trees marked for
removal were defective beech, which conprised 42 sq ft/a BA The harvest was
conducted in early Cctober by conventional chainsaw felling followed by cable-
skidding of whole trees (Figure 10). The harvested trees were then chipped at
roadsi de for pulp.

Beech left in the residual stand were challenged with £  fagisuga to
confirmresistance to the scale insect. Dr. David Houston, USDA Forest
Service, Northeastern Forest Experiment Station, provided the necessary
material and conducted this phase of the experinent (Figure 11). The technique
invol ves placing a bark disk infested with £, fagisuga in contact with the bark
of the tree being challenged. The disk is covered with a foam pad, which
maintains ideal growth conditions for the insects. The trees will be checked
annual |y for several years to determne if the insects have successfully
col oni zed the bark of the challenged trees.

The herbicide treatments were successful in elimnating the advanced
reproduction of beech sprouts. The effectiveness of steminjection in
preventing new sprouts will be determined next sunmer. Seeding and sprouting
of the other tree species present in the stand will al so be evaluated. The
successful establishment of desirable advanced reproduction will be used to
determ ne when the final cutting (overstory renmoval) shoul d be done.
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Fig. 10. Appearance of the stand after Fig. 11. Application of the infested

herbicide treatments and the bark disks to the residual
first (seed) cut of the beech to confirm tree
shel terwood harvest* Lanbert resistance to the scale in-
Lake, Maine, 1983. igﬁé. Lanbert Lake, Maine

Acidic Precipitation and Hardwood Regeneration

In 1983, five large (7 X 7 m "rain exclusion" sheds were built near
Amherst, Maine to evaluate a number of forest ecosystemattributes which may be
affected by acidic precipitation. Three of the sheds cover dense hardwood
regeneration, and two others cover softwood regeneration. The CFRU project
reported here is a small part of the overall acidic precipitation study
coordinated and admnistered by Dr. C. Cronan, Departnent of Botany and Plant
Pat hol ogy, UMO

The objective of the CFRU project is to conpare the relative abundance and
diversity of fungi occurring on the bark of hardwood regeneration exposed to
unaltered (acidic) precipitation with the fungi occurring on trees exposed to
altered (neutralized) precipitation. Pretreatnent (baseline) sanpling was done
during Septenber, 1983 at which tinme twelve trees each of paper birch (Betula
papyrifera Marsh.) red maple, and beech in each of the three hardwood plots
were assayed for bark fungi. A total of eight genera of fungi has been
identified to date, and approximately seven additional fungus isolates renain
as un%gowns. ldentification of the unknowns by taxonom ¢ specialists nay be
required.

The fungi identified include Aureobasidium C adosporium Penicillium
Trichoderma, Micor, Geotrichum Eurotium and Alternaria. Aureobasidium and
Cl adosporium were, by far, the nost w despread and abundant fungi isolated.
Both were recovered from all stems assayed. Commonly over 100 col onies were
isolated from sanpling a single stem The abundance of the other identified
genera is given in Table 8.
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Table 8. Fungi isolated frombark of hardwood regeneration
near Arherst, Maine, 1983.

Soeci es
Fungus Reech Paoer Rirch Red Maol e
| @ I I11 | I 111 I I 1 |1
0 b
f
Alternaria 0 8 12 0 2 7 1 11 2
Eur ot i unm 0 14 0 0 6 0 12 2 1
Geotri chun 2 6 0 4 1 0 1 0 0
Mucor 4 0 6 2 1 2 0 0 4
Penicilliun 3 12 5 ? 1 6 9 4?2 1
Trichoder na 7 1 2 5 1 0 1 1 1

Roman nuneral s represent plots surveyed.
Each val ue represents 12 sanpled trees.

The treatment (neutralization of intercepted precipitation) has not vyet
been applied, so large differences in the fungal population were not expected.
The two fungi Aureobasidium and  Cadosporium may be especially wuseful in

providing a “baroneter” of precipitation acidity. The presence of  Trichoderm
Is also of particular interest because it is known to be an antagonist to many
plapt pathogens in the soi | environnent. It my play a simlar role on bark
surfaces.

Paper Birch Defects

During a prelimnary investigation of the mjor defects of paper birch,
some observations on bark and xylem characteristics of trees infected with
Inonotus obliquus (Fr.) Pilat were mde. |. obliquus is an inportant canker
rot fungus which causes extensive volume and value loss of paper and yellow
birches. Bark was found to be significantly thicker on the "cankered" side of
the tree than on the opposite side; the thicker bark was the result of abnormal
phl oem production. Thus a hypothesis was fornulated that the fungus has a
direct effect on the vascular cambium of infected trees. These prelimnary
results were reported at th e international Phytopathology meetings, held in
Quebec in August, 1983. A detailed histological study of cankers caused by 1.
obiiquus s necessary to understand the disease etiology. Silvicultural
prescriptions for reducing the inpact of this disease can then be devel oped.

Tour of Bl omass Harvesting and Hardwood Manufacturing

In My, Dave Cenent and Steve Oach of the S.D. Warren Conpany provided
an excellent tour of the biomass plant in Westbrook, and of several bionmass
harvesting operations in western  Mine. In addition, Henry Saunders led the
group on an informative tour of Saunders Brothers hardwood mll in Fryeburg.
é\bout 20 CFRU cooperators and USDA Forest Service personnel attended the two
ay tour.
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COOPERATI VE FOREST FERTI LI ZATI ON PRQJECT
Dr. Robert K Shepard, Jr.

Spruce-Flr
Fertilization by Drai nage C ass

Thinning of plots in red spruce [Picea rubens Sarg.) and black spruce [£.
mriana (MIl.) B.S.P.] stands at eleven locations in north central Mine was
conpleted in 1983. These plots are part of the study that was established to
assess differences in response of spruce to fertilization on soils derived from
the same parent material but which differ in drainage. Details of the overall
study were presented in the 1981 and 1982 Annual Reports. There are three
categories of plots in this study:

L Unthinned plots—These are arranged in pairs with one plot receiving 200
pﬁunds of |nitrogen per acre (224 kg per ha) and the other plot serving as
the control.

2. Thinned plots—These are arranged in pairs with one plot receiving 200
pounds of nitrogen per acre (224 kg per ha) and the other serving as the
control; each pair of thinned plots Is situated within 200 ft (60 m of a
pair of unthinned plots to insure simlar stand and soil conditions.

3. Mitiple treatment plots—hese are arranged in groups of four; one plot
Pl ot will serve as the control, and one plot each wll receive one of the
ol lowing treatments: 100, 200, and 300 pounds (112, 224, and 336 kg per a)
of nitrogen per acre. These plots have not been thinned, but in the
myjority of cases, the groups of four plots are in close Proxim’tr toa
pair of thinned plots to permt comparisons between the etfects of thinning
versus no thinning. Overall study design is sunmarized in Table 9.

Table 9. Nunber of sites on each soil group or series, by

treatment.
Plot Category

Soil

Drainage Multiple

Class Unthinned Thinned Treatment
Moderately-well 10 0 0

and wel | -drained
. 6

Somewhat-poorly-drai ned 14 5 7
Poorly-drained 20 6

Only a small number of plot pairs has been established on noderately  -well
and well -drained soils, because pure spruce -fir stands on these soils are not
comon. They are also small in area, and are often predominantly fir, which is
in a weakened condition due to defoliation by the spruce budworm CChori stoneura
fum ferana (C emens)].
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In Qctober 1983, one increment core was taken from each of ten domnan t or
codomnant trees in each of four unthinned plot pairs on the somewhat -poor | y-
drained soil and from trees in five unthinned plot pairs on the poorly  -drained
soil. One plot of each pair had been fertilized with nitrogen at a rate of 200
pounds per acre (224 kg per ha) in early June, 1982. Response to treatnent was
expressed in two ways: the ratio of ring width of the second grow ng season
after treatment to ring wdth of the first growing season after treatment, and
the ratio of the second growing season ring width to average ring wdth for the
five growing seasons preceding treatment. These ratios indicate a relatively
large early response to fertilization by virtue of the fact that the ratios for
the fertilized trees are significantly greater than the r atios for the control
trees (Table 10).

Table 10. Gowh ratios of fertilized and non -fertilized red spruce
and black spruce in north central Mine on soils of two
different drainage classifications (unthinned plots; 10
donminant or codominant sanple trees per plot).

. Ratio of Second- Year Ratio of Second-Year Ring
Drai nage Ring Wdth to First- Wdth to Average Five- Year
C assification Year Ring Wdth Pre-treatment Ring Wdth
Somewhat - poor 'y Fertilized Control Fertilized Control
drained
Site 1
Site 2 0
Site 3 1.64 1.16 1.30 .89
Site 4 1.72 1.67 1.23. .96
2.02° 1.51 2.09° 92
Mean 2.01° 1.39 1.48° 1.02
18 143151 .95
Poorly-drained
Ste I*
Site 2
Site 3 142 1.05 91 .70
Ste 4, 1.68 97 1.63 90
Ste & 144, 1.11 1.09 1.21
1.68 1.11 1.69° 96
Mean 1.40 1.21 1.36 .96
1.52 1.09 1.34° 96

bl ack spruce
significantly different fromcontrol (a = 0.05)

Wast ewat er Effects on Gowh and Whod Properties

As part of an investigation on the effect of nunicipal wastewater on tree
growh and wood properties, 15 balsam fir from the municipal spray area at



Geenville, Mine were felled and discs were removed from each tree at breast
height. Dianeter growh (dete rmined from two increment cores per tree) was
measured and conpared with growh of 25 balsam fir outside of the spray area.
Many of the overstory trees in this stand had been cut during the winter of
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1982-82 to reduce danmage to the irrigation pipes that was being caused by

wi ndt hrow. Consequent|y* the trees sanpled had been released for two grow ng
seasons, making it difficult to separate the growh response due to the

wast ewater fromthe response due to the release. However, it appears that the
increase in growh of trees in the spray area was i mediate, beginning in 1982,
mherﬁas§88rom¢h rate of trees fromoutside of the spray area did not increase
until 1983.

Addi tional Work

Increment cores were taken from young (approximately 20 years old) black
spruce that had been thinned to a wide spacing (ca. 12 x 12 ft or 4 x 4 m
seven years ago and from black spruce of the sanme age that had not been
thinned. The purpose of this study is to determine if thinning to a wde
spacing at an early age has had an effect on wood properties.

Plots in four thinned stands and one unthinned stand in southeastern Mine
were fertilized with nitrogen at rates of 50, 100, and 200 pounds per acre (56,
112, 224 kg per ha). One stand is a mxture of Norway spruce [£¢ abies (L.)
Karst.) and white spruce [£. glauca (Mench) Voss], another is a mxture of
bl ack spruce and balsam fir [Abies balsanea (L.) MII.], and the remaining
three are predomnantly red spruce with some white pine (Pinus strobus L.).

Pi nes

Diameters of trees in all plots fertilized in 1980 and in all plots
fertilized in 1982 were neasured. Analyses of the data lead to the follow ng
general conclusions: 1) My of the stands have responded to 100 pounds of
nitrogen per acre. 2) Potassium at either 40 or 80 pounds per acre (45 or 90
kg per ha), has proven to be the next best treatnment. (Potassium also has the
advantage of being the |east expensive of the three major nutrients.)
3) Combination treatments of nitrogen with potassium and/or phosphorus do not
produce a substantially greater response than nitrogen alone, and based on the
hi gh cost of these conbination treatnments, it does not seemthat they should be
considered for use on an operational basis. 4) The above is also true of
phosphorus (applied alone), which has produced response in only a few stands
and which has a high cost per unit weight of elenent.

Many treatnments have failed to produce a growh response in nost stands.
Thus, future plans call for applying nitrogen or potassiumto some of the plots
that initially received a treatment that has produced no response. This wl |
provide more replications of nitrogen and potassium as well as nore control
plots and will increase the data base from which conclusions regarding the nost
favorabl e application rates of both can be drawn.

Fertilizer was applied to plots in twelve stands . Seven stands are
conposed of white pine, but red pine (£ resinosa Ait.) is domnant in three
stands, and two other stands contain some red and/or black spruce. The
mpjority of treatments consisted of different rates of nitrogen and potassium
al t hough phosphorus and conbination treatments were al so used.

Plots were established in four white pine stands and one red pine stand in
western Maine. These plots will be fertilized in 1984.
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Har dwoods

Plots 1In two thinned stands were fertilized in June, 1983. (ne stand is
northern red oak (Quercus rubra L.); the other is conposed of several species,
with sugar maple (Acer saccharum Marsh.) and yellow birch CBetul a
al leghaniensis (Britton)] being domnant. My of the treatnents consist of
nitrogen applied at rates of 50, 100, and 200 pounds per acre; the primary
objective is to establish a response curve for nitrogen.

Two increment cores were taken from each of 25 sugar maple and 25 higtooth
aspen (Populus grandidentata Mchx.) both inside and outside of the wastewater
spray area at Sugarloaf Muntain to determine whether the spraying has affected
growth rates and wood properties.
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TREE | MPROVENVENT
Dr. Katherine K Carter

VWstern White Pine

Two test plantations of western white pine (Pinus nonticola Dougl.) were
established in the spring of 1982 through cooperation with the USDA Forest
Service's Northeastern Forest Experinent Station and the Mine Forest Service.
Western white pine has proven to be resistant to the white pine weevil
CPi ssodes strobi (Peck)] 1n southern Maine. The two plantations established in
1983 will test the suitability of this species for planting in northern and
western Miine. Both plantations contain 60 to 80 half -sib famlies from
sel ected parents in the northern Rocky Muntains, primarily Idaho and Montana.
Information on growth rate, weevil resistance, and susceptibility to white pine
blister rust will be gathered as the trees mature.

Bl ack Spruce Seed Col | ections

Seed collection from selected black spruce [Picea mariana (MI1.) B.S.P.]
began in August 1983 and will form a base for the establishnent of a black
spruce seedling seed orchard. Seeds were collected from 79 trees in 22
different stands. Because trees in some parts of the state produced no seed in
1983, collections will be nade again next year to increase the nunber of
famlies available for inclusion in the seedling seed orchard.

Jack Plne Provenance Test

Two plantations containing 29 seed sources of jack pine (Pinus banksiana
Lanb.) fromthe northern United States and southern Canada were neasured at the
end of the 1983 growing season. Trees in the Deblois plantation are seven
years ol d from seed, while those in Dyer Township are eight years old. Gowh
In both plantations has averaged approximately 1.0 ft (0.3m per year, with the
fastest-grow ng seed sources being 11 to 13 percent above plantation nean
heights 1n 1983 (Table 11). Seed sources #507, #505, #502, and #509 were at
least 6 percent taller than the plantation mean at both sites. Trees fromthe
two New Brunsw ck seed sources were bel ow average in height at both sites
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Table 11. Relative performance of 29 seed sources
of jack pine in two Mine plantations,

at the end of 1983 growi ng season.

Percent of Mean Hei ght

State or Seed

Province Source # Dyer Twp. Debl oi s
Mani t oba 503 1.13 0.95
M chi gan 502 112 1.08
Ontario 507 1.09 1.07
W sconsin 505 1.06 1.08
M chi gan 509 1.06 1.07
W sconsin 506 1.06 1.05
W sconsin 140 1.06 0.94
Ontario 146 1.04 1.04
W sconsin 139 1.03 111
Ontario 149 1.03 0.89
Ontario 155 1.02 0.4
W sconsin 508 1.01 1.10
Ontario 147 1.01 1.07
Ontario 157 1.01 1.04
Ontario 148 1.00 0.98
M chi gan 141 0.98 0.98
Ontario 142 0.98 0.89
Ontario 153 0.9 0.95
Quebec 154 0.9 0.95
M chi gan 158 0.95 1.05
Ontario 152 0.9 1.00
New Brunsw ck 151 0.9 0.97
Ontario 150 0.9 0.4
W sconsin 504 0.%4 0.4
Ontario 145 0.93 1.01
Quebec 143 0.91 0.77
Ontario 156 0.89 1.01
New Brunsw ck 144 0.81 0.97

Plantation Mean Height (ft)

Range of Provenance Mans (ft)

Age (yrs)

o
\]




MAI NE AGRI CULTURAL EXPERI MENT STATI ON M SCELLANEQUS REPCRT 298 33

SPRUCE BUDHORM GRONTH | MPACT  STLDY
Dr. Thomas B. Brann
Dr. Dale S. Sol omon

There has been a significant change in the spruce -fir resource of Mine
since the initiation of the Spruce Budworm Gowh Inmpact Study in 1975. A
mpjor portion of this change has been caused either by defoliation of host tree
species by the spruce budworm d[Choristoneura fumferana (Clenens)] or by
managenent Fractices intended to reduce the inpact of the budworm on the

f187r§st. Table 12 illustrates the change in stand conposition observed since

Table 12. Stocking of red spruce (Picea rubens Sarg.),
black spruce [Picea mariana (MIl.) BSP.]>
white spruce CPicea glauca (Mench) Voss|,
and fir [Abies  balsamea (L.) MII.] for
1975, 1980, 1981, and 1982, by forest cover

type.
1975 1980 1981 1982
-t
SCFTVWOD
Fir 150 113 98 77
Spruce 136 130 128 123
M XEDWOOD:
Fir 104 88 81 77
Spruce 56 54 54 55

The fir component of the softwood cover type has been reduced to 52
ﬁercent of the 1975 level, and the fir conponent of the nixedwood cover type
as been reduced to 75 percent of the 1975 level. Decline of spruce has been
much | ess severe in both cover types.

Additionally, the data indicate a significant reduction in the accretion
per acre since 1975 (Table 13). Two factors are largely responsible for the
reduced accretion: fewer merchantable trees remain after spruce budworm  -caused
mortality (especially in fir ), and the cumulative effects of continuous spruce
budwor m def ol i ati on.

Table 13. Basal area accretion (all species) for 1976, 1980,
1981, and 1982 by forest cover type.

Forest Type 1975-76 1979-80 1980- 81 1981- 82
-ft?% ac-
Sof t wood 2.97 1.91 1.95 1.51
M xedwood 3.32 2.07 2.30 2.17

Conbi ned cover type 3.10 1.96 2.08 1.76
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REGENERATI ON ASSESSMENTS USI NG AERI AL PHOTOGRAPHY
Dr. Mrshall D. Ashley

This project has proceeded as planned during 1983. Both 9 -inch and 70mm
color infrared photos were obtained early this spring over several stands in
northern Miine representing recently cut (0 -2 vyears since harvest)* early
regenerating (5-15 years since harvest) , and overtopped stand conditions. The
phozt%%gaphy was of good qua lity and at three scales, 1:1,200, 1:3,600 and
1: 12, 000.

Warren Cohen, Gaduate Research Assistant in Forestry, spent most of the
sumer designing and carrying out the field work to deternine if regeneration
could be assessed successfully. Before the field work began a good deal of
background work, literature search, and consultation wth those already
Involved in ground surveys of regeneration was done to determne what
regeneration informtion should be obtained fromthe photos.

Warren neasured several hu ndred ground plots over the three photographed
regeneration condition classes. Data analysis s underway. Hs initial
impression is that the 1:1,200 photos can be used to provide very accurate
assessnents for 5 -15 vyears old stands, and that the other scale s can be
successfully wused wunder some conditions. Mre definitive results should be
available wthin a few nonths.

An experimental regeneration -release area in T4R12 which had been sprayed
with herbicides was flow, and 1:3,600 and 1:12,000 photos successfully
obtained early this fall. This area is part of a site bein% studied by Dr.
Maxwel | MCormack, Jr. At present, only limted field work has been done on
this site. However, it appears th at there is a high probability that color
infrared photos can be used to assess the efficacy of herbicide spray
operations. This aspect of the project wll be continued next summer with
addi tional photo coverage and more extensive field work.
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1983 PLBLI CATI ONS RESLLTI NG FROM

RESEARCH SUPPCRTED BY THE CFRU

Brann, T.B., G A Reans, and D.S. Sol omon. Spruce Budworm Gowth |npact Study-
1982 Report. Coop. Forestry Res. Unit, Res. Note 11. Coll. For. Resour.,
Univ. Miine, Orono. (Miine Agr. Exp. Stn. Msc. Rep. 287). 73 p.

Carter, K K 1983. Reducing susceptibility to spruce budworm through genetic
tree inmprovement. Abstract In; Proc. 1983 Eastern Spruce Budworm
Research Wrk Conf., Jan. 10-11, 1983. Univ. Mine, O ono.

_, F.C. Cech, and D.H DeHayes. Geographic variation in Prunus
serotina. Can. J. For. Res. In Press.

_. Rooting of tamarack cuttings. For. Sci. In Press.

Dimond, J.B., RS. Seymour, and D.G Mtt. Planning insecticide application
and tinber harvesting in a spruce budworm epidemc. USDA For. Serv. Agr.
Handbook No. 618. In Press.

Dixon, WN. and MW Houseweart. 1983. Spring tenporal and spatial activity
patterns of adult white pine weevils (Col eoptera: Curculionidae) in Mine.
Environ. Entomol. 12:43-49.

Droska, J.S., F.B. Knight, and MW Houseweart. 1983. Phototactic responses
of the white pine weevil to ultraviolet light. Coop. Forestry Res. Unit,
Res. Note 13. Coll. For. Resour., Univ. Mine. Oono. (Mine Agr. Exp.
Stn. Msc. Rep. 288). 6 p.

Houghton, J. and ML. MCormack. 1983. The economcs and silviculture of
intensive spruce/fir mnagenment, p. 102-106 In; Proc. 63rd Annual Wnter
Meeting, New England Soc. Amer. Foresters, Burlington, VT.

Houseweart, MW, D.T. Jennings, C. Wlty, and S.G Southard. 1983. Progeny
production by Trichogramma mnutum (Hymenoptera: Trichogranmmatidae)
utilizing eggs of Choristoneura fum ferana (Lepidoptera: Tortricidae) and
Si2t20troga cerealella (Lepidoptera: Gelechiidae). Can. Entomol. 115:1245-
1252,

________ , HM Kulman, L.C. Thonpson, and R W Hansen. Parasitoids of two
spruce sawflies in the genus Pikonema. Coop. Forestry Res. Unit, Res.
Bull. 5. Coll. For. Resour., Univ. Maine, Orono. (Maine Agr. Exp.
Sta. Msc. Rep.). In Press.

_________ , D.T. Jennings, S.H Pease, and R K. Lawence. Aternate hosts and
characteristics of forest stands supporting native population of
Trichogranma minutum Riley. Coop. For. Res. Unit, Res. Bull. Coll. For.
Resour., Univ. Miine, Oono. (Mine Agr. Exp. Stn. Msc. Rept.). In
Press.

_________ , D.T. Jennings, and R K. Lawrence. Field releases of
Trichogramm mnutumRiley for suppression of spruce budworm Chori st oneura
fumferana (C enmens) egg popul ations in Miine. Can. Entonol. In Press.
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Jennings, D.T. and MW Houseweart. 1983. Field attractiveness of (E) - and
(Z)- 11- tetradecenal pheromone blends to male spruce budworm noths,
Choristoneura fumferana (Cenens). J. Chem Ecol. 9:1327-1332.

__________ and MW Houseweart. 1983. Parasitism of spruce budworm

(Lepidoptera: Tortricidae) eggs by Trichogramma ninutum and absence of
overwintering parasitoids. Environ. Entonol. 12:535-540.

__________ and MW Houseweart. 1983. Sticky-board trap for measuring
di spersal of spruce budworm |arvae. USDA For. Serv. Northeastern For.

Exp. Stn. Res. Paper NE-526: 7 p.

__________ , MW Houseweart, and J.B. Dinond. 1983. Dispersal |osses of
early-instar spruce budworm (Lepidoptera: Tortricidae) larvae in strip
clearcut and dense spruce-fir forests of Mine. Environ. Entonol.
12:1787-1792.

_________ , RM Frank, and MW Houseweart. Attraction of male spruce budworm
noths, Choristoneura fumferana (C enens) to pheromone-baited traps in
small-tree thinnings . J. Chem Ecol. In Press.

., D.G Fell in, H O Batzer, MW Houseweart, and R C. Beckw th.

Techni ques for measuring early-larval dispersal of spruce and jack pine
budwor ns. USDA For. Serv., Agr. Info. Bull. In Press.

Lawrence, R K, MW Houseweart, D.T. Jennings, S.G Southard, and W Haltenan.
Devel opment and longevity of Trichogramma mnutum Riley in Choristoneura
fum ferana (Clemens) and Sitotroga cerealella (Qiver) host eggs. Can.
Entomol . In Press.

McCormack, M L., Jr. 1983. Residual suppression of brambles in forest
clearcuts. Proc. Northeastern Weed Science Society. 37:376.

_________ , and C.H Banks. 1983. An aerial technique to adjust spruce-fir
density of stocking. Proc. Northeastern Wed Science Society. 37:297-300.

Ostrofsky, WD., and T.G OKeefe, eds. 1983. Hardwood Forest Minagement and

Utilization, Proceedings of the Symposium Coop. Forestry Res. Unit,
Info. Rep. 6. Coll. For. Resour., Univ. Miine., Oono. (Mine Agr. Exp.

Stn. Msc. Report 279). 43 p.

_________ , and R.O. Blanchard. 1983. Characteristics and devel opment of
necrophylactic periderns in mature bark of Anerican beech, pp. 69-79. In
Proceedings, |UFRO Beech Bark Disease Wrking Party Conference, USDA
For. Serv. Gen. Tech. Rep. WO 37, 140 p.

_____, and A Ostrofsky. 1983. Characteristics of bark and xylem from
cankered regions of birch trees infected with Inonotus obliquus. Abstract

I'n Phytopat hol ogy 73:1345.
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_____ ,and R.O. Blanchard. 1983. Amount and distribution of total
extractabl e phenols in bark of Anerican beech in relation to the beech
bark disease. Abstract In Phytopathol ogy 73:372.

__________ , WC. Shortle, and R O. Blanchard. Bark phenolics of American

beech (Fagus grandifolia Ehrh.) in relation to the beech bark disease.
European J. of For. Pathology. In Press.

Ostrofsky, A, and WD. Gstrofsky. QCccurrence of Kabatina juniperi on eastern
redcedar in Maine. Plant Disease. In Press.

Seymour, R'S., RA Ebeling, and C.J. Gadzik. Qperational density control in
spruce-fir sapling stands - - - - - production of a mechanical swath cutter and
brush-saw workers. Coop. Forestry Res. Unit, Res. Note 14. Coll. For.
Resour., Univ. Miine, Qrono. (Mine Agr. Exp. Stn. Msc. Rep. 296). 26

p. In Press.
_________ , D.G Mtt, SM Keinschmdt, P.H Triandafillou, and R Keane.
The GREEN WOODS Mbdel - - - - a forecasting tool for planning timber harvesting

and protection of spruce -fir forests under attack by the spruce budworm
USDA For. Serv., Northeastern For. Exp. Stn. Gen. Tech. Rep. In Press.

Shepard, R K 1983. Early response of red spruce (Picea rubens Sarg.) to
fertilization on three soils in north -central Mine. Coop. For. Res.
Unit, Prog. Rep 23. Coll. For. Resour., Univ. of Maine, Qono. (Mine
Agr. Exp. Sta. Msc. Rep. 285). 6 p.

__________ . 1983, Specific gravity of fertilized red spruce (Picea rubens
Sarg.) at two locations in northern Mine. Coop. For. Res. Unit, Prog.
Rep. 24 Coll. For. Resour., Univ. Mine, Oono. (Mine Agr. Exp. Sta
Msc. Rep. 286). 5 p.

__________ 1983. \Vhite pine (Pinus strobus L.) fertilization work through

1982. Coop. For. Res. Unit, Prog. Rep. 25. Coll. For. Resour., Univ.
Maine, Orono. (Maine Agric. Exp. Sta. Msc. Rept. 289). 11 p.

Smth, CT. and J.W Hornbeck. 1983. Changes in soil solut ion chemstry after
foze)st harvest depend on soil drainage class. Bull. Ecol. Soc. Aner.
64(2): 65.
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OTHER TECHNOLOGY TRANSFER ACTI VI TI ES BY CFRU PERSONNEL

Carter, KK and T.R Rensema. 1983. Rooting softwood cuttings of tamarack.
Presentation to the 33rd Annual Pulp and Paper Qpen House, Univ. of Mine
at Orono, April 15 1983.

Eavy, A L. Wrking Goup Panel —taxonony at cone and seed insect working party
conference | UFRO S2.07-01. Athens, Georgia, August 1-6, 1983.

_________ , and G Simons. A conputer-assisted reporting systemfor biting
pests in Mchigan's Recreational Areas. Paper presented at the National
Entonol ogical Society of America Meeting, Detroit, Mchigan, MNov. 28  -Dec.
2, 1983.

Houseweart, MW  Participated in Wrking Goup Meeting at National
Interdisciplinary Biological Control Conference. Feb. 15 -17, 1983. Las
Vegas, MNevada.

_________ Univ. of Maine host and coordinator for presentations of
forest entomology research to Peopl e's Republic of China delegation
(Ofice of International Cooperation and Developnent):; Chinese Forest
Insects |PM Investigation Team (Presented: Trichogramma research in Muine)
August 22, 1983, Orono, Maine.

_________ , MW Insect Pest Management for Christmas Trees, Northeastern
Forest Insect Wrk Conference (Panel Menber). March 10, 1983, Portland,
M ne.

McCormack, ML., Jr. Update on the herbicide Garlorr . Pesticide
recertification presentation to Mine Christmas Tree Assn., Augusta Trade
Show. Jan. 18, 1983.

_________ Use of herbicides in forestry. Maine Board of Pesticide Control,
Training for recertification. Feb. 23, 1983.

. Herbicide use in forestry. Semnar Presentation (invited).
University of New Brunsw ck, Fredericton. April 6, 1983.

__ . Forestry field tour conducted for Wldlife Minagement Summer Canp,
UMD, May 17, 1983.

. Participant, 32nd Forest Management Division Training Acadeny,
Maine Forest Service (invited). Field tour of whole tree chipping
operations. Sept. 14, 1983.

. Vegetation management in forestry (invited). Presentation to
Nort heast ern Technical Division, Anmerican Pul pwood Association Inc. Sept.
22, 1983.

o Application systems for herbicide application (invited).
Presentation to Annual Meeting, Atlantic Vegetation Management
Association. Cct. 5, 1983.
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L Consequences of herbicide use 1n Mine forests. Forestry Gaduate
Student Seminar, UMD Cct. 25, 1983.

. The use of Garlon" hﬂbicide In forest manaaement (invited).
Semnar to Dow Chem cal USA personnel, Mdland, M. Cct. 27, 1983.

. Forestry practices in Miine Semnar, Dept. of Forestry and Natural
Resources, Purdue University. 15 Nov. 1983.

Ostrofsky, WD. Hardwood Headlines. Newsletter Series. Vol. 1, No. 2-Vol. 1
No. 7. (6 issues).

_________ Characteristics of bark and xylemfrom cankered regions  of birch
trees Infected with Inonotus obiiquus. Paper presented at the
Nort heastern Division Meeting of the American Phyt opat hol ogi cal Soci et y.
Quebec, Canada. August, 1983.

_________ Defects and tree quality of northern hardwoods. Field tour

presentation to the Forest Products Marketing and Manufacturing
Associ ation, Sebec, Maine, June 19, 1983.

__________ Mnimzing taphol e damage to sugar maple trees. Presentation
to the Maine Maple Syrup Products Association, Augusta, Maine, Jan. 20,
1983.

__________ Damage to sugar maple trees fromtapping for maple sap.
Presentation, Penobscot County Extension meeting, Bangor, Mine, March 2,
1983.

__________ . Beech bark disease in Mine. (Instruction) Invited presentation
to Forest Pathology class, UMD Orono, Maine, April, 1983.

Seymour, RS, DT Edson, and D.G Mtt. A workshop on the Geen Wods wood
supply nmodel., (co -sponsored by CANUSA) March 15 -16, 1983, Univ. Mine,
Q ono.

__________ Co-leader, (with Dr. Benjamn Hoffman). Graduate Sem nar on
Advanced Tinber Harvesting. Univ. Mine College Forest Resources, Spring
Semester, 1983.

Long-termeffects of the spruce budworm outbreak in Maine. Univ.
Mai ne Col | ege Forest Resources Wldlife Noontime Semnar, My 3, 1983.

. Reviewof 1982 comercial thinning study (slide presentation and
field tour). Given to: Cont. Educ., Maritimes Forest Ranger School,
Silviculture 11, June 7-9, 1983.

_____ Spruce-fir management in Maine (field tour). Gvento: G L.

Baskerville (Univ. NB.) , CS Binkley (Yale Univ.), D.S. Powell (US
Forest Service), T.A Runpf (Maine Forest Service). July 6, 1983.

______ , and ML. MCormack, Jr. Review of density control research in

young spruce-fir stands (field tour). Gven to: CFRU Advisory Commttee,
Aug. 2, 1983.
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_____ , CJ. Gdzik, and S. Col eman. Review of operational density control
and herbicide release treatnents in young spruce-fir (field tour). Gven
to. R @Grdiner (Director, Mine Bureau Public Lands) and E. Baum ( Muine
Dept. Conservation), Sept. 28, 1983.

_________ , and S. Coleman. Density control in young spruce-fir stands (slide

presentation). Gven to: Student Chapter, Mine Div. New England SAP,
Nov. 17, 1983.

Welty, C. and MW Houseweart. Regeneration weevil research in Maine,
Nort heast Forest Pest Council. March 8-9, 1982, Portland, Mine.

__________ , and MW Houseweart. Hylobius congener; A new seed! ing-debarking
pest of conifer plantations in Mine. Paper presented at the National
Ent onol ogi cal Soci ety of America Meeting, Detroit, Mchigan, Nov. 28-Dec.
2, 1983.
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COOPERATI VE FORESTRY RESEARCH UNI T ADVI SCRY COW TTEE
1983 MEMBERSH P

The CFRU Advisory Committee sets priorties and reviews proposals for the
Cooperative Forestry Research Unit. Menbers active during all, or part, of
1983 were:

E. Bart Harvey, Jr., Director, Forest Mynt., Geat Northern Paper Co. (Chairnman)
Robert D. Cope, Regional Tinberlands Manager, St. Regis Paper Corp. (Vice Chairman)
Harold M Klaiber, Forestry Manager, Scott Paper Co. (Financial Oficer)

Gegory N. Brown, Dean, College of Forest Resources (Director, CFRU)

Barton M Blum Project Leader, U S. Forest Service

Robert P. Chadbourne, Land Division Manager, P.H Chadbourne & Co.

W I 1iam Hepburn, Lunber Exchange of North Anerica

Ronal d Lovaglio, Manager, Forest Management, International Paper Co.

Dwi ght E. Newman, President, Christmas Tree Acres

L. Oscar Selin, Director of Forestry, Georgia Pacific Corp

Cifford L. Swenson, President, Seven Islands Land Co.

Robert V. Wthrow, General Manager, \Wod Departnent, Boise Cascade Corp

Li ai son to Forest Resources Research Advisory Conmttee

Richard B. Anderson, Comm ssioner, Miine Department of Conservation

STAFF OF THE CFRU
(December 31, 1983)

Program Leaders

Maxwel | L. McCormack, Jr., Research Professor of Forest Resources
Mark W Houseweart, Associate Research Professor of Forest Resources
Robert S. Seymour, Assistant Research Professor of Forest Resources
WIliamD. Ostrofsky, Assistant Scientist of Forest Resources Robert
K. Shepard, Jr., Associate Professor of Forest Resources Katherine
K. Carter, Assistant Professor of Forest Resources Thomas B. Brann,
Associ ate Professor of Forest Resources

Prof essi onal Staff

Robert K. Lawence, Assistant Scientist (Forest Protection)
Paul R Messier, Research Associate (Silviculture)

Gegory A Reams, Research Associate (Gowth |npact)

Peter Caron, Research Technician (Tree Inprovenent)

Lynne M Lavoie, Unit Secretary

Vacant: Research Associate (Tinber Management and Harvesting)
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CFRU COCPERATCORS ON
CECEMVBER 31, 1983

Al'len Rogers Co. J.J. Tree Farm

Anerican Cyanamd Co. Kear sage Peg Co.

Anson Stick Co. Knight's Tree Farm
Baskahegan Co. Abbott Ladd

J.H Beardsl ey Lunber Exchange of North America
E.B. Bessey & Son Mai ne Christmas Tree Association
Bethel Furniture Stock, Inc. Mai ne Wood Turning Co.

Charl es Bl ood Beat on Marsh (Andover Wod)
Marvin Bl unenst ock Ray T. MDonald, Jr.

Boi se Cascade Corp. Monsanto Agric. Products Co.
Bruce Brockway Mosehead Mg. Co.

P.H Chadbourne & Co. NE Lumber Manufacturing Assoc.
Edward E. Chase Mchael D. Partridge
Christmas Tree Acres Peavey Manufacturing Co.,

Ral ph Qifford Penl ey Corp.

Crooked River Dowel Co. Henry Pl unmer

C.B. Cunmings & Son Prentiss & Carlisle

Dead River Co. Pride Manufacturing Co.

Dow Cheni cal U S. A Pi erre Rednond

Dunn Ti nber | ands Robbi ns Lunber Co.

E.l. DuPont de Nemours & Co. St. Regis Paper Corp.

Field Tinberlands Fred P. Saunders Co.
Finestkind Tree Farns Saunders Brothers

Forester Mg. Co. Scott Paper Co.

Frederickson's Tree Farm Seven Islands Land Co.

Geor gi a-Pacific Corp. James W Sewal | Co.

Great Northern Paper Co. Smith Tinberl ands

Hani ngt on Brot hers Sprowl Brothers

Hanover Dowel 1 o. J. A Thurston Co., Inc.

Har dwood Products Co. Cl ayton Tot man

Houl ton International Corp. Uni on Carbide Agric. Products Co.
J.M Huber Corp. Vel si col Chem cal Corp.

I nternational Paf)er Co. \lestern Maine Nurseries Inc.

J.D. Irving Pulp & Paper Co. R Leon Wllians Lunber Co.

I saacson Lumber Co. H G Wnter & Sons, Inc.

OTHER ORGAN ZATI ONS PROVI DI NG SUPPORT FOR CFRU PRQIECTS

Mai ne Forest Service USFS, Di anond | nt ernati onal
Northeastern For. Exp. Stn. USFS Pej epscot Paper Co.
State & Private Forestry St. Mlntire-Stennis Evergreen

Anne- Nackawi ¢ Pul p & Paper Hel i copters, Inc.



