


Frontispiece: The shelterwood cutting in Prospect Hill Tract IX, looking west.
From left to right: Ernie Gould, Martin Zimmermann, Pete Hannah.
(Photographs in this report taken by Regula Zimmermann)
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Lawrence J. Winship, Research Assistant

Patricia H. Young, Laboratory Aide

Stefan Zajaczkowski, Bullard Fellow (until November 10, 1981)
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In the spring of 1981 the Fairchild Tropical Garden awarded Barry Tomlinson
the Robert H. Montgomery Founders Medal "For Distinguished Achievement in the
World of Palms and Cycads." Barry was the first person to carry on a scientific
research program at the Fairchild Garden during the years 1959 - 1971 until he be-
came a professor at Harvard.

Dennis Newbanks left us on July 31, 1981 and established his own consulting
firm for tree care in Maine. He was replaced in January 1982 by Frank Ewers, a
plant anatomist who obtained his PhD degree with Rudi Schmid at the University
of California at Berkeley. With him came Marcia Murry, his wife. She is work-
ing on nitrogen fixation in John Torrey's laboratory on an NIH grant.

John Tjepkema and Christa Schwintzer will leave us at the end of July 1982.
John has accepted the position of Assistant Professor at the University of Maine
in Orono, and Christa (his wife) has obtained a faculty position there as well.
—— Larry Winship will also leave us; he has accepted the position of Assistant
Professor of Botany at Hampshire College in Amherst, beginning fall 1982.

STUDENTS

The following courses were taught in Cambridge by our staff members.
During the fall term John Torrey gave Plant Growth and Development (Biol. 165),
Ernie Gould and Martin Zimmermann gave Trees, Forests and Man (Biol. 101).
Martin Zimmermann participated in Diversity in the Plant Kingdom (Biol. 18). In
the spring, John Tjepkema offered Soil Biology and Ecology (Biol. 108) and John
Torrey gave the Freshman Seminar on Plant Propagation with Conrad Smith. The
latter course has been given for the eighth year and the class always makes one
or two field trips to the Harvard Forest.

The Harvard Forest Freshman Seminar, a joint effort of Ernie Gould, Christa
Schwintzer, John Tjepkema and Martin Zimmermann, was given again on four weekends
at the Harvard Forest. For this purpose, we pick up the students on Friday after-
noon and bring them back to Cambridge on Sunday afternoon.

Barry Tomlinson, in collaboration with Jack Fisher of the Fairchild Garden,
taught Plants of the Tropics (Biol. S$-105). This course is offered under the
auspices of the Harvard Summer School at the Fairchild Tropical Garden in Miami
June - July 1982,

The following students took independent study courses during the past year.
Daniel Potter took Biol. 90r with Martin Zimmermann, working on his undergraduate
thesis entitled Distribution of Vessel-Length in Acer rubrum L. : Variations with-
in One Tree. The research was done during the summer of 1981 and is described in
last year's report. Jeff Vincent worked on The Impact of the White Mountain
National Forest Timber (Biol. 299r) with Ernie Gould. Ann Bublitz took Soil
Biology (Biol. 337) with John Tjepkema; John Sperry took Tree Structure and
Physiology (Biol. 311) with Martin Zimmermann, and Deborah Marvel took Plant
Morphogenesis and Physiology (Biol. 308) with John Torrey.









Three students seeking PhD degrees in the Botany Department of the Univer-
sity of Massachusetts in Amherst are working full time in the laboratories at
the Harvard Forest under the supervision of John Torrey. Alison Berry plans
to finish her thesis research on symbiotic nitrogen fixation and nodulation in
Alnus rubra, during the summer of 1982. Kathryn VandenBosch is studying host-
microorganism incompatibilities, using Comptonia and Myrica infected by differ-
ent strains of Frankia. Mary Lopez is concerned with the identification and
localization of the lipid components in cultured Frankia in relation to the
physiological function of the actinomycete and perhaps its identify.

In his association with Hampshire College as Faculty Associate, John Torrey
served as advisor to Carol Whaling on her undergraduate Division III thesis en-
titled Studies of the Lipids of Frankia, a Genus of Nitrogen-fixing Bacteria",
work done collaboratively with Mary Lopez. Carol was in residence in Shaler
Hall for the fall term 1981. Dr. Torrey served as a member of Michael Blayney's
Division III thesis committee. His research was on Morphological Studies of
the Endorhizal Actinomycete Frankia in Defined Medium Culture. Arthur Simmons
and Michael Blayney cooperated in a summer project at the Harvard Forest on
the effect of moisture gradients on the growth of Alnus incana spp. rugosa.

MEETINGS AND VISITORS

Clark Binkley again brought his class from Yale for a weekend at Harvard
Forest. The Landscape Architecture Department from the School of Design also
spent the better part of a week in Petersham, using our facilities for short
courses and orientation to the region. Many classes from other colleges visited
the museum and used the Forest as an example of well-documented land use history.

We again had visitors from all over the world, too numerous to list. Many
groups held their regular meetings at the Harvard Forest as they did in previous
years.

BULLARD FELLOWS

Peter R. Hannah, Professor of Forestry at the University of Vermont, pre-
pared a comprehensive narrative review of most of the literature on use of the
shelterwood method throughout the United States and eastern Canada. Following
this review, he visited with many researchers studying the effectiveness of
shelterwoods in a variety of forest types and observed their field studies.

The shelterwood method has been a recognized silvicultural practice to
regenerate forest stands for over a century but it has not been widely used in
the United States. In management of small woodland parcels common in the
eastern United States, it affords esthetic benefits in addition to the silvi-
cultural advantages of more continuous seed supply and possible control of
competing vegetation with overhead shade.



It is possible that the shelterwood method will be useful in obtaining
seedling regeneration of red oak. Red oak is an important species at the
Harvard Forest but many mature oak stands have little oak regeneration under-
neath and may be replaced by red maple. During the spring of '82, Peter
Hannah installed two small shelterwood cuts in PH IX in a red oak-mixed hard-
wood stand with about 100 ft of basal area. One portion was reduced to 45
ft2 of basal area and another to 75 ft2. Regeneration on permanent plots will
be compared with the uncut area. In another stand, mostly of oak, red maple
and white birch, with many small oak seedlings already present in the under-
story, the oaks will be retained in the overwood to produce more seed and in-
crease their growth and value while the response of existing regeneration will
be studied. Browsing by deer and rabbits may be part of the regeneration
problem and these impacts will be observed by erecting small animal exclosures.

RESEARCH

Ernie Gould had a busy year with the Massachusetts Forest Resources Ad-
visory Committee. The major outlines of a state plan have been completed and
the first draft should appear this fall, ready for public comment. ~-- Al-
though the National Forest System Advisory Committee has been discontinued,
Ernie has kept in touch with USFS planning people and progress on the White
Mountain National Forest. This is a fine chance to study how micro computer
capabilities can be used to help the District Forester improve his day-to-day
use of resources through more effective planning. Dispersed computer capacity
gives us a new chance to help grass roots managers explore opportunities.

Barry Tomlinson, on study leave during the fall semester, did some field
work in Queensland and New Caledonia, with emphasis on mangroves and monocoty-
ledons. On return to Petersham two major writing projects were initiated.
First was a survey of the botany of mangroves which is designed to prepare
a reliable background for the ecological work which is being carried out in
this economically important vegetation type. Here the herbarium and library
resources in Cambridge proved enormously beneficial. The second project is
a book on the developmental morphology and anatomy of palms, again a group of
considerable economic importance. Knowledge of the structure and development of
palms is incomplete, scattered and often inaccessible to the research worker.
The survey will attempt to condense and analyze available information, much of
it derived from comparative studies which have been a continuous activity for
the past twenty-five years in collaboration with several investigators, most
continuously with Martin Zimmermann.

Attempts are also being made to integrate structural, developmental and
functional studies of the palm crown. Jeff Vincent completed a three-dimen-
sional analysis of the distribution of the developing conducting tissues in
the crown of Rhapis, using serial sections prepared as the result of earlier
studies. From this it became clear that significant information was to be ob-
tained only in the somewhat older but still extending regions. A start was
made in Petersham, using greenhouse-grown plants, but continued in Miami in



June where abundant material was at hand. This was done in close collaboration
with John Sperry whose graduate research is concentrated on hydraulic aspects
of shoot development, expressed in the changing ability of a leaf to demand
water from the available stem supply.

Barry Tomlinson confirmed an earlier observation that in monocotyledons
with secondary growth, tracheids occur in both secondary and primary tissues;
the reason for this correlation is not clear. The vascular anatomy of the
monocotyledonous treelet Lomandra insularis was deciphered, using material
collected in New Caledonia. A survey of the vascular architecture of the
tropical family Araceae being conducted with James French at Mississippi State
University was completed with the preparation of the final paper in the series,
cited in the Bibliography.

George Wilder is undertaking a study of systematic anatomy of the mono-
cotyledonous family Cyclanthaceae. This work is intended not only to provide
. further knowledge of this subject per se, but also to help better understand
the relationships of the different cyclanthaceous genera with one another. In
collaboration with Rolf Dahlgren and Gunnar Harling he is preparing a review
of the family Cyclanthaceae for a book entitled The Families and Genera of
Flowering Plants.

Martin Zimmermann, in collaboration with Monica Mattmuller, continued the
work on the hydraulic architecture of the palm Rhapis excelsa. Our attention
is now concentrated on the xylem connection between leaves and the stem. The
palm is constructed in such a way that xylem pressures are always much lower
in the leaves than in the stem when water moves. This means that under extreme
stress conditions, the palm may lose the leaves, but would probably not lose
the stem. The stem xylem (water conducting system) is made only once in a
palm and has to remain functional throughout the life of the plant. (In con-
trast to this, our temperate trees continuously produce new wood, thereby
growing thicker.) This work is being continued by John Sperry who spent the
early part of the summer at the Fairchild Tropical Garden where he had ample
material for these investigations.

The two films which explain the vascular structure and developmental
pattern of the palm stem have finally been published and are now available
throughout the world (see the Bibliography).

The work on xylem dysfunction due to infection, started by Dennis Newbanks
last year, continues. We are now trying to see if the fungal hyphae of Verti-
cillium are able to penetrate vessels of sugar maple stems without causing
cavitation. A similar question is investigated in collaboration with Robert
Goodman of the University of Missouri by studying a disease caused by the bac-
terium Erwinia amylovora in apple trees.

Martin Zimmermann has spent a good part of his time writing a book en-
titled Xylem Structure and the Ascent of Sap. This will appear in the Springer
Series in Wood Science, hopefully next year.

Frank Ewers is working with Martin Zimmermann on problems of functional
xylem anatomy. His work has so far centered on xylem dysfunction and resis-
tance to dysfunction in relation to winter freezing. It is known that large
vessels, which occur in ring-porous species such as oaks and ashes, are more






wall, penetrates the cell and then invades root cortical cells. Another aspect
of this association under study is the degree of success of the endophyte-host
plant association. As in Rhizobium-legume associations, there are Frankia
strains which cause root nodulation but fail to fix dinitrogen (ineffective);
other strains produce effective root nodules (infective) on the host from which
they were isolated but also on other host genera or even members of other fami-
lies. Host susceptibility to such cross-inoculation remains a puzzle and a
prime target for further research. Cultivation of Frankia in vitro occupied
much energy with serious efforts being devoted to growing the organism on syn-
thetic, defined media, to accelerating the rate of growth of the filamentous
cultures, and to inducing differentiation of morphologically and physiologically
distinct forms. Of particular interest was the induction of terminal vesicles,
structures formed in vitro within which the enzyme nitrogenase forms. Research
on the structure of vesicles led to a study of the lipid constitution of Frankia
grown under different conditions. Still another subject was pursued in Cambridge
by Deborah Marvel, using techniques developed in Fred Ausubel's laboratory for
use with Rhizobium. Plasmids have been found to occur in Frankia, differing
from strain to strain. Efforts are directed toward discovering whether genetic
information which might be conveyed by these small pieces of DNA within the
bacteria are involved in the nitrogen-fixing capacity of the organism.

John Tjepkema, with the aid of Bob Cartica and Susan Lindgren, continued
his studies of the input of nitrogen to forests by the deposition of aerosols
on leaf surfaces. The most abundant forms of nitrogen in these aerosols are
probably ammonium nitrate and ammonium sulfate which arise from both air pollu-
tion and natural sources. The aerosols impact on leaf surfaces and are then
washed into the soil by rainfall. The rates of deposition are being estimated
by exposing washed leaves and simulated leaves of plastic to the atmosphere
for various intervals, and then washing the accumulated aerosols from the
surface. The measured nitrogen input to pine forests from this dry deposition
of ammonia and nitrate is about equal to the input of nitrogen in precipitation
and may be important in maintaining forest fertility.

Lawrence Winship, in collaboration with John Tjepkema, continued to study
nitrogen fixation and root nodule respiration by actinorhizal plants, in par-
ticular, Alnus rubra. Using a root nodule gas exchange system developed here
at Harvard Forest, he has been able to continuously monitor the function of
intact, attached root nodules as they convert acetylene to ethylene, release
hydrogen, and exchange oxygen and carbon dioxide during respiration. Since
the nodules remain connected to fully functioning plants, long-term experi-
ments have been possible, allowing a detailed examination of the effects of
temperature, oxygen concentration and substrate availability on nodule func-
tion. He found that the energy cost of nitrogen fixation by nodules of Alnus
rubra remains relatively constant over a wide range of temperature and oxygen
conditions.

Christa Schwintzer continued her studies of the ecology of Myrica gale
(sweet gale) in Tom Swamp with the help of Susan Lancelle. They found out
that Myrica gale stems were shortlived, reaching a maximum age of 8 years.
Most of the annual aboveground growth was due to stems (56%) and leaves (41%)
with only 3% devoted to reproduction. The root nodules fixed about 30% of
the plants' annual nitrogen requirement. The remainder of the nitrogen came
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HARVARD FOREST

To the Dean of the Faculty of Arts and Sciences:

Sir,~-~The following is a report on the Harvard
Forest and the Harvard Black Rock Forest for the year
ending June 30, 1982.

STAFF

In the spring of 1981 the Fairchild Tropical Gar-
den awarded Barry Tomlinson the Robert H. Montgomery
Founders Medal "For Distinguished Achievement in the
World of Palms and Cycads". Barry was the first person
to carry on a scientific research program at the Fair-
child Garden during the years 1959 - 1971 until he became
a professor at Harvard.

A number of courses were taught by members of the
Harvard Forest staff, both in Cambridge and in Petersham,
and students did independent work at the Forest.

STUDENTS

Ann Lewis completed her Master of Forest Science
thesis entitled Vascular Connections Between Koots and
Shoots of Acer rubrum Coppice Growth and Implications
for Management. Dye applications in 45-year-old red
maple stump sprouts showed that a sprout remaining after
all other sprouts were removed from the stump could use
all or almost all of the root system, whereas, a sprout
growing in association with other sprouts on a stump
generally used a smaller portion of the root system.
The results indicate that the xylem sap flow followed
the presumed gradients of decreasing pressures caused
by transpiration, and that cambial reorientation after
injury may be controlled by factors other than auxin
alone.

MEETINGS AND VISITORS

Professor Clark Binkley again brought his class
from Yale for a weekend at the Harvard Forest. The
Landscape Architecture Department from the School of
Design also spent the better part of a week in Peter-
sham, using our facilities for short courses and orien-
tation to the region. Many classes from other colleges



visited the museum and used the Forest as an example of
well-documented land use history.

We again had visitors from all over the world, too
numerous to list. Many groups held their regular meetings
at the Harvard Forest as they did in previous years.

BULLARD FELLOWS

Peter R. Hannah, Professor of Forestry at the Univer-
sity of Vermont, prepared a comprehensive narrative review
of most of the literature on use of the shelterwood method
throughout the United States and eastern Canada. Following
this review, he visited with many researchers studying the
effectiveness of shelterwoods in a variety of forest types
and observed their field studies.

The shelterwood method has been a recognized silvicul-
tural practice to regenerate forest stands for over a cen-
tury but it has not been widely used in the United States.
In management of small woodland parcels common in the east-
ern United States, it affords esthetic benefits in addition
to the silvicultural advantages of more continuous seed
supply and possible control of competing vegetation with
overhead shade.

It is possible that the shelterwood method will be
useful in obtaining seedling regeneration of red oak.

Red ocak is an important species at the Harvard Forest but
many mature oak stands have little oak regeneration under-
neath and may be replaced by red maple. During the spring
of '82, Peter Hannah installed two small shelterwood cuts
in_PH IX in a red oak-mixed hardwood stand with about 100
ft“ of basal area. One portion was reduced to 45 ft2 of
basal area and another to 75 ftZ2. Regeneration on perma-
nent plots will be compared with the uncut area. In an-
other stand, mostly of ocak, red maple and white birch,
with many small oak seedlings already present in the
understory, the ocaks will be retained in the overwood to
produce more seed and increase their growth and value
while the response of existing regeneration will be
studied. Browsing by deer and rabbits may be part of

the regeneration problem and these impacts will be ob-
served by erecting small animal exclosures.

RESEARCH

Ernest Gould had a busy year with the Massachusetts
Forest Resources Advisory Committee. The major outlines
of a state plan have been completed and the first draft
should appear this fall, ready for public comment. --
Although the National Forest System Advisory Committee
has been discontinued, he has kept in touch with USFS
planning people and progress on the White Mountain Na-
tional Forest. This is a fine chance to study how micro



computing capabilities can be used to help the District
Forester improve his day-to-day use of resources through
more effective planning. Dispersed computer capacity
gives us a new chance to help grass root managers ex-
plore opportunities.

John Tjepkema, with the aid of Robert Cartica and
Susan Lindgren, continued his studies of the input of
nitrogen to forests by the deposition of aerosols on
leaf surfaces. The most abundant forms of nitrogen in
these aerosols are probably ammonium nitrate and ammo-
nium sulfate which arise from both air pollution and
natural sources. The aerosols impact on leaf surfaces
and are then washed into the soil by rainfall. The
rates of deposition are being estimated by exposing
washed leaves and simulated leaves of plastic to the
atmosphere for various intervals, and then washing the
accumulated aerosols from the surface. The measured
nitrogen inputs to pine forests from this dry deposi-
tion of ammonia and nitrate is about egqual to the in-
put of nitrogen in precipitation and may be important
in maintaining forest fertility.

Lawrence Winship, in collaboration with John Tjep-
kema, continued to study nitrogen fixation and root
nodule respiration by actinorhizal plants, in particular,
Alnus rubra. Using a root nodule gas exchange system
developed here at Harvard Forest, he has been able to
continuously monitor the function of intact, attached
root nodules as they convert acetylene to ethylene,
release hydrogen, and exchange oxygen and carbon diox-
ide during respiration. Since the nodules remain con-
nected to fully functioning plants, long-term experi-
ments have been possible, allowing a detailed examina-
tion of the effects of temperature, oxygen concentra-
tion and substrate availability on nodule function.

He found that the energy cost of nitrogen fixation by
nodules of 4Alnus rubra remains relatively constant
over a wide range of temperature and oxygen conditions.

Christa Schwintzer continued her studies of the
ecology of Myrica gale (sweet gale) in Tom Swamp with
the help of Susan Lancelle. They found out that Myrica
gale stems were shortlived, reaching a maximum age of
8 years. Most of the annual aboveground growth was
due to stems (56%) and leaves (41%) with only 3% de-
voted to reproduction. The root nodules fixed about
30% of the plants' annual nitrogen requirement. The
remainder of the nitrogen came from the soil. The cost
of nitrogen fixation was substantial with nitrogen fix-
ation consuming about 8% as much carbon as was contained
in the annual production. In a separate study of seed-
lings growing in moisture gradient boxes with controlled
water tables, they found that nodule initiation and



growth was highly dependent on soil moisture. Interest-
ingly, the seedllngs allocated 6-7% of their total biomass
to nodules in the wettest soils but only 1% in the driest.

Many other research activities, 1nclud1ng my own,
have been supported by the Cabot and Atkins Foundatlons
These activities are descrlbed in those reports.,‘

FOREST OPERATIONS

During the last year the woods crew cut about 37
cords of firewood, but spent only about ten percent of
their time doing,such‘operations.~ Most of their time was
spent maintaining roads, trails, buildings, grounds, tools
and equipment. We have started plans that will increase
the time devoted to experimental cuttings next year,
hoping to have considerably more wood to burn Wthh w111
further reduce our oil bill for Shaler Hall.

The Tom Swamp I thinning contlnued into the fall
but is not yet finished. 1In the spring we started on a
hardwood shelterwood cut that was laid out by Peter
Hannah to explore the problems of getting red oak regen~
eration (see Bullard Fellows). He also marked several
other experimental cuttings that we will start next year.

HARVARD BLACK ROCK FOREST

As of June 25, 1982, Donald C. Mitchell retired from
his position as assistant to the manager of the Forest.
He was replaced by John Brady, who for the last two years,
served as a contractor involved with thinning portions of
our woods. Damian King, a college student, was hired on a
temporary basis to assist John Brady. Both of these men
will take care of maintenance work in the forest.

Remeasurements of silvicultural plots which we have
monitored for almost fifty years continue. New tallies
are made at five-year-intervals; all living trees are
kept painted with identifying numbers. A record is kept
of any ingrowth and such trees are also numbered for addi-
tion to our tally.

Preparations have been made for an experimental
harvest of mature overstory timber in Compartment IV at
the upper Hulse Road. One ten acre block within a larger
area which was heavily thinned in 1957-58 is to be treated,
leaving an adjoining tract as control. All existing re-
production was carefully sampled prior to logging. A
post-logging reproduction count will be made to accurately
account for young trees destroyed during the process of
log extraction. Short and long term impacts of this
management technique will be of interest to silviculturists.

Martin H. Zimmermann
Director
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