


RESEARCE IN THE BIOLOGICAL ASPRCTS OF FORHWST PRODUCTION

(Panel on the Adjustments in Management gnd Silviculture)

One of the greatest deficiencies in the pro@uction aspect of forestry
today is our general lack of abllity to predlet the species, form, and
%olume of the trees that will be growing on a particular area at a glven
time. This deficiency stems from the fact that we as foresters are work-
ing with a wild crops and we &imply do not have'fhe degres of control over
pur forests which permits accurate prediction. Moderp industrys the bond
between ferest potentisl and socletys réquires realistic predictionsg in
order to funetion proéerly.f Ultimatelys sound decisions as to produsf
fion poliey must rest upon a firm foundation of Enowledge: o knovwledge
which inevitably wlll be basically biological due to the inherent charac-
teris?ics of the forests themselves, Whether we like to admit 1t or not,
forest production is a highly spéculative proposition. The degree of
speculation in the future.will be related to the demends that sqciety
places upon the forest potential agd thg rate at which silvical knowledge
1s accumulated»

Many problems of forest production have become apparent, although a

great number remain to be generally recognlzed before they can be




delineated and ratlionally approached. Our difficulties séem to originate
from two major sourceéa When one views the first‘source with’an extremely
broaﬂ perspective, it emerges as the myriad of imponderables involved in
the forester's attempt to evaluate the sum total of the reactions beitwen
the genotypes of the forest trees and their gﬁvironments. Thisy, in my
minds is what the fofestar is %rying to dé when he predicts the site
quality of a wooded area. The second source of difficulties is as specific
28 the first is general. It .Anvolves the factor of time, en slement which
cen be measured precisely and the reqpirementﬁ of which is sonsiderable
for the life cycles of most of our native tree species. The influence of
time in the blologlcal research of forest production has no parallel in
any comparable area of investigations

Research in the biological aspects of forest production can follow
several methods of approache The one whieh will ultimately proviae the
najor framework feor sclentifie silviculture is often referred to as funde~
mental experimental research, Here, elaborate equipment and intricate
techniques are‘employéd to break down the physiologlcal processes of plsnis

into thelr ghmk physico-chemleal reactions, isolate them; and measure



$heir veriations under controlled oopditiona. Control is essential. The
major efforts of plant physlology have been devoted to the lower plants and
the herbaceous members of the higher plants. The application of similayr
experimentation on trees creates a whole set of problems of considersble
magnituéé. The highly trained plant physiologist in this country who con-
cerns himsgelf primarily with trees 1is rare indeéde Oﬁe might even say
that the sciencé of plant physiologj has not developed to the stage where
trees as individuals, let alone in the form of forests, can be observed
efficiently. One eould probably state further that the basic ?roblems
" related to the reactlons of »a tree with 1ts environment are not in the hends
of the forestry profession as such. This ie not an admission of failu:e
on the part of the forester bﬁt one of iealiam, of challenge, Here, theny
1ies & whole area of research responsibilities, e part of whlch could be
shouldered by the "?oreat physiologist." if for no other reason than’to
assist in the recognlition an§ description of the basle problems.

" Another mode of researsh is as old as man and is the trial-snd-error
or empiricel method. This manﬁer of learning was largely responsible for

the ehanges wrought in mant's existence from one of a getherer of wild

plants and animals to one of a cultlvator of domestlic erops. Our whole



civilization rests upon it. The prim@ry difference between this mode
of investigation in silvieulture and agriculture is the %ime factor involved.
The agriculturiet can comblete;aixty to one hundred experiments while the
/silviculturist mist be aatisf@ed with one, The agricglturist also has at
his command the advantage of over three thousand years of experience with
a coﬁparatively few food plants. The silvieulturist has as his backlog
of experience a few hunﬁred years with a multitude of tree speciess
Emﬁirical investigation in forest production has been primarily des-—
‘eriptive chlefly becsuse of the difficultles in achigving an adequate
degres of conﬁrol. Its motivation hés been the pressure of practical
problems. Plantations and sample plots of differently treated areas gen—
erally fa}l within this realm of research. The value of sucﬁ’research
will be related to the manner in which it was originelly conceived, and
the amount and quality pf the observations recorded during the meny years
of its continuous meintenance, Vhen oné coﬁsiders the complexity of the
problems involved, it would appear that a multitude of these projJeects will
ﬁroduce nothing more than a crop of trees, and many of these af great
8Xpenss. The trial and error‘approach is very apt to defy accurate des-—

eription, interpretation, and duplication.



The third avenue to the blological problems of silviculture cen be
~ reférred to as the historical method. This mode of investigafion also hasg
been employed for a long time, It is no aceident that the major wheat belt
in North América occupies the srea which only a century ago was dominated
by tﬁe midegrass prairies. Trial and error, environmental manipulations
and genetics have altered the boundaries, but the outlines of the original
vegetation still'are almost intacta In this approachs the plants are con-
s}defed a8 integrators of the total environment. Investigatienora attempt
ﬁo reconstruct and interpret the expressions or trends in the deveiopnent
of the vegetatlon in tﬁe light of what has gone on before. With an histor—-
ical bac#ground in hend, they cen be more intelligent about what to expect
in the futuré. The reasoning is primarily inductives

Climate has often been defined as the succession of weather. A forest
might be referred to as the product of a Series'of ature' s experipentsa"
In this respect, & forest might also be compared with a technical llbrary.
The experiments are not cataloged but they are there just the same and need
only to‘be recognlzed, interpreﬁed, and evaluated.

One should be very conservat;ve in appraising thls means of deriving

information, The method is chiefly one of fundsmental description, No



basiec quantitative date regarding physlological processes or facets of the
environment will result. The whys and wherefores of plant distribution will
not be solved. However, definlte facts of presence and absence of tree

. specles will be exposed. Major fluctuations in the environment and the
gross expressions of the tree vegetation to related changes ean be observed.
The time factor, always 8o 1nf1uential,‘can be telescoped by meticulous
application of simple techniques and Judicious observation. The results

of many yéars of Unature's experiments" can be serutinized within a com-f
paratively short time. New problem afeas can be exposed and subjected to
mqre elaborate gxperimentation.

The experimental, trialmahdrerror. and historical approaches to the
‘biological aspects of silviecultural research cannot stand alomne. All;threes
pérticularly the first, ﬁust of necesslty take into consideration the
prineiples of genetics, TEventually, 8ll silvical knowledge must ha;e geno~
$ypie qualification. Genetics can provide an impetus to forest production.
The recognition, selection, and creation of particular genotypes will not
only meke it possible to grow b?tter trées faster, but also asslst in the

analyels of the anviionmenta; complex,



é

Silvies, commonly Qefined as the biolggical foundatlon of silviculture,
ié in its embryqnie stage of development, It is destined to become & sclence
of synthesis, deﬁendent upon the contributions of the allied dlseciplines
for its foundation. The nature of the problems demands the application of
the experimental sciences for ul&imatg solutions. As a result, answers
“will be a long fime in coming. One might rationalize the situation by con-
sldering sxperimental research as the long~term approach; and descriptivé
' research in the form of trial-and~errvor and historical methods as short-
term approaches, Of the three, the historlcsl is perhaps the least time=
consuming. When one copsiders the present status of the development of
gilvlies, the complexity of the problemg, and the igportance of time, it
would also éppear that the historiecal approach coﬁld be employed to the
greatest advantage now toward the contribution of partial solutions for
the silviculfurist in the woods.

During the last two years I have been applylng #he historical approach
to an ares. slightly less than one acre,situated on the Harvard Forest in
Petersham, Massachusetis. I would like to tell you & few of my experiences

and perhaps ask you some of the questions that I heve had to ask myself,



The original obJective was to traée the development of the vegetatlon
to pre~colonial time, about 1730. The area was chosen because it supported
a stand of tree;. and it was accessible, | The first p;oce&ure involved
the eonstruction of & 10=foot grid which permitted the accurate location
of any observation one cared to record.

A serles of maps was éonstructed to the scale of 10 feet to the inch
which agscribéd:

1. All stumpss dead tree boles and large’fragmenta of
vood lying on the forest floor.

2, A1l live tree elements to & minimum D,B.H, of 1=1/2 inches.

3. A1l live tree elements ranging from 1-1/2 inchese in
diameter to the smallest recognizable seedling.

b, Contours of the forest floor to an interval of 6 inqhes.

5, Boulder concentrations on the surface of the forest
floor and all individuel boulders to a minimum diameter
of 6 inches.

6. Present forest cemopy.
Along with map construction other procedures were as follows:

l. Specimens of all the stumps and wood fragments were
collected for identificetion and age determination.

2. As the tree elements less then 1-1/2 inches in diameter
were deseribed, a section for age determination was
removed from the base of each coniferous seedling and
from the base of the stem and primary root of each
sprout hardwood.

The 6~inch contours vividly delineated the microrelief of the area

which included over 60 mounds énd pits ereated by the uprooting of treess



The next major efford cohcerped the mounds end pits exclusively. Bach wae
sectioned at right angles to i1ts long axis, to depths of from 2 to 5 feet,
Ten séctions, the sges of which could be most e¢lesely determineds; were pro-
filed to the scale of one foot to the incho Only the grose aspects of the
sections were observed: eolor; textufie, end arrangement of horizons. The
rem&ining‘sections were diagiammatically profiled to the samé scale and
‘described» Colneident with sectioning, specimens were collected of buried
wood from the trees that had been uprdotea, buried orgeniec layers of the
pre~disturhed forest floor,vand charcoal. The wood and charcoal were col-
lectedvfor identification, a8 wes the pellen content of the orgaﬁic layers.

The final s£age in the field conéisted of clear—cutting the srea.
fectiong for helght end dlemeter growth reconstruction were removed at
b-foot intervals from each tree. 80 much for the general preocedures
except tq pay that the laboratory snaslyses involve & terrific velume of
labor. Approximately 10,000 individual specimens wefe collected.

Ong of the first facts to be revealed was that in splie of at least
two major logging operations, four perieds of wind disturBence, end fires,
the area ha@ supported trges cohtinuously since pre~colonlal time. This

fact has & significance which perhaps is g0 elementary that its real
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meaning le forgotten: that in this general region of the United States the
developmental trends of the vegetatlon are climaxed by trees. This ls the
ba&ic premise upon which our present-day silviculture and forest mansgement
are founded. The copeept of plant succession was derived from the discipline
vof plant ecologys end ?rovides the forester ;n New Bnglend with the basis

for aAfeliable prediction: that any ;rea in New England ~- those of obvious
environmental extremes excluded anawlll produce & drop of trees if given

, enpugh time.

The microrelief of the ares included over 60 mounds end pits created
by the uprooting of trees. The mejority of these trees had been alive and
quige 1érge when they were uprooted. The indlviduel characteristiecs of
the moﬁnds and pites indlecated that at least four major periods of wind die-
turbance had oceurred over approximately the last 300 yéarsa Recently I
had the opportunity to travel over 5,000 m;les to the Cumberland and Smoky
_Mountains; south through the Piedmont Region, then weét across the
ﬂississippi Delte to the Quachitae and Boston Mountains,‘and back to
Maasachusettap Practically everywhere one looked mounds and pits of

uprooted trees were found. One has no difficulty finding the same

phenomens in New England. The evidence on the ground is substantiated



by accounts in the literature of innumerable storms of varying intensities
since colonial ﬁimea I have come to the econeluslon that the mound end pit
microrelief is aéQmuch a charscteristic of the forests as the trees theu~
selves, The gquestion that I am forced to ask myself is: bhow does disturb-
ance of this magnitude;and frequency affect the ¢limatic climex concept of
vegetational development, a conéept upon whieh much of our sil?icultural and
management practices are based? The climatic ¢limex concept is founded
upon & degree of sﬁabiiity that never appears to have existed in meny
forested regions. What adjustments do we have to make 1n”our gilviculturel
reasoning to asccommodate the influence of uprooting, of instebility? Can
the disturbances be prediected with relisbility? Can the regions most
affected be mappeé?’

The insertion of & disturbance or instability cpncept forces one to
agk the same question about the development of aoils.‘ On thé ares under
investigation 1% 1s poesible to ascertaln three different ages of soll
surface within e horlgzontal distance of 20 feet. Over thé srea in general
it is impossible to sglect one profile that can be designated as "typical,!

fnormel," or "meture.! The influence of instability upon soil genesis

would appear to be an important consideration.



The stem analyses vividly revealed the helght growth of the trees as
individuals and of the stand in general, The hardwoods of one age class.
spowed a period of pronounced decresse in height development, Further
obgervations indicated that abéut 70 years ago the crowns of this age class
were méchanically damaged. A severe lce or glaze storm was probably the
agent involved. Reglons of frequent and severe glaze storms are recog-
nized by the electric power companies throughpﬁﬁe United States. So awere
are they of thlie phenomenon that eritical areas have been mapped, and in
-these reglons adJustments have been made in the equipment employed to
accommodate the welght of ice &ccumulation, Whet influence do ice stormé
have upon tree height growth and econsequently upon the development of clear

log léngth? ~ Is elear log length actually limlted by ice in certein reglons?

Can the frequéncy end occurrence of lce storms be predicted?

‘Hed o forester cruised this particuiar ares periodically evgry hundred
years starting in 1650, his tally sheets would haﬁe gshown quite different
totals in régard to composition, dominance, end, of course, volume. The
chances are that he would have assigned a different forest type designation
to the stand that he found there each time.  Which one of’thege forest

types! was real? Which one represented the true blologicsl potentisl of
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the area? One might ask the same questions conecerning the meny different

fqrssﬁ types now recognized in New England.

I have attempted to describe my econeept of the historical approach to-
forest produetion research. I bhave cited only a few of the groaa expressiéﬁs
of the’vegétation to its enviroqment and ﬁhe simple technigqae’ involved in
their'observation. It would appear that this approach eould be spplied
very advantageously at this stesge in the development of scilentific silvi=
eulture. Its major objectives could be the determination of the "naturall
biological production potential 6f fofested arees and the degreekof flex-
1b1lity they.present to environmentsl manipulation, Admlttedly, most of
the.information derived would be descriptive in nature and would undoubtedly
fallyby the wayside as the experimental sciences came into play. Régardless

of the nature of the knowledge, 1t 1s needﬁ%ow, and much of 1t 1s destined

to

(to provide not only & framework for further investigation but also/con-

tribtute to the basle foundation of scientifie eilficulture in the future.

A basic question involves the degree of accuracy with whileh one should
expeet to predict the blological potential of an area. There are innumer=
able agricultural areas in the Midwest, for example, that have not exper=-

ienced a erop failure in 50 years. I do not imegine that the proprietors
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of these mcreages would have any difficulty finencing improvements through 8

bank loan. Howeﬁer, move these same aress west near the margin of the
30=ineh annual precipitation zone and observe the degree of speculation
m&unt. The inherent characteristlcs of our forests will never permit the
degree of prediction exerclsed In agriculiure. However, a forest lndustry
should be able to underteke a land procurement program with reasonable
lcertainty that the acreage they qhtain will mest the demands whlch are to
be placed upon'it. A silviculﬁurist should be able to realize the risks
involved and fhe chances of attaining his objectives when he attempts to
grow trees with two clear loge of a particuler species snd size in a pre~
scribed length of time. As we learn;to manipulate the environment to

» coineide with the silvlical requirements of a plant, or to adjust the geno~
type to the enviromment, we shall be able to predict results more accurately.

In the future.vl belleve that we should be very reaslisbic about our

research in forést production. Not necessarily practicsal, but realistic.
All sclentific investigétion consists of accumulating observations. The
subjects belng serutinlzed vary @remendcusly as do the technlques employed.

Nevertheless, the first objJectives are the same: the recording of accurate

obgervations. Ultimately the data are synthesigzed. Conclusions ere
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derived which lead to a partial solution. Another facet of knowledge has

been exposed, and en additional plene has been established on‘which further
reasoning ean be based for an %pproach to another set of unlknowns.

During the initial stages in the development of ailviculture,’the deg~
eription énd empirical methods of research could probebly be emploﬁed to
the greatest advantage. After these have beep exploited to reveal the
gross biological phenomens of forests, the epplication of the experimental
method will come into full pley. It would also appear that the forester
eould accept more of the research responsibllities pertineht to the blelogical

aspects of forest production.




