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INTRODUCTION

The sciences of physics and chemistry
are concerned with the phenomena of
the physical world, i .  e.,  with al l  the
ulaterials and energies of the universe-
The boundaries ol these two sciences
merge, and, in their broader aspects,
they may be considered as one. Today

l) l .y) ic" is genelcl.y considered as the
science ot matter', involving no chemical
changcs Chemistry is concerned with
the composition of substances and of
their translormations. Chemistry and
physics arej therefore, basic sciences
u'hose laws and principles extend in-
exorably through all other natural sci-
ences.

Livinq organisms are pecul iar and
uncommon (in a univers|]  mlrtel ial
sense) aggregations oI materials. Their
exisLence i tDd behavio] '  is governed and
lr lot ivated by physical and chemical
Iaws. Every ceIl and every organization
.I cells is a most deiicate and intricate
. l r em ic i , l  phys rc : , 1  l abo ra lo r y .  The  i n
t.rnal pllysical and chemical phenom
ena of l iv ing organisms, such as col loi-
dal sulfsce reactions, diffusion. capi]
lary flow, organic synthesis, and deli-
clte catalytic reactions are influenced
by external physical and chemlcal fac
tors such as temperatu!e. lightr wind,
F r ' av r1y .  wa le r .  o l he '  l i \ i ng  o r ' gan i sms .
rnd the soi l .  Sjnce a forest is a very
camplex associat ion oi t lees. other
l , : an l s ,  t n im . l s .  and  m ic ro  o rgan i sms .
the ef lect ol external lactors and of
competit ion is most complicated on a
icrest community.

The problems lvith which forestry
dc'als ale highly diversi l ied and re
ql l i re a broad basic training in the
nl l tural sciences, mathematics, survey'
irg, and economics. I-o!estry is an ap

pijed science based on chemistry ancl
physicsj the botanical sciencesj soils ancl
geology, and zoology. Of the foundauon
s 'ud ies  l n l  l o res l l y  none  i s  more  im .
portant Ulan chemistry. A very excel-
lent and concise statement on this sub-
jeci is given by Graves and Guise rn
their book on "Forest 

Education.,,  I
cjuote direct ly:

' I l  
i s  unneccssa ry  i n  l h i s  r epo - i

r o  d l j cuss  t bc  rea :ons  f o r  p rov ;d lng
in i l r uc t i on  i n  chemts l r y  j r d  phy .
r cs ,  e  he l  l r om the  s l andDo in t  o I
eene ra l  pduca l i on  o r  i n  p repa rs t i on
ror '  rhe subscquent courses in fol-p ! t f y .  The  sub jec t s  r l e  bas i c  l o  a l l
s l udy  o t  s . j ence .  Ou t  know lec l se  o I
t he  o . ru ra l  pheno .nena  w i rh  wh rcn
we deal in lorestry in the linal
.  na l ys i s  i s  b i r qcd  on  chemis t r v  : r nd
phy \ ' . s .  I n  r hcse  sub . i ec t s  l he  s ru
c len l  j s  b roug l - t  i n ro  s661 " " '  * r , 1 ,
lundamental facts of nature, and he
rs given training in aocurate ob-
"e l v r t i on .  i n  l he  mc lhod  o t  an r l ys : , .
and rn reasoning fi'om obsefvatiolr,
The acquisition of ]<nowledse or
direct service in lechnical rvo-rx in
torestry. the acquaintance with the
profound trLlths of science that en
ables or]e to understand better the
wor l d  i ' bou l  h im .  and  t he  l r a i n i ng
in scientific methcd are a| ol rrn-
portance 1n a preparation for ule
prolession of forestry. These lacts
a re  ge re ra l l y  r ccogn  /ed  by  t hF  f o r
estry schools."
NEED FOR CHEI,IISTRY IN THE

PRACTICE OF FORESTRY
Although the reasons for instruct ion

iL chemistry as a preparation for rot.-
estry may be general ly recognized.
there is. nevertheless. considerable di1
ference ol opinion as to how much
cl iemistry should be required and how
ii :  should be taught. Is one year srLlf i .
crent or ale more desirable? Should

r l ' } r e s . n l e r l  h c t o r o  t i 1 !  F o r . s t r \ '  S c c r i o n ,
- \ o r t h \ r . s i  S c i c r t i f i .  - \ s s o c i a t i o n  r r r r i . ! -

, P _  s ! i . k . .  ' .  \ \ " ,  t r  ' , r  u r  .  t  , ,  , . ,  n , , ,  : . ,
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ehemistry be taught to foresters in.ia

tholough funalamental course as is re'
quired fot majors in chemistry, or is
general survey course more desirable,

Belore answering these and other
questionsr let us examine the need ior

chemistry in the practice of lorestry

and in the education of a forester'
As Basic Eilucation.

One of the obiectives of education rs

to give the student e better comprehen-
sion ol the world about him Chemistry
(a1nd physics) acquaints the individual
with the lundamental concepts ancl
laws of nature. It gives him a better
understanding and appreciation of the
world of which he is a part. Therefore,
chemislry should be an important pnrt

ot any scheme ol higher education. A
law prolessor recently stated that chel1l-
istry should be included in tbe law cllr-
r iculum, because many ol the industr iaL
and other cases which come up involr/e
chemistry, and if the lawyer has Do
ability to understand and evaluatc' tile
chemistry involved, he is severely han-
dicapped.

Now forestiy is in appl ied screncc
birsed on the natural sciences, inciuding
chemistry. Furthermore, chemistly is
basic to all natural science. Chemistry,
therefore, should be a part of the basic
training oI al l  foresters. I t  may be
fur:ther argued that the training in the
techniques o{ observation, analysis and
reasoning obtained in chemistry are of
vital importance and value to a fcr.
ester.
In Sllviculture.

The practlce o{ silviculture is based
on a knowledge ol botany, particularly
dendrology, ecology, and physiology, on
pathology and entomology, and on ge-
. logy. soi ls and meteorology. Training
in the plinciples of chefnistry is essen'
tial for a porper underi'lahding ol physi-
ology, ecology, and soils. The chemistry
involved in the growth and life proc-
esscs of t leesJ the effccls of environ.

ment on the biochemistry of the tree,
and the chemistry of the soil and its
relation to nutdtion, growth, and the
character of the stand are all essential
to the intelligent practice of silvicul-
ture. The chemical composition ol the
soil has a very importantr but as yet
little understood, eflect on the growth
of trees and the nature ot a lorest. Cer'
tain chemicals are essential to growth,
others have been recently discoverdd
v,'hich, when added in exceedingly
small amounts to the soil, greatly stim
uiate growth and even change the be-
haviol ot the trees.

The chemical changes taking prace
in  humus ,  t he  e f i ec l s  o f  t h i nn ing .  l og -
ging, and lire on the chemistry of a
Jorest ale other important factors to
consid:r irr silviculture. A more simple
yet important application of chemistry
to silviculture is the tleatment of seeds
by certain chemicals to hasten and stin-
uiate germination.

It is not €xpected that every ior'esier'
should be a specialist in soil chemistry
cr' physiological t)hemistry, but he
should know suflicielt chemistry to un-
derstand, interpret z,nd apply chemical
data and make simple observations.
In Forest Protection.

ln protection from f i le. physics is
more fundamental than chemistry. A
knowledge of the effects of tempela.
ture, humidity, and other meteorolog-
ical factors on the inflammability of
duff are a direct appl ical ion of physics.
Chemistry, however. may play a pa|t
in fire control in the future. For ex
ample, chemical sprays might be used
to check or retald tires. A recent ar-
ticle by H. R. Ollord and R. P. d Urbal'
ccntains a discussion on the use of
chemicals in burning wet blush piles.
This holds intelesting possibilities for
controlled slash burning.

In lorest pathology. a knowledge oI
chemistry is necessary for an under-
standjng of the Rction of fLrngi aDd
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other parasites on wood or other tree
tissues. Control measures ihvolve the
use of toxic chemicais in many cases.
In Forest Utiliz&tion.

Wood is an olganic t issue pfoduced

by biochemical processes JIom air and
water. The soil furnishes the lvater and
various essential catalytic chemica"ls.
Wood is a very complex chemical sub-
slanceJ and is an inlportant raw mate_
rial for chemical industries. From wood
there are manulacturad by chemical
plocesses pulp. pape". l ibpr bocrds. tex'
l i les, cel lulose wclppers. plasl ics, sol_
vents. acids, tannin, preservatives, char_
coal, oils lor paints a1nd as ch€mical sol-
vents; and many other uselul commodi_
ties

Chemica l  u1 : l i z f l l i o ' l  i  I  l o r - s t  t r ces  i s
ar impo ant part ol for:cstry and will
undoubtedly increcs;. rn importance jn

the future. The thearetical or labora_
tory possibi l i t ies lor further practical
develophents jn cbemical r"rtilization
are most promising. Much research is
being done over the world in wood
chemistry. Since chemical processes
deal with the minute units oI wood, the
fjbers, the colloidal particles, and the
molecules, wood wastes should be ideal
ly suited for utilization by chemical
means. A number of lumber companies
and lumber associations are interested
in the chemical development of by'
prodlrcts lrom their mill wastes and are
surveying possible research piograms.
At least two compardes in the West al-
ready have research laboratories and
chemists working on u'aste utilization
problems.

In the large and important f ield of
preservation of llrmbel and timber
products. a knowledge of chemistry is
esgential.

It is evident that chemistry is of vital
importance to the specialist in utiliza-
tion, even to the sudent who goes into
commercial lumbering. The general for-
estry student docs l ]ot need the detai led

knowledge of wood utilizationist, but
he sholr ld have suf{ icieht knowledge of
chemistry to understand and appreciate
the problems and new possibilities of
utilization of the forest.
kr Forest Research.

Practical foreslry must build on re
search. In fact. research should always
be ahead of forestly for otherwise prac-
tice must move by rule ol thumb, and
such blind practice is frequently costly
o| even disasl|ous. Research is a large
and important bfanch of the Forest
Service and many other institutions are
carrying on technicai and scientific for'
estry research. Such research, to be car,
ried out intelligently. must be dcne by
men with thorough training in their
specialties and with broad lundamental
lraining in the sciences basic to for-
es l r y .  among  wh i ch  . hem is t r y  i s  im
portant for reasons aheady given.
In Forest Management,

A knowledge ol chemistry is no crr-
te{on for a succesltul forest manager.
ButJ nevedheless, J lorest administra-
1or who has a general understanding of
chemistry is better able to appreciate
and interpret certai:l data and problems
\ .'ith which he may have to deal. He
will be jn a better position to under-
stand and apply the results of research
work to the practical management of
his lorest areas.

NAAURE OF TRAINING IN
CHEMISTRY

The need lor bas:c lraining in cheml
istry for foresters is apparent. How-
everj there is considerable difference
of opinion with respect to the nature
and extent of chemistry courses neces-
sary for foresiet s.

With the exceptioq of certain special-
ized clrrr icula. such is wood uti l izat ion,
we cannot expect to teach more than
the elements of chemistry. The usual
requirement in most folestry schools is
one year of general chemistry. In most
cases) this general chemistry coulse rs
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the same {or all groups ol students'
i. e., lorestersr engineers, science ma_
jors, and others. In principle, this is as

it should be. I shall elucidate this point.

Foresters, alter graduation, go into a
diversity ol jobs. In some of these jobs,

the value of chemistry maY not be im

mediately apparent. In others, padicu-

larly in research, a knowledge of chem-

istry at once becomes useful Some
g .adua tes  t r a i n  1o  become  spec ia l i s l s .
either by se]l_study and experience ol
by graduate work. Therefore, the un_
dergraduate wori< in chemistry must be
such that it gives trhe genelal lorest
production student sulficient under-
standing ol the subject for the intelli
gent practice of forestry, and will also
enable him to build onto this work
w i l hou l  l oss  l a te r  un  i t  he  \  i she ,  l o

specialize. This means that iI only one
yea r  o f  chem js t l  y  i 5  r eqL l i ,  cd .  ! s  i s
usual, no mole than the elements and
basic principles can be taught, but this

should be taught thoroughly. A sp3cir l
course lot loresters (meaning usually
a simplified course) or a general survey
of laymen s course is undesirable and
iladequate both in the subject matter
taught and in the scienti f ic metbcdol '
ogy learned.

One year of chemistry is the barest
minimum of prepalation for a forester'
Additional coulses in analytical antl
organic chemistry would be very de-
sirable preparation for studies in physi-

ology, ecology, forest soils, and silvicul'
tLlre. Howel'er-, the lorestry cuuiculum
is already so crowded with essential
r-ateli:rl that this is impossible. Inslead
oi the standard second and third
courses in chemislry (analyt ical and
or'ganic .  r .r  bottpt :  rrcngcmenl might
'  ' '  to . lesiglr 5pcond yecr oI chemislry

r n  o i , F  , h F T  " o m c  . r n d e r -

standing of or'ganic chemistry and plarnt

chemistry- At Idaho a second course
of one semester duration was designed
.1of agricultural students. In involves

the elements of analytical and organiq
chemistry. We are now requiring our
forestry students to take this course. A
hillf year course in plant chemistry
s l r ou ld  f o l l ow  th i s .  Such  an  a r range -
ment would extend and apply the tun'
d^mentals of the introductory course to
the chemistry of the tree. In a five_year
c , r l r i cu lum.  i r  wou ld  be  poss ib l e  1o  i n
ciude these courses.

In discussing the deficiencies oi forest
education, Gr-aves and Guise'point out
that the most significant criticism by
those best qualified to form a judgment

is the lack of thoroughness in lundl-
mentals. They also point out that many
graduate loresters feel that their basic
vo r l (  w '1s  o f  l i l l l c  v " l uc .  Ana l ys i s  i n
dicates that the trouble lies not in the
inclusion oI fundamentals and of the
theory and principles of the subject, but
lies in the fact that the work was not
thorough oI the training was poor' in
qrrality, or the studsnt hirJ]self failed
to take advarltage ol the opportunit ies
oflered by the school.

Ou r  i n l r oduc l  o r y  l u rd rn ' en ta l  s . i e l . o
c^u rsFs  a r ' e .  un lo l  l una te l y .  f cequen t l y
deser:ving of cdticism. More unfortu-
r  . t a l y .  t h i c  c .  l i c i s l n  o l l r  r  I  esu l l s  i n  j l

v . , eaken ing  o I  t he .nu rse  by  cu r t0 i l i ng
theoretical workJ emphasizing practical
examples, and generalizing by teaching
the subject as a survey course.

A  common  f t u l t  i n  t he  l each ing  o l
i n l r oduc lo ) y  chemis r r y  and  phys i c .  i s
that in the attempt to cover the ground,
a great mas\ o.[  factua] inforrnation is
handed out. This is because these sub-
jects have expanded greatly ln recent
years and the instructor lails properly
to organize the material. The student,
eren a good one, may fai l  to assimilate
it  and his mental powers are certainly
not st imulated. Warren K. Le\,vis'of the
Department ol Chemica I Engin6stir*.
Massachusetts Institute of Technclogy,
in discussing the education of engineers,
point out that students who are trxincd
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i rr  lhe ahote d^scribed mcnner '  '

hiive grandiose concepts but cloudy no'
tions of their relations to the facts.
Many a graduate student, who lrill talk
glibly of the third law oI thermodynam-
ics, is unable to give any idea oI the
nature of energy or the reasons for as-
suming its existence, or will define tem'
perature as what the thermometel
reads." In other words, as Lewis points

out, the acceptance oI any of the knorvl_
ecige taught is an act of {aith and not
an intellectual appreciation of its back'
ground and meaning.

A coulse in chemistry-or in any
science-should be so taught that the
student grasps the logic of the develop-
nent of the scienti j ic laws ind prin-

outcrops of a sandy shale on the west
and south sides of l'ranklin Butte have
yielded an Eocene flora of apprcximate-
1y 25 species. The majorily oI the speci-
mens are leaves of angiosperms with
Seqroia langsdorfii the single gymno-
sperms. Among the angiosperms are
some genera found in the modern tem-

ciples from the tacts presented. The
logical development of theories from
l<nown facts given the student teaches
him not only the facts and theories and
the limitations of the theor.ies, but
lrains the str.dent to thlnk logically
along scientiCic l inei.  I t  deveiops ana'
lytical and creative thought which is
rnrportant in mceting n- 'w problems in
thc profession.
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pefate forests, as - lncIatt.chier, l l ibts,
' f  i l ia arul Vatciuint - Other genera, as
I.aurus, Ile.t ald, Tclrocera are \ilaml
tempelate to subtropieal in distribution.
Such an associatioo probably indicates
a warm temperate climate, not a sub-
tiopical one, with abundabt rainfall and
no Irosts.
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Butte, Oregon

ETHEL I. SANBORN
Oregon State Colleae


