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ABSTRACT

Yield and composition of essential oils were compared in

foliage of Douglas-fir. Five clones with different susceptibili-
ties to deer browsing were used; foliage was collected during the
dormant season. There were no qualitative differences among the

oils of the different clones, but the oils differed quantitatively
in all variables measured. Eight variables appeared useful in

separating resistant from susceptible clones. Only one compound,
however, an unidentified chemical, seemed capable of distinguishing
between all three deer browsing preference classes.
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INTRODUCTION

Feeding selection by black-
tailed deer {Odocoileus hemionus
oolumbianus Richardson) among
Douglas-fir (Pseudotsuga menziesii
(Mirb.) Franco) genotypes has been
recently documented (Dimock et al.
1976) . A universally accepted
basis for such voluntary animal
preferences, however, has yet to
be established. Studies of factors
affecting relative preference are
necessary for a better understand-
ing of plant-animal relationships
and for devising methods of alle-
viating animal damage to forest
trees

.

Foliar essential oils and their
terpenoid components have been
prominent among the different chemi-
cal factors studied and have been
postulated to influence feeding
preference by deer (Radwan 1974)

.

Important studies with Douglas-fir
included determination of composi-
tional changes in the oils during
needle maturation (Maarse and
Kepner 1970) , evaluation of effects
of the oils and their individual
terpenes on deer rumen microbial
activity in vitro (Oh et al. 1967,
Oh et al. 1970, Radwan 1972), and
determination of level and composi-
tion of volatile terpenes emitted
from foliar essential oils (Radwan
and Ellis 1975) . There are no
reports in the literature on rela-
tionships between content of whole
essential oil or levels of its
terpene components and selective
deer browsing among foliage of
different Douglas-fir trees.

In this study, therefore, I

determined the yield and composi-
tion of the essential oils isolated
from foliage of five different
Douglas-fir clones previously
ranked according to browsing pref-
erence by black-tailed deer. I

compared clones by chemical compo-
nent and attempted to identify the
variables which were important in

distinguishing between clones of
the different deer browsing pref-
erence classes.

MATERIALS AND METHODS

PLANT MATERIAL

Test trees were from five dif-
ferent grafted clones (SD-8, SD-10,
SD-13, SD-19, and SD-22) grown at
the Olympic National Forest's
Dennie Ahl Seed Orchard in western
Washington. At time of sampling
in 1974, the trees were 16 years
old. Foliage from the clones had
been ranked earlier into three
preference classes according to
browsing preference by captive
deer—susceptible (SD-10 and SD-19)
intermediate (SD-8) , and resistant
(SD-13 and SD-22) (Dimock et al.
1976) .

Periodically, 100-g composite
samples of foliage were collected
from five trees of each clone in
early morning during the dormant
season. Each sample was obtained
from current year's growth and con-
sisted of 5-cm tips of secondary
laterals cut from all sides of the
trees at a height of about 1.5 m.
Samples were individually sealed
in precooled jars and brought to
the laboratory in a portable cooler
There were 10 sample collections
during the season.

CHEMICAL ANALYSES

In the laboratory, fresh fo-
liage from each composite sample
was chopped into small pieces.
Subsamples were taken for moisture
determination at 65°C, and isola-
tion of essential oils.

Essential oils were obtained
by blending tissue in minimum
amounts of distilled water fol-
lowed by steam-distillation for
4 hours in a Clevenger-type
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apparatus (Clevenger 1928) and col-
lecting the oils in n-heptane. The
oil solutions were diluted to a
common volume with heptane after
adding n-tetradecane as internal
standard; they were then transferred
to airtight vials equipped with
Teflon® 1/ septa and stored at
-15°C until analyzed by gas-liquid
chromatography

.

Separations of the oil components
were carried out with a gas chroma-
tograph equipped with flame ioniza-
tion detectors and two open tubular,
stainless steel columns. Columns
were 61 m by 0.05 cm (inner diame-
ter) coated with a mixture of 95-
percent Carbowax 20M plus 5-percent
Igepal CO-880. Operating condi-
tions were: injection port, 250°C;
detector, 250°C; column, isothermal
at 70°C for the first 3 min, pro-
gramed to 150°C at 2°C/min, and
held at 150°C for 8 min; and N 2 ,

H2' and air flows of 4, 25, and
250 ml/min, respectively. Resolved
peaks were identified by comparing
relative retention times of unknowns
on two columns (Carbowax 20M and
SF-96(50)) and their infrared spec-
tra with those of unknown compounds
and by peak enrichment. Compounds
were quantified by measuring peak
areas with electronic integrator.
Average yields per gram of tissue
for the individual clones were
calculated based on the 10 samples
collected and two injections per
sample

.

RESULTS AND DISCUSSION

Yields of the essential oils of
the five clones and their terpene
components in both the monoterpene
hydrocarbon and oxygenated mono-
terpene regions are shown in
table 1. The oils contained over
4 compounds each, but many were
consistently present in small or
trace amounts. Compounds identi-

— Trade names mentioned do not consti-
tute endorsement by the U.S. Department of
Agriculture over similar products.

fied were similar to those found
earlier in foliar oils of Douglas-fir
(Maarse and Kepner 1970) ; and as
expected, the oils were predomi-
nantly (78-86 percent) composed of
monoterpene hydrocarbons. Most
abundant components present in the
oils were a- and 3-pinene, sabinene,
3-carene, 6-terpinene, and terpino-
lene in the monoterpene hydrocarbon
region, and terpinen-4-ol and a-
terpineol in the oxygenated mono-
terpene region.

There were no qualitative dif-
ferences among the oils of the dif-
ferent clones. In all collections,
the same terpene components were
detected in oils of the five clones.

Quantitative differences between
clones were apparent in all terpenes
comprising the oils, also in the
sums of terpenes in the monoterpene
hydrocarbon region, the sums of com-
pounds in the oxygenated monoterpene
region, and total yields of all
terpenes. Levels of these variables,
therefore, are characteristic of the
different clones.

Comparisons of the different
foliar oils indicated eight vari-
ables which appeared useful in dis-
tinguishing between clones of the
different preference classes. These
indicators of preference included
the unknown compound represented by
peak 30, B-phellandrene , linalool,
citronellyl acetate, a-terpineol,
geranyl acetate, the sum of terpenes
in the monoterpene hydrocarbon
region, and the total terpene yield.
Level of the unknown compound (peak
30) was highest in the susceptible
clones, intermediate in the oil of
clone SD-8, and lowest in foliage
of the two resistant genotypes.
Remaining indicators, on the other
hand, were higher in the resistant
than in the susceptible clones, but
not strictly intermediate in the
foliage of the clone with the inter-
mediate susceptibility to browsing
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Table 1 --Composition and yield of foliar essential oils of different

Douglas-fir clones^

Peak area (x 10
6

)

Peak

number
Component

Clone Clone CI one Clone CI one
SD -10 SD -19

'

SD-8 SD -13 SD -22

MONOTERPENE HYDROCARBON REGION

2 a-pinene 17 .14 25 .38 20.88 27 .16 31 .60
3 Camphene 1 .66 3 .78 1.16 1

n/i
. U4 o

C . 79
A 3-pinene 34 .59 55 .94 41 . 36 57 .17 90 .90
5 Sabinene 14 02 3 .78 11 .60 1 5 48 7 .94
6 A-3-carene 13 .43 3 .56 9.12 8 .80 8 !94
7 Myrcene + a-phellandrene 4 .77 2 .96 3.38 4 28 5 .23

9 a-terpinol ene 7 51 1 .40 5.34 5 72 2 .87

1 (J Limonene 2 19 4 .29 3.48 3 .69 8 .03

11 3-phellandrene 2 86 1 .85 2.40 3 08 3 .46

14 6-terpinene + unknown 13 53 4 17 11 .96 11 68 6 42
16 Terpinolene + p-cymeme 29 28 7 10 22.80 25 82 13 14

1 ota l 140 98 114 21 1 33. 48 163 92 181 32

OXYGENATED MONOTERPENE REGION

20 Cintronel lal 0.08 09 0.09 06 48
21 Linalool 33 32 .16 1 31 43

22 Unknown 1

!

11 91 .72 79 92

25 Unknown 75 2 28 .59 50 1 01

27 Terpinen-4-ol 20. 40 4 25 1 7 . 53 17 72 7 50

30 Unknown 1 72 1 15 .94 84 38
31 Citronellyl acetate 1

.

58 1 05 2.16 ]. 60 3. 14

32 Unknown 1

.

59 1 40 .57 1

.

34 7. 38
33 a-terpineol 4. 19 3. 70 5.45 5. 32 5. 38

35 Unknown 1

.

03 89 .36 71 1. 45

37 Citronellol 25 28 .20 24 88

38 Geranyl acetate 98 40 .92 2. 84 2.' 70

Other unknowns 5. 09 2. 38 2.51 4. 04 3. 61

Total 39. 10 19. 10 32.20 37. 31 35. 26

Total , both regions 180. 08 133. 31 165.68 201 . 23 216. 58

— Components measured in arbitrary units determined by electronic integrator and
calculated per gram of foliage tissue. Values are means of 10 composite samples from

five trees each. Susceptibility to deer browsing: SD-10 and SD-19 susceptible, SD-8

intermediate, SD- 1 3 and SD-22 resistant.
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(SD-8) . The unknown compound,
therefore, appeared to be the most
sensitive indicator of deer brows-
ing preference.

CONCLUSIONS

The five clones investigated in
this study varied in yield and com-
position of the essential oils of
their foliage. Clearly such char-
acteristics of the foliar oils are
among the chemical traits which
show genetic variation in Douglas-
fir, and their determination can be
a valuable tool in identifying dif-
ferent genotypes.

Eight variables appeared useful
in separating the resistant from
the susceptible clones. Only one
compound, however, an unidentified
chemical, seemed capable of dis-
tinguishing between all three
preference classes.

Expansion upon the findings of
this study is needed. Most proba-
bly, measuring deer browsing pref-
erence by some continuous variable
and increasing the number of clones
studied would be desirable. This
would permit use of sensitive sta-
tistical methods such as discrimi-
nant analysis (Rao 1952) to isolate
terpenes and terpene ratios with
the greatest discriminating ability
among foliage of varying suscepti-
bilities to deer browsing. Addi-
tionally, studies should be con-
tinued to evaluate other chemical
compounds, such as chlorogenic
acid, which have been shown to be
positively associated with palati-
bility of Douglas-fir (Radwan 1975,
Tucker et al. 1976) . Such bio-
chemical research, coupled with use
of advanced statistical methods,
could ultimately lead to develop-
ment of chemical indicators of re-
sistance to browsing and to practi-
cal programs to alleviate deer
browsing on Douglas-fir.

LITERATURE CITED

Clevenger, J. F.
1928. Apparatus for the determina-
tion of volatile oil. J. Am.
Pharm. Assoc. 17:345-349.

Dimock, E. J., II, R. R. Silen, and
V. E. Allen.
1976. Genetic resistance in
Douglas-fir to damage by snowshoe
hare and black-tailed deer. For.
Sci. 22:106-121.

Maarse, H., and R. E. Kepner

.

1970. Changes in composition of
volatile terpenes in Douglas fir
needles during maturation. J.
Agric. Food Chem. 18:1095-1101.

Oh, H. K., T. Sakai, M. B. Jones,
and W. M. Longhurst.
1967. Effect of various essential
oils isolated from Douglas fir
needles upon sheep and deer rumen
microbial activity. Appl. Micro-
biol. 15:777-784.

Oh, J. H., M. B. Jones, W. M.
Longhurst, and G. E. Connelly.
1970. Deer browsing and rumen
microbial fermentation of Douglas-
fir as affected by fertilization
and growth stage. For. Sci . 16 : 21-27

.

Radwan, M. A.
1972. Differences between Douglas-
fir genotypes in relation to
browsing preference by black-
tailed deer. Can. J. For. Res.
2: 250-255.

Radwan, M. A.
1974. Natural resistance of
plants to animals. In Wildlife
and forest management in the
Pacific Northwest Symposium
Proceedings, p. 85-94. H. C.
Black, ed. Oreg. State Univ.
Press, Corvallis.

5



Radwan, M. A.
1975. Genotype and season in-
fluence chlorogenic acid con-
tent in Douglas-fir foliage.
Can. J. For. Res. 5:281-284.

Radwan, M. A., and W. D. Ellis.
1975. Clonal variation in raono-
terpene hydrocarbons of vapors
of Douglas-fir foliage. For.
Sci. 21:63-67.

Rao, C. R.
1952. Advanced statistical methods
in biometric research. 390 p.
John Wiley & Sons, Inc., New York.

Tucker, R. E., W. Majak, P. D.
Parkinson, and A. McLean.
1976. Palatability of Douglasfir
foliage to mule deer in relation
to chemical and spatial factors.
J. Range Manage. 29:486-489.

6

GPO 967-1 21



The mission of the PACIFIC NORTHWEST FOREST
AND RANGE EXPERIMENT STATION is to provide the

knowledge, technology, and alternatives for present and

future protection, management, and use of forest, range, and

related environments.

Within this overall mission, the Station conducts and

stimulates research to facilitate and to accelerate progress

toward the following goals:

1. Providing safe and efficient technology for inventory,

protection, and use of resources.

2. Developing and evaluating alternative methods and

levels of resource management.

3. Achieving optimum sustained resource productivity

consistent with maintaining a high quality forest

environment.

The area of research encompasses Oregon, Washington,

Alaska, and, in some cases, California, Hawaii, the Western

States, and the Nation. Results of the research are made
available promptly. Project headquarters are at:

Fairbanks, Alaska Portland, Oregon

Juneau, Alaska Olympia, Washington

Bend, Oregon Seattle, Washington

Corvallis, Oregon Wenatchee, Washington

La Grande, Oregon

Mailing address: Pacific Northwest Forest and Range
Experiment Station

P.O. Box 3141

Portland, Oregon 97208
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The FOREST SERVICE of the U.S. Department of Agriculture is dedicated

to the principle of multiple use management of the Nation's forest resources

for sustained yields of wood, water, forage, wildlife, and recreation.

Through forestry research, cooperation with the States and private forest

owners, and management of the National Forests and National Grasslands, it

strives — as directed by Congress — to provide increasingly greater service to

a growing Nation. \ fc3F IS -JL 8=1 P^f /

The U.S. Department of Agriculture is an Equal Opportunity Employer.
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