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Summary

Four year old plants of 165 Douglas fir provenances
(Pseudotsuga menziesii) from the IUFRO seed collection
1966/69 have been evaluated for the resistance against the
woolly aphid Gilletteella cooleyi. Large differences were
found which correspond with the geographical groups
within the species Pseudotsuga menziesii: northern coastal
provenances (green form of Douglas fir) were infested sev-
erely, southern coastal provenances from southern Oregon
and California were less attacked. Low attack was observed
also in northern interior provenances (grey form of Douglas
fir). Almost resistant were southern interior provenances
(blue form of Douglas fir). The mean values of woolly
aphid attack were strongly correlated with the percentage
of infested trees within a provenance. — The results cor-
respond very well with the differentiation of terpene types
of Douglas fir by other authors.
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Key words: Douglas fir, provenances, woolly aphid, resistance,
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Zusammenfassung

Vier Jahre alte Douglasien (Pseudotsuga menziesii) von
165 Herkiinften aus der IUFRO-Einsammlung 1966/69 wur-
den auf ihre Resistenz gegeniiber der Douglasien-Wollaus
Gilletteella cooleyi bonitiert. Dabei ergaben sich Unter-
schiede, die weitgehend der geographischen Gruppierung
innerhalb der Douglasien entsprachen: noérdliche Kiisten-
herkiinfte (griine Form der Douglasie) waren sehr stark
befallen, siidliche Kiistenherkiinfte aus Oregon und Kalifor-
nien waren schwicher befallen. Geringen Wollaus-Befall
hatten die nordlichen Interior-Herkiinfte (graue Form der
Douglasie). Als weitgehend resistent erwiesen sich die siid-
lichen Interior-Herkiinfte (blaue Form der Douglasie). Der
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mittlere Befallsgrad einer Herkunft war eng mit dem Pro-
zentsatz befallener Bdume korreliert. — Zwischen dem
Wollaus-Befall der Herkiinfte in den verschiedenen geogra-
phischen Regionen und der von verschiedenen Autoren
vorgenommenen Differenzierung von Douglasien-Rassen
auf der Grundlage der Terpenzusammensetzung von Har-
zen besteht eine gute Ubereinstimmung.

Introduction

In central Europe the Douglas fir woolly aphid (Gillet-
teella cooleyi GiiL.) is a very common pest on needles of
Douglas fir trees (Pseudotsuga menziesii (Mirs.) FrRANCO).
The main symptoms of a severe infestation are deforma-
tions and yellowing of needles, early needle cast, and
reduced shoot growth (ScuwerpTreGer 1981). Particularly in
spring and summer the insects can be recognized easily by
their woolly white wax exudations. Mostly the trees recover
again but young plants can suffer heavily and only little is
known about growth reduction or mortality after annually
repeated attacks.

The genus Gilletteella belongs to the insect family Adel-
gidae within the suborder Aphidina and has a complicated
life cycle, which has been described in detail by SterraN
(1972). There are two species, the heterocyclic Gilletteella
cooleyi GiuL. with the main host Picea sitchensis (BonNG.)
Carr. and the alternate host Pseudotsuga menziesii, and
the anholocyclic, parthenogenetic G. cowenyi GiL. which
occurs only on Douglas fir. The distinction of the two
species is only possible by detailed life cycle studies.
Therefore, the name of the holocyclic species G. cooleyi is
used by most authors and also in the present paper.

Originally, G. cooleyi was endemic in north-western
North-America (British Columbia, Washington, and Ore-
gon), where Douglas fir and Sitka spruce have their com-
mon natural distribution area. The insect occurs especially
in the coastal forests with high humidity. The partheno-
genetic G. cowenyi was native-in California in areas with
only the alternate host Douglas fir (Sterran 1972). From
North-America the aphid has been imported to Europe. In
Germany it has been observed since about 1933 (TeucHER
1954). During the last 50 years the woolly aphid spread to
all artificial Douglas fir stands and is now a widely estab-
lished pest (see also the review by KrueL and TrucHER 1958).

The first reports of a different susceptibility of the
various Douglas fir forms came from Great Britain in 1920
(Henry and Froop 1920), and were confirmed later also by
observations on the European continent (see KrueL and
TeucHERr 1958). Summarizing, one can state that there seems
to be racial and individual differences in the resistance
of Douglas fir to the woolly aphid. The interior variety of
Douglas fir (Pseudotsuga menziesii var. glauca (BEISSNER)
Franco) is obviously more resistant than the coastal variety
(P. menziesii var. menziesii). Studies with clonal material
showed that resistance seems to be governed genetically
(SyracH Larsen 1953, HerrmULLer 1954). Different resistance
is also known on the level of provenances (Scuoser and
Mever 1955, Kruer and TeucHer 1958, MEeiNnarTowicz and
Szmipt 1978, and others). Most of these studies were con-
ducted with a low number of provenances.

Therefore, the IUFRO seed collection of 1966 to 1969 of-
fered a good opportunity to compare the behaviour of 165
Douglas fir provenances from the whole natural range
against the woolly aphid. A few summarized results were
given for the same IUFRO material by Reck (1978). The
present paper gives the results of detailed evaluations of

the Douglas fir woolly aphid attack in 1973 under north
German conditions.

Materials and Methods

Plant material: The IUFRO seed collections have been
sown in 1970 and transplanted in 1972 in a nursery field
trial near the institute. This trial was planted with 4 repli-
cations in a randomized block design.

Woolly aphid attack: The infestation of the 4 year old
plants was evaluated in early July 1973. In that year a
very heavy incidence of aphids was observed, which gave
a good basis for a comparing investigation between the
provenances. Each plant has been scored according to the
following scale: 0 = no aphids; 1 = up to 10 aphids/plant;
2 = few aphids, not on all needles; 3 = many aphids on
all needles, which are not yet deformed; 4 = very heavy
infestation, needles already curled. No differences were
made between the various stages of aphid development.

Evaluation: The comparison and analysis of the data was
made on the basis of mean values of provenances. The
number of plants per provenance varied between 4 and 92
with an average of 36 plants per provenance. This and the
fact that not all provenances were present in all replica-
tionscomplicated the statistical analysis. Hence, the statisti-
cal comparison of Douglas fir regions, races or groups has
been avoided with this material. But the general results
are evident by themself. A detailed analysis of race dif-
ferences will be calculated in a later study in connection
with the evaluation of further characteristics. In addition
to the qualitative mean score of attack also the quantitative
number of attacked trees was calculated, whereby only
trees with score 0 were considered as unattacked.

Results

The investigation revealed in large differences between
the 165 tested IUFRO provenances with respect to their in-
festation by the Douglas fir woolly aphid. The mean score
values vary beween 0 and 3.4 with an overall trial average
of 1.2 (Table 1). The mean reaction of each provenance is
shown by a 4 step scale in Figure 1. 70 (= 42%) provenances
show no or a very weak woolly aphid attack below 1.4, in
Figure 1 represented by open symbols. 95 (= 58%) prove-
nances had a more severe infestation above 1.5, represent-
ed by solid symbols in Figure 1.

The distribution of the respective provenance symbols
demonstrates a significant relationship with geographical
regions (Figure 1). All provenances with a high woolly
aphid attack are concentrated along the coast of British
Columbia, Washington, and Oregon. These regions showed
mean infestation values of 1.9, 2.2, and 2.2, respectively
(Table 1). But the reaction is not completely uniform. Prov-
enances along the Cascades, often from the eastern slopes,
are sometimes less attacked than provenances from the
coast range (see Figure 1). Coastal provenances of southern
Oregon and California are obviously less attacked with
mean values of 1.1 and 1.5, respectively (Table 1). A very
low woolly aphid attack has been observed, with a few
exceptions, also in provenances of the northern interior
of British Columbia and Washington .The mean value was
0.8 (Table 1). Almost no aphids could be found on prove-
nances from the southern interior of Utah, Colorado, Ari-
zona, and New Mexico. Finally, the 4 provenances from
Mexico remained also completely unattacked. The mean
values of both regions were 0.1 and 0, respectively (Table 1).

Beside the mean infestation rate of provenances, expres-
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Table 1. — Woolly aphid attack of Douglas fir provenances from different geographical regions. Range and mean are based on average
values of provenances.

group region number of degree of attack percentage of
provenances attacked trees
range mean range mean
coast Brit. Columbia, coast 11 0.4-2.5 28.0-100 89.1
Brit. Columbia, Vancouver Island 15 1.3-2.8 2.2 94.4-100 98.9
Washington, coast and western Cascades 41 1.1-3.4 65.3-100 96.4
Oregon, north 20 1.0-3.2 2.2 83.3-100 97.0
Oregon, south 4 0.9-1.5 1.1 77.8-85.9 82.4
California 23 0.7-2.3 1.5 58.8-100 87.1
I 114 x 1.9 x 91.8
northern interior Brit. Columbia, interior 23 0.0-2.0 0.0-100 37.1
Washington, north-east 3 0.2-0.6 0.4 13.5-34.2 23.4
Washington, eastern Cascades 4 0.5-2.2 1.5 38.5-100 82.5
I 30 x 0.8 x 47.7
southern interior Utah, Arizona, Colorado, New Mexico 17 0.0~-0.3 0.1 0.0-31.6 4.9
Mexico 4 0 0.0 0 0.0
I 21 x 0.1 x 2.5

total sum 165

trial mean 1.2 63.5

sed by a mean score value, also the percentage of attacked
trees within the respective provenances has been calculated.
The mean values of each region and the range of percent-
age within the regions are given in Table 1. The prove-
nances vary between 0% and 100% attacked trees with an
overall average of 64%. Generally provenances with a high
mean infestation value also have the highest percentage
of attacked trees. It is not surprising that there exists a
very strong correlation between these two factors with a
mean rank correlation coefficient of r = 0.87 for the total
trial, and coefficients of r = 0.68 for the coastal provenance
group, r = 0.95 for the northern interior group, and r =
0.99 for the southern interior group.

Discussion

The results of this study confirm with a greater number
of provenances earlier reports on differences in the resist-
ance of Douglas fir against the woolly aphid (e.g. ScroBER
and MEeyer 1955, TeucHer 1956, KrueL and TeucHer 1958, ME1-
NArTowIcz and Szmipt 1978, Reck 1978). In this study a dis-
tinction is made between provenances from the coast, from
the northern interior, and from the southern interior
(Table 1). This grouping corresponds more or less with the
distinction between the green, grey and blue forms of
Douglas fir. Despite slight variations one can state that the
green or coastal Douglas fir form is very susceptible to the
woolly aphid. This is true for coastal provenances from
British Columbia, Washington and northern Oregon. Prov-
enances from southern Oregon and California were less
attacked. Also the so called grey form of Douglas fir from
the northern interior is obviously less susceptible. A very
high resistance against the woolly aphid seems to be pre-
sent in all blue forms of Douglas fir from the southern in-
terior. Despite the woolly aphid resistance these blue forms
are not suited for the central European forestry because of
their generally slow growth (Reck 1978, and others) and
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high susceptibility to the needle cast fungus Rhabdocline
pseudotsugae (STEPHAN 1973).

The results show an interesting relation to studies of
Rubprorr (1972, 1973a, 1973b) as well as Zavarin and SNAJBERK
(1973, 1975, 1976), and their distinction of races on the basis
of chemotaxonomic characteristics. They used the composi-
tion of volatile needle oil and cortical oleoresin with respect
to the terpenes as basis to differentiate chemical races in
Douglas fir. The main results of these authors have been
compiled by HermanNN (1981), whose classification is taken
into account for the following explanations. His grouping
and designation of the groups is also considered in Figure 1.

Chemical race A represents the coastal or green Douglas
fir and is in general susceptible to the woolly aphid. The
northern interior provenances belong to a transition group
between A and B. The chemical race B is native in the
Rocky Mountains of Idaho and Montana, and unfortunately
not represented in this trial. Coastal provenances of south-
ern Oregon and California belong to a transition group
between A and D, the Sierra Nevada race according to
ZAvARIN and SnAiBerk (1975). The latter one is also not re-
presented in the trial. The border between the groups A
and A/D extends approximately along the 43. degree of lati-
tude which seems to be a precise border also between very
susceptible northern coastal and less susceptible southern
coastal provenances (Figure 1). Chemical race C represents
the southern interior or blue Douglas fir with high resist-
ance to the woolly aphid.

Up to now, nothing is known about the causal agents
of the woolly aphid resistance in Douglas firt But one
can speculate that there is a relation between the chemi-
cal composition of a provenance or individual tree and
its behaviour to the insect. In some cases, a causal rela-
tion between monoterpenes, single or in combination, and
resistance to insect pests or fungal diseases could be de-
monstrated (Scuuck 1982, Bripcen and Hanover 1982). The
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Figure 1. — Woolly aphid attack of 165 Douglas fir provenances in

a nursery field trial in northern Germany. The provenance

groups A, A/B, A/D, and C have been separated on basis of the
classification by Hermann~ (1981).

individual monoterpenes can be stimulating or inhibiting.
This must be investigated for the indivdual case. So, for
instance, it is interesting that the coastal or green Douglas
fir is susceptible to the woolly aphid, but resistant against
the fungal needle cast caused by Rhabdocline pseudotsugae
(StepuanN 1973). Contrary to this, the blue or southern in-
terior Douglas fir is resistant to the woolly aphid but very
susceptible for the Rhabdocline needle cast. The northern
interior provenances show an intermediate behaviour.

The main differences in the terpene composition are that
coastal provenances contain higher concentrations of sa-
binen and /\ 3-carene, the northern interior provenances
have a higher a-pinene content, and the southern interior
ones a higher limonene and myrcene concentration (sum-
mary of papers from RupLorf, and ZAVARIN and SNAJBERK).
But a causal relationship between resistance or susceptibi-
lity and these terpenes is not yet proven. The chemical

composition of the volatile needle oils and the oleoresin
can be used not only as marker for a differentiation of
Douglas fir races, but possibly also as a marker for an in-
direct selection of woolly aphid resistant Douglas fir prov-
enances or individual trees.

Acknowledgement

The skilful technical assistance of Mrs. INGe Scuurzs is gratefully
acknowledged.

Literature

Bringen, M. R. and HawNovegr, J. W.: Indirect selection for pest
resistance using terpenoid compounds. In: Hgvsroex, H. M., Srte-
puaN, B. R. and WeissenBerg, K. von (eds.): Resistance to diseases
and pests in forest trees. PUDOC. P. 161—168 (1982). —— HEITMULLER,
H.-H.: Beobachtungen iiber individuelle Resistenz gegen Gilletteel-
la cooleyi Gu.. an Douglasie. Zeitschr. f. Forstgenetik 3, 99—100
(1954). —— Henry, A. and Froop, M.: The Douglas-Firs. Proc.
Royal Irish Acad. 35, Sect. B, No. 5, 120 (1920). —— HgermanN, R. K.:
Die Gattung Pseudotsuga — Ein Abrif} ihrer Systematik, Geschich-
te und heutigen Verbreitung. Forstarchiv 52, 204—212 (1981). —
Kruer, W. und TeucHer, G.: Die tierischen Feinde der Dougiasie.
In: Gonrg, K.: Die Douglasie und ihr Holz. Akademie-Verlag,
Berlin. S, 403—436 (1958). —— MzeiNarTtOWwIcz, L. E. and Szmipot, A.:
Investigations into the Resistance of Douglas Fir (Pseudotsuga
menziesii (Mire.) Franco) Populations to the Douglas Fir Woolly
Aphid (Gilletteella cooleyi Gu.i.). Silvae Genetica 27, 59—62 (1978).
Reck, S. G.: Height growth and frost resistance in Douglas-fir
provenances tested in the northern part of Germany. Proc. IUFRO
joint meeting of working parties, Vancouver, Canada 1978, 175—188
(1978). —— RupLrorr, E. von: Chemosystematic studies in the genus
Pseudotsuga. 1. Leaf oil analysis of the coastal and Rocky Moun-
tain varieties of the Douglas-fir. Can. J. Bot. 50, 1025—1040 (1972).
—— Ruprorr, E. von: Chemosystematic studies in the genus Pseu-
dotsuga. II. Geographical variation in the terpene composition of
the leaf oil of Douglas-fir. Pure and Applied Chemistry 34, 401—410
(1973a). —~— Rubprorr, E. von: Chemosystematic studies in the
genus Pseudotsuga. I11. Population differences in British Columbia
as determined by volatile leaf oil analysis. Can. J. For. Res. 3,
443—452 (1973b). —— Scuoser, R. und Mever, H.: Douglasien-Pro-
venienzversuche II. Allg. Forst- u. Jagdz. 126, 221—243 (1955), ——
Scuuck, H. J.: Monoterpenes and resistance of conifers to fungi.
In: Heveroek, H. M., StepnanN, B. R. and WreissenBerG, K. von (eds.):
Resistance to diseases and pests in forest trees. PUDOC. P. 169—175
(1982). —— ScCHWERDTFEGER, F.: Waldkrankheiten. P. Parey, Ham-
burg. 4. Aufl. 486 S. (1981). —— Sw~ajserk, K. and Zavarin, E.:
Mono- and sesqui-terpenoid differentiation of Pseudotsuga of the
United States and Canada. Biochem. Systematics and Ecology 4,
159—163 (1976). —— SrtEerran, A. W.: Unterordnung Aphidina, Blatt-
lduse. In: Scuwenkg, W. (ed.): Die Farstschéddlinge Europas. Bd. 1.
162—386 (1972). —— Stepuan, B. R.: Uber Anfilligkeit und Resi-
stenz von Douglasien-Herkiinften gegeniiber Rhabdocline pseu-
dotsugae. Silvae Genetica 22, 149—153 (1973). —— Syracu-Larsen, C.:
Studies of the diseases in clones of forest trees. Hereditas 39,
179—192 (1953). —— TrucHERr, G.: Die Douglasienwollaus. Deutsche
Akademie der Landwirtschaftswissenschaften zu Berlin. Merkblatt
Nr. 15, 4 S. (1954). — TeucHer, G.: Uber die Anfilligkeit von
Douglasien- und Stroben-Herkiinften gegeniiber der Douglasien-
wollaus (Gilletteella cooleyi) bzw. der Strobenwollaus (Pineus stro-
bi) in Deutschland. 12th IUFRO Congress, Oxford 1956, IUFRO
56/24/18, 4 p. (1956). —— Zavarin, E. and SnajBerk, K.: Geographic
variability of monoterpenes from cortex of Pseudotsuga menziesii.
Pure and Applied Chemistry 34, 411—434 (1973). —— Zavarin, E.
and S~arserk, K.: Pseudotsuga menziesii chemical races of Califor-
nia, Oregon. Biochem. Systematics and Ecology 2, 121—130 (1975).

75





