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Abstract

The fungicidal activity of five phenolic metabolites occurring in Scots pine phloem (Cat, Tax, PS, PC and PSM)
and of phenolic extracts from unwounded (fresh) and wounded phloem of Scots pine were measured against
Leptographium wingfieldiia fungus associated wifomicus piniperdaBioassays were performed in micro-wells

in a standard medium in the absence and presence of Scots pine phloem. In both media, methanol extracts from
the unwounded and wounded phloem, PS, PSM and PC inhibited fungal growth. Tax and Cat had no effect or
stimulated fungal growth. The presence of Scots pine phloem in the liquid medium reduced the inhibitory effect

of phenolic compounds. At low concentrations {#810-° M), the fungus seemed to be able to degrade PS, PSM

and PC while, whatever the Cat and Tax concentrations, it did not seem to degrade them. These results suggest that
three phenolic compounds have a potential fungitoxiiityitro and thatjn vivo, these phenols could play a role

in the efficiency of the induced reaction to stop fungal growth.

Abbreviations:Cat —(+)-catechin; Tax — Taxifolin; PS — Pinosylvin; PSM — Pinosylvin monomethylether; PC —
Pinocembrin.

Introduction In Scots pines, previous investigations have demon-
strated that the phloem content of secondary metabo-
Induced responses of the phloem of conifers is the basiclites changes after artificial inoculation with fungi,
mechanism of resistance to attacks by bark beetles andas well as after bark beetle attacks (Delorme and
their associated fungi (Reid et al., 1967; Berryman, Lieutier, 1990; Langstim et al., 1992; Lieutier et al.,
1972; Raffa and Berryman, 1983; Christiansen et al., 1996a; Bois and Lieutier, 1997). Terpene concentra-
1987; LAngstbm et al., 1992; Lieutier, 1993). This tions increase considerably, but no noticeable changes
reaction is visible as a longitudinal elliptical resin- have been observed in the relative terpene composition
impregnated zone around each point of attack and of phloem (Delorme and Lieutier, 1990;ahgstom
seems to be induced by the boring activity of the insect et al., 1992). Moreover, terpenes are toxic for fungi
and stimulated by the fungi associated with bark bee- and for bark beetles (Delorme and Lieutier, 1990). On
tles (Lieutier, 1993; Lieutier et al., 1995). the other hand, phloem phenolic content considerably
Various factors have been proposed to explain the changes after artificial introduction of bark beetles or
failure of attacks by bark beetles. Nutritional isolation their associated fungi. The stilbenes PS and PSM, as
certainly plays arole because of the physical and chem- well as the flavonoid PC, not detected in the unwounded
ical barrier constituted by the resinous reaction zone phloem accumulate in the reaction zone, while the con-
(Wong and Berryman, 1977; Mullick, 1977). The toxi- centration of others decreases (Lieutier et al., 1996a;
city of the phenolic and terpene compounds located in Bois and Lieutier, 1997). Moreover, these modifica-
the reaction zone can also be involved. tions vary according to the resistance level of Scots pine
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clones (Bois and Lieutier, 1997). Thus, phenolic com-

In medium |, the pure phenolic compounds were

pounds could be involved in the mechanisms of Scots tested alone or in combination. Concentrations var-
pine resistance to bark beetles and their associatedied from slightly higher to lower than those previ-
fungi. However, these phenols have never been testedously observed in the tree tissue (Lieutier et al., 1996a;
on bark beetles and their associated fungi, although Bois and Lieutier, 1997). Tax, PSM and PC were
some are known to have a strong inhibitory effect on tested at 10°, 10~4 and 103 M, PS at 10°, 104,

fungi (Rennerfelt, 1945; Rennerfelt and Nacht, 1955;

3.10%and 103Mand Catat 104, 10-3and 102 M.

Coutts,1970; Loman, 1970 a; Gibbs, 1972; Hart, 1981). For the combinations, the concentrations tested were
This study is part of a programme aimed at under- those which were partially active when the compounds
standing the mechanisms involved in the response of were tested alone: CatPSM and Ca# PC (10°M

Scots pine Rinus sylvestris phloem to inoculation

with fungi and to bark beetle attacks, and determin-

Cat, 10*M PSM or PC), Cat#PS (103M Cat,
3.10%M PS), TaxtPS (10*M Tax, 3- 10°*M

ing whether phenolic compounds could contribute to PS), Tax+ PSM and Tax- PC (104 M), PSM+ PC
the failure of the attacks. This paper reports on the (5-10~°M), PSM+ PS and PG-PS (5- 10°>M PC

interactions betwedreptographium wingfieldja fun-
gus associated witflomicus piniperddLieutier et al.,

or PSM, 15-10~4M PS). In medium II, Tax, PSM and
PC were tested at 18, 10~ and 103 M, PS at 104,

1989) and phenols from Scots pine phloem. Thisfungus 3 - 1074, 103 M, and Cat at 104, 103, 1072M. In
does not seem to play a major role in the establish- the two media, in all bioassays with whole phenolic

ment of T. piniperdapopulations in Scots pine, prob-

extracts, we used extracts previously characterised by

ably due to its low frequency on the beetles (Lieutier HPLC (Bois and Lieutier, 1997). These extracts came
et al., 1995). However, since it can kill healthy Scots from 30 mg of ground freeze-dried phloem extracted

pines after mass inoculations (Solheim ardgehfystdom,
1991; Solheim et al., 1993) it is an excellent tool for

according to a method described by Lieutier et al.
(1996a). For the tests, a 0.5ml aliquot of the final

studying the response of Scots pine phloem to aggres-extract (2 ml) was dried under vacuum and 0.1 ml of

sors (Solheim and &ngstbm, 1991; Lieutier et al.,
1996b).

Materials and methods
Fungal material

The fungud.. wingfieldiiMorelet was initially isolated
from T. piniperdalL. and its galleries. It was purified

methyl alcohol was added to the residue. In all bioas-
says, the concentration of methanol used to dissolve
the different compounds was 1%. Three controls were
used for each test: absolute methanol solvent (con-
centration 1%) with fungus; absolute methanol (con-
centration 1%) without fungus; methanolic solutions
(concentration 1%) of phenols without fungus.
Bioassays were conducted in sterilised micro-wells
on polystyrene plates, according to a method previ-

by monospore cultures and maintained on malt-agar ously described by Hgiland and Dybdahl (1993). Each

3%. Spores ok. wingfieldiiwere obtained from malt-
agar cultures incubated at 20 in the dark for two
weeks. For the bioassays, spore suspensions 82
spores mtl were prepared in sterile, deionized water.

Bioassays

plate consisted of 12 columns and 8 rows, each column
representing one particular treatment and each row rep-
resenting one replicate. Each control and each treat-
ment were replicated eight times. Two hundgdcbf
liquid medium (I or II) with or without phenols were
deposited aseptically in each well. Then, d®f the
spore suspension was added. For the controls without

Two liquid media were used: Medium | was the stan- fungus, 1Qul of deionized water was added.
dard medium prepared by adding 15 g maltextractand  The plates were stored at 20 in an incubator for

5 g bacto peptone to 11 distilled water. Medium Il was

4-6 days. Variations in fungal growth were indicated

medium | to which 0.2% of ground freeze-dried phloem by variations in light absorbency (450 nm) through
were added. For the bioassays, aliquots of a methanolicthe micro-wells. The absorbency values were obtained
solution of Cat, Tax, PS, PSM, PC or phloem phenolic from a microplate reader (MR 5000, Dynatech). Two
extracts were added aseptically to test tubes contain-absorbency measurements were performed, one at the

ing 2 ml of sterilized medium (I or Il depending on the
bioassays).

beginning of the experiment, the second when a vig-
orous fungal growth was observed in the control wells
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without phenols (after four days in medium I, six days the concentration used (Figure 1). This corroborates
in medium Il). The increase in absorbency was then other studies on the effects of Tax and Cat on fun-
calculated individually for each well by subtracting the gal growth. Indeed, Tax and its glucoside are already
absorbency at the beginning of the experiment from known to stimulate or to have no effect on the growth
that at the end. The estimated fungal growth in a partic- of litter-decomposing basidiomycetes, while Cat stim-
ular phenolic concentration was assessed by the differ- ulated these fungi (Lindeberg et al., 1980) as well as
ence between the increase in absorbency in the wellsthe Aspergillusgenus (Weidentirner et al., 1990).

with fungus and the increase in absorbencyinthe wells  Growth of L. wingfieldii was partially inhibited
without fungus. by concentrations of PSM at 1M, PC at 10—

In order to estimate the stability of pure phenolic 103M and PS at 3 10~4M (Figure 1). More-
compounds alone, and fungus effect on these com-over, a complete inhibition was obtained with PS
pounds, the media with or without fungus were or PSM at 103M. Similarly, these three com-
extracted with ethyl acetate at the end of the exper- pounds are already known to inhibit spore germi-
iment. All replicates from a particular concentration nation and fungal growth of various fungi such as
were pooled, filtered to remove the mycelium, and Coniophora puteanaMerulius lacrymansPolyporus
then extracted. Phenolic compounds were analysed andpinicola, Fomes annosud~ pini, Peniophora gigan-
quantified by HPLC (310 nm, except for catechin at tea P. balsameusP. pseudo pini Poria sericeo-
280 nm) according to a method previously described mollis, Amylosterum areolatupMelampsora medusae

(Lieutier et al., 1996a). and Marssonina brunneat concentrations of 1G—
o 10-4 M (Rennerfelt, 1945; Rennerfeltand Nacht, 1955;
Statistical methods Coutts, 1970; Loman, 1970a; Gibbs, 1972; Hart, 1981;

] Shain and Miller, 1982). On the other hand, our results
The data were analysed by using SAS software (SAS gre in disagreement with the results of Rennerfelt and

Institute Inc. 1985, 1985, 1987)_. Treatments were Ngcht (1955), Hart and Shrimpton (1979) and Schultz
tested by one way analysis of variance (ANOVA pro- g g1 (1994) who observed that the fungal growth of

cedure), with Tukey test for multiple comparisons. All  {hree blue-stain fungi@phiostoma piniCeratocystis
means were expressed with their confidence interval at montiaandC. clavigera, the group to which.. wing-

the 95% level. Differences between means were takenfie|dji belongs, were particularly tolerant to PS and
into account only when significant at the 95% level.  pgm at concentrations of T8-10-4 M.

In most cases, the phenolic combinations (Figure 2)
tested in our study did not modify the effect of PS, PSM
or PC on fungal growth, when compared to the effect of
the same compounds used alone in the medium. How-
ever, when Cat was added to PSM the effect of PSM
on fungal growth was lowered. Our results with PS,
PSM and PC are in accordance with those of Schultz
etal. (1991), who observed no synergism when various
combinations of stilbenes and bibenzyls were tested
on fungi. On the other hand, they disagree with those
of Loman (1970a) who reported an increase in the
inhibitory effect. However, in Loman’s experiment, the
fungus species differed from those used in the present

Results and discussion

Interactions betweeh. wingdfieldii on the one hand,
and the whole phenolic extracts from wounded and
unwounded phloem and five pure phenolic compounds
of Scots pine phloem on the other hand were performed
in liquid media, with or without phloem powder. The
effect of these compounds on fungal growth was inves-
tigated in micro-wells by measuring light absorbency
through the micro-wells. The effect of the fungus on the
phenolic compounds was investigated at the end of the
experiment by extracting the media and analysing them

study, and the total phenol concentrations of inhibitory
by HPLC. . . )

compounds was twice as high as the concentrations
Effects of pure phenols on fungal growth used in the assays with the compounds alone. It seems

difficult to conclude about the mechanisms involved in

At 10_2 M, Cat had a Stimu|ating effect on the growth the modulation caused by Cat on PSM effect. It mlght
of L. wingfieldii while Tax had no effect whatever ~©nly be due to an additive effect of the two compounds.
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Figure 1 Growth of L. wingfieldiiin medium | (standard liquid malt medium) containing different concentrationstpicatechin,
taxifolin, pinocembrin, pinosylvin and pinosylvin monomethylether. Control is medium | plus methanol alone (1%). Values ar¢means
confidence intervalsi(= 8 for each sample). Values followed by the same letter do not significantly djffer @.05).

Effects of phloem addition to assays (1991) have already reported that tests in woody sub-
strate required higher levels of stilbenes. According to
The fungus seemed to grow better in medium Il than Loman (1970a), Hart and Hillis (1974) and Hart and
in a medium |. This could be due to the presence of Shrimpton (1979) the antifungal property of most stil-
phloem in medium II. benes decreases by 90-99%, when bioassays are con-
In the medium containing phloem powder, Cat ducted on woody substrate, which is not completely
lost its stimulatory effect on fungal growth, and Tax in accordance with our results. The differences in the
between 104 and 103M stimulated it (Figure 3). PS,  inhibitory concentrations between the two media may
PSM and PC inhibited.. wingdfiledii but the effec- be explained by an induction and a synthesis of fungal
tive inhibitory concentrations were higher than in the enzymes depending on the substrate (Loman, 1970a;
medium without phloem (Figure 3). Schultz et al. Hart and Hillis, 1974). According to these authors,
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Figure 2 Growth ofL. wingfieldiiin the medium | (standard liquid malt medium) containing different combinations of phenolic com-
pounds. {)-catechin, taxifolin, pinocembrin, pinosylvin, and pinosylvin monomethylether. Control is medium | plus methanol alone
(1%). (a, c) Cat: 103 M, PC, PSM: 104 M; (b) Cat, Cat+ PS: 103 M, PS: 3- 10~4 M; (d, f) Tax, PSM, PC (104 M); (e) Tax, Tax+
PS:104M, PS: 3- 1074 M; (g) PSM, PC: 104 M, PSM+ PC: 5. 1075 M; (h) PC: 104 M, PS: 3- 1074 M, PS+ PC: 15-10°5M +
5.10°5M; (i) PSM: 104 M, PS: 3- 1074 M, PSM+ PS: 5- 10 °M + 1.5- 10~5 M. Values represent meassconfidence intervals

(n = 8 for each sample). Values followed by the same letter do not significantly differ .05).
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Figure 3 Growth ofL. wingfieldiiin the medium Il (medium ¥ phloem powder) containing different concentrations-pf-Catechin,
taxifolin, pinocembrin, pinosylvin, and pinosylvin monomethylether. Control is medium Il plus methanol alone (1%). Values represent
meanst confidence intervalsi(= 8 for each sample). Values followed by the same letter do not significantly differ Q.05).

the use of a substrate containing wood reduces theagent. As lignin lacks in phloem, in our bioassays,
time interval for maximum fungal enzyme activity we used mainly cellulose. The differences observed
which can degrade phenols, in comparison with a stan- between the two media could thus very likely be due to
dard medium (malt and agar). Moreover, Hart and the differences in the synthesis of the fungal enzymes.
Shrimpton (1979) reported that in a standard medium It is also possible that phloem compounds still present
(malt and agar), stilbenes are not bound to other con- after autoclaving stimulated fungal growth or inhib-
stituents and hence are free to interact with the fungus, ited the effect of the tested chemicals. However, such
while with wood in the medium, stilbenes bound with phloem compounds were certainly not phenolics since
lignin, which can reduce their toxicity. According to whole phenolic extracts themselves inhibited fungal
these authors, cellulose was ineffective as a binding growth (see below and Figure 4).
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Figure 4 Growth ofL. wingfieldiiin medium | and in medium Il, each containing whole phenolic extracts (methanolic solutions) from
30 mg of freeze-dried and ground unwounded or wounded phloem. Control is medium | plus methanol alone (1%) or medium Il plus
methanol alone (1%). Values represent meam®nfidence intervalsi(= 8 for each sample). Values followed by the same letter do not
significantly differ (p = 0.05).

Variations in phenolic concentratior{3able J) such a degradation of stilbenes and PC has previously
been observed (Loman, 1970b; Sbaghi et al., 1996).
Atthe end of experiment, with or without fungus, what- In all cases, on the other hand, Tax and Cat were
ever the compounds introduced, HPLC analyses neverstill present at the end of the experiment, in similar
revealed new phenolic compounds. concentration with fungus than without fungi. Thus,

Whatever the liquid medium, in controls without L. wingdfieldiidid not seem to degrade Tax and Cat and
fungus, all phenols were still present at the end of the these two compounds did not seem to be adsorbed or
bioassays, but their concentration was lower than that uptaked by the fungus.
introduced at the beginning of the experiment. Proba-
bly, this can be explained by adsorption of these com-
pounds on the micro-well walls, but degradation may Effect of the whole phloem phenolic extract
also occur. on fungal growth

In presence of the fungus, additional phenomena
could be involved, due to the presence of the fun- In the two media, phenolic extracts from wounded
gus, since at concentrations partially inhibitive or not and unwounded phloem inhibited fungal growth
inhibitive of PS, PSM and PC, phenolic concentra- (Figure 4). The comparison between phenolic extracts
tions were lower when the fungus was present than from wounded and unwounded phloem has previ-
when it was not. Although no new compounds were ously shown that PS, PSM and PC are present in
detected, such metabolites could stay inside fungal tis- the wounded phloem, while they are not detected in
sue or could not be phenolics. Atlow concentrations of the unwounded phloem (Bois and Lieutier, 1997).
PS, PSM and PC, the compounds introduced were notThe present experiment showed that these three com-
detected at the end of the experiment andiingfieldii pounds inhibited fungal growth (Figure 1). This sug-
was not inhibited. This non-detection could be due to a gests that the higher toxicity of the extract from
direct or an indirect effect of the fungus on the pheno- the wounded phloem is due to these three com-
lics. Adsorption on the fungal cell walls, binding with  pounds. However, because the extract from unwounded
fungal extracellular enzymes (Farkas and Kiraly, 1972; phloem also inhibited fungal growth, other com-
Johansson et al., 1976), or uptake of phenolics by the pounds not assayed in our experiment probably
fungus could occurr. The degradation of these com- interfered. Indeed, only some phenolic compounds
pounds by the fungal enzymes could also occur. Indeed, of Scots pine phloem were tested in our study.
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Table 1 Phenolic compounds (mg mt) detected in the media at the end of the bioassay

Phenolic compounds  Concentration Concentrations at the end of the experiment (mg¥!
introduced Medium | Medium I

(mol =) (mgmi™Y)  wWithoutfungus with fungus  without fungus with fungus

CAT 1074 0.029 0.017 0.016 0.030 0.027
1073 0.29 0.14 0.14 0.18 0.18
1072 2.90 1.71 1.64 1.89 1.74
TAX 10~°  0.003 0.001 0.001 0.003 0.003
104 0.03 0.020 0.019 0.019 0.012
1073 0.30 0.21 0.20 0.09 0.08
PS 10°  0.002 0.001 — / /
104 0.021 0.006 — 0.008 —
3.107% 0.063 0.042 0.001 0.026 —
103 0.21 0.06 0.06 0.06 0.05
PSM 105 0.002 0.002 — 0.001 —
1074 0.022 0.02 0.003 0.02 0.001
1073 0.22 0.05 0.05 0.05 0.05
PC 105 0.002 0.001 — 0.002 —
1074  0.025 0.025 0.011 0.025 0.002
103  0.25 0.07 0.06 0.14 0.13

— —not detected — not tested.

Other phenolic compounds, such as acetophenonetoxic effect. Moreover, the whole phenolic phloem
glycoside, para coumaric acid ester and tannins, which extracts were toxic th. wingfieldii, demonstrating that

have already been detected in Scots pine phloemthein vitro inhibitory effects were predominant over
(Lieutier et al., 1996a; Bois and Lieutier, 1997) might the stimulating effects. In addition, although the toxic

also inhibit the growth of.. wingfieldi effect of the unwounded phloem extract demonstrates
that other phenolic compounds interfere, the higher
Conclusions toxicity of the wounded phloem suggests that PS, PSM

and PC were toxic even in the presence of all the other
In vitro, at high concentrations, PS, PSM and PC were compounds. The presence of Scots pine phloem in the
toxic for L. wingfieldii and the fungus seemed able to medium reduced the vitro toxic properties of PS,
degrade them at low concentrations. On the contrary, it PSM and PC, but these compounds were still toxic at
did not degrade Cat and Tax, compounds which either concentrations comparable to those met in the tree tis-
stimulated or had no effect on fungal growth. All these sues, atleastfor PSM and PC (Bois and Lieutier, 1997).
compounds are met by the fungus in the tree (Bois and  The results of our assays are in agreement with the
Lieutier, 1997), but.. wingfieldiithus appeared able to  in vivo variations in the phloem phenol content of
act only on those inhibiting its growth. Similar conclu-  Scots pines after inoculation with wingfieldii (Bois
sions have already been reported in other systems (Hart,and Lieutier, 1997). In that previous study, we have
1981). This can be interpreted as an adaptative reactionobserved that, in response to fungal inoculations, PS,
of the fungus to the presence of these compounds andPSM and PC accumulated in Scots pine phloem and
is in favour of a toxic effect of PS, PSM and RGvivo. that their concentrations stabilised after 14 days. As
However, other compounds not tested in our assays area consequence of the above conclusions and because
also present in the phloem of the tree (Lieutier et al., these compounds were toxitvitro at concentrations
1996; Bois and Lieutier, 1997), and could modify the lower or equal to those measurédvivo (Bois and
effectof PS, PSMand PC. In our assays, in combination Lieutier, 1997), we hypothesise that PS, PSM and PC
with Tax or Cat, PS, PSM and PC retained tlieiitro are toxic forL. wingfieldii in viva Their accumulation
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would play a role in stopping fungal growth in the tree. Johansson M, Popoff T and Theander O (1976) Effect of spruce
The stabilization of their concentrations 14 days after  roots constituents on extracellular enzymes of Fomes annosus.

a fungus inoculation would be the result of a balance Physiol. Plant. 37:275-282
between their degradation rate by the fungus and their -2ngstém B, Hellquist C, Ericsson A and Gref R (1992) Induced
. . . - . defence reaction in Scots pine following stem attack$dayi-

accumul_atlon rate in t_he tree. Their efficiency in the_ cus piniperdaEcography 15: 318327

phloem induced reaction would depend on the stabi- | jeutier F (1993) Induced defence reaction of conifers to bark

lization level. beetles and their associat®ghiostomapecies. In: Wingfield
MJ, Seifert KA and Webber JF (edQeratocystimndOphios-
toma Taxonomy, ecology and pathogenicity. Saint Paul: APS
Press, pp. 225-233

Acknowledgments Lieutier F, Yart A, Garcia J, Ham MC, Morelet M and
Lévieux J (1989) Champignons phytopatbngs assoes a
The study was granted by the French Congagional deux cokoptres Scolytidae du Pin sylvestiRilius sylvestris

de la Region Centre (allocation to E. Bois). The authors ~ L.) etétude peliminaire de leur agressiéitenvers I'ote. Ann.
thank P. Doumas (INRA Montpellier, France) and  Sci- for. 46: 201-216
C. Bastien (INRA Orans, France) for their advice L-'€ulierF, Yart A, Jay-Allemand C and Delorme L (1991) Pre-

. ’ liminary investigations on phenolics as a response of Scots pine
and for their useful comments on the results. They also phloem to attacks by bark beetles and their associated fungi.
thank Mrs C. Gaudout-Gay (INRA Jouy, France) for  gyr. J. For Path. 21: 354-364

revising the English. Lieutier F, Garcia J, Yart A and Romary P (1995) Wound reac-
tions of Scots pineRinus sylvestrid..) to attacks byTomicus
piniperdal. andlps sexdentatuBoern. (Coleoptera: Scolyti-
dae). J. Appl. Ent. 119: 591-600

References Lieutier F, Sauvard D, Brignolas F, Picron V, Yart A, Bastien C
and Jay-Allemand C (1996a) Changes in phenolic metabo-
Berryman AA (1972) Resistance of conifers to invasion by bark  lites of Scots pine phloem induced Bphiostoma brunneo-
beetle fungus associations. BioScience 22: 598-601 ciliatum, a bark-beetle-associated fungus. Eur. J. For. Path. 26:
Bois E and Lieutier F (1997) Phenolic response of Scots pine  145-158
clones to inoculation ofeptographium wingfieldii fungus Lieutier F, LAngstdm B, Solheim H, Hellgvist C and Yart A
associated withTomicus piniperdaPlant Physiol. Biochem. (1996b) Genetic and phenotypic variation in induced reaction
35:819-825 of Scots pine(Pinus sylvestrid..) to Leptographium wing-

Christiansen E, Waring RH and Berryman AA (1987) Resistance ~ fieldii: Reaction zone length and fungal growth. In: Mattson
of conifers to bark beetle attack: Searching for general rela-  WJ, Niemeh P and Rousi M (eds.). Dynamics of forest her-

tionships. Forest Ecol. Manage. 22: 89-106 bivory: quest for pattern and principle. USDA For. Ser. Gen.
Coutts MP (1970) The influence of phenolic compoundgiitus Tech. Rep. NC. 183, N.C. For. Exp. Sta. Paul, MN 55408.

radiata on the growth ofAmylostereum areolatunAust. For. pp. 166-177

Res. 4:15-18 Lindeberg G, Lindeberg M, Lundgren L, Popoff T and Theander O

Delorme L and Lieutier F (1990) Monoterpene composition of ~ (1980) Stimulation of litter-decomposing Basidiomycetes by
the preformed and induced resins of Scots pine, and their effect ~ flavonoids. Trans. Br. Mycol. Soc. 3: 455-459
on bark beetles and associated fungi. Eur. J. For. Path. 20: Loman AA (1970a) Bioassays of fungi isolated froRinus
304-316 contortavar. latifolia with pinosylvin, pinosylvinmonomethyl
Farkas G and Kiraly Z (1962) Role of phenolic compounds in ether, pinobanksin, and pinocembrin. Can. J. Bot. 48: 1303—
the physiology of plant diseases and disease resistance. Phy- 1308

topathology 44: 105-150 Loman AA (1970b) The effect of heartwood fungi®inus con-
Gibbs JN (1972) Tolerance ¢lomes annosuisolates to pine tortavar.latifolia on pinosylvin, pinosylvin monomethylether,
oleoresins and pinosylvins. Eur. J. For. Path. 2: 147-151 pinobanksin and pinocembrin. Can. J. Bot. 48: 737-747
Hart JH (1981) Role of phytostilbenes in decay and disease resis- Mullick D (1977) The non-specific nature of defense in bark and
tance. Ann. Rev. Phytopathol. 19: 437-458 wood during wounding, insect and pathogen attack. Recent
Hart JH and Hillis WE (1974) Inhibition of wood-rotting fungi Adv. Phytochem. 2: 395-441
by stilbenes and other polyphenolsBacalyptus sideroxylon Raffa KF and Berryman AA (1983) The role of host resis-
Phytopathology 64: 939-948 tance in the colonization behavior and ecology of bark beetles
Hart JH and Shrimpton DM (1979) Role of stilbenes in resistance ~ (Coleoptera: Scolytidae). Ecol. Monogr. 53: 27-49
of wood to decay. Phytopathology 69: 1138-1143 Reid RW, Whitney HS and Watson JA (1967) Reactions of lodge-

Hgiland K and Dybdahl HG (1993) A micro-well method for pole pine to attack bipendroctonus ponderosatopkins and
estimating fungal response to metal ions. Response to alu- blue stain fungi. Can. J. Bot. 45: 1115-1126
minium by some saprophytic basidiomycetes. Nord. J. Bot. 13: Rennerfelt E (1945) The influence of the phenolic compounds in
691-696 the heartwood of Scots pirfBinus sylvestrig.) on the growth



60

of some decay fungi in nutrient solution. Svensk Botanisk Tid- Shain L and Miller JB (1982) Pinocembrin, an antifungal com-

skrift 39: 311-318 pound secreted by leaf glands of eastern cottonwood. Phy-
Rennerfelt E and Nacht G (1955) The fungicidal activity of some topathology 27: 877-880

constituents from heartwood of conifers. Svensk Botanisk Tid- Solheim H and &ngstom B (1991) Blue-stain fungi associated

skrift 49: 419-432 with Tomicus piniperdan Sweden and preliminary observa-
Shaghi M, Jeandet P, Bessis R and Leroux P (1996) Degradation tions on their pathogenicity. Ann. Sc. For. 48: 149-156

of the stilbene-type phytoalexinsin relation to the pathogenicity Solheim H, [Angstbm B and Hellgvist C (1993) Pathogenicity

of Botrytis cinerea to grapvines. Plant Pathology 45: 139-144  of blue-stain fungLeptographium wingfieldandOphiostoma
Schultz TP, Cheng Q, Boldin WD, Hubbard TF, Jin L Jr, Fisher TH minusto Scots pine: effect of tree pruning and inoculum density.

and Nicholas DD (1991) Comparison of the fungicidal activi- Can. J. For. res. 23: 1438-1443

ties of (E)-4-hydroxylated stilbenes and related bibenzyls. Phy- Weidentdrner M, Hindorf H, Chandra JHA and Tsotonos P

tochemistry 30: 2939-2945 (1990) Antifungical activity of flavonoids against storage fungi
Schultz P, Fisher TH and Nicholas DD (1994) Quantitative of the genudAspergillus Phytochemistry 29(4): 1103-1105

structure-activity relationship studies of stibenols against Wong BL and Berryman AA (1977) Host resistance to the fir

wood-inhabiting fungi. Proceedings of the 4th southern station ~ engraver beetle. 3. Lesion development and containment of

chemical sciences meeting, February 1-2, 1994, starkville, MS.  infection by resistaribies grandisnoculated withTrichospo-

pp: 5868 rium symbioticumCan. J. Bot. 55: 2358-2365



