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Abstract

< In vitro wood slats degradation assays reveal that both the white root rot fungus R. lignosus and the
brown root rot fungus P. zoxius cause a white rot of wood. In vivo (infected tap roots) they cause
the same type of decay. Nevertheless lignin determination show the rubber-tree ability to react
against the parasite aggression by increased lignification of tissues.

1 Introduction

Rigidoporus lignosus (K1.) Imaz. and Phellinus noxins (Corner) G. H. Cunn. are two
Polyporaceae which are the major cause of tree loss in rubber plantation by inducing on
rubbertrees, respectively, white and brown root rots. Attack by these parasites causes the
lignified root tissues of the host to decay.

1 Paper presented as a poster at the 27th Congress of the French Phytopathological Society, Paris,
November 1984.
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R. lignosus has been known for a long time as a lignin-consuming (or lignolytic) fungus
whereas P. noxius was classified among the brown rot agents (RoGER 1954; P1cHEL 1956),
which degrade the polysaccharide fraction of wood but not lignin (Cowring 1961; Kirk
and KELMAN 1965; K1rk 1971; Kirk and HicHLEY 1973; CraAWFORD and CRAWFORD
1976).

The results of our research involving the nature of enzymes secreted in vivo and in
vitro by both fungi are in disagreement with the classification of P. zoxius. This fungus in
fact does not only secrete enzymes participating in the decomposition of wood polysac-
charides (cellulase, pectinase, xylanase, etc.), but also an enzyme identified as a laccase
(p-diphenol oxidase), considered to be synthesized only by lignin degrading fungi (Krx
and KrLmaN 1965; SCHUBERT 1965) and shown to play a major role in lignin degradation
(Kirg et al. 1968a and b; IsurearA and Mrvazakr 1972; ANDER and Eriksson 1976;
Isrraara 1980; GEIGER et al. 1983 a; KERN 1983 ; GEIGER et al. 1986 a).

The present research was undertaken in order to verify if P. noxius is truly a lignin
digesting fungus. This was done by comparing its iz vitro behavior with that of R. lignosus
and with that of Antrodia sp., a known brown rot fungus of sawed lumber.

Finally, we also investigated the action of R. lignosus and P. noxius as pathogenic fungi
by showing their effect on lignified tap root tissues of adult rubber trees naturally attacked
in plantation. These results were compared with those obtained, # vitro, on wood slats.

2 Materials and methods
2.1 Plant material

2.1.1 The parasites

The strains of R. lignosus and P. noxins used were isolated from naturally parasitized
Hevea taproots in a plantation. They were grown at 28°C in darkness in 2 % malt 2 %
agar medium in Petri dishes.

The Antrodia is a strain isolated from sawed lumber.

2.1.2 In vitro experimentation

The tests of wood and lignin degradation by the different fungi were carried out with
small slats (5 cm long, 1,5 cm wide and 3 mm thick) cut from the taproots of healthy
rubber trees. Three slats were placed in a 2 cm diameter Roux tube. Moisture was assured
by adding enough water to fill the lower reservoir of the tube and cover about % of the
height of the slats. Tubes and contents were autoclaved for 45 min at 110°C.. After cool-
ing, the slats were inoculated with a mycelial implant taken from a fungal preculture on
malt (2 %) agar (2 %).

The effect of a nutrient medium on the capacity of the fungi to degrade the wood was
examined. Slats identical to the above were placed in Erlenmeyer flasks containing either 1
cm diameter glass beads and 30 ml of water (in such a way as the slats did not float on the
water), or 50 ml of malt (2 %) agar (2 %). In the latter case, the slats were autoclaved
separately and deposited on the medium after solidification.

2.1.3 In vivo experiments

The various analyses (lignin assay and monomer composition) were carried out on tissues
sampled from the taproots of naturally infected plantation adults. For reasons previously
cited (GEIGER et al. 1986 b), experiments were carried out on partially colonized taproots.
For each taproot, the sample of healthy tissues (H) was used as the control and basis of
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comparison for the other tissue types: HF, healthy tissues close to the front of parasite
progression; IF: infected tissues sampled at this front; and I: infected tissues far from the
same front. Tissue samples were taken as previously described (GEIGER et al. 1986 b).

2.2 Analytical methods

2.2.1 Estimation of wood weight losses

Fungal capacity to degrade wood was estimated by the dry weight loss of the slats as a
function of the culture time. After removing of the fungal mycelium, the slats were dried
at 45°C for 48 hours before weighing. This method was preferred to heating at 105°C in
order to eliminate the possibility of chemical modification of parietal polymers by exces-
sively long and intense heating, since the slats were subsequently used for lignin assays.
After such a drying the residual moisture in the slats was less than 5.5 %. The results are
expressed as per cent weight loss in comparison to the initial dry weight (48 hours at 45°C)
of the slats, with a correction due to the loss resulting from autoclaving (estimation per-
formed with a group of control slats).

2.2.2 Elimination of extractable substances from wood

After drying, the slats were ground (Willey blade grinder) to obtain 60 mesh sawdust.
“Extractable” material was removed from the sawdust with hot (95°C) water for 12 hours,
ammonium oxalate (0.5 %, 85°C, 24 h) and finally sodium carbonate (2 %, 85°C, 8
hours). Each extraction involved 50 m] of extracting liquid per gram of dry sawdust. After
each extraction, the sawdust was rinsed with hot water until neutrality. After carbonate
extraction it was rinsed and dried at 45°C. It was then successively extracted in a Soxhlet
apparatus with alcohol/benzene (1/2, v/v) and alcohol, each for 8 hours. After drying,
lignin assays and monomer composition were performed on the residue which is an ex-
tractive-free wood.

2.2.3 Lignin assay

Lignin was assayed by quantitative extraction with thioglycolic acid (from 250 mg of
60 mesh extractives free sawdust) in the following conditions: incubation with a mixture
of 0,4 ml of thioglycolic acid and 5 ml of 2 N HCl for 5 hours at 90°C. The suspension
was filtered through sintered glass (porosity 5) and the residue was washed with water
(until pH 5). It was then resuspended in 5 ml of 2 % NaOH for 24 hours at ambient
temperature. The suspension was again filtered through sintered glass (porosity 5) and
washed twice with 5 ml aliquots of water. The filtrate and washes were pooled in a tared
centrifuge tube and brought to pH 1.5 with 5 N HCI, which caused the flocculation of
thioglycolic lignin.

After centrifuging for 10 min at 15000 g the flocculate was washed twice with 5 ml of
water. The pellet from the last centrifugation was dried at 80°C for 48 h and then weighed.
The results are expressed as per cent lignin (as the thioglycolic form) in comparison to the
initial dry weight of the extractive-free material (105°C dry weight estimated with a
sample previously dried at 45°C for 48 hours, then heated at 105°C for 48 hours).

2.2.4 Monomer composition of lignin

Monomers were analyzed after oxidizing the extractive-free sawdust with alkaline nit-
robenzene in the following conditions: 250 mg of sawdust were suspended in a mixture of
0.5 ml of nitrobenzene and 5 ml of 2 N NaOH. Oxidation was carried out at 160°C for
3 hin a sealed stainless steel tube with intermittent agitation. After oxidation, the suspen-
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sion was filtered through sintered glass porosity 5 and the residue was washed three times
with 5 ml of water and then twice with 20 ml of ether. The filtrate and washes were trans-
ferred to a separatory funnel and extracted twice with 40 ml of ether in order to eliminate
the residual nitrobenzene. The aqueous phase was brought to pH 2.5 with 5 N HC], sa-
turated with NaCl and then extracted twice with 60 ml of ether. The ether phase was
recovered and filtered over anhydrous N2,SO,. The solvent was evaporated to dryness
and the residue taken up with 3 X 2 ml of methanol.

This methanol solution was used for the analysis of mionomers. The aldehydes of the
benzoic series, resulting from the nitrobenzene oxidation of lignin, were separated with
HPLC (Waters apparatus, column “C 18”) in the following conditions: 5 to 45 % metha-
nol gradient in 1 % acetic acid, flow-rate 1 ml/min, runing time 15 min, internal standard
T7 (3,4,5-tri-methoxybenzaldehyde at 0.5 mg per ml of solution injected), volume in-
jected: 5 to 10 ul.

2.3 Electron microscopy observation

Samples of roots infected plants (in vivo) and slats of in vitro degraded wood were fixed
with 3 % glutaraldehyde (2 h, 4°C) buffered with 0.1 M sodium cacodylate (pH 7.2).
After several washes, samples were postfixed (2 h, 4°C) with 1 % osmium tetroxyd. After
further rinses, segments were dehydrated in a gradual ethanol series (5 to 100 %) and
embedded in Epon 812 preceded of an epoxy propane change. Sections of 60-50 nm were
stained with lead citrate (ReyNOLDS 1963) and uranyl acetate and examined on a Siemens
Elmiskop 102 electron microscop, operating at 80 kv. :

3 Results and discussion
3.1 In vitro degradation of Hevea slats; lignolytic nature of P. noxius

3.1.1 Weight loss and lignin degradation

Figure 1a shows the capacity of the fungi to degrade the wood of Hevea. In our experi-
mental conditions, it is shown that Aztrodia is much more active than the P. noxius strain
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Fig. 1. In vitro biodegradation of wood. a. results expressed as weight loss of wood sticks (slats)

after different culture times and infected by different fungi (means for 5 cultures). (Ant.: Antrodia

sp., N St: P. noxius; L St and L 68: two different isolates of R. lignosus). b. evolution of lignin
content in residue of the wood sticks [as in a)]
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Fig. 2. Percentage of lignin and non lignin fractions degradation calculated from results presented in
Fig. laandb

(N St}, which in turn has a higher degradation capacity than that of the two R. lignosus
strains (L st and L 68). These two strains differ from each other by their aggressiveness,
measured in conditions described elsewhere (INANDRIS et al. 1983). This first approxima-
tion of the capacity to degrade the wood was extended by estimating the quantities of
lignin present in the slats after different times of colonization by the fungi (Fig. 1b). These
results are highly demonstrative. The quantity of lignin in the wood invaded by R. lig-
nosus and P. noxius does not vary to any great extent, while in the case of Antrodia, there
is a considerable increase in the lignin content of the slats residues. We may conclude that
the first two organisms degrade both the lignin and polysaccharide fractions of the wood
in a nearly “equilibrated” manner. Antrodia, on the other hand degrades only the polysac-
charides, leading to an enrichment of the lignin fraction in the wood residue.

In order to better appreciate these findings, we used the preceding data to calculate the
quantity of lignin effectively consumed in the course of colonization and deduced the rate
of consumption of the “non-lignin” fraction (containing a majority of — but not exclu-
sively — polysaccharides). Figure 2 confirms the following points:

a. R. lignosus and P. noxius both degrade lignin. P. noxins should thus be classified as a
white rot agent, just as R. lignosus. ‘

b. Antrodia sp., on the other hand, is a brown rot agent, since it does not depolymerize
the lignin fraction.

¢c. P. noxins exhibits a tendency for preferential degradation of polysaccharides, while R.
lignosus degrades lignin and polysaccharides in a relatively balanced manner, although
with a slight preference for lignin. These data agree with the respective capacities of the
two fungi to excrete polyosidases and laccase, respectively involved in the degradation of
polysaccharides and lignin. The former are excreted in very large quantities by P. noxizs,
whereas R. lignosus releases predominantly laccases (GEIGER et al. 1986 b).

3.1.2 Effect of an exogenouns nutrient source on the capacity of R. lignosus
and P. noxius to degrade wood

This experiment was undertaken in light of observations of fungi such as Phanerochaete
chrysosporium and Coriolus versicolor, showing that lignin is not degraded in the absence
of a nutritive substrate such as glucose, or even cellulose (Kirx et al. 1976). These fungi
cannot develop in the presence of lignin as sole carbon source. ANDER and Erixsson
(1975, 1977) also showed that some white rot agents degraded the lignin fraction of wood
slats more rapidly in the presence of exogenous nutrients, such as malt extract, than in
their absence.
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The increased capacity for wood degradation applies to all types of polymers. Table 1
shows that after 4 months of growth on slats in the presence of malt extract, P. noxius
degrades 62 % of the wood, corresponding to 61.9 % of the lignin fraction and 62.1 % of
the non-lignin fraction. After 6 months of culture on slats alone (with water) the total
degradation of the wood and its components is much lower, 14.4, 18 and 13.7 % respec-
tively.
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Table 1

Effect of an exogenous nutrient on wood degradation

Culture Weight % lignin % of non lig-
Culture conditions time loss P ninfraction | S/V (1)
(months) 1) r;:(s;:;k(sl) deg(rza)d ed degraded (2)
Control
(sterilized sticks) - 0 23,2 0 0 1,72
R. lignosus/ 0,5 8,3 23,2 8,3 8,3 1,69
sticks + water 6 19,0 21,0 26,6 17,7 1,60
R. lignosus/ 0,5 12,1 22,7 14,1 11,4 -
sticks + malt extract 6 23,2 22,9 24,8 23,5 1,57
P. noxius/ 0,5 14,1 22,8 16,3 13,6 1,61
sticks -+ water 6 14,7 22,3 18,1 13,7 1,31
P. noxius/ 0,5 18,1 22,7 20,1 17,6 -
sticks -+ malt extract 4 62,1 23,3 61,9 62,1 1,32
(1): experimental values  (2): calculated values.

3.1.3 Monomer composition of lignin before and after colonization of the slats

The fungal attack may result either in a “recurrent” depolymerization of lignin without
modifying the monomer composition of the residual polymer, or in a progressive modifi-
cation of the polymer in terms of both the degree of polymerization and the monomer
composition. The results Table 1 show that infection leads to a considerable change in
syringaldehye/vanillin (S/V) ratio of the residual lignin.

Only the $/V ratio was calculated since the p-coumaryl units [analysed as p-hydro-
xybenzaldehyde (B) after nitrobenzene oxidation of the sawdust] is encountered in very
low quantities: 0.6 to 1 % of total V + S + B units.

This modification of lignin is truly progressive. After two weeks of culture of R. lig-
nosus, the decreased S/V ratio is barely perceptible (1.72 initial down to 1.69), while it is
more evident after 6 months (1.60). P. noxius exerts a more intense action, since the initial




Biodegradation of H. brasiliensis wood by R. lignosus 153

S/V ratio of 1.72 decreases to 1.61 after two weeks and reaches 1.31 after 4 months of
culture. In addition we can note that an exogenous nutrient supply has only a negligible
effect on the changes of the S/V ratio in comparison to that in the slats cultured in the
absence of the substrate (1.57 vs. 1.60 for R. lignosus and 1.32 vs. 1.31 for P. noxius).

The decreased S/V ratio implies either a preferential elimination of the sinapinic residue
from the original macromolecule, or a chemical transformation of the residue into a differ-
ent compound. It is to be noted in this context that the laccase of Coriolus versicolor can
demethylate vanillic acid and alcohol, as well as the lignin from ground maple wood
(IsarHARA and Mivazak: 1974; Isgisara 1980). This observation can also be correlated
with the fact that R. lignosus and P. noxius laccases have a higher affinity for sinapinic acid
than for the other lignin basal units (GEIGER, unpublished data).

An alternative interpretation is that the fungi preferentially degrade syringic-type
lignin-rich parietal structures, which would result in the reduction of the quantity of this
residue in the infested wood in comparison to the original levels in healthy wood.

3.2 Effect of R. lignosus and P. noxius infestation of Hevea taproots
on the lignin content of different tissues

This analysis was performed on 5 taproots infested by R. lignosus and 6 taproots infested
by P. noxius. In each case, the adult taproots (4 to 6 years old) were partially invaded,
enabling the four types of tissues (H, HF, IF and I described above) to be sampled. The
results are expressed either as the

percent of lignin content in extrac-

tive-free sawdust (Fig. 4a, b) or as @ R lignosus ® 5 noxius

the relative percentages of lignin cal- .
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The first comment concerns the variability of lignin contents in H tissues from one
taproot to another, which may be attributed to genetic differences among trees (the tap-
roots sampled in plantations arose from plants of different origin) or to variations in the
assay technique. In order to eliminate the latter possibility, the four types of tissues from
the same taproot were systematically treated in the same experimental serie (exhaustion of
extractives, lignin assay, monomer composition). In addition, the experiment performed
on a sawdust sample divided into 4 batches undergoing the treatments in standard condi-
tions showed uniformity of the results of lignin assays: differences in extreme values are
lower than 3 % in comparison to the mean value. Thus, for each taproot, the variations of
lignin content recorded for different tissue types (H, HF, IF and I) are significant.

3.2.1 Taprootsinfested by R. lignosus

There is a systematic increase occasionally up to 50 %, of the lignin content in IF tissues.
(Fig. 4a, c). This increase may be correlated with the considerable increase of the
peroxidase activity observed in the same tissue type (IF), corresponding to a host reaction
(GEIGER et al. 1976, 1986 b). As this peroxidase is able to polymerize phenylpropanoid
alcohols (Geiger and HugueNin 1981) it is tempting to attribute the increased lignin
content to a reaction lignification of tissue in response to parasite aggression. In fact such
reaction could be histologically observed in artificial infected young plants (GE1GER et al.
1983 b; N1coLE et al. 1986). The reaction lignification is ultimately ineffective, since the
intratissue progression of the fungus in most cases continues, and the lignin which ac-
cumulates in the IF tissues is progressively degraded, leading to the decreased lignin con-
tents observed in I tissues.

3.2.2 Taproots infested by P. noxius

These results are more difficult to interpret because of the heterogeneity of response to the
parasite attack. Any attempt at interpretation must take into account the fact that the
anatomical reactions of Hevea are rare. Similarly, the stimulation of peroxidase activity in
IF tissues is much lower than in the case of aggression by R. lignosus. These observations
are consistent with the possibility that P. noxius rapidly kills the tissues it attacks.
Nevertheless, histological reactions, e.g. hyperplasia, supernumerary cells, and even lig-
nification reactions are often observed in the cell layers situated under the points of fungal
penetration in artificially infected young plants (N1coLE et al. 1986).

Can these facts be extrapolated to adult taproots and explain only low increase of the
lignin content of HF tissues in some taproots? How may then be explained the decreased
lignin content, in the same tissue types, in the case of two of the taproots analyzed?

The same difficulties of interpretation arise when we consider the stages IF and 1. In
three of the taproots, the lignin content increased, which could be attributed to the pre-
ferential degradation of the polysaccharide fraction of the tissues. For other taproots, on
the other hand, we note decreased quantities of this polymer, leading to the supposition
of a preferential lignolytic activity. Finally, in the case of the last taproot, there is a ba-
lanced degradation of the different tissue fractions.

Considering that IF and I type tissues are dead and thus the only parameter capable of
variation is the “pathogenic agent“, we may explain this heterogeneity by the fact that
taproots are attacked by strains of P. noxius which differ by their physiological capacities
to degrade the different polymers of the wood. This hypothesis is suppotted by the fact
that populations of P. noxius (and R. lignosus) are heterogeneous at the level of their
pathogenicity (NICOLE et al. 1986). Similarly, recent # vitro experiments have shown
that these same isolates differ in their potentials for enzymatic secretion (GEIGER, unpub-

lished data).
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3.3 Effect of infection on the monomer composition of residual lignin

The monomers of residual lignin were analyzed in samples of extractive-free sawdust from
different taproot tissues, of which a part was used to determine total lignin content. In
general and regardless of the nature of the infesting pathogen, the S/V ratio decreases,
preferentially in I tissues, i. e. those colonized for the longest times (Fig. 5a, b). This result
agrees with i vitro observations in the case of infested Hewea slats. It would seem that the
process leading to modification of lignin, prior to (or accompanying) the degradation of
the polymer, is comparable, whether fungal attack is on sterilized slats or on naturally
infested Hewvea taproots. This is probably explained by the fact that the fungi act as
saprophytes in both cases, taproot type I tissues being dead, just as are the sterilized slats.

A last comment concerns the very low p-coumaric residues (lower than 1 % of total
monomers) in the lignin analyzed, regardless of the tissue source.

(@ R.lignosus ®  P.noxius
Sy Sy
20 \ / 2,04
¢
v\& o0
16 1,51
Fig. 5. Lignin monomer composition ex-
pressed as the ratio of syringyl/venilin 1,3 1,31
groups in different tissue types (H, HF, IF
and I: for signification, see Fig. 4) of tap-
roots respectively attacked by a. R. lignosus, =t * f f f L f T f f
b. P. noxins H o OHF IF H HE IF )

4 Conclusions

The present investigation involves two aspects: a. the determination of the degradation of
wood, in vitro, by two root parasites of Hevea and the verification of their rot types,
brown or white; b. the determination of the #2 vivo effect of the same fungi colonizing the
taproots of adults in a plantation and thus, acting as parasites.

The results unambiguously show the capacity of both fungi to degrade lignin. The
comparison with the behaviour of Antrodia sp., a known brown rot agent, leaves no
further doubt on this point. R. lignosus and P. noxius are thus both to be classified among
the white rot group of fungi. In addition the lignolytic abilities of the two latter fungi are
confirmed by cytological observation (Fig. 6a and b).

There are some differences in the capacities of these two fungi in terms of the relative
rates of degradation of the major fractions of wood, lignin and polysaccharides. R. lig-
nosus tends to depolymerize lignin more rapidly than polysaccharides, while P. zoxius
exhibists a preference for polysaccharides. Finally, P. noxins “responds” more than R.
lignosus to exogenous nutrients. In the former case this response involves a considerable
increase in the rate of wood degradation, regardless to the type of polymer attacked.

The results obtained iz vivo furnish matter to discussion, especially in the case of infes-
tation by P. noxius. The infective situation varies for one individual (taproot) to another,
generating contradictory interpretations, e. g. preferential degradation of lignin in some
cases, of polysaccharides in others. These contradictions can be explained by the
hypothesis according to which different P. noxius strains exist, differing by their capacities
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Fig. 6. a. lignified cell wall alteration caused by R. ligrosus (in vitro); hyphae (h) differentiate micro-
hyphae which degrade the secondary wall (Wyy), the primary wall (W) and the middle lamella (Im).
Dissolution of cell wall components occurs both in contact — and in front of the hyphae (arrows)
(X 30000). b. lignified cell wall alteration caused by P. noxius (in vivo). Degradation of the primary
wall (W) consist first in a disorganization of the native structure (arrow) and secondly in a wall
perforation (double arrow). (Im: middle lamella; S1, S2, S3: secondary wall layers; X 40000)

to degrade the two major fractions of wood. Anyway, attack by P. noxius causes the rapid
necrosis of infested tissues, thus limiting the intensity of lignification reactions, especially
at IF stages.

Attack by R. lignosus induces a more uniform response. On the average and in com-
parison to healthy tissues, there is a 25 to 30 % increase of the lignin content in IF tissues.
This reaction lignification of the tissues is a response to parasite attack. It may appear
slight in comparison to that observed in the case of radishes attacked by Peronospora
parasitica (AsapA and MaTsuMoTO 1969) and beans infected by tobacco necrosis virus
(TNV) (Kimmins and WuppaH 1977). We may keep in mind that in the case of Hevea
aggression, the tissues which will be the site of reaction lignification are already highly
lignified, which is not the case for radishes or beans. In addition, it is reasonable to
suppose that the reaction potentials of an adult Heves taproot are much lower than those
of a leaf. Nevertheless, the possibilities of taproot reactions exist, as shown by the increase
in peroxidase activities in IF tissues (GEIGER et al. 1986 b).

If we examine the lignification variations of tissues in the framework of “resistance of
plants to infection”, we should consider not only the quantitative, but also the qualitative
aspect, 1. e. changes occurring in the monomer composition of the polymer (Ripe 1978).
Thus, the monomer of parasitized radish tissue lignin is quite different in comparison with
that of the healthy one (high p-coumaric unit content, absence of sinapinic units; Asana
and MatsumoTo 1972). In beans infested by TNV, however, changes in the monomer
composition are slight (Kimmins and Wuppas 1977).

In Hevea, there was never a significant increase in the proportion of p-hydroxybenz-
aldehyde among the oxidation products of the tissues, regardless of their nature (HF, IF
or I). This implies that, on a structural level, the reaction lignin of HF and IF tissues is
probably not very different from that of healthy tissues. On the other hand, we note a
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considerable decrease in the S/V ratio in I tissues. Itis to be noted that we observed com-
parable decreases in the slats infested by both fungi. This is consistent-with the possibility
that both fungi adopt a saprophytic behaviour in the dead I type tissues.

The lignification reaction may lead to the edification of one of the bartier as proposed
in the C.O.D.LT. hypothesis (Suico and Marx 1977).

In practice, this reaction is ineffective in terms of the course of the pathogenic process,
since the pathogens generally invade the entire taproot, causing the death of the tree.
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Summary

The study of the degradation of slats shows that P. noxius, just as R. lignosus, is capable of degrading
lignin. Both pathogens are thus white rot fungi. In this framework, the comparison of the behaviour
o% these two fungi with that of Antropodia sp. , a known brown rot agent, is particularly illustrative.
Lignin assays showed the tendency of R. lignosus to preferentially degrade lignin, while P. noxiuns
preferentially degrades the polysaccharide fraction. Finally, both fungi also cause considerable
changes in the residual lignin by modifying the monomer composition of the polymer.

In vivo and in comparison to healthy tissues, there is a significant increase 1n the lignin content of
infested tissues removed from the front of R. lignosus progression. It would appear that Hewvea reacts
by an increased synthesis of lignin. This reaction is ineffective, since the pathogen ultimately de-
grades the polymer. Such reaction is much less evident in case of attack by P. noxius. In terms of the
monomer composition of lignin, there are changes in the tissues colonized for the longest times,
comparable to that observed iz vitro. :

Résumé

Biodégradation du bois d’Hevea brasiliensis par Rigidoporus lignosus et Phellinus noxius

L’étude de la dégradation de biichettes d’Hévéa montre que P. noxius est capable, tout comme R.
lignosus, de dégrader la lignine. Les deux agents pathogénes sont donc 2 classer parmi les agents de
pourriture blanche du bois. Dans cette optique, la comparaison entre le comportement de ces deux
champignons et celui d’Antrodia sp., agent de pourriture brune, est particulidrement démonstrative.
Cependant les dosages de lignine mettent en évidence une tendance de la part de R. lignosus, & dégra-
der préférentiellement la lignine, alors que la tendance inverse, dégradation préférentielle de la frac-
tion polysaccharidique, est observée pour P. noxixs. Enfin, ces deux champignons provoquent une
forte altération de la lignine résiduelle qui se traduit par une modification de la composition mono-
mérique du polymére.

In wivo, et par rapport aux tissus sains, on observe une augmentation significative du taux de
lignine dans les tissus infectés prélevés au niveau du front de progression de R. lignosus. 1l semblerait
que PHévéa réagisse par une synthése accrue de lignine. Cette réaction n’est cependant pas efficace,
puisque P'agent pathogene finit par dégrader le polymére. Cette manifestation est beaucoup moins
nette en cas d’attaque par P. noxius. Au plan de la composition monomérique des lignines, on note
une altération au niveau des tissus les plus anciennement colonisés. Cette modification est compara-
ble 2 celle enregistrée i vitro et conduit i penser que, dans ces tissus les deux parasites adoptent un
comportement purement saprophytique.

Zusammenfassung

Holzabbau bei Hevea brasiliensis durch Rigidoporus lignosus und Phellinus noxius

Die Untersuchung des Abbaus von Holzspinen zeigt, dafl P. noxius wie R. lignosus in der Lage ist,
Lignin abzubauen. Beide Pathogene sind demnach Weififiuleerreger. Unter diesem Gesichtspunkt
ist der Vergleich der Eigenschaften beider Pilze mit denen von Antrodia sp., einem bekannten
Braunfiuleerreger, besonders aussagefihig. Versuche mit Lignin zeigten bei R. lignosus die Ten-
denz, vorzugsweise Lignin abzubauen, wihrend P. noxius hauptsichlich die Polysaccharidfraktion
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abbaut. Beide Pilze bewirken auch deutliche Verinderungen im Restlignin, indem die Monomeren-
zusammensetzung des Polymers verindert wird.

In vivo zeigt sich im Vergleich zu gesundem Gewebe bei infiziertem Gewebe aus dem Bereich
des vordringenden R. lignosus-Myzels ein deutlicher Anstieg des Ligningehaltes. Es scheint, als ob
Hevea mit erhohter Ligninproduktion auf den Angriff reagiert. Diese Reaktion ist allerdings un-
wirksam, da das Pathogen letztlich das Polymer abbaut. Solch eine Reaktion ist bei der Besiedlung
durch P. noxius sehr viel weniger deutlich. Hinsichtlich der Monomerenzusammensetzung des Li-
gnins gibt es Verdnderungen in den am lingsten besiedelten Geweben, die mit den i vitro beobach-~
teten vergleichbar sind.
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