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ABSTRACT

Discolored and decayed tissue associated with
Fomes connatus in sugar maple showed a pattern of
physical changes and microbial successions. The lig-
nin-to-cellulose ratio remained approximately the
same in clear, discolored, and decayed tissue. No
quantitative change occurred in the amount of total
extractives in all tissues. The pH and ash concentra-
tion increased and total phenolic compounds de-
creased as tissues became discolored and decayed.

Additional key words: Acer saccharum, succession

Microorganisms were in discolored tissue that
showed qualitatively altered extractives and increases
in pH. Fomes connatus was in a narrow zone of dis-
colored tissue at the border of discolored and de-
cayed tissue. Microorganisms were in decayed tissue
that showed qualitative changes in extractives, in-
creases in pH, and substantial decreases in amount
of lignin and cellulose. Phytopathology 61:556-558.

of microorganisms, white-rot.

Decay in living sugar maple (Acer saccharum Marsh.)
results from processes in which woody tissues first
become discolored (8, 13). The discoloration process
involves host response to wounding and the activity of
microorganisms. Discolored tissue may then be decayed
by hymenomycetous fungi. Decay of sugar maple asso-
ciated with Fomes connatus (Weinm.) Gill. causes
severe structural damage resulting in economic losses
(10). Previous descriptions and classifications as a
white-rot were made on the basis of color and texture
of the decayed tissue (3, 17). Analyses of tissues al-
tered by white-rot fungi were confined mainly to decay
tests on wood blocks (5, 12). Moreover, white-rot fungi
used in these studies were mainly those that decay
dead wood.

In order to better understand the nature of decay in
living trees, we studied decay columns in sugar maple
trees by mapping natural wounds infected with F.
connatus (15). This was followed by studying the rela-
tionships between microorganisms and chemical changes
in discolored and decayed wood.

MATERIALS AND METHODS —Material preparation.—
Thirteen sugar maple trees, 8- to 15-cm diam, 1.2m
above ground, bearing fruit bodies of F. connatus, were
cut. Logs were cut transversely through the sporophores
and at 10-cm intervals above and below until the col-
umns of decay and discoloration ended. The column
sections were dissected aseptically and mapped for
microorganisms. Chips of wood 3 X 10 mm were excised
from the column and incubated on a medium consisting
of 10 g malt extract, 2 g yeast extract, and 20 g agar/
liter (13). Approximately 800 chips were cultured.

Samples of clear, discolored, and decayed tissue were
obtained from seven trees, Samples were ground to pass
a 40-mesh but not a 60-mesh screen. Approximately

10 g of air-dried, clear, discolored, and decayed tissue
were obtained from each column.

Determination of ash concentration—One-g air-dried
samples were ashed in a muffle furnace at 600 C for
24 hr. Amount of ash in the crucible was recorded as
total ash/g. Extracted wood samples equivalent to 1g
oven-dried unextracted tissue were ashed, and the
amount remaining was recorded as unextracted ash/g.
Soluble ash was determined by subtracting unextracted
ash from total ash.

Determination of amount of tolal extractive—
Weights of oven-dried tissue were determined from 1g
of each air-dried tissue. Samples were extracted succes-
sively with alcohol-benzene (1:2, v/v) and alcohol in
a Soxhlet apparatus, then in a boiling water bath (1).
Amount of total extractives was calculated as wt loss
from unextracted tissues that were oven-dried.

Determination of total phenolic compounds—One-g
air-dried samples of each tissue were extracted with
methanol for 8 hr in a Soxhlet apparatus. Each extract
was brought to 50ml and concentrated to 5ml in a
rotary evaporator. Extracts were centrifuged at approx
750 g for 10 min in an International clinical model cen-
trifuge and decanted. Total phenolic compounds were
determined on a 0.5-ml sample by the Folin-Ciocalteu
total phenol method (9).

Determination of lignin and cellulose—Lignin con-
tent was determined on extracted wood samples equiva-
lent to 1g oven-dried unextracted tissue by the 729,
sulfuric acid method (2). Cellulose content was calcu-
lated by subtracting amounts of lignin and insoluble ash
from sample weights of extractive-free tissue.

Determination of pH and specific gravity.—One-g
samples of air-dried tissues ground to pass a 20-mesh
screen were placed in 5 ml deionized water for 1 hr, and
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the pH was measured on a Beckman pH meter (19).
Approximately 4-cc sections of each tissue were placed
in distilled water in graduated cylinders and repeatedly
aspirated until refusal. Displacement volume was re-
corded. Tissue were oven-dried and sp gr was calculated
as the ratio of oven-dried wt of tissue to displacement
volume.

RESULTS AND DiscussioNn.—Organisms isolated from
columns of discolored and decayed tissue—Very few
organisms were isolated from clear tissue. Bacteria and
nonhymenomycetous fungi, mostly of the genera Phialo-
phora and Acrostaphylus, were isolated from discolored
tissue in advance of F. connatus. Fomes connatus was
isolated in a narrow band of discolored tissue at the
border of decayed and discolored tissue (Fig. 1). Bac-
teria, Actinomycetes, and nonhymenomycetous fungi,
Trichoderma viride Pers. ex Fries and Mortierella sp.,
were isolated commonly from decayed tissue behind F.
connatus. Nematodes (Rhabdites sp.) and black carpen-
ter ants (Camponotus sp.) were common in tissue in an
advanced state of decay. Microorganisms from these
columns associated with F. connatus were found in a
successional pattern as described for sugar maple (14,
17).

Characteristics and composition of clear, discolored
and decayed sugar maple tissue—The chemical compo-
sition of clear, discolored, and decayed tissues is given
in Table 1. Specific gravity of clear tissue (0.6) did not
change measurably in discolored tissue, but decreased
to 0.25 in decayed tissue. These data indicate a wt loss
of 42% /unit volume in decayed tissue. Chemical con-
stituent values were adjusted for decayed tissues to
account for the noted changes in sp gr, allowing com-
parisons on a constant tissue volume basis (Table 1).
The pH of discolored (6.4) and decayed (6.6) tissues
was significantly greater than that of clear tissues (5.5).

Fig. 1. Decay column cross section of sugar maple
showing Fomes connaius in a thin band of discolored tissue
at the decay border after 1 week’s incubation at 25 C.
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TasLe 1. Characteristics and composition of clear, dis-
colored, and decayed sugar maple tissue

Condition of tissue

Dis-
Censtituent Clear colored Decayed Decaved”
mg/g oven-dried weight®

Taotal ash 3a 11b 54c 22

Soluble ash 1 4 22 9

Insoluble ash 2a 7a 32b 14
Total extractives 46a 47a 98b 41

Tatal phenolic

compounds 7a 2hb 0.3 0.1

Sulfuric acid

lignin 144a 174b 184b 77
Cellulose 806a 767b 697h 290

® Different letters designate significant differences at the
5% level of significance.

b Decay values corrected for difference in specific gravity
for comparisons based on weight per unit volume.

Ash—Amount of total, insoluble, and soluble ash per
unit volume increased significantly from 3, 2, and 1 mg,
respectively, in clear tissue to 11, 7, and 4 mg in dis-
colored tissue and 22, 14, and 9 mg in decayed tissue.
The increase in total ash concentration from clear to
decayed tissue was X18 based on wt and X8 based on
volume. An increase in mineral content was shown to
be associated with the processes of discoloration and
decay in sugar maple (15).

These increases in soluble and bound mineral constit-
uents could affect the utilization of other wood constit-
uents in several ways., The concentration of inorganic
salts can affect the swelling of cellulose micelles in the
cell walls (18). Such swelling could affect the activity
of cellulases and other wall-attacking enzymes. The
mineral constituents can alter pH (8), which increased
significantly from 5.5 in clear tissue to 6.4 in discolored
and 6.6 in decayed tissue, and could affect the activity
of enzymes. Changes in the concentration of an essen-
tial cofactor might also be important (11).

Total extractives—Amount of total extractives per
unit volume of clear tissue did not change significantly
in discolored and decayed tissues. Although the amount
of total extractives appeared relatively constant, there
were changes in the composition of extractives during
discoloration and decay.

One part of the total extractives which changed
radically was that portion comprised of ash constituents.
Soluble ash comprised 229, of the total extractives of
decayed tissue as compared to 29, of clear tissue.
Another part of the extractives which changed radically
was the phenolic component. Total extractable phenolic
compounds per unit volume decreased from 7 mg in
clear to 2mg in discolored tissue, and were negligible
in decayed tissue. In clear tissue, phenolic compounds
appeared to comprise 159 of the total extractives,
whereas they comprised only 49 in discolored tissue.
Total phenolic content was determined from methanolic
extracts. A similar pattern of phenolic content was
shown by results of extracts from the same tissues
which had been extracted with ethanol:benzene (1:2,
v/v).
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The observed decrease in phenolic constituents may
be important to the invasion of F. comnatus. In vitro
growth studies have shown that isolates of Phialophora
melinii were able to grow at concentrations of certain
phenolic compounds which did not permit the growth
of F. connatus, and the ability of P. melinii to utilize
and to alter those inhibitory compounds was demon-
strated (16). Because of the high frequency of isolation
of Phialophora sp. in advance of F. comnatus, it is
possible that alteration of phenolic constituents by
Phialophora sp. or other nonhymenomycetous fungi
allowed F. connatus to invade discolored tissues.

Lignin and cellulose—Amount of lignin per unit
volume increased significantly from 144 mg in clear to
174 mg in discolored tissue, and decreased significantly
to 77 mg in decayed tissue. Amount of cellulose per
unit volume decreased significantly from 806 mg in
clear tissue to 769 in discolored and 290 mg in decayed
tissue. The ratio of cellulose to lignin remained approxi-
mately 5:1 in all tissues.

The increase in lignin could be explained by the bac-
teria and nonhymenomycetous fungi attacking nonligni-
fied cellulose in the discolored tissue. Phialophora and
other Fungi Imperfecti cause soft-rot in wood products
by attacking nonlignified cellulose in the cell walls (7).
Several isolates of two species of Phialophora utilize
cellobiose at rates equal to or greater than p-glucose
(4). This decrease in cellulose could be too small to be
measured by the sp gr method used in this experiment,
and could be sufficient to account for an apparent
increase in lignin concentration, Alteration in wall
structure caused by nonhymenomycetous fungi and
bacteria in advance of F. connatus may make the wall
more susceptible to its attack. Discolored and decayed
tissue differed by 569 in lignin/unit volume and 649
in cellulose/unit volume. There was no significant
change in the lignin-to-cellulose ratio, which suggests
that lignin and cellulose are utilized at a similar rate.

Another possible explanation of the noted increase
in the amount of lignin is that lignin or ligninlike
substances actually increased during the process of dis-
coloration. Increases in the amount of lignin have been
reported as a resistance mechanism (6). The colored
substances formed during the discoloration process may
act as sulfuric acid lignin.

Fomes connatus, which was isolated most frequently
in the boundary zone between discolored and decayed
tissue, is probably the primary organism which attacks
the lignified cellulose of the cell wall. Fomes connatus
appears to attack effectively both lignin and cellulose.
However, microorganisms such as 7. viride, found in
the decayed tissues, can produce cellulases (11). While
the primary role of F. connatus may be to degrade the
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lignin in cell walls, degradation of cellulose in advanced
decay may be due to several extracellular cellulase
systems.
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