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ABSTRACT
Investigations of the Processes of Discolora-

tion and Decay of Sugar Maple, Acer saccharum

Associated with Fomes connatus,

by Terry A. Tattar

Discoloration and decay of sugar maple, Acer saccharum, associated

with Fomes connatus cause severe damage resulting in economic loss. The

purpose of this study was to better understand these processes in living
trees. Separate investigations were conducted and the results of this
research were presented as three manuscripts.

Discolored and decayed tissue associated with F. connatus in sugar
maple showed a pattern of physical changes and microbial successions.
The lignin to cellulose ratio was approximately the same in clear, dis-
colored, and decayed tissue. No quantitative change occurred in the
amount of total extractives in all tissues. The pH and ash concentration
increased and total phenolic compounds decreased as tissues discolored
and decayed. Microorganisms were in discolored tissue that showed quali-
tatively altered extractives and increases in pH. F. connatus was in a
narrow zone of discolored tissue at the border of discolored and decayed
tissue. Microorganisms were in decayed tissue that showed qualitative
changes in extractives, increases in pH, and substantial decreases in
amount of lignin and cellulose.

The ability of Phialophora melinii and F. connatus to tolerate and

to utilize certain phenolic compounds was studied in vitro to help explain
successional patterns of fungi in living trees. P. melinii, which is
often isolated in advance of F. connatus in columns of discolored and

decayed tissue in sugar maple, tolerated and utilized phenolic compounds



which were toxic to F. connatus. The capacity of P. melinii to alter
phenolic compounds, and thereby permit growth of F. connatus, was indi-
cated, The effects of pH, manganese concentration, nitrogen source,
amount of glucose present, and means of sterilization on the growth of
these fungl in media containing phenolic compounds were also investigat-
ed,

Isolates of F. connatus, P. melinii, Acrostaphylus sp., from dis-

colored tissue, and Trichoderma viride and Mortierella sp. from decayed

tissue of sugar maple were grown in liquid culture media containing
sources of carbon and nitrogen found in th: :issue of sugar maple.

These compounds included the carbohydrates of wood and their component
monosaccharides, translocation compounds from xylem sap, and storage
carbohydrates. Growth was measured as oven-dried weight of mycelium.

All fungi utilized the carbohydrates and nitrogen sources, except
Mortierella sp. which did not utilize cellulose and xylose. Only P. mel-
inii substantially utilized gallic acid., Breakdown of cell walls in the
living tree may occur both in discolored and decayed tissue and be caused
by all inhabiting fungi, Selective utilization of host components by
some of these fungi may enable successful colonization of wounds and

initiation of the processes of discoloration and decay.
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INTRODUCTION

Discoloration and decay of sugar maple, Acer saccharum, associat-

ed with Fomes connatus, cause severe damage resulting in economic

losses, The severity of these losses are explained bj the slow growth
rate of high quality hardwoods such as sugar maple, by the diminishing
supply due to increased land development, and the increasing demand for
this wood free of defects. The purpose of thig study was to investi-
gate the relationships between microorganisms and the chemical changes
in discolored and decayed wood of sugar maple.

Discrete experiments were conducted and the results of this re-
search were written in three manugcripts for publication in Phytopath-
ology, an international journal of the American Phytopathological
Society. The manuscripts are: The Sequence of Microorganisms and
Changes in Constituents Associated with Discoloration and Decay of

Sugar Maples, Acer saccharum, Infected with Fomes connatus; Effects of

Some Phenolic Compounds on the Growth of Phialophora melinii and Fomes

connatus; and Carbon and Nitrogen Metabolism of’ Principal Fungi Associ-

ated with Fomes connatus in Sugar Maple, Acer saccharum.
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ABSTRACT

Discolored snd decoyed tissue assoclated with Fomes connotus

in cugar mople showed a pattern of physical changes and microbial
successions. The Ugnin to cellulose ratio remained approximately
the some in clear, discolored, and decayed tissue. No quantitative
change occurred in the amount of total extractives in all tissues.
The pH and ash concentration incrcased and total phenolic cozpounds
decreased as tiscues became discolored and decayed. Microorganisns
were in discolored tissue that showed qualitatively altered extract-

ives and increases in pH. - F. connatus was in a narrow zone of dise



ives and increases in piH. F. connatus was in ;:. narrow zone of dig-
colored tissue atl the border of discolored and decsyed tissue,
Microorganicas were in decayed tissue that showed qualitative changes
in extractives, increaces in pH, and subgtantial .decreases in amount
of liznin and cellulose.

Decay in living suger maple (Acer caccharum Mareh) results from

processes in which woody tiscues £irst become discolored (8,13). The
discoloratica process involves host response to weuanding end the acte
ivity of microorganisms. Discolored tiscue moy then be decayed by
hymenozycectous fungl. Decay of cugar maple agsociated with Feres
comnatus (Weinm.) Gill. ceuces severe structural damege resulting
in ecenomic losses (10). Previous descriptions and clacsifications
es a white rot were rade on the basic of color:: end texture of the
decayed tissue (3,17). Aralyses of tissues eitered by waite-rct
fungi were confined mainly to decey tests on wocd blocks (5,11).
Morcover walte-rot furgl used In these studies were ralnly those
that decay dced wood. '

In order to better understand the nature of decay in Mving trees,
we studied decoy columns in sugar meple trecs, by maplﬁing natural
wounds infected with F. connatug. This vaa followed by studying the
reletionships between microorganisms and chemical changes in discol-
ored and decayed wocd.

VATERIALS AND METEODS,.-=Materisl precaration.--Thirteen suger

pople trees 8-15 cm diem. 1.2 m above ground, bearing fruit bodies
of . connatus were cut. Logs were cut transversely through the cporo-

phores and at 10 cm=intervals above and below until the columns of



decoy and dlscoloratioa ended. The cocluma cecticns were diszcocted

8
B

coeptically and rmapped for microorgaidzws, Chlrs of weod 3 %

vene exelced Lfroa the colura and incubated con a radiuva coensisting
(4
S 10 53 mold extract, 2 ffg yeast citrach, 20 Ja/liter ezar (13).
Aoprodoctely C00 chips wame cultuxci.
Sczmplasa ef eleow, dlzceolored, ond dJeeayed ticzus were ohtaine

B, - ~a A, o -~ [ad - . o, vy } * 2,
£roz soven tracs. Sanplos wore ground %0 pocc a b0 moch tub act 2

-’

oo ®

=3l corcen. Appreddnoiely 10 4 of elv-dricd, clesr, disedloned, a

docayed ficouz wore eotalncd frea cath eolumn,
cterzinatica of och couccatroticn.==Cne pron alr-dricd cozples

wore woned 12 a muf?le furnace o €00 € for 2L hy. Amount ©2 o in
the crmwclivle wes rc'corclcd ©s totél asafz. Bdraciod wood comples equive
aleat Lo 1 g ovene-drdled wnentracicd a:h/g. Soluble cch wos éatermined
Yy cubtrocting wextracted ash {rea total ash,

Toterminaticn of comount of total extroactive.==licights of ovon-
drlcd tiscuc were determined Zrca 1 g of cach alr~dricd tlecue, Scomples

ore exbracted successively with clechol-benzerns (1:2, v/v) ond clcohol

£

in o saxhled cpparatuc, end thea in a boiling weter bath (1). A=cunt of
total extractivas was calculated as wie loss frca unextracted tiscues
that vere oven=dried.

Detorminction of total phenolic compounds.==Ongepraz aip-dvied

wmles of cach tissue were cmbracted with meihonol for 8 hr in a sox-

v

YAad

hlot apparciug. Iach extract was brouzht 1o 50 nl ond coned L0 5l 4n

a rotory ovegorator. Dtracts were contrifvged et epproxdizalely 750 g

for 10 nin in on Intoraational Clinical Mozl Coatrifuse and deconted.

Totel phenolic cupounds were deteinined on a8 0.5 ml sample by the



Folin-Ciocaltecu total phenol method (9).

Doetermination of lipnin and cellulese.--Lignin content was deter-

mined on extracted wood samples cquivalent to 1 g oven-dried unextractf
ed tissue by the 72% sulfuric ecld method (2). Cellulose content was
caleulated by aubtrgcting amounts of Ugnin and insoludble ash from
sample wcighté of extractive free tlssue,

Determination of pH end speciflc provity.--Cne pron samplescof air-

dried tissues ground to pass a 20 mesh screen were pleced in 5§ nl delone
ized water for 1 hr end the vH measured on a Beckman pH meter (17).
Approximately L-cc sections of each tissue were placed in distilled
water in graeducted cylinders end repcatedly asplirated untll refusal.
Displocement volur2 wes recorded. Tiszcue were oven-dried and sp gr was
calculated as the ratio of oven-dried wt of tissue to displacement vole
une,

Orranicns icolated Trom colurms of discolored and decaved tlcssue,--

Very fow orzanisms were isolated from clear tissue. Bacterio and nonhy-

menomycetous funal, mostly of the genera Phislophorza and Acrostavhylus,

were isolated from discolored tissue in edvence of F. connotus. F. coa-

natug was isolated in @ nerrow band ol discolored tissue at the border
of decayed end discolored tissue (Fig.l). Bacteria, Actinomycetes, and

nonhymenomycetous funzl, Trichoderma viride Peré. ex Fries eand Mortie-

velle sp. were isolated coxmonly from decayed tissue behind F. connatus.
Nematodes (Rhebdites sp.), and black carpenter ants (Cemponotus sp.)
were ccrmon in tissue in an advanced stete of decay. Microorganiems
froa these columms assoclated with . connetus were found in a success-

icnal pattern as described for sugar maple (14,17).



Choracteristlces ond composition of elear, dlzeolored rnd decaye

cd_supar manle tlssne.-- The chemical composition of clear, discolor-

cd and decayed tissues 1s given in Toble 1. Specific gravity of clear
tissue (0.6), did not change measurably in discolored tissue but de-
crecased to 0.25 in decayced tissue. These data irndicate a weight loss
o 42% per wunit volume in decayed tissue. Chemicel coastituent values
were adjusted for decayed tissues t0 account for the noted cranges in
sp gr, allowing coaparisons on a constent tissue volume besis. (Table
1). The p¥ of discolored (6.4) and decéyed (6.6) tissues wes signifi-
cantly greater than that of cleor tissues (5.5).

Ach.=-- Amcunt of totel, insoluble, and soluble ash per unit vole
uzme inerccsed significantly frem 3, 2, and 1 mg, respectively, in
clear tisscue to 11, 7, and b4 ng in discolored tissue and 22, 1k, end
9 mz in decayed tissue. The increase in total esh concentration from
clear to decoyed tissue was 18x bascd on welght and 8x vased on volu-
rme. An increase in mireral content was shown to be assoclated with
the procecscs of discoloration and decay in sugar raple (15).

These increases in soluble and bound mineral constituents could
affect the utilization of cther wood constituents in severel ways.

Tre conen of inorgenic salts can affect the swelling of cellulose
miscelles in the cell walls (18}. Such swelling could effect the act-
ivity of celluleses and other wall-attacking enzymes. The mineral cone-
stitucnts can alter pH (8), which increased eignificanfly from 5.5 in
clear to 6.4 in discolored and 6.6 in deccyed tissue, and could affect
the activity of enzymes. Changes in the coﬁcn o an eséential cofactor

right also be importent (1l).



Total cxliraciives.e= Anornt ¢f tobal exbiactlives per wndld voluse
Of clooy tigrue éid wdb chansze slonlllcontly in dicceolored end dcoesy-
cd ticouea. Althousi the smownt of total cxtractives eopmeczed relative-
ly ccantont thore were cho.x:-;cs' in the cucpeoiilcea of crtractives during

dizcolczatics nd doasy.

.ople e TS A demte ante e N \ 08 :7-' - N
Ong noxé of ¢he Lotal cbragtives wilch chunzed roadicolily was tast

. » v o b o ., QORI v e ., sy,
porbion couprlced ¢ oo constitucants. Soduble ash cemmzized 230 of tho

3o mte - ] - o .. o 2 . B e Y A

totel cxmtroctives of deeoyed tizoun coupored to £5 of cloow ticoun, Ane

2o Va0 ngte e LY, apte L e W~ A B a2 - A -~

cthar poot e the cxlbractives whlceh chonzed »olice wos the pacnolic
- e ote - ale 2e Sy~ -~ - .~ o e -

CCTHoonte TUt2Y Ciztroctoble phenolic coopounds wow untt volusa docrcise

S o . 3 e oo ) - " - =1 s -~ ~
cd e Tz in ¢leor Lo 8 iy in Glzcolorad and vere noslgdible in doe

coyed ticouz. In clocer Uicous phondldle cexmounds aunoared €O ecmprice

157 of thoe tckal cutrackives, whoroos they cemprlized caly 49 in digcol-

¢t

oxed tissus. 2oval phenolic content was deterpined from methondllc e

trocts. A gchidlos poltomm of I'r.olic centent was sheim by reculis of
cxbracts Juom the some dlooues vhich had teen cutracted with ethanole-

The Cazorved deercese In pacuolie ccasititucats roy te irsorten

o the ilavacicn of . gconrctra, In vitro groirth ctulics have shovn that

ieolzics o2 Ehislomheuvn r2livdd wero chle Lo grow ab coacen of coxtain

phonolice ccpounds which did nob pormit the growth of Fe comnatusg, and
vhe cLility of P, polindd to utilize cxd to alter these inhibitery cone

poanls was demsnstrated (18). Bcecuse of the hic.x frequency of icolaticn

o Fhinlcrhora op. in advonee of Fo coomatus I is possible that sltera-

tica of phcnclic censtituents by Fhlelorhomz gn,. or other nethymoncoyces=

tous Zungl ellowed I coonntus €0 invade discolored ticsues.



Idmin ond enlinlocs.ee Anount of ligain por unit volumz inerceose

ol oi lecatly frea b mg in clzor to 174 vz ia discolered ond doe

vorsed plgniliconily €0 77 3 in deeryed ticoue. Amsunt of c*....a}.o’\.
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pexr unld voluma docreazed sigaificantly fica 806 nz in clear 40 789 in
diceolored and 290 my in decayed dicscus. The ratlo of cellulose 4o

Limdn vomnined angrocdoaiely 5:L in a1l ticouez.
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The Lnzrcaco ia Mpenin could bo cxplained by the bacterda ond none
hyzanccyestous funsl abtecking nenlii2ied eclluloze in the diczeolored
Lizzue, Phinlorhora and othor Poasd Irporfcetl cause cofterct in wead
weks by ostacking rea-lignifled celluloze in the cell w2lis (7).
Sovoral icolates &2 two specics of Thiclozhora viilize czllebicse ot

rotes equel €0 o groator than D-glnccze (B). This deexocse ia cellulose

could te $co ol to be megosured in the sp ogr methed wced In thig cxe
poriment cnd be ICicient to occount for o oozorent incrcasze in Menin

conca. Alteretica in wall structure cousold by nevhywmencmycetous funsi

end vactesde in advence of P corntfus oy mole the well moxe susceoptlbls
to itc attoci. Diccolored cnd Zeeryed tieocue differed by 584 in Menin

por umis volume aed 65% in cellulese por unit volwzs. There was no sisnife

| Ead

cant chanze in bhe lgnin o ¢ollulsise rotlo vaich suzrests that lisatin
cnd cellulosz aro uwblllaced ot o cizfilor rate.

feother possidble explansticd of thC nsted increase in the exount
of lignin i3 %that Uznin or lignin-like substances actually increaced
Curinz the process of discoloration. Increases in the emcunt of Ugnin
have been reported oo a resictance mechanica (6). The colorad subsiences
forsad Guning the discoloration process moy ect es sulfurlec acid Uimin.
coaratng

vhich wes 1coloted most frequeatly in the bounlory

I
<.
[~

zone between discolored end deocoyed ticcue 15 probably the primary orgeone



ica vhich sttacks the lignirfied cellnloze of the celld wall. F. connctus
appears Lo eftack eflcctively voth Xivin and cellulese. However, micro-
orgerisms such as T. virids, found in the deecayed ticcues, cen produce
cellulaces (11). Waile the primary role of F. conasing mey be to degrade
the lignin in cell walls, degrodotica of colluloge in advonced decay

oy te due to ceve. -l extracellular cellulaze systems.
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TABLE 1. Characteristics and composition of clear, discolored, and

decayad sugar meple tlssue.

. Conditlon of Tiesue

Counstituent Clecar Discolored Decayed Decayed b

&
Mz/g ovea-dried weizht

Total ash 3a 1b 5he 22
Soluble ash 1 4 22 9
Insoluble ash 2z Ta 32b 1k

Total extractives Léa 47a © 9% 41
Total jihenollc compounds Ta 2b 0.3 0.1

Sulfuric acid lignin like 17hb 18%b i 7

Cellulose 8o6a T6To €970 290

& Different letters designate significant differences et the 5% level
o gignificance.
b Decgy values corrected for difference in specific gravity for come

parigsons based on weight per unit volume.



Figure 1.

Decay column cross section of sugar maple showing Fomes

connatus in a thin band of discolored tissue at the

decay border after 1 wk incubation at 25 C.

11
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ABSTRACT

The ability of FPhialophora melinii and IFomes connatus to

tolerate and to utilize certain phenolic compounds was studied

in vitro to help explain successional patterns of furgi in living
treecs. P. melinii, which is often isolated in advance of .
cormzbus in columns of discolored and decayed tissue in sugar
meple, tolerated and utilized phenolic compounds which were toxic
to F. comnatus. The capacity of g. melinii to alter phenolic cone
pounds, and thereby vermit growth of I. connatus, was inaicated.
The effects of pH, manzanese concentration, nitrogen source,
anmount of glucose preéent, and rmeans of sterilization on the
growth of these fungi in media containing phenolic compounds were

oY

also investigated.
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Phialophora melinii (Nannf.) Conant is commonly isolated

from discolored ond decayed tissues of sugar nmaple, Acer saccharun

Marsh., end other species of deciduous hardwoods (12, 13, 14).

Studies of the physiology of P. nelinii and Polvporus glomeratus,

a decay fungus often associated with 2. melinii, indicated that
2. melinii grew well in culture on levels of certain phenolic con-

pounds that inhibited the growth of P. glomerabus (W. C. Shortle.

Unpublished data.). The inhibitory effect of phenolic compounds

on some decay fungl has becn demonstrated in culture and in living
trees (8, 11). The role of phenolic compounds in host-pathogen
interactiorns is well knovma (7).

The apparcnt differences between non-~hynenomycetous fungzi,

such as P. nmelinii, and cdecey fungi with which they are associated,

in their ability to utilize phcnolic compounds could help account
for successionzl relationships in livirg trees. It has been suzg-

gested thav Trichocladium canadense, another non-hymenomycetous

fungus which is often found in advance of deczy fungi, utilizes
the oxidized phenolic compounds in discolored wood in advance of

Fonas irmiarius (6).

Our purpose was to determine the ability of P. nelinii to

utilize and to detoxify phenolic compounds that inhibit or pre-

vent the growth of Fomes connatus (Weinm.) Gill., an important.
decay funzus on sugar naple.

MATERIALS AND METHODS, -- Two isolates of Phialovnhora sp.,

identified as P, melinii, were used. The isolates came fron
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discolored tigsoue associated with the decay of Fomes connatus

in sugar maple. The igolate of F. connatus (ALG=-5660-3-52) used
came from the U. S. Forest Disease Laboratory, Laurel, Md.

The basic medium used to test the growth of P. melinii and
F. connatus contained 10 g/liter D-glucose, 2 g/liter asparagire,
and a basal medium of sdlts, buffer, trace elemecnts, and vitamins
a3 described by Lilly and Barnett (9). Phenolic compounds were
substituted as carbon sources for all or pert of the D-glucose av
a rate caquivalent to 10 g/liter D-glucosec (4 g/liter carbon). The

ractioa ol the carbon source comprigsed by a phenolic compound
was reported as the ratio of that compound to glucose based on
the wi ol carbon.

HH4 NO5 or KNO5 was subctituted for asparagine in soze
rmedia 2t a rate cquivalent to 2 g/liter asparazine (.4 g/liter
nitrogen). Yeast extract was used in some media at a rate of 2
g/liter.

In treatneats where manganese was added, a stock solution
of VnSO4.HEO was used. The stoclt solution was added as part of
the distilled water used to make the medium so that the final
conen: of ¥r't* of the treatment solution was 10, 100, or 500 ppz:.

The pH of cach rediun was adjusted to 4.5 or 6.0 using 5N
%a0q or SN ECl. The fungli were grown in 25 ml of medium in 250-ml
Erlenneyer flasks. Sterilization was done by autcclaving at 15
PeSei. and 121 C for 15 min or by filter sterilization using a
Seitz filter. Seitz filiration gave results comparable to those

usirz millipore filtration. The sterilized media were inoculated
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with zycelium chopped 5 scc from 12 day cultufes of P. melinii or

21 day culturcs of F. comnatus, -
After incubetion at 25 C for various iéngths of time, de- .

pending on the rate of growth, the mycelium was harvested and

oven-dricd at 105 C for 24 hr in tared 10-nml beakers. Growth

wag reported az oven~dricd wt of nycelium,

Resrowth naodiun. -- To determine the abilivy of P. n2liniid

to alver the irhibitory properties of phenolic coumpounds, 2.

melinii was grovm 14, 18, and 22 dzys on the bacic medium in

which gallic acid hed been substituted for D-zlucoce. The myceliun
was rcemoved by filiration, and thc culture mediun was resterilized
by filter sterilization. Thig resterilized solution was mizzed
with a glucose solution to yield a gallic acid to glucose ratio

eguivalent to thosce used to test the growth of P. m2linii ead

¥, connntun, The ratio wes based on the original gailic acié con-

teat of the troecitnent solution waich contained & g/liter carboan.

« melinii utilized gellic acid as a carbon

cource (Tavle l). It grew on all media at pH 4.5 conbtaining gallic

acid a5 & carbeon source. AV this low pi level, the gallic ceid
was not oxidized to the derlk colored ozidation products that formed
in redia ot pH 6.0. However, ss P. molinii grew on the gallic
acid mediuzm, the color did change from light to dark which indi-
catcd the oxdidation of gallic acid to products of urnknown nature.
This changs vas accompanied by en increase ia pH,

There wes ro significant difference in growth whether the

medivn was zutoclaved or filter steorilized waich indicated that
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uvecclaving did not alter the responze to gzllic acide The

geowth or P. nelinii on media conbtaining inorganic nitrogen

sourccs in vhich the only carboa was in gallic acid clearly

ndicated the wbility to uwtilize golliic ceide Adding high

b

armounts of manzumase increzsed the growsh significanily.

Po nglinti foilcd to grow on all media containing moilic
ecid a3 o carbon cource abt pH 6.0, unlcss high conen of manpansse
wore prosent. Lt 234 not grow ot pE 3.3. Dark colored o:ddation
roducte producced et the high level of pH wers apparently to:dc

to Pe. mzlinii, The Yoxic action wac nullificl whea high concns

of menconcso wore preseab. Tho dark colored products of tvennic
acid ¢id allow growdh oo, thsy =ay be less toxice
n

roducts at p 6.0 were

Ko

nullificd by tho prescace of cnother carboa source, glucosce, evea
ot relabively ow concans (Table 2). Tho growbh abt both levels
of DI was grealer ag the glucose incrcased. Ab the low level of

gallic scil there moy be a stimulatory growbih effect.

e
ceverzl phenolic compounds  (Pable 3); whereas similar rates were

teiic o F. ceonatus,. The growth of F. connzbusg wes completely

irhivited by 21l compounds except tyrosine which caused some
inhibition. The mean over~dried wt of mycelius at 25 days for
Ze gernztus on glucosge alone plus basal nmedium was 137 rge UWhen
tyrocine was added ot the rote of 1:10 and 1l:1, growth was Qo=
creacz:d to 55 and €5 nz, reansctively.

The data indicated that ortho-dihydroxyphenolic com=pounds,

6]

uch as catechol, are much more inhibitory to P. melinii than

1e
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neto~ or para-~dihydroxyphenols, cuch as resorcinol and hydroquinone,
rcspcctively. AT thoe low rate, 1:10, only cinnamic acid aand
erocal;ol completoly inhibited the growth of P. molinii. The
srowth on thoe phenolic amirno acid, tyrosine, ‘and the trihydrciy-
pherolic acid, gallic acid, was rot sisnificantly differcnt fron
that on glucose alonce Good growth was obtaincd on both resorcinol
end hyéroquinonc. Facnol, catechol, ard coumarin were inhibitory.
AV the nigh rate, 1:l, all the coxmpounds cxcept tyroscine, re-

sorcirol, nydroqulnone, end pallic acid were completely inhibitory

ok

o
v}

%}

22inii, OFf thegoe compounds, resorcinol snd hydroquinone,

ere strengly innibitory.

Poor growih of F. connatus on gallic ecid nediux has becn re-

~3

ported as o characteristic of the funcuz (4,5,10). « connntus did

not grow when gellic acid was zdded zlone or with glucose in a rate
£ 1:) or 1:10 $o tke basal medium at X 6,0 or 4.5 whether
asporazine o yeast was vced as a ritrogen source. Using yeost

ac e nitrogon ccource, ingtcad of asparagine, grcauly incrcased the

A7

growta of F. conmnotus when glucose was uscd alone; but the funzus
still failed vo grow in tne presence of gellic acide. The neaon
oven~dricd wt of mycelium at 25 days was 33 ng abtb pH 6 axd 5 3
at pd &.5 vhen asparagine was used end 135 =g at pid 6 arnd 152 mg
st pd &.5 when yeast was ucsed.
Afber gollic zcid present in 2 redium was acted upon by

P, molinii, F. connotus grew (Table 4).

awth vag greatest at the 2 low levels of gollic acid; bub
limited growta occurred at the high rate (1:1), vhen P. melinii

had been grovm on the gallic acid mediun for M4 dayse The sction
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of P. melinii undoubtedly makes many complex changes in the mediun.

DISCUSSION. —= This study has indicated the potential of

Fnialophora melinii not only to tolerate and utilize certain phenolic

compounds wnich are toxic to Fomes connatus but to alter the com-

pounds

of clecar sugar maple
tissue Irom wai
colored tiscsue

As clear tissues are discolored, the pll increases (6, 14).

the dazk

The

nivrogen

e:bracied from wood were stiaulatory to the growth of Phialonhora

pigments are productd in the gallic acid mediuz by P.

inii was isolated (16).

The total phenolic content

tissue was shown to bo 3L that of discolored

It ig this dis-

living trees which is invaded by decay fungi.

A
«wl

melinii,

2lso an increace in pH.

-

abili

ty of Phialonhora spp. to utilize a wide range of

and carbon cources and to grow over a wide range of pil

c

~
Pes

o
-

Sean
[P

gubstcnces soluble in

o
[=%

ted (1).

The presence of vitamins and unknovm

zlcohol, acetone, ether, and chlorofox:

ncnolic ccmpounds could have been prescent in these

All these factors could mazke Fhialophora spp. & primary

invador with which decay fungi could not compete.

It should be noted that the apparent oxidation of galll

acid vefore iroculatione produced & toxic or inhibitory cffect

on the growth of P. melinii.

Zarly dizcolorations in the living

tree may be caused by host respecase to wounding through which

the prenolic compounds present are oxidized Yo a more toxic state.

ir

or

the reoction is sufficiently strong, invasion may be prevented

irwibited. Changes in manganese gonenn in livirng trees (15)
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could holp overcomo the toxic effcets observed in culture. The
carbohydrute'lovcl could also be important.

| The capacity of nonéhymenomycotous fungi ond decay fungi to
reospord to diffcront levels of various phenolic compounds probably
varies groatly. ZPreliminary studice by the authors on other decay

funzgi have chowma that Fonos iemdarius can tolerate low lovels of

cnolic compounds, while Polyporus mlomeratus behaves much like

o]
&3

F. conatus. The diffcrencos in the capacity of decay fungl to

tolerate certain phenolic compounds may help account for diffcronces

observed in the ability of several of these funzi to degrade wood

in various stages of diccoleration and decay (14).



TABLE 1. ~--

Growth of Phialophora melinii on gallic acid under varying conditions of pH,
manganese concentration, and method of sterilization.

Color Days of mea_xib oven~dried
Treatment® initial final growth wt of mycelium (mg)
Glucose
6.0 - — g 81 ¥ 17
6.0 - - 1z 16t 6
4.5 - - 8 121 % 5
Gallic acid 6.0 Dark Dark 12 0
filter sterilized® 6.0 Dark Dark 12 0
4.5 Light Dark 14 61 ¥ s
filter sterilized 4.5 Light Dark 14 59 3
3.3 Light Light 12 0
Gallic acid with
inorganic N source
NHgNO3 Dark Dark 12 0
Light Dark 14 48 ¥ 3
KNO3 Light Dark 14 43t 2
Gallic acid with
manganese added _

10 ppm Mn++ Dark Dark w2 (o]
100 ppm Mn++ Dark Dark 12 2d
500 ppm Mn++ Dark Dark 12 46 % 5
500 ppm Mni+ Light Dark 14 g6 ¥ 4
Tannic acid Dark Dark 12 22% 3

a Treatment refers to compounds added to a basal medium of asparaglne or an inorganic N
source, buffer, salts, trace elements, and vitamins (9).

b Means based on 6 observations (3 replications/isolate per treatment).

limits are reported for each treatment mean.

c All treatments were autoclaved at 15 psi and 121 C unless noted otherwise.

The 95% confidence

d Mean based on 3 observations because only one isolate grew at this level of manganese.
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TABLE 2, -- Growth of Phialophora melinii under varying concentrations of gallic acid and glucose

Ratio of gallic® pH Color Days of Mean® oven-dried
acid to glucose initial final initial final growth wt of mycelium (mg)
Glucose alone 6.0 4,6 - - 8 g1 ¥ 17
1:10 6.0 5.7 Dark Dark 8 122 ¥ 10
1:1 6.0 5.6 Dark Dark 8 92 ¥ 17
1:1 filter sterilized® 6.0 4.9 Dark Dark 8 39f 4
10:1 6.0 6.9 Dark Dark 12 33% 4
20:1 6.0 7.0 Dark Dark 12 21% 3
Glucose alone 4.5 6.8 - - 8 121 ¥ 5
1:10 4.5 6.5 Light Dark 8 138 £ 2
1:1 4.5 6.2 Light Dark 8 104t 4

a Ratio of gallic acid to glucose based on the wt of carbon added to a basal medium of
asparagine, buffer, salts, trace elements, and vitamins (9).

b Means based on 6 observations (3 replications/isolate per treatment).

The 95% confidence limits are reported for each treatment mean.

¢ All treatments were autoclaved at 15 psi and 121 C unless noted otherwise.

€e



TABLE 3, == Growth of Phinlonhora melinii on various

phenolie compounds

Meon® oven-dried vt of ryceliun (mg.)

Ratio of compound to glucosze

Pe melinii®

Compnunda 1:10 1:1
Glucose alone 135

Tyrosine 135 113
Zhenol 44 0
Catechol | , 9 0.
Regoreinol _ 16 20
Hydroguinone 111 3
Pyrogcllol trace 0
Gzallic acid . 135 102
Cinnonic acid 0 0
Counarin 25 0

a2 compounds added with glucose in a ratio of 1:10 or

1:1 bosed on wi of carboa to a basal ncdiun of agparagine,
buffer, salts, trace clements, and vitamins (9).

b DMeans based on 3 replications/isolate per treatment.

¢ Crowth at 9 days. Initial pi 4.5.

24



TABLE 4. == Growth of Fomnen connntus on gallic acid medium

after the growth of Phieclophora melinii

Hoanb oven-dried wh of mycelium (=g
N source '

Rosio of rallics Deys of grewith of Po melinii

[SR VRN 3 e orte sha e o, - -~

ecid to glucose 14 18 22

< < A 1] r < o d 4

Glucose alone 43 - 50 - 9 55 -9

1:20 19 %1 15 X 3 18 X1
~ - + o

1:20 X1z 25279 33 2 4

1:1 5% 8 0

Gzallic acid alone 0

a XRabio bascd on wt of carbon of gallic acid becfors growth

to glucose céded after growth to bacal medium of a&sparagine,

b Dleans baged on 4 replications/isolato per treatment. The
955 confidence linits ere renorted for cach treatment mean.

Growth at 25 days.
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ABSTRACT

Isolates of Phialophora melinii and Acrostaphylus sp. from discolored

tissue, Trichoderma viride and Mortierella sp. from decayed tissue and

Fomes connatus from a narrow band of discolored tissue at the border of de-~

cayed and discolored tissue, of sugar maple (Acer saccharum) were grown in

liquid culture media containing sources of carbon and nitrogen found in
tissue of sugar maple. These compounds included the carbohydrates of wood
and their component monosaccharides and translocation compounds from xylem
sap. Growth was measured as oven-dried weight of mycelium. All fungi
utilized the carbohydrate and nitrogen sources, except Mortierella sp. which

did not utilize cellulose or xylose. Only P. melinii substantially utilized
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gallic acid. The degradation of cell walls in living trees may occur both
in discolored and decayed tissue and may be caused by nonhymenomycetous

and hymenomycetous fungi. Selective utilization of host components by some
of these fungi may enable successful colonization of wounds and initiation

of the processes of discoloration and decay.

Discoloration and decay of woody tissues involve complex changes in
their composition and these changes have been associated with nonhymenomycet-
ous and hymenomycetous fungi (12,14). The principal fungi associated with

Fomes connatus (Weinm.) Gill in columns of discolored and decayed tissue of

sugar maple, Acer saccharum Marsh., were Phialophora melinii (Nannfeldt)

Conant, Acrostaphylus sp., Trichoderma viride Pers. ex. Fr., and Mortierella

sp. (14). 1In that study P. melinii and Acrostaphylus sp. were isolated con-

sistently from discolored tissue in advance of F. connatus, which was isolat-
ed from a narrow band of discolored tissue contiguous to the border of decay-
ed tissue.

The purpose of this experiment was to obtain additional information
about the role played by the principal fungi in processes of discoloration
and decay through physiological studies. We studied the effect of compounds
that are found in the host tissues on the growth of the principal fungi
associated with these processes.

MATERTIALS AND METHODS.-- Sources of carbon and nitroger found in sugar
maple or woody tissue in general were selected for these studies. These com-
pounds included the carbohydrates in woody tissue and translocation compounds
from xylem sap of sugar maple. Several foxrms of cellulose and the component

monosaccharides of cellulose and the hemicelluloses were provided.
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Isolates of F. connatus, P. melinii, Acrostaphylus sp., T. viride,

and Mortierella sp. were selected at random from isolates obtained during
another study on sugar maple (14). Fomes connatus isolate SP5660-5 came
from the U,S, Forest Disease Laboratory, Laurel, Maryland.

The medium used to test growth of these fungi contained 10g/liter D-
glucose, 2g/liter L-asparagine, and a basal medium of salts, buffer, trace
elements, and vitamins (8). Compounds were substituted as é carbon source
for the D-glucose at an amount equivalent. to 10g/liter D-glucose (4g C/liter).
Compounds were substituted as a nitrogen source for L-asparagine at an amount
equivalent to 2g/liter asparagine.(.4g N/liter). VYeast extract was used in
some media at a rate of 2g/liter.

The pH of each medium was adjusted to 6.0 using 5N NaOH or 5N HCl. The
fungi were grown in 25ml of medium in 250ml Erlenmeyer flasks. Sterilization
was by autoclaving at 15 p.s.i. and 121C for 15 minutes. The carbohydrates
were autoclaved separately and added aseptically to the medium after it cool-
ed. Separate experiments were conducted using media sterilized by Seitz and
Millipore filtration.

RESULTS AND DISCUSSION,-- Sterilization by eithexr Seitz or Millipore
filtration retarded growth of the fungi with most carbohydrates. In no case
did filter sterilizing yield greater growth than autoclaving,

All fungi utilized, individually, the component monosaccharides of wood
as their only carbon source, except Mortierella sp. which did not utilize
xylose, Hemicelluloses are composed of mixed polymers of these monosacchar-
ides (2) and were found to comprise 14.6% of the oven-dried wt of the tissue
of sugar maple (10). These compounds in living trees could be attacked by

P. melinii, Acrostaphylus sp., and F. connatus in discolored tissue, and by
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T, viride and Mortierella sp. in decayed tissue. Liese (7) has postulated
that the degradation of encrusting substances like hemicelluloses increases
the accessibility of cellitlose to enzyme attack.

All fungi except Mortierella sp. utilized some form of cellulose (Table

1). Phialophora melinii and Acrostaphylus may utilize nonlignified cellu-

lose in discolored tissue in living trees because some species of Phialophora

can incite soft rot in wood products (4). Fomes connatus may utilize both

lignified and non-lignified cellulose in discolored tissue. Trichoderma
viride may utilize non-lignified cellulose in decayed tissue. Because all
other fungi that utilized cellulose did so more rapidly than did F. connatus,
the role of F. connatus in the total utilization of cellulose in trees may be
limited. Wood block studies with sugar maple revealed thatxg. connatus did
not cause substantial weight loss in cleaxr, discolored, or decayed tissue
after 1 month incubation in the dark at 25 C. (T. A. Tattar 1969; Unpublish-
ed data.) ULiese (7) reported that hymenomycetous fungi associated with white
rot of wood start to metabolize lignin and hemicelluloses, initially, and de-
grade cel}ulose at a later stage and postulated that this;phenomenon could
explain the slow rate of decomposition of tissues associated with white rot
hymenomycetous fungi.

All the fungi were able to utilize sucrose, starch, and maltose. The
utilization of sucrose, a major component of xylem sap of sugar maple (5]15),
would be advantageous for rapid colonization of wounds and for spore germina-
tion. Starch and maltose, storage and storage breakdown products of parench-
ymatous tissue, would also serve as energy sources at this time.

All the fungi utilized the nitrogenous compounds which have been found
previously in zylem sap (1,9) as their only nitrogen source. Because woody

tissues contain very little nitrogen (3.) these compounds in xylem sap may be



32

important in meeting the nitrogen requirements of wood-inhabiting fungi.
Utilization of the major nitrogenous compounds of xylem sap may enable
these fungi to compete successfully with other microorganisms in the pro-
cesses of discoloration and decay.

Only P, melinii was able to utilize gallic acid effectively as a sole
carbon source,: ... Phenolic compounds were found in sugar maple tissue
(14) and the inhibitory effect of these compounds on decay fungi has been

demonstrated in culture and in living trees (6,11). Phialophora melinii

utilized gallic acid, altered the gallic acid medium, and later permitted

the growth of F. connatus (13). Phialophora melinii, because of its ability

to utilize high concentrations of phenolic compounds, may be altering these
compounds in the living tree and permitting the growth of the other microor-
ganisms in succession.

From this study it can be concluded that in addition to F. connatus the
associated non-hymenomycetous fungi were capable of utilizing the components
of woody tissue and xylem sap of sugar maple. The actual digestion of cell
walls in the living tree may occur both in discolored and decayed tissue,
and be caused, in part, by all the iphabiting fungi. Only P, melinii utiliz-
ed gallic acid at high concentrations, and this may suggest an essential alt-
eration of inhibitory compounds by certain microorganisms in the discolored
tissue., These fungi utilized host tissue constituents which would be present
during the initial time of wounding and this could be an important factor in
their presence in these tissues. The processes of discoloration and decay
in living trees are not only associated with non-hymenomycetous and hymenomy-
cetous fungi but are also associated with bacteria which undoubtedly interact

with the fungi and play an important role in these processes.



TABLE 1., -~ Growth of Phialophora melinii, Acrostaphylus sp., Fomes connatus, Trichoderma viride and

Mortierella sp. on various nitrogen and carbon sources,

Mean? oven-dried wt of mycelium (mg)

Fomes Fomes
P. Acrostaphylus connatus connatus Trichoderma Mortierella

1 melinii sp. 60-s 62F viride sp.
Compounds (8)° (10) (21) (21) (6) (6)
Nitrogen3
Allantoin 113 ¥ 12 90 t 10 19t 4 28 & 12 130 * 12 17 s
Asparagine 132 % 4 74 T 10 50 + 17 23t g 159 ¥ 5 121 ¥ 3
Glutamic acid 147 T 12 76 ¥ 5 6t 4 15+ 7 191 ¥ 4 158 % 5
Yeast extract 101 s 68 ¥ a4 137 % 8 64 * 26 124 9 112 2
Carbon4
Glucose 155 * 14 67 £ 30 137 % 8 71 % 25 188 T 30 125 ¥ 18
Xylose 133 13 66 T 17 105 8 59 ¥ 30 163 ¥ 12 -
Arabinose gs 1 24 54 £ 12 11t 2 11 ¥ 2 95 t 16 Trace
Mannose 103 ¥ 22 95 £ 4 106 ¥ 30 26 % 5 182 ¥ 33 128 £ 40
Galactose 136 ¥ 40 57 * 35 22 5 16 ¥ 2 195 ¥ 12 130 ¥ 26
Sucrose 176 T 22 61 & o9 3¢ T 13 28 T 16 157 ¥ 18 221 3
Maltose 127 % 5 71+ 3 26 ¥ 10 5% 4 141 & 7 26 ¥ 10
Starch 83 * 18 74 * 10 25 % 3 7% 2 142 £ 42 21 & 2
Cellobiose 126 * 21 70 % 31 140 * 29 103 ¥ o5 180 ¥ 21 Trace
Cellulose® 103 ¥ 20 Trace 92 t 21 120 T 15 82 * 30 -
Methyl cellulose Trace Trace 26 * 14 28 ¥ 20 94 T 31 Trace
Gallic acid 63 t 12 - - - 14 8 -

1 Compound refers to carbon or nitrogen source added to a basal medium of buffer, salts, trace elements

and vitamins (8).
2 Means based on 3 replications/isolate per treatment.
treatment mean.,

connatus was provided yeast extract 2g/liter.
Whatman No. 40 filter paper.
Days of growth, Initial pH 6.0.

o uﬂp » W

The 95% confidence limits are reported for each

Glucose served as carbon source in these studies at 10g/liter.
All fungi except F. connatus were provided Asparagine at 2 g/liter as a nitrogen source.
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