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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.
Ohe 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 Fhialophora melinli 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
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which were toxic to F. connatus. The capacity of P. mellnil 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 fungi in media containing phenolic compounds were also investigat­
ed.

Isolates of F. connatus, P. mellnii, Acrostaphylus sp., from dis­
colored tissue, and Trlchoderma 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- 
inil 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 by 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 this 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 manuscripts for publication in Phytopath­
ology, an international journal of the American Phytopathological 
Society. The manuscripts ares 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.

1



The Sequence of Microorganisms and Changes in Constituents Associated 
vith Discoloration and Decay of Sugar Map la 3, Acer saccharum. Infect­

ed vith Fonea connatus 
Terry A. Tattar, Walter C. Shortle, and Avery E. Rich

Graduate Student, Former Graduate Research Assistant, cad Plant 
Pathologist, respectively, Now Hampshire Agricultural Experientn Sta­
tion, Department of Botany, University of New Hampshire, Durham 0 2 8 2 k

Present address of second author: Department of Plant Pathology
North Carolina State University, Raleigh 27607.

Published with approval of the Director of the New Hampshire 
Agricultural Experiment Station as Scientific Contribution No. 5 3 2 .

Supported in part by National Defense Education Act fellowship 
grant 63-027^7.

Based on a portion of ft. Ph.D. thesis by the senior author.
The counsel and advice of Alex Shigo of the Northeastern Forest 

Experiment Station is acknowledged with gratitude.

ABSTRACT

Discolored and decayed tissue associated with Fomes connatus 
in sugar maple shoved a pattern of physical changes and microbial 
successions. The lignin 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 concentration increased and total phenolic compounds 
decreased as tissues became discolored and decayed. Microorganisms 

were in discolored tissue that shoved qualitatively altered extract­
ives and increases in pH. . F. connatus was in a narrow zone of dis-
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ives and increases in pH. P. connatus van in a narrow zone of dis­
colored tissue at the border of discolored and decayed tissue. 
Microorgonicms were in decayed tissue that showed qualitative changes 
in extractives, increases in pH, and substantial decreases in amount 
of lignin and cellulose.

Decay in living susar maple (Acer saccharum Marsh) results from 
processes in which woody tissues first become discolored (3,13). The 
discoloration process involves host response to wounding and the act­
ivity of microorganisms. Discolored tissue may then be decayed by 
hynenomyectous fungi. Decay of sugar maple associated with Fomas 
connatus (Weinn.) 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 altered by white-rot 
fungi were confined mainly to decay tests on wood blocks (p,ll). 
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, 
ve studied decay columns in sugar maple trees, by mapping natural 
wounds infected with F. connatu3. This wa3 followed by studying the 
relationships between microorganisms and chemical changes in discol­
ored and decayed wood.

MATERIALS AHD METHODS. — Material -prcnaration. — Thirteen sugar 
maple trees 8-15 cm diem. 1 .2 m above ground, bearing fruit bodies 
of F. connatus were cut. Logs were cut transversely through the sporo- 
phores and at 10 cm-intervals above and below until the columns of
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decoy and discoloration ended. The column sections vcro dissected 
aseptically and napped for xicrcorcaxisus. Chips of '..’cod 3 - * 10 ma 
vcro excised frca the column and incubated on a medium consisting 
of 10 i ' z aalt extract, 2 Hz yeast contract, £0 ‘"s/liter a^ar (13). 
Approximately COO chips '..'ere cultured.

Couples of clear, discolored, and decayed tissue vere obtained 
free seven trees. Samples vere prcund to pass a to cash but not a 60 
rash screen. Apprcicinatcly 10 ̂ '3 of air-dried, clear, discolored, and 
decay'd tissue verc obtained frcn cash column.

Lctermination of ash concentration.~Cno cron air-dried samples 
vere ashed In a cuffle furnace at 600 C for 2h hr. Anoint of ash in 
the crucible vas recorded aa total ash/3. Extracted voed sanples equiv­
alent to 1 3 ovcn-dricd uasntracted ash/3. Soluble ash vas determined 
by subtractin'* uncxtraeted ash frcn total ash,

Eetemi nation of amount of total extractive. — t’cirhts of ovon- 
clricd tissue verc determined frcn 1 3 of each air-dried tissue. Sanples 
verc extracted successively vith olcchol-bcnzena (1:2, v/v) ana alcohol 
in a soxhlct apparatus, end then in a boilir.3 vatcr bath (l). Ancunt of 
total extractives vas calculated as vt. loss frcn unextracted tissues 
that vere oven-dried.

Determination of total phenolic compounds. — One-eras: air-dried 
.2 copies of each tissue verc extracted vith methanol for 8 hr in a scx- 
hlet apparatus. Each extract va3 brought to 50 nl and ccncd to 5 nl la 
a rotary evaporator. Extracts verc centrifuged at approximately 750 £ 
for 10 nin in an International Clinical Kcdal Centrifuge and decanted. 
“Total phenolic..compounds vere determined on a 0.5 nl sample by the
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Folln-Ciocalteu total phenol method (9).
Doterm!nation of lignin and cellulose .— Lignin content was deter­

mined on extracted vocd aamplee equivalent to 1 g oven-dried unextract­
ed tissue by the 72$ sulfuric acid method (2). Cellulose content w&3 

calculated by subtracting amounts of lignin and insoluble ash from 
sample weights of extractive free tissue.

Determination of pH and specific gravity.— One gran samplesoof air- 
dried tissues ground to pass a 20 nosh screen vere placed in 5 nl deion­
ized water for 1 hr and the pH measured on a Beckman pH meter (17)* 
Approximately ^-cc sections of each tissue were placed in distilled 
water in graduated cylinders and repeatedly aspirated until refusal. 
Displacement volume was recorded. Tissue were oven-dried and sp gr was 
calculated a s the ratio of oven-dried vt of tissue to displacement vol­
ume.

Orrranisms isolated from columns of discolored and decayed tissue.—  

Very few organisms were isolated from clear tissue. Eacteria and nonhy- 
menomycetcus fungi, mostly of the genera Phialophora and Acrostanhvlus, 
vere isolated from discolored tissue in advance of F. connatus. F. con­
natus was isolated in a narrav band of discolored tissue at the border 
of decayed and discolored tissue (Fig.l). Bacteria, Actinomycete3, and 
nonhymenozycetous fungi, Trichoderma viride Pers. ex Fries and Mortie- 
vella sp. vere isolated commonly from decayed tissue behind F. connatus. 
Hematodes (Rhabdites sp.), and black carpenter ants (Camnonotus sp.) 
wore common in tissuo in an advanced state of decay. Microorganisms 
from these columns associated with F. connatus vere found in a success­
ions! pattern as described for sugar maple (1^,17).
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Characteristics and composition of clear, discolored and decay­
ed sumr manle tissue.—  The chemical composition of clear, discolor­
ed and decayed tissues is given in Table 1. Specific gravity of clear 
tissue (0 .6), did not change measurably in discolored tissue but de­
creased to 0.25 In decayed tissue. These data indicate a veight Iosg 
of 42p per unit volume in decayed tissue. Chemical constituent values 
vere adjusted for decayed tissues to account for the noted changes in 
sp gr, allowing comparisons on a constant tissue volume basis. (Table 
l). The pH of discolored (6.4) and decayed (6.6) tissues was signifi­
cantly greater than that of clear tissues (5*5)*

Ash.—  Amount of total, insoluble, and soluble ash per unit vol­
ume increased significantly from 3> 2, and 1 mg, respectively, in 
clear tissue to 11, 7> ceid 4 mg in discolored tissue and 22, 14, and 
9 mg in decayed tissue. The increase in total ash concentration from 
clear to decayed tissue was 18:: based on veight and 8x based on volu­
me. 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 constituents could 
affect the utilization of other wood constituents in several vays.
The concn of inorganic salts can affect the swelling of cellulose 
miscelles in the cell walls (lS). Such swelling could affect the act­
ivity of cellulases and other wall-attacking enzymes. The mineral con­
stituents can alter pH (3), vhich increased eignificantly from 5.5 in 
clear to 6.4 in discolored and 6 .6 in decayed tissue, and could affect 
the activity of enzymes. Changes in the concn of an essential cofactor 
night also be important (11).
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Total c:d;ractivcc.-- Amount or total extractives per unit voluna 
of clear tissue did tot change ciyniflcantly ia diccolorad and decay­
ed tissues. Although the amount of total extractives appeared relative­
ly constant there vere chan-ros it the cccpcsitica of extractives during 
discoloration end decay.

Gr.o part of the total c:rtractives vhich chanped radically vas that 
portion comprised of ash constituents. Soluble ash ccnpriced 21$ of tho 
total extractives of decayed tissue ccu-pared to 2$ of clear tisane. An­
other* part cf the extractives vhich charyed radically vas the phenolic 
component. Total exiraotable phenolic ccopcunds per unit volume decreas­
ed frcn 7 up in clear to 2 up in discolored and vers nepllcible in de­
cayed tissue. In clear tissue phenolic compounds appeared to ccuprice 
15$ cf tho total crrtractives, vhereas they comprised cnly b$ in discol­
ored tissue. Total phenolic content vas determined frcn r.ethanolic ex­
tracts. A similar pattern of phenolic content vas shorn by results of 
extracts frcn tho sane tissues vhich hod been extracted vith ethsnol- 
bonsons (1:2/v/v).

Tl-.c observ'd decrease in phenolic censitituents usy be inportent 
to the invasion of 7. ccravtu.s. In vitro grcruth studies have shcr.m that 
isolates of Phialomhcr:1- relinii vere able to yrcv at concn of certain 
phenolic ccupsund3 vhich did not permit the yrouth of P. ccrsv-tus. and 
tho ability of P. r.elinli to utilize end to alter those inhibitory com­
pounds vas dcuonstrsted (lo). Hecsuso of tho hi^h frequency of isolation 
of Phir:.lo--.hora cp. in advar.es of P. cccmntus it is possible that altera­
tion of phenolic constituents by Pninlorfrora cp.. or other ncnhyssncqycc- 
tous funyi allowed P. ccnr.ntns to invade discolored tissues.
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JArryin cud t-.aUnions. —  Amount of Ugnla per unit volus» increas­
ed significantly frcn lh4 ng ia clear to 17h mg ia discolored and de­
creased significantly to 77 rcg ia decayed tissue. Amount of cellujoce 
per unit volruso decreased significantly frcn COo C3 ia clear to 7o9 ia 
discolored and £90 eg ia decayed tiesue. The ratio of cellulose to 
lignin remained cppradaately 5:1 ia all tissues.

The increase ia lignin could bo explained by tho bacteria and non- 
hynensrycotcus fungi attaching ncnlignificd cellulose ia the discolored 
tissue. Fhtp.loThorn and other Fan pi Icperfecti cause coft-rct ia vood 
products by attaching nca-licnified cellulose ia the cell Basils (7). 
Several isolates cf tvo species of Fhialophora utilise cellcbioeo at 
rates equal to cr Elector than D-gluccea (h). This decrease ia cellulose 
could be too snail to be censured in tho op gr method used ia this ex­
periment and bo sufficient to account for an apparent increase in lignin 
ccr.cn. Alteration in vail structure caused by ncnhycencqycctcun fungi 
and bacteria in advance of ?. ccmatr.s nay coke the vail core susceptible

to its attach. Discolored and decayed tissue differed by 5c^ in lignin 
per unit volume ana 6k% in cellulose per unit volume. There vas no signif­
icant charge ia the lignin to collulcse ratio vhich suggests that lignin 
and cellulose are utilised at a similar rate.

Another possible explanation of tho noted increase in the amount 
of lignin is that lignin or lignin-like substances actually increased 
during the process of discoloration. Increases in tho amount of lignin 
have been reported us a resistance mechanism (6). Tho colored substances 
formed during the discoloration process nay act as sulfuric acid lignin.

F. ccnrr.tua, vhich vas isolated cost frequently in the boundary 
sons bctvecn discolored end decayed tissuo is probably tho primary organ-
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ica vhich attacks the lignified cellulose of the call vail. P. connctua 
appears to attack effectively both lignin and cellulose. However, micro- 
organisc3 ouch as T. viride, found in the decayed tissues, can produce 
ccllulascs (11). While the prinory role of P. cor.netu3 nay be to degrade 
tho lignin ia cell walls, degradation of cellulose ia advanced decay 
coy be duo to cevt.. nl extracellular cellulose syctess.
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TABLE 1. Characteristics and composition of clear, discolored, and 
decayed sugar maple tissue.

. Condition of Tissue 
Constituent Clear Discolored Decayed Decayed

■Mg/2 oven-dried weight6

Total ash 3a lib 54c 22
Soluble ash 1 4 22 9

Insoluble ash 2a 7a 32b 14
Total e>rtractives 46a 47a 98b 41
Total phenolic compounds 7a 2b 0.3 0.1

Sulfuric acid lignin 144a 174b 134b 77
Cellulose 8o6a 767b 69Td 290

a Different letters designate significant differences at the 5jS level 
of significance.
b Decay values corrected for difference ia specific gravity for com­
parisons based on weight per unit volume.
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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.



12

IITS3AOTR3 CITED

1 . imincia ccc iE fr  port t e s e - e s  a id  i i t e s i a l t .  1969. s e p a r a t io n  62

cactractivc free vocd. ASTJ-i Lcsis. 31235-56. ASrfH Each of Standards,
Pi. 16, Philadelphia, Pa.

2. AllItlCAH SOCIETY PCS SECTEIO AID M/H2SIAIS. I9a9» Licaln ia-vecd.
ACTE Lesir. DllOo-56. ASTM Ecsh of Stardoraa, Pi. 15, Foiladelphia,
Pa.

3. L0TC2, O’.3. I96I. The rots in Forest Pathology 3rd Ed., ICsGrav-Hill 
Lao’s Co. il.r. 572 p.

h. EfET.-.ES, 3. 1999* Studies on aline aceunulatica in pulp and paper sills.
II. Fhysiolcpical studies of f:~vh.l-'irt-t end P. ri'dyr-V.ic-;.
Can. J. Lot. 37: 339-3^3.

5, CCCTdlTC, E. 3. I90I. Corporative bicehcnistry cf ovoetpun by vhitc-rot
and brcr.n-rct funpi. Tech. Lull. ilo. 12>3 Forest Service U.S.D.A.

5, CTAd'T, C. C. £j V/. V. A2J3IA. 1962. Phenolic subs tana: a associated vith
vound-barrier femntieu in vegetables, pot. Gas. 123:211-219.

7. LPJCAE, C. C. 19tO* V.’oad-attaehinp capacities end physiology of coft- 
rct fun.pl. U. 2. Forest Service Pep, FPL-2173*

8. GOOD, 11. P. II. EEISAE L II. M. LAIE. 1955. Studies ca henrtveed fem- 
ctica and otaininp in cupor caple Acer cncchnru-. I-iarsh. Can. J. Lari. 33: 
31”*A.

9 . U. (Ed.) i960. Official liethods cf Analysis of the Acsoeic-
ticn of Official Agricultural Chesiists. 9th Ed. Assoc, of Official ^  
Agricultural Chcnicts, V.’aGhinptcn, D.C.



13

10.

• 11. 

' 12. 

13- 

L ’k

15.

16.

17-

13.

19.

KORDHT, V. J. 195^* Studies in forest pathology. XII Decay in sugar 
maple in the Ottava-Kuron end Algcma extension forest region of 
Ontario. Can. J. Dot. 32:221-253.
PEW, J. C. Si P. V/PiiIA. 1962. Fine grinding, enzyme digestion, and 
the lignin-cellulose bond in vood. Tappi. ^5: 2 7̂-256.
SCIIEFPER, T. C. Si E. E. CGWLHG. 19oo. Uatural resistance of vood to 
microbial deterioration. Annu. Rev. Phytopathol. h: II7-I70.
SIEGO, A. L. 1965. The pattern of decays and discolorations in north­
ern hardvoods. Phytopathology 55: 6^ - 652.
SHIGO, A. L. 1967. Successions of organisms in discoloration and decay 
cf vood. In International Rev. Forestry Res. II. Academic Press, K.Y. 
pp. 237-299.
SIHC-0, A. L. Si E. SEARCH. 1970* Mapping columns of discolored and de­
cayed tissues in sugar maple Acer saccharin. Phytopathology 60 : 232-237* 
SHCHflE, W. C. , T. A. TATTAR and A. E. RICH. 1971. Effects of some 
phenolic compounds on the growth of Phialonhora mclinli and Femes 
connatus. Phytopathology 6l:
SPAULDHTG, P. 1951. Spongy vhite-rot of hardwoods. Tree Pest Leaflet 
Ko. 33•> Eev Engl. Sect., Soc. of Am. Foresters 3 P*
STAMM, A. J. 1956. Effect of inorganic salts upon the swelling of vood.
U. S. Forest Service Rep. FPL-H56.
STAMM, A. J. I96I. A comparison of three methods for determining the
pH of vood and paper. Forest Prod. J. 11: 310-312.



14

Effects of Some Phenolic Compounds on tho Growth of Phialophora
meiinii and Pones connatus.

Walter C. Shortlo, Terry A. Tattar, and Avery E. Rich
Former Graduate Research Assistant, Graduate Student, and 

Plant Pathologist, respectively, Hew Hampshire Agricultural 
Experiment Station, Department of Botany, University of Hew 
Hampshire, Durham, 03824-.

Presont address of senior author: Department of Plant
Pathology, Horth Carolina State University, Raleigh 27607.

Published with approval of the Director of the Hew Hampshire 
Agricultural Experiment Station as Scientific Contribution Ho. 531.

The counsel and advice of Alex Shigo of the Northeastern 
Forest Experiment Station is acknowledged with gratitude.

ABSTRACT
Tho ability of Phialouhora meiinii and Fomes connatus to 

tolerate and to utilize certain phenolic compounds was studied 
in vitro to help explain successional patterns of fungi in living 
trees. P. meiinii, 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. meiinii to alter phenolic com­
pounds, and thereby permit growth of F. connatus. was indicated.
The effects of pH, manganese concentration, nitrogen source, 
amount of glucose present, and means of sterilization on the 
growth of these fungi in media containing phenolic compounds were 
also investigated.



Phialophora molinli (Nannf.) Conant is commonly isolated 
from discolored and decayed tissues of sugar maple, Acer saccharum 
Karsh., and other species of deciduous hardwoods (12, 13, 14). 
Studies of the physiology of P. meiinii and Polvoorus rcloneratus, 
a decay fungus often associated with P. meiinii, indicated that 
P. meiinii grew well in culture on levels of certain phenolic com­
pounds that inhibited the growth of P. glomeratus (V. G. Shortle. 
Unpublished data.)• The inhibitory effect of phenolic compounds 
on some decay fungi ha3 been demonstrated in culture and in living 
trees (8, 11). The role of phenolic compounds in host-pathogen 
interactions is well known (7)•

The apparent differences between non-hynenomycetous fungi, 
such as P. meiinii, and decay fungi with which they are associated, 
in their ability to utilise phenolic compounds could help account 
for successional relationships in living trees. It has been sug­
gested thar Trichocladiunx canadense. another non-hynenomycetous 
fungus which is often found in advance of decay fungi, utilises 
the oxidised phenolic compounds in discolored wood in advance of 
Pomes igniarius (6).

Our purpose was to determine the ability of P. meiinii to 
utilise and to detoxify phenolic compounds that inhibit or pre­
vent the growth of Pomes connatus (Veinm.) Gill., an important 
decay fungus on sugar maple.

MATERIALS AND METHODS. —  Two isolates of Phialonhora sp., 
identified as P. meiinii. were used. The isolates came from
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discolored, tissue associatod with the decay of gomea connatus 
in sugar maple. ‘The isolate of P. connatus (HLG-5660-S-S?) U3ed 
came from the U. S. Forest Disease Laboratory, Laurel, Md.

The basic medium used to test the growth of P. meiinii and 
F. connatus contained 10 g/liter D-glucose, 2 g/liter asparagine, 
and a basal medium of 3alt3, buffer, trace elements, and vitamins 
as described by Lilly and Barnett (9). Phenolic compounds were 
substituted as carbon sources for all or part of the D-glucose at 
a rate equivalent to 10 g/liter D-glucoso (4 g/liter carbon). The 
fraction of the carbon source comprised by a phenolic compound
vas reported as the ratio of that compound to glucose based on
the wt of carbon.

1IIL 110- or KK0-, was substituted for asparagine in some
*+• 2  p

media at a rate equivalent to 2 g/liter asparagine (.4 g/liter 
nitrogen). Yeast extract was used in some media at a rate of 2 
g/liter.

In treatments where manganese was added, a stock solution 
of MnSO^.I^O vas used. The stock solution was added as part of 
the distilled water used to make the medium so that the final 
concn-. of Kh++ of the treatment solution was 10, 100, or 500 ppm.

The pH of each medium vas adjusted to 4.5 or S.O using 5^ 
I7aOH or 5H HG1. The fungi were grown in 25 ml of medium in 250-ml 
Erlenmeyer flasks. Sterilization was done by autoclaving at 15 
p.s.i. and 121 C for 15 min or by filter sterilization using a 
Seitz filter. Seitz filtration gave results comparable to those 
using millipore filtration. The sterilized media were inoculated
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with mycelium chopped 5 see iron 12 day cultures of P. meiinii or 
21 day cultures of P. connatus*

After incubation at 25 C for various lengths of tine, de- . 
pending on the rate of growth, the nycoliua wa3 harvested and 
oven-dried at 105 P £02? 24 hr in tared 10-nl beakers. Growth 
was reported as oven-dried wt of nyceliun.

Ho .growth r.c,diun. —  To determine tho ability of P. nolinii 
to alter tho inhibitory properties of phenolic conpounds, P. 
meiinii was grown 14, 18, and 22 days on the basic nodiun in 
which gallic acid had been substituted for h-glucose. Tho nyceliun 
was renoved by filtration, and tho culture nodiun was resterilized 
by filter sterilisation. This restorilised solution was mired 
with a glucose solution to yield a gallic acid to glucose ratio 
equivalent to those used to test the growth of P. nolinii and 
P. connatus. The ratio was based on tho original gallic acid con­
tent of tho treatment solution which contained 4 g/liter carbon.

HHTJhTS. —  P. meiinii utilised gallic acid as a carbon 
source (Table 1). It grow on all media at pH 4.5 containing gallic 
acid as a carbon source. At this low pH level, the gallic acid 
was not oridiscd to the dark colored o:d.dation products that formed 
in media at pH 6.0. However, as P. meiinii grew on the gallic 
acid medium, tho color did change from light to dark which indi­
cated the onidation of gallic acid to products of unknown nature. 
This change was accompanied by an increase in pH.

There was no significant difference in growth whether the 
medium was autoclaved or filter sterilized which indicated that
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autoclaving uot alter the rcsponso to gallic acid. The 
growth of P. noliril on media containing inorganic nitrogen 
source a in which the only car'oon was in gallic acid clearly 
indicated the ability to utilise gallic acid. Adding high 
amounts of manganese increased the growth significantly.

P. rolrlnii failed to grow on all media containing gallic 
acid as a carbon source at pH 6.0, unless high concn of manganese 
wore present. It did not grow at pH 3«5» Dark colored o:d.dation 
products produced at the high level of pH •were apparently tonic 
to P. r-elirii. She tonic action was nullified when high concns 
of nangoncso wore present, Tho dark colored products of tannic 
acid did allov: growth so. they nay bo less tonic.

Toxic effects of the oxidation products at pH 6.0 were 
nullified by tho presence of cnother carbon source, glucose, even 
at relatively low concns (Table 2). Tho growth at both levels 
of pH was greater a3 the glucose increased. At tho low level of 
gallic acid there nay be a stimulatory growth effect.

P. rollr.il tolerated and grew well in the presence of 
several phenolic compounds (Table 5) > whereas similar rates were 
tc:sLc to P. connatus. Tho growth of P. connatus v;as completely 
inhibited by all compounds except tyrosine which caused some 
inhibition. The moan oven-dried wt of mycelium at 25 days for 
P. connatus on glucose alono plus basal medium was 137 VJhen 
tyrosine was added at tho rate of 1:10 and 1:1, growth va3 do-

fcreased to 55 end 66 mg, respectively.
The data indicated that ortho-dihydroxyphcnolio compounds, 

such as catechol, are much more inhibitory to P. melinii than.
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data- or para-dihydroryphcnols, such as resorcinol and hydroquinone, 
respectively. At the low rate, 1:10, only cinnamic acid and 
pyrogallol completely inhibited the growth of P. nolinii. Tho 
growth on tho phenolic amino acid, tyrosine, and tho trihydromy- 
phenolic acid, gallic acid, v;as not significantly different fron 
that on glucose alone. Good growth was obtained on both recorcinol 
and hydroquinono. Phenol, catechol, and counarin wore inhibitory. 
At tho high rate, 1:1, all tho compounds creept tyrosine, ro- 
sorcinol, hydro quinone, and gallic acid were completely inhibitory 
to P. r.olinil. Of these compounds, recorcinol and hydroquinono, 
were strongly inhibitory.

Poor growth of P. connatus on gallic acid medium has been re­
ported as a characteristic of the fungus (4-,5,10). P. connatus did 
not grow when gallic acid was added alone or with glucose in a rate 
of 1:1 or 1:10 to tho basal medium at pH 6.0 or 4-.5 whether 
asparagine or yeast was used as a nitrogen source. Using yeast 
as a nitrogen source, instead of asparagine, greatly increased the 
growth of P. connatus when glucose was used alone; but the fungus 
still failed to grow' in the presence of gallic acid. The mean 
oven-dried wt of mycelium at 25 days was 53 mg at pH 6 and 5 -3 
at pH 4-.5 '-'hen asparagine was used and 155 at pH 6 and 152 mg
at pH 4.5 when yeast was used.

After gallic acid present in a medium was acted upon by 
P. r.ollnli, ?. connatus grew (Table 4-).

Growth was greatest at the 2 low levels of gallic acid; but 
limited growth occurred at the high rate (1:1), when P. melinli
had been grown on tho gallic acid medium for 14- days. The action
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of P. molinii undoubtedly makes many complex changes in the medium.
DISCUSSION. —  This study ha3 indicated the potential of 

Phialoohora molinii not only to tolerate and utilize certain phenolic 
compounds which are toxic to Fomos connatus but to alter the com­
pounds so they are no longer toxic. The total phenolic content 
of clear sugar maple tissue was shown to bo that of discolored 
tissue from which P. nelinii was isolated (16). It is this dis­
colored tissue in living trees which is invaded by decay fungi.
As clear tissues are discolored, the pH increases (6, 14). As
the dark pigments are product! in the gallic acid medium by P. nelinii.
there is also an increase in pH.

The ability of Phialonhora spp. to utilize a wide range of 
nitrogen and carbon sources and to grow over a wide range of pH 
has been demonstrated (l). The presence of vitamins and unknown 
substances soluble in alcohol, acetone, ether, and chloroform 
detracted from wood were stimulatory to the growth of Phialoohora 
spp. (2, 3). Phenolic compounds could have been present in these 
fractions. All these factors could make Phialouhora spp. a primary 
invador with which decay fungi could not compete.

It should be noted that the apparent oxidation of gallic 
acid before inoculations produced a toxic or inhibitory effect 
on the growth of P. nelinii. marly discolorations in the living 
tree may be caused by host response to wounding through which 
the phenolic compounds present are oxidised to a more toxic state.
If the reaction is sufficiently strong, invasion may be prevented 
or inhibited. Changes in manganese concnn in living trees (15)
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could holp overcome tho toxic effects observed in culture. The 
carbohydrate level could also be important.

The capacity of non-hymonomycetou3 fungi and decay fungi to 
rospond to different levols of various phenolic compounds probably 
varies groatly. Preliminary studies by the authors on other decay 
fungi have shovm that Pome s imi.arius can tolerate low levols of 
phenolic compounds, v/hilo Polypoms glonoratus behaves much like 
P. connatus. The differences in the capacity of decay fungi to 
tolerate certain phenolic compounds may help account for differences 
observed in the ability of several of these fungi to degrade wood 

' in various stages of discoloration and decay (14-).



TABLE 1. —  Growth of Phialophora melinii on gallic acid under varying conditions of pH,
manganese concentration, and method of sterilization.

Treatment3
pH

initial final
Color 

initial final
Days of 
growth

b . . , mean oven-dried
wt of mycelium (mg)

Glucose
6 . 0 4.6 — — 8 81 ± 17
6 . 0 7.9 — — 1 2 116 ± 6
4.5 6 . 8 — — 8 121 ± 5

Gallic acid
6 . 0 - Dark Dark 1 2 0

filter sterilized0 6 . 0 - Dark Dark 1 2 0
4.5 8 . 1 Light Dark 14 61 - 8

filter sterilized 4.5 8 . 6 Light Dark 14 59 - 3
3.3 - Light Light 1 2 0

Gallic acid with
inorganic N source
NH4 NO3 6 . 0 - Dark Dark 1 2 0

4.5 7.6 Light Dark 14 48 ± 3
KNO3 4.5 8.5 Light Dark 14 43 - 2

Gallic acid with
manganese added

10 ppm Mn++ 6 . 0 - Dark Dark 1 2 0
100 ppm Mn-H- 6 . 0 6 . 2 Dark Dark 1 2 2 d
500 ppm Mn++ 6 . 0 7.0 Dark Dark 1 2 46 ± 5
500 ppm Mn-H- 4.5 7.9 Light Dark 14 8 6  - 4
Tannic acid 6 . 0 5.4 Dark Dark . 1 2 22 ± 3

a Treatment refers to compounds added to a basal medium of asparagine or an inorganic N 
source, buffer, salts, trace elements, and vitamins (9).
b Means based on 6  observations (3 replications/isolate per treatment). The 95% confidence 
limits sure reported for each treatment mean.
c All treatments were autoclaved at 15 psi and 121 C unless noted otherwise, 
d Mean based on 3 observations because only one isolate grew at this level of manganese.



TABLE 2. —  Growth of Phialophora melinii under varying concentrations of gallic acid and glucose

Ratio of gallica 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 81 Hr 17

1 : 1 0 6 . 0 5.7 Dark Dark 8 1 2 2 +
1 0

1 : 1 6 . 0 5.6 Dark Dark 8 92 + 17
Q

1 : 1  filter sterilized 6 . 0 4.9 Dark Dark 8 39 + 4

1 0 : 1 6 . 0 6.9 Dark Dark 1 2 33 ± 4

2 0 : 1 6 . 0 7.0 Dark Dark 1 2 2 1 + 3

Glucose alone 4.5 6 . 8 — — 8 1 2 1
+ 5

1 : 1 0 4.5 6.5 Light Dark 8 138 2

1 : 1 4.5 6 . 2 Light Dark 8 104 + 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, 
c All treatments were autoclaved at 15 psi and 121 C unless noted otherwise.
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TABL3 3. <—  Growth of Phinlonhora molinii on various
phenolic compounds

Kean^ ovon-dried wt of mycelium (mg.) 
Patio of compound to glucose

P. raelinii0
Compuunda 1:10 1:1
Glucoso alono 135
Tyrosine 135 H 3
Phenol 44 0
Catechol 9 0
liesorcinol 116 20
Hydroquinone 111 o
Pyrogallol trace 0
Gallic acid 135 102
Cinnamic acid 0 0
Coumarin 25 0

a compounds added vdth Glucose in a ratio of 1:10 or 
1:1 bused on wt of carbon to a basal medium of asparagine, 
buffer, salts, trace elements, and vitamins (9)* 
b Keans based on 3 replications/isolate per treatment, 
c Growth at 9 days. Initial pH 4.5*
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TABLE 4. —  Growth, of Poms connatus on gallic acid medium 
after the growth of Phialophora r.olinii

Kean*3 oven--dried v/t of mycelium (mg)
U' source

Ratio of gallic2. Days of prrovrth of P. molinii
acid to glucose 14 13 22

Glucose alone 4-3 5 50 - 9 55 - 9
1:20 19 <■ 17 15 - 3 18 i 1
1:10 25 + 15 25 i 7 55 - 4
1:1 5 + 3 0 0
Gallic acid alone 0 0 0

a Hatio based on v/t of carbon of gallic acid before growth 
to glucose added after growth to basal medium of asparagine, 
buffer, salts, trace elements, and vitamins (9)•
b I-Ioans based on 4 replications/isolato per treatment. The 
9?/j confidence limits are reported for each treatment mean. 
Growth at 25 day3.
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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). In 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.

MATERIALS AND METHODS.—  Sources of carbon and nitrogen 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 forms of cellulose and the component 

monosaccharides of cellulose and the hemicelluloses were provided.



30

Isolates of P. 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-S came 

from the U.S. Forest Disease Laboratory, Laurel, Maryland.

The medium used to test growth of these fungi contained lOg/liter D- 

glucose, 2g/liter L-asparagine, and a basal medium of salts, buffer, trace 

elements, and vitamins (8 ). Compounds were substituted as a carbon source 

for the D-glucose at an amount equivalent to lOg/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). Yeast extract was used in 

some media at a rate of 2 g/liter.

The pH of each medium was adjusted to 6.0 using 5N NaOH or 5N HC1. 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 either 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 cellulose 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 that F. connatus did 

not cause substantial weight loss in clear, discolored, or decayed tissue 

after 1 month incubation in the dark at 25 C. (T. A. Tattar 1969; Unpublish­

ed data.) Liese (7) reported that hymenomycetous fungi associated with white 

rot of wood start to metabolize lignin and hemicelluloses, initially, and de­

grade cellulose 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
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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 P. 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 inhabiting 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.

Mean2 oven-dried wt of mycelium (mg)

Compounds

P.
melinii 
(8)b

Aero staphylus 
sp.
(10)

Fomes 
connatus 
60-s 
(21)

Fomes
connatus
62F
(21)

Trichoderma 
viride 
(6)

Mortierella
sp.
(6)

Nitrogen"1
Allantoin 113 + 1 2 90 ± 1 0 19 + 4 28 ± 1 2 130 ± 1 2 17 ± 5
Asparagine 132 ± 4 74 ± 1 0 50 ± 17 23 + 8 159 ± 5 121 ± 3
Glutamic acid 147 ± 1 2 76 + 5 6 ± 4 15 ± 7 191 ± 4 158 ± 5
Yeast extract 1 0 1 ± 6 6 8 ± 4 137 + 8 64 + 26 124 ± 9 1 1 2  ± 2
Carbon^
Glucose 155 + 14 67 ± 30 137 + 8 71 + 25 188 + 30 125 ± 18
Xylose 133 + 1 1 6 6

+ 17 105 + 8 59 + 30 163 + 1 2 -
Arabinose 8 8 ± 24 54 + 1 2 1 1 ± 2 1 1 + 2 95 ± 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 + 1 2 130 - 26
Sucrose 176 ± 2 2 61 ± 9 34 + 13 28 + 16 157 + 18 22 ± 3
Maltose 127 + 5 71 + 3 26 + 1 0 15 + 7 141 ± 7 26 ± 1 0
Starch 83 + 18 74 1 0 25 + 3 7 ± 2 142 ± 42 2 1  ± 2
Cellobiose 126 + 2 1 70 + 31 140 ± 29 103 + 25 180 + 2 1 Trace
Cellulose5 103 + 2 0 Trace 92 ± 2 1 129 ± 15 82 ± 30 -

Methyl cellulose Trace Trace 26 + 14 28 ± 2 0 94 ± 31 Trace
Gallic acid 63 ± 1 2 - - - 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. The 95% confidence limits cure reported for each 
treatment mean.
3 Glucose served as carbon source in these studies at lOg/liter.
4 All fungi except F. connatus were provided Asparagine at 2 g/liter as a nitrogen source.
F. connatus was provided yeast extract 2g/liter.
5 Whatman No. 40 filter paper.
6  Days of growth. Initial pH 6.0.
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