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White rotting bas diomycetes do not colonize on southern ydlow pine. This Sudy
seeks to reduce the resinous extractive content of southern yellow pine by tregting it with
blue gain fungi. The mycdid growth of wood-inhahiting lignindytic white-rot fungi can
be achieved on pretrested southern yelow pine wood. Aureobasidium, Ceratocystis, and
Ophiostoma spp. removed 70% to 100% of the extractives from the southern yellow pine
wood within aperiod of 3 to 6 days. Griofora fondosa, Hericium erinaceus, and
Pleurotus ostreatus colonized reedily after the trestment. As aresult, ligninolytic white-
rot fungi can be eadily colonized on southern yellow pines pretrested with blue gain
fung.

Keywords Abnormd fruiting bodies aerid mycdia, blue gain fungi, white-rot, white-
rot fungi, wood decay, southern yelow pine.

INTRODUCTION

There are deven species of southern yelow pine: longleaf pine (Pinus palustris);
short legf pine (P. echinata); dash pine (P. dliottii); southern Foridadash pine; loblolly
pine (P. taeda); pitch pine (P. rigida); spruce pine (P. grabra); Virginiapine (P.
virginiana); sand pine (P. clausa); pond pine (P. serotina); table mountain pine (P.
pungens). Four species of southern yellow pine (loblally, short leef, long lesf, and dash
pines) account for about 93% of al sanding timber. These trees generdly grow in the
southeast and south centrd dtates of the United States (Hoadley, 1990). The southern
ydlow pine usudly conggs of more than 90% hemicdluloses, cdlulose, and lignin.
Lignocdlulosc materids are made up of polymeric cdlulose, amorphous hemicdluloses,
and complex lignin. Wood extractives range from 3% to 9% (Koch, 1972) and 1% to 5%
(Zabd and Morrell, 1992) of the tota dry weight of wood. In exceptiond cases, the
extractives may represent 10% to 40% (Zabd and Morrdl, 1992). These extractives are
more soluble in neutral, nonpolar, organic solvents and cold water. Softwood such as
southern ydlow pine inhibits mycdid growth by ligninolytic white-rot basidiomycetes,
but hardwood does not. Wood extractives may be respongible for the mycelia growth of
white-rotting fungi.

The Aureobasidium, Ceratocystis and Ophiostoma spp., which are of the class of
Ascomycetes, areinitia wood colonizers. The most commonly isolated blue sain fungus



is Aureobasidium pullulans (Eaton and Hae, 1993). These blue stain fungi attack wood
chips, logs, sawn timber, veneer, sawdust, and wood products; they penetrate rapidly and
deeply into the sgpwood of conifers, resn cands, and epithelid cdls and invede ray
parenchyma cdlls. At the sametime, these fungi grow mainly in ray parenchymacdls
where they assmilae available nutrients, mainly the nonstructura wood components

The extractives are Smple sugars (such as sarch, glucose, fructose, and sucrose),
phenolic compounds (such as dtilbenes, tannins, phlobaphenes, flavanoids, and lignans),
lipids (triglycerides, fetty acids, resin acids, serols, and seryl eters), and waxes,
alkdoids, and tropolones found in parachyma cdls and in the lumen of other cdls (Gao
and Breuil, 1995; Zabe and Morrdl, 1992). Asthey grow on wood and penetrate into it,
the pigmented hyphae discolor it. Although the fungi do not degrade the mgjor
components of wood cdl wals, lignin, and cdlulose, the metabalic action subgtantialy
reduces wood extractives (Blanchette et d., 1992). The primary objective of this sudy
was to select theisolate best cgpable of removing the wood extractives in the southern
ydlow pinewood waste. A second objective was to fadilitate the growth of the white-rot
fungi on pretrested southern ydlow pine chips.

METHODS AND MATERIALS

Fungi

Dikaryoatic isolates of mushroom producing white-rot basidiomycetes Grifola
frondosa (Dicks Fr.) SF. Gray (M-10), Hericium erinaceus (Bulliard: Fries) Persoon
(M-13), Pleurotus ostreatus (Jacquin: Fries) Kummer (FP-101509), (HHB—9790) (m
21). The blue gain fungus Aureobasidium pullulans (deBary) Arnand [MDX 18],
Ceratocystis coerulescens (Munch) Bakeshe [C-262], and C. pilifera (fries) Moreau
[RWD 9472B] were dl obtained from the Center for Forest Mycology Research a the
Forest Products Laboratory (USDA Forest Service, Madison, WI). A colorlessisolate,
Cartapip 97, Ophiostoma piliferum, was obtained from Clariant Co. Charlotte, NC. The
fungi were maintained on 1.5% (w/v) mdt extract (Bacto, Difco, Detroit, MI) and 2%
(wiv) agar (Bacto, Difco).

The mycdid isolates of white-ratting fungi and blue gain fungi were plated on
1.5% (w/v) mdt extract agar (MEA). Mdlt extract agar 90-mm:-diameter plates were
inoculated with amycdium/agar plug (6 mm diameter) of ayoung, actively growing
margin of the colony at the center of the plate and incubated at 24°C inthe dark for 1to 2
weeks or until mycdid growth had covered the entire surface of the MEA plates.

Southern ydlow pine wood waste— Southern yelow pine wood chips were obtained
from Bienville Nationd Forest, Mississppi. One hundred grams (dry weight 49%) of

frozen southern ydlow pine (Pinusspp.) chips of variousSzes (0.5t0 35cmby 0.2to
0.25 cm) and 100 mL distilled water were added to Pyrex® storage dishes (Corning No.
3250). Each dish was autoclaved and inoculated with actively growing mycdiafrom a

1/2 MEA plate with blue stain fungi. After mixing well, they wereincubated a 24°Cin

the dark for 7 days. For the colorlessisolates (lyophilized fungd cdlls), the sorage dish

was inoculated with 1 x 10° (1x) and 2 x 10° (2x) spores of Cartapip per dish. They were
mixed and incubated for 41/2 days. At the end of the incubeation period, dl dishes were



autoclaved. They were inoculated with actively growing mycdiaof white-rotting fungi
from ahdf MEA plate, mixed well, and incubated a 24°C in the dark.

Resinous extractivesdeter mination—After treetment, the southern ydlow pine chips
were oven dried a 50°C and ground into 30-mesh sawdust with aWiley mill (Authur H
Thomeas Co., Scientific Apparatus, Philaddphia, PA, USA). The oven-dried sawdust (1 g
dry weight) was extracted in a Soxhlet extractor with diethyl ether overnight (Brush et d.,
1994). The data condlitute a percentage weight loss on the basis of dry weight ina
vacuum oven a 50°C.

RESULTS AND DISCUSSION

The wood extractives are modly low molecular weight compounds thet are eesily
extracted from wood by solvents such as water, dcohal, ether, or benzene. The
percentage of the extractives accounted for 9.02% (with 0.04 standard deviation) of the
dry weight of the southern yellow pinewood chips (Table 1). The southern ydlow pine
chipswere treated with four different isolates of Aureobasidium pullulans, Ceratocystis
coerulescens C. pilifera, and Cartapip. They removed 70% to 100% of the extractives
(diethyl ether extractible) of dry weight of pinewoad chips (Table 1). After trestment
with blue gain fungi, Ceratocystis pilifera removed 95% and Cartapip removed 100% of
the extractives. Seventy percent of the extractives were removed by Aureobasdium
pullulans and Ceratocystis coerulescens.



Hg. 1. Mycdid growth of Griofola frondosa on treated southern yellow pine
chips.

All the blue gtain fungi attacked the southern yelow pine chips, they dl colonized the
entire surface of the softwood chipswithin 2 to 3 days. Micrascopic examination showed
that the mycdia had penetrated into wood chips; they dso gppeared in theresin cand and
the ray parenchyma cdls after 2 to 3 daysincubation.

Thefungi thet cause the decay of wood are browntrot (red-rot) and white-rat in
wood, which arefound in forests, in stored logs, standing trees, on stumps, woodland,
and dsewhere. Brown-rot basidiomycetes attack mainly softwoods and occasondly aso
hardwood. White-rot basidiomycetes attack mainly hardwood but only rarely softwood.
Our study demondtrated thet white rot fungi; Griofola frondosa, Hericium erinaceus, ad
Pleurotus ostreatus did not grow or else grew poorly on untreated southern yelow pine
chips (Table 1). Griofola frondosa did not grow on untreated pine chips but dense,
filamentous heavy mycdid growth occurred on the entire surface of treated southern
ydlow pine chips (Fig. 1). Mycdid growth of Griofola frondosa covered 80% to 85% of
pine chipstrested with Aureobasidium pullulans and Ceratocystis coer ulescens.
However, white-rot fungi covered the entire surface of pine chips treated with
Ceratocystispilifera and colorlessisolates Cartapip (Table 1). The mycdiad growth of
Hericium erinaceus and Pleurotus ostreatus was filamentous but this growth was not
dense or heavy. However, they both produced abnormd fruiting bodies on trested
southern yellow pine chips without specid trestment eg., the use of light/dark cydes,
added humidity, or decreased temperature (fig. 2 and 3).
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~ Hericium erinaceus
Fg. 2. Abnormd fruiting body formation of Hericium erinaceus.

The Hericium erinaceus and Pleurotus ostreatus grew as aerid mycdiaon the surface of
southern yellow pine chips. The agrid mycdiaof Hericium erinaceus were devated
24mm to 35 mm and dongated 28 mm to 33 mm beyond the surface of pine chipsas
shownin Fg. 2. However, in comparison, the dbnormd fruiting bodies, aerid mycdia, of
Pleurotus ostreatus remained rdatively flat, athough they experienced some dongation
(up to 20 mm to 30 mm) on the surface of pine chips (Fig. 3). The growth of abnorma
fruiting bodies was pale ydlowish to whitish in color and as the cultures age, the mycdid
became ye lowish brown.



| Pleurotus ostreatis M
Hg. 2. Abnormd fruiting body formation of Pleurotus ostreatus.

In sum, the resullts of this udy demondrate thet blue sain fungi, Ceratocystis
pilifera, and Cartgpip can remove 95% to 100% of the extractives from southern ydlow
pine. White rot fungi, Grifola frondosa, Hericium erinaceus, and Pleurotus ostreatus can
be easily colonized on treated pine chips.



Table 1. Mycdid growth on treated southern yellow pine with blue sain fungi®

Extractives concentration SYP Mycdid growth on treated SY P chips
Grifola Hericium Pleurotus
% extractive % removed fondosa, M10 erinaceus, M13 ostreatus, M21
Control 9.02 0 0-1 1-2 1
+/- 0.04%
MDX-18 2.73 69.67 3-4+++ 2+* 2-3++*

Aureobasidium pullulans

C-256 2.69 70.18 3-4+++ 2+* 2-3++*
Ceratocystis coerulescens

RWD 9427 0.05 94.45 5+++ 4++ 34, ++*
C. pilifera
Cartapip 1X 0.009 99.9 5+++ 2-3++* 34, ++*

Ophiostoma piliferum

Cartapip 2X 0.009 99.9 5+++ 5+++ 2++*
Ophiostoma piliferum

% egend
5 Covered the entire surface area of chips with sparse mycelial growth
Covered the most chips (75% to 90%) but grown sparsely
50% to 75%, sparsely
25% to 50%, sparsely
5% to 25%, sparsely
No growth

OFrR,r N WA

* Abnormal fruiting bodies in storage dish without any treatment for fruiting

+ Sparse and transparent growth
++ Filamentous but not heavy mycelial growth
+++ Dense, filamentous heavy mycelial growth
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