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A close-up of a cut log shows the 
characteristic brown and white mottled 
appearance of wood colonized by white rot 
fungi . 
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One Fungus Threatens City Trees;� 
Another Promises Better Things 
SELDOM ARE GOOD THINGS 
without shortcomings. The thornless 
honey locust, often planted to replace 
elms lost to Dutch elm disease, is a 
case in point. 

Homeowners and urban foresters 
value this tree's fast growth, attrac
tive foliage, diffuse shade, and 
spreading shape. Growers like the 
honey locust because it's easy to 
propagate and transplants readily. 
Plant pathologist Robert Blanchette 
and graduate research assistant 
Peter Bedker began research on the 
honey locust when extension horti
culturist Bert Swanson and others 
asked for help with a disease prob
lem: cankers on the branches and 
trunk. 

Blanchette says, "In the past few 
years, more than 20,000 honey 
locusts have been planted to replace 
dead elms in Minnesota, most of 
them in the Twin Cities. Although it 
appears there had always been some 
cankers here, the disease wasn't 
prevalent enough to warrant atten
tion. But as more and more of this 
species were planted, the number of 
cankers skyrocketed. 

"Our research, supported by the 
Agricultural Experiment Station, the 
Horticulture Research Institute, 
Bailey's Nursery, and the Minnea
polis Park and Recreation Board, 
began with as assessment of the 
problem. Depending on where we 
surveyed, we found 18 to 30 percent 
of the honey locusts on Minneapolis 
boulevards had cankers. If you consid
er the value of a shade tree after it's 
been planted, and the fact that the can
kers can kill large branches or the 
entire tree, you're talking about poten
tially devastating losses." 

The scientists found the problem 
even worse in nurseries, where up to 
48 percent of young trees had 
cankers. 

Fungus Identified as Culprit 

To find ways to control the 
canker, Blanchette and Bedker had 
to identify the pathogen that caused 
it. In 1982, using microscopic ex-

Finished rolls of paper at the end of processing at Blandin Paper Co., Grand Rapids. Researchers 
speculate that fungi may someday replace some chemicals now used to break down the wood 
into fiber. 

amination, they discovered Nectria 
cinnaba rina to be commonly 
associated with cankers. Through 
pathogenicity studies they found that 
this fungus invades trees through 
wounds and grows in to the 
surround ing tissue, killing the 
cambium and bark. A discolored, 
slightly sunken area - the canker 
results. Serious damage can result 
even if a tree's able to contain the 
infection; the dead bark sloughs off in 
a year or two, exposing the wood 
below. This is a prime site for 
invasion by decay fungi that can 
weaken a tree, making it unsightly 
and potentially hazardous. 

Blanchette and Bedker knew that 
the Nectria canker was especially 
harmful on newly transplanted trees 
and on trees whose roots had been 
damaged in other ways. Trans
planting is stressful; a tree can lose 
up to 98 percent of its roots in the 
process and still need to provide 
water to its top, which often is not 
made smaller by pruning. 

The scientists studied the effect of 

root damage in a nursery by simula
ting the root loss and stress that 
results when a tree is dug. First they 
inflicted wounds on the trunk, 
branches, and twigs of eight young 
honey locusts and inoculated the 
wounds with N. cinnabarina. Two 
days later they root pruned four of 
the trees by digg ing a 3-foot-deep 
trench around them, 2 feet from the 
trunk. They waited about a year, then 
measured Nectria canker damage to 
each group. 

"We found significantly larger 
cankers on the trees that were root 
pruned and water stressed," 
Blanchette says. 

Problem Could Be Alleviated 

"I think we're going to have to re
evaluate some cultural practices 
when it comes to the honey locust," 
Blanchette says. "Can we get the 
public to accept the planting of 
younger trees? Or, can we move 
trees with larger rootballs, thereby 
keeping more of the root system and 
reducing the chances of stress and 
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serious canker problems? Can 
homeowners and city foresters see 
that trees have enough water and 
nutrients until they're well established 
and able to resist the fungus?" 

Other research conducted by 
Blanchette and Bedker established 
that wounds on honey locusts 
remained susceptible to Nectria 
infection for one week or less. This 
led them to recommend that honey 
locusts be pruned when it's less 
likely to rain because dampness is 
conducive to sporulation of the 
fungus. 

The researchers also wondered if 
a wound dressing could reduce the 
incidence of canker. Benomyl, a sys
temic fungic ide, is used as a 
wound treatment to control many 
canker-causing fungi. The scientists 
tested benomyl on N. cinnabarina in 
the lab and found that it inhibited 
growth of the fungus. But when they 
used it at low concentrations on the 
inoculated wounds of honey locusts 
in the nursery, it did not. Blanchette 
now wants to see if higher concen
trations of benomyl or another 
fungicide will do the trick . 

Blanchette says, "Genetic resis
tance is probably the best way to 
deal with the canker problem. The 
honey locust cultivars we use most in 
urban reforestations - Sunburst, 
Skyline, Imperial - were selected for 
desirable growth and foliage char
acteristics and their lack of thorns 
and seedpods. Our research shows 
they're also very susceptible to the 
fungus. It also shows that the 
common thornless honey locust is 
less susceptible to canker than these 
cultivars. 

"This fungus, once a problem on 
elms in Europe, has been controlled 
through the selection and use of 
resistant cultivars. We need to start 
looking for a resistant honey locust 
that's adapted to our conditions. " 

But Not All Fungi Are Bad 

Plant pathologists usually deal 
with fungi as troublemakers ; fungi 
with the potential for good are the 
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Top: In nature, white rot fungi, such as G. 
applanatum shown growing here, cause 
serious losses in the forest. Controlled and 
applied in the lab, they may have many 
potential benefits. Right: The effect of water 
stress was simulated by root pruning honey 
locust trees. Here Ken Hamblin, who worked 
as a summer research apprentice for the 
Agricultural Experiment Station 's minority 
student program, ditches near a tree to 
prune the roots and put the tree under stress. 

exception . But consider fungi that 
could reduce costs and pollution in 
papermaking . .. fungi that could turn 
wood into cattle fodder and a sub
strate for ethanol production - fungi 
that can turn wood into an unusually 
beautiful raw material for artisans. 

Robert Blanchette is studying 
fungi that might be able to do all 
those things in a cooperative 
research effort with scientists from 
the U.S. Forest Service 's Forest 
Products Laboratory in Madison, 
Wisconsin. These fungi - the white 
rot fungi - include many genera and 
species that have in common the 
ability to remove lignin from wood. In 
doing so, they leave bleached areas 
in the wood that are predominantly 
cellulos e. 

In nature, white rot fungi are 
responsible for many of the ills 
affecting trees and manufactured 
forest products in Minnesota and 
throughout the world . For example, 
Heterobasidian annosum causes a 
root rot in pines. Inonotus dryophilus 
causes white stripe rot in oaks. Gan
oderma applanatum causes white 

mottle rot in trees that have been 
harvested and wood that's on the 
ground. 

"All these species cause very 
serious losses in the forest," 
Blanchette says. "They cause heart 
rot and a loss in the structural inte
gr ity of trees, making them worthless 
for many forest products." 

Although it had been long known 
that white rot fungi could degrade 
lignin , scient ists had not observed a 
selective removal of lignin from wood 
without the loss of other compounds. 
Blanchette has found several species 
that do an excellent job of delignify
ing wood . Now he's screening many 
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fungal species for this ability. He's 
also trying to understand how they 
work by chemically analyzing rotted 
wood and using scann ing and trans
mission electron microscopy to study 
the decay patterns. 

Fungi Vary in Destructive Capacity 

Some white rot fungi , Blanchette 
has found, remove the lignin and 
hemicellulose from wood, leaving 
almost pure cellulose. Others destroy 
everything, including the cellulose. 

Colonization by white rot fungi 
can result in strikingly beautiful 
patterns in wood that rival in beauty 
the patterns of some exotic 
hardwoods. Blanchette says the 
brown and white mottled appearance 
occurs during the early stages of 
decay. The strength of the wood is 
near normal because not much of 

Left: After a honey locust is wounded, canker 
spores germinate at the wound site and kill 
the cells of the cambium layer and bark. 
Severe infestation results in a girdling and 
subsequent death of the top of the tree. 
Below: Colonization by white rot fungi can 
result in strikingly beautiful patterns in wood. 
In the foreground are objects made from this 
type of wood by craftsman Keith Kyhns. 

the cellulose has been degraded , so 
craftspersons can use the wood for 
bowls, carvings, and other small 
novelty items. 

Although Blanchette's research 
with white rot fungi is in many ways 
just beginning, he excitedly specu
lates on what it could mean to 
Minnesota's forest products industry: 
"The white rot fungi may have great 
potential in papermak ing. Right now 
the major pulping process uses 
sodium hydrox ide (lye) to remove the 
lignin from wood and free the fibers. 
Then, the fibers are bleached chemi
cally. Wou ldn't it be something if we 
cou ld treat wood with specially 
selected strains of these fungi or 
synthesize the delignifying sub
stances they produce? And since 
many of the white rot fungi also 
bleach wood, we might be able to 

come up with a nonpolluting treat
ment for bleaching wood fibers. 

"There are occasional reports of 
cattle on the open range in South 
America walk ing around with pieces 
of wood on their heads. What 
happens is, they get their horns stuck 
trying to eat rotted wood - wood 
that's practically pure cellulose 
because it's been delignified by white 
rot fungi. Ruminants like cattle 
normally can 't digest wood because 
of its high lignin content, but they can 
digest cellulose. There's no reason 
why we couldn't feed wood to cattle; 
some of these fungi destroy over 90 
percent of the lignin, making wood 
very suitable for cattle feed." 

Blanchette adds that naturally 
delignified wood might have use in 
food manufacturing; fiber - which is 
nothing more than cellulose - is 
added to some foods like breakfast 
cereals. . 

"Lignin wou ld be a by-product of 
these uses," he cont inues. " Because 
lignin is not toxic , it might be a 
source of nontox ic natural food pre
servatives. Microbiologist Ron 
Crawford of the University's Fresh
water Biological Institute believes 
some Iignins can be broken down 
into polyphenols that could be used 
as preservatives. 

"Finally, there are a lot of wood 
residues that are left in the forest 
after logging. There are also a lot of 
residues at the mill, where trees are 
cut into lumber. If you could some
how remove the lignin from these 
residues and leave the cellulose, the 
cellulose could be hydrolyzed 
broken down into simple sugars. 
These sugars could be fermented 
into ethanol. So, instead of depend ing 
on foodstuffs such as corn, it may be 
possible to use wood residues - a 
renewable, nonfood resource - for 
ethanol production." 

All of these uses are possibilities, 
says Blanchette: "It's a matter of 
finding out more about how they 
delignify wood and then applying that 
knowledge." 

-Sam Brungardt 
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Management to Help 
Gamebirds Thrive 

Researcher Gordon Gullion , who has been studying grouse for over 20 years, holds an aspen catkin, the primary winter food of the grouse . 

THE BUZZ of a clearcutting chain
saw - is it the sound of doom for 
forest wildlife? 

Despite popular belief, the answer 
more than likely is "no." In fact, in 
many cases, the opposite is true. 
Logging can actually improve wild
life habitat, if it's done right. 

Finding the "right" kind of forest 
management for one inhabitant of 
Minnesota's northwoods, the ruffed 
grouse, has been the goal of experi
ment station Forest Wildlife Project 
leader Gordon Gullion for the past 
quarter century. By observing their 
response to different kinds of experi
mental forest management, Gullion 
has discovered that c1earcutting can 
help grouse populations flourish. And 
although the focus is largely on this 
valuable gamebird, he's found 
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payoffs in the form of increased 
diversity and numbers of songbirds 
and other animals as well. 

The reason that clearcutting can 
be a boon to wi ldlife, Gullion says, is 
that it encourages growth of aspen. 
The first tree to take over after a 
major disruption like fire or logging, 
aspen is a favorite source of food 
and shelter for many forest creatures. 

But it takes more than just a 
single large aspen stand to sustain 
wildli fe. Gullion' s research has show n 
that relatively small tracts of varying 
ages are needed if populations are to 
really flourish. 

"It's a matter of providing 
adequate cover and food resources 
within the normal foraging range of a 
pair of ruffed grouse," Gullion says. 
This means having two distinct age 

classes of aspen available - a 
young stand for shelter, and an older 
stand for food - as well as other, 
newer tracts for the animals to shift 
to as existing habitat ages. 

Long-term Research Is Key 

Although this prescription today 
seems straightforward enough, it has 
taken literally decades of research to 
formulate. Soon after Gullion came to 
the Forest Experiment Station at 
Cloquet in 1958 it became obvious 
that studyinq the effect of ongoing 
forest management experiments on 
ruffed grouse would be a valuable 
lesson in patience. Because trees 
takes years to mature, and because so 
many other variables operate in the 
wild , it would be years before he could 
get a solid handle on the tie between 
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Gullion has mapped the location of all the drumming logs in his study area, and sets a live trap 
on one of them. 

forest management and the continually 
fluctuating wildlife populations. 

"When you start looking at (the 
effect of forest management), you 
also have to look at the effect of 
predation, and hunting, and environ
mental change on the population," 
Gullion says. "You have all this back
ground noise, and if you can't sort that 
out you can't sort out the impact of 
forestry." 

At first, in fact, grouse populations 
actually fell, leading Gullion to 
conclude that logging did more harm 
than good from the viewpoint of the 
forest inhabitants. 

"Then, three or four years later, in 
those same areas, we had grouse 
numbers coming back that were 
much denser than I thought were 
possible," he recalls. 

After the shift, Gullion realized that 
populations had simply been reduced 
temporarily during the years that the 
newly sprouted aspen were too 
young to provide food and shelter. In 
retrospect, he realizes that a shorter 
study would not have caught the 
turnaround. 

"If our project had ended in 1968, 
we would have missed it," he admits. 
"The forests are a dynamic system, 
continually changing. But the 
changes that are occurring are not 
very obvious on a one- or two- or 

three-year span. So the long-term 
aspect's very important." 

These results were reinforced by 
a second study begun in coopera
tion with the Minnesota Department 
of Natural Resources (DNR) in 1965 
at the Mille Lacs Wildlife Manage
ment Area. It was here Gull ion dis
covered that the best grouse habitat 
consisted of small blocks of aspen of 
different age classes arranged to give 
grouse access to both older stands 
for food and younger stands for 
shelter. 

The Mi lle Lacs study showed too 
that other animals benefit from forest 
management practices favoring 
grouse production. About 17 bird 
species thrived in the aspen habitat 
that wouldn't have been found in the 
undisturbed forest - birds like 
golden-w inged warblers , chestnut 
sided warblers, black-billed cuckoos, 
and wood thrushe s. 

"In fact, a lot of other birds 
respond to our aspen management 
for grouse much earlier than grouse 
do," Gullion says. 

Does this mean that logging can 
actually be beneficial to wildlife? Yes, 
says Gullion , under the right 
conditions. 

"If you don't clearcut, you don't 
get a good aspen stand," he explains. 
But if small tracts of timber are cut at 

the right time intervals, the resulting 
aspen stands provide prime habitat. 

"If we can cut 200 acres in a 
series of 10- or 20-acre blocks, leaving 
undisturbed forest in between the 
blocks, then we're creating the type 
of diversity that is ideal," Gullion says. 
"By using commercial timber har
vesting and c1earcutting, we can 
produce much better grouse 
populations than Mother Nature ever 
produced." 

The Challenge: Meshing Timber and 
Wildlife Management 

As a result of the studies, Gullion 
in 1972 published a guidebook on 
aspen and ruffed grouse for wildlife 
specialists and for foresters inter
ested in accommodating wildlife in 
their management plans. 

The recommendations have been 
received well by landowners 
interested in maintaining ruffed 
grouse communities on their 
property. Public forestry agencies, 
whose mandate includes manage
ment of nontimber as well as timber 
resources, also have been very 
interested; Michigan, Pennsylvania, 
Maine, Vermont, Colorado, and 
Wyoming are among the states 
which have incorporated the recom
mendations into their forest manage
ment plans. 

The timber industry has been 
more reluctant to use the recom
mendations, Gullion notes, since it's 
cheaper to log a large area in a 
single sweep than to periodically cut 
small, isolated tracts of timber. Never
theless, he has worked with several 
Minnesota firms interested in 
encouraging wildlife production on 
private land. 

"Most of (Minnesota Power and 
Light's) cutting is being done with the 
goal of improving the wildlife 
resource ," Gullion says. And other 
companies, includ ing Erie Mining 
and Hibbing Taconite, have also 
discussed the recommendations. 

Since aspen is becoming increas
ingly popular as a timber resource in 
Minnesota and elsewhere , Gullion 
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suggests that use of the recommen
dations he's developed over the last 
quarter century also may be on the 
rise. But, he points out, this won't 
happen unless timber management 
specialists recognize wildlife preser
vation as a worthwhile goal despite 
the added effort. 

The whole thing boils down to 
just one thing," he says. "What value 
do we put on a wildlife resource?" 

- Mary Hoff 
These mature male aspen trees were left after clearcutling the surrounding area. They supply 
winter food for the grouse that will live in the clearcut area as it grows up. 

The Cloquet Forestry Center: 
Research in the Woods 
IT IS ONE of the oldest experimental 
forests in the United States. Its 3,720 
acres are a laboratory for forestry 
students, a field unit of the University 
of Minnesota College of Forestry. 
Inconspicuously located in the woods 
of northern Minnesota, the Cloquet 
Forestry Center is a major home 
base of forestry research in northern 
Minnesota. 

Research began at the Center in 
1911. Some areas treated or planted 
during its early years are still being 
evaluated, and new studies are 
initiated each year. Its mission is to 
provide locations for long-term and 
controlled studies to improve 
management and use of the timber, 
recreation, wildli fe, soil and water 
resources of Minnesota's 18 million 
acres of forest land. 

According to Richard A. Skok, 
dean of the College of Forestry, "the 
Center was originally established as 
an experimental forest. It serves 
in that role today as a location 
for a variety of ongoing research 
activities, and also as a base for our 
faculty to operate out of for the 
entire northern Minnesota area. 

"One of the things we have 
attempted to do in the last five years 
is redevelop a longer term manage
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ment plan for the forest. And in doing 
that we recognize that it's not like any 
other forest in that it has its research, 
demonstration and teaching function 
as well as the mission of trying to 
maintain a healthy and viable forest." 

The Center's location in 
Minnesota's major forested region 
makes it ideal for continuing educa
tion programs for foresters, loggers, 
and others working in forestry or 
forestry-related occupations. With 
coord inator Alvin R. Hallgren, there 
are six professional staff members 
stationed at Cloquet, including an ex
tension specialist working with 
loggers and small woodland owners, 
a silviculturist and a forest tree 
improvement specialist. Soon to be 
added to the team is a new position 
of forest weed specialist. One of the 
important research thrusts of the 
Center deals with forest stand estab
lishment practices. 

About two-thirds of the level to 
gently rolling forest of the Center is 
upland and the remainder is lowland. 
Although the majority of upland forest 
area was logged in 1910, certain 
seed trees and parcels of mature red 
and white pines were left. These 
trees largely escaped the disastrous 
Cloquet wildfire of 1918 and, today, 

the Cloquet Forestry Center 
contains a 40-acre stand of old 
growth red pine that is the only one 
of its kind within a 100 mile radius. 
Fi re sc ar s on the tru nks of these 
trees show the stand has survived at 
least five wildfires - in 1842, 1855, 
1874, 1894, and 1964. 

These old red pines are a symbol 
of the heritage of the forests of 
Minnesota. The research the Center 
supports indicates their future. And 
the future right now looks good. 

"There are five million acres of 
forest land under state and county 
management in Minnesota. A favor
able public policy, which happens to 
exist right now, will permit much 
more intensive management on these 
lands. So we see some opportunity 
for us to help shape what those 
forests look like, in the sense of 
improved plant material," Skok says. 

There has been a shift in forest 
management from mainly custodial 
- protecting trees against fire and 
disease - to a more active 
approach. "Now we see agencies and 
companies putting money into a planta
tion establishment," he says. In
creasing understanding of the value 
of forests to Minnesota has also 
increased interest in research. 

"The reason interest has grown in 
more intensive management of 
forests is a relative shortage of soft
wood raw material, and the need to 
improve productivity on the better forest 
sites. To maintain a viable growing 
industry in the state, a long-term 
timber supply must be assured," 
he says. 
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Replenishing the Forest� 
UNLIKE OTHER POPULAR Forestry researchers have teamed up 
Minnesota crops such as corn and to look at several potentials in tree 
soybeans, Minnesota's trees have not improvement and reforestation. Carl 
undergone centuries of intensive A. Mohn is studying genetic improve
breeding, selection and manage ment of tree species important to 
ment. There has been an advantage Minnesota ; Alvin A. Aim has been 
to this relative neglect. As a result, focusing his research on planting 
there is lots of potential for progress, methods; and Robert K. Dixon is 
and forest researchers are exploiting investigating the potential of special
this advantage. ized fungus as an inoculum to speed 

tree growth. University of Minnesota College of 

Researchers Bob Dixon, right, and AI Aim examine containerized seedlings in the greenhouse. 

Genetic Improvement of an 
Undomesticated Crop 

"What we're doing is not much 
different than researchers with plants, 
except we work a little bit slower, 
because we have a much longer evalu
ation period:' Carl Mohn says. He is in 
the third phase of a long-term 
research process that began in the 
late 1950s with provenance or seed 
source testing. "We're working with a 
far more variable crop than corn or 
soybeans, because trees have not 
been domesticated. So we have more 
raw material than many plant breeders 
- and that genetic variation is an 
advantage:' he points out. 

Provenance tests were estab
lished on all important native timber 
species and several potentially 
valuable exotics . "In the second 
phase, we worked with populations 
selected on the basis of the prove
nance tests. The first of these 
studies, begun in 1967 in coopera
tion with Blandin Paper Company, 
involved the progeny of over 200 
white spruce selected in Minnesota. 
Tests of white spruce from the 
Ottawa River Valley, black spruce, 
red pine and jack pine followed," he 
says. Over the past 25 years the 
researchers have established more 
than 100 test plantings around the 
state, although the bulk is concen
trated around Grand Rapids and 
Cloquet. 

Now they are focusing on testing 
materials derived from controlled 
crosses. "We've been working pri
marily on improv ing growth rates, 
although we are also working on 
disease resistant strains of white 
pine, improving forms, and modifying 
wood properties," Mohn says. These 
tests are providing information to 
develop efficient applied program 
projects and are serving as a source 
of material for future seed orchards. 

This applied tree improvement 
work is separate from and an out
growth of the basic research. To help 
keep that necessary separation, a 
Minnesota Cooperat ive Tree 
Improvement Program has been 
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formed and a forest tree improve
ment specialist, Robert Stine, was 
hired in 1981 and funded by the 
Minnesota Department of Natural 
Resources, Blandin Paper Company, 
Potlatch Industries, Cass and Beltrami 
counties, and the Iron Range 
Resources and Rehabilitation Board. 
He is an employee of the University, 
and stationed at the Cloquet 
Forestry Center. 

Stine works directly with the 
growers and their seed orchards. 
"We take the best trees, plant them 
and tend them to produce seed. Like 
an apple orchard - we select the 
best to produce a bumper crop," he 
says. 

It takes 3 to 4 years to get seed 
from some species, and as long as 
15 to 20 for others. Unfortunately, red 
pine is one of the longer species. 
"Carl Mohn and others have been 
working on trying to speed this time 
up with cultural practices such as 
fertilization," Stine says. "Since red 
pine is the most heavily planted tree 
in Minnesota, it is very important that 
we push that time up." 

One challenge of applied work is 
choosing priorities. ''Tree improve
merit is never ending," Stine says. 
"We look at each species and see 
where we can make the most gains." 
Mohn is optimistic about both the 
applied and basic work: "It is 
possible that all planting stock used 
by Minnesota foresters will be 
source- identified within five years 
and genetically improved by the year 
2000." 

Looking at Plant Options 

AI Aim has been studying growing 
and planting methods for that 
improved stock, comparing contain
erized seedlings to nursery stock for 
growth and survivability. 

The use of containerized 
seedlings has been growing in popu
larity since their development in the 
early sixties in Canada. Their major. 
advantage is their use makes 
possible a longer planting season. 
"Nursery stock has a very short 

10 1984 MINNESOTA SCIENCE /1 

planting season," Aim says. "You have 
to be all finished planting that kind 
of stock by the first part of June," he 
says. Containerized seedlings can be 
planted later in the spring and forest
ers are looking at fall planting as 
well. 

It also takes less time to produce 
a plantable tree with containerized 
seedlings. "It takes from two to four 
years in the nursery, depending on 
the kind of tree, to produce a 
plan table tree. It takes four to six 
months to produce a plantable con
tainerized seedling in the green
house. That gives foresters consider
ably more flexibility. For example, say 
there 's a fire in a forester's district. It 

takes three years lead time to get 
replacement trees from a nursery," 
Aim says, while containerized seed
lings could be ready in a fraction of 
the time. 

Aim's research has shown that 
the growth and survivability of con
tainerized seedlings of pines and 
spruces compare very well to 
nursery stock. Aim has also been 
comparing the success of spring 
planting to fall planting of container 
ized seedlings and nursery stock and 
his research has indicated that with 
spruce, at least, survivability and 
growth of fall planted trees is just 
as good or better than those planted 
in the spring. 



Carl Mohn examines a grafted white spruce at 
the Potlatch seed orchard. Gralling retains 
the sexual maturity of the tree. This spruce is 
just beginning to produce some seed. 

A Fungus May Aid Growth 

Bob Dixon is investigating the 
survival and growth of both contain
er ized seedlings and nursery stock 
from another perspective. He's 
looking at a " natural technology':"- the 
symbiotic relationship of mycorrhizal 
fungi with tree roots - that may give 
trees the inside edge on growth. 

As Dixon explains, these fungi 
establish an intimate relationship with 
the tree roots, protecting the tree 
from root pathogens, solubilizing 
minerals in the soil which tend to be 
insoluble such as phosphorus and 
some micronutrients, and making 
these available to the tree. "It's also 
been shown that these fungi increase 
root water uptake, and therefore 
mycorrhizal trees don't experience the 
extreme water deficiencies that 
occur with nonmycorrhizal trees. 
This is an important consideration when 
reforesting dry sites in northern 
Minnesota." 

Besides protecting trees from 
drought stress, the fungi also protect 
the tree from extremes of soil pH and 

Inoculating the planting medium of 
containerized seedlings with selected super
fungi shows potential for encouraging growth. 

extremes of soil temperature . "Of 
course, both of these factors are 
potentially very important in strip 
mine reclamation in northern Minne
sota. Also, mycorrhizal fung i seem 
to ameliorate the toxic responses 
of the tree to such substances in 
the soils as heavy metal," he says. 

In return for all these benefits, the 
host plant provides the fungi with food. 
"Perhaps 5 to 15 percent of the total 
photosynthate produced by the tree 
may go to support the mycorrhizal 
relationship, and that may sound like 
a pretty high percentage of energy to 
hand off to another organ ism. On the 
other hand, when you look at the 
benefits, it's really not a very high 
price to pay. It's recently been shown 
that certain mycorrhizal fungi actually 
stimulate tree photosynthesis, 
and this 5 to 15 percent drain may in 
fact be negated by the increase in 
photosynthesis," Dixon says. 

There are hundreds of spec ies of 
mycorrhizal fungi , and many differ in 
host compatib ility and environmental 
requirements. Finding and selecting 
the best one for the environmental 

conditions and the tree species is the 
challenge. "There are a number of 
species that occur naturally in the 
soils, but there are only a few 
species that are fungi which dramat
ically enhance growth. There are 
some fungi that are more adapted 
to dry sites, and others adapted to 
wet sites, and it is very important 
that you match fungal species with 
tree species, and then match that 
combination to a particular site, 
and get the most favorable survival 
and growth response in the field," 
he says. 

But finding that match is worth 
the trouble . The growth advantage 
has been shown to be potentially 
very significant. "There have been 
tree growth increases of 450 per
cent in the southern states using 
these organisms," Dixon says. 

During the past several years, 
plant patholog ist Elwin Stewart and 
post-doctoral fellow Mary Palm have 
been identifying and collecting 
cultures of these beneficial fungi. 
They have successfully identified 
several fungi which are highly bene
ficial to the survival and growth of 
our commercially important tree 
species. Dixon has also been 
collecting specimens and evaluating 
the feasibil ity of large-scale inocula
tion of container and nursery-grown 
seedlings with selected mycorrhizal 
fungi. 

"We're doing some cooperative 
work with the North Central Forest 
Experiment Station. Their interest so 
far has just been with northern red 
oak, because they're having difficulty 
regenerating this species in the Lake 
States. But there's also interest in 
using mycorrhizal fung i for coniferous 
types," he says. Dixon has been inves
tigating the effect of various fungi . 
on a number of different tree species, 
with a number of different container 
types, fertilization schemes and 
watering schemes. 

He is also looking at the practical 
aspects of producing the mycor
rhizal inoculum. There have been 
some difficulties in growing large 
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A progeny test of white spruce at the 
University's North Central Experiment Station 
at Grand Rapids. The red flags separate 
families. 

batches of the fungi for commerc ial 
use but Dixon believes most of the 
problems can be eliminated. He is 
looking at this aspect carefully 
because, "Once we demonstrate this 
technology I want to see it used 
so I want to make sure private 
industry will be able to grow the 
fungi successfully," he says. 
Dixon plans to compare inoculum 
from a commercia l company to his 
home-grown inoculum to see which is 
best for routine inocu lation. 

Potential Uses in the Nursery, 
in the City 

Mycorrhizal fungal inoculum may 
be especially useful for growing trees 
in the urban environment. "Mycor
rhizal trees seem to have an in
creased resistance to air pollution , 
drought, pathogens, and soil toxins 
and that's certainly important for a 
city tree," he says. 

Dixon also sees promise for using 
the fungi to help speed up nursery 
stock production . "Potentially we 
could cut the two or three years it 
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Top: Grafted seed trees. There are approximately 30 seeds In each cone. Above: Aim and Dick 
Schauntz-Hansen, chief forester at Potlatch Corporation, examine improved stock at the Potlatch 
containerized greenhouse operation. 

now takes to produce plantable same goal - making possible more 
seedlings in tree nurseries down to efficient production and better use of 
one year or two," he says. an increasingly valued Minnesota 

All of the efforts of these forest crop, its forests and trees. 
researchers are directed toward the -Jennifer Obst 
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Growing Minnesota's 
Next Energy Crop 

•� 

WILLOW AND POPLAR trees could 
join corn and soybeans as important 
crops in Minnesota. The fast-growing 
softwoods are being tested as 
potential "energy" crops on peat soils 
in northeastern Minnesota near Zim, 
and in Anoka County, near the Twin 
Cities. 

Minnesota has about seven 
million acres of peat soils - second 
only to Alaska. "Even one million 
acres of willow trees for energy 
would be a big boost the the energy 
supplies for northeastern Minnesota," 
says William Larson, head of the 
University of Minnesota's Soil 
Science Department and team leader 
for the project. 

The research, being done by the 
University's Agricultural Experiment 
Station in cooperation with the 
Minnesota Department of Natural 

Left: Kurt Johnson (left), senior research plot 
technician, and Dale Sherf examine a yield 
evaluation planting . Large blocks of one willow 
hybrid are grown and harvested to evaluate 
the eftect of cutting. One the left is one-year
old material that has been cut and regrown 
from stump. On the right is two-year-old 
material that has not been cuI. Below: A 
newly planted clonal study with willow in 51. 
Louis county at Wilderness Valley Farms. 

Resources, involves growing willow 
or poplar trees in a seven-year 
rotation, then harvesting them for fuel. 
In seven years, the fast-growing trees 
could be about 20 feet tall and about 
3 to 4 inches in diameter. 

Ultimate success depends largely 
on two things: getting high yields and 
developing mechanized harvesting 
procedures. University scientists are 
in their third year on the project. 
Thus far, they've identified 3 of the 
best willow varieties out of 10 
obtained from Sweden for the project. 
Sweden is one of the world's leaders 
in developing energy crops on peat 
soils. "Based on two-year growth 
progress, yields on the Swedish 
willows look very good," says Bill 
Berguson, assistant scientist. 

Yields on willows in the north
eastern Minnesota trials are higher 
than those obtained in Sweden. 
"Minnesota peat soils are higher in 
nutrients and have a higher pH than 
Sweden's peat soils," Larson says. 

Although the scientists are opti
mistic about eventually getting yields 
high enough to make commerc ial 
production economica l, they need to 
measure yields at the end of the 
seven-year rotation to be sure. "Right 
now, our two-year yields compare 
well to two-year yields in Sweden 
and at other U.S. locations in Wis
consin and the Pacific Northwest," 
Berguson says. But yields must 
continue to be high to the end of the 
seven-year cycle. 

Once the trees have been es
tablished - about two years after 
planting - they can be harvested for 
fuel every 4 to 5 years. Trees would 
be cut, then allowed to regrow 
naturally from the stump. Harvest 

1984 MINNESOTA SCIENCE/ 1 13 



\ 

could continue every 4 or 5 years for 
possibly 50 years before replant ing 
would be necessary. 

Larson says the research has 
already helped answer questions 
about fertilization, planting, and 
reproducing from stems of cut trees. 
"We still need to solve some weed 
control problems, but we don't see 
that as a major problem." 

Another part of the equation is 
developing mechanized harvesting 
methods. Researchers in Canada and 
Sweden are working on that, as are 
scientists with the U.S. Forest Service 
in Michigan. "To be economical, 
harvest ing has to be mechanized ," 
Berguson says. Ideally, harvesting 
would involve cutting trees near 
ground level, then bundling them. 
The bundles could be left by field 
roadsides to dry for about a year. 
Moisture content of the trees when 
harvested is about 50 percent. Within 
a year moisture levels are down to 
about 25 percent, which is burnable. 
The harvested trees could be 
processed into chips for easier 
handling, or possibly "densified" and 
shipped to larger population centers 
like Duluth. 

Breeding Program Matches 
Best Variety to Location 

In addition to selecting 3 of the 
top willow varieties from the 10 that 
came from Sweden , the scientist s are 
testing over 350 potential varieties 
of willow and poplar trees. "The 
willows have fared better in St. Louis 
County, but the poplar trees look 
better in Anoka County," Larson says. 
He attributes the difference to varia
tions in climate, not soil. 

"Soils are basically the same. The 
difference is probably due to tem
perature and moisture conditions," he 
says. 

The project has been a team 
effort. Soil scientist Rouse Farnham 
was the original project leader. Soil 
scientist Dave Grigal and hort icul 
turist Paul Read have also worked on 
parts of the project. Agricultural 
economist John M. Heimberger, now 
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At the Anoka county plot Bill Berguson examines various genetic lines of populars. These are 
true clones, grown from hardwood cuttings from the parent. They are measured yearly to track 
their production rates. These poplars are a year old and will likely be ready for harvest in seven 
years. 

with the Minnesota Department of 
Natural Resources, has completed an 
economic evaluation of using the 
woody biomass as fuel in north
eastern Minnesota. 

It probably won 't be economical 
to transport the trees more than 25 to 
30 miles from where they're har
vested. However, scientists expect 
the softwood fuel to be economically 

feasible for places like schools, court 
houses and hospitals in northeastern 
Minnesota. "It will be more econom
ical to heat 'mid-sized' buildings like 
this, rather than individual homes or 
large factories," Larson says. For 
mid-sized buildings the home-grown 
fuel looks promising. 

-Jack Sperbeck 
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Left: Henry Hall (front) and John Haygreen 
observe a particleboard sample being tested 
in their new device. Force is applied by the 
hydraulic press which surrounds the machine. 
Above: The test machine applies increasing 
force until the partic leboard separates. 

New Test Method Helps Ensure 
Particleboard Quality� 
VISIT ONE of the particleboard man
ufacturing plants in Minnesota and 
you'll see large sheets of the board 
being conveyed from immense 
mechanical presses. These hot
pressed sheets will then be cut and 
stacked into towering piles to await 
delivery to lumberyards across the 
country. 

Particleboard is a combination of 
wood chips, resin, and wax sub
stances which are tightly fused togeth
er by heat and compress ion. In the 
past, particleboard was found mainly 
under the wood veneer of table tops, 
cabinets, and doors, or used for 
shelving, or underlayment for 
carpeting. But new technology has 
developed structural particleboards 
which can replace plywood as roof 
and wall sheathing or subflooring. 
The greatest advantage is that par
ticleboard can perform all these 
functions for a lower cost than other 
materials of comparable strength and 
stiffness. 

As a result of its grow ing popu
larity, particleboard is becoming big 
business in Minnesota. Currently 
there are four particleboard plants in 
Minnesota, three of which have been 
built in the last two years. Each plant 
costs between $35 and $60 million to 
build and put into operation. 

As with any manufactured item, 
consistent product quality is impor
tant in keeping satisfied customers. 
But check ing the quality of particle
board has always been a tedious and 
time-consuming job. Now, research
ers with the Agricu ltural Experiment 
Station at the University of Minnesota 
believe they have come up with a 
better testing method. 

John Haygreen, head of the 
Department of Forest Products, and 
Henry Hall, a scientist with the de- . 
partment and principa l researcher on 
the project, have developed the 
Minnesota Shear Test, an easy and 
quick method to check board quality. 

The conventional test uses two 
small, metal blocks glued to the faces 
of a small piece of particleboard . The 
metal blocks are mechanically pulled 
apart, splitting the board. This checks 
the internal bond strength of the 
product. 

"There has been a great dissatis
faction with the present test method 
for many years because the gluing 
and ungluing takes so much time," 
notes Haygreen. The Minnesota 
Shear Test eliminates gluing or 
clamping of a test specimen, and car, 
be used to test wet or dry specimens. 
It tests a particleboa rd specimen for 

internal strength in a way which is 
more clearly indicative of end use 
performance . 

"The Minnesota Shear Test 
device has two opposing columns 
that meet on a 45 degree bias," 
explains Hall. "You put the test 
specimen, for example, a two-by-two 
inch square of particleboard, 
between the two." When the columns 
are compressed together, a shear 
force is created in the test specimen. 
This breaks the specimen in the 
weakest plane parallel to the 
specimen's face. 

Hall tested over 5000 samples of 
a specific type of particleboard to 
create a data base for one product 
type. "We tested one type of board 
from one mill extensively to prove 
that the test is reproduc ible and 
reliable," says Hall. "The question 
was if we could correlate the values 
from this property test with values 
from the current testing method. 
We've proved without a doubt that for 
this board type the values equate 
very welL" 

"The new test makes it easier and 
takes less time for the producer to 
check the quality of the board," says 
Haygreen. "With the current test, 
technicians have to glue the metal 
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blocks to particleboard samples, then 
wait for the glue to harden to begin 
testing. Many press loads of particle
board might be produced before a test 
was completed, wh ich could be 
costly if there 's a problem," he says. 

Hall emphasizes that the test 
doesn't tell the producer what the 
problem is, only that someth ing is 
wrong and needs to be checked. It 
may be a case of not enough resins , 
undercured resin, or a problem with 
panel density. 

"Our technique lets you test 
almost as fast as you can cut 
specimens from the board com ing 
out of the press," says Hall. "Within a 
minute or so, you can get the 
answers and you don 't have to glue 
anything." 

Presently , the Minnesota Shear 
Test is before a committee of the 
American Soc iety of Testing Mater
ials (ASTM), an organization that 
develops standard testing methods 
for a variety of materials. Both Hay
green and Hall expect their 
Minnesota Shear Test to win 
approval within a year. 

The Univers ity has appl ied for a 
patent and a company in Illino is 
wh ich makes forest products testing 
equipment has purchased a license 
to make the mach ine and recently 
sold the first commercial model. 

Agricultural Experiment Stat ion 
Un iversity of M inn esota 
S1. Paul, Minnesota 55108 
Richard J . Sauer, Directo r 

Publ icati on 
Penalty for pr ivate use, $300 
ADD RESS CORRECTION REQUESTED 

At Blandin Wood Products, Grand Rapids, 8 
by 28 foot sheets of " Blandex" particleboard 
are conveyed off the press, before being 
sawn into conventional 4 by 8 foot sheets. 

Both researchers are optim istic 
that the Minnesota Shear Test will be 
a success. "We've gotten inquiries 
from all over the world," said Hall. 
"Once the test receives ASTM appro
val it should be used Widely." Hall 
and Haygreen think that because the 
test equ ipment is compact, portable 
and inexpensive, it may also prove 
usefu l to secondary manufacturers, 
such as cabinet and furn iture makers, 
to check the qual ity of their ship
ments rece ived. 

-Greg Doeming 

Science Note� 
Research Looks At Increasing the 
Energy Value of Green Wood Chips 

The University of Minnesota's Forest 
Products Department has received a 
$306,000 grant from the U.S. Depart
ment of Energy to develop a high 
pressure method to dewater green 
wood chips. 

According to John Haygreen, 
forest products researcher and 
principal investigator for the project, 
the study has as a goal develop ing a 
system that will reduce the moisture 
content of wood and bark ch ips from 
55 percent to 35 percent. "If this 
can be accomplished it will increase 
the am ount of energy from a given 
amoun t of forest residue by 15 
percen t," Haygreen says. 

Now the wood ch ips are being 
burned green because there has 
been no economical method to 
process them to decrease the mois
ture content. To beg in research on 
such a method , this spr ing a 19 foot 
tall hydraulic press will be installed in 
the forest products lab. "We have 
been doing research on this problem 
on a smaller scale for about three 
years," Haygreen says. The hydraulic 
press w ill allow the researchers to 
look at the problem on a much larger 
scale . 
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