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Minnesota's Trees are an Important 
Renewable Resource 
IN THE MINNESOTA Agricultural Ex
periment Station neighborhood, 
forestry research in many ways is the 
new kid on the block. But, as Col
lege of Forestry Dean Richard Skok 
points out, that kid has done a lot of 
growing since he moved in. 

Forestry research formally began in 
Minnesota in 1910 with the establish
ment of the Cloquet Forestry Center, 
now the oldest continuously operating 
university experimental forest in the 
country. But-despite the prominence 
of lumberjack lore in Minnesota 
history-there was little interest in 
managing forests for many years. 
"What we went through in the 1880s 
to the 1920s was essentially cutting 
the forest without any real follow-up 
management and with the idea that C1 

lot of that forest would be converted 
into agricultural cropland," Skok ex
plains. "And of course a lot of it 
proved to be commercially 
undesirable for agricultural produc
tion. Nature just sort of grew what it 
was going to grow. People didn't con
sider it of enough value to do much 
more than protect it in what we refer 
to as custodial management." 

The research that did go on in the 
early years was largely field-oriented. 
Forest products research focused on 
things like preservation of 
fenceposts-again, an offshoot of 
agriculture. According to Skok, it 
wasn't until the century was half over 
that forestry research came into its 
own. 

'Atter World War II, there was a 
growing awareness that the forest 
resource would have something to of
fer for the development of the state," 
he recalls. Congress responded by 
establishing a mechanism for formula 
funding for forestry research (similar 
to the Hatch Act for agriculture) 
through the Mcintire-Stennis 
Cooperative Forestry Research Act of 
1962. "That really, as much as 
anything: stimulated new interest in 
university forestry research," Skok 
says. 

Today forests have taken a promi
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nent position in Minnesota's economy. 
The forest products industry is the 
state's third largest manufacturing 
enterprise, and forest-related activities 
account for some 6 percent of our 
economy. Forestry research continues 
to grow and evolve to address con
stantly changing needs. 

"We've gone through a period 
where management knowledge has 
been developed through observation 
and practice, and now we're moving 
into an era when more of the 
management decisions will be based, 
not only on what is observed and 
practiced, but what science can pro
vide in the way of information," Skok 
says. 

The discipline increasingly em
phasizes laboratory over field 
research, and products research in 
general is continuing to expand. 
Cooperative research with other 
agencies and private industry also is 
becoming increasingly important, as 
is multidisciplinary work. 

"Right now we have two 
cooperative research programs, which 
combine funding from the Experiment 
Station, a foundation grant, the state 
DNR, some of the companies, and 
some of the counties," Skok says. 
"One focuses on tree genetics, a 
take-off on the tree improvement or 
tree breeding research that's been 
done for a long time. We have 
another one similar to tree improve
ment in the forest weed control area. 
And we're trying to establish a third 
in the growth and yield area. Each 
relates to a need of intensive forest 
management." 

The increasing research emphasis 
has brought with it functional 
changes in the College of Forestry. 
"Before 1960, emphasis was largely 
on undergraduate education, and the 
qualifications of faculty reflected that. 
Now, while we look for people who 
can perform in the classroom with 
undergraduates, about two-thirds of 
their time or more is likely going to 
be spent with graduate education 
and as scientists in the Agricultural 

Experiment Station," Skok notes. 
"We're hiring people with much more 
specialized scientific backgrounds 
than we did before." 

Much of the future forestry 
research will build on programs now 
in their infancy. Because the Min
nesota Department of Natural 
Resources has a mechanism for get
ting public input for policy decisions, 
Skok says, "we look to them for 
signals as to the directions some of 
our long-term research programs 
ought to go." Among the emphases 
Skok sees in coming years: 

Forest Management. A major 
challenge facing forest researchers in 
Minnesota is the "second forest," 
now-mature trees that replaced the 
stands of timber razed in early logg
ing days. "We're essentially moving 
from a second to a third forest in 
Minneota, and the second forest has 
got a lot of junk in it," Skok explains. 
"The question is, how do you deal 
with that? A lot of it can't be con
verted into more productive forest 
unless there is some use for it. We're 
preparing the third forest to make it 
as productive as possible, not just in 
terms of timber, but in terms of ac
tively managing the 'wall of wood'
the baby boom of second forest 
trees-to make room for the new 
generation. 

Biotechnology. "We're starting to 
look at new applications in 
biotechnology. There are some op
portunities there that can be very 
helpful in terms of productive forests, 
things like mycorrhizae to increase 
the rate of growth on trees." Conven
tional breeding research efforts such 
as developing genetic resistance to 
white pine blister rust are also can
didates for biotechnology applications. 

Forest Product Research. '" 
would guess that it's going to move 
more and more away from solid pro
ducts into reconstituted (products). 
We started out making log cabins 
from wood; then we sawed the logs 
up into boards: now we're taking it 
into chip form and reforming it-the 
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RESEARCHERS WANT THIS 
WOOD TO LAST 

Richard Skok, Dean of the College of 
Forestry 

logical extension is to break the 
wood down into its component 
chemicals and then use those 
chemicals to make new products," 
Skok says. However, technology and 
economics still pose barriers to this 
development. 

Computer Modeling. Computer 
technology provides a sophisticated 
method of simulating forest and 
wildlife conditions for planning pur
poses. Current expansion in this 
research area will continue, according 
to Skok. And in that area, he says, 
"we've got some of the leading peo
ple in the world right here." 

Fisheries and Wildlife. Research 
in this department , which joined the 
College of Forestry less than three 
years ago, is also expanding. Par
ticular emphasis is on systems 
analysis approaches, fisheries 
physiology, and reproductive 
physiology. 

In general, then, Skok sees forestry 
as making an increasingly large con
tribution to the economy as well as 
the quality of life in Minnesota, and 
views forest research as a central 
component of that contribution. 

"We're into a period now, and this 
is relatively recent, where enlightened 
and expanded management of the 
resource is possible and necessary 
due to increasing pressures on the 
resource," he says. "Research is real
ly at the crux of trying to provide a 
better understanding of the resulting 
complex problems in renewable 
resource use and management so 
that better decisions can be made." 

-Mary Hoff 

The future for wood products such as 
waferboard may be in specialized uses. 
Researchers look at the potential of 
preservative treatments. 

ACID RAIN RECONSIDERED 8 

TRAVELWAYS PROVE DANGEROUS FOR WETLAND BIRDS 

THIS WAR STORY SHEDS LIGHT ON 
WOOD PRODUCT DEVELOPMENT 6 
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Acid rain, by itself, is not the greatest 
threat to Minnesota's vegetation . Research 
suggests that concentrating only on acid 
rain is missing the forest for the trees. 

RESEARCHERS PLAY SCROOGE TO A DANGEROUS 
AND STUBBORN MISTLEIDE 
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Researchers 
Want T is 
Wood 
to Last 
WAFERBOARD AND ORIENTED 
STRAND BOARD (OSB) are outgrow
ing their reputation as poor cousins 
to plywood, and expanding their 
market in subflooring, siding and roof 
and wall sheathing. If some 
Agricultural Experiment Station forest 
products researchers have anything 
to say about it, there will be many 
other uses for these structural wood 
composites as well. 

The first waferboard panels were 
manufactured in Idaho in 1955, but 
the great expansion of these products 
in the U.S. has been over the past 
six years. In 1984, the non-plywood 
panels captured about 8 percent of 
the structural panel market, a share 
that is projected to increase to about 
12 percent by 1988. That will amount 
to over 2.8 billion square feet. As 
quality veneer logs for plywood 
become more scarce, the use of 
waferboard and OSB is likely to 
increase. 

Forest products researchers Roland 
Gertjejansen, Elmer Schmidt and 
Henry Hall have been studying the 
potential of waferboard and OSB. 
"What has got to come for the 
development of waferboard and OSB 
is to move from this general product, 
where everyone uses a 4 x 8 sheet 
as a plywood substitute, to specialty 
applications," says Gertjejansen. 

One such specialty application may 
be preservative-treated board. One of 
the many advantages of wood as a 
construction material is the fact that it 
is a renewable resource. However, 
that also means it is a living thing-a 
potential food source for other living 
things, such as fungi and insects. 
"Waferboard has been used in con
struction for the past 10 to 12 years, 
and we have seen some decay pro
blems develop. People who are using 
wood composites without preser
vatives where they have a moisture 
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hazard are taking a large gamble," 
Schmidt says. 

There is evidence of a growing 
consumer awareness of this problem, 
and growing interest in treated woods 
for such uses as wood decks. 
Preservative-treated plywood is being 
used in all-wood foundations. This 
growing interest in preservative
treated wood products for construc
tion has translated into a 42 percent 
increase in the sale of treated woods 
in the past two years, in the face of 
a decrease in the general sale of 
wood, Schmidt points out. 

The researchers think there is 
room for composite wood products 
here. "We thing you should be able 
to treat waferboard and market the 
panels at a cost considerably lower 
than treated plywood," says 
Gertjejansen. 

Top: Roland Gertjejansen, forest products 
researcher, compares samples of wafer
board (right) and oriented 'strand board 
(OsB). Waferboard is composed of larger 
chips laid out in a random pattern, while 
OsB is made from compressed strands lin
ed up and arranged in layers oriented at 
right angles to one another for strength. 
Waferboard is finding increasing accep
tance in the construction of walls, roofs 
and floors. 

Right now there are no commer
cially treated structural wood com
posites manufactured in the U.S., but 
they are being used elsewhere. 
Australians are now making 
preservative-treated wood composites 
for many specialty applications. In 
Germany all wood composites used 
in moisture-prone areas of 
government-sponsored buildings must 
be preservative-treated. 
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Treated waferboard panels ~re half-buried outdoors to test their long-term durability. Min
nesota researchers are looking for the safest, most effective and practical preservative 
treatments that manufacturers can use. 

But adding a preservative to wafer
board offers more challenges than 
you might think. "We have to look at 
everything from the effect of a 
preservative on the board's physical 
properties, to the kinds of pollution 
problems it will create for a plant that 
manufactures it," Schmidt points out. 

The Goal is to Find the Right Mix 

Waferboard is made with large 
wood flakes, mixed with phenolic 
resins and wax, spread on large 
plates or screens and bonded under 
heat and pressure. The researchers 
have been testing different kinds of 
preservatives, and various ways of 
adding it to the manufacturing pro
cess. They have been primarily 
testing aspen waferboard, the kind 
produced in Minnesota and Canada, 
made with the dry resins used by 
Minnesota waferboard producers. 
Panels are then subjected to lab and 
field testing for strength, swelling 
resistance and durability. 

The challenge is to find the best 
preservative, and the best method to 
add it to the waferboard manufactur
ing process. It is not practical to treat 
waferboard, as plywood is, after 
manufacture with a water-borne 
preservative. Waferboard can swell in 
contact with water, and drying can 
leave an undesirable "wavy" surface, 

requiring sanding. 
All of the materials must work 

together. " If there is incompatibility 
between the preservative and the 
resin there will be a problem. You 
might produce tremendous insect 
and fungi resistance in the board, but 
poor bonding will cause it to fall 
apart when it weathers," Gertjejansen 
says. "Or, one preservative may not 
be heat tolerant, so it degrades in 
the hot press, and you end up with a 
good board but no decay resistance." 

One well known preservative which 
has shown promise is ammoniacal 
copper arsenate. When the wafer
board is treated with this preservative 
by adding it to a wax emulsion in the 
manufacturing process it appears to 
produce a very durable product. "We 
!hink there may be some advantages 
In our heat pressure cycle in getting 
the preservative distributed into the 
product," Schmidt says. 

Hall sums up the issues: 
"Pretreating the wafers works, but it's 
an extra step and may reduce bond
ing strength. Pressure-treating is the 
best way to get it into the board, but 
then you have an unsightly board. 
Putting it in with the resin is a 
possibility, if you are using a liquid 
resin. We haven't found it compatible 
with our resins." In short, "There is 
still a lot more work that needs to be 
done." 

Environmental Concerns Are� 
Important� 

To deal with the environmental 
concerns of using preservative 
treatments, Schmidt thinks there may 
be promise in some chemicals with' 
less toxicity than ammoniacal copper 
arsenate. "We have three candidate 
chemicals. One of them has been 
developed by Source Biological 
Technologies, a University-based 
company. The others are agricultural 
chemicals that have been approved 
and have all the necessary EPA data. 
This is our current phase of 
testing-to take some good candidate 
formulations from the agricultural 
chemical industry, and try them out 
for wood products." 
Schmidt admits the hesitancy on the 
part of waferboard and OSB pro
ducers to tackle the environmental 
issues of a preservative compound. 
"Many companies aren't going to 
jump into this because of the ex
haustive environmental testing that is 
now required, not only in the plant, 
but for the consumer. So that is why 
we are looking at traditional 
chemicals that have a proven 
record." 

And he is optimistic: "Based on 
our specific combinations of 
manufacturing system, wood species, 
and the particular resin we use, we 
think we're fairly close to having a 
good recommendation for a product 
with 30 years or more durability." 
This is added at what should be only 
a very small cost increase. 

All three researchers agree that the 
marketing future of waferboard and 
OSB lie in specialty applications. Hall 
suggests fire-retardant board would 
be another application that needs 
only more research to make practical. 
By diversification and specialization, 
new wood products can position 
themselves in the market, providing 
the research can answer the impor
tant questions first. 

-Jennifer Obst 
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This War Story Sheds Light on 
Wood Product Development 
THE GLIDERS AND TRAINING 
PLANES of WWII look fragile and 
antique today. But during the war 
they met a need, and were an ex
ample of wood product ingenuity. 
They also became useful research 
vehicles for wood product 
scientists. 

At the outbreak of the war, the 
U.S. was faced with a need for 
planes, and a shortage of 
materials such as lightweight 
metals. Two scientists who later 
became members of the College 
of Forestry, professors emeritus 
Henry Hansen and Frank Kaufert, 
remember: 

"We had a whole industry that 
we weren't using in the war effort 
and that was the furniture industry. 
If they were retooled they could 
make wood trainer planes and 
gliders," says Kaufert. 

"The Army Airforce needed 
thousands of the big gliders for 
the Normandy invasion. They also 
needed planes to train new pilots. 
These planes were all wood, and 
the gliders were large enough to 
carry a small tank and up to 20 
parachuters or armed troops," 
adds Hansen. 

The gliders were fragile-the 
veneer on the wings was only an 
eighth of an inch thick. However, 
they were strong enough for their 
one use: to be towed by other 
planes to land armed troops, 
under cover of darkness, behind 
enemy lines. 

To produce those planes and 
gliders, the researchers had to 
create new technology. "First, we 
had to develop a stronger glue 
than we had before. The old glues 
were casein glues, alright for fur
niture use, but not durable for ex
terior work," says Hansen. 

The phenolic resin glues 
developed then are the glues that 
are used today in waferboard and 
other wood products. Kaufert was 
involved with the initial research at 
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'., 
The gliders of WWII proved a good test and incentive for wood product development. 

the Federal Forest Service Forest 
Products Laboratory in Madison, 
Wisconsin. In 1942 there were as 
many as 1000 people at the 
laboratory working on woods for 
planes. This was the center of 
wood aircraft research, says 
Kaufert. Hansen trained there 
before taking his first army assign
ment at the Villaume Box Lumber 
Company of St. Paul, which pro
duced wing units for gliders during 
the war years. 

The war-time lessons in wood 
technology were to be used later 
in the development of waferboard. 
"We learned a lot not just about 
the kind of glues but about their 
application. The need for better 
environmental controls of 
temperature and moisture in 
building the planes and gliders led 
to generally more sophistication in 
the manufacturing process," 
Hansen says. 

Other wood uses and products 
were also developed at this time. 
Wood veneers were impregnated 

with phenolic resins to produce a 
product named impreg. The resin-
impregnated wood was compress
ed to the density of a soft metal, 
and this material, called compreg, 
was used as a replacement for 
soft metals. Both these materials 
found some civilian uses. Com
preg, for example, has been used 
in golf club heads and knife 
handles, and impreg used in ten
nis racket frames. 

Kaufert and Hansen returned to 
the University after the war, 
Hansen to continue in forestry 
research: "My war-time experience 
was my only forest products work," 
but Kaufter continued his work on 
wood products, and among his 
research over the years included 
research on wood preservatives. 
Wood gliders and trainer planes 
were an ephemeral product of the 
war, preserved now only in 
photographs. But the technology 
they created remains. 

-Jennifer Obst 
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Travelways Prove Dangerous for 
Wetland Birds 

Wisconsin Department of Natural 
Resources set up the study, in 
cooperation with the U.S. Fisheries 
and Wildlife Service. Landowners with 
wildlife easements have asked that 
the restrictions on these easements 
be relaxed to allow a partial filling of 
wetlands for travelway construction. 

Cooper's research indicates that 
move would be unwise. "Since bird 
nest success in the wetlands is very 
poor, it is probably not advisable at 
this time to construct travelways in 
wetlands with easements," Cooper 
says. 

Farmers who have easements are 
paid by the wildlife service not to fill, 
drain or burn wetlands, whereas 
farmers without easements on their 
land are not restricted from building 
travelways for irrigation systems. 
Cooper predicts that farmers who 
want to construct center pivot irriga
tion systems will hesitate before 
agreeing to easements with the 
wildlife service because of the con
tinued restrictions. 

"Wetland birds are doing poorly in 
farming regions in the Midwest," 
Cooper says. "We hope that in the 
future, management programs can in
crease nest success." 

Although he sees irrigation 
travelways as contributing to the 
decline of nest success, Cooper does 
not believe farmers are solely at fault. 
"Farmers are caught in a bind of 
economic necessity-they must pro
duce enough crops to pay the bank 
and stay out of debt," Cooper says. 
"Sometimes this includes farming 
marginal land and draining wetland 
to the detriment of birds and other 
wildlife. We have to recognize that 
wildlife is a crop of the land too," he 
says. 

The bottom line, Cooper says, is to 
provide economic incentives for 
farmers to keep wildlife on the land. 
"That's the challenge. I don't think it's 
going to be accomplished by blaming 
anyone for the current situation," 
Cooper says. 

-Julie M. Gravelle 

1985 MINNESOTA SCIENCE/4 

Wildlife researchers study the survival needs of wetland birds. 

DURING THE GROWING SEASON, 
the area in west central Minnesota 
commonly known as Bonanza Valley 
is alive with budding crops and thriv
ing wetlands. Scattered among the 
green valleys are irrigation systems 
that provide much-needed water for 
those crops on the valley's sandy 
soil. In fact, center pivot irrigation 
systems have enabled farmers to 
shift from dryland crops such as 
wheat and oats to high-yield corn 
and specialty crops. Most irrigation in 
Minnesota is done in the prairie 
wetland region. 

In areas where the farmland 
borders prairie wetlands, travelways 
are built, allowing equipment to pass 
through marshy-like areas without 
bogging down. Unfortunately, farmers' 
use of travelways for irrigation 
systems may be harmful to a primary 
area inhabitant: wetland birds. 

In a five-year study of bird abun
dance in prairie wetlands, James 
Cooper, Agricultural Experiment Sta

tion fisheries and wildlife researcher, 
found that nest success of red
winged blackbirds, meadowlarks, 
marsh wrens, and others was 
significantly lower in wetland areas 
with travelways than in wetland areas 
without travelways. 

"The travelways provide predator 
access to the nests," Cooper said. 
He found nests that had been 
plundered by raccoons, striped 
skunk, red fox and mink, who used 
the travelways to find the nests. 

Eighteen wetlands in the Bonanza 
Valley were studied from April 15 to 
August 30 in 1981 and 1982. Results 
of the study indicate that predator ac
cess decreases productivity of 
nesting bird populations two to three 
times that of an undisturbed marsh. 
Cooper also found that while 
travelways increase the amount of 
shoreline and plant diversity, they do 
not enhance nest diversity or 
breeding species diversity. 

Cooper and Todd Peterson of the 
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Acid Rain Reconsidered� 
MORE THAN A DECADE after 
Swedish scientists first accused 
Brit ish industrialists of polluting 
Sweden's forests, lakes and streams 
with airborne pollutants called "acid 
rain," scientists at the University of 
Minnesota and elsewhere have deter
mined that acidic precipitati on 
represents only one component of 
the air pollution that impacts vegeta
tion. As a result of undue emphasis 
on acid rain by the press, public and 
polit icians, regulatory efforts have 
been misdirected. The most signifi
cant air pollution elements with im
pacts on vegetation, oxides of 
nitrogen and ozone, are increasing 
unabated each year in Minnesota, 
the U.S. and Europe. 

According to Sagar Krupa, project 
leader of the Air Pollution Program in 
the University's Department of Plant 
Pathology, scientists have never been 
able to prove direct injury to foliage 
due to the fallout of acidic rain under 
natural cond itions. And yet, says 
Krupa, until the beg inning of the 
1980s, acidic rainfall was blamed as 
the major cause of forest decline as 
observed in Germany's Rhur Valley 
and New York's Adirondacks. The 
new thinking, set forth by Krupa and 
others, suggests that the combined 
effect of sulfur dioxide, oxides of 
nitrogen and ozone are of major in
fluence in the cause-effect relation
ship with tree species. 

Air Pollution: More Complex Than 
Originally Suspected 

Pollutants are generally described 
in terms of primary and secondary 
pollutants. Primary pollutants are 
those that are toxic when first emitted 
into the atmosphere, and include 
sulfur dioxide, oxides of nitrogen and 
certain hydrocarbons. Secondary 
pollutants are created by 
photochemical reactions from 
previously existing pollutants. An ex
ample of a second ary pollutant is 
ozone. 

Once emitted into the atmosphere, 
primary pollutants move through a 
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series of complex reactions in the 
presence of sunlight. Sulfur dioxide, 
the most toxic and most abundant in 
terms of atmospheric acidity, reacts 
with moisture and becomes H2S04, 
an acidic aerosol that is subsequently 
neutralized by other atmospheric con
stituents. Ozone, the most important 
photochemical pollutant for vegeta
tion , is produced when nitrogen diox
ide combines with atmospheric ox
ygen in the presence of hydrocar
bons. Industry and power plants emit 

Above: These raspberry leaves show symp
toms of acute sulfur dioxide injury. Upper 
right: These silver fir in southern Germany 
show the results of combined stress of air 
pollutants. Bottom right: Plant pathologist 
Sagar Krupa collects acid rain samples with 
this device in many locations across the 
state. This one is at the Southwest Experi
ment Station at Lamberton. 

about 75 percent of the sulfur dioxide 
and about 50 percent of the nitrogen 
dioxide; transportation sources emit 
less than 5 percent of the sulfur diox
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ide and about 40 percent of the 
nitrogen dioxide. 

Krupa says over half the emitted 
sulfur dioxide falls to the earth as 
dryfall (in the absence of rain) and 
the remainder is converted to H2S04 
while being transported hundreds of 
miles downwind. The proportion of 
acid that isn't dryfall is left to fall as 
acid rain, a proportion that decreases 
with distance from the source. 
Nitrogen dioxide, on the other hand, 
is produced in the greatest amounts 
in the early morning rush hours in 
Chicago, Cleveland and other cities, 
and converted to secondary 
pollutants in the greatest proportion 
during peak daylight hours-by that 
time the air parcel containing these 
pollutants is hundreds of miles down
wind and in the summer that means 
Minnesota. 

Monitoring Pollution Trends Leads 
to Reassessment 
Since 1976, Krupa has been involved 
in the National Atmospheric Deposi
tion Program, a transregional effort to 
monitor the long term trends and 
chemical make-up of rainfall at over 
100 sites across the U.S. This ap
proach allows comparison of data 
from the Upper Midwest through the 
Ohio River Valley to the Northeast. 
Results from the study present a 
decidedly different picture than that 
perceived by scientists in the 1970s. 

Among the findings: 
• Primary pollutants, and thus 

secondary pollutants, are deposited in 
the highest concentrations over Ohio, 
Pennsylvania and parts of New York, 
decreasing in a northerly direction 
toward Maine and in a westerly direc
tion toward Minnesota. This suggests, 
contrary to earlier views, that the 
areas of highest pollutant emissions 
are also the areas receiving the most 
toxic fall out of pollutants. 

• The greatest proportion of 
deposition falls as dry fall and not 
with rain, again contrary to earlier 
views. 

• Only 10 percent of the rain that 
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falls in Minnesota is more acidic than 
nonpolluted rain and most of this 
comes from the seven county metro 
area. "Most of the sulfur that comes 
into Minnesota has been around for a 
couple of days and has already been 
neutralized," says Krupa. 

• The geographic fallout of 
pollutants is seasonal: Minnesota 
receives most of its interstate 
pollutants during the summer when 
air parcels move in a clockwise direc
tion from the Atlantic Coast through 
Ohio to Minnesota, in contrast to 
winter when air parcels generally 
move counterclockwise bringing snow 
primarily from the Northwest. 

Pollution Can Be Deadly for Plants 
Scientists do not question the 

premise that sulfur dioxide, oxides of 
nitrogen and ozone are individually 
toxic to plants in greater than am
bient proportions under defined en
vironmental conditions. The problem 
comes when one moves from the 
laboratory to the f ield. 

Under laboratory conditions sulfur 
dioxide has been shown to cause the 
death of leaf tissue between veins; 
oxides of nitrogen causes white, 
brown or tan dead areas between 
veins and a waxy coating on leaf sur
faces; ozone causes bleaching on 
leaf surfaces, browning and death of 
conifer needles. 

In the field, new variables are in
troduced such as climatic and 
biological stress, as well as the 
culminative, long term impact of 
primary and secondary pollutants. ''As 
opposed to short-term effects 
demonstrated in the lab, exposing 
plants to low pollutant concentrations 
for prolonged periods with short-term 
peaks can result in chronic injury. 
This is generally manifested by 
chlorosis, premature leaf drop, loss of 
vigor and greater susceptibility to 
disease and pests," says Krupa, "and 
this is what we're seeing in Califor
nia, Germany and elsewhere." 

Scientists have only recently begun 
to study the combined effect of 
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This satellite photograph shows a typical pattern of the clockwise movement of pollutant 
clouds from northeast through central United States to the eastern half of Minn esota in late 
June . 

pollutants on plants. This means par
titioning the specific contribution of a 
pollutant to the overall multiple stress 
to which vegetation is subject to, as 
well as studying the combined impact 
of pollutants on plants. According to 
Krupa, research has already shown 
the combination of ozone and 
nitrogen dioxide to be significantly 
more toxic to vegetation than sulfur 
dioxide. 

Early Abatement Strategies 
Misdirected 

According to Krupa, abatement ef
forts to reduce acid rain have failed 
to consider the whole pollution pic
ture. Since the mid seventies, these 
efforts have focused on sulfur diox
ide, including the introduction of man
datory desulfurization requirements 
for new plants and utilities, while 
disregarding the role of Nox in the 
formation of ozone and other 

photochemicals. "In my opinion, the 
greatest pollution threat to vegetation 
is from ozone and oxides of nitrogen, 
but very little has been done to 
reduce their emissions." 

As pointed out in the November, 
1985 issue of Science, the 
desulfurization processes required of 
new coal burning plants and of other 
industries are not very effective in 
removing oxides of nitrogen nor are 
similar devices designed for 
automobiles. Such regulatory 
strategies have been based on 
limited laboratory experiments and 
the early assumption that acid rain, 
by itself, represented the greatest 
threat to the environment. 

Says Krupa, "We do have some 
air quality problems in Minnesota but, 
in terms of crops and trees, acid rain 
is not one of them." 

- John Colmey 
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Researchers Play Scrooge to a 
Dangerous and Stubborn Mistletoe 

The most obvious signs of mistletoe presence are the "witches' brooms" that grow in 
response to the parasite 's infection. The uncontrolled growth stunts, and eventually kills the 
trees . Ten to twenty perc ent of Minnesota's black spruce are infected. 

KISSING'S ABOUT THE LAST 
THING Dave French has in mind 
when he stands beneath the 
mistletoe. The mistletoes that interest 
French, a plant pathologist, are not 
the leafy kind one sees at Christmas. 
Instead, he and fellow researchers 
are trying to find ways to control the 
dwarf mistletoes that parasitize con
ifers, including many of North 
America's most important timber 
species. 

Dwarf mistletoes cost the U.S. and 
Canadian forest industries dearly; in 

the United States, they cause an 
estimated annual loss in production 
of 3.3 billion board feet, worth more 
than $100 million. These parasitic 
plants are host specific-a given 
species generally attacks only one 
tree species. The eastern dwarf 
mistletoe (EDM) infects 10 to 20 per
cent of Minnesota's one million acres 
of black spruce, the state's most 
valuable pulpwood species. 

In the early 1960s, French and 
forest scientist Frank Irving showed 
they could stop the spread of EDM 

by burning pockets of infected trees. 
With forest scientist Merle Meyer, 
French developed a detection system 
using aerial photography. "We out
lined areas where mistletoe was ap
parent and went one or two chains 
(66 to 132 feet) beyond that to be 
sure we destroyed any trees with la
tent infections. Our controlled burns 
were like nature's way of controlling 
dwarf mistletoe," French says. 
"Wildfires used to limit its spread, but 
since they've been all but eliminated, 
it has become a much greater 
problem. 

"When we began to run into a lot 
of opposition to burning, we tried us
ing herbicides to wipe out infection 
centers. They work, but they're ex
pensive and you must monitor the 
area to be sure you haven't adversely 
affected the ground water supply or 
anything else in the environment. 
Monitoring is difficult to do in remote 
areas." 

Mistletoe's Life Cycle Is Complex 
A look at EDM's life cycle will help 

in understanding the control problem. 
When a mistletoe seed germinates 
on the branch of a black spruce, it 
grows into the wood and begins to 
absorb nutrients from the host. The 
third year after infection, leafless 
mistletoe shoots begin to erupt from 
the branch. These produce either 
male or female flowers the spring of 
the fifth year. If the plant produces 
female flowers and they are 
pollinated, berries will result. When 
the berries ripen in late summer, the 
seeds are explosively ejected from 
them for up to 50 feet. The seeds 
have a sticky coating and readily 
adhere to the needles and branches 
of trees and anything else in their 
trajectory, even wildlife. After the male 
flowers bloom or the seed is dis
persed, the aerial shoots drop off. 

A tree responds to EDM by pro
ducing a bushy mass of branches 
and twigs, or a "witches' broom," at 
the site of infection. The broom 
grows rapidly for 5 to 10 years, ab
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sorbing ever more of the tree's 
nutrients and reducing its vigor. Even
tually, even the broom succumbs, 
and the tree is dead. 

Over the years, French and his 
students have learned much about 
EDM. They learned when it flowers 
and ripens its fruit. They and others 
including Tom Nicholls, a forest 
pathologist with the USDA's North 
Central Forest Experiment Station on 
the St. Paul campus, found that birds 
and squirrels sometimes unwittingly 
carry seeds to distant locations and 
start new pockets of infection, 
although this is only an occasional 
mode of dissemination. And, they 
learned that EDM poses little threat 
to white spruce plantations in 
Minnesota. 

One of French's students, Fred 
Baker, did his Ph.D. thesis on EDM 
seed dispersion. Baker, horticultural 
scientist Mark Brenner, and French 
wrote a proposal, funded by the 
Blanoln Foundation, to do basic 
research to learn the hormonal 
mechanisms related to brooming. 
Brenner and French recruited another 
graduate student, Bill Livingston, to 
do the analyses in Brenner's lab. 

Meanwhile, Baker was finishing his 
thesis. Brenner recalls, "I went to his 
final exam and when I learned how 
seeds were dispersed, I almost fell 
off my chair. The light came on bright 
and clear-all we had to do to con
trol mistletoe was to control seed 
dispersion and the mechanism that 
triggers seed dispersion, abcision." 

Hastening Growth May Throw the 
Mistletoe Off Its Stride 

With the new insight into the prob
lem, Brenner asked Livingston to 
conduct trials with ethephon, a 
chemical that promotes ripening by 
releasing ethylene into plant tissue. In 
late summer, Livingston sprayed 
ethephon on EDM at the Cloquet 
Forestry Center. When he returned in 
two weeks, he found that all the 
aerial shoots had fallen off 
prematurely, the three-year-old ones 
with their developing flower buds and 

1985 MINN ESOTA SCIENCE/4 

The EDM at two stages in its life cycle: The flowers (above) appear five years after the tree 
branch is infected. Below: Berries, that enclose the mistletoe seeds, ripen in late summer of 
the fifth year. These stic ky seeds are ejected onto other branches and trees, and start the 
cycle over. 

the four-year-old ones with their 
developing fruits. Even more striking 
was that the ethephon acted selec
tively; it did not cause any spruce 
needles to drop. 

In 1980, Livingston began to work 
with plant pathologist Robert Blan
chette to find the best time and way 
to control EDM with ethephon. "The 
chemical seems to hasten the natural 
ripening process," Blanchette ex
plains. "In late summer, the mistletoe 
shoots are at a stage of maturity 
where all they need is a little 
ethylene and off they go. But in the 
spring, ethephon causes only some 
of them to abscise. We tested for

mulations made with various stickers, 
which help the ethephon adhere to 
the foliage, and found we can cut the 
concentration about in half, to 1,250 
to 1,500 parts per million, and still get 
effective control." 

Is ethephon the solution to Min
nesota's EDM problem? The 
chemical, which is already used on 
many horticultural crops, is nontoxic 
and persists only about 24 hours. 
Although Blanchette hopes to work 
with the Department of Natural 
Resources on large-scale trials to test 
its effectiveness in northeastern Min
nesota, he admits that the treatment 
controls seed dispersal for only two 
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Fire is an effective and economical strategy in some cases to control the spread of the 
mistletoe. This black spruce forest in Manitoba was heavily infected with mistletoe. After 
logg ing , the area was burned to eliminate the parasite. 

years, and it may be too costly and 
time- and labor-demanding for most 
situations. He says, " It's very likely 
that ethephon will be a practical con
trol for dwarf mistletoe only in high
value stands of spruce, like those in 
recreational and urban areas and for 
seed orchards." 

The most rewarding application of 
the ethephon treatment may well be 
outside Minnesota, in the West. Tom 
Nicholls has already tried it on 
lodgepole pine in Colorado. The 
dwarf mistletoe that infects this pine 
has a longer life cycle than EDM. 
Nicholls thinks a single treatment 
may control significant seed dispersal 

for four or more years, long enough 
for a tree to outgrow the parasite and 
develop into something worth 
harvesting. He points out that the 
problem is acute: 30 percent of all 
lodgepole pine is infected and as 
much growth may be lost to the 
parasite each year as is harvested. 

Keeping a Distance May Be a 
Solution for Minnesota's Jack Pine 

What then about Minnesota's 
potential lodgepole mistletoe problem 
on jack pine? Dave French is con
vinced that the solution has long 
been at hand. He and Fred Baker 
are helping Manitoba plan and imple
ment a program to control dwarf 

mistletoe on jack pine. This is the 
same species that infects lodgepole 
pine, and so far the management 
program has pushed the nearest 
pockets of infection 90 miles from the 
Minnesota border. 

"That's enough of a butter zone so 
that this mistletoe should not be a 
threat to Minnesota's jack pine for 
many years, if ever," he says. 

French thinks the Manitoba pro
gram could well be a model for Min
nesota. He says, "When the 
Manitobans find pockets of infection, 
they cut in blocks so that the 
mistletoe is eliminated. They harvest 
the large trees and destroy all the 
small ones that could serve as 
sources of infection with fire, her
bicides or equipment. Similar prac
tices could be used here to reduce 
the impact eastern dwarf mistletoe 
has on our black spruce resource. 
Most of our black spruce grows on 
wet sites in Itasca, Koochiching, St. 
Louis and Lake counties. This land is 
owned mostly by our state, federal 
and county governments, although 
some is in private hands. Every time 
there's a sale of timber, there should 
be a dwarf mistletoe assessment and 
practices should be applied to deal 
with the pest right then and there. 

" I think fire's still a very feasible 
approach. It's ridiculous to allow 
thousands of homes to burn firewood 
and yet not allow controlled fires 
because of concern about air pollu
tion. Why not allow a fire now and 
then to eradicate this disease 
because once it's gone, it may be 
gone for a hundred years? We are 
optimistic that private industry will 
pursue these control strategies that 
will result in reduced losses to 
mistletoe." 

French and Blanchette are also op
timistic that the DNA will initiate long
term field studies to evaluate various 
control options for eastern dwarf 
mistletoe. Some day Minnesota may 
be able to kiss this costly disease 
goodbye. 

-Sam Brungardt 
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•Miniatures Are a Big Help In� 
Shelterbelt Planning� 
SOME TINY ARTIFICIAL TREES are 
having a dramatic effect on how 
farmstead shelterbelts in Minnesota 
will look in the future. Agricultural Ex
periment Station researcher Harold 
(Scotty) Scholten started setting 
scale-model, artificial trees out in 
snowstorms in the winter of 1984-85 
to measure snowdrift patterns. 

"Our results were dramatic. We 
discovered that we've been putting 
the shrub row in the wrong location 
throughout the history of Minnesota 
shelterbelt plantings," Scholten says. 
In the past, the shrub row was 
located on the windward or outside, 
adjacent to the outside tree row. This 
was a major cause of snow damage 
to inside conifer rows of shelterbelt 
trees. 

"We need to improve the design of 
Minnesota shelterbelts," Scholten 
says. Many older shelterbelts are 
deteriorating and will need to be re
juvenated shortly. 

"Farmers who have a shelterbelt 
say they wouldn't do without it. We 
have fewer farmsteads, woodlands 
and fence lines with larger expanses 
of open fields. With fewer obstacles 
to slow down cold winter winds and 
blowing snow, today's farmsteads are 
islands in a sea of open fields. That 
means we need farmstead 
shelterbelts more than ever before," 
he says. 

Shelterbelts planted in the early 
1920s and 1930s have either been 
removed or have deteriorated to 
where they're no longer providing 
maximum protection. And "belts" 
planted in the 1940s and 1950s are 
in early stages of deterioration. Prob
lems with shelterbelt trees dying are 
the direct result of planting the trees 
too closely. And the older the belt, 
the closer the spacing. 

"During the early years there was 
too much emphasis on getting the 
earliest possible wind and snow pro
tection. You get early protection by 
planting at a close spacing and by 
planting fast growing hardwoods. But 
some hardwoods are short lived." 
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Spacing has gradually increased 
over the years-mainly to accom
modate increasing size of cultivation 
equipment. "Close spacing and im
proper arrangement of species
especially location of the shrub 
row-also cause considerable snow 
damage to the inside rows of conifers 
during the early years of the belt." 

Scholten has been stUdying snow 
distribution patterns, snow damage 
and degree of deterioration in 
shelterbelts since 1978. He has also 
studied species arrangements and 
spacings to try to determine what 
shelterbelt design would eliminate 
snow damage and provide maximum 
protection and enjoyment for several 
generations of farm families. 

Shelterbelt Designing Takes a Clue 
from Highway Research 

In the winter of 1984-85 he started 
using the scale-model shelterbelts of 
artificial trees. " I got the idea by 
reading an article about a highway 
research project on snow fence in 
Wyoming-they were using lathe to 
scale and setting them out on a lake 
to measure snow protection." The 
day after Christmas, he and his wife 
went shopping for half-price, 
miniature artificial trees and shrubs to 
use in his own research project. 

He set the model farmstead 
shelterbelts (mounted on plywood) 
out in open fields at the University's 
Rosemount Experiment Station. " I 
found if the wind was blowing 20 
miles per hour or less there was no 
need to set the model out. You could 
sit there three hours and not much 
would happen." 

Ideal wind velocities for his study 
are about 30 miles per hour. Then it 
takes about 45 minutes for snowdrifts 
to form a typical pattern. The coldest 
part of the job? "Laying on your 
stomach to take pictures of the snow 
patterns," he answers. 

As a result of his research, he's 
making some major changes in 
shelterbelt recommendations: 

1. The between- and within-row 

spacing should be increased to 20 
feet for most species. Increasing 
between-row spacing will result in a 
series of snow "catches," which will 
reduce snow damage. Increased 
spacings will give each tree more 
light and more available soil moisture 
for healthier, fuller crowned trees for 
a longer period of time. 

2. The shrub row should not be 
planted adjacent to the outside tree 
row. Instead, it should either be 
planted about 70 feet in the field to 
the windward side, or at least 20 feet 
to the inside of the inside tree row. 
This provides a snow catch and 
reduces or eliminates snow damage 
to trees. The shrub row can be 
removed when the main belt 
becomes effective. 

Many farmers object to putting the 
shrub row in the field (about 70 feet 
from the shelterbelt) because they 
assume this would take more 
cropland out of production. But this 
does not take more land out of pro
duction, Scholten says. " It takes a 
strip of land out of production 70 feet 
from the main shelterbelt. But it 
'frees up' (for cropping) a strip of 
land adjacent to the outside tree row 
where the shrub row was normally 
planted: ' he adds. 

A major advantage is that the 
snow-catch area will produce higher 
crop yields than anywhere in the field 
due to increased spring soil moisture 
from melting snow and decreased 
wind velocity-resulting in decreased 
transpiration and evaporation during 
the growing season. 

On the other hand, putting the 
shrub row on the inside of the 
shelterbelt may prove to be the ideal 
location. This has three advantages: 

It frees up about 20 feet of land for 
crop production. 

Snowdrifts caught by the shrub row 
can't cause any damage to trees. 

Considerable amounts of snow are 
stopped within the shelterbelt where 
it will replenish the soil moisture in 
the spring and benefit trees. 

3. Plant at least 3-4 rows of con
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Right : Older windbreak designs are not as .effec t ive as ones being pl~ntl':d now. In !hi s ca~e !he north-south tree and shrub rows are planted 
too close together and too clo se to the bu ildinqs. The huge snow drrfts Interfere wit h traffic In the farmstead . The snow drifts in Scholten's 
mo del (left) rep licate the sno w pattern found in this shelterbelt . 

~ . 

~. 

This model (left) shows that th e shelterbelt pattern is no t th e best either. The shrub row is too close to the trees and as a result the snow 
buries the trees. The pattern is similar in the real li fe example (right) . 

It takes one half to one hour for snow to accumulate in Scholten's model. This design (left) has t rees 20 feet apart with the shrub row 60 
feet into th e fi eld, so it catches snow before the trees, and prevents damage to them. 

ifers, preferably spruce and cedar. woods can be used for fuel. scale-model artificial trees? " I should 
This is the key to good winter Complete details on Scholten's new have started 15 or 20 years earlier," 
protection. shelterbelt recommendations will be he says. 
4. Remove faster growing hardwoods available in a new bulletin from coun
in outside rows after conifers are ty Extension offices. - Jack Sperbeck 
ready to provide protection. Hard- His only regret about using the 
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done promptly upon detec.on. In 
their study, conducted in two Twin CiScience Note 

PRUNING FOR DUTCH EL 
DISEASE IS EFFECTIVE 

MINNESOTA'S URBAN FORESTERS 
should reconsider therapeutic pruning 
for Dutch elm disease as a way to 
save money and trees, say scientists 
with the University of Minnesota 
Agricultural Experiment Station. 

When elms across the Midwest 
first began dying from Dutch elm 
disease in the late 1960s, urban 
foresters wrote off pruning as a costly 
and ineffective method of containing 
the disease. However, findings from 
research by University of Minnesota 
plant pathologist David French and 
Frank Baker, extension forester with 
Utah State University, suggest that if 
pruning had been employed, 
thousands of dollars and trees could 
have been saved. 

Urban foresters contend that 
therapeutic pruning-cutting back 
branches that show signs of Dutch 
elm disease-does not save trees, 
but only prolongs their removal. 
Therefore, they say it's cheaper to 
remove trees immediately upon 
detection of the disease and avoid 
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Elms are an important part of the qualit y of 
life in towns and cities. 

the high administrative costs of prun
ing. They also consider therapeutic 
pruning to be poor sanitation 
because of delays involved in the 
lengthy bidding processes they must 
go through to secure private contrac
tors to do the pruning. 

French and Baker now believe the 
opposite to be true: pruning is 
cheaper, faster and more efficient if 

ty suburbs between 1981 and 1983. 
32 trees of a combined American 
elm population of 3,400 trees were 
pruned. Of those 32, 25 are still 
alive. Pruning costs averaged $33.60 
per tree, the removal costs for the 7 
trees that died was $781 and the total 
cost of the project was $1 ,856. If the 
usual procedure had been 
employed-removing all 32 trees im
mediately upon detection-total cost 
would have been $5,351. 

So, why spend money to prune 
trees that may die and have to be 
removed anyway? 

The answer lies in what 
economists call the power of com
pound interest. In the case of the 
study, if the difference between total 
pruning costs, $1,856 and total possi
ble removal costs, $5,351 , had been 
reinvested at 10 percent interest, it 
would take less than three years to 
recover the pruning costs. Thus, if 
the trees did not become infected 
during the next three years, the com
munity would be making money in 
addition to having more trees to 
enjoy. 

-John Colmey 
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