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Where Have All The Forests Gone? Long Ago?� 
Around 1910, almost half of the 

state of Minnesota was forested. Today, 
less than 30 percent is. Agriculture, 
urbanization, recreation and transporta 
tion are gradually taking over the forests, 
researchers have found. 

Research assistant Antony Cheng and 
experiment station scientist Alan Ek, in 
the Department of Forest Resources, 
found that almost eight million acres of 
forest land were converted to other uses 
from 1910 to 1990. 

"The tendency to sacrifice forest land 
for urban, industrial, and agricultural 
growth puts Minnesota' s forest resources 
in jeopardy," says Ek, "not only for the 
forest products industry, but also for 
recreation, wildlife, aesthetics, and envi
ronmental quality. In particular, in the 
agricultural and urban areas, forest lands 
have been so reduced in size and number 
that water qualit y and biodiversity have or 
are likely to be severely compromised." 

Cheng and Ek compared Forest 
Inventory and Analysis (FIA) surveys of 
the North Cent ral Forest Experiment 
Station from 1936, 1953, 1962, 1977 and 
1990, and U.S. census data going back to 
1910. "The forest area of Minnesota has 
declined without much fanfare since set
tlement times," says Cheng. "Forest land 
between 1930 and 1950 was lost primari
ly to agricultu re. Since the 1950s the loss 
has been due to growth in industry, 
expansion of transportation corridors, and 
urban growth in addition to conversion to 
agriculture." 

A cycle of development in Greater 
Minnesota accelerated the process. 
Improved transportation helped industry 
move out from the Twin Cities. This 
increased demand for facilities and ser
vices, such as rights-of-way for roads, 
utility lines, housing and schools. "People 

While roads improv e access to forests, they also change their character. Experiment station 
researchers fin d that eight million acres of Minnesota forests were lost 10 agriculture, roads, 
urban develop ment and other uses f rom 1910 to 1990. 

value elect ricity and roads more than trees 
and they don' t see the cumulative effect, " 
says Cheng. "Economically, forest land 
just can' t compete." 

The study looked at each of 
Minnesota' s four FIA regions and found 
differing patterns of land use, develop
ment and forest loss. 

The most radical, historic change in 
land use occurred in the prairie area of 
western Minnesota, from Canada to Iowa. 
"Only 22 percent of the 1910 forest land 
remained in 1990," Cheng says. "Much of 
the two million acres gained by agricul
ture was converted from forest land and 
forested wetland s in the northwest coun
ties." In recent decades the rate of conver
sion leveled off. The region actually 
experienced a slight increase of 120.000 

acres of forest since 1977. 
In the aspen-birch Arrow head region, 

about one million acres have been con
verted for crops, pasture and urban uses. 
"The majorit y of the residents of the 
range are no longer farmers or even part
time farmers," Cheng says, "but non
forest use of the land is increasing. " In St. 
Louis county more than 115,000 forested 
acres have been converted to other uses 
over the last 30 years. 

In 1910 the pine area of north central 
Minne sota was 75 percent forested. It is 
now down to 50 percent. "About 39.000 
acres per year were displaced," Ek says. 
The 1950s and 1960s growt h of recreation 
from Brainerd to Bemidj i fragmented the 
forest. "Construction of roads and recre
Forests continues Oil page 2 
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ation infrastructure also contributed to the 
forest loss," he says . 

The central hardwood region, 
extending from Alexandria to the south
east comer of the state, was most directly 
affected by expansion of the seven county 
metro area. Both forest land and farmland 
were cleared for housing and industrial 
development. 

But the trend in that area may have 
changed, Ek says. "There appears to be at 
least a temporary reversal of forest land 
loss since 1977. Forest land has increased 
by 200,000 acres ." Carver, Washington, 
Wright, Fillmore and Houston counties 
have recorded the increases. "Economies 
of scale and the decline of support pro
grams for agriculture have eased the graz
ing and other pressures on woodlots." 

'T he attention to natural resource 
and aesthetic conservation in local land 
use planning may also contribute to this 
increase," he says. "However, these gains 
may soon be lost as development pressure 
leads to subdivision for wooded lots." 

Efforts to increase forest land 
occurred between 1954 and 1962 in cen
tral Minnesota . In Anoka, Becker and 
Otter Tail counties many acres of trees 
were planted in state, federal and private 
programs. The research shows the long
term potential of such conservation and 
protection efforts and land use planning. 

'The history of Minnesota' s forest 
land suggest s there is real interest in man
aging land use demands to conserve the 
state's natural resources," Ek says. "Bu t 
many landowners and policymakers are 
simply unaware of the cumulative 
impacts of their decisions over large areas 
and many decades." 

"We are at a critica l stage where we 
can take a productive stand to maintain 
and perhaps expand this acreage. Many 
things are happenin g with Minnesota' s 
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Minn esota hardwoods are dried in commercia l kilns ofabo lit 1,500 square fee t, for fi nished uses 
such as furniture and flooring. Each load ofabolit 70,000 boa rd fe et is dried at temperatures up 
to 1800 F. One load of '/,· inch fl ooring cou ld cover the common rooms of about 65 houses. 

Forest products researchers are solv- construction and process control." 
ing an energy problem. They are finding After logs are sawed into boards, the 
ways to remove moisture from lumber lumber must be dried under carefully 
using Jess of that expensive energy. The controlled conditions or it may severely 
innovations are important because drying warp, twist, cup, crack or check. Com
uses about 70 percent of the total energy mercial dryers are large kilns where tem-
in harvesting, transporting and processing perature and humidity are monitored. 
logs into lumber. Erickson and Seavey found a "batch 

Robert Erickson and Robert Seavey, venting" techn ique that lets out moisture 
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"our experimental dehumidifi cation kiln 
required about one-fourth the BTUs to 
remove each pound of water as compared 
with our experimental steam heated kiln," 
says Erickson. "Vent air is not exhausted, 
but rather dehum idified and recirculated." 

The researchers also found energy 
being lost through ways other than with 
vented steam. "It is clear that in kiln dry
ing, transmission loss can be a major com
ponent of the total ," Seavey says . This is 
heat lost through the walls, roof and even 
the floor. "The ground is a heat sink under 
the floor," he says . "A commercial kiln 
that doesn't have perimeter or floor insu
lation and is surrounded by frozen ground 
must lose a considerable amount of heat 
via this route." 

"A 30-foot by 50-foo t kiln on a con
crete slab could easily lose $1,000 per 
year along the edge of the floor. Perimeter 
insulation is inexpensive and the payback 
period is short," Erickson says. 

The researchers wrapped their indoor 
experimenta l kiln with more insulation 
than commercial kilns have. Even so, 
transmission losses were about 75 percent 
of the total energy used. " It seems reason
able to propose a super-insulated type of 
kiln, since insulation is not that expen
sive," Erickson says. 

Both researchers note that their 
experimental kilns are smaller than com
mercial units, and transmission heat losses 
are a greater proportion of total energy 
than in larger kilns. They say additional 
tests using commercial size kilns are need
ed before more precise energy savings can 
be determined. 

- David Hansen 

Natural Resources, 
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mental Impact Statement , proposed state 
forest practice legislation, and possib le 
restructuring of forest property tax laws," 
adds Cheng. " Maybe all we need is a 
vision of Minnesota' s future forests and 
more commitment to exis ting co nserva
tion and land use planning programs." 

-David Hansen 

.� 
Minnesota Agricu ltural Experiment 
Station, have refined kiln "venting" and 
the kiln itsel f to impro ve energy effic ien
cy . 'The physics of the drying process 
are basically unalterable," says Seavey. 
"We looked at the parts of the process 
that offered the greatest potenti al for 
energy saving through improved design, 

than conventional venting. "Venting, ZlSS
es are a major energy factor in the steam 
heated kiln," Erickso n says. "Wi th mod i
fied opera tion of the vents and effec tive 
heat exc hangers we can greatly reduce 
steam consumption." 

They also tried a kiln that requires 
no venting . Using an electric heat pump , 

Long Distance Trails: Widely Wanted, Under Used� 
Outdoo r recreation attracts 

Minneso tans in all seasons, but those 
attracted to some activities suffer a hand 
icap. Some activities need spec ial faci li
ties to be practical. Long trails important 
to skiers, hikers and bikers are good 
exa mples. 

" Do we need more?" asked Dorothy 
Anderson, an outdoor recreation 
researcher for the College of Natural 
Resources and the experiment station. 
She says 1,000 surveyed Minnesota 
skiers, bikers and hiker s overwhelmingly 
answered yes. " However, the majority 
were unaware of man y existing trails. 
And, with few exceptions, they don't use 
the ones they know about." 

Anderson surveyed a cross section 
of Minnesotans on their use of and 
thoughts about acquisition, fundin g, 
developm ent and management of trails. It 
was part of a Minnesota Department of 
Natural Resources plannin g review of 
trail use. Horse riders, snow mobilers and 
other off-road vehicle users have also 
been surveye d by DNR staff. 

"Long distance trails connect town s 
to towns, neighborhoods to neighbor
hoods, and recreational faciliti es to 
neighb orhoods." What defines a long dis
tance trail , she says, is it "has many 
access points and nearly all of the trail is 
separa te from streets and motorized 
vehicles." 

Anderson says her findings sugges t 
"people don 't use trails more often 
because, first, they do not have enough 

~ 

"� 
Potential users of long distance trails are 
generally unaware ofand under use them, 
says researcher Dorothy Anderson, even as 
most skiers, hikers and bikers ask fo r more 
trails. 

time and seco nd, trails are not located 
close enough to their homes," 

Heavily used trails arc located in 
urban areas, such as the Minneapolis 
Chain-of-Lakes Trail System and the 
Duluth area Willard Munger State Trail. 
"Perhaps having more trails closer to res
idential areas would give people the time 

needed to use them," she says. 
She says people are generally not 

aware of long distance trails. "Trail users 
feel strongly that information is needed 
about trails and the opportunities they 
affo rd," Anderson says. But trail guides 
and maps of trail activities-sugges ted by 
users- have been victims of state govern
ment ' s tight budgets. 

The Minnesotan's surveyed say they 
are willing to help pay for the state ' s trail 
system. Ideas for how they shoul d do that 
include voluntary pay boxes along each 
trail , using highway funds, taxing non 
return able beverage cont ainers, or requir
ing permits for trail use. A DNR ski pass 
is alread y required for users of state ski 
trails, and skiers indicated they would be 
willing to pay more. 

But "a lloca ting more state treasury 
funds for trail acquisition was the least 
popul ar," Anderson says . 

Anderson says "a ll gro ups support 
converting former railroad beds in and 
around urban areas to recreational trails, 
as well as using those that would connect 
rural areas," 

Anderson's survey shows that trails 
provide exerc ise, individual recreation, 
and a time to be with famil y and friends , 
"Hikers, bikers and skiers also view 
recrea tional trails as greenways that serve 
aesthetic as well as eco log ical needs," she 
says . "T hey should serve as ecological 
ribbons for natural habitat and wildlife 
preservation ," 

-David Hans en 

and Treasury� 
Natural resources research touches 

all Minnesotans, Whether skiing in the 
BWCA or readin g a magazine in a warm 
urban home, we each benefit from univer
sity research on forests, water resources, 
wildlife and recreation. 

"A lot of forestry research gets con
veyed to practit ioners and the public 
doesn't see it," says Richard Skok , dean 
of the College of Natural Reso urces since 
1974. "We've done a lot of work on 
national, state and county forests, the 
BWCA and with state parks, but the pub
lic doesn ' t know we were there." 

Results from university resea rch are 
implemented by government agencies, 
or by private industries or organizations. 
As exa mples he points to Minnesota ' s 
oriented strand boa rd industry, paper 
recycling, "and wildlife research, such as 
work with the large metro goo se and deer 
popul ation s. We even have a full-time 
person working on global warming and 
how it may affect park lands." 

Skok is also an assoc iate director of 
the experimen t station. He is an expe rt in 
forest economics and policy, and is 

involved in national 
and international 
research and educa
tion relating to man
age ment of natural 
resources. 

The 1980s 
expansion of forest 
industries in 
Minnesota sparked 
debate leading to 

Richard Skok ca lls for a major 
review of state forest resources. "The 
Generic Environmental Impact Statem ent 
(GElS) now under way for Minnesota 
fores ts will produce major focus on pub 
lic policy direction for Minnesota forests 
for a long time to come," explains Skok. 
"We' ll find out where we need 
Resources continues Oil back page 
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Science and Poetry Each Pursue Dream for Cold Hardness 
Science and poetry may seem far 

apart, but they meet and merge comfort
ably in researcher John Carter. Carter , a 
plant physiologist and Horticultural 
Science faculty member doing basic sub
cellular research on plant hardine ss for 
the Minnesota Agricultural Experiment 
Station, keeps two of Robert Frost's 
poems tacked on his office wall. 

"We're continually experimenting 
and finding out what we can do," says 
Carter. Making both crops and ornamen
tal plants hardy enough to survive bitter 
Minnesota winters is of much economic 
consequence, he notes. 

"Cold hardine ss research is very 
important to Minnesota, as it has pro
duced great commercial benefits in the 
past and will continue to do so. Research 
done here at the university is responsible 
for the development of the apple industry 
in Minnesota and for making many other 
plants more cold-tolerant." 

Although earlier researchers selected 
cold-hardy plants in field trials, Carter 
and his colleagues, Paul Li and Bud 
Markhart , confine their work to the lab to 
have greater control over the many fac
tors, such as weather and diseases, that 
could influence the fate of plants grown 
in the field . 

To minimize freezing damage to 
perenn ials through the winter and to 
annuals in the spring and fall , Carter 
explains, more work needs to be done on 
understanding the basic mechani sms that 
shut plants down as cold weather 
approaches. "Even before the weather 
gets cold," says Carter, "plants can sense 
change s in the sunlight and, when it's still 
warm, they start to increase their freezing 
tolerance, Red osier dogwood stems, for 
examp le, can survive being cooled to four 
de.gr~e~ ab~.ve  a?sol u t~ zero ~  fte r a period 

Minnesota Agricultural Experi 

Station researcher John Carter 

Robert Frost's "There are Rou 

Zones," sums up his own pai ns 

research, and that of several pr 

generations of scientists, attem] 

to make plants adapt to and su 

cold weather. 

"It isvery far north, we admit, tohave brought thepe 

. What comes over a man, is it soul ormind

itsandbounds can hestay confined? 

bition was toextend the reach 
I 

every living kind. " 
Robert 

Several lines of Frost's poem b 

touch on humanity's urge to tr 
something fundamental about how genes 
are regulated by temperature, about how scend established boundaries a 
the genetic message is switched on and 
off during cold acclimation." neatly define Carter's research 

There is no shortcut to cold hardi
ness, Carter cautions. "Cold acclim ation Carter says he thinks Frost's Il 
involves many things." However, if 
Carter and the others succeed in finding "expresses well man's desire tr 
out more about the collapsing micro
tubules and subsequent freezing, they the limits of what can be gro w. 
rrm v h p n n p ,tpn rlo,p r to d~"pl()ni n cr 



a t cold accu mau on, wn creas 111 nuusum 
mer they wouldn' t survive at much higher 
temperatures." 

The "brain" behind the cold acclima
tion lies in the plant's genes. Currently, 
Carte r and members of his lab are 
focusing on the gene that programs the 
microtubules that lie inside the plant's 
cytoskeleton, or cell framework. These 
micro tubules, which are slender strands 
of loosely bonded proteins, are crucial to 
the life of the cell. They determine the 
shape of the cell and ultimately of the 
plant and they are sensitive to tempera
ture changes. 

"At low temperatures, the micro-

IN PRINT� 

The newly revised 1992 edition of 
Cultivar Trials of Bedding Plants is now 
available from the Minnesota Agricul
tural Experiment Station. Cultivar Trials 
is a unique annual publication evalu ating 
comparative trials of bedding plants , 
annuals and perennials, grown at several 
locations across Minnesota. 

With new and old cultivars grown 
from seed, the evaluations compare plant 
overall quality, height and flower size. In 
the pages of Cultivar Trials are evalua
tions of varieties from achillea to zinnia, 
with begonia, geranium, impatiens, 
marigold, pansy, petunia, snapdragon, 
vinca and many others in between. 

The publication also contains clima
tological information relevant to growers 
of bedding plants . 

Cultivar Trials of Bedding Plants is 
available for $2 (plus tax) through many 
county exten sion office s, or from the 
Distribution Center, 3 Coffey Hall, 1420 
Eckles Avenue, St. Paul , MN 55108
6064. Ask for publication number 
AD-MR -564I-E 

cooperative program to look at thermo
regulation of the tubulin genes. We can 
look at the level of the message produced 
by the gene and at what portion of the 
gene is involved in the breakdown of the 
microtubules. We're trying to learn 

plants tha twillstand -th~-c~id  ~~~-~-bctte  r  further and further north."� 
than the poetic peaches of Robert Frost.� 
Minn esota may never be the tropic s, but� 
hardier plants continue to occupy the� 
dream s and days of its plant researchers.� 

-Anne Gillespie Lewis 

DNA Fingerprints Provide New Clues for Food� 
Poisoning Sleuths 

Whodunit? In the case of food poi
soning, that ' s the million dollar question . 
Until health department detectives identi
fy and destroy the culprit, no one is safe . 
Tracking suspect microorganisms often 
requires sleuthing skills rivaling those of 
Sherlock Holmes. 

The challenge is particularly acute 
when the villain is Listeria monocyte
genes. Found mainly in meat and dairy 
products, this bacterium kills some 400 
people annually in the U.S. It's an espe
cially slippery suspect becau se it is found 
just about everywhere, and not every 
"strain"-genetically similar group
cause s illness. 

Lacking the ability to distinguish 
between deadly and innocuous strains, 
health workers find tracking L. monocyto
genes-induced illness akin to searching 
for the proverbial needle in a haystack. 
And because they haven't been able to 
tell for sure if the strains that occasionally 
show up in food samples are dangerous, 
food industry workers have had to recall 
millions of dollars of products containing 
only harmless relatives of the true killer s. 

Thanks to Experiment Station food 
scientist Susan Harlander and research 
assistant Andrea Baloga, food safety 
sleuth s now have a tool for distinguishing 
deadly strains from those that are just part 
of the harmless micro-world that inhabits 
virtually everything we eat. 

"Not every strain of L. mon ocyto
genes will make people ill, Harlander 
says. "The question we faced was, how 

do you pick one strain of L. monocyto
genes from among the rest when they 
share almost all the same characteristics?" 

Baloga and Harlander applied a bio
chemical procedure called DNA finger
printing to the task. The technique chemi
cally breaks a cell's genetic material into 
tiny pieces, then electrically siphons the 

A simplified DNAjingerprinting procedure 
developed by university scientists is being 
used by thefood industry as a tool to discrim
inate deadly from harmless bacteria. 

pieces through a gel-filled bed. Depend
ing on their chemical traits , the fragments 
fall out along a bed into a striped pat
tern-a DNA fingerprint-that is unique 
for each kind of living thing . 

With the support of the Minnesota
South Dakota Dairy Foods Research 
Center, the two researchers adapted DNA 
fingerprinting for use with L. monocyto
genes identification. Their new procedure 
can be used to quash food poisoning 
outbreaks more quickly and accurately 
than ever. 

'The proce ss can be used for foren
sic purposes-to track if it's the same 
organism in an infected person and a par
ticular food," Harlander explains. She 
says the technique is already being used 
commercially. "We've trained a number 
of people in the food industry to start 
doing this themselves. They can follow a 
particular strain through the processing 
plant and find out where the problem was 
introduced so they then can work to 
change it." 

Because DNA fingerprinting is sim
ple and accurate, Harlander expects it to 
find increa sing use in the battle against L. 
mono cytogen es-induced illness, which 
she says is a global problem. She predicts 
that someday DNA fingerprinting, in 
combination with other techniques being 
developed in her lab, will allow food 
safety workers to selectively identify and 
eliminate virulent L. monocytogenes 
strains before illness occurs. 

-Mary Hoff 
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Researchers Find 
One Wheat Fertilizer 
Doesn't Perform 

Researchers in South and North 
Dakota have found that applying chloride 
fertilizer to wheat fields can reduce com
mon root rot and increase yields. Howev
er, the practice does not work in north
western Minnesota. 

Carol Windels, research plant 
pathologist at the Northwest Experiment 
Station, Crookston, says common root 
rot, a disease complex caused by fungi, 
reduces wheat yields an average of 3 to 4 
percent in the northern Great Plains of 
the U.S. and Canada. This loss amount s 
to millions of bushels annually. 

Windels, soil scientist John Lamb 
and research technician Todd Cymbaluk 
studied the problem for four years, in 
research funded in part by the Minnesota 
Wheat Research and Promotion Board . 

When the researchers compared data 
from Red River Valley chloride-fertilized 
and control plots, they found no signifi
cant differences in plant population, grain 
yield and whole plant uptake of calcium 
and potassium, and the incidence of com
mon root rot. They did find that chloride 
fertilization tended to increase forage 
yield and decrease the protein content of 
the grain. Lamb says they also noted too 
small an increase in test weight of the 
grain to justify using the fertilizer. 

"We did not get a good response," 
says Lamb. "We do not feel that applying 
chloride fertilizer to wheat to reduce 

MINNESOfA 
~'c1£fl[£ 

Corn Borers Attacked on Many Research Fronts 

The larvae ofEuropean com borer damage both fie ld and sweet com . 

Americans expect our food to be safe 
and free of imperfections. We also want a 
clean and healthy environment. That cre
ates a dilemma for sweet corn growers 
fighting a worm called the European corn 
borer. Their choices have been to fight it 
with chemicals, or lose some of their corn 
to worm damage. Experiment station 
researchers are creating better options. 

The European corn borer attacks 
both field and sweet corn, but sweet corn 
fields get more chemical treatment 
because processors tolerate no worm con

one growing season. 
Minnesota has about 125,000 acres 

devoted to sweet corn producti on. The 
European corn borer is the most signifi
cant pest of this important alternativ e 
crop, costing growe rs $5 million last 
year, mostly for insecticides. 

Horticultural researcher Dave Davis 
says developing environment ally safe 
control strategies are particularly impor
tant because the European corn borer is 

having a field day. Last summer its 
Minnesota populati on was at its highest 
peak in years. Judging by sample counts 
of corn borer larvae in the fall, their num
bers may be high again this coming sum
mer, says station entomologist Bill 
Hutchison. 

Davis and Hutchi son approach corn 
borer control from different angles . Davis 
works on breeding sweet com for Euro
pean corn borer resistance. Hutchison is 
studying the effectiveness of a biological 
insecticide, to reduce grower reliance on 
chemical insecticides. 

Davis says finding comp letely resis
tant sweet corn lines is not likely. Indeed, 
if a variety had such resistance, it might 
also be toxic to people, he says. 

Finding a resistant line is complic at
ed by there being two generations of corn 
borers each growing season. The first 
generation comes in spring and early 
summer, and feeds on the plant' s leaves. 
The second generation burrows into the 
stalk and allows disease organisms to fol
low. "And then, most serious for sweet 
com, it gets into the ear, like a worm in 
an apple," Davis says. 

Davis found resistance to the first 
generation fairly early, and released one 
resistant strain in 1979. But he says, 
"finding resistance to ear damage has not 
been so easy." 

Davis says he has had some success 
Corn Borer continues 0 11 back page 

taminants or damaged kernel s in cut corn common root rot or increase yields is 
warranted ." or corn on the cob. So a sweet corn field Lignin Waste May Soon Recycle 

may get three to six insecticide sprays in -Sam Brungardt into Truly Biodegradable Plastics 
In the challen ging world of waste behavior, a property related to whether it 

management, it often seems like solving could one day be used with injection I 



Todav 's larger turkeys, bred to meet demand fro m processors fo r larger birds. have egg laying 
and reproductive difficulties. Sally Noll is one of severa l exper iment station animal scientists 
working on diet and environment management techniques to improve egg production. 

Bigger Turkey Not Always Better 
Bigger turkeys may be better for pro

cessors, but the extra weight can play 
havoc with egg production. So says 
experiment station researcher Sally Noll, 
who studies turkey management and 
nutrition. 

Noll and colleagues Paul Waibel and 
Moham ed EI Halawani, with funding 
from the Minnesota Turkey Growers 
Association, study breeder diet and facili
ty lighting. They look for ways to 
improve management of reproductive dif
ficulties common in large turkeys. 

"In 1985 genetic selection produced 
larger birds for making product s such as 
turkey hams and turkey rolls," says Noll. 
"Female breeder birds used to weigh 
about 20 pounds, but its not uncommon 
now for them to weigh 25 to 30 pounds. 
This increased weight has a negative 
effect on their reproduction." 

Turkey breeders usually run separate 
operations from growers raising those 

birds for market. Noll says that breeding 
operations are being hurt financially 
because the heavier birds tend to lay 
fewer eggs, or have problems laying eggs 
of good quality. The heavier birds also 
cost more to feed. 

Declinin g egg production is omi
nous, Noll says. Turkeys are important to 
the state's agricultural eco nomy. Min
nesota raises 46 million turkeys each 
year, making it number two in turkey 
production in the nation. It brings $ 1.6 
billion annually to the state's economy. 

Waibel, a poultry nutrition specialist 
who helped develop the turkey research 
facilities at the experiment station's 
Rosemount branch, has been doing 
turkey breeder research for many years. 
EI Halawani has long studied broodi
ness-the urge of hens to sit on their 
eggs rather than lay more eggs . 

Two earlier studies showed that 
Thrkey continues on back page 

one problem only creates another. When 
someone fin ds a way to not only get rid 
of a waste product, but also turn it into an 
environmentally friendly product, it' s 
double cause for celebration. 

Minnesota Agricultural Experiment 
Station wood chemistry researchers Simo 
Sarkanen and Juraj Mlynar are working 
to do that. With support from the experi
ment station and the Legislative Commis
sion on Minnesota Resources, they hope 
to transform pulp mill by-products into a 
plastic that can be broken down by the 
same fungi that gradually turn fallen trees 
into rich soil. 

"Our goal is to produce biodegrad
able plastics with acceptable strength 
properties from waste products from the 
pulp and paper industry," Sarkanen says. 
The "trash" in this trash-to-treasure story 
is lignin, a by-product of manufacturing 
paper from wood chips. 

U.S. pulp and paper mills use much 
of the 26 million tons of lignin they pro
duce . They use it as fuel for their own 
operations. However, there is often more 
lignin than can be used this way. And 
indications are that it' s far too valuable to 
be burned anyway. 

Lignins are the second most abun
dant biopolymers-biologically created 
chemical chains- in nature. "Lignins are 
ignored by most chemists and bio
chemists. Burning them is very short
sighted," says Sarkanen. 

The first major breakthrou gh in the 
research came this past summer, when 
Mlynar, through single-minded pursuit of 
a central idea, was able to create in the 
laboratory a coherent and bendable mate
rial made entirely of lignin. "This is the 
first time in the world this has been 
achieved," says Sarkanen. 

"We've reached the first step of the 
ladder, where we could create a material 
that wouldn' t fall apart before our eyes ." 
Next, Sarkanen says, is to improve the 
toughness of the substance. The 
researchers also intend to manipul ate 
their creation to improve its viscoelastic 

molding, an in dustri al process requiring a 
material that flows when warm . 

Sarkanen says techniques have been 
developed elsewhere to add lignin to con
ventional plastics, but only as a relatively 
minor component. "We are trying to use 
them in their own right, to use the inher
ent attraction between the molecular 

Simo Sarkanen (left) and Jura] Mlyna r are 
trying to develop truly biodegradable plastic 
fro m excess lignin produced by pulp mills as 
a by-product of making paper. Such a product 
would reduce waste disposal problems. 

lignin components to hold them together. 
"If the process makes its way to a 

practical application , the result will be a 
triple boost for the environment. First, it 
turns a potential waste problem into a 
raw material for manufacturing a useful 
product. Second, it creates a biodegrad
able product. And third, it helps to substi
tute a renewable material-wood 
waste-for the nonrenewable fossil fuels 
used to make conventional plastics." 

-Mary Hoff 
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Resources continued fro m page 2 
more research." 

"We have a grow ing population 
demanding more products and other ben
efits from our resources. The GE lS will 
show the impact on Minnesota forests of 
the resulting timber harvesting and use. 
The basic situation we face is growi ng 
pressure on a finite land base. It' s now a 
major challenge." 

Minnesota Science stories illustra te 
the diversity of researc h pursuing the 
challenge of limited natural resources. In 
this issue: Minnesota' s long distance trail 
system; forest land lost over the last 80 
years; how wood processors can reduce 
energy use; and how pulp mill waste may 
someday be turned into biodegradable 
plastic, thanks to forest products 
researchers. 

"Paper recycling and related envi
ronmental topics are not just stewardsh ip 
issues," Skok says , "but pragmat ic ones 
relating to landfills." Scienti sts in the 
Department of Forest Products, a national 
leader in recycling research, are seeking 

new uses for waste paper, and also refine
ments to paper making so the end product 
is more easi ly used aga in. 

Skok says many eco nomic benefits 
come from Minnesota forests. They stimu
late tourism, form the base of our fish and 
wildlife, and employ 50,000 Minnesotans 
in a forest products industry that generates 
more than $4 bill ion ann ually. 

Skok will be stepping down at the end 
of this year as head of the college that he 
graduated from and has worked at for 32 
years . 

- David Hansen 
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restricting turkey diets didn' t hamper their 
reproductive effici ency, Noll notes. A 
third study, completed in 1991, showed 
that turkeys fed a high protein diet pro
duced 20 percent more eggs than a corn
soy diet control group. 

Because lightin g in a breeder facility 
directly regulates the timing of egg lay
ing, different lightin g schedules were also 
analyzed to find one which produced the 
most effic ient laying in the larger birds. 
The best egg production came from a pro
gram with 12 hours daily light from the 
age of 30 weeks, with 15 hours on one 
day of every two weeks. 

Stud ies combining lighting and diet 
are planned, says Noll. with the hope of 
ultimately helpin g breeders manage 
reproduction eve n better. 

- Anne Gillespie Lewis 

Minnesota Agricultural Experime nt Stat ion 
Univers ity of Minn esota 
220 Coffey Hall 
1420 Eckles Avenue 
SI. Paul. Minnesota 55 108-1030 
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Cor n Borer continued from page 4 
with second generation resistance. After 
12 yea rs of eval uations and intensive 
tests, he is now ready to release resis tant 
stock to the seed industry. 

Meanwhile, Hutchison has been com
paring how much com borer control he 
can get by using a biological pesticide, 
Bacillus thuringiensis (BT), a bacterium 
that does not harm the environ ment. BT is 
so spec ific to the corn borer that it has no 
adverse ef fect on lady beetles or other 
beneficial insects in the fields. 

In two years of research at Waseca 
and Owatonna, Hutchison found that one 
initial aerial spraying with a conventio nal 
insecticide followed by three subsequent 
applications of BT controlled the com 
borer as well as four applications of 
chemical insecticide. 

Then Hutchison decided to try com
bining BT with resistant stock that Davis 
has been developing. "Here we have two 
different technologies that are fairly far 
along in terms of their commercial ava il
ability." he says. "W hy not try to integra te 
them ?" 

Hutchinson found that three sprays of 
BT, on three different resistant hybrids 
developed by Davis, achieved 90 percent 
control of the European corn borer--com
parable to conventional treatment using a 
standard co mmercia l corn varieties with 
chemical insectic ides. 

"Us ing the resistant hybrid by itself 
gives you maybe 60 percent control. The 
BT by itself gives 60 percent control. 
Together- you get 90 plus," he says. 

Hutchison's research is supported in 
part by grants from the Midwe st Food 
Processors Association (MWFPA), the 
Agricu ltural Utilization Research Institute 
(AURI), and the Minnesota Fruit and 
Vegeta ble Growers Assoc iation. Davis' 
research is also supported by the 
MWFPA. 

-Jennifer Obst 
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