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GOLDEN JUBILEE 
MINNESOTA'S 50TH CHRYSANTHEMUM 

R. E. WIDMER� 
professor� 
Department of Horticultural Science� 

R. A. PHILLIPS� 
assistant professor� 
Department of Horticultural Science� 

Golden Jubi lee is the 50th garden chrysanthemum in
troduced by University horticulturists . Golden Jubi lee pro
duces bronzy -gold to rich deep -gold, 2 \h - to 3-inch , decor
ative flowers atop stems well covered with rich, dark-green, 
clean foliage. Flowering begins in late August in the Twin 
Cities area and is not delayed by hot weather. Some flower 
frost resistance has been reported in trial plots throughout 
the state. 

Plants are stocky, upright; and somewhat broad in habit 
with stiff stems . Mature plants grown in full sun are 15 to 
18 inches high and 2 feet across . Golden Jubilee originated 
from a cross of Minnesota selection 58-251-1 and Zonta. 
When grown in the greenhouse, this cultivar produces good 
quality, spring flowering , 3-inch pot plants. After blooms 
fade, plants should be cut back to 3 or 4 inches from the 
ground and planted in the garden for fall flowering . 
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CHRYSANTHEMUM CULTURE 

Planting Time-Plant chrysanthemums in the spring 
after all danger of killing frosts has passed . Use either small 
plants derived from rooted cuttings, divisions, or rooted 
suckers of old plants. Larger plants in various stages of de
velopment may be planted anytime during summer or early 
fall. 

Soil, Site, and Fertilizer-Garden chrysanthemums 
grow best in a well-drained loam soil and in full sun. Plants 
grown in semishady locations tend to grow taller, have 
weaker stems, and bloom later in the fall. Incorporate peat 
moss, compost, or well-rotted barnyard manure and su
perphosphate (3 to 5 pounds per 100 square feet) into the 
soil. If you use peat moss or do not add organic matter, use 
a commercial fertilizer (such as 5-10-5 or a 10-10-10 for
mula according to package direction s) in the spring. 

Sidedressing plants with a complete fertilizer in early 
August, especially in years of abundant rainfa ll, also is 
recommended. If the ferti lizer applied in the spring is a 
slowly avai lable type, such as coated or organic fertilizer, 
a second application may not be necessary. 

Spacing an d Pinching- Space plants 18 to 24 inches 
apart , depending on the mature size of the plant. When 
plants are about 6 inches tall , pinch out the tip to induce 
branching and to produce stockier plants. Pinch lateral 
branches when they have grown 6 inches. Pinching after 
July 4 delays flowering . 

Watering-Do not let plants suffer from lack of water. 
One good watering or rain equivalent to 1 inch of water a 
week usually is adequate. 

Insect and Disease Control-Spray or dust with an all
purpose insecticide-fungicide mixture twice a month in 
June, July, August, and September. 

Overwintering-To be reasonably certain of carrying 
plants over the winter, use one of the following methods: 

•� Dig plants in the fall and plant them in pots , flats, or 
similar containers. Keep them in a cold cellar over 
winter at a temperature of 33 0 to 38 0 F . Plants kept 
in this manner need no care except occasional water
ing. 

•� Dig plants in the fall and plant them in a coldframe 
in a protected location. After freezing weather (Nov
vember), mulch heavily with leaves, hay, or straw; 
then cover frame with sash or boards and cover all 
with 6 or more inches of mulch . 

•� In late fall, remove some rooted suckers from around 
the base of the plant. Put them in small pots and 
carry them through the winter as house plants. Pinch 
off tips when shoots are 6 inches long. Instead of 
pinching, you may wish to take 3-inch cuttings when 
the shoots are 6 or more inches long. 

•� Although no plants are consistently hardy unde r 
Minnesota winter conditions, parts of plants fre
quently survive the winter. Divide such overwintered 
plants if four or more growing points are present. 

Di viding-If the entire clump survives the winter , it is 
preferable to divide it into small clumps with 2 to 3 growing 
points . 
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NEWEXPLANATION� 
for the cause of 
ASTER YELLOWS 

E.E. BANTTARI� 
associate professor� 
Department of Plant Pathology� 
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Barley , flax, potatoes, and many garden and ornament
al plants are among over 300 different plants that are sus
ceptible to infection with aster yellows. Each season this 
disease is usually present, at least in a small percentage of 
plants, in certain garden crops such as lettuce and carrots, 
and often in the common aster after which the disease is 
named . 

A severe and widespread outbreak of this disease oc
curred in 1957 . As much as 20 percent of the flax in some 
fields were reported to be infected with aster yellows that 
year . Outbreaks now appear to be associated with abund
ant, early migration of infective aster leafhoppers from 
states south and southeast of Minnesota. The leafhopper is 
the insect that carries the disease organism . 

Symptoms vary from one plant species to another but 
stunting of growth , yellowing of foliage, sterility of flowers, 
and the tendency to produce excessive numbers of shoots 
are general characteristics of the disease. In some plants, 
such as potatoes and carrots, the foliage may turn purple. 

Aster yellows was thought to be caused by a virus ever 
since the disease was first described in 1902. The suspect 
"virus" had never been isolated nor seen. But the disease 
behaved like so many other viral plant diseases that plant 
virologists assumed for a number of reasons that a virus 
was involved. First, aster yellows was transmitted much 
like a virus by the aster leafhopper. Also, symptoms of the 
disease were like many virus diseases of plants; no patho
gen could be isolated ; and when diseased tissues were ob
served with a conventional microscope no pathogen could 
be observed. Moreover, some scientists who apparently 
were impatient to report their research findings, published 
electron micrographs which suggested they had found the 
"virus" that caused aster yellows. 

Laboratories worldwide have long worked on tech
niques to isolate and concentrate the disease agent. Several 
scientists at Minnesota have researched many aspects of 
aster yellows in barley , flax, potatoes, and other vegetable 
crops and ornamentals. Most of this research focused on 
how the disease developed and spread in these economically 
important crops , on the behavior and movement of the 
leafhopper vector , and on disease control methods . We had 
also unsuccessfully attempted to isolate and purify aster 
yellows. 

The breakthrough in discovering this type of plant dis
ease organism came about almost accidentally in 1967. 
Japanese plant virologists were working on a disease 
known as mulberry dwarf, an aster yellows-like disease of 
the mulberry bush. In examining diseased tissues of that 
plant with an electron microscope, they failed to find any 
virus. However, they saw structures in the plant cells that 
resembled mycoplasma, PPLO (pleuropneumonia-like or
ganisms) , or PLT (psittacosis-lymphogranuloma-trach
oma) organisms, which cause certain diseases of birds, ani
mals, or human beings. Furthermore, when they treated 
diseased plants with certain antibiotics the plants recovered. 
This was a complete turnabout from typical plant virus in
fections that had failed to respond to treatment with anti
biotics. These two discoveries have since stimulated inten
sive research on the nature of these "new" pathogens. 

Microscopic view of a diseased cell from a flax plant is shown 
right. The small circular bodies are mjeeplasma-like organisms 
that have almost obliterated the normal cell materials. All that 
remains are the short, thread-like strands (left center) and the 
cell wall (around the edges of the photo). 
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An enlarged view of an aster leafhopper feeding on 
a plant. Not all aster leafhoppers are vectors of 
aster yellows, but once they become infective, the 
leafhopper quickly spreads the disease to other 
plants. 

Below, healthy flax stands well above the diseased plant at right. Stunting 
of plant growth, yellowing of foliage, and sterility of flowers are some of 
the symptoms that accompany aster yellows. 
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Plant mycoplasma-like organisms are similar in many 
ways to those found in animals. They may vary in shape 
and size from about 50 nanometers 0 /50,000 of an 
inch) to about 1 micron 0 /25,000 of an inch). For this 
reason the electron microscope, which is capable of high 
magnification and ultra-fine resolution, must be used to ob
serve the organisms in tissues. Some of these organisms are 
shown in the photo of phloem cells of vascular tissue of an 
infected flax plant. These organisms do not have a cell 
wall but are enclosed by a membrane and their shape 
may vary and be somewhat flexible. Although many of 
them appear rounded or slightly elongate, budding forms 
and even chain-like structures may be observed in diseased 
sections . The internal structure of these organisms reveals 
net-like strands and numerous granules. Attempts are being 
made to isolate these organisms from diseased plants and 
to grow them in the laboratory. The ability to grow them in 
pure culture would aid in many kinds of studies, including 
methods for controlling the organism. 

Most of the known plant mycoplasma-like organisms 
are transmitted to plants by leafhoppers (see photo). 
With the exception of transmission through grafts between 
diseased and healthy plants, transmission by leafhoppers is 
the only known means by which aster yellows is spread. 
Seeds of infected plants, if seed is produced at all, do not 
produce infected plants when sown. 

These organisms have also been observed in the bodies 
of aster leafhoppers. The insect acquires the organism 
when it feeds on diseased plants. About 10 to 15 days 
elapse before the leafhopper can begin to transmit it. Dur
ing this time the mycoplasma multiplies and circulates 
through the body from the digestive tract to the salivary 
glands, where it may be discharged when the insect feeds. 
Once the insect has contracted aster yellows it can remain 
infective for its life span. But the aster yellows organism is 
not passed on to young leafhoppers through eggs of infect
ed female leafhoppers. Except for some reported changes 
in certain cells, the organism apparently does not cause any 
noticeable impairment of the insect. 

Although certain antibiotics were found to have a 
temporary curative effect on diseased aster plants that 
were given root immersion treatments, this type of control 
would be impractical on a larger scale. Spray applications 
to the foliage have not been as effective. Research is being 
done at several public and private institutions to investigate 
the use of antibiotics to control aster yellows. 

Since discovery of the "new" disease agent of aster yel
lOWS, several other plant diseases, once thought to be in
duced by viruses transmitted by leafhoppers, are now 
known or suspected of being caused by mycoplasma-like 
organisms. 



WORLD'S FIRST 

SUCCESS SCORED 
with 
FROZEN BOAR SEMEN 

The world's first litter of baby pigs conceived from 
frozen boar semen was born last October at the University. 
The successful attempt represents 12 years of intensive re
search by Experiment Station animal scientists. The break
through could have widespread implications for the swine 
industry, says Edmund Graham, the animal scientist who 
is in charge of the research project. 

Five pigs were born in the first litter and 4 survived. 
"Although litter size was small, we regard this as an impor
tant first step. We're finally up from ground zero ," Graham 
says. 

Techniques for freezing semen from bulls were per
fected about 20 years ago. Since then frozen semen has 
been widely used in the beef and dairy industry. Frozen 
semen makes it possible to collect semen from outstanding 
sires and store it for several years at extremely low tem
peratures. However, there have been a number of compli
cations in perfecting the procedure for freezing boar semen, 
Graham says. 

Minnesota's researchers are continuing their study with 
more breeding experiments. They hope to perfect the tech
nique so that frozen boar semen can eventually be used on 
a commercial scale. 

Although artificial insemination (AI) of swine has not 
proved profitable for artificial insemination associations, 
great potential exists on a do-it-yourself basis for commer
cial swinemen, especially if practical heat synchronization 
techniques can be developed. Heat synchronization would 
allow commercial swinernen to breed a large number of 
sows at one time and make maximum use of their facilities. 
Farmers would know within a few days of when their sows 
would be farrowing. This would enable them to plan ac
cordingly and move pigs in and out of the facilities. 

Development of techniques to store boar semen for 
even just a few days would be an asset to hogmen who want 
to incorporate heat synchronization with artificial insemi
nation. For example, if a producer wanted to breed 30 or 
40 sows by natural service in a few days, it would require 
a tremendous number of boars. But if AI techniques are 
developed so that semen can be collected, extended, and 
stored for a few days, producers would need only a few 
herd sires. 
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Most farmers worry about how they can rid their corn 
fields of corn rootworms. Our research team at the Experi
ment Station has had just the opposite problem : We've had 
difficulty finding fields with enough rootworms. When en

Artificially 
Infe ting CornWith 
ROOTWORMS 

H. C. CHIANG 
professor 
Department of Entomology, 
Fisheries and Wildlife 

R. S. RAROS 
research fellow 
Department of Entomology, 
Fisheries and Wildlife 

JOHN A. MIHM 
research assistant 
Department of Entomology, 
Fisheries and Wildlife 

MARK B. WINDELS 
research assistant 
Department of Entomology, 
Fisheries and Wildlife 

Undergraduate assistant William Mclaughlin steps from a field where he 
has just gathered beetles that will later lay eggs in the laboratory. 
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tomologists conduct field evaluations-whether they're 
tests of how effective insecticides are, how resistant varie
ties stand up to pests, or what influence soil management 
procedures have on insect populations-they rely on nat
ural infestation of insects. With the northern and western 
rootworms, sufficient natural infestation may be, but is 
not necessarily, found in fields that have been planted to 
corn for 2 years or more. It is not uncommon for research
ers to prepare their test plot in the field and carry out 
treatments, only to discover later that the infestation was 
too low to give meaningful results. This situation has 
often lead researchers to prepare two plots, hoping that 
one of the plots will be highly infested. 

Another complicating factor is that the eggs of both 
the northern and western rootworms are laid unevenly. 
In a given field 'one area may contain a profusion of eggs, 
while only a short distance away there may be none. To 
offset the unevenness of infestation, the researcher is 
forced to duplicate his efforts. 

One way to avoid this difficulty is to produce uniform 
levels of infestation by artificial means. Artificial infesta
tion essentially involves collecting adult rootworms effi
ciently, getting them to lay a maximum number of eggs, 
and placing known numbers of eggs near a corn plant. Each 
step in this procedure, however, requires a great deal of 
study and testing. Minnesota entomologists began working 
on this problem 3 years ago and now have completed much 
of the spade work. 

The first problem encountered by our research team 
was in devising a means to collect beetles quickly and effi-

Fresh corn silk was fed to the beetles during the weeks before they laid 
their eggs in soil trays. 



Research assistant John Mihm uses a microscope to examine rootworm eggs 
that were laid in specially prepared soil trays and then separated. 

Researchers check on the hatching rate of rootworm eggs by placing a few 
in glass petri dishes. If you look closely the eggs appear as dark specks 

Professor Huai Chiang checks on beetles that are kept in a temperature 
chamber while they are laying eggs. Eggs are later shifted to cold storage. 

ciently. We used a vacuum cleaner-like device powered by 
a small gas engine. Since it was portable it could be easily 
carried and moved from field to field in the collecting op
eration. A special attachment on the suction device pre
vented the beetles from being injured in the process. 

Once the beetles were returned to the laboratory, we had 
to find ways to keep them alive for several weeks. They 
were kept in screen cages and fed corn silk. Since the 
beetles require fresh silk over a long period of time, we 
planted corn at l-week intervals to ensure a continuous 
supply of food. 

Knowing that the beetles lay eggs in soil, each cage 
was provided a tray of soil. This procedure successfully in
duced the beetles to lay eggs, but we found it difficult to 
count the eggs among the soil particles. This problem was 

(Continued on page 12) 

Volume 27, No.2 - Winter 1971 9 



, ' 

Ruffed' grouse or "partridge", are a product of dis
turbed forests in northern Minnesota. When the first white 
men arrived in this region, ruff ' ouse w~re uncommon. 

I� The virgin pine -forests simply ' didn't offer the amenities 
that at~ract grouse. It was not until after the pine forests 
had been cut for lumber and fires 'had swept across the , 

, . I land tliat aspens or "popple" became the dominant tree on , million s of Minnesota's forested acres. Development of 
I 

these aspe n forests created a highly favorable habitat for 
, I 

t� 
ruffed gx:6use. . /I 

• I ( I ASPEN: KEY TO ABUNDANCE . /, ) / 

Two species of aspen are native to M inneso" the JPreservingI 
I I

/ 

/ 
; quaking aspen (Populus tremuloides) and the big-t\lothed 

aspen (Populus grandidentata) . Both are an essentia l fOod , 
source in ruffed grouse habitat. Care and management 'ofRUFFED GROUSE .J 

Habitat 't 
/ 

/ "" 
GORDON W. GULLION 
research associate 
Department of Entomology, 
Fisheries and Wildlife 
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I lkpro'~laed by regenerating aspen(Background) "Dog·hair" stands of aspen are'required for ' , the.grouse hen and her brood. I • ! (stands during he fir~t f 0 to 12 yea rs a fter cutting or, a fire. 

. _ :1', ~ , I f� ~ ,fl. I , 

• I ...� .. ' • 
4� I ' • I ,� , • 
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these aspen trees are important to sustain an abundan o~ 
grouse in our northern hardwood forests. , 

\' Frohllate fall until early May grouse feed on -the fuaJ. 
I flower/ puds or "catkins" qt. the aspens : If catkins ' ~~ , I 

t: a.bundant on the birches and hazel, Minnesota's grouse . ill I 

~ feed heavily on them ; th.is f o d source is not as depe - ' 
able as th;' crop. 011' p~ns ,.'\ ~ .th~· ast several wi~t~rs 
grouse in the Cloquet area~hay~ 'she a six-to-one pr f

/erence for aspe ' catk in~ 'over, MI oth . foOal:SOU ~Ce s ayail
~. able . ' r ' .' . ' • "' .~;'- ~ 

I� I Another i'inpbr,taht ~a cto II 'that the' pre;~nce ,o ' aspen 
seems to govern the choice [a location in whic grouse 
hen.s will .bu~l,d t $lir nest.,Du~ng the 3-week period of incu- ' 
bation, .nesttng hens feed m~mlY oli pewly. emerged leaves 1 

r, of male aspens,They often f fro~~r!1ear the nes ' up i~ I 

I 

I 

t. ,� , ,.trees, feed" and return direc I to the neSt: . Ii ' ~ 
, ,. • ;. . , " I' t • YI ' f f " 

.1. Northern Minnesota forests that.Iack as S u ally 
.. ;� " are ..devoid of' breeding ,grouse or.:susialn , Qrily :'a spa,rse . 
" . ~ ·<-.~ gro iI se l population.:The, 1 3~y r history of gfqu se hab itats, 

r ~t the Clq'quet!For.e~t R~s'ejlte Cent , illustrpt~ , !:he co .0 ' , 

~ I eClllencesl,of cutting w atnre aspy.J;l" On ' 26 c, mparable: 
.. .. . ,' horne ran'ges'o! "a; :vity centers" gro , e abandoned 

I I, ,rof 13 cent~rsl!ifteq,~ ~n'?ias .c~pmd t~m9v.e4"pUl:~ng, • A 

thisfsame 'period, OcCUp ncy continued i . each" f-the' 13" /, 
ther 'centers wherelaspen :wa.~ not"cut. • ' [ 

, ." 'II ' ( " •I 

" ~/ ijut ha jj tat management jis not quite ~s ' simple a,s',tliis 
suggests. If a .high density grouse 'poImlatJOn1is to ,be main
tained, at least three different age classeS/of asgen must be : 

'J!available .as properly sized pieces jn , a
l 

mosaic of Jfores ~ , 
, ' , types: .This "pigh density ".'breeding population conSists df.. 

I 
I. ,� 

I a P~Jr., ot grouse fDr.eyery 10 forest d ,acres; This .could , , 
I� , provide a fall;harvest of one grous for every ,5 acres 

following /a favorable wInter ' nd br eding ~eas on. ' . 
" , j " . 4

The grouse en an~ er brood require dense stands of 
I ' " I, ~ •• f . ~ .. I "suckers" or lyopng 'I� e\l shoo ts, growing on rico , moist 

soils . This condition c 



The second age required occurs after the young aspen 
stand has gone through one or two natural thinnings. It 
then becomes open enough (at 8-12 years of age) to pro
vide a quality habitat that adult grouse can safely occupy 
year-round . 

Natural thinning continues in the growing aspen forest, 
and when it reaches the age of 20 to 25 years the stand 
becomes too open for grouse. However, flower buds of 
male aspen trees over 30 years old are needed to sustain 
grouse through the winter . This third or "pole-stage" aspen 
stand provides the most secure nesting sites for ruffed 
grouse hens. 

MIN NESOTA'S FORESTS TOO OLD 
The abundant grouse population during the "good old 

days" of the 1920's and 30's came a decade or two after 
great fires such as the "Cloquet" fire of 1918. During that 
period of abundance, 10- to 20-year-old aspens dominated 
millions of forested acres. Nearly everywhere the habitat 
for ruffed grouse was at its best. 

Since then effective fire suppression together with the 
lack of markets for aspen logs have allowed millions of 
acres of prime grouse habitat to "go-by" as they matured. 
Aspen forests that were top quality habitats in the 1920's 
and 30's are now 20 to 40 years beyond the stage where 
they will support a high density ruffed grouse population. 

Forest economists say that today Minnesota has about 
5th million acres of commercial forestland in aspen. More 
than one-half of this acreage is 30 to 50 years old. Also, 
there are several million additional acres of forests not 
classified as aspen type, where aspen is common. 

The major task facing Minnesotans who wish to main
tain a quality habitat for ruffed grouse is the need to reju
venate these aging aspen stands . This means adopting 
forest management programs that insure a continuous rota
tion of aspen crops to maintain high quality grouse habitat. 

SOLUTION - GREATER USE OF ASPEN 
Aspen has not been a valued forest species in the past. 

Many forest managers have been concerned with eradicat
ing or suppressing aspens in favor of pines and other , more 
highly valued softwoods. But "this outlook is changing, and 
forest resource managers are now showing greater interest 
in aspen as a potentially valuable forest product. 

Now as en rovides nearl one-half of the annual ul 
wood cutThe increasing use of aspen for chipboard, ve
neer, and other products will place a premium on this 
resource as a forest crop-a .~!n~mat ic change in its recent 

..status a a':w.ee "tre.e~_ 
As demand for aspen increases, older stands will be cut 

and regenerated. If cutting is done properly and aspen are 
allowed to grow, a greater abundance of ruffed grouse can 
be expected. 

Current research at Cloquet is providing economically 
feasible guidelines for aspen management that will improve 
the quality of the forest habitat for grouse. Also, we are 
investigating the role of fire in grouse management. 

Many questions remain unanswered concerning the 
most desirable pattern of cutting or size of cuttings. But two 
facts stand out: Aspen stands must be clear-cut to insure a 
maximum density of sucker growth. Too often in the past, 
cutting of aspen was selective and only commercially mar
ketable trees were removed. Trees left behind hampered 

Male flower buds of aspen form a major part of the winter diet for rulled 
grouse, particularly if trees are over 30 years old. 

aspen regeneration by shading out sprouting aspen suckers. 
When this happens , potentially good grouse habitats may 
lose their capacity to support ruffed grouse on a year-long 
basis for many years. 

Secondly,..£utting~must not be so lar e that the resident 
rouse cannot easil find Its seasonal needs within the 

normal .. cruising' or ome range. ur present nowledge 
iiiClicatestlia cu mg DIOCksof-more than 10 acres are too 
large to sustain a high density ruffed grouse population. 

MANAGING PRIVATE LANDS 
Some 6.8 million acres of Minnesota forestlands are 

privately owned (exclusive of those owned by forest indus
tries) . Since hunting and recreation have often motivat
ed acquisition of these lands, the possibility of promoting 
management of grouse habitat on private lands seems op
portune. An added incentive for good habitat management 
for ruffed grouse is that white-tailed deer have very similar 
habitat requirements. 

Feasible management programs not only have been 
worked out for larger commercial aspen forests, but we 
also have developed guidelines useful to the small pri
vate landowner who wants to sustain or increase the ruffed 
grouse population on his 40 or 80 acres. Judicious and 
periodic cutting of a few aspen -willenable him to maintain 
or improve the quality of his forested acres for wildlife. 

Landowners interested in accomplishing this small 
management effort for grouse and deer should contact their 
local extension agent or Department of Natural Resources 
game manager for specific guidelines. 
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ROOTWORMS (Continued from page 9) 

solved by mixing carbon granules with the soil, which made 
it easier to spot the eggs. 

Our group kept the eggs alive from the time they were 
laid in August or September until the following June by 
storing them at 40 0 F . To avoid possible loss of eggs due 
to a power outage or mechanical failure of the refrigeration 
unit, soil trays containing the eggs were stored in insulated 
chests inside the freezer. Each tray was watered to keep soil 
moist during the long period of storage. 

We solved another difficulty during this time by devis
ing a means to distribute eggs evenly throughout the soil 
trays. True to form, the rootworms laid their eggs unevenly 
in the soil trays-just as they would if they were in a corn 
field. But because we wanted to control the rate of infesta
tion, we had to know how many rootworm eggs were being 
implanted at a given site. This problem was overcome by 
gently turning the soil in a mixer that distributed the eggs 
evenly without damaging them. 

Before the actual field trials were run, our team ran 
tests with potted plants in a greenhouse. We learned that 
the best time to implant the eggs was when the corn seeds 
were planted. Eggs were placed at depths ranging from 1 to 
2 inches. 

Field trials of artificial implantation were carried out at 
the Lamberton, Waseca, and St. Paul Experiment Stations. 
Five to six weeks after the corn seeds and eggs were plant
ed, we checked on the number of rootworm larvae in the 
roots of the corn or on the adults emerging in field cages. 
Infestation was successful. 

We noted that the survival rate among the northern 
species of rootworms was much higher than among the 
western species. This was apparently due in part to the 
poor condition of the western species' eggs after cold stor
age. Further study will be needed to determine the most 
suitable storage conditions for this rootworm species. 

Although our procedures are not yet completely effi
cient and need improvement, results so far have demon
strated that rootworm eggs can be produced in the labora
tory and used to infest corn artificially. Artificial infesta
tion was invaluable in breeding corn for resistance against 
the European corn borer. It will certainly aid in developing 
corn varieties resistant to rootworms, and in other field 
research on the insect, by providing uniform infestation 
rates . 
Undergraduate assistant Linda Salmela checks infestation rates by counting 
rootworms found after a cornfield has been artificially infested and grown to 
maturity. 

MINNESOTA SCIENCE 

CARPETING CARE� 
AND SELECTION� 

SUZANNE DAVISON 
professor 
College of Home Economics 

LILLIAN LUND 
professor 
South Dakota State University 

In a cooperative study, Minnesota and South Dakota 
Experiment Station home economists placed carpeting sim
ilar in construction but differing in fiber content in service 
to determine the effect of heavy traffic and the efficiency 
of a domestic method of rug cleaning. 

At the time that carpeting was selected, the type of car
pet construction most widely available was the tufted ran
dom shear with a high and low pile pattern. Light beige 
was the color chosen. Broadloom carpeting at two price 
levels for each of four fibers was purchased from an inde
pendent dealer. The difference in cost between the two 
price levels, except the wool, ranged from $2.50 to $3.55 
per square yard (see Table 1). 



Home economists found that the longer carpeting is in service. the more 
frequently it needed to be cleaned to maintain its appearance. 

Table 1. Cost per square yard for broadloom carpeting pur
chased at two locations, 1966* 

Fiber lower price level Higher price level 

Acrylic $ 8.95 $12.50 
Nylon $ 6.50 $ 8.95 
Olefin $ 7.25 $ 9.75 
Wool $10.65 $12.50 
* Prices do not reflect the lowest or highest commercial 

price groups for these fibers. 

Carpet pieces cut to 4 by 5 feet in size were assembled 
into a panel and placed in the main traffic area of the home 
economics buildings on each campus. The carpeting was 
vacuumed daily and shampooed when maximum soil was 
reached . A photovolt meter, an instrument that measures 
changes in light reflectance, was used to determine soiling 
and changes in the carpet surface caused by wear. Maxi
mum soil was determined when photovolt readings after 
vacuuming one week did not differ significantly from the 
previous week. 

RUG CLEANING PROCEDURE 
A domestic method of rug cleaning was used . Concen

trated liquid rug shampoo was mixed with cool water ac
cording to the manufacturer's directions. The mixture was 
applied to the carpeting with an electric rug shampooer. 
As each section was cleaned (and while it was still damp), 
the carpet pile was brushed in one direction to raise the nap 
and to avoid streaking. After the carpet had dried, it was 

thoroughly vacuumed. The position of each carpet piece 
was then changed within the panel so that each type of car
peting received equal wear. 

Changes in height of pile caused by matting , crushing, 
and wear were measured with a thickness gauge. These 
measurements were taken before and after shampooings . 
Visual evidence of changes in appearance was judged by 
laboratory assistants before and after cleaning. A series of 
American Society of Testing and Materials (ASTM) pho
tographic standards showing progressive stages of wear 
was used as a basis for ratings. 

During the 3 years of service a total of 12 shampooings 
was required. The number of weeks between shampoos 
varied somewhat with the change of season. Carpets 
reached maximum soil in fewer weeks as the study pro
gressed. This indicated that the longer the carpeting was 
used, the more frequently it needed to be cleaned to main
tain its appearance. Light reflectance readings showed that 
the domestic methods of cleaning continued to be satisfac
tory throughout the study. 

EFFECT OF HEAVY TRAFFIC 
The wear on these carpet pieces was not typical of that 

in the family living room . The carpet pieces covered the 
full width of a corridor where students walked to and from 
classes. Thus, the carpeting was subjected to heavy traffic 
plus sand and dirt carried in by many types of footwear . 

Table 2 shows that the higher priced carpeting was 
thicker than the lower. Nylon carpeting subjected to heavy 
traffic changed the least in pile height. Higher priced wool, 
acrylic, and nylon changed less in pile height than the lower 
priced carpeting. However, the olefin with the lower pile 
height withstood wear better than the higher pile. 

Table 2. Thickness of carpet pile before and after 3 years 
of service at two locations" 

Fiber lower price level Higher price level 
Acrylic 

new .366 .386 
worn .263 .317 

Nylon 
new .238 .368 
worn .223 .357 

Olefin 
new .322 .457 
worn .259 .308 

Wool 
n~ A26 A68 
worn .270 .332 

* All measurements are listed as fractions of inches. 

When judging the appearance of the carpeting before 
and after shampooing by comparison with the ASTM pho
tographic standards, the nylon maintained its original ap
pearance better than the other fibers. The deeper pile olefin 
crushed and matted even more than the lower pile olefin. 
However, the pattern in both was obliterated by the end of 
the study. The visual rating of the carpets after shampooing 
was higher than before. This improved appearance was at
tributed to the removal of soil and raising of the pile during 
cleaning. 
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Breene and David W. Davis, a professor of horticul

Technology 
Aids 
Pickle Research 

University food scientists are receiving a large assist 
from an "extremely sophisticated texture-measuring instru
ment" that provides a "texture profile analysis" of pickles 
and cucumber s. The researchers believe that the Instron 
testing machine will enable them to select a cucumber vari
ty that is most ideally suited to pickling, according to Wil
liam Breene, assistant professor of food science and indus
tries. 

The Instron testing machine will enable University re
searchers to assign precise numerical values to such textur
al characteristics of pickles as crispness, hardness, co~ 

hesiveness, elasticity, gumminess, chewiness, and adhesive
ness. Exact testing will allow food scientists to establish a 
reliable basis for selecting cucumber varieties and process
ing methods that will result in a better textured product, 
Breene says. 

tural science, have evaluated 24 different cucumber varie
ties and breeding lines for texture . They plant to select 
several better textured varieties from this group and con
centrate on improving the texture of the pickled product 
through new processing methods. 

University researchers brought some previously known 
facts about pickled products to the task of selecting the 
"perfect pickle." It is known, for example, that cucumbers 
pickled in the jar ("fresh packed") are crisper than those 
that are brine salted and fermented in large vats, known as 
"process pack" pickles. This past summer they learned 
that some cucumber varieties are considerably more crisp 
than others. 

The ultimate judge of what improvements have been 
made in pickles through plant breeding and improved proc
essing will be the consumer, who has increased his con
sumption of pickles fourfold since 1930. More pickles are 
consumed per capita each year in the United States than 
any other processed vegetable, Breene says. Americans 
consumed 7.3 pounds of pickles per capita in 1967 com
pared to about 7 pounds of canned and frozen corn, slightly 
over 6 pounds of snap (string) beans, and almost 6 pounds 
of peas, he adds. 

"There is a lot of work being done elsewhere to provide 
for better control of the fermentation of processed pickles 
by using pure bacterial cultures. There is still a good deal 
of work that can and should be done. Dr. Davis and I hope 
to be considerably involved in it, Breene says. 

A Minnesota pickle producer and a major seed com
pany are cooperating with Breene and Davis on this re
search project. 

Assistant professor William Breene is placing a pickle slice on the cutting platform of an Instron testing machine. The sensitive machine records the degree 
of crispness and hardness on a graph as the pickle slice is squeezed. Assisting him is Rita Mays of St. James, a senior in the food science program. 



Dr. William F. Hueg, Jr. 

~I 
SUPPORT FOR RESEARCH 

I write with a note of optimism brought about by recent 
news that the 1970 Congress appropriated an additional $6 
million in Hatch Act funds and $627,000 to the McIntire
Stennis Cooperative Forestry Act. Why should this create 
optimism? 

At a time when U. S. fiscal policy is burdened by in
flation , our commitments in Southeast Asia, and numerous 
problems at home, those of us in research have expected no 
increases in our budgets . In fact, during the last 18 to 24 
months we have even seen very sharp reductions in public 
and private research expenditures. And yet the oldest form 
of institutional grants from the federal government to indi
vidual states, the Hatch Act grant to research , has been 
substantially increased. 

Several factor s behind the decision to increase these 
funds, I believe, are important to all of us. First, this budget 
was presented and supported by President Nixon in his 
January 1970 budget message. Second, the decision was 
made by a committee largely representing urban rather 
than rural areas. Third, this budget was developed through 
careful planning and programming, not only in the appro
priation itself, but also in organizing support to achieve 
this appropriation. Fourth, recipients of the grants were 
able to make the decision on what portion of the budget 
would be earmarked for them. 

Now, just a word about each of these important factors. 
Presidential support for the budget request from state 

agricultural experiment stations is extremely significant. 
Over the past decades this has not been the case. We have 
scarcely been able to get cost-of-living increases. Working 
with the Secretary of Agriculture, those of us in the state 
stations emphasized support for programs that could be 
carried out at the state agricultural experiment stations . 
Once an item such as this is in the budget, it is easier to 
talk to the recommendation in more positive terms. 

We hear increasingly about the dwindling support that 
rural America can expect as we rapidly shift to an urban
ized nation. As the 1970 Census indicates, this shift is al
ready well under way. As a result , we will be seeing major 
changes in representation in the Congress and in state 
legislatures based on these population shifts. This repre
sentation will have a decidedly strong urban cast to it. 
However, it is my belief that these urban legislators will be 
interested in two areas of national concern that state agri
cultural experiment stations can support. The first is main
tenance or general improvement of environmental quality, 
and the second is contributions that will make rural Amer
ica a desirable place to live, recreate, and work. But most 
important, both rural and urban legislators realize that it 
is rural America and its associated industries that supply 
the food for our population and much of the world. 
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