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TRAVERSE CHIPPEWA 

Traverse Soybean Released 
A new soybean vari ety shown by pr eliminary tests to 

have potential value for the Japanese food market, has 
be en released by the University of Minnesota and the 
U. S. Department of Agricu ltur e. 

Nam ed Traverse, for a western Minnesota county 
where it is well adapted, the vari ety is the result of an 
accelerated research and br eeding program by the Uni
versity and the USDA regional soyb ean laboratory. 

According to agronomists J. W. Lambert and R. D. 
Coop er, in charge of the Univ ersi ty's soybean breeding 
project, a principal fea ture of the new var iety is its 
yellow hilum, or seed spot. This overcomes one of Japan's 
objections to cer tain vari eties with black hilums , such as 
Chippewa; compare in the photo abov e. (Note: Rarosoy 
also has yellow hila, but lacks other characteristics pre
ferred by th e Japanese food market, such as good water 
absorption and high solubl e protein content.) 

Tests in Minnesota and elsewh ere show that Traverse 
is similar in maturity and yield to Grant, and is superior 
in lodging resistance. It has averaged about a bushel per 
acre less in yield than Chippewa and 4 days earlier in 
maturity. In seed quality and composition it is similar 
to Grant and Chippewa. Seed is not genera lly avail able 
for the 1965 crop year. 

Soybeans have over taken corn as Minnesota's major 
cash crop. Acreage is expected to hit an all-time high 
of 3.22 million acres in 1965. 

The " model tech niqu e" of 
planning build ing a nd eq uipment 
layo uts is com ing into its own a s 
a mea ns of efficient farm ste ad 
planning . On e of its man y ad 
vantages is that po ssible inter
fe rence, ha zards, and bottlen ec ks 
can be spott ed and e limina te d 
before con struction beg ins. The 
story beg ins an page 3. 
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Using the Model Technique in Farmstead Planning
 
J. H. Pomroy and Russ el E. Larson 

'"1-'he time is here for better and more comp lete plannin g 
of farmsteads-storage buildings, feedlots, feeding 

systems, feed pre paration centers, shipping facilit ies, etc. 
It is apparent from the incr easing number of larg er farms 
and the increasing number of animals being handled 
that opera tors who need new facilities, enlargement of 
presen t facilities, remo de ling and rearrangement for 
greater efficiency, or even a change of enterprise re
quire a more thoro ugh job of planning. 

The model techniqu e, as used in plann ing, satisfies 
the most critica l managers because it (1) has complete 
flexibilit y; (2) shows all variables-length, width, and 
height ; (3 ) shows how to conserve space; (4 ) shows how 
to conserve labor; (5 ) shows up safety hazards; (6 ) 
shows how long-range expansion plans will develop, step 
by step; and (7 ) makes it possible for nontechnical per
sons to visualize a layout proposal. 

"Shows" is the key word because that is exactly what 
it does. The plan represented by the model layout must 
por tray the actua l situation because it dea ls with cub age 
or thre e-dim ensiona l space. Possible interferences, haz
ards , and bott lenecks can be spotted and eliminated 
before a drawing pencil touches the paper. This planning 
technique is not new to industry, but the application of 
the ind ustrial model techniques to farms tead planning 
is new . 

The results of a pro ject to study the use of models 
in farms tead planning testifies to their usefulness. The 
scope is unlimi ted-from the arrangement of a single 
room to an entire farm. A typical example might involve 
only the milking room. What is the one best arrangement 
for my set of cond itions ? Starting with the given dimen
sions of the room, how can the necessary components be 
fitted into this space? Fi gure 1 shows some of these com
ponen ts-ramps, steps, platforms, and three different 

J. H. Pomroy is an assist ant prof essor in the Departm ent of Ag ricultural 
E nginee r ing and Russel E. Larson is an investigations leader, Farmstead Engi
neering Research Section, AERD , ARS, USDA , stationed at the University of 
Minnesota. 

Fig ure 1. Sample components suitable for the layout of a milking 
room . 
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styles of sta lls. If entrance and exit are fixed , how can 
these components be assembled to bes t fit all conditions 
and requirements? Since the component parts are bu ilt 
to sca le, they can be arranged in an almost endless num 
ber of combinations and when a suitable layout is made 
in the mode l, the prototype will also be satisfactory. 

Figure 2 shows an arrangement of components for a 
wa lk-through or lane-type milking room with a milk
house and bulk milk tank. Buildings and components are 
built to a ll-inch to 1 foot scale and are placed on a 
grid marked to the same scale. 

As an alternate solution, components can be re
arra nged or completely changed as shown in figure 3. 
Here the same building is used but a double-four her
ringbone sta ll arra ngement is substituted. This method 
of planning allows you to see and decide what is the best 
plan for your set of conditions. A finalized plan may then 
be drawn using the model information. 

On a larger area , the major farm enterprise may also 
be plann ed using the scale model technique. The cover 
shows an example of this type of planning. For the larger 
areas , a scale of ~~ or II inch to 1 foot is used. In this 
case , the ll-inch scale when laid out on an 8-foot-square 
planning table will represent an area 384 feet by 384 feet. 
Although this area is smaller than the average farmstead , 
it is still large enough to lay out , study , and analyze dairy 
or beef her ds of up to 800 head. The ll-inch scale also 
simplifies the problem of obtaining models of the correc t 
size, because this is the scale most used in industrial 
plant layouts. Specialized or unus ual agricultural mode ls 
are constructed of plexiglas and wire. 

To use the models, the first step is to determine the 
basic probl em and the limits. What is the present and 

Figure 2. Components arranged for lane or wolk-throuqh milking 
room and milkhouse. 
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proposed size of the enterprise? Wh at is the pres ent and 
ultimate herd size? Is the plan to be completed immedi
ately or will the ultimate capacity be reached by a series 
of expansions? What is the basic management plan? Once 
these factors are established, space requ irements are con 
sidered and the layout can pr ogress. 

Aim for the best layout without regard for present 
buildings, then determine whether or not the existing 
buildings can be incorporated int o the "ideal" plan. As 
each workable model layout is completed, a photograph 
of it will serve as a permanent record and the layout can 
then be changed to show an alternate solution. Th e 
photograph s are compared and evaluated to arrive at 
the "one best plan." 

While not extensively used at present, the scale model 
technique will find wid er acceptance as the business of 
farming becom es more specialized and complex. The ad 
vantages are self-evident: (1) layouts for present and 
future expansion can be develop ed rapidly, (2 ) alternate 

Goodhue County 
Then and Now ... 
some aspects of social change 

Lowry Nelson 
professor of sociology, emerit us 

Number of farms 
in thousands 

Average value of
 

land and bu ildings
 
in thousands of dollars
 

1960 

Average size of 
fa rms in acres 

Figure 1. Change per decade in number, size, and va lue of Goodhue 
County farms ; 1940, 195 0, and 1960. Source: U. S. Bureau of the 
Census, " U. S. Census of Agriculture," 1940, 1950, 1960. 

Figure 3. Rearrangement of components with herringbone stalls. 

solutions are easy to present , (3) the model has complete 
flexibility, (4 ) space limitations and safety hazards show 
up , and (5 ) it's easier for nont echni cal personnel to see 
and und erstand a proposed layout. 

During World War II , Goodhue County was chosen 
as one of 24 counties to represent a cross section of 

rural life in the United States. Th ese counties were 
selected after a careful statisti cal analysis of the 3,000 
U. S. counties on the basis of data from the 1940 census. 

Th ese counties were visited periodically by repre
sentatives of th e governm ent to enable it to keep abreast 
of, and even ahead of, developing problems that might 
affect the war effort. Shortly aft er the war- in 1946-a 
detailed study of these sample counties, including Good
hue, was undertaken with the federal governm ent in 
cooperation with the sta te experiment stations.' 

Because Goodhue County represents something of 
a social laboratory, SOciologists at the University decided 
it would be appropriate to make another study to see 
what changes had occur red since the war. The results 
of this study are the subject of an extensive report ; 
this arti cle will be confined mainly to an ana lysis of 
changes that can be det ermin ed by comparing the census 
data of 1940 with that for 1960. ( In some cases 1950 
data are used.) 

Changes in Agriculture 

Th e number of farms declined from 3,037 in 1940 to 
2,475 in 1960. In the same period, the average size in
creased from 152 acres to 176 acres. Goodhue is a dair y 
county, and whil e dairy farms declined from 2,892 in 
1940 to 1,305 in 1960, there are more cows per farm and 
they are producing more milk. The 1940 census reflects 
farming and farm values of the Great Depression. The 
average value per farm was then $8,356. By 1960 the 
value had risen to $30,660, a reflection of the influence 
of the war and the increased capita l costs involved in 
farming (figure 1) . Automation and impr oved technol
ogy in farming have made great gains during this period. 
This is shown in the sta tistic tha t farm laborers in the 
Goodhue County labor force declined by more than 50 
percent, and in only the 10-year period since 1950. 

1 See Frank D. Alexander and Lowry Nelson, "The Social Organization 
of Goodhue County ," Minnesota Agricultural Experiment Station Bulletin 
N o. 40 1. (February 1949 ) . 
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Population Changes 

The increased efficiency in farming meant a drastic 
decline in the farm population. In 1940, 4 of 10 persons 
lived on farms in the county; by 1960 this ratio was re 
duced to 3 of 10. 

The coun ty itself had only a small population in 
crease, from 31,564 to 33,035. In fact , the numb er of 
people has changed little since 1900 when the county had 
31,137. As the farm population declined, the rural non
farm population-mostly villages and hamlets-gained, 
as did Red Win g, the only urban center. Th ese gains 
were made possible by some increase in manufacturing, 
service industries, and the professions. 

But perhaps the most important population change 
was caused not by migration from farms , but by the 
unprecedented rise in the birth rate and in the survival 
rate for those in the upper ages (figure 2 ) . The long 
bars at the bottom of the pyramid represent: the children 
born since the war. Note that the bars for these ages in 
1940 are very short. Thes e represent the children born 
during the dep ression years when the birth rate reached 
its lowest ebb in history. The depression babies are now 
in the middle ages, while just above them on the pyrami d 
are those who were born after World War I, a period 
of high birth rat es. Thus, the pyramid for 1960 is in 
dramatic contrast with th at of 20 years earlier. 

The effect of these differences on the economy and on 
social institutions is tremendous. For example, with a 
minor increase in the population of the county as a 
whole, the school population has ballooned out of all 
proportion to the total. Also, the population 65 and over 
is much larger. Children under 15 years of age increased 
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Figure 2. Popu lotion of Goo dhue County, com parison of a ll places 
by age and sex, 1940 a nd 1960. 
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Table 1. Comparative dependency ratios, United States,
 
Minnesota, and Goodhue County, rural and
 

urban, 1940 and 1960 '
 

United States Minnesota Goodhue Co. 

Area 1960 1940 1960 1940 1960 1940 

Total 402 3 19 429 32 3 44 6 328 
Urban 392 282 417 288 437 287 
Rural nonfarm 42 7 349 46 5 355 463 36 1 
Rural farm 418 382 430 35 8 434 339 

• Dependency ratio is the number of persons under 15 plus those 65 years 
of age and over per thousand of the total populotion. 

by 40 percent , and adults 65 and over by 46 percent in 
the two decades . 

The effect of these changes can be well shown by the 
dependency ratios of the 2 census years (table 1 ). The 
two groups on the ends of the age scale are considered 
"dependents" because they are largely removed from the 
active labor force , although not exclusively so. However, 
now that high school education is practica lly universal, 
the younger group should more properly include those 
of ages 15-19. This would mean that virtually half the 
persons of Goodhue County are in the dependency 
group, compared with only around one-third 20 years 
earlier. The meaning for schools and welfare services is 
obvious and well known, 

Changes in Housing Facilities 

Most of the observable changes, especially those of 
a material kind , are identifiable as traits diffused from 
outside the county. Consider electricity on farms sup
plied from central generators. Before the creation by the 
federal government of the Rural Electrification Adminis
tration in 1935, few Goodhue County farms had electric 
service. Even 5 years later, in 1940, only 38 percent of 
the farms were serviced. The percentage grew rapidly in 
succeeding years to 61 in 1945 and over 90 in 1950. This 
item is not even reported in the 1960 census, which means 
that virtually all farms have the service. 

Along with electrical service, came many other facili
ties. Before 1940 most of the radios in farm homes were 
operated on batteries which, often as not, were in need 
of recharging. This means of communication was limited 
indeed. Today radios are in almost all homes, in most 
automobiles, and even on tractors and in trucks. In the 
last decade, TV has become practically universal in Good
hue County homes-farm and nonfarm alike. Thus , on 
this score, the one-time isolation of the farm family has 
disappeared. Whether in the home, on the road , or at 
work on the farm and in the barn, farm people are in 
inst ant aneous contact with the world. These changes 
have come to the farm and did not have a rural origin. 
What is important, howev er, is the receptivity of the 
people for these innovations. 

Again , electrical service was a prerequisite for many 
other facilities in the home and on the farm. A piped 
water supply for the home has be en one of the great 
lacks on American farms. Drawing water from a well by 
hand and carrying it to the house had been one of the 
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burdens of farm women which only electric power coul d 
remove. 

In 1940, only 18 perc ent of the farm hom es in Good
hu e County had running water ; 14 perc ent had indoor 
flush toil ets; and 13 percent had a bath or shower. By 
1960, the corr esponding perc entages were 83, 74, and 71 
(tabl e 2 and figure 3 ). Th e urban population ( Red 
Wing ) has long had th ese facilities. Now , as the table 
and figur e show, the rural part of the county is rapidly 
catching up. 

Other amenities are wid ely shared by urban and rural 
homes of Goodhue County. Refrigerators, fre ezers, elec 
tric washers and dr yers, and innumerable other gadgets 
and appliances are everywhere. Th e old-style farm kitch
en has been don e over and bears striking resemblance to 
wh at one would find in a new suburban dwelling. Styles 
of life are looking much th e same in town, city, and on 
the farm. 

Education and the Schools 

On e of the most dramatic chang es has been the con
solida tion of Goodhue County's school distri cts from 155 
in 1946 to 10 in 1964, 8 of whi ch operated schools. Before 
1950, it could rightly be said that th e farm population 
was "segregated." It ha d its own schools, by and for 
farm people; its open country churches with almost ex
clusive farm membership; and its local township gove rn
ment-which it still has . But this is no lon ger tru e of th e 
school and is becoming less so for th e churches. Schools 
now are shared with nonfarm people for the first time. 
Farm children commute to the consolid ated schoo ls in 

Ke y, 1940 ~ 1960_ 

Figure 3. Goodhue County housing characteristics for 1940 and 1960 
by category: urban, rural no nfa rm, and rural farm. 

Table 2. Percent of occupied houses, rural and urban, with� 
running water, bath, and indoor toilet, Minnesota� 

and Goodhue County, 1940 and 1960� 

Percent all hau.ing units 

Bath and /or Indoor flush 
shower toilet 

Location Private-Shared Private-Shared Running water 

1960 1940 1960 1940 1960 1940 
Minnesota 83.5 52.2 85.9 56.8 89.6 59.7 

Urban 97.2 84.5 98.3 91.2 98.7 90.9 
Rural 64.1 18.6 67.8 20.8 76.3 27.1 
Nonfarm 63.8 33.5 69.1 38.7 75.9 47.6 
Farm ' 64.6 7.7 65.2 7.8 77.0 12.0 

Goodhue County 83.7 41.5 87.1 50.3 90.8 54.1 
Red Wing 96.5 72.7 99.5 91.3 99.7 91.8 
Rural 77.1 26.2 80.7 30.2 86.2 35.6 
Nonfarm 81.0 45.3 85.0 54.1 88.2 60.1 
Farm ' 70.6 12.9 73.5 13.6 83.0 18.5 

* For 1960 only occupied housing was enumerated for the r u ra l-fa rm a reas; 
for 1940 occupied and va ca nt hou.ing was enumerated. 

Source: 1960-U.S. Census Report-Hou.ing-HC(1 )-25 Minne.ota, State 
and small area.; 1940-U.S. Census Repor t-Housing-Second Series, 
General Characterist ics, Minnesota. 

village, hamlet , or city. Chur ches are faced with merging 
as the op en country population declines, painful as this 
pr ocess is to the membership. More and more, a vas t 
social homogenization of the people of Goodhue Coun ty 
-their culture, th eir socia l orga nization, and their ways 
of life, is takin g place. 

Th e ass ista nce of Lo uis Kutc h er , gra dua te research assistant, is gratefully 
ack nowledged. 

Minnesota's Men of Science 
This is the 42nd in a series intro
ducing scientists at the Univer
sity 's Institute of Agriculture 

Herbert W. Johnson has been 
head of the Department of Agron
omy and Plant Genetics since July 
1964. 

Before coming to Minnesota he 
was in charge of soybean investi
gation for the Crops Research Di
vision, ARS, USDA, in Beltsville, 

Md. He directed all agronomic, plant breeding, and 
genetic work conducted by the ARS on soybeans, and 
cooperated in research activities with agricultural ex
periment stations at land-grant universities. 

A native of Tennessee, Johnson holds a B.S. degree 
from the University of Tennessee. He received his M.S. 
and Ph.D. degrees in plant breeding from the University 
of Nebraska and assisted in agronomic research and 
teaching there. From 1948 to 1953 he did research for 
the USDA at North Carolina State College, Raleigh. 

He is author and co-author of many scientific publi
cations in plant breeding and in the application of 
statistical genetics to plant breeding. He is listed in 
American Men of Science . 
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Current Research on Baby Pig Diseases� 

Harley W. Moon, Martin E. Bergeland, 

and D. K. Sorensen 

The greatest death losses in our swine population occur 
during the first month after birth. Dise ases charac

terized by diarrhea are of major importance at this age. 
Most of the diarrheal diseases of the newborn pig are 
thought to be the result of infection with bacteria and/or 
viruses. The photograph below is of a newborn pig that 
died with diarrheal disease. The hair coat is rough and 
dirty, and body fluids have been lost as the result of 
prolonged diarrhea. 

Two bacterial infections associated with diarrheal 
disease of the newborn pig are the subjects of current 
research at the College of Veterinary Medicine. One is 
"E coli infection," a disease so named because most evi
dence currently ava ilable indicates it is caused by in
testinal infection with Esch erichia coli. 

"E. coli infection" is very common in Minn esota and 
other areas throughout th e world where large numbers 
of swine are rais ed in confinement. Th e disease also 
occurs in other newborn mammals including man. Un
fortunately, the methods currently available for pr even
tion of E. coli infection are frequently inadequate. 

Th e chief difficulty encountered in the study of E. 
coli infection is that E. coli ba cteria are normally pr esent 
in the int estinal tra ct of pigs and other animals. Becau se 
of this , it is necessary to study the different strains of 
E. coli present in the intestinal tract of the newborn pig. 

Such studies hav e shown that certain strains are 
frequently associated with E. coli infection, but these 
strains are pr esent less frequently in the intestinal tract 
of norm al newborn pigs. So it is logical to assume that if 
E. coli are causing th e disease, only certain strains do 
so, whil e oth er strain s are pres ent in the intestinal tract 
without causing disease. 

With a thorough knowledge of the strains of E. coli 
associated with E. coli infection, prevention and control 
programs can be design ed to avoid infection with these 
specific strains. Such programs will probably include 
improved pr actices of sanitation and hu sbandry, specific 
treatment of certain individuals, and the development 
of vaccin es against these strains of E. coli. 

Oth er studies on this disease are in pr ogress. Th ese 
are attempts to determine the mechanisms which enable 
specific strains of E. coli to infect the newborn pig and 
cause disease. These studies may result in answers to 
qu estion s such as : What causes the movement of fluid 
from th e bod y into the intestinal tra ct and out in the 
feces, resulting in diarrhea? 

A second bacterial infection associated with diarrheal 
disease of the newborn pig currently under study is 

Drs. Harley W. Moon and Martin E . Bergel and are instructors in the 
D epartment of Veterinary Di agnostic Laboratories, and Dr. D . K. Sorensen 
is prof essor and head, D epartment of Veterinary Medicine and Clinics, Col
leg e of Veterinary Med icin e. 
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Clostr idium perfringens type C enterotoxemia (entero
toxemia). This disease is caused by type C strains of the 
bacterium Cl. perjrin gens. Bacteria of this species are 
also pres ent in the intestin e of normal animals without 
causing disease ; how ever, type C strains are not normally 
pr esent or are pr esent only in relatively small numbers. 
In contrast to E. coli, the clostridia grow only in the 
absence of oxygen. Thus anaerobic techniques of cul
tivation are necessary to work with clostridial species. 
This organism produces a toxin in the intestinal tract 
that destroys the intestinal wall and enters the blood 
stream. Thus, the nam e is ent ero- (meaning intestinal) 
toxemia (meaning a toxin in the blood) . 

Th e first confirm ed diagnosi s of enter otoxemia in Min
nesota pigs was in 1962. It is likely, however, that the 
disease occurred befor e that but was not recognized. 
This first confirmation of the pr esence of the disease in 
Minn esota was a result of research on diarrheal diseases 
of the newborn pig. Although entero toxemia is less com
mon than E. coli infection , it results in severe losses on 
farm s where it occurs. This disease also occurs chiefly 
in the first few days of life. It is charac terized by diar
rh ea, bloody feces, destruction of the intestinal wall , and 
death. 

Th e signs of this disease are a direct result of a 
toxin produced by the organism in the intestinal tract. 
Efforts to pr event enterotoxemia are dir ected against this 
toxin. Vaccines prepared from the toxin are available, 
and there is evidence to indicate that they are effective 
if used properly . However , for proper usage , early and 
accurate diagnosis of the disease is necessary. 

Current research on ent erotox emia is designed to 
improve our diagnostic techniques, to determine approxi
mately what proportion of the neonatal mortality in 
Minnesota swine is caused by enterotoxemia, and to 
determine the mechanisms wh ereby the bacteria infect 
th e intestin al tract and produce the toxin. 

This newborn pig died as the result of a diarrheal disease. 

7 



8 

The Effect� 

of Laundering and Drycleaning 

on Laminated Fabrics 

Su zanne Da vison and lillian O. l und 

I n 1959 laminated fabrics were int rodu ced in textile 
goods; since then many different fabrics have been 

manufac tur ed. Those for apparel range from rainwear to 
evening wear. Among these are the "foam-back" fabri cs. 
In most instances the foam-back fabr ic consist of a layer 
of polyureth ane foam bonded to fab ric. This face fabric 
may be knit or woven and may vary in constru ction de
pending on the use intended . Some of the advantages 
cited for foam-backed fabrics are bu lk without weight, 
wrinkle resistance, shape retention, and warmth. 

Since little is known about the maintenance of such 
fabrics, a cooperati ve study on the effect of drycleaning 
and laun dering on certai n laminated textiles was under
taken by the Minnesota and South Dakota Agricultural 
Experiment Stations. 

The foam-backed fabrics secured for this study in
cluded Tarp oon with and without foam, foam-backed 
jerseys, knits, woven wool-like fabrics, cotton corduroy, 
chambray, and linen placema ts with matching napkins. 
Fabric yardages were cut into 20-inch squares and 
marked so that shrin kage and other nond estructive 
measures could be determined after 1, 3, and 5 intervals 
of laundering and drycleaning. 

The foam-back fabrics were cleaned by a professional 
drycl eaner. Fabric swatches were cleaned in a synthetic 
drycleaning system, using perchloreythene solvent. 

Only the foam-back laminates with washabl e face 
fabrics were laundered. The fabric swatches were laun 
dered in an automati c top-loading agitator washer using 
the warm setting. The machine was set for a 5-minut e 
wash on a normal cycle. The swatches were then put 
in a pr eheated dryer using low heat and removed when 
slightly damp. The time of drying varied from 5 to 15 
minut es, depending upon the typ e of fabri c. 

Findings of the study ind icate that dimensional sta
bility (shrinking or stretching ) depends on the struc ture 
of the face fabric rather than on the foam backing. 
The graph shows that the more closely woven poplin and 
chambray foam-back fabrics changed less than 2 per
cent in length after five launderings whereas the more 
loosely constructed rib knit and jersey fabr ics shrank 
between 5 and 6 percent. In general, filling (crosswise) 

~uza nn e D avi son is ~ pr ofessor in th ~ Sch ool of Home E conomics, Uni 
vers ity of Minnesota ; Lillian O. Lund 15 a professor of h ome econom ics 
South D akota Stat e Un iversity, Brookings. ' 

Left: Foa m side of la undered (left ) a nd unlau ndered (right) linen 
pla cema ts; note yellowing a nd ha rden ing effect a long edge of lau n
dered mat. Right : Compa re la undered (top) plac emat to unla undered 
placemat beneath it. After five la underings pla cemats shrunk a s much 
a s 5 percent in bo th directions. 

shrinkage was less than warp ( lengthwise) shrinkage. 
Througho ut five drycleanings the shrinkage of the 

foam-back fabrics, both woven and knit increased but 
did .~o t exceed 2 percent. The knits ;howed greater 
stability to drycl eaning than to laundering. 

Comparison of the effect of laundering on a Tarpoon 
fabric .and Ta rpoon with a foam backing showed littl e 
crosswise change for both materials. The plain Tarpoon 
shrank approximately 1 percent in length whereas the 
foam-backed Tarpoon shrank 3 percent. Visual evalua 
tion showed more wrinkling of the foam-back than the 
plain Ta rpoon. This indicates that better pressing was 
possible on the plain than on the foam-back fabric. 

After Rve launderings the foam-back linen placemats 
shrank as much as 5 percent in both directions-a loss 
of approximately 1 inch in an 18-inch placemat. This 
change causes crowding of the china, silver, and glass
ware for each place setting . 

Exposure of the foam-back linen placemats to the 
carbo n arc light of the Fade-Ometer showed a yellowing 
and ha rdening or drying effect along the edges of the 
laund ered swa tches. The illustrat ion of the foam side of 
two placema~s , laun d.ered and unlaundered, respectively, 
shows the discolora tion and flaking effect on the laun
dered placemat. Both of these mats have been stored 
~or some time on a closet shelf so that they were sub
jected to the same atmospheric conditions. 

. In the woven and knit laminated fabri cs the drap e 
stiffness dec:eased both with progressive drycleanin g 
a~d laundermg: ~h e Tarpoon f~bric withou t backing 
did not show significant change 10 stiffness as a result 
of drycleaning or laundering. The Tarpoon with foam 
backing, however, softened more with drycleaning than 
with laundering. 
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The warmth qualities are measured by thermal trans 
mission. The foam-back Tarpoon showed greater warmth 
than the plain Tarpoon. The foam-back Tarpoon was 
more resistant to the rate of airflow than the plain Ta r
poon, which would increase warmth against wind. Al
though knit constructions rated high in warmth qualities 
the rapid rate of airflow through such fabrics could 
diminish the warmth. 

Another type of foam-back fabri c studied was a satin 
faced coat lining. This fabric was spot-laminated to 
the foam layer. A satin lining without foam backing 
was also evaluated. Both fabrics had a milium finish 
applied on the back or underside. 

After three drycleanings the foam separated from 
the satin in large areas and after five drycleanings further 
separation had occurred. Without the stabilizing effect 
of the face fabric the foam stretched H~ inches crosswise 
and formed folds under the satin. Both linings showed 
continuing shrinkage with progressive drycleaning. After 
five drycleanings the foam-back milium satin shrank 2.5 
percent in length and 3.5 percent in width. The milium 
satin shrank 1.8 percent in length and 3.1 percent in 
width. Th e higher crosswise shrinkage of both linings 
could affect the fit and comfort of a garment. 

The air permeability, or rate of airflow, of the linings 
increased with the number of drycl eanings . Visual ob
servation indicated that the milium disappeared during 
drycleaning and this could account for some of the 
change. After five drycleanings the two lining fabri cs 
showed a 2 to 1 air permeability ratio, with the foam
back satin more resistant to airflow than the plain satin. 

Percent warp shrinkage 

6 

5 
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2 

-
--------__-""'"'ip oplin -

Chambray 

3 5 
Number of launderings 

Effect of laundering on shrink in length of foam-back apparel fabrics. 
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The warmth of the linings as measured by thermal 
transmission was slightly greater for the foam-back than 
for the plain satin. 

The amount of shrinking and stretching that may 
take place in laminated textiles is more closely related to 
the construction and stability of the fabric than to th e 
layer of foam . If the fabric has low shrinkage potential, 
then the laminated fabric of which it is a part will have 
minimum shrinkage properties. Of those fabrics showing 
tendencies to shrink or stretch, drycIeaning caused less 
change than laundering. With continuous drycIeaning or 
laundering the foam softened somewhat and reduced 
the stiffness of the fabric. 

Anoka-a new potato variety 

T his new potato variety has been introduced by the 
Department of Horticultural Science in cooperation with 

the U. S. Department of Agriculture. Anoka resulted from 
a cross between Cherokee and USDA seedling B 402-1. 
Both parents are early maturing and resistant to common 
scab. Since 1952 wh en the selection was made, T 461-1 
was tested extensively in Minnesota's commercial potato 
growing areas . It rated excellent in tuber type and quality. 

Tubers of Anoka are elliptical to round, with very 
shallow eyes. Th e skin is smooth and white . Maturity is in 
th e Irish Cobbler-Cherokee class . Yielding ability is higher 
than Cherokee but not as high as Irish Cobbler. A spacing 
of 12 to 14 inch es appears optimum for production. 

An important characteristic of Anoka is its consistency 
of tuber typ e. Because of its uniformity of size and shape, 
there is a hi gh percentage of U. S. number one grade; the 
result is a very attractiv e pack. 

Although Anoka showed no field resistance to late blight, 
it rated medium in resistance to common scab in variety 
trials. Th is level of resistance appears adequate for practical 
purposes. 

Healthy seedstocks were released to foundation seed 
potato grow ers under direction of the Minnesota Depart
ment of Agriculture. In 1964 , 5'h acres of Anoka were in
spect ed and certified. 

. . . Orrin C. Turnquist and Florian T. Lauer 
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II . C. Chiang, professor, Department of Entom ology, Fisheries, and W ilcllife 

A ll three species of corn rootworms-sourthern, north 
ern, and western-are present in Minnesota. The 

southern and the nor thern species have been in the state 
for many years, whe reas the wes tern spec ies is a new
comer. 

For Minneso ta corn production the western species 
poses the greatest threat, and the southern the least. 
Resear ch on the ecology of the north ern and western 
specie s was star ted at the University of Minnesota Agri
cultura l Experiment Station in 1962. Th is article is a 
summary report of the work completed so far. 

Three Corn Rootworms 

For comparison , cer tain aspects of the appearanc e, 
distribution, and life history of the three species are 
shown in the table. The southern rootworm is not re
stricted to corn , and is less important to corn culture; 
it is more commonly known as the spotted cucu mber 
bee tle. Therefore this article will be concerned only with 
the north ern and western species. 

Economic Significance of the Northern and \Vestern 
Species 

From wha t we know of their life history, it is clear 
that: 
1.� Both nor thern and western rootworms are restric ted 

to corn , hence of great economic imp ortance to corn 
production. 

2. Th ese� species will increase in number only in corn
fields planted to corn 2 or more consecutive years
in other words, crop rotation will interrupt their life 
cycle , while continuous cropping of corn will en
courage their popu lat ions to increase ; the latter has 
been the case in recent years . 

3.� The wes tern species came into Minnesota only re
cently, and is sprea ding rapidly (see map ). Further
more, it is less vulnera ble to certain insectic ides and 
is able to develop resistance more readil y. Therefore, 
the western species may pose a grea ter future threat 
to corn than the nor thern species. 

The northern speci es has been present in Minnesota 
for a long time. Since crop rotation has been practiced, 
and since the nor thern rootwor m can be easily controlled 
chemically if needed, entomologists directed their at
tention and efforts to other pressing problems. It has 
been said that the more readily an insect can be brought 
under control, the less is known about its biology. This 
was certainly tru e with the corn rootworms. 

With continuous cropping of corn becoming pro
gressively more common, and with the invasion of the 
western species , entomologists are called upon again to 
devise new control programs. To facilitate this mission 
we need grea ter knowledge of the basic aspec ts of the 
life of these insects . 
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Research on Rootworm Ecology 

Work on the basic ecology of the corn rootworms has 
been in p rogress at the Minnesota Agricul tural Exp eri
ment Stati on since 1962. Th e scope of our 1964 pr ojects 
is show n in the titl e ph oto. Research plots were located 
on the St. Paul Campus , th e Southwes t Expe riment Sta
tion at Lamb ert on, the Southern Experim en t Station at 
Waseca, the Martin Bustad farm at Aus tin, and th e 
Victor Sandegar farm at Hills. Man y assisted in the 
project. 

Through county agricultural agents and vocational 
agriculture teachers we obtai ned the help of severa l 
farmers, 4-H Club members, and FFA memb ers in re 
cording the abunda nce of adult roo tworm beetles. The 
distribution of corn rootworms was determined on the 
basis of records obtai ned by the Division of Plant In 
du stry, Minn esota Dep artment of Agriculture. 

Th e following par agraph s summarize the results of 
those aspects which were complete enough to tell a 
story. Man y other stu dies are still in pr ogress or are in 
the planning stage. Some studi es will be made in severa l 
north-central sta tes on a regional cooperative ba sis. 

1. How many rootworms are there in a field? 
Methods to det ermine the populati on density-such as 
comparing the effectiveness of different control meth ods, 
and scree ning insecticides or resistan ce of host vari-

Table 1. Comparison of the three species of corn rootworms: 
northern, Diabrotica 'ong;corn;s; western, D. 'v i rg i fe ra ; 

and southern, D. undecimpunctata 

Northern Western Southern 

App earance 

Wing Covers shodes of green sha des of gr een, shades of green, 
to yellow, no with black longi- with black spots 
marking tudinal stripes 

Underside light colo red light colored ' lig ht colored 

Distri butio n 

Are'" coincides with southwest por- a rea of corn 
a rea of corn tion of corn - prod uct ion and 
production growing area be yond 

History in long standing found since 1961 long standing 
Minnesota 

Life Hist ory 
Overwintering in egg sta ge in in egg stage in adult stage, 
in Minnesota the topsoil the topsoil qu estionable if 

it overwinters in 
Minnesota 

Deposits eggs only in corn only in corn in mony crops 
Larval survival only on roots of only on roots of on roots of 

corn corn different crops 

Rea ctio n to 
Insecticides 

Chlorinated generally generally not ge ne rally 
hydrocarbon effective effective effective 
compou nds 
(a ld rin, 
heptachlor) 
Organo lower do sage for higher dosage 
phosphates lethal effect for lethal effect 
Development slow and fost and general 
of resistonce local ized 

* This characte r conveni entl y separates the western corn rootworm adult 
from the striped cucumber beetle which hos stripes on the wing covers but is 
black an the und ers ide of the abdomen . 
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eties-are import ant to resear ch. Sampling methods are 
also important from a practic al standpoint, such as pr e
dicting wh ether the infestati on in a given field will be 
serious enough to be treat ed. 

We have developed methods for research purposes, 
but still do not have enoug h inform ation to pr edict th e 
seriousness of an infestation. 

Egg population-cores of soil 4 inches in diameter 
and 4 inches deep are washed thr ough two scree ns 
and examined under a binocular microscope. Th e 
number of eggs per sam ple is determined and ex
pr essed on a per acre basis. Other meth ods of sam
pling will be tested in the near fu ture. 

Larval population-Plants are du g up and the ex
cess soil is remov ed from the roots. Th e roots are 
placed on a piece of hardwar e cloth that is placed 
over a pail containing about 2 inches of water. Th e 
roots are exposed to air , pr eferably in the sun . As the 
roots dry up , rootworm larvae move out of the roots 
and fall into the water. Th e soil around the roots is 
also examined for larvae and pupae. 

Adult population-The numbers of beetles of both 
species are counted on 10 plants in a field . At the same 
time, th e number of plants to th e acre is determin ed. 
From these dat a it is possibl e to estimate the number 
of beetl es per acre and the ratio of the western to the 
northern species. 

2. Where are the eggs in a cornfield? Thi s qu estion 
involves two aspects : the horizontal distribution in rela-

Figure 1. Distribution of the western corn rootworm since 1961 . 
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tion to the plants, and the vertical distribution in relation 
to the soil surface. 

Horizontal distribution-Generally, the results from 
our 1963 study in checked and drilled plantings show 
that eggs are concentrated next to the plants. There 
may also be concentrations of eggs on certain sides 
of the plant or hill. Studi es are underway to analyze 
factors tha t may be responsible for the pattern of egg 
distribution. 

Vertical distribution-The eggs are laid near the soil 
surface. As soil is worked over through harv esting, 
diskin g, plowing, and harrowing, eggs are moved 
downward . Th erefore, by planting time in the sprin g, 
eggs are distributed throughout the plow depth (see 
figure 2 ). 
Knowing the egg location is useful in determin ing the 

initial level of populations. Samples taken next to the 
plant at harvest time yield the high est concentration of 
eggs, hence give the maximum amount of information. 

3. Are com rootworrns restricted to com? Rootworm 
adults of both species have been noticed in places other 
than cornfields, such as alfalfa fields, flowerb eds (par
ticularly sunflower and chrysanthemum ), and gardens 
(particularly squash ) . Did the beetles emerge from these 
plots? Do they lay eggs there? Answers to these ques
tions are of great importance. If beetles do lay eggs and 
larva e do survive in some crops other than corn , these 
crops should be avoided in crop rotations. 

From 1962 thro ugh 1964, 176 samples of soil were 
collected from 22 plots including alfalfa, soybeans, sor
ghum , oats, peas, squ ash, sunflower, chrysanthemum, 
dahlia , and weeds. Only 18 eggs were found in these 
sampl es. Thus it is clear that while beetles may be seen 
on or around these plant s, they seldom lay eggs ther e. 
It follows further that corn may be planted in fields in 
which these plants grew in the pr ecedin g year without 
inheriting a rootworm egg population. 

In order to check if corn rootworm larvae can survive 
on the roots of some common crops other than corn , 
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Figure 2. Downwar d movement of eggs due to fa rm opera tions. 
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Figure 3. Overwintering egg survival in relation to depth in sail. 

we planted oats, sorghum, and soybeans as well as corn 
in soil that we knew cont ained many rootworm eggs. In 
eight replicates in two tests (four at Lamberton, and 
four at Hills) 173 larvae and pupae, 16 north ern beetles, 
and 949 western beetles were found on corn but ab
solutely no larva e, pupae, or beetles were found on the 
other crops. In other words, neither the northern nor 
western species survi ved on oats, sorghum, or soybeans. 
Thu s these crops could be planted on ground with root
worm eggs without suffering rootworm damage, and 
there is no reason why these crops should be avoided 
in the crop sequence. 

4. Why may rootworm infestations be found in corn 
following a year of different crops? Fields that were in 
corn, then in soybeans or oats for 1 year, and then back 
to corn sometimes show rootworm infestation. This 
phenomenon could be expected if beetles had been 
laying eggs in oats or soybeans, but we know this is not 
the case. 

Our attention was then directed to the possibility 
that some eggs may survive for 2 or more winters. In 
other words , some eggs laid in the corn crop prior to 
oats or soybeans may hatch in the corn crop following 
oats or soybeans. This hypothesis was tested in a 2-year 
study. Soil sampl es containing eggs were buri ed in the 
ground in fall 1962 and examined in sprin g 1964. Of 
the estimated initial population of about 600 eggs, 13 
looked fresh and viable. Two hatched upon incubation. 
Th e eggs that surviv ed 2 winters , though a small per
centage, may hold the explanation to the riddle. 

5. How well do the eggs survive Minnesota winters? 
Since rootworm eggs are distributed in the soil at differ
ent depths, how does the depth affect egg survival? To 
answer these questions, we conducted tests in the winter 
of 1962-63, and again in the winter of 1963-64. In general , 
about 60 to 80 percent of the eggs remained through the 
winter. We do not knew yet what caused the reduction, 
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but th e reduction was smaller among eggs pla ced at 
depths below 4 inches than above. When the eggs th at 
successfully pass ed the winter were incubated in th e 
spring, th ose from greater depths also showed better 
hatchin g (figure 3). 

6. What is the effect of time of plowing an d type 
of planting? Th e above discussion shows (a) that plow
ing moved eggs to greater depths in the soil and (b ) 
th at eggs at greater depths survived better (s ee graphs ) . 
Following a simplified reasoning, we had expected that 
eggs would survive better in fields plowed in the fall 
than in those plow ed in the spring be cause mor e eggs 
are moved down where winter survival is higher. In 
scientific work , simple reasoning is not always suffi cien t. 
A L year study by Dallas Rasmuss en, a graduate student 
in entomology, indicat es just the reverse: spring plowing 
rather than fall plowing is associated with higher larval 
populations. Th e reason for this relation will b e studied 
this year. 

Hootworm population is also affect ed by the typ e 
of planting. In general, drilled planting supported higher 
populations than did checked planting. Drilled planting 
also suffer ed more lodging. 
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Studies in progress or in the planning stage 

The preceding paragraphs discuss the aspects of work 
on the basic ecology of the two species of corn rootworms 
so far completed. The implications of such information 
to th e methods of cultural control of these insects, such 
as crop rotation, plowing, and planting are also pr e
sent ed. Several other studies are either in progress or 
planned. Wh en completed , they will enhance our knowl
edge on the basis of which new control methods may 
be developed. 

These studies are : (1) relation of soil and air tem
perature to the time of egg hatching at sever al points 
in the state; (2) factors that influence the egg-laying 
habits and oth er activities of rootworm adults, including 
weeds, lodging, soil moisture, and weather conditions; 
(3) further inquiry into the reason for th e high er larval 
survival in spring-plowed fields; (4 ) survival of larvae 
on more plant sp ecies; (5 ) the possible correlation be
tween densiti es of egg, larval , and adult stages and crop 
loss; (6) the distribution and abundance of the northern 
and the west ern spe cies in the North-Central Region; 
and (7 ) mechanisms involved in th e rapid spread of the 
western species. The last two studies will be undertaken 
in coop eration with six other states. 

Jack pine from this seed source at Jenkins,� 
Minnesota, approximately 85 miles west of� 
Cloquet, rank above Cloquet in all qualities� 

Variation 
in Jack Pine Seed Source� 

R. A. Jensen, assistant scientist 

B. A. Brown, sup erintendent 

Cloquet Forest Research Center 

When loggers cut the extensive pineries of the Lake 
States, th ey considered the jack pine worthless, and 

ignored it. As th e supply of pin e sawlogs declined and 
th e economy shifted from lumber to pulpwood, jack 
pin e became an important raw material. Today it is a 
much sought aft er pulping tree. During the last 5 years 
more than 550,000 cords of jack pin e worth over $9.5 
million hav e been delivered annually to Lake States 
pulpmills, 

The incr eased use of jack pine emphasizes the need 
for research conc erning its growth habits. Reforestation 
is an integral part of today's sustained-yield forest 
management programs. To insure adequate future 
growth, many cutover areas must be planted. Since con
siderable time and expense are involved, great care 
should be taken to plant th e best seed source for each 
particular area. 
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Mistakes often are not evident for 25 years or more, 
hence they cannot be readily corrected as with other 
agricultural crops. Much thought is being given to a 
program of tree seed certification to help forest land 
owners avoid costly mistakes. 

Jack pine, almos t spanning the con tin ent from east 
to west, occurs farther north than any other native pin e. 
From New Brunswick, Nova Scotia, and Maine it spr eads 
westwar d through the Grea t Lakes Region to the foot
hills of the Rockies in Alberta, Canada. Such a wide 
geographic range contains considerable genetic variation. 
To study this var iation, seed was collected from 25 
scattered locations (see tabl e ) and outpla nted in 1942-43 
at the University of Minnesota Cloqu et Forest Research 
Center. Although these plantings are young in com
parison to the total life span of jack pin e, a wide range 
of variation already is evide nt. 

The Importance of Varia tion 

Th e impor tanc e of variation depends on how the tree 
is used . Pulpwood requires good diameter and height 
grow th with high density and long fibers. Posts and 
poles must be straight with little taper. High quality 
sawlogs should be straight with uniform dia meter growth 
and taper plus few, small kno ts. Landscape design and 
Christmas tree pro duction demand a vari ety of tree sizes, 
shapes, and colors . 

A few important growth characteristics are compared 
by ran k in the table. It appears that seed which wou ld 
grow faster and hav e several mor e desirable traits than 
Cloquet seed can be collected from several areas. Know
ing the range of variation for each characteristic, a tree 
br eeder can combine the favorable traits for a vari ety of 
uses. 

Size and Rate of Gro wth 

The size and rate of growth are important becaus e 
they determine the final volume of wood fiber produced . 
The tall est trees were found to have the fastest diameter 
growth. The shortest trees are from th e Canadian North
west. One-half of the seed sources rank above Cloquet 
seed in both diameter and height growth. 

The fastest growi ng trees come from seed collected 
in a New Jersey plan tation; th e seed for that plantation 
originated from Minnesota. Unfortunately th e exact loca
tion in Minnesota is unknown, so it is impossible to 
determine whether the moving of Minnesota seed to the 
New Jersey environment for one generation caused any 
genetic improvemen t. 

Volume measured outsi de the bark can mean up to 
15 percent less wood fiber when the trees have thick 
bark. Bark th ickness is re lated to heigh t and diameter 
growth. Fast-growing tre es have thick bark, with thr ee 
exceptions : The Manistique and Chalk River sources 
have thinner bark than their growth rates would indi
cate; the Eau Claire source has thicker b ark than ex
pected. 

Form is a subj ective measure of stem straightness. 
Very few trees have perfectly straight stems . Many are 
crooked from attacks by insects and disease or from th e 
effects of snow, ice , and tempera ture. Oth ers are de

form ed for no apparent reason, thereby suggesting the 
genetic control of this trait. Th e Bar Harbor plots depart 
from the usual straight, upright form. Th ese trees hav e a 
spreading, shrublike appearance, the same as their Main e 
anc estors . Na tural selection through time has caused 
adaptation of the form by the rigorous coasta l environ
ment. This adaptation has been transmitted to the pr o
geny planted at Cloquet. 

Some sources have a secondary period of shoot 
growth which cau ses abnormal terminal and side 
branches. The resultant num erous , coars e branches at 
sharp angl es are undesirable. This is an inherited charac
teristic, therefore avoid collecting seed from trees or 
stands wh ere late growth is prominent. 

Additional studies are underway to sepa rate the in
fluence of external factors (insects , disease, and climate ) 
from the inherited factors in respect to tree form, growth, 
and hardiness. The impact of external factors cannot be 
determined in a few years . All fac tors are not operative 
every year , so th eir influence is not immediately evident. 
In any 1 year, some malady cou ld complete ly change 
the preliminary trends. A tru e evaluation of these seed 
sources will not be possible until the crop approaches 
maturity. 

Rank of� growth characteristics for seed sources 
planted at Cloquet, Minnesota 

A vera ge annua l gr owth Averag e 
Seed source 

Height Diameter 
Avera ge 

form 
bark 

thickness 

New Gretna , N.J . ' 1 3 2 

Manistique, Mich. 2 2 4 15 
Hinckley , Minn. 3 3 5 

Chalk River , a nt . 4 a 2 17 
Pet er son , Minn . 5 4 13 3 

Jenkins, Minn. 6 12 6 5 

Ba ldwin, Mich. 7 10 19 7 

Pa rk Rapids, Minn . a 9 9 a 
Burling to n, Vt. · 9 5 14 9 

W e llston, Mich. 10 6 15 6 

Fort Francis, ant. II 13 13 
Sa nd ila nd s, Man . 12 7 12 12 
Cloquet, Minn. 13 14 7 11 

Huron , Mich. 14 11 17 4 

Chisho lm, Minn . 15 15 8 14 
G ran d Mor ais, Minn. 16 16 11 16 
l a ke St. Jo hn, Q ue. 17 18 10 21 
Mira michi, N.B. 18 17 16 18 
The Pes , Ma n. 19 19 20 24 
Fort McMurra y, Alb . 20 21 22 23 
Ea u Cla ire, Wis . 21 23 18 10 

Smith landing, Alb. 22 20 23 19 
Reg ina , Sa sk. 23 22 21 20 
Ir?quois la ke, Alb. 24 24 24 22 

Bar Harbor, Ma ine 25 25 25 25 

• Planted stands,� seed from Minnesota . 
Bold type indicates sources ranking abo ve Cloquet. 
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NEW DEVELOPMENTS in Soil Conservation Practices� 
Curtis L. Larson a nd James B. Swan 

Most farm ers are aware of the damage to soil produc
tivity caused by unchecked erosion. Erosion control 

practices including vegetative and mechanical measures 
have been dev elope d and ha ve proven to both effective 
and economical. Yet adequate soil conservation practices 
ha ve been developed and have pro ven both effective 
than 9 million acr es of Minnesota cropland on whi ch 
water erosion is a probl em. 

The most wid ely adopted conserva tion practices, 
applied to about 1.3 million acr es, are the contour 
methods. These includ e contouring ( rows run at right 
angles to the slope) and stripcropping (alternate strips 
of hay running across the slope) . About 50,000 acres in 
Minnesota are protected by terraces wh ich consist of 
ridges and chann els built across the slope. Terraces 
control erosion by int ercepting the flow of water befor e 
it builds up enough velocity to damage the land. 

Wh at has kept these methods from being adopted on 
all the cropland subj ect to wa ter erosion? One major 
reason is that pr esent farming trends conflict with pr e
viously developed soil conserva tion practices. On corn
grain farm s more int ensive crop rot ations are being used 
and this often pr events the use of such methods as con
tour stripcropping. Terr acing might be used instead , 
since it does allow more intensiv e rotations. However , 
farms are increasing in size and larger implements are 
being used every year, making the old style nonparallel 
terraces difficult to farm because of the man y "point 
rows ." 

Standard Parallel Terracing 

Th e problem of point rows can be eliminated in 
man y cases by making the terraces parallel. Th e terraces 
are spa ced at the exact multiple of four , six, or eight 
rows . Th e spacing is similar to the average spacing of 
nonparallel terra ces; as the slope increases, terraces 
must be more closely spaced to give ad equate erosion 
control (see table 1). 

Th e cross section of standard parallel terraces is V
shaped except for a slightly rounded cha nnel bottom and 
ridg e (see figure l a ). The ridge is mad e 0.7 to 1.2 feet 
high (h) , depending upon the terrace length and spac
ing. For four-row equipment, each portion of the terrace 
should be made 13.5 feet wide, as show n, so that four 
40-inch rows just fit. This dimension can be increased 
to accommod ate six- or eight-row equipment. 

With standard parall el terraces, most existing wat er
ways are used as outl ets. Grades may be varied con
siderably to help obtain parallel lines; considerabl e 

1 For a mo re detailed description of p arallel terracing see A-li nnesot a 
Form and Hom e Science, 1962, XX ( 1 l, 3 -4 . 

Curtis L. Larson is an associate profes sor in the D epartment of AJtri
cultural Engineering , and James B. Swan is assistant professor and extens ion 
specia list in so il conservation. 
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cutting and filling may also be necessary. At low points 
th e terrace ridge may be built up entirely by filling, and 
at other points th e channel is made mainly by cutting. 

Construction of nonparallel terraces is usually don e 
with a motor grad er. Cutting and filling on parallel 
terraces requires a track-tractor and scraper. Approxi
mate costs are around 5 cents per foot for standard ter
races and 6 to 10 cents per foot for parallel terraces, 
depending on the amount of cutting and filling. Nearly 
6 million feet of parallel terraces have been constructed 
in Minn esota during the last few years.' 

Push-up Terraces-A New Idea 

An even newer idea in terracing is the "push-up 
terrace" shown in figure 1(b). It was given this name 
because the terrace ridge is mad e by pushing soil up 
from below with a bulldozer. Th e lower side of the 
rid ge, called the "backslope," is purposely mad e too 
steep for farm ing , and is seeded to grass. 

Th e remainder of the area, represented by the dis
tanc e F , is farm ed. If some soil movement toward the 
channel and ridge is allow ed , a nearly level bench will 
eventually be form ed . Therefore, terraces of this type 
are sometimes ref erred to as bench-type terraces. 

One main advantage of the push-up terrace is that 
it permits wid er terrace spacings than used previously. 
Th e terrace spa cings, T , given in tabl e 2 are based on 
soil erosion over the erodible length, E. With a push-up 
terrace, the avera ge slope of this area is about three
fourths of the origin al slope. With other types of ter
races, where the backslope is farm ed , the average slope 
is increased. As shown in table 1, the spacings for push
up terraces are usually 25 to 50 percent grea ter than for 
other types of terraces. 

Soil loss rates are about the sam e for both types of 
terraces ( table 1) , since the increased spacing offsets 

~ Original Ground Line 

L~,~, -t-"" -t -~5~
 
Figure 1 (a ). Crass section of standard parallel terrace. 

2 : I Grossed Bockslope 

h 

El~:l~: I~j
F 

T 

Figure 1 (b), Crass section of push-up parallel terraces. 
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f igure 2. Conslructing a push-up, level terrcce on a 10-percen l slope 
by bulldoz ing soil en tirely from be low. 

the reduction in slope . Allowable soil loss rates are from 
2 to 5 tons per acre per year, depending on soil depth 
and other characteristics. As shown in the table, with 
a corn-corn-grain-hay rotation, losses would be excessive 
without terracing except for gentle slopes. ote also that, 
in addition to terracing, a less intensive rota tion is re
quired on slopes over 10 percent. 

Push -up terraces ar e almost always made parallel 
for convenient farming. Th e spacings given here provide 
for an even number of trips with four-r ow equipment, 
using 40-inch rows. They can, of course, be adjusted to 
fit other row spaci ngs or larger equipment. 

The backslope area, represented by the width B, is 
no longer available for cropping. However, by comparing 
B to the total spac ing T, one sees that it is less than 
10 percent of the total area, excep t for rather steep 
slopes. The height of the embankment, seen from below, 
is equal to one-half of B. 

Table 1. Comparison of spacings and soil loss rates for standard 
parallel and push-up parallel terraces 

Ave ra g e a nnua l soil 10 55 * 

Land Terrace spacing Unf erre ced, Sianda rd Push-Up 
slope Siandard Push-Up uncontoured terraces te rrac es 

% ft. ft. tons/acre tons/acre Ions/acre 
2 160 273 2.9 1.2 1.4 
3 120 220 4.2 1.3 1.5 
4 107 18 1 5.6 1.6 1.7 
5 107 142 7.3 2.0 1.7 
6 93 131 9.2 2.4 2.0 
8 93 119 13.5 4.2 2.6 

10 80 106 18.6 5.2 3.8 
12 80 107 24.7 7.0 5.6 

* For average 01 soil Iypes in SE Minnesota, 300-1001 slope lenglh, spring-
plowed, a nd a corn-cc rn-q rc ln-hcy rotat ion . 

Table 2. Recommended dimensions for push-up t e r ra ces with� 
seeded backslopes: T, total spacing; F, cultivated width;� 

E, erodible width; B, backslope width� 

No. 01 
Land 40-;n. Deplh Leng lh 
slape T E B rows 01 cui per a cre 

% II. fl. ft. ft. ft. II. 
2 273 268 254 5 80 0.7 160 
3 220 214 200 6 64 0.9 200 
4 181 174 160 7 52 1.1 240 
5 142 134 120 8 40 1.3 310 
6 131 121 107 10 36 1.6 330 
8 119 108 94 11 32 1.9 370 

10 106 94 80 12 28 2.0 410 
12 107 94 80 13 28 2.1* 410 

* Requires cui 010.3 loot abo ve lerrace. 

The depth of cut just below the terrace embankment 
increases with the land slope (table 2 ). No cutting is 
don e in the channel unless the slope exceeds 10 percent. 
If desired, topsoil can be saved and respread over th e 
area with one extra operation of the bu lldozer. Never
theless, a tempor ary decrease in yield can be expec ted 
in the area of deepest cut. In many cases, the yield can 
be maintained by unusually heavy application of fer
tilizer. At the same time, efforts should be made to build 
up the organic matter content of the soil by working in 
manure or plant residues. 

On slopes up to 4 percent , the backslope can be 
made flatter and used as cropland. In this case, the dis
tance B should be 14 feet for 4 row equipment and the 
total spacing should be reduced by 27 feet or more. Th is 
smaller spacing is needed to compensate for the increase 
in average slope that occurs when the ridge backslope 
is cultivated. 

Disposing of the Runoff 

With push-up terraces, the run off water can be dis
posed of in several ways. First, the terraces can be bu ilt 
with a grade so that the excess wa ter will flow to an 
outl et waterway . This method has been used almost en
tirely in Minn esota with other types of terraces. 

Most of the push-up terraces in Iowa and Minnesota 
are being built level, with out an outl et wat erway. This 
means that the terrace channel becomes a storage basin, 
and must be of sufficient size to store the expec ted vol
ume of ru noff. Also, water must be disposed of in 12 to 
24 hours to prevent crop damage in the channel area. 

If the soil is highly permeable, the stored water will 
infiltrat e in to the soil in less than 24 hours. In Minne
sota, however, most of our soils are not sufficiently per
meable to permit use of such "absorption type" level 
terraces. Th erefore, some meth od of removing the ex
cess water is needed . 

An entirely new idea, started in Iowa in 1963, is to 
use tile lines as outlets for level terraces. The terrace 
ridge is made absolutely level, but the channel bottom 
often has one or more low points where draws ar e 
crossed. A tile intake is installed at each of these points 

f igure 3. Lower side of finished push-up level lerrace on an 8-per
cenl slope, replacing old -style lerrace. Nole greally reduced slope 
belween lerraces. 
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and connected to a tile main leading to a suitable out
let. The intake is mad e with small openin gs so that the 
water is removed slowly, but still within 24 hours 
(figure 5 ) . 

There are two advantages to level terraces over 
graded terraces. First, outlet wat erways are eliminated. 
The cropland gained in this way may be eith er more 
or less than the area not cultivated with push-up type 
terraces. This depends on th e number of wat erwa ys 
tha t would be required for a set of ordinary parallel 
terra ces. Perhaps more important is the convenience of 
not having to lift tillag e implements when crossing 
waterwa ys. 

Th e second advantage of level terraces is moisture 
conservation. Even with tile outl ets considerably more 
wat er infiltrates into the soil than with graded terraces. 
Jus t how beneficial this is in the Midwest has not yet 
been determined. On heavy soils and where rainfall is 
ample and well distributed, little benefit can be expected . 
On lighter soils with limit ed rainfall, the benefit may be 
considerable. 

What Do They Cost? 

Experience in Iow a has shown that push-up terraces 
can be bu ilt for about 15 cents per foot of length. In 
some cases, the cost is higher du e to the cutting and 
filling necessary to obtain parallel terraces. That is, 
deeper than normal cuts are required at some points and 
less than norm al cuts at oth ers. Thi s requires pushing 
or hauling soil along the terrace. The added cost is or
dinarily small , but can run as much as 50 percent. 

The cost per acre increases with the land slope, since 
the terr aces are closer together on steep slopes. The last 
column of table 2 gives gives the number of feet per 
acre for different slopes and spacings. To estimate the 
cost per acre, multiply the estim ated cost per foot by 
this figure. If a tile out let system is used, th is is an addi
tional cost. 

Figure 4. Finished push-up level terrace on a 5-percent slope. Ridge 
shope is shown by solid white line; ridge line is show n by dashed line. 
Tile intak e is 27 feet (8 rows) from ridge line. 
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Figure 5 . Tile intake at low point of push-up level terrace on 5-per
cent slope. Intake is 14 feet from ridge line, indicated by white 
arrows. 

A terrace system should be consid ered a permanent 
investment that can be amortized over a period of 10 
to 20 years. Thus the annual cost is only a few dollar s 
per acre. 

Other Practices 

In areas where the topography is quite irregular, 
parallel terracing may be impossible and oth er practices 
may be impractical. What can a farmer do to protect 
his cropland from erosion in such areas? 

One possibility is to inst all graded, nonparallel ter
rac es and plan to farm across them instead of parallel 
to them. A recent experiment of this type has be en 
carr ied out by L. F . Hermsmeier of the Agricultural 
Research Service near Morris, Minn esota. A somewhat 
similar study was mad e earlier in Illinois by C. A. van 
Doren and others. 

In both of these studies, all Held operations were in 
straight lines, crossing the terraces at a variety of angles. 
Some inconvenience was encountered in certain planting 
and harvesting operations, but was not considered 
serious . 

Th e channel area was reduced about 12 to 15 percent 
each year , but ba ckfurrowing on the terrace ridge while 
plowing once every 3 years restored the terr ace to normal . 
Deadfurrows crossing the terra ce ridge seriously reduced 
channel capacity, but this can be avoid ed or can be 
patched up quite easily. 

In general , farming across terraces should be con
sidered only where oth er conservation practices are im
pra ctical. If used, there will be some inconv enience and 
some extra maintenan ce required. Neverth eless, it pro
vides a way of protecting the soil where other means are 
not feasibl e. 

This method may also be considered where a single 
terrace would provide ad equate protection for a small 
area, that is, on relatively short slopes. 
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Earth dams locat ed in waterways have been used 
successfully in Minn esota for many years for gully con
trol and flood prevention. The benefits from these struc
tures are in the protection of downstream areas. Such 
structures provide no control of soil movement (erosion) 
on the slopes above the structure, except in the limited 
ponding area above the structure where deposition oc
curs. The soil is saved from leaving the farm, but is not 
being held at its place of origin on the slopes. Hauling 
the soil back periodically is, of course, possible but 
represents a substantial, recurring cost. Thus soil saving 
dams may pr ovide cert ain benefits but do not by them
selves control soil erosion. 

Good soil management , including improved tillage 
methods , is helpful in reducing soil erosion, and is there
fore recommended along with terracing and contour 
methods . An adequate fer tilizer and liming program will 
help to produce vigorous growth of all crops and return 

more crop residu es to the soil. A dense stand of hay 
provides much bett er erosion protection than a poor 
stand, and even corn provides good cover after it is well 
developed. Maintaining a high level of organic matter in 
the soil helps to increase infiltration and reduce erosion. 
This can be done by maintaining high crop yield and 
returning all crop residu es to the soil. Green manure 
crops also aid in maint aining organic matt er content of 
the soil. 

Minimum tillage methods leave the area between 
rows very rough, decreasing runoff and erosion. Field 
studies have shown that such methods as wheel-track 
planting and plow-plant can redu ce erosion by about 
40 percent if prop erly done. Even greater reductions 
have been found und er cer tain conditions. Thus a mini
mum tillage method should be considere d as a support
ing practice where soil erosion is a serious problem, and 
may be adequate by itself for mild slopes. 

Winter burn, the most common kind 
of winter damage to evergreen trees 

and shrubs, is character ized by dead 
branch tip s, mainl y on the southwes t 
side of plants. In jured portions of 
branches turn a light brown color and 
dry out when wea ther wa rms in the 
spr ing (see ph oto above ). 

The most common explana tion is th at 
winter burn is caused by foliage drying 
when frozen soil prevents wa te r uptake. 
Because treatments to prevent such dry
ing have generally been unsuccessful in 

C. J. W eiser is an associate professor in the 
Department of Horticultu ral Science ; W . C. White 
is a former research assistant whose M.S . thesis 
dealt with th e subject of th is paper. He is presen tly 
serving in the Peace Corps in Ecuador. Parts of 
these results were published in more detailed form 
in the Proceedings of the American Soci ety for 
Horti cultural Science, Vol. 85, pp. 554-63 . 

The authors extend their app reciation to the 
Louis W . and Maud Hill F am ily Foundati on for 
support of this research and to Bail ey's Nurseries. 
Newport. Minnesota, for their fine coo peration. 

ing out- well-watered soil, heating ca
bles to prevent soil freezing, and plastic 
an tides iccant sprays-did not reduce in
jury . And treatm ents to aid drying out
dr y soil, reflectors to provi de more radia
tion on the southwest side of p lants, and 
spotlights near the foliage to do the 
same-did not increase winter burn. 

Winter Injury 
ou Evergreens

Furthermore, the percent of moisture in 
branches on the southwest side of plant s, 
where injury was common, was no less 
than in br anch es on the northeas t side 

C. J. Weiser and W. C. White of plants where injury was rare in late 
January and ea rly February when injur y 
occurred . 

Arborvitae plants also proved capable 
reducing damage, we began a special of taking water up th rough the foliage. 
study of winter burn on American arbor A plant in dry soil growing in a green
vitae, a wide ly known orn amental par house received no water to the roots for 
ticularly subject to injury. 50 days but surv ived without injury 

Three hypothetical causes of winter when the foliage was regularly watered . 
burn were systematica lly investi gated in Frequent hoa rfrosts and wet snow in 
field and laboratory studies du ring the Minnesota provide considera ble wetti ng 
win ters of 1961 -62 and 1962-63. The of the foliage. 
test plants were 5- to 7-year-old Woo d
ward Globe Arbov itae grown in 2-ga ))on 
metal conta iners. Although winter burn is the prime 

subject of this report, two other types 
of injury were observed. Isolated dead

Foliage Drying Study branches were found to be almost in
variably associated with mechanicalWe first studied the traditional concept 
damage to the bark; hail and chewing th at drying out of th e foliage causes 
insects were common causes eveninjury. The logic of this ide a seems sound 
when the bark leisons were as small in view of the shallow rooting habit of 
as 1/16 inch.arbovitae and the predominance of in

jury on the southwes t side of plants The unwelcome contribution of 
where the d rying influence of the win ter dogs touring the research plots led to 
sun is most pronounced . another common type injury readil y 

But the results indicated no relation recognized by the black or very dark 
ship be tween desiccati on and injury. For brown color of damaged branches. 
example, field treatm ents to reduce dry-
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Low Tempera ture Studies 

We also examined the idea th at injury 
is due to extr eme low temp eratures fol
lowing periods of warm weath er which 
might cause the warm southwest side of 
plants to lose natural winter hardiness. 
This idea was quickly discard ed when 
arborvitae foliage withstood temperatures 
below - 125 ° F . in freezer test s where 
the temperature was lowered 9 ° F . per 
hour. Th is high degree of cold resistance 
was present even when plants were held 
at 70 ° F . for 5 days before the fre ezer 
test. Figure 1 shows the seasonal cold 
resistance of arborvitae foliage. 

The third idea test ed was that winter 
bu rn is caused by rap id drops in foliag e 
temperature which might occur wh en 
plants are suddenly shaded on bright 
winter days. Th e southwest side of plants 
would be most subj ect to the se changes 
because of the aft ern oon win te r sun . 

Research on other plants ha s estab
lished that a rapid temp erature drop 
often causes ice crystal formation insid e 
of plant cells (intracellular freezing). 
When th e same plants are frozen slowly, 
ice crystal s form between cells (extra
cellular freezing). Int racellular freezing 
always kills cells, while extracellular 
freezing is seldom injurious to ha rdy 
plant s. 

Th e first step was to determ ine wh eth 
er the rate of temp erature drop in arbor
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Figur e 1. Seasana l changes in resista nce af 
ar borvita e faliage to law-temperatu re injury, 
1962-63 . 
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Figure 2. Na tura l ra tes of tem pe rature chan ge 
in o rborvita e fo lia ge at sunset. Noles we re 
taken at sunse t Februa ry 25, 1963 . The sky 
was clea r; sunset wa s 71 minute. ear lier than 
nor mal because of an opaque obstruction 10 
deg rees higher tha n the southwest hori zon . 

vitae foliage in nature was grea t enough 
to warrant fur ther study. Very fine 
thermocouples (minature bim etal ther
mometers) were attache d to th e under
side of arborvitae foliage with a glue 
th at was nontoxic to plant tissue. Foliage 
temp erature changes were observed dur
ing th e day, especially at sunset or when 
the foliage was suddenly sha ded for some 
reason. 

Figure 2 shows temp erature measure
ment s taken February 25, 1963, whil e 
the foliag e was shaded du e to a hill to 
the southwest of the plant. The temp era 
tu re drop in th e foliage was very rapid 
even though th e air temperature changed 
little. 

The 17° dro p in foliage temp erature 
in 1 minute was typical of measurement s 
taken on oth er day s. 

Th e next step was to determine wh eth 
er temperature chan ges of this magnitude 
were sufficient to kill normally hardy (re
sistant to below - 125 ° F .) arborvitae 
foliage . Arborvitae plants were exposed 
to rapid temp erat ure drops of the mag
nitud e observed in nature. This was don e 

Inju ry to co ld accl imated arborvitae t issue� 
sam p le s as related to controlled rates� 

of t emperature fall� 

Temp e rat ure (0 F) 

Fall in 
Sam ple first 60 Injur y 
nu mb er Initial End seconds rati ng 

1 2 - 28 20 O-none 
2 14 9 5 O-non e 
3 14 3 6 O-none 
4 ............ 28 16 12 O-none 
5 28 8 13 1- slig ht 
6 31 14 17 2- moder a te 
7 31 7 18 3-severe 
8 ..... 3 1 5 18 3-seve re 
9 32 -4 22 3-seve re 

10 ... 32 -5 1 O-non e 
11 32 - 5 1 O-non e 
12 32 - 40 1 O-none 

Sa mpl es 10-12 were co ntrols coo led slowly (9°� 
F or le ss per hour).� 

by placing plants in a freezer where a 
portion of the foliage was gradually 
warmed by an artificial sun consisting of 
a spotlight controlled by a rheostat. 
Thermocouples were again used to meas 
ure foliage tempera tur e. When the foli
age wa s warmed sufficient ly abo ve air 
temperature in the freezer the spotlight 
was turned off, producing the desired 
rapid drop in foliag e temperature. 

The table shows the status of injury 
after 12 such treatm ent s. Three things 
were apparent: 

1. Rapid drops in temperature of the 
type th at occurr ed in nature caused foli
age injury (see samples 5, 6, 7, 8, and 9). 
. 2. No injury occurred when the drop 
III temp erature did not occur over a 
range wh ich included the freezing point 
of cellular water or about 27° (see 
samples 1, 2, and 3). 

3. No injury occur red when the rate 
of freezing was too slow (see samp les 4 
10, 11, and 12). ' 

Th e final step was to det ermine wheth
er the concept of rapid temperature drop 
as the cause of winter burn bore a logical 
:e lationship to patt ern s of injury found 
m nature. To test this, detailed observa
tions of injury were made at nine field 
locations in a large planting of arborvitae 
at Bailey's Nurseries, Newport, Minn e
sota, in March 1963 . 

At five of the locations there was a 
sudden afternoon shading of arborvitae 
plants du e to a hill on the southwest 
hori zon. Plant s at all five of these loca
tions were severely injured. At the re
maining four locations there was no 
sudden shading of p lants because of 
diffuse shading from deciduous treetops 
on the southwest horizon. 

None of the plants in th ese locations 
was severely injured. These observations 
agreed well with laboratory data which 
indi cated that rapid drop s in foliage 
temp erature over the freezing range of 
cell water caused injur y to normally 
hardy plants. Th e final proof of this con
cept would be the microscopi c observa
tion of intr acellular freezing , but this is 
impos sible because of the opaque na ture 
of arborvitae foliage. 

Preven ting Winte r Burn 

How to prevent winter burn has not 
been fully determined . The best known 
preventi on is in proper choice of a plant
ing site. Arborvitae survive well on the 
nor th side of buildings where there is no 
sudden transition from bright aft ernoon 
sun to complete shade. Other sites where 
treetops or other obstructions cause dif
fuse shading of th e planting site are also 
satisf act ory. But any object, whether a 
hill , building, or a telephone pole, which 
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produces a sudden complete shade when 
the winter sun is high, is det rimental. 
Sites where there are no obstruct ions at 
all on the southwest horizons also are 
satisfactory because the atmosphere 
gradually cuts out the sun's radiation as 
it sets. 

We are now studying burlap shades in 
closely spaced nursery plantings to see 
whether they will effectively prevent in
jury. Shading with burlap or other ma
terials, however, is not a suitable solution 

in most home landscape, roadside, or 
forest plantings where plants are widely 
spaced or grown for their winter beauty. 
A better solution in these situations may 
be to spray plants with a reflective flock
ing agent and a water soluble nontoxic 
adhesive. Tests are underway to find a 
suitable combination combining simplic
ity of application, good reflective prop
erties, acceptable appearance, and ease 
of removal or weathering off by the fol
lowing spring. 

Early~lireball
 
a new early toma to� 

Early Fireball-a new early rip ening tomato va riety
resulted from a mutation or genetic cha nge cause d 

by irradiation treatment. Its parent, Fireball, has been 
widely accepted as an ea rly standard variet y since its 
introduction about 1955. 

In 1957, at th e Minnesot a Agricultural Experimen t 
Station, seeds from one Fireball plant were irr adi ated 
with thermoneutrons. Plants were grown from these treat 
ed seeds and from untreated seeds of th e same plant, and 
seed was saved of th e first-to-rip en fruit. The selection 
was rep eated each year, and in the 4th year th e best 
selection-now known as Early Fireball-produced an 
early yield of 2.6 pounds per pl ant. Th e best line from 
untreated seeds ga ve 1.7 pounds. 

Th e difference in ea rliness has been demonstrat ed in 
other tests throughout th e state . 

In plant and fruit characters Ea rly F ireb all is similar 
to Fi reba ll, its pa rent. Plants are self-pru ning and small. 
Fruits are expose d and 
ny weather; foliage is 

,:, ... " 

tend to sunsca ld in hot sun
sparse. Du e to early fruiting, 

Ear I y Fireb all 
tends to withe r 
and die in late 
summe r. Fruit is 
red and slightly 
ridged; the in
terio r color is 
satisfactory for 
canning . Fruit is 
slightly l ar g er 
th an t h at of 
Fi reb all ; aver
age we ight is 3 
to 4 ounces . 

•.. T. M . Currence 

There is also some evidence that rapid 
temperature drops are at least partially 
responsible for winter damage to ever
green plants other than arborvitae, hut 
the extent of the relationship has not 
been fully established. 

The indications that rapid temperature 
drop can be a major cause of injury do 
not imply that desiccation or other en
vironmental stresses are never involved. 
It is still a good idea to water evergreens 
well late in the fall. 

anew chrysanthemum 
for 1965 

Superior (57-71-3), a new garde n chrysanthemum for 
1965, produces abunda nt, bright bronze-orange, fully 

double, flat petalled, 3-inch flowers atop bushy plants. 
Stems are willowy and foliage is a clean , glossy, dark 
gree n. Plants reach a height of 18 inches and a spread 
of 30 inches wh en grown in full sun. Bloomin g usually 
begins by th e first week of September in th e Twin Citi es 
area. 

This varie ty has been a favorite of visitors when 
viewed at th e St. Paul Campus and at th e Bran ch Stat ion 
test plots throughout Minn esota . It is th e 45th variety 
of garde n chrysanthemum introduced by th e Dep artment 
of Horticultural Science. It orig ina te d from a cross be
tween two Minneso ta selections, 54-44-7 and 51-116-8. 

Propagation stock of Superior was tested by the 
Dep artment of Plant Pathology and Physiology and was 
shown to be fr ee of disease prior to release to commercia l 
prop agators . 

... R. A. Phillips and R. E. Widmer 
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