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FORTY-FIFTH ANNUAL REPORT 

MINNESOTA AGRICULTURAL EXPERIMENT STATION 

JULY I, 1937 to JUNE 30, 1938 

W. C. Coffey, Director 

FOREWORD 

A roundup of agricultural research in the United States will show 
that it is now conducted on a mass production basis. In many respects 
the investigations under way in any one center, such as the Minnesota 
Experiment Station, are a part of the total national program of research. 
The researcher is under the necessity of pointing his projects to prob
lems and conditions existing in his own region or state, but at the same 
time he must be wide awake as to what is being done elsewhere as the 
results of research in more or less remote centers may have a very direct 
bearing on the solution of the problems he is investigating. As research 
programs expand, the task of keeping abreast with the accomplishments 
of the army of research workers becomes more strenuous and difficult. 
It is a phase of the work of the corps of experiment station workers 
which cannot be recorded in concrete terms in a report such as this. 

If agricultural research has reached mass production proportions, 
question may very well be raised as to whether or not it is being over
emphasized. Much less is being expended for agricultural research than 
for industrial research. It is quite safe to conclude that industry is not 
disposed to overemphasize its research program. Surely industry does 
not have more problems calling for research than does the far-flung 
diverse and complex agricultural plant of the country. Apparently the 
National Congress recognized that agricultural research is still under
financed when it authorized in the Agricultural Adjustment Act of 1938 
the establishment of four regional laboratories each to be provided with 
one million dollars annually to "conduct researches into and to develop 
new scientific, chemical, and technical uses and new and extended mar
kets and outlets for farm commodities and products and by-products 
thereof." 

This report indicates that the Minnesota Experiment Station is con
ducting a research program of considerable proportions. If more funds 
were available it would be still larger, as many worth-while projects 
have been proposed which cannot be undertaken. 

In general the discussions in this report are couched in terms too 
technical to make easy or interesting reading for the general public. 
After research results are thoroughly tested and as circumstances permit 
and warrant, these discussions are transposed into terms which the gen-
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era! reader can readily understand and are printed as articles, bulletins, 
and circulars by the experiment station and extension service. This re
port indicates that a considerable number of bulletins, circulars, pam
phlets, and folders were issued during the year under review. 

CHANGES IN STAFF 

Appointments 

Lowry Nelson, Ph.D., as rural sociologist, September 16, 1937. 
R. C. Bevan, M.S., as assistant in agricultural economics, Division 

of Agricultural Economics, in cooperation with the Bureau of Agricul
tural Economics, United States Department of Agriculture, August 16, 
1937. 

J. K. Park, B.S., as assistant in agricultural engineering, Division of 
Agricultural Engineering, July 1, 1937. 

R. P. Murphy, B.S., as assistant in agronomy, Division of Agronomy 
and Plant Genetics, July 1, 1937. 

P. P. Merritt, B.S., as assistant agricultural biochemist, Division of 
Agricultural Biochemistry, July 16, 1937. 

J. C. Olson, Jr., B.S., as assistant in dairy husbandry, Division of 
Dairy Husbandry, October 1, 1937. 

0 . W. Olsen, Ph.D., as assistant in entomology, Division of Ento
mology and Economic Zoology, July 1, 1937. 

Gustav Swanson, Ph.D., as assistant in entomology, Division of Ento
mology and Economic Zoology, July 1, 1937. 

S. P. Chilton, M.S., as assistant in plant pathology, Division of Plant 
Pathology and Botany, July 1, 1937. 

I. W . Tervet, B.S., as assistant in plant pathology, Division of Plant 
Pathology and Botany, October 1, 1937. 

T. H . Fenske, B.S., as acting superintendent, West Central Experi
ment Station, February 1, 1938. 

Leaves of Absence 

W. C. Waite, Ph.D., agricultural economist, Division of Agricultural 
Economics, September 1 to September 26, 1937, to serve as economic 
adviser to the Provincial Government of Alberta in the preparation of a 
brief to be presented to the Royal Commission of Inquiry into the Finan
cial Relations between the Dominion and the Provinces. 

J. H. Neal, Ph.D., assistant agricultural engineer, Division of Agri
cultural Engineering, sabbatical leave, July 1 to August 31, 1937. 

Alice M. Child, M.A., associate home economist, Division of Home 
Economics, January 18 to June 30, 1938, because of illness. 

Helen Hart, Ph.D., assistant in plant pathology, Division of Plant 
Pathology and Botany, sabbatical leave, July 1, 1937 to April 30, 1938. 

Lowry Nelson, Ph.D., rural sociologist, January 10 to March 4, 1938, 
to attend the first meeting of the Permanent Agricultural Committee of 
the International Labor Organization at Geneva, Switzerland. 
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S. A. Engene, B.S., assistant in agricultural economics Division of 
Agricultural Economics, August 1 to August 21, 1937, to p~rsue gradu
ate study at Cornell University, Ithaca, New York. 

G. A. Sallee, M.S., assistant in agricultural economics Division of 
Agricultural Economics, July 1 to December 31, 1937, t~ assist with 
~?rks Progress Administration Project on Re-employment Opportu
mtles and Recent Changes in Industrial Techniques. 

H. _C. Trelogan, M.S., assistant in agricultural economics, Division 
?f Agncultural Economics, July 1 to September 15, 1937, to participate 
m a study and analysis of the Chicago milk market. 

Resignations 

F. W . Peck, M.S., Vice-Director, to accept an appointment as Presi
dent of the F~deral Land Bank of ?aint Paul; effective January 31, 1938. 

~- E. Mlller, M.Agr:, Supenntendent, West Central Experiment 
StatJon, to accept an appomtment as Director of Agricultural Extension· 
effective January 31, 1938. ' 

F: E. Nels~n, P~.D., assistant in dairy husbandry, to accept a position 
as da1ry bactenolog1st at Kansas State College; effective August 31, 1937. 

M. C:· Markley, Ph.D., assistant in agricultural biochemistry, to accept 
an appomtment as research chemist with the Cargill Elevator Company 
Minneapolis; effective July 15, 1937. ' 

Retirement 

William Boss, agricultural engineer and chief, Division of Agricul
tural Engineering, as Professor Emeritus, June 30, 1938. 

PUBLICATIONS 

Report Series 

Forty-fourth Annual Report of the Minnesota Agricultural Experi
ment Stati_on, July 1, 1936 to June 30, 1937. 91 pages, 2,200. 

The F1rst Twenty-five Years of the Northeast Experiment Station, 
Duluth. M. J. Thompson, Northeast Experiment Station. 12 pages 
1,000. ' 

Genera l Bulle tin Series 

. 333. Organization and Operation of Minnesota Cooperative Cream
enes. E . F. Koller and 0. B. Jesness, Division of Agricultural Eco
nomics. 82 pages, 6,000. 

334_. Beltrami Island, Minnesota, Resettlement Project. R. W. 
Murch1e and C. R. Wasson, Rural Sociology. 48 pages, 5,000. 

335. Indexes of Agricultural Prices, Quantities, and Cash Sales for 
Six Districts of Minnesota. W . B. Garver and W. C. Waite, Division 
of Agricultural Economics. 24 pages, 6,000. 
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336. Artificial Insemination of Farm Animals. L. M. Winters, 
R. E. Comstock, W. W. Green and J. J. Bulik, Division of Animal and 
Poultry Husbandry, and C. L. Cole, North Central Experiment Station. 
20 pages, 6,000. 

Technical Series Bulletins 

125. Effect of Thawing and Cooking Frozen Pork and Beef. A. M. 
Child and Pauline Paul, Division of Home Economics. 12 pages, 2,000. 

126. The Mosquitoes of Minnesota, with Special Reference to their 
Biologies. W. B. Owen, Division of Entomology and Economic Zoology. 
75 pages, 1,900. 

127. Seasonal Variations of Prices and Marketings of Minnesota 
Agricultural Products 1921-1935. W. C. White and R. W. Cox, Division 
of Agricultural Economics. 59 pages, 2,000. 

128. Culinary Quality of Apple Varieties Grown in Minnesota. 
A. M. Child and Ruth Brand, Division of Home Economics. 23 pages, 
2,000. 

129. Fusarium Wilt of Muskmelons in Minnesota. J. G. Leach, 
Division of Plant Pathology and Botany, and T. M. Currence, Division 
of Horticulture. 32 pages, 2,000. 

130. Blood Fat of Dairy Cattle. I. A Simple Volumetric Method 
for Determining Blood Fat. II. Factors Influencing the Fat Content of 
the Blood Plasma. N. N. Allen, Jr., Division of Dairy Husbandry. 
52 pages, 1,875. 

Agricultural Extension Service 

Special Bulletin Series 

186. Let's Look Into This Chicken Business. Cora Cooke, Division 
of Agricultural Extension. 16 pages, 15,000. 

187. Cold-Storage Lockers as a Community Service. W. E. Morris 
and S. T. Warrington, Division of Agricultural Extension, and R. J. 
Eggert, Division of Agricultural Economics. 16 pages, 10,000. 

189. Thawing and Cooking Frozen Meats. A. M. Child, Division 
of Home Economics. 6 pages, 10,000. 

190. The Farm Shop. C. H. Christopherson, H. B. White and 
L. W. Neubauer, Division of Agricultural Engineering. 16 pages, 7,500. 

191. The Need for Farm Forestry. Raphael Zon and R. N. Cun
ningham, Lake States Forest Experiment Station. 16 pages, 7,500. 

192. Ropework. J. Grant Dent, Division of Agricultural Engineer-
ing. 28 pages, 20,000. 

193. Landscape Planning-The First Step in Home Beautification. 
E. M. Hunt, Division of Agricultural Extension. 16 pages, 10,000. 

194. Grasshoppers and Their Control. A. G. Ruggles and T. L. 
Aamodt, Division of Entomology and Economic Zoology. 16 pages, 
10,000. 

AGRICULTURAL EXPERIMENT STAT ION 9 

Circular Series 

58. The Minnesota Seed Grain Treater. M. B. Moore Division of 
Plant Pathology and Botany. 6 pages, 15,000. ' 

59. List of Farm Building Plans. Division of Agricultural Engi
neering. 8 pages, 10,000. 

Pamphlet Series 

41. Hybrid Corn Trials for 1937. R. F. Crim, Division of Agron
omy and ~lant Genetics. (Mimeographed.) 18 pages, 7,000. 

42. Ltvestock Outlook for Minnesota, 1938. Division of Agricul
tural Extension. 6 pages, 15,000. 

43. Farm Planning. S. B. Cleland and W. A. Peters Division of 
Agricultural Extension. 6 pages, 2,500. ' 

44. Farm Planning. S. B. Cleland and W. A. Peters, Division of 
Agricultural Extension. 6 pages, 5,000. 

45. Farm Planning. S. B. Cleland and W. A. Peters, Division of 
Agricultural Extension. 6 pages, 4,000. 

46. Farm Planning. S. B. Cleland and W. A. Peters Division of 
Agricultural Extension. 6 pages, 3,000. ' 

47. Farm Planning. S. B. Cleland and W. A. Peters, Division of 
Agricultural Extension. 6 pages, 3,000. 

48. Farm Planning. S. B. Cleland and W. A. Peters, Division of 
Agricultural Extension. 6 pages, 3,000. 

49. Farm Planning. S. B. Cleland and W. A. Peters, Division of 
Agricultural Extension. 6 pages, 5,000. 

SO. Farm Planning. S. B. Cleland and W. A. Peters, Division of 
Agricultural Extension. 6 pages, 4,000. 
. ?~· Quality. Production of Wheat and Barley. W. W. Brookins, 

Dtvtslon of Agncultural Extension. (Mimeographed. ) 14 pages, 500. 

Folder Series 

63. Preserving Meat in Lard. A. M. Child, Division of Home 
Economics. 4 pages, 10,000. 

64. Limitations of Frozen Storage for Fruits and Vegetables. R. B. 
Harvey, Division of Plant Pathology and Botany. 6 pages, 10,000. 

65: How To Use Prairie Hay for Lambs. D. W. Johnson, Division 
of Ammal and Poultry Husbandry, and L. S. Palmer, Division of Agri
cultural Biochemistry. 6 pages, 10,000. 

. ~· Harves~ing with the Combine in Minnesota. A. J. Schwantes, 
DtvtsiOn of Agncultural Engineering. 6 pages, 5,000. 

67. Grasshopper Control. A. G. Ruggles and T. L. Aamodt Divi-
sion of Entomology and Economic Zoology. 6 pages, 30,000. ' 

Miscellaneous 

Dairy Herd Improvement News Letter, Monthly, 2,200. 
Engineering News Letter, Monthly, 675. 
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Minnesota Farm Business Notes, Monthly, 1,800. 
News Letter, Weekly, 1,325. 
Poultry News Letter, Monthly, 250. 
Turkey News Letter, Monthly, 5,700. 

Scientific Journal Series 

1360. Variations of the hydrocyanic acid content of Sudan grass 
from a single lot of seed. C. F. Rogers, A. H. Larson, and M. L. Spracher. 
Journal of the American Society of Agronomy 29:865-876. 1937. 

Seventy-nine plants were chosen in the field in September, 1934, because they 
were "off-type" from the surrounding grass, and kept over winter in the green
house. Both field and greenhouse tests for HCN showed that the correlation of 
HCN content with general appearance of the plant as expressed by leaf shape was 
so low as to be insignificant. In the field test, however, there was a negative cor
relation of HCN with leaf shape (length+ width) of r = -0.4912±0.075 (N = 79). 
which is in line with the commonly accepted ideas that the more nearly Sudan grass 
approaches sorghums in appearance, the more HCN it should contain. This cor
relation was not continued in the measurements made in the greenhouse, nor was 
it repeated with the data on the same plants in the field in 1935. 

1399. Effect of supplementary iodine on egg size and quality. E. A. 
Johnson. Pottltry Science 15:355-361. 1936. 

A total of 140 Single Comb White Leghorn pullets were used in four equal 
lots in order to test the effects of feeding \.-2 mg., 2 mg., and 4 mg. of potassium 
iodide per hen per day. In a second trial 110 hens were distributed among three 
lots one lot being fed Kl at the rate of 4 mg. per bird daily; and a second lot, 
KI 'in the mash at the rate of 3 oz. per ton. The remaining lot in each trial served 

as a control. 
No improvement was found in egg size, percentage of thick albumin, yolk index, 

yolk weight, shell thickness, or yolk color following the addition of iodine to the 
diet of the hen. 

1423. Observations on the variations in cyanogenetic power of white 
clover plants. C. F. Rogers and 0. C. Frykholm. I Ottrnal of Agricul
tural Research 55 (7) :533-537. 1937. 

The presence of HCN in some individuals of white clover growing in old sods 
on University Farm campus was established by repeated tests on 500 market plants. 
The consistency of the HCN tests on groups of plants showed the negative-testing 
plants to react most consistently, with the high-testing plants a much smaller num
ber, but nearly as consistently high in HCN as the negative-testing plants were 
free from it. 

The age of the sods (7-9 years without clover reseeding) when the plants were 
tested suggests that cyanogenetic properties do not constitute a marked selection 
factor in survival or reproduction of white clover. All seed originally used was 
commercial white clover of American origin. 
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1428. The uronic acid content of the nitrogen-free extract of feeding 
stuffs. G. A. Guanzon and W . M. Sandstrom. Journal of Agricultural 
Research 55(8) :581-586. 1937. 

Analyses on nine feeds classified as concentrates, grain by-products, and 
roughages have been made in the usual way but to include uronic anhydrides in 
the residual nitrogen-free extract. Roughages in general contain a higher percentage 
of the uronic acid anhydrides than do the concentrates. There does not appear to 
be any regularity between the uronic anhydride content and the other constituents 
of the nitrogen-free extract. A calculated artificial coefficient of digestibility of 
these feeds compares fairly well with the results of feeding trials, but the parallel
ism is less close in the feeds with a high nitrogen-free extract, part of which is 
of a uronic acid nature. 

1436. The quantity of ethylene present in apples. R. C. Nelson. 
Plant Physiology 12:1004. 1937. 

A method for the microdetermination of ethylene in plant tissues is briefly 
described and results of preliminary determinations given. 

1442. The significance of suspicious agglutination reactions for 
Bang's disease. C. P. Fitch, L. M. Bishop and W. L. Boyd. Journal 
of the American Vete1·inary Medical Association 91n.s.44 ( 1) :22-44. 
1937. 

A study of certain types of suspects to the agglutination test for Bang's disease 
started in 1929 and has continued. The animals used for study were selected from 
various herds in the state after passing two or more agglutination tests and main
taining a suspicious agglutination titer. That is, their blood agglutinated Brucella 
abortus in dilutions of 1 :25, 1 :50 or 1 :100. The antigen used for obtaining these 
titers and the technique of the tube test was according to the recommendations of 
the United States Live Stock Sanitary Association. Suspects whose agglutination 
reaction was due to an ascending titer were not included in this study. 

Eighty-six such animals have been examined. Twenty-three belonged in a group 
of suspects that had given a series of negative tests before they gave a suspicious 
test and never having to our knowledge a positive agglutination titer. Twenty-three 
animals were former reactors and during the course of our study had agglutination 
titers in the suspicious or negative range. Another group of 40 suspects were 
studied, whose complete agglutination histories were not known, and it was not 
possible to determine to which of the above groups they might belong. 

All of these animals were maintained in the University's experimental herd 
and nearly all were kept at least over one calving period. Bacteriological examina
tions of milk, colostrum, placentae, and vaginal discharges were made to determine 
if Brucella abortus were present. The result showed that three individuals had 
become positive to the agglutination test during the course of the experiment. Two 
of them aborted and Bmcella abortus was isolated from the placenta and colostrum. 
Two had been previous reactors, that is, with titers above 1 :100. The other indi
vidual gave a maximum titer of an incomplete at 1 :100 approximately one year 
before she showed a higher titer and aborted. Brucella abortus was not isolated 
by any bacteriological examination made of suspected animals in the herd. None 
of the control animals have become infected. This latter group wq.s stabled with 
and held in the same paddock with the suspected group of animals. 
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1447. The making of potato chips in relation to some chemical 
properties of potatoes. M. C. Rogers, C. F. Rogers and A. M. Child. 
American Potato Journal 14:269-290. 1937. 

The art of making potato chips has depended more upon the skill of experienced 
fryers than on the knowledge of the proper physical conditions for frying potato 
slices, which vary greatly in their physical conditions and chemical properties, and 
which conditions are specific factors in the quality of the chips produced by any 
one frying method. 

Although the effect of temperature of the frying fat and of the time of frying 
upon the quality of the chips were already known in general, specific relations re
mained to be developed. The "frying temperature" of the fat and the "fat/slice 
ratio" are defined and discussed in relation to the frying technique. "Frying tem
perature" is called the temperature of the fat after ebullition of moisture lost from 
the slices has largely subsided, and the temperature ceases to fall while the limp 
slices become crisp chips. 

Potato slices high in sugar made good chips at a frying temperature of about 
275° F. in 20-40 seconds longer than required for other slices fried at 300° F. be
cause of their lower sugar content. 

Good chips can be made from almost any potatoes when the proper relation 
between the frying temperature and the time has been found. Knowing the sugar 
content of the slices permits a choice of initial temperature within 18° F. for some 
constant "fat/slice ratio." The exact temperature has to be found by a few frying 
tests. Frying time then has to be adjusted to the desired characteristics of the chips. 

Modification of the methods for making chips from potatoes available is urged, 
rather than the search for potatoes to fit a rigid method of frying. 

1462. The effect of environmental factors upon the color of the 
tomato and the watermelon. A. C. Vogele. Plant Physiology 12:929-955. 
1937. 

The optimum temperature for lycopene formation in the tomato was found to 
be 24° C. Lycopene is not formed at temperatures above 30° C. When tomatoes 
are ripened at 32°-38° C., bright yellow fruits are produced. When such yellow 
fruits are returned to 20°-24° C., lycopene is developed normally. 

Chlorophyll decomposition in tomato fruits is prevented by a temperature of 
40° C. or higher. Such fruits remain green when returned to temperatures that 
normally produce lycopene and the yellow pigments. 

In the case of the watermelon, a shift in temperature from 20°-37° C. did 
not check the production of the red pigment, indicating that the same mechanism 
for lycopene formation does not exist in the watermelon as in the tomato. It seems 
likely that color changes in the tomato due to temperature, or lack of such changes 
in the watermelon, are not the result of a single enzymatic factor but are the result 
of a subtle balance of conditions occurring in the actively metabolic cells. 

Ethylene hastens lycopene formation as well as chlorophyll decomposition in 
the tomato provided a suitable temperature is maintained. 

Lycopene formation is prevented when the oxygen supply is decreased, chloro
phyll decomposition going on uninterruptedly within the 24°-36° C. temperature 

range. 
Chlorophyll decomposition is hastened by light, but lycopene formation proceeds 

equally well in either light or darkness provided the fruits are maintained in the 
presence of air and at a suitable temperature. 
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1463. Meteorological phenomena affecting low temperatures on ex
perimental peat bog. J. H. Neal. Journal of the American Society of 
Agriwltural Engineers 19(6) :273-277. 1938. 

For a number of years it has been known that frosts may occur on peat bogs 
in any month of the year. Some local conditions affecting frosts are air drainage, 
depth of subdrainage, depth and compactness of the peat, dryness of the surface, 
and vegetation on the bog. 

The usual weather conditions occurring on the day before a low temperature 
were a low maximum (less than 85° F.) and dropping to 55o F. or le~s by 10 :00 
p.m., a high barometric pressure (usually rising), a clear sky and a northerly wind 
with a low velocity (less than 5 mph). Out of the 15 days when frosts occurred 
during the growing season of June to September, inclusive, 1930, all the above 
conditions prevailed 14 times. On one occasion, late in the season, a frost occurred 
when the wind was in the southwest, but all other weather conditions were favorable 
for a frost. There had been frosts for the three nights previous, and the maximum 
temperature the day before was only 61 o F. 

The weather conditions on the day of the frost, except for the early morning 
hours, had no bearing on the frost occurrence. In case the wind changed from 
northerly to southerly, or the sky changed from clear to cloudy shortly after mid
night, frosts were usually warded off, although the conditions the evening before 
may have indicated a frost. Such a change occurred several times during the season. 
On September 20 a frost occurred after the wind had changed from the northwest 
to the southwest. The temperature had dropped to 36° F. by 10:00 p.m., before 
the wind had changed. 

Although each particular bog will have certain local conditions affecting the 
temperature, it is quite likely that the probability of frosts can be predicted along 
lines herein discussed with a fair degree of reliability after these local conditions 
are known. 

1465. The influence of sunflower silage upon milk production. 
C. L. Cole, R. L. Donovan, N. N. Allen, Jr. Journal of Dairy Science 
20(5) :221-230. 1937. 

Fourteen Guernsey cows calving in the fall were divided into two groups of 
seven each and carried through two entire lactation periods on this experiment. 

During the first lactation, Group II received 3 lbs. of sunflower silage for 
100 lbs. of live weight together with all the alfalfa hay they would clean up. The 
cows in Group I were given all the alfalfa hay they would clean up but received 
no silage. 

During the second lactation the two groups were reversed as to their roughage 
feeding. All the cows were given a grain mixture of equal parts of barley, oats, and 
standard wheat middlings with 1 per cent salt and 2 per cent bonemeal added. 
Grain was fed in amounts sufficient to maintain milk production and keep the 
weight of the cows as nearly constant as possible with allowance for advancing 
pregnancy and normal growth in the immature animals. During pasture season 
no silage was fed to either group. Cows producing less than 10 1bs. of milk daily 
received no grain while on pasture. Those producing 10 to 15 lbs. received 3 lbs. 
of grain daily and for each 5 lbs. of daily milk production above this amount, 2 
additional pounds were fed. 

Experimental records were started the sixth day after calving and production 
and feed records were computed for the following 300 days of the lactation period. 
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Hay, grain and silage samples were taken at regular intervals for analysis. Daily 
milk weights were recorded and aliquot parts taken from each milking for individual 
composite samples which were tested for butterfat at ten-day intervals. All cows 
were bred to freshen approximately 12 months after their previous calving. Drinking 
cups were available for each cow and a supply of salt was before them at all times. 
They were milked twice daily at regular intervals, groomed daily, and, in general, 
feeding and management practices were made to conform closely to ordinary farm 
practices on the better dairy farms. 

All cows finished the experiment with the exception of one which was taken 
from the experiment because of disease. 

The results of this experiment give no evidence of any appreciable effect of 
sunflower silage other than that due to the digestible nutrients which it contains. 
If this is the case, the question becomes largely a problem of farm management and 
one which will be determined largely by local conditions. 

Under the conditions of this experiment, sunflower silage was worth $2.25 per 
ton on the basis of the hay which it replaced. In view of these facts it seems that 
the importance of growing legume hay for dairy cows should be stressed in any 
region where legumes can be grown successfully and that the use of silage should 
not be recommended indiscriminately to dairy farmers in regions which are not 
well adapted to growing a silage crop merely on a basis of providing succulent feed. 
This conclusion is borne out by recent work at the Connecticut (Storrs) Station 
by White and Johnson. In view of their findings, however, it appears that particular 
care should be taken to provide a plentiful and ever accessible supply of water. 

1481. Effect of the enzymes of malted wheat flour upon certain prop
erties of flour and dough. Emil Munz and C. H. Bailey. Cereal Chem
istry 14:445-457. 1937. 

Refractive index (nn) of flour water infusions digested at 62° C. for IS minutes 
as a measure of diastatic activity is highly correlated with the "maltose figure" or 
reducing sugar production as determined by Schoorl method. 

Progressive increments of malted wheat flour did not effect the same absolute 
or relative increase in either the maltose figure or refractive index (11n) of the low 
diastatic flours to which it was added. The first increment registered the largest 
increase in "diastatic activity" and each successive increment was of smaller effect 
within the limits studied. 

Wheat malt prepared from different varieties and types of wheat varied con
siderably in its capacity to induce saccharogenesis when added to low-diastatic 
wheat flour. 

The degradation of dough plasticity or increase in mobility appears to be af
fected by a.-amylase contributed by added .malted wheat flour. j3-amylase registered 
a small or insignificant effect upon this property of doughs. 

a.-amylase as contributed by malted wheat flour resulted in a more substantial 
improvement in bread quality as registered in terms of loaf volume and bread 
"scores" than the j3-amylase of the malt flour. 

1482. The effect of protease increments on the plasticity of dough. 
Eldor Rupp and C. H. Bailey. Cereal Chemistry 14:496-510. 1937. 

The rate of increase of development work (D.W.) of a flour is proportional 
to the concentration of papain added within certain limits. This rate was shown 
to vary from flour to flour, however. It was observed that a relationship existed 
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between the amount of degradation produced by a definite increment of protease 
and the control D.W. of the flour. Hence, the rate of degradation can be related 
back to the D.W. of the flour. In the case of the papain preparation used it was 
found that the fractional rate of decrease of the value (D.W.-0.8) was the same 
for all flours. 

The D.W. of a flour was changed by varying the mixing time in the preparation 
of a standard substrate and by varying the absorption, the temperature and the pH. 
The data lead to the conclusion that the procedure indicates a change in the activity 
of the enzyme regardless of the direct effect of these variables on the D.W. of the 
flour. 

The action of pepsin is not the same as that of papain as shown by the fact 
that the comparative degradation produced on the gluten of one flour by the two 
enzymes did not necessarily have the same value when acting on the gluten of 
other flours. For pepsin it was found that with all flours the fractional rate of 
decrease of the value (D.W.+0.9) was the same. 

The degradation produced when sprouted wheat flour was added to flour dif
fered from that produced by relatively pure protease preparations. It appears that 
the a.-amylase affects the physical properties of the dough sufficiently to mask the 
action of the proteases. 

1486. Quality studies in the wheat-breeding program at the Minne
sota Agricultural Experiment Station. E. R. Ausemus, M. C. Markley, 
C. H. Bailey and H. K. Hayes. Journal of Agricultural Research 56(6): 
421-440. 1938. 

Milling and baking tests were made on varieties and hybrid strains of wheat 
of a diverse nature grown as a part of the spring and winter wheat breeding pro
gram in the rod-row and 1/ 40-acre plot trials of the Minnesota Agricultural 
Experiment Station. Correlation analysis was used to determine the interannual, 
interstation and intercharacter relationships for the characters of test weight, wheat 
protein, milling yield of straight grade flour, water absorption of the dough, loaf 
volume and color, and texture and grain of the cut crumb of the loaf. The inter
annual correlations tended to be low with the exception of crumb color, which ap
peared to be less affected by environmental factors than the other characters studied. 
Interstation correlations tended to be significant in general but of a low order of 
magnitude. Intercharacter correlations indicate a close relationship between loaf 
volume and color, texture, and grain. The relations between test weight, protein 
content, and milling yield were not apparent when varieties of diverse origin were 
compared. The milling yield was independent of all factors that affect baking results. 

1487. A new species of bladder fluke, Gorgoderina tanneri (Gor
goderidae: Trematoda), from Rana pretiosa. 0. Wilford Olsen. Journal 
of Parasitology 23 ( 5) :499-503, 1 pl. 1937. 

Gorgoderina tanneri occurs in the urinary bladder of the western frog, Rana 
pretiosa, collected in the vicinity of Springville, Utah. A key for the identification 
of the species of Gorgoderi11a is included. 

1490. The raccoon, a new host of Ascaris columnaris Leidy, 1856. 
0. Wilford Olsen and R. Fenstermacher. Proceedings of the H elmin
thological Society of Washington 5 :20. 1938. 
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The nematodes were collected from a raccoon being reared under confinement. 
This report constitutes the first record of this parasite occurring in raccoons. 

1492. The nature and interaction of genes conditioning reaction to 
rust in flax. W. M. Myers. Journal of Agricultttral Research 55:631-
666. 1937. 

Rust reaction in thirty-seven crosses involving 17 strains and varieties of flax 
were studied with physiologic form 4 and a collection of Melampsora lini (Pers.) 
Lev. The reaction of the varieties was determined in the field and when inoculated 
in the seedling stage in the greenhouse with form 4 and the collection. Only small 
differences in reaction in the field and greenhouse were noted. The immunity of 
Ottawa 770B in the field was conditioned by a single dominant factor. In the green
house, immunity was dominant to near immunity, resistance, and susceptibility and 
resistance was dominant to semi-resistance and susceptibility. The reaction to the 
collection of rust of crosses involving Ottawa 770B, Newland, C.I. 438, C.I. 416-3, 
and C.I. 712 was explained by factors in two allelic series, L and M. L and M are 
duplicate factors conditioning immunity, )• and m• factors conditioning near im
munity, and I' and m' factors conditioning resistance. On this hypothesis, the 
genotype of Ottawa 770B was LL mm; Newland, IIMM; C.I. 438, LL m'm'; 
C.I. 416-3, II m•m• and C.I. 712, l'l'mm. Long X E probably was of the genotype 
)•J•m•m•. A single major factor conditioned resistance in the resistant strains of 
Light Mauve and Bo11ey Golden. The factors in these strains were not a11elic with L. 
The immune strain of Bo1ley Golden carried two factors, conditioning immunity 
and resistance, respectively. A single factor conditioned the near immunity of the 
strain of Light Mauve to the co11ection. The relation of factors carried by these 
two strains with the L or M series of a11els could not be determined. The reaction 
of hybrids to form 4 was the same as their reaction to the collection except in two 
cases. The factor m', which conditioned resistance to the co11ection, conditioned 
immunity from form 4. The resistance of Light Mauve to form 4 appeared to be 
determined by duplicate factors whereas a single factor conditioned its resistance 
to the collection. 

1499. Comparative reaction of oat varieties in the seedling and 
maturing stages to physiologic races of Puccinia graminis avenae, and 
the distribution of these races in the United States. M. N. Levine and 
D. C. Smith. Journal of Agricultural Research 55:713-729. 1937. 

A remarkably close agreement prevailed in the reactions of seedling and matur
ing plants of seven oat varieties tested under comparable and reasonably uniform 
greenhouse conditions to the ten known physiologic races of Puccinia graminis 
avenae. The differences in the seedling reaction of these and twenty other varieties 
made it possible to group them into four categories, three of which included varieties 
possessing differential characteristics essential in the identification of physiologic 
races of oat stem rust. While altogether five different races were isolated from the 
oat rust co11ections made in the United States during the 15-year period 1921-1935, 
races 2 and 5 combined constituted 98 per cent of the 1745 isolates identified, with 
race 2 on the average being 2].1 times as common as race 5. Adequate resistance 
to these dominant races is possessed by several of the varieties tested, particularly 
the Richland group. Greenhouse experiments with seedling oat plants may facilitate 
further studies of this subject. 
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1500. Studies on longevity and productivity in Trichogramma 
evanescens Westwood (Hymenoptera, Trichogrammatidae). H. 0. 
Lund. Journal of Agricultural Research 56(6) :421-439. 1938. 

Productivity and adult longevity of the egg parasites reared in Sitotroga eggs 
were tested under various conditions of feeding, withholding host eggs, pairing, 
superparasitism, light, temperature and humidity. 

A correlation of +0.639 ± 0.071 exists between the longevity of mated females 
and their productivity. 

Pairing reduces productivity but leaves longevity unaffected. 
Females emerging from superparasitized host eggs produce fewer progeny than 

normal female but live as long. Males reared under the same conditions, while 
sexually potent, are shorter-lived than normal males. 

Adult longevity varies inversely as the temperature to which the adults are 
subjected, but directly as the temperature to which their developmental stages are 
exposed. 

An abnormal proportion of male progeny is produced by parasites developing 
at ts• C. (58 per cent male) . 

When adults are exposed to either low or high humidities, productivity is 
slightly reduced, but relatively less so than longevity; conversely when the im
mature stages are exposed, the productivity of the subsequently emerging adults 
is decidedly reduced while longevity is unaffected. 

1502. Biological assay of vitamin E. L. S. Palmer. 
Engineering Chemistry, Analytical Edition 9:427-429. 

Industrial and 
1938. 

The quantitative value of a standardized procedure for vitamin E assay by 
biological method was studied using wheat germ oil and raw and processed wheat 
germ. The method gives only approximate results even when the results are studied 
from several new points of view. The method showed good agreement between 
vitamin E potency values of raw or processed wheat germ and the oil from the 
raw germ ; satisfactory retention of vitamin E potency in processed wheat germ 
kept in sealed, evacuated tin at room temperature and like retention of potency of 
germ oil kept in tin or glass under refrigeration conditions. 

1503. The coyote as a host to Physaloptera felidis Ackert, 1936. 
0. Wilford Olsen, B. S. Pomeroy and R. Fenstermacher. Cornell Vet
erinarian 27(3) :327. 1937. 

About twenty specimens of this nematode were collected from the stomach of 
a coyote, Ca11is lalrous. It is interesting to find P. felidis infesting both domestic 
cats and coyotes. 

1504. Hemorrhagic entent1s in turkeys. B. S. Pomeroy and 
R. Fenstermacher. Journal of Poultry Science 16:378-382. 1937. 

Hemorrhagic enteritis of turkeys was encountered in several flocks during the 
summer of 1936. Autopsy examinations revealed severe hemorrhagic enteritis, 
petechial and ecchymotic hemorrhages on the liver, heart, kidneys, cornified portion 
of gizzard and on the breast and thigh muscles. A gram positive organism was 
isolated in a few cases, but it was not pathogenic for rabbits, guinea pigs or turkeys. 
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Es coli communis and Es coli communior were regularly isolated from the intestinal 
tract. Animal inoculations with tissue suspensions and intestinal contents failed to 
reproduce the condition. The adverse weather conditions of July and August of 
1936 and insufficient range and shelter may have had an influence on the seriousness 
of this condition. 

1505. The development of the local cellular reaction to tuberculin 
in sensitized calves. W. H. Feldman and C. P. Fitch. Archives of 
Pathology 24:599-611. 1937. 

A group of 11 apparently healthy calves approximately 3 months of age were 
injected intracutaneously with tuberculin. None of the animals reacted positively. 
Nine of these animals then received subcutaneously 2 cc. of a saline suspension of 
a virulent strain of bovine tubercle bacilli. For control purposes two of the animals 
were not injected with tubercle bacilli. The latter were placed in a separate pen. 

Fifty-eight days after the infective bacteria were introduced both caudal folds 
of each of the eleven animals were injected intracutaneously with the usual diag
nostic dose of mammalian tuberculin. Biopsies of the injected areas were done at 
the 3rd, 6th, 12th, 18th, 24th, 30th, 36th, 42nd, 54th, 60th, and 72nd hour, and on 
the 5th, 7th, lOth, 19th, 21st, and 28th day after tuberculin had been injected. The 
tissue removed consisted of that portion of the caudal fold which showed the most 
intense reaction. In every instance the biopsy incisions were made sufficiently deep 
to obtain a block of tissue extending through the subcutaneous area. After the last 
biopsy all of the animals were killed and post-mortem examinations made. Marked, 
and in some instances, extensive lesions of tuberculosis were present in each of the 
nine animals which had been injected with tubercle bacilli. No lesions of tuber
culosis were found in the non-infected or control calves. 

A histologic study was made of the tissue changes which occurred following 
the injection of tuberculin. The essential features of this study are summarized. 
1. The reactive process showed a constant election for the perivascular and peri
neural tissues. 2. During the early phases of the reactive process, polymorpho
nuclear leucocytes were numerous. Eosinophilic granulocytes and histiocytes were 
in the minority. 3. A histiocytic or mononuclear type of cellular reaction gradually 
replaced the polymorphonuclear leucocytes and dominated the picture beginning at 
the 60th or the 72nd hour. 4. Edema appeared early in the reaction and disappeared 
between the 5th and 7th day. 5. Certain endovascular changes, including thrombosis 
and endoarteritis occurred. 6. Resolution of the cellular reaction had not occurred 
after 28 days. 

1507. Studies of prenatal development in farm animals. L. M. 
Winters. Proceedings of the Minnesota Academy of Science 5:42-45. 
1937. 

The objective is to gather accurate information regarding normal prenatal 
development in farm animals. In the sheep 200 prenatal specimens of varying age~ 
have been collected; 78 bovine have been collected. Ovulation occurs about 24 hours 
later in the bovine than the sheep. The developments through the ovum period 
proceed at practically the same rate. Following implantation · development in the 
bovine is much slower than in the sheep. 

Two lambs are on hand from ewes inseminated with semen kept in the labora
tory for six days; three are on hand from semen kept five days. Ewes are settled 
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with samples kept up to two days with about as high a degree of success as when 
mated to the ram. 

1508. Pathologische Problems bei der Ziichtung krankheitswider
standsfii.higer W eizen-und Gerstensorten in Sommerweizengebiet der 
Vereinigten Staaten von Nord-Amerika. E. C. Stakman, J. J. Christen
sen and Hanna Becker. Der Ziichter 10:57-68. 1938. 

The writers emphasize the importance of the development of disease-resistant 
varieties of wheat and barley and certain other crops, as a complete or partial 
control measure for many plant diseases. The fact is emphasized that certain 
diseases can be controlled adequately only by the use of resistant varieties, even 
though the use of such varieties sometimes must be supplemented by other control 
measures also. 

Considerable progress has been made in the upper Mississippi Valley during 
the past 25 or 30 years in the production of desirable disease-resistant varieties. 
However, there also have been many disappointments, because the varieties some
times retained their resistance only for a relatively short time, because they were 
found to be unusually susceptible to previously unimportant diseases, or because 
they had certain other undesirable characters. 

The loss in resistance may be due to the appearance of new physiologic races 
or the increase in prevalence of races that were previously not widely distributed 
or not present in large amounts. In some cases it has been due also to the fact that 
the varieties distributed had not been tested under a sufficient range of conditions, 
and it is becoming more and more evident that plant-disease resistance may fluctuate 
within a wide range, depending upon environ_mental conditions. Specific examples 
are given to illustrate these facts. 

In breeding for disease resistance it is necessary to take into consideration the 
number and distribution of physiologic races, the likelihood that new ones may 
appear, and it also is important to test the plant material in the early generations 
under as wide a range of conditions as possible. 

1511. The fate of the indigenous. A. N. Wilcox. Proceedings of 
the Minnesota Academy of Science 5:15-23. 1937. 

Some possibilities for coordinated biological surveys and studies on relatively 
undisturbed natural areas are pointed out as fitting activities for encouragement by 
the Minnesota Academy of Science, and the need of preserving such areas, particu
larly of the three leading biotas of Minnesota, the prairie, the deciduous forest, and 
the coniferous forest, for scientific purposes are emphasized. 

1512. The precision sectioning of wood. A. J. Bailey. Stain Tech
nology 12:159-166. 1937. 

In discussing the theories and mechanism of sectioning, it is pointed out that 
virtually no concrete knowledge exists on the subject. The function of different 
mechanisms and their role in cutting different types of tissue, and the value of 
microtome knives versus safety razor blades is discussed. Razor blades failed to 
cut precise sections ; a technique for sharpening a knife to give precise sections is 
outlined, pointing out errors to avoid in sharpening and sectioning. Various types 
of knife edges are illustrated by photomicrographs. The procedure of sharpening 
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and sectioning techniques for critical results is explained. The mechanism of cutti~g 
in wood appeared to be of the crushing and tearing type, indicating the necess1ty 
of final polishing in sharpening. 

1513. The detection, identification and gravimetric determination of 
pentosans and pentoses. A. J. Bailey. Mikrochimica Acta 2 :35-46. 1937. 

Following a discussion of the occurrence and fundamental chemistry of pento
sans, qualitative tests are indicated. The utilization of crystal habit~, op~ical .pro~
erties and physical constants of sugars and their derivatives for 1denttficatton IS 

sugg:sted. A procedure for crystal identification by optical means is outlined. The 
methods of sugar estimation applicable to pentoses are discussed while the errors of 
the standard pentosan determination are pointed out. An accurate gravimetric 
macro-determination of pentoses was developed and reduced to a micro-basis. Re
quiring only equipment available in the laboratory, high accuracy and precision ~ere 
obtained on 3 mg. samples of wood and 0.5-1.0 mg. samples of pentose matenals. 

1514. An inexpensive microchemical filter crucible. A. J. Bailey. 
Industrial and Engineering Chemistry, Analytical Edition 9:490. 1937. 

Owing to unsuitability or expensiveness of conventional microchemical filter cru
cibles a new type was developed and checked for accuracy. The crucible was made 
from 'Pyrex tubing by proper molding in the flame to an orifice of roughly conical 
shape. A small tear drop of Pyrex glass was prepared and dropped into this orifice 
for a plug. The final preparation of the crucible consisted of forming the conven
tional asbestos mat as with Gooch crucibles. 

Checked in analytical work by comparison with commercial crucibles, it showed 
little difference in performance. It successfully withstood ignition, losing practically 
no weight; the exterior was easily wiped, eliminating creeping precipitates: The 
filter had the further advantages of permitting easy transference from des1ccator 
to weighing bottle and of obviating the difficulty of obtaining c?nstant weight d~e 
to surface conditions. This general performance and inexpensiveness attested 1ts 
value for group analysis. 

1515. Meiotic instability as an inherited character in varieties of 
Triticum aestivwm. W . M. Myers, LeRoy Powers. Journal of Agricul
tural Research 56(6) :441-452. 1938. 

The occurrence of chromatin loss, measured by the percentage of immature 
micropores showing micronuclei, was studied in five varieties of Triticum aestivmn 
L. namely Marquis, Thatcher, D .C. 2305, H -44 and Supreme. Results of 3 years 
or' progen; tests indicated clearly that heritable differences in meiotic i.nstabilit~ 
occurred. A correlation coefficient of 0.77 between the percentage of m1cronucle1 
of 38 plants in 1933 and the average percentage of micronuclei of their progenies 
in 1936 was obtained. Lines differing significantly in percentage of micronuclei were 
isolated by selection both in Marquis and H-44. Thatcher, Marquis-L, and H -4.4-M 
were apparently homozygous in 1936 and had 1.6, 1.4, and 3.3 per cent of micro
nuclei, respectively. H-44-H had 5.2 per cent of micronuclei in 1936 and was still 
segregating. 
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1517. The colloidal behavior of flour doughs. II. A study of the 
effects of varying the flour-water ratio. M. C. Markley and C. H. Bailey. 
Cereal Chemistry 15 :317-326. 1938. 

Water required to bring doughs to definite minimum mobility can be measured 
by a recording dough mixer. 

Absorption and viscosity, or mobility, in doughs are similar to flour concentra
tion and viscosity in the more dilute flour-water systems studied by Sharp and 
Gortner with viscosimetric technique. 

Absorption and time required to mix a dough are closely related in a curvi
linear fashion regardless of the protein content of the individual flours. This line 
can be straightened by an appropriate mathematical process. 

Width of the line drawn by the farinograph pen is a function of the mobility 
of the dough and not of its elasticity. 

1518. The scientific basis for experimental baking tests. M. C. 
Markley. Cereal Chemistry 14:834-840. 1937. 

Models are presented which demonstrate in three-dimensional spaces the effect 
of concurrently varying the mixing time and fermentation time in baking tests, and 
recording these in terms of the bread scores. The relative height of the latter, and 
the slopes of the resulting "plateau" from the summit, or optimum combination of 
mixing and fermentation time are useful criteria of flour quality and "stability." 

1521. Notes on wintering bees in Minnesota. M. C. Tanquary. 
Journal of Economic Entomology 30:945-948. 1937. 

The results from a questionnaire sent to 500 Minnesota beekeepers show that 
out of 87 reporting, 42 wintered 5360 colonies in cellars with a loss of 9.5 per cent, 
26 wintered 2680 colonies out of doors with a loss of 10.4 per cent, 14 wintered 3534 
colonies partly out of doors and partly in cellars with a loss of 15 per cent. Two 
beekeepers wintered 93 colonies in sheds with a loss of 5.4 per cent. Three beekeepers 
killed all colonies in the fall and r eplaced with package bees in the spring. 

Materials used for insulation in outdoor wintering were snow, wood cases, 
balsam wool, waterproof paper, planer shavings, flax straw, grain straw, cellotex. 

1522. Directional permeability of seasoned woods to water and 
some factors which affect it. H. D. Erickson, Henry Schmitz and R. A. 
Gartner. Journal of Agricultural Research 56( 10) :711-746. 1938. 

The radial permeability to water of sixteen species of wood in the seasoned 
state was determined. Most of the sapwoods of the resinous species were appre
ciably permeable radially at a pressure of 10 em. mercury. In general, this was 
not true of the non-resinous woods. Nearly all of the woods, whether heartwood 
or sapwood, were permeable radially at 100 lbs. per sq. in. The resinous sapwoods 
were much more permeable and showed greater variation than the non-resinous 
sapwoods. Sapwood was more permeable radially than the heartwood of the same 
species, except in rare cases. Summerwood was almost as permeable as springwood 
in the radial direction at high pressure in the sapwoods of the species tested in this 
way. In the heartwoods, springwood permeability was usually greater. 
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The tangential permeability of resinous woods both in the heartwood and the 
sapwood was very much less than their radial permeability. Some heartwoods, 
including four pines and two hardwoods, were practically impermeable when judged 
by the methods employed. Several species were about as permeable tangentially in 
the heartwood as in the sapwood. Other species were definitely more permeable 
in the sapwoods and to a varying degree. 

From a consideration of the experimental data and the structural features of 
wood, the radial flow through thin sections of resinous sapwoods apparently was 
chiefly through the resin canals. Radial flow through the resinous heartwood sec
tions may have been through the resin canals or the wood 'rays or both. The uni
formity of radial rates of flow of the non-resinous sapwoods and their lower values 
compared to the resinous sapwoods suggests that the wood rays are the important 
paths of radial flow in these sapwoods. Among the heartwoods, the permeabilities 
were very different, probably owing to differences in the transition to heartwood. 

In general, the rate of flow decreased with increasing time of continuous flow 
and approached equilibrium. In some cases a short period of increasing rate of 
flow preceded the decrease; in rare instances the rate of flow increased somewhat 
even in the later periods of flow. Factors such as surface tension in the capillaries, 
the void volume of the section, the presence of air in the wood, and the condition 
of the resin canals may be responsible singly or collectively in determining some 
observed variations in flow. The ratios of the permeabilities in the three structural 
directions are given for a number of woods. When rate of flow values were calcu
lated to a standard basis, longitudinal permeability was usually thousands of times 
greater than lateral permeability. The differences between radial and tangential 
permeabilities of non-resinous woods were usually small or of questionable sig
nificance. 

1523. The colloidal behavior of flour doughs. III. Studies upon 
the properties of flour-starch-water systems. M. C. Markley. Cereal 
Chemistry 15(4) :438-444. 1938. 

Absorption of flour-starch-water doughs was found to be at a minimum at 
approximately 7 per cent protein. The magnitude of the absorption at 7 per cent 
protein level for doughs made from mixtures of flour and starch with water was 
found to be a measure of the water-holding quality of the gluten independent of its 
concentration. Doughs made from flour-starch mixtures of less than 7 per cent 
protein had the physical characteristics of starch pastes. Doughs made from flour
starch mixtures of more than 7 per cent had the physical characteristics of normal 
flour doughs of similar protein content. Development time of doughs was found to 
be a function of the amount of protein over 7 per cent; at levels below 7 per cent 
there was no differentiation. The gluten in bread crumb appeared to be in the form 
of an envelope around each starch granule. About 7 per cent of gluten was required 
to form the protein envelope around the starch granules. 

1525. Aplectana gigantic a ( Cosmocercidae), a new species of nema
tode from Rana pretiosa. 0. Wilford Olsen. Transactions of the Ameri
can Microscopical Society 57 (2) :200-203. 1938. 

Aplectana gigatltica is described from the intestine of Ratta pretiosa B. & G. 
collected at Springville, Utah. It is differentiated from the other known species of 
the genus having a V-shaped gubernaculum and from the American species in that 
it alone possesses a V-shaped gubernaculum. 
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1527. A study of the proteins of the active and inactive mammary 
gland. S. M. Jackson and R. A. Gartner. Journal of Biological Chem
istry 123 :719-727. 1938. 

Mammary gland tissue, supramammary lymph gland tissue, and muscle tissue 
are more completely peptized by 10 per cent sodium chloride solutions than 0.8 
per cent hydrochloric acid solutions. The hydrochloric acid extracts from active 
glands a larger proportion of the protein nitrogen than it does from inactive glands. 

The inactive glands yield more albumin than globulin to the sodium chloride 
extract, but this ratio is markedly reversed for active glands. The lymph gland 
extract had an albumin to globulin ratio simulating that of the active mammary 
glands. 

Nitrogen distributions of the protein fractions isolated from glands of various 
activities show no really significant differences which can be correlated with glandu
lar activity. Protein fractions peptized by different solvents and exhibiting radically 
different physical properties show very similar nitrogen distributions. 

Neither the total nitrogen nor the basic nitrogen of the protein fraction ex
tracted by hydrochloric acid is indicative of the presence of a t rue histone in either 
the mammary gland or the supramammary lymph glands. 

The phosphorus content of the different histones increases with glandular ac
tivity. The lymphatic gland histone is similar in phosphorus content to the histone 
of the active mammary glands. A relatively high protein phosphorus content is 
apparently indicative of glandular activity. 

Differences between protein tissues of active and inactive glands appear to be 
reflected in their physical properties, such as peptization response, rather than by 
differences in their amino acid composition. 

1528. The cooking process. X. Pulping wood with alcoholic nitric 
acid solutions. S. I. Aronovsky and R. A. Cortner. Industrial and Engi
neering Chemistry 29:1431-1434. 1937. 

A series of cooks was made on aspen and jack pine sawdust and chips by re
fluxing with aqueous and alcoholic (ethyl and n-butyl) solutions of nitric acid, 
followed by boiling the acid-treated wood with dilute sodium hydroxide solutions. 
The concentrations of the acid and alkali as well as the duration of the treatment 
were varied. A number of cooks were also run with mixtures of aqueous and 
alcoholic nitric acid and with alcoholic solutions of sulfur dioxide and lithium 
bisulfite. The alcoholic nitric acid solutions gave much higher yields of good pulp 
than were obtained with the aqueous acid under similar pulping conditions. Increas
ing the concentration of the acid resulted in lower total yields, but gave larger 
yields of screened pulp. Dilution of the alcoholic solutions with water had but little 
effect on the yields of pulp. Jack pine did not pulp so readily as the aspen. Soda 
ash was not so efficient as sodium hydroxide in removing the compounds formed 
by the action of nitric acid on wood. Sulfur dioxide and bisulfites in alcohol were 
not efficient pulping agents. 

1529. Further studies on the parasitism of Rhizoctonia solani on 
sugar beets. E. L. LeClerg. Phytopathology 28:152-153. 1938. 

Previous studies reported that none of the isolates of Rhizoctonia solani, ob
tained from sclerotia on potato tubers or lesions on older potato plants, caused rot 
of older sugar-beet roots. The present paper reports that three potato sprout isolates 
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(collected in the spring from diseased young potato sprouts) caused appreciable 
decay of sugar beets and 25 additional ones caused smaller amounts of decay. How
ever, 116 isolates from lesions on older potato plants and from sclerotia on tubers 
were non-pathogenic to sugar beet roots. 

1531. A simplified technic for the determination of contact angles 
and its application to studies on wetting. Eric Kneen and W. W. Benton. 
Journal of Physical Chemistry 41:1195-1203. 1937. 

A relatively inexpensive and simple apparatus was constructed to make contact 
angle measurements by the horizontal plate method. Th~ apparatus consisted_ essen
tially of an arc lamp, a condensing lens system, an adJustable stage, and e1ther a 
picture frame holding a thin sheet of paper or a ground glass. ~he plane surface 
being studied was mounted on the adjustable stage and brought mto the focus of 
the condensing lens. The liquid to be tested was then placed on the plane surface 
and its image was thus pro.iected onto the screen. Contact angles of a vari_ety of 
substances were tested anc found to agree satisfactorily with the data m the 

literature. 
For a series of sodium salts of the fatty acids the contact angle against 

paraffin was found to change only slightly up to sodium ca~rylate. Here the con~act 
angle was approximately 110• (water us•). From sodmm capr~late ~o sodmm 
palmitate the change in contact angle wa:s pronounced, was essentially lmear, and 
approximated o• at sodium palmitate. Stearic acid and cholesterol both could be 
obtained with "polar" and "non-polar" surfaces. 

The method is applicable to the study of the wetting capacity of leaf surfaces, 
tooth surfaces, and offers promise of yielding valuable information for the wetting 
of these surfaces by water, insecticides, or cleansing agents. 

1532. Variation in carotinoid pigment concentration among inbred 
and crossbred strains of corn. I. J. Johnson and E. S. Miller. Cereal 
Chemistry 15 :345-350. 1938. 

The mature grain from 19 inbred lines of corn varying from light to dark 
yellow endosperm color showed wide differences in percentage of total _carotin~id 
pigments. The variation in pigment concentration was not closely assoc1ated w1th 
the intensity of yellow endosperm color. A very close relationship was obtained 
between the number of dominant Y genes for yellow endosperm color and concentra
tion of total ca:rotinoids and beta carotene. The percentage concentration obtained 
was in direct proportion to the number of dominant genes. Young corn plants from 
white and yellow endosperm sister lines were analyzed for chlorophyll and carotinoid 
pigments. The percentage of carotinoid pigments in leaf tissue from white endo
sperm lines was found to be slightly higher than from their yellow endosperm 
sister lines. The differences may be due to the small number of samples used. 
These results suggest that the formation of carotinoid pigments in the leaf tissue 
and that deposited in the endosperm are independent of each other. A positive 
association was obtained between the percentage of chlorophyll and carotinoid pig
ments in corn leaf tissue. 

1533. A study of the vaginal content of pregnant Bang-infected 
cows for the presence of Brucella abortus. C. P. Fitch, W. L. Boyd, 
and L. M. Bishop. 1 ottrnal of the American Veterinary Medical Asso
ciation 92 (n.s. 45) :171-175. 1938. 
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Four hundred forty examinations were made of the vaginal content of 58 cows 
reacting to the agglutination test for Bang's disease. Brucella abortus was found 
in two samples before the uterine seal of pregnancy had broken down. Brucella 
abortus was isolated from the placentas of 20 of these animals. Eleven aborted 
and nine calved at full term. Forty-six animals calved at term and Brucella abortus 
was isolated from the placentas of 20 per cent and from the colostrum of 77 per cent 
of these individuals. It is believed that these studies indicate that Brucella abortus 
is not ordinarily found in the vagina of pregnant Bang-infected cows until very 
shortly before an abortion or a normal parturition. The organism appears, how
ever, in the discharge after the seal of pregnancy is broken. 

1534. A new species of trematode, Diasia podilymbae (Opis
thorchiidae), from the pied billed grebe, Podilymbus podiceps ( Linn. ) . 
0. Wilford Olsen. Journal of Parasitology 24(3) :215-218. 1938. 

Diasia podilymbae (Pachytreminae), collected from the mesenteries of the 
pied billed grebe in Minnesota, is described and differentiated from D. diasi Tra
vassos, 1922 and D. fodiens (Linton, 1928), the other members of the genus. The 
generic diagnosis is amended. 

1538. Studies of physical properties and agglutinability of Br. 
abortus plate antigens from several sources II. C. P. Fitch, M. H. 
Roepke, C. M. Thompson. Cornell Veterinarian 27:366-373. 1937. 

Physical properties and agglutinability of fourteen plate antigens which were 
;tudied indicate that there is still a very wide variation in these products. There 
seems to be some improvement from the study previously conducted. Prices for 
commercial antigens ranged from $1.43 to $11.76 for 60 mi. of each antigen. Rela
tive sensitivities varied from 31 to 127 or approximately 400 per cent. This repre
sents an average difference in titer of approximately two dilutions. 

1539. Sucking lice (Anoplura) on marmots. 0. Wilford Olsen. 
Journal of Parasitology 24( 3) :281. 1938. 

Neohaematopimts marmotae Ferris, 1923 is reported to occur on Marmota 
flavivellfris 11osophora from Montana. N. nwrmotae and Cyclophthirus marmotae 
(Ferris, 1919) are the two species of Anoplura known to occur on Marnwta sp. 
which are hibernating mammals and said not to harbor sucking lice. 

1540. A flexible gas thermoregulator. A. J. Bailey. Science 86: 
525-526. 1937. 

To obtain accurate and pos1t1ve thermal control of baths, ovens and similar 
devices, a simple glass thermoregulator was developed. Its operation depended 
upon expansion of air, operating a mercury valve having a glass-to-glass contact 
to corrtrol Row of gas from the main to the burner. The device itself was simply 
a glass vessel of any shape, and for normal conditions of about 250 milliliters 
capacity. The single outlet from this vessel consisted of a tube rising vertically, 
then making a complete loop with the open end again rising vertically. In the lower 
part of this glass loop, a small amount of mercury was trapped. On the surface of 
this mercury, a tapered glass rod was floated. In the open end of the outlet tube, 
the proper adjustments and side tubes were provided for the outlet and inlet of 
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the gas, the valve seat, the by-paths, and the temperature adjustment, all combined 
in two pieces of glass. In operation, expansion of the gas in the bulb unit displaced 
the mercury in the loop, and in turn the glass floating on the mercury pushed 
against the valve seat and shut off the gas supply to the burner. Cooling had 
exactly the reverse effect. The entire apparatus consists of only three glass parts 
which can be prepared by anyone having an elementary skill in glass blowing. 
In operation, the temperature could be controlled accurately within a plus or minus 
0.1 • C. The apparatus was ideally adapted to varying operating temperatures. Its 
effectiveness was unimpaired over an extremely long range of temperature, and was 
independent of all other variables except a slight change caused by differences in 
atmospheric pressure. The nature of the device lent itself ideally to many modifica
tions such as those required for greater or less accuracy, to remote control, and to 
rapid and convenient change from one operating temperature to another. 

1541. Adhesive properties of lignin and cellulose. A. J. Bailey. The 
Paper Industry 19:1274-1276. 1938. 

The adhesive function of lignin and cellulose was studied by etching thin sec
tions of dense fiber boards with suitable solvents. Removal of cellulose destroyed 
the structure while removal of lignin effected little change. Thin sections of paper 
containing high and low lignin contents behaved similarly, as did also the same 
sheets of paper. To verify that cellulose was responsible for adhesion, fiber boards 
were prepared from purified pulp by pressing at room temperature. The resulting 
boards had properties similar to the commercial product containing lignin. The 
relation of these findings to industrial processing is pointed out and changes, such 
as beating and chemical gelatinization, are recommended to increase strength. 

1542. Determination of moisture in wood chips, sawdust, and pulp. 
A. J. Bailey. Industrial and Engineering Chemistry 9:568-569. 1937. 

To shorten the time required in the usual determination, to remove the fire 
hazard, and for other reasons, a device and technique of moisture determination 
was proposed, using tetrachloroethylene as the solvent. In general, the process of 
the determination was quite similar to the standard toluene method. The trap, 
however, was modified so that the heavier tetrachloroethylene drained back to the 
flask underneath the water. The method was checked against both oven drying 
and the standard toluene method and was found to be in agreement with both. A 
precision of about one part in a thousand was indicated. No interfering materials 
were found, since turpentine, resin, and volatile oils were soluble in tetrachloro
ethylene. The cost of the new reagent is somewhat higher, although nearly complete 
recovery can be effected. Technical skill required in determination is about the 
same as the present standard method. It has advantages in causing the sample to 
float, thus preventing superheating; of being applicable to a wide variety of ma
terials, owing to the absence of oxidation or other detrimental effects on the sample; 
of the ease of reading the meniscus; and of completely removing fire hazard. 

1544. The measurement and inheritance of scab resistance in selfed 
and hybrid progenies of potatoes. J. G. Leach, F. A. Krantz, Phares 
Decker and Harold Mattson. Journal of Agricultural Research 56 :843-
853. 1938. 
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The relative resistance to common scab, Actinomyces scabies (Thax.) Giiss., 
of 60 seedling families of potatoes was studied. A mean scab rating for each family 
was determined and expressed by a numerical scale which gave a measure of re
sistance based on the type of lesion and also took into account the amount of surface 
area affected. Use of all the available data in statistical analyses was possible 
because the results of both criteria were combined in a single numerical rating. 
Four different methods of measurement were compared, three of which were very 
satisfactory. 

A direct comparison of the different seedling families revealed significant 
differences in scab resistance and indicated the relative breeding value of parent 
varieties or selections. A significant difference between the mean scab rating of 
10 selfed lines was associated with a similar but smaller difference between the 
averages of their hybrid families. When the crosses were grouped according to 
the reaction of both parents it was found that crosses between susceptible parents 
gave a significantly higher mean scab rating than crosses of susceptible with re
sistant parents. The latter crosses had significantly higher mean scab rating than 
crosses between intermediates and crosses of intermediate with resistant parents. 
The crosses between resistant parents gave a significantly lower mean scab rating 
than any of the other four types of crosses. 

1545. Chemical constitution of the oils from superior and inferior 
flaxseeds. R. A. Gross and C. H. Bailey. Oil and Soap 14:260-263. 
1937. 

All seed oils of the Bison flax variety contained a higher percentage of oleic 
acids and a lower percentage of linolenic acids than the Abyssinian Yellow flax 
variety. Abyssinian Yellow seeds yielded oils which contained a relatively low 
percentage of oleic acid and a higher per cent of linolenic acid than the Bison variety 
grown in the same locality. 

The amount of unsaturation in an oil, or its iodine number, appears to be a 
varietal characteristic, and the components of the oils are blended by nature to 
give a certain degree of unsaturation which can be varied by growing the flax 
plants under different en~ironmental conditions. 

1546. Place of research in agricultural policy. 0. B. Jesness. 
Canadian Society of T echnical Agriculturists Review 14:255-263. 1937. 
Proceedings of the Ninth Annual Meeting of the Canadian A gricultural 
Economics Society, pp. 1-9. 1937. 

Satisfactory agricultural policies can not be developed without careful research. 
Agricultural programs of the past have not had the full benefit of research. Policies 
of public land disposal and of international trade are illustrations. Current agri
cultural programs revolve around the idea of price restoration. Price parity is a 
popular concept but the research student is aware of its limitations. Public policy 
should serve the ends of general welfare. We live not by price alone. Production 
as well as price, hours of work as well as rates of pay, are necessary to produce 
an income. General welfare calls for more rather than less production. Care must 
be exercised, that inefficient methods of production are not subsidized. If agricul
ture is permanently overexpanded, the real cure is reduction in the number of per
sons dependent upon agriculture for a living rather than part-time operation of 
existing farms. Indications are that research is playing an increasingly important 
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role in the formulation of agricultural policy. If it is to continue to do so the re
searcher must avoid becoming a special pleader. He must maintain an objective 
attitude. He must remain a student and not become an advocate. The march of 
progress in research must be from facts to conclusions. If the research worker is 
to serve his true function he must keep an open mind and arrive at conclusions 
through careful analysis. Then he must remain free to give full expression to his 
conclusions. Only if those conditions continue will the voice of research command 
respect and attention in the future evolution of agricultural policy. 

1548. The influence of acidity variations during manufacture on the 
quality and rate of ripening of Blue or American Roquefort cheese. 
S. T. Coulter, W. B. Combs and J. S. George. Journal of Dairy Science 
21 :239-245. 1938. 

Blue cheese was manufactured using 2, 3 and 4 per cent starter, with the milk 
set at low acidity (0.19 to 0.20 per cent) ; after ripening to 0.23 to 0.24 per cent, 
with the curd dipped after cutting before additional acidity development; and with 
dipping delayed until 0.05 to 0.06 per cent acidity developed in the whey. 

Variations to this extent in acidity during manufacture did not appear to be 
highly important in the manufacture of Blue cheese. Excellent cheeses were produced 
with all the combinations used. Cheeses set and dipped at low acidity, as indicated by 
fat hydrolysis, protein degradation and character of the cheese, ripened somewhat 
sooner than those set and dipped at high acidity. 

1549. The nature of the increase in amylase activity of germinating 
barley. C. H. Hills and C. H. Bailey. Cereal Chemistry 15 :273-281. 
1S)38. 

An investigation of the existence and possible nature of "amylokinase" failed 
to confirm the presence of "amylokinase" in green malt extracts of barley. Even 
when fresh unfrozen green malt was employed and the quantities of Tonerde C 
adsorbent were varied over a considerable range, it was .not possible to detect any 
amylase activator of the nature of "amylokinase." 

Papain digestion increased the amylase activity of ungerminated barley ap
proximately 100 per cent. This increase in ,B-amylase activity was due to proteo
lytic release of ,B-amylase associated with water-insoluble material. It is concluded 
that papain digestion is a valid means of determining the total ,B-amylase activity 
of barley or barley malt. 

Peptone did not affect the ,B-amylase activity of barley or malt. However, pep
tone increased the a-amylase activity of a green malt extract and of a solution of 
purified a-amylase 24 per cent and 29 per cent, respectively. 

The increase in a-amylase activity of green malt/papain extraction was not due 
to the release of bound amylase as in the instance of ,8-amylase, but was due largely 
to the increase in activity of a-amylase present in solution. The action of peptone 
in increasing the a-amylase activity of malt extracts is not clearly understood. 

1550. A stable metaphosphate preparation for use as a protein pre
cipitant. D. R. Briggs. Proceedings of the Society for Experimental 
Biology and Medicine 37 :634-638. 1938. 
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Metaphosphoric acid is an excellent pptating agent for proteins, but owing to 
variability in the commercially obtainable acid, and to the fact that, as ordinarily. 
made up, the acid quickly deteriorates (hydrolysis to orthophosphoric acid), its 
use as a reagent for this purpose has been largely discontinued. This paper suggests 
the use of sodium metaphosphate (prepared by heating NaH,PO, to 750° C., during 
which procedure water is lost and the glacial NaPOa is formed) in slightly alkaline 
solution, as the shelf reagent. Under these conditions the metaphosphate hydrolyses 
to orthophosphate with extreme slowness. The pptating power of the reagent is 
thus maintained over long periods of time and can be made up fresh when necessary 
from material of standard metaphosphoric acid content. Methods are suggested 
for its use. 

1551. Studies in wood decay. VII. How long can wood-destroying 
fungi endure immersion in water. Henry Schmitz and Frank Kaufert. 
Proceedings of the American Wood Preservers Association 34:83-87. 
1938. 

Trametes serialis, Lentinus lepide!<S, and Lenzites frabea when growing in 
Norway-pine sapwood blocks can endure more than 38 weeks of immersion in water 
without being killed. Under the same condition, however, Polyporus mtceps is 
killed in about six weeks. 

The storage of wood in water even for prolonged periods cannot be relied on 
to kill the wood-destroying fungi ·with which it may be infected. 

1552. The amylases of different barley varieties. C. H. Hills and 
C. H. Bailey. Cereal Chemistry 15 :351-362. 1938. 

The barley samples grown in 1936, an abnormally dry year, were much higher 
in protein content and lower in 1000 kernel weight than the same varieties grown 
in 1935, a season having better growing conditions. The diastatic activity of the 
barley and malt from the 1936 crop was approximately 50 per cent higher than that 
from the previous year's crop. 

Contrary to the opinion of various investigators, sound ungerminated barley 
may contain a measurable amount of a-amylase. The barley samples from the 1936 
crop were lacking in a-amylase but most of the samples grown in 1935 contained 
appreciable quantities of a-amylase. 

A high positive correlation was observed between the total ,B-amylase activity 
of barley and of green malt, which suggests the possibility of using the ,B-amylase 
activity of a papain digest of barley to predict the ,B-amylase activity of the malted 
grain. There was also a significant positive correlation between total a-amylase 
and total ,B-amylase of green malt. 

A comparison of the barley varieties in regard to both diastatic functions 
showed that Odessa, Manchuria, and Oderbrucker were high and Wis. No. 38, 
Spartan, Minn. No. 462, and Glabron were low. Trebi was highest in ,B-amylase 
but was deficient in a-amylase activity. 

Germination of barley resulted in a relatively large increase in free (water
soluble) ,B-amylase activity but the increase in total ,B-amylase activity was only 
25 per cent to 29 per cent. However, it was found that the concentration of total 
,B-amylase did not change on germination of barley and that the observed increase 
in total ,B-amylase activity, as measured by the rate of maltose production, was due 
to the increase in a-amylase activity. 
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1553. A survey of forest tree diseases and their relation to stand 
improvement in the Lake and Central States. R. Lorenz and C. M. 
Christensen. Mimeographed publication by the Bureau of Plant Industry, 
U.S.D.A. Washington, D. C. October 7, 1937. 

This publication includes a fairly detailed account of the cause, prevalence, 
economic importance, factors influencing the development, and control of the dis
eases known to be of importance on forest trees in the Lake and Central States. 
About seventy diseases are described, and many of them are illustrated. The general 
principles of control of the different types of diseases are discussed. 

1554. Effect of steaming on the strength of southern yellow pine. 
S. J. Buckman and L. S. Rees. Proceedings of the American Wood 
Preservers Association 34:264-296. 1938. 

This study was made on specimens obtained from five different trees each 
of shortleaf and of slash pines. The trees were from Forrest County, Mississippi. 
Comparable groups of clear unseasoned sapwood specimens each 1"x1"x34" were 
steamed for periods of- time ranging from 3-18 hours and at temperatures ranging 
from 214° to 260° F. The samples for the different strength tests were sawed from 
these specimens after they were steamed. The percentage loss in strength for each 
steaming period was based on control specimens which had not been subjected to 
the steaming process. 

The data showed that there was considerable loss in all of the strength prop
erties investigated even at the lower temperatures and for the shorter steaming 
periods, except in maximum shearing strength parallel to the grain, where the 
strength loss appeared to be too small. The strength properties most affected by 
the least severe steaming conditions were the fiber stress at the proportional limit 
in the static bending and compression tests. The losses in the different strength 
properties when steamed for 18 hours at a temperature of 260° F. varied from 
18.4 per cent for modulus of elasticity to 56.5 per cent for stress at the proportional 
limit in compression parallel to the grain. It was found that there was a recovery 
of one fourth to one half of the loss in strength due to steaming when specimens 
were tested at a moisture content of 12 per cent, when compared with the strength 
of unseasoned specimens. The largest recoveries occurred in those specimens which 
had been subjected to the least severe steaming conditions. These recoveries, how
ever, were not permanent, and were found to depend upon the moisture content of 
the wood at the time it was tested. The data were used to calculate the percentage 
loss in strength of southern yellow pine poles having different circumferences at the 
ground line and for various steaming periods at a temperature of 260° F. It was 
shown that the reduction in the strength of a 20-inch pole steamed for 18 hours is 
about 31 per cent while the strength of a 58-inch pole steamed for 4 hours is reduced 
about 5 per cent. Because of this very substantial decrease in strength due to 
steaming, it was recommended that southern yellow pine poles be air dried prior 
to preservative treatment. 

1555. The relation of the first chromosome pair to date of fruit 
ripening in the tomato (L·ycopersimm esculentum). T. M. Currence. 
Genetics 23:1-11. 1938. 
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Four genes (dpos) distributed over about 32 recombination units were used 
as markers. The F, of an early DPOS plant X a late dpos plant was crossed with 
the recessive parent. All phenotypes appearing in the backcross population of 791 
plants were classified as to date of ripening fruit. Comparing the dates of certain 
phenotypes indicated that the entire chromosome had an effect of 19.4 ± 0.47 days. 
Associated with the Dd genes was a differential of about 8 days and with Pp the 
effect was approximately 5 days. The relatively long section between p and s con
taining the o gene had little if any effect on earliness. Associated with Ss was an 
effect of from 4 to 8 days depending on the presence or absence of other genes for 
earliness, particularly that associated with Pp. Statistical significance was shown 
by all of the above differences and between the 2 differences for the Ss region. 
Testing the germination of seeds from different phenotypes has shown that the Ss 
region delays germination and reduces the percentage of germination. This effect 
may have resulted in the deficient number of recessives that occurred in the back
cross population. Continued selection for dpos early and crossing with the F, 
isolated a strain of dpos that was significantly earlier than the original recessive 
parent strain. By the decapitation method a tetraploid F, was obtained. The next 
generation did not contain plants that were appreciably earlier than F. diploid plants. 

1556. The Minnesota studies of crossbreeding swine. L. M. Win
ters, P. S. Jordan, 0. M. Kiser and R. E. Comstock. Proceedings of 
the American Society of Animal Production, pages 196-203. November, 
1937. 

This experiment was carried out independently at two Minnesota Branch 
Experiment Stations. It extended over eight years, 1,589 pigs were farrowed alive, 
and 962 were fed out under experimental conditions. Three types of crossbreds 
were produced: first-cross, back-cross, and three-breed cross, the last two being 
out of crossbred sows. 

All three types of crossbreds were superior to the purebreds in most points 
affecting economy of production. The crossbred sows were superior to the pure
breds as brood sows. Statistical treatment of the data is presented. 

Evidence is also presented showing that the breeding plan proposed works out 
satisfactorily in farmer herds. 

Some of the criticisms of the experiment are answered. 

1557. A study of characteristics of normal and abnormal semen of 
the sheep. R. E. Comstock and D. E. Brady. Proceedings of the Ameri
can Society of Animal Production, pages 233-238. November, 1937. 

Data were collected on length of sperm head, coefficient of variability, sperm
head lengths, ability to live under conditions in which semen is preserved for artifi
cial insemination, number of sperm cells per mgm., and pH of semen. 

A significant negative correlation exists between temperature environment and 
sperm-head length. Significant differences were found between rams for all of the 
above characteristics except pH. A curvilinear correlation was found between head 
length and per cent motility after storage which was positive below the mean length 
and probably negative above it. 

A negative correlation was found between sperm-head length and coefficient 
of variability of head length. The pH of sheep semen containing normal numbers 
of sperm cells is 6.9 or less. 
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The semen of three rams fed a low level of a high-quality ration was high 
in number of sperm cells per mgm. and low in quantity of ejaculate. One ram 
fed a ration believed to be low in vitamin A was low in sperm cells per mgm. and 
developed other deficiency symptoms. 

1558. Sufficiency of atmospheric precipitation for maximum crop 
yields. F . J. Alway, A. W. Marsh and W. J. Methley. Proceedings of 
the Soil Science Society of America 2:229-239. 1937. 

The annual fall of sulfur in rain, snow and dust in Minnesota has been found 
to vary from a maximum of more than one hundred pounds an acre in Minneapolis 
to a minimum of less than five pounds in a sulfur-deficient area in the northern part 
of the state. Where the collection of the water for analysis was made in vessels 
entirely or partly of a metal subject to attack by sulfur dioxide erroneously high 
values were found, the sulfates formed between rains on the interior metal surfaces 
being washed down into the collector and appearing as though brought down in 
the precipitation. An appreciable amount of sulfur dioxide was found in the at
mosphere even in the most remote and most sulfur-deficient areas of the state. Its 
relative concentration was determined by absorption on a surface coated with lead 
peroxide. The amount absorbed in the course of twelve months per acre of exposed 
surface varied from niore than four hundred pounds of sulfur in Minneapolis to 
less than five pounds near the headwaters of the Mississippi River. The absorption 
of sulfur dioxide by soils was found to parallel roughly its absorption by lead 
peroxide, but likely to furnish less sulfur to crops than that brought down by the 
precipitation. It is computed that the sulfur dioxide absorbed by the leaf tissue of 
plants in sulfur-deficient areas will be of even much less significance than that ab
sorbed by the soil. 

1559. The relation between single and double cross yields in corn. 
D. C. Anderson. Journal of the American Society of Agronomy 30:209-
211. 1938. 

A study was made to determine the most desirable way to combine four inbred 
lines to make the most productive double cross. Yield data were obtained on 10 
single crosses made with 5 inbred lines, and the 15 possible double crosses from these 
10 single crosses. The yields of the double crosses were predicted from the average 
of the single crosses not used as parents. For example, the expected yield of the 
double cross (lx2) (3x4) is obtained from the average yield of the single crosses 
(1x3), (1x4), (2x3), (2x4). The results show a close agreement between the 
predicted and the actual yield of the double crosses. 

1560. The inheritance of pericarp tenderness in sweet corn. I. J. 
Johnson and H. K. Hayes. Journal of the American Society of Agronomy 
30:220-231. 1938. 

Puncture tests were made on individual ears representing the two parents, the 
F, and F. generation, Fa lines, and back-crossed progenies to determine the mode 
of inheritance of pericarp tenderness in a cross between a tender pericarp variety 
and a tough pericarp Crosby inbred line. Additional data were also obtained from 
back-crosses used in the sweet corn improvement program in breeding for pericarp 
tenderness. T~e results from this study indicate that pericarp tenderness is in-
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herited on a relatively simple multiple factor basis. In certain crosses the F, gen
eration was somewhat tougher in pericarp while in other crosses it was approxi
mately equal in pericarp toughness to the average of the parents. In the F. genera
tion of the cross studied in greatest detail, ears with puncture test values were 
recovered within the range of the two parents in populations of approximately 100 
plants. Among the Fa Jines and in the first-year selfed progenies of back-crossed 
plants, strains were obtained as homozygous as the two parents with means similar 
to the parents as well as in intermediate recombinations. In the back-crosses used 
in breeding for improvement in pericarp tenderness, the results indicate that genes 
for pericarp tenderness can be transferred from tender to tough pericarp inbred lines. 

1561. The relation of flour strength, soy flour and temperature of 
storage to the staling of bread. W. R. Steller and C. H. Bailey. Cereal 
Chemistry 15(3) :391-401. 1938. 

Three methods of measuring staleness were employed concurrently to follow 
the changes in the aging of bread crumb. A measure of the firmness of the crumb 
was made with an apparatus similar to that described by Platt ( 1930). This device 
measures the depression of a plunger into a slice of the bread crumb which is caused 
by the action of a standard weight on the plunger during a given period of time. 
Katz's method (1928) of determining swelling power by measuring the volume of 
sediment obtained from 10 grams of bread crumb was the second test employed. 
The method of Karacsonyi (1929) was also used to measure the absorbing capacity 
of the bread crumb. This method involves the measurement of the viscosity of a 
10 per cent suspension of finely ground bread crumb. 

Flour strength appears to be an important factor in the aging of bread crumb, 
the rate of staling being a function, though not linear, of the protein content of the 
flour. Bread baked from the 11.6 per cent protein southwestern winter-wheat flour 
staled much more rapidly at zso C. than did bread baked from the 12.6 per cent 
protein northwestern spring-wheat flour. Bread baked from the 9.6 per cent protein 
semi-hard winter and the 10.1 per cent protein soft, red, winter-wheat flours staled 
more rapidly than did that of the southwestern flour, but this difference was not 
so great as the difference in the rates of staling of the bread baked from the two 
stronger flour typ~s. even though the spread in protein content in the former case 
was greater than in the latter. That protein characteristics may be a factor in the 
staling of bread is indicated by the fact that, as measured by the compressibility 
method, the bread baked from the soft wheat flour staled more rapidly than did 
that baked from the semi-hard wheat flour. 

Temperature of storage had a marked effect on the rate at which bread became 
stale. Bread stored at 11 o C. staled very rapidly and was nearly as stale after 
only 24 hours' storage as it was after 96 hours' storage at the same temperature. 
Increasing the temperature of storage to 28° or 42° C. greatly retarded the rate of 
staling, and bread stored at the higher temperatures (28° and 42° C.) did not reach 
the degree of staleness at the end of the 96-hour period that was obtained at a 
storage temperature of 11 o C. Increased storage temperature appeared to have a 
greater effect on the compressibility than on the water-imbibing capacity of the 
crumb. At 42° C. the percentage decrease in compressibility was nearly a straight 
line function of time. 

Soybean flour added to the bread dough tends to retard the staling of the baked 
bread. The use of 10 per cent fat-free soy flour was found to reduce both the 
rate and degree of staling of bread baked with various types of wheat flour. This 
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retardation was more evident in the bread stored at the higher temperatures (28° 
and 42° C.) ; the soy bread remained fresh 4 to 24 hours longer at 42° C. than did 
the regular bread. 

During the first 8 to 12 hours out of the oven, the bread was found to undergo 
the most rapid changes in crumb characteristics. After such intervals the decrease 
in compressibility and the decrease in water-absorbing capacity of the crumb were 
nearly linear functions of time. Following this initial period of rapid staling, the 
rate decreased rapidly. 

Compressibility and viscosity measurements of staleness were more consistent 
and uniform than the data obtained by the sedimentation method. The effects of 
flour strength and temperature of storage were more pronounced in the compressi
bility measurements than in the data obtained by the other two methods. The sedi
mentation test is not sensitive to minor changes in the condition of the bread and 
is subject to error due to faulty settling of the crumb. 

1563. Asparagus breeding studies. T. M. Currence and A. L. 
Richardson. Proceedings of the American Society for Horticultural 
Science 35 :554-557. 1937. 

The data covered by this paper consists of correlation coefficients for a number 
of characters with yield and size of spears for male and female plants. It is shown 
that the number of stalks is a good indication of yield, and size of stalks (diameter) 
was significantly correlated with spear size. 

It was shown that high yielding ability was transmitted by parent plants that 
were not good producers. Four populations studied suggested that only the progeny 
test was an accurate test for selections for yield. Spear size was inherited according 
to spear size of the parents. 

Plot technique was studied by testing the variation of yields from different 
sized plots for a period of three years. The second year's results were, in general, 
more uniform than the first or third years and were approximately equal in uni
formity to three-year yields combined. Plots containing 18 plants were suitable 
for size. 

1564. Common weeds. R. B. Harvey and A. H. Larson. Seed 
World, pages 109-124. 1938. 

Plates of detailed drawings of seventeen common weeds for use in their identifi
cation. 

1565. Occurrence of albino seedlings in Victoria oats. D. C. Smith. 
Journal of Heredity 29 :63-64. 1938. 

Progeny of a single plant of Victoria oats (C.I. 2401) gave 86 normal green 
and 21 white seedlings. The results suggest a ratio of three normal to one albino. 

1566. Synonymical notes and new species of the Pseudomethoca 
and Dasymutilla (Mutillidae: Hymenoptera). C. E. Mickel. Annals of 
the Entomological Society of America 31(2) :147-156. 1938. 

Three new species of the genus Pseudomethoca are described, one each from 
Georgia, Arizona and Texas. The species agaeon Fox is shown to be the male of 
praeclara Blake. In the genus Dasymutilla one new species is described from 
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Arizona and one from Georgia. The species mutata Blake is shown to be a valid 
species heretofore known under the name of allardi Rohwer. A key for separating 
mutata, mediatoria and other species related to these two is included. 

1567. Laboratory studies of methyl bromide as an insect fumigant. 
F. W. Fisk and H. H. Shepard. Journal of Economic Entomology 
31 ( 1) :79-84. 1938. 

Methyl bromide, the most important recent addition to the list of insect fumi
gants, was studied with respect to its toxicity relative to the other fumigants, its 
toxicity to different stored-product pests, and its effectiveness under various condi
tions of temperature, moisture, vacuum and absorptive material (wheat flour, raisins, 
wheat). The relative absorption of eleven fumigants by flour was reported. Methyl 
bromide compares favorably with the most toxic fumigants, i.e., with hydrocyanic 
acid, chloropicrin and ethylene oxide. 

1568. Studies on rodent populations in a forested area. D. M. Hat
field. Journal of Mamnwlogy 19(2) :207-211. 1938. 

The work was carried on at the Lake Itasca Forestry and Biological Station 
during the summer of 1937. Records from trapping operations on quadrats located 
in various forest types indicate that Peromyscus is the chief inhabitant of the 
forest floor in this region. Clethrio110m)•s second in numbers caught, followed by 
Azpus, Blarina and Glatuomys in that order. 

There is apparently a definite correlation between foraging activity of Pero
myscus and minimum temperature; the cooler the night, the smaller the catch of 
mice. 

1569. Winter storage of strawberry plants. T. L. Aamodt and 
W. G. Brierley. Proceedings of the American Society for Horticultural 
Science 35 :504-507. 1937. 

Winter storage of strawberry plants in Minnesota has been found to be a 
practicable means of avoiding winter injury to planting stock. If the plants are dug 
in October before the occurrence of severe freezes and stored at temperatures 
slightly below freezing, the stored plants generally produce excellent stands in new 
plantings. Plants may be suitably protected in nursery sheds or heeled in outside. 
In either case, provision must be made to protect against extremes of temperature 
and moisture. Stored plants are available for early season shipping by nurseries. 
Storage also has evoked growers to avoid delays in field planting owing to spring 
weather unfavorable for digging. 

1570. A study of the winter respiration of the strawberry plant. 
\V. G. Brierley and R. H. Landon. Proceedings of the American Society 
for Horticultural Science 35 :480-482. 1937. 

Stored plants were used to determine the respiratory rate of dormant plants 
because plants dug in the field were badly injured in digging. The respiratory rate 
at 0° C. was low even in October. There was a general decline in the rate through
out the dormant season that may be attributed to a reduction in certain reserve 
carbohydrates. On April 8 before any indications of growth were evident there 
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was an upward trend in the respiratory rate. This upward trend became more 
pronounced with the advent of higher temperatures and the beginning of growth. 

1571. Experiences in propagating Rubus and other species of leaf
bud cuttings. Ernest Angelo. Proceedings of the American Society for 
Horticultural Science 35:448-450. 1937. 

Leaf-bud cuttings were used as a means of increasing the number of plants of 
selected black raspberry seedlings. Cuttings were made from the first of July until 
September 22. Sharp sand alone was used as a rooting medium. Leaves from the 
central part of the cane cut with a rather long (¥.! inch) and thick heel were most 
satisfactory. Cuttings made September 21 and 22 produced a rosette type of plant. 

Leaf-bud cuttings of purple-cane raspberry seedlings produced plants readily. 
The following developed roots from leaf-bud cuttings: Prtmus japonica, P. tomen
tosa, rose, mock orange, and gooseberry. 

1572. Glucose infusion through the external pudic artery. W. E. 
Petersen and W. L. Boyd. Proceedings of the Society for Experimental 
Biology and Medicine 37:537-539. 1937. 

Glucose was added to the blood before entering the udder of lactating cows by 
infusion into the external pudic artery. From 15 to 27 liters of isotonic glucose 
solution was infused in each of four experiments. The glucose of the mammary 
venous blood was increased from normal to 206 and 361 mg. per cent without in
creasing the lactose content of the milk. There was some indication of lactose in 
the urine. 

1574. Observations on dormancy in vegetable seed. M. L. Odland. 
Proceedings of the American Society for Horticultural Science 35:562-
565. 1937. 

Data indicated that the age of seed within the first few months after harvest 
influences the germinating ability of several vegetable crops. Seeds of cucumbers, 
pumpkins, muskmelons, and watermelons underwent a period of "weak germination" 
or after-ripening of several weeks' duration from time of harvest. When the ger
minating ability of seeds from individual pumpkin fruits harvested at different stages 
of maturity were tested, the behavior was found to be similar to that found in 
cucurbitaceous crops in general. Tomato and pepper seed, on the other hand, showed 
no indication of a dormant period, germinating equally well at any time after being 
harvested. Carrot seed behaved similarly to tomatoes and peppers. 

1578. Observations on the dissemination of fungi by ants. J. G. 
Leach and Louise Dosdall. Phytopathology 28:444-446. 1938. 

Spores of several kinds of fungi, principally Alternaria, found in the infrabuccal 
pellets of ants (Formica fusca var. subsericea Say) removed from peony buds ger 
minated in water. Bud blight on the plants studied, however, seemed to be of non· 
pathogenic origin. The petals in early stages of necrosis were sterile and the fungi 
isolated from later stages, Alternaria and an unidentified hyphomycete, caused no 
infection, and plants protected from ants also produced blighted buds. 
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1579. The pH of Blue or American Roquefort cheese. S. T. Coulter, 
W. B. Combs and J. S. George. Journal of Dairy Science 21 :273-274. 
1938. 

The pH of cheese from 60 different lots of Blue cheese was determined at 
intervals during the ripening period. Within 24 hours after manufacture the cheese 
was found to reach a maximum acidity at about pH 4.7. With the exception of a 
temporary increase in acidity following piercing, the acidity decreased gradually 
to about pH 6.5 at about the end of the third month. Following this the acidity 
of the cheese increased gradually to about pH 5.7 at the end of the ninth month. 

1581. Insects in relation to diseases of truck crops. A. A. Granov
sky. Journal of Economic Entomology 31 :11-19. 1938. 

This paper was part of a symposium on insects in relation to plant diseases 
given at the joint meeting of the entomological and phytopathological societies. It 
briefly covers the importance of insect vectors of plant pathogens. Comparisons 
are given between the phenomena of entomophily and that of dissemination of patho
genic organisms, with illustrations of external and internal morphological adapta
tions of insects in the spread of microorganisms. A complete classification of various 
modes of dissemination and inoculation of pathogens by insects is given with perti
nent examples of each. A brief summary of insect transmission of more important 
fungus, bacterial and virus diseases of truck crops is given with examples of bio
logical relations between the insects, and the disease-like injuries caused by certain 
toxicogenic insects which upset the equilibrium of the delicately adjusted balance 
in the physiological functions of the plants are also considered. In conclusion an 
emphasis was placed on refinement of methods and coordination of efforts of spe
cialists interested in this field of insects in relation to plant diseases. 

1586. Anoplocephaliasis in Minnesota horses. 0. Wilford Olsen. 
Journal of American Veterinary Medical Association 92 ( n.s. 45) :557-
559. 1938. 

During the past 20 years, five cases of anoplocephaliasis have been recorded by 
the Veterinary Division and the Division of Entomology and Economic Zoology. 
Two cases were the large tapeworm, A1toplocephala magna, and three were the 
small tapeworm, Paranoplocephala nwmilliana. The literature on the subject of 
anoplocephaliasis in North America has been reviewed. A bibliography is included. 

1588. Immediate germination of certain selfed and hybrid potato 
seed. M. L. Odland. The American Potato Journal15 :67-71. 1938. 

A study of 22 genetically different samples of recently harvested potato seed 
showed marked differences in the degree of delayed germination exhibited ; some 
samples completed germination before transplanting time whereas other samples 
required approximately 90 days to complete germination. Observations indicate that 
the old seed when planted may exhibit delayed germination. 

All potato seeds do not exhibit delayed germination. One particular lot of 
selfed seed showed no delayed germination over a period of 2~ years. 
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1591. Factors which influence the durability of concrete stave silos. 
D. G. Miller. Journal of the AmericaH Concrete Institute 9(4) :381-397. 
1938. 

This paper' reports results of examinations made during 1937 of some 200 con
crete silos in Minnesota, Iowa, South Dakota, and Wisconsin, and presents test 
data on 1350 experimental concrete silo staves made at nine commercial plants the 
summer of 1937, the effect of mix (number of staves per bag), tamping (the number 
of tamps per stave), water-cement ratio, and aggregate grading. It is shown by 
results of permeability tests that the transverse strength and density of silo staves 
are closely related, and the inference is drawn that the greatest durability may 
reasonably be expected of those staves having transverse strengths upward from 
140 pounds per inch of width when tested by applying the load midway between 
supports 24 inches apart. It is shown in the report that the 10-minute absorption 
of a stave, following drying to constant weight at a temperature of 240• F., is a 
direct measure of permeability. For strengths above 140 pounds per inch of width 
the quantity of water absorbed after ten minutes is between one and two per cent 
and is fairly constant. The 10-minute absorption therefore provides a simple test 
for permeability of dry tamped staves, and thus makes it reasonably easy to corre
late strength and density of staves as a basis for studies of durability under exposure 
conditions found in silos. 

1593. Insects in relation to diseases of shade and forest trees. J. G. 
Leach. Journal of Economic Entomology 31 ( 1) :23. 1938. 

A brief description of a two-reel motion picture presented as part of a sym
posium on the subject of insects in relation to plant diseases. The film pictures the 
story of the association of bark beetles and blue-stain fungi in Norway pines and 
is based on experimental results published by Leach, Orr, and Christensen in the 
Journal of Agricultural Research 49:315-342, 1934. The film may be rented from 
the Department of Visual Education, University of Minnesota, at a nominal rate. 

1594. Electrokinetics. XX. Interfacial energy and the molecular 
structure of organic compounds. VI. The electric moment of aliphatic 
alcohols, acids, and esters at cellulose and Alz03 interfaces. M. A. 
Lauffer and R. A. Gortner. Journal of Physical Chemistry 42 :641-656. 
1938. 

The electric moment of the double layer per square centimeter (qd) was de
termined for an homologous series of the aliphatic alcohols at Al.Oa interfaces and 
for similar series of the fatty acids and esters at cellulose interfaces, using the 
streaming potential method. A new streaming cell with ground glass joints was 
designed and used throughout these studies. This cell markedly increases the ease 
with which measurements can be made. In order to obviate the difficulties en
countered in dealing with diaphragms of extremely high resistance and with the 
measurement of streaming potentials of excessively large magnitude, the electrodes 
of such diaphragms were shunted through an 11-megohm resistor, thus adding a 
new technique to electrokinetic methods. The data lead to the following conclusions: 
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The streaming potential was strictly proportional to pressure for all of the 
systems investigated. 

At AI,O. interfaces, alcohols, within an homologous series, show variations of 
electrokinetic functions which resemble to a considerable extent the variations at 
cellulose interfaces. The electric moment (qd) of alcohols at AI.Os interfaces are 
in general about half as large as are those at cellulose interfaces. 

A reversal from (-) to ( +) occurs between 1~-butanol and 1~-pentanol at an 
AlsOs interface and between ethanol and 1~-propanol at a cellulose interface. In both 
series iso-propanol yields a sign opposite to that yielded by n-propanol. 

Fatty acids at cellulose interfaces show a reversal of sign of surface charged 
between n-propionic and n-butyric acids. No such reversal is shown at an AI.Os 
interface. The magnitudes of qd are about 1/10 of those of acids at AI.Os interfaces. 

Within an homologous series of esters the variations in electric moments at 
cellulose-ester interfaces seem to be closely associated with the number of carbon 
atoms in the ester. The variations, though opposite in direction, are of approxi
mately the same magnitude as the variations at cellulose interfaces encountered in 
ascending the homologous series of fatty acids. Furthermore, the behavior of an 
ester is analogous to that of the fatty acid containing one less carbon atom. Mo
ments for esters at cellulose interfaces are about J.-1 as great as are those for esters 
at AI.O. interfaces. 

Specific effects of surfaces on the electrical behavior of types of compounds 
must be postulated in order to rationalize the findings of this study with earlier 
data of Martin and Cortner, and Jensen and Cortner. 

Positive temperature coefficients of the conductivity of methyl acetate in the 
diaphragm and of HK,/F for the same system were observed. It is postulated that 
the electrokinetic effects observed are the resultant of the interaction of ions derived 
from the organic molecules of the liquids and the solid with which the liquid is 
in contact. 

Since the electrokinetic behavior of a solid-organic liquid interface cannot be 
predicted a priori from existing physico-chemical data, it is suggested that electro
kinetic studies afford an independent technique for studying problems of organic 
structure. 

1595. Maturity of potato seedlings in the greenhouse and their later 
behavior in the field. F. A. Krantz. The American Potato Journal 15: 
153-157. 1938. 

Differences in maturity between seedling progenies of potatoes grown from 
seed in the greenhouse agreed with corresponding differences between the maturity 
of parent clones in the field. The differences obtained in the greenhouse were found 
to be retained in later clonal generations in the field. Variance between greenhouse 
and later field behavior of the progenies was no greater than the variance obtained 
for error. Groups of individuals within the families gave a similar reaction for 
maturity in greenhouse and field. 

1596. The march of expansion and temperature in baking bread. 
Emil Munz and C. H. Bailey. Cereal Chemistry 15 :413-418. 1938. 

Oven expansion, or "spring" involving the increase in volume or cubical dis
placement of pan bread, amounted to about 80 per cent of the dough displacement 



40 FORTY-FIFTH ANNUAL REPORT 

when first placed in the oven. This expansion was rapid during the first 10 minutes 
of baking, and ceased at about the time that the median temperature of the dough 
passed through 50 o -60 o C. 

Median dough temperatures continued to rise during the next ten or twelve 
minutes, however, and ultimately reached the temperature of boiling water after 
the 20th or 22nd minute. 

Hearth bread behaved similarly except that the oven expansion or spring con
tinued about two to four minutes longer, and the rate of temperature increase was 
a little slower. 

Oven expansion is attributed to a combination of thermal expansion of gases 
or vapors present in or distilled from the dough, acceleration of enzymic phenomena 
in the early stages of baking which results in increased gas production, and all of 
these possibilities facilitated by increased dough mobility up to the time that the 
dough becomes rigid in consequence of protein denaturation and gelatinization of 
the starch. 

1600. A study of the relation of the feed consumed by the cow to 
the composition of milk fat and the properties of butter. 0. J. Hill and 
L. S. Palmer. Journal of Dairy Science 21(9) :529-544. 1938. 

When barley constituted 35-50 per cent of the digestible nutrients of a low fat 
ration containing alfalfa or timothy hay, fed to dairy cows, hard butterfat with a 
low iodine value was produced. When oats or corn were substituted for 35-50 
per cent of the digestible nutrients of a low fat ration containing alfalfa hay, the 
physical characteristics of the butter produced were satisfactory from the market 
standpoint, and the chemical characteristics of the fat were more or less specific 
for the type of ration fed. When alfalfa hay, timothy hay or beet pulp were fed 
with a low fat grain ration, they exerted a similar effect on the composition and 
physical properties of butterfat. When oils or fats were fed, the resulting butterfat 
assumed some of the chemical characteristics of the fat or oil fed. When 0.6 
pound or more of linseed oil was fed daily, the butterfat produced showed a sig
nificant increase in the content of fat acids less saturated than oleic acid, as judged 
by the increase in difference between the iodine and thiocyanogen values. 

1617. The conidial stage of Hypoxylon pruinatum. N. V. Ponoma
reff. Phytopathology 28(6) :515-518. 1938. 

The conidial fructifications of Hypoxylon pruinatum, a fungus causing a de
structive disease of forest poplars, are formed beneath the epidermis of the bark 
on young cankers. On cankers from artificial inoculation they first appear about 
three months after infection. The mature conidial stromata average 0.85 mm. in 
width at the base, and 1.5 mm. in length, tapering from the base toward the apex. 
The entire surface of each stroma, except for the tips of those that press against 
the epidermis and finally cause it to fall off, are covered with branched conidiophores 
75 to 150 p. long. Each branch at first bears a single, terminal spore, but later the 
ends of the branches become geniculate. The conidia are hyaline, unicellular, fusi
form to elliptical, and from 2 x 5.5 to 3 x 6.7 p. in size. Agar cultures of these 
conidia are similar to those from ascospores of Hypoxylon pruinalum. 

AGRICULTURAL EXPERIMENT STATION 41 

1618. Blood glucose and lactic acid in relation to milk secretion. 
J. C. Shaw, W. L. Boyd, and W. E. Petersen. Proceedings of the Society 
for Experimental Biology and Medicine 38 :579-585. 1938. 

Blood glucose and lactic acid arterio-venous differences were determined on 
the blood traversing the mammary gland of cows. The blood glucose absorbed by 
the gland is insufficient to account for all of the milk sugar. However, the combined 
glucose and lactic acid absorbed by the gland is sufficient to account for the lactose 
produced. From the data presented it is concluded that the precursors of lactose are 
stored in the gland previous to their elaboration into lactose. 

In a series of 40 observations there was no apparent relation between the 
arterio-venous blood sugar differences and the following: period of time following 
milking, arterial blood level and level of milk production. 

1626. Arginase in the mammary gland. J. C. Shaw and W. E. 
Petersen. Proceefl.i."f.Ps of the Society for Experimental Biology and 
Medicine 38:631.~•!938. 

Arginase was determined in 7 lactating and 3 non-lactating mammary glands 
of cows by the Hunter and Daupinee method. Appreciable arginase was found in 
the lactating glands, little or no arginase was found in the non-lactating glands. 

1627. Amino acids and other non-protein nitrogen blood substances 
i.n relation to n:ilk secretion .. J. C. Shaw and W. E. Petersen. Pr~ieyd
$ngs of the Sonetv for Ex{Jenmental Biologv and M edicine 38 :632.~ I938. 

Arterio-venous differences were determined on blood traversing the mammary 
gland of cows for several non-protein nitrogen substances of blood and for plasma 
calcium. The arterial blood was taken from the internal iliac artery. Venous blood 
was taken simultaneously from the subcutaneous abdominal mammary veins. While 
there was a consistent absorption of amino acids by the lactating gland the quantity 
removed could not account for more than 35 per cent of the milk proteins when 
compared to calcium A-V differences and to the A-V differences in other blood 
precursors of milk previously reported. There was only a slight loss of blood 
creatine, creatinine and uric acid to the lactating gland. 

Miscellaneous Journal Series 

326. Bull residues. R. E. Hodgson. Shorthorn World 20:83-85. 
December, 1935. 

The inherited characters in any well established herd of cattle come almost 
entirely from the bulls previously used, and yet when a young sire is purchased, no 
one can predict what characters he will transmit. These principles are illustrated 
from the herd maintained at the Southeast Experiment Station. 

333. Building breeding herds. R. E. Hodgson. Shorthorn World 
21(5) :26-27. 1936. 
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The only way to build a herd of productive cows is to keep the heifers which 
appear most efficient in the use of feed. 

358. Pollen stores and newly emerged bees. M. H. Haydak. Glean
ings in Bee Culture 66:297. 1938. 

This paper is a popular account of the experiment on the influence of a pure 
carbohydrate diet on newly emerged bees. 

360. Why build better farm buildings. William Boss. I ournal of 
the American Society of Agricultural Engineers 18(7) :307-310. 1938. 

Ten reasons for building better farm buildings. 
1. To help satisfy man's natural desire for the better things in the lives of 

himself and his children. 
2. To meet more fully our continuous need for shelter for family, livestock, 

equipment and products. 
3. To obtain the economic returns that come from durable, long-time service 

construction. 
4. To fulfill more · completely man's obligations in controlling the forces and 

utilizing the materials of nature for the benefit of man. 
5. To increase the value of the farm. The value of a farm is based upon the 

quality of the buildings as well as the quality of the soil. About one-fourth of the 
value of the average farm investment is in its structures. 

6. To make provision for the farmer to devote some of his own energy in 
helping to increase the value of his farm. Mechanical power and improved equip
ment enable him to do his field operations in less time; some of this time should be 
utilized in helping to build and maintain his buildings. 

7. To provide work for the unemployed in the community. To give a man a 
job at reasonable wages is the best kind of charity; it enables him to keep his self
respect and teaches him how to become self-supporting. 

8. To provide employment for common labor and workers in structural ma
terials, and thus help to maintain a balance between agricultural and industrial 
workers. 

9. To help maintain a reasonable balance of our accumulating wealth which 
consists of both property and money. More gold and silver is being mined and 
coined each year. 

10. To keep our money in circulation. No money is consumed in creating a 
building; when the building is completed the money has gone to the workers. It 
has simply changed owners. 

362. The Mincu, a new pickling cucumber. A. E. Hutchins. Minne
sota Horticulturist 65:152-153. 1937. 

A description of a new, early, very productive pickling cucumber variety de
veloped at the Minnesota Agricultural Experiment Station and introduced as the 
"Mincu." A table showing the relative yields of the Mincu as compared with stand
ard pickling varieties over a five-year test period is given also. 
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363. Plant viruses. C. J. Eide. Minnesota Horticulturist 65:191-
193. 1937. 

This is a popular article on virus diseases of plants, covering the following 
points: early history of our knowledge of virus diseases, losses due to plant virus 
diseases, means by which plant viruses are transmitted, control of plant virus dis
eases, and an account of recent investigations into the nature of viruses. 

365. The chemistry of vitamin A and substances having a vitamin 
A effect. L. S. Palmer. Journal of the American Medical Association 
110:1748-1751. 1938. 

A scientific review of advances in knowledge of this subject since 1930. 

367. Is there always poison in sorghum Sudan grass crosses? C. F. 
Rogers, W. L. Boyd and A. H. Larson. The North American Veteri
narian 19(6) :30-32. 1938. 

Plants taken from the same seeding in 1934 proved in 1935 to be widely different 
in type of growth and appearance and gave no indication of differences in cyanide 
content when at maturity or in the stages when it would be likely to be fed. The 
common idea that sorghum-like plants in Sudan grass seedings would be more like 
sorghum in their cyanide content is thereby opened to question. The common prac
tice of assuming cyanide poisoning when animals die after eating of Sudan grass 
or other sorghums is called also into question, with the contention that the only 
proof of cyanide poisoning is the demonstration of the poison in the tissues of the 
animal as well as in the forage and the food eaten. 

369. Tests for the physical properties of textile fabrics. E. L. Phelps. 
American Society for Testing Materials Bulletin 90:11-13. 1938. Cana
dian Chemistry and Process Industries 22 :38-40. 

The most commonly measured physical properties of fabrics include the dimen
sions of the material, i.e. length, width, and thickness; its weight; the construction 
of the fabric, such as count and crimp ; the load-elongation rtlations, such as break
ing strength, elongation, tearing strength, and bursting strength ; shrinkage; slip
page; and color fastness. 

Since a complete survey of each of these as to its present status, the factors 
requiring special attention in use, and its applicability is not possible, certain general 
subjects have been chosen as the basis for discus·sion. These are sampling, the 
equipment and procedures used or recommended for use, and the interpretation 
of data. 

In summarizing the discussion of sampling the question is raised as to the 
extent to which the cost of the material or the convenience of the technician has 
determined custom in sampling for testing purposes and as to the representativeness 
of the sampling in comparison with the precision of the method for which the sample 
is to be used. 

Factors requiring special attention in use and also certain problems in connec
tion with a number of tests have been enumerated. The tests mentioned are width, 
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thickness, weight, count or number of yarns per inch, crimp, tensile strength, elonga
tion under stress, tearing strength, shrinkage, and slippage. 

Limits for the accuracy of replicates and the use of statistical analysi~ in the 
interpretation of data have been mentioned. Certain problems concerning the use 
of the mean are pointed out. 

In conclusion it is noted that some of the questions raised concerning procedures 
may be associated with the aims or purposes of D-13 and the interests of its 
membership. 

370. The Mesaba potato. F . .(\.. Krantz and A. G. Tolaas. The 
American Potato Journal15 :89-91. 1938. 

Origin, development, technical description, and character of the Mesaba potato. 

371. Bees and red clover. M. H . Haydak. American Bee Journal 
78:313. 1938. 

General information on the value of bees in red clover pollination with reference 
to a new variety of clover with short corolla tubes. 

374. The biological basis for certification of seed potatoes. J. G. 
Leach. The American Potato Journal15 :117-130. 1938. 

This is an address delivered at the conference on phytopathological problems 
at the Louisiana State University, Baton Rouge, Louisiana, April 6, 1938. It deals 
with problems underlying the certification of seed potatoes, special emphasis being 
placed on biological factors. The most important potato diseases from the stand
point of seed certification are discussed in considerable detail. It was pointed out 
that the current regulations for certification were based on obsolete theories con
cerning the degree to which some of the diseases were transmitted through the 
tubers. The re-evaluation of certification regulations based on the latest information 
is recommended. 

375. International cooperation on labor proble~s in agriculture: 
The First Meeting of the Permanent Agricultural Committee of the 
International Labor Organization. Lowry Nelson. Rural Sociology 
3(2) :195-199. 1938. 

A brief account of the proceedings of the first meeting of the Permanent Agri
cultural Committee of the International Labor Organization. The agenda consisted 
of: 1. The problems of agricultural labor in the various countries and their relative 
important. 2. Child labor in agriculture. 3. Holidays with pay. 4. Hours of work 
in agriculture. One of the significant developments in the discussion under item 
No. 1, was the proposal of the committee to enlarge the scope of the International 
Labor Organization to include discussions not only of wage labor in agriculture 
but conditions affecting the small operator as well. The writer, representing the 
United States on the Committee, stressed the problems of security of agricultural 
workers as affected by introduction of machinery into agriculture, particularly 
mechanization of cotton. A brief resume of action taken by the committee on other 
items of their agenda. 
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SUMMARY OF PUBLICATIONS 

Kind of publication 
Number 
issued 

Reports ...... . ..... ................................................... ............... 2 
General Series Bulletins ............................... ....... 4 
Technical Series Bulletins 
Special Series Bulletins ......................................... .. 
Circulars ....................................................................... .. 
Pamphlets ...................................................... . 
Folders ...................................................................................... . 

Miscellaneous 

6 
8 
2 · 

11 
5 

Dairy Herd Improvement Letter ........... 12 
Engineering News Letter ........................ 12 
Minnesota Farm Business Notes ......... 12 
News Letter ...... ....... .................. ....... ....... . . 52 
Poultry News Letter .......................................... 12 

Number of 
pages 

103 
174 
253 
130 
14 
86 
28 

12 
12 
48 
52 
12 
24 

45 

Number of 
copies in edition 

3,200 
23,000 
11,775 
90,000 
25,000 
52,000 
65,000 

26,400 
8,100 

21,600 
68,900 
3,000 

68,400 Turkey News Letter .............................. 12 
----------------------~----

150 948 466,375 
Papers 

Scientific ] ournal Series .................................. 89 
Miscellaneous Journal Series ... 13 

----------------------------------
Total publications ............................................ 252 

PROJECTS 

Agricultural Biochemistry 

101. Analytical service. (C. H. Bailey, G. S. Taylor, Harold Lind
strom) 

Subproject: Nitrogen determinations for the Division of Agronomy and 
Plant Genetics. 

Subproject: Protein determinations and milling and baking tests of wheat 
samples for Division of Agronomy and Plant Genetics. 

Subproject: Feed analyses for the Division of Animal Husbandry. 
Subproject: Miscellaneous analyses for the Divisions of Dairy Hus

bandry, Agricultural Biochemistry, Home Economics and Veterinary Medicine. 

103. Investigations of proposed official methods of analysis. (Dor
mant ) 

Subproject: Oil content of flax. 
Subproject: Experimental baking methods. 
Subproject: Studies of moisture test ovens. 
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104. The strength of wheat flour. (Cooperative with the State Test
ing Mill and the State Department of Agriculture) (Adams) 

Subproject: 
Subproject: 

P. P. Merritt) 

Colloidal behavior of dough. (C. H . Bailey, Olof Stamberg) 
Flour absorption and dough mobility studies. (C. H. Bailey, 

Subproject: Flour starch and amylase activity. (C. H. Bailey, Olof 
Stamberg) 

Subproject: Bound water in doughs. (C. H. Bailey, Gladys Vail) 
Subproject: Correlation of specific gravity and test weight per bushel of 

wheat. (C. H. Bailey, P. P. Merritt) 
Subproject: Collaborative baking studies. (C. H. Bailey, P. P. Merritt) 

105. Biochemistry of milling and baking. (Purnell) 

Subproject: Carotinoid pigments of wheats. (C. H. Bailey, Albert Houk) 
Subproject: Experimental milling and baking. (C. H . Bailey, P. P. 

Merritt) 

Subproject: The use of dried skimmilk in macaroni products. (C. H. 
Bailey, Olof Stamberg) 

Subproject: Effect of soya products on bread properties. (C. H. Bailey, 
Wesley Steller) 

202. Chemical and biological studies in animal nutrition. 

Subproject: The fundamental food requirements of animals. 
(I) Inheritance of efficiency of food utilization. (L. S. Palmer, Cornelia 

Kennedy, 0. E. Mydland) 
(2) Physiological and metabolic factors related to the efficiency of food 

utilization for growth. (L. S. Palmer, Cornelia Kennedy, C. E. Calverley) 
(3) Efficiency of metabolism for maintenance of mature animals differing 

in efficiency of food utilization for growth. (L. S. Palmer, C. Kennedy, C. 0. 
Lohn) (New) 

Subproject: A study of the nutritive value of fresh-water plants. (L. S. 
Palmer, ]. W. Nelson) 

Subproject: A comparison of biochemical and chemical methods for 
determining nutritive value of proteins. (L. S. Palmer, F . C. Olson) 

Subproject: The use of the flour beetle (Tribolittm coll/u.sttm Duval) in 
nutrition research. (L. S. Palmer, B. B. Migicovsky) 

Subproject: Studies on the availability of calcium in foods. (L. S. Pal
mer, Sister Bernadette) 

Subproject: Calcium and phosphorus nutrition of growing horses. (Co
operative with Division of Animal Husbandry) (L. S. Palmer, A. L. Harvey) 

Subproject: The effect of additions of protein concentrates to a ration of 
prairie hay and salt upon the growth and breeding efficiency of yearling ewes. 
(L. S. Palmer, D. W. Johnson) (New) 

Subproject: A study of day-to-day variations in Ca, inorganic P and 
phosphatase in whole blood and plasma of dairy cows. (L. S. Palmer, ]. L. 
Jensen) (New) 

Subproject: Studies on biochemical and nutritional factors causing bladder 
stones in wethers. (L. S. Palmer, D. W. Johnson) (New) 

Subproject: Studies on biological methods for assay of Vitamin B,. 
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203. The chemistry of milk as a colloidal system. (Adams) 

Subproject: The colloid chemistry of renin action. 
(1) Studies on the curd tension of buttermilk. (L. S. Palmer, C. L. 

Hankinson) 
(2) Studies on the esterase in raw milk which hydrolyzes diglycol laurate. 

(L. S. Palmer, C. L. Hankinson) 
Subproject: A study of chemical and biochemical factors developed in 

promoting and preventing off-flavor development in "sweet cream" butter. 
(L. S. Palmer, C. R. Barnicoat) 

Subproject: Relation of water-binding properties of casein to physical 
and chemical properties of milk and dairy products. (L. S. Palmer, C. L. 
Hankinson) 

Subproject: A study of the chemical factors involved in the browning 
of autoclaved milk. (L. S. Palmer, ]. P. Kass) 

205. The relation of the mineral content of the ration to reproduc
tion in cattle. (Joint project with Dairy Husbandry Project No. 106 and 
Veterinary Medicine Project No. 104. (L. S. Palmer, J. W. Nelson) 
(Purnell ) (Closed) 

Subproject: The effect of a ration low in calcium on abortion and other 
reproductive disturbances. (Dormant) 

Subproject: The relation of low phosphorus to reproduction in cattle. 

301. Chemical studies of forest products. 

Subproject: The cooking of wood. (Dormant) 
Subproject: The physico-chemical properties of alpha-cellulose from dif

ferent woods. (R. A. Gortner, Milton Ryberg) 
Subproject: A survey of the efficiency of butyl alcohol in removing lignin 

from various woods. (R. A. Gortner, J. M. McMillen) 
Subproject: The movement of liquids in wood. (Cooperative with the 

Division of Forestry) (R. A. Gortner, Henry Schmitz, Bror Anderson) 
(New) 

302. Comparative studies of the biochemistry of normal and ab
normal plants. (Adams) 

Subproject: Acid preservation of green feeds. (C. F. Rogers) 
Subproject: Cyanogenetic plants and factors in cyanogenesis: cyanide 

poisoning. (C. F. Rogers) 
Subproject: Distribution of moisture and acidity in silage. 
Subproject: Sorghum X Sudan grass hybrids. (C. F. Rogers) 
Subproject: Second year test of Sudan grass. (C. F. Rogers) 
Subproject: Calibration of sodium picrate paper for HCN estimation. 

(C. F. Rogers) 
Subproject: Tests for poisons in suspected plants and feed. (C. F. 

Rogers) 

401. The chemical and physico-chemical properties of plant tissue 
fluids . (R. A. Gortner, E. 0. Barne~) (Dormant) 
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403. Protein investigations. 

Subproject: Alkaline decomposition of cystine. (W. M. Sandstrom, 
H. V. Lindstrom) 

Subproject: The proteins of various tree seeds. (W. M. Sandstrom, 
A.]. Lund) 

Subproject: A method for the rapid determination of pepsin in gastric 
juice. (W. M. Sandstrom, Frank Mann) (New) 

Subproject: A study of the oat proteins. (R. A. Gortner, C. D. Evans) 
(New) 

Subproject: A study of the homogeneity of zein. (R. A. Gortner, R. M. 
Theis) 

Subproject: The action of the Grignard reagent on proteins. (New) 
Subproject: The enzymatic determination of amide nitrogen and the 

enzymatic behavior of papain. (New) 
Subproject: A protein "textbook monograph." 

404. The fundamental properties of colloid systems with particular 
reference to biochemical problems. (Adams) 

(a) The spreading and denaturation of proteins. (D. R. Briggs) 
(b) The reaction between metaphosphoric acid and proteins. (D. R. 

Briggs) 
(c) The colloidal properties of starches from the various species of 

Triticum. (R. A. Gortner, Henry Reitz) 
(d) The electrokinetic behavior of homologous series of the alipathic 

alcohols, acids and esters on cellulose and Al.O. interfaces (Molecular struc
ture and surface behavior). (R. A. Gortner, Max Lauffer) 

(e) The electrokinetic behavior of barium sulfate. (Romain Ruyssen, 
R. A. Gortner, D. R. Briggs) 

(£) Surface behavior and oxidative behavior of a series of vegetable oils 
and their chemical constituents. (D. R. Briggs, En Chen Yen) 

(g) A colloid "text-monograph." (R. A. Gortner) 

Agricultural Economics 

101. Agricultural credit. (G. Leroy Peterson, 0. B. Jesness) 

103. Farmers' incomes in Minnesota. (W. C. Waite, W. A. New
man) 

104. An accounting study of farm organization for beef production. 
(Cooperative with the Division of Animal Husbandry, Minnesota Agri
cultural Experiment Station, and with the Division of Farm Management 
and Costs, Bureau of Agricultural Economics, United States Department 
of Agriculture) (G. A. Pond, G. A. Sallee) (Purnell) 

106. A study of the farm tractor in Minnesota. (Joint project with 
Agricultural Engineering Project No. 120) (G. A. Pond) 

j 

' 

' J 

\ 

' 
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108. Marketing of farm products. (0. B. Jesness, E. F. Koller, 
A. A. Dowell, R. J. Eggert) 

Subproject: Marketing of creamery butter. 
Subproject: Marketing of livestock. 
Subproject: A survey of cooperative associations. (Cooperative with the 

Farm Credit Administration) (Closed) 

111. An accounting study of factors affecting the incomes of dairy 
farms. (Cooperative with the Division of Agricultural Extension, Uni
versity of Minnesota, and with the Division of Farm Management and 
Costs, Bureau of Agricultural Economics, United States Department of 
Agriculture) (G. A. Pond, W. P. Ranney, R. C. Bevan, T. R. Nodland) 

112. Comparison of fence posts. ( L. B. Bassett) 

113. Prices of farm products. (W. C. Waite, R. W. Cox, H. C. 
Trelogan, W. B. Garver, W. A. Newman) (Purnell) 

114. Taxation in relation to agriculture. (0. B. Jesness, E . C. John
son) (Dormant) 

118. A study of land tenure and farm leases in Minnesota with 
special emphasis on the effect of present leases and leasing systems on 
soil conservation and sound farm management practices. (Cooperative 
with the Division of Farm Management and Costs, Bureau of Agricul
tural Economics, United States Department of Agriculture ) (G. A. 
Pond) (Purnell ) 

120. Market outlets for woodland products in northeastern Minne
sota. (Dormant) 

121. Factors influencing the demand for Minnesota agricultural 
products. (W. C. Waite, R. W. Cox, H. C. Trelogan, W. B. Garver) 

122. Local prices of agricultural products in Minnesota. (W. C. 
Waite) (Purnell) 

Subproject: A continued study of the mechanical and economic phases 
of the performance of tractors in the hands of experienced tractor users. 

Subproject: A .study of the performance of tractors and their effect on 
farms where no tractor has been previously used. 

125. An analysis of factors influencing farm land values in Minne
sota. (A. A. Dowell ) (Purnell) 

126. An accounting study of farm organization in west central Min
nesota. (Cooperative with the West Central Experiment Station, Minne
sota Agricultural Experiment Station, and with the Division of Farm 
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Management and Costs, Bureau of Agricultural Economics, United 
States Department of Agriculture) (G. A. Pond, G. A. Sallee) (Dor
mant) 

127. Land utilization. (Cooperative with the Bureau of 
tural Economics, United States Department of Agriculture) 
Jesness) 

Agricul
(0. B. 

128. Cash expenditures of Minnesota farmers for agriculture. 
(W. C. Waite, H. C. Trelogan) 

129. A study of agricultural adjustment activities undertaken under 
the farm act and their economic consequences. (W. C. Waite, G. L. 
Peterson) 

130. An accounting study of dairy farm organization in the low
lime area of southeastern Minnesota. (G. A. Pond, S. A. Engene, R. H. 
Loreaux, F. E. Wetherill, T. R. Nodland, R. C. Bevan, G. M. Myers, 
B. M. Miller, B. MsDonald) (Purnell) 

131. A study of the organization of farms on which a definite pro
gram of soil-erosion control is in operation. (Cooperative with the 
Division of Agricultural Extension, University of Minnesota, and the 
Soil Conservation Service, United States Department of Agriculture) 
(G. A. Pond, W. P. Ranney, S. A. Engene, T. R. Nodland, G. M. 
Myers, 0. B. Jesness) (Purnell) 

132. An accounting study of the earnings and financial progress of 
rehabilitation clients of the Resettlement Administration in Minnesota. 
(Cooperative with the Division of Agricultural Extension and the Rural 
Sociology Section of the Agricultural Experiment Station, University 
of Minnesota; Resettlement Administration, Region 2, Minnesota ; and 
the Division of Farm Management and Costs, Bureau of Agricultural 
Economics, United States Department of Agriculture) (G. A. Pond, 
W. P. Ranney, T. R. Nodland) (Purnell) 

Agricultural Engineering 

103. Farm building ventilation. (H. B. White, L. W. Neubauer, 
C. H. Christopherson) 

104. Farm sewage disposal. (A. G. Tyler) 

107. Investigation of causes of failure of agricultural drain tile, the 
means of obviating such failures, and mapping areas where extra pre
cautions are necessary. (Cooperative with the State Department of Con-
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servation and with the Division of Drainage and Waters, Bureau of Agri
cultural Engineering, United States Department of Agriculture) (D. G. 
Miller, P. W. Manson, H. B. Roe) 

111. Investigation of farm buildings. (H. B. White, L. W. Neu
bauer, C. H. Christopherson) 

112. Investigations in land clearing. (M. J. Thompson, A. ]. 
Schwantes) 

Subproject: Seasonal brush cutting. (Cooperative with the United States 
Department of Agriculture) (Dormant) 

Subproject: Preparation of stump land pasture. (Dormant) 
Subproject: Use of poison in killing brush and trees, both cut and stand· 

ing. (Dormant) 
Subproject: Relation or influence of burning brush and stump piles (inci

dent to land clearing) to later crop production and to ·seemingly sterile areas 
in given fields. (Dormant) 

Subproject: Influence of frost in lifting stone. 
Subproject: Land-clearing machinery. (Dormant) 
Subproject: Relation of land valuation to clearing costs and crop pro-

duction on sandy loam, clay loam, and clay soils. (Dormant) 
Subproject: Economics of stump removal for pasture crops. (Dormant) 
Subproject: Relation of livestock to brush control. (Dormant) 
Subproject: Plowing of virgin lands to determine what influence it has 

on the following crop yields on sand, sandy loam, clay loam, and clay soils. 
(Dormant) 

Subproject: Agricultural use of explosives. (Dormant) 

114. The utilization of electricity in agriculture. (A. Hustrulid) 

115. Wind-power electric-lighting plants. (A Hustrulid ) 

119. Combine harvesting of grain and seed crops. (Cooperative 
with the Divisions of Agricultural Biochemistry and Agronomy and 
Plant Genetics, Minnesota Agricultural Experiment Station, and with 
the Bureaus of Agricultural Economics and Agricultural Engineering, 
United States Department of Agriculture) (A. J. Schwantes, J. B. 
Torrance) 

120. A study of the farm tractor in Minnesota. (Joint project with 
Agricultural Economics Project No. 106) (A. .J. Schwantes, J. B. 
Torrance) 

Subproject: A continued study of the mechanical and economic phases 
of the performance of tractors in the hands of experienced tractor users. 

Subproject: A study of the performance of tractors and their effect on 
farms where no tractor has been previously used. 
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122. A study of the influence of differing depths of drainage on the 
temperature of peat soil and the adjacent layers of the atmosphere, and 
of methods of summer frost prevention. (Cooperative with the Division 
of Horticulture, Minnesota Agricultural Experiment Station, and with 
the Bureau of Agricultural Engineering, United States Department of 
Agriculture) (H. B. Roe) (Dormant) 

123. Investigation of hydraulic rams. (A. G. Tyler) 

124. A study of ~orne problems dealing with the use of flexible con
nectors for transmission of power on the farm. (J. G. Dent, A. J. 
Schwantes) 

Subproject: The wearing . quality of leather and metallic belt fasteners. 
Subproject: The weather-resisting qualities of different kinds of rope. 

127. Plow performance studies. (A. J. Schwantes) (Dormant) 

128. Investigations of draft and power requirements for field ma
chinery. (A. J. Schwantes) (Dormant) 

Subproject: A study of draft and power requirements for field machinery. 

129. Investigations in farm development and farm operating prac
tices. (Cooperative with the Division of Agricultural Economics, Minne
sota Agricultural Experiment Station, and with the Bureau of Agricul
tural Engineering, United States Department of Agriculture) (0. W. 
Howe, M. J. Thompson, A. J. Schwantes, H. B. Roe, H. B. White) 

Subproject: Investigations in progressive farm development. 
Subproject: Farm operating efficiency investigations. 

130. Soil-erosion control by engineering methods and such in con
junction with field and cropping management. (H. B. Roe, J. H. Neal, 
J. K. Park) 

131. A study of the effect of deep tillage on the yield of potatoes and 
other root crops. (Cooperative with the Northeast, North Central and 
Northwest Experiment Stations, and with the Division of Agricultural 
Extension) (A. J. Schwantes, T. M. McCall, R. L. Donovan, M. J. 
Thompson, 0. W. Swenson, R. C. Rose, J. B. Torrance) 

132. Supplemental irrigation investigations m Minnesota. (H. B. 
Roe, J. K. Park) 

133. Determination of the optimum soil moisture conditions for 
growth and development of major crops and method of establishing and 
controlling those conditions by the adaptation of known sub-drainage 
principles. (H. B. Roe, Charles Snyder, P. W . Manson, J. K. Park) 
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134. Investigation of farm fences. (L. W. Neubauer, H. B. White, 
C. H. Christopherson) (New) 

135. Paint testing by exposure. (C. H. Christopherson, H. B. 
White, L. W. Neubauer) (New) 

Agronomy and Plant Genetics 

101. Varietal improvement in rye. (Cooperative with the Division 
of Plant Pathology and Botany and with the Southeast, West Central, 
North Central and Northeast Experiment Stations) (H. K. Hayes, 
C. L. Alexander, D. U. Harvey, R. E. Hodgson, R. 0. Bridgford, 0. W. 
Swenson, M. J. Thompson) 

Subproject: Continuous selling and selection. 
Subproject: Inheritance of degree of seed setting, kernel color, and pos

sible other characters. (Dormant) 
SubprojeCt: Yield in fortieth-acre plots. 

102. Varietal improvement in barley. (Cooperative with the Divi
sion of Plant Pathology and Botany and with the Southeast, West Cen
tral, Northwest, North Central and Northeast Experiment Stations) 
(F. R. Immer, R. E. Hodgson, R. 0. Bridgford, R. S. Dunham, 0 . W. 
Swenson, M. J. Thompson, C. L. Alexander, D. U. Harvey) (Purnell) 

Subproject: Breeding studies. 
Subproject: Rod-row trials. 
Subproject : Fortieth-acre plot trials. 

103. Varietal improvement in spring wheat. ( Cooperative with the 
Divisions of Plant Pathology and Botany and Soils, and the Southeast, 
West Central, Northwest, North Central and Northeast Experiment 
Stations, Minnesota Agricultural Experiment Station; the North Dakota, 
South Dakota and Montana Agricultural Experiment Stations, and with 
the Bureau of Plant Industry, United States Department of Agriculture) 
(H. K. Hayes, E. R. Ausemus, R. E. Hodgson, R. 0. Bridgford, R. S. 
Dunham, 0. W. Swenson, M. J. Thompson. 

Subproject: Rod-row trials. 
Subproject: Fortieth-acre plot trials. 

104. Varietal improvement in winter wheat. (Cooperative with the 
Divisions of Plant Pathology and Botany and Soils, and the Southeast, 
West Central, Northwest, North Central and Northeast Experiment Sta
tions, Minnesota Agricultural Experiment Station; the North Dakota, 
·South Dakota and Montana Agricultural Experiment Stations, and with 
the Bureau of Plant Industry, United States Department of Agriculture) 
(E. R. Ausemus, H. K. Hayes, C. L. Alexander, D. U. Harvey, Cather
ine Harrington, R. E. Hodgson, 0. W. Swenson) 
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Subproject: Breeding studies. 
Subproject: Rod-row trials. 
Subproject: Fortieth-acre plot trials. 

105. Varietal improvement in oats. (Cooperative with the Divisions 
of Plant Pathology and Botany and Soils, and with the Southeast, West 
Central, Northwest, N or~h Central and Northeast Experiment Stations) 
(H. ~- Hayes, H. K. Wtlson, C. L. Alexander, D. U. Harvey, Catherine 
Harnngton, R.. E. Hodgson, R. 0 . Bridgford, R. S. Dunham, 0. W. 
Swenson, M. J. Thompson) 

Subproject: Breeding studies. 
Subproject: Rod-row trials. 
Subproject: Fortieth-;~rre plot trials. 

. 106. Varietal improvement in alfalfa and source-of-seed investiga
tions. (Cooperative with the Divisions of Plant Pathology and Botany 
and Soils, and with the Southeast, West Central, Northwest, North Cen
tral and North~ast Experiment Stations) (A. C. Arny, D. U. Harvey, 
F. J. Alway, G. H. Nesom, C. C. Allison, R. E. Hodgson, R. 0. Bridg
ford, R. S. Dunham, 0. W. Swenson, M. J. Thompson) 

Subproject: Rod-row trials. 
Subproject : Tests in replicated fortieth-acre plots of new strains and 

varieties for yield and quality of hay and for cold resistance. 
Subproject: Tests in replicated fortieth-acre plots of plantings from com

mercial lots of alfalfa seed. 

107. Varietal improvement in flax. (Cooperative with the Divisions 
of Plant Pathology and Botany and Soils, and the Southeast, West Cen
tral, Northwest, North Central and Northeast Experiment Stations 
Minne~ota Agricul~ural Experiment Station; with the Flax Developmen~ 
Commtttee, and wtth the Bureau of Plant Industry, United States De
partment of Agriculture) (A. C. Arny, D. U . Harvey, C. L. Alexander 
R. E. Hodgson, R. 0. Bridgford, R. S. Dunham, 0. W. Swenson, M. / 
Thompson) 

Subproject: Rod-row trials. 
Subproject: Fortieth-acre plot trials. 

108. Cytology in relation to genetics. (R. P. Murphy) 

10~ .. _Forage an~ pasture crop investigations. (Cooperative with 
the D1v1stons of Datry Husbandry and Soils, and with the Southeast, 
We~t Central, Northwest, North Central and Northeast Experiment 
StatiOns) (A. C. Arny, D. U. Harvey, R. E. Hodgson, R. 0. Bridgford 
R. S. Dunham, 0. W. Swenson, M. J. Thompson) ' 
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110. Studies m the classification of farm crops. (Cooperative with 
the Bureau of Plant Industry, United States Department of Agriculture) 
(A. C. Arny, A. C. Dillman) 

112. Varietal improvement and studies on the fertilizing value of 
sweet clover. (Cooperative with the Divisions of Plant Pathology and 
Botany and Soils, and the Southeast, West Central, Northwest, North 
Central, and Northeast Experiment Stations) (H. K. Hayes, I. J . John
son, D. U. Harvey, D. C. Anderson, R. E. Hodgson, R. 0. Bridgford, 
R. S. Dunham, 0. W. Swenson, M. J. Thompson) 

Subproject : Improvement phases. 
Subproject: Variety tests. 
Subproject: Methods of handling sweet clover in relation to the effect 

on the succeeding crop. 

113. Physiological studies of crop plants. ( H. K. Wilson) C. L. 
Alexander, D. U. Harvey) (Dormant) 

Subproject: The wheat meal fermentation test o{ wheat. (Cooperative 
with the Division of Agricultural Biochemistry, Minnesota Agricultural Ex
periment Station, and with the Bureau of Plant Industry, United States 
Department of Agriculture) 

114. Varietal improvement in field peas, soybeans, and field beans. 
(Cooperative with the Division of Soils, and with the Southeast, West 
Central, Northwest, North Central and Northeast Experiment Stations) 
(A. C. Arny, W. W. Brookins, D. U . Harvey, R. E. Hodgson, R. 0. 
Bridgford, R. S. Dunham, 0. W. Swenson, M. J. Thompson) 

Subproject: Classification. (Dormant) 
Subproject: Preliminary trials. 
Subproject : Fortieth-acre plot trials. 

115. Reed canary grass investigations. (Cooperative with the Divi
sion of Soils, the Southeast, West Central, Northwest, North Central 
and Northeast Experiment Stations, and the county agents) (A. C. 
Arny, D. U. Harvey, R . E. Hodgson, R. 0. Bridgford, R. S. Dunham, 
0. W. Swenson, M. J. Thompson ) 

Subproject : Flowering and seeding habits. 
Subproject: Improvement through isolation of superior strains. (Closed) 

116. Controlled pollination as a means of corn improvement. ( Co
operative with the Division of Plant Pathology and Botany and the 
Southeast, West Central, Northwest and North Central Experiment 
Stations) (H. K. Hayes, I. J. Johnson, D. C. Anderson, R. P. Murphy, 
C. Harrington, C. L. Alexander, :0. U. Harvey, R. E. Hodgson, R. 0. 
Bridgford, R. S. Dunham, 0. W. Swenson) (Purnell) 



56 FORTY-FIFTH ANNUAL REPORT 

117. The effect of self-fertilization in naturally cross-pollinated 
plants. (I. J. Johnson, C. L. Alexander) 

Subproject: Red clover. (Closed) 
Subproject: Sunflowers. (Closed) 

118. Genetics of maize and barley. (H. K. Hayes, F. R. Immer) 
(Adams) 

Subproject: Genetic studies with maize. 

Subproject: The mode of inheritance and linkage relationships of certain 
characters in barley. 

119. Varietal improvement in sugar beets. (Cooperative with the 
~outheast Experiment Station, Minnesota Agricultural Experiment Sta
tion; the Bureau of Plant Industry, United States Department of Agri
culture, and the American Beet Sugar Company, Chaska) (R. E. Hodg
son, D. U. Harvey, J. 0. Culbertson) 

Subproject: Variety testing. 
Subproject: Space allotment trials. 
Subproject: Competition studies. 
Subproject: Genetic studies. 

120. Alsike clover seed production. (Cooperative with the Divisions 
of Entomology and Economic Zoology and Soils, with the North Central 
and Northeast Experiment Stations, and with the county agents and 
farmers of Koochiching and Lake of the Woods counties) ( H . K. Wil
son, M. J. Thompson, 0. W. Swenson, R. E. McMillen, George Berg
gren) 

Subproject: Rate of seeding and companion crop. 
Subproject: Breeding. 

121. Crop rotation investigations. (Cooperative with the Divisions 
of Soils and Agricultural Extension; the Northeast, Northwest and 
West Central Experiment Stations) (A. C. Arny, D. U. Harvey, W. W. 
Brookins, R. 0. Bridgford, R. S. Dunham, M. J. Thompson) 

Subproject: Field C rotations. 
Subproject: Field T rotations. 
Subproject: Demonstration rotation trials. 

. 122. Cooperative seed production and distribution. (Cooperative 
With the Northwest Crop Improvement Association, the Minnesota Crop 
Improvement Association, and farmers ) (Carl Borgeson) 

!24. ~he de.velopment of disease-resistant varieties of farm crops. 
(JOint. proJ~ct w1th Plant Pathology and Botany Project No. 104; co
operative w1th the Bureau of Plant Industry, United States Department 
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A C. of Agriculture) (H . K. Hayes, H. K. Wilson, E. R. Ausemus, · 
Arny, I. J. Johnson, D. C. Anderson, F. R. Immer ) 

Subproject: Spring wheat. 
Subproject: Winter wheat. 
Subproject: Oats. 
Subproject: Barley. 
Subproject: Rye. 
Subproject: Flax. 
Subproject: Corn. 
Subproject: Red clover. (Closed) 
Subproject: Sweet clover. 
Subproject: Sugar beets. (Dormant) 
Subproject: Alfalfa. (Dormant) 
Subproject: Sunflowers. (Dormant) (Closed) 

125. Demonstration trials with new crop 
with the Division of Agricultural Extension) 
Brookins, H. K. Hayes) 

Subproject: Small grain and forage crops. 
Subproject: Hybrid corn. 

vanet1es. (Cooperative 
(R. F. Crim, W. W. 

126. Mode of inheritance of the drying qualities of linseed oil and 
related characters. (Cooperative with the Division of. Plant Pat~ology 
and Botany, Minnesota Agricultural Experiment StatiOn, and .w1th the 
Bureau of Plant Industry, United States Department of Agnculture) 
(A. C. Arny, C. L. Alexander, Catherine Harrington) 

127. Emergency fodder, hay and pasture crops. (Cooperative with 
the West Central Experiment Station) (A. C. Arny, D. U . Harvey, 
R. 0. Bridgford ) 

128. Studies on quality of barley varieties and strains. (F. R. 
Immer, R. E. Hodgson) 

130. Physiology in relation to corn improvement. (I. J. Johnson ) 
( Purnell ) (New) 

131. Adaptation and performance of Experiment Station and com
mercial seed company corn hybrids. (R. F. Crim) (New) 

Animal and Poultry Husbandry 

101. A study of the embryological developmen~ of the ?ovine. 
(Cooperative with the Division of Veterinary. Medicme an.d with the 
North Central Experiment Station) (L. M. Wmters, Cathenne Barrett, 
R. E. Comstock, C. L. Cole) (Purnell) (Closed) 
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Subproject: The recovery and study of prenatal specimens. 
Subproject: A study of the sperm cell and artificial insemination. 
Subproject: Time of ovulation in relation to heat. 

104. Cut sweet clover hay for beef cattle. (Cooperative with . the 
Northwest Experiment Station) (W. H. Peters, 0. M. Kiser) (New) 

10~. T~e proportion of roughage to grain for yearling steers. (Co
operative With the Southeast Experiment Station) (W. H. Peters R E 
Hodgson) (New) ' · · 

20K2. Reed canary grass hay as a roughage for horses. (A. L. Har
vey, enneth Hanks) (Closed) 

. 301. A study of the embr~ological development of the sheep. (L. M. 
Wmters, R. T. Clark, Cathenne Barrett, Ralph Comstock, C. L. Cole) 
(Adams) (Purnell) (Closed) 

Subpro!ect: . The recovery and study of prenatal stages. 
SubproJect: A study of the sperm cell. 

302. Sheep feeding. (Cooperative with the West Central Experi
ment Station) (W. H. Peters, P. S. Jordan) 

304. .A study of _the inheritance and the relative economic advan
tages of sm~le and tw~n lamb production. (Cooperative with the North
west Expenment Station) (0. M. Kiser, L. M. Winters) 

306. Breeding sheep for efficiency of production. (Cooperative with 
the North Central Experiment Station) (L. M. Winters, C. L. Cole) 

.3?7. The effect of additions of protein concentrates to a ration of 
prame hay and s~lt up?n the gro~~h. and breeding efficiency of yearling 
ewes. (Cooperative With the DIVISIOn of Agricultural Biochemistry) 
(D. W. Johnson, L. S. Palmer) (Bankhead-Janes) (New) 

. 404. ~ ~t~dy of the .cause of th.e unpalatability of rye. (Cooperative 
With the DIVIsiOn of Agncultural BIOchemistry) (D. W. Johnson L. S. 
~~) , 

409. Variations between litters of Duree Jersey pigs. (E. F. Ferrin) 
(Closed) 

410. Feeding scabby barley to pigs. (Cooperative with the Division 
of Plant Pathology and Botany) (E. F. Ferrin, J. J. Christensen) 
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411. The vitamin D requirement of the pig. (Cooperative with the 
Division of Agricultural Biochemistry) (D. W . .Johnson, L. S. Palmer) 

412. The comparative feeding values of corn of different market 
grades. (Cooperative with the Division of Agronomy and Plant Genetics) 
(E. F. Ferrin) 

415.· The comparative feeding value of dry rendered tankage and 
other protein supplements for swine. (D. W. Johnson, E. F. Ferrin) 
(New) 

501. Genetic reactions in the fowl as influenced by various systems 
of breeding. (Cooperative with the West Central, Northwest and North
east Experiment Stations) (H. J. Sloan, L. M. Winters, A. W . Edson, 
A. M. Pilkey, A. F. Dahlberg) (Bankhead-Janes) 

Subproject: Continuous full brother-sister matings. 
Subproject: Continuous half brother-sister matings. 
Subproject : A closed flock. 
Subproject: A flexible system of inbreeding. 

502. The effect of sea foods (plant ) on egg production and egg 
quality. (Cooperative with the Organic Sea Products Corporation ) 
(H. J. Sloan, I. B. Warnock) (New) 

503. The use of distillers' feed as a supplement in poultry rations. 
(Cooperative with Hiram Walker & Sons, Inc.) (H. J. Sloan, T. H. 
Canfield) (New) 

Subproject: The use of distillers' feed in rations for growing chicks. 
Subproject: The use of distillers' feed in rations for laying and breed

ing hens. 

601. Studies of the physiology of reproduction in farm animals. 
(Cooperative with the Division of Veterinary Medicine and the North 
Central Experiment Station) (L. M. Winters, Catherine Barrett, R. E. 
Comstock, W. W. Green, C. L. Cole, J. J. Bulik, T. H. Canfield) 
(Adams, Purnell, Bankhead-Janes) (New) 

Subproject: The prenatal development of the bovine and the sheep. 
Subproject: The physiology of the sperm cell. 
Subproject: The cytology and chemical analysis of the sperm cell. 
Subproject: Artificial insemination. 
Subproject: Heat as a factor affecting sperm production. 
Subproject: Nutrition as a factor affecting sperm production. 
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Dairy Husbandry 

102. Feeding trials with crops new to Minnesota farmers . (Co
operative with the Southeast, West Central, Northwest, North Central 
and Northeast Experiment Stations) (N. N. Allen, Jr., W. E. Petersen, 
J. B. Fitch) 

Subproject: Sweet clover pasture experiments. 
Subproject: Acid preservation of silage. (Cooperative with the Division 

of Agricultural Biochemistry) 
Subproject: Reed canary grass hay as feed for dairy cows. 

103. Food requirements for cattle. (T. W. Gullickson, J. B. Fitch, 
F. C. Fountaine) 

Subproject: The maintenance requirements of mature cows. (Dormant) 
Subproject: Problems in calf raising. 
Subproject: Vitamin E in the nutrition of the bovine. (New) 
Subproject: The protein requirements of cattle. (New) 

104. Factors influencing the quantity and quality of milk. (W. E. 
Petersen, N. N. Allen, Jr., J. B. Fitch) 

Subproject: The effect of cod liver oil upon the fat percentage. (Dor-
mant) (Closed) 

Subproject: Methods of drying off cows. (Dormant) (Closed) 
Subproject: Alfalfa hay as the sole diet for milking cows. (Closed) 
Subproject: Fundamental studies of physiology of milk secretion. 

(Closed) 
Subproject: Blood fat studies. 
Subproject: The effect of food fat upon milk fat. 

106. The relation of the mineral content of the ration to reproduc
tion in cattle. (Joint project with Agricultural Biochemistry Project 
No. 205 and Veterinary Medicine Project No. 104) (T. W. Gullickson, 
J. B. Fitch, F. C. Fountaine) (Purnell ) (Closed) 

Subproject: The effect of a ration low in calcium on abortion and other 
reproductive disturbances. 

Subproject: The relation of low phosphorus to reproduction. 

107. A comparison of two systems of dairy management in northern 
Minnesota. (Cooperative with the North Central Experiment Station) 
(C. L. Cole, R. L. Donovan, J. B. Fitch, N. N. Allen, Jr.) 

108. A study of the blood precursors of milk. (Cooperative with 
Division of Veterinary Medicine and the Department of Physiology) 
(W. E. Petersen, J. C. Shaw, J. B. Fitch, W. L. Boyd, M.G. Visscher) 
(Bankhead-Jones) 
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109 High fat content dairy rations and their infl~ence on ~·nilk 
roduction. (Cooperative with the West Central Expenment StattOn) 
~N. N. Allen, Jr., P. S. Jordan, J. B. Fitch) ( Bankhead-Jones) (New) 

202 Factors influencing the composition and market qualities ~f 
butter . (Cooperative with the state creamery) ( H. Macy, WD L . 
Comb~, S. T. Coulter, F. E. Nelson, J. C. Olson, D. I. Thompson, . . 

Whitman) (Purnell) 

Subproject: 
Subproject : 
Subproject: 
Subproject: 
Subproject: 

mant) 
Subproject: 

butter. (New) 

Moldiness in butter. 
Cheesy flavors in butter. 
The cause and prevention of crumbly butter. 
The manufacture of unsalted butter. . 
The relation of the water supply to butter quahty. (Dar-

Miscellaneous factors influencing the keeping qualities of 

205 The loss of fat in churning sweet cream and methods of control. 
(Coop~rative with the state creamery) (W. B. Combs, S. T. Coulter, 

William Roberts) 

Subproject: 
(Closed) 

Subproject: 

Methods of fat determination in buttermilk. (Dormant) 

Factors influencing the loss of fat in sweet cream churnings. 

209. The value of proven sires in building up a dairy herd. (N. N. 
Allen, Jr., W. E. Petersen, J. B. Fitch) 

210. The utilization of skimmilk on dairy farms. (W. E. Petersen) 

(Dormant) 

212 Development of foreign types of cheese in Minnesota. (W. ~· 
Combs: H. Macy, s. T. Coulter, F. E. Nelson, Arthur Melgaard, J. . 

Olson, Jr., J. F. Duncan) 
Subproject: Manufacture of Roquefort and related types of cheese. 
Subproject: Manufacture of miscellaneous types of foreign cheese. 

213 Factors influencing the composition and market qualities of ice 
cream ~d frozen dairy products. (W. B. Combs, H. Macy, S. T. Coul
ter, D. I. Thompson, J. D. Winter) 

· · d. ts to the market qualities Subproject: Relation of tee cream mgre ten 

of ice cream. (Dormant) in Minnesota. (Dormant) 
Subproject: Composition of ice cream made 

(Closed) 
Subpro)· ect : Bacteriology of ice cream.. . . 

f cream (Cooperative with Subproject: The use of Minnesota rutts m tee . 
Division of Horticulture) (Dormant) 
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. 214. Factors influencing the composition and market qualities of 
milk and cream. (H. Macy, W. B. Combs, S. T. Coulter, J. A. Erekson, 
S. Lear, P. Rivers) 

Subproject: The methylene blue reduction test as a method for grading 
sweet cream and methods to be followed in improving the grade of cream as 
indicated by this test. (Dormant) 

Subproject: The effect of the condition of the cream can on the quality 
of cream. (Dormant) 

Subproject: Study of the methods of cooling cream on the farm. (Dor
mant) 

Subproject: Methods to be used for reducing the extraneous matter in 
cream and for determining sediment in cream. (Dormant) 

Subproject: Factors influencing the production of off flavors in milk. 
. Subproject : Factors influe!lcing the sanitary quality of the pasteurized 

m1lk supply of the Twin Cities. 

Entomology and Economic Zoology 

102. Biologic and taxonomic studies on the Mutillidae (Hymenop
tera). (C. E. Mickel) 

103. The bronze birch-borer, Agrilus anxius. (Cooperative with 
the State Departme~t of Conser~ation, and the Bureau of Entomology 
and the Forest Serv1ce of the Umted States Department of Agriculture) 
(A. C. Hodson) 

107. The endoparasites of domesticated and game animals. (Co
operative with the Division of Veterinary Medicine) (W. A. Riley, 
0. W. Olsen) 

111. Insect collection. (C. E. Mickel, W . D. Murray, D. G. Den
ning) 

Subproject: Insect collection, University Farm. 

112. Insect defoliators of forest trees. (Cooperative with city water 
department of St. Paul) (A. G. Ruggles, A. C. Hodson) 

Subproject: The jack pine sawfly. 
Subproject: The larch sawfly. 
Subproject: The forest tentless caterpillar. 
Subproject: The spruce bud worm on jack pine. 
Subproject: The spruce budworm on spruce and balsam fir. 

113. Insectary work. (A. G. Ruggles) 

114. Insects infesting stored food products. (H. H. Shepard, 
L. Thomas) (Closed) 

AGRICULTURAL EXPERIMENT STATION 
63 

Subproject : Measures for protecting flour and other cereal products 

from insects. 
Subproject: The protection of dried fruits from insects. 

116. Insecticides. (A. G. Ruggles, A. C. Hodson) 

Subproject: Orchard spraying. 

119. The parasites and symbionts of insects. (W. A. Riley) 

121. Soil insects. (A. A. Granovsky, H. C. Knutson) (Bankhead

Janes) 
Subproject: White grubs. 
Subproject: Other soil insects. 

124. A study of the role of temperature and humidity in the develo~
ment and control of insects in flour and other cereal products and m 
cereals while in storage. (Closed) 

127. Field crop insects. (A. G. Ruggles) 

Subproject : Grasshoppers. 
Subproject: Armyworms. (Dormant) 
Subproject: Chinch bugs. (Dormant) 

128. Effect of temperature and humidity on the wintering of bees. 

(M. C. Tanquary, M. H. Haydak) 

131. The toxicity of insecticides. (Cooperative with .the Dow 
Chemical Co., Midland, Michigan) (H. H. Shepard, F. W. F1sk, M. T. 

Jen, A. Buzicky) 

Subproject: Stomach poisons. 
Subproject: Contact insecticides. 
Subproject: Fumigants. 
Subproject: Miscellaneous, as repellants, etc. 

133. Methods of bee management. (M. C. Tanquary, M. H. Hay

dak) 

134. Bees as a factor in pollination. ( M. C. Tanquary) ( Dormant ) 

136. Bee diseases. (M. C. Tanquary, Joseph Reinhardt) 

137. Ectoparasites of game and fur-bearing animals. (W. A. Riley, 

0. W. Olsen) (Adams) 



64 FORTY-FIFTH ANNUAL REPORT 

139. The relation of insects to the spread, transmission, and de
velopment of plant diseases. (Joint project with Plant Pathology and 
Botany Project No. 117) (A. A. Granovsky, J. G. Leach, A. C. Hod
son, J. T. Medler) 

Subproject: The relation between the seed-corn maggot and soft rots 
of plants. 

Subproject: Miscellaneous dipterous insects and bacterial soft rots. 
Subproject: The relation of insects to the decay of felled timber. 
Subproject: The cucumber beetle in relation to cucumber wilt. 
Subproject: The relation of insects to the storage rot of apples. (Dor-

mant) 

Subproject: The association of leaf hoppers with the alfalfa yellow top 
disease. 

Subproject: The relation of white grubs and other subterranean insects 
to the raspberry crown gall. 

Subproject: The relation of insects to the transmission of virus disease. 

141. The preferential ground covers for oviposition by the June 
beetles. (A. A. Granovsky, J. T. Medler) (Adams) 

142. Use of ·pollen substitutes by bees. (M. C. Tanquary, M. H. 
Haydak) 

143. Flukes of the genus Prosthogonimus as parasites of poultry. 
(W. A. Riley, R. W. Macy) (Adams) 

145. The food value of honey. (Joint project with Agricultural 
Biochemistry Project No. 208) (M. H. Haydak, L. S. Palmer) 

146. Nutrition of the wax moth larvae. (M. H. Haydak, M. C. 
Tanquary) 

147. Insect defoliators of deciduous forest and shade trees. (A. G. 
Ruggles, A. C. Hodson) 

148. A study of the nutrition of the honey bee. (M H Ha dak . . y , 
M. C. Tanquary) 

149. A study of the nutritive value of bee foods. (Cooperative with 
the Division of Agricultural Biochemistry) (M. H. Haydak, L. S. 
Palmer) 

150. Insects infesting stored food products. (H. H. Shepard, E. L. 
Thomas) (Adams) (New) 

Subproject : The biology and control of insects affecting cereals. 
Subproject: The biology and control of insects affecting dried fruits, nuts 

and other non-cereal foods. 

Subproject: The use of high or low temperature in the control of stored
product insects. 
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Forestry 

106. Studies of forest planting. (T. S. Hansen) 

107. Thinning of jack and Norway pine. ( T. S. Hansen) 

110. Studies in yield and volume. 

Subproject: Lake Vadnais plots. (J. H. Allison) 
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Subproject: Studies in yield and volume. (Cooperative with the Division 
of Horticulture) (R. M. Brown, T. M. Currence, R. Larson) 

120. The value of "Treater Dust" as a wood preservative, particu
larly for fence posts and poles. (Henry Schmitz) 

127. The determination of the rate of moisture movement through 
wood. (L. W. Rees) 

128. A study of the efficacy of wood preservatives. (Henry 
Schmitz) 

129. Silvicultural aspects of the farm woodlot management m the 
hardwood region of Minnesota. ( Dormant) 

131. A new method of classifying sandy forest soils by means of 
the texture of the upper six inches. (Cooperative with the Division of 
Soils, and with the Lake States Forest Experiment Station ) (E. G. 
Cheyney, P. R. McMiller, Paul Rudolf) (Closed) 

133. A study of the causes of deterioration of windbreaks and shel
terbelts in western Minnesota and how they may be rehabilitated. (Henry 
Hansen) 

Subproject: A resurvey of the demonstration shelterbelts in the prairie 
region of Minnesota. (Closed) 

134. Statistical correlations of Cloquet weather data and the diameter 
growth of trees at the Cloquet Forest Experiment Station. (R. M. 
Brown, T. S. Hansen) 

135. Study of Cloquet as a market for farm woodlot timber products. 
(Cooperative with the United States Forest Service Timber Survey, 
Lake States Forest Experiment Station) (J. H. Allison, R. N. Cun
ningham) 

136. Maximum temperature relationship of forest trees. ( Coopera
tive with the Division of Plant Pathology and Botany) (R. W. Lorenz) 

137. A study of the factors affecting the durability of wood. (Henry 
Schmitz) 
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138. The preparation of a manual of forest pathological practices for 
the stands of the Lake States. (Cooperative with the Division of Forest 
Pathology, Bureau of Plant Industry, and Forest Service, United States 
Department of Agriculture) (F. H. Kaufert) (Dropped) 

139. A study of the structure of wood and wood products. (A. J. 
Bailey) 

140. A study of the chemistry of cellulose, lignin, wood, wood com
ponents, and wood products. (A. J. Bailey) 

141. Wood utilization. (Cooperative with the American Creosoting 
Company) (S. J. Buckman, L. W. Rees) 

Subproject: The effect of steaming on the strength of shortleaf pine and 
slash pine. 

142. Det~rmining the value of seed contained in the serotinous cones 
of jack pine (Pinus banksiana Lamb.) as a source of seed for natural and 
artificial regeneration. (Cooperative with the Forest Service, United 
States Department of Agriculture) (T. S. Hansen) ( Bankhead-Jones) 
(New) 

143. The effect of defoliation on the growth of certain tree species 
indigenous to northern Minnesota. (Cooperative with the Division of 
Entomology and Economic Zoology) (Henry Schmitz, A. C. Hodson) 
(Bankhead-Jones) (New) 

Home Economics 

102. Relation of the diet to blood formation and regeneration. 
(J. M. Leichsenring, Alice Biester, Lida Burrill ) (Purnell) 

Subproject: The influence of vitamins on the rate of blood regeneration. 
(Dormant) 

Subproject: The distribution of nitrogenous constituents of the blood 
during blood formation and regeneration. (Closed) 

104. Factors affecting the selection, care, and wearing qualities of 
textile materials. (E. L. Phelps, G. B. Frankenberg) (Purnell) 

Subproject: A study of fiber quality and physical properties in relation 
to cost of staple wool materials. 

Subproject: A study of the serviceability of woven materials used for 
men's and women's underwear. 

105. A study of bound and free water m meat. (A. M. Child) 
(Purnell) (Dormant) (Closed) 
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106. A study of the qualities of meat which affect its p~latability, 
methods of cooking and utilization. (A. M. Child, Mary Satonus, Helen 
Swinney) (Bankhead-Jones) 

Subproject: A study of juiciness, flavor and tenderness of meat. 

107. A survey of purchasing habits in the selection of silk street 
dresses. (E . L. Phelps) (Purnell) 

109. A study of the culinary quality of Minnesota potatoes. ~Co
operative with the Northwest and North Central Expenment StatiOns. 
(A. M. Child, Hazel Brown ) ( Bankhead-Jones ) 

110. Quality and utilization of Min~esota fruits .. ( <;ooperative with 
the Division of Horticulture) (A.M. Ch1ld, Gladys G1lpm, Ruth Brand) 
( Bankhead-Jones) 

Subproject: A study of Minnesota varieties of apples. 
Subproject: A study of Minnesota varieties of plums. 
Subproject: A study of Minnesota varieties of grapes. 

112. A study of the properties and serviceability of cotton materials 
used for professional garments. (E. L. Phelps) (Bankhead-Jones) 

Horticulture 

101. A study of ornamental varieties and their uses. (L. E. Longley, 

L. Sando) 

102. Turf construction and maintenance. (Cooperative with the 
Divisions of Plant Pathology and Botany and Soils) (L. E . Longley) 

Subproject: Test of vegetatively propagated creeping bents and other 
grasses suitable for lawns, parks, golf courses, and playgrounds. 

Subproject: Test of seed-propagated grasses. 
Subproject: Weed eradication. 

103. Forcing of bulbs under greenhouse conditions. (L. E. Long

ley, L. Sando) 
Forcing of narcissus bulbs from various localities of the Subproject: 

United States. . 
Subproject: Forcing of tulip bulbs from Holland and from vanous parts 

of the United States. 
Subproject : Effects of various treatments on forcing of bulbs. 

104. Breeding and selecting greenhouse and garden flowers. (L. E. 

Longley, L. Sando) 

105. Effect of different media on the rooting of cuttings and layers 
of herbaceous and hardwood plants. ( L. E. Longley, L. Sando) 
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106. Treatment of nursery stock for decreasing sunscald and rodent 
InJUry. (Cooperative with the Division of Plant Pathology and Botany) 
(E. Angelo) 

Subproject: Studies of rodent repellants. 

107. A study of quality, outlets, handling methods, prices and vol
u'?e qf sal~ ~f. certain Mi?nesota fruits and vegetables. (Cooperative 
wtth the Dtvtswns of Agncultural Economics, Home Economics, and 
Plant Pathology and Botany) (J. D. Winter, W. H. Alderman, W . C. 
Waite) (Purnell ) 

Subproject: A study of the packs and grades of apples sold by Minne
sota growers and an analysis of the factors which cause culls and low-grade 
fruits. 

Subproject: An analysis of the price range of various grades and va-
rieties of Minnesota-grown and shipped-in fruits in the Twin City market. 

Subproject: A study of new uses and market outlets for Minnesota fruits. 
Subproject: Survey of volume of berry boxes and containers. 
Subproject: Utilization of vegetables in Minnesota with special reference 

to the use of freezing and other methods of preserving fresh vegetables. 

108. Processing of fruits and vegetables. (Cooperative with the 
Divisions of Dairy Husbandry and Home Economics) (J. D. Winter, 
W. H. Alderman, W. G. Brierley, F. A. Krantz, R. B. Harvey) 
(Bankhead-Jones) (New) 

Subproject: Effect of carbon dioxide or other gases on the quality, rate 
of r ipening, and development of decay of fruits and vegetables. 

Subproject: Effect of freezing on the flavor, texture, color and quality 
of fresh fruits and vegetables. 

Subproject: Changes in flavor, texture, color, and quality of fruits and 
vegetables resulting from processing or utilization. 

Subproject: Use of Minnesota fruits in ice cream. 

201. Hardiness studies in fruit breeding. (W. H. Alderman, R. B. 
Harvey, W. G. Brierley, Ernest Angelo, L. E. Longley, A. N . Wilcox) 
(Adams) 

Subproject: The inheritance of hardiness. 
Subproject: Determination of the hardiness of seedlings by artificial 

freezing tests. (Dormant) 
Subproject: Investigation of the fundamental differences between hardy 

and tender fruit plants. 
Subproject: The relation of the condition of storage of nursery stock to 

hardiness. (Dormant) . 
Subproject: Hardiness studies on seedlings and mature ornamentals. 

202. Sterility studies in fruit breeding. (W. H. Alderman, E . 
Angelo, A. N. Wilcox) (Adams) 
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203. A study of inheritance of characters in fruits. (A . N. Wilcox, 
W. H . Alderman, Ernest Angelo, F. E. Haralson) (Adams) 

Subproject: Apple breeding. 
Subproject: Pear breeding. 
Subproject: Grape breeding. 
Subproject: Strawberry breeding. 
Subproject: Stone fruit breeding. 
Subproject: Rubus breeding. 
Subproject: Groselle breeding. 
Subproject: Variety testing. 

204. Fruit breeding and improvement. (W. H. Alderman, F. E. 
Haralson, A. N. Wilcox, E. Angelo, W. G. Brierley, Walter Kroening, 

Roy Sauter) 

301. Blueberry culture. (Cooperative with the North Central Ex
periment Station) (W. G. Brierley, T. S. Weir) 

304. Fruit variety studies. (Cooperative with the Division of Plant 
Pathology and Botany, the Southeast, West Central, Northwest, North 
Central and Northeast Experiment Stations, and private growers) 
(W. G. Brierley, Ernest Angelo, W. H. Alderman, J.D. Winter, R. H. 

Landon) 
Subproject : Adaptability and value of different varieties of fruits for 

canning, preserving, or other home uses. (Cooperative with the Division of 

Home Economics) ( Closed) 

305. Nut culture in Minnesota. (W. G. Brierley) 

307. Pruning studies. (W. G. Brierley, W. H . Alderman) 
Subproject: The effect of height of pruning upon the performance of the 

Latham raspberry. (Dormant) 
Subproject: Pruning requirements of the hybrid plums. 

308. A study of management problems in red raspberry culture in 
the Duluth area, with special reference to the effect of supplemental 
irrigation on yields and cost of production. (Joint project ;-rith Agri
cultural Engineering; cooperative with the Northeast Expeni?ent Sta
tion the Minnesota Power and Light Company, the St. Louts County 
Wo~k Farm, and raspberry growers in northeastern Minnesota) ( W . G. 
Brierley, J. D. Winter, J . H. Neal, A. J. Schwantes, M. J. Thompson) 
(Bankhead-Jones) (New) 

Subproject: The effect of supplemental irrigation on plant growth and 
fruit production; the effect of different methods of applying water; and the 
effect of different sources of water on plant behavior. 

Subproject: The effect of applications of commercial fertilizers on plant 
growth and fruit production and their relation to available soil moisture. 
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402. Vegetable breeding. (F. A. Krantz, W. H. Alderman, T. M. 
Currence, A. E. Hutchins) 

Subproject: Pea breeding. (Dormant) 
Subproject: Tomato improvement. 
Subproject: Inheritance studies with tomatoes. 
Subproject: Bean improvement and inheritance studies. 
Subproject: Radish breeding. (Dormant) 
Subproject: Melon breeding. 
Subproject: Studies of vegetable varieties. 
Subproject: Cucumber breeding and genetic studies. 
Subproject: Pepper breeding and genetic studies. 

408. P.otato breeding. (Cooperative with the Bureau of Plant In
dustry, Umted States Department of Agriculture, and the Northeast, 
Northwest, and North Central Experiment Stations) (F. A. Krantz, 
A. G. Tolaas, A. E . Hutchins, T. M. McCall Otto Swenson M J 
Thompson) (Adams) ' ' · · 

Subproject: Development of improved varieties of potatoes through in
breeding and subsequent cross-breeding. 

Subproject: Inheritance of certain characters in the potato. 
Subproject: Tests of new varieties and seedlings. 

414. ~he de:velop~1ent of disease-resistant varieties of vegetable 
crops. (J~mt p~OJ ect With Plant Pathology and Botany Project No. 118) 
(Cooperative With the Bureau of Plant Industry, United States Depart
ment of Agriculture) (F. A. Krantz, ]. G. Leach, A. E. Hutchins, 
T. M. Currence) (Purnell) 

Subproject: Disease resistance in potatoes. 
Subproject: Cabbage breeding for resistance to club root. 
Subproject: Breeding wilt-resistant muskmelon strains. 

Plant Pathology and Botany 

Ch 
~01. Cereal and forage crop diseases. (E. C. Stakman, ]. J. 

nstensen, M. B. Moore, I. W. Tervet, E. W. Hanson) 
Subproject : Imperfects of cereals. 
Subproject: Smut treatments. 
Subproject : Scab of cereals. 
Subproject: Ergot of cereals. 
Subproject: Black chaff of wheat. 
Subproject : Miscellaneous diseases of flax. 
Subproject: Smuts of sorghums. 

103. Dendropathological work. (E. C. Stakman, C. M. Christensen 
E. \V. Hanson, A. R. Downie, M. B. Moore E. L LeClerg M N' 
Levine) ' · ' · · 

Subproject: White pine blister rust. (Dormant) 
Subproject: Miscellaneous diseases of shade and forest trees. 
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Subproject: Biology of wood-rotting fungi. 
Subproject: Experiments relating to the propagation, protection, and 

collection of plantation rubber. (Cooperative with the Firestone Tire and 
Rubber Company) 

104. The development of disease-resistant varieties of farm crops. 
(Joint project with Agronomy and Plant Genetics. Project No. 124; 
cooperative with the Bureau of Plant Industry, Umted States Dep~rt
ment of Agriculture) (E. C. Stakman, M. B. Moore, M. N. Levme, 
R. H. Bamberg, E. L. LeCierg, J. J. Christensen, E . W. Hanson) 

Subproject: Spring wheat. (Cooperative with the Office of Cereal Crops 
and Diseases, Bureau of Plant Industry, United States Department of Agri
culture) 

Subproject : Winter wheat. 
Subproject: Oats. 
Subproject: Barley. 
Subproject : Rye. 
Subproject: Flax. (Cooperative with the Office of Cereal Crops and 

Diseases, Bureau of Plant Industry, United States Department of Agriculture) 
Subproject: Corn. 
Subproject: Timothy. (Dormant) 
Subproject: Red clover. 
Subproject: Sweet clover. 
Subproject: Sugar beets. (Cooperative with the Office of Sugar Plant 

Investigations, Bureau of Plant Industry, United States Department of Agri
culture) 

Subproject: Alfalfa. (Dormant) 
Subproject: Sunflowers. (Dormant) 

105. Diseases of ornamental plants. ( Louise Dosdall) 

108. Fruit diseases. (E. C. Stakman, C. J. Eide, C. M. Christensen) 

Subproject: Diseases of small fruits and methods of control. 
Subproject: Diseases of tree fruits and methods of control. 

109. Minnesota fungi. (Louise Dosdall, C. M. Christensen) 

110. Plant disease survey. (Louise Dosdall ) 

111. Rusts of cereals. (Cooperative with the Division of Cereal 
Crops and Diseases and the Division of Barberry Eradication, Bureau of 
Plant Industry, and the Division of Plant Disease Control, Bureau of 
Entomology and Plant Quarantine, United States Department of Agri
culture) (E. C. Stakman, Helen Hart, M. N. Levine, L. W. Melander, 
R. U. Cotter, R. C. Cassell) (Adams) 

Subproject: Biologic specialization in cereal rusts. 
Subproject: Epidemiology of cereal rusts. 
Subproject: Barberry eradication. 
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115. Physiologic specialization of smuts of cereals. (E. C. Stakman, 
M. B. Moore, E . K. Vaughan, S. P. Chilton, I. W. Tervet, M. F. Kern
kamp) (Purnell) 

116. Garden truck diseases. (J. G. Leach) 

Subproject: Potato diseases. 
Subproject: Miscellaneous truck crop diseases. 

117. The relation of insects to the spread, transmission, and develop
ment of plant diseases. (Joint project with Entomology and Economic 
Zoology Project No. 139) (J. G. Leach) (Adams) 

Subproject: Miscellaneous dipterous insects and bacterial soft rots 
(Dormant) 

Subproject: 
Subproject: 
Subproject: 
Subproject: 

disease. 

The relation of insects to the decay of felled timber. 
The cucumber beetle in relation to cucumber wilt. 
The relation of insects to the storage rots of apples. 
The association of leafhoppers with the alfalfa yellow top 

Subproject: The relation of white grubs and other subterranean insects 
to raspberry crown gall. 

Subproject: Insect transmission of virus diseases of plants. 

! 18. ~evelop.ment of .disease-resistant varieties of vegetable crops. 
(Jomt proJect. w1th Horticulture Project No. 414; cooperative with 
O~ce of Horticultural Crops and Diseases, Bureau of Plant Industry. 
Umted States Department of Agriculture) (J. G. Leach) (Adams) 

Subproject: Potatoes. 
Subproject: Cabbage. (Dormant) 
Subproject: Muskmelon wilt. 

119. Pathological factors affecting the deterioration of stands of 
clover and other leguminous forage plants. (E. C. Stakman, J. J. 
Christensen, Laurence Henson) (Closed) 

120. The nature and variability of plant 
operative with the Division of Horticulture) 
Christensen, H. F . Fitzpatrick, L. Henson, J. 
Jones) 

Subproject: Wheat and other small grains. 
Subproject: Flax. (Dormant) 

disease resistance. (Co
( E. C. Stakman, J. J. 

G. Leach) (Bankhead-

Subproject: Potatoes and other vegetables. 
Subproject: Clover and other leguminous and forage plants. 

201. Effect of low temperature on plants. (Cooperative with the 
Divisions of Agronomy and Plant Genetics and Hort'c It ) (R H 1 u ure . . Landon, R. B. Harvey) 
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Subproject: Varietal differences in frost resistance of crop plants. 
Subproject: Physiological factors concerned in frost injury. 
Subproject: Desiccation in the frozen condition as a cause of InJUry. 
Subproject: Killing of seeds and seedlings of forest trees and horticul-

tural plants by low temperatures. 

203. Investigations on respiratory enzymes. (Cooperative with the 
Division of Horticulture) (R. H. Landon, R. B. Harvey) 

Subproject: Oxydo reductase. 
Subproject: State of oxidation in tissues. 

204. Light relations of plants. (R. H. Landon, R. B. Harvey ) 
Subproject: Importance of factors which may alter the tolerance of a 

given species of plant. . . 
Subproject: Studies on difference in tolerance of d~fferent spec1es. 
Subproject: Internal reactions of leaf cells of vanous types of forest 

trees to light of varying intensity and quality. (Dormant) 

205. Physiological changes occurring in the storage an~ ripe~ing of 
fruits and vegetables under varying conditions. (Cooperative w1th the 
Division of Horticulture) (R. H. Landon, R. B. Harvey ) 

Subproject: Physiological and chemical changes of fruits and vegetables 
in storage. 

Subproject : Storage optimum temperature and humidity. (Dormant_) 
Subproject: Length of holding in storage in relation to state of matunty 

of fruit. 
Subproject : Storage in frozen conditions. 
Subproject: Ripening in storage. 

206. Physiology of reproduction. (R. H. Landon, R. B. Harvey) 

Subproject: Temperature as a factor in self-fertility. (Dormant) 
Subproject: Effect of fertilizer treatments upon self-fertility. (Dormant) 
Subproject: Studies on plant hormones. 

207. Physiology of seed germination. (R. B. Harvey, A. H. Larson ) 

Subproject: Physiology of dormancy in seeds, including a study of means 
to shorten or eliminate the rest period. 

Subproject: Effects of seed treatment upon germination, subsequent 
growth, and yield. 

208. Studies in plant metabolism and growth. (R. B. Harvey, R. H. 
Landon) 

Subproject: Effect of length of illumination and light intensity upon 
growth and reproduction. 

Subproject: Salt nutrition. 
Subproject: Movement of photosynthate in fruiting red raspberry canes. 
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301. Seed studies. (Cooperative with the State Seed Laboratory) (A. H. Larson) 

Subproject: Weed seed cases. 

Subproject: Seed testing survey. (Cooperative with State Seed Labora-tory) 

Subproject: Effects of chemical treatment on viability. 
Subproject: Germination of lettuce seed. (Closed) 
Subproject: Seed herbarium. 

302. Weeds. (A. H. Larson) 

Subproject: Chemical eradication. 
Subproject: Weed identification and survey. 

Rural Sociology 

103. Retail farm trade centers in Minnesota. (Lowry Nelson, E. T. 
Jacobson) (Purnell) (Revived) 

104. The distribution and functioning of rural social agencies in 
Minnesota. (Cooperative with the Agricultural Extension Division and 
the Minnesota State Federation of Churches) (Purnell) (Dormant) 

Subproject: The distribution of religious agencies in rural Minnesota. 
Subproject: Educational and social agencies. 

106. The effects of an organized program of adult education and 
recreation on the community life and social participation in certain rural 
areas. (J. T. Howard) (Purnell) 

107. A study in rural leadership. (F. H. Forsyth) (Purnell) 

108. A survey of Beltrami Island Forest Reserve Resettlement 
Area. (Cooperative with the Resettlement Administration of the United 
States Department of Agriculture) (Lowry Nelson, C. R. Wasson, 
J. T. Howard) (Purnell) (Closed) 

109. Standards of living in rural Minnesota. (Cooperative with 
the Resettlement Administration, the United States Weather Bureau 
and the State Planning Board) (Purnell) (Dormant) 

110. Resurvey of rural youth in Minnesota with special reference 
to the effect of the depression on rural youth in the age groups fifteen to 
twenty-nine. (Cooperative with the Works Progress Administration) 
(Revived) (Lowry Nelson, C. R. Wasson) (Purnell) 

111. Farm population movements in Minnesota during 1937. 
(Lowry Nelson, C. R. Wasson) (Purnell) (New) 
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Soils 

Agricultural value of marl. (F. J. Alway, G. H. Nesom) 101. 
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102. Fertilizer expenments. ( . . y, . . F J Alwa G H. Nesom, William 
Methley, E. A. Marsh) 

104. 

105. 

Land classification. (F. J. Alway, P. R. McMiller) 

Movement of water in soils. ( F. J. Alway) (Adams ) 

106. eat so1 s. · · ' · P 'I (F J Alway G H. Nesom, W. J. Methley) 

107. Sandy soils. (F. J. Alway, G. H. Nesom) 

108. Soils of the low-lime area. (F. J . Alway, C. 0. Rost) 

109. Soil survey. · · ' . (F J Alway P. R. McMiller) 

110. Smls o t e re n · · · ' . f h d d 'ft (F J Alway D. Sherman) 

Placement of fertilizers for cultivated 111. Amount and 
(C. 0 . Rost) 

crops. 

fl. (C o erative with the Division 112. Composition of forest oor. o p d N I W Methley) 
of Forestry) (F. J. Alway, E . G. Cheyney, Ger a e son, . 
(Adams) 

Replaceable ions in soils. (C. 0. Rost, K. A. Maehl) 113. 

114. Soil erosion factors. (C. 0. Rost) 

Veterinary Medicine 

d' f the reproductive organs 
104. Bang's disease and rela~?. ~sease~ ~gricultural Biochemistry 

of cattle. ( Cooperative with t~ ~_v~wns; L Boyd M. H. Roepke, 
and Dairy Husbandry) (L. · IS op, Je~ e~son J~y Berger, Rhea 
C. P. Fitch, Margaret Kelly, L~~renceMagJalene Wick, W. T. Kehr, 
Post, Gayette Clarkson, Norma son, 

Eleanor Duerr) (Adams) . t f the ration to repro-
. . The relation of the mmeral conten o . . 

Subproject· . . . h Ao- . ultural Biochem1stry Project No. duction in cattle. (Jomt proje~t Wit lO~l)C 

205 and Dairy Husbandry Proje~t No. d their relation to infectious abor-
Subproject: The serologica t~sts a~th the Bureau of Animal Industry, 

tion or Bang's disease. (Cooper~t!Ve WI 
.' D t ent of Agnculture) . . 

1 Umted States epar m d . 1 t ' to breeding effic1ency m catt e. . C p l t m an 1ts rea 10n . 
Subproject: o.r ~s ~ eu f B Ita abortus from cattle and other species Subproject: Ehmmatwn o ruce 

of animals. 
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Subpro!ect: Biological requirements of Brucella abortus 
SubproJect: Investigation of the relation of B ll b. 

mata d h . . . ruce a a ortus to hyg 
an a:t nhs m cattle. (Dormant) ro-

SubproJect: Changes occurring in the d · . 
lowing parturition or abortion. repro uchve organs m cows foi-

Subproject · A study of · 1 h" h 
abortus and ha~e ceased to reaa;;z~a ~ w zc I ~ave. been infected with Brucella 

S b . A o e agg utmahon test for this disease 
u proJect: study of animals that have b . f . . 

abortus and its relation to poll e "J d fi I een m ected wzth Brucella 
• • • VI an stu a of horses. 

SubproJect: Szgruficance of Brucella abortus . 
special reference to its importanc m the udder of cows, with 

Subproject : The bull as e as a. source of sprea~ of the disease. 
sterility. a factor m the spread of mfectious abortion and 

Subproject: 
Subproject : 
Subproject: 

Causes of so-called non-specific abortion 
A study of calves from dams affected wz·th· B ll b E . · · . ruce a a ortus. 

xammatzon of posszble carriers of Brucella abortus. 

105. Investigation of obscure disease (C . . 
sions of Agricultural Biochemistr and s. . ooperahve With t~e Divi-
Agricultural Experiment Station ~ d .~ai? HM~sbandry, Mmnesota 
stock Sanitary Board) (R F t' n hwi t e mnesota State Live-
k . ens ermac er W L Boyd H C H K 

amp, L. M. Bisnop, C. P. Fitch B S Po ' . . ' . . . ern
Duerr Edna Hou e N 

0 
' · · me roy, M. H. Roepke, Eleanor 

Flore~ce Jones, E~eiyn ~~~a~Is~~e:?et:e LClarkson, Margaret Kelly, 
. • os , a wrence Jergenson) 

SubproJect: The investigation of obscure d" . 
cia! reference to infectious diseases. zseases m the state, with spe-

.Subproject: The investigation and treatment 
verszty Farm animals. of diseases affecting Uni-

. !ll. Lymphadenoma of the domestic f I (C . . 
Division of Animal and Poultr H b d )ow. ooperahve With the 
Houge, Evelyn Bolstad ) y us an ry (R. Fenstermacher, Edna 

113. Diagnosis of hog cholera (H C H K 
Jones, Lawrence Jergenson Edw· M . I .N . ernkamp, Florence 

' m orsetl, orma Olson) (Purnell) 

General 

1. Problems concerning the c 1 · d 
of cattle in Minnesota. (L s p I a CIUTm awn pho~phorus requirements 
F C · · a mer, . Gullickson J W N 1 

. . Fountaine, C. E. Calverley, F. C. Olso~) (Purnell) . . e son, 
Subproject: The calc" d h . 

and for maintenance plus ~~~ ~~od~ct~~~h~ru~ .requzre~ents for maintenance 
Subproject: The relationshi f . m azry catt e. (Dormant) 

phosphorus requirements for mafnt~navano~s level~ and ratios of calcium and 
for maintenance plus milk production o~c~ . or malmtenance plus growth, and s b · azry catt e. (Dormant) 

u proJect: The relationship of th k 1 1 phosphorus laid down during growth to thee f st e eta drese:ves of calcium and 
u ure pro uchveness of dairy cows. 
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Subproject: The relative availability to cattle of the calcium and phos
phorus in natural food, and in the various proprietary sources of these elements 
offered for sale to dairy farmers and cattle breeders in Minnesota. 

Subproject: The relation of the nutritive deficiencies of other major 
nutrients in the ration to the effects of phosphorus deficiency in cattle. 

Subproject: An experimental study of the necessity for and the advan
tages of adding mineral supplements to typical dairy rations fed in Minnesota 
and the proper basis for the economic evaluation of the most common forms 
when their use is necessary or advantageous. (Dormant) 

3. A study of adjustments in farming by type-of-farming areas, 
from the standpoint of agriculture and planning, including soil conserva
tion. (Cooperative with the Divisions of Agronomy and Plant Genetics, 
Animal Husbandry, Dairy Husbandry, Soils, and Agricultural Exten
sion, Minnesota Agricultural Experiment Station, and with the Bureau 
of Agricultural Economics and the Agricultural Adjustment Administra
tion, United States Department of Agriculture) (G. A. Pond, S. A. 
Engene) 

4. A study of systems of breeding for the improvement of swine by 
intense inbreeding. (Formerly, "The genetic reactions of swine as in
fluenced by various systems and intensities of inbreeding and outbreed
ing." ) (Cooperative with the Division of Veterinary Medicine, with the 
Southeast, West Central, Northwest and North Central Experiment Sta
tions, and with the Bureau of Animal Industry, United States Depart
ment of Agriculture) (L. M. Winters, E. F. Ferrin, R. E. Comstock, 
R. E. Hodgson, 0. M. Kiser, P. S. Jordan, C. L. Cole, Catherine Bar
rett, H. C. H. Kernkamp) (Bankhead-Janes) 

Subproject: Within the P oland China breed. 
Subproject: Within crossbred strains. 

6. Growth habits and feeding qualities of plants suitable for pasture. 
(Cooperative with the Southeast, West Central, Northwest, North Cen
tral and Northeast Experiment Stations) (H. K. Hayes, I. J. Johnson, 
D. C. Anderson, H. K. Schultz, R. E. Hodgson, R. 0. Bridgford, R. S. 
Dunham, 0. W. Swenson, M. J. Thompson) (Bankhead-Janes) 

7. Pasture management studies. (Cooperative with the Division of 
Soils and the Southeast, West Central and Northwest Experiment Sta
tions, Minnesota Agricultural Experiment Station, and with the Soil 
Conservation Service, United States Department of Agriculture) (A. C. 
Arny, R. S. Dunham, R. E. Hodgson, R. 0. Bridgford, R. P. Murphy, 
T. H. Rogers) (Bankhead-Janes) 

Subproject: Renovating permanent bluegrass pastures. 
Subproject : Comparison of delayed with continuous grazing of treated 

and untreated permanent pastures. (Dormant) 
Subproject: Comparison of the value of different mixtures of grasses and 

legumes. 
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Subproject : Comparison of sweet clover and Sudan grass as supplemen
tary pasture crops. 

Subproject: Comparison of methods of freeing permanent pastures from 
weeds and brush. (Dormant) 

8. Characteristics, growth habits, and control methods of weedy 
plants. (Cooperative with the Division of Plant Pathology and Botany, 
the Northwest, West Central and Southeast Experiment Stations, Min
nesota Agricultural Experiment Station; the State Department of Agri
culture, and the Bureau of Plant Industry, United States Department 
of Agriculture) (H. K. Wilson, R. B. Harvey, L. M. Stahler, Henry 
Johnson, John Zalar, A. H. Larson, W. J . N. Brown, R. F. Crim) 
(Bankhead-Jones ) 

Subproject: Cultural methods as a means of control, with special refer-
ence to field bindweed. 

Subproject: The morphology and physiology of perennial weeds. 
Subproject: Chemical eradicants in the control of weeds. 
Subproject: The development of new chemicals for weed control. 
Subproject; Weed dissemination. 

9. Utilization of disease-resistant germ plasm in the improvement 
of the potato. (F. A. Krantz, A. G. Tolaas, J. G. Leach, M. L. Odland, 
A. L. Richardson) (Bankhead-Janes) 

11. The nutritional status of college women as related to their 
dietary habits and indicated by (a) anthropometric measurements, 
(b) basal metabolism determinations, and (c) blood studies. ( Coopera
tive with Iowa State College, Kansas State College, University of Ohio, 
University of Wisconsin, University of Nebraska, and the Health Service 
of the University of Minnesota) (Eva Donelson, L. M. Wall) (Purnell) 

12. A genetic study of the bovine. (Cooperative with the Divisions 
of Animal and Poultry Husbandry and Agricultural Biochemistry) 
(W. E. Petersen, L. 0. Gilmore, J. B. Fitch) (Bankhead-Janes) 

14. Respiration and storage behavior of soybeans and soybean 
products. (C. H. Bailey) (Bankhead-Jones) (New) 

North Central Station 

101. Investigations in farm crop production. (R. L. Donovan, 
0. W. Swenson) 

Subproject: Succotash trials. 
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· 1 hor•:culture (T. S. Weir, R. L. 102. Experiments m genera u · 

Donovan) 
Subproject: Ornamental planting. 
Subproject: Herbarium. 
Subproject: Potato seed plot. 
Subproject: Potato variety test. 
Subproject: Wild fruit culture. 

103. Investigations in animal and poultry husbandry. (C. L. Cole, 
A. F. Dahlberg, R. L. Donovan) 

Subproject: Tuberculosis and Bang's disease testing. 
Subproject: Building up a herd of purebred Guernseys. 
Subproject: Normal growth rates for Guernseys. 
Subproject: Establishing a turkey flock. 

104. Investigations in forestry. (T. S. Weir, R. L. Donovan ) 

Subproject: Forest planting. 
Subproject: Arboretum. 

Northeast Station 

1o1 Investigations in farm crop production. (Cooperative wi~ t~e 
Divisio~ of Agronomy and Plant Genetics). (M. J. Thompson, . . 
Hayes, H. K. Wilson, A. C. Arny, R. F. Cnm) 

Subproject: Grain variety tests. 
Subproject: Legume studies. 
Subproject : Hay crops not legume. 
Subproject: Crop rotations. 
Subproject: Corn improvement. 
Subproject: Sunflower improvement. 
Subproject: Outlying field tests. 
Subproject: Crop succession. (Dormant) 
Subproject: Seeding and cultural practices. 

102. Experiments in general horticulture. (Cooperative with the 
Division of Horticulture) (M. J. Thompson, F. A. Krantz, T. M. Cur-

rence, A. E. Hutchins) 
Subproject: Cooperative orchard experiment. (Old) 
Subproject: Cooperative orchard experiment. (New) 
Subproject : Garden fertilizers. (Dormant) 
Subproject: Variety testing-small fruits. 
Subproject: Variety testing-vegetables. 
Subproject: Seed improvement. 
Subproject: Windbreak. 
Subproject: Root crops. 
Subproject: Raspberry fertilizer test. 
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103. Investigations in potato culture. (Cooperative with the Divi-
sion of Horticulture) (M. J. Thompson, F. A. Krantz) 

Subproject : Variety tests. 
Subproject: Spray studies. 
Subproject: Rotations. 
Subproject: Complete fertilizer. 
Subproject: Potato breed plots. 
Subproject: Rate of manuring. 
Subproject: Clover utilization. 
Subproject: Continuous cropping. 
Subproject: Mosaic determinations. 
Subproject: Date of harvest. 
Subproject: Deep tillage. 
Subproject: Special fertilizer studies. 

104. Investigations in animal husbandry. (Cooperative with the 
Divisions of Agronomy and Plant Genetics, Dairy Husbandry, Animal 
and Poultry Husbandry, Soils, and Veterinary Medicine) (M. J. 
Thompson, C. P. Fitch, F. J. Alway, A. C. Arny) 

Subproject: Heifers on roughage and pasture. 
Subproject: Abortion control through blood test. 
Subproject: Pasture studies with cattle and sheep. 

105. Studies in soil fertility. (Cooperative with the Division of 
Soils) (M. J. Thompson, F. J. Alway, G. H . Nesom) 

Subproject: Continuous cropping without clover or manure. 
Subproject: Rate of manuring. 
Subproject: Complete fertilizers on potatoes, hay, grain. 
Subproject: Clover utilization. 
Subproject: Garden fertilization. 
Subproject: Pasture fertilization. 
Subproject: Sunflower fertilization. 
Subproject: Rutabaga fertilization. 
Subproject: Fertilization of rotation plots. 
Subproject: Fruit land fertilization. 
Subproject: Cooperative work with county agents and Smith-Hughes 

instructors. 
Subproject : Clover failure. 
Subproject: Special potato fertilization. 
Subproject: Nitrogen on grasses. 

106. Investigations in farm engineering. (Cooperative with the Divi-
sion of Agricultural Engineering) (M. J. Thompson, A. J. Schwantes) 

Subproject: Studies in exposure of field stone through heaving or erosion. 
Subproject: Studies in stoning land. 
Subproject: Studies in stone utilization. 
Subproject: Studies in deep tillage. 
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Northwest Station 

101. Trees, shrubs, and flower investigation. ( Cooperative with 
the Division of Horticulture) (A. C. Vogele) 

Subproject: Growth and hardiness tests of ornamental and windbreak 
trees. 

Subproject: Variety and hardiness tests of ornamental shrubs and trees. 
Subproject: Variety and hardiness tests of perennial and other flowers. 

102. Root crop investigations. (Cooperative with the Division of 
Soils, Minnesota Agricultural Experiment Station, and th~ Office of 
Sugar Plant Investigations, Bureau of Plant Industry, Umted States 
Department of Agriculture) (A. C. Vogele) 

Subproject: Demonstration planting of mangel varieties: . 
Subproject: Variety and culture test of sugar beet vanetles. 

103. Crop rotation and soil management studies. (Cooperative with 
the Division of Soils) (F. J. Alway, R. S. Dunham, A. C. Vogele) 

Subproject: Continuous cropping of corn. 
Subproject: Continuous cropping of wheat alone and wheat with red and 

alsike clover. 
Subproject: Comparison of sweet clover and cultivated crops in rotation 

for weed control. 

106. Potato investigations. (Cooperative with the Divisions of 
Agricultural Engineering and Horticulture) (A. C. Vogele ) 

Subproject: Variety testing. 
Subproject: Tuber and leaf diseases. 
Subproject: Methods of planting. 
Subproject: Fertilizer tests-soil improvement. 
Subproject: Seed selection. 
Subproject: Rotation tests. 

107. Fruit investigations. (Cooperative with the Division of Horti
culture) (A. C. Vogele) 

Subproject: Variety and hardiness tests of small fruits. 
Subproject: Variety and hardiness tests of tree fruits. 

108. Garden crop investigations. (A. C. V ogele) 

Subproject: Variety and cultural tests of garden vegetables. 

Southeast Station 

103. Maintaining a herd of grade milking shorthorn cows to observe 
production of beef and butterfat under farm conditions. (R. E. Hodgson) 

104. A study of line breeding as a method of ~ing de~ir:~ char-£ 
acters in milking shorthorn cattle. (Cooperative w1th the DIVISIOns o 
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Animal and Poultry Husbandry and Veterinary Medicine, Minnesota 
Agricultural Experiment Station, and the Bureau of Animal Industry, 
United States Department of Agriculture) (R. E. Hodgson, W. H. 
Peters, C. P. Fitch) 

106. Growth studies of common varieties of trees in southern Min
nesota. (Cooperative with the Division of Forestry) (R. E. Hodgson) 

West Central Station 

101. Bush and tree fruit investigations. (J. A. Anderson) 

102. The testing of trees and ornamentals for western Minnesota 
conditions. (Cooperative with the Division of Horticulture) (J. A. 
Anderson) 

104. The cultivation of alfalfa in relation to hay production, seed 
production, disease resistance and duration of life of the stand. (Co
operative with the Division of Agronomy and Plant Genetics) (R. 0. 
Bridgford, A. C. Arny) 

105. Crop rotation investigations. (Cooperative with the Divisions 
of Agronomy and Plant Genetics and Soils) (F. J. Alway, A. C. Arny, 
R. 0. Bridgford) 

Subproject: Utilization of sweet clover. 
Subproject: A three-year rotation of oats, clover, corn, applying six 

tons of manure per acre preceding corn. 
Subproject: A five-year rotation of oats, sweet clover, corn, flax, wheat 

for hay, applying ten tons of manure preceding corn. 

106. The effect of nitrogen, phosphate and potash fertilizers on 
non-leguminous crops. (Cooperative with the Division of Soils) (F. J. 
Alway, R. 0 . Bridgford) 

107. Sweet clover as a source of nitrogen. (Cooperative with the 
Divisions of Agronomy and Plant Genetics and Soils) (R. 0. Bridgford, 
F. J. Alway, A. C. Arny) 

108. Poultry housing. (A. W. Edson) 

Subproject: The suitability of open range shelters for rearing pullets. 

AGRICULTURAL EXPERIMENT STATION 

SUMMARY OF PROJECTS 

Division Total Active Dormant 

Agricultural Biochemistry 12 11 .... 
Agricultural Economics 21 19 2 

.. ·················-··········· 
Agricultural Engineering 21 18 3 ········-··················· 
Agronomy and Plant Genetics 26 25 1 

Animal and Poultry Husbandry 19 19 0 ............ 

Dairy Husbandry 14 13 1 .................... _ .. , ... ,_ ................ -.. 

Entomology and Economic Zoology 28 27 1 

Forestry 19 18 1 ················-··-·······-·············-··········-················· 
Home Economics ., .. ,_ ............................................ 8 8 0 

Horticulture 20 20 0 ····················-·········· .. ·····"''''''''''' ' -'''''''''' ' 
Plant Pathology and Botany .......... ·-··········· 23 23 0 

Rural Sociology 8 6 2 
·················-············ .. ····················· 

Soils 13 13 0 ······································································ 
Veterinary Medicine 4 4 0 ··············-·······················. 
General 9 9 0 

••••••••••••••• •••••••~••••••••••••••••••••••••••••••••••-••••• •oo••••""" 

North Central Station 4 4 0 ....................................... 

Northeast Station 6 6 0 ........... ~ .................................. _ 

Northwest Station 6 6 0 ................................................ 
Southeast Station 3 3 0 ................................................... 
West Central Station 7 7 0 ..... -.... -.......................... 

Total 271 259 12 ........... -........................................................... 

• Two revived. 
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1 0 
0 0 
0 2 
0 0 
4 7 
1 
2 
2 2 
1 0 
0 2 
1 0 
1 3* 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
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FINANCIAL STATEMENT 

Expenditures 

University Branch Stations 
Classification Farm Crookston Morris Grand Rapids Duluth Waseca Total Salaries and labor ........... ··········· ... $453,928.17 $23,213.17 $21,151.19 $10,575.55 $ 8,891.94 $11,688.33 $529,448.35 Stationery and office supplies .... ..... 3,584.52 568.43 320.04 125.89 59.22 76.74 4,734.84 Scientific supplies ...................................... . ....... . 20,521.97 601.79 590.48 145.92 413.04 132.45 22,405.65 Feeding stuffs .............................................................. 12,641.02 2,262.56 1,580.28 1,651.42 1,377.42 956.37 20,469.07 Fertilizers ······· ...................... *••••••-······-··················· .. ·· 59.50 ········· ...................... ·········· ...... ..... ...... ........ 59.50 Sundry supplies ..................................................... .. 4,119.12 922.72 1,435.23 548.87 651.12 874.14 8,551.20 Communication service ............... ...... .............. 3,163.15 415.21 277.44 160.43 126.69 143.73 4,286.65 Travel expenses ............................. .................... 9,882.51 268.45 201.92 270.28 252.63 64.26 10,940.05 Transportation of things .............. ···-········· 1,237.45 146.94 261.68 88.19 11.28 57.72 1,803.26 Printing ..... ························ ..................................... 4,892.04 214.27 95.07 136.06 65.64 ···················· 5,403.08 Heat, light, water, and power ................... 8,639.28 2,553.61 2,695.37 779.03 606.78 717.45 15,991.52 Contingent expenses ....................................... 5,298.82 600.27 651.55 507.78 2,083.32 842.01 9,983.75 Furniture, furnishings and fixtures 2,546.99 498.00 223.54 12.20 ························ 15.90 3,296.63 Library ............................... ............................... ...... 2,513.91 ··············· ........................ . ....................... ........................ .................... 2,513.91 Scientific equipment ........................................... 9,370.41 64.17 124.03 93.01 ························ 89.07 9,740.69 Tools, machinery and appliances ........... 7,312.93 1,620.72 1,913.08 742.68 899.10 2,136.45 14,624.96 Livestock .............. ...................................................... 3,091.78 271.33 1,080.15 65.00 90.00 1,898.55 6,496.81 Buildings and land .................. ... ................. 15,450.60 2,846.64 1,328.01 379.41 444.15 1,764.81 22,213.62 Total ........ ............................... _ $568,254.17 $37,068.28 $33,929.06 $16,281.72 $15,972.33 $21,457.98 $692,963.54 

FINANCIAL STATEMENT 

Revenue 

University 
Branch Stations 

Source of revenue Farm Crookston Morris Grand Rapids Duluth Waseca Total 

Federal appropriations: 
Hatch fund ................................. ... $ 15,000.00 . ....................... ........................ ........................ . ................... . .................. $ 15,000.00 
Adams fund .. .... .. .. ~ .... -...... _ ............. 15,000.00 ........................ . ....................... .. ......... ~ ........... __ .................. .............. -... ~ .. 15,000.00 
Purnell fund ........ ..................... _ 60,000.00 ........................ . .......... .. ...................... . ....................... . ....................... 60,000.00 
Bankhead-] ones fund ....... ............... 42,598.23 ........................ . ....................... . .................... .. ................... . ...................... 42,598.23 

State appropriations: 
General University support 248,831.38 $27,245.49 $24,616.42 $12,721.73 $ 9,720.48 $ 5,815.77 $328,951.27 
Special appropriations ...... ...... . ..... 50,176.64 . .................. ...... . .......... .. .................. . ..... .. ....... 50,176.64 

Endowments, fellowships, and other 
similar grants ............. ...... ... -....... 7,300.00 . ..................... .. ............. .. .......... . ..................... .......... . ...... 7,300.00 

Fees ..... ..... . ... ...... .................. ........................ 1,012.85 .. ...................... . ....................... . ................... .. ...................... . ...................... 1,012.85 
Sales and miscellaneous ............ ...... ., 20,936.29 9,822.79 9,312.64 3,559.99 6,251.85 15,642.21 65,525.77 
Emergency funds .. ........ ........... 107,398.78 .. ........... .... .............. . ...................... .. .................... 107,398.78 

--
Total ................... .............. .. ..• __ - . . .... $568,254.17 $37,068.28 $33,929.06 $16,281.72 $15,972.33 $21,457.98 $692,963.54 
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EXPERIMENT STATION STAFF 

The Board of Regents 

The Hon. LoTUS D. COFFMAN, P resident -
The Hon. JuLius A. CoLLER, Shakopee 
The Hon. 0. ]. HAGEN, Moorhead 
The Hon. GEORGE W. LAWSON, St. Paul -
The Hon. WILLIAM ]. MAYO, Rochester 
The Hon. FRANK W. MuRPHY, Wheaton 
The Hon. A. E. OLSON, D uluth 
The Hon. A. ]. OLSON, Renville 
The Hon. ALBERT PFAENDER, New Ulm 
The Hon. RAY QuiNLIVAN, St. Cloud 
The Hon. RuFus R. RAND, ]R., Minneapolis 
The Hon. FRED B. SNYDER, Minneapolis 
The Hon. ]OHN G. vVILLIAMS, Duluth 

The Agricultural Committee 

The Hon. A. ]. OLSON, Chairman 
The Hon. 0. ]. HAGEN 
The Hon. FRANK W. MuRPHY 
The Hon. A. E. OLSON 
The Hon. ALBERT PFAENDER 
The Hon. ]. G. WILLIAMS 

Administrative Officers 

W. C. COFFEY, M.S., LL.D., Director 
*F. W. PECK, M.S., Vice-Director 
W. T. MIDDLEBROOK, Treasurer 

Ex officio 
1937 
1937 
1939 
1941 
1939 
1939 
1937 
1941 
1939 
1937 
1941 
1941 

T. M. McCALL, M.S., Superintendent, Northwest Experiment Station, Crookston 
tP. E. MILLER, M.Agr., Superintendent, West Central Experiment Station, Morris 
:j:T. H. FENSKE, B.S., Acting Superintendent, West Central Experiment Station, 

Morris 
R. L. DoNOVAN, B.S., Superintendent, North Central Experiment Station, Grand 

Rapids 
M. ]. THOMPSON, M.S., Superintendent, Northeast Experiment Station Duluth 
R. E. HoDGSON, M.S., Superintendent, Southeast Experiment Station, Waseca 
F. E. HARALSON, Assis~ant Superintendent, Fruit Breeding Farm, "zumbra Heights 
RAPHAEL ZoN, F.E., D1rector, Forest Experiment Station, Cloquet 
H. L. HARRIS, B.S., Editor 
HARRIET W. SEWALL, B.A., Librarian 
R. A. GeRTNER, Ph.D., Chief, Division of Agricultural Biochemistry 
0. B. ]ESNESS, Ph.D., Chief, Division of Agricultural Economics 
§WILLIAM Boss, Chief, Division of Agricultural Engineering 
H. K. HAYES, D.Sc., Chief, Division of Agronomy and P lant Genetics 
W. H. PETERS, M.Agr., Chief, Division of Animal and Poultry Husbandry 
]. B. FITCH, M.S., Chief, Division of Dairy Husbandry 
W. A. RILEY, Ph.D., Chief, Division of Entomology and Economic Zoology 
HENRY ScHMITZ, Ph.D., Chief, Division of Forestry 

AGRICULTURAL EXPERIMENT STATION 

W. B. McNEAL, M.A., Chief, Division of Home Economics 
W. H. ALDERMAN, B.S.A., Chief, Division of Horticulture 
E. M. FREEMAN, Ph.D., Chief, Division of Plant Pathology and Botany 
F. ]. ALWAY, Ph.D., Chief, Division of Soils 
C. P. FITCH, D.Sc., D.V.M., Chief, Division of Veterinary Medicine 

• Resigned January 31, 1938. 
t Resigned January 31, 1938. 
t Appointed February I, 1938. 
§Retired June 30, 1938. 

Division of Aqricultural Economics 

0. B. ]ESNESS, Ph.D., Agricultural Economist 
W. C. WAITE, Ph.D., Agricultural Economist 
A. A. DowELL, Ph.D., Agricultural Economist 
G. A. POND, Ph.D., Associate Agricultural Economist 
L. B. BASSETT, Associate Agricultural Economist 
R. W. Cox, Ph.D., Assistant Agricultural Economist 
*G. A. SALLEE, M.S., Assistant in Agricultural Economics 
W. P. RANNEY, M.S., Assistant in Agricultural Economics 
H. F. HOLLANDS, B.S., Assistant in Agricultural Economics 
E. F. KoLLER, M.A., Assistant in Agricultural Economics 
S. A. ENGENE, B.S., Assistant in Agricultural Economics 
R. C. BEVAN, B.S., Assistant in Agricultural Economics 
F. E. WETHERILL, Field Agent 

• On leave July I , 1937 to December 31, 1937. 

Division of Aqricultural Enqineerinq 

*WILLIAM Boss, Agricultural Engineer 

Section of Farm Power and Machinery 

A. ]. ScHWANTES, M.S., Associate Agricultural Engineer 
]. B. TORRANCE, B.S., Assistant Agricultural Engineer 
ANDREW HusTRULID, Ph.D., Assistant Agricultural Engineer 
A. G. TYLER, B.S., Assistant Agricultural Engineer 
]. G. DENT, Assistant in Agricultural Engineering 

Section of Fa rm Structures 

H. B. WHITE, M.S., Assistant Agricultural Engineer 
C. H. CHRISTOPHERSON, M.A., Assistant in Agricultural Engineering 
L. W. NEUBAUER, M.S.C.E., Assistant in Agricultural Engineering 

Section of Land Reclamation 

H. B. RoE, C.E., Agricultural Engineer 
tJ. H . NEAL, Ph.D., Assistant Agricultural Engi~eer . 
:j:]. K. PARK, B.S., Assistant in Agricult.ural Engmee:mg . 
P. W. MANSON, B.S., Assistant in Agncultural Engmeenng 

Section of Land Clearing 

M. ]. THOMPSON, M.S., Associate Land Clearing Specialist 
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Detailed by the United States Department of Agriculture for Cooperative Worlc 

Bureau of Agricultural Engineering 

D. G. MILLER, C.E., Senior Drainage Engineer 
N. A. KESSLER, B.S. in For., Associate Land Clearing Specialist 
0. W. HowE, B.S., Assistant Agricultural Engineer 

*Retired June 30, 1938. 
tOn leave July I to August 31, 1937. 
~Appointed July I, 1937. 

Division of Aqronomy and Plant Genetics 

H. K. HAYES, D.Sc., Agronomist and Plant Geneticist 
F. R. IMMER, Ph.D., Geneticist 
H . K. WILSON, Ph.D., Agronomist 
A. C. ARNY, M.S., Associate Agronomist 
I. ]. ]OHNSON, Ph.D., Assistant Plant Geneticist 
R. F. CRIM, B.S., Assistant Agronomist and Extension Specialist in Agronomy 
*R. P. MuRPHY, B.S., Assistant in Agronomy 
H. K. ScHULTZ, M.S., Assistant in Agronomy 
C. R. BoRGESON, M..S., Assistant in Agronomy 
D. C. ANDERSON, M.S., Assistant in Plant Genetics 

Detailed by the United States Department of Agriculture tor Cooperative Worlc 

Division of Cereal Crops and Diseases 

E . R. AusEMUS, Ph.D., Associate Agronomist 
]. 0. CuLBERTSON, M.S., Assistant Agronomist 

*Appointed July I , 1937. 

Division of Animal and Poultry Husbandry 

W. H. PETERS, M.Agr., Animal Husbandman 
I;'. A. ANDERSON, B.S., Assistant Animal Husbandman 
A. L. HARVEY, M.S., Assistant Animal Husbandman 

Section of Animal Feeding 

E. F. FERRIN, M.Agr., Animal Husbandman 
D. W. JoHNSON, Ph.D., Assistant in Animal Husbandry 

Section of Animal Genetics 

L. M. WINTERS, Ph.D., Animal Husbandman 
R. E. CoMSTOCK, M.S., Assistant in Animal Genetics 
W. W. GREEN, M.S., Assistant in Animal Genetics 
CATHERINE BARRETT, B.S., Assistant in Animal Genetics 

Section of Poultry Husbandry 

H. ]. SLOAN, Ph.D., Poultry Husbandman 
T. H. CANFIELD, B.S., Assistant in Poultry Husbandry 

AGRICULTURAL EXPERIMENT STATION 

Dhislon of Aqrlcultural Biochemistry 

R. A. GoRTNER, Ph.D., D.Sc., Agricultural Biochemist 

Section of Proteins and Colloids 

R. A. GoRTNER, Ph.D., D.Sc., Agricultura~ Biochemi~t . 
w. M. SANDSTROM, Ph.D., Associate Agncult.ural B~ochemtst 
D. R. BRIGGS, Ph.D., Associate Agricultural B10chemtst 

Section of Cereal Technology and Analytical Service 

c. H . BAILEY, Ph.D., Agricultural Bio:hemist . . 
R. C. SHERWOOD, Ph.D., Assistant Agncul~ural B10c~emtst . 
*M. C. MARKLEY, Ph.D., Assistant in Agncultu.ral Bt~chemtstry 
tP. P. MERRITT, B.S., Assistant Agricultu~al Bto~hemtst 
0. E . STAMBERG, Ph.D., American Dry Mtlk Institute Fellow 

G. S. TAYLOR, B.A., Analyst 

Section of Plant Chemistry 

M S Assistant Agricultural Biochemist c. F. ROGERS, . ., 

Section of Nutrition and Dairy Chemistry 

L. S. PALMER, Ph.D., Dairy Chemist . . 

C 
Tr-•• NEDY PhD Associate Agricultural B10chem1st ORNELIA ru:.J.'I , • ·• 

]. W. NELSON, Ph.D., Associate Chemist 

• Resigned July 15, 1937. 
t Appointed July 16, 1937. 

Division of Dairy Husbandry 

]. B. FITCH, M.S., Dairy Husbandman 

Section of Dairy Production 

]. B. FITCH, M.S., Dairy Husbandman. 
w. E. PETERSEN, Ph.D., Associate Da1'? Husbandman 
T. w. GuLLICKSON, Ph.D., Assistant Datr~ Husbandman 
N. N. ALLEN, ]R., Ph.D., Assistant in Datry Husbandry 

Section of Dairy Products 

W. B. CoMBS, M.A., Dairy Husbandman 
S. T. CouLTER, Ph.D., Assistant Dairy .Husbandman 
•F. E. NELSON, Ph.D., Assistant in Datry Husbandry 
t]. C. OLSON, B.S., Assistant in Dairy Husbandry 

Section of Dairy Bacteriology 

HAROLD MACY, Ph.D., Dairy Bacteriologist 

*Resigned August 31, 1937. 
t Appointed October I, 1937. 
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Division of Entomoloqy and Economic Zooloqy 

W. A. RILEY, Ph.D., D.Sc., Entomologist and Parasitologist 
M. C. T ANQUARY, Ph.D., Apiculturist 
A. G. RUGGLES, M.A., Entomologist 
C. E. MICKEL, Ph.D., Associate Entomologist 
A. A. GRANOVSKY, Ph.D., Associate Entomologist 
H. H. SHEPARD, Ph.D., Assistant Entomologist 
A. C. HoDSON, Ph.D., Assistant in Entomology 
M. H. HAYDAK, Ph.D., Assistant in Entomology 
*0. W. OLSON, Ph.D., Assistant in Entomology 
D. M. HATFIELD, M.A., Assistant in Economic Zoology 
tGusTAV SWANSON, Ph.D., Assistant in Entomology 

• Appointed July 1, 1937. 
t Appointed July 1, 1937. 

Division of Forestry 

HENRY ScHMITZ, Ph.D., Forester 
E. G. CHEYNEY, A.B., Forester 
]. H. ALLISON, Ph.D., Forester 
T. S. HANSEN, Ph.D., Associate Forester 
R. M. BROWN, M.F., Assistant Forester 
L. W. REES, Ph.D., Assistant Forester 
R. W. LORENZ, B.S., Assistant in Forestry 

RAPHAEL ZoN, F.E., Director, Forest Experiment Station, Cloquet 
A. J. BAILEY, Ph.D., Assistant Forester 

Division of Home Economics 

W. B. McNEAL, M.A., Home Economist 
ALICE BrESTER, M.A., Associate Home Economist 
*A. M. CHILD, M.A., Associate Home Economist 
J. M. LEICHSENRING, Ph.D., Associate Home Economist 
E. L. PHELPS, M.S., Assistant Home Economist 
EvA DONELSON, Ph.D., Assistant in Home Economics 

• On leave January 18 to June 30, 1938. 

Division of Horticulture 

W. H. ALDERMAN, B.S.A., Horticulturist 
R. B. HARVEY, Ph.D., Horticulturist 

Section of Pomology 

W. G. BRIERLEY, Ph.D., Horticulturist 

Section of Fruit Breeding 

A. N. WILcox, Ph.D., Assistant Horticulturist 
ERNEST ANGELO, Ph.D., Assistant in Horticulture 
F. E. HARALSON, Assistant Superintendent, State Fruit Breeding Farm 

AGRICULTURAL EXPERIMENT STATION 

Section of Vegetable Gardening 

F. A. KRANTZ, Ph.D., Associate Horticulturist 
T. M. CuRRENCE, Ph.D., Assistant Horticulturist 
A. E. HuTCHINS, Ph.D., Assistant in Horticulture 
A. G. TOLAAS, M.A., Assistant Horticulturist 

Section of Floriculture and Ornamental Horticulture 

L. E. LONGLEY, Ph.D., Assistant Horticulturist 
L. SANDO, Assistant in Floriculture 

Division of Plant Patholoqy and Botany 

E. M. FREEMAN, Ph.D., Plant Pathologist and Botanist 

Section of Plant Pathology 

*E. C. STAKMAN, Ph.D., Plant Pathologist 
J. G. LEACH, Ph.D., Plant Pathologist 
J. ]. CHRISTENSEN, Ph.D., Associate Plant Pathologist 
Lou iSE DosDALL, Ph.D., Mycologist 
tHELEN HART, Ph.D., Assistant in Plant Pathology 
C. ]. EIDE, Ph.D., Assistant Plant Pathologist 
C. M. CHRISTENSEN, Ph.D., Assistant in Plant Pathology 
M. B. MooRE, M.S., Assistant in Plant Pathology 
:j:E. K. VAUGHAN, M.S., Assistant in Plant Pathology 
M. F. KERNKAMP, B.S., Assistant in Plant Pathology 
§S. P. CHILTON, M.S., Assistant in Plant Pathology 
fil. W . TERVET, B.S., Assistant in Plant Pathology 
T. H. KING, B.S., Firestone Plantations Company Fellow 

Section of Plant Physiology and Agricultural Botany 

R. B. HARVEY, Ph.D., Plant Physiologist and Agricultural Botanist 
A. H. LARSON, B.S., Assistant Botanist 
R. H. LANDON, Ph.D., Assistant in Plant Physiology 

Detailed by the United States Department of Agriculture for Cooperative Work 

Bureau of Plant Industry 

Division of Cereal Crops and Diseases 

M. N. LEVINE, Ph.D., Pathologist 
E . W. HANSON, B.S., Agent 

Division of Forage Crops and Diseases 

LAWRENCE HENSON, M.S., Agent 

Division of Fruit and Vegetable Crops and Diseases 

L. A. ScHAAL, Ph.D., Assistant Pathologist 

Division of Sugar Plant Investigations 

E. L. LECLERG, Ph.D., Assistant Pathologist 
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Bureau of Entomology and Plant Quarantine 

Division of Plant Disease Control 

R. U. CoTTER, Ph.D., Associate Pathologist 
L. W. MELANDER, Ph.D., Associate Pathologist (State Leader of Barberry Eradi

cation) 
R. C. CASSELL, M.S., Agent 

Detailed by the State Department of Agriculture for Cooperative Work 

A. G. TOLAAS, M.S., in Charge, Office of Seed Potato Certification 
RuBY CROULEY, Seed Analyst 
]. L. LARSON, in Charge, Seed Germination 

* Cooperating with the Division of Plant Disease Control, Bureau of Entomology and Plant 
Quarantine, United States Department of Agriculture. 

t On leave July 1, 1937 to April 30, 1938. 
t Resigned September 26, 1937. 
§Appointed July 1, 1937. 
I Appointed October 1, 1937. 

Division of Soils 

F. ]. ALWAY, Ph.D., D.Sc., Soils Chemist 
C. 0. RosT, Ph.D., Soils Chemist 
P. R. McMILLER, M.S., Assistant Soils Chemist 
G. H. NEsOM, B.S., Extension Specialist in Soils 

Division of Veterinary Medicine 

C. P. FITCH, D.V.M., D.Sc., Animal Pathologist and Bacteriologist 
W. L. BoYD, D.V.S. , Veterinarian 
H. C. H. I<ERNKAMP, D.V.M., Associate Veterinarian 
R. FENSTERMACHER, D.V.M., Assistant Pathologist 
L. M. BISHOP, M.S., Assistant in Animal Pathology 
M. H. ROEPKE, Ph.D., Assistant Biological Chemist 
B. S. PoMEROY, D.V.M., Assistant in Animal Pathology 

Rural Socloloqy 

*tLowRY NELSON, Ph.D., Rural Sociologist 

• Appointed September 16, 1937. 
t On leave January 10 to March 4, 1938. 

Northwest Experiment Station 

T . M. McCALL, M.S., Superintendent 
R. S. DuNHAM, M.S., Assistant Agronomist 
0. M. KISER, M.S., Assistant Animal Husbandman 
R. ]. CHRISTGAU, B.S.Agr., Assistant Animal Husbandman 
A. M. PILKEY, Assistant in Poultry Husbandry 
K R. CLARK, M.S., Pure Seed Specialist 

AGRICULTURAL EXPERIMENT STATION 

West Central Experiment Station 

*P. E. MILLER, M.Agr., Superintendent . 
R. 0. BRIDGFORD, M.S., Assistant Agronom1st 
P. s. JoRDAN, B.S.Agr., Assistant Animal Husbandman 
A. w. EDsON, B.S., Assistant Poultry Hus_bandm_an 
]. A. ANDERSON, B.S.Agr., Assistant Hortlcultunst 
tT. H. FENSKE, B.S., Assistant Animal Husbandman 

• Resigned January 31, 1938. 
t Appointed Acting Superintendent February 1, 1938. 

North Central Experiment Station 

R. L. DoNOVAN, B.S.Agr., Superintendent 
0 . w. SwENSON, Assistant in Agronomy 
A. F. DAHLBERG, B.S., Assistant in Poultry J:Iusbandry 
C. L. CoLE, M.S., Assistant in Animal an_d Dairy Husbandry 
T. S. WEIR, B.S.Agr., Assistant in Horticulture and Entomology 

Northeast Experiment Station 

M. ]. THOMPSON, M.S., Superintendent 

Southeast Experiment Station 

R. E. HoDGSON, M.S., Superintendent 
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