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AGRICULTURAL ENGINEERING 

FARM BUILDINGS 

The importance of well planned farm buildings is recognized, but 
many fam1ers are too busy with other duties properly to plan new 
buildings. In order that farmers may have available plans suitable to 
Minnesota conditions, the Division of Agricultural Engineering has 
investigated problems of location, kind, size, arrangement, convenience, 
lighting, ventilation, appearance, construction, permanence, and cost, 
and has prepared a large number of plans for different kinds of farm 
buildings. 

This year three farm-house plans have been prepared. In Plans 
241 and 242 is shown a seven-room house which has received many 
favorable comments from readers of the Country Gentleman, in which 
it was given publicity. It shows a combined dining room and living 
room, a feature satisfactory in some farm homes. Plans 239 and 240 
show a farmhouse suitable for an east front. It is a seven-room, two
story house, 26 x 28 feet , with a rear porch and a sun porch. Plans 247 
and 248 show a bungalow farmhouse of seven rooms with separate 
dining and living rooms. It has an especially good arrangement of 
the stairs and a grade door entrance. A downstairs bedroom and bath
room are very conveniently located. 

On account of the large yield of potatoes in the fall of 1924, in
quiries were received for plans for a farm storage cellar. Plan 243 
was prepared, showing a pole-frame cellar of three bins with a total 

.capacity of about goo bushels. Earth was used for insulation, making 
the labor the main outlay in its construction. 

A barn with horse stalls across one end was prepared as Plan 244. 
It is 34 x 72 feet and shelters 5 horses, I 5 cows, and 5 young animals. 
The cows face in and there is a silo at one side. A harness room, bull 
pen, cow pen, and calf pen are also included. 

Many of the conveniences that give a great deal of satisfaction after 
the building is completed do not cost much in dollars, but they must be 
planned before the building is begun so that they may be installed with 
a minimum expenditure of time and money. 
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Plan 245 is a barn with the cows facing out. It is 34 x 72 feet and 
shelters 5 horses, 16 cows and 6 young animals, has a silo at one side, 
and stairs, harness room, bull pen, cow pen, and calf pen well placed. 
The bull pen may be used for a box stall for horses, as it is at the 
opposite side of the barn from horse stalls. 

Plan 246 shows the results of a study for an artificial hog shade. 
The shade is IO x 12 feet and is strongly braced and heavy enough to 
withstand severe wind storms without overturning. 

Other plans worked out this year include a tool cabinet with a list 
of tools for the farm shop; a loading cnute which a farmer can con
struct easily and which can be taken apart for easy moving and storage; 
and a general plan for the arrangement of farm buildings. The last 
was prepared especially for the northern part of Minnesota where new 
farm homes are still to be developed. It shows the development of the 
farm building program at the end of the first, tenth, and twentieth 
years. 

Blueprints of the plans may be had by addressing the Division of 
Publications, University Farm, St. Paul, enclosing IO cents to cover 
cost of printing and postage. 

About ten thousand plans are sent out each year and in addition 
many are used from the Farmers' Institute Annuals and farm papers in 
\vhich they have been published and given wide circulation. 

Poultry House built from Plan 218·219 at Ojibwa, Wisconsin. The poultry business, 
like many others, requires shelter that will be suitable and permanent to prove profitable. 
This is one of the many buildings erected from the Minnesota farm building series. 

AGRICULTURAL EXPERIMENT STATION 5 

BUILDING MATERIALS 

Building materials have been exposed to weathering. In a few 
. cases definite results are to be observed as to length of life. In most 
cases these will be used only as a check on the same materials in 
buildings. Where the material is new on the m~rket it is an advantage 
to have this check as early as possible wi~hout waiting for a complete 
building. Cold water paint, rammed earth, concrete, green wood blocks 
laid up in mortar, and hollow tile are among the materials under 
observation and test. Many valuable points are secured from these 
investigations and are used in answering' letters from farmers and 
others interested in better farm buildings. 

FARM DRAINAGE AS A MEANS OF FARM PROFIT 

Acres which are waste on account of excessive moisture. lying in 
the midst of generally desirable and productive farm land, materially 
increase the cost of production, and, in numerous instances, this in
fluence has been enough to make successful operation of a far,n almost 
an impossibility. 

The importance of the whole problem is so great that for several 
years investigations have been carried out to find the answers to these 
questions in Minnesota. 

What part of the area of the average farm in its original 
state is waste due to lack of drainage? 

What is the cost per acre of reclaiming these waste acres in 
comparison witli the normal value per acre of the land not need
ing artificial drainage? 

Are the returns from reclamation of these waste acres suffi
cient in themselves to justify the initial investment in drainage? 

In just what ways does drainage of wet land on the farm 
reduce the unit cost of production and to what extent? 
From time to time, in various parts of the state, farm drainage 

systems have been designed and installed under the supervision of the 
drainage staff of the Division of Agricultural Engineering. The areas 
involved have ranged from 3 to 500 acres. In some cases nearly the 
whole area was very wet. In others the wet spots were small and 
scattered. Eighteen cases in all have been given more or less careful 
study. 

One of these, a tract of 255 acres in Clay county, contained 75 acres 
of waste land, most of which lay in one quarter section. Sixty acres 
::>f it was a slough or shallow pond. It was tiled in I9I8, and for three 
years for which production figures are available ( I9I9. I92o, and 
I92I), the reclaimed land yielded an average net return on the drainage 
investment of I I y,i: per cent. Six irregular fields and the large pond 
were converted into five regular fields. 
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The owner testifies that the labor of cultivation of this tract has 
been reduced almost one third by drainage. 

Another tract of 6o acres out of a total of soo in Scott county, con
tained 20 acres of practically waste marsh land. In 1919 this 20 acres 
yielded $200 worth of low grade hay. This tract was tiled that 
season and the following year without additional labor it yielded $Boo 
worth of excellent corn, a net increase of $6oo, which was 35 per cent 
on the drainage investment. The average annual return on the drainage 
investment through 1924 was approximately 23 per cent. The six 
irregular fields formerly existing have been changed to three regular 
ones. The owner testifies that the labor of operation has been reduced 
more than one third and that the crops on the drained land run, with 
fair uniformity, from 3 to 5 bushels more per acre than on the adjacent 
upland. (See compat:ative pictures of grain shocks, Figure 3·) 
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Fig. 2. Sixty Acres of a soo-Acre Farm Drainage Project in Scott County, Minn., 
Tiled in 1919 

Left: The original tract showing irregular fields, the waste land, and the drains 
that were installed. Right: After the waste land had been drained, showing the field 
lines as they were in 1922. 

An average of all figures available indicates the following. 
About one third the area of the average 11innesota farm in 

its original state is too wet to cultivate successfully un"il re
claimed by drainage. 
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The cost per acre for reclaiming the waste areas is only 
about 45 per cent of the normal va:lue per acre of the upland not 
requiring artificial drainage. 

The average annual return on the drainage investment from 
the reclaimed areas alone in about 130 per cent. 

Fig. J. Above: Grain Shocks in Drained Slough·Bed at Point Marked X in Figure 2 

Below: Grain Shocks on Adjacent Upland to the Right, Facing North 

The hat is on the same shock in both pictures, which were taken from the same position, 
August r, 1922. Note how much thicker the shocks stand in the upper picture than in 
the lower. 

The cost of production is lowered both by the increased yield 
per acre of better crops on the reclaimed land and by the re
duced labor of field operations that results from squaring up the 
fields. 

It will pay the farmer with wet land to drain it if he has or 
can secure an outlet. However, good results are assured only if 
drainage is installed according to a complete and carefully worked 
out plan. It is not necessary to put in the whole system at one 
time if it suits his convenience or financial ability better to do it 
a little at a time, provided that, in each part done, he follows the 
plan.· 
It pays to employ an experienced and capable drainage engineer to 

work out the plan and supervise the construction work, which should 
also be done by experienced men and checked during the progress of 
the work by the engineer in charge. 

AGRICULTURAL EXPERIMENT STATION 9 

THE PROBLEM OF LASTING DRAIN TILE 

Up to about IS years ago the only materials in common use in the 
manufacture of drain tile were surface clay and shale. About that 
time, however, machines were produced that would make drain tile of 
cement concrete. The use of concrete tile grew rapidly and in its earlier 
history farmers with much tiling to do were urged to buy machines 
and make their own. If reasonable care were taken when laying it to 
reject poor tiles, and if the trench were properly graded, a tile drain 
was supposed to be p1'actically permanent. About seven or eight years 
ago, however, failures of ti le drains began to be reported, particularly 
in the southwestern part of the state where concrete tile had been ex
tensively used. Local drainage engineers, ditch referees, and con
tractors were puzzled and distressed, and eventually many farmers, 
supposed to be beneficiaries of drainage systems, suffered severe losses 
from these failures. This condition resulted in extensive and expensive 
litigation. Investigation of the cause of such failures and of the means 
to obviate theri1 was seriously demanded. In 1919, the United States 
Department of Agriculture started work on the problem. The Minne
sota legislature of 1921 made an appropriation to enable the agricultural 
experiment station to continue the study in co-operation with both the 
Federal department and the State Department of Drainage and Waters. 
The act called for "investigation of the causes of failure of agricul
tural drain tile, the means of obviating such failures, and the mapping 
of areas where extra precautions are necessary." In accordance with 
this act the accompanying map has been prepared, locating in a general 
way many bad areas. 

Investigations in 1919 indicated that the failures of concrete tile 
in the southwestern part of the state were caused by the action on the 
cement of epsom salts (magnesium sulphate) and glauber salts (sodium 
sulphate) present in the subsoil in which the tile were laid. The prob
lem then became a question of determining just how strong a con
centration of these salts must be to have a destructive effect, for, with 
this information, analyses of soil waters in a proposed drainage district 
would give a pretty fair indication of the suitability of concrete tile for 
the locality. 

This has required an extensive study of the influence of materials 
and of methods of manufacture. In order to do this, about 20,000 

cylinders of concrete of various kinds have been made up and placed 
in pure solutions of the same salts encountered in the soil waters. 
These solutions have varied in strength from distilled water up to 

4 per cent. The exposures of these cylinders in the laboratory solu
tions has been supplemented by the exposure of both concrete cylinders 
and experimental concrete tile in soils and lakes in the fields in various 
localities. 
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Specimens from each series have been tested from time to time for: 
I. Per cent of absorption 
2. Crushing strength 
3· Change of volume 

The illustration shows some of the results obtained in the labora
tory. All these cylinders were made of one part cement and three parts 
sand and gravel. No. 2 was cured in water three weeks and in air four 
weeks. No. 3 was cured in water three weeks. No. 4 was cured in 
steam at 2I2° F. for six days. No. 5 was cured in water for three 
weeks. Portland cement was used in cylinders Nos. 2, 3, and 4 while 
high alumina cement was used in No. 4· The view shows No. 2 after 
one year in a I per cent solution of sodium sulphate; No. 4 after three 
years, and No. 5 after two years, while No. 3 was in ordinary drinking 
water for three years. No:e that Nos. 4 and 5 look fully as good as 
No. 3 while No. 2 has greatly deteriorated. 

AGRICULTURAL EXPERIJIENT STATION II 

1. Concrete tile, as commonly made commercially, are subject to 
disintegration by the ordinary sulphate salts where found in the soil 
waters of our clay subsoils in quantities exceeding about o.I5 per cent. 

2. The severity of action on concrete of pure solutions of sulphates 
of magnesium and sodium is somewhat proportional to the strength of 
the solutions up to I per cent. Solu· ions from I to 9 per cent do not 
greatly hasten action. 

3· Work in the laboratory with the newer, quick-hardening, high
aluminum cements has indicated that the real solution of the whole 
problem, so far as applied to sulphate soils in Minnesota, will probably 
come about th~·ough the general use of some special cement of this type, 
as all results so far obtained with concrete in which this kind of cement 
has been used have been of a very high order . 

4· The best showing so far made by any specimens in which ordi
nary Portland cement has been used have been cylinders cured six days 
in steam in a temperature near 2I2° F. No action whatever is evident 
on cylinders so cured after three years in solutions containing 0.25 
per cent salts, while cylinders after three years in solution containing 
I per cent salts shows only very slight action. The showing of cylin
ders cured two days in steam at 2I2° F. has been only slightly less 
favorable than those cured six days. 

5· The resistance of concrete made of Portland cement has in all 
cases been greatly increased by allowing it to dry and harden in air 
before exposure to the action of sulphate waters, regardless of how 
long previously cured in water. In all cases this drying and hardening 
period should be at least eight weeks. This is a very important factor 
in connection with the making of drain tile for use in sulphate bearing 
waters. 
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6. All factors that increase the quality of concrete increase the re
sistance, which means that the aggregate in all cases should be of good 
quality and well graded, the mix at least one third or richer, and as 
much mixing water used as is possible to use with ordinary ·tile making 
machines. 

Observing certain precautions as indicated makes it possible to se
cure a Portland cement concrete tile that is quite resistant to the in
fluence of sulphate waters, but such conditions can be secured only in a 
well equipped manufacturing plant. Several of the better concrete tile 
plants in the state, guided by the results of these investigations, are 
now making very high grade tile. It is practically impossible for the 
farmer himself to provide the proper conditions and facilities for so 
making tile. 

Surface clay and shale tile containing lime are certain to disintegrate 
under the influence of moisture. Such tile, containing air bubbles or 
having a laminated structure, are subject to disintegration by freezing 
action, altho high absorption capacity is not, in all cases, indicative of 
low resistance to disintegration by freezing. To date very few clay 
beds are known in the state which are suitable for the manufacture of 
drain tile. The investigation of suitability of clays for tile manufac
ture is just getting under way. 

In buying tile the purchasers should provide for random samples to 
be tested for strength and absorption and if need be for a thawing and 
freezing test before acceptance of a consignment of tile. So far as 
able, the tile laboratory at University Farm, St. Paul, will make such 
tests free of charge on request, if samples are shipped in with freight 
or express and haulage charges prepaid. Such precautions are the only 
real guarantee to permanence in a tiling system. 

W HAT DOES IT COST T O CLEAR LAND ? 

This question is often asked with the idea that costs would be about 
uniform throughout the cut-over district of Minnesota. Land-clearing 
costs will vary from about $Io to $Ioo an acre or more. This varia
tion depends on several factors , some of which are kind of stump, size 
and age of stump, and kind and condition of soil. 

Certain kinds of stumps are usually found on certain soils. Con
sidering soil type, then, and the kind of stumps, one can establish 
clearing costs which should be representative. In I922 a study was 
begun to determine what the costs would be for the various types. 

The total cost of clearing per acre ranged from $I7.I3 on Jack pine 
on sand to $8I.8I on a sandy loam soil, with numerous white pine 
stumps coupled with a heavy population of green oak stumps. These 
figures include breaking costs. 

AGRICULTURAL EXPERIMENT STATION I3 

The average costs of the various operations per acre were as 
follows·: Brushing, $5·90; stump removal, $30.59; breaking, $7.90; 
miscellaneous, $8.3 I. 

The average removal cost per stump was 65 cents with a minimum 
of 8 cents and a maximum of $I .69. It was found that about 50 
per cent of the total clearing cost consisted of man labor, about 16 
per cent horse labor, and 34 per cent cost of materials. 

The brushing on these plots was comparatively light and there were 
very few stones. In practically every case the stumps were dead. 
Green stumps are very costly to clear and the presence of considerable 
stone also increases the clearing cost. 

Last year some work was done to determine the practicability of 
using stump wood for fuel. In those sections of Minnesota where 
there are solid white pine stumps and where they can be gotten out 
with a minimum of dirt sticking to the roots, they are often used for 
fuel. On a 50 acre plot at Two Harbors, 55 cords of stump wood 
were made. The cost of blasting and piling the stumps was $I44.97, 
or about $2.64 per cord. The cost of sawing and working into firewood 
was about 97 cents per cord, making a total cost of $3.61 per cord, 
including the cost of clearing. 

Results from clearing 10 tracts of land show that 50 per cent of 
the total cost is man labor, I6 per cent is horse labor, and 34 per cent 
is the cost of explosives, caps and fuse. 



AGRICULTURAL B IOCHEMISTRY 

PERFORMS TWO-FOLD FUNCTION 

The Division of Agricultural Biochemistry has a two-fold function 
in the activities of the Minnesota Agricultural Experiment Station-as a 
service division to the other divisions, making such analyses of products 
as ·they may need in their own investigational work; and as a division 
making independent investigations, partly on problems which lie wholly 
within the field of biochemistry and partly on problems which must 
be conducted co-operatively with some other division. 

The division makes the analyses of feeding stuffs used by the Divi
sions of Dairy Husbandry and Animal Husbandry in their animal feed
ing experiments and analyzes many samples of crops and grains grown 
by the field crops and plant-breeding sections of the Division of 
Agronomy and Farm Management. All the wheats which are being 
studied by the plant breeding and farm crops sections are submitted to 
the Division of Agricultural Biochemistry for milling and baking tests 
before they are distributed to the farmers. This is a very wise pro
cedure. Often a wheat plant may show such desirable qualities from 
the agronomic standpoint as good growth and tillering, stiff straw and 
good yield, and yet when the milling and baking tests are applied the 
flour from the grain may have very undesirable properties. The milling 
and baking tests prevent undesirable sorts of wheat from being sent 
out as new products of the station. 

The investigational work of the division for many years has in
cluded a study of the chemistry of wheat flour. It is well known that 
flour milled from different varieties of wheat grown in the same or 
eli fferent regions, or even flour milled from the same variety of wheat 
grown in different areas or in the same area in different seasons, is 
likely to vary widely in baking quality. Such wheats may sometimes 
sell at a premium and at other times at a discount. \Vhy the bread
making properties of flours differ so greatly is an extremely compli
cated problem. We are beginning, however, to know how to treat 
certain flours so that more desirable bread can be baked from them. 
This knowledge should provide more ready sale and a wider market 
for certain types of wheat than has been the case. \Ve have recently 
found that wheat grown in certain areas is deficient in the ability to 
change starch into sugars in the bread dough. Since the yeast plant 
can not attack the starch grains directly but must haYe sugars for 
dough fermentation, the lack of available sugars prevents the dough 
from rising normally and .produces a very undesirable loaf. Experi
ments have shown that certain treatments of the wheat before and 
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during the milling process can correct such deficiencies and can produce 
decidedly superior bread. The State Experimental Testing Mill is co
operating in making large-scale tests of the division's laboratory findings. 

PLANT. DISEASES AND WINT'ER INJURY 

The work in plant chemistry has been directed very largely toward 
problems involving plant diseases and winter injury or winter killing. 
It is ·extremely desirable to know whether or not new varieties of 
plants are disease resistant and winter hardy, and a laboratory test for 
these qualities is greatly needed. Such tests would save a great deal 
of time and labor iri the production of new and better crops and fruits 
for Minnesota farms. Very promising results have been obtained in 
certain laboratory tests, particularly in reference to the problems of 
winter injury and of the factors favoring the resistance of plums to 

the brown rot fungus. 

ANIMAL NUTRITION 

The work in animal nutrition has consisted, in part, of a study of 
vitamins and the other essential, fundamental nutrients needed for 
normal growth and reproduction. A large colony of white rats is 
maintained for such studies, and co-operative experiments with the 
Division of Dairy Husbandr y have been carried out on calves and 
dairy cattle. Such studies necessarily progress very slowly. 

KEEPING UP VITAMINS IN MILK 

It has been known for a long time that milk is an invaluable food 
for children and for young, growing animals. The studies with labo
ratory animals carried on in the Division of Agricultural Biochemistry 
have shown why this is so, and furnish scientific support for the cam
paign for a larger and more general use of dairy products in the 
human diet. The unexcelled nutritive value of cow's milk is a fact of 

·great importance for the dairy industry. The studies in this division 
were among the first to show, however, that one important nutritive 
feature of milk and butter is not uniform unless it is controlled by 
intelligent and careful feeding of the cow. This is the vitamin content 
of milk, particularly the fat-soluble vitamin in cream and butter, altho 
the other vitamins in milk also vary somewhat with the ration. The 
dairy industry can well poirit with pride to the importance of milk and 
butter as sources ·of the indispensable vitamins, but the producers of 
milk do not as yet appreciate the fact that the type of rations fed on 
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many farms during the winter months, consisting largely as they do 
of grass hays, straw, corn fodder, and a single grain such as oats, will 
not insure the production of vitamin-rich milk. High quality legume 
hay, silage, and a balanced grain mixture must be fed in order to secure 
the desired result. Other studies have shown that the same general 
relationship holds between diet and the vitamin control and growth
promoting value of mother's milk. 

MINERALS FOR FARM ANIMALS 

Attention has also been given to the problems of adequate mineral 
nutrition of farm animals. Many of the phases of these problems and 
the methods of meeting them are discussed in Special Bulletin No. 94, 
entitled "Minerals for Farm Animals," a copy of which can be secured 
by addressing the Division of P ublications. 

CHEMISTRY AND DAIRY PRODUCTS 

The experimental work of the division has for several years in
cluded a study of some of the fundamental chemical problems con
nected with the manufacture of butter, cheese, ice cream, and milk 
powder, as well as problems related to the handl ing of market milk. 
Such studies are for the most part highly technical in nature and have 
for their purpose a better understanding of fundamental principles 
rather than immediate improvement in practical operations. For ex
ample, the manufacturer of dried milk is confronted with many new 
problems connected with the chemical properties of the product, its 
keeping qualities, and its similarity to normal milk when redissolved 
in water. The division has given some study to these problems. As 
another example of this phase of the investigational work of the divi
sion may be mentioned the study of the creaming of market milk. The 
public judges the richness of bottled milk by the depth of the cream 
layer in the bottle. As bottled milk sold in the cities has approximately 
the same percentage of fat, the variations in cream volume or cream 
"line", as it is usually called, must be due to other causes. Studies 
have shown the relation of the various milk plant operations to this 
problem and also the influence of the constituents of milk other than 
fat in the cream line. 

'I 
I 

1 

PLANT PATHOLOGY AND BOTANY 

NEW WAY TO BLANCH CELERY 

The laborious and slow process of blanching celery by hilling the 
plants may be replaced by blanching with ethylene gas, after the celery 
has been cut and prepared for market, as a result of experiments made 
by R. B. Harvey of the Division of Plant Pathology and Botany. 

This new method will decrease the cost of preparing celery for 
market, also the losses from rots and other diseases which are common 
when the plants are hilled with soil or boards. Furthermore, celery 
to be treated with gas can be allowed to grow for a longer time before 
the stalks are blanched, an advantage in short growing seasons. The 
greenest varieties can be perfectly blanched by the ethylene treatment. 
The green varieties are less susceptible to yellows and other diseases 
than the self-blanching, but haYe not been popular because of the diffi
culty in blanching. 

Celery Blanched in Crate 
Left, Unblanched; Right, BlancheJ 

Blanching with ethylene can be done in any gas-tight space-rail
way cars, storage rooms, tanks, or tight boxes; or it may be done in 
the field by covering the rows tightly with tanks, such as are used for 
watering stock, and liberating the gas into the confined space. The 
concentration of gas should be about one part of gas to one thousand 
parts of air. The temperature should be about 65 degrees, Fahrenheit. 
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At lower temperatures the blanching is slower and at higher tempera
tures the celery is likely to rot. The ethylene itself has no apparent 
effect on the rotting or keeping qualities of the celery. About six days 
are required for blanching the self-blanching varieties and about twelve 
days for the green varieties. \Vhen once blanched the stalks do not 
turn green again for two or three weeks even if placed in the sunlight. 
If kept in the dark, the green color does not return. 

Ethylene gas is inflammable in high concentration·, but will not burn 
or explode when mixed with air in the proportion of one part ethylene 
to one thousand parts of air. Flames or sparks should never be allowed 
near tanks of ethylene while the gas is being liberated, for an explosive 
mixture will be produced at the outlet of the tank. 

Celery blanched by the ethylene treatment is as good as that 
blanched by methods now in use, or better. The gas is inexpensive. 
For about $4 enough can be obtained to blanch ten carloads of celery. 

Growers who wish to try this method should become thoroly 
acquainted with the process before attempting to use it on large quan
tities of celery. A bulletin on the subject, No. 222 in the Experiment 
Station Series, may be had free by writing to the Office of Publications, 
University Farm, St. Paul. 

AGRICULTURAL ECONOMICS 

OPERATION OF FARME RS' E LEVATORS 

Farmers' elevators are operating with widely varying degrees of 
success. Unit operating costs of 109 elevators in the Minneapolis and 
Duluth market areas varied from I.7 cents to 13 cents per bushel in 
1923; gross trading profits varied from a gain of 0-4 cent to 24 cents 
per bushel; and net trading profits. varied from a loss of 4.2 cents to 
a gain of 10 cents per bushel. The average net profit was 2 cents per 
bushel. Eighty per cent of the elevators operated at a net profit and 
20 per cent at a net loss. Because of such differences, the Division of 
Agricultural Economics has been making a study of conditions and 
causes with significant results. 

It has found that the wide variations in the efficiency of elevator 
operation are due chiefly to differences in methods of organizing and 
managing elevators. Costs per bushel, for example, vary for elevators 
with different volumes of business. They decline rapidly up to 125,000 

bushels, and decline slowly for larger outputs. However, elevators 
with the same output also have widely different costs. There are varia
tions in the amount of management hired, or the quality of it, and in 
the salaries paid for the same grade of management. There are like
wise wide variations in types of construction, in the adjustment of the 
size of the warehouse to the volume of business, in completeness of 
equipment, and in the utilization o_f labor or in wages paid. Costs also 
vary among elevators because they handle different kinds of grains or 
different combinations of grain. 

Marketing methods are, again, important factors affecting the effi
cienq nf local elevator operation. Elevators that do not hedge and 
that th~s assume the risks of price fluctuations are likely to experience 
large gains or losses. Those that store grain are also likely to have 
larger gains or losses if they do not hedge. Elevators that misgrade, 
misweigh, and misdock-common practices among local elevators
have either gains or losses as a consequence, altho these gains and 
losses are frequently partly compensating. 

Certain types and grades of grain normally carry wider margins 
than others because of greater marketing costs and uncertainties. 
Elevators handling large quantities of flax and wheat, for example, 
ordinarily have larger margins than those handling, corn and oats. 
Those handling low grade grain have wider margins than those han
dling high quality grain. Elevators collecting charges for storing. 
cleaning, and other services have larger incomes than those that make 
only partial collections. Sidelines, likewise, offer a source of income 
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without incurring much additional expense in many cases. Finally, 
elevator managers have varying degrees of success in determining the 
terminal market value of the grain they buy, because prices and occa
sionally grading standards vary. Moreover, the local grading of the 
grain of every new crop must be adapted to the terminal standards. 

The financing policy frequently prevents the most successful opera
tion. Many elevators borrow what money can be borrowed to ad
vantage and provide the remainder themselves. A small number of 
elevators provide all their own capital. Others adopt the mistaken 
policy of borrowing such a large proportion of their capital that they 
are restricted in selecting markets and selling agencies for grain. 

The selecting of a manager who is a good judge of grain, who 
understands how to handle and market grain, and who is sympathetic 
to the co-operative elevator movement is, therefore, important. Special 
attention should be given, moreover, to employing the best grade of 
management that is consistent with the size of the business, for obvi
ously the success of a local elevator depends largely on how it is 
managed. 

MOVEMENT OF SPRING WHEAT 

A study by the Division of Agricultural Economics of the physical 
movement of spring wheat, from I905 to I924, in Minnesota, Montana, 
North Dakota, and South Dakota, with particular reference to the 
Minneapolis terminal market, shows that the movement from the farm 
to the country elevator at any given time has been very largely con
trolled by the seasonal and immediate weather conditions. 

Over a relatively longer period the attitude of the farmer is the 
most important factor. If in his opinion the market is quite favorable 

· his wheat is moved at a more rapid rate. The price in a given year 
compared with that of the previous year and with the prices of other 
farm products, together with government grain trade and other press 
reports as to the probable demand and the size of the world crop, are 
his chief guides in forming his opinion. 

The aYerage proportion of the crop moved from the farm by 
January I, from I905 to I924, was 78 per cent, ranging from 73 per 
cent in I9IO-I I to 83 per cent in I9I3-I4 and 87 per cent in I9I8-I9 
when both a very high price and war propaganda were factors. 

The percentage of the crop stored at the country elevators by the 
farmers has been considerably higher since the war than in the prewar 
period. The average proportion so stored from I9I5 to I924 was over 
twice, and from I920 to 1923 over three times, that for the period from 
I905-I9I4. 
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The rate of movement from the country elevator to the terminal 
was found to be largely dependent on the movement from the farm, 
especially before January 1, when, as noted, about 8o per cent of the 
crop is usually moved. After that time prospective carrying charges 
and prices have more influence. 

Movement from the terminal market is quite regular and fluctua
tions in the movement are due largely to heavy export buyings or de-
mand from the mills for a particular grade of wheat. • 

LAND SETTLEMENT POLICY 

One of Minnesota's biggest problems is a wise policy for develop
ment of its land not yet in farms. Undoubtedly a large part of this 
will ultimately be in agricultural rather than in forest use. Two im
portant problems connected with this are the rate at which this land 
should be taken into agricultural use, and the methods to be followed 
in promoting settlement and development. The Division of Agricul
tural Economics has been co-operating with the Division of Land Eco
nomics of the United States Department of Agriculture in the study 
of these problems for the last five years. In particular, an analysis has 
been made of the individual progress records of 2000 settlers in Min
nesota, Wisconsin, and Michigan. Following are briefly some of the 
conclusions which have been reached: 

Settlers can do well on cut-over land in Northern Minnesota 
if they locate on the right land under the proper conditions. One 
fifth of the settlers studied had increased their assets at the rate 
of $1000 per year or over. 

On the other hand, many do not prosper. One fifth of them 
had got ahead at a rate of less than $250 per year. The average 
rate for all was only $402 per year. 

Not included in the 2000 studied are a large number who 
had lost out altogether and had left the country. The reason that 
settlers leave their holdings is usually that they are unable 
longer to obtain a living for their families-they are "starved 
out." 

A settler with $4000 or more of assets, who uses them in de
veloping his farm, can usually make himself nearly self-support
ing on a cut-over farm in from 3 to 5 years. With only $rooo 
he will have to work out' after the first summer, and it will take 
him 8 or 10 years to reach the same stage. In the meantime, he 
must have an outside source of income. The slogan "A living 
right from the start" is very misleading. If a living is made 
from the start, it is from outside work in lumber camps, saw
mills, or mines. 
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If too many settlers are brought into any locality at one time, 
the chances are that many of them will be forced out. The most 
rapid settlement is in regions with the most outside work. 

A proper land settlement policy is therefore one which brings 
in settlers only so fast as income can be provided for them. 
This means relatively slow development. 

Such a policy should be accompanied by a proper forest 
policy upon the lands awaiting agricultural use. 

PREDICTING THE GENERAL PRICE LEVEL 

Some of the forces that cause changes in the prices of corn and 
hogs and butter and other farm products cause similar changes in the 
prices of almost all commodities. They affect the prices of practically 
aH commodities in about the same way at the same time. 

These general price changes are measured by index numbers, one 
of the most common and useful of which is the general wholesale price 
index number of the United States Bureau of Labor Statistics. 

Chart I shows the changes in the general price level as measured 
by this index number since 1890, expressed in terms of the price level 
of 1913 as roo per cent. In 1920 this index number had risen to 226, 

that is, it had increased about one and a quarter times. The forces that 
caused this rise had much the same effect on the price of every com
modity, so that if other conditions had remained the same the price 
of every commodity would have risen about one and a quarter times. 
Of course other conditions do not remain the same and it is necessary 
to take account of changes in these other conditions also. 

Thus a study by the Division of Agricultural Economics of the 
factors that cause these general price changes and the corresponding 
changes in the prices of corn, hogs, butter, etc., has shown that they 
can be explained and even predicted with very great accuracy from a 
study of demand deposits (total checking accounts) in commercial 
banks. 

The relationship between the general price level and demand de
posits for the entire United States since 1921 is shown in Chart 2. The 
upper half of the chart shows the actual changes in net demand de
posits in a large and representative group of banks from which the 
Federal Reserve System obtains weekly reports, and also a practically 
straight line which represents the normal increase of these deposits. 
When deposits rise relative to this normal, the price level tends to rise 
a few months later, and when deposits fall relative to this normal the 
price level tends to fall. In the lower half of the chart, the solid line 
called the "calculated price level" represents the ups and downs of 
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the actual deposits relative to normal, while the clotted line called the 
"actual price level" shows the changes in the index number of whole
sale prices. W holesale prices move up and clown regularly about three 
or four months after the changes in deposits as represented in the 
calculated price level. For example, the rise in the general price level 
ending in January, r925, was predicted in October. 
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Chart 1. Changes in General Price Level Since I8go 

In I 896 and I 898 the index number of the general price level was 67; by I 91.3 it had 
increased so per cent, to a level of roo. In 1920 it averaged 226, an increase of one and a 
quarter times the level in 1913, but during the next year it dropped more than a third. 

Controlling the amount of demand deposits would automatically 
control the changes in the general price level. At first it may seem 
impossible to control the amount of deposits, as the total amount of 
demand deposits is the sum of the balances in all the checking accou101ts 
kept with the banks and, except for setting a reasonable lower limit, 
the banks can not dictate what balance each depositor must keep. As 
a matter of fact, however, the banks can and actually do influence the 
total amount of these checking accounts. The most important method 
is through changes in the interest rate. When interest rates are raised 
the average size of checking accounts and therefore the total of all 
bank deposits tend to decrease and when interest rates are lowered the 
average size of checking accounts tends to increase. Sometimes the 
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banks even refuse to grant loans at any interest rates, in which case 
many depositors are forced to decrease the size of their checking ac
counts whether they want to or not. 

In order to understand the reasons for general changes in prices, 
therefore, we must study the policies of the banks. If we are ever to 
exercise an intelligent control over these general changes in prices we 
must do it very largely through a control of the banking situation of 
the nation. W ith the centralized control of banking in the Federal 
Reserve System it is now easily possible to do a great deal to control 
the banking situation. 
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Chart 2. Relation of Demand Deposits to the Level of Prices 

The general level o~ prices, shown by the dotted line, goes up or down regularly about 
3 or 4 months after every important change in the "calculated" price level, shown by the solid 
line. The "calculated" price level is bast:d entirely on the difference between the actual 
demand deposits and the normal deposits, shown in the upper half of the chart. 

ENTOMOLOGY AND ECONOMIC ZOOLOGY 

COLORADO POTATO BEETLE HAS A RIVAL 

Not all of the insect injury to potatoes is caused by the Colorado 
potato beetle. In recent years the center of the stage has been held by 
the potato leaf-hopper ( Empoasca mali), a little bug not over one-eighth 
of an inch long. This pest is often present in enormous numbers and 
not only does direct damage but carries a serious potato disease, the 
"hopper burn." 

In dry seasons, especially, it does serious damage. In 1916 a very 
bad outbreak occurred in Minnesota, while in 1921 and again in 1922 
the leaf-hopper was responsible for a 25 per cent loss. 

Studies by the Division of Entomology and Economic Zoology 
have shown that in Minnesota only the adult bugs survive the winter. 
Early in October they begin to leave their food plants and hunt for 
hibernating quarters. In late May they emerge and begin to feed on 
apple and rhubarb. By the second week in June they are feeding 
on early potatoes and are rather abundant on this faYorite food plant 
by the middle of June. Eggs are deposited on the stems and midribs 
of potato leaves from about the second week in June. The young 
hatching from these eggs require about three weeks for growth, be
coming adults late in July and early August. These adults continue 
egg laying until early October. The young hatching from the first 
laid eggs of this summer brood feed on potatoes until the plants are 
killed by frost and then they migrate to other food plants, such as 
dock, rhubarb, and dahlia, where they feed until they hibernate. 

This little pest is a sucking and not a chewing insect. The arsenical 
sprays, like paris green, can not be used, as they would not be taken up 
by an insect which feeds by sucking juices from the interior of the 
plant. Reliance must be placed on "contact sprays" which act directly 
on the body of the bug. The use of these is difficult because the leaf
hopper is an exceedingly active insect. It is very likely to leave the 
plant in order to evade the spray, but does not delay returning when 
the menace has passed . 

Of the many sprays tried by this division the best results were ob
tained with liquid bordeaux mixture with Black Leaf 40 (a tobacco 
extract) at the rate of I part to 8oo parts. In order to control the 
Co1orado potato beetle at the same time, lead arsenate was added to 
this spray mixture at the rate of 2 pounds to so gallons. The spray 
was applied under high pressure by a machine using a four-row, 
3-nozzle-per-row boom. Four applications were made-on June 29, 
July 14, J uly 27, and August 18. The exact periods would vary some-
what with the season. · 
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WHEN .THE GRASSHOPPER BECOMES A BURDEN 

In recent years much attention has been given to methods of poison
ing grasshoppers and many and varied have been the menus planned 
to attract them. One of the most widely used and successful mixtures 
is made up of bran, white arsenic, molasses, lemons or oranges, and 
water. In a recent campaign in a neighboring state over 6ooo tons of 
bran and 540,000 pounds of white arsenic and upwards of a million 
lemons· were used. It came high but it was the only feasible control 
measure. 

The Minnesota experiment station, with several others of the north
west, is using a very similar mixture, substituting amyl acetate for 
lemons as an attractant. This not only greatly cheapens the mixture 
and is more convenient, but it has proved much more tempting under 
our conditions. The formula best adapted to Minnesota conditions is: 

Coarse wheat bran (free from shorts) ........... 100 pounds 
Crude white arsenic.. . . . . . . . . . . . . . . . . . . . . . . . . . 5 pounds 
Salt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 pounds 
Amyl acetate (technical grade) ............ ·. . . . . 2 gallons . 
Molasses (low grade) . . . . . . . . . . . . . . . . . . . . . . . . . 2 gallons 
\Vater . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 to 12 gallons 
In arriving at this formula, butyl acetate, apple flavoring, and 

lemons were tested as substitutes for the amyl acetate, but proved 
inferior to it. Experiments were also tried on the effectiveness of salt, 
which not only possesses considerable value as an attractant, but aids in 
preserving the moisture and is thus a valuable ingredient. 

Detailed studies of the habits of the "clear-winged grasshopper," 
the species most troublesome in Minnesota, have been necessary in 
order to de~ermine the best time and method for distributing the mixture. 
The clear-winged grasshopper is a great lover of warmth and sunshine 
and its daily range of activities is very largely controlled by tempera
ture. In cold weather it seeks any shelter that offers a few degrees 
more of warmth than the open air, and so universal is this habit that 
a field that is literally swarming with grasshoppers at midday may not 
appear to contain a single specimen an hour after sundown. As the 
morning sun warms the air, the grasshoppers slowly crawl from their 
hiding places, seek a position in the sun, and seem fairly to revel in 
the warmth of its rays. As the temperature rises higher they begin to 
move about and are active during the greater part of the day in ordi
nary summer weather. So responsive are they, that passing clouds will 
affect their activity. Like human beings, they may get too much sun
shine, for on extremely warm days, the ground gets too hot for them. 
Under such conditions they choose their own temperature by era wling 
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up on weeds or blades of grass, a distance of two inches above the 
earth offering a surprisingly wide range of temperature. 

In general, it has been found that the poisoned bran mash should 
never be put out at a temperature below 68 or above So degrees F 
Best results are to be expected when it is scattered so that it will be 
moist and odorous when the air temperature for the day first reaches 
from 73 to 77 degrees F. 

WAR GAS PUT TO PRACTICAL USE 

No other insect pests of the household in Minnesota can rival the 
buffalo carpet beetle and the true clothes moths in the amount of 
damage done and in the efforts required by the housewife in order to 
keep down infestations. The housewife is not the only victim, for dry 
goods dealers, furniture men, upholsterers, and furriers all find con
stant vigilance necessary during the breeding season of these insects. 
Where temperatures are uniformly high this may extend through prac
tically the entire year. 

Fig. 1. Use of Gas Mask in Hand Spraying with Chlorpicrin 
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Two methods of control have commonly been recommended, the 
use of sulphur and the use of hydrocyanic acid gas. 

The first method consisted in liberating sulphur fumes by the burn
ing of flowers of sulphur. This is widely used against bed bugs and 
various insect pests and is fairly efficient. Unfortunately, it is not so 
satisfactory when used against carpet beetles and clothes moths. More
over, it tarnishes metals, and, if there is considerable atmospheric 
moisture, it will bleach wall papers, hangings, and various fabrics. 

Fig. 2. Equipment for Atomizing Chlorpicrin 

Fumigation by hydrocyanic gas is much more efficient, but it is 
highly dangerous to man as well as to insects. Several fatalities from 
its use have ·occurred in the Twin Cities in recent years. Experiments 
by this division, also, have shown that it does not readily penetrate 
mohair upholstering, which seems especially open to moth attack. 

War time tear-gas, chlorpicrin, was selected as a more promising 
fumigant. Its value as an insecticide was demonstrated by numerous 
tests, and its irritating properties made it impossible for human beings 
to get a fatal dose of it without ample warning. The problems were 
those of its penetrating power and of methods of application. 

In the early work the experimenters provided themselves with regu
lar" war gas-masks and, thus protected, they sprayed the chlorpicrin 
on mohair upholstering of various types. It proved to be an excellent 
penetrator and highly effective in killing moths. Experimental fumiga
tions of rooms and entire houses for the extermination of clothes moths 
were also successfully carried out. 

It was obvious that some simpler method of doing the work was 
necessary and, after many experiments, there has been devised the 
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apparatus illustrated in the accompanying photograph. It consists of 
a battery of atomizers connected with a tank of air under pressure. 
If a house is to be fumigated several of' the atomizers are placed in each 
room and all are connected together and to the pressure tank which 
is outside the house and under control of the operator. The chlorpicrin 
to be used is mixed with an equal quantity of carbon tetrachloride, as 
this causes it to vaporize much more rapidly than when used alone. 
The operator can carry on the whole process without the use of a gas 
mask and without danger to himself or others. 

Chlorpicrin is equally valuable against other household pests. It 
has also been used with marked success in the fumigation of mills and 
elevators. 

POCKET GOPHERS CONSERVATIVE IN SUICIDE METHODS 

In many sections of the country pocket gophers are a serious enemy 
I 

of the farmer. They burrow through the ground, feeding on fleshy 
roots of plants and may become so numerous as to make whole fields 
useless for growing crops. Especially where alfalfa is grown are they 
a pest. With the increased acreage of this forage crop i11 the state, the 
gophers have become more and more a problem. 

Of the many methods of control which have been tested, the most 
satisfactory is the careful use of strychnine ( strychnia alkaloid). The 
following is the recommended formula: 

Powdered strychnia alkaloid . . . . . . . . . . . . . . . . . . . . I/ 8 ounce 
Sodium bicarbonate (baking soda) . . . . . . . . . . . . . . I/ 8 ounce 
Saccharin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 j 8o ounce 
When mixed this is a light, fluffy powder, and should be put into a 

sifter-top can ready to be sifted on a vegetable bait. This amount of 
poison is sufficient to prepare four quarts of vegetable bait. Potatoes, 
sweet potatoes, carrots, parsnips, beets, and turnips are especially good 
for this use. The bait should be cut into half-inch cubes, washed with 
water, and thoroly drained. The poison is then sifted on the bait while 
it is stirred with an old spoon, so that each piece receives a portion of 
the poison. The bait is then ready to be placed in the pocket gopher 
runways. • 

A variation which has also been used with success is oats poisoned 
with strychnine. 

Calcium cyanide as a poison for pocket gophers, altho applied 
with great care, in the manner recommended by those reporting the 
most favorable results in both the "flake" and the "dust" form, gave 
consistently poor results. 

Calcium cyanide is also much more expensive than the poison baits 
in general use. The cost at the rate of 2 ounces to a runway, is about 
ten times that of using poison vegetable baits. 


