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The Agricultural Experiment Station 
Serves the People 

Work of the Agricultural Experiment Station During the Year Ending 
June 30, 1940. 

M. F. MILLER, Director 

S. B. SHIRKY, Assistant to the Di1'ector 

H. J. L'HoTE, Assistant to the Director 

The Agricultural Experiment Stations of the country were 
founded and have always been conducted for the purpose of giving 
service to farm people. It would he interesting to know what the 
agriculture of the country would he like today if such stations had 
never been established. It is certain that the farmer would be 
greatly handicapped in meeting a wide variety of problems which he 
is now capable of solving. It is of interest t() observe the con
fidence which farmers as well as town people place in the work 
of th e Missouri Agricultural Experiment Station. It is , there
fore, it matter of sat isfaction among the members of the Station 
Staff to prepare each year a report of the progress of the work 
under way in order that a general review of the activities may be 
available for farmers and others who are interested. 

This report presents in summarized form a statement of the 
work on each individual project for the year ending June :lO, 1940. 
Its preparation has heen delayed owing to pressure of work. How
ever, the report for th e year ending June ;J O, 1941 is almost ready 
for press and it wil1 follow shortly. 

Farmers will finc! in the reports of the many lines of investi
gation mahers which should he of immediate impurtance to them. 
Where more information is desired on a given proj ect a letter 
to the Station will often bring ' a bulletin reporting fully on the ' 
matter. If such a: bulletin is not yet available, specific questions 
may be directed to the person making the investigati on or to the 
Experiment Station c!ir"ectly. 

I t is highly important that farmers and others interestecl in 
agriculture make every use of this Agricultural Experiment Sta
tion which is maintained for their benefit. 
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Experiments in Progress During the Year 
Ending June 30, 1940 

AGRICULTURAL CHEMISTRY 

A. G. HOGAN, Chairman 

Unrecognized Vitamins Required by Rabbits CA. G. Hogan. 
J. W. Hamilton). Appa·rently rabbits require other factors in their 
diet for normal reproduction than those ordinarily recognized. 
Rabbits have been fed a basal ration made up of parts by weight 
as fo11o'ws: 

Casein ................................ 20 Cellulose .................. 15 
Starch ................................ 35 Salts .......................... 4 
Soybean oil ...................... 10 Yeast ........................ 15 

Vitamin A-D Mixture 1 
This diet was adequate for satisfactory growth and main

tenance of general body health but was deficient for normal re
production. Many of the young were hemorrhagic, mortality was 
high, and the small number that were born alive died within a few 
hours. When canned grass juice was added to the basa·l ration, 
the young were normal at birth and a larger number were weaned. 
Considerable activity was retained when the grass juice was con
centrated by freezing but was reduced somewhat when concen
trated in a vacuo. 

An impure concentrate prepared fr0111 alfalfa was an effective 
supplement to the basal diet. Alcohol and water extracts of dried 
liver added to the basal diet also appeared to make the ration ade
quate. 

Muscle Dystrophy of Rabbits (A. G. Hogan, J. W. Hamilton). 
When normal young rabbits were transferred to a basal ration of 
ground oats 59 parts by weigh't, whole milk powder 38, sodium 
chloride 1, and cod liver oil 2 parts by weight, they usually de
veloped muscle dystrophy in about 4 weeks. This condition was pre
vented or cured by vitamin E. Evidence obtainecl at an earlier 
date indicated that dystrophy was prevented or made less severe 
by including- 2 per cent of sodium bicarbonate in the ration. At
tempts to confirm this earlier observation have not succeeded. 

Synthetic Rations for Chicks (A. C. }T1'~"'n. ff. Patrick. B. 
O'Dell, L. R. Richardson). Several attempts have been made to 
devise adequate synthetic diets for the chick. A high degree of 
success has been attained, due almost entir,ely to the use of suitable 
vitamin carriers prepared from liver. Dried liver was extracted 
with 95 per cent alcohol and then with water at ,(DoC. The residue 
was then hydrolyzed with sulfuric acid. Table No. 1 shows the 
composition of the rations fed to chicks. 
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TABLE I.-COMPOSITION OF RATIONS FED CHICKS. 

Cas€'in 
Corn Starch 
Cellophane ' 
Salts 3G16 
Manganese 
I.ard 
Cod I.iver Oil 
Water extract of beef liver 
95% EtOH extract of beef liver 
l{esidue h>'c1ro!yzec1 
Vitamin K 
Vitamin E 
Vitamin B, 
Vitamin R, 
Vita ruin B,; 

Hation r 
35 
29 
3 
4 
0.02G 
7 
2 
6 
4 

10 
2 mg. 

10 mg. 
200 gamma 
400 gammll 
300 gamma 

nation rr 
3il 
30 

3 
4 
0,025 
7 
2 
(I 
4 

2 mg. 
10 mg, 

7 

200 gamma 
400 gamma 
300 gamma 

Table 2 shows the weekly weight of the chicks feel Ration I 
and II. 

TABLE 2.-WEEKLY WEIGHT OF CHICKS FED ON THE BASAL RATIONS, I and II. 
Ration No. of WeeI,]y Weight of Chicles In ({rams 

No. Chicks 1 2 a 4 5 G 

I 9 65 lOS 17S 248 :l!lO 440 
II !J 5U 96 1:17 IB(l 242 :l31 

-------------- .----.-

The hydrolysate was not essential but it did accelerate the 
growth rate. 

Perosis in Baby Chicks CA. G. Hogan, L. R, :Richardson, H. 
I>atrick .. B. O'Dell). Early attempts to rear baby chicks on simpli
fied diets resulted in a considerable number of them developing 
perosis. An extract of liver prevented this abnormality. Appar
ently the disease is due to deficiency of a vitamin. An extract of 
liver was divided into two fractions. The first fraction containing 
the perosis preventing fwctor was obtained by extracting dried liver 
with strong alcohol. The second fraction was obtained by making 
a water extract of the liver residue following the alcoholic ex
traction. This fraction did not prevent perosis but it contained 
other vitamins necessary to maintain the chick in a reasonably 
s<l,tisfactory nutritional state. 'i'his extract was a constant con
stituent of the basal diet used to develop perosis. The basal ration 
was made up of casein :35 parts by weight, liver residue 10, corn 
starch 25, cellulose 3, lard 7, soybean oil 8, cod liver oil 2, salts 4, 
and water extract of liver 6 parts. This diet was improved by the 
inclusion of vitamin Bs, but the incidence of perosis remwined at 
approximately 100 per cent. When the alcohol soluble fractiQn 
of the liver was included in the ration, the rate of growth was rapid 
and 110 abnormalities developed. Choline was as effective as the 
alcoholic extract in preventing perosis. 

Chicks with perosis have bones that are shorter and thicker 
than normal. The bones of a number of chicks fed 011 the perosis 
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producing ration and those fed on the basal ration plus the alcoholic 
extraction of liver have been measured and the averages are 
shown in Table 3. 

TABLE 3.-WEIGHTS AND BONE MEASUREMENTS OF NORMAL AND PEROSIC 
CHICKS. 

Weight Length Diameter 
Chick . per Chick Humerus Tibia Metatarsus Hunlerus 'l'ibia lIIetutarsus 

Perosic a8Z.7 48.0 69.2 50.1 5.6 6.0 6.S 
Normal 383.6 54.8 75.3 54.5 5.1 5.0 5.9 

Nutritional Anemia in the Chick CA. G. Hogan, H. Patrick, 
B. O'Dell, L. R. Richardson). Some of the chicks raised on simpli
fied diets developed a hyperchronic macrocytic anemia. For a 
time the anemia appeared consistently and mortality was low. 
However, in later studies, the mortality became excessive. Chicks 
developed anemia when they were fed a ration made of casein :35 
parts by weight, corn starch 42, lard 7, wheat germ oil 4, cellulose 
3, salts 4, cod liver oil 2, tikitiki 1, and alcoholic extract of liver 2 
parts by weight. The alcoholic extract lacked the antianemic agent 
but contained other vitamins which were necessary to keep the 
chicks alive. The tikitiki was important, chiefly because of its con
tent of vitamin Bn. When vitamin Bo was substituted for tikitiki 
in the diet at a level of 100 micrograms per 100 grams of the ration, 
the chicks survived and developed anemia within 6 weeks. How
ever, when the 'vitamin was increased to :300 micrograms per 100 
grams the chicks did not develop anemia consistently. Vitamin Bn 
was not the only factor involved because once the anemia was 
developed it was not cured by Ba. None of the other known vita
mins cured the anemia. The best known source of the antianemia 
factor is a water extract of liver. The antianemia agent was ad
sorbed on fuller's earth at a pH of 1, and was readily eluted by 
dilute ammonia. It was precipitated by heavy metals such as lead, 
mercury, or silver. It was insoluble in ether, ethanol, butanol, and 
pentanol, but was quite soluble in phenol. 

When vitamin Bo was not added to the anemia producing diet, 
the chicks died in about 3 weeks without making anyperceptibJe 
growth. After the second week they con.sumed little food and be
came emaciated. They developed a muscular weakness , moved 
about very little, and remained in a sitting posture most of the time. 
The legs and wings quivered for several hours before death. About 
100 micrograms of Bo per 100 grams of feed were required to keep 
the chicks alive. 

When the alcohol extract of liver was replaced by a water 
extract of the residue from the alcohol extraction and Bo was in
cluded a typical chick dermatitis developed which was readily 
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cured by pantothenic acid concentrates. This indicated that at 
least one of the important factors furnished by the alcohol extract 
was pantothenic acid. This was one of the first cases in which 
dermatitis has been produced on a synthetic diet. 

Relation of Vitamin Bo, Pantothenic Acid, and Fatty Acids to 
Dermatitis (Acrodynia) and Growth Rate of the Rat CA. G. Hogan, 
L. R. Richardson, E. L. Powell, L . G. Lee). Rats which received :1 

ration consisting of casein 20 per cent, sucrose 71, salt mixture 4, 
celluflour 8, and cod liver oil 2 per cent, supplemented only with 
thiamin and riboflavin, developed a severe dermatitis and died. 
The addition of 10 to 50 micrograms of synthetic vitamin B" to 
this ration improved or healed the dermatitis in almost every case. 
The addition of 50 to 100 micrograms of a synthetic salt of panto
thenic acid to the ration improved or healed the dermatitis to a 
less extent than did vitamin B". If the animals survived long 
enough there was a recurrence of the dermatitis in every case re
gardless of whether the cure was initiated by vitamin Bn or 
pantothenic acid. The addition of both vitamin Bn and pantothenate 
permanently healed the dermatitis, the animals gained in weight, 
and were normal. Therefore, both vitamin 13n and pantothenic acid 
are essential to heal permanently or prevent dermatiti s (acrody
nia) . 

Twenty micrograms of pantothenate were considered as the 
minimum amount that would consistently heal dermatitis and 70 
to 100 micrograms were necessary for optimum growth. 

Wheat germ and corn oil were especi~lly effective in healing 
dermatitis (acrodynia) of the rat. This property was presumably 
due to the essential unsaturated fatty acids that they contained. 
The curative and preventive effects of linoleic and afa'chidonic 
acids were given special attention. Presumably cod liver oil con
tained some quantities of these compollnds. The cod liver oil of 
the basal ration was replaced by the same weight of Sllcrose in 
-order to have a diet practically free of fat. Vitamin A was supplied 
as carotene, vitamin D as calciferol. As soon as rats began to de
velop dermatitis on this diet they were each supplied daily with 
{)'Ol mg. of vitamin Bo and with 0.1 mg. of calcium pantothenate. 
All signs of dermatitis disappeared and the animals gained in 
weight, but they gained less rapidly than did those which received 
the ration containing cod liver oil. This indicated that fatty acids 
were not required to prevent dermatitis, but they were required 
for a normal rate of growth. 

This was confirmed by another trial in which the dermatitis 
was allowed to become severe before vitamin B6 and pantothenate 
were supplied. The animals recovered from the dermatitis as 
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before, but at the last observation generalized scaEness of the 
skin still persisted. 

Rats which received a ration consisting of casein 20 per cent, 
sucrose 73, salt mixture 4, and celluflour 3 per cent, and vitamin Ba 
developed severe derma'titis in time. They were then given addi
tional supplements of calcium pantothenate and 5.0 mg'. of either 
linoleic acid or methyl-arachidonate. The rats recovered from the 
dermatitis and they gained in weight almost as readily as they 
had on the cod liver oil diet. These two fatty acids seemed equally 
effective in supporting gains in weight. 

When fatty acids, alone, were added to the ration, omitting 
both vitamin Bo and pantothenic acid, the rats lost weight. The 
rats which received linoleic acid, alone, survived for a much longer 
period; The arachidonic a'cid did not permit even partial recovery. 

Dietary Requirements for Optimum Growth of the Rat (.-\. G. 
Hogan, L. R. Richardson, E. L. Powell, L. G. Lee). It is commonly 
believed that certain unsaturated fats are required for satisfactory 
growth of the rat. It is certain that the rat requires additional vita
mins other than thiamin, riboflavin, vitamins Bo, A, and D and that 
these factors are present in an alcohol extract of liver. Rats were 
fed a basal diet made up of parts by weight as follows: casein 20, 
sucrose 69, celluflour 3, salts 4, fat free alcoholic extract of dried 
liver 4, and 0.2 mg. thiamin, 0.4 mg. riboflavin, 0. :3 mg. Bu, 2.5 mg. 
a-tocopherol per 100 gm. diet, 1 drop of an A-D conc. per rat each 
week. 

The males which received this ration attained an average 
weight of a'pproximately 250 grams in 14 weeks. The addition of 
vitamin K and nicotinic acid did not improve the ration. 

Every rat that received a fat-free ration developed a scaly 
condition on the tail and feet. No other symptoms were observed. 
The rats survived indefinitely and remained in a healthy condition 
except for the scaliness. 

When the ration included 2 per cent lard the scaly condition 
did not develop and the animals grew faster and attained an aver
age weight of :328 instead of 281' grams in 14 weeks. Four per cent 
of lard in the ration was better than 2 per cent, but maximum 
growth was obtained when the ra'tion contained 8 per cent of lard. 
The average weight was then 393 grams in 14 weeks. Fatty acids, 
freshly prepared each week from lard, were as effective in accelerat
ing the rate of growth as the lard itself. Apparently the improve
ment in the ration by the addition of lard was due to the essential 
unsaturated fatty acids. 

Adequacy of a Milk Diet for the Rat CA. G. Hogan, L. R. Rich
ardson, E. L. Powell, L. G. Lee). Female rats maintained on milk 
supplemented with iron, copper, manganese, and iodine have been 
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able to produce litters thruugh four generations. These females 
produced and weaned almost as many young per litter as the con
trols which had been maintained on a stock ration through many 
generations, but they produced only half as many litters per female 
as the controls. Apparently, milk is deficient in some nutrient 
other than iron, copper, manganese, and iodine. 

In an attempt to improve the ration, cobalt, aluminum, and 
magnesium have been added to the mineral mixture. Thirty-two 
female rats, 21 days olel, were given milk supplemented with iron, 
copper, manganese, anel iodine. Thirty-eight females from the same 
litters ·were given cobalt, aluminum, and magnesium in addition to 
these elements. There was no difference in the performance of 
the two groups. 'l'he performance of both groups ·was somewhat 
better than previously reported for rats maintained on a milk diet 
supplemented with copper, iron, manganese, and iodine, but it 
did not equal that for females maintained on the stock di et. 

Deaminized Casein Anemia CA. G. Bogan, L. R.Richardsoll, 
E. 1 .... Powell, 1.... G. I,ee). In previous work it has been sl10·wn that 
when rats were fed 011 diets containing cleaminized casein, they be
came anemic. The anemia was cured by feeding large amounts of 
lysine. Additional observations 011 this antianemic agent have been 
made. Improving the vitamin supplement in the rations led to 
fairly satisfactory growth in the anemic animals while they were 
in the recovery stage as a result of treatment with lysine. When 
rats on a casein diet were restricted to the same feed consumption 
as those on a deaminized casein-lysine diet, the growth rates were· 
nearly the same. This indicated that lysine was the only essential 
amino acid destroyed when a protein was deaminized. Deaminized 
casein anemia is caused by a toxic compound associated with the· 
deaminized casein. Digestion of the deaminizecl casein with acid' 
or alkali did not destroy the anemia producing agent to any great 
extent. Attempts have been made to isolate and identify the anemia' 
producing agent. The toxic factor was adsorbed 011 activated char
coal from a solution of an active calci1.lm salt fraction, and most of 
the active material was recovered from the charcoal by eluting with 
alcohol. 

TABLE 4.-EFFECTS OF FEEDING RATS CHARCOAL THAT HAD ADSORBED THE 
ANEMIA PRODUCING AGENT. 

Weeks OIl experiment 
0 1 2 4 6 

Average valnes for Red cell count 2.1.0 2.16 1.76 1.09 La! 
2 rats fed 10% char- Hemoglobin 4.77 4.65 5.40 4.28 0.56; 
coal in their ration C<.ll volume % 18 16 15 13 21 

Weight 70 63 68 77 78 

A verage values for Red cell count 1.37 1.51 2.67 5.63 u.57~ 

2 control rats Hemoglobin 4.31 3.14 11.1 13.4 12.9 
(IW charcoal) Cell volume % 14 14 34 43 43 

Weight 75 79 88 114 130 
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Data showing that charcoal adsorbed the anemia producing 
agent are given in Table 4. 

Fractions of the Vitamin B Complex Required by the Pigeon 
(A. G. Hogan, L. R. Richardson, E. L. Powell, L. G. Lee). Very 
little is known of the requirement of pigeons for members of the 
vitamin B complex. In addition to vitamin B\., four members of the 
vitamin B complex have been identified and are available as pure 
synthetic compounds. These four are vitamin Be" nicotinic acid, 
ribofla:vin, and pantothenic acid. Pigeons were fed a simplifieJ 
basal ration which contained vitamin Bl as the only member of the 
vitamin B complex. When the pigeons became anemic or suffered a 
larg'e loss in weight, they were fed daily the other vitamins under 
investigation. In addition to vitamin B1 , the pigeons required 
vitamin Ba, nicotinic acid, ribofla'vin, and pantothenic acid for main
tenance of normal weight. In addition to the known vitamins, three 
crude, vitamin carriers \vere prepared and it was necessary to sup
ply each of these in addition to the known vitamins before the 
pigeons regained normal weight. This indicated that the pigeons 
required a:t least three unrecognized vitamins. The three crude 
vitamin carriers were: 

(1) a fuller's earth adsorbate of a water extract of rice bran 
(2) a fuller's earth adsorbate of a water extract of liver 
(3) a charcoa:l adsorbate of the filtrate from (2) 
Pigeons fed a ration consisting of casein 20 parts by weight, 

sucrose 71, salt mixture 4, celluflour 3, and cod liver oil 2 parts by 
weight, supplemented with vitamin Bl developed an anemia which 
was not healed by any of the known vitamins. 

Anemic birds given supplements containing B1 , Bu, flavin, 
nicotinic a:cid, and pantothenic acid did not regain their normal 
erythrocyte and hemoglobin levels. When a fuller's earth adsorbate 
of a water extract of rice bran or a fuller's earth adsorbate of a 
water extract of dried beef liver was included in the supplement, 
the anemia: was not so severe but it was not healed. When the filtrate 
fraction of the fuller's earth adsorbate of a water extract of dried 
beef liver was added to the ration, the anemia healed very prompt
ly. The anemia did not heal when the filtrate fra:ction was supplied 
with only the known vitamins. Apparently both the adsorbate and 
the filtrate fraction were necessary for regeneration of hemoglobin 
and erythrocytes. 

AGRICULTURAL ECONOMICS 
O. R. JOHNSON, Chairman 

Missouri Farmlands as an Investment (C. H. Hammar, E. S. 
Troe1son). An analysis has been made of farm mortgage data col
lected from eight representative types of farming areas in Missouri. 
The data revea:led that mortgage lending has been relatively heavy, 



BULLETIN 457 13 

that individual mortgages were large, and that interest rates were 
relatively low on the better land areas. In contrast to this, lending 
has been relatively light, individual mortgages small, and interest 
rates high on the poor farm land areas, particularly in the Ozarks. 
The data indicated that foreclosures were heaviest upon the mod
erately good soil of north central Missouri. They were relatively 
heavy in the cotton areas of southeast Missouri and not so heavy 
in the better soils of northeast Missouri. There were few fore
closures in poor land areas of the Ozarks where a self sufficient 
type of farming was being practiced. The rate of mortgage fore
closures in various a-reas has declined materially in recent years, 
although it was again rather heavy in 1938. 

An analysis of sales value data collected in thirteen counties 
showed that land values in Missouri reached a low point in 1933 
and 1934. There ha'S been little change since that time. 

Index Numbers of Missouri Farm Prices (H. M. Haag, L. H. 
Schweiter). Index numbers of farm prices have been calculated 
for 1'939, making the new index of Missouri farm prices available 
for the years 1910 to H)~19 , inclusive. This index uses the 11ve years, 
July, 1924 to June, ID2D, as the base period; is weighted by the 
average income received from each commodity included in the 
index during the 10 year period, 1924-33; and is adjusted for sea
sonal variation. Prices of 25 farm products which are responsible 
for nearly 95 per cent of the farm income in Missouri were used 
in constructing the index. In addition to the general index, indexes 
for eight groups of commodities and the three species of meat ani
mals were constructed. These Missouri indexes were published in 
Missouri Agricultural Experiment Station Research Bulletin 312. 

A new study has been made of feed prices in the St. Louis mar
ket. Monthly average prices of corn, oats, and wheat, and daily 
prices for twelve other feeds have been tabulated for the period 
1924 to 19:39. Monthly averages have been calculated. Indexes of 
seasonal variations have been constructed and monthly price per 
ton of typical rations for beef cattle, hogs, sheep, dairy cattle, and 
chickens have been prepared. The price of each feedstuff for the 
period has been compared to the value of its protein and total 
digestible nutrients as determined by a corn-cottonseed meal 
standard. 

Population Resources Ratios for Missouri (C. H. Hammar, E. 
Dawson Woodbury). An effort has been made to predict future 
changes in popUlation by actual changes in school child enumera
tion. School child enumeration has declined much more rapidly 
upon the poorer than upon the better soil types in the State. How
ever, school child enumeration in the rural areas has declined uni
versally since 1912. In the poorest counties, there was a slight 
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rise in enumeration during the course of the depression. From 
about 1935 the decline, even in the poorer land areas, began at a: 
very rapid rate. Apparently the more rapid decline in numbers of 
school children in the poorer land areas will in time serve to cor
rect certain disparities in the popUlation resources ratios that no\\' 
exist. 

Factors Affecting Land Use in Missouri (C. H. Hammar, Ed
ward Rutledge). An attempt has been made to discover the factors 
or forces most critically affecting land use in Missouri. Farms 
varied greatly in size from area to area in the State. Some progress 
has been made in discovering the reasons for this variation. Analy
ses have been made of factors such as erosion, soil fertility losses, 
and other types of land depletion that have made farms decline in 
total productive capacity. The effect of technological changes on 
the farm size and use paHern also has been given some considera
tion. 

Land Tenure in Missouri (0. R. Johnson, Wade Jones). More 
than three thousand questionnaires were secured fro111 various 
counties to determine whether or not there was a tendency for 
tenancy in the various parts of Missouri to follow some type pat
tern. Farms were grouped as to type on the following basis: 

(1) The kind of rent paid-share or cash or combination of 
both. 

(2) The relationship between landlord and tenant. 
(3) The kind and amount of supervision given by lancllord. 
There was no significant tendency for tenants to group them-

selves in geographic areas on any of the above bases when the 
county was used as the smallest geographic unit. Topography, 
soil, and other considerations influenced type of tenancy when 
they were not sufficiently uniform on a county basis to cause ten
ancy to occur uniformly. 

The Contribution of Pasture Lands and Pasture Crops to 
Present Agricultural Production (0. R. Johnson, H. J. L'Hote). 
Pasture records were completed on farms located in Lawrence, 
Texas, Pettis, and Sullivan Counties. The average production per 
acre of permanent pasture in bushels of corn equivalent amounted 
to 8.8 in Texas County, 9.8 in Sullivan, 13.4 in Pettis, and 13.6 in 
Lawrence County. A bushel of corn equivalent is an amount of 
feed having a net energy value equivalent to a bushel of No.2 corn. 
In Texas County a total of 44 mature cow equivalent days of graz
ing per acre of permanent pasture was obtained. In Sullivan Coun
ty this amounted to 49 days, in Pettis County, 67 days, and in Law
rence County, 68 days per acre. Pastures contributed 36 per cent 
of the total physical volume of production on the farms studied in 
Texas County, 30 per cent in Lawrence, 28 per cent in Pettis, and 
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43 per cent in Sullivan County. Pastures produced 34 per cent of 
the total feed supply on the 74 farms studied in these four counties 
in 19;37. Pastures supplied 47 per cent of the total feed required by 
a ll roughage consuming livestock on the farms in Texas County in 
19:3 7, 44 per cent in Lawrence, 41 per cent in Pettis, 50 per cent in 
Sullivan County and averaged supplying 46 per cent in the four 
counties. 

The Farm Construction and Investment Cycle (C. H. Hammar, 
Norman Clough). Additional data have been obtained on the type, 
condition, and age of farm buildings in certain townships in Mis
souri. These data show that the condition of buildings was much 
better in the vicinity of the metropolitan areas of St. Louis and 
Kansas City than in the more rural area's of the State. There was a 
very close asso'ciation between the type and condition of buildings 
and the land upon which they were located. The type of farming 
also affected the quality of' buildings. The quality seemed to be 
higher in dairy areas than in other types of farming areas. 

The Influence of Declining Land Productivity on the Adequacy 
of the Farm Unit (0. R. Johnson, Howard Fugate). In many parts 
of Missouri, farm lands have seriously declined in productivity. 
A study has been started to determine the effect of the decline in 
land productivity on the adequacy of a farm unit. An area in Knox 
County was selected for the initial survey. This area is character
ized by rather extreme soil depletion. Area and farm maps have 
been prepared showing soil types, farm and field outlines, and 
roads. A total of fifty surveys were taken during the past year. 
Additional surveys will be made covering most of the farms in this 
area. Soil indexes, crop indexes, and productivity ratings have 
been determined for these fifty farms. A detailed examination of 
fields has been made for evidences of erosion, erosion control meas
ures , and the effect of these measures upon the productivity of the 
farm unit. A method has been developed for comparing the present 
physical effectiveness of farm crop lands in relation to its former 
·effectiveness. 

Adjustments in Local Markets. for Farm Products (H. M. 
Haag). Data have been obtained from four thousand poultry and 
egg producers in 236 townships in Missouri . The data included: 

1. Market outlets through which farmers sold their poultry 
and eggs and the proportion sold through each. 

2. Amount of poultry and eggs consumed on the farm. 
3. Frequency of gathering and marketing of eggs. 
4. Proportion of chickens dressed before sale. 
5. Breed of chickens kept. 
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A survey of the local handlers of poultry and eggs has been 
started. This survey provides information concerning: 

1. Types of dealers engaged in handling poultry and eggs. 
2. Volume of total business and sales of poultry and eggs. 
3. Proportion of poultry and eggs bought from producers. 
4. Market outlets used by dealers and proportion sold to each. 
5. Where eggs are stored while in dealers' place of business. 
6. Proportion of eggs held more than three days. 
7. Proportion of poultry dressed before sale. 
Farmers' Cooperative Organizations in Missouri (H. M. Haag, 

Ralph Mercer). Missouri Agricultural Experiment Station Bulletin 
415, Amounts and Costs of Credit Extended by Cooperative Ex
changes, is a report on this project. This publication reports the 
results of a study of the credit policies of 87 cooperative exchanges 
in Missouri. These exchanges had an average of $4470 of credit 
outstanding during 1937. Credit sales averaged about 29 per cent 
of total sales of farm supplies. The average cost of extending credit 
to patrons was three cents per dollar of credit sales. One-half of 
this cost was loss from uncollectible accounts. Variations in amount 
of credit outstanding were more closely related to individual credit 
policies of associations than to external influences such as size of 
association, location, and type of business. 

Records were obtained from about 60 coopera,tive exchanges 
covering the following phases of their operations pertaining to the 
handling of poultry and eggs: 

1. Purchases, sales, and margins. 
2. Seasonality of purchases and sales. 
3. Sources of purchases and market outlets. 
4. Methods of transportation to and from exchange. 
5. Basis of buying prices. 
6. Market classes used in buying and selling. 
7. Price differentials paid and received for high quality prod

ucts. 
8. Candling policy and candling-out losses. 
9. Frequency of receipt and delivery of eggs and period held 

in exchange. 
10. Classification of poultry handled. 
Farm Cost Accounting and Cost of Family Living on the Farm 

(B. H. Frame). Eleven farm diaries and twenty-seven simple farm 
account books have been summarized and analyzed for the year 
1939. The average capital investment of the eleven farms keeping 
a diary record was $21,932. The average net gain, incluclirig living, 
amounted to $1,302. The average tarm income was $1,920, and the 
average farm labor income, $1,067. Table 5 shows the returns from 
lives'tock from these eleven farms in 1939. 
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TABLE 5.-LIVESTOCK RETURNS FOR 1939. 
Number Total Gross-In-

of Number come per 
Livestock Records of Head 

Cattle 9 Head 346 $ 38.94 
Hogs 9 Sows 61 114.71 
Poultry 9' Hens 3224 1.51 

'Most of Loss was from 1 large ftock. 

Table 6 shows the returns from field crops for 1939. 

TABLE 6.-RETURNS FROM FIELD CROPS FOR 1939. 
Number Average 

of 'rotal Yield 
Crop Fields Acres per Acre 

Corn 33 429.7 42.8 bu. 
Oats 15 165.1 38.3 bu. 
Wheat 14 187.0 18.0 bu. 
Red Cl. 7 103.4 ,_ 
Sorgo 5 41.1 1 _ 

Pasture 20 563.1 1 _ 

'Yield in Physical Units not Given. 

Gross 
IncO'llle 
per Acre 

$21.10 
11.33 
12.18 
11.85 
24.3:i 
2.35 

Cost 
per 
Unit 

32c per bu. 
24c per bu. 
64c per bu. 

17 

Return per 
Hour of Man 

Labor 

32.3c 
4O.9c 
-O.7c 

Net Return 
per Hour of 
Man Labor 

58.llc 
11l.6e 
7.1c 

34.2c 
23.9c 

1'a'ble 7 shows the average financial return on 27 Harrison 
County farms for 1939. 

TABLE 7.-AvERAGE FINANCIAL RETURNS ON 27 HARRISON COUNTY, MISSOURI 

FARMS 1939. 
All 13 High 14 Low 

Description l"arms Farms ,F'arms 

Net Farm Income $1433 $2134 $ 78a 
Net Cash Income 029 1438 455 
Gross Income 2691 aM:;! 1HUS 
Gross I'roftt 2401 3289 1576 
Net Operating Income 1803 2631 1208 

DIvision <Yf Net Operating Income 

To Interest on Current Assets 237 307 171 
'1'0 Cash Rent (actual) 65 84 48 
'1'0 Cash Rent (estimated from yields) 5117 7150 454 
To I, abor of Operator 419 428 410 
To Labor of Family (unpaid) 143 IG5 133 
'1'0 Management Return 432 907 -S 

Table 8 shows the average livestock returns on 27 Harrison 
County farms for 1939. 

TABLE S.-AVERAGE LIVESTOCK RETURNS ON 27 HARRISON COUNTY, MISSOURI 
FARMS 1939. 

Descrlpti<m 
All 

Farms 
13 High 
Farms 

14 Low 
Farms 

Hog Income per Sow $132 $125 $139 
Hag Income per Litter $ 97 $ 83 $109 
Pigs Weaned per Litter 6.2 6.2 6.3 
Dairy Income per Milk Cow $ 54 $ 56 $ 52 
Pounds Butter Fat per Milk Cow 225 .225 226 
Total Cattle Income per Head $ 32 $ 36 $ 29 
Poultry Income per Hen $1.64 $1.67 $1.60 
Egg Production per Hen 105 114 96 
Sheep Income per Head $4.90 $6.00 $3.81 
Livestock Income per $100 lreed Fed $149 $166 $1:l~ 

Table 9 shows the size and management of business on 27 Har
rison County farms for 1939. 
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TABLE 9.-SIZE AND MANAGEMENT OF BUSINESS ON 27 HARRISON COUNTY 
FARMS FOR 1939. 

All 131-Iigh 14 Low 
Description Farms !:I'arms I~'arlns 

Total Capital Managed per Farm $14,350. $18,388. $10,600. 
Per Cent Capital in Current Assets 26.4 27.0 25.1) 
Total Acres per Farm 288.1 323.0 255.3 
Total Crop Acres per Farm 98.1 105.3 91.4 
Per Cent of Land in Crops 38.3 37.8 38.6 
Per Cent Rotated Land in Legumes 22.8 24.7 21.0 
Months of Man Labor per Farm 19.6 21.1) 17.4 
Per Cent Gross Income from Livestock 78.0 75.9 80.0 
Per Cent Cash Incame from Livestock 77.7 77.5 77.9 
Gross Income per $100 'rotal Capital !19.30 $21.53 $17.25 
Gross Income per $100 Current Assets 76.47 $86.30 $67.35 

Table 10 shows the use of land and crop yields on 27 Harrison 
County farms for 1939. 

TABLE 1O.-USE OF LAND AND CROP YIELDS ON 27 HARRISON COUNTY, 
MISSOURI FARMS IN 1939. 

All 13 High 14 Low 
Description Farms Farms Farms 

Total Acres per Farm 288.1 323.0 255.3 
Per Cent of Land in Pasture 57.0 56.0 58.2 
Per Cent of Pasture Rotated 11.8 16.6 6.4 
Acres in Corn for Grain per Farm 24.9 33.1 17.2 
Corn Yield per Acre 33.5 bu. 34.9 b'u. 32.2 bu. 
Acres in Oats per Farm 16.0 17.1 15.0 
Oat Yield per Acre 11.8 bu. 13.7 ·bu. 10.3 bu. 
Acres in Timothy Hay per Farm 12.7 13.2 12.2 
Timothy Yield per Acre 0.35 '1'. 0.70 T. 0.48 '1'. 
Acres in Wheat per Farm 10.0 10.6 9.5 
Wheat Yield per Acre 8.5 bu. 11.0 bll. 6.6 bu. 
Acres in Alfalfa per ,Farm 6.0 6.5 5.5 
Alfalfa Yield per Acre 1.81 '1'. 2.25 T. 1.37 T. 
Acres in SO'Ybean Hay per Farm 304 4.5 2.4 
Soybean Hay Yield per Acre 1.40 T. 1.46 T. 1.35 '1.'. 
Acres in Other Crops in Farm-

(not including pasture) 25.1 20.3 29.6 
Crop Index 100 111.2 89.9 
Gross Value of Crops per Acre $8.71 $10.20 $7.33 

The Economic Use of Power, Labor, and Machinery in Crop 
Production (B. H. Frame). The cost per hour of horse lahor, trac-
tor labor, and equipment use has been determined for 1939 for 

TABLE 1l.-MONTHLY DISTRIBUTION OF MAN LABOR, HORSE LABOR, TRACTOR 
LABOR USE AND POWER USE FOR 1939. 

Non-Field Labor Field Labor Total Labor 
% of Total % of Total % of Total 

Trac- Pow- Trac- Pow- Trac- Pow-
Mo. Man Horse tor er* Man Horse tor er* Man HO'rse tor er* 

.Tan. 9.5 11.3 4.5 9.0 0.8 1.0 0.0 0.6 6.7 3.9 1.1 2.8 
Feb. 9.5 8.8 5.5 7.7 0.8 0.9 0.0 0.5 6.7 3.1 1.3 2.4 
Mar. 9.4 8.5 7.3 8.0 5.4 7.3 7.4 7.3 8.1 7.6 7.4 7.5 
Apr. 8.6 7.4 4.5 6.4 6.2 7.9 9.6 8.6 7.8 7.7 8.5 8.0 
May 7.5 7.3 7.3 7.3 15.0 18.3 27.6 22.0 9.9 15.2 22.7 18.1 
.Tune 7.2 5.6 11.8 7.7 16.8 13.5 15.9 14.5 10.3 11.3 14.9 12.7 
.Tuly 9.5 14.3 30.9 20.0 13.9 lOA 9.1 9.9 10.9 11.5 14.3 12.6 
Aug. 9.2 7.6 14.6 10.0 8.6 7.1 7.7 7.3 9.1 7.3 9.3 8.0 
Sept. 7.5 7.3 5.5 6.7 11.6 8.6 12.8 10.2 8.8 8.2 11.0 9.3 
Oct. 6.0 4.8 1.8 3.8 10.3 13.0 8.5 11.2 7.4 10.7 6.9 9.3 
Nw. 6.8 6.7 1.8 5.0 8.3 9.3 0.6 5.9 7.3 8.6 0.9 5.6 
Dec. 9.3 lOA 4.5 8.4 2.3 2.7 0.8 2.0 7.0 4.9 1.7 3.7 

*1 Tractor hour equals 5 horse hours. 
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9 farms keeping a diary record. Only () of the farms used tractors. 
The cost per hour of horse labor amounted to 8.3c, tractor labor, 
65.2c, and equipment use, D.GC per hour. The monthly distribution 
of man labor, horse labor, tractor use, and power use has been 
determined. 

Table 12 shows the use of labor and equipment on 27 Ha rrison 
County, Missouri farms for 1939. 

TABLE 12.-USE OF LABOR AND EQUIPMENT ON 27 HARRISON COUNTY, MISSOURI 
FARMS IN 1939. 

All 1:3 High 
Dcseriptioll ,li"arms I'~U l'Jn8 

Crop Acres IIPr Mun Gl.B ;'0.6 
Crop Aeres per Hor~e :l:.l.O :12.4 
Investment in Crop MlIehltwry pe l· CrOll Acre $2.27 $2.28 
Machinery Cost I",r Crop Aere :;;0.83 $lt.S4 
Investment in Power pI!r Crol) ,Acre iH,., t!.SO 
Power Cost pHr Crop Aert~ 2.03 2.20 
Livestock Increase pcr MUll 12;)4.00 11l45.00 
Gross Income per Man 1600.00 2095.00 
Cash Operuting Ir.xpenses lwr $100 

Gross Income 14.53 1~.77 
Cash Fixed IDxpenscs per $100 

Gross hwome 1;'.56 lO.7H 
Cash Operating lOxpcnseH I,, ' r Afore 1.37 1.50 
Cash Fixed IDxpenscs l)Cf A .. ,re 1.41 1.40 
Grass Profits per Acre k.'i1 11.28 
Net ' l"arm Income per Acrll 5.17 7-'12 

AGRICULTURAL ENGINEERING 
J. C. WOOLEY, Chairman 

14 Low 
}l'nrms 

M.O 
:la.1) 
$2.26 
:;;0.82 

4.65 
1.80 

083.00 
1232.00 

Itl.17 

2tUX) 
l.17 
lA:t 
6.33 
2.0~ 

Growing and Harvesting Castor Beans 0. C. Wooley, M. M. 
Jones, R. P. Beasley). Two different varieties of castor beans, 
Conner and K lopf, were planted in the spring of In!!!) to study the 
mechanical problems involved in growing and harvesting castor 
beans . 

Using a special plate the beans were planted with a corn planter 
in rows :10 feet apart with one bean placed at intervals of 42 inches 
in the row. A 7-foot space was left between each two rows in order 
to increase the amount of sunshine available to the plants and to 
facilitate the moving of a wagon through the field to harvest the 
early maturing beans. In harvesting, the field was gone over 3 
times, removing the spikes tpat had matured. The spikes were cut 
from the stalks with pruning shears and placed in sacks in a man
ner similar to that used in picking cotton. The beans then were 
placed in a drying shed. 

Sumac in Missouri (J. C. Wooley, M. M. Jones, R. P. Beasley). 
Sumac has long been recognized as a source of tannic acid. Since 
sumac grows well on poor land, it might be grown successfully on 
badly eroded areas. One thousand seedlings of Shining Sumac and 
an equal number of Staghorn Sumac were planted in 1939 on two 
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acres of Lindley silt loam in order to study the mechanics involved 
in producing and marketing this crop. 

Utilization of Corn Stalks in Soil Building 0. C. Wooley, R. 
P. Beasley, Fred Leroux). This project is in cooperation with the 
department of Soils. 

Work has been continued to determine the best means of 
handling corn stalks after the corn has been · husked in the field. 
The corn was produced on rich alluvial sandy clay loam soil near 
McBaine, Missouri. A chemical reagent was applied to the stalks 
by a special attachment to a gang plow at the time they were 
plowed under. The reagent was composed of: 670 pounds of am
monium sulphate, 220 pounds superphosphate, and 60 pounds of 
limestone and was applied at the rate of 150 pounds per ton of 
stalks. 

A check plot was plowed under with no treatment. The fol
lowing corn yields were obtained: treated plot 87.3 bushels per acre, 
untreated plot 79.6 bushels per acre. Cost of the reagent was $3.55 
per acre. 

Methods of Prolonging the Service of Wood Fence Posts (J. 
C. Wooley, Ralph Peck). In cooperation with the department of 
Horticulture and Forestry. 

Inspection of the posts under test indicated that the top of 
the post should be given some preservation treatment. Cutting 
the tops at an angle and treating them with paint or roofing ce
ment was considered beneficial. 

The Effect of Environment on Laying Hens 0. C. Wooley). 
This project is in cooperation with the department of Poultry 
Husbandry. 

The use of three types of poultry houses as described in pre
vious reports has been continued. An early freeze in 1939 caused 
a drop in egg production from 60 per cent to about 8 per cent. 
Six weeks were required to get the hens back on their normal 
production schedule. The windows had been left open and the hens 
were excessively exposed. The three houses were effected similarly 
by the sudden change in temperature. 

The double-deck house has been c:;hanged to allow the hens on 
each side of the central hallway to have the run of both decks. 
Nests and roosts were placed on the upper deck with feed and 
water on the lower deck. The feeders were placed along the cen
tral feed alley and were found to be insufficiently lighted for best 
results. 

Supplemental Irrigation in Missouri (R. P. Beasley). Field 
studies of irrigation systems in Missouri have been reported 111 

Missouri Agricultural Experiment Station Bulletin 410. 
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A study has been started to determine the feasibility of secur
ing a water supply for irrigation from driven wells. A 4-inch sand 
point was driven to a depth of 50 feet on Missouri river bottom 
land near McBaine, Missouri as a source of water supply for ir
rigating corn. 

Preparation of Seed Beds for Small Grains Following Les
pedeza or Clover (M. M. Jones, Lloyd Hightower, R. P. Beasley) . 
The following implements and methods have been used to prepare 
seed beds for small grain following lespedeza or clover: (1) ver
tical disk plow (one-way or Wheatland type); (2) standard disk 
plow; (3) field cultivator; (4) tandem disk harrow; (5) single 
disk harrow, lapping half to cut the ground twice; and (G) double 
disking after using the field cultivator. 

The quality of the work done by the disk harrows alone was 
not satisfactory since the ground was too hard and dry for good 
penetration. The work with the other implements was satisfactory. 
The regular disk plow required more power and more work per 
acre than the other implements. The vertical disk plow did prac
tically as good work as the regular disk plow, but did not turn 
under surface material quite as well. The use of the field cultivator 
was preferred because it apparently stirred and worked the soil 
sufficiently even though not as thoroughly and completely as the 
disk plows, and produced a firmer seed bed. Also, in the case of 
lespedeza sod, the field cultivator did not destroy quite all the 
plants, as did the disk plows, leaving some plants to mature seed 
for reseeding the ground the following year. 

Combine Harvesters in Missouri (M. M. Jones, Lloyd High
tower, R. P. Beasley). The field study of combine harvesters has 
been continued. Special reference has been given to small com
bines of about 40-inch cuts. Data have been obtained on 8 machines 
of this type. These machines averaged harvesting 7.6 acres per day 
and 108 acres during the year. The cost per acre harvested amount
ed to $1.81. 

ANIMAL HUSBANDRY 
E. A. TROWBRIDGE, Chairman 

Improvement of Swine Through Breeding Methods (L. A. 
Wea'ver, Ralph Bogart, J. E. Comfort). This project is in coop
eration with the Bureau of Animal Industry, United States De
partment of Agriculture). Moderate inbreeding with rigid selec
tion as a method of swine improvement with Poland China hogs 
has been continued. Inbreeding has been increased to approxi
mately 20 per cent in each of the three lines for the 1940 spring 
farrow with no apparent loss of vigor. A few abnormalities have 
appeared. Several swirls and a few scrotal hernia have shown up 
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each year. A new character in swine "hemophilia" has occurred 
in one of the lines and an endeCl'vor is being made to eliminate this 
from the breeding herd. In addition to studies on rate and economy 
of gains, data are being collected on live hog and carcass scores and 
cut-out yields. 

Varying Capacity of Hogs to Grow and Fatten (L. A. Weav
er, Ra1ph Bogart). Results of previous experiments have indicated 
that pigs having large weaning weights made faster and more 
economical gains than did pigs with light weaning weights. The 
lightest and the heaviest pig at weaning time were taken from 
each of 17 litters. The light pigs were fed as one lot and the heCl'v
iest pigs as another. The average initial weight of the small pigs 
was nineteen pounds as compared with thirty-eight pounds for the 
large pi~·s. To date the heavy pigs have made faster gains through
out the experiment and have used their feed more efficiently. 

Genetic Studies of Swine (Ralph Bogart). The study of the 
inheritance of the belt in Hampshire hogs has been continued. 
The mating of entirely black Hampshire hogs inter-se resulted 
in 27 entirely black and four black with white front feet. Ma..tings 
of well marked Hampshires have given approximately 50 per cent 
well marked with the other haH having broken, black, and wide 
belts. 

A study on the inheritance and physiology of "hemophilia" in 
swine is being made. The data indicated that this condition was 
due to a simple recessive genetic factor. More matings are needed 
for sufficient proof. Observations indicated that this condition was 
present in some farm herds and was not confined to a single breed. 

Hybrid vs. Open Pollinated Corn for Growing-Fattening 
Hogs (L. A. Weaver). Missouri Hybrid No. 8 was compared with 
open-pollinated Midland Yellow Dent, in order to determine the 
relative feeding value. These corns were grown in the same field, 
planted at the same time, cultivated in the same manner, and other
wise produced under as nearly the same conditions as possible. The 
-chemical analysis showed that Midland contained 89.66 per cent 
<lry matter (10.33 per cent moisture) and Missouri No. 8 87.66 
per cent dry matter (12.33 per cent moisture). The Midland also 
.contained slightly more protein, 10.31 per cent as compared with 
'9.88 per cent. Breaking strength tests showed no significant dif
ferences in the hardness of the two samples. 

Both varieties of corn were shelled and self fed to pigs having 
an average initial weight of approximately 50 pounds for a period 
of 108 days (December 19 to April 5). The protein supplement 
fed each lot consisted of tankage 50 per cent, soybean oil meal 25 
per cent, and alfalfa meal 25 per cent and was mixed and then self 
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fed with the corn free choice. A mineral mixture of equal parts 
ground limestone, bone meal, and salt also was self fed. 

The results showed no significant difference in the feeding 
value of the particular samples of corn tested either as to amount 
of feed consumed, rate of gain produced, or feed required per unit 
gain. 

Protein Supplements to Corn in Rations for Growing-Fatten
ing Swine (L. A. Weaver). Five different protein supplements to 
shelled corn, namely: tankage; equal parts tankage and soybean 
oil meal; tankage 1 part, soybean oil meal 2 parts; soybean oil meal; 
and tankage 2 parts, soybean oil meal l' part, alfalfa meal 1 part 
have been compared for growing fattening swine. All lots which 
received a protein supplement made much faster and more econom
ical gains than the check lot which received no supplement. 

The two supplements which gave the bes't results were the 
mixture of equal parts tankage and soybean oil meal; and the mix
ture of tankage 2 parts, soybean oil meal 1 part, alfalfa meal 1. part. 

There was little difference between rates of gain or total feed 
required per unit of gain when the supplement was tankage alone 
or a' mixture of one-third tankage and two-thirds soybean oil meal. 
However, more corn and less supplement was used with the tank
age ration than with the mixture of one-third tankage and two
thirds soybean oil meal. 

Soybean oil meal alone proved to be the least desirable sup
plement used. Not only was more total feed consumed for each 
one hundred pounds of gain produced, but the ration was more than 
one-fourth supplement indicating the impracticability of self-feed
ing corn and soybean oil meal free choice. 

A Hemophilia-Like Disease of Swine CA. G. I-logan, M. E. 
Muhrer, L . A. Weaver, Ralph Bogart). A strain of swine, used 
in an inbreeding experiment, has been found to have an inherited 
defective blood clotting mechanism. 

These animals have been studied in order to discover which 
part of the clotting mechanism was defective, to devise a reliable 
test that would determine which animals were affected before they 
bled to death, and to formulate a satisfactory therapy. The bleed
ing condition was diagnosed as a hemophilia-like disease because 
the characteristics of the blood and of the bleeding closely paral
leled the conditions found in human hemophilia. 

All of the coagulation essentials, as recognized by earlier 
workers, were found to be present in bleeder blood in normal con
centrations. These coagulation essentials were separated out of 
both bleeder and normal blood and recombined. The coagulation 
powers of all the fractions from bleeder blood were normal under 
these conditions. As a tentative hypothesis it was assumed that 
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the bleeding tendency was due to an unrecognized factor which 
was present in normal blood. It initiated platelet break-down and 
accelerated the activation of prothrombin. Bleeder blood would not 
form a normal clot in normal time from a large wound. It was 
slow to coagul~te. Since the amount of calcium was not low, slow 
blood coagulation was not due to calcium deficiency. The deficient 
material was supplied by thromboplastin. Platelets were normal 
in number. However, normal platelets are not stable. Fibrinogen 
was within normal limits. The bleeder blood was low in glucose 
and prothrombin was slow in activating it. 

Several materials were found to be effective in the acceleration 
of the coagulation of bleeder blood. The order of acceleration of 
the various activators studied was as follows: 

1. Thromboplastin 
2. Normal platelets 
3. Bleeder platelets 
4. Trypsin 
5. Keph~lin 
6. Na2HP04 plus glucose 

A safe and reliable test has been formulated for the detection 
of bleeders. This test is based upon the slow formation of fibrin 
in bleeder r·ecalcified diluted plasma. 

Considerable success was attained in arresting hemorrhages 
from relatively large wounds. The most effective gener~l treatment 
was the injection of a globulin substance prepared from normal 
swine blood. The most effective local hemostatic agent was a mix
ture of thromboplastin and adrenal in. 

Nutritive Value of Corn from Different Sources for Pregnant 
and Lactating Sows CA. G. Hogan, V. F. McRoberts) . Since there 
has been ·extreme and unexplained variation in results from year 
to ye~r on a basal ration for pregnant and lactating sows, an at
tempt has been made to see if corn from different sources had dif
ferent nutritive values. Local open pollinated corn was compared 
with corn purchased near Des Moines, Iowa. Also, the effect of 
grinding and storing both local and Iowa corn for a period of 
eight weeks was determined. The results indic~ted that neither 
the origin of the corn nor grinding before storage was :responsible 
for the variation in the results. 

Vitamin Deficiencies of the Basal Ration for Pregnant and 
Lactating Sows (A. G. Hogan, V. F. McRoberts). A wide varia
tion in results has been obtained with a basal ration for pregn~nt 
and lactating sows. It has been thought that this variation might 
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be due to a deficiency of one or more vitamins. Since a number 
of the more recently discovered vitamins have become commercially 
<lJvailable it has become possible to investigate the vitamin hypo
thesis in a more direct manner. In order to test this a number 
of different rations were devised. Composition of these rations 
are given in Table 13. 

TABLE 13.-COMPOSITION OF EXPERIMENTAL RATIONS FOR PREGNANT ANI> 

LACTATING SOWS. 

Ration 

Corn 
'l'ankage 
Linseed oil meal 
Alfalfa meal 
Soybean oil 
Gromeal 
Dried brewer's yeast 
Wheat shorts 
Soybean oil meal 
Dehydrated grass 
Molasses 
Cod liver 011 
Common salt 
Ground limestone 

Basal 

77 
10 
:; 
5 

1 
0.87 
0.60 

III 

63 
13 

6 
5 
5 

5 
1 

0.87 
0.60 

III 

43 

15 

10 
10 
15 
4 

1 
0.87 
0.60 

IV2 

62 
10 
5 
5 

15 

1 
0.87 
0.60 

V2 

72 
10 

15 
5 

15 

1 
0.87 
0.60 

ISupplemented with the following vitamins: thiamin 5 mg. daily, ribotlavln 5 mg. 
daily, nicotinic acid 100 mg. daily. 

2Ration V substituted for IV when lltters were 5 weeks of age. 

Ration II was the most important ration in studying the vita
min hypothesis. It contained cane molasses to supply pantothenic 
acid and soybean oil to supply vitamins E and K. In addition it was 
supplemented with three of the commercially available members 
of the vitamin B complex. 

Ration III was in the nature of a positive control. It contained 
dried yeast and a commercial liver meal (Gromeal). This ration 
should have been an excellent source of vitamins. 

Ration IV contained artificially dehydrated grass and was in
cluded partly as <lJ positive control. It was also used to determine 
whether it would be useful as a source of unrecognized vitamins. 
Table 14 is a summary of the litter records of the sows fed on the 
various rations. 

TABLE l4.-SUMMARY OF LITTER RECORD OF Sows FED ON EXPERIMENTAL 

RATIONS. 

Pigs Farrowed Per cent Maximum 
No. Diarrhoea, of pigs IntenSity Pigs weane<l 
of No. Wt., No. Per cent with Leg of Abnor- No. Wt., 

Ration Sows Alive Ibs. Dead of Days Weakness mall ties Weaned Ibs. 

Basal 6 10.0 2.2 0.2 6.1 12.2 1.00 7.8 25.1 
II 6 10.2 2.4 0.3 5.3 1.9 1.00 8.7 27.9 
III 5 8.6 2.6 3.8 9.5 1.00 8.4 32.4 
IV' 6 10.2 2.3 0.2 1.7 23.6 1.00 8.8 23.9 

1 Ration V substituted for IV when litters were 5 weeks of age. 

The average weaning weight of the pigs in the b<lJsal group 
was 25.1 Ibs. compared to 27.9 Ibs. in the group that received 
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a supplement of pure vitamins, Ration II. The difference was high
ly significant statistically. These modifications undoubtedly im
proved the basal ration, but did not make it completely adequate. 

In an attempt to improve Ration II, two mediocre litters were 
selected from the group fed Ration II for further study. When 
25 days old, one-half of one of the litters was supplied individually 
with vitamin B6 and an alfalfa concentr~te. The other half of 
the litter was used as controls. During the following 31 days, 
the pigs which received the supplements gained over twice as 
much as did the control pigs. 

The other litter was handled in a similar manner, but at wean
ing the response was doubtful. The procedure was modified and 
continued. The 4 control pigs were fed the basal ration. The other 
4 were given Ration II and in addition received the vitamins thia
min, riboflavin, nicotinic acid, vitamin B6, and the alfalfa concen
trate. In the following 73 days the pigs which received the sup
plements gained almost twice as much as did the controls. In ad
dition two of the controls developed a pronounced "goose-step," 
while none of the pigs receiving the supplement had any kind of 
abnormality. Table 15 summarizes the effect of vitamin supple
ments on suckling pigs. 

TABLE 15.-EFFECT OF VITAMIN SUPPLEMENTS ON SUCKING PIGS. 

Birth 
No. Weight 
Pigs lbs. 

Control 3 2.60 
CrUde alfalfa 3 2.70 
Concentrate + 
Vitamin B. 

Control 4 2.65 
Crude alfalfa 4 2.82 
Concentrate + 
Vitamin Bo 

25 Days 56 Days 
Weight Weight 

lbs. lbs. 

Litter I 
12.23 22.9 
12.16 33.3 

Litter II 
10.35 24.3 
10.42 25.6 

Gain Dosing Period 
lbs. Average Dally 

Gain. lbs. 

10.67 .344 
23.14 .746 

13.95 .450 
15.18 .490 

Table 1'6 summarizes the -effect of vitamin supplements fed to pigs 
after weaning. 

TABLE 16.-EFFECT OF VITAMIN SUPPLEMENTS FED TO PIGS AFTER WEANING. 

Ration 

Control 
Basal Ration 
Experimental 
Ration II + Vitaminsl 

lThiamin 
Ribobavin 
Nicotinic Acid 
Vitamin B. 
Alfalfa Concentrate 

Weaning Wt., 
56 Days, lbs. 

24.3 

25.9 

Weight at Close, 
129 Days, lbs. 

53.8 

84.0 

1.0 mg. per lb. of feed 
1.0 mg. per lb. of feed 
5.0 mg. per lb. of feed 
2.5 mg. per lb. of feed 

500.0 mg. per lb. of feed 

Average DailY 
Gain During the 

73 Days, lbs. 

0.4 

0.8 
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The results obtained were very promising for determining the 
more important deficiencies of the commonly used concentrates 
and for determining which vitamins are required by swine. Results 
indicated that riboflavin, nicotinic acid, and vitamin Ba were prob
ably deficient in the basal diet. 

The positive control, Ration III, seemed almost entirely satis
factory and the mortality was low. However, the litters were not 
free from mild leg weakness. Ration IV and V seemed inferior 
to the basal ration. 

Simplified Diets for Pigs (A. G. Hogan, V. F. McRoberts). 
An attempt has been made to develop a simplified ration that was 
adequate for very young pigs. The pigs were ~'emoved from their 
dams when about 36 hours old after they had received enough colo
strum to protect them from bacterial invasion. A considerable 
number of different rations were tried. One of the most successful 
rations used consistecl of the following composition: 

Casein ......... .. ........ ....... 30.0 Molasses ................. ... 5.0 
Starch .................... ..... 10.0 Salts ............................ 6.0 
Sucrose .... .. .................. 27.5 Alcoholic extract 
Lard ...... ............... .. ... .. ~/.O of liver .................... 2.5 
Soybean Oil ...... .... ..... . 6.0 Water extract of 
Cod Liver Oil ........ .. .. 2.0 liver ....................... . 5.0 

Vitamin supplements, per 100 gms. food 
Thiamin ............ 200 gamma Nicotinic acid .... 1.35 mg. 
Riboflavin .... .. ..400 gamma Choline .............. 110.00 mg. 
Vitamin Bo .... ... . aoo gamma Alfalfa extract .. 100.00 mg. 

Because of the cost only one pig was reared on this ration. 
Some of the more significant data are shown and compared wi tll 
the record of two pigs reared on cow's milk. 

There was no difficulty at all in rearing the pig 011 the simpli
fied ration, and it seemed entirely healthy and thrifty at all times. 

A Comparison of Systems of Grazing Bluegrass Pastures (J. E'~ 
Comfort, E. Marion Brown, M. W. Hazen) . (This project is· in 
cooperation with Sni-A-Bar Farms, the United States Department 
of Agriculture, and the Department of Field Crops.) For the past 
nine years three systems of grazing (continuous, rotation, and' 
supplemented) have been compared. Since 1936 the method of 
grazing on the supplemented grazing pasture has been a combina
tion of the rotation and supplemented grazing systems, i.e., the 25.
acre bluegrass pasture was divided into three sections and grazing' 
in each division was rotated. In mid-summer the cattle were trans
fen'ed to a field of Korean lespedeza and left . on this field until. 
about September 1st. They were then returned to the blue grass· 
pasture. 

In 1939, ninety-two range-bred Shorthorn yearling steers. 
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averaging 425 pounds were used. On April 18th, 27 steers were 
placed on the continuous grazing pasture, 27 steers on the rotation 
pasture, and 38 steers on the supplemented past'ure. The steers on 
the supplemented pasture were moved to 10 acres of Korean 
lespedeza on July 18th and continued until August 22nd. The dry 
weather in late summer made it necessary to reduce the number of 
steers on each pasture to 20 on September 6th and to take the steers 
off the pastures October 3rd. 

The steers on the supplemented pasture made 126.6 pounds 
gain per acre on the 35 acres of bluegrass and lespedeza. The cat
tle on the continuous grazing pasture made 134.7 pounds per acre 
and the cattle on the rotation pasture made 172.8 pounds per acre 
for the 168 day grazing period. 

The 1939 grazing season was not as good as in some years. 
Unusually large gains were made at the beginning of the season 
but the dry weather during late summer and early fall reduced the 
gains and shortened the grazing season. 

The cattle on the rotation pasture made the greatest individ
ual gains in 1939. There has been a gradual improvement in the 
liveweight gains and in the stand of bluegrass the past three years 
indicating that the practice of rotating the cattle is beneficial. 

Beef Cattle Breeding (E. A. Trowbridge, J. E. Comfort, M:W. 
Hazen). (This project is in cooperation with Sni-A-Bar Farms 
and the United States Department of Agriculture). Three un
related purebred bulls were mated to three groups of high grade 
Shorthorn cows, to test their ability to sire offspring of uniform 
type, capable of efficient feed utilization and the production of 
superior quality carcasses. 

Appreciable differences in the beef producing ability of calves 
by these sires have been noted. The results of one lot of cattle 
were not significant because of the small number involved. The 
other two lots of steers gained 356.2 pounds and 310.8 pounds 
respectively during the 196 day feeding period after they were 
weaned. The steers in the lot making the smaller gain required 
66 pounds more grain and 46 pounds more hay per cwt. gain than 
did those in the lot making the larger. gain. The steers making the 
larger gain dressed 55.9 per cent and their carcasses graded Good + 
while the other lot dressed 54.8 per cent and graded Good. These 
dressing percentages were computed on the basis of the chilled 
carcass weights and were approximately 20 per cent less than 
dressing percentages for the warm carcasses. 

Beef Production with Maximum Use of Roughage and Pasture 
and,Limited Grain {E. A. Trowbridge, A. J. Dyer, J. E. Comfort). 
Choice grade Hereford steers were used on this experiment. One 
lot of these steers was kept on good roughage and pasture until 
put on feed. During the firs.t winter of 128 days they were fed an 
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average daily ration of 5 pounds of legume hay and 20 pounds 
corn silage. During this period they increased their weight from 
425 to 523 pounds, or an average of .77 pounds daily gain. Rep
resentative carcasses of calves graded Common +. 

During the following summer from April 27 to October 21 the 
calves were on wheat, rye, and lespedeza pasture and gained 278 
pounds weighing 801 pounds at the end of the period. From Octo
ber 21st to December 13th they were on pasture, mostly bluegrass, 
and shrank 45 pounds. Representative carcasses graded Medium +. 
During the second winter of 1,31 days the cattle gained 200 pound:;, 
averaging 1}~ pounds daily gain and consumed nearly Yz ton of hay 
and 2% tons of corn and Atlas sorgo silage per head. They weighed 
957 pounds the spring they were two years old. 

One lot of calves was full fed from weaning time for 168 days. 
They averaged a gain of 2.2 pounds per day, consumed 28 bushels 
of corn, 157 pounds cottonseed cake, ]4 ton legume hay and 1250 
pounds corn silage. Their carcasses graded Low Good. They 
weighed 800 pounds when .sold and dressed 57.8:3 per cent. 

Another lot of the cattle was put on feed when one year old 
and gained 2Yz pounds per clay for rao days weighing 857 pounds 
when marketed. During the full feeding period they consumed 
29 bushels of corn , HI1 pounds cottonseecl cake, and about Yz ton 
legume hay. They graded High Good in the carcass and dressed 
59.4 per cent. 

Another lot was fed a period of 112 days beginning in January 
before they were two years old. They averaged gaining 2.48 pounds 
per day, and weighed 104.6 pounds when marketecl. They con
sumed nearly 25 bushels of corn ancl 1 ;35 pounds cottonseed meal, 
about 50 pOtlndf; legume hay, and 1 ton corn silage. They dressed 
60.8 per cent and graded Top Good in the carcass. 

Carcasf;es from range ealves that had just heen weaned graded 
Low Medium. The moisture content was noticeably higher and 
the amount of fat smaller than the lean from older or fatter steers 
studied in other experi men ts. 

Barley as a Substitute for Corn CE. A. Trowbridge, A. J. Dyer, 
J. E . Comfort). Comparisons of coarsely ground barley, shelled 
corn, and a mixture of the two as grain for fattening cattle have 
shown as rapid gains from the barley and no great differences in 
the amount of feed required to procluce the gain. There has been 
no gre<l't difference in the carcass grades of the cattle produced 
although the dressing percentage has been slightly higher when the 
corn was fed. 

Also, barley was used as a complete substitute for corn and 
as a partial substitute for corn in the rations for fattening yearling 
steers. Crushed Missouri Early Beardless barley was compared 
with ordinary commercial shelled corn. Cattle getting barley made 
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somewhat more rapid gains, although, they required slightly more 
grain to produce the same gain. The carcasses of the barley fed 
cattle graded as high as those of the cattle receiving corn, although 
the dressing percentage was not quite as high. 

Hybrid Corn in the R~tion of Fattening Steers (E. A. Trow
bridge, J. E. Comfort, A . J. Dyer). Open pollinated shelled .com, 
Midland variety, was compared with Hybrid shelled corn, Missouri 
No.8, in the fattening rations for yearling steers. The cattle con
suming the open pollinated corn gained 214 pounds daily for 112 
days whiIe the cattle getting the Hybrid corn gained 2.47 pounds 
daily: . There was little difference in the daily grain consumption 
but the cattle getting the Hybrid corn required i% of a bushel less 
per 100 pounds gain than those getting the open pollinated corn. 
The carcasses of the cattle getting Hybrid corn dressed somewhat 
higher and graded slightly better. 

Black Fibers in Sheep (A. J. Dyer, Ralph . Bogart). Sheep 
breeders are continually troubled with black wool fibers in other
wise desirable fleeces. A study of the s~leep in the University flock 
has shown two types of black fibers in the breeds that have dark 
taces and legs. One kind of black fiber is a true black fiber present 
at birth and remaining as such. This type does not seem to be 
altered by environment. The second type is a black tipped fiber 
which is influenced by environment to a large extent. A break in 
the fleece or injury to the skin brings about the appearance of 
these fihers. 

Dwarfism in Sheep (A. ]. Dyer, Ralph Bogart). Dwarfism in 
Southdown sheep is a partial lethal. All dwarf lambs in the Uni
versity flock were born alive and lived for a few months but none 
have lived to reproduce. The condition appeared to be recessive 
but the exact mode of inheritance is not known. It is not sex 
linked. Histology of the thyroid and pituitary glands indicated that 
there probably ,vas an endocrine involvement. 

Studies on the Physiology of Reproduction (F. F. McKenzie, 
D. T. Mayer, F. N . Andrews, ]. E. Parker, H. L. Cooksey, B. H. 
Moore). ·If ovulation in the mare could be induced at a definite 
time, then the processes of insemination and ovulation could be 
synchronized. Several biological preparations were tried in an 
effort to induce ovulation. Antiutrin-S was used · to treat eleven 
ri:tares. Ovulation was induced in 8 of these within a 42-houf 
period, and although the other 3 ovulated, they were not examined 
until after 42 hours had elapsed. This was the only preparation 
tried that had definite value in inducing ovulation in the mare. 

Follicular fluid of mares was drawn by puncturing the follicle. 
Volume, specific gravity, total nitrogen, and estrogens were deter
mined. The volume varied from 30 cc. to ioo cc. but the specific 
gravity and percentage of protein were constant in all samples 
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analyzed. The proteins were approximately i:me-tenth those of 
blood serum. Total estrogens in the fluid recovered from individual 
~o1licles were one-third as great in the non-estrus phase of the 
cycle as during estrus. However, the estrogen concentration per 
unit volume of follicular fluid was constant throughout the cycle. 

Two peaks in the concentration of the total urinary estrogens 
were noted-one during the estrual period and the other approx-
imately ten days following the last day of estrus. . 

The sugar level in ram, boar, and stallion semen at the instant 
of ejaculation has been determined. The data indicated a sugar 
concentration in ram semen from five to seven times that reported 
for the blood. Boar and stallion semen appeared to contain no 
sugar. When all the initial sugar of ram semen had been com
pletely converted to lactic acid, buffered ram semen still contained 
highly motile spetm which continued their activity for 32 hours or 
longer. Apparently, some substance other than sugar was the 
source of energy. 

In mammals the scrotum is generally believed to be concerned 
with the maintenance of the proper testis temperature. A prelim
inary study on the rat has shown that: (1) in immature rats (30-40 
days of age) the scrotum failed to contract when exposed to tem
peratures from ;38 0 C. down to 20 0 C.; (2) sexually mature rats 
have a scrotum with marked ability to contract under similar con
ditions; and (3) castration at an early age (80-40 days) inhibited 
the development of the power of contractility of the scrotal muscles. 

Experiments have shown a very definite seasonal rhythm in 
the quality and quantity of semen produced by the rabbit. The 
average was lowest in the hot months and the highest in the cool 
months. 

The percentage of pregnancies ranged from 22 per cent in 
August to 80 per cent in April and closely paralleled the variations 
in semen quality associated with the seasonal changes in tempera
ture and day length. 

Observations were made on 24 White I.,eghorn cockerels and 
on 26 New Hampshire Reds. There was a more rapid testis 
growth in the White Leghorns than in the heavier breed until the 
cockerels were 24 weeks of age. 

Measurements of the speed of travel of boar sperm in vitro 
have shown that the sperm of this species cover a distance of 38 
cm. in about 30 minutes. 

Semen Storage Studies (F. F. McKenzie, D. T. Mayer, J. F. 
Lasley, F. N. Andrews). A 5 per cent gelatin solution made up 
in a one-fifteenth molar phosphate buffer solution was added to 2 
parts of semen and stored at approximately 70 C. Motility per
sisted for 96-120 hours but no pregnancies were obtained in 11 ewes 
inseminated with this semen stored from 24-72 hours. 
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An egg yolk-phosphate buffer was added to an equal volume 
of semen and the mixture stored at approximately 7° C. Motility 
was maintained for 96-120 hours, but none of the 8 ewes insem
inated with the semen stored from 24-96 hours became pregnant . 

. The use of cooled formic acid as a refrigerant for sperm stor
age suggested the investigation of less costly substitutes. Glacial 
acetic: acid crystallized at 16.5 ° C. The addition of from 1 to 3 
parts of 85 per cent formic acid to 22 parts of glacial acetic a'cid 
produced mixtures solidifying at temperatures between 6° C. and 
16° C. whereas 100 per cent formic acid solidified at 6° C. 

Boar semen was stored at 10°-12° C. after the addition of 1 gm. 
of soluble starch in 100 cc. of semen, after dilution 1:1 with a 5 
per cent glucose solution, or after dilution with a citrate buffer. 
Fair motility existed for 6 days or longer. Phillip's egg yolk
phosphate buffer did not prove as satisfactory for boar semen as 
the above diluters. 

Fertility was directly proportional to the rate of motility after 
storage, but was not correlated with the motility rate of fresh 
semen. 

Two or more inseminations per heat period with both fresh 
and stored semen resulted in a higher percentage of pregnancies 
than was obtained with one insemination. Increased embryonic 
mortality did not occur when stored semen was used. 

Preliminary studies on the quick freezing of boar sperm at 
temperatures of -72° C. and -1'68° C. were unsuccessful. 

Collecting and Fractionating Equine Semen (F. F . McKenzie). 
An artificial vagina has been devised that has worked very satis
factorily on stallions and jacks. No significant difference in semen 
quality occurred when collections were made with the artificial 
v~gina using either estrus or non-estrus females or dummi'es. 

An apparatus also has been devised for separating the semen 
of the stallion or jack into fractions. Three distinct fractions were 
collected: 

1. A watery, greyish fraction containing no sperm. 
2. A non-viscous opaque fraction containing 50,000 to 400,000 

or more sperm per cubic millimeter. 
3. A viscous sperm free fraction comprising from 50 to 75 

per cent of the total ejaculate. 
Fertility studies indicated that a combination of fractions 2 

and 3 produced a higher percentage of pregnancies than any single 
fraction. 

Artificial Insemination in Range Cattle (F. F. McKenzie, J. F. 
Lasley). This project is in cooperation with the Indian Service, 
Department of The Interior, San Carlos Reservation in Arizona. 
Between June 23 and August 30, 300 registered Hereford cows 
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were inseminated-200 to one bull, and the remainder to 4 other 
bulls. Under range conditions, a calving record of 45 per cent had 
been obtained. Although the records are not complete, it is obvious 
that a much higher percentage than this will result from the use 
of artificial insemination. Under this new system parentage of 
eacn calf is certain and therefore registration is possible. Formerly 
this was not feasible. 

BOTANY 

C. M. Tucker, Chairman 

Breeding Tomatoes for Resistance to Wilt (C. M. Tucker, 
J. M. Crall). Approximately 400 progenies involving various de
grees of back-crossing following the initial Dycopersicon esculen
tum X L. pimpinellifolium cross were grown in the field. Three 
hundred selections have been made and individual yield records 
secured. 

Cuttings from selected plants were rooted in the greenhouse 
and used to secure selfed seed and further back-crosses to com
mercial varieties. An early strain of the Stone variety and Indiana 
Baltimore 'were used in a majority of the back-crosses. 

In December 150 progenies from open-pollinated flowers were 
tested for resistance to wilt. Some remained free from wilt under 
conditions that resulted in wilting of nearly 100 per cent of com
mercial varieties in ilO days. 

The Inheritance of Resistance of Tomatoes to Fusarium Wilt 
(C. M. Tucker, J. M. Crall, J. R. \Vallin). It has been shown that 
back-cross progenies of the type L. esculentum X L. pimpinelli
folium X L. esculentum segregate into resistant and susceptible 
plants in a 1:1 ratio, indicating that resistance is governed by (J. 

single, dominant genetic factor. This was true when pollen from 
the commercial variety was used to pollinate the hybrid stigma. 
When the reciprocal cross was made the percentage of susceptible 
plants was smaller than expected. When hybrids were self-polli
nated the percentage of susceptible segregates was smaller than 
the 25 per cent expected on the basis of single factor inheritance. 
This may be explained by the postulation of a factor which influ
ences the effectiveness of male gametophytes, increasing the prob
ability that gametophytes bearing it will effect the fertilization . 
The factor is believed to be linked with the factor for resistance. 

In a further study of the mechanism involved or affected by 
the new factor preliminary observations indicated that Fl hybrids 
produced a much greater proportion of abnormal pollen grains 
than either of the parent varieties. Among selfed back-cross 
progenies there was much variability. Some plants produced nor-
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mal pollen comparable with that of the parents, while others pro
duced large percentages of abnormal pollen. 

It is believed that the resistance of L. pimpinellifolium is 
physiologic. Grafting experiments have been started to determine 
whether the resistance of L. pimpinellifolium is diminished when 
the species is grown on a susceptible stock. Reciprocal grafts also 
have been made. 

Genus Phytophthora (C. M. Tucker). Sixty-three cultures of 
Phytophthora were received and studied during the year. Among 
them were cultures of P. cactorum from loquat (California), maple 
(Rhode Island); P. parasitica from potato (California), from 
Opuntia, Antirrhinum, and Sempervivum (New York); P. cin
namomi from potato and avocado (California); P. cambivora from 
maple (New Jersey); P. megasperma from water (England), from 
tulip (California); P. casipci from tomato (California), from cu
cumber, squash and pepper (Colorado). 

An isolate from Lawson cypress in Oregon has been described 
as a new species, Phytophthora lateralis. 

Control of Barley Diseases (C. M. Tucker, J. E. Livingston). 
Breeding experiments involving crosses between Trebi and Mis
souri Early Beardless barley to secure winter barley with greater 
resistance to brown loose smut have been continued. Numerous 
lines have been studied including fifth generation progenies from 
the original crosses, and progenies in various degrees of back
crossing. Some of the winter hardy hybrids resembled Missouri 
Early Beardless quite closely in earliness, winter hardiness, and 
head characters and resembled Trebi in smut resistance. 

The Effects of Treatment of Seed Corn on Stand and Yield 
(C. M. Tucker). This project is in cooperation with the department 
of Field Crops. 

Ears of Reid's Yellow Dent and Midland Yellow Dent were 
indexed for extent of infection by Fusarium moniliforme, divided 
into "healthy" and "diseased" lots, and a portion of each treated 
with New Improved Semesan, Jr. The average infection and germi-
nation percentages were as follow: . 

Midland-"Healthy" -Fusarium 27.670 germination 98.8% 
Midland-"Diseased" -Fusarium 73.270 germination 96.8% 
Reid -"Healthy" -Fusarium 2.770 germination 99.1% 
Reid -"Diseased" -Fusarium 84.6ro germination 96.97d 

Plantings of treated and untreated lots were made at 5 out
lying fields. Stand differences were comparable with differences 
in germination. There were no significant differences in yields , 
between treated and untreated or "healthy" and "diseased" seed 
lots. 
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The Relation of Acidity and Total Solids Content per Gallon 
to the Physical and Chemical Prop'erties of High Serum Solids Ice 
Cream! (W. H. E. Reid, C. W. Decker, W. S. Arbuckle, W. C. Hall). 
Consumer preference of ice creams containing 13,50 per cent and 
15.00 per cent serum solids content with the acidity adjusted to 
0.24, 0.18, 0.12 and 0.08 per cent showed that the flavor of the low 
acidity ice cream was preferred at the lower temperatures and the 
flavor of the higher acidity ice cream was preferred at the higher 
temperatures. As the acidity decreased from 0.24 to 0.08 per cent, 
the crystal size decreased to a minimum and then slightly in
creased again at the lowest acidity. 

At the highest acidity the weight per unit of volume was 
greatest and the stability progressively .greater as the acidity de
creased in the 1:3.50 per cent serum solids ice cream. This was not 
as noticeable in the 1.5.00 per cent serum solids ice cream. There 
appeared to be a relationship between the acidity and the viscosity 
and freezing properties of the mix. 

The weight per gallon of ice cream varied fr0111 1..65 to 2.06 
pounds. Consumer observations indicated that the flavor and body 
were more desirable in the medium weight per gallon ice creams, 
and dipping studies showed that as the total solids per gallon 
decreased, the weight per unit volume increased at the lower 
temperatures. As the weight of total solids per gallon increased the 
stability decreased. 

The Use of Motion Pictures in Ice Cream Investigations 
(W. H. E. Reid, W. S. Arbuckle, C. W. Decker, R. ]. Cooley, 
W. C. HaH). Motion picture photography has been used to show 
the relationship of several factors in the composition and manu
facturing procedure upon the stability of vanilla ice cream. 

The study included the effect of variable acidity in medium 
and high serum solids content mixes, the effect of overrun or weight 
per gallon of ice cream, the different sources of serum solids and 
of the effect of replacing variable increments of sucrose with dex
trose and cerelose in medium and low fat content mixes upon the 
stability and meltdown properties. 

Effects of Relalacing Cane Sugar with Dextrose in Ice Cream 
(W. H. E. Reid, R. J. Cooley, W. S. Arbuckle, W . C. Hall). In a 
series of tests cane sugar was replaced by corn sugar in amounts 
varying from 16.7 r_er cent to 44.4 per cent in mixes varying in . 
total sugar content from 12 to 18 per cent. Regardless of the 
amount of cane sugar replacement by dextrose or cerelose within 
the limits of this experiment, there appeared to be no marked 
variation in crystalline and air cell structure, stability, and melt
down qualities between all sucrose mixes. 
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Consumer preference studies on fifteen different mixes were 
conducted in coopera'tion with over 400 individual men and women. 
Fourteen classes of four to five samples of ice cream per class were 
given relative placings and specific criticisms by representative 
,consumer judges. Serving temperatures used were 4, 8, 12, and 16 
degrees Fahrenheit respectively. 

I~ appeared that a replacement of 25 to 35 per cent dextrose 
or cere lose for an equal weight of sucrose in ice creams was ac
ceptable and in some instances preferred by the average consumer 
of ice cream. 

Effect of Nembutal Anaesthesia on the Rate of Milk Secretion, 
the Respliratory Quotient, and Uptake of Milk Precursors by the 
Lactating Mammary Gland (C. W. Turner, E. P. Reineke, Martin 
Williamson, W. D. Stonecipher). Nembutal was used to com
pletely anaesthetize goats in order to eliminate excitement or other 
psychic factors that might tend to upset the normal level of blood 
constituents during sampling of the intact animal. Anaesthetized 
goats continued to secrete milk of normal composition, at an un
diminished rate, for a period of at least four hours. Uptake of the 
mammary gland of the known precursors of milk proceeded at 
the usual rate, and the respira(ory quotient was quite constant, 
usually varying between the values of 1.01 and 1.12. 

In a series of 28 pairs of arterial and venous samples drawn 
simultaneously from lactating goats under nembutal anaesthesia 
the average respiratory quotient was 1.09, with a mean deviation 
of 0.0596. Only 2 values, 0.92 and 0.95, were below 1.00, and 5 
values ranged from 1.19 to 1.31. The remainder of the values were 
within the range of L01 to 1.12. The difference in hemoglobin 
concentration of the paired samples was in most cases very nearly 
within the experimental error of the method used for hemoglobin 
determination. 

The respiratory quotient of 15 pairs of samples drawn after 
both the artery and vein had been anesthetized locally with apothe
sine averaged 1.15 with a mean deviation of 0.152. The values 
ranged from 0.92 to 1.70. The difference in hemoglobin concen
tration of the arterial and venous bloods ranged from 0 to 8.69 
per cent. 

In 20 additional pairs of blood samples drawn without anaes
thetics from normally lactating intact goats, the mean respiratory 
quotient{ was 1.17 and the mean deviation was 0.1895. While the 
average respiratory quotients of the mammary gland as deter
mined by 'the three procedures were nearly identical, the tech., 
nique of sampling under nembutal anaesthesia eliminated much of 
the variability encountered in other procedures. These results were 
in agreement with those reported previously that the respiratory 
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quotient of the mammary gland of the lactating goat was above 
unity, indicating synthesis of a portion of the mill,<, fat from car
bohydrate. The respiratory qtiotient of fasted goats ranged fr0111 
0.70 to 0.90 after 72 hours of inanition. The fact that 'there was a 
marked decrease in the level of the lower fatty acids of milk fat 
during fasting probably accounted for this drop in the respiratory 
quotient. 

Complete analyses of the arterial venous difference of glucose, 
lactic acid, and fat as well as the lactose and fat in milk were ob
tained in 14 trials. The average ratio uf the arterial venous difference 
of glucose+lactic acid to fat was about il.O to 1.0 whereas the ratio 
of lactose to fat in the milk samples was 0.95 :1.0. Assuming that 
the uptake of glucose and lactic acid approximately accounted for 
the lactose in milk, it was evident that the arterial venous differ
ence of fat was insufficient under the conditions of these tests 
to account for the milk fat. 

Previous experiments have shown that the uptake of amino 
acids by the mammary gland was insufficient to account for more 
than 2;:; per cent of the milk proteins, and that the milk protein 
probably was derived from one of the globulins. Analyses of the 
carbohydrate portion of the blood proteins indicated that car
bohydrate was taken up by the lactating mammary gland in sig
nificant amounts as a portion of a glycoprotein complex, while ar
terial and venous samples drawn from dry goats showed 110 sig
nificant uptake of this complex. This "glycoprotein sugar" if 
metabolized in the mammary gland could serve as an additional 
source of carbohydrate either for lactose formation or the synthesis 
of m ilk fat. 

Blood Volume of the Dairy Goat (C. \V. Tttrncr, E. P. Reineke, 
V. E. Peterson). Measurement of the blood volume by the indirect 
dye method has been made on 37 goats, ranging in body weight 
fronl 8 to 116 pounds. Over the range covered, the blood volume 
appeared to vary with body weight. '.l'he coefficient of correlation 
between blood volume and body \veight was +O.97Hil. 

Using the regression equation blood volume in cc.=12G.!38+ 
43.96X body weight, the blood volume of a given animal may be 
computed with HZ per cent accuracy if the weight of the animal 
is known. Animals of all stages of maturity as well as different 
stages of pregnancy and lactation were included in these tests. 
The groups were not large enough to determine whether or not 
these individual factors have an effect on blood volume. Compari
sons between the elimination rate of vital recl and congo red indi
cated that vital red was far superior for the purpose of determin
ing blood vohlme in the goat. 
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Clarification and Filtration of Milk at Low Temperatures 
(E. R. Garrison). The efficiency of the clarifier and filter in re
moving sediment and body cells from milk at a temperature be
low 45° F. and tne effect of each operation on the creaming ability 
and bacterial content of the milk has been determined. The clarifier 
was slightly more efficient than the filter in the removal of sedi
ment, the average amount of dried material removed being 0.0040 
per cent by the former and 0.0032 per cent by the latter. The 
clarifier likewise removed an average of 39.9 per cent of the body 
cells from the milk while the filter removed an average of 17.1 
per cent. The bacterial plate count was increased an average of 
0.013 per cent by clarification while a decrease of 1.9 per cent oc
curred in the filtered milk. The creaming ability of the unpasteur
ized milk was increased an average of 0.25 per cent by clarification 
and 3.7 per cent by filtration. 

The Staining Ability of Bacterial Cells in Pasteurized Milk 
(E. R. Garrison, D. B. Whitehead). Considerable controversy 
exists about the question of the staining ability of bacterial cells 
that have been killed by heat in milk a:nd dairy products. Accurate 
information is important because the ans'wer affects the reliability 
that can be placed on the microscopic count of bacteria in heated 
milk. 

Milk samples from individual producers were obtained and , 
pasteurized in test tubes at 144° F. for 30 minutes. Plate and 
microscopic counts were made on the milk before and after pas
teurization. The milk was then held at 3° C. and plate and micro
scopic counts made at 24 to 48 hour intervals for 8 to 10 days. 
Plates poured from the freshly pasteurized milk were also in
cubated at 55° C. to detect thermophylic bacteria, while plates 
poured from the aged milk were also incubated at 21 ° C. to detect 
psychrophylic bacteria. The smears for the microscopic counts 
were stained by the regular methylene blue technique. 

Considerable variation existed in the staining ability of the 
heat destroyed bacterial cells in different samples of milk. In some 
samples nearly all of the dead cells were stained immediately 
after pasteurization and retained their staining ability for 10 to 14 
days in milk held at 3° C. The organisms in certain samples still re
tained their staining ability after the milk 'was heated to a tem
perature of 200° F. for 30 minutes. However, in other samples, 
most of the dead cells stained only faintly immediately after 
pasteurization and lost their staining ability entirely after the 
milk was held a few days. 

Similar studies 'Were made with pure cultures of several 
different species of bacteria, grown in sterile milk, to ascertain if 
a variation in staining ability of the dead cells existed with differ
ent organisms. Considerable variation was found in the staining 
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ability of the different species tried. In general, streptococci, 
spore forming organisms, and Pseudomonas species retained their 
staining ability for several days after being destroyed by heat, 
while Serratia marceseins, Escherichia aerobacter and Aclz-romo
bacter species often stained but faintly after the milk was pas
teurized. 

Most of the bacterial cells in the milk samples retained their 
staining ability for several days when the milk was preserved by 
the addition of mercuric chloride or formaldehyde. 

Fluorescent Bacteria in Dairy Products (E. R. Garrison) . 
Five hundred and five cultures of fluorescent bacteria have been 
isolated from dairy products and miscellaneous materials. They 
were found in the following percentages of the various samples of 
the different materials examined: raw milk (cans), 65 per cent; 
raw milk (bottled), 51.4 per cent; pasteurized milk (bottled), 
44.4 per cent; sweet cream, 58.4 per cent; sour cream, 4.8 per cent; 
ice cream, 18.4 per cent; sweet cream butter, 34.5 per cent; sour 
cream butter, 27.8 per cent; water from open wells and ponds, 
95.9 per cent; municipal water supplies, 77.9 per cent; miscellan
eous materials, 94.0 per cent. 

The following changes were produced in litmus milk by the 
organisms: In 320 cultures there was rapid digestion without noti
ceable coagulation, while in twelve cultures there was rapid di
gestion with noticeable coagulation and an indol like odor de
veloped. In 73 cultures there was an alkaline reaction, while in 
14 cultures there was an alkaline rea'ction with slight digestion. In 
21 cultures there was reduction and the formation of a soft curd 
with slow digestion. In 60 cultures there was an acid reaction with 
or without coagulation, while in 5 cultures there was an acid ring 
at top with acid coagulation from top down and subsequent diges
tion and a Mayapple odor was produced. 

A bitter or astringent flavor was produced in milk by all cul
tures except those that developed a'll alkaline reaction. Fifty-two 
cultures were inoculated into sterilized cream and churned under 
sterile conditions. Two per cent salt was added to part pf the 
butter from each churning. One churning was also made from 
cream to which both the organism and 10 per cent butter culture 
were added. After working, the butter was placed in sterile dishes 
and held at 30 C. and at 21 0 C. and the flavor changes noted at 
daily intervals. The acid number of the butterfat also was deter
mined at the beginning and after 10 days holding. All but 5 of 
the 52 cultures produced some type of flavor defect in the butter 
made without the addition of salt or butter culture after holding 
for 7 days at 21 0 C. The flavor defects that developed in the 
various samples were rancid, cheesy" putrid, unclean, fruity, 
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bitter, and stale. The addition of butter culture to the cream or 
of salt to the butter prevented the off-flavors from developing in 
some samples while in other samples the defects occurred but 
were not as pronounced as in butter made without the addition 
of these substances. 

The number of cultures tha't grew at different growth tem
perature ranges were as follows: 

Growth temperature range: 
3°_32° C. :3°_37° C. 7°_37° C. 7°_42° C. 7°_45° C. 

No. 223 208 27 22 15 
Twenty-four hour cultures grown in litmus milk at 21°C. 

were regularly destroyed at a temperature of 57.2° C. for :30 
minutes while many cultures were destroyed at a temperature 
of 51.7° C. for 30 minutes. 

Broth cultures of fluorescent bacteria were suspended in solu
tions of sodium hypochlarite containing 2.5, 5, 10 or 15 parts per 
million of available chlorine and the number of cells surviving de
termined after 2.5, 5, 7.5, 10 and 12.5 minutes. A few cells gener
ally survived in solutions containing a concentration of 5 parts 
per milIion for 12.5 minutes but were usually completely de
stroyed within 5 minutes in solutions containing 10 parts per 
million and within 2.5 minutes in solutions containing 15 parts 
per million of available chlorine. 

Four factors of prime importance affecting pigment production 
by fluorescent organisms were (1) composition of the medium; 
(2) pH of the medium; (3) oxygen supply; and (4) growth tem
perature. 

Effect of Standardizing the Acidity on the Methods and 
Physical and Chemical Properties of Cottage Cheese and Cultured 
Buttermilk CW. H. E. Reid, W. S. Arbuckle, L. E. Mull). Cottage 
cheese curd washed in water containing variable increments of 
standardizing agent produced a clean, sweet, milk flavored curd. 
High concentrations of standardizer had a tendency to produce a 
weak bodied slick curd, and in some instances a gelatinous 
material formed around the curd particle. 

Adjusting the acidity in the cream used in creaming the curd 
enhanced the flavor of cottage cheese. The curd, creamed with 
low acidity cream, maintained a lower acidity throughout the 
storage period than did curd creamed with normal acidity cream. 

Adjusting the acidity in the skim milk before setting, and 
varying the amount of starter and rennet improved the flavor and 
body, and reduced the time from setting to cutting of the curd to 
approximately two and one-half hours. 

The use of excessive amounts of standardizer in the storage 
water resulted in a curd of an undesirable flavor with an inferior 
keeping quality. 
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A clean, full, mellow flavor, and a smooth body of a desirable 
viscosity was obtained in cultured buttermilk by adjusting the 
milk before setting. There was no indication of wheying-off at 
the end of a seven-day storage period. Adjusting the acidity in 
the milk, increasing the amount of starter, and raising the setting 
temperature produced a high quality cultured buttermilk in ap
proximately five hours. 

The Ef£ect of Temperature Upon Score Value and Serving 
Properties of Cheese (W. H. E. Reid, W. S. Arbuckle, J. E. 
Edmondson, L. E. Mull). The effect of temperature upon the 
score value and serving properties of high, medium, and low 
quality cheese has been studied. The samples were scored at 40, 
50, 60, and 70 degrees F. It was found that low and medium 
quality cheese received a lower flavor score when judged at higher 
temperatures. The reverse was true for high quality cheese. As 
the temperature of scoring was changed from 40 to 70 degrees F., 
the flavor score varied as much a's 2.5 points. 

The body scores changed considerably at the various tem
peratures depending upon the type of body studied, and serving 
properties became more desirable in most cases at the higher 
temperatures. 

Lactogen in Urine (C. W. Turner, J. Meites). A simple ex
traction procedure and a highly sensitive assay technique have 
been devised for urinary lactogen. The use of fresh, un de compos
ed urine was essentiat A few cubic centimeters of toluene put 
into the urine collecting bottle before allY urine was obtained 
served as a preservative. 

The urine was concentrated by using two-foot-Iengths of 
~ inch cellulose viking casing, tying them at one end and then 
filling them with urine. An electric fan directed on the filled 
casings reduced the volume by from one-fifth to one-tenth in 14 
to 16 hours. 

'I'he concentrated urine was brought to a pH of 5.5 with 
concentrated HCI. Nine to 1'0 volumes of 95 per cent ethanol 
were then added. The pH was adjusted again to 5.5, and the 
active material was ,allowed to precipitate overnight in an ice 
box. The supernatent liquid was separated from the active material 
by centrifuging. The precipitate was washed with 60 cc. of 95 
per cent ethanol, absolute acetone, and ether, respectively. It was 
then allowed to dry by laying it O~tt on waxed paper. The dried 
grayish white precipitate retained its potency for months. 

A minimum microtest was used in assaying urinary lactogen. 
The "minimum micro unit" was defined as that amount of hor
mone which when injected intradermally over the crop gland of 
20 common pigeons elicited a minimum response in 50 + 11 per 
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cent of the pigeons. Histological examinations of crop glands 
stimulated with urinary lactogen have shown the response to be 
entirely similar to glands stimulated with pituitary lactogen. 

Preliminary tests have indicated that women and goats have 
higher concentrations of urinary lactogen during pregnancy and 
lactation than the other animals studied (men, co\vs, rabbits, 
cats). 

The Effect of Castration, Thyroidectomy, and Hormone Ther
apy Upon the Thyrotropic Hormone Content of the Albino Rat 
(C. W. Turner, P. T. Cupps). Following gonadectomy, the 
thyrotropin content of the anterior pituitary of both male and 
female albino rats was reduced slightly after 20 days and rather 
markedly reduced after 66 days. Replacement therapy with es~ 
trogen at the rate of 40 r.u. and androgen at the rate of 200 gamma 
daily appeared to maintain the normal level of thyrotropin in the 
castrate female but not in the castrate male. 

Thyroidectomy of male rats for periods of 40 days and six 
months resulted in a reduction of about 50 per cent in the thyro
tropin content of the anterior pituitary. In contrast, females 
similarly treated maintained their normal content or showed a 
slightly increased level of hormone. 

The Thyrotropic Hormone Content of the Pituitary of the 
Rabbit During Growth (C. W. Turner, A. ]. Bergman). The 
pituitaries of male and female rabbits have been assayed in groups 
using day-old White Leghorn cockerels. The Bergman-Turner 
chick units of hormone were determined from the average weight 
of the chick thyroids. The thyrotropic hormone content of both 
sexes increased during early growth. There was evidence that the 
male pituitary contained more hormone than the female. 

Thyrolactin, a New Source of Thyroxine for Dairy Cattle 
(C. W. Turner, E. P. Reineke, W. W. Heathman). Experiments 
have shown that the feeding of desiccated thyroid tissue or the in
jection of thyroxine caused a rapid rise in the rate of milk secretion, 
including the percentage content of fat and solids-not-fat. This 
discovery has been of scientific interest because it has indicated a 
role of another hormone in regulating the level of milk secretion of 
dairy cattle. The exorbitant cost of thyroxine and of desiccated 
thyroid tissue has prevented the practical application of this dis
covery. 

During the past year or two evidence has become increasingly 
convincing that protein treated with iodine under certain condi
tions contained physiological activity comparable to that pro
duced by thyroxine. 

A study has been started to determine what iodinated pro
teins will supply the cheapest source of thyroxine activity and 
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whether the cost would be such as to make practical its general use 
by dairymen. 

Fresh skim milk has been found to be suitable as the protein. 
To prepare the product, finely powdered iodine was added to the 
skim milk while the milk was being stirred. The protein was 
precipitated by adjustment of the pH to its isoelectric point. The 
iodinated product was dried and ground ready to be added to the 
ration. This product has been named thyrolactin. 
. Preliminary studies indicated that the feeding of small amounts 

caused an increase in the heart rate of thyroidectomized and nor
mal goats. It has also increased the milk production of goats. Day
old White Leghorn cockerels have been used to determine the 
activity of the iodinated protein. The amount of activity must be 
known because the administration of thyroxine in excess due to 
the high metabolic rate induced will cause a reduction if not an 
actual cessation of growth in animals. The chicks were all fed a 
standard diet ad libitum. The experimental groups received the 
standard diet of the controls with varying amounts of it replaced 
with thyrolactin. The body weight was determined every other 
day for a period of about two weeks and the total gain in weight 
was used as the criteria of physiological activity of the product 
being assayed. 

Results obtained were compared with results secured from 
feeding other groups of chicks equivalent amounts of iodine in the 
form of potassium iodide. Thyroxine and desiccated thyroid tissue 
fed in varying amounts were used as a standard for comparisons. 

The Relation of the Anterior Pituitary to Bile Production 
(C. W. Turner, O. B. Houchin). Attempts have been made to de
termine whether a pituitary factor influenced the rate of fat absorp
tion in the intestinal tract. Since fat absorption is influenced by the 
production of bile, a study was made of the hourly rate of bile secre
tion of female guinea pigs weighing hetween 280 and 370 gm. taken 
at a definite time of the day under avertin and ether anesthesia. 
The average hourly production of 7 normal animals was 2.94 cc. 
with a range of 2.5 to 3.2 cc. 

Following the injection of 25 mg. of an initial extract of the 
anterior pituitary, there was a rise in bile secretion extending from 
4 to 8 hours. The average hourly production of bile from 13 in
jected animals was 5.45 cc., an increase of about 85 per cent. 

The Mammogenic Duct Factor of the Anterior Pituitary 
(C. W. Turner, A. A. Lewis). The mammogenic duct growth factor 
content of pituitaries from heifers was found to be higher than in 
any other group of cattle. This was associated with the extensive 
development of the mammary duct system which· occurs during 
development of the heifer. Cows in lactation were found to have 
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more mammogen I than dry cows. Bulls, steers, and foetuses had 
a low content of this hormone in the anterior pituitary. 

Varying amounts of estrone were injected into normal male 
rabbits for ten days. The anterior pituitaries then were assayed. 
No graded response was obtained but rabbits given 300 to 700 i.u. 
of estrone a day had more than twice as much mammogen I in the 
anterior pituitary than did pregnant untreated females. Higher 
dosages of estrone failed to give a response. 

The presence of mammogen I in lipid extracts has been con
firmed. Mammogen I has been concentrated to 1/400 of the fresh 
condition. The United States Department of Agriculture used 
mammogen I prepared in this laboratory and showed that mam
mogen I would cause growth of the mammary duct system in the 
hypophysectomized female rat. The mammary glands of castrate 
male rats have also been developed with mammogenic extracts. 

Male mice given mammogen I for 19 da-ys responded with 
mammary duct growth equal to that found in females. Male and 
castrate female rabbits showed complete duct development after 
extended periods of treatment with mammogenic extracts. 

The administration of estrogen caused development of both 
the ducts a-nd lobule-alveolar systems of the guinea pig. The in
jection of mammogen I caused only duct growth. Apparently in 
the guinea pig estrogen caused secretion in the pituitary of both 
mammogenic factors. 

The activity of various crystalline estrogens has been com
pared using the m~mmogenic mouse unit technique. Estradiol 
benzoate and stilbestrol were 240 and 400 times as active as estrone 
per unit weight. Estriol, anol, and triphenyl ethylene were about 
"1/30 and dibenzanthracene was 1/75 as active as estrone in causing 
mammary duct growth in the male mouse. 

The Mammogenic Lobule-Alveolar Factor of the Anterior 
Pituitary (C. W. Turner, J. P. Mixner). The injection of fresh 
pituitary material obtained from pregnant cattle into ovariectomized 
virgin female mice caused a development of their mammary gland 
comparable to 4 to 8 day pseudopregnant gla·nds. This demon
strated that a factor or hormone was present in the anterior pit-. 
uitary which stimulated lobule-alveolar growth. Such pituitary 
material has considera-ble mammogenic duct growth potency as 
assayed on male mice. 

The injection of 25 mg. during a period of 6 days of an extract 
of cattle pituitaries prepared by extraction with warm alcohol and 
ether caused definite duct stimulation in the . male mouse which 
normally has orilymammary gland rudiments. This same extract 
when injected into ovariectomized female mice in amounts ranging 
from .25 mg. to 40 mg. and for periods varying from 6 to 30 days 
failedto ca-use lobule-alveolar stimulation. Other experiments have 
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indicated that the lobule-alveolar growth factor was associated with 
a protein like fraction of the anterior pituitary. A chemical separa
tion of mammogen I (duct growth factor) and mammogen II 
(lobule-alveolar growth factor) has been effected by the methods 
of extraction and fractionization used. 

A mammogenic lobule-alveolar mouse unit has been defined as 
the amount of material required per mouse, injected over a period 
of six days to secure definite lobule-alveolar development in 50+10 
per cent of 10 or more castrate, nulliparous female mice weighing 
between 15 and 20 grams. 

Separation, Purification, and Recovery of Anterior Pituitary 
Hormones (C. \V. Turner, A. J. Bergman). Flavianic acid ,was 
used to precipitate the thyrotropic hormone in an aqueous fraction 
obtained from the initial extract of the anterior pituitary. This 
method was unsatisfactory for the recovery of the gonadotropic, 

'carbohydrate, and fat metabolism hormones . These three hor
mones were recovered by dialyzing the aqueous extract in collodion 
bags Or viking casings for two days aga,inst cold distilled water, 
and then precitating with 4 volumes of H5 per cent alcohol. The 
precipitate when dried and assayed indicatecl a recovery of 80 to 
1'00 per cent of all these hormones. By careful hydrogen ion re
gulation the contamination of lactogenic hormone in this fraction 
was recluced more than ;)0 per cent. 

The Protein Metabolism Hormone of the Anterior Pituitary 
(C. W. Turner, A. J. Bergman). Other investigators have reported 
that the anterior pituitary exerts a definite effect 011 various 
phases of protein metabolism. Preliminary experiments with 
guinea pigs showed that the amino nitrogen of the blood was re
duced by the injection of pituitary extracts. 

Effect of Thyroidectomy in the Im~ature Male Goat (C. W. 
Turner, E. P. Reineke). Following thyroidectomy of male goats 
1 day to 2 weeks of age, there was a: rapid diminution of the 
growth rate, a characteristic change in body form and appearance, 
a decreased heart rate, and a: lack of appetite. The blood sugar waS 
considerably lower than that of normal kids. The animal had loW' 
general resistance and usually died within 4 months after thyroid
ectomy. 

Artificial Insemination of Dairy Cows (A. C. Ragsdale, H. A. 
Herman, E. W. Swanson). For the past two years part of the 
Missouri Station dairy herd has been bred by natural service and 
part by artificial insemination. The average number of services 
for conception has been 1.4 services per cow for natural breeding 
of 48\ cows and 1.61 services per cow for artificial breeding of 51 
cows. Double insemination, the first when the cow was in estrus 
and the second 6 to 10 hours later, proved successful in settling 
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a number of cows that gave breeding trouble, but came In heat 
regularly. 

The time of insemination with regard to stage of estrus was 
studied. A total of 536 cows inseminated the same day (4-12 hours) . 
as in heat required an average of 1.72 services. One hundred cows 
settled with inseminations 12 to 24 hours after the first signs of 
heat required 2.19 services. Ninety cows inseminated 24 to 48 
hours after the heat period required 2.13 services, while 10 cows 
settled 48 to 60 hours after heat required 2.70 services. 

The amount of semen commonly used was 1.0 ·ce;--undiluted. 
For 163 cows settled with this amount, 1.78 services were required 
for conception. The number of inseminations required was ap
proximately the same when amounts of semen ranging from 0.1 
to 6.0 cc. were used in settling 473 cows. 

The Storage of Dairy Bull Spermatozoa (A. C. Ragsdale, H. 
A. Herman, E. W. Swanson). Over 300 separate semen samples 
collected from 55 dairy bulls have been stored at 40-50° F. for 200 
hours. The motility ranged from 20 to 80 per cent at the end 
of the storage period. Some samples were very low in motility 
after six hours of storage. In general the diluted semen of high 
quality showed no marked increase in survival as compared to the 
undiluted. Samples which tended to lose motility rapidly were 
apparently benefitted by the use of ciilutors, particularly of the 
egg-yolk-buffer type. The glucose-buffer-type of dilutors seemed 
to exert no beneficial influence. Motility alone was a poor index to 
fertility and often samples evidencing strong motility were ineffec:" 
tive in settling cows with good breeding histories. A total of 20 
pregnancies was obtained from 35 inseminations using undiluted 
semen stored from 4 to 196 hours, with an average storage period of 
about 48 hours. Using diluted semen at the ratio of 1 part semen to 
3 parts dilutor, 13 cows have been settled by 24 inseminations. 

In general the second ejaculate, unless bulls were being used 
regularly, withstood storage better than the first. Wide variations 
in the storage capacity of different eja·culates from the same bull, 
as well as from different bulls were noticed. 

Morphological Variations in the Spermatozoa of Dairy Bulls 
(A. C. Ragsdale, H. A. Herman, E. W. Swanson). A critical 
examination has been made of 300 separate semen samples from 
55 bulls. The percentage of abnormal spermatozoa ranged from 
2.1 to 74.8 per cent. All bulls of known good breeding efficiency, 
averaged well below 20 per cent abnormal spermatozoa, while bulls 
of poor breeding efficiency produced more than 20 per cent ab
normal spermatozoa. Three sires which were practically sterile 
had more than 60 per cent abnormal spermatoioa. 

With the exception of semen containing very high percentages 
of abnormal spermatozoa, 50 per cent or more, there seemed to be 
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no definite correlation between the abnormality count and initial 
motility or length of survival with good motility. 

Mlorphologic~l variations of the normally ejaculated sper
matozoa could not be correlated in any significant manner with 
concentra'tion, volume, viscosity, or pH of the semen. 

Semen from three bulls examined after a prolonged sexual 
rest (2 months or more) showed a higher percentage of abnormal 
spermatozoa than was characteristic for the same sires in regular 
service. Only after 4 to 6 collections, obtained at 1 to 2 day 
intervals, did the morphological picture become normal. The 
increase in abnormalities was due largely to an increase in pyri
form heads-sperma,tozoa with tapering or constriction at the 
posterior portion of the head. The most common types of ab
normal spermatozoa found were tailless, coiled tails of varying 
degree, and pyriform heads. 

Line Breeding Studies (A. C. Ragsdale, H. A. Herman). In 
the Station Holstein herd, Man 0 War 69th, a grandson of Sir 
Pietertje Ormsby Mercedes 37th, has become a proved sire with 
his first eight daughters to freshen averaging 14,423 lbs. milk 
containing 520 lbs. butterfat in 365 days, age 2 years, 4 months. 
Converted to Class B mature basis these records average 705 lbs. 
butterfat and exceeded that of the dams converted to.a similar 
b~sis by 44 pounds. 

In the Jersey herd, the Raleigh-Owl Interest cross which has 
proved beneficial in the past, has been continued. Two bulls have 
been added to the herd during the past year, Observer Hallmark 
Scout 375221, sired by Raleigh's Primate Observer 342460, with 
6 daughters averaging 10,145 lbs. milk, 479 lbs. butterfat, age 2 
years 8 months, or 672 lbs. butterfat on a mature basis, and out of 
the cow Agnes Double Hope with 11,858 lbs. milk, 692.4 lbs. but
terfat as a 6 year old, and the proved sire Blond Observer with 7 
DHIA tested daughters averaging 7768 lbs. milk and 452.8 lbs. 
butterfat as 4 year olds. 

Summer Comfort For Cows (S. Brody, C. F. Winchester, 
Hudson Kibler). Animals suffer from heat when the environ
mental temperature approaches body temper~ture. In animals 
that perspire the vaporization of the perspiration keeps them 
fairly cool. Cattle do not perspire profusely and are not cooled 
in this manner. Panting, with consequent acceleration of vapori
zation from the mouth compensates to some extent for bilure 
to perspire, but not enough to keep the animals comfortable in 
hot weather. 

Overheating dairy cattle seriously depresses milk production 
because the rise in body temperature disturbs the normal body 
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functions, and in addition there is a loss of appetite. A wet rubber
sponge blanket, through which air circulates and vaporizes seems 
to dissipate the body heat just as natural perspiration. Periodic 
sprinkling or allowing the animal access to a spray or a wa'ding 
pool should help greatly in maintaining the milk flow in hot 
weather. 

Maintenance Feed Required by Large and Small Animals 
(S. Brody, C. F. Winchester, Hudson Kibler). In order to deter
mine how much more energy is required for maintenance of large 
animals than small, the heat production (metabolism) of mature 
chickens of different sizes ranging from less than 1 lb. to 9 lb. 
has been measured. Increasing the size of a chicken by 100 per 
cent increased the heat production only 75 per cent. That is, a 6 
lb. chicken needed only 75 per cent more feed for maintenance 
than a 3 lb. chicken. It is highly probably that the same relation 
holds true for cattle. 

The Influence of Certain Rations and Management Practices 
on the Ra.te of Growth and Milk Production of Dairy Heifers 
(A. C. Ragsdale, H. A. Herman, W. W. Snyder). The relation 
between intake, quality of nutrients, and the rate and economy 
of growth of dairy heifers has been studied. Five Holstein heifers 
have been fed as follows: Up to 9 weeks of age, heifers were fed 
whole milk; from 9 weeks to 9 months of age skimmilk was sub
stituted for whole milk; from 9 months to 28 months of age they 
were fed good quality chopped alfalfa plus salt; and during the 
first lactation they were fed roughage consisting of alfalfa hay, 
sorgo silage, and limited green pasture and produced 6710.5 Ibs. 
milk, 261.2 lbs. butterfat in 338 da,ys. During the second lacta
tion period they were fed 1 lb. of grain for each 6 Ibs. of milk pro
duced daily and averaged 7805.6 Ibs. milk and 299.;39 butterfat in 
303 days. Converting the production to a mature basis all but 
10 Ibs. of the increase in butterfat production was accounted for by 
age increase. 

The Feeding Value of Early and Late Cut Soybean Hay for 
Milk Production (A. C. Ragsdale,H. A. Herman, W. W. Snyder). 
The feeding values of early and late cut soybean hay for milk pro
duction in dairy cows have been compared by means of feeding 
trials. The early cut bearis were harvested when the pods were 
well formed and about one-third to one-half filled. The late cut 
hay was harvested when the pods were completely formed and the 
beans had nearly all reached full development. The lower leaves 
were beginning to turn yellow. The early cut hay averaged 1.13 
tons of air dry hay per acre and the late cut 2.04 tOllS per acre. 

Two groups of 10 cows each were paired on the basis of 
weight, stage of lactation, and level of milk production. One 
group received early cut hay and the other late cut hay at the 
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rate of 2 lbs. daily per 100 lbs. of liveweight. Silage was fed at 
the rate of 1~ lbs. per 100 lbs. liveweight and grain at the usual 
level in accordance with milk production. 

The cows receiving the late cut hay averaged 31.96 lbs. milk 
daily, while those receiving the early cut hay averaged 30.03 lbs. 
on the first trial. The groups then were reversed, and the late 
cut group averaged 25.9 lbs. daily as compared to 25.54 lbs. for the 
early cut group. One pound of milk was produced for 1.8 lbs. of the 
late cut hay fed, and for 2.05 lbs. of the early cut. On the basis 
of these trials the late cut hay seemed superior for producing milk. 

Grass Silage Preserved With Molasses (A. C. Ragsdale, H. A. 
Herman, W. W. Snyder). Wheat and barley mixed, and barley 
alone, cut in the milk stage, were ensiled in the green state with 
the addition of 40 to 60 lbs. of blackstrap molasses per ton of 
silage. The molasses was added as the material to be chopped 
was fed into the cutter. 

The yield of barley silage per acre ranged from 3 to 6 tons. 
No difference in the milk production was observed when cows were 
changed from good quality corn or sorgo silage. Preservation 
was' satisfactory, resulting in a green colored, mildly sour, highly 
palatable silage. 

Analyses of the barley-molasses silage made in 1939 were as 
follows: 

Dry Nther Crude Phos-
Matter Ash Prot('ln Extract }<'lber N.F.E. phorus Calcium 

Sample % % % % % % % ~ 

1. Fresh harley 
chopped and 
molasses added :10.0 2.69 2.86 1.04 7.19 14.2 0.088 0.095 

2. Sllage-loo 
dayS after 
enslllng 29.4 2.41 2.64 1.03 7.10 1M 0.085 0.062 

The second analysis was made when the silo was about half 
full and the increase in protein was probably due to the down
wa'rd movement of the juices from the upper levels. 

One snow fense silo, lined with sisal kraft paper was filled 
with about ao tons of chopped barley to which 60 lbs. of black
strap molasses per ton had been added. Due to the settling pro
cesses, admittance of air, and the summer temperature, the spoil
age in this silo was excessive, totaling approximately 35 per cent 
of the contents. 

The Influence of Thyroxine on the Yield and Composition 
of the Milk of Dairy Cows and Goats (C. W. Turner, A. C. Rags
dale, H. A. Herman, N. P. Ralston, W. C. Cowsert). Ten Jersey, 
2 Guernsey, and 6 Holstein cows received a total of 90 injections 
of thyroxine at monthly intervals during all stages of their lactation 
periods. The hormone in alkaline solution was injected sub-
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cutaneously at the rate of 15 mg. per day for 3 successive days 
during each month. This treatment caused an average increase 
in milk yield of 13.6 per cent, increased the total pounds of fat 
22.5 per cent, the percentage of, fat 4.75 per cent, and slightly in
creased the percentage of solids-not-fat. Milk and fat production 
reached its maximum 6 to 8 d3!ys after the initiation of the in
jections. Milk and fat production then gradually returned to 
normal level by the 12th to 14th days. Individual cows showed 
a marked variation in response to these injections. The response 
to thyroxine injection at the peak of lactation was smaller than 
that during the declining phase of lactation. 

Pulse rate increased an average of 7.64 beats per minute while 
body temperature remained within normal limits. The rise of pulse 
ra'te closely paralleled the increase of milk yield. 

The administration of 1 mg. per day of the mono-sodium salt 
of thyroxine to thyroidectomized goats caused a heart rate, milk 
and fat yield resembling that of a normal goat. The approximate 
thyroxine requirement for the goat was slightly less than 1 mg. 
per day. 

Thyroxine, given in doses ranging from 2 to 10 mg. per day for 
periods . of 10 to 3 days, respectively, to normal goats produced a 
marked increase in heart rate, milk and bt production. Goats well 
advanced in lactation received 12 mg. of thyroxine subcutaneously. 
Daily milk and fat yield increased an average of 69.6 and 62.3 per 
cent, respectively. The osmotic pressure of the blood serum and 
milk showed no significant change. Blood sugar and fat exhibited 
a reciprocal relationship. Blood sugar increased during the first 
part of the experiment while blood fat decreased. During the latter 
portion of the experiment the opposite trend was noted. The per
centage of lactose increased while the percentage of milk fat de
clined throughout the experiment. Total nitrogen and non-protein 
.nitrogen declined slightly both in blood and milk during the entire 
experimental period. 

A study was made of the effect of subcutaneous injections of 
thyroxine on milk and fat production using 4 Ayrshire and 6 Jersey 
cows. They had been in milk production from 6 weeks to 40 
months at the beginning of the experiment. Nine and one-tenth 
mg. of thyroxine in an alk3!1ine solution was injected for 6 con
secutive days during 9 periods of 28 days each. 

Milk production was increased 18.54 per cent. There was an 
increase of 24.26 per cent in pounds of fat produced and 4.2 per 
cent increase in the percentage of fat above preinjection levels dur
ing the 4 days following injections. There was a slight decline in 
the percentage of fat in the milk on the days the cows were in
jected with thyroxine. However, the percentage of fat continued 
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to rise through the ninth day after injection, then declined to 
normal. The solids-not-fat content of the milk decreased slightly 
but the dedine was of little significance. The total solids in the 
milk increased 17.14 per cent above preinjection levels. There 
was an increase of 7.44 beats per minute in pulse rate when at 
its peak. 

The Solids-nat-Fat Composition of Milk (A. C. Ragsdale, H. 
A. Herman). The solids-not-fat content for all breeds was lowest 
during July, August, and September, and closely followed the de
clining fat percentages characteristic of higher temperatures. Dur
ing these months many samples were below the legal limits set 
by some cities for the solids-not-fat content of milk. The average 
for all cows for the summer months was 8.45 per cent and for the 
winter months, 8.74 per cent. The percentage of solids-not-fat 
increased as the stage of lactation progressed and usually was 
lowest when total milk production was highest. 

For 3 successive seasons, cows fed on hay, silage, and grain 
during the winter and then shifted to succulent barley pasture in 
the spring showed an increase in solids-not-fat with an increase 
in milk flow. 

Analyses of milk indicated that milk of low-solids-not-fat 
content was characterized by an increase in chloride with a de
crease in lactose and nitrogen. The replacement of the lactose by 
the highly ionizable chlorides maintained the usual osmotic pres
sure relationships of the milk, but markedly disturbed the solids-
not-fat level. . 

Sulfanilamide Treatmerit for Cows Affected with Mastitis 
(H. A. Herman, R. G.McCarty). This project is in cooperation 
with the department of Veterinary Science. 

Sulfa'nilamide was administered daily for 7 to 14 days to 12 cows 
showing evidences of chronic mastitis as reflected by the presence 
of streptococci organisms; high chloride content of milk; positive 
Hotis tests in one or more quarters; and occasionally production 
of milk of an off-color and of a somewhat watery nature. Analyses 
of the milk following treatment showed little or no change in 
composition and streptococci were still present, though in some 
cases in reduced numbers. Repeated treatments and analyses re
vealed that in no case were the udders of the affected cows entirely 
cleared of the streptococci organisms. 

Development of a High Production Strain in Jersey Cattle 
(A. C. Ragsdale, C. W. McIntyre) . Two proven sires, Peggy's 
Majestic Duke 259690 and Progress Owl's Pilgrim 319668 have 
been continued, in service in the Hatch Farm herd . . Twenty daugh
ters of Peggy's Majestic Duke 259690 averaged 413 lbs. of butter
fat in 358 days during their first, lactation, 18 as junior two-year""; 
olds and 2 as senior two-year-olds. 
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At the "end of the year twenty-eight bulls produced in the 
Hatch Farm herd were in service under lease agreement to dairy
men in Missouri, Iowa, and Illinois. Eleven daughters of one of 
the bulls under lease averaged 333 Ibs. of butterfat (mature 
equivalent) in 290 days while the dams averaged 28,{ lbs. of fat 
(mature equivalent) in 269 days. 

Eight daughters of another bull averaged 236 Ibs. of fat in 
245 days as junior two-year-olds. The dams averaged 268 Ibs. of 
fat in 319 days as two and three year old cows. The daughters' 
lactations were incomplete. 

Effect of Environment on Calves (A. C. Ragsdale, C. W. Mc
Intyre). A new calf barn has been built with a straw loft venti
hiting system. Prior to the use of the new barn, the loss of calves 
under 6 months of age by calf pneumonia averaged 9.3 per cent of 
all calves dropped in the herd. From November 23, 1939 to May 1, 
1940, no calf has been sick with pneumonia in the new barn. 

Roughage Feeding (A. C. Ragsdale, C. W. McIntyre). A 
comparison of the production of mature cows under full grain 
and exclusive rougha'ge feeding has been made. Four cows pro
duced '{9.5 per cent as much milk and 74.9 per cent as much fat 
during the first lactation on exclusive roughage as did cows on 
full grain feeding. During the second lactation they produced 
65.6 per cent as much milk and 71.9 per cent as much fat as com
pared with full grain feeding. 

The average feed consumption of the 4 cows while on roughage 
feed amounted to 5770 pounds hay, 3785 pounds silage, and 48.4 
cow days of (24 hours) pasture per lactation. The average loss 
in . weight per cow during the 2 lactations on roughage was 78 
pounds. There was no apparent change in breeding efficiency or 
general hea'lth. 

Crop Records on the Hatch Farm (A. C. Ragsdale, C. W. 
McIntyre). ' Cost of seeding and re-seeding alfalfa over a period 
of 3 years, "including all man and horse labor, tractor and truck 
operation, lime, seed, fertilizer, and inocula'tion showed an aver
age cost of $29.24 per acre for 27 acres. The total cost per ton 
of hay was $4.05, The average yield per acre per cutting was 
1.555 ton. The number of cuttings per year varied from 1 to 4 
and the annual yield per acre varied from 2.2 tons in ;1.936 to 6.8 
tons in 1939. 

Sweet clover was purchased for silage at a cost of $1.25 per ton 
in the field. The sweet clover was ,cut with a power binder and 
hauled 7 miles by truck. Molasses was added to the silage at the 
rate of 55.6 pounds per ton. The total cost per ton of sweet clover 
molasses silage in the silo was $3.54 per ton. The total man hours 
of ' labor required per ton of silage was 3.88. 
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Bluegrass pastures fertilized ''lith nitrogen increased the early 
yield of grass but resulted in a shorter grazing season due to 
heavier and doser grazing. The use of phosphate and lime showed 
no significant change in the yield or season of growth. Potash had 
no apparent effect. Manure improved the stand, increased the 
yield, and lengthened the growing season. Manured plots were 
not grazed as closely as other plots. 

A 10-acre bluegrass pasture was seeded with alfalfa in 1936. 
This field produced nearly twice as much per acre as other straight 
bluegrass pastures. The increase was largely due to a longer graz
ing seaSOll. After 3 seasons of grazing the stand of alfalfa in this 
pasture has been maintained and the bluegrass has been greatly 
improved. 

Short-Wave Diathermy Treatment of Bovine Mastitis (A. C. 
Ragsdale, E. R. Garrison, C. \\!. Mclntyre). Short-wave diathermy 
applications were applied to the udders of cows secreting abnormal 
milk or with abnormal udder conditions. The diathenn used had 
an input power of 275 watts with a 6 meter wave length and a fre
quency of 50 megacycles per second. . 

Thirty-eight cows infected with bovine mastitis for more than 
6. months according to the Hotis test were treated and 54 were 
treated that had been infected for less than 6 months. The Hotis 
test showed positive in 101 quarters in the :38 cows infected for 
longer than 6 months. Seven or 18.4 per cent of the cows be
came negative in all quarters after an average of 2 treatments each. 
There was a decrease of '1 per cent in the number of positive 
quarters as a result of treatment. In the cows recently infected 
the treatment decreased the number of positive quarters by 50 per 
cent. However, the number of positive quarters in all the cows 
treated increased to practically the same numher shortly after 
the end of the treatments. 

The data indicated a very definite impr0vement in the physical 
condition, appearance, and flavor of the milk of cows when treated 
with diathermy. The data also indicated only temporary improve
ment or simply an arrested condition. There was no evidence of 
significant changes in types of bacteria, plate count, body cell 
count, or percentage of chlorides over a two month interval during· 
the period covered by the test. 
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ENTOMOLOGY 
L. HASEMAN, Chairman 

Insect Multiplication as Influenced by the Chemical Com
position of their Food CL. Haseman, W. K. Delaplane). The com
mon wheat aphid, Toxoptera graminum Rond., was reared on 
wheat plants grown in nutrient solutions deficient in different 
minerals to determine the possible influence of these deficiencies 
in the plant sap on growth, fecundity, and wing formation of the 
aphids. As a check, some aphids were reared on plants grown in 
"complete" nutrient solutions. In some cases, several generations 
of the aphids ma'tured during the experimental period, while in 
others few aphids matured and reproduced. The results indicated 
that a deficiency of either sulfur or potassium in the nutrient 
solution did not seem to affect the normal growth and fecundity 
of the aphids. A deficiency of magnesium slightly retarded de
velopment and fecundity. Phosphorus defi·ciency retarded growth 
and fecundity and seemed to have a delayed permanent effect on 
growth and fecundity in succeeding generations. A deficiency of 
either iron or nitrogen had a definite effect on growth and fecun
dity. A deficiency of nitrogen inhibited wing formation, while de
ficiencies of either sulfur, magnesium, or iron in the nutrient 
solutions tended to increase wing formation over that occurring 
with the "complete" nutrient solutions. 

Chinch Bug Control (P. C. Stone). There was only a slight 
winter mortality among the threatening number of hibernating 
chinch bugs in bunch grasses. The expected outbreak of the insect 
was reduced to spotted infestations in twenty-five of the south
west, northwest, and central counties, because the cold spring 
weather delayed the flights of the adult bugs to small grain fields, 
and heavy rains fell during the late spring reproductive period of 
the overwintering adults. 

During the year a weather station was maintained at the 
Experiment Station farm south of Columbia in order to closely 
correlate changes in weather with changes in the chinch bugpopu
lation as observed in the experimental field. A laboratory was 
equipped to study the chinch bug under varying conditions of tem
perature and relative humidity. Continuous rearing of the insect 
throughout the summer and winter was carried on and a technique 
of rearing the bugs in the laboratory was perfected. 

Field and laboratory studies were made of the micropara'sites 
and predators of the chinch bug in order to determine their effect 
on the control of this insect. Five permanent chinch bug field study 
areas were designated in the immediate vicinity of Monroe City, 
Chillicothe, Sedalia, Bolivar, and Columbia, and plans were made 
for six yearly surveys in these areas. 



BULLETIN 457 55 

Assistance in the destruction of chinch bugs with insecticides 
was given to farmers and commercial seed corn growers and to 
other University departments. In cooperation with the United 
States Department of Agriculture and the Agricultural Extension 
Service a statewide survey was made to determine the abundance 
of hibernating bugs in clump grass in order to estimate the amount 
of creosote required for the 1941 chinch bug control campaign. 

A Study of Insecticides (L. Haseman, Lee Jenkins, Curtis 
Wingo, W. W. Smith, P. C. Stone, H. E. Brown). Oil-sulfur dust 
and nicotine sulphate were found to be the two most promising in
secticides for controlling the oriental fruit moth. The oil sulfur 
dust gave 87.2 per cent clean fruit and nicotine sulfate gave 86.2 
per cent. One application of 6 per cent oil emulsion made just 
before buds burst proved quite effective in destroying overwinter
ing packets of eggs of the fruit tree leaf roller. Two applications 
of lead arsenic (4 pounds to 100 gallons) made just ahead of apple 
blooming effectively controlled the young fruit tree leaf rollers. 

Pyrethrum and derris dusts, nicotine sulphate sprays, and emul
sions of various kinds of medicinal highly refined mineral oil to 
which nicotine sulphate had been added were used in the tests of 
insecticides for killing chinch bugs on corn. The emulsions were 
found to be the most promising of the insecticides tested. 

The following were used in tests to control the corn ear worm: 
(1') white mineral oils alone and with pyrethrum extract added; 
(2) two commercial oils; and (3) 7.7 grain tablets of hexachlore
thane, both with and without the tips of the shucks closed. None 
of these tests gave 100 per cent protection, but the white mineral 
oil with pyrethrum extract seemed to give best protection. The 
hexachlorethane tablets, even with tips closed, failed to kill all 
worms. None of the above insecticides seemed to injure the ear 
tips or to cause an off flavor to the corn. In other tests in which 
orthodichlorobenzene, carbon tetrachloride, and a tree borer solu
tion were used, the worms were all killed but the corn ears were 
made distasteful. 

Derris, pyrethrum, benzol, and carbon tetrachloride were used 
in control of the ox warble. A wash of derris and soap, and derris 
combined with hard oil and applied as a salve, gave complete con
trol of the larvae in the backs of cattle. The benzol tests did not 
give complete kill. 

Tests with derris powder, pure rotenone crystals, and pyreth
rum, as substitutes for carbon bisulphide, given with feed or in 
capsules, gave inconclusive results in dislodging horse bots. Live 
bots treated directly with derris powder, den.:is ointment, and 
pyrethrum powder continued to live for two days or longer even 
with retreatments in some cases. 
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Strawberry Leaf Roller Control (W. W. Smith). Tests of 
various sprays for the control of the strawberry leaf roller have 
been continued. Eight different materials were tested near Logan, 
Missouri. Applications were made on May 10, May 19, and May 26 
and counts were made on the injured leaflets three days after the 
last application. Residue was apparent on all of the dust plots, 
and especially noticeable on the lead a'rsena te-lime plot. 

The results of these tests are given in the following table: 

EFFECT OF VARIOUS SPRAYS ON STRAWBERRY LEAF ROLLER. 

'l'reatment 

Derris (5% Rotenone)-Flour dust 
Lead Arsenate-Lime dust 
Pyrocide dust (.15% pyretbrins) 
Black Leaf 40 plus Summer Oil 
Lead Arsenate plus Summer Oil 
Agicide dust 
Black Leaf 155 plus Summer Oil 
Nlcosol spray 
Untreated Cbeck 

Avg. No. Injured Leaflets 
per 1,000 

47.5 
[,1.0 
84.7 
91.4 
93.2 
95.5 

113.5 
178.2 
173.7 

'Melon Insects and Their Control (Curtis Wingo). Five of the 
more promising insecticides for the control of the cucumber beetle 
were tested in Southeast Missouri, 8 miles west of Cape Girardeau. 
Insecticides tested were lead arsenate and lime, nicotine, and com
mercial preparations. 

The late spring and poor stand of plants disrupted the study 
of the cucumber beetle control. However, the applications of the 
insecticides were continued to determine their effect on the control 
of the melon aphid. One of the commercial preparations and nico
tine showed almost complete freedom from aphid damage. The 
others including lead arsenate showed greater aphid injury than 
the check plats. 

Tolerance of the Codling Moth to the Toxic Action of Insecti
cides (L. Haseman, Lee Jenkins, H. E. Brown, Curtis Wingo, 
W. W. Smith). Lead arsenic, phenothiazine, fixed nicotine, derris, 
stabilized derris, and three commercial preparations were com
pared a's to their relative toxicity to codling moth larvae, using 
the lead arsenic spray as the standard. As a measure of rela
tive toxicity, the total numbet of fruits attacked by the worm 
were compared to the number of stung fruits. It was assumed that 
the codling moth larvae were killed by the insecticide while at
tempting to enter the fruit. Different insecticides in these experi
ments ranked a's follows" using this method of determining the 
relative toxicity: (1) Lead arsenate (further increased with summer 
oil and sweetening), (2) fixed nicotine with summer oil, (3) stabil
ized derris (one test only), (4) phenothiazine (2 tests only), (5) 
all three commercial preparations, (6) derris (one test only). 
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Codling Moth Investigation CL. Haseman, Lee Jenkins, Curtis 
Wingo, H. E. Brown, W. W. Smith). Biological studies including 
daily records of moth emergence together with daily weather rec
ords enabled the advance preparation of the spray schedule for each 
orchard region in the State so that the growers would have their 
fruit properly covered as the worms of each succeeding brood at
tempted to enter. Recommendations were sent each week by mail 
to the fruit growers. This en<l!bled the growers to maintain a more 
effective coverage at the critical periods with one or two less spray 
applications than would otherwise have been required. 

Spraying experiments including 39 different plats were directed 
at the problem of finding a possible combination of nicotine, derris, 
or phenothiazine with lead arsenate that would give effective con
trol and yet keep down (lJrsenical residue. The use of these materials 
for replacing arsenate of lead in the late applications reduced 'worm 
stings but not worm entrances, and they also increased the cost. 
Control generally was very good until the drawn-out third brood, 
together with the open fall, resulted in serious late damage and a 
very heavy crop of 'worms going into the winter. 

The results indicated that Missouri growers, generally, should 
continue to use lead arsenate, increasing the dosage to 4 pounds to 
100 gallons and adding summer oil in the peak sprays where worms 
were abundant. An effort should be made to keep down the number 
of cover sprays to six or seven. They also should continue to scrape 
and band the trees, mothproof the packing shed, and practice 
orchard sanitation, including the destruction of all wormy fruits. 

Four applications of sulfur-oil dusts, and sprays of oil-nico
tine and nicotine applied at weekly intervals, beginning one month 
before peaches were picked, definitely reduced injury by the larvae 

,of the oriental fruit moth. Observations on the control of the 
oriental fruit moth were made in the St. Louis, Cape Girardeau, 
and Mountain Grove areas. 

Periodical Recurrence of Insect Pests (L. Haseman). During 
the year a number of ou1' major insect menaces associated with the 
earlier drouth seasons or after effects of the drouth showed very 
definite declines in population. These included grasshoppers, chinch 
bugs, tree borers, walnut caterpillars, cankerworm, and fruit tree 
leaf rollers. These fluctuations in insect population, while at times 
influenced by man's control opera'tions, were more influenced by 
the physical action of the elements, by the biological · action of 
natural enemies, and possibly by the biological and environmental 
influences of in-breeding and mass reproduction. 
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FIELD CROPS 

w. C. ETHERIDGE, Chairman 

Physiological Study With Soybeans (D.!. Allen). This pro
ject is in cooperation with the department of Botany. 

The study of the relative response of the Morse and Virginia1 

varieties of soybeans to different elements in mineral nutrition has 
been continued. In a series of tests, the potassium ion was varied 
from 0 to 10 millimals, with all other essential elements held 
constant. 

Dry weights of each variety were determined and spectro
graphic analyses of the plant material were made for calcium, mag
nesium, and potassium. Plotting dry weight against potassium 
concentration in the nutrient solution showed very different growth 
responses for the two varieties. The growth curve for the Virginia 
leveled off at 2 millimals of potassium while that for Morse con
tinued to rise until at 8 millimals of potassium-where it leveled 
off-it was approximately twice as high as the Virginia curve. This 
indicated a very different response for the two varieties to potas
sium concentration, the Morse being able to use much larger 
amounts for increased growth than Virginia. The spectrographic 
analyses also were plotted against the potassium concentration but 
gave very similar curves for the two varieties in all cases. 

The dry weights of the! two varieties also were obtained in a 
sodium phosphate and a sodium sulfate series. When these results 
were plotted against the phosphate Or sulfate concentrations sim
ilar curves were obtained for the two varieties, indicating much 
the same response to phosphorus and sulphur. 

Cotton Varieties in the Southeast Missouri Lowlands (B. M. 
King). A group of nine cotton varieties and strains were tested 
and compared at Sikeston, on Lintonia silt loam, and at Steele on 
a highly productive phase of Sarpy silt loam. The yields of lint 
obtained were as follows: 

Variety 

StoneviIIe 2B 
Ambassador 
StoneviIIe 5A 
Washington 
Coker 100 
D. & P. L. llA 
D. & P. L. 12 
D. & P. L. 44·51 

Pounds of Lint per Acre 
Sikeston Steele-

554 
528 
549 
530 
454 
568 
579 
630 

783 
685 
733 
583 
624 
737 
817 
742 

Two new strains, D. & P. L . 44-51 and D. & P. L. 12 grown in 
Missouri for the first time led in yield in both tests. The latter 
strain also showed considerable resistance to wilt. This strain 
should prove especially valuable on some of the older cotton soils 
of the State that are becoming badly infected with wilt. 
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The third generation of eight cotton crosses was grown and 
plant selections made from eadl. for seeding in plant-to-row plots. 
The seed was saved from the remaining plants of the several crosses 
for growing the fourth generation which will be examined for out
standing segregates. 

An experiment was started in 1933 to determine the effect of 
rye sown in cotton middles, and soybeans planted in corn on the 
yield of succeeding crops of cotton and corn. Rye sown in cotton 
middles in a three-year rotation of cotton, cotton, corn, and turned 
under the following spring gave only a small net return. The aver
age annual increase in cotton yields was 23 pounds of lint per acre 
for the sev~n-ycar period 1933 to 1939, while corn yields were in
creased 1.7 bushels per acre. Soybeans planted in a three year 
rotation of corn, corn, cotton with the soybean and corn plants 
plowed under the same time as the rye, gave somewhat better 
returns than did the rye. Cotton yields were increased 64.5 pounds 
of lint per acre on the average. There was no significant effect 
on corn yields. These practices were economical, easily applied, 
and were useful supplementary soil improvement measures for cot
ton growers, but when used alone they were insufficient to raise 
the productivity of soil to a high level. 

Breeding Early Wheat for Missouri CT. M. Poehlman). At
tempts have been made to improve Eady Premium wheat by in
creasing the yield and by developing resistance to leaf rust and 
loose smut. One hundred and thirty-eight early maturing varieties 
and strains were tested in the nursery. Most of these were selec
tions fr0111 crosses of Early Premium and standard high-yielding, 
late-maturing varieties. Over 500 F2 families of a single cross, 
Kawvale x Early Premium and over 200 F l families of backcrosses 
to each of the respective parents were grown. From these approx
imately 5,000 head selections were made. Each selection was care
fully checked as to resistance to an artificial infection of leaf rust, 
date of heading, height, awned condition, a'nd kernel texture. Early 
generations of crosses to Clarkan, Thorne, and Wabash were ad
vanced. 

Special attention has been given to the milling and baking 
quality of the wheat varieties tested. Standard varieties were 
grown under uniform conditions and samples submitted to the 
Federal Soft Wheat Laboratory and the Missouri Millers Asso
ciation for milling and baking tests. Preliminary reports of these 
tests indicated that flour made from Early Premium wheat was 
excellent for those uses for which Missouri soft wheat flour is 
noted. 
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Breeding for Resistance to Loose Smut and to Covered Smut 
in Fulghum and Columbia Oat Varieties (J. M. Poehlman). Ex
periments to develop a variety of oats with smut and rust resist
ance . and with the earliness and productivity of Columbia or 
Fulghum have been continued. Columbia oats have been crossed 
with the following varieties and strains: Navarro, Markton, Bond, 
Bond x Iogold selection, and Victoria x Richland selection. All 
of these varieties are resistant to the smuts and Bond also is im
mune to crown rust and Bond x Iogold and Victoria x Richland 
selections are highly resistant to both crown and stem rust. Fs bulk 
hybrid plots of each of the crosses ' were gro\vn in addition to ap
proximately 100 F; head rows of the Columbia x (Victoria x Rich
~and) cross. Selections were made for planting in head rows next 
season. Seventy-seven selections of a (Fulghum x Markton) x 
(Victoria x Richland) cross made by the U. S. Department of 
Agriculture \vere grown in observation rows. In the rod-row 
nursery 92 varieties and selections were grown but many of these 
were dis'carded to make room for the new disease resistant selec
tions. 

In the variety yield tests Columbia and Fulghum were com
pared with Fulton, a smut resistant variety, and Boone and Tama, 
smut and rust resistant varieties. Average yields per acre of these 
varieties were as follows: Columbia, 62.7 bushels; Fulghum, 55.4; 
Fulton, 61.4; Boone, 61.0; and Tama, 68.2 bushels. 

Thirty varieties of winter oats selected for probable adapta
tion were grown in a uniform winter-hardiness test at Columbia 
and Sikeston, Missouri. If an important degree of winter-hardiness 
is found, the varieties showing this quality will be used as breed
ing stocks in a program of hybridization. 

Breeding Barley in Missouri for Feed (J. M. Poehlman). In 
the barley breeding nursery, 57 varieties and selections of winter 
barley were grown in a yield test. Five of these were increa'sed 
for testing in field plots, and three more were selected for seed 
increase. In these tests Pidor, Ward, Michigan Winter, and Reno 
appeared to be the best yielding awned varieties. 

Attempts to improve the Early Beardless variety have been 
directed toward (1) an increase in uniformity and yield by pure 
line selection, (2) an increase in winter-hardiness and yield by 
crossing with awned varieties, and (3) an increase in loose smut 
resistance by crossing with Trebiand Hordeum deficiens. Thirty
five pure line selections 'from Early Beardless were tested in the 
nursery. These appeared to be more uniform than the original 
stocks, and some possessed a high degree of smut resistance. F4 
bulk hybrids and approximately 700 head rows of crosses of Early 
Beardless with Admire, Alaska, Wisconsin Winter, Michigan Win-
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ter, Kentucky # 2, Kentucky # 5, Poland, Ward, We1chers Win
ter, and B 289 (Archias SeI.) were grown. In addition, ap
proximately 700 head selections from crosses of Trebi and Hordeum 
deficiens with Early Beardless were secured from the Department 
of Botany and planted. These had been tested previously for re
sistance to loose smut (Ustilago 'JII,uda) by artificial inoculation. 

Improvement of the Missouri Soybean Crop (B. M. King). 
This project is in cooperation with the Bureau of Plant Industry 
of the United States Department of Agriculture. 

The search for a yellow-seeded variety of soybeans capable 
of producing good yields of hay and seed, and showing the same 
broad adaptation to Missouri soils and seasons as the Virginia 
variety has been continued. Such a variety would meet the grow
ing demand for a dual purpose variety for the production of hay 
for feed and seed for milling purposes. 

Nine yellow-seeded selections from the cross, Virginia x B.P.I. 
37062, were grown in yield tests with Virginia used as a check. 
The average hay yield of the nine selections was 1.91 tons, as com
pared to a yield of 1.81 tons for Virginia. The average seed yield 
of the nine selections was lil.i3 bushels, while that of Virginia was 
11.5 bushels. The highest yielding individual selection produced 
2.05 tons of hay and 15.8 bushels of seed to the acre. 

Another yield test in which the crop was harvested for seed 
only included a number of standard corn belt varieties, four 
selections from the cross B.P.UI7062 x Illini, six selections from 
the cross Virginia x B.P.I.54610-B, and one selection from a 
Virginia x B.P.I.37062 cross. A hail storm on July 22 destroyed 
some of the leaves, damaged others, and bruised the stems and 
branches. Many of the bloom and sma,ll pods on the earlier types 
which had reached the fruiting stage were stripped from the 
plants. These early plants made only partial recovery, whereas 
the late ones recovered sufficiently to produce normal yields. The 
differential injury of the late and early groups wa's obvious at a 
glance and there was some indication of differential injury among 
the strains of the two groups. This made it difficult to interpret 
the true significance of the yield data. 

The second generation of the following crosses made ill 1937 
were grown in single row plots; Scioto x T. 117, Mukden x 66-9, 
Virginia x 66-13, Dunfield x Scioto, Virginia x 66-9, Virginia: 

. x Scioto, Peking x 66-9, Mukden x Pinedell and Scioto x 54563-3. 
The Improvement of Permanent Pastures (E. M. Brown). In 

a continuation of field studies of seasonal variations in the growth 
and . chemical composition of Kentucky bluegrass relative to 
variation in temperature and soil moisture it was found that: 
. (1) herbage production was small at soil temperatures below 
50° F., reached a maximum during the first half of May at an aver-



62 MISSOURI AGRICULTURAL EXPERIMENT STATION 

age soil temperature of 64° F., and declined materially when the 
average temperature of the soil exceeded 75° F.; (2) the yields 
of herbage were much smaller in the fall than in the spring at 
the same soil temperatures; and (3) the dry weight of roots and 
rhizomes in the upper 6 inches of sod increased in weight in the 
spring and again in late October and November. When grown 
in thermo-regulated growth chambers at the same air and soil 
temperatures and at day lengths which averaged the same but 
which were increasing in one case and decreasing in the other, 
Kentucky bluegrass produced more herbage in the spring but 
root growth and rhizome development were larger in the fall. 
The roots and rhizomes contained higher percentages of nitrogen
free extract in the fall than in the spring. 

Little or no growth was made by Kentucky bluegrass at 
Columbia when the moisture content of the upper 6 inches of 
soil was 10 per cent Or less. Because of the rapid removal of mois
ture from the soil by the grass at summer temperatures, an 
abundance of rain during the spring months and August did not 
prevent the occurrence of soil moisture deficiencies during July 
and September. However, a much larger loss in dry weight of 
roots and rhizomes occurred during the summer at super-optimal 
temperatures in bluegrass which was watered thoroughly than in 
sod which was not watered and where growth \vas limited by 
a severe moisture deficiency during the mid-summer period. 

These results indicated that Kentucky bluegrass which has 
been pastured intensively during the spring and early summer 
should be protected from grazing during the fall to permit a 
restoration of stored food reserves in the roots and rhizomes and 
that the summer droughts which so frequently accompany high 
temperatures in this region may actually favor the survival of the 
bluegrass. . 

Efficiency of Grain-Legume Short Rotations (C. A. Helm). 
During 1940 the short rotations again showed their high efficiency 
in the production of pasturage, hay, small grains, and total annual 
output per acre. Table 17 shows the returns from a wheat-Iespedeza 
rotation in 1940 at various locations in the state. 

At all of these localities the grain crop in the continuous 
1-year rotation with lespedeza received an annual treatment of 
phosphate fertilizer. Lime and other mineral supplements were 
added where it appeared desirable. 

The barley-lespedeza rotation at Columbia yielded 27 .. 1: 
bushels of barley grain and 2778 pounds of 1l'!spedez31 hay; at 
Lathrop 28 bushels of barley and 1914 pounds of lespedeza hay; 
and at Cabool 26.8 bushels of barley and 70 days of lespedeza 
pasture per acre. 
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TABLE 17.-RETURNS FROM A WHEAT LESPEDEZA ROTATION IN 1940. 

Location So1l Type 
Wheat Yield Steer Gains Per Acre Period Lespedeza 

(Bu. per acre) Pasturing Lespedeza Pastured 

Columbia Putnam silt loam 27.4 133.3 July 9 to Oct. 5 

Paris Putnam silt loam 
(less productlv" 
than at Columbia) 12.2 146.7 July 1 to Sept. 27 

Tarkio )farshall silt loam 17.0 168.6 July 9 to Sept. 27 

Lathrop Grundy silt loam 
(badly worn) 24.6 97.6 July 24 to Sept. 24 

Unionville Shelby silt loam 9.0 131.2 

Cabool Clarksv!lle grav-
elly loam 13.0 62 days per acre 

The oats-Iespedeza rotation at Columbia returned 25 bushels 
of oats and 421 pounds of lespedeza seed per acre; at Paris 20.4 
bushels of oats and 60 pounds of gains in cattle grazing; at Union
ville 42 bushels of oats and 28 pounds of cattle gains; and at 
Lathrop 39 bushels of oats and 87 pounds of cattle gains per acre. 

The yields from the barley-soybean rotation at Unionville 
were barley 43 bushels and soybean hay 1005 pounds; at Paris 
barley 34 bushels and soybean hay 1180 pounds; and at Lathrop 
barley 25 bushels and soybean hay 2573 pounds. 

The grain legume short rotation is not merely confined to 
harvesting the grain in mature form. Some of the best returns 
have been obtained from grazing out the grain and cutting the 
legume for hay, or from grazing both crops in a long succession 
of spring, summer, and early fall pasture. 

At Columbia a pasture-hay rotation of barley and soybeans 
gave 54 pounds of steer gains per acre from grazing out the barley 
in the spring and 3100 pounds of hay from the soybeans which 
followed the barley. The acre returns from a rye-soybean ro
tation were 164 pounds of cattle gains from the rye pasture, 
followed by 2827 pounds of soybean hay. At Cabool the same 
rotation gave 38 days of spring pasture and 1"400 pounds of soy
bean hay. At Tarkio 198 pounds of steer gains per acre were 
obtained from the barley pasture and 3000 pounds of hay from 
the soybeans. At Cabool the oats-Iespedeza rotation gave 2026 
pounds of oats hay and 68 days of lespedeza pasture, and at Tarkio 
2005 pounds of oats hay and 201 pounds of steer gains from the 
lespedeza. 

Very good results were obtained from grazing the long suc
cession of wheat-Iespedeza·. At. Columbia the acre gains in cattle 
weights were 386 pounds from April 3 to October 5; at Tarkio, 
447 pounds from April 30 to September 24; at Unionville, 138 
pound~ from April 25 to September 1; at Paris 370 pounds from 
April 19 to September 26; at Lathrop 301 pounds from April 25 
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to October 15; and at Cabool 107 cattle days of grazing from 
April 12 to September 21. The rye-Iespedeza continuous pasture 
at Columbia produced 290 pounds of cattle gains per acre from 
April 3 to October 5, and at Paris 333 pounds from April 19 to 
September 26. 

High productivity of sweet clover spring pasture was demon
stra ted at Paris by a return for the period April 24 to June 24 
of 213 cattle days grazing or 327 pounds of cattle gains per acre. 
The utility of the" lespedeza-timothy pasture rotation was shown 
by obtaining 192 pounds of cattle gains per acre at Columbia for 
the period May 6 to September 13; 250 pounds of gains at Bolivar 
from May 15 to October 22; and 105 pounds of gains at Unionville 
from April 25 to September 1. In the last four years, including 
1940, Korean lespedeza in pasture succession with wheat, has 
produced an average of 215 pounds of cattle gains per acre, from 
early June, when the wheat was grazed out, until early October 
when the lespedeza also had been fully utilized. 

The efficiency of the grain-legume short rotation received 
added emphasis when the comparative yields of corn on adjoining" 
fields at the various localities were noted. At Columbia the 
measured yield of corn was 43 bushels per acre and at Paris 23 
bushels per acre. These yields were much above the average be
cause of an unusually favorable season. The estimated yield of 
corn at Tarkio was 46 bushels, Unionville 20, Lathrop 35, Bolivar 
18, and Cabool 16 bushels per acre. 

Corn Breeding CL. J. Stadler, Dean C. Anderson, Luther 
Smith, J. G. O'Mara, E. R. Sears). The breeding nursery con
sisted of selfing and crossing material. In the selfing plot, 500 
inbred lines in various stages of inbreeding were planted for further 
selection and for seed increase. Two hundred twenty-one of these 
inbred lines were tested for their combining ability in top-cross 
tests. Twenty-four of the best yellow inbred lines whose com
bining ability had already been determined were crossed in all 
possible combinations to obtain single-cross seed for a yield trial. 
The same procedure was followed with fourteen white inbred lines. 
Five hundred sixty-seven new double crosses involving the select
ed inbred lines were made. 

Hybrid Corn Yield Tests (L. J. Stadler, Dean C. Anderson, 
Luther Smith, J. G. O'Mara, E. R. Sears). The regular yield tests 
of commercial and experimental double crosses and varieties were 
conducted at Maryville, Montgomery City, Grain Valley, Jefferson 
City, Sikeston, Jasper, Hughesville, and Columbia. One hundred 
and ten experimental yellow and white double crosses were tested. 
Several of the yellow experimental hybrids appeared to be superior 
to Missouri No.8 and No. 47. Nearly all of the experimental white 
hybrids out-yielded the varieties in every test. 
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In addition to the regular tests, seed was prepared and plant
ing plans furnished for 110 county tests. The material in these 
tests consisted of commercially available hybrids and varieties. 
The moisture determinations were made and yields calculated 
and summarized for 72 of these trials. In these tests, the State 
was divided into three regions from north to south. In the northern 
region twenty tests were harvested. All the hybrids as an average 
yielded 13.9 per cent more than the check. Twenty-nine tests were 
ha'rvested in the central region and all the hybrids as an average 
yielded 20.6 per cent more than the check. In the southern region 
twenty-three tests were harvested and all of the hybrids as an 
average yielded 15.1 more than the check. In every case the check 
was a locally adapted open-pollinated variety. 

Seed Treatment Experiment (1.,. J. Stadler, C. M. Tucker, 
Dean C. Anderson, Luther Smith, J. G. O'Mara, E. R. Sears). 
This project is in cooperation \\'ith the department of Botany. 

, Experiments were started in 1936 to obtain information on 
the comparative yielding ability of healthy and of diseased seed 
and the efficiency of controJIing seedling blights by seed trea'tment. 
Field trials were well distributed over the State to determine any 
differences in response to seed treatment in different sections. 
Two varieties, Reid and Midland, have been used. Samples from 
about 300 ears for each variety were placed in a germinator and 
readings made on germination and on prevalence of disease. Each 
lot was divided into healthy and diseased seed. Each of these 
lots was further divided, one half being treated, and the other half 

.Ieft untreated. Each of the 8 lots was used to plant tests at Mary-
ville, Jasper, Grain Valley, Sikeston, Montgomery City, and 
Jefferson City. 

Separate analyses of plants were made for each location. The 
variance due to treatment was significant at Maryville, Sikeston, 
Jefferson City, and for all locations combined. The only significant 
interaction was obtained in the Sikeston test where the treatment 
x condition interaction exceeded the 5 per cent point. 

The variance due to condition or treatment was not significant 
at any location. The variety x condition interaction was significant 
at Grain Valley. 

Growth of Excised Root Tips (1." J. Stadler, Dean C. Ander
son, Luther Smith, J. G. O'Mara, E. R. Sears). Hybrids generally 
exceeded both parents in vigor of growth of excised root tips. In 
some cases the hybrids were intermediate between their parental 
inbreds. 

Some hybrids grew through as many a's 10 transfers when 
cultured 011 agar medium, The differences between inbred lines 
were consistent whether sub-cultured or allowed to grow intact in 
the original culture medium. 
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Thiamin was found to occur in considerable quantities in three 
millimeter tips from germinated seeds. There was a marked 
difference in the thiamin content of tips of equal length from 
different inbred lines, but apparently the difference was not cor
related with the growth of excised root tips of these lines. Excised 
tips of corn grown in water or agar cultures were found to synthe
size appreciable quantities of thiamin. The thiamin content of 
plants grown in sand cultures did not seem to be related to their 
vigor. 

Genetic Effects of X-ray and Ultraviolet Radiation (L. ]. 
Stadler, Dean C. Anderson, Luther Smith, ]. G. O'Mara, E. R. 
Sears). The study to determine the frequency of deficiency, trans
location, and mutation for comparable doses of X-ray and ultra~ 
violet radiation has been continued. There was no physical basis 
for equating doses of the two radiations. It was necessary to make 
the comparison on the basis of some biological equivalent, for 
example, to determine the effect upon mutation of two doses equal 
in inducing deficiencies or translocations. But since previous 
studies had shown that the deficiencies and translocations induced 
by ultraviolet were of types different from those produced by 
X-rays (or include various types in widely different proportions), 
the doses equivalent on the basis of one chromosomal effect would 
be widely different from those equivalent on another. 

The doses used were chosen arbitrarily at levels suited to the 
significant determination of mutation frequency, and their equival
ence judged only by the frequencies of the various alterations 
detected. The X-ray doses used were relatively low, so as to per
mit the survival of as many plants as possible and the production 
of well-filled ears, which was essential for the determination of 
mutation rates. The ultraviolet doses used were close to the 
tolerance limit for the wave lengths .represented. 

In populations so large as those required for the determination 
of mutation rates lparticularly with low doses and control pro
genies), it was not feasible to determine the frequency of de
ficiencies and translocations by the direct cytological examination 
of every plant. Some indications regarding the frequency of 
chromosomal derangements were obtained from the frequency 
and type of pollen segregation in the Fl generation. The following 
facts determined from investigations in previotls seasons were 
helpful in the interpretation of the pollen records: 

(1) "Directed segregation" in maize translocations was ab
sent Or extremely rare. The plants with segregating defective 
pollen included all Of those in which translocation had occurred 
as well as those with deficiencies. 

(2) Gametophytic lethals at points of translocation were ab
sent or very rare. If, as a result of "position-effect" or other 
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causes, there were a tendency for mutational effects at the break
age points, it might be expressed by failure in development or 
functioning of the pollen carrying the translocation chromosomes. 
This did not occur. It was therefore possible to discriminate be
tween segregating defective pollen due to translocation and that 
due to deficiency by transmission tests. 

(3) Fl plants with segregating defective pollen include many 
with cytologically detectable deficiencies not associated with trans
location. Among pollen segregating plants from X-ray treatment, 
these deficiencies included some which were obviously intercalary. 
Most of the cytologically detectable deficiencies were found in 
plants with "aborted" pollen, but in short intercalary deficiencies 
defective pollen was frequently of the "subnormal" class. The 
deficiencies from ultraviolet observed cytologically included none 
which were clearly intercalary. In all of the ultraviolet deficiencies 
observed cytologically the segregating pollen was of the "aborted" 
type. 

(4) Among the plants with segregating defective pollen, the 
proportion due to translocation was much lower with ultraviolet 
than with X-rays. vVith high doses of ultraviolet, translocatiolls 
unquestionably were induced, but the great majority of these 
were "deficiency-translocations"; that is, plants in which one or 
both of the chromosomes involved in the translocation had lost 
a segment. These deficiency-translocations were usually very de
fective plants, and their frequency depended in large part upon 
the precautions taken to insure survival of the poorest plants of 
the progeny. Translocations of this type may not be detected 
by transmission tests. They may be identified only by direct 
cytological examination of the Fl generation. 

The doses used and the frequency of endosperm deficiency, 
segregating defective pollen, and seed and seedling mutation are 
shown in Table 18. 

TABLE lS.-FREQUENCY OF GENETIC ALTERATIONS FOL!.OWING X-RAY AND 

ULTRAVIOLET TREATMENT. 

Mutation 
EndO'sperm Segrega ting Seed Total 
Deficiencies Defective Pollen Per Seedling Per 

Treatment Per Cent Per Cent Cent Per Cent Cent 

UV, 3022, 253x103 ergs/mn2 43.3 23.3 12.1 11.2 23.3 
UV, 2967, 46:<103 ergs/mu2 28.8 22.8 11.3 6.2 17.5 

X·ray. 2:;0 r units :1.0 1;;.1 O.,~ 0,:1 1.1 
X·ray 500 r units i.4 41.0 ;).6 0.,"\ 6.4 
Control, untreated 0.3 0.9 

In certain cultures, translocation frequency was determined 
by direct cytological examination of the Fl plants in every plant 
with segregating defective pollen. The cultures examined in-
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eluded the entire population given the ultraviolet treatment ";\2967" 
and the entire population from one ear given the X-ray dose 
"250 r" and one ear given "500 r." The results are shown below: 

Diakinesis 
Segregating Pollen Association 

Semi- High Low Inter- Delleiency 
Population Sterile Sterile Sterile change Association 

;\2967 136 21 4 2 0 3 
250 r 97 14 0 0 4 2 
500 r 83 20 7 3 11 6 

Deficiency-associations were found with X-ray as well as 
ultraviolet treatment, but in the former they occurred with a 
larger number of interchange-assQciations, while they did not with 
the latter. ' 

Mutations were considerably more frequent from ultraviolet 
than from X-rays, in spite of the fact that the X-ray doses used 
produced considerably more translocations and probably more 
deficiencies. 

Actually the mutation rate from ultraviolet was considerably 
higher than was indicated by these data. Among a sample of pollen 
grains treated with ultraviolet, because of the high absorption 
in passing through the pollen grain contents, only a small pro
portion received a' heavy dose at the site of the gametic nucleus, 
and many received no effective dose at all. Mutation rate among 
the effectively-treated pollen grains therefore was much higher. 
Many of these included two or more independent mutations. 

It was probable that many of the segregating pollen defects 
(particularly of the subnormal class) were due to mutation ex
pressed in the gametophyte generation rather than to deficiency. 
Since intercalary deficiencies were so rare and mutations were so 
common with ultraviolet treatment, it seemed probable that the 
high frequency of subnormal pollen segregation following ultra
violet treatment was largely or usually the result of gametophytic 
mutations, and was another expression of the high frequency of 
mutation induced by this agent. 

Comparative G~netic Studies of Some Spontaneous and In
duced Mutations (L. ]. Stadler, Dean C. Anderson, J. G. O'Mara, 
E. R. Sears, Luther Smith). X-ray-induced mutations included 
many of lowered gametophyte viability. These differences in via
bility were usually regarded as characteristic of the different mutant 
alleles, the higher viability of standard alleles being considered the 
result of natural selection. 

This view was contradicted by results with the known spon
taneous mutations in maize, since in these gametophyte viability 
was regularly normal. This suggested that · the lowered viability 
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of induced mutants at the same loci may be due to the loss of some
thing more than the single allele. 

Criteria available in maize for the more critical examination of 
types of mutation, or pseudo-mutation, are as follows: 

(1) Gametophyte viability and efficiency in pollen competi
tion. Applicable at all loci. 

(2) Mutation of "complex alleles." It bas previously been 
shown that colorless seed mutations from Rr (aleurone colored, 
plant colored) were regularly rr (colorless aleurone, colored plant). 
Recent data showed that colorless plant mutants from Rr were 
regularly Rg. Both types of mutation occurred spontaneously at 
the rate of approximately 1 per 1000. Thus the gene mutated spon
taneously as if composed of two independent parts; deficiency at 
this locus, even if wholly' without effect upon gametophyte via
bility, simulated mutation to Rg. 

The gene All mutated spontaneously to all at the rate of the 
order of 1 per 1000. It gave no mutations to a, the bottom member 
of the series, among 50,000 gametes tested. 

(3) Reversibility. This test may be applied to mutations at 
any locus at which the recessive allele is capable of reverse muta
tion. Several mutable loci are known in maize. The most useful 
for the purpose is a as a result of Rhoades' analysis of the action 
of the Dt gene, which converts a to a highly mutable gene. 

For these reasons, mutation at the A locus was especially fa vor
able for comparisons. In addition, this locus has the advantage of 
permitting accurate comparisons of gene action, since its effect 
was upon anthocyanin pigmentation. 

X-ray and ultraviolet mutations and deficiencies of A were 
identified by seedling examination of large numbers of Fl genera
tion from the cross a x A (irradiated). The great majority of these 
plants were defective, and all but a fev\' had segregating defective 
pollen. With X-ray treatment, about one per cent were wholly 
normal plants except for loss of the A phenotype, ancI among the 
remainder there was a small proportion of plants simila'r except 
for the segregation of slightly subnormal pollen. Two plants of 
the former type were found, designated aX4 and aXG• One variant 
with subnormal pollen, designated aXl , was also included. 

With ultraviolet treatment, a larger proportion of the A-losses 
consisted of normal plants ... "ith wholly normal pollen. Among 
some fifty A-losses examined, four cases were found of normal 
plants with wholly normal pollen. All of the others had extremely 
defective pollen. Three of the four mutations showed phenotype 
of a, designated aU3, aU15, aU1S. The fourth mutant showed faint 
anthocyanin coloration in later growth, deepening to light purple 
at maturity. It was designated Alt. 
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All three X-ray variants showed reduced gametophyte viability. 
The a~n was transmitted through female germ cells but in reduced 
proportions, seldom in more than 30 per cent of the expected num
ber. Seeds heterozygous for the variant were reduced in size. 
There was no transmission of the type through pollen of the 
heterozygous plant. 

The aX4 and aX6 showed full viability in female gametophyte 
and the seeds were full size. Although the pollen in both these 
types was fully normal in appearance, transmission mutant was 
reduced in pollinations from heterozygous plants, ordinarily in 25 
to 40 per cent of the expected numbers. 

Self-fertilization of A/aX6 plants yielded no colorless seeds, 
even though the same pollen used on a C R testers both before 
and after selfing showed transmission of the mutant aX6• This type 
therefore appeared to be zygotically lethal when homozygous. The 
same result was obtained with aX4, though the trials in this case 
were less extensive. 

All four ultraviolet variants showed full male and female via.:. 
bility and wholly regular transmission through both male and 
female germ cells. All have been established in homozygous con
dition. 

In the presence of Dt, none of the mutants, X-ray or ultra
violet showed regular dotting comparable to that of a1 • Although 
a positive reaction of Dt would be good evidence against deficiency, 
a negative reaction is not good evidence against intragenic muta
tion, since the standard stocks of a1 , which react to Dt, were de
rived from not over two original mutations. 

Polyploidy Studies CL. J. Stadler, Dean C. Anderson, Luther 
Smith, E. R. Sears, J. G. O'Ma'ra). An existing polyploid species 
has had individual chromosomes subtracted from its chromosome 
complement so that nullisomic individuals were secured. Such 
individuals afford a simple means of determining the effects of a 
whole chromosome on the plant. This same species has had in
dividual chromosomes from a different genus added to its chromo
some complement. In this manner, all the effects of the single 
added chromosome can be simply determined. A chromosome of 
a basic diploid member of a polyploid series has been mapped so 
that accurate genetic data could be secured when this species was 
combined with others. Many amphidiploids have been synthesized. 

Of the 21 possible nullisomics (2n - 2) of common wheat 
(Triticum vulgare; n = 21), 12 have been obtained. Although all 12 
were of reduced fertility, none were completely sterile, and eight 
were both male- and female-fertile. All were readily distinguishable 
morphologically from normal and from each other, except one 
which was very nearly normal. They varied from a coarse, awnless, 
almost non-tillering type to types which were fine-leaved, fine-
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stemmed, and dwarfish. They have been derived from monosomic 
plants in the progeny of (1) a haploid pollinated by a diploid, (2) 
partially asynaptic plants (nullisomic for one particular chromo
some) pollinated by normal diploids, and (3) plants disomic for the 
hairy-neck chromosome of rye. Tests of seven nullisomics showed 
that the missing chromosome was homologous to a chromosome of 
the emmer wheats (n = 14) in five of the seven, but not in the 
other two. 

A method for adding individual rye chromosomes to wheat 
has been designed and tested. This consisted of back-crossing 
wheat to Triticale and then selecting in subsequent generations 
the individuals with rye characters which indicated the presence 
of rye chromosomes. By using this method three different rye 
chromosomes were added to Chinese wheat, the standard type used 
in these experiments. The method should be applicable to other 
species where an amphidiploid is available. 

One of these rye chromosomes when disomic induced asynapsis 
to such an extent that wheat monosomes, llullisomes, and trisomes 
were extracted. 

Five groups of linked factors, involving 17 genes, have been 
established in einkorn (Triticum M onococcu1n) , with from two to 
five genes in each. A gene in einkorn has been found which in
creases the susceptibility of seeds to X-ray injury. It had little 
if any effect on mutation rate or on susceptibility of seeds to injury 
by heat. 

Preliminary data on the effects of X-ray treatments indicated 
. that pollen with cytologically detectable deficiencies was inviable 
in Triticum monococcum (n = 7) but may survive in T. durum 
(n = 14) or T. persicum (n = 14), while losses of whole chromo
somes were tolerated in pollen of T . monococcum x Aegilops uniari
stata amphidiploid (n = 14). Fragments were much more com
mon in the amphidiploid than in T. durum or T. durum x T. persicum. 

The hybrid of T. durum x T. persicum was found to be char
acterized by a reciprocal translocation and other indications of 
non-homology . 

Thirty-three amphidiploids have now been produced in the 
Triticinae by the use of colchicine. In the following list, haploid 
chromosome numbers are given in parentheses: 

Triticum aegilopoides (7) 
Triticum aegilopoides 
Triticum aegilopoides 
Triticum aegilopoides 
Triticum monococcum (7) 
Triticum monococcum 
Aegilops caudata (7) 
Aegilops caudata 

x Aegilops ,squarros (7) 
x Aegilops umbellulata (7) 
x Aegilops uniaristata (7) 
x Haynaldia villosa (7) 
x Aegilops bicornis (7) 
x Aegilops uniaristata (7) 
x Aegilops speltoides (7) 
x Aegilops squarros (7) 
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Aegilops caudata x Aegilops umbellulata (7) 
Aegilops caudata x Aegilops uniaristata (7) 
Aegilops comosa (7) x Aegilops uniaristata (7) 
Aegilops sharonensis (7) x Aegilops caudata (7) 
Aegilops .sharonensis x Aegilops umbellulata (7) 
Aegilops sharonensis x Aegilops uniaristata (7) 
Aegilops speltoides (7) x Triticum monococcum (7) 
Aegilops speItoides x Aegilops sharonensis (7) 
Aegilops speltoides . x Aegilops umbellulata (7) 
Aegilops speItoides x Aegilops uniaristata (7) 
Aegilops umbellulata (7) x Aegilops uniaristata (7) 
Aegilops umbeUulata x Haynaldia villosa (7) 
Triticum durum (14) x Triticum monococcum (7) 
Triticum dicoccoides (14) x Aegilops caudata (7) 
Triticum dicoccoides x Aegilops comosa (7) 
Triticum dicoccoides x Aegilops sharonensis (7) 
Triticum dicoccoides x Aegilops speltoides (7) 
Triticum dicoccoides x Aegilops umbellulata (7) 
Triticum Timopheevi (14) x Aegilops bicornis (7) 
Triticum Timopheevi x Aegilops caudata (7) 
Triticum Timopheevi x Aegilops speltoides (7) 
Triticum Thnopheevi x Aegilops umbellulata (7) 
Aegilops cylindrica (14) x Triticum durum (14) 
Aegilops ventricosa (14) x Triticum durum 
Triticum vulgare (21) x Secale cereale (7) 

Many of these amphidiploids are of sufficient chromosomal 
and genetic stability that they constitute new species. Data on 
chromosome pairing in the undoubled Fl hybrids apparently pro
vide no basis for accurate prediction of the fertility and constancy 
of the amphidiploids. Some of those involving Triticum dicoccoidf!I 
have considerable similarity to certain naturally occurring species 
of hexaploid wheats. In Aegilops cylindrica x Triticum durum, 21 of 
the 28 pairs of chromosomes are presumably homologous to the 
chromosomes of T. vulgare. 

An autotetraploid strain of rye, Secale cereaie, was found to 
possess a photoperiodism wholly absent in the diploid strain from 
which it was derived. This photoperiodism involved egg fertility, 
the plants being female sterile and male fertile under short days. 
Pollen from plants grown with short days, which did not induce 
seed on sib plants, produced full sets of seed on Triticale. This 
photoperiodism was another instance of a character present in an 
autotetraploid which was apparently unpredictable from the par
ental diploid. 

Cytological observations on Michels Grass showed that 14' 
chromosomes were present, and in about half of the plants there 
was a chain of six chromosomes at meiosis. The asserted parents 
of Michels Grass, Mosida wheat and Elymus condensatus, were 
found to have 42 and 56 somatic chromosomes respectively, furnish
ing additional evidence that these probably were not the actual 
parents of Michels Grass. 

An inversion, a reciprocal translocation, trisomies, and gene
conditioned meiotic irregularity were found in barley. 



BULLETIN 457 

The lack of crossing-over in the short arm of chromosome \) 
in hybrids between maize and Florida tiosil1te has been found to 
be due to a chromosome rearrangement within that arm. This r~
arrangement could not be determined directly, owing to unfavor
able pachytene stages in the hybrid, but was determined by sub
stituting Nojoya teosinte for maize in both cytological and gene
tical investigations. The hybrid, between Florida and Nojoya, had 
an inversion in the short arm of chromosome nine which was ob
served directly. The hybrid between Nojoya and maize had no 
such inversion and approximately 18 per cent crossing-over be
tween C and wx. These data indicated that Florida teosinte, one of 
the basic and pure forms of Euchlaena ?1texicana, differed from maize 
in having the interval from the knob on the short arm to a point 
near wx inverted. 

HOME ECONOMICS 

Florence Harrison, Chairman 

Economic Status of Families Living in Moberly and Columbia. 
(Jessie V. Coles, Eunice Warner). Missouri Agricultural Experi
ment Station Research Bulletin 318, The Economic Sta·tus of 4:36 
Families of Missouri Clerical Workers and Wage Earners, is a 
report on this project. 

A Comparison of Prices and Quality of Ready-Made Sheets 
and Sheeting (Jessie V. Coles, Norrine Grover). Prices were ob
tained for 785 ready-made sheets and 895 sheetings from 106 stores 
in Missouri. The stores ranged from large department stores in 
Kansas City and St. Louis to general stores in small towns. Prices 
were secured for 11 different sizes and 96 different brands of sheets. 
A sample of each of the 96 brands was secured for study of 
quality. One brand of each sheeting for which prices were ob
tained was purchased for testing. 

Each of the samples was tested to determine weight per 
square yard, tensile strength, thread count, amount of sizing, and 
amount of shrinkage. There was a great range in the prices of 
various sizes of ready-made sheets. There was no relation be
tween price and the width of sheets, but the longest sheets were 
highest and the shortest; sheets lowest in price. Smaller sizes, as 
a rule, cost more per square yard than the larger sizes. The warp 
thread of the muslin sheets tested shrank from 2.8 to (i.3 per cent 
and the filling thread from 0 to 5.6 per cent. Percale sheets shrank 
about the same as muslin in wa·rp threads but less in the filling 
threads. The average cost of percale sheets was $2.04 as compared 
to $1.12 for muslin sheets. Generally, there was a relationship 
between tensile strength and price of sheets, those with the higher 
tensile strength costing more. Muslin sheets contained a great 



74 MISSOURI AGRICULTURAL EXPERIMENT STATION 

deal more sizing than percale sheets, the percentage ranging from 
0.5 to 36.6 in the former and from 0.3 to 3.7 in the latter. The 
amount of sizing in muslin sheets also varied with the weight of 
material, the heavier sheets having a smaller percentage of sizing. 
Although a heavy sheet may be more durable than one of medium 
weight, the greater durability did not offset the added cost of 
laundering if it was assumed that the sheets were laundered by a 
commercial laundry. Only 18 per cent of the muslin sheets and 
only 5 per cent of the percale sheets met the specifications of the 
Special Committee of the American Society for Testing Materials. 

The Effect of Varying the Level of Calcium in the Diet on the 
Growth and Well-Being of the Adult Rat (Bertha Bisbey, Eliza
beth Dyer). The effect on the growth and well-being of the adult 
rat produced by reducing the level of calcium in the diet after 
the period of rapid growth had ceased has been studied. Rats were 
fed a ration consisting of one-third whole milk and two-thirds 
whole wheat until they were 120 days of age. Two groups then were 
formed: one was continued on the same ra·tion, and the other 
group was fed a ration consisting of one-sixth whole milk and 
five-sixths whole wheat. No difference was observed in body 
weights for the males up to 500 days of age or up to 180 days of 
age for unmated females. The lengths of the male rats at 300 days 
of age did not differ significantly. Males 011 each ration gained 
equally well with the same amount of food. The females on the 
second ration gained somewhat less p"er gram of food eaten. No 
differences in the condition of the animals during the experiment 
or at autopsy were observed. 

A slightly smaller number of young were born to mothers 
on the second ration in later litters, but as great a percentage of 
litters and of young were reared as 011 the original ration. Weights 
of the young from the second group were less after the first two 
weeks of lactation. Changes in weight during lactation were 
similar. 

Apparently the substitution of one-sixth whole wheat fot 
one-sixth whole milk at 120 days of age in the diet of rats on a 
wheat-milk mixture did not affect the growth or condition of the 
animal of the first generation. Calcification of animals at 300 days 
of age was comparable in spite of the reduction of the percentage 
of calcium from 0.32 to 0.19 percent. However, the number of 
young born in later litters and the weights of the young after 
14 days of age were affected adversely. 

Calcium, protein, vitamin A, and flavin were fadors of the 
diet which might have been responsible for these effects. 

Six. groups of rats received a basal ration made up of whole 
wheat, whole milk, casein, lactose, and butterfat plus varying 



BULLETIN 457 75 

amounts of calcium carbonate. Group 1 was fed the basal ration 
plus enough calcium carbonate to increase the percentage of 
calcium to 0.33 per cent. Group 2 was fed the basal ration with 
enough calcium carbonate to increase the percentage of calcium to 
0.33 per cent for 119 days. The calcium carbonate content then was 
reduced to 0.21 per cent. Group 3 received the basal ration with 
enough calcium carbonate to increase the percentage of calcium to 
0.33 per cent for 119 days. The calcium carbonate content then 
was reduced to 0.1'5 per cent. Group 4 received the basal ration 
plus enough calcium carbonate to increase the percentage of cal
cium to 0.21 per cent. Group 5 received the basal ration with 
enough calcium carbonate to increase the percentage of calcium 
to 0.21 up to 119 days of age. The calcium content then was 
increased to 0.33 per cent. Group 6 received the same ration as 
Group 4 except that the diet was fortified with the addition of 
vitamin D in the form of viosterol. Gain in weight, height, length 
of bodies, and records of reproduction were practicaUy the same 
for all six groups. Rats in Group 1, (those receiving the high 
calcium diet) used their food more efficiently before 120 days of 
age. They were slightly better calcified than other animals at 119 
days of age and significantly so at 180 days of age. Rats on the 
reduced levels of calcium after 11'9 days were unable to maintain 
an equally high calcium content, although the requirement for 
maintenance was presumably small. Growth was unaffected up 
to 400 days of age and no differences in the condition of the animal, 
except the loss of fur of breeding females on low calcium diets, 
were observed. Preliminary results indicated that males on the 
low calcium diet had attained practically the same percentage of 
body calcium at 400 days of age as males on the high calcium diet. 

The addition of vitamin D had no apparent effect on the per
formance of the animals maintained on a diet of medium calcium 
content. 

Although reproduction records were similar, studies of lacta
tion showed that young of mothers fed the low calcium diet, Group 
3, were stunted at 3 days of age. Those from mothers on the high 
calcium diet, Group 1', exceeded the others in weight at this age. 
This age corresponded with the age at which the young began 
to eat the diet of the mother. At weaning age, the young from 
mothers in Group 3 were placed on the high calcium diet. They 
attained the same weight at 119 days as those from mothers kept 
on the high calcium diet. The extent of calcification of either the 
first or the fourth litters were in the same order as the average 
weights of the young on each diet . Subsistence on the low calcium 
diet, Group 8, for a short time and for a longer time made no 
difference in the relative calcification of ' the young. Apparently 
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the storage from the period up to 119 days of age when the female 
was on a diet relatively high in calcium benefited very little the 
young born soon thereafter as judged by the calcification of this 
litter and the litter born six months later. However, the mother's 
body was probably relatively more depleted at the birth of the 
fourth litter, but no indications of that could be observed. The 
performance of animals in Groups 2 and 4 was similar and no 
advantage appeared In the young of the mother given a high cal
cium diet during the first part of life. The reduction in the calcium 
level of her diet at 119 days of age a,ffected the growth of the 
young- so that they were unable to attain the same weights at 
weaning time as were those young from the mothers continued 
on the high calcium diet. 

A continued high level of calcium was necessary in order that 
the young might be as large and as well calcified as that parti
cular diet permitted. Even the reduction in the calcium (:ontent 
to 0.21 per cent at 119 days of age was sufficient to affect their 
growth and calcification. 

No deleterious effects of reducing the level of calcium in the 
diet of the male rats were observed during the experiment although 
perce~tages of calcium in the body were reduced. 

HORTICULTURE 

T. J. Talbert, Chairman 

Increase of Fruit Set, Size, and Maturity by Ringing and 
Scoring of Branches (A. E. Murneek). Further tests have 'been 
conducted on the effects of ringing and scoring of branches on the 
fruit set, size, and maturity. Both of these treatments almost in
variably increased the setting of apples. Shy bearing varieties 
responded most markedly to branch ringing. The fruit set of the 
Stayman variety was increased 258.8 per cent, and of the Delicious 
278.0 per cent. The yield of pears was also influenced favorably 
by this treatment. A 29.4 per cent increase in fruit production was 
obtained with the Royal Duke cherry, but the yields of the Mont
morency cherry and of most peaches were not increased by ringing. 

Branch ringing improved the size of aU fruits. Apples on 
ringed branches wePe 11 to 23 per cent larger, pears 9.3 per cent, 
and peaches, cherries, and grapes also were augmented in size. 
Fruit on the treated branches ripened earlier, had a higher sugar 
content, ,and developed color sooner than on the untreated branches. 

Reduction in Preharvest Drops of Apples by Spraying with 
Growth Hormones (A. E. Murneek). When used as a spray at a 
dilution of .0005 per cent, naphthalene acetic acid reduced th,e 
drops of Delicious apples from ,66.0 per cent to 28.6 per cent, and 
a;t a double concentration (.001 per cent) to 9.7 per cent. Naphtha-
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lene acetamide, a closely related substance. at the higher concen
tration (.001 per cent) still further reduced the drops to 2.2 per 
cent. In the case of the Winesap variety. naphthalene acetic acid 
of .001 per cent strength lowered the drops from 62.9 per cent to 
45.2 per cent, and naphthalene acetamide at the same strength to 
40.7 per cent. This reduction, while experimentally significant and 
commercially valuable, was not as great as with Delicious, due to 
a severe wind storm which tore many fruits off the more exposed 
Winesap trees. 

Grape Nutrition (H. G. Swartwout). Application of nitrogen 
and N-P-K combinations were made on Concord vines in two vine
yards, one on Memphis silt loam and the other on Putnam silt 
loam. The amounts of fertilizer applied per vine were as follows: 
(1) 1 pound sodium nitrate anc! 1 pound ammonium sulfate; (.2) 1 
pound sodium nitrate and ~~ pound ammonium sulfate; (a) high 
nitrogen application plus 2 pounds superphosphate (45 per cent), 
and 1 pound sulfate of potash; (4) moderate nitrogen application 
plus l' pound superphosphate and ;1:2 pound potassium sulfate. 

The nitrogen fertilizers were broadcast. hut the phosphorus 
and pota'ssiul1l fertilizers were applied in bands in trenches about 
4 inches deep and about ;3 feet out fr0111 the vines. with cross fur
rows between each vine. 

On the Putnam silt loam, the heavier applications of nitrogen 
and of phosphoi'us and potassium slightly reduced the yield, but 
showed 110 effect 011 quality of clusters or vine growth. The lighter 
application of phosphorus and potassium had no effect on yield. 
quality, or vine growth. On the Memphis silt loam. there was no 
effect from any of the fertili7.er applications. 

With a modified Munson system of training. a number of 
shoots of Concord vines were kept growing through the summer in 
the natural shacle of the vines, while other shoots were kept con
tin uously exposed to s unl igh t. No effect on frui thud formation 
and number of flower primordia could be determined. as 76 of 
the 90 shaded shoots died during early winter. and the other 14 
had only 4 to 6 nodes alive. Of the] 25 fully exposed shoots, all 
were aolive to the tip. 

Control of Biennial Bearing in the Apple CA. E. Murneek). 
Since 1934 hiennialbearing Wealthy trees have received nitrogen 
fertilization in the fall of the "on" years and in the spring of the 
"off" years, together with heavy winter pruning after the season. 
of fruiting and fruit thinning in the bearing years. While the trees 
have been a,ffected by this drastic management, alternate bearing 
has not been modified to a desirable extent. 

In the spring of 1939 all blossoms in the late cluster bud stage 
were removed in the "on" years by a caustic spray followed by 
b.ranch ringing the same spring. All branches of York and Golden 
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Delicious trees so treated came into heavy bloom in the "off" year 
(1940). While spraying alone to prevent a fruit set in the "on" 
year may in some cases effectively promote flowering in the "off" 
year, it did not accomplish this with the Wealthy, York, and 
Golden Delicious trees in the experimental orchard (1939) except~ 
ing where the treatment was supplemented by branch ringing. 

Of the two commonly used bloom~killing sprays, tar oil was 
found to be of uncertain composition and cresylic acid at the f desir~ 
able strength caused an uneven production of foliage and some spur 
injury. A new spray, creosote oil, was developed and used suc
cessfully at 10 per cent strength for the removal of apple blos
soms. 

Vitamin Bl in Nutrition of Horticultural Plants CA. E. Mur
neek). Vitamin Bl> at concentrations of .05 mgs. to .5 mgs. per 
gallon of water, was supplied continuously to plants growing 
either in poor sandy or ordinary potting soil. The materials used 
for this test were daisy, hyacinth, cosmos, datura, pepper, rud
beckia, dill, onion, marigold, daffodil, and tomato. The length 
of treatment was 8 to 12 weeks. In no instance was a beneficial 
effect observed in growth or development of the plants as a result 
of Vitamin Bl supply, excepting with cosmos, in which case a 
slightly increased growth was noted. This vitamin did not seem to 
be as important and necessary for plant development as has been 
claimed. 

Cultural Experiments with Greenhouse Crops (R. A. Schroe
der). Two varieties of tomatoes were grown at different root 
temperatures, 60°, 70°, and 80° F., with a constant air tempera
ture. The fresh and dry weights of the tomatoes indicated that 
a soil temperature of 70° F. was better adapted for the tomato than 
60° F. When compared with 70° F., a room temperature of 85° F. 
showed a reduction in both the fresh and dry weight of the fruit, 
leaves, stems, and roots. 

Virus Diseases of Plants (C. G. Vinson). Work on the frac
tionation of virus protein, isolating amino acids and the purine and 
primidine bases has been continued. 

Virus protein apparently contained a group which when cleaved 
from the protein showed pigment properties. Perhaps, this pig
mented fraction contains some of the metallic elements which are 
found in the virus protein, notably iron. 

Attempts to precipitate the virus by means of high pressure 
were unsuccessful. Virus preparations clouded at high presst'lres 
but when the pressure was released, the virus apparently was again 
redispersed. 

Christmas Trees as a Crop (R. H. Peck). During the past year 
one additional plantation of 500 Douglas Fir seedlings was made 
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on the University Wildlife Area at Ashland. Species under in
vestigation included Douglas Fir, Balsam Fir, Southern Balsam 
Fir, White Spruce, Norway Spruce, Eastern Red Cedar, and Jack 
Pine. Early and incomplete observations indicated that the more 
desirable Christmas tree species, particularly spruces and firs, did 
not survive satisfactorily the high temperatures and prolonged 
dry periods of late summer in Central Missouri. Species which 
showed considerable promise were Jack Pine and Eastern Red 
Cedar. 

Tomato Variety Tests CR. A. Schroeder). Tomato variety tests 
included twenty-two of the more important and promising varie
ties. The older and recommended varieties such as Pritchard, Mar
globe. Greater Baltimore, Indiana Baltimore, and Rutgers again 
performed well. The comparatively new variety, Valiant, demon
stra ted considerable promise. 

Observations were made for resistance to spotted wilt and bac
terial canker. None of the varieties tested showed any marked 
resistance to these diseases. 

Increasing the Durability of Fence Posts CR. H. Peck, J. C. 
Wooley). This project is in cooperation ·with the department of 
Agricultural Engineering. 

Six posts each of black oak and basswood were treated with 
a 10 per cent zinc chloride solution by the tire tube process of 
diffusion developed by the Forest Products Laboratory. These 
posts were seasoned following treatment and were set alongside 
the others in the test June 1, 1940. 

An initial test of durability was made on all the posts. The 
test consisted of a standard pull of 50 pounds gauged by a spring 
balance and applied to the top of each post. One basswood post 
which had been brush treated with hot creosote, failed after 566 
days. Seven untreated basswood control posts failed after 566 days. 
Four basswood posts which had been treated at the ground line only 
with osmoplastic failed after 1,029 days. Three basswood posts in 
which the entire post had been treated with osmolite failed after 
1,029 days. All other posts in the test were found to be sound. 

Influence of Chemical Substances on the Growth of Plants 
(C. G. Vinson). Solutions of alpha naphthalene acetic acid sprayed 
on the buds of peach trees delayed the breaking of the buds for a 
few days. Inserting peach twigs in a peach leaf extract delayed 
bud breaking many weeks as compared to those inserted in plain 
W3iter. This indicated that something in the order of the phyto
hormone was present in the extract of peach leaves. The active 
material was heat stable, dialyzed through ordinary wrapping 
cellophane, appeared in the filtrate from the lead precipitate and 
was precipitated by acetone. 
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Peach twigs inserted in or sprayed with dilute concentrations 
of maleic acid solution broke distinctly ahead of buds upon twigs 
which had been inserted in tap water or spra:yed with tap water. 
Succinic, malic, and fumaric acids acted in a manner similar to 
maleic acid. 

A preparation of tannic acid behaved a:s did the extract of 
peach leaves. 

Alpha naphthalene acetic acid solutions when sprayed upon 
peach trees at Columbia and at Campbell, Missouri, failed to retard 
the breaking of peach buds in the spring of 1940. On the other 
hand, the same alpha naphthalene acetic acid solutions were quite 
effective in retardirig the breaking of bud~ on peach twigs which 
ha:d been removed and taken into the greenhouse. 

Substitute for Arsenical Sprays (C. G. Vinson). Nicotine
bentonite combinations were as effective as lead arsenate in con
trolling codling moth and producing clean fruit. 

In 1939 the number of stings on fruit was much less on the 
plots sprayed with nicotine-bentonite combinations as compared 
with the plots sprayed with lead arsenate. ' 

The addition of a spreader and sticker such as summer oil, 
whole milk powder, and certain commercial preparations appar
ently increased the effectiveness of the nicotine-bentonite com
binations. 

The dry-mix method of preparing nicotine-bentonite prepa:ra
tions produced a product which gave no obvious and objectionable 
residue on the fruit . 

Preparations of paradichlorobenzene, ethylene dichloride, and 
methyl bromide 'were used in tests to determine their effect on the 
resting stage of larvae of codling moth~ Methyl bromide appeared 
to be too volatile to be effective excepting under closed space 
conditions. 

Spray Injury (R. G. Swartwout, R. T. Hartmann). A basic 
copper sulfate, cuprous oxide, copper chloride, a magnesium copper, 
copper hydroxide, copper oxychloride, copper ammonium silicate, 
copper zeolite, and copper phosphate were applied to sour cherries, 
grapes, and as late summer sprays on apples. All sprays, except 
copper zeolite, increased the amount of fruit russeting on Golden 
Delicious, although the increase was of doubtful significance ex
cept with cuprous oxide. There was no significant difference in 
russeting of Jonathan apples with the various materia-Is. None of 
the materials caused russeting appreciably greater than that which 
appeared when the lead arsenate-lime sulfur combina-tion was used. 
The sprays were applied in the summer when conditions were not 
favorable to copper injury. 

Foliage injury from Bordeaux was severe on both Jonathan 
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and Golden Delicious following a rainy period in August. All other 
copper sprays showed appreciably less yellowing and dropping of 
foliage than 4-6-100 Bordeaux. The more injurious of the insoluble 
coppers were cuprous oxide, copper phosphate, basic copper sul
fate and copper hydroxide. The materials showing none or only 
a small amount of injury were a magnesium copper compound and 
copper zeolite, with the other materials falling in intermediate 
positions. 

Beta, Fern Munson, and Muench grapes, all three somewhat 
susceptible to copper burn, and Concord were sprayed with the 
commercial coppers. There lVas no clear evidence of injury from 
any of the materials. Applications were made on a limited scale, 
and results were not considered conclusive. 

On Montmorency cherries Bordeaux caused the greatest re
duction in leaf area and size of fruit of any of the materials used. 
The reductions in both leaf area and size of fruits as compared with 
the check were considerable. The copper chlorides caused the 
greatest reduction in leaf anel fruit size. 

Of all the copper sprays Bordeaux gave the highest initial 
deposit of copper per unit area of foliage on cherries, followed 
closely by copper phosphate and basic copper sulfate. The percent
age of adherence after a rainy period of two weeks was greatest 
for cuprous oxide, followed hy copper hydroxide, and then Bor
deaux. The percentage of retention was small for basic copper 
sulfate and copper polychlorides. 

On Jonathan and Golden Delicious apples, Bordeaux, copper 
phosphate, and basic copper sulfate also gave the highest initial 
deposit per unit leaf area. On these two apple varieti es, cuprous 
oxide, Bordeaux, and copper hydroxide gave the greatest percent
age adherence, following a two weeks rainy period. Copper poly
chloride, and copper zeolite showed very low retention on apple 
foliage. 

Sulfur Sprays (H. G. Swartwout, H. T. Hartman). A flotation 
sulfur paste and a manufactured micro type of sulfur were used 
throughout the scab spraying program on Jonathan, Ben Davis, 
Golden Delicious, l~ome, and Winesap. Scab control 011 all va::ie
ties was excellent with both materials and "vas equal to lime sulfur. 
The flotation sulfur paste was used at about 7 pounds (dry basis) 
per 100 gallons in cluster and calyx periods, and at 5 pounds in the 
first cover spray. The dry micro sulfur powder wa'S used at 8 
pounds and 6 pounds for these respective periods. 

Artificial Propagation of Forest Trees and Shrubs (R. H. 
Peck). In order to determine the tree species that are economically 
practical for artificial reforestation on Missouri farms, plantations 
of seedling trees have been established on the University Wildlife 
Area east of Ashland. 
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New plantations during the year were as follows: 1000 Short
leaf Pine, 500 Douglas Fir, 500 Yellow Poplar, 500 Red Gum, and 
'500 Hardy Catalpa. 

An additional 500 Dougl~s Fir seedlings were lined out in a 
plowed area at the Turner Station Horticulture Farm to be culti
vated for one year and developed into larger planting stock for 
windbreaks. 

Effect of Calcium and Potassium Upon the Chemical Composi
tion of Carrots (R. A. Schroeder). U sing ~ colloidal clay-sand mix
ture as the medium, carrots were grown at five different levels of 
calcium while the remaining nutrient ions were held constant. In 
another series, potassium was altered to three different levels, while 
the remaining ions were held constant. 

Carrots without calcium in the nutrient culture made no ap
parent growth after one week, ~nd died within seven weeks. Carrots 
without potassium in the nutrient culture lived and continued to 
make a very slow development throughout the length of the ex
p"eriment. 

Variation of calcium supply from 4 to 12 M. E. per plant ap
parently had no consistent significant effect upon the carotene con
tent. Increased calcium supply gave an increase in the total cal
cium content of the plant, but had very,little effect on the total phos
phorus content. Each additio,n of calcium in the culture increased the 
percentage of calcium in the tops, but supplying calcium in excess 
of 4M. E. per plant did not increase the calcium percentage in the 
c~rrots. The tops were more responsive to changes in mineral 
nutrition than were the roots. Increasing the calcium up to 6 M. E. 
increased the efficiency with which it was absorbed by the plants. 

Nutrition of Vegetable Crops (R. A. Schroeder). Spinach and 
carrots have been grown in colloidal clay-sand media ~t controlled 
levels of mineral nutrition. Spinach was grown at a pH of 5 and 
a pH of 7, and at 5 different calcium levels with the other ions 
remaining constant. C~rrots were grown at 6 different potassium 
levels, while the remaining ions remained constant. 

The data indicated that as the calcium was increased the total 
fresh and dry weights of spinach also increased. Yields a't the 
higher pH apparently were slightly higher than at the lower 
pH. Yields of carrots were greater at 3 M. E. of potassium per 
plant than at 1 M. E. and then progressively decreased in the 5, 7, 
9, and 15 M. E. per plant level, with a marked reduction in yields 
with the application of 9 to 15 M. E. per plant. 

Field Tests With Tomatoes (R. A. Schroeder). The effect of 
mulching on yield of tomatoes has been studied. Both staked and 
unstaked plants were included in the tests. Planting distance in 
all of these treatments was identical. The yields were as follows: 
staked ~nd mulched, 5.48 pounds tomatoes per plant; staked, no 
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mulch, 2.9 pounds per plant; unstaked and mulched, 8.16 pounds 
per plant; un staked and no mulch, 4.70 pounds per plant. 

Mulching, therefore increased the yield of unstaked tomato 
plants 73.6 per cent and staked tomato plants, 83.9 per cent. Un
staked tomatoes yielded more early fruit than did the staked plants. 

Tomatoes were transplanted to the field on April 27 and May 
15. The yield records on August 14 showed that the earlier plant
ing gave a yield of 8.27 pounds per plant, while the later planting 
gave a yield of 2.76 pounds per plaqt. 

Fertilizer tests showed that calc.ium alone did not increase 
yields but that phosphorus alone did increase yields. Combining 
calcium and phosphorus gave even greater increases. Nitrogen alone 
slightly increased the yield, but when nitrogen was added with 
calcium, phosphorus, and potassium, the highest yield of any of 
the treatments was obtained. The trials, therefore, indicated that' 
the calcium in superphosphate did contribute to increased yield, 
but the most satisfactory increases were obtained when nitrogen, 
phosphorus, potassium, and calcium were applied. 

The use of starter solutions for tomatoes was investigated by 
applying nitrogen, phosphorus, and calcium singly and in the fol
lowing combination: nitrogen and phosphorus; nitrogen, phos
phorus, and potassium; nitrogen, phosphorus, potassium, and cal
cium; calcium and phosphorus. A basic treatment of 500 pounds per 
acre of a 4-1 (;-4 fertilizer was applied by the band method to all the 
plants at transplanting time. None of the starter solutions used 
gave any significant increases in total yield or earliness of pro
duction. 

The methods of applying fertilizers to tomato plants have been 
studied. A 4-16--1, fertilizer was applied in a furrow 3 inches deep 
and 3 inches from the plant at a rate of 500 pounds per acre and 
1000 pounds per acre. A second furrow was placed 15 inches from 
the plant and 5 inches deep. The same rates of application were 
used; however, the total fertilizer applied was equally divided and 
pla'ced in the two furro\"". The following results were obtained: 

Method Yields 
1 band at rate of 500 pounds per acre 7.17 pounds per plant 
1 band at rate of 1000 pounds per acre 7.92 pounds per plant 
2 bands at rate of 500 pounds per acre 6.06 pounds per plant 
2 bands at rate of 1000 pounds per acre 7.38 pounds per plant 
Physiological Factors in Sexual Reproduction of Plants (A. E. 

Murneek). Carotene and xanthophyll were extracted in an atmos
phere of nitrogen from soybean plants of various ages that had 
been exposed to either long or short photoperiods. The quantita
tive amounts of these pigments in the leaves at different stages of 
growth indicated that they reached a maximal concentration in the 
reproductive (short day) plants at the approximate time of a'l1-
thesis, and then decreased in amount. Since it is probable that 
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during the period of decrease, carotene and xanthophyll may 
change into Vitamin-A.-like substances which possibly have a 
fUllction in embryo development, preliminary attempts have been 
made to test for the presence of such substances in the reproductive' 
organs by means of absorption spectra in the region of 3280 eng
stroms. Methods have been developed for transfer of the plant 
extracts to desirable media-benzol and cyclohexane-for absorp
tion determinations. The results so far have been inconclusive. 
In some cases, definite absorption was obtained at 3280 engstrom~, 
while in other samples absorption in this region was faint, or none 
at all. 

Spectral absorption curves of carotinoids of the male repro
ductive organs (anthers) and the female reproductive organs (pis
tils) of apple flowers (var. Golden Delicious), showed that ill 
both cases alpha-carotene ,vas present in largest concentration, 
beta-carotene in small amounts, and there was a possible trace 
of gamma-carotene. Concentrations of these carotinoids were three 
to four times higher in the anthers than in the pistils. 

Further attempts were made to diffuse the flower inducing hor
mone (florigen) from reproductive short-day plants, and tran3-
locate it through cut petioles into vegetative long-day plants. The 
soybean variety IlIini, was used as the test material. Special atten
tion was given to the time of day and night chosen for diffusion 
and for transfer, since it was thought possible that the influence 
of the photoperiod on reproduction or transfer of the hormone may 
take place largely, if not exclusively, at night. All the results have 
been negative. 

Inhibition Effects by Flower and Fruit Seed Production on 
Subsequent Initiation and Development of Flower Buds CA. E. 
Murneek). \Vhen plants with a continuous type of development 
were allowed to flower and fruit without interrnption, there was 
a conspicuons inhibition, especially by the fruit, of subsequent 
flower bud initiation and development. This was determined with 
diverse types of plants, such as the daisy, marigold, cosmos, dill, 
bean, pepper, and tomato. If the buds were removed continuously 
before they reached anthesis, and ,flowering and fruiting thus 
prevented an increased total quantity of buds was initiated and 
developed. The increase sometimes reached several hundred per 
cent. Defloration and early defruiting had a similar effect, but 
to a lesser degree. Since the total quantity of nutrient substance::;, 
both organic and inorganic, required for the production of flowers 
and young fruits was comparatively small, apparently the curtail
ment of further flower bud initiation and growth was due chiefly 
to the action of an inhibitor produced by the reproductive organs. 

Colchicine-Induced Polyploidy in Petunia (A. E. Murneek). 
Germinated and ungerminated seeds of Petunia hybridia were 
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treated with .4 per cent aqueous solution of colchicine for 1 to 24 
hours at 1 hour intervals. Of the 417 plants obtained from 2400 
treated seeds, 28 were tetraploids, 12 octoploids, 1 aneuploid, and 1 
trisomic form. Exposures of 18 to 24 hours produced the largest 
number of polyploids, but in addition to time of exposure the 
natural susceptibility of the seeds, Or one induced by germination, 
were also important factors in their response to colchicine. 

POULTRY HUSBANDRY 

H. 1. KEMPSTER, Chairman 

Time of Hatching in Relation to Egg Production (H. L. Kemp
ster). A study of the production records of White Leghorn pullets 
hatched in February, March, and April revealed little if any ad~ 
vantage in favor of hatching in one month as compared to another. 
The fall egg production was higher for the February hatched 
group. There was no significant difference in the winter egg pro
duction of the three groups. However, the birds hatched in April 
layed more heavily during the spring period. The total egg produc
tion per bird from date of first egg to October 31, or the end of 
the first laying year ,vas 178, 1GH, and 183 respectively for the 
February, March, and April hatched birds. 

The Feed Purchasing Power of the Eggs Laid by a Hen (H. 
L. Kempster). The eggs from a 122-egg hen purchased 148 Ibs. of 
feed in 19:W as compared to the 1!HO-14 average of 13H, and the 
1929-38 average of 14-1. The egg-feed relationship was less £a-vor
able in 19:39 than for 1988 when an extremely low egg-feed ratio 
prevailed. The year 19a9 was characterized by an unusual behavior 
of egg prices. From January to September the range in egg prices 
was from 11.4 to 14.1 cents. The price rose to 17.a cents in Octo
ber and 21.6 in November but quickly dropped to 16.2 in December. 

Effect of Washing Eggs on Keeping Quality (E. M. Funk). 
Dirty eggs were cleaned by washing with warm and cold tap water 
and with a 1 per cent lye water solutioll. The results again shovved 
that soiled shell eggs washed with lye water kept well in storage 
and greatly increased their value. The results also indicated that 
the temperature of the water was an important factor in cleaning 
eggs. The use of warm water gave better results tha:n cold water. 

Cooling eggs at low temperatures showed that excessive chill
ing, even though the shell was not cracked. increased the percentage 
of inedible eggs and lowered the grade. However, limited chilling 
at sub-zero temperatures was not detrimental to egg quality. 

Effect of Washing Eggs on Hatchability (E. M. Funk). Fur
ther investigations indicated that the hatchability of· soiled eggs 
can be increased greatly by cleaning them with either warm water 
or a 1 per cent lye water solution. 
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Protein Supp'lements for Turkeys (E. M. Funk). Soybean oil 
meal was found to be superior to either cottonseed meal or corn 
gluten meal for stimulating the growth of turkeys. Cottonseed meal 
and corn gluten meal possessed equal value as protein supplements 
for turkeys. 

Turkeys raised on a ration containing soybean oil meal graded 
higher both as live and dressed birds than did those raised on a 
ration containing corn gluten meal. 

Bronze turkeys fed rations containing soybean oil meal had 
feathers which were pigmented normally while similar stock fed 
rations containing cottonseed or corn gluten meal had feathers 
which contained a'n abnormal amount of white. 

Soybean oil meal used in these experiments had definite anti
perosis qualities which were not found in the corn gluten meal. 
The incidence of slipped tendons was increased by the addition of 
bone meal to the rations and decreased by the use of manganese sul
phate. Manganesed calcium in the corn gluten meal mash increased 
very greatly the occurrence of slipped tendons. Late hatched tur
keys grew slowly during hot weather but when cooler weather 
occurred they overcame this retardation and attained norma1 size 
at market age. 

Artificial Propagation of Game Birds (E. M. Funk). Quail 
exposed to artificial lights were stimulated into earlier egg produc
tion than those exposed to daylight only and resulted in an 111-

creased total egg production. 
In the flock mating trial with chukar partridges, the bes,t re

sults were obtained when one male was mated to four females. 
Maintaining the breeding birds on the ground resulted in a higher 
percentage of fertile eggs and also a greater percentage hMchability 
than for birds maintained on wire floors. 

High temperature has a particularly depressing effect on egg 
size in chickens but not in quail or chukar partridges. Chicken 
eggs have a tendency to become smaller from February to Sep
tember. However, quail and chukar partridge eggs increased 
in size during this same period. 

A 'Comparison of Growth Rate and Feed Consumption of New 
Hampshire Cockerels and Capons CH. L. Kempster). Three hun
dred New Hampshire chicks were hatched April 13, 1939. At eight 
weeks of age, the cockerels were divided into two groups of sixty
three birds each. One group was caponized. The other group 
was used as a control group to compa're growth and feed con
sumption. 

The mortality was comparatively low, nine per cent from the 
capons and six per cent from the cockerels. These losses were ap
parently caused by predatory animals. 
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Under the conditions of this experiment, the data indicated 
that there was no significant difference in growth and feed con
sumption between cockerels and capons up to twenty weeks of 
age. 

Rate of Growth of Chicks Under Normal Conditions CR. L. 
Kempster). Growth data for 19:39 revealed that many different 
growth curves may be secured under "normal conditions." This 
emphasized the necessity of control lots in all comparative tests. 
Environmental conditions greatly influence the growth rate. The 
hatching date to some extent influences the type of growth curve 
obtained. 

White Leghorns vl'ere hatched at weekly intervals from Feb
ruary 2 to April 8. In general, the size of the pullets at the age of 
16 weeks declined as the date of hatch was delayed. The pullets 
hatched Februa'ry 4 weighed 108;3 grams at 16 weeks of age as com
pared to 994 for those hatched April 8. Similar results were ob
tained for New Hampshires and White Wyandottes. 

These weight averages were in favor of early hatching up to 
the age of 20 weeks. However, at the age of 24 weeks and 28 weeks 
the weight advantage was in favor of the later hatched birds. A 
possible explanation of :why these weight advantages changed at 
this period is suggested by a study of temperatures and size of 
chicks. 

Smaller chicks were influenced less by periods of extreme 
heat than were those of larger size. From June 10 the rate of 
growth of ,the group whose initial weight was 680 grams declined 
from 29 to 27 on July 8 when the temperature was 95°. In the 
case of the 910 gram group the rate of growth declined from 26 
to 10. The rate of growth for the group weighing 11:35 grams 
declined fro111 20 to 6. This perhaps explains why the New Hamp
shire pullets hatched April 8 made excellent gains during the heat 
wave in July, 19:39. Little is known relative to the temperature 
regulating mechanism of birds but it is known that larger chickens 
are more susceptible to heat prostration than are Leghorns. 

Winter Egg Production in Missouri Type Poultry House (H. 
L. Kempster). This project is in cooperation with the Depart
ment of Agricultural Engineering. The Missouri poultry house 
has become a standard type on Missouri farms. It wa's de
signed and first used in 1915. In the winter egg production tests 
White Leghorns were used from 1916 to 1925 and 1933 to 1940 and 
White Rocks from 1925 to 1933. For the first period the White 
Leghorns varied from 17.4 winter eggs in 1917 to 30 in 1921. The 
winter production in recent years has ranged from 34.2 in 1940 to 
68.6 in 1934. The winter egg production for White Rocks ranged 
from 34 in 19:31 to 58 in 1927. indicating that the house afforded 
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a satisfactory environment for general purpose breeds. These 
records were made prior to the genera:l use of electric lights. Other 
factors than environment may increase winter egg production such 
as better laying strains, improved rations, the use of lights, and the 
general practice of early hatching so that -the birds start laying at 
a:n earlier date. 

Other factors influencing production are the caretaker and 
the occurrence of disease outbreaks for which the house may not 
be responsible. For example, in December 1937, a severe outbreak 
of feather mites occurred and in 1939 the flock suffered an aNack 
of trachitis which ,vas reflected in low egg production in Jan
uary' 1940. 

The Influence of Vitamin A on Egg Production (H. L. Kemp
ster.) The egg production of White Leghorn Hens fed vari0us 
amounts of Vitamin A in the form of yellow corn, alfalfa leaf meal, 
and cod liver oil varied in proportion to the amount of these 
vitamin A feeds in the ration. The basa.J ration contained: 65 per 
cent yellow corn; 2 per cent dried skim milk; 10 per cent meat 
scrap; and 23 per cent ground wheat, bran, and shorts. The hens 
fed the basal ration laid 84 eggs from November 1 to June 30. 
When 30 parts of white corn meal were substituted for an equal 
amount of yellow corn meal the production per hen was 67 eggs, but 
when the yellow corn-white corn combination was supplemented 
with cod liver oil the production per hen was 88. The addition of 
10 per cent alfalfa leaf meal to the 65 per cent yellow corn ration 
resulted in a production of 96 eggs per hen while a combination of 
65 per cent yellow corn, 5 per cent alfalfa leaf meal, and cod liver 
oil produced 114 eggs. The hen fed a: ration containing 10 per cent 
alfalfa leaf meal, 55 per cent yellow corn, and 6 per cent dried 
skim milk produced 99 eggs as compared to 96 eggs for the hen 
fed a ration similar in composition except for the milk. 

Corn and Milo in Poultry Rations (H. L. Kempster). Whole 
milo in the scratch and ground milo in the mash can be substituted 
for yellow corn provided adequa:te alfalfa leaf meal is used in the 
ration to satisfy the vitamin A requirement. The scratch grain 
which constituted approximately two-thirds of -the entire ration 
consisted of 2 parts of yellow corn or milo and one part wheat. 
The laying mash contained yellow corn meal, bran, shorts, meat 
scrap, and dried milk (200, 200, 200, 115, 35). In the milo group 
ground milo was substituted for the yellow corn and 75 pounds 
)f alfalfa leaf meal (100/0 in the laying mash) was substituted for 
to equa:l amount of bran. The milo fed group averaged 111 eggs 
tel' hen from November 1 to June 30 as compared to 102 eggs for 
he group fed yellow corn. The hatchability of the fertile eggs from 
'le milo fed group was 82.6 as compared to 77.2 for those fed yellow 
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corn but this may be attributed to the higher vi-tamin G content 
in the ration due to the presence of alfalfa leaf meal. 

The Use of Milk Products in Poultry Rations (H. L. Kemp
ster). Supplementing ~ regular laying ration with a condensed 
buttermilk product containing dried cereal grass, resulted in an 
increase in egg production of 8.5 eggs per bird over a similar 
ration supplemented with condensed buttermilk. From September 
4 to April 16, the hens fed the condensed buttermilk product con
taining the dried cereal grass laid 86.9 eggs per hen as compared to 
78.4 for those fed the condensed buttermilk supplement. The con
densed milk products were fed at the rate of approximately one
fourth pound per hen per day. 

Soybean Oil Meal in Rations for Young Chicks (H. L. Kemp
ster). Efforts have been directed toward developing a broiler ration 
which would produce rapid growth and economical gains. Soybean 
oil meal is a relatively cheap source of protein. Two trials have 
been completed using soybean oil meal at levels of 5, 10, and 15 per 
cent in the ration and reducing the meat scrap content to 6 per 
cent w'ith 3 per cent dried milk in the latter ration. The Missouri 
formula chick mash has been fed to the controls and feed and 
body weights recorded at two week intervals. 

TABLE 19.-EFFECTS OF SOYBEAN MEAL IN RATIONS FOR YOUNG CHICKS. 

Ration Lot 1 Lot 2 Lot 3 Lot 4 Lot a 
Yellow corn f)~{ 45 45 4a 42 
Bran 10 10 10 10 10 
Alfalfa leaf meal :; (i r. 5 5 
Shorts 1:) 15 I;' 15 15 
Dried Milk r. :5 4 a 6 
Soybean oil meal 5 10 If) 15 
Meat scrap 10 3 10 fI 10 
Bone meal 1 
Salt 1 1 1 ] 1 
Cod liver oil 1 1 1 1 1 
Wt. at 10 W ... eks 

New Ifampshires 
:lInles ........ ..... 1000 10:>1 984 1181 J026 
Ii'emales .......... 0:!1 800 925 040 !!03 

White R'H,kH 
Males ............. 1146 1204 1277 laOG 
]';1'emalcs .......... 108:: 10S8 1107 11191 

In the first test using New Hampshire chicks, the males in 
lot 4 at ten weeks of age weighed 1181 grams compared to 1051 
grams for lot 2 and 1090 grams for the controls in lot 1. 

In the second trial using White Rock chicks, the males in lot 
4 were again heaviest, weighing l:305 grams as compared to 1294 
grams for lot 2 and 1146 grams for the controls at 10 weeks. In 
both trials, the fenaales in all lots showed very little difference in 
weight. The males apparently utilized the additional protein to 
better advantage. 
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RURAL SOCIOLOGY 

C. E. LIVELY, Chairman 

Family Relocation in Missouri (C. E. Lively, C. L. Gregory, 
Clarence Parkhurst, G. A. Miller, Eugene Wilkening). Emer
gencies a:rising in Wayne County connected with the building of 
the Wappapello Flood Control Dam compelled approximately 300 
farm families to move on short notice. Field investigators visited 
each family and obtained information relative to their situation 
and needs, particularly with respect to a:ssistance needed for re
location. In cooperation with the County Land Use Planning 
Committee and the several State agencies that could assist in 
relocating these families a method was developed by which the 
information collected could be used to classify the families accord
ing to need and refer them to the agency best adapted to help. 
This method, as well as other pertinent data, have been set forth in 
Missouri Agricultural Experiment Station Bulletin 427, "Planning 
for Family Relocation." 

The Rural Schools of Missouri (C. E. Lively, R. B. Almack). 
A careful study was made of the official data collected by the State 
Board of Education to obtain a clearer picture of the larger aspects 
of the rural school system in Missouri. It was desired to learn, 
first, the exten~ to which these data represented a stable picture 
of the rural school system and, second, the extent to which the 
rural school system varied in different sections of the State. Com
parisons were made in the official data of different years on a coun
ty basis. These <j.omparisons showed the data for any part to be 
accurate measures only within certain limits. A study of the inter
relationships of these various measures of the rural school system 
found in the official data has been started. 

Rural Health Facilities of Missouri (C. E. Lively, R. B. AI
mack). Field work was completed in Lewis County, Missouri. 
About 320 schedules were taken from farm families in four con
tiguous sub-areas which were selected to represent the major 
social and economic va:riations in the County. In addition to ~hese 
family schedules, each practicitioner, hospital, and public health 
agency operating in the county was visited and interviewed. The 
information obtained showed the various types of medical and 
health services available to the people of the County and the 
extent and conditions of their operations. For selected farm fam
ilies, information showed the incidence of illness during a twelve 
month period and the extent to which medical and health facilities 
were utilized to mitigate these illnesses. 
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SOILS 

W. A. ALBRECHT, Chairman 

Nitrogen and Carbon Accumulation or Depletion in Soils Un
der Different Systems of Soil Treatment and Management (W. A. 
Albrecht, E. R. Graham, G. E. Smith, C. E. Ferguson). Data cov
ering a 33-year period have shown that there is a: "climatic level" 
of carbon and nitrogen in the soil in this geographic region. At 
this latitude, decay is too rapid to permit "storage" of organic mat
ter. Organic matter can be used to the best advantage by providing 
it just in advance of a crop able to use it. The data emphasized 
the rapid rate at which nitrogen and carbon were depleted from the 
surface soil under cultivation. The fallowed surface soil under cul
tivation lost a total of 115 pounds of nitrogen per acre in fourteen 
years. When cultivated to a rye crop turned under at maturity and 
then fallowed regularly the loss was 640 pounds per acre in sixteen 
years. The data also revealed the difficulty of increasing the store 
of nitrogen within the soil. Where rye was grown and turned under 
followed by cowpeas turned under as green manure, the nitrogen 
increase in the surface soil in sixteen years was only 1:30 pounds 
per acre of surface soil. 

The Determination and Mapping of Missouri Soil Types (Soil 
Survey) (H. H. Krusekopf, W. D. Shrader, E. M. Springer). This 
project is in cooperation with the Division of Soil Survey, Bureau 

.of Plant Industry, and the Soil Conservation Service. A soil sur
vey of Daviess, Holt, and St. Charles counties representing an area 
of 1,500 square miles has been completed. Land classification maps 
have been completed for Linn and St. Charles counties and maps 
of Chariton and Holt counties have been partially completed. 

Soil Erosion (H. H. Krusekopf, C. M. Woodruff). Data on 
the effect of degree of slope and length of slope on soil and water 
losses. have indicated that increasing the degree of slope greatly 
increased the loss of both soil and water. The runoff increased ap
proximately ao per cent and erosion 90 per cent when the slope was 
increased from a six to an 8.0 per cent slope. The length of slope 
was of minor importance as an erosion factor. As the length of 
slope increased. the rate of runoff decreased, but the rate of 
erosion increased. 

Runoff and Erosion in Relation to Structure of the Surface 
Soil (H. H. Krusekopf, C. M. Woodruff). Artificial rain on a soil 
tank has been used to determine the laws governing the intake of 
water into the soil and the rate of erosion from different degrees 
of slope for various types of flow as they are related to the struc
ture of the surface soil. Soil, unprotected by vegetation or unde
composed crop residues, became sealed at the immediate surface 
by a layer of fine silt dispersed by the impact of the rain drops 
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on the soil. When the soil was covered by a closely growing crop, 
the impact of the rain drops was broken by the canopy of vegeta
tion and the water that reached the undisturbed soil surface was 

. readily absorbed. Water was released at the top of the slope to 
flow over the soil at rates and amounts corresponding to that ap
plied as rain in order to separate the effect of the impact from that 
of the flow, or to leave the surface soil in a structure unchanged by 
rain impact. These erosion measurements indicated that on rela
tively gentle slopes as much as 9Cl per cent of the total soil eroded 
was brought into suspension by the impact of the raindrops. Only 
10 per cent was eroded as a result of the flow of water down the 
slope. However, on slopes in excess of eight per cent the causes of 
soil movement were equally distributed between the impact of the 
rain drops and the water flo\ving over the surface. Therefore, 
it is apparent that a growing crop which provides a canopy over 
the soil but does not provide a sad at the immediate surface will 
provide effective erosion control on the m ore gentle slopes, but 
reduced protection on the steeper slopes. 

Crop Rotation and Fertilizer Experiments (W. A. Albrecht, 
G. E. Smith, N. C. Smith). Data accumulated ove'r a period of years 
have shown the importance of legumes, lime, and fertilizers for 
maintaining the productivity of Missouri soils. Where soils have 
been limed a·nd legumes grown, the yields of corn the following 
year have been increased by from 10 to 20 bushels per acre over 
systems where corn follows grass or some other grain crop. Als0; 
there was a significant difference in the capacities of legumes to 
produce this increase in the next crop due to differences in soil 
fertility. Fertilizer experiment indicated that under general 
Missouri conditions phosphate was the fertilizer needed most ex
tensively. Where land has not been limed, superphosphate was the 
only fertilizer that consistently gave increases in yield. Where no 
legumes wen; grown, a: mixed fertilizer usually gave a profitable 
increase over superphosphate alone. After soils have been limed 
and legumes grown for some years, potash will be needed, and mix
tures of phosphate and potash should be applied. Field results have 
indicated that the liberal use of limestone and the growing of 
sweet clover were satisfactory and economical means of increasing 
yields of crops on claypan soils. At Columbia in a two-year rota
tion of corn and oats with sweet clover in the oats, soil that had had 
an application of two tons of limestone six years previously in
creased the growth of sweet clover by more than two tons pet 
acre at the time it was plowed under on May 1 of its second year. 
This sweet clover used as a green manure crop increased by more 
than 15 bushels per acre the yield of corn which followed. The yield 
of the oat crop following the corn also was increased from 31 to 42 
bushels per acre. Where finely ground limestone had been drilled 
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with the clover seeding in the same manner in which fertilizer is 
applied, the growth of sweet clover was 110t as large, nor the sub
sequent effect on the corn as great, as with the heavier rates of 
limestone applications. The smaller rates of application have, 
nevertheless, given profitable increases. Apparently drilling a 10-
mesh limestone at a slightly heavier rate gave as good results as 
drilling more finely ground limestone. The use of pulverized lime
stone at the rate of 500 pounds per acre mixed with 630/0 meta
phosphate increased the yield of lespedeza hay by 1000 pounds. 

A Comparison of Phosphate Fertilizers CW. A. Albrecht, G. E. 
Smith, N. C. Smith). Tests with numerous phosphate fertilizers 
carrying different forms and amounts of phosphate on wheat and 
barley and on limed and unlimed soil indicated that there was 
little difference in value of the fertilizer's that carried phosphate 
in soluble form. Rock phosphate and tricalcium phosphate were 
definitely inferior to superphosphates or other more soluble forms. 
Di-calcium phosphate gave greater increases in yield than rock 
phosphate, but was not as satisfactory as superphosphates. Where 
materials of high analyses have been applied in equivalent amounts, 
the increases in yield have been about equal. The increases ill 
yields from different phosphates have not been greatly different, 
whether used on limed or unlimed soil. Therefore, the fertilizer 
having available phosphate in the cheapest form was the most 
economical. 

Potash Deficiencies in the Soil as Reflected by Lespedeza and 
Soybeans (W. A. Albrecht, G. E. Smith, N. C. Smith). Potash fer
tilizers have given substantial increases in yields of crops on only 
a few soils in Missouri. Lespedeza and soybeans grown in rotation 
on soils at Columbia have developed typical symptoms of potash 
deficiency where the land has been heavily limed. The soybeans on 
land treated with lime and phosphate were stunted and had yellow 
wrinkled leaves that were dead around their edges. The lespedeza 
plants developed a purple color around the edges of the leaves 
when the plants were about four inches high, and grew slowly. 
This purplish area died during dry weather. Applications of potash 
fertilizers worked into. the soil improved the growth, of these plants. 
For five years the limed plots produced higher yields of crops of 

, greater protein content than any not limed. However, it now ap
pears that potash is becoming a limiting element and the yield on 
the limed plots is becoming less than on those not limed. There
fore, farmers who have been using lime recently should make care
ful observations for potash deficiency symptoms. 

The Best Systems of Soil Management for the Most Important 
Soil Types in Missouri (G. E. Smith, N. C. Smith). During the 
past year a new outlying 'experiment field was started near Bolivar 
in Polk county. The field is 80 acres in size and located on Eldon 
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sandy loam. A large part of the field is devoted to pasture investiga
tions where measurements are to be made on the effects of soil 
treatments on the live stock carrying capacity and nutritive value 
of crops. The experiments have been planned to determine the 
effects of different rates of liming and fertilizing on different crops. 
Also, the soil building values of different legumes and cropping 
systems will be measured. 

With the completion of ten-years results the field at Green 
Ridge on Cherokee silt loam has been discontinued. This soil was 
found to be well suited to small grain but definitely not adapted 
to the production of corn or other summer growth crops. The 
shallow droughty soil and high summer temperatures definitely 
limited the production of. corn and usual cornbelt rotations. From 
1931 to 1939, inclusive, there were three years when corn was 
a complete failure. There were two years when the yields ranged 
from 25 to 30 bushels. During the remaining years the yields were 
less than 20 bushels per acre. Where corn was grown in sequence 
with legumes, th.e fertilizers containing nitrogen and phosphate 
gave a smctll benefit, but without legumes they failed to increase 
the yield of corn with profit. 

The use of phosphate on wheat has been fairly profitable on 
this soil. The following yields of wheat were obtained from 1931 
to 1940, inclusive, in a rotation of soybeans and wheat. While 
phosphate on this soil was beneficial, the nitrogen and potctsh 
in commercial fertilizers were of little benefit when measured in 
grain increase. To grow red clover this soil had to be limed and 
sweet clover or lespedeza grown to raise the fertility level. 

Soil Treatment Wheat Yield. Bu./ Acre 
No treatment .................................... , ........................................ 9.3 
Superphosphate, 120 # per Acre ........................................ 17.2 
Superphosphate, 200 # per Acre ............... , ........................ 19.2 
6-12-0, 200 # per Acre ........................................................ 19.6 
6-12-12, 200 # per Acre ................ , ........................................ 19.7 
Experiments to test fertilizer ratios have been conclucted on 

all the principal soil types in the State. Over 90 per cent of the 
trials on whectt and barley gave profitable increases in yield from 
the use of fertilizers. Phosphate was the 1110st needed fertilizer 
element. Applications of 20 per cent superphosphate at the rate 
of 150 pounds per acre or its equivalent have returned an average 
of three dollars for each dollar invested in fertilizer. On many 
soils in the southern and northea'stern parts of Missouri, partic
ularly where few soil building practices have been followed and 
where the humus content of the soil was low, fertilizers containing 
nitrogen, phosphate, and potash have been more profitable than 
those with phosphate alone. On some of the soils of limestone 
origin, or where the land had been limed for from five to ten years, 
potash gave substantial increases in yields of small grain after the 
phosphate requirement of the crop had been met. 
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The use of fertilizer on corn has not produced as consistent 
results as when used on small grain. On land of medium to good 
productivity, the application of the proper fertilizer and use of 
good corn varieties have been very profitable in good seasons. In 
droughty seasons, the increases in yield have been small. In many 
years the use of fertilizer on poor land (normally making less than: 

-30 bushels of corn per acre), has not been profitable. Fertilizer 
on corn has not proved a' substitute for good farming methods. 
Apparently, the most practical method of fertilizing corn is to apply 
all the fertilizer to the small grains and legume crops in the rotation: 
and plant the corn immediately following the legume. 

Fertilizer experiments with cotton on the principal soil types in 
the cotton-growing area have given profitable returns from an ap
plication of the proper kind of fertilizer. On some soils potash was. 
the most needed element while on other soils, principally the sandy 
types, nitrogen was deficient. Since the Missouri cotton-growing" 
area is at the northern limit of the cotton-growing region, fertilizers· 
should be used not only to increase yields but to hasten maturity. 
In some tests the application of fertilizers did not increase the 
yield but resulted in earlier maturity. The higher price for the
earlier pickings gave a profitable return from the use of fertilizer. 
Where potash was the most needed element mixed fertilizers gave 
more profitable increases than potash. alone because of the earlier 
maturity although there was little differences in the increases in 
yield. 

The yields of tobacco in Missouri are usually satisfactory but 
most of the soils where it is grown contain a relatively large amount 
of nitrogen which results in its late maturity and a dark leaf. 
Fertilizer trials have been conducted to determine whether the 
yield and quality of tobacco could be influenced by the application 
of commercial fertilizer. On the more fertile soils no difference in 
yield or quality was obtained. The following results were obtained 
on an eroded Memphis silt loam in Boone county which had been) 
in alfalfa a number of years previous to planting the tobacco. 

Fertilizer 
0-0-0 
0-20-0 
0-20-10 
10-20-0 
10-20-10 

Pounds of leaves 
harvested 

838 
1053 
911 

1359 
1079 

Value of crop 
per acre 
$148.13 

189.57 
161.00 
241.09 
194.80 

Not only did the nitrogen and phosphate increase the yield, but 
there was a larger percentage of the leaf in the higher priced grades. 
The potash apparently was not needed on this soil and made the 
tobacco later in maturity. Surveys have shown that most tobacco
growers use fertilizer on their tobacco beds and results indicated 
that in many instances the stand and vigor of plal'lts were injured 
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by too heavy applications. On most soils some mixed fertilizers, 
such as 4-12-4, gave best results. Heavier applications than 500 
pounds per acre or one and one-tenth pounds per hundred square 
feet reduced the number and quality of the plants. 

Soil Aggregation (C. M. Woodruff). Soil aggregation studies 
have been made on the plots of Sanborn Field where fifty years 
of history of soil management practices were available, and from' 
the soils of the erosion plots' for which twenty years of the history 
of the soil management practices were available. Soil crumbs from 
plots in a rotation of corn and small grain with either barnyard 
manure or sweet clover as a green manure were more than 80 per 
cent stable in wa:ter, whereas soil crumbs from plots in corn con
tinuously without treatment were only 27 per cent stable in water. 
No significant differences in the strength of the water stable ag
gregates from these soils were noticeable. The percentages of 
water stable a:ggregates from the soils of the erosion plots, which 
had been fallowed during the previous six years, varied widely 
depending on the former use of the soil. Only 11 per cent of the 
soil crumbs from soil that was formerly in corn were stable in 
water, whereas 24 per ' cent of the soil crumbs from soil that was 
rotated with corn, wheat, and clover were stable, and 53 per cent 
of the soil crumbs from the plot tha:t had formerly been in blue
grass sod were stable in water. These results 'indicated that the 
quantity of soil crumbs that· are stable in water decreased rapidly 
as the land was farmed more extensively. The sealing of the surface 
of intensively cultiva:ted land under the impact of falling rain drops 
appeared to be caused by the absence of soil crumbs that were 
stable in water. Crop rotations containing meadow crops or green 
manure crops, and the use of barnyard manure maintained a sup
ply of soil crumbs tha't were stable in water and resistant to the 
impact of rain. The results of these studies emphasized the im
portance of soil management practices that maintain a stable soil 
structure while the land is planted to cultivated crops. 

Subsoil Improvement Through Deep Tillage (C. M. Wood
ruff). A large acreage of the agricultural land in Missouri is char
acterized by soils underlain with heavy clay subsoils of a compact 
structure. These heavy clay subsoils known generally as claypans 
are impermeable to water. The roots of crop plants do not pene
tra:te the claypan. Instead they are confined to a relatively shallow 
layer of surface soil which must provide the nutrients and moisture 
necessary for the support of the crop. The low level of fertility gen
erally associated with the surface soil and the direct exposure of 
such a thin layer of soil to the drying rays of the sun and to wind 
results in a low level of crop production with frequent failures be
cause of drought. The low water-holding capa:city of the soil has 
accentuated erosion through excessive amounts of runoff from 
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relatively level topography. Absence of plant roots in the claypan 
have been found to be associated with the water relations of this 
soil horizon. At the maximum moisture content which it was 
possible for this soil horizon to attain, the water was held with such 
tenacity by the clay that plants could not obtain it. Chemicals 
injected into the claypan in the solid form have remained intact 
for twelve years, the moisture being held so tightly by the clay that 
solution of the materials did not occur. No structural changes 
were noticeable on the clay in close proximity to the added chem
icals. Apparently, it was not feasible to attempt to develop a con
dition of the claypan that would permit the rapid movement of water 
through the soil by the methods tried. Instead it seemed more d • .:
sirable to attempt to increase the capacity of the soil to store avail
able water. The results of structural studies suggested that the 
physical characteristics of the upper part of the claypan could 
be improved through the growth of lespedeza, soybeans, or sweet 
clover, followed by deep tillage when the soil was dry. The growth 
of these legumes fractures the claypan into small stable granules. 
Deep tillage at this time developed a loose open structme capable 
of releasing the water available to plants by holding as much 
additional water in this modified subsoil as was presen t in the sur
face horizon which formerly represented the only supply of moisture 
available for the crop. The increased storage capacity for water 
and the deeper rooting of plants growing on soils that have been 
treated in this manner offers promise as a means of increasing pro
duction, reducing the hazards of drought, and controlling erosion 
when these treatments are supplemented with the use of limestone 
and phosphate fertilizer to insure maximum growth. 

Limestone for Agriculture PurpiOses (W. A. Albrecht, G. E. 
Smith, N. C. Smith). Soils are limed mainly to deliver calcium 
to the crop. Drilling finely ground limestone in amounts as low as 
600 pounds per acre with sweet clover on Putnam silt loam has 
demonstra ted the fact that it is unnecessary to neutralize the soil 
acidity for sweet clover and its associated effects in soil improve
ment. Drilling IO-mesh, mill-run limestone at rates as low as aoo 
pounds per acre resulted in a stand of sweet clover of which the 
green manure effect 011 the following corn crop amounted to an 
increase of more than three bushels per acre. Three rounds of the 
corn and oats rotation with the sweet clover seeded in the oats as 
green manure for the corn ha:ve now been completed. Results 
indicated that the sweet clover could be obtained for soil improve
ment by drilling limestone of almost any fineness with the seeding 
of sweet clover in the oats. Since the very finely ground limestone 
drilled at the 300 pound rate was not equal to the 10-mesh stone 
at this rate, this suggested that the finely ground stone may have 
been rapidly and completely absorbed by the soil so as to leave 
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'very little for the plant. Apparently. the coarser stone delivered 
-calcium over a longer period and gave better sweet clover in the 
.second year. Larger amounts, (two tons) of either fine or coarse 
stone applied broadcast about eight years ago have established 
.sweet clover regularly. Results in the use of small amounts of 
either finely or coarsely ground limestone in establishing sweet 
dover as a green manure crop are now being reflected in increased 
corn production. The degree of fineness to which the limestone 
is ground is not very significant. The significant item is the fact 
that the sweet clover crop needs the calcium and means must ue 
'provided for delivering this nutrient. Any fineness of grinding of 
limestone used in amounts and methods to do this will serve the 
-purpose. 

The Improvement of Permanent Pastures (W. A. Albrecht, 
C. E. Marshall , G. E. Smith, N. C. Smith) . Much of Missouri's 
-pasture lanel is producing low yields, yet it often is difficult to justify 
the use of soil treatments on the basis of increased tonnage yields 
:alone. The use of limestone, phosphate, and nitrogen will bring 
about increases in yields of bluegrass but these increases will 
.seldom exceed 500 or 600 pounds of dry grass per acre annually. 
Preliminary work has indicated that these soil treatments may 
bring about benefits in nutrient quality in addition to increasing 
the tonnage yield. In order ' to measure the increased nutrient 
value of fertilized pastures as well as annual increases in yield, 
a five-acre area of bluegrass pasture was fenced and grazed by two 
lots of 16 fat yearling ewes. One lot grazed on a limed area and 
the other grazed on an unlimed area. In this test, growth differ
ences in the animals were not significant. 

Nutritive Quality of Lespedeza Forage as Influenced by Soil 
'Treatments (W. A. Albrecht, C. E. Marshall, G. E. Smith, N. C. 
Smith). Comparable lespedeza hays grown on similar soils (Put
nam silt loam) one receiving phosphate, and the other lime and 
'phosphate, were fed to lambs and rabbits. The lambs were fed 
.all the hay they would consume plus a constant daily supplement 
of grain. The amounts of hay eaten by the two lots were nearly the 
.same. Chemical analyses of the two hays showed that the hay from 
limed land contained nearly 30 per cent more protein than that 
grown on land given only phosphate. There was less than 10 per 
,cent difference in the calcium content and no difference in phos
phorus. The lambs fed the hay from soil receiving only phosphate 
consumed 30 pounds of hay for each pound of gain, while those fed 
hay from soil receiving both lime and phosphate produced a pound 
of gain from only 20 pounds of hay. This difference was much 
greater than the difference shown by chemical analyses of the two 
feeds. These results indicated that soil treatments may have 
values not ordinarily recognized. 
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The Effect of the Placement of Calcium and Phosphorus in 
:Soil (W. A. Albrecht, N. C. Smith, C. E. Marshall, Robert Fox). 
Bluegrass, redtop, sweet clover, and Korean lespedeza were grown 
in the green house in pots using Putnam silt loam in order to study 
effects of various increments and placements of calcium and phos
phorus in the soil. The results indicated the importance of the 
degree of saturation with calcium not only upon the calcium con
tent of the crop but also upon the uptake of phosphorus by ~ic 
plant. The effect of lime placement was clearly reflected in tI1e 
manganese content of the crop. When lime was applied only to 
the top quarter of the soil the manganese content of the crop was 
higher than when the same amount of lime was mixed with the 
whole soil. 

VETERINARY SCIENCE 

A. ]. DURANT, Chairman 

Blackhead in Turkeys CA. ]. Durant, H. C. McDougle). Sev
enteen turkeys, six to seven months of age, were abligated for the 
prevention of blackhead, and an equal number of unabligated birds 
of the same age were used as controls. Eight or 47.5 per cent of 
the abligated birds died of peritonitis as a result of the operation. 
The other nine abligated birds and the control group were exposed 
to atYected grounds for a period of one year. None of the nine 
abligated birds developed blackhead during the year, whereas 
thirteen of the control birds died of that disease. 

Leucosis in Fowls CA. ]. Durant, H. C. McDougle). The study 
of the possible relationship of leucosis and fowl paralysis has been 
continued. Further evidence indicated that leucosis and fowl 
paralysis probably were due to the different viruses. In recent 
.experiments concerning the transmi ssion of fowl paralysis by blood 
inoculation there was no indication that leucosis was a factor. A 
total of 10·1 chicks were inoculated with blood from chicks hatched 
from birds infected with fowl par<l!lysis. Not a single case of leu
·cosis was found either in the 104 inoct1lated birds or in the 104 
control birds used in this experiment. 

A study of cana·ry diseases showed that they were subject to 
leucosis . 

Fowl Paralysis CA. J. Durant, H. C. McDougle). Missouri 
Agricultural Experiment Station Research Bulletin 304 is a report 
on this project. In this publication it was reported thatexperi~ 
ments have definitely indic<l!ted that the virus of fowl paralysis 
occurred in the circulating blood of chicks hatched from eggs of 
l1ens visibly affected with fowl paralysis. 

It also was reported that there were three periods of age of the 
donot"s at which the hlood more readily transmitted the diseas~ 
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to the recipient: (A) 20 to 30 days, (B) 50 to 60 days, and (C) 110 
to 120 da.<ys. 

During the past year chicks of three ages (2:3 days of ag'e, an 
age of high infectiousness; 33 days, an age of low infectiousness; 
and 50 days, an age of high infectiousness) that were hatched fr0111 
'eggs of hens visibly affected with fowl paralysis were used in an 
experiment to verify the infectiousness of the blood of chicks at 
q.,rtain ages. Fowl paralysis developed in 57.14 per cent of the 
chicks inoculated with blood from the chicks 2:3 days of age. A tot<t1 
of 12.12 per cent of the chicks inoculated with blood from the chicks 
33 days of age developed paralysis and 38.88 per cent of the chicks 
inoculated with blood from the chicks 50 days of age developed 
fowl paralysis. In the groups used as controls 11.53 per cent of 
them developed paralysis. None of the inoculated chicks developed 
leucosis. These results verified those obtained in previous experi
ments. These, results again seemed to indicate that leucosis of 
fowls has no definite relation to fowl paralysis. 

Nine day old chick embryos were inoculated with .4 cc. of blood 
from chicks that ,,:ere hatched from eggs of hens visibly affected 
with fowl paralysis. A total of 19 eggs were hatched anel ~' of the 
chicks developed fowl paralysis while only 4 of the 19 control chicks 
developed the disease. Blood from the same source was used to 
inoculate 104 chicks. Of the 104 inoculated chicks :38 developed 
fowl paralysis and 4 developed tumors, whereas in the control 
group of 104 birds only 12 developed fowl paralysis. This showed 
definitely that the blood used for inoculating embryonic eggs con
tained the virus of fowl paralysis, and that the disease was actually 
transmitted into the 9 day old embryos by means of the blood. 

In another experiment designed to test the susceptibility of 
older chicks to fowl paralysis by means of blood transmission 7 
chicks, 13 to 21 days of age, were inoculated with .5 cc. of blood 
from chicks hatched from eggs of visibly affected hens. T"vo of the 
group of the inoculated birds developed fowl paralysis, wherea·s 
only 1 of the 7 chicks used as controls developed the disease. 

The experiment was repeated using chicks 13 days of age as 
recipients. Four chicks were inoculated with .5 and .75 cc. of blood. 
Two of the 4 chicks developed fowl paralysis. Of the controls of 
the same age none developed para.<lysis. 

Study of Cattle that Consistently Give Low Titre Reactions 
to the Bang's Agglutination Test (Cecil Elder, O. S. Crisler). 
Eleven of the 18 cows on experiment have at some time showed 
some agglutination titre. The seven showing no titre have served 
as controls. In the 11 cows the titre has been somewhat variable, 
but in no instance has it gone very high: In three of the animals 
the colostral milk titre has been high enough to classify the ani-
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mals as posltIve reactors, but since blood titres have never been 
high enough to classify the animals as positive reactors, they were 
kept in the herd for further study. 

No observed abortions have occurred during the year, although 
it is thought that one animal did abort at some time during the 
period while on pasture. The breeding efficiency of the entire 
group has been very good, as 17 of the 18 cows on experiment have 
calved during the period ; The gestation period varied from 272 to 
286 days, with an average of 280 days. 

There has been no apparent spread of infection from animals 
with low titre reactions to negative animals running in the same 
pasture. Apparently herds which contain low titre animals are 
relatively safe, and such animals are not dangerous to keep on the 
farm. :\11 attempts to isolate Brucella organisms from the cows 
on experiment have been negative. Studies made on the opsonic 
index to elate have shown no correlation between high opsonic 
indexes and the higher average blood titres found in some of the 
cattle. 

Pathology and Comparative Damage Done by Stomach, Nodu
lar, and Tape Worms in Sheep (Cecil Elder, O. S. Crisler). Of the 
65 sheep used on this experiment, 12 either died or were killed 
for experimental purposes during the year. All of the sheep which 
died of parasitism during the year were confined to the control 
or untreated group in one of the pastures. Deaths from parasites 
occurred during the months of August, September, and November. 

A total of 1641 fecal egg counts were made during the year. 
The highest count occurred between September 15 and November 
15. Stomach worm eggs were found throughout the entire year, 
regardless of the treatment the sheep received. This indicated that 
the copper sUlphate treatment did not remove all the stomach 
worms present. Although the problem of stomach worm infesta
tion is not so serious in well fed sheep, proper precautions should 
be taken to protect young lambs. 

Daily fecal egg counts were made on 24 sheep for a period 
of 2 weeks. No significant daily variation in the counts were found 
except in one sheep on one day. No reason could be found for this 
variation. Results have definitely indicated that fecal examinations 
for stomach worms if conducted in a proper manner will give ~ very 
good index as to when sheep should be treated. Age is an important 
factor in the control of sheep parasites, since it was found that 
mature sheep would carry an appreciable number of stomach worms 
without detrimental effects. 

Tests to determine the efficiency of phenothiazine for control
ling stomach and nodular worms have been started. 



102 MISSOURI AGRICULTURAL EXPERIMENT STATION 

Transmission of Bang's Abortion Infection from Swine to Cat
tle Under Pasture Conditions (Cecil Elder). None of the cattle 
which were kept in the same pasture with swine which had been 
artificially infected with Brucella suis showed any evidence of 
transmission of infection. Since the swine had been heavily dosed 
with live Brucella organisms, there seemed to be ample opportunity 
for exposure. No positive cultures of Brucella suis or Brucella. 
abortus were isolated. 

Blood agglutination tests showed that infection occurred in 
the hogs which had been artificially dosed within 8 days after re
ceiving the Brucella culture. The hogs recovered rapidly from 
abortion infection and did not carry a high blood titre for a very 
long period of time. The cattle on experiment in several cas~~s 
showed low titres to the blood agglutination test. This may have 
been due to sensitization by Brucella suis. Opsonic index studies 
on all of the cattle showed these indexes to be high. This may indi
cate the possibility of an immunity having developed in the cows on 
experim en t. 

Comp1arative Results Obtained with the Tube Agglutination 
and Rapid or Plate Tests on Low Reaction Sera in Bang's Disease 
Testing (Cecil Elder). During the past year antigens prepared 
by the Bureau of Animal Industry have been used in making the 
comparative tests. Study has been made of comparative results of 
tube and plate tests on 647 different blood samples. A total of 623 
or 96.29 per cent check by both methods of testing. Six samples 
or a little less than 1 per cent were classed as slow reactions by the 
plate method. Apparent discrepancies because of the slow reac
tion may be overcome by extending the reading time of the plate 
test. It was found that if the plate test had been used as a routine 
method rather than the tube test a larger number of reactors would 
have been reported. Also, if the tube test had not been employed 
as a routine method there would have been no indication of ag
glutination in the so-called slow reactions. 

Pregnancy Disease of Sheep (Cecil Elder). During the past 
year only a few field cases of pregnancy disease of sheep have been 
available for study. One yearling ewe showed typical symptoms 
of pregnancy disease. The cause of the trouble in this case 'vas un
doubtedly the result of extreme starvation. 

Acetone and hydrogen ion concentration tests have been made 
upon urine samples in an attempt to arrive at an early diagnosis of 
the disease. A total of 169 urine samples, collected at weekly 
intervals, have been examined. Ten of these samples were positive, 
7 suspicious, and 152 negative to the acetone test. The average 
hydrogen ion concentration tests varied from 6.51 to 8.11. The 
results have been encouraging and further tests are ~eing made. 
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Additional attempts have been made to find a curative treat
ment for pregnancy disease. However, no treatment has been 
found to be of any value for the sheep in which the symptoms have 
already developed. 

SERVICE PROJECTS 
Answering Agricultural Questions. Undoubtedly' one of the 

greatest services rendered by the Missouri Agricultural Experi
ment Station to the citizens of the State is the answering of defi
nite questions. Members of the staff spend considerable time and 
effort in answering questions either by direct correspondence, by 
personal interviews, through the Farm News Service , by radio , and 
by bulletins and pamphlets. Anyone having individual farm prob
lems may write directly to the Experiment Station. Every effort 
will be made to answer the questions promptly and courteously. 

Chemical Service (L. D . Haigh, E. W. Co\;V~l11 , L. L. Wise
man). Investigations in the various departments of the College 
of Agriculture call for chemical studies of fertilizers, feeds, soils, 
and various agricultural materia-l. Samples of these materials also 
are sent in by farmers, merchants, and other citizens in the State, 
and require that a chemical analysis or test be made. Approximate
ly 565 letters were written giving information regarding the sam
ples sent in for analyses. 

A classified summary of the analytical work completed clming 
the past year follows: 

Agricultural Chemistry 
Two samples bluegrass and one sample tobacco for ioclint:! 

determination; 2 samples corn for moisture; 9 samples feed and 1 
sample corn for protein; 27 samples feed for dry matter, calcium,. 
phosphorus, and a part of them also for manganese; 11:1 deter
minations. 

Agricultural Engineering 
Five samples castor beans for oil and moisture; 10 determina

tions. 
Animal Husbandry 

Twenty-four samples rib lean and fat from animal carcasses 
for moisture, ash. protein, and fat; 2 samples corn for complete 
feed analysis; one sample alfalfa and 1 sample barley for moisture; 
1 sample of water for qualitative examination; 2 stomach contents 
for examination for harmful chemicals; 303 determinations. 

Dairy Department 
Three silage samples, 10 hay samples, arid 2 samples of soy

bean hay for complete feed analysis and calcium and phosphorus; 
105 determinations. 

Field Crops Department 
Eleven. samples orcharcl grass, red top, and blue grass fpr 

iodine determinations; 8 wheat grain samples and 2 barley sampIcs. 
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for moisture and protein; 1 sample Virginia Rye Hay for complete 
feed analysis, calcium, and phosphorus determinations; 241 sam
ples of pasture grasses, roots, and rhizomes for complete feed and 
ca-rbohydrate determinations; 1284 determinations. 

Missouri Agricultural Conservation 
Twelve samples of Treble Superphosphate for available phos

phoric acid; 24 determinations. 
Poultry Husbandry Depart1nent 

Two mash feeds for protein determinations; 2 determinations. 
Soils Department 

Twenty-one samples of crops (bluegrass, lespedeza, and wheat 
plant) for iodine determinations; '7 lespedeza samples from experi
mental farms for nitrogen; 39 samples of crops for ash, silica, 
calcium, phosphorus, potassium, nitrogen, and moisture; 301 deter
minations. 

Miscellaneous Materials 
Twelve samples of water for qualitative examination; 8 sam

ples of mine water for examination of solids; 2 samples of rock 
encrustation for qualitative examination; 1 sample of flax and 
2 samples of feed for protein; 1 sample of feed for the deter
mination of salt; 1 sample of horse powder for qualitative ex
amination; 4 feed samples and corn silage for carotene, protein, 
and dry matter; 1 sample of mineral mixture for magnesium, phos
phorus and salt; 1 sample of flour for ash, protein, and moisture; 
2 stoma-ch contents and one feed for poison; 4 samples of feed and 
one sample of salt examined for poison by feeding to laboratory 
animals; 56 determinations. 

Grand total, 2054 determinations. 
Fertilizer Control (M. F. Miller, Director, L. D. Haigh, Chem

ist). The inspection, analysis of samples, and publication of results 
are described in Missouri Agricultural Experinient Station Bulle
tin 417. A brief summary follows: 

Inspection 
No. of towns and farms visited ............... ......... 21:3 
Manufacturers, dealers, farmers, jobbers, 

and others having stocks, visited .. .............. 561 
No. of samples collected for analysis ................ 554 

Chemical Analyses 
The laboratory work on the samples collected for analysis 

is summa-rized as follows: 
Total nitrogen determinations ............................ 378 
Water insoluble nitrogen determinations ........ 360 
Nitrogen activity determinations .................... 3 
Total Phosphoric Acid determinations ............ 522 
Insoluble Phosphoric acid determinations ... ... 501 
Water soluble potash determinations ................ 378 
Basicity determinations ...................................... 62 
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There were 24 samples sent in by purchasers for analyses. 
Ninety-eight determinations were represented by these samples. 
Six samples of phosphate fertilizer and 4 samples of potash fer
tilizer were received for special study from the A. O. A. C. A total 
of 16 determinations was involved. In addition to the above, 2388-
samples of limestone were tested for their agricultural value ex
pressed in equivalents of calcium carbonate. In addition, the labora
tory furnished the facilities for the testing of 200 more samples of 
limestone in the Grant of Aid program of the Missouri Agricultural 
Conservation Association. 

The Publication of Results 
Missouri Agricultural Experiment Station Bulletin 417 issued 

in April, 1940 is a report of the results of inspection for the calen
dar year 1939. The chemical composition of the fertilizer obtained 
by the inspectors is reported in comparison with the manufacturer's. 
guarantee. Analyses of the samples indicated that buyers received 
on the average 108.3 per cent of the amount of plant food guar
anteed to them. This is an indication of the reliability in general 
of the fertilizer goods offered for sale in the State. 

The bulletin lists the companies and the brands which are 
registered for sale in the State for the calendar year 1940. Tables 
indicating the estimated consumption in tons of fertilizer sold in 
each county by grades and kinds, the tonnage of plant food con
stituents, and the tonnage of each brand for the State as a whole 
are included in the bulletin. Information on points to be observed 
in purchasing fertilizer materials is given as a guide to users. 

Pregnancy and Fertility Testing (F. F. McKenzie, D. T. May
er, F. N. Andrews, Esther Meier). A chemical test for pregnancy 
in the mare based upon the reaction between estrogens and pheno
sulfonic acid has been developed. This method was used on ap
proximately 100 mares and results compared with the Cuboni 
chemical tests and with a biological test in which adult female 
castrated rat s were used. After the 114th day of pregnancy the 
results of the three methods checked within one per cent of each 
other. 

During the year a total of 113 blood, 15 urine biological and 
45 chemical tests for pregnancy in the mare were made for mare 
owners. 

Fertility tests were made for 4 stallions, 1 jack, 5 bulls, 1 boar 
and 45 rams. 

Identification of Plant Diseases (C. M. Tucker, J. T. Middle
ton). During the year approximately 500 letters were written in 
reply to inquiries on the identification of plant diseases and on 
methods of control. 

Of special interest among specimens received for identification 
were Macrosporium cucumerinum, which caused extensive defolia-
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tion in watermelon fields in southeast Missouri . M acrosporium 
solani ,vas prevalent to an unusual extent as the cause of collar rot 
and leaf blight of tomatoes. Bacterium vesicatorium and Aplano
bacter 1nichiganense occurred on tomatoes, causing wilting and 
<cankering of the stems. The latter occurred to a greater extent 
than previously noted. 

Junipers in one nursery were heavily infected by the fungu,;, 
Phomopsis j~tniperovora, and Austrian pines in Pike County were 
partially defoliated by Septoria acicola. 

Among the most frequently noted diseases of greenhouse 
plants were: stem canker of Antirrhinum caused by Phyllosticta 
.antirtliini and stem rot of Delphinium sp. caused by Sclerotinia 
sclerotiotu,m. Cyclamen stunt caused by Cladosporium cyclaminis 
was received for the first time. Stem rot of Poinsettia was caused 
by Phthi~t1n sp. 

A virus disease closely resembling spotted wilt was wide
spread in tomatoes. All common commercial varieties observed 
were affected, but a strain of Lycopersicon pimpinellifolium appeared 
very resistant to natural infection. The disease was not clestructive 
-and many plants apparently recovered. 

The virus disease of tobacco, streak, was received from How
:arcl anel Platte Counties, and identifi.ed by W. D. Valleau of the 
Kentucky station. 

Official Testing of Dairy Cows CH. A. Herman). Official tests 
were conducted for 42 Missouri breeders on 1165 purebred cows. 
This represented J BH one-clay and 370.two-clay Advanced Registry 
or Register of Merit tests on 249 cows and 842:3 one-day Herd Im
provement Registry tests on 916 cows. 

The highest butterfat producing cow for the year in the Ad
vanced Registry or Register of Merit division was Taymir's Queen 
Pearl 1200740, a Jersey cow owned by S. R. Head, Hannibal, Mis
souri . Her record was 10,7M pounds of milk, containing 617.7 
pounds butterfat in a 305 day lactation. 

St. Albans Actors Beauty Spot 454600, owned by Mrs. Irene 
Johnson, St. Albans Farms, Becker, Missouri , led all Guernseys 
officially tested with a yearly record of 1:3,548 pounds of milk con
taining 7;38.9 pounds butterfat at 4 years 5 months of age. 

Farmington Pontiac Ormsby 1836933, a Holstein cow owned 
by State Hospital No.4, Farmington, Missouri, was the leading 
butterfat producer of her breed with 17,973 pounds milk, containing 
(360.5 pounds butterfat in 365 days, as a Senior 2-yea'r-old. 

The leading Herd Improvement Registry record for Holsteins 
was made by Bus Aaggie Ormsby 1678445, owned by State Hos
pital No.1, Fulton, Missouri, producing 23,064 pounds milk, con
taining 872.1 pounds fat in.365 days, at 6 years 5 months of age. 

In the Herd Improvement Registry division the Holstein herd 
at State Hospital No.4, Farmington, Missouri ranked first. This 
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herd of 41 cows averaged 12,686 pounds milk, containing 447.4 
pounds butterfat per cow. The highest producing Jersey herd was 
that of Paul Slusher, Lexington, Missouri, with 23 cows averaging 
8,248 pounds milk, containing 444.6 pounds butterfat. 

Entomological Service (L. Haseman). During the year a 
number of insect collections and hundreds of different insect speci
mens have been received from farmers and collectors for identifica
tion. Over 1600 letters were written in response to requests for 
assistance with various entomological problems. The codling motn 
and other orchard insect spray service reached over 250 of our 
active fruit growers continuously throughout the summer spray 
period. Chinch bug abundance was determined in hundreds of 
samples of clump grass collected in the State survey on hibernating 
chinch bugs. Considerable help was rendered to beekeepers during 
the summer. Assistance also was given to home owners through
out the state having termite difficulties. 

The Production and Distribution of Bacteria for Legumes (W. 
A. Albrecht, C. B. Harston). During the year, sufficient cultures 
were distributed to supply nodule-producing bacteria for 13,156 
bushels of legume seeds. The amounts as bushel units furnished for 
the different legumes were as follows: 

Soybea'l1s ..................... ............. ............... .......... ..... 47f)() 
Lespedeza ................ ............................................... .iHl 14 
Sweet Clover ............... .................................... ....... :3194 
Red Clover ....... .......... .. ............. ... ................ .... ..... 99H 
Alfalfa ................. ...................... ............................... 1()O:~ 
Miscellaneous ......... ................................................ 256 

The ahove cultures were sent to approximately 1500 fanners. 
Testing Soils for Their Lime Need (W. A. Albrecht, Irvin Poff, 

Eugene McLean). During the year 4,820 soil samples were tested 
for their lime requirements. A total of 1,111 persons were served 
by these tests. Limestone as a pulverized product varies in the 
fineness of grinding. Sieve tests were run on a total of 898 s~tmples 
of pulverized limestone in an attempt to standardize the fineness 
of grinding. 

Seed Testing Laboratory (W. C. Etheridge, Clara Fuhr, W. R. 
Crispin, Rose K. Poehlman, Edgar Sundermeyer). During the year 
5692 samples of seeds and plants were tested and examined by the 
Seed Testing Laboratory. Of these, 4172 were tested for Missouri 
farmers and seedsmen. Approximately 160 samples were tested for 
other organizations in the State, and 1015 Custom House samples 
subject to the Federal Seed Act. 

The samples tested for farmers and seedsmen of other States, 
a total of 319, were distributed as follows: Iowa 142, Colorado 38, 
Kansas 34, Nebraska, 29, South Dakota, 25, Arkansas 23, Okla
homa 11, North Dakota: 5, Indiana 4, Tennessee 3, Canada 2 .. Texas 
1, Minnesota 1, California 1. 
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A classified list of the number of tests follows: 
Purity and germination -- __________________________________ 3208 
Germination only -- _______________________________ ............... 1304 
Identification .............. _ .......................................... 470 
Approximation and germination ................. _ ..... 467 
Purity only ...... _ .......................... _ .... _..................... 94 
Examina tion and germination ...... _ ........... _ .. _ ..... _ 56 
Examination only ...... __ .................. _ ... _................. 52 
Purity, germination and examination ... _............ 12 
Examination and purity ................................. ..... :.~ 

Total number of tests made 9412. 
N umber of samples received: 

July 1, 19138 to June 30, 19:39 ............... _ ............ 54:3'j' 
July 1, 1939 to June 30, 1940 .... , ........................ 5692 

Diagnostic Service on Diseases of Animals and Poultry (A. J. 
Durant, Cecil Elder, H. C. McDougle, V. B. Robinson). During 
the year 3,506 specimens were examined or trea:ted. Eighty-nine of 
the specimens were the heads of animals examined for rabies. 
Thirty-eight showed definite evidences Or rabies, while 51 were 
negative. 

Agglutination Tests for Pullorum Disease in Fowls (A. J. 
Durant, H. C. McDougle). During the past year 62,117 tests Were 
run for pullorum disease in chickens. The test was positive for 
5,884 samples, or 8.98 per cent of the tota:l. During the year 8,297' 
blood samples from turkeys were tested for pullorum disease. Of 
this number, 712 or 8.3 per cent were positive. 

Agglutination Tests for Bang's Disease in Cattle and Swine 
(Cecil Elder). A total of 188,828 blood samples have been tested 
for Bang's disease during the year. A total of 9,700 samples were 
tested for farmers while the other samples were tested in coop
eration with the Bureau of Animal Industry. 

Distribution of Experimental Chicken-pox Vaccine (A. J. Dur
ant, H. C. McDougle). During the past year 2:3,776 doses of chick
en-pox vaccine were distributed to poultry owners of the State. 
Most of the vaccine was distributed to flock owners south of the 
Missouri River. There is some indication that chicken-pox is in
creasing north of the Missouri River. 

PUBLICATIONS 

A. A. JEFFREY, Editor 

The publications for the Experiment Station, during the year 
ending June :30, 1940, reached a gross of 216,000 copies distributed 
between 32 new publications and 10 reprints. These publications 
had a total content of 1,365 pages. 

During this period, distribution of Experiment Station pub
lications through mailing reached a total of 168,942 copies, in-
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eluding 109,126 copies mailed to residents of Missouri, 85,945 copies 
mailed to other states, and U3,871 copies mailed to foreign countries. 
An additional 40,000 copies were handed to residents of the state 
at the mailing room. 

No. 
302 

303 

304 

305 

306 

307 

308 

309 

310 

311 

312 

313 

314 

315 

316 

317 

318 

408 

The publications issued during the year are listed as follows: 
Research Bulletins 

Title, Series, Author, and Number of Illustrations Pages Copies 
Alpha Hydrate and Beta Anhydride Lactose Crystals 111 

Sandy Ice Cream, by C. W. Decker, W. S. Arbuckle, 
and W. H. E. Reid; July, 1939; Figs. 11................................ 22 2,500 

The Effect of Composition and Serving Temperature Upon 
Consumer Acceptance and Dispensing Qualities of Ice 
Cream, by W. H. E. Reid, R. ]. Drew, and W. S. Ar-
buckle, July, 1939; Figs. 30................................................ ....... 44 2,000 

Studies on the Origin and Transmission of Fowl Paralysis 
(Neurolymphomatosis) by Blood Inoculation, by A. J. 
Durant and H. C. McDougle, August, 1939; Figs. 11........ 23 2,000 

Rural Social Areas in Missouri, byC. E . Lively and C. L. 
Gregory, August, 1939; Fig·s. L............................................ 39 2,000 

The Hural Population Resources of Missouri, by C. E. 
Lively and R. B. Almack, November, 1939; Maps 11........ 40 2,000 

Some Rural Social Agencies in Missouri. Their Nature and 
Extent, by C. E. Lively and R. B. Almack, November, 
1939; Maps 25 ............................................................ ,................ 58 2,000 

Relationship of Productivity of Farm Units and Their 
Ability to Pay Rent, by Brown R. Rawlings, Jr., and 
O. R. Johnson, November, 1939; Figs. 9 ................................ 43 2,500 

The Effect of Root Temperature Upon the Absorption of 
Water by the Cucumber, by R. A. Schroeder, December, 
1939; Figs. 23 .............................. .............................. ,.................. 23 2,000 

The Mammogenic l-l.ormones of the Anterior Pituitary. 
1. The Duct Growth Factor, by A. A. Lewis and C. W. 
Turner, December, 1939; Figs. 18 ................................ "......... 72 2,500 

Studies on Fusarium Wilt of the Tomato. 1. Immunity 
in Lycopersicion pimpinellifolium Mill. and Its In
heritance in Hybrids, by G. W. Bohn and C. M. Tucker, 
January, 1940; Figs. 9 ............................................................ ,.... 82 2,000 

Missouri Farm Prices Since 1910, by Herman M. Haag, 
March, 1940; Figs. 8 ............................... ,................................ 47 2,500 . 

Results of Some Young Apple Tree Pruning Experiments, 
by T. J. Talbert, March, 1940; Figs. 10................................ 23 2,500 

Comparative Accuracy and Efficiency in Determination of 
Carbohydrates 111 Plant Material, by P. H. Heinze and 
A. E . Murneek, March, 1940; Figs. 5 ............................ ,........ 23 2,500 

Growth and Development L1. Seasonal Metabolic and 
Endocrine Rhythms in the Domestic Fowl, by C. F. 
Winchester, March, 1940; Figs. 8. ........................................ 52 2,000 

Substitute Spray Materials II, by C. G. Vinson and S. A. 
McCrory, May, 1940 .................................. ,............................... 14 2,000 

The Yield and Composition of the Milk of Dairy Cows 
and Goats as Influenced ,by Thyroxine, by N. P. Ralston, 
W. C. Cowsert, A. C. Ragsdale, H. A. Herman, and C. 
W. Turner, June, 1940; Figs. 33 ............................................ 75 2,000 

The Economic Status of 436 Families of Missouri Clerical 
Workers and Wage Earners, by Jessie V. Coles and 
Lucile Hieser, June, 1940; Figs. 11 ........................ ,................ 80 2,000 

Station Bulletins 
The Effect of Temperature Upon Score Value and Physical 

Structure of Butter, by W. H. E. Reid and W. S. Ar-
buckle, July, 1939; Figs. 7 ........................................................ 11 4,000 
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409 

410 

411 

412 

413 

414 

415 

416 

417 

Station Bulletins 

Landlord-Tenant Relationships in Renting Missouri Farms 
by John F. Timmons, August, 1939; Figs. 5 ............ e •••••••••• : 

Supplemental Irrigation in Missouri, by R. P. Beasley, 
August, 1939; Maps 1 ............................................................... . 

Coccidiosis in Chickens and Other Birds, by A. J. Durant 
and H. C. McDougle, October, 1939; Figs. 5 ................ , ..... . 

Pregnancy Disease of Sheep, by Cecil Elder and A. \/..1. 
Uren, January, 1940; Figs. 5 ................................................... . 

Research in Agriculture. Work of Agricultural Experiment 
Station During the Year Ending June 30, 1937, by F. B. 
Mumford and S. B. Shirky, January, 1940; Figs. 6 ............. . 

The Use of Vegetable Protein Concentrates for r:':'aising 
Turkeys, by E. M. Funk and H. L. Kempster, February, 
1940; Figs. 11 ............................................................................... . 

Amounts and Cost of Credit Extended by Cooperative Ex
changes, by Ralph E. Mercer and Herman M. Haag, 
February, 1940 ................................................... ............. ... ....... . . 

New Practices to Regulate the Fruit Crop, by A. E. 
Murneek, March, 1940; Figs. 2 ... , ............................. .. ............ . 

Registration, Labeling and Inspection of Commercial Fer
tilizers; 1939; April, 1939, by L. D. Haigh, E. W. Cowan, 
and L. L. Wiseman .. ' ................................................................ .. 

Station Bulletin Reprints 

325 Wheat as a Cattle Feed, by E. A. Trowbridge and H. C. 
Moffett; Reprinted October, 1939; Figs. 5 .................... , ....... . 

326 Better Methods for Growing Alfalfa, by W. C. Etheridge 
and C. A. Helm, Reprinted September, 1939; Figs. L ...... 

342 Gl'eenhouse Pests and Their Control, by L. Haseman and 
E. T. Jones, Reprinted Sept., 1939; Figs. 14 ....................... . 

356 Insect Pests of the Household, by Leonard Haseman, 
Reprin ted, February, 1940 ; Figs. 12 ....................................... . 

360 Korean Lespedeza in Rotations of Crops and Pastures, 
by W. C. Etheridge and C. A. Helm, reprinted, March , 
1940; Figs. 8 .............................................................................. .. 

366 Cropping Systems in Relation to Erosion Control. by M. F. 
Miller, Reprinted April, 1940; Figs. 17 ................................... . 

376 Rations for Wean,ling Pigs, by L. A. Weaver, Reprinted 
Septem ber, 1939; Figs. L .. , ....................................................... . 

377 Raising the Dairy Calf, by H. A. Herman, Reprinted July, 
1939; Figs. 10 ........ .................................................................... .. 

391 Controlling Insect Pests of Melons, Cucumbers, and 
Related Crops, by Leonard Haseman, Reprinted, March, 
1940; Figs. 6 ............ , .................................................................. .. 

351 Evaluating the Efficiency of Dairy Cattle, by S. Brody 
and A. C. Ragsdale, .............................................................. .. .. 

Station Circulars 

205 The Spring Cankerworm and Its Control, by Leonard 
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27 
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Haseman, February, 1940; Figs. 2 ................ ,.......................... 4 
206 Good Varieties of Cotton for Missouri, by B. M. K.ing, 

February, 1940; Figs. L ............ ,............................................... 8 
207 Limberneck (Botulism) In Fowls, by A. J. Durant, April, 

1940; Figs. 2 ............... ,................................................................ 6 
209 Legumes, Grasses, and Cereal Crops for Silage, by A. C. 

Ragsdale and H. A. Herman, June, 1940; Figs. 3 .... ,.......... 10 
June, 1940; Figs. 6...................................................................... 12 
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Contributions to Scientific Journals 

Richardson, Luther, and Hogan, A. G., Adequacy of a Milk Diet for 
the Rat. Submitted July, 1939 to Journal of Nutrition. 

\;Vashburn, L. E., The Effect of Fasting on Bovine Mastitis. Sub
mitted July, 1939 to Journal of Dairy Science. 

McKenzie, F. F., Recent Advances in the Physiology of Reproduction 
and Heredity. Submitted ,to "Growth," July, 1939. 

Turner, C. \;V., H ormonic Interrelations Between Reproduction Mam
mary Gland and Lactation. Submitted to GROWTH, July, 1939. 

McKenzie, F. F., Artificial Insemenation in Livestock. Submitted Au
gust, 1939 to "The Cattleman." 

Hogan, A. G., Richardson, L. R., Simplillecl Rations for the Chick 
August, 1939. ' 

Hogan, A. G., Parrot, Ernest M., Anemia in Chicks Is Caused by Vita
min Dellciency, August, 1939. 

Andrews, Frederick N., and McKenzie, F. F., The Estrual Cvcle of 
the Mare. Submitted August, 1939 to Genetics Section Al;lerican 
Society of Animal Production. 

Andrews, Frederick N., and McKenzie, F. F., The CoIlectioll of Folli
cular Fluids fr0111 the Ovary of the Mare. Submitted August, 1939 
J oumal of the American Veterinary Medical Association. ' 

Parker, J. E., and Kempster, H. L., A Case of Partial Ovariectomy 
Caused by Egg Formation. Submitted September, 1939 to Journal 
of Poultry Science. 

Parker, Jesse E., McKenzie, F. F., and Kempster, H. L, Observation 
of ,the Sexual Behavior of Male Domestic Fowls. Submitted Septem
ber, 1939, Journal of Poultry Science. 

Holst, Skat, and Turner, C. "V., Lactogen Contcnt of the Anterior 
Pituitary (AP) of Pregnant and Lactating Rabbits and Guinea Pigs, 
Submitted, October, 1939, Proc. of Society of Experimental Biology 
and Medicine. 

Reid, "V. H. E., The American Science Association's Quality Program 
for Dairy Products. Submitted in October, 1939 for publication in 
the Proceeding of the International Association of Milk Dealers and 
the International Association of Ice Cream Makers. 

Houchin, O . .B., and Turner, C. W., The Effect of Season (Temperature) 
on Blood Lipids. Submitted October, 1939, I'rocecelings of Society 
of Experimental Biology and Medicine. 

Winchester, C. F., Liability of Metabolic Processes in Laying Hens. 
. Submitted, October, 1939, Poultry Science. 

Winchestcr, C. F., Seasonal Metabolic Rhythms ill the Domestic Fowl. 
Submitted, October, 1939, Poultry Science. 

Winchester, C. F., The H.elationship Between Heart Rate and Energy 
Metabolism in the Domestic Fowl. Submitted, October, 1939, Amer
ican J oumal of Biology. 

Bergman, A. ]., Meites, J., and Turner, C. W., A Comparison of Meth
ods of Assays of the Lactogenic Hormone. Submitted October, 1939 
for publication in the journal, Endocrinology. 

Albrecht, Wm. A., Calcium-Potassium-Phosphorus Relation as a Pos
sible Factor in Ecological Array of Plants. Submitted November, 1939, 
Journal American Society of Agronomy. 

Whitesides, E. P., and MarshaIl, C. E., Studies in the Degree of Dis
persion of the Clays III. The Two Layer Method as Applied to the 
Sharples Supercenti-ifuge. Submitted November, 1939, Proc. Soil 
Science of America. 

Albrecht Wm. A., and Smith, N. C., Calcium in Relation to Phosphorus 
U tiliza'tion by Some Legumes and Non-legumes. Submitted N ovem
ber, 1939, Soil Science of America. 

E1Is, V. R., and Marshal!, C. E., The Determination of Exchangeable 
Bases by the Lundegardh Spectographic Method. Submitted, No
vember, 1939, Proc. Soil Science of America. 
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Weodruff, C. M., Variatiens in the State and Stability Aggregatien as 
a Result ef Different Metheds ef Crepping. Submitted N evember, 
1939, Prec. Seil Science ef America. 

Graham, E. R., Primary Minerals ef the S ilt Fractien as Centributers 
to' the Exchangeable Base Level ef Acid Seils. Submitted N evember, 
1939, Prec. Seil Science Seciety. 

Lewis, A. A., and Turner, C. W. , The Mammary Grewth Hermene ef 
the Anterier Pituitary. Submitted N evember, 1939, American Se
ciety ef Animal Preductien. 

Heuchin, O . B., and Turner, C. W., The Relatien ef the Anterier Pitui
tary to' Bile Preductien. Submitted, N evember, 1939, J eurnal ef 
Endecrinelegy. 

Bredy, Samuel, Temperature Facters in Animal Preductien. Submitted 
December, 1939, Sympesium en Temperature, American Institu te ef 
Physics. 

\\linterkern, Hans, and Eckert, Gee. \V., Censistency and Physiechem
ical Data ef a Loess Pampanee Soil: r. Physiechemical Preperties vf 
Samples frem Different Depths ef a Pre file. Submitted, December, 
1939, Soil Science. 

Murneek, A. E., Fruit Preduction as Affected by Branch Ringing. Sub
mitted, December, 1939, Amer. Sec. ef l I er. Preceedings. 

Murneek, A. E ., Reductien and Delay ef Fruit Abicission by Spraying 
with Grewth Hermenes. Submitted, December, 1939, Amer. Sec. 
Hert. Preceedings. 

Talbert, T. J., A Cemparisen ef Pruned and Unpruned Apple Trees. 
Submitted, December, 1939, Preced. of Amer. Hort. Sec. 

Herman, H. A., Some Facters Affecting the Efficiency ef Artif1cial In
seminatien ef Dairy Cews. Submitted, December, 1939, Annual Pre
ceedings ef Amer. Sec. of Animal Productien. 

Turner, C. W., and Cupps, P. T., The Effect of Certain Experimental 
Cenditiens Upen the Thyrotrepic Hermene Centent of the Albino 
l~at. Submitted, December, 1939, J eurnal of Endecrinology. 

Murneek, A. E ., New Practices to' Regulate the Fruit Crop. Submitted, 
Decemher, 1939, Trans. of Illineis State Hert. Sec., Vel. 73, 1939. 

Albrecht, Wm. A. and Schreeder, R. A., Celleidal Clay Culture fer 
Refin ed Contrel of Nutritional Experiments with Vegetables. Sub
mitted, December, 1939, Amer. Sec. Hert. Science. 

Purdy, Allan W., Effects ef Centrolled Calcium Supply ell Carrots 
Grewn in Celleidal Clay Cultures. Submitted, December, 1939, Amer. 
Sec. Hort. Science. 

Hibbard, Aubrey D., Fruit-thinning the Watermelon. SUbmitte<l, De
cember, 1939, Amer. Soc. Hert. 

Cunningham, Clyde R ., Fruit Setting ef Watermelens. Submitted, De .. 
cember, 1939, Amer. Soc. for Hert. Science. 

Albrecht, Wm. A., and Smith, N. C., Saturation degree of seil and 
nutrient delivery to' the crep. Submitted, December, 1939, Soil Science. 

Albrecht, Wm. A., Making Organic Matter Effective in the Seil. Sub
mitted January, 1940, Prec. ef Ohio Vegetable and Petate Growers 
Assn. 

McKenzie, F. F., Lasley, Jehn, and Phillips, The Sterage ef Boar 
Semen and Swine Semen. Submitted, December, 1939, Amer. Soc. of 
Animal Productien. 

Hogan, A. C., Richardson, Luther R., Johnson, Paul, and Nisbet, Ruth 
Norton, Pigeen Anemia Due to a Vitamin Deficiency. Submitted, 
J al1uary, 1940, J eurnal ef Bielegical Chemistry. 

vVinterkern, Hans F., and Eckert, Geo. F., Physice-Chemical Factel's 
ef Impertance in Bitumineus Soil Stabilization. Submitted, February, 
1940, Preceed. of Asseciatien ef Paving Technolegists. 

M urneek, A. E., Some Physiolegical Facters in Grewth and Reproduc
ti(m ef Trees. Submitted, February, 1940; Prec. ef Amer. Sec. fer 
Hert. Science. 
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Murneek, A. E., Length of Day and Temperature Effects in Rudbeckia. 
Submitted, March, 1940; Botanical Gazette, University of Chicago . 

. Winterkorn, Hans F ., and Eckert, Geo. W ., Consistency and Physio
chemical Data for a Loess Pampaneo. Submitted, March, 1940; Soil 
Science. 

Durant, A. J., and McDougle, H. C., Apoplexy in a Canary. Submitted,. 
March, 1940; Journal of Veterinary Medicine. 

McIntyre, C. W., Ragsdale, A. C., and Garrison, E. R, Short-Wave 
Diathermy Treatment of Bovine Mastitis. Submitted, April, 1940 ; 
May is sue Journal of Dairy Science. 

Reineke, E . P ., The Effect of Nembutal Anesthesia on the Rate of Milk 
Secretion, the Respiratory Quotient, and Uptake of Milk Precursors 
by the Lactating Mammary Gland. Submitted, April, 1940 ; May issue 
J oumal of Dairy Science. 

Lewis, A. A., The Hormone Control of Mammary Duct Growth. Sub
mitted, April, 1940; May issue of J oumal of Dairy Science. 

Heathman, W . W ., and Turner, C. W., An Assay Method for Thyro
lactin. Submitted, April, 1940 ; May issue of J oumal of Dairy Science. 

Mixer, John P., The Mammogenic Lobule-Alveolar Factor of the 
Anterior Pituitary. Submitted, April, 1940; May issue of ) oumal 
of Dairy Science. 

Turner, C. W., Thyrolactin, a New Source of Thyroxine for Dairy Cat
tle. Submitted, April, 1940, May issue of Journal of Dairy Science. 

Mull, L. F., and Reid, W. H. E. , The Effect of Standardizing the Acid
ity 011 the Methods and Physical and Chemical Properties of Cottage 
Cheese and Culture Buttermilk; April , 1940; May issue of Journal 
of Dairy Science. 

Decker, C. W., and Hall, W. C. , The Relation of Acidity and Total 
Solids Contents per Gal10n to the P hysical and Chemical Properties 
of High Serum Solids Ice Cream. April, 1940; May issue of Journal 
of Dairy Science. 

Cooley, R. ]., Reid, W. E. E., and Hall, W. C., Replacing Cane Sug'ar 
with Variable Increments of Dextrose Sugars and the Effect Upon 
the Physical and Chemical Properties of Ice Cream at Different Serv
ing Temperatures. April, 1940; May issue of Journal of Dairy 
Science. 

Arbuckle, W . S., Decker, C. W., and Cooley, R J ., The .-\ pplication of 
Motion Pictures as a Medium in Showing the Influence 0'£ Several 
Factors Upon the Stability and Meltdown Properties of Ice Cream. 
April, 1940; May issue of Journal of Dairy Science. 

Arbuckle, W.S., Edmondson, J. E., and Mull, L. E., The E ffect of Tem
perature Upon Score Value and Serving Properties of Cheese. April 
1940; May issue of Journal of Dairy Science. 

Herman, H. A., and Swanson, Eric., The Storage of Dairy Bull Sperma-." 
tozoa. April, 1940; May issue of Journal of Dairy Science. 

Swanson, Eric and Herman, H . A., Some Observation s on the Mor
phological Variations in the ,Spermatozoa of Dairy Bulls ; May, 1940 
issue of Journal of Dairy Science. 

Vinson, C. G., and McCrory, S. A., Avoiding Obvious Residue from 
Nicotine-Bentonite Sprays. Submitted, April, 1940 to SCIENCE . 

McKenzie, F . F., Collecting and Fractionating Equine Semen. Sub
mitted, April, 1940, Proc. Second National Meeting of Veterinary 
Surgeons for Artificial Insemination in Foggia, Haly. May, 1940. 

Reid, W. H. E., Milk By-products Resources of ' Missouri. May, 1940; 
First Annual Conference Missouri Farm Chemurgic Commission at 
,Sedalia. 

Richardson, L. R., and Hogan, A. G., The Relation of Pantothenic Acid 
to Dermatitis of the Rat (Preliminary). May, 1940, Proe. of the 
Soc. for Exp. Biology and Medicine. 

Mixer, J. P., Lewis, A. A., and Turner, C. W., Evidence for the Pres
ence of a Second Mammogenic (lobule-alveolar) Factor in the An
terior Pituitary. May, 1940; En4ocrinology. 
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·682 Lewis, A . A., Turner, C. W., The Effect of Various Estrogens and a 
carcinogenic Chemical in Stimulating the Secretion of the Mammo
g enic Duct Growth Factor of the Anterior Pituitary. May, 1940; 
Amcl-ican Journal of Cancer. 

·683 Albrecht, Wm. A., Adsorbed Ions on the Colloidal Complex and Plant 
N utrition. June, 1940; Mid-western District Meeting of the American 
Society of the American Chemical Society, Purdue University. 

·684 Bergman, A. J., and Turner, C. W., The specificity of the Lactogenic 
Hormone in the Initiation of Lactation. June, 1940; Journal of Dairy 
Science. 

The Farm News Service.-The Missouri Farm News Service 
each week carried from the College to every Missouri newspaper 
timely information on the results of experimental work, announce
ments of new publications, reports on new crops and practices. and 
timely subject matter bearing on current farm and home problems. 
This official clipsheet of the College of Agriculture, entered as 
second class matter at the Columbia :Post Off-lce, was mailed to all 
Missouri newspapers and farm journals, county extension agents, 
home demonstration agents, teachers of vocational agriculture, soil 
conservation project managers, and rural rehabilitation supervisors, 
;as well as many others engaged in the dissemination of agricultural 
information. 

Special Press Service.-'-The weekly news service is augmented 
by a constant flow of material designated as the Special Press 
Service_ This service, written as spot news especially for the news 
syndica tes and larger dailies, announces new discoveries, tells of 
the more important activities of the staff, and carries information 
designed to meet special emergencies in fanning or rural life. This 
service frequently includes news photographs . 

. Radio Broadcasts.-Radio broadcasting stations took a larger 
part in. spreading' agricultural information during the year, with 
additional program directors requesting the manuscript radio 
service of the College. Fourteen stations received the service reg
ularly throughout the year_ 

COOPERATIVE PROJECTS, RESEARCH GRANTS AND 
FELLOWSHIPS 

A Study of Adjustments in Farming by Regions and Type of 
Farming Areas from the Standpoint of Agricultural Adjustments 
and Planning, Including Soil Conservation: Study of Farm Or
ganization and Soil Management Practices in Missonri in Rela
tion to Agricultural Conservation and Adjustment with Special 
Reference to Formulation of Programs Under the Soil Conserva
tion and Domestic Allotment Act. 

Factors Affecting the Missouri Land Use Pattern. 
A Study to Delimit the Type of Tenancy Areas in Missouri and 

to Describe the Present Tenancy Situation in Each Area. 
Needed Local Government Reorganization in An Ozark Land Use 
Adjustment Area. 
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Certain Aspects of County and Local Planning 111 Boone, 
Callaway, and Wayne Counties, Missouri. 

Pertaining to Cooperative Work in Agricultural Land Use 
Planning and Research Relating thereto. Cooperative Work 111 

Agricultural Land Use Planning. 
Coopera'tive Research for the Improvement of Visability l!1 

Poultry. 
Maintenance and Development of the Hatch Dairy Experi

ment Station at Hannibal, Mo. Breeding, Feeding, and Manage
ment of Dairy Cattle. 

Agreement for the Loan of Goldmine Model 1818299. 
A Study of Beefiness and Milk Production in Dual Purpose 

Cattle. 
Factors Influencing Quality and Palatability of Meat. 
Relative to Cooperative Research for the Improvement of 

Swine Through Breeding. 
Systems of Breeding for Improvement of Swine. 
Cooperative Project for Research in the Improvement of Pas-

tures in the Corn Belt. . 
Seed Testing and Enforcement of the Federal Seed Act. 
Genetic Studies with Crop Plants. 
Relative to Agronomic, Physiologic, and Genetic Research 

with Soybeans. 
Research in the Physiology, Edaphology, and Breeding of 

Pasture Plants. 
Investigations on Parasites of the Oriental Fruit Moth 
Relative to Investigations on Diseases of Orchard Fruit Re

search in Soil Erosion and Its Control. Hydrologic Investigations 
on the Tarkio, Missouri Demonstratiun Project of the Soil Con
servation Service. 

Soil and Water Conservation Investigations Upon Claypan 
Soils of the Midwest Corn Belt. 

Cooperative Research Into Laws and Principles Underlying 
the Industrial Utilization of the Soybean and Soybean Products. 

Fruit Disease Investigations in the Ozarks. 

GRANTS 
American Cyanamid Co~pany 

For investigations dealing with the decomposition of farm 
residues. 

De Raef Corporation 
For conducting investigations relative to the manufacture of 

cottage cheese and buttermilk. 
International Cancer Research Foundation 

For investigations on hormones as related to mammary tumor 
production. 
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Missouri Turkey Growers' Association 
For the study of two new turkey diseases known as hexamita 

infection and trichomoniasis. 

Quaker Oats Company 
For breeding of white corn hybrids. 

NEW EQUIPMENT 

2 greenhouses, 1 calf barn, 1 veterinary barn, 1 one-ton truck, 
1 sub-surface tiller, 2 boxes Sargent Extraction shells, 2 double
bladed knives, 1 gas hot plate, 1 metric trip scale, 12 garden trow
els, 100 galvanized flats, hypodermic needles, 5 atomizers, 1 scale, 
2 compressed air sprayers, 1 desk lamp. 2 adding machines, :3 desks 
with chairs. 5 filing cases, 1 35-mm. camera with projector, green
house, pearling machine, freezing chamber, field laboratory ancl dry
ing shed, 1 motor, 1 copyholder, 1 new hyvac pump, 1 electric dry
ing oven, 1. Wisconsin stirrer and chuck. 1 International centrifuge 
and accessory equipment, 1 multiple unit electric hot plate, 1 elec
tric incubator, 1 Beckman pH meter and accessory equipment, 2 
chainomatic balances, 1 grinding apparatus. 1 Baus(:h & Lomb 
binocular microscope, 1. 21Y condenser. extraction chamber for Van 
Slyke Manometric blood gas apparatus, ;~ wire racks, :l carrying 
cases, 1 stainless steel wire curd cheese knife. 1 refrigerator. sur
gical instruments, metal vise. 1 rheostat-speed control. 1 electric 
mill and motor, 1 grinding unit. 2 model C-J convertible batteries, 
8 heating units for batteries, 1 diet scale. :l micn)tone strap amI 
blade holder, instrument for pellet making, 124 tuberculin syringes 
and needles, 18 speculums, 2 Wisco headlights, 2 special lights. H 
neck chain plates and attaching rings, 4 sheets ruhber sponge, 3 
electric fans, 1 Reg-nault-Reisert metabolism apparatus, 1 radio
meter, i3 temperature cabinets, glass electrode. microscope stage 
incubator. test tube water bath, balance case and shelf, centrifuge 
tubes. microscope slides, .1 clipmaster, .1 wheatland plow, 1 lock 
joint concrete stave silo, 1 tractor, 10 galvanized tubular steel posts, 
1 special platform scale. 4, fire extinguishers, 1 body for compressor 
unit, 1. lawn mower, tester for bursting strength. 2 Berlese appara
tus, wind recording instrument, soil thermograph, psychrometer, 
hygrothermograph, thermoregulator, electric refrigerator. micro
scope. barograph. bookcase, hand sprayer, hand cluster, special 
gla'ssware, thermometers, 4 clusters, 4 rain guages, breeding cages, 
hand sprayer, glassware, i3 calculators, clay pots. bottles. flasks, 
beakers, thermometers. specimen vials, feed cups, rat cages and 
pans, cage bottoms, rack for cages, glazed jars, test tubes. 
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CHANGES IN STATION STAFF FOR THE YEAR ENDING 
JUNE 30, 1940 

Appointments 

Denver I. Allen, Instructor in Fielcl Crops 
Dean C. Anderson, Research Associate in Field Crops 
Orval G. Caldwell, Research Assi stant in Soils 
Joe Hall Capps, Research Assistant in Agricultural Economics 
Norman Clough, Resea:rch Assistant in Agricultural Economics 
Robert J. Cooley, Research Assistant in Dairy Husbandry 
James M. Crall, Research Assistant in Botany 
C. Bradford Croston, Research Assistant in Horticulture 
Clinton W. Decker, Research Assistant in Dairy Husbandry 
Gordon H. Drake, Resea:rch Assistant in Agricultural Economics 
William B. Drew, Assistant Professor of Botany 
Victor R. Ells, Instructor in Agricultural Chemistry 
Robert E. Fox, Research Assistant in Soils 
Howard G. Fugate, Research Assistant in Agricultural Economics 
Cecil L. Gregory, Research Assistant in Rural Sociology 
Robert M. Hamby, Assistant in Soils 
Hudson T. Hartman, Research Assistant in Horticulture 
H . A. Henley, Assistant in Soils 
Delbert D. Hemphill, Research Assistant in Horticulture 
Richard Irwin, Instructor in Poultry Husbandry . 
Ronald W. Jones, Research Assistant in Agricultural Economics 
Marian A. Kaeser, Instructor in Home Economics 
Claude Kincaid, Instructor in Agricultural Engineering 
Letha O. Knight, Research Assistant in Home Economics 
Glenn A. Miller, Research Assistant in Rural Sociology 
Burton H. Moore, Research Assistant in Agricultural Chemistry 
Merle E. Muhrer, Assistant in Agricultural Chemistry 
Leon E. Mull, Research Assistant in Dairy Husbandry 
Lydia Mussman, Instructor in Home Economics 
Loryn E). McQuerter, Inst'ructor in Agricultural Economics 
Vernon F. McRoberts, Instructor in Animal Husbandry 
R. K. Nelson, Research Assistant in Rural Sociology 
Boyd O'Dell, Research Assistant in Agricultural Chemistry 
C. H. Parkhurst, Res'earch Assistant in Rural Sociology 
Homer Patrick, Research Assistant in Agricultural Chemistry 
Virgil B. Robinson, Instructor in Veterinary Science 
Edward Rutledge, Research Assistant in Agricultural Economics 
L. Henry Schweiter, Research Assistant in Agricultural Economics 
Dwight D. Smith, Research Associate in Soils 
James E. Smith, Jr., Instructor in Floriculture 
W . W . Snyder, Assistant Instructor in Dairy Husbandry 
Philip C. Stone, Instructor in Entomology 
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Eric W. Swanson, Research Assistant in Da·iry Husbandry 
Fl:ancis Wadsworth, Research Assistant in Horticulture 
Ennice Werner, Research Assistant in I-lome Economics 
Eugene Wilkening, Research Assistant in Rural Sociology 
Irven L. Williams, Assistant Instructor in Poultry Husbandry 
L"ouise A, Young, Research Assistant in I-lome EconOll1ics 

Resignations and Withdrawals 

Ellis J. Airola, Research Assistant in Horticulture 
Frederick N. Andrews, Instructor in Animal Husbandry 
Wendell H. Bond, Research Assistant in Agricultural Chemistry 
Joe Hall Capps, Research Assistant in Agricultural Economics 
N orman Clough, Research Assistant in Agricultural Economics 
Robert J. Cooley, Research Assistant in Dairy Husbandry 
Clyde R Cunningham, Research Assistant in Horticulture 
Gordon H. Drake, Research Assistant in Agricultural Economics 
Robert E. Fox, Research Assistant in Soils 
Cecil L. Gregory, Research Assistant in Rural Sociology 
Nathan S. Hall, Assistant Soil Surveyor 
Ronald W. Jones, Research Assistant in Agricultural Economics 
Claude A. Kinca'ic1, Instructor in Agricultural Engineering 
Letha O. Knight, Research Assistant in Home Economic:; 
Carl A. Krinbill, Research Assistant in Horticulture 
Jesse E. Livingston, Research Assistant in Botany 
Esther J. Meier, Research Assistant in Animal Husbandry 
Glenn A. Miller, Research Assistant in Rural Sociology 
Leon E. MulI, Research Assistant in Dairy Husbandry 
Henry A. McQuade, Research Assistant in Horticl1lture 
Frank H. Olvey, Instructor in Veterinary Science 
Jesse E. Parker, Instructor in Poultry Husbandry 
C. H. Parkhurst, Research Assistant in Rural Sociology 
Allan W. Purdy, Research Assistant in Horticulture 
Noel B. Ralston, Assistant Instructor in Dairy Husbandry 
R. A. Rasmussen, Instructor in Agricultural Chemistry 
Edward Rutledge, Research Assistant in Agricultural Economics 
George F. Sprague, Assistant Professor of Field Crops 
Francis Wadsworth, Research Assistant in Horticulture 
Eunice Werner, Research Assistant in Home Economics 
Virginia Batie White, Instructor in Home Economics 
Eugene A. Wilkening, Research Assistant in Rural Sociology 
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FINANCIAL STATEMENT 

UNIVERSITY OF MISSOURI 

AGRICULTURAL EXPERIMENT STATION 

in account with 

THE UNITED STATES APPROPRIATION, 1940 

119 

II Hatch I Adams I Purnell 1 Bankhead-
Fund Fund Fund I Jones fund 

-----------._------_. 

Dr. 1 1 

~~c~~lt~nfreol:;·~:~~ ¥/e~:Jl:;·· ·;f· $ .. .. .............. $ .......... ........ 1

1

$ .................. 1$ ................. . 
the United States, as per I 
appropriations for fiscal year 1 I 
ended June 30, 1940 ....... ,.... 15,000.00 15,000.00 I 60,000.00 I 76,967.80 

TotaL ............... .. I 
1 

CI". I 

Personal services ...................... 1 
Supplies and materials 

(Consumable) ........... .. ............. 1 

Communication service .... .......... , 
T ravel expense ............................. . 
Transportation of things ........ . . 
Printing or duplicating anel 1 

illustrating publications ...... .. 1 

Heat, light, water, and powcr I 
(scI'vice); and fuel ................ 1 

C.on!ingent expenses ................. , 
EqUipment ................................. . 
Land (purchase and rcnt) ....... . 
Structures and non structural 

improvements ........ .......... ....... . 
Balance ......................................... . 

15,000.00 15,000.00 160,000.00 76,967.80 

15,000.00 9,481.84 \ 36,906.42 49,538.03 

10,001.20 
121.43 

1,951.30 
186.43 -;:;;;:: II 

................ .... ...... .. .... 2,003.89 

62.89 
20.75 

737.24 

269.79 

I ..... :.~~:~~ 
4,808.65 
3,009.20 

888.81 

12,491.25 
218.27 
479.90 
374.68 

769.35 

714.63 
16.94 

6,378.68 
1,310.00 

4,676.07 

TotaL ................. I 15,000.00 15,000.00 60,000.00 76,967.80 
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