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Agricultural Investigations 
Work of the Agricultural Experiment Station During the Year Ending 

June 30, 1939 

M. F. MILLER, Director 

S. B. SHIRKY, Assistant to the Director 

R. J. L'RoTE, Assistant to the Director 

At the time of the founding of agricultural experiment stations, 
something over fifty years ago, the problems had begun to press strongly 
on the farmer. Since that time, these problems have increased in num
ber and complexity so that the demand on the experiment stations 
has been greatly augmented. This increase in the complexity of agri
culture has been a natural development as the country has become 
older. Population has increased, the land has been practically all taken 
up, the country has become more and more industrialized, and trans
portation systems have experienced an enormOllS development. There 
exist today the great and thickly populated indust rial centers, repre·
scnting the principal consuming areas of food and fiber, as set over 
against the producing areas of these commodities with the producers 
living in widely scattered parts of the country. The improvement in 
transportation and in the processing and preserving of agricultural 
products has made it possible to deliver agricultural materials of all 
kinds to the homes of the consumers, wherever they may be. The old 
plan of self-sufficiency which existed among the majority of the people 
of the country at the time the experiment stations were founded has 
given way to one of dependence upon others, even to a considerable 
extent among the farmers themselves. People have become dependent 
on wages, prices, and economic conditions to a far greater extent than 
in the earlier days. The prosperity of the farmer is now largely de
pendent upon the prosperity of the people in the towns and cities, and 
as a result many agricultural problems have arisen. 

Another important influence in bringing about increased complexity 
in agricultural problems is that of the first world war. Up until that 
time, the problems of the farmer were simple as compared with what 
they have been since then. The great rise in prices during the war 
period, including land prices, and the spectacular decline which fol
lowed, have had a profound influence on agricultura.l welfare. The 
great exploitation of the soil during the war, when farmers were urged 
to increase production to the maximum, and the stultifying effect of 
the depression following, when farmers found it impossible to practice 
soil conserving systems, left agriculture almost prostrate. As a result 
many problems arose which were new and difficult of solution. 
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It is for the purpose of throwing some light on the solution of 
these problems of agricultural production, conservation, economics, 
and sociology, that the experiment stations have been striving. 
While great headway has been made, very much more remains to be 
done. This report of the Missouri Experiment Station presents in sum
marized form a progress and analysis of the work carried forward dur
ing the past year. 

Experiments in Progress During the Year 
Ending June 30, 1939 

AGRICULTURAL CHEMISTRY 
A. G. HOGAN, Chairman 

Vitamin Requirements of the Pigeon (A. G. Hogan, L. R. Rich
ardson, ]. G. Lee, E. L. Powell). Experience with one type of animal 
frequently proves very helpful in studying others. One species may 
be more suitable than another for a particular purpose. For these rea
sons pigeons have been used on this project. 

The rations supplied the pigeons contained all of the recognized 
vitamins that they were known to require, but the birds became abnor
mal in two respects: (1) they became anemic; (2) their weights were 
maintained at a subnormal level. This investigation has been confined 
largely to the weight maintenance factors. 

It is well known that pigeons require thiamin and under special con
ditions it has been found that they also require riboflavin and nicotinic 
acid. 

Birds, given a supplement of tikitiki which has a low flavin content, 
gained in weight for a short time. After this period no further gains 
were made. An additional supplement of riboflavin permitted a sharp 
increase in weight. However, this combination was not a complete sup
plement. 

Birds on the basal ration receiving no vitamin supplement other than 
thiamin showed slight but definite increases in weight and presented a 
much better appearance when fed a small amount of nicotinic acid. 

Birds which had reached a more or less constant weight on a sup
plement of thiamin, riboflavin, and a fuller's earth adsorbate of tikitiki 
gained additional weight when nicotinic acid was included in the sup
plement. 

In one case a bird which had collapsed and was almost incapable 
of movement, recovered when given nicotinic acid. 

The nutritional requirements of the pigeon were not satisfied by 
these three vitamins, since pigeons receiving these three supplements 
became anemic, lost weight, and died. These vitamins have been sup
plemented with other vitamin carriers. The more important of these 
seemed to be a water extract of yeast, rice bran, a water extract of beef 
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liver, molasses, and an alcoholic extract of rice bran. None of these 
alone was a satisfactory supplement. However, a satisfactory supple
ment was obtained by either of the two following combinations: tiki
tiki and liver extract; yeast extract and liver extract. 

One (or more) of the active agents of tikitiki or yeast extract was 
concentrated by adsorption on fuller's earth and the complete supple
ment was supplied by the combination of fuller's earth adsorbate and 
liver extract. 

If the liver extract was treated with fuller's earth neither the resultant 
adsorbate or filtrate alone was a satisfactory supplement with the 
adsorbate from tiki tiki or yeast extract. 

A complete mixture was obtained through the following combina
tion: fuller's earth adsorbate of tikitiki or yeast extract and fuller's 
earth adsorbate and filtrate of liver extract. 

Additional evidence for the existence of three factors was obtained by 
slightly different proced ures. 

If yeast extract was treated with norite one (or more) of the active 
agents was adsorbed. This could be removed from the norite by treat
ment with acid alcohol, and is commonly known as Peter's eluate . . The 
evidence for the existence of two other factors is shown below. 

Peter's eluate and fuller's earth adsorbate of liver extract-not 
complete 

Peter's eluate and filtrate factor-not complete 
Fuller's earth adsorbate of liver extract and filtrate factor-not 

complete 
Peter's eluate and filtrate and fuller's earth adsorbate-complete 

In order to make the ration complete it was necessary to add three 
separate vitamin fractions. One interpretation is that, in addition to 
thiamin and riboflavin, the pigeon requires at least three other vitamins 
of the B complex. 

Water Soluble Vitamins Required by the Rat CA. G. Hogan, 1. R. 
Richardson, J. G. Lee, E. 1. Powell). Rats do not grow to normal 
weight if they receive simplified diets to which have been added all 
known vitamins. If the diets are supplemented with crude water ex
tracts of liver and yeast they are adequate. Apparently the deficiency 
lies in the water soluble vitamins. 

In this investigation the basal diet used consisted of casein, sucrose, 
salts, cellulose, and cod liver oil. This was supplemented with ribo
flavin, thiamin, and wheat germ oil to supply vitamin B. This diet did 
not support normal growth. The missing substance has been desig
nated as the Fourth Factor though it may prove to be a mixture. All 
attempts thus far to obtain an active concentrate of this factor have 
failed. 
. On a basal ration of starch, lard, soybean oil, and supplemented by 
a water extract of liver, the rats grew normally and an effort now is 
being made to eliminate the crude preparations which are not essential. 
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Deaminized Casein and Amino Acids (A. G. Hogan, L. R. Rich
ardson, J. G. Lee, and E. L. Powell). Deaminized casein is produced 
by treating casein with nitric acid. When rats receive this material 
as the only source of nitrogen they become anemic, fail to grow, and 
soon die. When deaminized casein was combined with lactalbumin the 
rats maintained their weight or even grew slowly. However, they be
came anemic and in time died. If this mixture was supplemented 
with lysine the animals did not become anemic and made moderate 
gains in weight. 

Recently, it has been shown that if wheat gluten was combined with 
deaminized casein, the rats became anemic, failed to grow, and died. 
When this ration was supplemented with lysine the anemia healed, 
but growth was slow. A basal ration containing deaminized casein 
and wheat gluten has been used with various supplements as indicated 
in Table 1: 

TABLE I.-BASAL RATION CONTAINING DEAMINIZED CASEIN AND WHEAT 
GLUTEN. 

Supplement 

None 
Methionine alone 
Lysine 65 mg./dny 
LYSine 130 mg./dll.y 
Lysine and methionine 
Lysine and arginine 
LySine and histidine 
Mixture 21-arginlne, 

histidine, and lysine 
Mixture 2()·histindine, 

lYSine, and methionine 
Mixture 16·arginine, histidine 

lysine, and methionine 
Mixture 12·leucine, isoleucine, 

arginine, histidine, lysine, and 
methionine 

Gelatin 
Casein 
Protein from beef liver 

Healiug from 
the Anemia 

NO'ne 
Nane 
Moderately rapid 
Rapid 
Moderately rapid 
Moderately rapid 
Moderately rapid 

Moderately rapid 

Moderately rapid 

Slow 

Slow 
Moderately rapid 
Slow 
Slow 

None 
None 
Slow 
Slow 
Slow 
Slow 
Slow 

Slow 

Slow 

Growth 

Moderately rapid 

Moderately rapid 
Slow 
Rapid 
Very rapid 

The healing effect of gelatin and casein was explained by their 
lysine content. Slow healing and rapid growth when beef liver was 
included in the ration showed that at least one amino acid, in addition 
to lysine, had been affected by the deaminizing procedure. 
Whe~ lysine was added to the deaminized casein-wheat gluten ration 

the anemia was healed but growth was slow. This also showed that 
more than one amino acid of deaminized . casein had been injured. 
When deaminized casein was the only source of protein and when this 
was supplemented with lysine the. animals grew fairly well and recov
ered from anemia. Fig. 1 shows the more important observations. 

Rations containing wheat gluten as the only source of protein have 
been tested. The results secured when additional supplements were 
added to this ration are shown in Table 2: 
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NUMBERS IN CIRCLES t-RE REO BLOOD CELLS IN MILLIONS 
PER CU. MM. 
NUMBERS MOVE GRAPHS ARE BODY WEIGHTS IN GRAMS. 
NUMBER OF ANIMALS ON EACH RATION IS INDICATED IN 
PARENTHESES . 

• INDICATES DEATH OF ONE ANIMAL. 
I INDICATES WHEN RA nON WAS CHANGED OR SUPPLEMENT ADDED. 

RATION CONTAINS 20';' DEAMINIZED CASEIN 
7 7' 

Fig. 1.-When rats received the control ration O'llly, thcy 
declined In weight, became more anemic. nnd died. Wh~1I 
t he ration was ~up)ll"mented with lYsine the animals 
gained In weight, recovercel from anemia, and survived 
Indefinitely. 

TABLE 2.-RATION CONTAINING WHEAT GLUTEN AS ONLY PROTEIN 

Supplement 

Protein from beef liver 
Hydrolyzed casein 
HydrO'lyzed ca$eln with dlcllrboxy acids removed 
Amino acids from copper salt fraction 
Tryptophane 
Lysine 
LYSine and tryptophane 

Growth 

Very rapid 
Slow 
Moderately rapid 
Rapid 
None 
Moderately r llpld 
No h!!tter thnn lysine 

9 

Lysine was the first limiting factor. Tryptophane did not improve 
this combination. The amino acids of casein, which are soluble in 
water and insoluble in methyl alcohol, made a fairly concentrated 
source of those amino acids which were lacking. 

Cataract Studies (A. G. Hogan, L. R. Richardson, J. G. Lee, and 
E. L. Powell). A high incidence of cataract in rats due to flavin de
ficiency has been reported by Day and co-workers. However, in 
studies at this station it was observed only occasionally. 

The incidence of cataract was observed in rats on rations contain
ing: (1) sucrose and no fat; (2) sucrose and 10 per cent lard; (3) 
starch and no fat; (4) starch and 10 per cent lard; (5) starch and 20 
per cent lard; and (6) starch and butterfat. Cataract occurred more 
frequently when the ration contained fat than when fat was absent. 
The incidence was about the same whether the ration contained 10 
per cent butterfat or 10 or 20 per cent lard. Precipitation of the casein 
three times and washing with hot water after each precipitation did 
not increase the incidence of cataract. 
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The Adequacy of a Milk Ration (A. G. Hogan, L. R. Richardson, 
J. G. Lee, E. L. Powell). Female rats fed on milk supplemented with 
copper, iron, iodine, and manganese produced as many young per litter 
as females fed a normal ration. However, even with these elements, 
milk was partly deficient because the females produced only about half 
as many litters as those receiving a normal ration. It was possible to 
rear an indefinite number of generations on this ration (milk supple
mented with the four minerals, copper, iron, iodine, and manganese). 

Unrecognized Vitamins (A. G. Hogan, R. A. Rasmussen). After 
considerable difficulty adequate simplified diets for growth of rabbits 
and guinea pigs have been established. These diets are adequate for 
growth, but are entirely inadequate during the stages of gestation and 
lactation. The young are either dead at birth or they die shortly after
wards from profuse hemorrhage. A long series of attempts have been 
made to find a suitable source of the anti-hemorrhagic vitamin, but 
it has not been found anywhere except in forages, the vegetative part 
of the plant. Attempts to extract this vitamin from dried plant mate
rials have failed. However, it can be expressed from young growing 
plants, such as barley, with no difficulty. As young growing plants are 
available only at certain periods it has been impossible to carryon a 
sustained effort to study the active agent in the expressed juice. 

Efforts have been made to develop a method of preservation that 
would provide liberal quantities of juice for chemical studies at all. 
times. Storing the juice in cold storage has been tried, but in a few 
days the juice became inactive. 

Several kinds of grass juices have been used, and these have been 
preserved in several ways. The grass juice can be preserved with some 
degree of success by ' (1) blanching the grass, (2) pasteurizing the juice, 
(3) deaerating the juice. A combination of blanching and deaeration 
has been the most promising. 

Results have been more successful with rabbits than with guinea 
pIgS. 

Nutritional Requirements of Poultry (A. G. Hogan, W. H. Bond). 
Some time ago a simplified ration for the chick which contained all 
the vitamins in soluble form was devised. This ration supported a 
normal rate of growth and four generations of chicks which received 
no other food were reared successfully. After being used for some time 
unexplained failures occurred with this ration. 

The earlier success was due to the use of liver extracts, and it was 
supposed that the later failures were due to variability in these liver 
preparations. Therefore, liver extracts were prepared as follows: the 
liver was dried and extracted with 95 per cent alcohol at 70° C.; this 
was concentrated in vacuo and called Preparation 3849; this prepara
tion was further fractioned by adsorption on fuller's earth; the ad
sorbate was called Preparation 3774 and the filtrate, Preparation 3775; 
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the li ver residue was next extracted with water at 700 C., and the 
ext ract concentrated in vacuo. T hi s was Preparation 3776; the liver 
residue after water ext ract ion was Preparat ion 3777; some of this was 
hydrolyzed with strong ac id , the hyd rolysate was Prepa,ra,tion 3846. 

Some of the success ful combin at ions were: 
(3849)4+ (3776 )6; 
(3774 )4+ (3775 )6+ (3776 )6. 

The soluble supplements supported normal growth if present in suf
fici ently large quantity. 

(3774)2+ (3775)2 H 3776)4+ (3846) 10. 
T he amount of the soluble supplements may be reduced if the hy

drolyzed liver fr action is includ ed, 
Observations show that in ad liti on to thi amin, riboAa vin , and nico

t inic a id, th li ve r ext ract contai ned a t least two other vitam ins. 
One predominated in the al ohol extrac t 3849. T he other was in the 
water extract 3776. 

I '· i ~, 2,- Ilkk ~44 waR I·rlu ·" d 011 A fallol1 of Ilalllm! food · 
" lIlO'S, (,1111,11 ~07 W!lij 1·['111'''" o n n Hllnplltl .. d !'aLi o n , 

Chick Anemia (A. G, Hoga n, W. A. Bond). In devising a simplifi d 
ration adeq uate for th chick it was observed that some of the chicks 
w re anemi c. T his is a defici ency di seas , and th anti-an mic vitamin 
is not id entical with any oth r now re ognized. E fforts have b en made 
to deve lop a technique by which the anemic condition cou ld be pro
duced consistently. Also observations have been made on the altera
tion in th r d blood c li s asso iat d with the an mi c condition. 

Fig, 3.- 1. Hed cell s from a normal chick. 2. Rod cells 
Crom nn anomie chick. 
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The ration used was made up as follows: 

Ration 38351 

Casein ...................................... 35 Salts ........................................ 4-
Corn starch ............................ 42 Wheat germ oil...................... 4-
Lard ..................................... ... 7 Tikitiki .................................... 1 
Celluflour ................................ 3 Liver extract (3703)2 .......... 2 

Cod liver oil 2 
1 Each chick received daily 40 gamma thiamin and 20 gamma riboflavin. 
2 '1 his is obttlined by extracting- drier! pork liver with U5 per cent alcohol. 

This ration has been supplied to 111 chicks. The mortality was 9 
per cent. The incidence of anemia among the survivors was 100 
per cent. 

Table 3 shows the observation on the changes in the red blood cells. 

TABLE 3.-THE COMPARISON OF RED BLOOD CELLS FROM NORMAL AND 
ANEMIC CHICKS. 

Red celIs H emc:g-Iohin Heel eelI H <.>m op;lohin R eel cell Hed cell 
volume per red cell length volume pe r cu. Ulm. per cent per cent per cent mierons cu. microns 

",ormal 2.7 7.4 32.0 24 12.1 119 
Anemic 0.5 :!.G :;.{) 36 1.1.0 HtJ 

The red cells of anemic chicks were more resistant to hemolysis than 
those of normal chicks. 

The coagulation time of the blood is not delayed in the anemic: 
condition. 

Increasing the Productivity of Missouri Pastures (L. D. Haigh,. 
L. .L. Wiseman). This project is in cooperation with the Departments. 
of Field Crops, Soils, Animal Husbandry, and Dairy Husbandry. 

The chemical analyses have been conducted by the Department of 
Agricultural Chemistry and during the year 394 samples of herbages .. 
roots, and rhizones have been analyzed. Determinations have been 
made for air dry moisture, ether extract, protein, ash, crude fibel;, cal-· 
cium, and phosphorus. A total of 2544 determinations were involved .. 

AGRICULTURAL ECONOMICS 

O. R. JOHNSON, Chairman 

Adjustments in Farming from the Standpoint of Production. 
Planning and Soil Conservati9n (0. R. Johnson, H. L'Hote, D. 
Francis). During the year a total of 162 farm records was obtained. 
Each farm record consisted of .a .financial record, feed record, and graz-· 
ing record. All field work has now been completed on this project and 
an analysis 'of theiie-cords, ',pasbeen ' started. . .. ' 

Land Tenure in MIssouri (0. R. Johnson, B. Ra~lings). A report· 
on this project has been published as Missouri Agricultura1 Experiment: 
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Station Research Bulletin 308, "Relationship of Productivity of Farm 
Units and their Ability to Pay Rent." 

Three areas in different parts of the State have been studied to de
termine the effect of productivity on the size of farm units required 
to pay rent. 

The relation of various costs to size of farm for the Big Creek Water
shed area showed that all costs did not respond to an increase in size 
in the same manner. Operating costs increased at a fairly constant 
rate until a size of 180 acres was reached. From 180 acres to 240 acres 
they remained fairly constant, and above 240 acres costs began to in
crease at a fairly constant rate. Interest charges and fixed expenses, 
such as taxes and insurance, increased as size increased but at a slower 
rate. Management charges increased as size of farm increased but at a 
decreasing rate. 

Productivity seemed to have no very pronounced effect on the cost 
of production where the acreage was constant. When productivity was 
doubled, total costs increased only 12 per cent. 

The acres required to produce a net rent increased at an increasing 
rate as productivity fell below the average for the area. As productivity 
rose above the average for the area, acres required to produce a net 
rent decreased at a decreasing rate. 

Actual commercial rents as determined by the prevailing rent rates 
in the community differed materially from the calculated gross rents 
for lands of varying quality. On land of poorer quality actual commer
cial rents were higher than calculated gross rents, and on lands of better 
quality actual commercial rents were lower than calculated gross rents. 
The same relationship was observed for net rents. Actual net rents 
showed a still greater degree of divergence from calculated net rents 011 

different qualities of land. 
In both the Callaway Area and the. Nodaway Area various costs 

did not respond to a change in size in the same manner. In both 
areas interest charges and other fixed charges increased rather con
stantly with an increase in size but at a much slower rate. The total 
cost of production increased at a fairly constant rate. 

The two areas differed in the relation of operating cost to size. Op
erating costs increased steadily in both areas until a size of approxi
mately 160 acres was reached. The operating costs in the Callaway 
Area then increased very slowly up to a 200 acre unit, after which 
operating costs resumed the former rate of increase. In the Nodaway 
Area operating costs increased very slowly up to a 240 acre unit, after 
which they resumed the former rate of increase. The tendency for 
operating costs to remain fairly constant with increases in size over 
160 acres was much more pronounced and continued longer for the 
Nodaway Area. 

The minimum size required to produce a net rent for the Big Creek 
Watershed Area was approximately 186 acres, for the Callaway Area 
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180 acres, and for the Nodaway Area 115 acres. The differences in the 
levels of productivity in relation of cost to size accounted for this. 

Acres required to afford a net rent were shown to have steadily 
increased in the period from 1910 to 1930 in the Big Creek Water
shed when the cost figures were combined with the change in productiv
ity. Soil depletion was evidently having a marked effect in increasing 
the size of farms required to afford a net rent in this area. 

The Economic Status of Farmers' Cooperative Organizations in 
Missouri (H. M. Haag, Ralph Mercer). An analysis of operating ex
penses of cooperative exchanges and elevators was published as Mis
souri Agricultural Experiment Station Bulletin 401. 

Another phase of this study has been concerned with the credit 
practices of cooperatives and the effect of such practices on the amount 
and cost of credit extended by the associations in the form of accounts 
and notes receivable. The cost of credit service provided by coopera
tive exchanges amounted to 3c per dollar of credit sales. Since the 
average term of the credit was 59 sales days, the exchanges would have 
had to charge interest on accounts at an average rate of 16 per cent per 
year to obtain sufficient income from accounts and notes receivable to 
pay the credit expense. Practices which were intended to promote 
collections reduced the average age of receivables, and consequently 
credit expense per dollar of credit sales. 

Farm Real Estate Situation in Missouri (C. H. Hammar, E. S. 
Troelston). Data on farm real estate sales have been tabulated and an 
index of farm real estate values has been calculated for the years 1932-
38 inclusive. 

Based on transactions gathered in 13 counties in Missouri farm land 
values for the period 1933-38 inclusive have fallen to approximately 
44.4 per cent of their 1927 level. In contrast to this farm real estate 
values have risen materially in Iowa and Illinois. 

A detailed analysis has been made of farm mortgage and foreclosure 
data for eight townships located upon an equal number of soil types. 
In general foreclosures were not heavy upon the poor soil types. Fore
closures were lower on the infertile Clarksville gravelly loam in Doug
lass County than they were upon the much better Shelby soils in 
Putnam and Sullivan counties, 

An analysis has been made of the success of Missouri farmers with 
their investments in farm real estate. The analysis covered the period 
1820-1939. In general, as of the years 1938-39, the history of the suc
cess of Missouri farmers with their investment in farm real estate has 
been an unhappy one. For example, in Atchison county resident farm
ers owned only about 16 per cent of the real estate of the county. 
In New Madrid county this percentage fell to 9 per cent and was 'not 
much higher in neighboring Pemiscot and Dunklin counties. On the 
other hand farmers owned most of the real estate in less fertile areas as 
Wright and Webster counties. 
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The Farm Construction and Investment 'Cycle (C. H. Hammar, 
N. Clough). Data with respect to the construction, age, and condi
tion of buildings on Missouri farms has been studied in five areas. Data 
also has been secured on the sales turn-over of farm real estate in five 
counties. 

A preliminary analysis indicated that farm buildings on the average 
were rather old, that they were dominantly of a frame construction, 
that their condition was poor in most areas, and that the volume of new 
construction on farms during the past 10 years has been low. 

An analysis of the sales turn-over of farm real estate indicated that 
there were some rather characteristic cycles in the turn-over of farm 
real estate. 

Farm Cost Accounting (B. H. Frame) . This study is in coopera
tion with the Soil Conservation Service of the U. S. Department of 
Agriculture. An analysis has been made of farm records on 59 farms: 
in the Big Creek Watershed area in the northern part of Harrison 
County, Missouri, and southern parts of Ringgold and Decatur Coun
ties in Iowa. 

The Big Creek Watershed is typical of many areas in the rougher 
sections of the Corn Belt. The soil is of the Shelby silt loam type and 
is seriously eroded. 

Records have been kept on 33 of the farms during the past four 
years. At the. beginning of the project four years ago, these 33 farms 
were divided into three groups according to the amount of top soil 
remaining. The 11 farms with the least top soil erosion were con
trasted with the 11 farms having the most top soil erosion. The group 
with the least top soil erosion had 71.38 per cent of their top soil re
maining, produced $5.90 worth of products per acre in 1938, and pro
duced an average management return for the four years of $107.14 per 
year. The group having having the most top soil erosion had 40 per 
cent of their top soil remaining, produced $4.12 worth of products per 
acre during 1938, and failed by $4.48 per year of paying anything for 
management during the four year period. 

Financial returns on the 59 farms varied widely. The average man
agement return on the 20 high farms was $1240.60 as compared to a 
loss of $220.10 on the 20 low farms. 

Crop yields were higher on the 20 high farms than on the 20 low 
farms producing an average feed unit value of 20.4 per crop acre as 
compared with an average of 17.9 for the low group. Most of the 
crops grown were fed on the farm. Livestock and livestock products 
accounted for 76.7 per cent of the cash sales. Most of the livestock 
sold were raised on the farm from which they were sold. Very few 
stockers and feeders were brought into the area. The 20 high farms 
had 30.6 per cent more livestock than did the 20 low farms. Feeding 
efficiency with livestock in general was much higher on the high return 
farms than on the low return farms. The high group received $281.21 
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for every $100 worth of feed fed, while the low group received $164.87 
for each $100 worth of feed fed. 

Man labor was used more efficiently on the high farms than on 
the low farms. Each man handled 78.2 crop acres and 28.0 animal 
units on the high return farms as compared to 63.1 crop acres and 14.4 
animal units on the low return farms. 

One of the outstanding differences between the high return and the 
low return farms was their size. The high returns group averaged 
366 acres with a capital value of $20,361 and with 53.3 animal units, 
while the low returns group averaged 202.5 acres with a capital value 
of $10,671 and with 20.8 animal units. 

Efficient Use of Equipment (B. H. Frame). An analysis has been 
made of the crop equipment on 69 Harrison County, Missouri, farms 
.during 1937. 

Table 4 shows the relationship between the investment 111 crop 
equipment and the number of crop acres on the farm. 

TABLE 4.-THE RELATION BETWEEN CROP EQUIPMENT INVESTMENT AND 
CROP ACRES. 

Equipment· 
<Classes in Number of Average Investment 
Crop Acres ]"arms Crop Acres Per Crop Acre 

30- 59.9 15 51.4 $2.96 
60- 89.9 15 74.3 2.10 
90-119.9 15 105.0 2.53 

120-149.9 13 125.0 1.83 
150-179.9 ::l 159.7 1.58 
180-209.9 3 187.3 2.58 
210-239.9 4 215.8 3.14 
Over 240 1 341.0 1.06 

All Farms 69 106.3 2.39 

"Value of Tractor not included. 

There seemed to be rather conclusive evidence that as the number 
of crop acres per farm increased the cost of crop equipment per acre 
decreased, although in some of the smaller classes this tendency seemed 
to be reversed. It is very probable that such irregularity was caused 
by random Huctuations naturally found in such small groups. 

AGRICULTURAL ENGINEERING 

]. C. WOOLEY, Chairman 

Utilization of Corn Stalks and Straw in Soil Building (J. C. Wool
ey, R. Beasley). The burning of corn stalks destroys most of the plant 
food in the stalks which should be returned to the soil. Turning under 
the stalks makes a loose seed-bed and lowers the amount of nitrogen 
available for plant food to the succeeding crop. Corn stalks are low 
in nitrogen, and in the process of decay soluble nitrogen is withdrawn 
from the soil. 
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If a practical method of handling the corn stalks to produce artificial 
manure could be developed then a well-balanced manure could b~ 
returned to the soil. 

Since the cost of collecting and piling the stalks is an important item 
in converting the stalks into artificial manure, stalks were piled by 
four different methods and cost records kept as follows: 

Method 1. Stalks broken with railroad iron, windrowed with dump 
rake, brought to stack with buck rake, and piled by hand; 

Method 2. Stalks cut with stalk cutter, remainder of method same 
as Method No. 1; 

Method 3. Same as Method No.1 except the stalks were piled by 
means of a sling; 

Method 4. Stalks pulled by hand, placed on wagon and piled. 

After the stalks had been piled a mixture of 67 12 pounds of am
monium sulphate, 60 pounds of limestone, and 2212 pounds of 20% 
super-phosphate per ton of dry matter was applied. 

The following table shows the cost per acre for handling the stalks 
and converting them into artificial manure by each of the four methods. 

TABLE S.-COSTS OF HANDLING STALKS. 

Labor Mnter lal Tot al Tons '.rons Value 
Method Co~t $ Cost $ Cos t $ Sta!ltH Manure Manure $ 

1 1.46 2.40 3.86 I V, 53-1 11.00 
2 1.76 2.40 4.10 I V, 5V, 11.00 
3 0.84, 2.40 8.24 I V, 5V, 11.00 
4 s.ao 2.40 a.oo I V, 5~ 11.00 

The Effect of Environment on Laying Hens (J. C. Wooley, C. 
Kincaid). Three types of poultry houses have been used in this study: 
(I) The regular Missouri 20x20 house with straw loft and open 
front; (II) A 20x20 house with central hallway and two decks on either 
side, double walls with straw fill for insulation, 16x16-inch outtake 
flue, and the Rutherford sys~em of ventilation with automatic inlets; 
(III) A 12x12 open air type house. 

Using the regular Missouri 20x20 house (No. I) as a standard, the 
experimental double-deck house (No. II) and the experimental 12x12 
open air type house (No. III) were compared to it. The results ob
tained in comparing the three houses are given in Table 6. 

TABLE 6.-THE EFFECT OF DIFFERENT ENVIRONMENTS ON LAYING HENS. 

1936·37 1937·38 1938·39 
II . II II III 

~g P r oductlon . . ...... .. .. 84% 98% 79% 114% 
orta llty .. . .. ...... ..... .. . 127% 92% 157% 115% 

Floor space per hen •. . .... 50% 50% 50% 125% 
Cubic feet space per hen .. 68% 63% 63% 00.7% 
Chore labor per hen . . . . .. . . 136% 131>% 71% 
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Production per hen in house No. II did not equal that of ·house 
No. I during these three years. However, in 1937-38 production was 
only slightly below that of No. 1. In 1937-38 the central hall was re
moved and the upper and lower decks were made into separate com
partments, each housing 100 hens. It is possible that the hens were 
given the run of the yard a little more frequently during 1937-38 and 
that the greater amount of freedom was reflected in production. 

The mortality in house No. II during two of the three seasons was 
high as a result of cannibalism. Close confinement of the birds on 
the wire floors seemed to encourage this habit. 

The birds in house No. III were not above average, but they did 
show slightly higher production than birds in either of the other two 
houses. There are two possible explanations for this higher production: 
(1) The hens were not trapnested in this house; (2) The air move
ment through the scratching and feeding part of the house kept down 
relative humidity while the roosting section was reasonably warm 
and free from drafts. 

Very little relationship was found between the range of temperature 
and production except when the range exceeded 20 degrees difference 
between inside and outside temper;:tture. 

The Proper Size, Deplth, and Spacing of Tile Drains for Missouri 
Soils (J. C. Wooley). During the past year the amount of percolation 
into the tile lines on the Ellsberry project has been very slight. Prac-' 
tically no difference was detected between lines placed at a depth of 
18 inches and those placed at 40 inches. . 

The project at Midway, Missouri, on creek bottom land still is 
functioning in a satiSfactory manner. Tile sizes were computed, using 
a ~ inch drainage coefficient, and laterals were spaced 150 feet apart 
and laid at a depth of 3 feet on a grade of .25 feet per 100 feet. This 
design has proved to be very satisfactory. In all probability a greater 
spacing could have been used. 

Use of Electricity in the Brooding of Chicks (M. M. Jones). A 
comparison has been made of a wood-burning and an electric brooder 
for the brooding of chicks. With wood valued at $8.00 a cord and 
electricity at 3c a KWhr, the cost of operating the electric. brooder was 
somewhat higher than that of the wood-burning brooder. Electric 
brooding cost 4.47c per chick raised, as compared to 3.17c per chick 
raised with the wood-burning brooder. However, the electric brooder 
gave a somewhat lower mortality. It also maintained much more 
even temperature and required much less attention and care. 

Methods of Prolonging the Service of Wood Fence Posts (J. C. 
Wooley). This project is in cooperation with the Department of 
Horticulture and Forestry. Approximately two hundred posts were 
treated using creosote, gas plant drippings, carbolinium, and zinc 
chloride in order . to test: ( 1) the effectiveness of these materials as 
preservatives; (2) the effect of treating tops of posts as well as the 
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part in the ground; and (3) the effectiveness of different methods of 
application of the preservatives. The methods used were hot and cold 
process, painting, and applying to posts already set. 

Fertilizer Placement Experiments on Corn (M. M. Jones, L. E. 
Hightower). The deep placement of fertilizer on corn has been com
pared with standard or seed-level placement. Two interchangeable sets 
of shoes or runners were used on one planter. One set of runners 
placed the fertilizer at seed level and in two bands beside the hill. The 
other set placed the fertilizer about one inch below the seed and in 
a single band to one side of the hill. 

Tests were made on Wabash and Grundy silt loam soil using a 
4-12-4 fertilizer. Tests on these soils showed no significant yield in
creases for the deep placement of the fertilizer over standard or 
seed-level placement. Checked or hilled fertilizer gave somewhat better 
results than the drilled fertilizer. Application rates of about 200 pounds 
per acre gave greater increases in yields than the lower or higher 
rates that were tried. 

The fertilizer had a very marked effect on early growth of corn, 
the stalks being from 3 to 12 inches higher on the fertilized plots than 
on the unfertilized plots 25 days after planting. Neither the depth of 
placement nor the rate of application made a great deal of difference 
in the early growth. 

Efficiency of Tillage Methods in Growing Corn (M. M. Jones, 
R. P. Beasley, Lloyd Hightower). Studies have been made on Putnam 
silt loam of the effects of different methods of seed bed preparation and 
of different methods of cultivation upon the yield of corn and the cost 
of production. The plots had been in oats and Iespedeza the previous 
year. 

The methods which were lowest in work required per bushel were: 
(1) tandem disking, bedding (ridging with disk hillers on tractor 
cultivator), leveling (done with disk hiller and sweeps on tractor cul
tivator), and planting; and (2) tandem disking, harrowing, and plant
ing. While the cost of labor per bushel was approximately the same, 
the first method gave 6 per cent better yield. 

The method of seed bed preparation which gave the highest yield 
was tandem disking, plowing, bedding, leveling, and planting. How
ever, the labor cost per bushel using this method was high. 

All plots which were plowed, and which consequently required more 
work, had a denser growth of weeds than plots which were not plowed. 
The stand of corn seemed to be better on the plowed plots. 

The method of cultivation which produced the largest yield and re
quired the lea:st work per bushel consisted of one cultivatIon with 
sweeps with rotary hoe attachment, and two cultivations with sweeps. 
The method which required the most work per bushel and produced 
the lowest yield consisted of three surface cultivations. 
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The weed growth was less dense on the plot having the largest yield 
and the lowest cultivating cost per acre. 

Combine Harvesters in Missouri (M. M. Jones, R. P. Beasley, 
L. Hightower). Data were obtained on 177 different combines. In 
spite of some rather unfavorable conditions, the machines gq.ve very 
satisfactory results, and in many cases did better work than was 
possible with binders. In some cases where grain had lodged and the 
ground was wet, combines were purchased to harvest the grain in
stead of using binders. Combines were used successfully under Mis
souri conditions to harvest wheat, oats, barley, timothy, sweet clover, 
soybeans, lespedeza, rye, flax, red top, sorgo, kaffir, alfalfa, red clover, 
and alsike clover. 

Costs per acre of harvesting by different. sized combines were as 
follows: 5-foot, $1.18; 6-foot, $1.40; 8-foot, $1.22; lO-foot, $1.15; 
12-foot, $1.31; IS-foot, $1.30; 16-foot, $0.86. The average cost of 
operating the 5-foot combine amounted to $0.57 per acre, the overhead 
cost amounted to $0.61 per acre. An average of 238 acres of crops 
were harvested per year with the five-foot combine. 

ANIMAL HUSBANDRY 

E. A. TROWBRIDGE, Chairman 

Genetic Studies of Swine (Ralph Bogart). A genetic study of the 
Hampshire color, especially belting, has been made by recording the 
color markings in purebred Hampshires and crosses of this breed with 
Duroc Jersey hogs. The data indicated that hypostatic genes in the 
Duroc Jersey breed influence the character of the belt. Hampshires 
with white bodies and black heads have been mated inter se and 
crossed with those that were solid black but as yet results are not 
available. 

Hemophilia (bleeding) has been observed in one strain of Poland 
China hogs. Matings have been made to provide genetic information 
concerning this physiological character. Chemical studies of hemo
philic blood are now under way in an effort to learn the cause of con
tinued bleeding in these hogs. 

The genetics and physiology of inverted nipples and mastitis (caked 
udders) have been studied in one strain of Duroc Jersey hogs. Work 
on a method of measuring economic losses from such abnormalities has 
been started. 

Growth in Draft Colts (E. A. Trowbridge, H. D. Elijah). Nine 
purebred Percheron foals, six fillies and three stallions, were foaled 
between February 27 andJuly 13,1938. The average weight at foaling 
was 126 pounds; at weaning time, October 17, 460 pounds; on Novem
ber 12, 485 pounds; and at about one year of age the average weight 
was 870 pounds. 
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During the summer the foals ate some grain in addition to suckling. 
their mothers. From October 17 to November 12 they ran on good 
bluegrass pasture and were fed 4 pounds daily of a grain mixture com
posed of 600 pounds ground oats, 100 pounds corn, 100 pounds ground: 
barley, 200 pounds bran, 50 pounds linseed oil meal and dried skim 
milk. 

During the winter period, November 12, 1938 to April 20, 1939, they 
received a daily allowance of 7 pounds of the above grain mixture 
with mixed hay fed ad libitum at night. They were allowed to run 
on good bluegrass pasture during the day. The stallion colts were 
gelded at about one year of age. All the colts were in good thrifty 
growing condition when they went on pasture in the spring of 1939. 

Beef Cattle Breeding (E. A. Trowbridge, ]. E. Comfort, M. W. 
Hazen). This project is in cooperation with Sni-A-Bar Farms and the 
United States Department of Agriculture. The ability of purebred 
Shorthorn bulls to sire offspring of uniform type, capable of excellent 
feed utilization and the production of superior quality carcasses, and 
to perpetuate the heredity of these characters is of great importance. 

Three unrelated purebred Shorthorn bulls were mated to three 
groups of high grade Shorthorn cows. Each group is to be rotated an
nually so that at the end of three years each bull will have sired calves 
from each cow herd. 

The steers from these cows were fed in dry lot for 196 days after 
weaning. A grain ration composed of shelled corn 4 parts, oats 3 parts,. 
bran 2 parts, and linseed oilmeal 1 part by weight was fed for the first 
112 days. The ration was changed to shelled corn 8 parts and cotton
seed meal 1 part during the last 84 days. Alfalfa hay was fed for the 
entire period. The results on one lot of cattle were not significant be
cause of the small number. 

There were appreciable differences in the beef producing ability of 
calves by the different sires. Two lots of steers gained 352.2 and 310.8: 
pounds respectively during the 196 day feeding period. The lot of steers 
making the smaller gain required 66 pounds more grain and 46 pounds 
more hay per cwt. gain than the lot of steers making the larger gain. 
The steers making the larger gain dressed 55.9 per cent and their 
carcasses graded "Good +." The other lot of steers dressed 54.8 per 
cent and graded "Good." 

A Comparison of Systems of Grazing Bluegrass Pastures (J. E. 
Comfort, E. Marion Brown, M. W. Hazen, ]. D. Baldridge). This 
project is in cooperation with Sni-A-Bar Farms, the United States 
Department of Agriculture, and the department of Field Crops. Three 
systems of grazing (continuous, rotation, and supplemented) have 
been compared at Sni-A·Bar Farms for eight years. Since 1936 the 
method of grazing on supplemented pasture has been a combination of 
the rotation and supplemented grazing systems, i. e., the 25-acre blue
grass pasture has been divided into three divisions · and grazing in, 
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each division has been rotated. In mid-summer the cattle were trans
ferred to a lO-acre field of Korean lespedeza and grazed on this field 
until about September 1st. They then were returned to the bluegrass 
pasture. . 

Eighty range-bred Shorthorn yearling steers averaging 535 pounds 
at the beginning of the experiment were used in 1938. On April 
19th, 25 steers were placed on the continuous pasture, 25 on the rota
tion pasture, and 30 on the supplemented pasture. The steers on the 
supplemented pasture were moved to 10 acres of Korean lespedeza on 
July 19th and continued grazing the lespedeza for seven weeks (until 
September 6th). They then were returned to the 25 acres of bluegrass. 
The steers were removed from all pastures November 1st when the 
grass was becoming short. 

The steers on the supplemented pasture made 4900 pounds total gain 
on bluegrass and 914 pounds gain on Korean lespedeza or 165.6 pounds 
per acre on 35 acres of bluegrass and lespedeza for the 196-day graz
ing period. The cattle on the continuous pasture made a total gain 
of 3842 pounds or 153.7 pounds per acre. The steers on the rotation 
pasture made 4224 pounds total gain or 168.9 pounds per acre. The 
individual steer gains per season were 193.7, 153.7 and 168.9 pounds 
respectively on the supplemented bluegrass and lespedeza, the con
tinuous, and the rotation bluegrass pastures. 

The 1938 grazing season was longer than usual and the cattle con
tinued gaining in weight in the fall instead of shrinking. The largest 
cattle gains were made early in the season. This emphasized the im
portance of utilizing bluegrass while it was in its most nutritious stage. 
The cattle gains made on lespedeza in 1938 were smaller than in 
previous years possibly because the cattle had been making better gains 
on bluegrass prior to being placed on lespedeza and also because the 
stand of lespedeza was less uniform. 

Rations for Pigs at Weaning Time (L. A. Weaver). Corn, low 
grade wheat, winter barley, kafir, and oats were compared as feeds 
for fattening pigs in dry lot. The grain in each case was ground coarsely 
and supplemented with a mixture of tankage, 50 per cent; soybean 
oil meal, 25 per cent; and alfalfa meal, 25 per cent. The supplement 
and grain were combined in such proportions as to furnish a ration with 
approximately the same nutritive ratio for each lot. After mixing the 
grain and supplement the concentrate was self-fed. A mineral mixture 
of equal parts ground limestone, bone meal, and salt also was seIf
fed to all lots. 

Hogs fed corn made the most rapid gain (1.55 pounds daily). Kafir 
ranked next with a daily gain of 1.37 pounds, followed by barley and 
wheat in the order named. The hogs fed oats made very slow gains 
(less than one-half pound per head per day). At the end of 112 days 
of feeding these hogs were classed as stockers rather than fat hogs. 
In comparison with corn and after making allowance for the supple-
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ment used, the low grade wheat was worth 100.8 per cent; winter bar
ley, 87.6 per cent; kafir, 101.8 per cent; and oats, 38.1 per cent. 

Four different protein supplements were fed with corn to fattening 
hogs in dry lot as follows: 

Lot I Tankage .............................................................. 50% 
Soybean Oil Meal ...................................... ...... 25% 
Alfalfa Meal ...................................................... 25% 

Lot II Steam rendered tankage 
Lot III Dry rendered tankage 
Lot IV Tankage .............................................................. 30% 

Fish meal ............................................................ 20(10 
Dried Skim Milk ................................................ 15% 
Soybean Oil Meal............................... ...... .. ..... 1O(;1c, 
Alfalfa Meal ...................................................... 25% 

The corn was ground, mixed with the supplement and self fed. The 
protein supplements were fed so that approximately the same amount of 
protein was available in each ration. The guaranteed protein content 
of supplement feeds was 60%, for both the steam and dry rendered 
tankages; fish meal, 65(:10; soybean oil meal, 41 % (expeller process); 
dried skim milk, 30%; and alfalfa meal, 1770 (dehydrated). 

When steam and dry rendered tankage were compared as a supple
ment to corn for feeding 56-pound weanling pigs in dry lot there was 
no significant difference due to the method of processing this packing 
house product. Neither product was as satisfactory as the mixed 
supplements. 

Lots I and IV both made satisfactory gains. For the entire feeding 
period there was no significant difference in rate of gain or feed re
quired per unit gain with the two protein mixtures, but the hogs 
fed the mixture containing fish meal and skim milk made faster gains 
for the first half of the feeding period. 

Improvement of Swine Through Breeding Methods (1. A. Weav
er, Ralph Bogart). This project is in cooperation with the Bureau of 
Animal Industry, United States Department of Agriculture. Moderate 
inbreeding with rigid selection has been continued in establishing three 
inbred lines of Poland China hogs. Twenty-four litters were farrowed 
on this project the spring of 1938; 29 in the fall of 1938; and 49 in 
the spring of 1939. For the 1939 spring farrow the coefficient of in
breeding of the pigs in Line I was 14.9%; in Line II, 9.2%; and in 
Line III, 7.6%. 

Pigs in Line I fed out on pasture during the summer of 1938 aver
aged 214 pounds at 180 days of age and required 383 pounds of feed 
per 100 pounds of gain. Line II pigs fed out during the same period 
and in a similar manner weighed 237 pounds at 180 days and consumed 
403 pounds of feed per 100 pounds increase in live weight. The aver
age weight of Line III pigs at 180 days was 212 pounds and required 
352 pounds of feed to produce 100 pounds gain. 
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Eight test litters were fed from the 1938 fall farrow-four from 
Line I, and two each from Lines II and III. The remainder of the pigs 
were separated as to lines but otherwise group fed. Growth rates were 
hardly as satisfactory as those of the previous spring farrow, but there 
was a slight reduction in feed consumed per unit gain. 

Beef Produced with Minimum Grain and Maximum Roughage 
(E. A. Trowbridge, A. J. Dyer, J. E. Comfort). Eighty choice grade 
Hereford steer calves were used on this project. A part of them were 
carried through the winter on silage and alfalfa hay and were turned 
on good pasture during the summer of 1939. In the fall of 1938 one 
lot of calves was full fed and another lot was placed on full feed in 
the spring of 1939. Each fall and spring until the cattle are three years 
old a lot of cattle will be placed on full feed and fed until the carcasses 
grade "Good." 

The calves were put on experiment at weaning time, December 19, 
1938. Those that were carried through the winter on silage and hay 
gained 98 pounds, practically % pounds daily during this period. They 
ate 524 pounds of legume hay and 2,550 pounds silage per head during 
the winter, a daily ration of 4.09 pounds of alfalfa hay and 19.92 
pounds of silage. They did not gain in flesh but showed considerable 
growth as the weight indicated. 

The calves full fed during the winter of 1938-39 gained 374 pounds 
per head in the 168-day feeding period. They consumed 28 bushels 
corn, 157 po~nds cottonseed cake, 523 pounds legume hay, and 1247 
pounds corn silage and the rate of gain was 2.11 pounds daily. They 
graded "Low Good" and dressed 53.7% when they were marketed 
in June, 1939. ' 

Physical and chemical analyses of the ninth, tenth, and eleventh 
prime ribs from the right side of two representative calves were made 
at the beginning of the experiment and compared with the analyses 
made on six calves of similar breeding fed different amounts of grain 
in an earlier experiment. The results of the physical analyses are 
shown in Table 7. 

TABLE 7.-A PHYSICAL ANALYSIS OF THE 9TH, 10TH, AND 11TH RIBS 
(RIGHT SIDE), OF FOUR LOTS OF CALVES. 

Age Lean Fat Bone Carcass Grade 

Lot % % % 

Calves just weaned at 
start of experiment .. . .. . 8 mos. 75.7 15.7 26.6 (52.0) Medium-

Fed Roughage 
only 196 days ...... . .... 14 mos. 61.8 10.8 27.4 (59.8) Medium 

Fed Half grain 
ration 196 days .. . ... .. 14 mos. 62.9 13.6 23.5 (66.0) Good-

Full fed grain 
196 days .................. 14 mos. 48.0 35.4 16.6 (81.6) Choice 
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Barley for Fattening Cattle (E. A. Trowbridge, A. J. Dyer, J. E. 
Comfort). A feeding trial has been conducted to determine the relative 
value of coarsely ground barley when used as a complete, and as a 
partial substitute for corn. 

"Medium" to "Good" thin native yearlings weighing 600 to 625 
pounds at the beginning of the trial and showing various degrees of 
Shorthorn lineage made average daily gains for 126 days of 2.17, 2.15, 
and 2.57 respectively for Lots 1, 2, and 3 which were fed the following 
rations: Lot 1, ten parts shelled corn, one part cottonseed cake; Lot 2, 
five parts shelled corn, five parts ground barley, one part cottonseed 
cake; Lot 3, ten parts ground barley, one part cottonseed cake. The 
roughage was composed of alfalfa, lespedeza hay, and silage. 

The cattle fed barley ate more grain per day than those fed corn. 
This also was true for the cattle fed a mixture of corn and barley. 
Cattle fed the corn-barley mixture required more grain for 100 pounds 
gain than did the barley fed cattle. Each of the above lots required 
more grain for 100 pounds gain than did the cattle which were fed 
corn. 

The pounds of grain required were 475, 555, and 497 respectively 
for Lots 1, 2, and 3. The pounds of roughage required were 154 pounds 
hay and 599 pounds corn silage; 155 pounds hay and 610 pounds 
silage; and 134 pounds hay and 512 pounds silage, respectively for 
Lots 1, 2, and 3. 

Daily roughage consumption was almost the same in each lot. The 
corn-barley and corn fed cattle used more roughage in producing 100 
pounds gain than did the barley fed cattle. 

At the end of the experiment the cattle in Lots 1 and 2 averaged 
grading "Low Good." Both lots graded lower than Lot 3 which carried 
more finish and weighed about 52 pounds more per head than either 
of the other lots and showed an average grade on foot of "Good." 

The carcasses of these cattle all graded "High Medium" on the mar
ket. The dressing percentage was 57.86 per cent for the corn fed cattle 
and 58.6 per cent for the other two lots. The carcasses made excellent 
beef. 

Estrus, Ovulation, and Related Phenomena in the Mare (F. F. 
McKenzie, F. N. Andrews). The mean length of 196 estrual periods was 
5.28 days and ranged from 1 to 37 days. The average duration of 
90 estrual cycles was 20.7 days and ranged from 10 to 37 days. Max
imum sex desire occurred 1 to 2 days before and at the time of ovula
tion. Estrus usually terminated 24-48 hours after ovulation. "Split 
estrus" (discontinuous heat) was observed during 28 estrual periods. 
A total of 31.3 per cent of all mares showed this condition. Eleven 
cases of physiological estrus (silent heat) were detected. The average 
interval, foaling to foal heat, was 11.36 days and ranged from 2 to 30 
days. The average length of foal heat was the same as for regular heat. 
Ovulation occurred in the left ovary in 60 per cent of the cases. Fol-
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licular fluid recovered from 10 follicles amounted from 6 to 112 cc. 
in volume and from 20 to 75 gamma of estrone per cc. 

Histological studies have been made of the vaginal and uterine 
mucosae. The involution of the uterine mucosa was seldom complete 
by the onset of foal heat but was usually similar to that of the fallow 
mare by the end of this heat period. 

Of the 110 mares bred 71.8 per cent conceived. Of the lactating 
mares 73.1 per cent became pregnant as compared with 70.7 per cent 
of the dry females. Of 26 mares bred during foal heat 50 per cent 
conceived and of 19 maiden mares bred 47.4 per cent conceived. 
"Split" estrus, "physiological" estrus, and post-estrual ovulation in 
themselves had no deleterious effects on fertility and 77.8 per cent, 
62.5 per cent, and 75.0 per cent respectively of the mares showing these 
became pregnant following artificial insemination. Twin ovulations 
were observed in 3.8 per cent of the cases. 

The Induction of Ovulation in the Mare (F. F. McKenzie). By 
the use of certain hormone preparations ovulation has been induced in 
the estrus mare. The period of estrus is shortened and the number of 
services of the stallion lessened, making for more efficient breeding 
operations. 

The Purification of the Gonadotropic Hormone in Pregnant Mare 
Serum (D. T. Mayer). The gonadotropic hormone has been isolated 
in a very concentrated form, the activity of which corresponded to 17 
rat units per mg. The iso-electric point has been placed and deter
minations have been made on the effect of heat upon its coagulation, 
and effects of the various protein precipitating agents upon the hormone. 

The Estrin Content of the Follicular Fluid and Urine of the Mare 
and its Relation to the Psychlogical and Physiological Phenomena 
of the Estrual Cycle (F. F. McKenzie, F. N. Andrews, D. T. Mayer). 
Assays have been made on fluids from mares at different stages of the 
estrual cycle, and from mares that showed marked expression of 
estrus as compared with others showing only mild signs. A photoelec
tric colorimeter was used. This was the first attempt to recover fol
licular fluid from a living mare. 

Artificial Insemination in Cattle (F. F. McKenzie, John F. Las
ley). A project has been started in cooperation with the Indian 
Service, Department of the Interior, on the San Carlos Reservation 
in Arizona. Facilities have been provided for 500 pure bred Hereford 
cows to be artificially inseminated. 

The Induction of Estrus and Ovulation in the Ewe (F. F. Mc
Kenzie, F. N. Andrews, ]. F. Lasley). Ewes have been treated in 
August and artificially inseminated in an effort to bring all ewes into 
estrus at the same time, so that the time of breeding could be shortened 
and, therefore, the subsequent lambing season shortened. Hormone 
treatment of ewes already in breeding season did not disturb their 
cyclic rhythm. 
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A group of ewes has been treated with similar preparations in an 
effort to study the effect when treatment was conducted outside the 
normal breeding season. The results are not available at this time. 

The Gross and Microscopic Anatomy of the Genital Tract of 
the Ram (F. F. McKenzie, W. K. Dinwiddie, Esther Meier). Rams 
of different ages have been studied and sections made of the genitalia 
for histological study. 

An Artificial Vagina for Swine (F. F. McKenzie, ]. F. Lasley). 
The new semen collector consists of a thin inner rubber tubing with 
an outer casing. In the casing is a pet-cock through which air is blown 
to give the correct pressure. No water is used. 

Swine Semen Storage (F. F. McKenzie,]. F.Lasley, D. T. Mayer). 
Utilizing the principle of fractionating boar semen the highly concen
trated sperm fraction has been stored successfully. This concentrated 
fraction has been cooled gradually and stored at 10-12° C. When in
seminated 12, 13, or 24 hours after collection this fraction has impreg
nated sows. Twenty-three cubic centimeters of the concentrated frac
tion diluted up to 50 and 100 cubic centimeters has been satisfactory. 
This was the first successful attempt to store swine semen. 

Rabbit Semen Collection and Studies (F. F. McKenzie, H. L. 
Cooksey, and D. T. Mayer). The sheep artificial vagina has been 
modified and adapted successfully as an artificial rabbit vagina. A 
total of 152 semen collections have been made and certain character
istics observed. The volume ranged from 0.4 to 6.5 cubic centimeters. 
The concentration was as high as 2,000,000 per cubic millimeter. The 
pH was usually 7.1 and ranged from 6.8-7.5. The color of the con
centrated fraction was milky white, while the accessory gland portion 
was clear. 

Paraffin capsules and gelatin capsules coated with paraffin were found 
to be most effective for storing rabbit semen at 10° C. and 3 ° C. 
Fewer protozoa and bacteria were found in these containers. 

Sperm stored in brown glass bottles remained motile longer than 
those stored in clear glass bottles. 

Rabbit semen has been successfully stored 24 hours at 10° C. 
It required 14 to 17 days for sperm to traverse the epididymis as 

determined by India ink injections. Sperm respiration studies have 
been made on semen from rabbits of different ages, different levels of 
fertility, and at different stages of sexual exhaustion. Indications are 
that the sperm respiration rate constitutes the most valuable criterion 
of semen quality. 

Chicken Semen Collection and Studies (F. F. McKenzie, J. E. 
Parker). This project is in cooperation with the Department of Poul
try Husbandry. A collecting device that is clamped over the vent of 
the bird has proved very satisfactory for obtaining semen. The semen 
of the cock has been found to have the following characteristics: volume 
range from 0.1 to 1.5 cc (mostly .3 to .5 cc); pH value range from 



28 MISSOURI AGRICULTURAL EXPERIMENT STATION 

6.8 to 8.3 (mostly 7.3 to 7.8); concentration varied from 80,000 to 6,-
500,000 sperm per cubic millimeter. 

Effect of Manganese in Rations for Brood Sows (A. G. Hogan, 
V. F. McRoberts). The addition of manganese to the ration improved 
the weaning weight of pigs but did not increase the number of pigs 
weaned per litter. There was no difference in the value of dry ren
dered and steam rendered tankage. 

Abnormally large fatty livers were observed in many of the pigs 
from litters of sows which had not received manganese in their ration. 
There were, however, a few pigs from sows receiving 0;04 per cent 
manganese in their ration which showed the same condition. 

A Ration for "Runt" Pigs (A. G. Hogan, V. F. McRoberts). Six 
runt pigs were placed on a ration composed of the following parts by 
weight: yellow corn, 45; liver meal, 10; alfalfa meal, 10; dried brewer's 
yeast, 12; wheat shorts, 20; cod liver oil, 1; finely ground limestone, 1; 
and salt, 1. Four of these pigs were definitely runts when placed on 
this ration, but they made substantial and economical gains on this 
special ration, whereas they had practically failed to grow on the basal 
ration which they had received the 3 months after weaning. 

Nicotinic Acid in Rations for Pigs (A. G. Hogan, V. F. McRob
erts). An attempt has been made to verify reports that swine may 
develop a disease that is analogous to pellagra in man and that it may 
be prevented by nicotinic acid. Four pigs were placed on a ration 
consisting of white corn, 78.5 per cent; pea meal, 10.5 per cent; puri
fied casein, 6.5 per cent; cod liver oil, 2 per cent; ground limestone, 
0.5 per cent; and bone meal, 1.0 per cent; and common salt 1.0 per 
cent. 

After receiving the above ration for 17 weeks two pigs were given 
300 mg. of nicotinic acid weekly for 3 weeks. 

The appetites of these pigs were irregular and poor. They developed 
lesions on their skin several times during the experiment but these 
usually disappeared after a few days. 

Apparently the basal ration contained enough nicotinic acid to pre
vent active pellagrous lesions. The ration was deficient in nicotinic 
acid, however, because the rate of growth was accelerated when the 
pigs were given nicotinic acid. 

A Comparison of Open Pollinated and Hybrid Corn for Brood 
Sows (A. G. Hogan, V. F. McRoberts). A comparison has been made 
of the value of open pollinated and hybrid corn in rations for brood 
SQWS and the value of linseed oil meal in the ration. There was no 
evidence of a nutritional difference in the hybrid and open pollinated 
corn, The omission or inculsion of linseed oil meal made little or no 
diff~ren~e. 
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The Effects of Treatment of Seed Corn on Stands and Yields 
(C. M. Tucker). Three hundred ears each of Reid's Yellow Dent and 
Midland Yellow Dent were indexed for infection by Fuslarium 
moniliforme by germinating a sample of seed from each ear. Ears of 
each variety free from infection and ears showing heaviest infection 
were selected for the seed treatment experiments. The "healthy" lots 
of each variety were free from Fusarium infection. The "diseased" 
lots of Midland and of Reid's had an average infection of 10.1 per cent 
and 47.2 per cent, respectively. 

Both "healthy" and "diseased" lots were divided and one sample 
of each was treated with New Semesan, Jr., at the rate of 2 oz. per 
bushel. Plantings were made at Sikeston, Jasper, Grain Valley, Mary
ville, and Montgomery City for yield tests. At Columbia plantings 
were made to secure data on seedling condition. The plants were dug 
for examination when about one foot tall. 

There were no significant differences in seedling survival or yield 
between plots planted with "healthy" and "diseased" seed, or between 
those planted with treated and untreated seed. 

Examination of seedlings revealed no significant differences attribut
able to the condition of the seed with reference to Fusarium infection, 
or to seed treatment. 

Seed Treatment of Barley (C. M. Tucker, J. E. Livingston). The 
studies on the effects of seed treatment with Ceresan on winter hardi
ness and yield of winter barley, using the varieties Tennessee No.5, 
Missouri Early Beardless, and Kentucky No.1, have been continued. 
Plantings were made at five stations on various dates from September 
9 to October 22. 

At Columbia plantings were made on September 9, September 29, 
and October 14. Seed treatments resulted in significant increases in 
yields of Tennessee No.5 at all three dates of planting. Kentucky 
No.1 produced increases in yields due to seed treatment when planted 
on September 9 and October 14, but not when planted on September' 
29. Treatment of seed of Missouri Early Beardless (a very high qual
ity seed-lot) did not affect yields at any planting date. 

Plantings at Sikeston on September 13 and October 1 produced 
very similar yields without significance as to variety, planting date, or 
treatment of seed. All yields were low. 

At Elsberry plantings were made on September 30 and October 15. 
Tennessee No.5 planted at the later date produced a large increase in 
yield due to seed treatment, but t:.he other 2 vqrieties showed no sig .. 
nificant effects. . 

At Grain Valley a single planting was made on October 2.2. Treated 
and untreated seed of Missouri Early B"eardles,s and Kentucky NQ .. ,1 
produced similar yields. The plots planted with untre'ated seed of 
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Tennessee No. 5 were completely destroyed by winter-killing, while 
the treated plots produced a yield equal to that of Missouri Early 
Beardless. 

Samples of Missouri Early Beardless barley seed were obtained from 
eight growers of certified seed. Treated and untreated portions of each 
were planted at Columbia, together with seed of Kentucky No. 1 and 
Tennessee No. 5 on September 28 in order to determine the effects 
of seed treatment on yields of barley grown from certified seed from 
various sources. The results are shown in Table 8. 

TABLE S.-EFFECT OF SEED TREATMENT UPON THE YIELDS OF WINTER 
BARLEY. 

Variety and Sample 

Missouri Early Beardless 1 
Missouri Early Beardless 2 
Missouri Early Bea rdless 3 
Missouri Early Beardless 4 
Missouri JiJarly Beardless 5 
Missouri JiJarly Beardless 6 
Missouri Early Beardl.ess 7 
Missouri Early Beardless 8 
Average 
Kentucky No. 1 
Tennessee No. 5 

Yield 
Untreated seed Treated seed 

bu./acre hu./acre 

31.61 
32.00 
36.97 
18.96 
32.94 
:~6.31 
21.48 
31.30 
30.14 
46.87 
22.20 

33.54 
42.24 
40.95 
39.78 
34.02 
36.62 
33.73 
37.72 
37.32 
5~l.63 
35.72 

Increase 
due to trea t ment 

hu./acre 

1.93 
9.64 
3.98 

20.82 
1.08 

.31 
12.25 

6.42 
7.18 
6.76 

18.52 

The amount of covered smut and black loose smut 'was very small 
in all samples and the effects of the seed treatment on yields were not 
attributed to smut control. The differences apparently were due to 
the protection of the young seedlings from infection, either by or
ganisms on the seed or in the soil. Since seed of poor quality produces 
less vigorous seedlings it is to be expected that the protective effect of 
seed treatment will be most marked when used on low quality seed. 
Samples 4 and 7 showed very noticeable differences as early as Novem
ber 3 when the treated plots had made more growth than the un
treated. Counts of plants in the fall and spring indicated that more 
seedlings emerged in the treated than in the untreated plots and that 
survival through the winter was higher due to the greater vigor of the 

. plants in the treated plots. . 
Investigations on the development of a winter barley of the Mis

souri Early Beardless type with increased resistance to brown loose 
smut were continued. Hybrids of Missouri Early Beardless with Trebi 
and Hordeum deficiens have been carried through several selfed and 
back-cross generations, with selection of individuals possessing earli. 
ness, winter hardiness, hoods, and resistance to infection. 

Effects of Seed Treatment on Oat Yield (C. M. Tucker,]. E. Liv
ingston); Seed oats were treated with Ceres an and formaldehyde in 
order to determine the effects of seed treatment upon yield. Yields 
were low and failed to indicate significant effects. Smut control was 
not important as the untreated check plots had less than 2 per cent 
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infection. A count of the plants per rod row showed 16 per cent more 
plants in the Ceres an-treated plots than in the untreated checks. The 
yields, however, were 24.39 bu. per acre for the untreated plots as 
compared to 26.03 bu. for the treated plots. The increase of 6.7 per 
cent was not significant. 

Fusarium Wilt of Tomatoes (C. M. Tucker). Breeding work was 
continued with the hybrids involving a very resistant strain of Lycop
ersicum pimpinellifolium and various commercial varieties of toma
toes. Additional back crosses to commercial varieties were made and 
selected individuals were selfed for analysis of segration of suscep
tible and resistant plants. 

The results indicated that the resistance of the strain of L. pim
pinellifolium was dependent on a single, dominant factor . Back-crosses 
of resistant heterozygous hybrids pollinated with pollen from commer
cial varieties segregated in a ratio approximating 1 to 1. Progenies pro
duced from seeds of selfed back cross hybrids generally yielded fewer 
than the expected 25 per cent of susceptible individuals. This may 
have been caused by a linkage between the resistance factor and a fac
tor affecting the development of the male gametophyte, resulting in 
fertilization of the ovules by a preponderance of germ cells bearing 
the resistance factor. 

Progenies from susceptible segregates which failed to develop ex
ternal symptoms of wilt showed vascular discoloration and exhibited a 
much higher degree of resistance than the · commercial varieties in
volved in their pedigrees. It may be possible that the resistant parent 
may have factors for resistance in addition to the one principal factor 
for a degree of resistance approaching immunity. 

Tests were conducted in a heavily infested field. The hybrids and 
check varieties were planted in steamed infested soil. After one 
month in the greenhouse at about 27° C. most of the plants of com
mercial varieties were eliminated. On transplanting to the field the 
roots of the plants were placed in a suspension of spores and mycelium 
of Fusarium lycopersici. Since few plants of commercial varieties sur
vived the greenhouse period it was necessary to use seedlings grown 
in non-infested soil as an index of field infection conditions. 

Final results indicated universal infection of these commercial varie
ties. A greenhouse test was made of the susceptibility of Bonny Best, 
Marglobe, and the resistant L. pimpinelllJolium to 39 isolates of F. 
lycopersici from various sections of the United States, Italy, South 
Africa, Australia, and other countries. The isolates varied greatly in 
degree of pathogenicity but there was no evidence of selectivity with re
spect to Marglobe and Bonny Best, the latter wilting somewhat in 
advance of the former. Some isolates caused wilting in all plants of 
both varieties within 45 days after planting seed in infested soil. L. 
p1mpinellifolium did not develop wilt when exposed to infection by 
the various isolates. After 60 days all plants were examined for vascular 
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discoloration as evidence of infection. L. pimpinellifolium apparently 
was free from infection in every trial. 

Morphologic and Physiologic Studies on the Genus Phytophthora 
(C. M. Tucker, J. T. Middleton). During the year a total of 148 cul
tures were received for identification and study. Cooperative studies 
are being made with the Experiment Stations of the States of Cali
fornia and Oregon on the pathogenicity and host range of various 
isolates and methods of control. 

Among the cultures received were Phytophthora cactorum from 
Antirrhinum and strawberry crown rot (California), from Centaurea 
americana, Daphne cneorum, and Kalanchoe sp. (New York), from 
grapefruit and Antirrhinum (South Africa), . from cantaloupe (Colo
rado); P. capsici from squash stems and tomato fruits (California) 
and from Honey Dew melons and cantaloupes (Colorado); P. cin
namomi from avocado (South Africa) and from 2 species of Erica 
(California); P. cryptogea from Cineraria, Calceolaria, Celosia, Glox
inia, Aster, and Antirrhinum (California), from Tagetes sp. (New 
York), Godetia (South Africa) and Iris (England); P. drechsleri 
from lima beans and tomato fruits (California); P. megasperma from 
apricot and almond tree and carrot roots (California); P. parasitica 
from rhubarb crowns and tomato fruits (South Africa). A number 
of isolates may require descriptions as new species; these include isolates 
from Chamaecyparis, cherry, and peach (Oregon); from Abies Fraseri 
(West Virginia), asparagus, and strawberry (California). 

A disease of Gloxinias occurring in greenhouses was found to be 
caused by Phytophthora cryptogea, hitherto not reported on this host. 
The fungus attacked roots, crowns, and stems. Blue, white, and red 
varieties appeared equally susceptible. 

Apple and Pear Spraying Investigations (M. A. Smith). This 
project is in cooperation with the Bureau of Plant Industry of the 
United States Department of Agriculture. Studies were made on the 
epidemiology of the apple scab fungus Venturia inaequalis' and the 
fungicidal efficiency of various copper and sulphur sprays. 

Liquid lime sulphur followed by Bordeaux mixture in later ap
plications gave the most satisfactory control of apple scab. Copper 
phosphate mixture used throughout the spray season did not give as 
good control as liquid lime sulphur in early applications followed by 
copper phosphate in later sprays. Liquid lime sulphur ~ to 50 in 
combinations with dry wettable sulphur was effective in controlling 
apple scab. 

Copper phosphate mixture gave excellent control of the pear leaf spot 
fungus F abraea maculata. The finish of the foliage in the plots receiv
ing this spray was superior to those which received liquid lime sulphur 
or Bordeaux mixture throughout the season. 
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The Fat Metabolism Hormone of the Pituitary (C. W. Turner, 
O. B. Houchin). Experiments were initiated to determine the influence 
of pituitary extract upon lipids of the blood of the rabbit. The injec
tion of certain anterior pituitary extracts depressed the blood plasma 
fat as determined by the Allen method. It has been suggested that 
the hormone stimulated the uptake of fat by the liver at a more rapid 
rate than the inflow to the blood from digestion or fat depots. 

The study of this factor was extended to the guinea pig, and a 
response to small amounts of hormone was observed. Standard condi
tions for the guinea pig were determined since it appeared suitable for 
assay purposes. A unit of fat metabolism hormone was defined as 
the minimum amount of extract which would depress the plasma fat 
of at least six animals an average of about 50 per cent of the normal. 
Six groups of animals were each injected with 10 mg. of the extract to 
determine whether or not the assay results could be duplicated. Only 
one group exceeded a tolerance of ± 10 per cent. 

The Extraction of Lactogen from Urine (C. W. Turner,]. Meites) . 
The extraction of lactogen from the urine of various animals has been 
studied. A method has been devised for recovering a large percentage 
of the hormone. However, results seem to indicate that only small 
amounts are excreted in the urine. 

The Lactogen Content of the Anterior Pituitary of Growing Rab
bits and Guinea Pigs (C. W. Turner, S. Holst) . A study has been 
made of the lactogen content of the anterior pituitary of the New 
Zealand rabbit and the guinea pig in all stages of growth, reproduction, 
and lactation. The lactogen content of the anterior pituitary of the 
male rabbit was very low and almost constant during all phases of 
growth and adult life but in the male guinea pig it increased very 
rapidly at puberty and even exceeded the content of the mature non
lactating female. In the female of both species there was a marked 
rise in the lactogen content of the anterior pituitary associated with 
increased ovarian weight at sexual maturity. In a comparison of 
species, on the basis of the lactogen per gram of anterior pituitary, the 
mature female guinea pig ranked first with about 600 B. U., the albino 
rat second with about 500 B. U., and the rabbit third with about 300 
B. U. 

Relation of Bird Units of Lactogenic Hormone and Rabbit Re
ponse (C. W. Turner, A. ]. Bergman). Under favorable conditions 
the secretion of milk in laboratory mammals may be initiated by the 
injection of · pituitary extracts containing the lactogenic hormone. 
However, for the quantitative assay of this hormone, the proliferation 
of the pigeon crop gland generally has been used. Some question has 
been raised as to whether or not the hormone that produced prolifera
tion of the pigeon crop gland was identical with. the hormone that 
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produced stimulation of milk secretion in the well developed mammary 
gland. 

Four groups of six animals each of pseudo-pregnant rabbits were 
injected for six days wid~ a total amount of 3, 2, 1.5 and 1 mg. respec
tively of purified lactogenic hormone per 100 grams of body weight. 
The group which received 1.5 mg. per 100 grams of body weight pro
duced an average +++ to ++++ rating by the Gardner and Turner 
method. This extract had been assayed previously by the pigeon crop 
gland method of McShan and Turner and contained 5 units of hormone 
per milligram. On this basis six rabbits weighing an average of 3400 
grams required 255 pigeon units each of lactogenic hormone to produce 
glands having a +++ or ++++ response. 

The Influence of Certain Rations and Management Practices on 
the Rate of Growth and Milk Production of Dairy Heifers (A. C. 
Ragsdale, H. A. Herman, N. P. Ralston). The influence of three rations 
on the rate of growth of Holstein heifers has been studied. Ration 1 
consisted of milk and alfalfa hay supplemented only with salt and 
steamed bone meal. Ration 2, called a rapid growth ration, was rich 
in vitamins and minerals and contained 26 per cent crude protein 
or 22.5 per cent digestible protein of high biological value and 70.74 
per cent total digestible nutrients. Ration 3 consisted of Ration 2 
supplemented with 10 per cent dehydrated cereal grasses. In addition, 
the heifers receiving Rations 2 and 3 were given 10 to 20 pounds of 
whole milk (3Y2 per cent fat) daily. The calves receiving Ration 1 
were fed skimmilk after 9 weeks of age. All dry rations were fed 
ad libitum. 

The five Holstein heifers fed Ration 1 were 13.8 per cent below 
normal body weight and 3.8 per cent below normal height at withers at 
two years of age. The average freshening age was 28 months. During 
the first lactation this group was fed only roughage, which consisted 
of alfalfa hay, corn silage, and limited pasture, and produced an aver
ageof 6710.5 pounds of milk containing 261.19 pounds of butterfat. 
The first lactation averaged 338 days. A group of normally raised 
heifers of similar breeding fed the same roughages and grain at the 
rate of 1 pound for each 4. pounds of milk they produced, aver
aged 10,198 pounds of milk containing 371 pounds of butterfat in 
330 days. During the second lactation the experimental heifers were 
fed grain at the rate of 1 pound for each 6 pounds of milk produced 
daily. An increase in milk and fat production of approximately 35 
to 40 per cent above that obtained on a roughage diet resulted. Part 
of this increase was attributed to advancing age. The heifers in this 
group have grown slowly since freshening as 2-year-olds. At 3 years 
of age they averaged 1033 pounds in weight (11ro below normal) and 
were 5Y2ro below normal in wither height. They have been unusually 
hearty eaters, regular breeders, and have suffered no udder trouble. 
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Three heifers in each lot were fed on experimental Rations 2 and 3. 
Both groups were similar in growth and at 12 months of age were 30 
per cent above normal in weight and 4.7 per cent above normal in 

. height at withers. At this age the body weight and size closely ap
proximated that of an 18 months old heifer. The heifers in this group 
were bred so as to freshen at 20 to 24 months of age. In spite of the 
loss of weight following calving these heifers averaged 1155 pounds 
at 24 months, 9% above normal, and were 1 inch above normal in 
height at withers. Five animals of these groups which have calved 
averaged 6488 pounds of milk containing 245.4 pounds of butterfat 
in the first 271 days of lactation. They have been fed the regular 
ration of sorgo or corn silage, alfalfa hay, pasture, and grain mix. 
Since freshening their growth has continued at a normal rate. 

Factors Affecting the Solids-not-fat Content of Milk (H. A. Her
man, V. E. Peterson). Some Missouri cities attempt to enforce an 8.5 
per cent solids-not-fat requirement in milk. In certain seasons, partic
ularly drought seasons, tests have shown that many herds do not meet 
this requirement. In an effort to gain additional information the 
effects of feeding, stage of lactation, season and temperature, age of 
the cow, and udder soundness on the composition of milk have been 
studied. Milk produced by the Missouri Station herd has been analyzed 
daily for fat and total solids content. In addition the milk from 25 cows 
has been analyzed every other week for total nitrogen, lactose, and 
chlorides. 

In the herd of 60 cows, made up of 49 per cent Holsteins, 39 per 
.cent Jerseys, and 12 per cent Guernseys, the solids-not-fat content 
of the mixed herd milk varied within a range of 7.9 to 9.5 per cent. 
During July, August, and September, the range was from 7.9 to 8.7 
per cent with an average solids-not-fat value of 8.45 per cent. The 
majority of samples was above the legal standard of 8 per cent solids
not-fat, but during July and August in particular nearly 50 per cent 
of the samples gave readings below 8.5 per cent, the standard set by 
some cities. During these two months the temperature was seldom 
above 95 degrees Fahrenheit and was scarcely comparable to the 
drought years of 1934-5-6 when the mercury often reached 110° F. 
The cows were fed largely on hay, silage, and grain, with limited blue
grass pasture. 

The results indicated that season or temperature largely accounted 
for the decline in solids-not-fat content of the milk produced during 
the summer months. The stage of lactation also was a factor in in
fluencing the amount of solids-not-fat. 

In general the solids-not-fat curve follows the fat curve rather 
closely. Changes in fat content usually are associated with changes 
in the solids-not-fat, but legal requirements for fat content may be 
met easier than the 8.5 per cent solids-not-fat level. 
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Turning the cows on succulent barley pasture in April and May 
has resulted in an increased milk flow and a slight increase in the 
solids-not-fat content with an average of 8.4 to 9.5 per cent for this 
period. Analyses of the milk produced during the summer months, 
when the solids-not-fat was lowest, showed the lactose and total 
nitrogen to be lower, and the chloride content higher. During the 
fall and winter months the total nitrogen and lactose increased. The 
chloride content of the milk increased gradually throughout the lacta
tion period. 

The solids-not-fat content of the milk of individual cows was high 
immediately following freshening, but declined during the height of 
milk flow and increased as lactation progressed. The lactose content 
of the milk decreased quite markedly near the end of lactation and the 
total nitrogen increased. The increase in chloride content near the 
end of lactation was quite sharp and it seemed probable that the 
osmotic pressure of the milk was maintained at this period by the 
substitution of ionized chloride for lactose. 

Effect of Thyroxine on Milk and Fat Production of Dairy Cows 
and Goats (A. C. Ragsdale, C. W. Turner, H. A. Herman, N. P. Rals
ton). Eighteen cows received a total of 90 injections of thyroxine at 
monthly intervals during all stages of their lactation periods. The 
hormone was injected subcutaneously in alkaline solution at the rate of 
15 mg. per day for three 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 increased the percentage of solids-not-fat. 
Milk and fat production reached their maximum six to eight days 
after the initiation of the injections, and then gradually returned to 
normal level by the 12th to 14th day. Individual cows showed a marked 
variation in response to thyroxine injections. 

The response to thyroxine injection at the peak of lactation was 
smaller than that during the declining phase of lactation. From the 
second to eighth months inclusive, the actual increase in pounds of 
milk produced was about the same. Following the eighth month of 
lactation the response diminished gradually to the end of lactation. 
The variation in response over the period of lactation may be due to: 
( 1) a rise and fall of the activity of the endocrine glands affecting 
lactation; (2) the rise and decline in the number and activity of the 
secretory cells of the mammary gland; and (3) competition of the 
general body tissue with that of the mammary gland tissue for nutri
ents. 

A seasonal response to thyroxine injection was noticeable. The re
sponse was smaller during the mont}{s of April and October than during 
other months of the year. Whether the smaller response obtainep at 
these seasons of the year was due to the green grass consumed or 
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whether actually it was a temperature (seasonal) effect has not been 
determined. 

Cows at high production levels sh9wed a greater increase in actual 
pounds of milk and fat but a smaller percentage increase than cows 
at a low level of production following thyroxine administration. 

Preliminary work with the electro-cardiograph on two cows which 
received 15 mg. of thyroxine daily for three successive days showed no 
indication of heart damage. However, the amplitude of the waves and 
the frequency of the heart beat was increased, which indicated an in
creased heart output. 

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

Thyroxine, given to goats in doses ranging from 2 to 10 mg. per day 
for periods of 10 to 3 days respectively, resulted in a marked increase 
in heart rate, milk and fat production. Milk and fat yields were main
tained at higher levels than normal during the declining phase of 
lactation when adequate amounts of thyroxine were administered. 
Small doses (1-2 mg. per day) for long periods (10 to 15 days) were 
as effective as large doses of thyroxine (5-10 mg. per day) for short 
periods (3 days) in causing an increase in milk and fat production. 

Goats well advanced in lactation received 12 mg. of thyroxine sub
cutaneously. Milk flow increased 69.6 per cent and the average fat 
yield increased 62.3 per cent. The osmotic pressure of the blood serum 
and milk showed no significant change. Blood sugar and fat exhibited 
a reciprocal relationship. The 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 percentage 
of lactose increased while the percentage of milk fat declined through-· 
out the experiment. Total nitrogen and non-protein nitrogen declined 
slightly both in blood and milk during the entire experimental period. 

Preliminary work with the electro-cardiograph of a goat receiving 
continuous injections of thyroxine (1-2 mg. per day) for a period of 
two weeks showed definite heart damage. Two goats each receiving a 
single dose of thyroxine (6 mg.) showed no marked deviation from 
normal. 

A tentative explanation of the increase in milk production following 
thyroxine injection was formulated. There possibly was an increase 
in the rate of metabolism, food consumption and assimilation, more and 
faster circulating blood carrying an increased amount of milk precursors 
and greater activity of the alveolar cells. All of these factors contrib
uted to an increased milk secretion. 

Precursors of Milk Constituents in the Blood (C. W. Turner, 
E. P. Reineke, V. E. Peterson). Recent studies have shown that the 
glilcoseand lactic acid absorbed by the mammary gland were sufficient . 
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to account for approximately 85 per cent of the lactose in milk. Urea 
was produced, presumably by the deamination of amino acids, thus 
providing a further source of carbohydrate. However, the carbohydrate 
balance during lactation was complicated by the fact that the respira
tory quotient of the mammary gland was usually above unity, indicat
ing the formation of milk fat from carbohydrate. 

Apparently the amino acids available for protein synthesis are in
sufficient to account for more than a fraction of the protein in milk. 
Further experiments indicated that considerable quantities of globulin 
were taken up by the mammary gland, with portions of this protein 
being returned to the blood stream in the albumin fraction. 

An attempt has been made to establish the role of the blood proteins 
in lactation. A method has been adapted for the partition of the plasma 
proteins of the goat into fibrin, euglobulin, pseudoglobulin I and pseudo
globulin II. Determinations of these fractions in arterial and mam
mary venous blood samples drawn simultaneously from lactating goats 
showed that the mammary gland caused considerable shifting of small 
increments of globulin from one fraction to another, but the uptake of 
globulin was not confined to any specific fraction. 

There was a consistent uptake of fibrinogen by the mammary gland 
during early lactation. However, after the 70th day of lactation an 
excess of fibrinogen was rather consistently returned to the venous 
blood. The data indicated that the mammary gland may absorb 
fibrinogen, albumin, or globulin from the blood stream, with a return 
to the venous blood of one or more of these substances. Portions of 
these proteins apparently were used in milk protein synthesis and the 
remainder was returned to the blood stream. The absorption of rela
tively large amounts of non-protein nitrogen that cannot be accounted 
for by the blood urea or amino acids indicates that an unidentified 
portion of this fraction is concerned in milk synthesis. 

The Mammogenic Hormone (C. W. Turner, A. A. Lewis, ]. P. 
Mixner). Investigation has shown that the action of the ovarian hor
mones in causing growth and development of the milk secreting portion 
of the udder was through the pituitary. Estrogen from the ovarian 
follicle caused development of the system of excretory ducts only if the 
pituitary responded by production of a mammogenic duct growth fac
tor. Apparently estrogen plus progestin from corpora lutea produced 
the true secreting lobule-alveolar portion of the udder by action on the 
anterior pituitary lobe which then stimulated complete udder develop
ment. 

It has been shown that mammogen is distinct from all the other 
known pituitary factors being of a fatty or lipid nature. This factor 
could not be estrogen because it is unstable to heat and deteriorates 
at room temperature. 

The male mouse has been used in assaying anterior pituitaries from 
a large series of pregnant cows. The curve of mammogen content dur-



BULLETIN 444 39 

ing pregnancy agreed very well with the known course of development 
of the secreting portion of the udder during pregnancy. The mam
mogen content increased rapidly early in pregnancy and was maintained 
while the secreting lobules were being formed. It decreased again in 
the latter part of pregnancy after completion of this development. 

Dairy cattle seem to have considerably more mammogen in their 
pituitaries than do beef cattle during all stages of pregnancy. This 
may be one of the fundamental causes of the difference in milk produc
tion between dairy and beef cows. 

Somewhat purified extracts have been prepared which readily grow 
the milk secreting portions of udders of experimental animals. As 
further purification methods are developed mammary glands will be 
grown in larger experimental animals and eventually goats and heifers. 

The Development of a High Production Strain in Jersey Cattle 
(A. C. Ragsdale, C. W. McIntyre). This project is in cooperation with 
the Bureau of Dairy Industry of the United States Department of 
Agriculture. Twenty-six bulls bred at the Hatch Farm herd were in 
service under lease agreements at the end of the year. Of these one had 
been proved with 12 daughters averaging 6033 pounds milk containing 
328 pounds fat in 285 days with eleven dam and daughter comparisons 
showing 6183 pounds milk containing 333 pounds fat in 290 days for 
the daughters and 5086 pounds milk containing 287 pounds fat in 269 
days for the dams. All records were made under rather unfavorable 
farm conditions and are mature equivalent using D.H.LA. factors. 
The Hatch Farm herd averaged 6,889 pounds milk containing 373 
pounds fat for an average of 31 cows in milk during the past year. 

Roughage Feeding (A. C. Ragsdale, C. W. McIntyre). Prior to 
1937 four mature cows were fed on a full grain ration. No roughage was 
fed. The average production for 15 lactation periods on exclusive full 
grain ration was 9,449 pounds of milk containing '488 pounds of fat 
(5.16% fat) at the average age of 4 years 2 months in 348 days, or 
on a mature basis equal to 10,895 pounds milk containing 562 pounds 
fa:t. During the past two years these 4 cows have completed 8 lacta
tions on an exclusive roughage ration (hay and silage supplemented 
with salt and bone meal). They averaged 8,249 pounds milk con
taining 395 pounds fat (4.79ro fat), all mature records, in 331 days. 

Crop Records on the Hatch Farm (A. C. Ragsdale, C. W. Mc
Intyre). Seeding and reseeding costs of 27 acres of alfalfa seeded in 
three fields in 1935, 1936, and 1937 showed a total cost of $33.20 per 
acre. This cost included all man and horse labor, tractor and truck 
work, lime, seed, fertilizer, and inoculation. 

Five acres seeded in 1935 produced 2.2 tons per acre in 1936; 5.46 
tons per acre in 1937; and 6.98 tons per acre in 1938. Total harvesting 
and storing cost for the three years was $25.75 per acre. Charging 75 
per cent of the seeding cost of this field against the crop for the three 
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years resulted in a charge of $22.91, making a total cost of $48.61 per 
acre or $3.38 per ton for the cost of the hay grown on this field, exclu
sive of land cost. 

A total of 63.92 tons of 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 
take-off binder and hauled 7 miles by truck. Molasses was added in 
the silo at the rate of 68.5 pounds per ton. The cost of the various 
operations per ton was as follows: cutting (including the twine), 22.3 
cents; pitching and loading on the trucks, 28.5 cents; hauling, 38.3 
cents; unloading to cutter, 17.5 cents; cutter, tractor, and operator, 
39.5 cents; tramping and applying molasses, 15.6 cents; making a 
total ensiling cost of $1.617 per ton. The molasses cost 85.1 cents per 
t~m of silage which brought the total cost of the silage to $3.72 per ton. 

A total of 82.8 tons of corn for silage was purchased in the field 
at $1.85 per ton. It yielded approximately 7 tons of silage per acre. 
It was hybrid corn and did not have a heavy stalk. It was cut by hand 
and hauled three miles by truck. The cost per ton of the various 
operations was as follows: cutting, 26.3 cents; loading, 39.4 cents; 
hauling, 76.1 cents; cutter, tractor, and operator, 38.3 cents; unloading, 
weighing, and distributing, 25.3 cents; or a total ensiling cost of $2.05 
per ton and a total cost of $3.90 per ton of silage. 

The total cost of the sweet clover in the silo was 18 cents less per 
ton than that for corn. There was no apparent difference in the feeding 
results, but there was less spoilage of the sweet clover silage. 

Ten acres of a 22.07 acre pasture w:ere seeded with alfalfa on bluegrass 
in 1936. During 1938 this pasture produced 677 cow days (24 hours) of 
pasture or 30.7 cow days per acre. The total digestible nutrients 
replaced was 17,694 pounds or 802 pounds per acre, and 26.1 pounds 
per cow day of pasture. The alfalfa hay equivalent was 1585 pounds 
per acre. This field .was grazed periodically from April 18 to August 28. 
It was not pastured during September in order to permit the alfalfa 
to make a good growth for winter. 

A 30.29 acre wooded pasture produced 692 cow days (24 hours) 
of pasture or 22.8 per acre. The total digestible nutrients replaced were 
16,867 pounds or 557 pounds per acre and 24.4 pounds per cow day 
of pasture. The alfalfa hay equivalent was 1101 pounds per acre. 
This field was grazed periodically from May 2 to September 26. 

A 14.65 acre bluegrass pasture produced 503 cow days (24 hours) 
of pasture or 34.4 cow days per acre. The total digestible nutrients 
replaced in the ration was 10,217 pounds or 697 pounds per acre and 
20.3 pounds per cow day of pasture. The alfalfa hay equivalent was 
1378 pounds per acre. This pasture was grazed periodically from April 
7 to October 2. 

Extraction and Separation of Certain Anterior Pituitary Hor
mones (C. W. Turner, A. J. Bergman, O. B. Houchin). The efficiency 
of chemical extraction, separation, and purific~tion of certain hormones 
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of sheep and cattle anterior pituitaries has been studied. It has been 
observed that by means of an initial extraction there was a reduction 
of 84 to 87 per cent of the dry matter of the acetone dried powder, yet 
there remained a rather high percentage of the lactogenic, thyrotropic, 
gonadotropic, carbohydrate and fat metabolism hormones. The lac
togenic hormone was further extracted from the initial extract and 
found to contain only traces of thyrotropic, gonadotropic, carbohydrate 
and fat metabolism hormones. An aqueous fraction precipitated with 
flavianic acid contained practically all of the thyrotropic hormone con
tained in the initial extract, whereas only 50 to 60 per cent of the 
gonadotropic, and 30 per cent of the carbohydrate metabolism hor
mone were recovered. The fat metabolism hormone was not recovered 
to any extent. This indicated the separate identity of this factor. 

Attempt's have been made to recover more completely the hor
mones in the aqueous fraction obtained from the initial extract. The 
aqueous extract recovered completely the thyrotropic, gonadotropic, 
carbohydrate metabolism and perhaps the fat metabolism hormones. 
The precipitation with flavianic acid produced a fraction especially 
rich in the thyrotropic hormone, but containing lesser amounts of the 
gonadotropic and carbohydrate metabolism hormones, and only traces 
of the fat and lactogenic hormones. 

A Comparison of the Guinea and Chick Thyroid in the Assay of 
the Thyrotroplic Hormone (C. W. Turner, A. J. Bergman). A com
parison has been made of the relative value of the immature male 
guinea pig and day-old male and female White Leghorn chicks in the 
assay of the thyrotropic hormone of the anterior pituitary. 

Groups of 10 guinea pigs and 20 male and female chicks were injected 
with increasing amounts of the initial extract of the anterior pituitary. 
The mean normal thyroid weight of the male chick was distinctly lower 
than the mean weight of the female. Results indicated greater sensi
tivity in response to the thyrotropic hormone in the male chick. 

A male chick unit of thyrotropic hormone has been defined tenta
tively as the total amount of hormone administered over a 4-day period 
with subcutaneous injection once each day which will cause a mean 
weight increase of 50 per cent in the thyroids of 20 chicks weighing 
an average of 55 ± 10 gm. The female chick unit in terms of approxi
mately equivalent amounts of hormone has been defined as the total 
amount of hormone administered over a 4-day period, with sub
cutaneous injection once each day which will cause a mean weight 
increase of 20 per cent in the thyroids of 20 chicks weighing an average 
of 55 + 10 gm. 

The guinea pig unit of thyrotropic hormone has been defined as the 
total amount of hormone administered over a 5-day period, with sub
cutaneous injection once each day which will cause a mean weight 
increase of 50 per cent in the thyroids of 10 male guinea pigs weighing 
an average of 155 + 15 gm. 
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The male chick unit of thyrotropic hormone was about X the 
amount of the guinea pig unit. On an equal body weight basis the 
male chick was only slightly more sensitive than the guinea pig. 

The Thyrotropic Hormone in the Pituitary of the Albino Rat 
(C. W. Turner, P. T. Cupps). A study has been made of the thyro
tropic hormone content of the pituitaries of normal male and female 
albino rats during various stages of growth, reproduction, and lactation. 
The pituitaries were assayed in groups using day-old White Leghorn 
chicks. 

The concentration of the thyrotropic factor in the pituitary of both 
sexes increased during the period of rapid growth. However, the females 
contained only about 50 per cent as much hormone as the males during 
this period. Female pituitaries contained 62 per cent as much hor
mone as that of the male per gram of fresh tissue. 

In the estrus female the hormone concentration was low and con
tinued so during the first half of pregnancy. There was a definite in
crease in hormone concentration during the latter part of pregnancy 
and a further 40 per cent increase during lactation. 

Seasonal Rhythms in Farm Live Stock (S. Brody, C. F. Winchester, 
H. H. Kibler). Most animals and plants have a seasonal rhythm in 
their reproductive processes. Domestication under certain conditions 
tends to disturb, often mask, the seasonal rhythms as illustrated by the 
relatively continuous breedings of domestic cattle as contrasted to the 
seasonal breeding of wild cattle, or the long reproductive rhythm in 
domestic fowls as compared to the sharply limited reproductive season 
in wild birds. 

Of the domestic animals, goats, sheep, and fowls exhibit seasonal 
reproductive rhythms. The seasonal metabolic rhythms in domestic 
fowl and dairy cattle have been studied. In the domestic fowl there was 
a general parallelism between the energy metabolism (fasting and 
normal), pulse rate, and egg production. 

Data were obtained on the seasonal rhythm in the pituitary thyro
tropic hormone in fowls. The influence of thyroidectomy and thy
roxin injection on egg production in fowls has been studied. Thy
roidectomy in 7 White Leghorn hens reduced egg production from 
about 4 to about 0.4 eggs per week. Injection of thyroxin in these 
fowls restored egg production. 

In dairy cattle there was no indication that there was a seasonal effect 
on metabolism prior to 5 months of age. However, between 6 and 18 
months of age there was a seasonal metabolic peak with the maximum 
in January-February and minimum in November. This contrasted to 
the metabolic maximum in February and minimum in September in 
goats. The contrast seems unreasonable and more work is necessary. 

Basal Energy Metabolism of Lactating Animals (A. C. Ragsdale, 
S. Brody). Extensive experiments on dairy cattle, goats, and rats have 
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demonstrated that the fasting involved in getting lactating animals 
into the post-absorptive state for basal energy metabolism depressed 
the milk production to about 10-15 per cent of the normal level. The 
animal no longer was lactating normally, and therefore it was not pos
sible to evaluate the basal energy metabolism of a normally lactating 
animal. Other investigators have reported that the basal metabolism of 
lactating animals was the same as that of non-lactating. The fact that 
the condition of post-absorptive state required for basal metabolism 
measurements prevented normal lactation was overlooked. Therefore, 
it is not possible to measure the energy cost of lactating by comparing 
the basal metabolism of lactating and non-lactating animals. 

Growth and Metabolism of Total and Partial Thyroidectomjzed 
Dairy Calves (S. Brody) . Four calves were thyroidectomized at 6 
weeks of age. At the age of 1OY2 months one was a cretin, and the 
other three were midway between normals and cretins. It appeared 
that they either regenerated part of their thyroids, or the thyroidectomy 
was not complete. Severe bloating occurred in the thyroidectomized 
animals. 

Growth, Milk Production, Energy Metabolism, and Energetic Ef
ficiency of Milk Production in Goats (S. Brody) . The energetic 
efficiency of milk production (ratio of milk energy produced to total 
digestible nutrients energy consumed) was of the same order in goats, 
cows, and rats. The rate of approach to maturity was about 2 Yz times 
as great in goats as in cows. The rate of decline of milk production 
with the advance of the stage of lactation tended to be more rapid 
in goats than in cows. Metabolism in goats increased with about the 
2/ 3 power of body weight during growth but this varied with the sea
son of birth being below 2/3 if born in February, and over 2/3 if 
born in July. The metabolic peak coincided with the breeding trough 
in early spring. 

Relation Between Body Weight, Amount of Wool or Feathers, 
and Temp1erature (S. Brody, John Campbell). An attempt has been 
made to determine whether or not the amount of wool or feathers 
tended to be more nearly proportional to surface area or to body weight, 
and to indicate the bearing of these results on thermoregulation and on 
the concept of physiologic units. 

In yearling sheep the wool weight was found to be nearly directly 
proportional to surface area (wool weight per unit area was nearly 
constant). In older sheep, which included a wider age group, wool 
weight per unit area decreased with increasing weight. The difference 
between the yearlings and older group may have been due to a differ
ential effect of age on body weight growth and on wool-weight growth. 

In growing domestic fowls, total feather weight tended to be propor
tional to body weight (in males feather weight tended to vary with the 
1.2 power of body weight, and in females with the 1.0 power). In pig
eons and geese total feather weight tended to vary with the 0.9 power 
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of body weight. In passeriformes of different species contour feather 
weight tended to vary directly with body weight as in the growmg 
domestic fowls. 

While the contour feather weight in passeriformes tended to vary 
directly with body weight, contour feather number tended to vary not 
with body weight, but with approximately the 0.2 power of body 
weight. 

The Influence of Fasting and Refeeding on Milk Production. 
Heat Production, and Respiratory -Quotient CA. C. Ragsdale, S. 
Brody, L. E. Washburn). The _ results obtained with dairy cows and 
goats confirmed those which were obtained with rats, namely that 
the percentage values of milk production, heat production, and respira
tory quotient fall and rise together with fast and refeeding. Therefore 
it was inferred that it is not possible to determine the basal C post
absorptive) heat production during normal lactation because normal 
lactation appears to be incompatible with the post-absorptive state. 

Artificial Breeding of Dairy Cows CA. C. Ragsdale, H. A. Her
man). The Station dairy herd has been divided into two groups, one
half the cows being bred artificially and the other half naturally. Dur
ing the past 25 years 1197 services from 21 bulls were required to 
produce 785 calves, or 1.5 services per conception. This was lower 
than the average reported by many investigators. Many of the bulls 
were proved sires from 9 to 15 years of age. The herd always has been 
remarkably free of vaginitis and Bang's disease. The bulls ranged 
from 1.07 to 2.00 services per calf. 

Thirty-two cows in the herd have been successfully bred artificially 
since February 1938. Four of these were shy breeders and had been 
bred from two to four times to the bull before artificial insemination. 
was attempted. The average insemination by artificial means required 
for conception by the cows considered regular breeders was 1.4. The-
36 cows naturally bred required 1.56 services. The four difficult breed-· 
ers were finally settled by artificial means and required from two to 
four services. These usually were inseminated twice each estrus period" 
the first insemination being made about the middle of the heat period" 
and the second 6 to 10 hours later. 

In cooperation with the Farm Security Administration, Hughesville, 
Missouri, an artificial breeding project involving 32 farms and approxi-
mately 350 Jersey cows has been in progress the past year. Approxi
mately 250 cows have been artificially bred with an average of 1.8 
services. Semen transported 75 miles and held from 3 to 6 hours before 
using had a much lo}¥er efficiency than semen freshly drawn and used 
within 1 to 2 hours. Jfhe sires were all highly fertile and were producing' 
spermatozoa of norral morphology and in great concentration. 

Semen stored 1$ days at 40 to 50 degrees Fahrenheit showed ap
proximately 90 pir cent motility, but it has been impossible to secure 
conception with semen stored more than 48 hours. 
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Fertility of Dairy Bulls as Measured by Semen Examination 
CA. C. Ragsdale, H. A. Herman). The fertility of dairy bulls as related 
to sperm production, sperm concentration, motility, and gross mor
phology has been studied. The bulls producing semen with great con
centration of sperm of normal morphology, and with high initial 
motility have thus far been the most fertile. 

Good Dairy Sires in Missouri Herds (H. A. Herman, M. J. Regan, 
W. Gifford). Through the cooperation of the Agricultural Extension 
Service pedigree and production records have been assembled on dairy 
sires used in eight counties. Full records on each sire and his progeny 
have been listed. The records of several hundred sires have been 
checked and recorded. Some outstanding sires have been located in 
these herds. 

Line Breeding Studies (A. C. Ragsdale, H. A. Herman). A long 
time line-breeding project in the Holstein and Jersey herds has been 
in progress at this Station. 

In the Holstein herd a succession of sires carrying largely the blood 
of Sir Pietertje Ormsby Mercedes 37th 110160 have been used. Some 
outcrosses with Aaggie and Abbkerk lines have proved helpful. The 
Aaggie line has been carried on through the use of sons and daughters 
of Campus Aaggie Segis Sultan 586515' whose 14 ARSO daughters 
averaged 15,556 pounds milk, 554 pounds fat in 357 days, age 2-9 or 
715 pounds fat on a mature basis. Several outstanding brood cow fam
ilies have been located. One of these cows, Campus Josephine Galaxy, 
with a yearly record of 20,510 pounds milk and 703 pounds butterfat, 
age 4-11, and the dam of 6 ARSO daughters and one AR son, Campus 
Aaggie Segis Sultan has left numerous descendants of unusual merit 
in the herd. Another outstanding brood cow, Campus Lady Ormsby 
Grace 677336, has 3 ARSO daughters averaging 20,027 pounds milk, 
705 pounds fat. Two grandsons of this cow carrying Aaggie and 37th 
breeding are now serving as junior herd sires. 

In the Jersey herd an attempt has been made to breed a high pro
ducing line of Jerseys bearing Raleigh-Owl Interest blood lines. The 
Owl Interest lines are strong in the blood of Spermfield Owl's Progress 
and the Raleigh lines are being promulgated by various descendants 
of Queens Raleigh. 

The results thus far have shown a high milk and total fat yield, an 
increase in size over straight Raleigh breeding, and an improvement in 
type over the strongly Owl Interest bred animals. 

The Fluorescent Bacteria in Dairy Products (E. R. Garrison). A 
study has been made of the prevalence of fluorescent bacteria and their 
importance in producing decomposition of certain dairy products. Ap
proximately 475 cultures of these organisms representing several dif
ferent species in the genus pseudomanas have been isolated from milk, 
cream, butter, and ice cream. The organisms were seldom isolated from 
sour milk or cream, but often were found in low acid milk and cream 
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and in unsalted and unripened cream butter. Considerable vanatlOn 
existed among cultures in their ability to hydrolyze fat, decompose 
protein, and ferment carbohydrates. Pure cultures inoculated into 
sterile cream from which butter was churned were not always detri
mental to the keeping quality of the butter, but many cultures pro
duced marked deterioration of the butter in 24 to 48 hours at 20° C. 

Polarimetric Determination of Lactose in Milk (E. R. Garrison). 
Lactose determinations made on several samples of milk by the 
polarimetric and the Shaffer-Somogyi coppet-iodometric methods have 
shown consistently higher results by the former method. Inadequate 
allowance for the volume of precipitate in the polarimetric method 
might account in part for the higher results secured. A study therefore 
was made of the variation in the volume of precipitate in samples of 
milk of different fat contents and the effect of this variation on the 
lactose values obtained by use of the polariscope when these samples 
were diluted according to the volume of precipitate in the milk. Thirty
two samples of Holstein and Jersey milk varying in fat content from 
2.9 to 8.7 per cent fat were analyzed. The volume of precipitate (pro
tein plus fat) in 65.8 grams (2N. weight) of these samples ranged 
from 3.37 to 8.51 mls. This indicated that the 2.6 mls. allowed for 
precipitate in the A.O.A.C. polarimetric method was inadequate and 
resulted in underdilution of the milk and too high lactose values. The 
lactose values by the A.O.A.C. method averaged about 20 per cent 
higher than when the milk was diluted according to the volume of 
precipitate in the sample. For an accurate polarimetric determination 
of lactose the sample should be diluted so that 100 mls. of solution is 
obtained from 65 .8 grams of milk. 

The Effect of Sulfanilamide on Udder Streptococci of Dairy Cows 
(H. A. Herman, R. G. McCarty, F. J. Olney). This project is in coop
eration with the Department of Veterinary Science. The influence of 
sulfanilamide on latent cases of mastitis in cows shedding streptococci of 
the a galactiae type was studied. 

Six cows with milk showing an abnormally high chloride content, 
indicating the presence of Streptococcus agalactiae, and positive to 
both the brom-thymol blue and the Hotis tests in one or more quar
ters of the udder were used. Several tests of the milk were made before 
administration of the sulfanilamide in order to establish the variation 
between successive examinations. 

Sulfanilamide in water solution was administered by means of a 
drench, twice daily, at the rate of 5 grams daily per 100 pounds of live 
weight. Administration at this rate was continued for 7 to 14 days. 
Laboratory examinations of the milk were made weekly. 

The results indicated a slight lowering of the number of streptococci 
in some udders, but no appreciable effect on others. In most instances 
the chlorine content was reduced. Slight increases in milk production 
were noted in two cows. In no case did the udder become entirely free 
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of streptococci and all cows were positive to the Hotis test at the end 
of the trial. 

One cow with a very acute attack of mastitis following calving when 
treated with sulfanilamide responded immediately to treatment as 
reflected in a reduction in udder hardness and an improved physical · 
condition of the milk. Milk secretion increased and the cow appar
ently became normal. Her udder, however, continued to produce milk 
bearing streptococci and repeated treatments and dosages of 60. to 120. 
grams of sulfanilamide daily failed to eliminate the organism. 

The Use of Petrographic Microscope in Studying the Different 
Types of Lactose Crystals in Sandy Ice Cream CW. H. E. Reid, C. 
W. Decker, W. S. Arbuckle). A number of different types of lactose 
crystals varying in sha'pe and size have been found in sandy ice cream. 

"Sand" crystals were isolated from ice cream containing 15.50. per 
cent serum solids which had been heat shocked to promote "sand" 
formation. These crystals were separated from the ice cream by 
centrifugal force 'fnd then washed in a saturated solution of lactose 
and subsequently in acetone. The optical properties including refrac
tive indices, optical character, optical angle, interference color, cleav
age and dispersion of the crystals were determined. 

The ice creams examined revealed the presence of two types of sandy 
crystals. One was a characteristic tomahawk type crystal and another 
a columnar type crystal. When optical data were used the former was 
definitely identified as' alpha lactose and the latter as beta lactose. The 
alpha lactose form was found to exist in much greater amounts than 
the beta lactose form. 

Chemical, as well as optical observations, indicated that very little, 
if any, sucrose was present in "sand" crystals. 

The Keeping Quality of High Serum Solids Ice Cream CW. H. 
E. Reid, W. S. Arbuckle). Ahigh serum solids ice cream mix contain
ing 12 per cent fat, 15.5 per cent serum solids, 14.5 per cent sugar, 0.03 
per cent gelatin and 42.0. per cent total solids with an acidity of .0.8 
per cent was prepared in order to test the keeping quality of the 
resultant ice cream. This mix was frozen in a continuous freezer and 
drawn with 1.7 pounds of total solids per gallon. 

Samples of the ice cream were stored in electric cabinets at tem
peratures of 6 and 10 degrees Fahrenheit respectively. Weeklyobserva
tions of the flavor, body, and texture of these ice creams revealed that 
a very slight heat flavor was the only flavor defect observed. The 
presence of crystals did not become apparent until ten weeks after the 
date of manufacture. 

Another group of samples was stored at a temperature of -10 to 
-20.0 F. In these ice creams the presence of "sand" crystals did not 
become apparent until 10 months subsequent to the date of manufac
ture. 

All samples of ice cream had a desirable flavor after being held at a 
storage temperature of -10 to _20. 0 for a period of twelve .months. 
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ENTOMOLOGY 
L. HASEMAN, Chairman 

Strawberry Insects and Their Control (L. Haseman, W. W. 
Smith). The strawberry leafroller has caused considerable damage 
in the southwest part of Missouri during the last few years. Attempts 
have been made to control this pest by use of spray and dust ap
plications. 

TABLE 9.-CONTROL OF THE STRAWBERRY LEAFROLLER WITH INSECTICIDES. 

Treatment 

Black Leaf 40 

Lead Arsenate 

BIac!, Leaf 155 

Untreated Check 

-1 part to 800 parts water plus 
'12 % SuperIa Summer Oil 

-3 Ibs. to 100 gallons water plus 
lh% Superla Summer Oil in first 
2 sprays, the oil being omitted in 
last spray. 

_'l 1118. per 100 gallons water plus 
'12% Superla Summer Oil. 

% leaflets injured 
hy Ieufroller 

9.7 

11.2 

19.3 

40.0 

Studies with Insecticides (L. Jenkins, H. Brown, C. Wingo, W. 
W. Smith, L. Haseman). Dormant oil sprays, including from 4 to 8 
per cent of actual oil, were used in commercial orchards at Elsberry, 
St. Louis, and Cape Girardeau to destroy the fruit tree leafroller's 
eggs. A number of commercial brands of dormant oil were used, both 
with and without the addition of cresylic acid. Applications were made 
in late fall and in the spring just before the buds opened. A 6 per 
cent emulsion of actual oil, applied in the spring before growth started, 
gave best results both as to egg destruction and safety to the trees. 
In no case did the dormant oil emulsion give 100 per cent kill of eggs. 
However, it did give satisfactory commercial control as reflected by 
the freedom of the fruit from later worm injury. 

An attempt was made to control this pest by properly timing the 
arsenate of lead sprays prior to the opening of the blossoms. Table 
10 gives the results obtained at Elsberry, in the control of the fruit 
tree leafroller. 

TABLE 1O.-THE CONTROL OF THE FRUIT TREE LEAFROLLER AT ELSBERRY BY 
THE USE OF INSECTICIDES. 

Material Date Applied % Clean Fruit 

4 lh% Oil Emnlsion Spring 57.0 

9% Oil Emulsion Spring 86.0 

6% Dendrol Spring 89.0 

6% Stano lind Spring 90.5 

Phenothiazine (2 sprays) 87.5 

Lead Arsenate (2 sprays) 79.5 

Check (No sprays) 51.8 
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Experiments with spray and dust insecticides for the control of 
the Oriental fruit moth were conducted at Cape Girardeau and at 
the State Fruit Experiment Station at Mountain Grove, Missouri. 
Results showed that the timing of the sprays was very important and 
caused variations of from approximately 3 to 80 per cent in the 
number of wormy apples. 

Experiments in the control of the peach tree borer were conducted 
at Marionville, Missouri. Paradichlorobenzene (PDB) crystals, ap
plied in a ring around the base of the tree, and ethylene dichloride 
were used. The applications were not made until December 1 and 
the results were not entirely satisfactory. When paradichlorobenzene 
is used the base of the trees should be mounded with soil to retain 
the gas. 

Cryolite, stabilized derris, and un stabilized derris were used in the 
control of Colorado potato beetle. All the materials gave 100 per 
cent kill in 24 hours, and since reinfestation did not occur it was not 
possible to determine the lasting qualities of the so-called stabilized 
derris. 

Both paste containing derris and washes containing derris powder 
were used in the control of warble flies of cattle. When the paste 
was carefully worked into the opening in the skin on the backs of 
cattle 100 per cent kill of the grubs resulted and in three days many 
of the dead grubs began to protrude from the opening. The derris 
washes applied with a stiff brush worked less rapidly but gave the 
same complete control. 

Preliminary experiments indicated the possibility of using either 
derris powder or the pure rotenone crystals as a treatment for horse 
bots. Varying doses of these were given with the feed to horses, but 
their effectiveness in killing bots in horses' stomachs was not fully 
established. 

Control of Insect Pests of Melon and Related Crops (L. Haseman, 
C. Wingo). Results obtained at Columbia indicated that it was pos
sible to control the squash bug by dusting at proper intervals with 
insecticides. Some of the new pyrethrum preparations were included 
in the insecticides used. 

Experiments to control the cucumber beetle were conducted on the 
Galemore Farm at Blodgett, Missouri. The following insecticides 
were used: (1) Black Leaf 155-a nicotine-bentonite dust containing 
about 3 liz % nicotine; (2) Lead Arsenate-Lime Dust-consisting of 
one part lead arsenate to 5 parts of special fine dusting lime; (3) 
Cryolite-a synthetic cryolite compound consisting mostly of sodium 
fluoaluminate; and (4) Calcium Arsenate-Gypsum Dust-consisting 
of 1 part calcium arsenate and 15 parts of gypsum. In evaluating the 
relative effectiveness of the treatments, the total yields of melons 
were taken as the measure of control. 
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Treatment Total Yield 
Pounds 

Black Leaf 155 ........................................................................ 121 
Lead Arsenate-Lime ............................................................. ... 114 
Cryolite .................................................. ...................................... 96 
Calcium Arsenate-Gypsum ...................................................... 92 
Untreated .................................................................................... 76 

The beetle infestation was light in the experimental field this year 
and even the check plats showed fair yields. 

The Periodical Recurrence of Insect pests as Scourges (L. Hase
man). Efforts have been directed largely at the further decline in 
grasshopper populations and the build-up of chinch bug populations 
in the drier areas of Missouri, including a few west central and north
west counties. The definite effect of natural control factors, including 
an increase of parasites, predators, and unfavorable weather at critical 
periods has played an important part in the decrease of grass
hopper populations. The chinch bug population increase seems to 
have been restricted largely to the drier counties, indicating the im
portance of rainfall especially at hatching time on chinch bug de
velopment. 

Codling Moth Investigations (L. Jenkins, C. Wingo, H. E. Brown, 
W. W. Smith, L. Haseman). Control investigations of codling moth 
were directed at: (1) the biology of the pest, including day by day 
records of development and activity; (2) timing of the spray appli
cations; (3) new insecticides and combinations of previously used 
insecticides; and (4) supplementary controls. . 

Recent work on codling moth was carried on at Columbia, St. 
Joseph, Marionville, Mountain Grove, Cape Girardeau, St. Louis, 
and Elsberry.· 

FIELD CROPS 
W. C. ETHERIDGE, Chairman 

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

Twenty-three new yellow-seeded strains developed by plant selec
tion from the sixth generation of the cross, Virginia x S. P. I. 37062, 
were grown in a hay and seed yield test. Four standard seed type, 
four standard hay type and fifteen other varieties and selections from 
various sources, also were included in the test. The following is a 
summary of the most important results obtained from this experiment: 
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Average acre yields of Hay, lbs. 
23 yellow-seeded strains ................................. .3888 
4 standard seed type varieties ....................... .2904 
4 standard hay type varieties ....................... .3318 

Highest acre yield of hay produced by: 
A standard hay type variety ......................... .3798 
A yellow-seeded strain .................................. ..4186 

Highest acre yield of seed produced by: 

51 

Seed, bu. 
17.4 
20.6 
16.5 

A standard seed type variety........................ 20.9 
A yellow-seeded strain...................................... 20.5 

The results indicated that the yellow-seeded strain compared very 
favorably in productivity with standard hay and seed varieties. How
ever, all of them showed evidence of segregation for seed size and 
color, and a few segregated for time of maturity, type of growth, and 
certain other plant characters of minor importance. Therefore, re
selection, will be necessary to purify the strains. 

A Physiological Study of Causes of Relative Adaptations Among 
Varieties of Soybeans (Denver 1. Allen). This project is in co
operation with the department of botany. Morse and Virginia soy
beans exhibited a varietal response to mineral nutrient conditions. The 
Morse made its best growth in relatively high concentrations of 
KH2P04, while the Virginia did best in the lowest concentration. 

Three plants of each variety were grown per culture in 3-gallon 
glazed stoneware jars in pure silica sand. Nine salts were used in 
order to be able to vary each elemer'tt independently while keeping 
the total concentration constant. Nutrient solutions were used in 
which each cation (Ca, Mg, K) occurred with each anion (N, P, S) in 
a high, low, and medium concentration. 

Morse variety responded best to solutions containing a high con
centration of potassium while variation in the potassium concentration 
seemed to have no effect on the Virginia variety. Both varieties seemed 
to respond about the same to different concentrations of other ions: 
best yields of both resulted from high concentrations of Nand S, 
medium Ca, and low Mg and P. 

Varietal response to elements in mineral nutrition was further 
tested by using cultures with all elements constant except nitrogen. 
This element was varied through a wide range. Morse and Virginia 
soybeans were grown in a series of cultures in which nitrogen was 
varied from 20 millimoles per liter to none. Yield in dry weight 
plotted against the amount of nitrogen gave very similar curves for 
both varieties, which indicated that the two varieties responded 
similarly to nitrogen concentration. 

Cotton Varieties in Southeast Missouri (B. M. King). Cotton 
variety yield tests were conducted at Sikeston, on Lintonia fine 
sandy loam of medium fertility, and at Steele, on a highly productive 
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phase of Sarpy silt loam. Table 11 shows the acre yield of lint and 
the length of lint of all varieties grown in both tests. 

TABLE H.-RESULTS OF COTTON VARIETY TESTS AT STEELE AND SIKESTON, 1938. 

Variety 

Ambassador 
Stoneville :!B 
StU'l1eYille 5A 
Stoneville 5 
Deltapine 
Coker 100-2 
\Va:.;liington 
Half & Half 

Acre yielU of lin t 
Sikeston Steele 

610 
6M 
625 
542 
493 
5G2 
618 
051 

701 
G73 
099 
098 
828 
,HG 
5S-1 
,94 

Ave. 

655.5 
038.5 
662.0 
020.0 
G60.5 
649.0 
601.0 
722.5 

Length of lint 
inches 

1 1/32 
1 3/32 
1 1/32 
1 
1 1/1G 
1 1/ 16 
1 1/32 

13/16 

The results were substantially in agreement with those obtained 
previously in variety tests at Sikeston and Steele with one notable 
exception. The relative yield of Deltapine at Sikeston was much 
lower and at Steele much higher than usual. Half and Half has 
usually ranked among the highest yielding varieties. However, the 
yield advantage has never been great enough to offset the discount 
placed on the inferior staple of this variety by the cotton trade. 

Early Wheat for Missouri 0. M. Poehlman). Early Premium, 
an early maturing variety of wheat, is now being grown extensively 
in Missouri. It matures about ten days earlier than standard Missouri 
varieties and is comparable to them in yield. Breeding experiments 
are being designed to improve this variety in yield, leaf-rust resistance, 
and loose-smut resistance. Over 700 F 2 plants of the cross Kawvale x 
Early Premium were grown in 1938-39. Selections from this cross 
will be made in later generations. Milling and baking properties of 
these selections are also being studied. Early generations of crosses 
with Clarkan, Thorne, and other high-yielding varieties are being ad
vanced. 

The Improvement of Permanent Pastures (E. Marion Brown). 
This project is in cooperation with the departments of soils and animal 
husbandry and the United States Department of Agriculture. Two
year old stands of Kentucky bluegrass, Canada blue grass, orchard 
grass and redtop produced very little herbage during the first half 
of April at an average soil temperature of 48° F., although con
siderable growth had already occurred during March at an average 
soil temperature of 54° F. Herbage production by all four species 
of grass increased with rising soil temperature to a maximum during 
the latter half of May when the average soil temperature was 70° F. 
With subsequent rises in the semi-monthly averages of soil tempera
ture, top-growth by the grasses declined and remained at a low 
level at soil temperatures above 80° F. Herbage production from 
the Kentucky bluegrass plots irrigated during the summer and fall 
was relatively small during the latter half of September and the first 
half of October, although the soil temperature was nearly the same 
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as during the latter haH of May. A deficiency in soil moisture seriously 
restricted late summer and fall growth in the other grass plots. 

The quantity of roots and rhizomes in the upper 6 inches of the 
sod of Kentucky and Canada bluegrass and redtop, and the quantity 
of roots of orchard grass increased during the spring period when top
growth also was active. However, the weight of the roots and rhizomes 
declined during the summer period of above optimal temperatures. 
Results previously obtained from experiments made in thermo
regulated growth chambers indicated that the reduction of the herb
age yields by temperatures above 80° F was due to the retarding 
effect of high temperature on root development rather thah to its 
direct effect on topgrowth. 

Although the Kentucky bluegrass plot which had been watered 
made little growth above the soil after the return of favorable tem
peratures in late September and early October, roots and rhizome 
development was resumed during this period as indicated by the 
increase in weight of roots and rhizomes. 

In each of the four species of grass, the yield of herbage obtained 
from a single cutting made at the full bloom stage was larger than 
the total yield for the year obtained by mowing the grass semi
monthly at either the I-inch or the 2 Yz -inch level. Each grass 
produced much less herbage during the second year than during the 
first year following seeding, although the weather conditions were 
equally as favorable for growth in the second year. 

Cutting the grass semi-monthly to a height of one inch retarded 
the development of roots and rhizomes by Kentucky bluegl:ass, Can
ada bluegrass, and redtop more than the same frequency of mowing 
to a 2Yz-inch level. Mowing at both levels reduced root growth by 
the orchard grass. 

At Sni-A-Bar farms where three systems of grazing have been 
compared since 1931, the following gains in weight were made by 
beef cattle in 1938 on each of the 25-acrc bluegrass pastures: 

Continuous grazing 3842 pounds 
Rotation grazing 4224 pounds 
Supplemented grazing 4900 pounds 
The supplemented-grazing cattle which · were removed from the 

bluegrass and turned on 10 acres of Korean lespedeza grown as a 
catch crop following wheat gained 910 pounds during the period 
July 19 to September 6. Cattle gained only 201 pounds on 25 acres 
of bluegrass under rotation grazing and lost 102 pounds on the 
same acreage· of bluegrass where no control of grazing was prac
ticed during the same period. 

Breeding Barley in Missouri (J. M. Poehlman). Missouri Early 
Beardless and Kentucky # 1 are the most widely grown varieties of 
winter barley in Missouri. Kentucky #1 is probably more pro
ductive and is more winter hardy, but it is later in maturity and is. 
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awned. Twenty-two varieties including Missouri Early Beardless and 
Kentucky #1 were compared in yield tests in 1939. The acre yield 
of the five most productive varieties and their yield in bushels per 
acre were as follows: 

North Carolina 68 ............................................ ..42.2 bu. 
Hyatter .............................................................. 41.8 bu. 
Ky. #5 .................................................. " ........... 37.5 bu. 
Kans. Admire ................................................... .37.4 bu. 
Pidor C. 1. 901 ................................................. .36.4 bu. 

Missouri Early Beardless varies widely in height, time of maturity, 
and other plant characters. In an attempt to improve this variety 
200 head selections were made in 1934. Thirty-five of these were 
tested for yield in 1938-1939, and 19 of the selections yielded more 
than the parent stock. In an attempt to combine early maturity, 
winter hardiness, and improved yield Missouri Early Beardless has 
been crossed with Kansas Admire, Hyatter, Welchers Winter, and 
Wisconsin Winter. 

Breeding Fulghum and Columbia Oats for Resistance to Loose 
Smut and to Covered Smut (J. M. Poehlman). In an attempt to 
develop smut resistant strains which possess the earliness, productivity, 
and other desirable features of Columbia and Fulghum oats, Columbia 
has been hybridized with the following varieties and strains: Markton, 
Bond, Navarro, Bond x Iogold Selection, and Victoria x Richland 
Selection. Each of these varieties and strains possess an immunity 
or a high degree of resistance to loose and covered smuts. The F.! 
generation of these hybrids was grown in 1938. Smut resistant 
selections were made from these crosses and will be tested for pro
ductivity. In addition, many resistant selections of Fulghum crosses 
which have been tested by the U. S. Department of Agriculture or 
other experiment stations will be included in the yield tests . 

Breeding Winter Oats to Missouri Adaptation (J. M. Poehlman). 
Thirty varieties of winter oats were grown in a uniform winter
hardiness test in 1938-39 at Columbia and Sikeston. In addition, 
eight varieties were grown in a yield test at Sikeston. The yields 
of the three highest vanetles in bushels per acre were ~s follows: 
Fulghum 2498, 70.0 bushels; Custis, 60.0 bushels; and Lee, 56.8 
bushels. 

Rotation Pastures Compared with Cultivated Crops in the 
Production of Feed for Cattle (C. A. Helm). Rotation pastures 
are an efficient substitute for cultivated crops in the economical pro
duction of livestock feed on land limited in fertility. In 1938 a com
parison of these systems was conducted at Columbia and ~aris 
on Putnam silt loam, and at Green Ridge on Oswego silt loam. The 
soils on which these tests were conducted were old, long worn by 
cultivation, and medium to less than medium in productivity. There 
had . been no serious erosion on the fields. 
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At Columbia the acre yield of wheat-lespedeza rotation was 22.5 
bushels of wheat and 133 pounds of gain in weight of cattle that 
grazed lespedeza in the wheat stubble. Where both the wheat and 
lespedeza were grazed completely the cattle gained 287 pounds per 
acre for the period April 11 to October 8. The rye-lespedeza rotation 
similarly grazed gave cattle gains of 238 pounds per acre from April 
6 to September 25. 

The barley-soybean rotation yielded 3860 pounds of soybean hay 
and 68 pounds of gain in cattle per acre. When rye was substituted 
for the barley, this rotation produced 65 pounds of gain in cattle and 
3700 pounds of soybean hay per acre. 

On similar land at Columbia corn yielded 44 bushels per acre. How
ever, over a long period, the average yield for corn has been 19 
bushels per acre. The year 1938 was remarkably favorable for 
corn. Returns from rotation pastures showed far less seasonal var
iation than returns from corn. 

In 1938 bluegrass at Columbia produced 128 pounds of beef gains 
per acre from April 15 to September 25. 

At Paris on land less productive than that at Columbia, the wheat
lespedeza rotation grazed from April 16 to October 12 yielded 145 
pounds of cattle gain per acre. Native redtop pasture, containing 
a small mixture of first-year lespedeza, lasted only from April 20 
to July 25 and produced only 67 pounds of beef gain per acre. Corn 
yielded 19.5 bushels per acre at Paris. 

At Green Ridge the barley-soybean rotation grown on a soil of 
even lower fertility than that at Paris produced 18 bushels of barley 
and 1600 pounds of legume hay per acre. Corn yielded 14.9 bushels 
per acre or scarcely half the total feed value of the barley-soybean 
rotation. 

The Treatment of Seed Corn (C. M. Tucker, 1. ]. Stadler, G. 
F. Craig, Dean C. Anderson, ]. G. O'Mara, E. R. Sears, Luther 
Smith). An attempt has been made to determine comparative yield
ing ability of healthy and diseased seeds and the efficiency of seed 
treatment in controlling seedling blights. States to the north and 
east have reported favorable results from treatment, while states to 
the south and west have been unable to find any consistent benefits 
from such treatments. This suggested that differences in response to 
seed treatments might be expected in different parts of the State. 
Samples of Reid and Midland were placed in a germinator and 
readings made on germination and on prevalence of disease. Fusarium 
was the principal pathogen encountered, and separations into healthy 
and diseased seed were based entirely on the presence or absence of 
this organism. Each of the healthy and diseased lots was further 
divided-one half being treated and the other half left untreated. 

Each of the eight lots was used in tests at Maryville, Grain 
Valley, Montgomery City, Sikeston, Jasper and Jefferson City. The 
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plots at Jefferson City were lost because of high water. The results of 
the tes( indicated that the difference between the treated and un
treated seed was not significant at any location. Seed condition and 
seed treatment has not shown a consistent relation to yield. 

Genetic Effects of Xrays and Ultraviolent Radiation (L. J. 
Stadler, G. F. Sprague, Dean C. Anderson, J. G. O'Mara, E. R. 
Sears, and Luther Smith). Previous experiments indicated that 
few if any translocations were induced by ultraviolet treatment, and 
that if any of these trans locations were the result of the treat
ment, their frequency in proportion to induced deficiencies was 
much lower with Xray treatment. 

Since the frequency of plants with segregating defective pollen 
was considerably lower in the ultraviolet than in the Xray series,. 
it might indicate that the rarity of translocations was incidental 
to the lower frequency of chromosome breakage. If translocations 
resulted from breaks followed by reattachment of the broken ends, 
they could occur only in cells in which there were two or more 
breaks. Possibly with ultraviolet treatment the frequency of break
age was too low to give many such cells. If this were the cause 
of the difference, Xray doses producing similar low frequency of 
segregating plants should be equally low in translocations. The 
frequency of translocations in Xray series with doses ranging low 
enough to bring the total frequency to segregating plants below the 
ultraviolet level indicated that this was not the explanation of the 
difference. Hence the ratio of trans locations to deficiencies was 
relatively high throughout the dosage range. 

Trials with filtered radiations indicated that genetic effectiveness 
for the production of deficiencies and mutations extended through 
the ultraviolet spectrum only to about 310mu and that within 
this range the shorter wave lengths were considerably more effective 
than the longer. 

Comparison of monochromatic radiations at 2,000 ergsj mm2 showed 
that the most effective wave length was .\2537, the effect diminishing 
with both shorter and longer wave lengths and reaching a negligible 
value at .\3022. The genetic effect represented was the frequency of 
deficiencies marked by the endosperm genes A, Pr, and Suo 

Although .\2967 and .\3022 were low in effect at this low dose, 
they were distinctly effective when higher doses were used. Dosage 
as high as ' 64,000 ergsj mm2 were tolerated at .\2967, and at this 
dose the endosperm rate was very high. At this dose .\3022 yielded 
about one third as many deficiencies as .\2967. Its greater tolerance 
permitted the application of a dose four times as high. With this 
dose .\3022 yielded almost as many deficiencies as A2967 at its 
maXImum. 

The next wave length, .\3130, had little or no effect. Doses of 
more than 1,000,000 ergs/mm2 have been applied at this wave 
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length with no appreciable injury to the pollen and with only a 
very slight increase in the frequency of endosperm deficiency. Since 
the radiation from a single monochromator is not absolutely mono
chromatic, this small effect might be due to slight impurities of 
shorter wave lengths. By using filtration to remove most of the 
shorter wave length energy before the radiation was passed through 
the monochromator, it was possible to remove all but a trace of 
the genetic effect. This wave length therefore has at most a very 
slight genetic effect. 

Polyploidy Studies with Wheat (L. J. Stadler, G. F. Sprague, 
Dean C. Anderson, J. G. O'Mara, E. R. Sears, Luther Smith) . The 
usual methods of genetic analysis lose much of their efficiency when 
they are applied to polyploid organisms where duplicate factors tend 
to mask recessive mutations, and where the large number of chromo
somes greatly increases the difficulty of determining linkages. The 
facility with which polyploids may now be produced experimentally 
provides a valuable method for the analysis of existing species that 
happen to coincide with particular experimental amphidiploids, but 
unfortunately these coincidences are likely to be rare. A still different 
method of analysis has given favorable results with Tr'iticum vulgare. 
This method makes use of a number of monosomes, trisomes, and 
reciprocal translocations which were obtained from a haploid of 
Chinese spring wheat. 

Thirteen viable seeds were obtained from the haploid. Direct 
cytological observation at meiosis in the plants grown from these 
seeds revealed the presence of monosomes and trisomes. These studies, 
supplemented by analysis of the progenies of the 13 plants, showed 
that they possessed 16 monosomes, 5 trisomes, and 2 reciprocal trans
locations, as follows: 

2 were normal 
5 had 1 monosome 
1 had 2 monosomes 
1 had 1 monosome, 1 trisome 
2 had 2 monosomes, 1 trisome 
1 had 2 monosomes, 1 reciprocal translocation 
1 had 2 monosomes, 2 trisomes, 1 reciprocal translocation 

All of these aberrations are now in the third generation removed 
from the haploid, except two monosomes, which were lost in the sec
ond generation. All the monosomes, three trisomes, and one reciprocal 
translocation have been obtained free of other aberrations. 

Trisomes and reciprocal translocations have no appreciable effect 
on the morphology or fertility of the plant. Two trisomic plants 
of different origin have produced tetrasomic offspring, indicating that 
a duplication for a whole chromosome can pass through the pollen. 

Normal sets of selfed seeds have been obtained on all monosomic 
plants. Such seeds have given rise to from 5% to 90910 monosomIC 
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plants, depending on the line concerned, and from 0 to 20 per cent 
of nullosomics (i. e., with 20 pairs of chromosomes). 

Cytological studies of the 14 monosomics have shown differences 
between several of the chromosomes concerned. 

From selfed seed of monosomic plants, nine nullosomics have 
been obtained. One of these nullosomics is asynaptic at metaphase 
in pollen mother cells. 

Eight different crosses of T. durum with nullosomics or mono
somics of T. vulgare have been made and analyzed. Five of these 
have shown the monosome to be one of the 14 chromosomes which 
T. vulgare has in common with T. duruin (the A and B sets), while 
the remaining three monosomics have proved to be among the 
seven chromosomes possessed by T. vulgare and not by T. durum 
(the C set). 

Five monosomics which have been analyzed in hybrids with T. 
durum have also been obtained in the nullosomic condition. Three 
of these involve chromosomes of the A or B set, while two involve 
a member of the C set. 

Presumably the durum-vulgare hybrids deficient for one of the A 
or B chromosomes can be used to introduce monosomics into T. durum 
where their effects can be compared with those in T. vulgare. Back
crosses to T. durum, made with this object in view, have yielded 
numerous seeds-up to 22 to the spike. 

In order to make a thorough analysis of T. vulgare it would be 
necessary to have all 21 monosomes. Efforts to produce a haploid 
by using heavily X-rayed pollen have so far proved unsuccessful. A 
promising source of additional monosomic, and possibly trisomic, 
material is the partially asynaptic nullosomics. In spite of the irregular 
distribution of chromosomes which these plants display, they produce 
abundant viable pollen and ovules, some of which are almost cer
tainly deficient for one or more chromosomes besides the one for 
which the plant itself is nullosomic. 

Twenty sterile hybrids involving species of Triticum, Aegilops, and 
H aynaldia with seven pairs of chromosomes were studied cytologically. 
Great variability was shown by these hybrids in the amount of 
chromosome pairing: from only .32 untvalents per microsporocyte in 
Ae. speltoides x Ae. sharonensis to 11.56 univalents in T. aegilopoides 
baidaricum x H. villosa. 

Five amphidiploids have been obtained from sterile hybrids through 
colchicine treatment. Three of these involve the hybrids T. mono
coccum x Ae. uniaristata, Ae. caudata x Ae. umbellulata, and Ae. 
speltoides x Ae. umbellulata, and were found in the · spring of 1938. 

All five amphidiploids have proven to be male- and female-fertile. 
Pollen sterility in the three which involve only seven-chromosome 
species varied with the intensity of chromosome pairing in the un-
doubled hybrid. . 
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Crosses have been made to determine whether plants with the 
nQrmal twenty-one pairs of chromosomes from wheat and any 
single pair of rye chromosomes or combinations of pairs of rye chromo
somes could be secured as stable and fertile types. Normal wheat was 
back-crossed on the wheat-rye amphidiploid, and the back-crossed 
plants were then pollinated with pollen from the amphidiploid. Since 
the back-cross plant will form gametes with various numbers and 
combinations of rye chromosomes the addition of a full wheat-rye 
complement will make any combination homozygous and presumably 
stable after the extra univalent chromosomes are lost through failure 
of transmission through pollen. The back-crosses have been obtained 
and pollinated by the amphidiploid, and selfs of the back-crosses 
have been similarly treated to secure types with low numbers of rye 
chromosomes. If practical, this method would greatly increase the 
number of intermediate types obtainable from hybrids which formed 
wholly fertile amphidiploids. 

The analysis of einkorn has been continued with a view to develop
ing a knowledge of the genetic and cytological behavior in this non
polyploid wheat as a basis for studies of polyploid wheat and amphi
diploid hybrids of einkorn with species of related genera. Fifty-six 
mutants have been described and the linkage studies summarized 
in Missouri Agricultural Experiment Station Research Bulletin 298, 
"Mutants and Linkage Studies in Triticum monococcum and T. 
aegilopoides." . 

Corn Breeding Investigation (L. J. Stadler, G. F. Sprague, J. G. 
O'Mara, E. R. Sears, Luther Smith, Dean C. Anderson). Yield tests 
on experimental hybrids, commercial hybrids, and open-pollinated 
commercial varieties were made at Maryville, Princeton, Louisiana, 
Montgomery City, Jefferson City, Grain Valley, Sikeston, and Jasper. 
Approximately 50 different hybrids and varieties were tested. The 
results are summarized in Table 12. 

Missouri No. 8 and No. 47 showed a wide range of adaptation 
and were, on the average, 26 per cent higher in yield than the average 
of the open-pollinated varieties. Missouri No. 47 matured a few days 
earlier and was in general better adapted to northern Missouri than 
No.8. 

Inbred lines in various stages of inbreeding have been grown for 
selection and for seed increase. Ample seed was obtained from all 
plantings except for those damaged by high water. Forty-three 
new yellow double crosses and fifty new white double crosses were 
made. 

Selfing was begun in a series of three-time back-pollinated lines. 
Visual appearances indicated that there was still considerable im
provement over the original inbred line after three-times back pollina
tion. Hybrid seed for testing the effect of various generations of 
back-pollination for the two lines K4 and B2 was obtained. 



TABLE 12.-AVERAGE YIELD IN BUSHELS PER ACRE OF MISSOURI No.8 AND No. 47 AND AVERAGE OF OPEN-POLLINATED VARIETIES. 

Hybrid or Variety Maryville Princeton Louisiana Montgomery City Jefferson City Grain Valley Sikeston Jasper 

Missouri 8 76.2 70.2 46.0 61.1 70.1 43.3 34.2 

Missouri 47 75.9 80.0 72.5 44.2 61.8 67.3 51.2 30.4 

Average of open-
pollinated varieties 61.5 53.9 57.4 34.9 57.1 02.0 31.7 27.2 

'Yo increase of Mo. 8 and 47 
over aver. of O'pen pollinated 
varieties 24 4S 24 ~9 8 11 49 19 
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Two hundred sixteen inbre9 lines were tested in a top-cross test. 
Unfortunately these tests were damaged by high water, and for 
the most part the data are of little value. 

One hundred sixty-six new selfs were started in 1937 from five 
,open-pollinated varieties and one F 2 of a single cross, in a series 
in which top-crossed seed and selfed seed were produced on each 
selected plant. The double-pollination method was used so that selfed 
and crossed seed were obtained on the same ear. A yield test using 
the crossed seed served as a measure of the hybrid-combining poten
tialities of the parent plant. 

The top-crossed seed of the one hundred sixty-six new selfs was 
planted in a yield test at Jefferson City. Table 13 shows the number 
,of ears tested and the range in yield obtained from different ears 
within the same variety. 

TABLE 13.-NuMBER OF EARS TESTED AND RANGE IN YIELD OF DIFFERENT 
EARS WITHIN THE VARIETY. 

H y hrid 
or 

Variety 

:l1Wlnnu 
nl'ld 
Frllnklin Yl'lloIV D"llt 
LllllcHHter Hllre Crop 
~ral'v,b; Uold1.1u ProlUle 
E'" (Uy x !toll 

No, or 
e n1'8 

'l'csi:t!d 

20 
l:.! 
~n 
47 
18 
:1+ 

ltllllg'C 
in n l'hl 

Bu. pe r Aere! 

00.5 to 02.0 
U2.4 to 71.5 

lOlA to 1i:l.S 
8li.:I to m.7 
0.2.5 to' 31.8 
SO,I to 4G .. 1-

Dill'erence 
Neee~sury for 

Sig"nilicnncc 

7.0 
7.0 
".il n.1i 
8 ') , .~ 
7.8 

An attempt has been made to ascertain whether different varieties 
·or hybrids were equally efficient as parents in a preliminary evalua
tion of inbreds by the top-cross method. Jewett No.3 and Missouri 
No.8 (hybrids), and Midland and Reid (varieties) were chosen as 
the female parents, and forty-five inbreds were selected for the male 
parents. The forty-five inbred lines used as male parents gave the 
same relative performance on each of the four stocks used as female 
parents. 

HOME ECONOMICS 

FLORENCE HARRISON, Chairman 

The Income and Expenditures of Families living in Two Missouri 
Communities (Jessie V. Coles,. Lucile Hieser). The income and 
expenditures of two hundred families in one area and two hundred 
sixteen families in the other have been studied. The average size 
of income for all families was $1600. Over 25 per cent of the families 
had less than $1000 and 2.3 per cent of those had less than $500. 
Seventy-one per cent received $2500 or over, but only 3 per cent re
~eived $3500 or over. 
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About 95 per cent of the total income available for family living 
was from money income. Sources of non-money income were net
rental value of owned homes and home-produced foods. 

The husbands were the most important contributors to the family 
income. About 64 per cent of all families had one wage earner, 31 
per cent had two, and only 5 per cent had three. Wives contributed 
about 7 per cent to the total earning. 

The size of the income was the most important factor influencing 
the expenditure pattern and savings of families. 

An average of 32 per cent of all the expenditures of all families was 
for shelter, 10.3 per cent for clothing, and 10 per cent was spent on 
the automobile. The size of the income determined very largely the 
ability to provide for savings. All families averaged saving 11 per cent 
of their Incomes. However, families with incomes below $1000 were 
not able to make their money incomes meet their expenditures, and 
those with incomes between $1000 and $1500 about balanced. Families 
with incomes between $1500 and $2000 accumulated an average saving 
of 8.8 per cent of their money income. Almost 25 per cent of the 
money income was saved by families with incomes of $2500 and over. 

The size and composition of the family seemed to be an influencing 
factor on the expenditure pattern to a greater degree than either 
location or occupation of the family, but not as great as the influence 
of income. Although families with five or six members had higher 
incomes than those with two members, they used a larger proportion 
of their expenditures for food. They spent an average of only $.088 
per meal per adult, while the two member families spent $.158. 

The proportion spent for clothing tended to increase to some extent 
as size of family increased. However, there was a consistent decrease 
in the per capita expense of clothing as size of family increased. 
Families with two members spent $49 per person, while those with 
five or six members spent $31 per person. 

Larger families saved less of the money income than the smaller 
families: There was little difference in the average income of families 
in the two areas. 

The expenditure patterns of the families in the two areas were quite 
similar. 

The average income of the clerical families was $1836 as compared 
to $1467 for the wage-earning families. There was little difference in 
the expenditure patterns of the two groups although clerical families 
received the higher income. The clerical families paid 3.5 per cent 
more of their total expenditure for expenses of shelter than the wage
earning group. The clerical families saved a greater amount in dollars 
but about the same proportionate amount of money income as did 
the wage-earning families. 



BULLETIN 444 63 

Relation of the U. S. Grades of Beef to the Palatability of Porter
house Steaks (Jessie Alice Cline, Mary C. Hayes). The relation 
between the U. S. Grades of beef and cooking losses, cooking time, 
fuel consumption, and palatability of porterhouse steaks have been 
studied. 

In general the palatability of the porterhouse steak was dependent 
upon the U. S. grade of beef used . However, U. S. Choice and U. S. 
Good grades were equal in all the factors of palatability except ap
pearance. The appearance of a porterhouse steak was affected by the 
grade of beef since the higher grades of meat were more plump and 
tended to brown more readily than did the lower grades. 

Broiling at a temperature of 200 0 C. was preferred to broiling 
at a temperature of 250 0 C. because of greater ease of manipula
tion, fewer cooking losses and greater uniformity of doneness in 
the steak. Porterhouse steaks cut one inch thick broiled at a 
temperature of 200 0 C. three inches below the flame with the broiler 
door open, turned once at an internal temperature of 440 c., and 
removed at a temperature of 58 0 C. were attractive in external ap
pearance, evenly cooked throughout and graded high in palatability. 

The Effect of Constant Oven Temperatures Upon the Palatabil
ity and Cooking Losses of Commercially Cured Hams (Jessie Alice 
Cline, Reba Staggs). Sixty "tenderized" hams of four nationally 
known packers' brands were baked at constant oven temperatures 
of 250 0 F., 3000 F. and 375 0 F. to an internal temperature of 158 0 F. 

Records were kept of cooking losses, gas consumption, and cooking 
time. Tenderness determinations were made on the mechanical shear 
and other factors of palatability including tenderness, desirability of 
flavor, and intensity of flavor were judged by the "paired-eating" 
method. 

The results indicated that the lower the oven temperature, the less 
the cooking losses. The total volume of gas consumed by hams at 
the three different oven temperatures was not significantly different 
for each oven temperature. The lower the oven temperature the 
greater the increase in minutes per pound required for baking. 

Hams baked at 250 0 F. and 3000 F. oven temperatures were more 
tender, more desirable in flavor, and more intense in flavor than 
those baked at 375 0 F. 

Hams baked at 250 0 F. and 3000 F. showed no consistent difference 
in the factors of palatability studied. Hams baked at 2500 F. and 
300 0 F. were attractive in appearance, externally and i'nternally, and 
were more easily sliced than those baked at 375 0 F. oven temperature. 
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HORTICULTURE 

T. ]. TALBERT, Chairman 

Nutrition of Vegetable Crops (R. A. Schroeder). Carrots have 
been grown in a sand-colloidal clay media at two different root tem
peratures while air temperature has been held the same in both cases. 
Carrots grown in soil maintained at 60 0 F. weighed over four times 
as much as did those grown at a soil temperature of 85 0 F. 

In one series of tests the calcium content of the sand-colloidal clay 
media was varied as follows: 0, 2, 4, 6, and 12 M.E. per plaQt, 
while the Mg, P and K contents were held constant. The amount of 
Ba added varied inversely with the Ca content so that the pH remained 
unchanged. The plants which received no Ca died shortly after being 
transplanted. The other Ca treatments showed an increased top 
growth and carrot formation with increased amounts of Ca up to 6 
M.E. The plants receiving 12 M.E. appeared no different superficially 
than those receiving 6 M.E. 

In another series of tests the potassium content of the media was 
varied as follows: 0, 4, and 7 M.E. per plant. The remaining ions ex
cepting Ba were held constant. The plants which received no potassium 
made a slight amount · of growth in 83 days. The plants receiving 4 
M.E. of K made a satisfactory growth and did as well as those receiving 
7 M.E. per plant. 

The Influence of Soil Temperature Upon Growth of Cucumbers 
(R. A. Schroeder). Potometer tests on growing cucumber plants 
showed that the plant readily absorbed water at soil temperatures of 
70 0 F. to 95 0 F. At 60 0 F. the absorption of water by the plan~ was 
materially reduced. The actual percentage reduction was dependent 
upon the factors which affected water loss from the plant. With 
conditions conducive to a high rate of transpiration it was possible to 
wilt cucumber plants severely in 5 minutes after their root systems 
were placed in water maintained at 60 0 F. The results indicated that 
a typical leaf and fruit injury was caused by a water deficiency when 
transpiration was in excess of the amount of water supplied by the 
roots. 

'Control of Apple Scab (H. G. Swartwout). Flotation sulphur 
paste and a finely divided powdered sulfur were applied to two scab
susceptible varieties, Winesap and Rome, as partial substitutes and 
as entire lime sulfur substitutes for apple scab control. One plat 
received the sulfur preparations throughout the scab period: cluster 
bud, calyx, and first cover sprays. The other plat received lime sulphur 
at the calyx period followed by the substitutes in the calyx and first 
cover applications. Both of the finely divided sulfurs controlled the 
scab as welt" as lime sulfur used throughout the scab period. The 
finish · of the fruit of the Winesap trees on which the finely · divided 
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sulfur was used was superior to that from the lime sulfur plot. There 
was no noticeable effect on the finish of the Rome. All the apples on 
the unsprayed checks were affected with scab. 

Even with conditions favorable for scab development, the finely 
divided sulfurs proved adequate to control scab. They are milder 
fungicides than lime sulfur and less reactive with lead arsenate. Their 
use, therefore, is more likely to result in frurt of a superior finish espe
ciallyin those sprays where a sulfur-lead arsenate combination is 
necessary. 

A Study of Spray Injury (H. G. Swartwout). A study of correc
tives for chemical injuries from lime sulfur and sulfur-lead arsenate 
combinations showed that large excesses of dehydrated lime (3 pounds 
hydrated lime and 3 pounds lead arsenate) were necessary to produce 
fruit with a finish markedly superior to the combination without a 
corrective. 

Substitute Sprays for Lead Arsenate (C. G. Vinson). Attempts 
have been made to "fix" nicotine sulfate with bentonite for a period 
of time sufficiently long to make it effective as a spray in codling moth 
control. 

The -nicotine sulfate bentonite (dry-mix) combination, especially 
when some sticking and spreading agent was used, gave good pro
tection aganist codling moth, even when the lead arsenate calyx spray 
was omitted. However, this season's tests were not conclusive evidence 
since the infestation of codling moth was light. 

The lead and arsenic carried on the fruit at harvest were well below 
the respective tolerance limits. 

Black Leaf 155 and the dry-mix nicotine-bentonite preparation did 
not leave very noticeable residues on fruit and foliage. However, when 
the nicotine sulfate bentonite wet-mix was used the residue on the 
fruit and foliage was so conspicuous it was necessary to brush or wash 
the fruit. 

Magnesium sulfate, as it was applied, was ineffective in the control 
of codling moth and Colorado potato beetles. It seemed more effective 
in the control of corn ear worms. 

Paradichlorobenzene and beta-naphthol emulsions were applied to 
codling moth in the cocoon stage. Larvae in the cocoons were alive 
after ten days' exposure. These materials were too injurious to grow
ing plant tissue to be used as spray materials. 

Virus Diseases of Plants (C. G. Vinson) Anhydrous solid sodium 
sulfate was used to salt out the virus from the juice of diseased plants 
or from highly purified fractions. 

The virus separated readily in the crystalline-like form of Stanley 
when anhydrous solid sodium sulfate was added to the virus fraction 
after the reaction had been adjusted to a hydrogen ion concentration 
equal to pH 4.0. 
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Most of the ash was removed from the crystalline-like material by 
washing with dilute acetic acid. The nitrogen content was about 16 
per cent and phosphorus also was present. 

All visible traces of the brown pigment normal to juice from tobacco 
plants was removed from the purified fraction by shaking a phosphate 
dispersion with ether. The pigment was carried to the top as the 
droplets of ether rose. 

X-ray diffraction patterns of tobacco mosaic virus protein prepared 
by the sodium sulfate method were obtained. These patterns did not 
agree very well with those obtained by Wyckoff and Corey who used 
virus protein prepared by the ammonium sulfate method of Stanley. 

There was no indication on any film of spacings greater than 14.3A, 
although spacings as great as about 50A could have been detected. 
Wyckoff and Corey recorded six spacings greater than 14.3A. 

Spacings as low as 2.43A were obtained in contrast with the smallest 
spacing of 3.39A recorded by Wyckoff and Corey. 

The absence of long spacings in virus protein prepared by the 
sodium sulfate method may indicate that it is composed of smaller 
molecules, and that it has a lower molecular weight than that studied 
by others. 

Artificial Pr0p'agation of Forest Trees and Shrubs (Ralph H. 
Peck). Plantations of seedling trees have been established on the 
University Wildlife Area east of Ashland in order to determine what 
tree species 'are economically practical for artificial reforestation on 
Missouri farms. The plantations included Shortleaf, Ponderosa, White, 
Red, Pitch, Scotch, and Jack Pine; Southern Cypress; Black Locust; 
Green and White Ash; White and Northern Red Oak; Silver Maple; 
Shagbark Hickory; Red and Black Walnut; and Hackberry. Pon
derosa Pine, Scotch Pine, and Shortleaf Pine were planted as wind
breaks at the Horticultural Experiment Station at Midway. At the 
University woodlot Scotch Pine was planted as a windbreak. A smaU 
number of arboretum specimens of white, loblolly, and longleaf pine, 
black and red gum, southern cypress, hardy catalpa, eastern red cedar, 
and green ash also were planted. 

Observations at the end of the first growing season on growth and 
survival of black walnut seedlings established by direct seeding indi
cated that the most successful method of propagation was through the 
use of unhulled, untreated nuts planted at shallow depths of not over 
1 Yz inches. 

Site Requirements and Growth Rate of Native and Exotic Tree 
Species (R. H. Peck). All trees in permanent sample plots located 
in average well-stocked woodlands have been measured and the 
volume recorded. These are to be measured every five years to deter
mine mean annual growth per acre, based on individual surviving trees 
and mortality. 
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Studies of reproduction by species and the various site factors In

fluencing growing conditions were made at the time the trees were 
measured. 

Christmas Trees as a Crop (R. H. Peck). New Christmas tree 
plantings of white spruce and eastern red cedar have been estab
lished at the University woodlot and the Ashland Wildlife Area. 

Inspections for growth and survival on plots previously established 
on the University woodlot, the University Fruit Farm near Turner 
Station, and the Ashland Wildlife Area indicated that Douglas fir, 
eastern red cedar, Norway spruce, and possibly white spruce have 
some commercial crop potentialities. Careful selection of a site pro
tected from direct exposure to full sunlight, and clean cultivation dur
ing a three-year establishment period, have a greater bearing on suc
cessful crop production than has species selection. 

Nutrition of Fruit Plants (H. G. Swartwout). Sulfate of ammonia 
has been applied over a period of five years to a moderately vigorous 
planting of Concord and Moore grapevines on a Memphis silt loam 
in an effort to maintain adequate growth with a heavy crop. There 
was no appreciable difference between fertilized and untreated vines. 
All the vines lost vigor. 

Previous analyses have shown no increase in nitrogen content in the 
woody parts of Concord grapevines of good vigor from the application 
of sulfate of ammonia. However, there was a noticeable greening of 
the vines and a consistent increase of nitrogen in all parts where the 
fertilizer was applied to vines. 

Nitrogen analyses of various parts of Concord and Moore grapevines 
have been made at monthly intervals to determine any particular 
regions of nitrogen storage and seasonal changes. The nitrogen level 
of the woody parts of the vine was lowest during July and August 
with a rise in autumn and early winter. Seasonal fluctuations in 
nitrogen content were greatest in the small roots and least in the trunk. 
The percentage of nitrogen for the low of midsummer and the high 
of winter was approximately as follows. OJ to 0.5 in the trunk; 0.4 
to 0.8 in the internodes; 0.6 to 1.0 in the nodes; 1.0 to 1.4 in the large 
roots; 1.0 to 1.8 in the small roots. Nitrogen in the leaves was about 
2.5 per cent in June and dropped to approximately 1.5 per cent in the 
fall just before frost . 

Weekly analyses of leaves in the fall showed a slight decrease in 
nitrogen content about the middle of October with no further decrease. 
The percentage of nitrogen remained practically constant from about 
10 days before frost to a week after the leaves were killed. There 
was no consistent or decided change in nitrogen content of nodes and 
internodes for the period. Roots and trunk were practically constant 
until shortly after the frost when there was a decided drop. 

Control of Biennial Bearing of Apples (A. E. Murneek, H. G. 
Swartwout). In an attempt to switch the b~aring of fruits to the 
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"off" year, trees of the Wealthy, York, and Golden Delicious varieties 
were deflorated by spraying them in early bloom stage. The materials 
used were Cresylic acid, Kontra, Tarzol, and creosote oils of several 
coefficients. Some of the sprays destroyed the flowers efficiently with 
but little injury to the foliage. The effect of these treatments will be 
observed in the next and succeeding years. 

Performance of Apple Branches of Various Ages on Pruned and 
Unpruned Trees (A. E. Murneek, D. G. White). The percentage of 
flowers setting fruit on typical middle and low branches of non-pruned 
Gano trees showed the usual increase with age of wood reaching a 
maximum on five to seven-year-old portions, but with successive drops 
this difference was not maintained. The set on all portions of the 
branch uniformly was low. On similarly situated branches of pruned 
trees the fruit set was higher throughout the branch, increased up to 
nine-year-old wood, and was relatively high when all drops were 
completed. Pruning, therefore, increased and retained the fruit setting 
efficiency of all branches except the terminal ones. 

On normally pruned trees (Winesap, Jonathan, Rome, and King 
David) the size of fruit was maintained with increasing age of wood, 
but color decreased conspicuously from outside toward the center 
of the tree. 

Increase in Fruit Set and Size by Branch Ringing (A. E. Mur
neek). By ringing large limbs in full bloom the fruit set was increased 
94.0 per cent in Rome, 33.7 per cent in Ingram, and 31.6 per cent in 
King David. When ringing was executed on Romes 16 days after 
anthesis, the set was augmented to 91.6 per cent. The results from 
relatively late ringing and the gradual increase in effectiveness of the 
treatment over a period of 6 weeks indicated that branch ringing had 
the greatest influence on reducing the late drops. Branch ringing in
creased the weight of the fruit 12.7 per cent in Rome, 10.1 per cent 
in King David, and 10.3 per cent in Ingram. 

Similar enlargement of the fruit was obtained even when the 
branches were ringed as late as 10 weeks after full bloom. The tem
porary damming of carbohydrates and other food substances above the 
ring evidently was beneficial, not only in respect to fruit setting but 
also to growth of fruit. 

A Comparison of Spring and Fall Fertilization of Apple Trees 
CA. E. Murneek). Nitrate of soda, sulphate of ammonia, and calcium 
cyanamid have been applied in equivalent amounts at the rate of ~ 
lb. for each year of age of the trees. Applications have been made 
either early or late in the spring, or early or late in the fall. Twenty
year-old Gano and Golden Delicious trees were used. After 5 years 
of treatment no significant differences have been noted in growth 
or yield of the trees which might be ascribed to the kind of fertilizer 
or the time of application. Extremely variable weather may explain 
part of this. However, it probably is due to the carryover effect from 
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the fall fertilization which may be equivalent to a spring application 
of nitrogen. 

Induction of Sexual Reproduction in Young Apple Trees (A. E. 
M urneek, W. H. Griggs). Vigorous vegetative, four to six-year-old 
apple trees were subjected to the following treatments in an attempt to 
induce flower bud formation: (1) Bending of branches to horizontal 
position; (2) cutting terminal current year's shoots; (3) ringing of 
branches; and (4) soaking of scarified branches with or injection of 
saturated solution of acetylene. All treatments were given a short 
time before flower bud formation was expected. 

The results indicated that the ringing of branches was the most 
effective method of inducing sexual reproduction in these trees. Acety
lene gave indefinite results and the other treatments were not effective. 

Determining -Carbohydrates in Plant Tissues (A. E. Murneek, 
P. H. Heinze). A careful study has been made of the comparative 
accuracy and efficiency of the Bertrand, Shaffer-Hartman, Shaffer
Samogyi, Hagedorn-Jensen, and picric acid methods for the determina-

. tion of reducing sugars, total sugars, starch, and hemicellulose. 
The Bertrand and Shaffer-Samogyi methods were found to be the 

most accurate, with the latter decidedly preferable because of conveni
ence. A procedure has been worked out for the determination of 
carbohydrates in plants by the Shaffer-Samogyi method. 

Reproduction in Relation to Function of Flower Producing Hor
mone ("Florigen") (A. E. Murneek, E. J. Airola). Convincing evi
dence has been accumulated that a hormone "florigen" is responsible 
for the initiation of flower buds and thus the induction of reproduc
tion in plants. Attempts were made to diffuse this hormone from short
day reproductive plants into agar held in paraffin caps and transfer 
it through cut stem terminals and petioles into long-day vegetative 
plants. Extensive tests with soybean and X anthium plants were 
entirely negative. 

Extracts of various parts of reproductive Iris, soybean, Xanthium, 
and Rudbeckia plants were tried in various concentrations on cuttings 
of vegetative plants. Though tissues from plants in various stages of 
flower development were used for extraction, no induction of repro
duction was obtained in an external environment conducive . to vege
tative development. 

Trimethyl amine and colchicine were tested by a specially developed 
stem-rooting and wick technique on two groups of tomato plants. The 
concentrations used were: Trimethyl amine-1 :25000, 45000, and 
60000; colchicine-1:1000 and 1:5000. Trimethyl amine (1:4000) 
was combined with colchicine (1:5000) in some cases. No increase in 
flower or fruit formation was obtained with the possible exception 
when the higher concentration (1: 1(00) of colchicine was used. This 
led to inhibition in terminal shoot growth and a probable diversion to 
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and stimulation of reproduction. However, such stunted plants gave 
a smaller total yield of fruit. 

The most promising lead of the possible biochemical mechanism of 
initiation of sexual reproduction seems to be through the carotinoid
vitamin-A-like substances. There was a parallel increase of carotene 
and xanthophyll during the initiation and development of reproductive 
tissues, usually reaching a maximal concentration either before or at 
flowering. This was determined carefully by extracting the pigments 
in an atmosphere of nitrogen. Preliminary tests on feeding plants 
extracts of saffron, crocin, and B-carotene, whether in distilled water 
or in presence of a complete nutrient solution (Shives Rr,C2 ), did not 
initiate reproduction. Evidently these substances are too easily 
oxidized before or modified while they enter the plant. 
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POULTRY HUSBANDRY 

H. L. KEMPSTER, Chairman 

The Influence of Environment on Winter Egg Production (H. L. 
Kempster). (In cooperation with the Department of Agricultural 
Engineering.) White Leghorn pullets housed in the 20x20 Missouri 
straw loft poultry house consistently laid more eggs during the period 
from October 23 to February 19 than did those confined to a two-story 
20x20 poultry house. 

The average percentage production was 44 per cent in the Missouri 
straw loft poultry house from September 4 to February 12th, as com
pared to 35 per cent production in the two-story poultry house. The 
combination of straw loft and open front evidently afforded conditions 
more conducive to egg production. 

The Feed Purchasing Power of the Eggs Laid by a Hen (H. L. 
Kempster). The relationship between feed and egg prices for 1938 was 
the most favorable since 1933. Eggs from a 122-egg hen purchased 
179 pounds of feed as compared to 101 pounds for 1937. Feed prices 
per 100 pounds dropped from $1.06 in January to $0.75 in November 
or from 87 per cent of pre-war price to 59 per cent. Egg prices for the 
year were 16.1 cents per dozen or 98 per cent of pre-war price. This 
accounted for the low egg-feed ratio or the marked increase in the 
feed purchasing power of eggs for the year. The following table shows 
the comparison with preceding years: 

TABLE l4.-COMPARISON OF FEED AND EGG PRICES, 1933-38, INCLUSIVE. 

Pounds feed FJgg-
Avg. farm r.r ice of Avg. farm price of 122-eggs w{Yuld Feed 

Year feed per 100 Ib8. egg s per dozen purchase ratio 

1933 .80 10.2 143 7.81 
1934 1.27 13.6 116 9.34 
1935 1.50 20.<l 135 7.28 
1936 1.52 18.3 131.5 8.28 
19::17 1.74 17.8 101 9.77 
1938 .91 16.1 179.5 5.65 

The Normal Growth of Chickens Under Normal Conditions 
(H. L. Kempster). In 1938 growth of chickens was below normal dur
ing April and May, while during June and early July growth was 
above normal. This was followed by the seasonal decline in growth 
rate due to the increases in summer temperatures. Another period of 
growth above normal occurred after September 1. Inferior feed mix
tures probably accounted for the growth below normal which occurred 
during the early period (April and May) as considerable trouble was 
experienced getting satisfactory feed. The accelerated growth rate 
in June and in September illustrated the principle that a period of 
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growth below normal usually is followed by a compensating increase 
in the growth rate. 

The Influence of Date of Hatch on Growth of Chickens (H. L. 
Kempster). An appreciable difference in the weight of pullets of the 
various breeds depending upon the date of hatch appears ordinarily 
at the age of 20 weeks. The influence of high summer temperatures 
offers an explanation of these differences. 

During 1938 the effect of hatching date on growth of chickens was 
less apparent. It was not until the 16 week period that the April 
hatched Wyandotte and New Hampshire chickens showed any re-· 
tardation of growth. Slight differences in weights of Leghorn pullets 
at 24 weeks of age were in favor of the earlier hatched birds. 

The fact that the differences in the growth of February, March, and 
April hatched pullets were less marked in 1938 was to be expected 
because the summer temperatures which prevailed were lower than 
those usually experienced. 

The Periodic Gains of Chickens (H. L. Kempster). During 1938 
additional information on the growth rate of Rhode Island Reds, White 
Leghorns, New Hampshires, and White Wyandottes was secured. 

The periodic gains for four week periods are shown in Table 15. 
White Wyandottes like the other breeds showed greatest weight in
crease for the 9 to 12 week period. The second greatest weight increase 
period for the Wyandottes occurred during the 13-16 week period, while 
the New Hampshires showed the next greatest weight increase during 
the 5-8 week period. 

TABLE IS.-COMPARISON OF PERIODIC GAINS OF NEW HAMPSHIRE, WHITE 

LEGHORN, WHITE ROCK, RHODE ISLAND RED, AND WHITE WYANDOTTE 

PULLETS. (NORMAL GAINS EXPRESSED IN GRAMS.) 

Period 
in W'ks. W. Leghorns W. Rocks R. 1. Reds New Hamps. W. Wyano 

o - 4 144 138 145 196 135 
I) - 8 274 308 279 420 297 
9 - 12 SOO 366 374 479 446 

13 - 16 241 307 337 382 423 
17 - 20 163 244 253 354 224 
21 - 24 190 225 243 275 310 
25 - 28 126 287 272 155 285 
29 - 32 71 211 251 71 200 
33 - 36 23 ,106 166 61 85 
37 - 40 14 57 100 91 0 



BULLETIN 444 73 

The Influence of Incidence of Paralysis on the Early Growth 
Rate of Rhode Island Reds (H. 1. Kempster). Earlier work with 
White Leghorns indicated that the incidence of paralysis did not 
influence the early growth rate. A similar study was made of Rhode 
Island Reds and the growth rate of pullets which later showed 
symptoms of paralysis corresponded to the normal growth curve for the 
breed. 

The Relation of Fowl Weight at Eight Weeks and Length of Life 
(H. 1. Kempster). All the Single Comb White Leghorn females 
hatched in 1936 have been studied in order to determine the relation 
of fowl weight at eight weeks to length of life. 

There appeared a slight tendency for average weight birds at 8 weeks 
to live longer than birds which were either lighter or heavier than 
the average. 

Artificial Propagation of Game Birds (E. M. Funk). The fertility 
and hatchability of quail egg'> produced under artificial conditions vary 
greatly. The percentage of fertility varied from 48.5 per cent to 96.5 
per cent and averaged 76.5 per cent for the 1938 season. The birds 
were artificially mated and fertility might have been higher if the 
birds had been given the opportunity to choose mates as they do in 
nature. The hatchability of the fertile eggs also varied greatly, rang
ing from 41.3 per cent to 94.7 per cent. This great difference in. hatch
ability suggests the possibility of breeding for this character. 

Increasing the Egg Production of Chukar Partridges by Artificial 
Lighting (E. M. Funk). The stimulating effect of artificial lighting 
on egg production in the domestic fowl and the turkey has been known 
for some time. Two groups of Chukar partridges of apparently similar 
quality were fed the same ration, and were kept under the same en
vironmental conditions except that one group was exposed to all night 
light, while the other group was kept under natural lighting conditions. 

The use of all night lights not only stimulated early egg production 
but apparently increased the total egg production. 

These birds varied greatly in productive ability. Therefore,there is, 
a possibility of selection for egg production. 

A Comparison of Soybean Oil Meal and Corn Gluten Meal as 
Protein Supplements for Turkeys (E. M. Funk). In 1938 two groups 
of turkeys were fed rations similar in all respects except that 10 per 
cent of one ration was soybean oil meal and 10 per cent of the other 
ration was corn gluten meal. More than 50 per cent of the turkeys 
fed the ration containing the corn gluten meal developed slipped tend
ons. Very few of the birds survived, and those that did survive had 
almost solid white plumage instead of the normal Bronze color pattern. 
The turkeys receiving the rations containing soybean oil meal were 
normal in all appearances. 
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The Effects of Feeding Dehydrated Green Feeds on Hatching 
Eggs (E. M. Funk). A product prepared by adding specially dehy
drated green feed to condensed buttermilk has been compared with 
ordinary condensed buttermilk as a supplement to a ration contain
ing 5 per cent of alfalfa leaf meal and 5 per cent dried buttermilk 
to determine the effect upon the hatchability of hens' eggs. The basal 
ration fed was whole yellow corn plus the following mash mixture: 
yellow cornmeal 200, wheat bran 165, alfalfa leaf meal 35, wheat 
shorts 165, meat scrap 75, soybean oil meal 75, salt 5, and sufficient 
cod liver oil to provide 700 units .of Vitamin B per pound of mash. 
Limestone grit was kept before the birds. The birds were confined 
in adjoining pens. The results obtained showed no significant difference 
in the fertility of the eggs. However, there was a significant difference 
in the hatchability of the eggs. 

Seasonal Variation in Fertility in Poultry (E. M. Funk). Using 
the same breeding stock fertility records have been collected. These 
records showed that approximately 90 per cent of the eggs produced 
during the spring months were fertile. Fertility was highest during 
this period. Fertility during the summer decreased 20 per cent below 
spring fertility. 

Effect of Washing Eggs on Hatchability (E. M. Funk). Inves
tigations to determine the effect of washing eggs on hatchability have 
been continued. The hatchability of eggs . coated with egg material 
was only 34.2 per cent of the fertile eggs set. However, when eggs 
which had been coated with liquid egg were washed with water the 
hatchability was 94.3 per cent. This was approximately the same 
!:latching results obtained when clean eggs were used. Eggs coated 
with liquid egg when washed with a one per cent N aOH solution had 
a hatchability of 72.1 per cent. There was a significant difference 
in hatchability between eggs washed with water and those washed 
with a one per cent NaOH solution. These results indicated that 
the hatchability of badly soiled eggs may be greatly improved by 
washing. 

The Relation of Size of Clutch and Position of the Egg in the 
Clutch to Hatching Results (E. M. Funk). Eggs laid in multiple egg 
clutches were more fertile and possessed higher hatchability than eggs 
laid in single egg clutches. The position of the egg within a given egg 
clutch apparently was not related to fertility or hatchability. 

Effect of Pre-Storage Treatment of Eggs on Their Keeping 
Quality in 'Cold Storage (E. M. Funk). Results obtained in 1938 
substantiated previous findings: (1) dirty eggs washed in tap water 
may keep very poorly in storage; (2) the use of a lye water solution 
helps in reducing spoilage. These results also suggest: (1) that eggs 
can be cooled in ice water containing 1 per cent N aOH solution, (2) 
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that the temperature of the water used in cleaning eggs may be an 
important factor influencing the keeping quality of eggs. 

Time of Hatching in Relation to Egg Production (H. L. Kemps
ter). White Leghorn pullets hatched in February produced more fall 
eggs than did those hatched in April. However, the April hatched birds 
laid more eggs during the spring and summer months of the following 
year so that the egg production of the April hatched birds from the 
date of ·first egg to October 31st of the following year was slightly in 
favor of the April birds. There were no significant differences in the 
performances of the different groups. 

RURAL SOCIOLOGY 

C. E. LIVELY, Chairman 

The Rural Population Resources of Missouri (C. E. Lively, R. 
B. Almack). Tabulations have been made of trends in reproduction, 
migration, and the relation of population distribution to various 
measures of socio-economic status. Estimates have been made of 
losses in number of gainful workers engaged in agriculture as a result 
of death and retirement during the decade 1930-1940, the number of 
farm-reared males attaining the age of 20 years and therefore ready 
to enter some occupation, and the proportion of these farm-reared 
males who will be required to replace those gainful workers lost through 
death and retirement. 

The results of this study indicated that during the decade 1930-40 
the state of Missouri could use little more than half (53.8 per cent) 
of the farm-reared males in the occupation of farming without in
creasing the number of farms and farmers. The proportion varied with 
the section of the state, from two-thirds (66.2 per cent) in the north
western section to two-fifths (40.4 per cent) in the poorest Ozark 
area. 

Rural Social Agencies of Missouri (C. E. Lively, R. B. Almack). 
Detailed data regarding the nature, function, geographic occurrence, 
and activities of some forty rural social organizations and agencIes 
operating in the state of Missouri have been assembled. 
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SOILS 
W. A. ALBRECHT, Chairman 

Crop Rotation and Fertilizer Experiments CW. A. Albrecht, G. E. 
Smith, N. C. Smith). Sanborn Field is the oldest experiment field west 
of the Mississippi River. It produced its fiftieth ·consecutive crop in 
1938. Soil samples of all plots were taken at different depths to be 
used in studying the' chemical changes that have taken place as a con
sequence of different soil treatments and cropping systems. A number 
of changes have been made in the plan of the field with the beginning 
of the fifty-first year. These changes involved such additions to the 
soil as will supplement the treatments of the p'ast half century. 

Trials were conducted at Columbia with corn, wheat, and barley in 
order to compare the values of different fertilizer materials. Phos
phorus and nitrogen were the most needed elements. Barley was more 
sensitive to changes in the ratio of the constituents of the fertilizer 
than was corn or wheat. However, all differences were rather small. 

Cooperative experiments with farmers have been organized in various 
sections of Missouri to secure more information regarding the fertilizer 
needs of the various soil types. In 1939 about 35 plots were estab
lished using corn, wheat, barley, cotton, and tobacco. The same equip
ment was used for planting and fertilizing all plots. The corn, cotton, 
and tobacco were harvested in the regular manner. The same forty
inch combine and tractor were used to harvest the barley and wheat 
plots. 

Field experiments were started on both limed and unlimed soils to 
compare the carriers of phosphorus that seemed cheap enough to be 
used as fertilizers. There was a response to all of the fertilizers that 
contained phosphorus in an available form. However, the difference 
in response to the various materials was not sufficient to indicate a 
superiority of one material over another. Where phosphorus was not 
in a readily available form, the increased returns paid for little more 
than the cost of the treatment. Figure 4 shows the decrease in winter 
killing of barley through the use of superphosphate. 

The yield of wheat may be decreased the first year if lime is applied 
immediately preceding the wheat seeding. The causes of this have not 
been determined. 

Red clover is a heavy feeder on phosphorus and responds well to 
applications of this element. Frequently when phosphate is applied 
with the nurse crop in the fall, the growth of the small grain is so vig
orous that the young clover is smothered out. Phosphate applied to 
wheat in the fall has been compared with phosphate applied with the 
clover seed in the spring. In all cases where phosphate was applied 
with the clover seed a fair stand was secured, but where the clover 
was seeded without it, the stand was a failure. The results indicated 
that the low level of fertility in the soil, particularly phosphate, was 
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res ponsih le for clover failure when competing with the heavy growth 
o f the n urse crop in the spring. 

,Fig, 4 .-\V I nl~ r · I( lll l n g 111 hU I' lc,v Is dpl' I'po8r(J b y lh e li Re or 
sup r ph08pllUtC. pp r pl r l ll l' a h o'W s hO I' lc y \\'It h no l rcntlll nt, 
w hI c h 111 1l(l P :Jl.,4 b us h 1M Pl' J' ncr c. Til III l owe r p lc lu r e , bur le y 
on wIl le h 1 ~0 Ilound R or 200/0 ph OHl!h Al WM III pll e t! per aero 
y ie lded 44.1 bu s hels to til o e r . 

Ma ny farm ers do not us f rtiliz r on their small grain b ca use they 
do not hav f rti liz r drill s. Th gr in and f rtili z r may be mix d in 
th prop r proportions and s dec1 t hrough th rain s ction of the 
drill. How v r, w ar on the m tal parts of th machin was rath r 
rapid wh n a p wd r c1 f rti liz r was used. Wh n the n w granular 
f rtili z rs w r us d this diffi culty was not so s v re, T able 16 gives 
th r suIts s ur d at olumbi a during the past y ar wh n a mixture 
of the wh at and f rtiliz r was dri lled. 
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TABLE 16. - W II EAT Y I ELDS RESULTI NG FROM SEED I NG M I XTURES OF SMALL 

GRA I N W IT II TilE FERTILIZER T H ROUGII TilE GRA I N SECT ION OF 

THE DR I LL. 

T J'N lluH·nt 

N on", 
~ - I ~ -I (iii l~O 
(;l"illI lll lI r akc/t J1ltO !'i. 
Fl ll l' :l~(1< 1' llil H. 

Yi(l1tl Pl' I' fI (' I'l' 

( 1" " Il {' I") 
'1'{'Kt " 'eIght 

Po und s 

M).5 
::'''.0 
~,'{.() 

r~~. o 

\ ' 11 ) li e 1111 ~ :l.'uin 
)) (' 1" Here 

$ ' .Hi 
:j;17.0;:; 
$ l(j.{)O 
$H.7G 

Some of th e newer a nd sho rter rotations such as whea t and les pedeza, 
oats and lespedeza, and barley and soybea ns h ave been compared with 
some of th e stand ard longer t ime rotati ons conta ining soybea ns, red 
clover, and sweet clover. Y ields in short rotations ha ve b en in close 
correl a tion with the amount of seed bed prepa ra ti on. Th plots where 
di scing has been t he on ly see ] bed prepa ra ti on have b come heav il y 
infes ted with weeds and grasses a nd crop y ield s hay suffered . W here 
t he g round was p lowed once in thre o r fo ur years t h y i Id s have been 
sa ti sFact ry. T he legum e in th se ro tat ions have had a pron oun ced 
effec t on th e ph ys ica l propert ies of lh so il. Fa ll pl owed soy b an 
ground was so ha rd by th following s pring th at it a lmos t was neccs-

Ir lg. 5.- Sp l·ln g co nditIon (alJove) of 
fall -p lowed I'ed clov!) I' sod. 'o ndltlou 
In ,Tul y (belo w) oC til e CO I'n cr a p fol 
low ln l!'. 

SprIn g con IIU on (above) of fall · 
plower! soybeun st lllJb lo. Co ndi tion i n 
July ( helow) 0 1' til CO I: n (' I'I) I) Coll owill!:. 
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sary to replow in order to secure a satisfactory seed bed. Fall plowed 
red· clover sod was very mellow in the spring and worked into an excel
lent seed bed with very little effort. (See Fig. 5). The surface ap
pearance of the sweet clover ground was rather compact but the soil 
worked into an excellent seed bed. The large fibrous root system of 
the lespedeza plants left a good mellow soil condition but it was not 
as desirable as the soil on the red clover plots. The corn which was 
planted on the fall plowed ground showed a wide variation due to the 
preceding legume. 

Pasture Fertilization (G. E. Smith, W. A. Albrecht). This project 
is in cooperation with the department of field crops, animal husbandry, 
dairy husbandry, and agricultural chemistry. Experiments have been 
started to determine the value of different soil treatments on pastures 
and the best methods of applying these treatments. Nitrogen has given 
substantial returns in tonnage of forage. However, lime and phosphate 
have not given any large increases in growth. Applying the lime and 
phosphate into the sod by means of a grain drill during early spring 
when the ground was soft has given the best results. 

On soil which was very low in phosphorus, 38 per cent phosphate 
has been applied to bluegrass sod in quantities up to 2 tons per acre. 
The response to these large amounts of phosphorus has not been much 
greater than from applications of 200 pounds per acre. This investiga
tion has been conducted both on limed and unlimed land. Part of the 
limed area and part of the unlimed area were pastured by sheep during 
the summer. The remainder was cut for hay. The limed bluegrass 
gave more animal gain and more pasture days than the unlimed. 

Effect of Fertilizers on the Yield and Feeding Value of Timothy 
(G. E. Smith, W. A. Albrecht). This project is in cooperation with 
the departments of animal husbandry, dairy husbandry, field crops, 
and agricultural chemistry. It is commonly reported that timothy 
hay which was fertilized with nitrogen and cut before the bloom stage 
has a feeding value comparable to good alfalfa hay. The application 
of 100 pounds of ammonium sulphate per acre increased the yield of 
timothy about one ton per acre. Applications of phosphorus and 
calcium, in addition to the nitrogen, gave increases in yield of only 
three to five hundred pounds per acre. 

The effect of soil treatment upon the chemical composition of the 
plants and their possible feeding value as forage has been studied. 
Chemical analyses according to the common method of analyzing feed 
have been made. Analyses for phosphorus and calcium also were made 
in order to measure the variations of these elements within the plant 
as influenced by soil treatment. 

Chemical analyses for concentration of nutrients within the plant 
gave no consistent reflection of the effects of soil treatment. However, 
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animals do select forages according to soil treatments and forages 
from different soils vary widely in feeding value. 

Value of Timothy Hay as Sheep Feed in Response to the Soil 
Treatment (A. G. Hogan, W. A. Albrecht, Geo. Norwood). This 
project is in cooperation with the department of animal husbandry. 
The effects of soil treatment usually are measured in terms of increased 
yield of grain, of forage, or of both. Changes in chemical composition 
of the crop often are given in terms of concentration as percentage, 
or even as total, of the different nutrient elements within the crop. 
Such measures of values of soil treatments have seemed inadequate 
in relation to the purposes for which most grains and forages are 
grown, namely animal nutrition. An attempt has been made to use 
animal growth behaviors as more responsive indexes of the changes 
in crop qualities in response to soil treatment. 

Timothy hay was cut from plots receiving: (a) no treatment, (b) 
superphosphate, (c) limestone, and (d) nitrogenous fertilizers. Four 
lots of sheep were given a constant grain ration with these different 
hays as their roughage. 

In terms of animal growth or average weight increase per lot the soil 
treatments on the timothy were of no great effect. The average gains 
per head during the winter were as follows: hay fertilized with nitrogen, 
21.5 pounds; no treatment, 29.0; and with limestone, 31.2. There were, 
however, decided differences in individual weights, general thriftiness, 
conformation, and bone development in favor of the limestone treat
ments. Deficiencies and two fatalities appeared within three months 
in the sheep fed hay from the phosphate plot. Deficiencies occurred in 
about four months in the sheep fed hay from the plots receiving 
nitrogenous fertilizers, and the plots receiving no treatment. However, 
fatalities were prevented by intravenous injections of calcium glu
conate. No deficiencies or deformities were evidenced in the lot of 
Iambs fed hay grown on limed soil. This lot was uniform, active, and 
thrifty when dry lot feeding ceased in May. 

Land Classification of Missouri (H. H. Krusekopf). A scheme of 
land classification has been developed based on the soil fertility and 
physical properties of the soil. It is a scheme that must be preceded 
by and is dependent on a detailed soil classification. Seven major land 
classes have been defined with several subdivisions under each of 
these to provide for the varied land conditions. In this system an 
attempt has been made to indicate the soil factor or factors that 
determine the capability of the land . 

. The classification of Linn and Chariton counties has been com
pleted -and the map of Linn county has been printed. A general land 
classification of Missouri is about 50 per cent complete. General land 
olas~ification- maps have been prepared for about twenty counties in 
,which· . land ,use planning studies 'Were in progress. 
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Photoperiod Effect on Lespedeza (G. E. Smith ). Missouri farmers 
have reported that lespedeza grows we ll in the southcrn part of 
M issouri but frequent ly fai ls to produce seed in the northern part. 
In attempting to grow lcspedeza under experimenta l cond itions a sim
ilar difficulty has been encountered. T his sa me tro uble has I een ex
perienc d in growing les pedeza in the greenhouse in some of t he north
ern states. Plants sta rted cluring the midd le of lhe win ter in Missou ri 
went to sed wh n on ly a few inches high. T his diffi culty wa s not 
encountered when th pl ants wer started in lat spring. 

G reenhouse results and other observations seem cd to indicate that 
t he days in the north might be too long to bring about th essentia l 
ph ys iologica l hang s ne s <t ry for seed product ion, and that lespcdeza 
manifests photop ri odi c response. Dupli ca te pOLS of fi ve va ri t ies of 
lespedcza were grown in t he gr enhouse. One group was subj ec ted to 
a 7-hour day and another group to a 16-hour day. All plants r elvll1 g 
the short day treatment produ cd seed in 5 to 6 we ks. Th s und er 
the long cla y did not produ s d aft er 16 w eks. Sc i ction and br ed
ing may be a mea ns of prod u ing variet ies whi h will produ e se d 
und ring r days. (Se F ig. 6). 

F Ig. O.--Rllln tlurd J or on loa p lezll grO'wn unu r 17· 11011l· doy ( I f l ) wIll i 11 0 
Bcc£1 Il r od llCccI nt sIxteen IV vJts. I ' ho t g l'own unci l' 7· b our do y (rI gh t) p l'l)d ll ·"U 
seerl a t t1 v wee l{s. 

Permanent Pastures ( . '. Marshall, W. A. Albr cht, N. . Smith, 
R. A. Struchtemey r). Th ffects on pasture and on yield and com
position of forage er ps of differ nt exchangeable bas s (ca lci um, phos
phonl, potassium, magnesium, and sod ium) applted in different 
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proportions have been studied. The trials were made on Putnam silt 
loam by growing bluegrass, redtop, Korean Lespedeza, and sweet 
clover in pot cultures in the greenhouse. 

The behaviors of calcium and phosphorus in these pasture crops 
suggested interrelated effects by these two nutrients. As the degree 
of saturation of the soil by calcium was increased a larger share of 
the applied phosphorus was recovered in the crop. The greater recov
ery resulted because of larger crop yields than because of higher con
centration in the forage. Increasing the applied phosphorus also served 
to increase the calcium taken from a constant soil supply. The degree 
of saturation of a limited soil area was more significant in controlling 
the efficiency of recovery of the applied calcium than was the total 
application throughout the soil. An increased harvest of calcium and 
phosphorus was accompanied by an increase harvest of protein, and 
likewise, in redtop in particular, an increased utilization of calcium 
by the crop gave lowered concentration of silicon. 

In considering pastures on such soils like the Putnam that are known 
to be sour and low in fertility, it is probable that even for grass crops 
the lime shortage in the soil may be holding down the plant's consump
tion of phosphorus. Likewise the phosphorus shortage at the same 
time is reducing the plant's use of calcium. 

Analyses of the forage crops for manganese by means of the spectro
graph showed the relation of this element in the crop to the application 
of lime and phosphate on the soil. The increased use of phosphorus 
gave increasing manganese harvest, roughly parallel with the increased 
crop growth. Calcium carbonate, however, played a dual role in rela
tion to this micro-nutrient in plant nutrition. When the calcium car
bonate was mixed throughout the soil to modify the reaction, the con
centration and total manganese in the crop were decreased as the 
application and consumption by the crop increased. However, if the 
calcium carbonate was applied in the surface soil to increase the con
sumption by the crop of the calcium even more, then the reverse effect 
occurred and the total manganese and concentration of manganese in 
the crop harvest were increased. 

The Determination and Mapping of Missouri Soil Types-Soil 
Survey (H. H. Krusekopf,. W. D. Shrader, E. M. Springer). Soil 
surveys have been made of Daviess and St. Charles counties. Distinct 
soil regions of th,e State were found to be represented by each of these 
areas. Daviess county is within the glacial region. The survey revealed 
the existence of extensive areas of residual soils with a similarity to 
glacial types. Definite information on the soils of St. Charles county 
is highly important because of the nearness to St. Louis. 

The Best Systems of Soil Management for the Most Important 
Soil Types in Missouri (G. E. Smith, N. C. Smith). Two new soils 
outlying experiment fields were added during 1938. One was located 
on Clarksville gravelly loam near Elk Creek in Texas County. It 
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consisted of about 15 acres and studies of crop rotation, fertilizers for 
small grains and grasses, and improvement of pastures were started. 
Excellent responses to nitrogen and phosphorus were secured on barley 
and wheat in 1939. Lespedeza gave an excellent response to both lime 
and phosphorus. The yield of lespedeza hay following barley was as 
follows: No treatment, 300# hay; 150# 200/0 phosphate, 600# hay; 
lime, 360# hay; and lime + phosphate, 1100# hay. The increased 
response from using lime and phosphate together has been consistent 
on all of the experiment fields. There is also some indication that the 
use of potash in addition to lime and phosphate on lespedeza may be 
profitable on the Elk Creek field. 

The second field was established south of Lathrop in Clinton County 
and located on Marshall silt loam which is typical of much of the 
better land in northwest Missouri. This field has been jointly operated 
by the departments of Field Crops and Soils. It consists of about 60 
acres of which 25 have been devoted to soils experiments. 

The value of seed bed preparation and commercial fertilizer in 
keeping barley from winter killing has been demonstrated. The barley 
fertilized with phosphate yielded 4.22 bu. more per acre where the seed 
bed was firm (prepared by discing) than where the ground was plowed. 
Barley on the disced land which received no fertilizer produced only 
12.9 bushels per acre in contrast to the 24.6 bushels where phosphate 
was used. 'The late seeding of barley responded to fertilizer more than 
the early seeding. 

The residual effects of different legumes have been compared at 
Columbia and Sikeston. The legumes were turned under in the fall 
season preceding the spring preparation of the seed bed for corn. At 
Columbia the residual effects of different legumes as they were carried 
over into the second year and crop following has been demonstrated 
by following corn with barley after turning under timothy, lespedeza, 
soybeans, and sweet clover. Table 17 gives the yield of corn and barley 
following the turning under of various green manure crops. Corn was 
grown the first year after the green manure crop was turned under and 
barley the second year. 

TABLE 17.-YIELD OF CORN AND BARLEY FOLLOWING GREEN MANURE CROP. 

, Crop Plowed Under 

Timothy 
Lespedeza 
Soybeans 
13weet clover 

Corn 
(Bu. per acre) 

30.0 
tiO.7 
111.4 
68.7 

Barley 
(Bu. per acre) 

33.7 
43.11 
41.2 
54.6 
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Increased yields of cereals reflected the value of using lime and 
legumes for maintenance of higher productivity for at least two years. 

The differences in physical conditions of the soil of these plots were 
readily noticeable. The green manure crop was turned under in the 
spring and followed by a crop of corn at Sikeston. 

The Utilization of Corn Stalks and Straw in Soil Building CW. A. 
Albrecht, G. E. Smith). This project is in cooperation with the de
partment of Agricultural Engineering. The use of combines has in
creased rapidly in Missouri. Difficulty has been encountered in turning 
under or disposing of a heavy crop of straw. Too frequently it has 
been burned. This may help the yield for a year or two but eventually 

. the organic matter supply of the soil will be so depleted that yields 
will suffer. 

Cyanamid and ammonium sulfate have been plowed under with the 
straw to speed up the decomposition and to make artificial manure 
Preliminary results indicated that some of these treatments can b( 
economically used, will build up the fertility of the soil, and wil 
produce a better crop of wheat in following years than where the stra" 
has been removed or burned. 

Finely Ground Limestone for Agricultural Purposes CW. A 
Albrecht). The use of ground limestone and the growth of sweet clover 
has been found to be the most effective soil treatment for maintaining 
soil productivity. At Columbia in 1938 corn following sweet clover 
that had been turned under yielded 57.5 bu. per acre where two tons 
of lime were applied and only 44 bushels per acre where the soil received 
no treatment. At Moberly the corn on limed ground yielded 62 bushels 
per acre while the untreated produced only 31 bushels per acre. 
Similar differences have been secured in other parts of Missouri. 
Experiments have been conducted with small quantities of ground 
limestone as well as other lime carriers drilled into the soil to deter
mine the smallest quantity that can be used and still obtain a satisfac
tory growth of sweet clover. The results indicated that on poor soils 
the amount of clover produced and the resultant growth of corn were 
directly proportional to the amount of lime applied. The application 
of 500 pounds of limestone gave quite satisfactory growth of clover in 
some cases. However, such an application was not as satisfactory 
as a two ton application. Materials such as calcium chloride, gypsum, 
superphosphate, and others that add calcium have not been as satisfac
tory as ground limestone. 

An attempt has been made to determine whether limestone modified 
the plant composition in other elements than calcium. Plots of les
pedeza were treated with phosphate, limestone and phosphate. Also 
an untreated plot was used as a check. Analyses of the tops and 
roots were made. 
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The outstanding revelation was the increased concentration of phos
phorus in the lespedeza (tops especially more than roots) where both 
limestone and phosphate were used. The increase in concentration and 
the increase in crop yield meant that the phosphorus harvest in the hay 
crop through the joint use of limestone and phosphate was about three 
times as great as where phosphate was used alone. Therefore, liming 
should precede phosphate additions to the soil in order to secure the 
maximum return of this nutrient in forage crops. 

Effects of Different Soil Treatments, Long Continued, Upon Bac
terial Activity in the Soil (W. A. Albrecht, D. R. Browning). The 
influences of different soil treatments such as manure, limestone, am
monium sulfate, superphosphate, mixed fertilizers, and of crop rotations 
on the rate of nitrate accumulation in the soils under these treatments 
for almost 50 years have been reported in Research Bulletin 294 
"Nitrate Production in Soils as Influenced by Cropping and Soil 
Treatments." These studies showed that the soil treatments were more 
important in determining, the accumulation of nitrates in the soil than 
the cropping system. Studies also indicated the importance of lime
stone and superphosphate. There were indications that supetphosphate 
produced effects similar to liming. Since nitrate production and the 
rate of decay of organic matter are correlated, the effects of different 
soil treatments may be measured by the rate of decay of the soil organic 
matter. They may be considered favorable if they balance the bac
terial diet and thereby encourage organic matter digestion and deple
tion, or unfavorable if they leave it unbalanced for bacterial use and 
consequently result in organic matter accumulation in the soil. 

Laboratory studies on the nature of the organic matter in plots under 
treatment with manure and no manure, or with fertilizers, for the past 
50 years have been continued. Studies have been made of the differ
ences (a) in the nature of the extracted humus, (b) in the lignin con
tent, (c) in the carbon content, and (d) in the nitrogen content as a 
consequence of different soil treatments, crop arrangements, and time 
intervals. 

The results indicated that where the organic matter content of the 
soil was still high after 50 years there probably was a deficiency in 
the organic matter and soil as a bacterial ration. If these deficiencies 
had been supplied the organic matter would have disappeared rather 
than accumulated. The deficiencies suggested were nitrogen, calcium, 
phosphates, and possibly potassium in mobile forms. Wherever· these 
have been used as soil treatments the organic matter supply has been 
reduced. Increased crop returns paralleled the reduction of the supply 
of the organic matter in the soil. Soil deficiericies · in terms of crop 
needs were likewise deficiencies in the bacterial ration. When nutrients 
are delivered by these soils to the plant, they may come from the .. 
decay of the more stable organic matter. Regardless of the cropping 
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system, whenever commercial fertilizer treatments were used they 
produced a soil organic matter higher in lignin content. 

A Study of the Nature of Soil Structure and Its Influences Upon 
Soil Tillage (C. M. Woodruff). Excessive rates of runoff and erosion 
from continuously cultivated crops are due in part to the destruction of 
the stable soil structure by intensive tillage. An attempt has been 
made to develop an improved method of characterizing the aggrega
tion of a soil. 

A sieve analysis of the air-dried soil provided a direct measure of the 
tilth of a soil. Some of the air-dried crumbs deteriorated upon immer
sion in water. The crumbs which were stable in water were considered 
to be aggregates. In order to determine differences in the stability in 
water of two groups of soil crumbs it was necessary to eliminate the 
effects of tillage because the potential supply of aggregate-producing 
crumbs depended upon the extent to which a soil was pulverized by 
tillage. This was accomplished by confining the aggregate analysis to 
soil crumbs of uniform size. The process of sieving in water abraded 
the water stable aggregates. A measure of the strength of the aggregates 
was obtained by determining the rate at which abrasion occurred dur
ing the sieving process. 

This was accomplished by wet sieving dry crumbs of uniform size 
for different lengths of time. 

The aggregation of a virgin prairie soil was 70 per cent after 30 
minutes of wet sieving. Sieving for 120 minutes reduced the aggregation 
to 65 per cent. 

The aggregation of an intensively cropped prairie soil was 15 per 
cent after 30 minutes and 9 per cent after 120 minutes of sieving in 
water. 

The Properties of Colloidal Material in Missouri Soils (C. E. 
Marshall, W. A. Albrecht, E. R. Graham, C. E. Ferguson). Mode of 
origin of the Putnam silt loam and the development of heavy clay 
subsoils from granite have been studied using new mineralogical and 
physico-chemical methods. In the studies on Putnam silt loam the 
mineralogical methods consisted of using resistant heavy minerals as 
indicators both of origin and of quantitative changes in the profile. 
Amongst the physico-chemical methods, a new development of centrif
ugal analysis enabled the particle size distribution to be determined 
downto 10 mu. 

These same methods were used in a study of the development of 
heavy subsoil in soils from granitic rocks in Missouri. An experi
mental study of rock weathering also has been started. In order to 
test the effects of plant growth on the possible clay breakdown, 
careful analyses were made of soybeans grown on clay (in a clay sand 
mixture) that had been electrodialyzed free of cations and anions 
and given necessary nutrient ions. The same clay as a suspension was 
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also subjected to carbondioxide treatment daily for specific time inter
vals. An analysis of the crop at the close for aluminum, iron, and silica 
was compared with the analysis of the seed and clay at the outset and 
showed that about 2 per cent each of the aluminum, iron, and the 
silica in the clay were utilized by the plant during the six-week period 
of growth. Carbondioxide treatment failed to release these elements 
in significant amounts. This indicated that the plants had an effect 
on clay breakdown providing a source of iron, but not for any other 
nutrient ion. Therefore, the stable clay crystal itself, as produced 
under the climatic conditions of Missouri, can be given little significance 
as a contributor of plant nutrients through its own decomposition for 
mineral release. 

Improving Heavy Clay Sub-soil (C. E. Marshall, C. O. Stanberry ) . 
The response of claypan soils in Missouri to phosphate fertilizer has 
prompted a chemical study of phosphate adsorption and retention by 
the clay fraction of the soil. Electrometric methods have been used 
in studying the retention and liberation of plant nutrients by the clays. 
A Lundegarth spectrographic outfit has been installed in order to study 
the exchangeable bases and minor elements of importance in plant 
nutrition. 

Soil Erosion (H. H. Krusekopf, C. M. Woodruff). The year 1938 
was characterized by copious well distributed rains except that rainfall 
was deficient in the fall months. Runoff and erosion resulted from more 
than a score of rains, and three-fourths of these rains came during the 
first six months of the year. 

Runoff and erosion on the original erosion plots, which have been 
fallowed since 1933, were more than twice as large as during any 
of the preceding six years. The runoff from all plots was about the 
same. This indicated that the effects of the previous cropping systems 
on runoff have practically disappeared. Soil erosion losses, however, 
varied widely and were much higher on those plots that were cropped 
previously with small grains and grasses. These results indicated that 
erosion was more severe on relatively deep surface soil than on shallow 
soil under fallow conditions. The soil loss on plot 4, formerly in sod, 
was at the rate of 70 tons per acre, while the adjacent plot, which has 
always been fallow, lost soil at the rate of 42 tons per acre. 

Erosion has removed most of the top soil from the plots used for 
this study. 'Fhe depth of soil on these plots is comparable at present 
to the depth remaining on many farm fields of similar slopes that have 
been cultivated for the past 25 to 50 years. Soil building practices 
have been used in an attempt to renew the productivity of these plots. 

Runoff and erosion under different short-time rotations, primarily 
small grain and legumes, have been studied. The results for 1938 indi
cated that a cropping system of barley and soybeans permitted less 
erosion than a rotation of barley and Iespedeza. Both of these crop
ping systems were superior to wheat or oats. This difference may have 
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been due to larger growth of barley in the fall and the earlier prepara
tion of the seed bed. 

Nitrogen Fixation in Soils by Legumes CW. A. Albrecht, E. R. 
Graham, C. E. Ferguson). Nitrogen fixation by soybeans as influenced 
by different levels of nutrient ions supplied on colloidal clay has been 
studied. The effects of variable potassium levels associated with con
stant levels of calcium and magnesium also were investigated. 

The results indicated that the potassium-calcium ratio was significant 
in nitrogen fixation. The narrower ratio gave nitrogen fixation, while 
the wider ratio gave more growth and no nitrogen fixation. 

A study of the composition of the plants indicated that calcium re
placed the potassium in the legume. The replacement occurred with the 
reduction in nitrogen fixation activity and increased plant growth. This, 
suggested the possible significance of this changing relation of potas
sium to calcium in the soil in the ecological array of plants. Legumes 
and nitrogen fixation, or nitrogen-rich plants, would thus be associated 
with soils high in exchangeable calcium in contrast to their supply of 
exchangeable potassium, while nitrogen-poor, or carbonaceous plants~ 
would be common on soils delivering little exchangeable calcium in 
relation to potassium in this form. 

VETERINARY SCIENCE 
A. J. DURANT, Chairman 

Leucosis in Fowls CA. J. Durant, H. C. McDougle). There is much 
difference of opinion as to whether or not leucosis and fowl paralysis are' 
the same disease. 

In this study 523 day-old chicks were inoculated with the blood from 
chicks hatched from hens visibly affected with fowl paralysis. Appar
ently leucosis is a different disease than fowl paralysis since the controT 
birds had approximately the same number of cases of leucosis as the 
experimental birds. However, 91 of the inoculated birds developed fowl' 
paralysis and only 18 of the controls showed paralysis. 

Heat Therapy for Blackhead Disease in Turkeys CA. J. Durantr 

H. C. McDougle). Six turkeys having definite cases of blackhead were' 
subjected to heat treatment in an incubator for 12 minutes at 118° F. 
with a wet bulb reading of 114° F. 

The initial temperature of the birds was raised 9° F. to e maximum of 
115° F. Only one of the birds survived the heat therapy. This bird was 
treated a second time and recovered from blackhead. All of the other 
bi"rds died either in the incubator at the time of the first temperature 
raise or else soon after they were removed from the incubator. 

Artificial propagation of the blackhead parasite has shown that this 
parasite can withstand temperatures higher than any of the tempera
tures attained by the birds in this experiment. This method of treating 
blackhead was not very encouraging. 
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Cecal Abligation for the Control of Blackhead in Turkeys 
(A. J. Durant, H. C. McDougle). The following methods were used in 
the cecal abligation of turkeys: 1. Mann method; 2. Modified Mann 
Method; 3. Purse string suture method. 

A total of 11 l;>irds were abligated and none of them developed black
head. A total of 17 birds were used as controls and 5 of these birds 
developed blackhead. 

Fowl Paralysis (A. J. Durant, H. C. McDougle). A total of 523 
day-old chicks were inoculated with the blood from 21 chicks hatched 
from hens visibly affected with fowl paralysis. Of the 523 birds 91 
developed fowl paralysis, while in a group of 507 controls only 18 birds 
developed the disease during the same period. 

The circulating blood of chicks hatched from visibly affected hens 
contained the virus of fowl paralysis. Furthermore, their blood con
tained a higher concentration of the virus at the age of 20 to 30 days. 

Pathology and Comparative Damage Done by Stomach, Nodular. 
and Tape Worms in Sheep (Cecil Elder, O. S. Crisler). Data on the 
value of copper sulphate treatment for the control of stomach and 
nodular worms in sheep have been accumulated. The copper sulphate 
solution used for treating experimental animals has been changed from 
1 to 1 Yz per cent. Both the 1 and the 1 Yz per cent solutions reached the 
fourth stomach in less than ten minutes after drenching. However, the 
1 Yz per cent copper sulphate solution was much more efficient than the 
1 per cent solution in ridding sheep of stomach worms. 

Six sheep were killed during the year for copper analysis of liver in 
order to determine the accumulative action of the copper sulphate when 
using 1 Yz per cent solution. The analyses did not indicate that the 
amount used was dangerous or likely to cause copper sulphate poison
ing. It was found that July was not early enough to start stomach worm 
treatment in Missouri. On heavily infested pastures treatment should 
start in May, or even earlier in the southern half of the State. Age was 
found to be a very important factor in the seriousness of the effects 
from parasitic infestation. The heaviest death losses from parasites 
have been found in young animals. 

Twenty experimental sheep died during the year, twelve of which 
died from stomach worm infestation, six from nodular worm infestation" 
and two from other causes. Death losses from stomach worm infesta
tions have been greater in the control groups than in the two treated 
groups. One group was treated every 14 days and the other every 28 
days throughout the year. This indicated that the 1 Yz per cent copper 
sulphate solution was efficient in controlling stomach worm infesta
tion. 

Heaviest death losses from parasites, especially stomach worms~ 
occurred during July, August, and October of the past year. During 
the year 1236 fecal examinations have been made on experimental 
animals, and the highest stomach worm egg counts were found during 
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the period of July to November. The number of stomach worm eggs 
found in the feces gave a very good index as to the amount of stomach 
worm infestation in an individual sheep. This was not true for nodular 
worm. No correlation has been found between the monthly precipita
tion and the average nodular worm egg counts. The 1 Y. per cent copper 
sulphate solution was unsatisfactory and inefficient in the removal of 
nodular worms. Proper feed has been found to be a very important 
factor in the control and treatment of stomach worm infestations. 

Transmission of Bang's Abortion Infection from Swine to Cattle 
under Pasture Conditions (Cecil Elder). In April two of the six 
cows on this experiment died of acute lead poisoning following the 
licking of buildings which recently had been painted. Both cases were 
of the acute type, and it was reasonably certain that lead taken into 
their systems had no effect upon Brucella abortus or Brucella suis 
organisms which might have been present. As soon as the animals died 
sections were taken from the udder, uterus, and supra-mammary lymph 
glands; along with the contents of the fourth stomach of the calves in 
the utero for a bacteriological examination and further study. Direct 
cultures from all this material gave negative results for the presence of 
Br. suis and Br. abortus. Direct cultures of material collected at the 
time of parturition from the other cows on experiment also have been 
negative for the presence of Br. suis. 

Guinea pigs were inoculated with all of the above-mentioned mater
ial and held for ten weeks. At the end of this time they were killed and 
cultured, and in every case the cultures were negative for Br. suis and 
Br. abortus. 

The remaining four cows had normal gestation periods which indicat
ed that Br. suis played no part in premature parturition. Results dur
ing the year point to the fact that there is very little danger of cows 
aborting or developing active infection following contact with hogs 
which have been artificially inoculated and where the exposure has 
been contact with the hogs under pasture conditions. The hogs in the 
pasture had been dosed with live cultures of virulent Br. suis organ
isms and eliminated a large number of these organisms from their 
systems. This apparently insured heavy exposure for the cattle. Hogs 
which were artificially inoculated showed blood tit res high enough to 
be classified as reactors in from 5 to 9 days after inoculation. 

Infected swine are not a serious problem in the control of Bang's 
disease in cattle under the average Missouri pasture conditions. How
ever, efforts to control highly virulent outbreaks of abortion in swine 
should not be neglected. 

Toxemia in Sheep (Cecil Elder). Since toxemia or pregnancy 
disease in sheep is a true acidosis, tests were made on 87 urine samples 
to determine the presence of acetone bodies. The tests showed that 11 
samples were positive, 3 suspicious, and 73 were negative. Three ex
perimental ewes showed a positive test for acetone bodies on one or 
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more tests. Of the three ewes one had a true case of pregnancy disease, 
one had just started to develop the disease, and the third was undeterm
ined and did not show a positive test until after lambing. The results 
indicated that tests for acetone bodies might be used as a guide in 
recognizing approaching trouble from pregnancy disease in Missouri 
farm flocks. 

It was more difficult to produce experimental cases of pregnancy 
disease or toxemia in young ewes than it was in old mature sheep. Ani
mals .fed on a good ration in adequate amounts have not developed 
any symptoms of pregnancy disease. Results from field cases treated 
with sodium nitrite and sodium thiosulphate indicated that these drugs 
were not satisfactory in the treatment of pregnancy disease. Hartman's 
solution in 10 per cent dextrose apparently has given some beneficial 
results on well developed field cases. 

Comparative Results Obtained with the Tube Agglutination and 
Rapid or Plate Tests on Low Reacting Sera in Bang's Disease 
Testing (Cecil Elder). During the past year 1074 blood samples were 
tested on a comparative basis. Very close agreements between the tube 
test and the plate test were obtained on the samples tested during the 
past year, as 96.68 per cent checked with the two tests. A total of 19 
samples or 1.76 per cent were classified as "slow" reactors by the plate 
method but checked within one-half a dilution when the reading time 
was extended. Results which check within one-half of one dilution by 
the two tests were considered good checks. If the reading time had not 
been extended 44 samples or 4.09 per cent would have varied one or 
more dilutions. In other words, there would have been a perfect check 
on 95.91 per cent instead of 96.68 per cent of the samples. 

If the plate test had been used as a routine method rather than the 
tube test a greater number of reactors would have been reported by 
the tube test. In other words, 74 suspects by the tube method were re
actors on the plate test, while 44 suspects by the plate method were 
reactors on the tube test. If the plate test had been used as the routine 
method instead of the tube test, the "slow" reactions might have been 
over-looked. Very different comparative results are obtained when one 
interprets incomplete 1-50 agglutination reactions as negative instead 
of reporting such reactions as suspicious. 

Low Agglutination Reactions in U nbred Virgin Gilts (Cecil 
Elder). Agglutination blood titres have varied from negative to in
complete 1-50 dilution reactions on the few gilts available for this 
study. Brucella abortus antigen and also an antigen containing a por
cine strain have been used in conducting the agglutination tests. All 
gilts farrowed normal litters at the end of normal gestation periods. 
All cultures and guinea pig inoculations during the year have been 
negative for Brucella suis, as well as Brucella abortus. The gilts on ex
periment failed to transmit abortion infection to negative disease-free 
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hogs. Low titres in young gilts or young sows do not indicate active in
fection with the Br. suis organism. 

Study of Cattle that Consistently Give Low Titre Reactions to 
the Bang Agglutination Test (Cecil Elder, O. S. Crisler). During the 
year 18 cows have been on the experiment and 17 of them have calved 
during that period. Gestation periods varied from 272 to 286 days, 
with an average of 279.76 days. All cows have been blood tested 
regularly with the Bang's agglutination test and blood titres have 
varied from negative to an incomplete 1-100 dilution. The lowest 
agglutination titre found on colostral milk was negative, while the 
highest titre during the past year was 1-200. In general, the cows with 
the highest average blood titres also showed the highest colostral milk 
titres. 

All attempts at isolating Brucella abortus organisms from colostral 
milk, placental membranes, and stomach contents have given negative 
results . Twenty-five guinea pigs that were injected with colostral milk, 
placental membrane emulsion, and stomach contents also have proved 
negative for Br. abortus organisms. It was found that cows on this 
experiment could be allowed to calve in the pasture along with other 
cattle and not be dangerous in spreading infection to the remainder of 
the experimental herd. This indicated that it is comparatively safe 
for Missouri cattle owners to keep cattle that consistently give low 
titre reactions with negative animals so long as these blood titres do 
not exceed an incomplete 1-100 dilution when tested with the Bang's 
agglutination test at regular intervals. 

SERVICE PROJECTS 
Agricultural Information Service. One of the principal duties of 

the Experiment Station is the answering of questions relating to Mis
souri agriculture. This is a very important service to Missouri farmers 
and is one that is frequently overlooked. Thousands of questions are 
answered for Missouri farmers by personal interview, by letter, by 
bulletin, by the Farm News Service, and by radio. An increasing 
number of persons call at the Station for help with individual problems 
and every effort is made to handle these calls courteously and efficient
ly. The success of the Station in rendering this informational service is 
reflected by the confidence of the people of the State in the Agricultural 
Experiment Station as indicated by the increasing number of requests 
for information. 

Chemical Service (1. D. Haigh, E. W. Cowan, 1. 1. Wiseman). The 
laboratories of the Department of Agricultural Chemistry in addition to 
making analyses of fertilizers under the Fertilizer Control Law of Mis
souri conducts analyses of agricultural materials in connection with 
research investigations in the Agricultural Experiment Station. Also 
farmers and county agents call upon the laboratories for chemical in
formation some of which require analyses. In this connection 2101 let-
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ters were written during the year. The analytical work may be sum
marized by departments as follows: 

Agricultural Chemistry 
Thirty-four mixed feeds, five .vitamin extracts and two commercial 

salts for determination of manganese; three samples of carrots and one 
rabbit feed for carotene; 21 crop samples and two composite hays for 
iodine; 63 Determinations. . 

Animal Husbandry 
Tw.o samples of animal rations for manganese determinations; 18 

samples from meat cuts of slaughtered animals for moisture, ash, pro
tein, and fat made in triplicate; Equivalent to 100 Determinations. 

Dairy Husbandry 
Two barley samples and 20 hay samples for complete feed analysis 

a.nd calcium and phosphorus; 994 Determinations .. 
Field Crops Department 

Complete feed analysis of 107 greenhouse samples; 535 Determina
tions; 199 field pasture samples for complete feed analysis, also for 
calcium and phosphorus, 1393 Determinations; 88 pasture samples 
(Sni-A-Bar farms) for complete feed analysis, calcium and phosphorus, 
616 Determinations; Total, 2544 Determinations. 

Horticulture 
Nine samples of carrots for analysis of potassium and phosphorus; 18 

Determinations. 
Poultry Husbandry 

Two feed samples for complete feed analysis and also determina
tions of calcium, phosphorus and manganese; 16 Determinations. 

Soils 
Two Bermuda Grass samples for nitrogen; ten lespedeza samples, 

hay, roots, and stubble, for moisture, ash, nitrogen, calcium, and phos
phorus; two samples of lespedeza and timothy hay for complete feed 
analysis, calcium and phosphorus; 182 samples of soil for total phos
phorus, 66 samples completed; 218 Determinations. 

Veterinary Science 
Seven samples of liver from sheep for determination of (element) 

copper; 7 Determinations. 
Miscellaneous Materials 

Seven samples of water for qualitative examination of solids; two 
samples of water for chlorine and fluorine determinations respectively; 
two samples feed for salt determination; seven samples feed for protein 
determination; three samples feed for complete feed analysis; one 
sample frozen eggs for nitrogen; 34 Determinations. 

One liquid, two commercial powders, one mineral mixture, one ore, 
one poultry mixture, one stock salt for qualitative examination of 
materials contained therein; 7 Determinations. 

Two samples molasses for solids and total sugars; one sample molas
ses for Beaume test; one sample wood shavings for presence of zinc; one • 
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sample clay for moisture, organic matter, iron and acid insoluble; one 
sample cream for Reichert-Meissl test; one sample liquid manure for 
fertilizer analysis; two samples oil for phosphorus test; 17 Determina
tions. 

The following materials were tested for any possible poisonous prop
erties by feeding to laboratory animals: 

One buttermilk solid, two molasses, one stomach contents, two sorgo 
silage, four mixed feed samples, one mineral feed, two water samples, 
one sample shorts, one sample tankage, for feeding test for poison. 

Nine samples of liver, intestines, stomach, and stomach contents, one 
molasses sample, one silage sample for presence of arsenic. 

Two stomach contents for presence of lead and one for presence of 
hydrocyanic acid; 29 Determinations. 

Grand total, 4031 Determinations. 
Fertilizers in Missouri (L. D. Haigh). The inspection of fertilizer 

stocks in Missouri, the analyses of the fertilizer samples collected and 
the publication of the inspection and analytical data are carried on 
under the direction of the Agricultural Experiment Station as a part of 
the Missouri Fertilizer Law. 

For the period July 1, 1938 to June 30, 1939, the report on this work 
was as follows: 

Inspection 
Miles traveled in official car .............................................. ..4,603 
Miles by bus .......................................................................... 250 
No. towns visited ................................................................ 228 
Farmers, dealers, manufacturers, importers 

and other handlers visited ............................................ 453 
No. samples collected for analysis .................................... 434 

A nalysis of Samples 
A summary report of laboratory operations is as follows: 

Total Nitrogen Determinations ........................................... .334 
Water Insoluble Nitrogen Determinations ........................... .324 
Nitrogen Activity Determinations ........................................ 23 
Total Phosphoric Acid Determinations ............................. . ..420 
Insoluble Phosphoric Acid Determinations ....................... .397 
Water Soluble Potash Determinations ................................... .302 
Basicity Determinations ........................................................ 142 

In addition to the above, farmers, county agents; and other users 
furnished 16 samples of registered commercial fertilizers and fertilizer 
materials for analysis. This represented 55 determinations. 

Also 1616 samples of limestone and mineral materials were tested 
for their lime content expressed in equivalents of calcium carbonate. 
These samples were sent in by farmers and others interested in agri
cultural operations such as county agricultural agents and soil conser
vation engineers and agronomists. 
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The results of this work for the calendar year 1938 were published 
as Missouri Agriculture Experiment Station Bulletin No. 403. 

Fertility Tests ( F. F. McKenzie, J. F. Lasley, Esther Meier) . Dur
ing the past year the following fertility tests have been made: 10 
stallions and jacks, 13 bulls, 25 rams, and 20 boars. 

Pregnancy Tests in Mares (F. F. McKenzie, Esther Meier). During 
the past year 142 mares and jennets have been tested for pregnancy. 

Identification of Plant Diseases (C. M. Tucker). Cotton seed pro
duced in southeast Missouri in 1938 was generally infected by Glom
erella gossypii. (cotton anthracnose). Germination percentages were 
low and seedlings frequently were attacked and rotted in the germina
tor. Experiments indicated that much of the seedling infection occurred 
from spores and mycelium present on the surface of the seed or in the 
lint. 

The effects of seed treatment on stands and the health of the seed
lings have been studied. Two samples of seed of low germination test 
were used. The greenhouse was maintained at a temperature of about 
82° F. T able 18 shows the results obtained by treating the seed . 

TAB LE 18.-EFFECT OF SEED TREATMENT UPON THE CONTROL OF COTTON 
A NTHRACNOSE. 

% seedlings % seedlings 
S<,cd (Yo emt.! r~ t1 t~ad ul'ter infcete tl % l,,~a l th .v 
SaInple fl' reatmGllt g-e nee a wee l\8 s te Iu leHion s xeed lin g H 

1 2%) Ccre8un~4 () ~. r>e r 1111. 40 5 10 85 
1 fi (*, Cere~;a n-2 oz. lwr h u. 47 2 19 7U 
1 Cheeh:--·Nolle :1-1 ~1 G:! 20 
:! :! (Yn C(~ rpj:;an - -.l oz. per hll. ;11 () ;{ 1)7 
2 r)% CerPNull -:.! oz. ]",r hu. :!s () 0 1011 
2 Check-None 20 4 48 48 

Treatment did not affect the germination to a marked degree and re
duced the amount of infection of the stems about 500/0 in Sample 1 and 
almost completely eliminated infection in Sample 2. The two Ceres an 
treatments were about equally effective and reduced the percentages 
of dead and diseased seedlings in 'the two lots from 74 to 18 and 52 
to 1.5. 

Official Testing of Dairy ,Cows (H. A. Herman). Official tests 
were conducted for 40 Missouri breeders on 1366 purebred cows. This 
represented 1692 one-day and 180 two-day Advanced Registry or 
Register of Merit tests on 370 cows and 8,049 one-day Herd Improve.,. 
ment Registry tests on 996 cows. 

The highest butterfat producing cow for the year in the Advanced 
Registry or Register of Merit division was Fritzlyn Venue 420579, a 
Guernsey cow owned by Mrs. Irene Johnson, St. Albans Farm, Becker, 
Missouri . Her record was 15,547 pounds milk containing 802.8 pounds 
butterfat in a 365-day lactation, tested when 3 years 6 months of age. 

Royal Fan Fair 905289, an eight-year-old Jersey cow owned by Clif
ford Farmer, Willard, Missouri, produced 12,545 pounds milk, 744.62 
p<>unds butterfat in 305 days. 
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Farmington Armsby Helen 1801013, a senior two-year-old Holstein 
cow, owned by State Hospital No.4, Farmington, Missouri, was the 
leading butterfat producer of her breed with 16,052.5 pounds milk con
taining 574.9 pounds butterfat in a 365-day lactation. 

In the Herd Improvement Registry division a new state record was 
made by the Holstein-Friesian cow, Bus Aaggie Ormsby, 1768445, 
owned by State Hospital No.1, Fulton, Missouri, producing 25,301 
pounds milk containing 940.4 pounds butterfat, age 5 years and two 
months. This cow made the highest butterfat record under any type 
of official test in Missouri. 

In the Herd Improvement Registry division the Holstein herd at 
Missouri State School, Marshall, Missouri, ranked first. This herd of 
33 cows averaged 14,005 pounds milk containing 462.4 pounds butter
fat. The highest producing Jersey herd was that of Paul Slusher, Lex
ington, Missouri, with 23 cows averaging 7182 pounds milk, containing 
388.05 pounds butterfat. 

Entomological Service (1. Haseman). During the past year 2,391 
personal letters, in addition to hundreds of bulletins and other printed 
matter, were mailed in response to appeals for information and help 
on problems arising from the attacks of insects. 

All fruit growers were given weekly reports on codling moth develop
ment with suggestions as to timing of the summer sprays. 

Special assistance was given to home owners on termite control. 
A number of private, high school, and State park collections of in

sects have been checked and specimens classified. 
Numerous samples of honeybee brood comb from beekeepers 

throughout the state have been examined for brood disease. 
Hundreds of samples of stored grain which had been attacked by 

insects were examined and some help given. In some cases fumigation 
was recommended for control of the insects. 

Seed Testing Laboratory (Clara Fuhr). A total of 5437 samples 
of seeds and plants was tested and examined by the Seed Laboratory 
during the year. Of these 4551 were tested for Missouri farmers and 
seedsmen." Approximately 200 samples were tested for the Soil Conser
vation Service and 391 Custom House samples subject to the Federal 

. Seed Importation Act were tested. 
The samples tested for farmers and seedsmen of other states, a total 

of 251, were distributed as follows: Iowa 77, Colorado 59, Kansas 53, 
South Dakota 20, Arkansas 12, Oklahoma 11, North Dakota 6, Neb
raska 5, Illinois 4, Utah 2, Texas 1, Wisconsin 1. 

A classified list of the numbers of tests follows: Purity and germina
tion 2921, germination only 1228, approximation and germination 519, 
identification 513, purity only 90, examination only 81, examination 
and germination 17, approximation only 15, purity and examination 3, 
approximation and examination 6; total number of tests made 8859. 

'. 
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Number of samples received: 
July 1, 1937 to June 30, 1938 ................................................ 5,678 
July 1, 1938 to June 30, 1939 ................................................ 5,437 

The Production and Distribution of Bacteria for Legumes 
(W. A. Albrecht, C. B. Harston). During the year ending June 30,1939, 
sufficient cultures were distributed to supply nodule-producing bacteria 
for 16,042 bushels of legume seeds. The amounts as bushel units furn
ished for the different legumes were as follows: 

Soybeans .................................................................................. 5650 
Lespedeza ................................................................................ 4860 
Sweet clover ........................................................................... .2654 
Red clover ................. .... ......................... .................................. 1461 
Alfalfa ................................................................... ................... 777 
Cowpeas ..... .. ...... ......... ............................................................ 370 
Miscellaneous .......................................................................... 270 

The above cultures were sent to approximately 2000 farmers . 
. Testing Soils for their Lime Need (W. A. Albrecht) . Rapid tests 

have been made of soil samples submitted by farmers in order to 
detect deficiencies in the plant nutrients, -particularly calcium, phos
phorus, and potassium. Tests to estimate the amount of organic mat
ter in the soil samples also have been made. These tests supplement 
the tests for lime requirement, which have been made in this laboratory 
for several years and which now are made by many teachers of voca
tional agriculture and county agents with reagents standardized in 
the laboratory of the department of Soils. 

During the past year 5850 soil samples were given the detailed test. 
During the past year 103 tests of the size distribution of ground lime
stone using standard sieves have been made. 

Agglutination Tests for Bang's Disease in Cattle and Swine 
(Cecil Elder). During the past year 254,061 blood samples have 
been tested for Bang's disease. A total of 8,220 samples were tested 
by the State for farmers . The other samples were tested in coopera
tion with the Bureau of Animal Industry, United States Department 
of Agriculture. 

Agglutination Blood Testing for Pullorum Disease- in Fowls 
(A. J. Durant, H. C. McDougle). During the past year 49,589 tests 
were made for Pullorum disease. The blood samples came chiefly from 
chickens, though about 1000 specimens of blood were from turkeys. 
The number of infected fowls was 10.8 per cent of the total, or 5,357. 

Distribution of Experimental Chicken-Pox Vaccine (A. J. Durant,. 
H. C. McUougle). During the past year 17,250 doses of chicken-pox 
vaccine were distributed to poultry owners of Missouri. More than 
two-thirds of the vaccine which was distributed was sent to flock 
owners south of the .Missouri River, since most of the chicken-pox 
is found in this part of the State. 
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Diagnostic Service on Diseases of Animals and Poultry (A. J. 
Durant, H. C. McDougle, F. H. Olvey, Cecil Elder). During the year 
1,561 specimens of diseased poultry were examined. In addition, 1,058 
specimens of diseased animals were examined and a diagnosis made. 
Most of these specimens of poultry and animals came from 68 counties 
of the State. A few were from out of the State. 

PUBLICATIONS 

A. A. JEFFREY, Editor 

During the year ending June 30, 1939, the Experiment Station issued 
33 new publications and 12 reprints, with a total content of 1275 pages 
and in editions totalling 254,500 copies. 

Distribution of Experiment Station publications during the same 
period reached a total of 204,297 copies, including 94,422 mailed to 
residents of Missouri, 45,000 handed to residents of the State at the 
mailing room, 49,562 mailed to individuals or institutions in other 
states, and 15,313 to other countries. 

Research Bulletins 
No. Series, Title, Author, and Number of Illustrations Pages Copies 
286 Particle Size of Tobacco Mosaic Virus, by Claude H. Hills 

and C. G. Vinson, July, 1938; Figs. 2 .................................... 18 2,000 
287 Growth and Development XLVIII. Relation Between 

Body Weight, Amount of Wool or Feathers, and Tem
perature Regulation, by Samuel Brody and John Camp-
bell, July, 1938; Figs. 12 ............................................................ 27 2,000 

288 Magnesium as a Factor in Nitrogen Fixation by Soybeans, 
By Ellis R. Graham, July, 1938; Figs. 9, Plates 3 ............ 30 2.000 

289 Hardiness Investigations with the Apple. by Frank I:-Iors-
fall, Jr., and C. G. Vinson, July, 1938; Figs. 17 .................... 24 2,000 

290 The Fusion of Broken Ends of Sister Half-Chromatids Fol-
lowing Chromatid Breakage at Meiotic Anaphases, by 
Barbara McClintock, July, 1938; Figs. 30 .......................... 48 2,000 

291 Growth and Development XLIX. Growth, Milk Produc
tion, Energy Metabolism, and Energetic Efficiency of 
Milk Production in Goats, by Samuel Brody, July 1938; 
Figs. 20 .......................................................................................... 64 2.000 

292 Substitute .spray Materials, by S. A. McCrory and C. G. 
Vinson, July, 1938; .................................................................... 11 2,000 

293 Apical Dominance in Shoots and Proximal Dominance in 
Roots As Related to Structural Framework of the Apple. 
by Frank Horsfall, Jr., and C. G. Vinson, September, 
1938; Figs. 16 .............................................................................. 23 2.000 

294 Nitrate Production in Soils as Influenced by Cropping and 
Soil Treatments, by W. A. Albrecht, October, 1938; 
Figs. 13 .......................................................................................... 22 2.000 

295 Growth and Development L. The Influence of Fasting and 
Refeeding on Milk Production. Heat Production. and 
Respiratory Quotient, by L. E. Washburn, S. Brody and 
A. C. Ragsdale, January, 1939; Figs. 13; Insert of 18 
pages of tables .................. ,......................................................... 24 2.000 

296 Studies on the Blood Precursors of Milk Protein, by E. P. 
Reineke, V. E. Peterson, O. B. Houchins, and C. W. 
Turner, February, 1939; ............................................................ 20 2,000 
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No. Series, Title, Author, and Number of Illustrations Pages Copies 
297 Virus Protein of Mosaic Disease to Tobacco, by C. G. Vin-

son, D. K. McReynolds, and N. S. Gingrich, February, 
1939; Figs. 3 ................................................................................ 12 2,000 

298 Mutant and Linkage Studies in Triticum monococcum and 
T. aegilopoides, by Luther Smith, April, 1939; Figs. 22.... 26 2,000 

299 Some Effects of Temperature on the Growth and Chemical 
Composition of Certain Pasture Grasses, by E. Marion 
Brown, April, 1939; Figs. 33 .................................................... 76 2.000 

300 Consumer Demand in Missouri for Selected Articles of 
Clothing, by Jessie V. Coles, May, 1939; ........................ 59 2;000 

301 Consumer Denhnd in Missouri for Selected Articles of 
Household Textiles, by Jessie V. Coles, May, 1939; ........ 47 2,000 

Research Bulletins Reprinted 
249 Methods of Incorporating Organic Matter with the Soil 

in Relation to Nitrogen Accumulations, by W . A. Al-
brecht, Reprinted May, 1939; 7 Figs................................... 16 2,500 

254 The Utilization of Wabash Clay (Gumbo) Soils in Crop 
Production, by B. M. King, Reprinted June, 1939; Figs. 
13 .................................................................................................... 40 4,000 

261 Speed and Accuracy in Determination of Total Nitrogen, 
The Use of Seleniulll and Other Catalysts, by A. E. 
Murneek and P. H. Heinze, May, 1939............................ 8 1,000 

Bulletins 
397 Fifty Years in the Service of Agriculture, by The Missouri 

Agricultural Experiment Station, F. B. Mumford, Direc-
tor, 1938, Figs. 28 ............................ .......................................... 100 5,000 

398 Wheat in Missouri, by W. C. Etheridge and C. A. Helm, 
July, 1938, Figs. 14.................................................................... 42 10,000 

399 Rural Land Use Activities in Missouri, by R. ]. Silkett, 
F igs. I, July, 1938...................................................................... 20 3,000 

400 Terracing, an Important Step in Erosion Control, by 
Marion Clark and J . C. Wooley, July, 1938, Figs. 21.... 47 10,000 

401 Operating Expenses of Cooperative Exchanges and Ele-
vators, by Herman Haag, September, 1938...................... 48 5,000 

402 Growing Good Crops of Oats in Missouri, by W. C. Ether-
idge and C. A. Helm, November, 1938, Figs. 4.............. .. 11 10,000 

403 Registration, Labeling and Inspection of Commercial Fer-
tilizers, 1938, by L. D. Haigh and E. W. Cowan, March, 
1939 .............................................................................. __ ................ 45 7,000 

404 Rapid ,Soil Tests for Estimating' the Fertility Needs of 
Missouri Soils, by L. D. Baver and F. H. Bruner, April, 
1939 ................................................................................................ 16 10,000 

405 Evaluating Annual Changes in Soil Productivity, by A. W. 
Klemme and O. T . Coleman, June, 1939, Figs. 14.......... 32 12,000 

406 Grasshopper Outbreaks in Missouri, by Geo. D. Jones, 
June, 1939, Figs. 12.................................................................... 32 10,000 

407 Artificial Insemination of Dairy Cows, by H. A. Herman 
and A. C. Ragsdale, June, 1939, Figs. 26 ...... __ .................... 31 12,000 

Reprints 
247 Pastures for Hogs, by L. A. Weaver, November, 1938, 

Figs. 8 ............................................................................................ 39 15,000 
266 Soybeans and Soybean Oil Meal in Swine Rations, by 

L. A. Weaver, December, 1938, Figs. L ........... __ ................ 20 5,000 
314 Yearling Heifers and Steers for Beef Production, by E. A. 

Trowbridge, and H. C. Moffett, November, 1938, Figs. 9 24 7,000 
322 Inoculation of Legumes, by W. A. Albrecht, April, 1939, 

Figs. 4 .......................................................................................... 8 5,000 
324 Soil Fertility Losses Under Missouri Conditions, by Hans 

Jenny, February, 1939; Figs. 6.............................................. 11 10,000 
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No. Series, Title. Author, and Number of Illustrations Pages Copies 
362 Soil Conservation in An Improved Agriculture. by M. F. 

Miller, March, 1939; Figs. 7.................................................... 15 8,000 
330 The Feeding of Livestock, by A. G. Hogan, March, 1939; 

Figs. 8 ............................................................................................ 36 5,000 

Station Circulars 
199 The Mexican Bean Beetle and Its Control in Missouri, 

by Leonard Haseman and Curtis W. Whigo, December, 
1938; Figs. 3 ................................................................................. . 7 10,000 

200 The Present Status of the European Corn Borer, by Leon-
ard Haseman, December, 1938; Figs. 3 ............................... . 8 5,000 

201 Corn Hybrids in Missouri, by G. F. Sprague, January, 
1939; Figs. 22 ............................................................................... . 27 10,000 

202 Establishing the Orchard, by T . J. Talbert, March, 1939; 
Figs. 9 ........................................................................................... . 23 10,000 

203 Controlling the Fruit-Tree Leaf Roller, by Leonard 
Haseman and Harry E. Brown. March. 1939; Figs. 2 .... 

204 Development and Care of Lawns. by Horace F. Major, 
4 10,000 

April, 1939; Figs. 4 .................................................................. .. 12 8,000 

Circulars Reprinted 
185 Fertilizers for Vegetable Crops, by R. A. Schroeder and 

H. G. Swartwout, November. 1938 ....................................... . 4 3,000 
189 Testing Milk and Cream. by H. A. Herman. February, 

1939 ; Figs. 19 .......................................... : ................................... .. 18 10,000 

The Farm News Service.-Reports of investigations by the Experi
ment Station, and timely subject matter bearing on current farm and 
home problems were issued weekly throughout the year in the official 
cIipsheet, "The Missouri Farm News Service." This service 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. 

Sp'ecial Press Service.-Issued less regularly, as spot news, was 
the special press service for daily newspapers and news syndicates. 
This service reported new discoveries, the more important activities 
of the staff, and information designed to meet special emergencies. 
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CONTRIBUTIONS TO SCIENTIFIC JOURNALS 

Brody, Samuel, Factors Affecting the Efficiency of Transformation of 
Energy Matter in Farm Animals, Submitted July, 1938. Journal of 
Nutrition. 

Elder, Cecil, Comparative Results of Tube and Plate Tests for Bang's 
Disease on Suspicious Animals. Submitted July, 1938, Journal Ameri
can Veterinary Medical Association. 

Lewis. A. A., Turner, C. W., and Gomez, E. T., The Biological Assay 
of the Mammogenic Duct Growth Factor of the Anterior Pituitary. 
Submitted August. 1938. to Endocrinology. 

Gomez, E. T., and Turner, C. W .• The Effect o·f Anol on the Growth 
of the Mammary Gland. Submitted September. 1938. to American 
Journal of Cancer. 

Gomez, E. T., and Turner; C. W., Effect of Anol and Dihydrotheelin 
on the Mammogenic Activity of the Pituitary Gland of Rabbits, 
Submitted September, 1.938, to Proc. Soc. Exp. Biology and Medicine. 

Sprague, G. F., Heritable Characters in Maize. Submitted September, 
. 1938, Journal of Heredity. 
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Reid, W. H. E .. Drew, R. J.. and Arbuckle, W. S .. The Composition 
and Serving Temperature as a Means of Increasing Consumer Pref
erence for Ice Cream. Submitted October, 1938, to Proc. of Inter
national Assoc. of Ice Cream Manufacturers (Dec. 1938) 

Houchin, O. B., Graham, W. R, Peterson, V. E., and Turner, C. W .• 
The Chemical Composition of Blood of the Dairy Goat. Submitted 
October, 1938, to Journal of Dairy Science. 

Lewis, A. A., and Turner, C. W., Chemical Concentration of Mammo
gen from Prehypophyseal Tissue. Submitted October, 1938, to Proc. 
of Soc. of Experimental Biology and Medicine. 

Peterson, V. E ., and Turner, C. W., The Energy Content of Goat Milk. 
Submitted October, 1938, Journal of Nutrition. 

Albrecht, Wm. A., Graham, Ellis R, Ferguson. Carl E .. Plant Growth 
and the Breakdown of. Inorganic Soil Colloids, Submitted November. 
1938. to Proc. of Soil Science of America. 

Albrecht, Wm. A., Variable Levels of Biological Activity in Sanborn 
Field after Fifty Years of Treatment. Submitted November. 1938. 
Proc. of Soil Science of America. 

Garrison. E. R .• The Effect of the Volume of Precipitate on the Ac
curacy of the Polarimetric Determination of Lactose in Milk. Sub
mitted November. 1938, to Journal of Dairy Science. 

Reineke. E. P., Peterson. V. E. and Turner, C. W., The Partition of the 
Serum Globulins of the Dairy Goat. Submitted November. 1938. 
Journal of Biological Chemistry. 

McKenzie. F. F .. and Andrews, F. N., Variations in Estrus and Ovu
lation in the Mare and Breeding Results. Submitted November. 1938. 
Proceed. American Soc. of Animal Production. 

Brody, Samuel, Interrelation Between Endocrines, Metabolism. and 
Productive Efficiencies in Farm Animals. Submitted November. 
1938. American Society of Animal Production. 

Winchester. C. F., Influence of Thyroid on Egg Production. Submitted 
November. 1938, Proceedings of American Society of Animal Pro
duction. 

Turner, C. W., The Relation of Endocrines to Female Reproduction 
and Lactation. Submitted November, 1938, Proceedings of the 
American Society of Animal Production. 

Reid. "V. H. E., and Arbuckle, W. S .• The Effect of Temperature upon 
Score Value and Physical Structure of Butter. Submitted November. 
1938, Proceedings of the 30th Annual Meeting of the American Butter 
Institute. 

Houchins. O. B., and Turner, C. W., The Relation of the Pituitary to 
Blood Lipids. Submitted December, 1938, Journal of Endocrinology. 

Bergman, A. J.. and Turner, C. W., A Comparison of the Guinea Pig 
and Chick Thyroid in the Assay of the Thyrotropic Hormone. Sub
mitted December, 1938. for publication in Endocrinology. 

Albrecht. W. A., and Klemme. A. W .• Limestone Mobilizes Phosphates 
into Korean Lespedeza. Submitted December, 1938. Journal Ameri
can Society of Agronomy. 

Funk. E. M., The Relation of Size of Clutch and Position of the Egg 
in the Clutch to Hatching Results. Submitted January. 1939, Poul
try Science. 

Guerrant. R E., and Hogan. A. G.. Amino Acids and Deaminized 
Casein Anemia. Submitted January, 1939, to Journal of Biological 
Chemistry. 

Sears, E . R., Cytogenetic Studies with Polypoid Species of Wheat. 
I Chromosomal Aberrations in Progeny of a Haploid of Triticum 
vulgare. Submitted January. 1939, to Genetics . . 

Houchin, O. B., and Turner. C. W .• A Method of Assay for the Fat 
Metabolism Hormone of the Anterior Pituitary. Submitted January. 
1939. Journal of Biological Chemistry. 

Turner, C. W., and Cupps, P. T., The Thyrot~opic Hormone in the 
Pituitary of the Albino Rat During Growth, Pregnancy and Lac
tation. Submitted January. 1939, to Journal o( Endocrinology. 
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600 Murneek, A. E., Further Results on the Influence of Branch Ringing 
on Fruit Set and Size. Submitted February, 1939, Amer. Horticultural 
Science. 

601 Bergman , A. J ., Houchin, O. B., and Turner, C. W., Efficiency of Ex
traction and Separation of Certain AP Hormones. Submitted March, 
1939, Journal of Endocrinology. 

602 Turner, C. W., Recent Advances in the Endocrinology of Milk Secre
tion. Submitted April, 1939, Annual Meeting Dairy Science Assn., 
and Journal of Dairy Science. 

603 Reid, W. H. E., Arbuckle, W. S., and Decker, C. W., The Use of 
Motion Pictures in Studying the Influences of Several Factors Upon 
the Stability of Ice Creams and Sherbets. Submitted a t Annual 
Meeting Dairy Science and published in Journal of Dairy Science. 
April, 1939. 

604 Arbuckle, W. S., Decker, C. W., and Reid, W. H. E., The Use of the 
Petrographic Microscope in Studying the Different Types of Lactose 
Crystals As They Occur in Sandy Ice Cream. Submitted April, 1939, 
at Annual Meeting of Amer. Dairy Science, also Journal Dairy 
Science. _, 

605 Parker, Jesse E ., An Avian Semen Collector. Submitted April, 1939. 
Poultry Science. 

606 Funk, E. M., The Effect of Changes in Body Weight of Chickens Oil 
the Hatchability of Their Eggs. Submitted April, 1939. for publica
tion in Poultry Science. 

607 Gifford, Warren, Sires Committee Report: Proved Sire Record and 
Herd Analysis. Submitted April 1939, Journal of Dairy Science. 

608 Ralston, N . P ., Turner, C. W ., and Ragsdale, A. C., Studies on Milk 
and Fat Production of Dairy Cows and Goats as Influenced by Thy
roxine. Submitted April, 1939, for publication in Journal of Dairy 
Science. 

609 Ragsdale, A. C., and Herman, H. A., Artificial Insemination of Dairy 
Cows. Submitted April,1939, Journal of Dairy Science. 

610 Herman, H. A., and Ragsdale, A. C., The Influence of Certain Rations 
and Herd Management Practices on the Weight and Production of 
Holstein-Friesian Heifers. Submitted April, 1939, Journal of Dairy 
Science. 

611 Albrecht, Wm. A., Some Soil Factors in Nitrogen Fixation hy Legumes, 
Submitted to Proc. of International Society of Micro-Biology, April, 
1939. 

612 Holst, Skat, and Turner, C. W., Lactogen Content of AP of Growing 
Rabbits and Guinea Pigs. Submitted for publication in Proceed. of 
the ,Society of Exp. Biology and Medicine. April, 1939. 

613 Reid. W. H. E., New Dairy Products and Market Trends Influencing 
the Dairy Industry of the Ozarks. Submitted April, 1939, Missouri 
Academy of Science. 

614 Turner, C. W., The Endocrinology of Milk Secretion. SUbmitted May, 
1939. Proceedings Amer. Assn. Certified Milk Producers. 

615 Brody, Samuel, Reactions of Animals to Environmental Temperature, 
Humidity, and Air Movements. Submitted June, 1939, Journal Amer. 
Society of Agricultural Engineers. 

616 Marshall, C. E., The Use of Zeolitic Membrane Electrodes, Submitted 
June, 1939, Journal of the American Chemical Society. 

COOPERATIVE PROJECTS, RESEARCH GRANTS AND 
FELLOWSHIPS 

During the year the Agricultural Experiment Station has coop
erated with the United States Department of Agriculture in the fol
lowing projects: 

A Study of Farm Organization and Soil Management Practices 
in Relation to Agricultural Conservation and Adjustment with 
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Special Reference to Formulation of Programs Under the Soil 
Conservation and Domestic Allotment Act. 

The Economic Use of Power, Labor, and Macqinery in Crop 
Production. 

Factors Influencing 'Quality and Palatability of Meat. 
Methods of Beef Cattle Production. 
Feeding Beef Calves Previous to Weaning-Fattening for Mar-

ket. 
Physiology of Reproduction of Farm Animals. 
A Study of Beefiness and Milk Production in Dual Purpose Cattle. 
Maintenance and Development of the Hatch Dairy Experiment 

Station at Hannibal, Mo.-Breeding, Feeding, and Management of 
Dairy Cattle. 

Cooperative Investigations on Parasites of the Oriental Fruit Moth. 
Seed Testing and Enforcement of the Federal Seed Act. 
Cereal Improvement with Special Emphasis on Corn. 
Fruit Disease Investigations in the Ozarks. 
Agronomic, Physiologic, and Genetic Research with Soybeans. 
Improvement of Pastures in the Corn Belt. 
Physiology, Edaphology, and Breeding of Pasture Plants. 
Laws and Principles Underlying the Industrial Utilization of the 

Soybean and Soybean Production. 
Diseases of Orchard Fruit. 
Soil Erosion and its Control. 
The Improvement of Swine Through Breeding. 

De-Raef Corporation 
For research on the subject "The Influence of High Serum Solids 

and Methods of Manufacture on the Physical Properties of Ice Cream." 

National Research Council 
For a study of endocrine factors which influence the curve of lacta-

tion. 
American Medical Association 

For a study on the relation of thyrotropic hormone of the anterior 
pituitary to pregnancy and lactation. 

Corn Products Refining Company 
For the purpose of carrying on studies dealing with "Replacing 

Cane Sugar with Variable Increments of Cerelose in the Ice Cream 
Mix and its Effect upon the Physical and Chemical Properties." 

American Cyanamid Company 
For investigations dealing with the decomposition of farm ,residues. 

Quaker Oats Company 
For breeding of white corn hybrids. 



104 MISSOURI AGRICULTURAL EXPERIMENT STATION 

NEW EQUIPMENT 
Condenser, 2 transformers, spectrum view box and focusing magni

fier, feeding battery, battery brooder, micro attachment for electro
photometer with 2 fluid cells, combustion tube furnace with tempera
ture control, 4 units Sargent Type B extraction apparatus, Misco B 
tube, 3 centrifuges, 1 mited head, 6 metal slotted cups and 6 aluminum 
adapters for centrifuge, 2 calculators, 12x12 poultry house, surgeons 
gloves, laboratory towels, dry cell batteries, syringes, 2 counting cham
bers with green glass slide, microscope lamp, 3 horse semen fractionat
ing apparatus sets, thermos jars, small room added to experimental 
barn, 2 barns on swine experimental farm, 30 hog houses, pig brooder 
house, platform scales, automatic pump and pressure tank, electric 
incubator, sphygmanometer, stethoscope, 2 balance cases, electric dry
ing oven, Duboscq colorimeter with daylite lamp attachment, balance, 
photoelectric macrocolorimeter, pH meter, 2 low-power binocular 
microscopes, 2 fume hoods, 2 Kjeldahl hoods, 1 marometer tube for 
blood gas analysis, analytical chainomatic balance,grinding apparatus, 
blower, chemistry desks, sinks, laboratory tables and cabinets, surgical 
and dissecting instruments, metabolism apparatus, record files, supply 
cabinet, electric oven, artificial insemination equipment, 3 multiple unit 
electric hot plates, low temperature incubator equipped with both 
heating and refrigerating units, adjustable lamp for microscope, incuba
tor, 2 binocular microscopes, dry air sterilizer, potentiometer, homo
genizer, lOa-gallon ice cream mix pasteurizer, 80-gallon ice cream 
freezer, milk tester, barn for young dairy stock and hay barn on Hatch 
Experimental Farm, constant temperature water bath, glassware, 
chemicals, 4 postcard printers, weather instrument charts, small spray
ers and dusters, fermentation cabinet, quartz chronometer, shearing 
machine, glass jars, driver belts, copper tubing, 3 spray guns, air 
sprayer, suction hose, nozzles, wheelbarrow sprayer, 2 kitchen scales, 
thermometers, 1 Uviarc Rectifier G.E. Vapor Lamp, angle centrifuge 
with tubes, pressure bomb, hydraulic jack, stone jars, flasks, glazed 
crocks, set grinding plates for power mill, lamp and scale, blower, 2 
galvanometers, freezing attachment for carbon dioxide, set pruning 
equipment, greenhouse, 2 respiration flasks, glass prism, rheostat, set 
respiratory funnels, clay pots. . 

CHANGES IN STATION STAFF FOR THE YEAR ENDING 
JUNE 30, 1939 
Appointments 

Ellis John Airola, Research Assistant in Horticulture 
Ronald B. Almack, Research Assistant in Rural Sociology 
Robert Beasley, Research Assistant in Agricultural Engineering 
Howard C. Becker, Research Assistant in Horticulture 
Wendell H. Bond, Research Assistant in Agricultural Chemistry 
Ferne Bowman, Assistant Professor of Home Economics 
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Clyde Cunningham, Research Assistant in Horticulture 
Elvis R. Doll, Research Assistant in Veterinary Science 
Albert J. Dyer, Instructor in Animal Husbandry 
Elizabeth Dyar, Research Assistant in Home Economics 
Norrine L. Grover, Instructor in Home Economics 
Florence Harrison, Professor of Home Economics 
Clarence B. Harston, Research Assistant in Soils 
Mary Cushman Hayes, Research Assistant in Home Economics 
Lucille Hieser, Research Assistant in Home Economics 
Leonard C. Hoegemeyer, Fellow in Department of Field Crops 
Roger P. Humbert, Research Assistant in Soils 
Walter B. Kasiske, Research Assistant in Horticulture 
Carl A. Krinbill, Research Assistant in Horticulture 
John Lasley, Research Assistant in Animal Husbandry 
Jordan G. Lee, Research Assistant in Agricultural Chemistry 
Esther Jame Meier, Research Assistant in Animal Husbandry 
Ralph E. Mercer, Research Assistant in Agricultural Economics 
John P. Mixner, Research Assistant in Dairy Husbandry 
Henry A. McQuade, Research Assistant in Horticulture 
Ralph H. Peck, Assistant Professor of Forestry 
Eugene L. Powell, Research Assistant in Agricultural Chemistry 
Allan W. Purdy, Research Assistant in Horticulture 
Russell A. Rasmussen, Instructor in Agricultural Chemistry 
William Edwin Roland, Research Assistant in Entomology 
Newcomb C. Smith, Instructor in Soils 
Francis Wadsworth, Research Assistant in Horticulture 
Eugene Perry Whiteside, Research Assistant in Soils 

Resignations and Withdrawals 
Howard C. Becker, Research Assistant in Horticulture 
Eades H. Carroll, Research Assistant in Horticulture 
Darryl R. Francis, Research Assistant in Agricultural Economics 
Elmer L. Gahley, Assistant Instructor in Animal Husbandry 
E. T. Gomez, Instructor in Dairy Husbandry 
William H. Griggs, Research Assistant in Horticulture 
R. E. Guerrant, Instructor in Agricultural Chemistry 
.Mary Cushman Hayes, Research Assistant in Home Economics 
Lucille Hieser, Research Assistant in Home Economics 
Roger P. Humbert, Research Assistant in Soils 
Walter B. Kasiska, Research Assistant in Horticulture 
Ralph E. Mercer, Research Assistant in Agricultural Economics 
Hubert C. Moffett, Assistant Professor of Animal I{usbandry 

( deceased) 
Ernest M. Parrott, Assistant in Agricultural Chemistry 
Allan G. Peterson, Research Assistant in Entomology 
Wm. Edwin Roland, Research Assistant in Entomology 

105: 
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J. W. Schroeder, Research Assistant in Agricultural Chemistry 
Lloyd E. Washburn, Research Assistant in Dairy Husbandry 
R. H. WestveId, Assistant Professor of Forestry 
Eugene Perry Whiteside, Research Assistant in Soils 
Eugene Wilkening, Research Assistant in Rural Sociology 

FINANCIAL STATEMENT 

UNIVERSITY OF MISSOURI 
AGRICULTURAL EXPERIMENT STATION 

in account with 
THE UNITED STATES APPROPRIATION, 1939 

Hatch 
Fund 

-Adams 
Fund 

Purnell I Bankhead
Fund I J ones Fund 

Dr. 

To balance from 1937-38 ............ $ .................. $ .................. $ .................. $ ................... . 
Receipts from the Treasury of . 

the United States, as per 
appropriations for fiscal 
year ended June 30, 1939........ 15,000.00 15,000.00 60,000.00 67,346.82 

TotaL............................. 15,000.00 15,000.00 60,000.00 67,346.82 

Cr. 

Personal services ._-.-.-0-___ ._._--._---' 15,000.00 9,179.90 37,870.35 36,788.51 
Supplies and materials ... __ o ______ 0 ___ • • _ _ _ 0 __ 0-- ____ -- 4,668.82 11,721.32 12,292.32 
Communication service .. --.---------- -----_._ ----- ... 55.60 83.63 182.87 
Travel expense ._----_ .. -... _-_ ..... -...... _- .. _- -- _. __ .... _- 15.57 1,753.67 1,299.07 
Transporta tion of things ............ . __ ......... _-... 68.63 222.78 536.23 
Printing and ill us tra:ting pub-

lications ... _---- .. -------.............. _--.-_._- -.-_- ... 0 .. ______ • ........... _-_ ... __ . 2,004.34 1,598.53 
Heat, light, water, and power -.---.-0 ... _--0. 48.44 479.84 708.21 
Contingent expenses .. -- -_ ....... _- --- _.- ........... _ .. __ ... 20.00 111.00 135.87 
Equipment -_ .. -._--...... _-.... -_ .......... _-----_ .. _- ._-_ .. __ ......... 746.30 4,508.38 6,606.31 
Building and land ....................... ..................... 196.74 1,244.69 7,198.90 
Balance ............................................. ':" .... _ .. ................... . ... -............ .. .. ...... _--......... . ..... _ ......... -

Total .................................... 15,000.00 15,000.00 60,000.00 67,346.82 
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