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The 
FIFTY-THIRD ANNUAL REPORT 

of the 
SOUTH CAROLINA EXPERIMENT STATION 

INTRODUCTION 

The present efforts in land use planning and the attention 
given to a live-at-home farm program, emphasize the necessity for 
a critical examination of the conditions determining the success 
of various systems of farming. For a long period there has been 
a tendency towards specialization in agriculture along with other 
industries. This specialization has resulted in the farmers buying 
a large proportion of the products consumed on the farm. 

The present economic conditions make it desirable for farmers 
to return to more thversified systems of agriculture. Since it is 
well known that a large proportion of the farm soils are not in a 
suitable fertility condition to support a diversified agticulture, 
there is a very definite limitation in the practicability of extending 
such a system of agriculture on the less productive soils. Ap
proximately 40 percent of the farm soils in the state have a pH 
value of 5.5 or less and will usually not produce sufficient food of 
desirable quality to make diversification practical. Around 40 
percent of the soils of the state have a pH value ranging from 5.5 
to 6.0 and are suitable for such specialized cash crops as cotton, 
tobacco, potatoes and melons. The remaining 20 percent of the 
soils have a pH Yalue of 6.0 or above and are suitable for the 
production of a wide yariety of crops and therefore capable of 
supporting diversified systems of agriculture. 

The use of around 500,000 tons of lime material annually will 
be necessary to make the soils of the state suitable for profitable 
systems of diYersified agriculture. Fortunately it is possible to 
offset a large proportion of the cost of liming by modernizing our 
fertilizer practices. South · Carolina farmers are spending around 
one million dollars annuallv for sand or other inert filler in 
fertilizers. This is an unn~cessary expenditure which can and 
should be eliminated. It has been eliminated in some states by 
modernizing fertilizer practices. 

Our efforts in planning more efficient land use programs will 
have limited applications if the basic soil deficiencies are not cor
rected. On the other hand, unless more suitable land use and man
agement programs are introduced, a large proportion of the land 
now in farms will have to be abandoned and allowed to revert to 
forest. Much of this land is capable under suitable management 
of producing· profitable yields of food and feed crops. which will 
enable farmers to expand and improve their livestock enterprises 
necessary for successful diversified systems of agriculture. 
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AGRICULTURAL ECONOMICS AND RURAL SOCIOLOGY 

Events of the past few years have sen,ed to focus new and in
creased emphasis upon programs of research in economic and social 
problems. ·with the growth of nationalism and the decreased 
exports of the principal crops of the country has come a demand 
for more efficient production of more and better products. To 
meet these demands the scientists must not only discover and 
develop new products and new outlets for old products but they 
must constantly check the effects of these chang·es upon the eco
nomic ancl social mechanism. 

It is the responsibility of the agricultural economist and the 
rural sociologist to assist fa1·mers in making the adjustments 
necessitated by developments of national and international impor
tance while at the same time performing· services required as a 
result of situations which are purely local. The present war, for 
example, has practically ruined an already declining market for 
the South's principal cash crop, which makes mandatory drastiC' 
changes in the organization of nearly every farm. This creates a 
problem not alone of finding a new cash crop but of fitting it into 
the farm business and of maintaining, meanwhile, a reasonably high 
standard of living·. 

Another problem which challenges the interest of the agricul
tural economist and the rural sociologist has to do with the dis
placement of farm labor by machinery. Estimates indicate that the 
number so displaced during the coming decade will approximate 
300,000 families in the South alone. ·while some of these, no doubt, 
will find employment in the making of the machines, the process 
of change is bound to be a painful one and will require careful 
study. Perhaps small rural industries will arise to supplement the 
income of farm people; a liYe-at-horne program will unquestionably 
soften the effects of lower cash incomes. Better land use, more 
efficient governmental institutions and services, equalization of tax 
burdens, improYed management practices, better marketing methods, 
increased cooperation-all seem to lead to an improved standard of 
living on the farm. It is to these things that the department of 
agricultural economics and rural sociology has directed its efforts. 

Some idea of the scope of the department's activities may be 
gained from the titles of Bulletins 323, 325, 326, 327, and 328, issued 
during the fiscal year and listed in the report of the Publications 
Department. 

Since the close of the fiscal year on June 30 another bulletin 
has been issued, Bulletin 331, entitled Riiral Land JI oldings in S oidh 
Carolina, and additional manuscripts covering other activities are in 
process 0£ publication. 
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A brief summary of selected activities is included as a part of this 
report. 

Rural Land Holdings in South Carolina 
(G. H. Aull ) 

At the present time a great deal of attention is being given to 
problems of agricultural adjustment, soil conservation, rural rehabili
tation, farm credit, and to the whole field of land-use planning. While 
the ultimate solution of these problems must take into account all 
groups concerned, the immediate approach to them is of necessity 
through the present owners. Certainly, under a system of private 
property in land, although the rights of owners are by no means 
absolnte, they are exclusive. 

The ownership, size, and value of separate land holdings are 
significant factors to be reckoned with in the initiation and develop
ment of land-use programs. Unfortunately, however, very little 
information of this kind is available, even in the "Cnited States 
Census reports. 

With this in mind a study was designed to determine the facts 
with reference to the ownership of rural land holdings in South 
Carolina as to (a) type of owner, (b) size of separate holdings, and 
( c) assessed value distribution. ( This study was conducted in coopera
tion with the Works Projects Administration as Project No. 3687.) 
The data, which have been anal~·zed by counties and by type-of-farm
ing areas, are suggestive of problems which will be encountered and 
conditions which must be faced in the different sections of the state 
if a sound land policy is to be put into effect. 

Among the more important findings of the study may be men
tioned the following : Of the 141,355 properties for which data were 
obtained in 43 of the 46 counties, 135,5-!1 properties, or 95.9 per
cent were reported to have been held by individuals. Banks, insur
ance companies, other corporations and partnerships claimed title to 
less than six thousand, or only about 4 percent of all rural properties 
in the state. At the same time, however, they accounted for 12.3 
percent of the total acreage and 11.3 percent of the total assessed 
value of all rural properties listed. These data are summarizd in 
Table 1. 

Corporations (including banks, insurance companies, lumber com
panies, etc.) seem to have acquired substantial acreages in Jasper, 
McCormick, Clarendon and Horry counties although the number of 
such holdings is relatively small. In Jasper county, for example, less 
than 4 percent of all rural properties are listed under corporation 
ownership but they embrace nearly 60 percent of the rural lands in 
the county and 58 percent of the rural assessed values. 

More than one-fourth of the 141,355 properties were less than 
25 acres in size and nearly one-half contained fewer than 50 acres 
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Table 1.-Number, Acreage, and Assessed Value of Rural Land Holdings in 
South Carolina by Type of Owner, 1938 

Properties Acres Assessed value* 

Type of owner I 
Number I Percent Number I Percent Amount \ Percent 

of tota l of total of total 

I I 
Individuals -----\ 135,541 I 95.9 13,817,759 1 87.7 I 77,652,788 I 88.7 
Banks ---------- 1,996 1.4 305,425 1.9 I 1,438,366 I 1.6 

Insurance I I I I . companies __ 542 .4 140,325 ) .9 797,320 I .9 
All other _______ 3,276 2.3 1,497,130 9.5 7,624,928 I 8.8 

Total ------1 141,355 I 100.0 I 15,760,639 I 100.0 I 87,513,402 I 100.0 

*Land and buildings. Farm real estate in South Carolina is assessed on 
the average for only about 25 percent of its actual value. 

each. Only 4,009 properties, or 2.84 percent, measured as much as 
500 acres. These latter properties, however, accounted for 28.37 percent 
of the acreage and 20.43 percent of the assessed value of all properties, 
while those under 50 acres contained only 8.78 percent of the total 
acreage and 15.05 percent of the total assessed value (Table 2). 

Table 2.-Percentage of Rural Land Holdings in South Carolina by Size, 
1938 

Percent of total 
Si ze groups 

I I (Acres per property) Properties Acres Assessed 
value 

Less than 25.00 ---------------- 25.87 2.69 6.58 
25- 49.99 --------------------- 19.00 6.09 8.47 
SO- 99.99 --------------------- 13.91 14.89 17.43 

100-199.99 --------------------- 18.73 22.72 23.36 
200-499.99 --------------------- 9.64 25.24 23.73 
500 and above ~---------------- 2.84 28.37 20.43 

Totals ---------------------1 100.00 100.00 100.00 

In the state as a whole and for all types of ownership it appears 
that somewhat more than one-half of the rural acreage and nearly 
half of the rural real estate value in South Carolina is concentrated 
in the hands of approximately one-eighth of the rural owners in 
tracts of 200 acres or more. At the other end of the scale one-fourth 
of the owners control less than 3 percent of the acreage and about 6.5 
percent of the value. Whether this represents an undesirable situation 
(and in what direction) is not now a question. It does, however, sug
gest some of the problems to be encountered in any attempt to work 
out desirable land use adjustment. 
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Rural School Area Studies 
(J. D. Kinard*) 

11 

From intensive studies made of selected rural areas in South 
Carolina some significant facts are revealed relative to the educational 
progress of the youth, and the economic and sociological conditions of 
the families. In one area for example, 56 percent of the owner 
families and 82 percent of the tenant families spent less than $50 
per year for clothes. Sixty-nine percent o.E the owner families and 
47 percent of the tenant families spent less than $50 per year for 
food. These and other figures cited haYe to do with white families 
only. No Negroes were included in these studies. 

The cash income for the average family is low. Cotton, fruits, 
Yegetables, and chickens are the farm items from which almost all of 
the cash is deriYed. The average annual cash income does not exceed 
$350 per family. The production of corn, meat, milk, and Yegetables, 
produced for family consumption, is also low, especially with tenant 
families. 

A very high percentage of the elementary pupils, especially those 
from under-priYilegcd homes, fails to complete elementary school. One
half of all high school pupils from tenant homes were enrolled in the 
eighth grade. The ratio of high school to elementary pupils is 1 to 
11 among pupils from tenant homes but only 1 to 2.2 among pupils 
from owner homes. A much higher percentage of owner than of tenant 
youth (5 to 1) had left the area in search of employment. 

The standard achievement test grade scores made by the elemen
tary pupils of the area were low in comparison with test scores made by 
urban school children. The fourth grade elementary pupils of the 
area tested one year lower than semi-urban and three years lower than 
urban school children in reading. 

The rural high school pupils tested low in comparison with test 
scores made by urban high school pupils. The test grade scores made 
by eighth grade urban pupils were higher than those made by tenth 
grade pupils in the rural high school. 

Sixty-one percent of the elementary pupils repeated one or more 
grades. The pupils in the one-teacher schools repeated more grades 
than the pupils in the two- and three-teacher schools. The tenant 
pupils repeated more times than did the owner pupils. The first grade 
was repeated more often than any other grade. 

The present school law in South Carolina guarantees an eight
months school at state expense but does not provide for any buildings, 
improvements, or supplies. The result is that many schools are being 
operated under very unfavorable conditions. As a matter of fact, a 
high percental?'e of the school districts lack the taxable wealth to 

*These studies were formerly conducted under the direction o f Dr. H. L. 
Fulmer. 
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provide minimum facilities. In some instances existing buildings are 
unfit for service although heavily indebted. 

rrhcre are nearly 2,000 school districts in the state and only $365,000,000 of taxable property. About one-third of the districts 
possess less than $40,000 worth of taxable property each and nearly one-half contain property worth less than $50,000 (Figure 1). Since 

TOTAL TAXABLE 
PROPERTY 

IN DISTRICT 

0- 9,999 

10,000 - I 91999 

20;000 - 29,999 

30,000 - 39,999 

40,000 - 49,999 

50,000 - 59,999 

60,000 - 69,999 

70,000 - 79,999 

80,000 - 89,999 

90,000 - 99,999 

I 00,000 - I I 91999 

120,000 - 13 9,999 

140,000 - I 591999 

160,000 - I 79,999 

180,000 - 199,999 

200,000 - 249,999 

250,000 - 499,999 

500,000 - 999,999 

J,0001000 & ABOVE 

0 50 

NUMBER OF DISTRICTS 

JOO 150 200 

NUMBER OF SCHOOL DISTRICTS 
in 

SOUTH CAROLINA 
REPORTING SPECIFIED AMOUNTS 

of 
TAXABLE PROPERTY, 1938 

250 

Figure 1.-Number of school districts in South Carolina reporting 
specified amounts of taxable property, 1938. 
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this property must bear the cost of nearly all county services and 
functions, it is easily seen that li ttle is available to finance permanent 
improvements for school buildings. 

The Place of Small-Scale EnterpTises in the Social and Economic 
Development of the Rural South 

(James M. Stepp) 

In the spring of 1940 a five-year study of the economic and social 
importance and possibilities of small-seal e, non-agricultural, rural en
terprises in the South was begun in collaboration with the General 
Education Board. It is, in short, a study of specific methods whereby 
farm .families may add to their income and improve their level of 
living through an advantageous use of '' spare time,'' or '' surplus 
labor." 

Most of the statistical data to be gathered in the course of the 
study are to come from South Carolina. This state is an excellent 
place to make such a study. The average crop land harvested per 
capita of the farm population is less than five acres. Much of this 
land is relatively unproductive and yields little or no return. General 
industrial depression during the past decade has prevented the normal 
emigration of people into industries with the result that there has 
been a relative increase in farm population. The usual farm family 
has a surplus of labor relative to the needs of the farm it operates. 

·when a fami ly, as an economic unit, attempts to derive all of its 
income from a farm that is uneconomically small, its level of living 
cannot but be low. At the same t ime a supplementary enterprise 
utilizing labor not needed to conduct efficient farming operations 
should improve the standard of living of such a family. Such an 
enterprise might be operated seasonally so as to take up part of the 
seasonal labor u tilization slacks which recur on a large portion of 
the farms in the South, or it may be operated continuously with labor 
which otherwise would remain idle. 

Three major steps are contemplated in making the study: A 
reconnaissance surYey to reveal the exact location of as many enter
prises as possible in order that subsequent record taking may be 
facilitated; a census to show for each enterprise the nature, size, scope, 
organization, and economic environment of the undertaking; and, 
finally, a "sample" of the various industries and crafts to be analyzed 
with respect to capital and labor requirements, overhead and operat
ing expenses, methods and costs of purchases and sales, kinds, sources, 
and costs of materials used, and the industry or craft's relative 
position in the farm or home economy. Schedules have been pre
pared for these field surveys. 

Fourteen counties, scattered over the state, have thus far been 
covered in the reconnaissance survey, but the data have not yet been 
classified. 
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Cotton Marketing 

(W. T. Ferrier and H. A. White) 

Studies in cotton marketing were initiated by the South Carolina 
Experiment Station in 1925, and since that time three reports have 
been published as Experiment Station bulletins. In recent years, as 
a result of the government lending program, the volmne of price data 
available in local markets has been insufficient to provide the basis for 
any conclusions. With the passage of the Smith-Doxey Act in 1937, 
free classification of cotton was made available to producers, and new 
interest is being shown in the influence of existing marketing methods 
upon the prices paid farmers for their cotton. 

During the 1939-40 season, information as to quality of cotton 
sold, marketing conditions and prices received by growers was 
obtained in four local South Carolina markets. The geographical 
location of these markets is such that freight differentials to con
suming centers were considered to haYe been eliminated. Significant 
differences in the quality of cotton sold and in P.rices paid to growers 
are shown in the full report of this study which is being prepared 
for publication. There was little relationship between the quality of 
the cotton offered for sale and the prices actually paid in three of the 
four markets studied (See Table 3). 

Table 3.-Average Staple Length, Percentage of Cotton Below Middling 
Grade, Discounts Assessed Against Cotton of the Same Quality in 
the Augusta Market, and Prices Paid in Four Selected South Carolina Markets, 1939-40 Season 

Average Pcrcen t Discounts Local Market Number s taple below in Augusta price 
number bales length middling market (cents per 

sampled (32d's of I grade (points off) pound) 
one inch) 

I 
1 1,000 31.6 64.9 35 I 

9.23 
2 500 31.4 53.0 24 

I 
9.30 

3 584 31.6 87.5 82 9.03 
4 789 31.6 I 30.0 0 8.95 

Total and \ 
averages ___ 2,873 31.6 56.0 33 9.12 

The average quality of the cotton sold in Market 4 was equivalent 
to Middling 15/ 16-inch White cotton as measured by the premiums 
and discounts paid in the Augusta market. While the staple length 
averaged almost exactly the same in all four markets, the percentage 
of cotton below Middling in grade varied from 30.0 in the case of 
Market 4 to 87.5 in the case of Market 3. The lower quality of 
cotton in Market 3, much of which was due to gin damage, would 
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have drawn a penalty of 82 points, or approximately $4.10 per bale 
on the Augusta market. 1\Iarket 4, a market having several buyers, 

Figure 2.-Improved varieties of cotton produce a higher yield per 
acre as well as a superior staple. Too often the benefits 
to be derived from planting these var!eties are lost 
through improper handling and haphazard marketing. 

received the highest quality cotton but paid the lowest average price 
for it. On a quality basis Market 3 paid approximately $4.50 more 
per bale than Market 4. It should be noted that all of the markets 
paid more than the Augusta market would have paid for cotton of 
comparable quality. This price differential is enjoyed by most South 
Carolina cotton producers largely because of their nearness to cotton 
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mills and the fact that much of their crop is of the quality demanded 
by local mills. 

A tabulation of rnriations in prices paid in the same market and 
in different markets for cottons of the same quality and of different 
qualities sold on the same date further indicates the failure of prices 
to r eflect closely the quality of cotton sold. (A detail of this tabulation 
will appear in the final report.) For example, in Market 1 a fl::,,t price 
of 9.25 cents was paid with one exception although the grade of 
cotton sold varied from Middling to Low Middling and the staple 
length varied from 15/ 16 inch to 1 1/ 32 inches. As a result of this 
average or "hog-round" buying, the seller of Low Middling cot
ton was overpaid $7.75 per bale. Market 4, with the greatest nmn
ber of buyers, most nearly approached buying on a quality as 
opposed to a "hog-round" basis. Market 3 varied its price $5.00 
per bale for cotton of the same quality on the same date. In a 
majority of the cases the producer of better grade cotton was under
paid. This, however, does not mean that "hog-round" buyers made an 
excessive profit on their transactions since they usually lost on their 
purchases of lower quality cotton. 

Table 4 shows the losses suffered by farmers in the four markets 
as a result of gin damage. In l\Iarket 3 gin damage accounted for 

Table 4.-Discounts for Poor Gin Preparation at Selected Cotton Markets, in 
South Carolina, 1939 Crop Year* 

Average 
Ave rage I T otal I Number I Average I Total I di scount M a rket b a les ba les P e rcent di scount di scount di scount per ba le number sampled rough- r oug h · (po int s) (dollars per (dollars) sampled ginned ginn ed 500-Jb. bal e ) , (cents) 

I I 

I 
I 1 1,0 18 64 6.3 69.8 3.49 223.36 I 21.9 2 836 

I 
160 19.1 72. 0 3.60 576.00 I 68.9 3 887 147 16.6 88.3 4.42 649.74 I 73 .3 4 I 1,329 53 4.0 71.1 3. 56 188.68 I 14.2 

*Calculations based on pre1nium s and discounts in the Augu sta, Ga. markets. 

an average loss of $4.42 on 147 of the 887 bales sampled. This is 
equivalent to 73.3 cents on every bale ginned. It should be under
stood that gin damage results not only from poor ginning methods 
but also from carelessness on the part of the farmers in bringing 
green or wet cotton to the gin. 

The free classification of cotton and the market news as fur
nished by the Agricultural Marketing Service should prove of great 
value to producers in the marketing of their cotton. With a proper 
knowledge of the value of their product in terms of grade, staple 
length, and central market premiums and discounts, farmers are 
in a better position to insist that buyers purchase their cotton on 
a quality basis. In cases where gin damage is reported, the grower 
will be more like])' to see that his cotton reaches tlie gin in good 
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condition, after "·hich he can demand that the ginner handle hi 
cotton in a manner to aYoid discounts attributable to rough-ginned 
or gin-cut cotton. 

Changes in Farm Organization and Management in Anderson 
County, South Carolina, 1935 to 1939 

(M. J. Peterson a nd J. D. K inard) 

In 1935 the Department of Agricultural Economics and Rural 
Sociology, cooperating· with the Agricultural Adjustment Adminis
tration, made a study of approximately 150 farms in Anderson 
county, South Carolina, with a view of determining farm organiza
tion and management practices prior to the organization of the 
Soil Conservation District. The data obtained at this time have 
not been published, but were made available to governmental 
agencies and to farmers interested in the improvement of agricul
tural conditions. 

A soil conservation program has been under way in Anderson 
county for several years and in 1940 one hundred of the original 
group of farms were resurveyed and significant changes observed. 
The farms studied were about equally divided between those 
participating and those not participating in the Soil Conservation 
Service program. The data have not yet been completely analyzed 
but certain comparisons may be made on the basis of preliminary 
figures. 

For example, identical farms show an increase of about four 
acres per :farm of land in crops, but a decrease of 12 acres to nine 
acres in open pasture per farm. There was an increase from 3.6 
acres to 10.5 acres in legumes for soil improvement, and significant 
increases in the acreage deYoted to small grain and hay other than 
legumes. Cotton acreage decreased about two acres per farm. 

In general, livestock " ·as of somewhat greater importance in 
1939 than in 1935. There was a slight increase in dairy cattle 
and a significant increase in poultr~· per farm, although a decrease 
in the number of hogs, which was apparently the natural result of 
low hog prices and a reflection of the function of the "hog cycle." 
The increase in dair:v cattle and poultry doubtless reflects an in
crease in the production of liYestock for home consumption. Mules 
continue to be the principal source of farm power in Anderson 
county. 

Table 5 summarizes selected items of farm expenses in 1935 
and 1939. Labor and fertilizer stand out as important items of 
expense during· both years. Labor costs, however, were noticeably 
greater in 1939 than in 1935. There was a slight decrease in the 
cost of fert ilizer and a substantial decrease in the cost of ginning. 
Taxes aYeraged about $5.00 less per farm in 1939 than in 1935 
('l'able 5). 
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Table 5.-Selected Items of Farm Expense in Anderson County, South Caro
lina, 1935 and 1939 

Source of expense 

Cropper labor ---------------------------------
VVage labor ------------------------------------
Fertilizer ---------------------------- ------- ___ _ 
Ginning _ ------------------ --------------------
Taxes ------------------------------------------

Amount per farm 
1935 I 1939 

$606 
102 
254 

91 
66 

$627 
163 
239 
47 
61 

The increased importance of labor costs and the reduced 
expenditures for fertilizer appear to be a reflection of a nationwide 
trend. As labor costs rise and fertilizer costs decrease, light soils 
requiring heavy fertilization but easy to till become more economi
cal for cultiYation than heavy soils requiring much labor but little 
fertilizer. 

Cotton and cotton seed continue to be the major source of 
receipts on the farms studied, with little change in totals between 
1935 and 1939. A significant increase from $95 to $184 in receipts 
from crops other than cotton was offset by a decrease from $221 to 
$189 in receipts from livestock and livestock products. Government 
payments increased from $214 to $290 and were in 1939 second 
only to cotton as a source of receipts. 

In Table 6 there is presented a summary of selected items from 
the farm business analyses showing the status of identical farms in 
1935 and 1939. The major changes apparent in Table 6 are a sig
nificant increase in the average yield of cotton from 328 to 428 
pounds per acre and a slight increase in labor efficiency. There is 
still room for improvement in this respect, however, and it becomes 
more important as labor costs increase. There appears to be a 

Table 6.-Summary Comparison of Identical Anderson County Farms, 
1935 and 1939 

Size of farm business: 
Productive man work units -------------
Man equivalents ------------------------
Animal units ---------------------------
Acres of cotton--------------------------

Labor efficiency: 
VVork units per man ---------------------

Rate of production: 
Pounds of cotton per acre ---------------

Combination of enterprises: 
Percentage of work units on cotton ______ _ 
Percentage of work units on livestock ____ _ 

Labor income -------------------------------

1935 

490 
2.9 
7 

25 

170 

328 

62 
11 

$364 

1939 

501 
2.8 
8 

23 

179 

428 

59 
13 

$470 
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small and gradual tendency toward less specialization and a better 
balance in the different farm enterprises. These factors will be 
further analyzed in a detailed report which is now being prepared 
for publication. 

Sharecroppers and Wage Laborers on Selected Farms 

(E. J. Holcomb and G. H . Aull ) 

Net changes in numbers or tenure status of sharecroppers and wage 
laborers between 1933 and ] 937 were not significant if conditions in 
two South Carolina counties may be taken as typical. The reduc
tions in acres devoted to cotton and tobacco were much greater than 
the very slight changes in numbers and proportion of sharecroppers 
and wage families . The economic status of the sharecropper and 
of the wage family is more closely related to the size of the family 
and its working force than to tenure status insofar as cash income 
is concerned. A change from cropping to wage labor however, may 
mean a sharp decrease in the family income from home-use goods. 
A very marked upward change in wage rates in relation to prices 
of cotton and tobacco will be necessary before the total income of 
the wage family can equal that of the sharecropper. The incomes 
of both groups can be improved greatly by an increased production 
of home-use goods and this is probably the best means to improve 
economic status. 

A continued curtailment in cotton and tobacco production will 
in time reduce the total number of both sharecroppers and wage 
laborers, and a continuation of a subsidized agricultural program 
with sharecropper participation in the payments to farmers will 
accelerate the reduction in number of sharecroppers. Changes will 
probably be gradual rather than abrupt, however, because of farmer 
needs for a dependable labor force . Until the technology of cotton 
and tobacco production is greatly improved, farmers in these areas 
will find little encouragement to make complete shifts to the use of 
wage laborers in lieu of sharecropper. 

These and other conclusions are based upon a comprehensive 
study of the economic status of sharecroppers and wage laborers 
on selected farms in Laurens and Florence counties, South Carolina, 
conducted in cooperation with the United States Department of 
Agriculture. Detailed results of the study have been published in 
Experiment Station Bulletin 328, Sharecroppers and \Yage 
Laborers on Selected Farms in Two Counties in South Carolina. 
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AGRICULTURAL ENGINEERING 

Non-Pressure Preservative Treatment of Southern Pine Posts 

(G. H . Dunkelberg, G. B. Nutt, H. T . Polk, and A. R. R eed*) 

Interest in livestock farming in South Carolina is resulting in 
the fencing of thousands of acres. A principal limiting factor in 
the livestock program is the cost of fence construction, due largely 
to the scarcity of durable wood for posts and the high initial cost 
of commercial post materials. 

There is an abundant supply of fast growing pine timber in 
this state which can be utilized for fence posts if treated to prevent 
attack by insects and fungi. 

The presenatiYe treatments under investigation are ones that 
can be used by the indiYiclual farmer because they require very little 
equipment, no curing of the wood before treatment, and no 
specialized knowledge of wood preservation. 1\'Iost of the fast
growing Southern pines may be used. 

Trees of the proper sizes for posts should be felled, cut into the 
lengths desired, and allowed to stand for about 24 hours before 
treatment. This period allows the gum to accumulate on the ends 
of the logs. Treating solutions of either zinc chloride or copper 
sulfate (commonly known as bluestone), should be mixed in a 
wooden or stone container. Two pounds of the salts to a gallon of 
water will giYe the correct concentrations. SeYeral hours are 
required for all the salts to go into solution, even with frequent 
stirring; consequently it is best to prepare the solutions before they 
are needed. 

Wooden containers for the actual treating are necessary, as the 
dissoh·ed salts will attack metal. Halves of wooden barrels have 
given good results and are easy to obtain. 

Just prior to treatment, a gallon or two of the treating solution 
should be placed in each container. An inch of the butt encl of each 
post should then be sawed off and the freshly cut end placed in the 
liquid. Half of a 50-gallon barrel will hold three to 10 posts, 
depending on the size. After the tub is filled to capacity, solution 
should be added until there are two quarts to each cubic foot of 
wood. After three days, the posts should be removed from the tub, 
about an inch of the top end sawed off, and the posts placed again, 
top encl down, in the same container from which they were removed. 
It is not necessary to add more solution at this time. Figure 3 
shows a view of posts during treatment. 

The posts should be allowed to remain in the container until 
all the solution has been taken up. This requires two to four days. 

*Assistant Professor of Physics, Clemson Agricultural College. 
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At the end of the treating period, 
the posts should be remoYed and 
allowed to air-dry for at least a 
month before being set. 

Fifteen hundred posts treated 
by this method are in seryice on 
the Clemson College Land Use 
Project. 

A test plot has been set up to 
determine the effect of the two 
salts on the corrosion of various 
kinds of fence wire and staples. 
The length of the curing period of 
the posts is being studied in re
gard to corrosion. 

Other tests are under way to 
determine the distribution of salts 
within a post under various con
ditions of handling. Longtime 
service tests are also being con
ducted to determine the aYerage 
life of a post treated by the above 
methods. 

Figure 3.-D u ring treatment 
posts are placed in 
half barrels contain
i ng a solution of 
copper sulfate or 
zinc chloride. 

Farm Machinery Demonstration 

(W. N. McAdams and C. S. Patrick) 

The third annual all-day farm machinery demonstration was held 
l\Iay 1, 1940 through the cooperation of the Agricultural Engineer
ing Department, the Farms Department, and the Agricultural 
Engineering Department of the Extension Service. 

The machinery shown was valued at approximately $50,000 
and included the latest designs of both tractor and horse-drawn 
equipment furnished by leading farm machinery manufacturers 
throughout the country. 

All machinery shown was of a kind suited for South Carolina 
farms. In the demonstration was included equipment that farmers 
can utilize for seedbed preparation, planting, cultivation, and har
yesting. Insecticidal machinery for dusting and spraying and some 
special machinery for feed processing were shown. 

Approximately 3,000 farmers from all over the state and from 
several neighboring states were present for the demonstration. 
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Figure 4.-Farmers and students inspecting equipment being demon
strated at the annual farm machinery demonstration. 

HOME ECONOMICS 

During the past year the following projects have been given 
attention: Work has gone forward on a summary of food con
sumption studies made in South Carolina during recent years; a 
special survey of the year's food supply of a small group of 
Pickens county rural families was completed and the information is 
now being analyzed; plans have been made to follow the Pickens 
county survey with a study of the effect of a well-planned school 
lunch on the health and growth of children; a manuscript reporting 
a study of the use of textile fabrics by farm families has been pre
pared; some work has been done on budgets for low-income families 
for the use of welfare and educational agencies; special aid has 
been given to various organized groups of women in the selection 
and use of program and study material on social and economic 
problems. Below is described in more detail some of this work. 

Food Consumption of Farm Families in South Carolina 
(Ada M. Moser) 

In preparing a summary of available information on the food 
intake of South Carolina farm families, use has been made of 1073 
weekly records distributed as follows: Piedmont, 178 white and 97 
Negro; lower Coastal Plains, 214 white and 183 Negro; cotton
tobacco area (largely upper Coastal Plains) , 277 white and 124 
Negro. The records from the Piedmont and the lower Coastal 
Plains, obtained by Experiment 8fation workers, are evenly distri-
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buted throughout the year; those from the cotton-tobacco area, 
borrowed from the Bureau of Home Economics, U. S. Department 
of Agriculture, were taken largely during the fall and winter. 
Recent advances in knowledge concerning the vitamin content of 
foods and the human being's requirement for the various vitamins 
made desirable a re-evaluation of most of the records. They were 
then classified into three nutritional groups. 

In Table 7 are given the numbers of weekly food records that 
were graded good, fair, and poor. Figures, in the case of white 
families, are given for two levels of money value of food. Records 
graded good contained foods that provided amply all the known 
essentials of a nutritionally adequate diet; those given a grade of 
fair provided minimum amounts of the dietary essentials, but 
allowed little or no margin of safety; those graded poor failed, in 
the case of one or more of the essentials, to supply amounts regarded 
by authorities on nutritio11 as a minimum for the maintenance of 
good health. The nutritive standards used are essentially those 
given in Food and Life, the Yearbook of the U. S. Department of 
Agriculture, 1939, page 320. According to these standards a good 
diet for a man doing moderately active work requiring 3000 calories 

Table 7.-Number and Percentage of Weekly Food Records Graded Good 
Fair, and Poor: South Carolina Farm Families, 1932-37 ' 

White famil y w eekly r ecords 
havin g a per capita m on ey Negro famil y 

Area, value1 of- reco rds 
g rad e of di et L ess than $1.90 I $1.90 or mo re 

Number! P ercent Number\ P ercent Number! P ercent 

I I I 
Piedmont: I 

Good ----------- 22 25.9 61 65.6 20 
I 

20.6 

Fair ------------ 45 52.9 29 31.2 48 49.5 

Poor - - ---------- 18 21.2 3 3.2 29 I 29.9 
T otal _______ 85 100.0 93 100.0 97 l 100.0 

Lower Coas tal Plains: I 
Good ----------- 15 13.3 42 41.6 7 I 3.8 

Fair ------- ----- SS 48.7 48 47.S 75 I 41.0 

Poor ------------ 43 38.0 11 10.9 101 I 55.2 
Total _______ 113 100.0 101 100.0 183 I 100.0 

Cotton-tobacco area: I 
Good ----------- 21 14.8 65 48.2 12 I 9.7 
Fair ------------ 60 42.2 60 44.4 38 I 30.6 

Poor------------ 61 43.0 10 7.4 74 I 59.7 
T otal _______ 142 100.0 135 100.0 I 124 I 100.0 

I II I 
-

All areas: 
Good ----------- 58 17.1 168 51.1 39 I 9.6 

Fair ------------ 160 47.1 

I 
137 41.6 161 I 39.9 

Poor------------ 122 35.8 24 7.3 204 
I 

50.5 
Total ------- 340 100.0 329 100.0 404 100.0 

1At th e level of average retail food prices for 1939. 
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should provide daily at least 67 grams of protein, 0.68 gram of 
calcium, 1.32 grams of phosphorus, 15 mill igrams of iron, 6000 
International Units of Vitamin A value, 500 International Units of 
B 1 ( thiamin), 75 milligrams of ascorbic acid, and 600 Sherman units 
of riboflavin ( vitamin G). Fair diets are those providing two-thirds 
or more of the standard amounts of protein, calcium, pho.-phor us, 
and iron and one-half or more of the vitamin allowances. 

Although, in general, it is believed the families that cooperated 
in keeping these records often represented better than average 
conditions, the showing as to dietary adequacy is not very good. 
Among white families onl y 17 percent of the inexpensiYe diets were 
graded good and almost 36 percent were definite]~· poor; when diets 
had a money value of $1.90 or more per capita per week not many 
were poor, but only 51 percent were good. The picture presented by the 
Negro family diets studied is even less encouraging, fo r approxi
mately half of them were rated as poor nutritionally and only about 
10 percent could be regarded as good. They were largely inexpen
sive diets, for 89 percent of them had a per capita money Yalue of 
less than $1.90 a week. 

There is little doubt that more knowledge of what constitutes 
a good food supply and more skill in planning for and consening 
home-produced foods could bring about greatl~· improYed farm 
family diets in this state. 

Diet in Relation to Socio-economic Conditions in a Rural Area of 
South Carolina 

(Ada M. Moser) 

A survey of the year's food supply of 136 rural white families 
in Pickens countY was made and the results will be summarized in 
the near future. · All were farm families except 11, and these non. 
farming families lived in owned or rented homes in the open 
country. All had children in elementary or high school. Care was 
taken to select families that would represent food production and 
use under different conditions of tenure and probable income. At 
an interview detailed information was secured concerning: home. 
produced vegetables, fruits, meat, poultry, eggs, milk. and grain 
used for food by each family during the preceding year and con· 
cerning the farm and home practices i1wo1Yed in providing these 
foods. Estimates were also made of tl1 e quantities and cost of 
purchased foods. 

From preliminary examination of the survey results it is 
evident that these farm families produced a Yery large proportion 
oi their own food supply and that production of food and feed 
occupied an unusually imnol't::int place in farm planning. A suryey 
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to be made in the same area by the Department of Agricultural 
Economics "·ill throw light on farm incomes in cash and kind. 

The food supply, at its best, was good; it consisted largely of 
home-produced milk and whole-grain cornmeal, supplemented by 
potatoes, other Yegetables, fruits, meat, eggs, flour, sugar, and 
syrups. At its poorest the diet was eYidently inadequate for grow
ing children because of failure to have good supplies of milk 
products, eggs, lean meats, yegetables, and fruits. 

One of the difficult problems all families faced was that of 
providing Yegetable foods throughout the year. Many plantings of 
garden Yegetables failed to produce because of unfavorable weather, 
lack of proper timing of planting and cultivation, failure to control 
blight and insect pests, use of poor seed, and other factors. Winter 
gardens consisted almost wholly of turnip patches, many of which 
failed last year. Although almost all families raised and stored sweet 
potatoes they frequentl:· reported freezing and other spoilage that 
deprived them of this valuable food during late winter and early 
spring when other Yegetables were scarce. Apples, peaches, and 
peas ,nre often dr ied; peanuts and some other nuts were kept for 
winter use. Sauerkraut \Yas commonlv made and some beans and 
cucumbers were brined. Canning, e;pecially of vegetables, was 
done with Yarying success, for considerable spoilage of tomatoes, 
beans, and other Yegetables was reported. Pressure canners were 
not widely used; many homemakers express distrust of them. There 
was little eYidence that a knowledge of the relative nutritional 
Yalues of foods goYerned the choice of products to be canned, 
dried, or conscned in other ways. Since most families bought only 
small quantities of yegetables and fruits and many had an inade
quate suppl:- canned and stored, winter diets must often have lacked 
certain essentials \Yhich these foods ar e capable of supplying. 

Utilization of Research Findings 

(Mary E. F rayser) 

The year 1939-40 has been devoted largely to the continuation 
of effort to deepen the interest of women's organizations in the 
stud:· of economic, social, and governmental conditions in South 
Carolina. The study of education, health, taxation, county govern
ment, agriculture, industry, and related subjects has been stimu
lated. A bibliography has been prepared on the foregoing subjects 
and fairly widely distributed. The use of certain publications of 
state and federal institutions, departments, bureaus, and other 
agencies has been promoted. Brief mimeographs based on some 
of them haYe been written. 

This type of work was determined upon because of realization 
of the need to put the findings of research before the average lay-
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man in popular form. Contact service between research and at 
least a small segment of the population of the state was undertaken. 
The number of South Carolinians interested in facing social and 
economic facts and their implications is growing. 

Many state, district, county, and community meetings have 
been attended in order to present such facts and interest groups 
in local, county, and state economic and social conditions. Pursuant 
to this purpose, questionnaires have been prepared on local and 
county conditions and related to facts available under the same 
heads for the state and the nation. Such "know your own com
munity" studies are inducing thought and sometimes lead to desir
able action. 

Plans are underway for four forums or panel discussions in 
every South Carolina county during the corning year. The subjects 
agreed upon for them are education, health, social security, and 
government. The cooperation of schools, social, civic, and philan
thropic organizations, and churches is being sought for this under
taking. The elate for consideration of each subject will be within 
a given week. It is belieYed that concentration of the thought of 
all South Carolina upon a given subject at the same time will 
increase and deepen interest and induce intelligent action. 

8ervice on the state Interracial Commission led to responsibility 
for an area interracial relations institute at Friendship College, 
Rock Hill, November 1939. Both races attended; there were 171 
registrants. Admirable addresses were made by white and Negro 
leaders. The great desire of X egroes for vocational and home
making training was emphasized by them. The place of continua
tion schools, library service, and recreation leadership in plans for 
deYelopment of K egroes "·as considered. 

In April the executive board of the State Congress of Parents
Teachers agTeed to recommend to its locals a plan for "Reading 
with a purpose". The Home Economics Department was asked to 
submit a book list with rules for governing the project. To meet 
this need many authoritative book lists were consulted and many 
books were scanned. In September the desired list, with a circular 
letter, was sent to the president of each of the 250 local parent
teacher associations and state chairmen. Under the rules determined 
upon, each registrant of the "Reading with a purpose" section of 
the congress must read a book a month, half of the titles being 
selected from the books listed on education, family relationships, 
government, home management, nutrition, science, vocations, and 
religion, and the other half chosen at will from the wider range of 
subjects which find a place in the list. The rules also require that a 
review or description of each book read shall be sent to the home 
reading chairman. A certificate will be awarded at the next annual 
meeting of the congress to entrants who read and submit reviews. 
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Library work has been done in cooperation with the Citizens 

Library Association, the State Librarians Association, the Library 

Division of the Works Progress Administration, the Farm Women's 

Council and other women's organizations. Its objective has been to 

call especial attention to the reading needs of rural and mill Yillage 

residents and to interest the public in the extension of library ser

vice until the reading interests of every citizen in the state shall 

be adequately met. In furtherance of this purpose, questionnaires 

on book circulation and per capita expenditure for library support 

have been prepared and distributed. 
The long-time study of family needs and expenditures inaugu-, 

rated in 1937 by the South Carolina conference on social work and 

the South Carolina Home Economics Association, through commit

tees representing both, has been continued during the present fiscal 

year. The two members of this department are serving as co

chairmen of the joint committee directing the budget guide study. 

The report for 1939-40 of the eight subcommittees engaged in this 

study was compiled and submitted to the conference at its annual 

meeting in October, 1940. This report is regarded as tentative since 

it seems desirable to continue the study of family needs and ex

penditures at low income levels for at least another year. 

FIELD CROPS AND FERTILIZERS 

Field Crop Variety Trials 

(G. B. Killinger) 

For the past decade or more, small grains have acquired an 

important place in South Carolina agriculture. Improved strains 

of small grains, along with better practices of cultivation and fer

tilization, have led to comparatively high average yields in this state 

as compared with other Southern states. 
Each year different varieties of the various grain crops are 

grown in plots and yield data are secured. It is the aim that most 

of the varieties of grains grown in the state be brought together and 

grown in this experiment, all seed being contributed by the breeders 

or seedsmen. Each variety is planted in rod-row plots, replicated. 

10 times over the field. This number of replications gives each 

grain about an equal chance of being subjected to the same varia

tions in soil type, drainage, fertility, and other variable factors. 

Cecil sandy clay loam, typical of the Piedmont soils upon which 

most grain is grown in this section, was used for the experiment. 
Approximately 300 pounds of a 5-10-5 fertilizer was applied 

under the grain with a 150-pound side-application of nitrate of soda 

late in February. 

• 
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Figure 5.-General view of small grain variety test. 

Oat Variety Trial.-There were 13 yarieties of oats seeded in 
this experiment, most of which haYe been bred and grown in South 
Carolina. For the second year several strains of oats from the Ten
nessee Experiment Station showed promising results. Fulwin, an 
oat originally called Ko. 1945, yielded hig'hest with an ayerage yi~ld 
from 11 plots of 89.4 bushels per acre. The 'rennessee oats in this 
experiment matured about the same time as the Lee Cold Proof oat, 
which is one to two weeks later than the early Yarieties. ·These 
same Tennessee oats haYe not produced we:il at any of the substa
tions, partly because of their susceptibility to rust. 

Table 8 gives the results from this experiment . 

Table 8.-0at Variety Test, Clemson, 1940 

Variety Source I 
I Fulwin (Tenn. 1945) ---------------- fenn. Experiment Station __ , 

Improved Lee No. 5 ---------------- f. W. Wood & Sons-------1 Tennex (Tenn. 1884) ---------------- Tenn. Experiment Station __ , Marett's Fulghum 34-4-25 ____________ Marett's Fann & Seed Co._! 
Coker's Pedigreed Fulgrain St. 3 _____ Coker's Pedigreed Seed Co.-1 
Terruf ----------------------------- Georgia Experiment Station I Marett's Ped. Red Oats St. 3 ________ Marett's Farm & Seed Co._! 
Tennessee 092 ---------------------- Tenn. Experiment Station __ , Marett's Fulghum St. 34-4-2 _________ Marett's Farm & Seed Co.-1 Certified Lee No. 63 _________________ T. W. Wood & Sons ______ , 
Coker's 39-1 ------------------------ Coker's Pedigreed Seed Co. I 
Coker's 39-2 ------------------------ Coker's Ped igreed Seed Co.I Clemson Fulghum (19 checks) ______ S. C. Experiment Station ___ , 

Yield in 
bushels 
per acre 

89.-t 
86.6 
83.1 
82.8 
81.4 
80.0 
77.8 
75.6 
73.9 
73.0 
65.7 
59.9 
85.-t 
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Wheat Variety Trial.-Sixteen varieties of wheat were in the 
Yariety trials, producing yields as indicated in Table 9. A Georgia 
wheat No. H 264-1-2-3-3-5 yielded highest with an average of 46.2 
bushels per acre. The 1939-1940 season was very fa-vorable for 
wheat, resulting in higher than average yields for most Yarieties. 
Georgia wheat No. H 26-:1:-1-2-3-3-5 and No. II 26-:1:-1-2-3-3-3 have now 
been combined as one variety and were planted in the 1940-1941 
trials under the name of Sanford. The probable error as calculated 
by Bessel's formula indicates the uniformity of the yield of the 
various replications. 

Table 9.-Wheat Variety Test, Clemson, 1940 

Variety Source bushels Probable 
I 

Yield in I 
per acre error 

H 264-1-2-3-3-5 ---------------------!Georgia Experiment Station __ 
Coker's Ped. R ed hart St. 5 ___________ Coke r's Pedigreed Seed Co. __ _ 
Marett's Boggs Purple Straw St. 3 ___ ,Marett's Farm & Seed Co. ___ _ 
H 264-1-2-3-3-3 --------------------- Georgia Experiment Station __ 
Coker's 39-2 ------------------------ Coker's Pedigreed Seed Co. __ _ 
Coker's 39-3 ------------------------ Coker's Pedigreed Seed Co. __ _ 
Tennessee No. 2-39087 ------------- Tennessee Experiment Station 
Marett's Ped. Blue Straw St. 2 _______ Marett's Farm & Seed Co. ___ _ 
Redhart No. 3 ---------------------- T. W. Wood & Sons ________ _ 
Marett's Peel. Golden Grain No. 3 ____ Marett's Farm & Seed Co. ___ _ 
Wood's Forward ------------------- T . W. Wood & Sons _________ _ 
H 319-5-2-6-6-4 --------------------- Georgia Experiment Station __ 
Gasta ------------------------------ (CAC-Ga) (1938-1939) ______ _ 
V. P. I. 131 ------------------------- T. W. Wood & Sons _________ _ 

~,J::~~r Bl;;~-S-t~;~-(22-~h~~k;)===== r 't.· ~g~~1!e;t~,5t;ti~~=====I 

46.2 
43.8 
43.1 
42.7 
42.6 
42.5 
40.3 
40.1 
40.0 
37.3 
34.2 
34.0 
33.4 
32.1 
31.3 
45.3 

±1.22 
±1.46 
±1.02 
±1.67 
±1.23 
±1.66 
±1.67 
±0.92 
±0.99 
±0.85 
±1.50 
±1.57 
±0.99 
±1.23 
±1.19 
±1.43 

Grain Sorghum Variety Trials.-The 1940 season was quite fav
orable for the growing of grain sorghums and resulted in a yield 
somewhat above the average for most varieties as indicated in Table 
10. Club sorghum with an average yield of 61.1 bushels per acre 

Table 10.-Grain Sorghum Variety Test, Clemson, 1940 

Variety Source 
I 

Yield in 
bushels 
per acre 

I 
*Club 3032 -------------------------- Kansas State College ______ , 
Hegari ---------------------------- R. E. Lambert & Sons _____ , 

*Blackhull 3035 --------------------- Kansas State College ______ , 
Kaffir ----------------------------- R. E. Lambert & Sons _____ , 
Sagrain --------------------------- R. E. Lamli>ert & Sons _____ , 
Atlas 3045 ------------------------- Kansas State College ______ , 
Ajax 2848 ------------------------- Kansas State College ______ j 
Pink 3039 ------------------------- Kansas State College _____ _ 
Kansas Orange 3046 --------------- Kansas State College ______ , 

*One to two weeks late in maturing. 

61.1 
59.6 
56.2 
52.0 
51.S 
42.2 
40.4 
35.6 
26.2 
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was the highest yielding Yariety while Kansas Orange yielded low
est with an average of 26.2 bushels. Both the Club and Blackhull 
Yarieties were several weeks later than other varieties in maturing. 
Grain sorghum as grown at this station for the past five years 
hows promise as a grain crop. Ordinary corn tillage practices 

were used in growing this crop, including the pre-application of 300 
pounds of a 5-10-5 fertilizer and 150 pounds of soda as side-dressing. 

The Rate and Time of Applying Potash Fertilizers to Cotton 
(H.P. Cooper, R. W . Wallace, G. B. K illinger, and R. L . Smith ) 

A series of field tests to determine the optimum rate and time 
of applying potash fertilizers to cotton has been conducted in coop
eration with farmers. These tests were located upon the important 
soil series commonly used for the production of cotton in both the 
Piedmont and Coastal Plains sections of the state. The data secured 
from these experiments for a period of eight years are included in 
Table 11. 

.All plots in these tests received the equiYalent of 600 pounds 
per acre of a 5-10-0 fertilizer in addition to the potash indicated, 
before the crop was planted and were side-dressed with 15 pounds 
of nitrogen from Calnitro or calcium nitrate. Potash was used at 
the rates of 0, 15, 30, 45, 60, and 75 pounds per acre, making the 
total complete fertilizer application equivalent to 600 pounds per 
acre of 5-10-0, 5-10-2.5, 5-10-5, 5-10-7.5, 5-10-10, and 5-10-12.5 respect
iYely. 

The aYerage annual yields in 1939 for each rate of application 
of potash repre. ents results from around 84 to 137 separate plots. 
Some of the tests were located on Iredell and Alamance soil series 
which are known to be deficient in available potash. 'l'he <)ther 
Piedmont tests were located on the Cecil, Appling, and Durham soil. 
series. The Coastal Plains tests were located on the Marlboro, Rus
ton, and ~ orfolk series. The average yields secured from these 
tests OYer an eight-year period indicate that no significant differ
ences resulted from the various times of applying potash with the 
lo"·er rates of application. However, when as much as 75 pounds 
of potash per acre is applied, it is often desirable to apply some of 
it before the crop is planted. 

It is noted that there was a gradual increase in the yields of 
seed cotton from increased rates of application of potash. However, 
there was a decrease in the return at the higher rates of application 
in the relatiYe amounts of seed cotton produced from the various 
increments of potash. The difference in the yield between no pot
ash and 15 pounds of potash was 218 pounds of seed cotton per acre. 
The difference between the other increments ranged from 126 pounds; 
to 44 pounds of seed cotton per acre. The increase in yield from the 
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Table 11.-Average Yield in Pounds of Seed Cotton per Acre from E xperiments on Rate and T ime of Applying Potash to Cotton, 1931-39 

(The Averages in 1939 for E ach Treatment Represent the Yields from 84 to 137 Separate Plots) 

Yield of seed cotton in pounds per acre 

1933 1934 1936 1937 
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'O .,,.- "O ,,, ._ "O .;·- 'O .,,.-
" o;:! -~ o;:! " o;:? " o;:! 
ii: UP, "" UP, ii: UC.. ii: UP, 

-- -

1938 1939 

;; c 
0 -;;;,, 0 -;;;,, 
E t; c E t; r:: 

'O .,,.- 'O .,,.-
" o;:! " o;:! 
ii: UC.. ii: UP, 

~ 

2 
" bO 

v" 
bO:;; 

E 
" > 
< 

"'~ ;j..c: 
>" < :.1 

Increase 
over no 

Increase I potash 
over __ _ 

precedmg "' I ~ 
s1mila1 ~ V 

treatment! J: £ 

Increase 
of seed 
cotton 

for each 
pound 

of 
potash 

I _____________________ \ ____ I 5891 333 I 669 I 388 I 806 I 828 I 1045 I 1018 I 1014 I 828 I 692 I 1149 I 932 I ;9~ 1 792 I ___ I ___ I ___ I __ 

I 
All before planting __ ! 1212 I 754 I 6131 833 I 739 I 996 1 100311173- , 1233 1 1146 1 1019 I 858_1_fm--, li"68Tfoo1 I \ I l 1:--- -

y, before planting \ \ I I I I 
Y, at chopping ______ 1217 741 593 813 702 992 957 1175 1202 1177 990 / 938 1339 1094 995 1010 / 218 / 218 28 / 

All at chopping______ 1245 ---- 745 I 792 865 965 892 I 1158 1300 1188 99_5----,-------'--88_9---+-l-3_2_:_8--:---10.:...8--=8--+_1_:_0_:_35'--\------,-----------,-------+-- --+------

I All before planting I- - ,---1-1 ) I I I I ( I I ( / 
(24 checks) ------ ____ \ ____ \ ____ ---- ---- ---- 996 I 1286 ! 3991125411003 I 949 1448 1271 120 l 

1

. \ / 
All before planting __ 1311 883 900 987 968 1167 992 I 1302 1482 1291 1005 I 1008 1433 1298 1145 \ 

I Y, before planting I I I I I I I I I 

I Y, at chopping _______ , 1377 \ 8731 788 \ 996 / 958, 1138 936 I 1295 1342 1286 997 1114 1371 1297 / 1126 / 1136 1 126 \ 344 \ 43.4 \ 

All at chopping ______ 1340 881 672 991 906 1126 886 I 1275 1131 1246 1005 905 1J76 1261 1072 

I 
All before planting __ ! 1399_1_100:n~:i 1 1081 I 1138 1 1329 I 1019 137611460 I 134411126 I 99811429 1 1332 l 1216 I 1-- I--\ 1:- ---

y, before planting I I I I I I I 
Y, at chopping _______ / 1425 \ 1000 I 991 I l 100 \ l 133 / 1313 1052 1366 1381 1332 1090 1 1014 1514 1304 1215 1192 .16 \ 400 / 51 / 9 

All at chopping ______ 1387 943 I 830 1110 998 1294 918 1364 1287 1226 1033 968 1447 1244 1146 

I 
All before planting __ ! 1492 I 1092 I 1132 / 1192 / 1114 / 1484 1 1075 1461 -11521 1 1350 I 992 1 1024 1 1523 \ 136·3~-'-\~l~l7=2---'1---'-1-----'1---'-1- -'-- - -

Y, before planting I I I I I 
Y, at chopping _______ , 1526 I 1056 / 1083 I 1167 j 1149 1 1514 1096 1448 1533 1353 1048 1 1082 1561 / 1400 / 1287 I 127.1 / 83 / 483 1 61 

I All at chopping ______ 1506 I 1113 928 I ---- 1094 1s11 101s 1402 1480 1347 1058 1088 1509 1402 1266 I 

I All before planting_:_/ ----/ ---- / - --- J 1102 / 1159 1 1565 1 1093 1515 1 1713 1 1368 1 1051 1 103411571 \ 1339 1 1319 \ I _ I 

I 
Y, before plan tmg . I I I 

Y, al chopping _______ ! ____ I ____ I ----/ 1132 / 1183 1618 / 1049 1518 1681 1472 1058 I 1092 1604 / 1380 1344 I 1319 1 44 / 527 / 67 

All at chopping---:~.=.-1 __ __ I -_--- I ---- _ 11_53 1093 1.192 926 1499 1482 I 1422 I 1054 I 1086 1573 1357 1204 I _ 

15 

12 

8 
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various rates of application of potash ranged from 218 to 527 pounds 
of seed cotton per acre ; likewise, the percentage increase ranged· 
from 28 to 67 percent. The a Yer age yields from these eight-year 
tests suggest that for the rates used and under the conditions pre
Yailing, it might be expected that the addition of one pound of pot
ash would increase the yield 7 to 15 pounds of seed cotton, or that 
one pound of muriate of potash or its equiYalent would produce 
3.5 to 7.5 pounds of seed cotton, depending upon the rate of appli
cation . 

.Ko sodium nitrate was used in the fertilizer combination applied 
in these experiments. ·where sodium salts are used in fertilizers, 
there may not be as marked response from the use of potash fer
tilizer. This is because sodium may ha Ye a similar effect to potas
sium in determining the growth of the cotton plant. 

The apparent increase in the response in recent years from the 
use of potash may be related to the relatiYely large yields of cotton 
which haYe been obtained during the last few years. ·where yields 
are relatively low, the soil may be capable of supplying a relatively 
large proportion of the potash required by the crop; but when the 
yields are high, soils may not be capable of supplying sufficient 
available potash for a successful crop. 

·where leguminous crops are included in the rotation with cot
ton, it is often necessary to add more potash to the soil to prevent' 
cotton rust and the premature loss of leayes. The premature loss 
of the leaves results in undeveloped bolls which do not open nor
mally and the cotton is hard to pick and the fiber is of poor quality. 

Response of Cotton on Grady Sandy Loam After Various Fertilizer 
and Lime Treatments 

(W. R. P aden) 

Grady sandy loam soil is a productive cotton soil if prope!·ly 
drained and treated with lime and phosphate. This soil occurs in 
the upper Coastal Plains area of the state and occupies depression 
areas varying from a few hundred feet to one-half mile in diameter 
and is frequently referred to locally as '' pond soil'' or '' Grady 
pond.'' Because of its poor drainage (both surface and internal ) 
this soil is seldom cultivated except along the margins where nat
ural drainage is better. Where these ar eas haYe been ditched, ex
cellent summer pastures may be produced but cultivated crops fre
quently make very poor growth unless proper fertilizer treatment is 
used. 

Greenhouse pot culture studies were conducted on some virgin 
Grady sandy loam soil from the Edisto Station to determine the 
growth response of cotton after fertilizer and lime treatments. The 
source and rate of each fertilizer element applied were as follows: 
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Nitrogen from sodium nitrate at the rate of 40 pounds N per acre 
(per 2,000,000 pounds of soil), phosphorus from superphosphate at 
the rate of 80 pounds per acre of P 20;;, and potash from muriate of 
potash at the rate of 40 pounds of K 20 per acre. Lime in the form 
of pure calcium carbonate was applied at the rate of one ton per 
acre. 

The growth response on the unlimed and limed soils is shown in 
Figure 6. It may be seen that the growth on the unlimed soil which 
received either nitrogen or potash, or nitrogen and potash in com
bination was very small, with no increased growth over that on the 
untreated soil. A very marked response, however, is noted on the 
soil which received phosphorus and also on the soil which received 
the complete fertilizer which, of course, included phosphorus with 
nitrogen and potash. The growth response from each of the three 
elements on the limed soil was very similar to that on the unlimed: 
soil in that phosphorus was the only element producing any in
creased growth, but it may readily be seen that growth from all 
treatments was much greater on the limed soil than that on the un
limed soil with similar treatments. 

The pH value of this soil was 4.78, which shows that the soil 
was very strongly acid. The one-ton application of lime raised the 
pH value to only 6.01, which would still be considered moderately 

.I ~ ~ -~~t ' ~ 
0-/1){)' ·~ 10<>.5 

Figure 6.-Growth response of cotton from various fertilizer treat
ments on (upper) unlimed and (lower) limed Grady sandy 
loam. The fertilizer analysis (N-P-K) applied at the 
rate of 800 pounds per acre (per 2,000,000 pounds of soil). 
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acid. A somewhat greater application of lime to this soil probably 
would have produced an even greater response, as the optimum pH 
value for cotton is slightly higher than that resulting from the ap
plication of one ton per acre. 

The results of this preliminary pot culture experiment suggest 
that after proper drainage applications of lime and phosphate may 
make certain unproductiYe areas of this soil very productive for 
cultivated crops. 

Response of Cotton Grown at Different pH Levels on Cecil Sandy 
Loam · 

(W . R. P aden) 

Previous soil acidity i11Yestigations have shown that 23.5 percent 
of the soils of this state haYe pH Yalues as low as 5.0 or lower. 
Yarious experiments haye been designed to test the response of field 
and truck crops grown on soils at different pH levels. 

Small plots of Cecil sandy loam each 1/ 400 acre in area, sur
rounded by concrete walls haw been constructed for soil acidity 
inYestigations with cotton. The soil in 104 plots, divided into four 
series of 26 plots each, was adjusted by special treatments to have 
pH values of approximately 5.0, 5.5, 6.0, and 6.5, respectively for 
the four series. Various fertilizer treatments are represented' 
throughout the series but are replicated exactly the same in each 
series, which makes possible a uniform comparison of one series with 
another. 

It has been obsened that the cotton on the plots haYing the 
lower pH values, and especially on the series with a pH value of 5.0, 
makes a very slow or retarded growth during· the seedling stage and 
is more susceptible to cold and insect injury than the more vigorous 
growing plants on the plots having pH Yalues of 6.0 and 6.5. Fig
ures 7 and 8 show the appearance of the cotton growing on two 
series of the plots which have pH Yalues of 5.0 and 6.5, respectively. 
At the stage shown in the photographs the cotton plants at pH 5.0 
were beginning to overcome the retarded growth condition but a 
difference in size may be obserYed when compared with the plants 
at pH 6.5. 

Two years' results have been obtained on these plots but Table 
12 gives only the 1940 results, which were obtained after the soil had 
reached equilibrium with the soil treatments. The yields of seed 
cotton at the different pH leYels sho"· increases oYer that obtained 
at pH 5.0 (which is rated as 100 percent for comparison), equivalent 
to 112, 118, and 122 percent for the pH Yalues of 5.5, 6.0 and 6.5, re
spectively. Not only did the cotton produce higher y ields at the 
higher pH Yalues bnt it reached maturity much earlier, as shown by 
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Figure 7.-Appearance of cotton growing at pH 5.0 on Cecil sandy 
loam. 

Figure 8.-Appearance of cotton growing at pH 6.5 on Cecil sandy 
loam. 
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the percentages of the total weights of seed cotton obtained at the 
first picking. These were 62.1, 72.8, 76.8, and 78.2 percent for pH 
levels ranging from 5.0 to 6.5 respectively. 

Observations duri1J.g the growing season and the final yields are 
convincing that many soils of the state will give profitable returns 
in the production of cotton from the use of sufficient limestone to 
correct the soil acidity to a pH value between 6.0 and 6.5, which is 
about the optimum for cotton. 
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Table 12.-Yields of Seed Cotton in Pounds per Acre Grown at Different pH 
Levels on Cecil Sandy Loam, 1940 

(Average of 26 plots for each pH level) 

Yield of seed cotton in pounds per acre Increase over 
pH 1st picking / 2nd picking I T otal pH 5.0 

Pounds I P ercent P ounds I P ercent Pounds Pounds I P ercent 

II I I 
5.0 882 62.1 538 37.9 1,420 --- I 100 
5.5 

I 
1,155 72.8 432 27.2 1,587 167 I 112 

6.0 1,288 76.8 388 23.2 1,676 256 
\ 

118 
6.5 1,356 I 78.2 378 21.8 1,734 314 122 

SOIL CONSERVATION INVESTIGATIONS 

The Experiment Station and the Soil Conservation Service are 
conducting a cooperative research project to obtain specific infor
mation needed in connection with the development of soil conserva
tion practices in South Carolina. 

Fertility and pH Levels for Lespedeza 

(Frank Moser) 

The readjustment of Southern agriculture emphasized by diver
sification and soil conservation programs has introduced the use of 
certain legumes without sufficient attention being given to their 
ecological array. As a result , numerous questions have arisen as 
to what are the fertility requirements of these plants and what soil 
treatments are necessary to produce satisfactory growth. Pot cul
ture studies were conducted in the greenhouse with lespedeza to 
obtain such information by growing lespedeza at different pH and 
fertility leYels induced in Cecil sandy loam soil. The pH values 
were established by adding increasing increments of calcium in the 
form of calcium hydroxide solutions and then keeping at optimum 
moisture for several months until the pH value of the soil reached 
equilibrium. The f ertility levels were regulated by fertilization. 

The data presented in Table 13 show the growth responses under 
varied soil conditions and emphasize the importance of calcium as 
a nutrient for growth of lespedeza, in spite of the fact that this cr_op 
has been so widely advocated as an acid-tolerant legume. They 
further show that the deleterious effect of extremely acid soils can 
best be counteracted by liberal phosphate fertilization. The higher 
fertility levels induced by additions of superphosphate and potash 
wer e r eflected by the actual as well as the relative yields for les
pedeza, giving highest yields at pH values ranging from 5.5 to 6.5, 
while chemical analyses of the lespedeza hay show that optimum 
nutrient absorption occurred in these ranges. These results indi
cate that a pH of approximately 6.0 is desirable for this legume. 
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Table 13.-The Effect of pH and Superphosphate and Potash Fertilizat ion on 
Growth of Lespedeza on Cecil Sandy Loam Soil 

pH 
range 

4.0-4.5 

5.0-5.5 

6.0-6.5 

7.0-7.5 

I 

Replaceable 
calcium pounds 

per acre 

300 

460 

1148 

1340 
I 

Fertilizer II 

treatment 
600 pounds 

per acre 

0- 0- 0 
0-10- 0 
0-20- 0 
0- 0- 0 
0-10- 0 
0-20- 0 
0- 0- 5 
0-10- 5 
0-20-10 

0 
0-10- 0 
0-20- 0 
0- 0- 5 
0-10- 5 
0-20-10 

0 
0-10- 0 
0-20- 0 
0- 0- 5 
0-10- 5 
0-20- 10 

Grams 
per pot 
29.3 
39.3 
40.0 
43.9 
45.5 
52.2 
42.3 
46.6 
50.3 
40.9 
46.0 
51.6 
43.7 
46.1 
45.7 
39.4 
45.8 
43.0 
43.5 
41.1 
41.6 

Yield 

*Relative yield computed using optimum yield at pH 5.5 as 100. 

Relative 
yield* 

67 
89 
91 

100 
104 
119 
96 

106 
114 
93 

105 
117 
100 
105 
104 
90 

104 
98 
99 
94 
94 

The data also suggest that for best results with lespedeza as a soil 
conservation or hay crop, 500 pounds of limestone and seYeral hun
dred pounds of superphosphate per acre should be applied to eroded 
soil areas. 

Effect on Run-off and Erosion of Organic Matter Incorporated With 
the Soil and Applied on the Surface as a Mulch 

(T . C. Peele) 

Experiments are being conducted at Clemson to determine the 
effects of organic matter on run-off and erosion from Cecil sandy 
loam. Plots 1/ 400 acre in size located on a slope of approximately 
7 percent are used for these tests. Green Kobe lespedeza hay was 
incorporated with the soil in two plots on August 23, 1939, at the 
rate of four tons ( oven-dry basis) per acre and similar amounts 
were spread on the surface of two other plots at the same time. 
Two plots received no organic matter. The soil was maintained 
free of plant growth and the plots were cultivated occasionally, ex
cept the ones where the organic matter was applied on the surface. 
On May 3, 1940, green crimson clover hay was applied at the same 
rates and in the same manner as the lespedeza. It was incorporated 
with the soil of two plots and spread on the surface of the two 
which previously had the lespecleza mulch. The residual lespedeza: 
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mulch was removed before the crimson clover was auded. No or
ganic matter was added to the two plots which had previously re
ceived none. Run-off and erosion from each rain were measured and 
have been summarized by months in Table 14. 

T able 14.- Effect on Run-off and E rosion from Cecil Sandy Loam of Organic 
Matter Incorporat ed with the Soil and Applied on the Surface as 
a Mulch 

Treatm ents 
Plant material* 

Fallow Plant material* spread on the 
Date Rain fa ll no organic incorpo rated soil surface 

matter added with the soil as a mulch 

Run-off / Soil loss Run-off I Soil loss Run-off I Soil loss 
per acre per acre per acre 

1939 J Inches !Percent! Pounds !Percent P ounds Percent! Pounds 

Au g. 23-31- _\ 1.47 30.1 2,578 22.9 1,390 1.4 I 36 
Sept. ------ 0.78 1.8 3 1.8 2 1.5 I 2 
Oct. ------- 0.86 38.5 1,491 22.7 432 1.2 

I 
83 

Nov. ------- 0.42 0 0 0 0 0 0 
Dec. ------- 3.81 27. 1 731 21.9 307 1.9 I 9 
1940 I I 
Jan. ------- 3.51 32.7 1,194 25.0 493 1.8 I 6 
Feb. ------- 4.47 45.6 2,098 35.3 975 2.2 I 32 
March ----- 5.73 57.1 12,742 48.8 6,606 4.0 I 210 
April ------ 2.52 24.0 2,787 21.0 1,657 1.4 I 14 
May ------- 2.68 30.3 1,662 2.4 44 0 I 0 
Jun~ ------- 1.72 47.1 5,263 20.2 1,137 0 I 0 
July ------- 7.34 76.3 56,115 69.7 35,074 8.5 I 329 

*The plant materials used w ere g reen Kob e lespedeza appli ed August 23, 
1939, and green crimson clover applied May 3, 1940, eac h at th e rate of four 
tons oye n-dry weight per acre. 

The data in Table 14 show that the incorporation of organic 
matter with Cecil sandy 1-oam caused a marked decrease in run-off 
and erosion and when the organic materials were spread on the soil 
surface as a mulch , erosion and run-off were reduced to low values. 
Organic matter applied as a mulch reduced erosion and run-off con
siderably more than did an equiYalent amount incorporated with the 
soil. The beneficial effects of moderate amounts of organic matter 
applied on the surface or incorporated with the soil last for several 
months following the application. 

Run-Off and Erosion from Different Soil Types 
(T . C. Peele) 

:Measurements of run-off and erosion from four soil types are 
being· made in the vicinity of Spartanburg. Plots 1/ 100 acr e in size, 
located on 6 percent slopes, are used for these measurements. Three 
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plots are located on each soil type. During 1938 and 1939, all of 
the plots were maintained bare of vegetation and were cultivated 
after each rain wheneYer the soil was dry enough to permit the 
practice. The average yearly run-off and erosion from the four soil 
types during 1938 and 1939 are shown in Table 15. The data show 
that run-off and erosion were higher from the sandy loam soils than 
from the clay loams. This indicates that terraces on sandy loam 
soils should haYe at least as much capacity as those on clay loams, 
although this may be modified to some extent by the character of 
the colloidal material in each soil. 

Table 15.-Average Yearly Run-off and E rosion from D ifferent Soil T ypes 
During 1938 and 1939 

Soil loss 
Soil loss Soil loss 
per acre per acre 

Soil type Rainfall Run-off per acre per inch per inch 
of run-off of rainfall 

Inches Percent I Pounds Pounds I Pounds 
I 

Cecil clay loam __________ 39.83 8.9 53,000 14,930 I 1,330 
Cecil sandy loam _________ 41.24 27.1 96,300 8,620 I 2,340 
Durham sandy loam* _____ 40.37 18.9 73,100 9,570 I 1,810 
Madison clay loam _______ 35.34 13.3 32,900 6,990 I 930 

ote: The values represent averages of triplicate m easurements from 
plots 1/100 acre in size located on 6 percent slopes with th e soil fallow. 

*Formerly classed as Appling sandy loam. 

FRUITS AND VEGETABLES 

Use of Electricity in Curing and Storing Sweet Potatoes 

(J. B. E dmond and G. H. Dunkelberg) 

The sweet potato storage house used in this work ,ms equipped 
with electric strip heaters in the summer of 1938. During previous 
years this house had been heated by a coal stove. The use of a 
stove as a source of heat was unsatisfactory since fluctuations in 
temperature ,Yere quite wide between the cei~ter of the house where 
the stove was situated and the walls. This wide fluctuation in 
temperature induced undue shrinking and rotting of the roots. In 
addition, the stoYe required considerable attention particularly dm< 
ing cold weather. 

To secure information on the amount of electricity required to 
maintain proper temperatures and on :fluctuations in temperature 
and humidity during various periods of storage and in various parts 
of the house, data were obtained during the storage periods of 1938-
39 and 1939-40. The results should be helpful to growers and oper
ators of sweet potato storage houses who are interested in the use 
of electricity as a source of heat for curing and storing. 
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The house in which the tests were made is 20 feet long and 16 
feet wide and has a total capacity of approximately 900 bushels. 
The foundation is a concrete wall three feet high and six inches 
thick. The walls are 13 feet high and consist of 2x4 studs to which 
are attached sheeting and building paper on the outside and sheet
ing on the inside. The house has two floors, a solid floor and a 
false floor. The solid floor consists of tightly packed clay soil. The 
false or slatted floor is made of lx4 inch boards placed five inches 
on center supported on 2x4 inch joists. This false floor rests on 2x8 
inch stringers placed on edge 24 to 30 inches apart. The ceiling is 
13 feet high and consists of sheathing nailed to 2x4 inch j oists. The 
roof of the house consists of 2x4 inch rafters carrying lx6 inch 
sheeting and galvanized roofing. 

The house is divided into three rooms. The size and location 
of the electric strip heaters and the number of vents are shown in 
Table 16. 

Table 16.-Dimensions, Capacity, Heating, and Ventilating Equipment of Storage 
Rooms 

Dimensions Voltage and location of strip heater Number vents 

Room Capacity 
Number/ /Number I 

Not 
I Bottom Length I Width (bushels) Over over Top 

1 
2 
3 

(feet) (feet) vent vent 

7 6 150 1 75 
I 

0 0 1 I 
11 9 210 1 1,000 1 500 1 I 
15 7 550 2 1,000 1 500 1 I 

Each bottom vent consists of two lines of eight-inch tile run 
from the foundation to the heater. The outside ends of the tile are 
fitted with doors to regulate the intake of cool air. The top vents 
are located in the ceiling of each room and are fitted with doors 
which are opened and closed by means of ropes. 

The period during which the potatoes were in the storage house 
was divided as follows: (1) the curing period, (2) the post-curing 
period, and (3) the storage period. During the curing period a 
temperature of 78 to 85 °F. was maintained. Investigations have 
shown that high temperatures promote rapid healing of the bruised 
surfaces and rapid thickening of the skin. During the post-curing 
period temperatures were gradually lowered from 80 to 55°F. over 
a period of about 10 days. During the actual storage period tem
peratures were maintained between 50 and 55°F. In all of these 
periods the relative humidity was maintained at a high level (be
tween 78 and 96 percent). This comparatively high humidity was 
obtained by wetting down the clay floor. On the average, three to, 
four applications of water were necessary. 

1 
1 
2 
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The data presented in Table 17 show that 0.37 to 0.55 kilowatt
hour of electricity were necessary to cure each bushel of potatoes 
in 1939 and a little more than one kilowatt-hour in 1938. The 
greater quantity of electricity used in 1938 was undoubtedly due 
to the difference in temperature of the periods during which the 
roots were harvested. Harvesting began two weeks earlier and 
was performed during warmer weather in 1939 than in 1938. Evi
dently curing is more economical of electricity when harvesting of 
the roots is done during warm weather than when done during cool 
weather. 

Table 17.-Kilowatt-Hours of Electricity Used in Sweet Potato Storage 
House, 1938-39 and 1939-40 

Total I Tot,\ Towatt-hoorn p« T h , \ 
Room I bushels in . Curing period Storing period E ntire peri od 

room 1938-39 I 1939-40 1938-39 I 1939-40 1938-39 I 1939-40 

I I I I l I 
I 

1 150 1.10 0.55 1.99 2.72 3.09 I 3.27 
2 210 1.09 0.37 1.28 1.74 2.37 I 2.11 

The data also show that for the storing period a greater quan
tity of .electricity was necessary to maintain the required tempera
ture · in 1939-40 than in 1938-39. This difference is due principally 
to the difference in temperature between the two seasons. The 
winter of 1939-40 was much colder than that of 1938-39. Adequate 
insulation of storage houses against cold is therefore necessary. 

The greater amount of electricity used in Room 1 as compared 
with that used in Room 2 is undoubtedly due largely to the differ
ence irl' exp·osure of the two rooms. Room 1 is located in the north
west side of the house and Room 2 is located in the southwest side 
of the house. Undoubtedly exposure affects the amount of elec
tricity required to maintain the required temperatures. 

The ·aata presented in Table 18 show that the electric strip 
heaters maintained the temperatures required for the various periods 

Table 18.-Mean Temperature of Rooms in Sweet Potato Storage House During Various 
-, Periods, 1939-40 

j Mean t, mperntme du,;ng , u;ous peciods 
Position of . . 

Room thermometei: Cunng I Post-cunn g I Storage I Entire period 

.8 a. m. I 5 p. m . 8 a. m. I 5 p. m. 8 a. m . I 5 p. m . 8 a. m. I 5 p. m. 

l I 
1 Top . . 84.3 84.5 67.8 71.7 52.7 54.9 55.8 I 58.1 

Bottom .. - 77.9 79.3 62.5 65.8 50.6 51.6 53.2 I 54.4 
2 Top " 82.8 84.2 68.5 72.3 54.8 56.4 58.0 I 59.8 

Bottom . ' 76.9 78.3 63.0 66.8 51.4 52.4 54.3 I 55.4 
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of storage. Rather narrow but consistent differences in tempera
ture are eYident between 8 :00 a. m. and 5 :00 p. m. and between the 
upper and lower leYels of the storage rooms. In all cases the mean 
temperature was slightly higher at 5 :00 p. m. than at 8 :00 a. m. 
(1.0 to 3.8°F.) and higher at the upper leYel than at the lower level 
(2.1 to 6.4°F.). These differences between the upper and lower 
lev~ls are much less than those which occur in stove-heated houses. 
Thus one marked advantage in using electricity is the maintenance 
of practically uniform temperatures throughout the storage house. 

Table 19.-Temperature and Humidity in Room 2 in Sweet Potato Storage 
House for Various Periods, 1939-40 

Period 
I 

Mean temperature I Mean humidity 
Maximum I Minimum! Mean Maximum I Minimum! Mean 

I I 
Curing ---------- 82.3 78.7 80.5 96.l 86.0 I 91.0 
Post-curing ----- 72.6 

I 
68.5 70.5 89.7 79.2 I 84.5 

Storage --------- 54.5 52.7 53.6 83.4 79.2 I 81.3 
Entire ---------- 57.9 55.8 56.8 84.8 79.7 I 82.2 

The data presented in Table 19 show the mean maximum and 
mean minimum temperatures and mean relative humidity in Room 
2 for the Yarious periods of storage. They show that a practically 
constant temperature and a constant relative humidity were main
tained. This constant temperature combined with a constant rela
tive humidit:v is favorable for long storage life of the roots. Con
versely, fluctuations in temperature induce wide fluctuations in rela
ti-ve humidity which in turn lower the keeping quality of the roots . 
.A comparatiYely high humidity is more favorable for the storage 
life of the roots than a comparatively low humidity since a low 
humidity induces excessive shrinkage of the roots. 

Further Studies of Electricity in Sweet Potato Plant Production~' 

(J. B. Edmond and G. H. Dunkelberg) 

Cooperative investigations by the Horticultural and .Agricul
tural Engineering Departments were initiated in the spring of 1939 
to determine the influence of certain environmental and cultural fac
tors on the production of sweet potato plants in electrically heated 
hotbeds. Tests were conducted to show the effect of (1) various 
types of hotbed covers, (2) low-cost insulating materials, (3) rela
tively wide and narrow spacing of the heating cable, ( 4) relatively 
high and low soil temperature, and (5) "crowded" bedding of the 

*The authors are indebted to Mr. M. T. Geddings, Agricultural Engineer 
of Duke Power Company, Charlotte, North Carolina, for su.pplying the elec
tric meters used in the experiments. 
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roots on sweet potato plant production. The most important results 
were published in the last annual report 0£ the station. Irn·estiga
tions 0£ the effect 0£ certain 0£ the above factors were continued 
in the spring 0£ 1940 and tests were started to show the influence 0£ 
various t~·pes 0£ bedding media on plant production. 

As was the case last year, all beds were equipped with ~o. 19 
lead-covered heating cable and with a soil-heating thermostat. Roots 
0£ a Louisiana strain o.f the Porto Rico were used. They were 
bedded on :March 30 and April 1. Pulling 0£ the plants began on 
April 24, 23 da~'S after the roots were bedded, and continued at 
intervals o.f one week until the experiment was terminated on May 
22. Since many growers are interested in early plant production, 
the data are presented for the fir st three pullings and for all pull
ings. 

Throughout the period 0£ the experiments the beds were watered 
uniformly and ventilated when the temperature 0£ the air within 
the frames reached 85 to 90°F. On warm sunny days the covers 
were remoYed from the beds usually between 9 :00 and 10 :00 a. m. 
and replaced between 4 :00 and 5 :00 p. m. Figure 9 presents a g·en
eral view 0£ the experimental hotbeds. 

Figure 9.-General view of experimental hotbeds. 

Influence of Type of Cover.-The covers tested were (1) mus
lin, (2) Sunray cloth, (3) Sunray glass, and ( 4) Calnitro sacks. 
The muslin has a thread count of 70 by 62 and weighs 4.3 ounces 
per square yard. The Sunray cloth is a cloth type 0£ glass sub-
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stitute impregnated with translucent waterproof material. The Sun
ray glass is a wire mesh type of glass substitute impregnated with 
translucent material and is more expensive than Sunray cloth. The 
Sunray cloth and the Sunray glass were attached to frames three 
by six feet. The Calnitro sacks were washed and attached to the 
frames with the waterproof material on the outside. One edge of 
the muslin was attached permanently to the back of the bed and 
the other edge was fastened to a pole on which the cloth was rolled 
to ventilate the bed. 

Four beds, each six feet long and six feet wide, were used. The 
roots were bedded in a mixture consisting of two parts sand and one 
part loam. The heating cable was placed seven inches apart and 
one inch below the level of the bedded roots. The thermostat was 
set to turn off the electricity at 78 to 80°F. 

Table 20.-Influence of Type of Cover on Sprout Production and Electrical 
Consumption, 1940 

Total Mean 
number number Mean Plants 

Type of cover of of weight per SO-
plants plants of plants pound 

per bed1 per root (grams) bushel 
First 3 pullings (Apnl 24 to May 8) 
I I I Muslin ------------ 3224 10.8 4.4 1622 

Sunray cloth _______ 3374 11.3 4.2 1721 
Sunray glass ------- 4212 14.0 3.9 2137 
Calnitro sacks ----- 4098 13.7 4.4 2067 

All pullings (Apnl 24 to May 22) 
Muslin ------------- 4162 13.9 I 4.2 2092 Sunray cloth ------- 4240 14.1 4.1 2161 
Sunray glass ------- 5114 17.1 3.9 2595 Calnitro sacks _____ 5150 17.2 I 4.3 2599 

1Thirty-six square feet of bedding space. 

Total 
kilowatt-

hours 
per bed 

150 
129 
149 
141 

192 
165 
214 
174 

I 
I 
I 
I 
I 

Total 
kilowatt-

hours 
per 1000 
plants 

46.5 
38.2 
37.8 
34.4 

46.1 
38.9 
41.9 
33.8 

The data, presented in Table 20, show that Sunray glass .and 
Calnitro sacks produced a greater number of plants per root and 
per bushel than muslin and Sunray cloth. On the other hEind, the 
Sunray cloth consumed less electricity than Calnitro sacks, Sunray 
glass, and muslin. Since muslin produced the lesser number of 
plants per root and per bushel and used a larger quantity of elec
tricity, it was the least satisfactory type of cover used in the ex
periment. Further tests are necessary on the other ty.pe of covers 
before definite recommendations can be mad~. 

Horizontal Spacing of Heating Cable.-In this test three differ
ent spacings, seven inches, 10 inches, and 13 inches were compared. 
Since the cable of each heating unit was 60 feet long, the length 
of the bed for the seven-inch spacing was SL'{ feet, for the 10-inch 
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spacing nine feet, and for the 13-inch spacing 12 feet. In all spac

ings the cover consisted of muslin. The roots were bedded in a 

mixture consisting of two parts sand and one part loam and the 

thermostat was adjusted to shut off the electricity at 78 to 80°F . 

Table 21.-Influence of Horizontal Spacing of the Hotbed Heating Cable on 

Sprout Production and Electrical Consumption, 1940 

Horizontal 
spacing 
of cable 
( inches) 

T o tal M ean 
number number M ean Plants 

of of wei ght per 50-
plants plants of plants pound 

per bed1 per root (g rams) bushel 

F irst 3 pullings (April 24 to May 8) 

I 
Seven inches -------1 3224 10.8 4.4 1622 
Ten inches --------- 3168 10.6 4.8 1600 
Thirteen inches ____ 2538 8.5 4.5 1278 

All pullings (April 24 to May 22) 

Seven inches -------1 4162 I 13.9 I 4.2 1 2092 
Ten inches --------- 3964 13.2 4.6 2002 
Thirteen inches ____ 3444 _ 11.5 4.4 1734 

1Thirty-six square feet of bedding space. 

T otal 
kilowatt-

hours 
per bed 

150 
123 
107 

192 
160 
142 

T otal 
kil owa tt-

hours 
per 1000 
plants 

46.5 
38.7 
42.2 

46.1 
40.4 
41.2 

The results, presented in Table 21, show that the influence of 

the 10-inch spacing is particularly striking. It produced consider

ably more plants per root and per bushel than the 12-inch spacing 

and used considerably lesser quantities of electricity per unit area 

of bedding space than the seven-inch spacing. This greater plant 

production and lesser electrical consumption combined to produce 

more plants per unit of electricity than the seven-inch and the 13-

inch spacings. In other words, the data show that the 10-inch 

spacing is more economical than the seven-inch and 13-inch spac

ings. Accordingly, spacing of the cable at approximately 10 inch es 

is recommended. 

Influence of Soil Temperature.-The soil temperatures com

pared were 73 to 75°F., 78 to 80°F., 83 to 85°F. and 88 to 90°F. The 

beds were six feet long and six feet wide and the heating cable was 

spaced seven inches apart. The roots were bedded in a mixture 

consisting of two parts sand and one part loam and the cover con

sisted of muslin. 
The data, presented in Table 22, show that plant production and 

electri:cal consumption varied with the hotbed soil temperature. In 

general , the higher the soil temperature the greater the number o~· 

plants per root and per bushel and the greater the quantity of elec

tricity used per unit area of bedding space. However, the highest 

temperature did not produce the most profitable returns. On thC' 

basis of a price of 1.75 dollars per thousand plants for the entire 
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Table 22.-Influc.nce of Hotbed Soil Temperature on Sprout Product ion and 
Electrical Consumption, 1940 

I Total 
Total Mean Mean Plants Total kilowatt-Soil number number weight per 50- kilowatt- hours t emperature of plants of plants of plants pound hours per 1000 

oer bed1 per root (grams) bushel per bed plants 
First 3 pullings (April 24 to May 8) 

73-75 ° F . 1472 4.9 3.6 751 72 48.9 
78-80° F. 3224 10.8 4.4 1622 150 46.5 
83-85° F. 4396 14.7 3.7 2212 177 40.3 
88-90° F. 4554 15.2 3.9 2286 221 48.5 

All rlings (Ap,;J 24 to May 22) 
73-75 ° F. 2382 7.9 3.8 1214 79 33.2 
78-80° F. 4162 13.9 4.2 2092 192 46.1 
83-85 ° F. 5370 17.9 3.7 2702 235 43.8 
88-90° F. 5442 18.1 3.9 2732 305 56.1 

1Thirty-six square feet of bedding space. 

plant production period and a cost of two cents per kilowatt-hour 
for the electricity, the 83 to 85°F. bed produced the highest net re
turns, followed by the 78 to 80°F. bed, the 88 to 90°F. bed, and the 
73 to 75 °F. bed, in the order named. For the commercial plant 
grower, at least, the maintenance of a temperature from 80 to 85°F. 
is recommended. 

" Crowded " and Regular Bedding of Roots.-In this test 
"crowded" bedding consisted of placing 300 roots in 18 square feet 
of bedding space and regular bedding consisted of placing 150 roots 
in an equal area. 'l'wo beds, each six feet long and six feet wide, 
were used. The heating cable was spaced seYen inches apart and 
the roots were bedded in a six-inch layer of a mixture consisting 
of two parts sand and one part loam. The thermostat was adjusted 
to turn off the electricity at a temperature of 78 to 80°F. and the 
cover used was muslin. 

The results, presented in Table 23, sho"' that ''crowded'' bed
ding markedly increased the number of plants produced per unit 
area of bedding space and only slightly increased the amount of elec
tricity necessary to maintain the proper temperature. This greater 
plant production combined with the slightly greater electrical con
sumption markedly decreased the amount of electricity required to 
produce unit number of plants. Furthermore, ''crowded'' bedding 
failed to increase rotting in the bedded stock. These results are 
similar to those obtained in 1939 and indicate that this method of 
bedding is worthy of trial, particularly for the grower who prac
tices sanitation in plant production operations. 

Influence of Bedding Media.-Bedding media compared were 
(1) soil, (2) sand. and (3) sawdust. The soil consisted of a mixture 
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Table 23.-Influence of "Crowding of Roots" on Sprout Production and 

Electrical Consumption, 1940 

I 

Number of Total :Hean :;\iean Plants Total Total 

roots per number number weight per 50- kilowatt- kilowatt-

unit area1 of plants of plants of plants pound hours hours per 

per bed1 per root (grams) bushel per bed 1000 plants 

First 3 pullings (April 24 to May 8) 

600 
300 

65-W 
3224 

II 10.9 I 4.5 I 1645 I 
10.8 4.4 1622 

All pullings (April 24 to l\Iay 22) 

600 I 8536 I 14.2 I 4.3 I 2147 I 
300 I 4162 I 13.9 4.2 2092 I 

'Thirty-six square feet of bedding space. 

158 
150 

209 
192 

24.2 
46.5 

24.5 
46.1 

of two parts creek bottom sand and one part heavy loam. The sand 

was secured from the outwash of a creek and the sawdust was of 

pine. The beds were six feet long and six feet wide, the heating 

cable was placed seYen inches apart, and the thermostat was ad

justed to turn off the electricity at a soil temperature of 78 to 80°F. 

Muslin covers were used. 
The data, presented in Table 24, show that the bedding media 

markedly influenced plant production and electrical consumption. 

The soil as a bedding medium produced by far the greater number 

of plants per root and per bushel and used a somewhat greater 

quantity of electricity per unit area of bedding space than sand or 

sa"-dust as bedding media. As a result of the greater plant pro

duction of the roots bedded in soil, the number of kilowatt-hours 

required to produce 1000 plants "·as significantly less than that for 

the other media. Although these results indicate that soil as a bed

ding medium is superior to the others, additional tests with these 

materials will be conducted in 1941. 

Table 24.-Influence of Bedding Media on Sprout Production and E lectrical 
Consumption, 1940• 

Bedding 
media 

I 
Soil ------------1 
Sand -----------
Sawdust _______ _ 

Soil ------------1 
Sand -----------
Sawdust --------

Total Mean Mean Plants 
number number weight per 50-

of plants of plants of plants pound 
per bed1 per root (grams) bushel 

- --

First 3 fullings (!April 24 to May 8) 

3224 I 10.8 I 4.4 1622 
2098 7.o I 4.0 106s 

710 2.4 4.4 355 
All pullings (April 24 to May 22) 

4162 I 13.9 I 4.2 I 2092 
2946 9.8 3.9 1497 
2520 8.4 3.6. 1265 

1Thirty-six square feet of bedding space. 

Total Total 
kilowatt- kilowatt-

hours hours per 
per bed 1000 plants 

150 I 46.5 
142 

I 
67.7 

106 149.3 

192 I 46.1 
184 I 62.5 
135 I 53.6 
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PLANT PHYSIOLOGY AND PLANT DISEASES 

·Cotton Seedling Diseases 
(C. H. Arndt and G. W . Boozer) 

Machine-delinted cotton seed has been compared during the past 
three years with non-delinted seed because of the interest in the pos
sible use of the former to increase seedling emergence and survival. 
The results, as summarized in Table 25, show that untreated ma
chine-delinted seed produced 22 percent more seedlings than the 
untreated fuzzy seed, but 26 percent less than the Ceresan-treated 
fuzzy seed. Eight percent fewer seedlings were produced by the 
latter seed, however, than were secured from the Ceresan-treated 
machine-delinted seed. Thus, machine delinting cannot be used as a 
substitute for seed treatment with Ceresan when anthracnose-in
fested seed is used. During the three years there have been four 
plantings in which the emergence from the untreated fuzzy seed 
was less than 25 percent. In these plantings, at the time of thin
ning the percentages of seedlings from the untreated fuzzy seed, 
the fuzzy plus Ceresan, the machine-delinted without Ceresan, and 
the machine-delinted plus Ceresan were 19.6, 42, 28, and 46 respect
ively. Thus, the three treatments gave an increase in seedlings 
over the fuzzy untreated seed of 114, 43, and 134 percent respect
ively. The Ceresan-treated machine-delinted seed was more mark
edly superior to the treated fuzzy seed in these plantings than in 
other plantings in which the percentage of emergence was above 25 
percent. 

During the past five years acid-delinted seed has been similarly 
compared with fuzzy seed in 29 plantings ( Table 26). In these 
plantings the three treatments used, fuzzy plus Ceresan, acid-delint
ed without Ceresan, and acid-delinted plus Ceresan, increased the 
number of seedlings 31, 40, and 54 percent, respectively. In 14 of 
these plantings (8 in 1936, 6 in 1937) in which the percentage of 
seedlings produced b~' the untreated seed was less than 25 percent, 
the mean increases produced by the treatments were approximately 
twice as great as the increases just mentioned. A comparison of the 
results for fuzzy, machine-delinted, and acid-delinted seed in 1940, 
indicates that under favorable conditions, all three classes of seed 
may be expected to produce comparable stands of seedlings. The 
results from previous years, however, suggest that both classes of 
delinted seed are likely to produce better stands than similarly 
treated fuzzy seed when planting is followed by cold, rainy weather. 

In the continuation of the search for a chemical which would 
afford the seedlings protection against infection by the soil-inhabit
ing fungi which cause post-emergence damping-off greater than that 
provided by the generally used Ceresans, 14 different chemicals and 
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chemical combinations ,vere used on fuzzy seed in the plantings of 
the past season. The only noteworthy results were secured with 
several of the organic mercurials and two chemicals which recently. 
have been prepared by the United States Rubber Company. These 
two compounds, Nos. 98 and 120, are of special interest in that they 
contain no metal radicle, are apparently of high fungicidal value, 
and do not exert a retar ding effect on germination even at relativelr 
high concentrations. These two chemicals were applied at a rate 
of 1.6 ounces per bushel. The organic mercurials, including the 
regular Sanoseed, were applied at a rate to produce a mercury-seed 
ratio equivalent to that produced by the application of 10 ounces of 
5 percent Ceresan per bushel, except the Sanoseed Special for Cot
ton. The latter was used at the rate recommended by the manu
facturer, which gave a mercury concentration equal to 60 percent 
of that of the other mercurials. 

Table 25.-Effect of Machine Delinting and the T reatment of the Seed with 
5 Percent Ceresan on the Percentage of Seedlings at the T ime of 
Thinning 

Year \ Number of \ Fuzzy seed / Machine-delinted 
plantings Untreated I Ceresan . No Ceresan. J Ceresan 

1938 

I 
6 I 38.6 I 58.7 43.6 57 

1939 3 I 29.8 I 41.3 42.1 60.2 
1940 3 33.6 56.7 42.9 58.9 

Table 26.-Effect of Acid Delinting and the Treatment of Seed with 5 P er
cent Ceresan on the Percentage of Cotton Seedlings at the T ime 
of Thinning 

Year I Number of I Fuzzy seed I Acid-delinted 
plantings Untreated J Ceresan No Ceresan I Ceresan 

I I 1936 81 I 19 34 40 45 
4• so 52 64 68 

1937 61 17.2 25.4 23 28 
8' 54.9 63 67 71 

1940 3 34 57 48 55 
1 Number of plantings in which the mean emergence of untreated seed 

was less than 25 percent. 
'Number of plantings in which the mean emergence of untreated seed 

was above 25 percent. 

The percentage of seedlings at the time of thinning for the un
treated seed was 38 percent. The number of seedlings for both 
Sanoseed preparations was 31 percent greater, the lowest increase 
over the untreated seed for any of the treatments used. An in
crease of approximately 60 percent above that of the untreated seed 
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was produced by the other mercurials and the U. S. Rubber com
pound :No. 98. In this group the ethylmercuric borate was hig·hest, 
with 64.2 percent. The results are the reverse of those secured in 
1939, when the ethylmercuric iodide gave a somewhat hig·her per
centage of surviving seedlings. It js noteworthy that the mercury 
compound Ko . 154-6-B of the Cyanamid Corporation, is the only 
chemical so far tested that has giYen results comparable to those 
secured with the ethylmercurials of the Bayer-Semesan Company. 
The high percentage of surviving seedlings for the seed treated with 
U. S. Rubber compound No. 98 seems to indicate that this chemical 
may be of special value for the treatment of seed to be planted on 
sanely soils on which organic mercurials have been reported to occa
sionally retard and reduce seedling emergence. Further tests of this 
chemical under adverse conditions for germination will be neces
sary before it can be recommended for general use. 

Additional comparative tests were made with 2 percent Ceresan, 
5 percent Ceresan, ethylmercuric borate, and ethylmercuric iodide. 
They were applied at rates to give mercury-seed ratios which were 
66, 100, 150 and 200 percent of that secured when the generally 
recommended amom1t of 10 ounces of 5 percent Ceresan per bushel 
is used. These results showed that one ounce per bushel of 5 per
cent Ceresan or an equivalent mercury concentration in the other 
ethylmercurial compounds will eliminate external infestation of cot
ton by the anthracnose fungus; and also that twice the recommended 
amount may be used safely, except on sandy soils, if this is con
sidered desirable in order to give the seedlings greater protection 
against infection by soil fungi. Because of the very favorable 
weather the past season, no information was secured on the relative 
protection afforded cotton seedlings against post-emergence damp
ing-off by these four chemicals. 

The seed protectants Nos. 98 ancl 120 of the United States Rub
ber Company were also used for the treatment of a lot of sesame 
seed which was infested by a fungus which has been tentatively 
identified as a macrosporium species. These chemicals were applied 
at rates of one ounce to 20 pounds and one ounce to 10 pounds of 
seed, respectively. For comparison, portions of this seed were also 
treated for one minute with 0.25 percent mercuric chloride in 50 
percent ethyl alcohol, 5 percent Ceresan ( one ounce to 20 pounds 
of seed), and yellow cuprous oxide ( one ounce to 8 pounds of seed). 
When seed treated with mercuric chloride, Ceresan, cuprous oxide, 
and the higher concentration of seed protectant No. 120 were ger
minated under sterile conditions, the seedling emergence was prac
tically 100 percent, and only a small percentage of seedlings was 
infected by the seed-borne fungus; e. g. 4 percent of the seedlings 
which developed from the seed treated with the mercuric chloride 
for one minute. Additional tests showed that all seedling infection 



FIFTY-THIRD AKKUAL REPORT 51 

was eliminated when the length of the latter treatment was m
creased to three minutes. The results of another test in which the 
seed was germinated in steamed sand, as summarized in Table 27. 
show that treatment with mercuric chloride, 5 percent Ceresan, yel
low cuprous oxide, and U. S. Rubber compound No. 120 at the higher 
concentration were about equally effective in promoting seedling 
emergence. The cotyledons of seedlings which developed from the 
seed that had been treated with No. 120 were much larg·er than 
those from the Ceresan-treatecl seed, and the latter were correspond
ingly larger than those treated with yellow cuprous oxide. These 
results indicate that the 5 percent C'eresan will effectiYely control 
this seed-borne seedling disease and that ~o. 120 is worthy of a trial 
under field conditions on account of the more vigorous growth of 
the seedlings which haYe been treated with it. -

Table 27.-The E ffect of V arious Seed T reatments on the E mergence and 
Percentage of Surviving Seedlings of a Lot of Sesame Seed In
fested by a Macrosporium Species 

5 Yellow 
Seed protectan ts 

HgCl• Check 1-min. percent cuprous No. 98 I No. 120 
Ceresan oxide 1 :333*11 :166 1 :333 I 1 :166 

Total emergence,! I I I 
in percent. ---1 45 85 84 78 72 62 61 

I 
81 

Seedlings at 14 I I I days in percent I 25 85 84 78 51 41 58 76 

*These figures give ratio of weight of compound to that of seed; 1 :166 
equals 1 ounce of compound to 10 pounds of seed. 

Surveys of Diseases of Cotton Seedlings and Bolls 

(R. Weindling) 

This is the third year in which these surYeys haYe been con
ducted in cooperation with the Division of l\f~rcology and Disease 
Sm·ye~- of the United States Department of Agriculture. 

Seedling Survey.-In 1938 and 1939, the fungus Glomerella 
gossppii, which causes damping-off as well as anthracnose boll rot, 
was the predominant organism found on diseased cotton seedlings 
in the states east of Texas and Oklahoma. Similar results were ob
tained in 1940, although late cold weather brought about heavy 
seedling losses due to cold injury and Rhizoclonia clamping-off (sore
shin). 

Boll Rot Survey.-In recent years, losses due to boll rot have 
not been severe, except in very wet seasons. Thirty years ago, when 
Dr. H. "\V. Barre* i1westigated anthracnose boll rot, this disease 

*Former director of this station, now head Pathologist in Charge 
Division of Cotton and Other Fibre Crops and Diseases, U. S. D. A . 
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caused great damage. It was characterized by severe rot covered 
with the pasty pink spore masses of the Glomerella fungus. At 
present, such ' 'typical'' anthracnose on bolls is absent or very rare 
in most fields, raising the question as to where the inoculum origi
nates for the abundance of Glom erella damping-off noted in the 
seedling sun·eys. 

The boll rot surveys of 1938 and 1939 showed the fungus to be 
present on bolls, though usually in an inconspicuous form. It was 
found most frequently in small brown spots, or in bolls decaying 
subsequent to boll weevil injury, and was usually associated with 
other fungi. The 1940 survey confirmed these results. Further
more, the evidence obtained indicated that most of the above spots 
were initiated by Bacteriwn nwlvaceanon. This bacterium is the 
cause of angular leaf spot and produces water-soaked green spots 
on bolls. These spots are common courts of entry for Gl01nerella 
and other rot fungi. 

Studies on the Anthracnose Fungus, Glomerellci Gossypii 

(R. Weindling and H. M. Crouch) 

It is evident from the discussion of the disease surveys that, at 
present, this fungus is of considerable importance as the cause of a 
seedling blight of cotton, but of little consequence as the cause of 
boll rot (anthracnose). Investigations are under way on spread and 
activity of the fungus in relation to seedling diseases. Some phases 
of this project will be discussed in the following sections. 

The Spread of the Anthracnose Fungus between the Boll and 
Seedling Disease Phase.-It is well known that the fungus survives 
this period on the seed and occasionally within the seed. This does 
not answer the question raised by the survey work : How may the 
large numbers of affected seedlings be accounted for when the fun
gus is found on relatively few bolls of the previous crop? A possi
bility suggested was that the fungus may be spread during ginning. 
There are millions of fungus spores, even on small lesions of the 
hulls. If these spores should be thoroughly spread over a large 
quantity of seed, many of them would receive a spore load sufficient 
to produce clamping-off when planted. 

This possibility was tested experimentally. Hulls of infested 
bolls were mixed with rather clean seed cotton which was then 
ginned in a hand gin. The seed became heavily infested with th_e 
anthracnose fungus . A germination test gave 88 percent damping
off against 13 percent in the control. In order to check further 
on this theory, samples of seed and trash were obtained from com
mercial gins. Spores of the fungus were found in abundance in all 
washings from trash which consisted of unbroken locks, hulls, and 
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other debris. Germination of seed samples taken from the same 
lots of seed cotton showed the presence of the fungus by varying 
amounts of damping-off. In some of these samples the fungus was 
not found by a method designed to determine the spore load on 
seeds, because it could be determined by this method only when the 
spore load was above 15 spores per seed. Spore loads below 15 
spor es per seed, however, caused considerable clamping-off in experi
ments in which seed were inoculated artificially. 

The Survival and Spread of the Anthracnose Fungus between 
the Damping-off and Boll Rot Phase.-Disease survey data indicate 
that this period is probably the most critical one for the regional 
distribution of the two diseases caused by this fungus. The follow
ing are obsenations on the various ways by which the organism 
bridges the period. Lesions on field plants which survived the 
seedling disease often remained active for several weeks. Spores 
were produced, however, on very few of these lesions up to the time 
when the flowers and bolls developed. The fungus was reisolated 
from stems of healthy plants which had been inoculated in the seed
ling stage. Stems of healthy appearing seedlings from seed treated 
with Ceresan also yielded the fungus in a number of cases. 

Mere survival of the organism is not enough, however, to bring 
about infection of bolls. A sufficient number of spores must be 
available which may be scattered on to bolls by rain drops and 
other agencies. If dead tissues, portions of leaves, bract and stems 
were placed in moist chambers, Glonierella spores frequently de
veloped in great abundance within a clay or two. Evidently, only a 
few spores from seedling or stem lesions are needed for the fungus 
to become established on dead or dying tissues of leaves and stems. 
Then, under favorable moisture conditions, these infection centers 
will quickly furnish spore masses suitable for boll infection. This 
may explain the fact that in some fields planted with Ceresan
treatecl seed, the anthracnose fungus was found on bolls nearly as 
frequently as in others planted with untreated seed. Only a few 
diseased seedlings arising from internally infested seed would be 
needed to start the sequence of events described. 

Pathogenicity of Isolates of the Anthracnose Fungus and of 
Related Fungi.-In connection with the scarcity of "typical" anth
racnose lesions on bolls, questions arose regarding the identity of 
the causal fungus. One of these questions was whether or not iso
lates of Glomerella. from small spots on bolls caused disease of seed
lings. Eighteen fungus cultures isolated from 11 states were tested 
and found as pathogenic to cotton seedlings as those isolated from 
seedlings. Another test was designed to investigate the possibility 
that related fungi attacking other host plants may be involved. 
Damping-off of cotton seedlings did not follow when seed were 
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inoculated with species of Colletotrichion parasitic on the following 
plants: apple, bean, bur clover, fig, orange, tomato, and watermelon. 

Mineral Nutrition and Wilt Resistance in a Susceptible and a Wilt
Resistant Cotton Variety 

(W. B. Albert, W. B. Keller, and G. M. Armstrong) 

The severity of cotton wilt in the field is sometimes reduced by 
the addition of potash to soils which are deficient in this element. 
A few observations in the field have suggested that plants showingi 
magnesium deficiency were also more severely affected by the wilt 
disease than plants not showing this deficiency. The controlled 
conditions of a f!'reenhouse offer the best opportunity to investigate 
such problems, and this experiment was planned with the hope 
that some clues would be obtained as to (1) whether increasing 011 
decreasing specific elements may cause cotton to be more wilt-re~ 
sistant, and (2) whether any difference can be detected in the up
take of the mineral elements by a resistant and a susceptible variety 
of cotton. 

Two cotton varieties, Farm Relief (susceptible) and Dixie 
Triumph (wilt-resistant ), were grown in the greenhouse in nutrient 
solutions in which the concentrations of magnesium and potassium 
were varied. The "high potassium'· and "high magnesium" solu
tions c·ontained 16 times the concentration of potassium and mag
nesium in the "low" solutions. Except for these two elements and 
the concentration of sulfur the nutrient solutions were alike in ionic 
composition. 

After the seedling cotton plants were growing in the jars of 
nutrient solutions they were infected by immersing the roots for 10 
minutes in a spore and mycelial suspension of the cotton wilt fun
gus, Fusariwn vasinf ecium. Infection occurred in all cases with both 
varieties, the fir, t symptoms of wilt showing on the plants five to 
seven days after inoculation. 

Two series of plants were grown during the summer of 1940. 
The first series was grown from June 4 to July 31 and the second 
series from August 5 to October 4. 

Differences in rates of growth, appearance of potassium and 
magnesium deficiency in the leaves, and severity of wilt symptoms 
between the varieties and the different nutrient solutions were noted 
in both series. Table 28 shows the differences in longevity of the 
plants in both series of both varieties with the different nutrient 
solutions. In Series 1 all of the Farm Relief plants growing in a 
low-potassium nutrient solution were dead 23 days after inoculation 
of the plants, but in the high-potassium solutions lived for 30 days 
after inoculation. After 44 days several of the more wilt-resistant 
Dixie Triumph plants growing in low-potassium solutions and also 
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the plants growing in one jar of the high-potassium solution had 

died. Dixie Triumph infected plants were growing in eight jars 

and at the end of the experiment the plants in fiYe jars only re

mained alive, viz., in three jars with the high-potassium and two 

jars with the low-potassium solution. 
In Series 2 the plants of three jars of Dixie Triumph and one 

jar of Farm Relief in low-potassium solutions, and the plants of 

three jars of Farm Relief in high-potassium solutions were dead 25 

days after inoculation. The Dixie Triumph and Farm Relief plants, 

each in a jar of the low-potassium solution, were dead 34 days after 

inoculation. Forty-three days after inoculation, the Farm Relief 

plants in another jar of the low-potassium solution and the Dixie 

Triumph plants in two jars of the high-potassium solution wtre 

dead. At the conclusion of the experiment on October 4 there were 

four jars of plants out oE the 16 jars of plants inoculated that were 

alive. These consisted of two jars of high-potassium Dixie Triumph 

plants, one jar of low-potassium, and one jar of high-potassium Farm 

Relief plants. The wilt symptoms of Series 2 were not as pronounced 

as in Series 1 and the death of the plants was not as rapid. This 

was probably due to the cooler weather of late August and Sep

tember as compared with the warmer days of late June and July 

for Series 1. 
The data show that under the conditions of this experiment the 

plants of both varieties grown in high-potassium solutions were not 

attacked as severely and lived longer than the plants grown in low-

Table 28.-The Influence of High and Low Potassium upon the Longevity 
of Farm Relief and Dixie Triumph Cotton Plants Infected with 
the Wilt Organisms 

Series l Series 2 
Planted June 4, Planted Aug. 5, 

inoculated June 17 inoculated Aug. 22 

Number of days Number of days 

Nutrient solution 
after inoculation after inoculation 
when plants were when plants were 

I 
dead dead 

Farm I Dixie Farm I Dixie 
Relief Triumph Relief Triumph 

I 
Low magnesium-low potassium ___ 23 44 43 I 25 
Low magnesium-low potassium ___ 23 * * 34 
High magnesium-low potassium __ 23 44 25 I· 25 
High magnesium-low potassium __ 23 * 34 I 25 
Low magnesium-high potassium ___ 30 * 25 I 43 
Low magnesium-high potassium ___ 30 * * I * 
High magnesium-high potassium __ 30 44 25 I 43 
High magnesium-high potassium __ 30 * 25 I * 

*Plants were alive at end of experiment. 
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potassium solutions with the exceptions that have been mentioned 
for Series 2. There was no effect from high or low magnesium 
upon wilt severity, the potassium concentration being the deciding 
factor. 

The growth of plants in low-potassium solutions was markedly 
less than in high-potassium solutions and was influenced more by 
potassium than by magnesium. Symptoms of both potassium and 
magnesium deficiencies were noted on the leaves where both the 
potassium and the magnesium were low. Where either element 
alone was low the corresponding deficiency symptom was not~d. 
The mag·nesium and potassium deficiency symptoms, however, were 
not as pronounced when both were low as when only one of the 
elements was low. For example, magnesium deficiency was much 
more pronounced in leaves of low-magnesium-high-potassium plants 
than in leaves of low-magnesium-low-potassium plants. The concen
trations of magnesium and potassium in the high-magnesium-high
potassium solutions were sufficient to prevent the appearance of any 
deficiency symptoms in these plants. 

Under the greenhouse conditions of this experiment there was 
never any noticeable formation of red color in the leaves of mag
nesium-deficient plants. This is in direct contrast to the usual red 
leaf color on cotton plants grown in the field under magnesium 
deficiency. Figure 10 shows the almost paper-white tissues between 

-

Figure 10.-Left: Magnesium deficiency on leaves of uninfected 
plants. Right: Magnesium deficiency on plants showing 
wilt. 
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the leaf veins of (a) leaves of uninfected plants and (b) leaves of 
cotton plants with wilt, and the absence of the red leaf color typical 
of magnesium deficiency under field conditions. 

Regional Cotton Wilt Test 

(G. M. Armstrong, C. C. Bennett, and G. W. Boozer) 

Workers from seyeral Southern experiment stations have 
stressed the need for an adequate supply of potash for cotton grow
ing in soils infested with the F usarium wilt organism in order to 
reduce the severity of wilt. To obtain specific information on this 
point in South Carolina regional tests were conducted during the 
past three years with field plots at Florence, Allendale, and Orange
burg. The results do show some reduction in "total wilt" from 
increased potash but the beneficial effects of increasing the potash 
from O to 4 and 8 percent were not so marked as those reported 
from other states. 

A report from Alabama that high phosphorus seemed to in
crease the severity of wilt led to the test conducted in 1940. The 
project was cooperative with several Southern experiment stations 
and the United States Department of Agriculture. The same va
rieties, the same fertilizer applications, and a similar set of notes 
were used by all. Six cotton varieties, five resistant and one suscep
tible, were planted. Coker's 4-in-1, Wannamaker's S and C, Dixie 
Triumph 06, l\1iller 610, and Delfos were the resistant varieties and 
Half and Half was the susceptible variety. Records on the plots 
for three years previously revealed that susceptible plants on the 
plot at Florence showed light to moderate symptoms of wilt, and at 
Allendale moderate to severe symptoms. W'ilt symptoms were less 
on the plants of both plots this year than in the previous three sea
sons. Picking has been completed so recently that there has been 
no opportunity to analyze the data statistically. At Allendale, 
plants on the high-phosphorus plots with every variety gave higher 
yields of seed cotton than on the low-phosphorus plots and this was 
also true at Florence with one exception, but it is doubtful if the 
differences a1·e significant. On September 1, a count of healthy and 
diseased plants was made on every row. The differences between the 
6-6-6 and 6-12-6 fertilizers are small and apparently have no real 
significance. 

Cnder the conditions of light wilt which were encountered this 
year, it appears that phosphorus at the rates applied is not impor
tant in determining the number of plants infected with the wilt or
ganism or the severity of the disease. The greatest difference in 
yield between the five wilt-resistant varieties at Allendale was 200 
pounds of seed cotton per acre and at Florence 473 pounds per acre. 
Half and Half, the susceptible variety, made the same yield at· 
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Allendale as Delfos, the lowest-yielding resistant variety, and the 
same yield at Florence as lVIiller 610, the lowest-yielding resistant 
Yariety there. A statistical analysis of the data is necessary before 
one can be sure that the higher yields of Coker 's 4-in-1 are really 
significantly better than those of Wannamaker 's S and C which 
appears to rank second. 

Cross-Inoculation Experiments 

(G. M. Armstrong, L. Shanor, C. C. Bennett, and B. S. H awkins) 

Inoculation experiments have been continued using the water
culture infection technique as described in the Fifty-First Annual 
Report of this Station. Cultures of the Fusarium wilt organism 
were obtained from cotton, sweet potato, mimosa, tomato, coffeeweed 
(Cassia Tora), watermelon, and okra. Inoculations using these cul
tures were made on Coker J 00 strain 3 cotton; Florida Giant water
melon; Improved Earliana tomato, a susceptible variety; Burley 
strain 5, a susceptible variety of tobacco; Kancy Hall sweet potato; 
Clemson spineless okra; and coffeeweed. The first symptoms of wilt, 
in cases where wilting occurred, appeared in about two weeks after 
inoculations. The plants showing such symptoms were removed and 
cultures were made to see if the fungus was present in the stems. 
Records were made of the number of plants showing external and 
internal symptoms and the number of recoveries of the fungus from 
such plants. Some plants were taken down so recently that not all 
the data are available. However, results thus far indicate that 70 
percent of the sweet potato plants inoculated with the cotton fungus 
harbored this parasite, 82 percent of the cotton plants inoculated 
with the coffeeweed fungus harbored this parasite, and 78 percent 
of the tobacco plants inoculated with the okra fungus harbored this 
parasite. It is interesting to note that although the cotton wilt 
organism was recovered from 70 percent of the sweet potato plants, 
only two plants of a total of 37 showed any external symptoms of 
wilt. A few plants taken down up to this elate show that the okra 
fungus attacks cotton and also that the cotton fungus attacks the 
okra plant. · 

This cross-inoculation experiment was duplicated using soil in 
pots as a growth medium rather than a water culture. The various 
fungi were grown on a wheat-oats mixture for 10 clays, after which 
each fungus was mixed thoroughly with sterilized soil. Ten days 
later healthy plants of sweet potato, tobacco, and tomato were trans
planted to the pots. At the same time seeds of watermelon, cotton, 
and coffeeweed were planted in the inoculated soil. All data are 
not yet available but indications are that the cotton wilt organism 
also attacks sweet potatoes; that the sweet potato wilt organism also 
attacks tobacco; and, that the coffeeweed fungus attacks cotton and 
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tobacco plants. Kecessary check trays and pots were a part of both 
the water and the soil experiments. 

Pathogenicity of Different Isolates of the Cotton Wilt Fungus, 
Fnsarimn vasi.nfectnni, from Several Locations in Two Fields 

(G. M. Armstrong, L . Shanor, C. C. Bennett, and B. S. Hawkins) 

In the fall of 1939 ten isolates of the cotton wilt organism, 
Fusarimn vasinfectum, were collected from plants in two fields in 
Orangeburg and Sumter counties. The pathogenicity of these isolates 
was tested by the water-culture infection technique in the green
house and also by soil inoculations in pots placed out-of-doors. The 
susceptible cotton variety, Coker 100 strain 3, and the resistant va
riety, Dixie Triumph 12, were used. From 65 to 90 plants of each 
variety were tested against each fungal isolate in the water-culture 
trays and 30 plants of each variety were used in the soil. As the 
plants began to show wilt symptoms they were removed and a por
tion of each plant was cultured on water agar. Records on the 
number of plants removed, plants showing external and internal 
symptoms, and the number of plants from which the fungus was 
recovered were kept. In general, the Coker 100 strain 3 plants 
wilted and were removed sooner than plants of Dixie Triumph 12. 

1All inoculations were made on June 26, 18 days after planting, 
which was done on June 8. The first plants to be removed because 
of wilt were taken out on July 7, 11 days after inoculation with the 
wilt organism. 

Two of the isolates from Sumter and two from Orangeburg " "ere 
most pathogenic in that the~, caused a more rapid killing of plants 
and finally the highest percentages of infection, which ranged from 
83 to 97 percent with the susceptible Yariety. Two other isolates 
from Orangeburg were classed as much less pathogenic in that only 
22 and 31 percent of the susceptible plants became infected in water 
culture. External symptoms of wilt appeared in about 55 percent of 
the susceptible plants 23 days after inoculation with one of the most 
pathogenic isolates whereas no external symptoms of wilt were ap
parent in 70 percent of the plants 53 days after inoculation with 
one of the least pathogenic isolates. 

Isolates that were most pathogenic in the water culture were 
also most pathogenic in the soil cultures. Heretofore, greater per
centages of infection haYe occurred in water cultures than in cor
responding soil cultures but in these experiments this was not true. 

All cotton, even of resistant varieties, is frequently killed in 
relatively large spots in the field near Sumter from which the iso
lates were taken, while this does not occur in the field near Orange-· 
burg. It is to be noted, howeyer, that of the four most pathogenic 
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isolates, two came from Sumter and two from Orangeburg and that 
there was no appreciable difference between them. 

Among the most pathogenic isolates, there were three cases, 
two in water culture and one in soil, where greater infection with 
the wilt organism occurred in the resistant than in the susceptible 
variety. 

These results indicate that variations in the pathogenicity of 
the wilt fungus population in a field do occur. It has been sug
gested that perhaps more virulent forms of the fungus might be 
recoyerecl from resistant plants than from susceptible plants. Per
haps a more extensive experiment is necessary to prove this point. 
In this experiment, however, five of the isolates came from resistant 
varieties and five from susceptible varieties and there was no cor
relation between the source of the isolate and its pathogenicity. 

ENTOMOLOGY AND ZOOLOGY 

Cowpea Curculio 
(F. Sherman and Wm. M. Upholt ) 

The work on this insect during the year included a study of the 
susceptibility of varieties of cowpeas to injury, and the possibility 
of chemical control. 

Variety Tests.-The tests of 1939 indicated that within limits 
the later the planting the less the infestation, and a difference in 
varietal susceptibility was also observed. In the further tests of 
1940 fixe varieties were planted in a Latin square. Four of these were 
selected because they had been used in tests by the Georgia Experi
ment Station in 1939. The seed was from the same source as that 
used in the Georgia experiments. One of these four varieties gaye re
.sults in 1939 at Clemson quite different from those obtained in 
Georgia. The fifth variety was heavily infested in 1939 and was 
included to check the consistency from year to year and for com
parison with the other varieties. 

AU five varieties were planted June 1, a date believed best for 
the studies. California Blackeye made a poor stand, and Dixie 
Brown Sugar Crowder became badly diseased ( quite apart from 
curculio infestation) before maturity, so that on one of its plots 
only 40 pods could be obtained instead of the usual two hundred. 

Two hundred mature pods were picked at random from each of 
the plots except Dixie Brown Sugar Crowder. These pods were kept 
in cages until all maturing larvae had left the pods, such larvae 
being counted in each case. The number of emergence holes already 
in the pods when picked was added to the number of mature larvae 
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emerging from the pods. These totals are presented in Table 29 
as the number of lan-ae emerging from 200 pods. 

Table 29.-Number of Cowpea Curculio Larvae E merging from Samples of 
200 Pods Taken From E ach Plot 

Variety 2 Replicate \ 5 \ I Total (per 
I 3 \ 4 1000 pods) 

Virginia Blackeye ______ 141 175 184 175 202 877 
Red-Hulled Speckled ___ 121 95 83 83 73 455 
Conch ------------------ so 21 43 45 52 211 
Dixie Brown Sugar 

Crowder ------------/ 24 I 135* 49 57 22 213 
California Blackeye _____ 39 43 I 32 40 25 179 

Totals --------------1 375 I 430 L 39_!_J 400 I 374 I 
*Calculated on the basis of 27 larvae in 40 pods. 

The date of harvesting apparently had less effect upon infesta
tion than did the variety, since the variety least infested (Califor
nia Blackeye) was harvested earliest (August 15), whereas the va
riety, Virginia Blackeye which had by far the greatest infestation 
was the next to be harvested (August 17 and 20). Dixie Brown 
Sugar Crowder was not harvested until September 7 to 17, and this 
may in part account for the relatively light infestation in this va
riety which normally is considered heaYily infested. 

One striking result of this year's variety tests is the difference 
in results obtained at Clemson and those obtained at Experiment, 
Geor gia. The possible causes of these variations are under investi
gation. 

Chemical Tests.-Efforts were made to establish a standardized 
technique for comparing various chemicals as to their effectiveness 
in preventing the curculio from laying eggs in the pods. The prac
tice developed was to treat pods with the chemical in question and 
then confine them with a given number of adult female curculios for 
a stated length of time, the number of eggs in the pods then being 
counted. 

Some promising results were obtained but the difficulties in 
applying the chemical with accurate uniformity slowed the work 
to such extent that the technique is not as yet considered to be 
fully proven. 

Oriental Fruit Moth 
( 0 . L . Cartwright) 

Oriental fruit moth damage was apparently slightly greater dur
ing 1940 than during the preceding season. Fruit counts at har
vest in most commercial orchards showed an average of about two 
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percent infestation. The highest found was 14 percent m a small 
orchard in Oconee county. 

Parasites of the fruit moth gave better results this season than 
in any previous year. The usual high parasitism developed in Spar
tanburg, Greenville, and Clemson areas. while a Yery satisfactory 
degree of parasitism was also found in York and Edgefield counties. 

In 1940 the recovery in numbers of the introduced parasite 
Jlacrocentrus ancylivorns in Edgefield and Saluda counties shows 
the 1938 liberations to have been successful and the parasite well 
established; parasitism by it was 76.6 percent at Gramling· on June 
6; 73.9 percent at Greer on June 12; and 50.6 percent at Johnston 
on July 11. 

The native parasite Macrocentrus delicatils gave 71.8 percent 
parasitism at Clemson on August 23; and 58.3 percent at York on 
July 22; this latter fine showing was an agreeable surprise in the 
season's studies. 

Tomato F ruit Worm 

(F. Sherman, 0 . L. Cartwright, J. G. Watts, Wm. M. Upholt) 

In recent years a gradual and considerable increase in the acre
age of tomatoes grown in South Carolina has increased the demand 
for and shown the need of a more effective and practical control for 
the tomato fruit worm. In an attempt to solve this problem the 
present project was initiated in the spring of 1940. 

The plan of work was designed (1) to determine the factors 
in the insect's life history which influence its control; (2) to deter
mine the dosage mortality curve of chemicals which show promise 
of control; (3) to study the physical properties of diluents and the 
wa)'S in which their effectiveness and usefulness may be increased; 
and ( 4) to test under field conditions such combinations of chem
icals and diluents as have shown promise of control. 

In the first season's biological studies, preliminar)' observa
tions of the insect's life history and an attempt to rear large num
bers of larvae o.f uniform size and age for the insecticide studies 
were undertaken. Insectary studies indicated at least two gen
erations and a large part of a third at Clemson. Duration of the 
different stages in the life history averaged as follows: incubation 
of eggs, 3.5 days; lanal life, 27 days; pupal period, 14 days; com
plete deYelopmental period egg to adult, 44.45 days (minimum 32, 
maximum 63). Mass production of uniform larvae was hindered 
by two serious difficulties: the failure of many moths to lay eggs 
in numbers and the extremely canabalistic habits of the larvae. To 
prevent the larvae from eating one another it was necessary to rear 
individual larvae in separate cages, thus greatly increasing the 
equipment and labor i.J.wolved. Both difficulties were largely over-
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come, however, and sufficient larvae were provided for preliminary 

insecticide studies. 
Thirty chemicals, each of which has at some time been sug

gested as an insecticide, were tested in a preliminary way by apply

ing each in uniform coating to the upper surface of leaf squares and 

feeding these squares to third-instar fruit worm larvae which had 

been without food for about 18 hours. Ten worms were thus fed 

indiYidually upon each of the 30 materials. Of these 30 materia,ls 

nine produced results to warrant future investigation. 

Six of the materials killed seven or more of the 10 worms 

within fiYe days of feeding. The>ie si..x were an air-floating Paris 

green, dinitro ortho cyclohexyl phenol, dinitro ortho crcsol, barium 

fluosilicate, LeYosol ( a sodium fluosilicate), and lead arsenate. The 

four first named had their effect within approximately 24 hours, the 

last two had a slightly delayed effect. Two other materials, derris 

containing 5 percent rotenone, and basic copper arsenate, had a still 

more delayed effect but killed at least nine out of 10 worms before 

they matured. Dinitro ortho cyclohexyl phenol showed up par

ticular]:;· well in these preliminan· tests whereas dinitro para cyc:lo

hexyl phenol showed little if any toxicity. 

A mixture of one part Pyrocide with three parts Celite "·as 

noteworthy in causing all the worms to become very sick imme

diately upon contact, fiye of the 10 worms refusing to eat the leaf 

material, but only three failed to recoYer. Both of the effective 

dinitro compounds and also a fly spray known as Fly-Mist showed 

a repellant effect as more than half of the worms refused to feed 

upon them. 
Dinitro ortho cresol produced the striking effect that 14 of 20 

worms tested molted immediately without feeding, 12 dying within 

24 hours, and 17 of the original 20 died before close of the test. 

In field tests conducted at the Edisto Experiment Station, com

parisons were made of (1) diluents, (2) insecticidal sprays, and 

(3) insecticidal dusts and baits. Each experiment consisted of four 

replicates of each treatment on plots approximately .014 acre in 

size, arranged in a randomized block. Each plot was 30 feet long 

by 20 feet wide and included 4 rows, 5 feet apart, 10 plants per 

row. Dust mixtures were applied to both sides of each row with 

a rotan· hand inm. Baits were applied dry by hand, special effort 

being made to obtain light uniform coverage of all foliage. Sprays 

were applied with a wheel barrow sprayer at a pressure of about 

200 pounds. 
RelatiYely small and insignificant differences in percentage of 

wormy fruits were obsened in results obtained with nine different 

diluent formulae utilizing 50 percent natural cryolite as the active 

ingredient. 
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Three chemicals, calcium ar senate, lead arsenat e, and synthetic 
cryolite were employed in the spray tests. I n each mixture ben
tonite clay-8 pounds per 100 gallons-was used as a sticker and 
spreader. In th is experiment the two arsenicals were definitely su
perior to cryolite. 

In the comparison of insecticidal dusts and baits, th e active 
ingredients were commercial grades of the following chemicals : 
natural cryolite, synthetic cryolite, basic copper arsenat e, calcium 
arsenate, lead arsenate, and rotenone ( cube root analyzing 5 per cent 
rotenone). The concentrations at which they wer e used, the diluents 
employed, and the results obtained are shown in F igure 11. The 
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Figure 11.-A comparison of several insecticides used both as dusts 
and as baits at various concentrations in controlling the 
tomato fruit worm. Edisto Station, 1940. 

results are based on the five pickings of green wraps, for, as may 
be seen from Figure 12, approximately 95 percent of the fruit worm 
damage occurred prior to or during the time green tomatoes were 



FIFTY-THIRD ANNUAL REPORT 65 

being picked for market. Basic copper arsenate at 50 percent gave 
a smaller percentage of wormy fruits than the same material un
diluted. This is explained by the fact that in the undiluted condi
tion this arsenical had very poor dustability, resulting in poor cov
erage, while at the 50 percent concentration the kaolin, supple
mented with cottonseed meal, produced a mixture with good dusta
bility. The 50 percent increase in wormy fruits in plots treated 
with rotenone mixture over the untreated check is unexplainable 
from the information at hand. The relatively low perc:>ntage of 
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Figu re 12.-Seasonal distribution of tomato fruit worm damage on 12 
untreated check p lots. Edisto Station, 1940. 
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worm.iness obtained with baits is particularly noteworthy, since, as 
no machinery is required for applying them, they are much less 
expensive than other mixtures giving comparable control. 

Analyses are being made at the present time to determine the 
amount of poisonous residue on fruits from plots receiving different 
treatments, before and after a removal process, the results of which 
will be reported later. 

Field observations of the seasonal distribution of fruit worm 
damage on untreated early tomatoes are shown in Figure 12. These 
observations revealed the following : (1) Approximately 95 percent 
of the fruit worm damage occurred prior to and during the green 
wrap picking season. In consideration of the fact that South Caro
lina tomatoes have sold on the New York market, as in the unus
ually good year of 1939, for as high as $165 a ton and the ripes in 
the same year sold to local canneries for as little as $8 a ton, 
effective control of the tomato fruit worm on early tomatoes be
comes of outstanding importance. (2) Fruit worm damage to ripe 
tomatoes is negligible. Tomatoes damaged by the fruit worm are 
not necessarily a total loss for canning purposes. (3) There is a 
very rapid decline in fruit worm damage to tomatoes immediately 
following the coming into silk of nearby corn, the latter being the 
preferred host. 

Scale Insects and Mealybugs on Peaches and Apples 

(Wm. M. Upholt) 

This project was begun in midst of the dormant spray period 
of 1939-40. 

San Jose Scale on Peach.-During the period of dormant spray
ing (1939-40) considerable injury from San Jose scale was appar
ent in many peach orchards of the state. Figure 13 is a close-up 
view of a heavily infested limb showing the typical encrustation of 
old scale coverings. 

Apparently there had been some lack of thoroughness in previ
ous spraying (1938-39) for the scale and some limbs had been wholly 
or partly missed; and the infestation built up on these limbs, killing 
them in the course of one year. This situation so impressed the 
growers that most of them sprayed more carefully in 1939-40 with 
the result that the San Jose scale now appears to be under control. 
There is still a possibility of a more economical spray program, and 
this is under consideration. 

Mealybug on Apple.-Comstock's mealybug continued severe 
on those apple trees already infested, and some spread in infestation 
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Figure 13.-Limb of peach tree heavily encrusted with old San Jose 
scale coverings. 

was noticed. Figure 14 shows the 
trunk of an apple tree bearing 
large quantities of the cottony 
egg masses. 

Late in ~ovember 1940, Harold 
M:cAlister of the U. S. Depart
ment of Agriculture, Bureau of 
Entomology and Plant Quaran
tine, found pupae of the native 
par as it e, Clausenia p1lrpurea, 
among the over-wintering egg 
masses, and apparently the para
site is quite plentiful. 

Efforts to penetrate the large 
cottony egg masses with insec
ticidal sprays were not successful. 
Some measure of control was ob
tained by the mechanical force 
of a high pressure solid stream 
of water. Efforts to find satisfac
tory wetting and penetrating 
agents to use with insecticides 
are being continued as are studies 
in biology and in natural control. 

Figure 14.-Apple tree heavily in
fested with Comstock's 
mealybug. 
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Corn-ear Worm Studies 

(0 . L . Cartwright) 

Further trial of light, highly refined mineral oil as a control 
for the corn-ear worm in sweet corn gave results comparable with 
previous years. Three years' results from the use of this treatment, 
the injection of one cc. of oil into the tip of tlach ear just after 
the silks began to turn brown, are presented below. The addition 
of one percent pyrethrum and rotenone did not increase the effect
iveness of the oil during the present season. 

Percent of good ears Percent of damaged ears 

Treatment 1938 1939 1940 1938 1939 1940 

Oil ---------------------- 63.6 70.3 69.1 36.4 29.6 30.9 
Oil and pyrethrum _______ 70.7 29.3 
None (check) ------------ 32.l 24.2 25.9 67.9 75.7 74.0 

Resistance to corn-ear worm in supposedly resistant varieties 
of hybrid sweet corn was tested for SL'C varieties. Data obtained 
from a Latin square arrangement of plots revealed one of the va
rieties, Sil-ver Cross Early Evergreen, to have developed a much 
smaller and statistically significant difference in infestation. 

Total 
Variety ears Infested Percent Good Percent 

1 Silver Cross Bantam 52B _______ 342 
2 Aristogold Bantam No. !_ ______ 372 
3 Silver Cross Bantam ____________ 322 
4 Silver Cross Early Evergreen ___ 291 
5 Aristogold Bantam No. 2X ______ 358 
6 Golden Cross ------------------ 292 

Totals _____________________ 1977 

CHEMISTRY 

303 
335 
285 
197 
322 
238 

1680 

88.59 
90.05 
88.59 
67.69 
89.94 
81.50 

84.97 

39 
37 
37 
94 
36 
54 

297 

11.40 
9.94 

11.49 
32.30 
10.05 
18.49 

15.02 

Comparative Mineral Composition of Vegetables Grown Under 
Various Envir,onmental Conditions 

(J. H. Mitchell, E. J. Lease, D. B. Roderick, and J. B. Edmond) 

Turnip greens (Seven Top variety) were grown at Clemson, 
the Sandhill Station, and the Edisto Station using the same source 
of seed, plot layout, and cultural conditions but different fer tiliza
tion. This was done to note the effect of various combinations of 
fertilizers on the calcium, phosphorus, and iron content of the 
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greens. Sixteen plots in duplicate were used. This was in accord
ance with the plans of the Southeastern cooperative project on veg
etables. In addition to turnip greens, cowpeas were grown at the 
same stations and under the same plan during the spring and 
summer. 

The results on calcium and phosphorus are reported in Tables 
30 and 31. They are so arranged as to bring out the effect of com
binations of elements when used as fertilizers, on the composition 
of the vegetable. 

There are no decided differences in the calcium and phosphorus 
content of the turnip greens. The soils upon which these greens 
were grown are probably aboYe the average in fertility and the 
available calcium and phosphorus was sufficient for the plants with
out the addition of fertilizers. Fertilization may ha;-e increased 
the growth of the plant but not the percentage composition. 

Table 30.-Calcium Content of Turnip Greens Grown at Clemson and at the 
Edisto Station on Plots Receiving Different Fertilizers. Ex
pressed as Percent of Dry Sample 

i' 
NPKCa -----------
NP-Ca ------------
N-KCa ------------
N-Ca --------------

Average -----------1 
PKCa -------------
P-Ca --------------

Average -----------1 
KCa --------------
Ca ----------------
Average ----------
NPK --------------
NP ---------------
NK --------------
N -----------------
Average -----------1 
PK ---------------
p -----------------

~ve~~~~--===========f 

Grown at Clemson Edisto Station 

I 
Grown at 

Small leaves I Large leaves - Large leaves 

(a)* 

2.92 
2.98 
2.73 
3.38 
3.00 
2.73 
3.31 
3.02 
3.55 
3.09 
3.32 
3.24 
3.10 
2.85 
3.25 
3.11 
3.48 
3.42 
3.44 
2.96 

I 
I 

(b)* I 
2.93 
2.54 
2.65 
3.05 
2.79 
2.83 
3.06 
2.94 
3.10 
3.43 
3.27 
3.03 
2.90 
3.00 
3.12 
3.01 
3.07 
2.83 
2.95 
3.10 

(a) 

3.02 
3.03 
2.97 
2.76 
2.94 
3.33 
3.05 
3.19 
3.16 
3.09 
3.13 
3.09 
3.03 
3.01 
2.93 
3.13 
3.43 
3.20 
3.32 
3.45 

(b) 

3.29 
2.91 
3.11 
2.91 
3.05 
3.27 
3.03 
3.15 
3.25 
3.25 
3.25 
3.31 
3.19 
3.02 
3.03 
3.13 
3.00 
2.85 
2.93 
3.33 

(a) 

3.01 
2.21 
2.49 
2.92 
2.63 
3.04 
2.36 
2.70 
3.05 
2.80 
2.92 
1.99 
2.54 
2.50 
2.53 
2.39 
2.67 
2.29 
2.48 
2.61 

I 

I 
I 
I 
I 

(b) 

2.49 
2.63 
2.56 
2.89 
2.64 
3.02 
2.50 
2.76 
3.56 
2.79 
2.68 
2.36 
2.53 
2.47 
2.67 
2.51 
2.54 
2.45 
2.49 
2.81 

*(a) and (b) are averages of duplicate determinations of samples from 
duplicate field plots. 
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Table 31.-Phosphorus Content of Turnip Greens Expressed as Percent on 
Dry Sample 

I 
Grown at Grown at Clemson i~~~~~~~~~~~~~~_l<:distoStation 

Small leaves Large leaves I Large leaves 

i 
(a)* 

i 
(b)* 

NPKCa ----------- .466 .461 
NPK -------------- .560 .539 
NP-Ca ------------ .542 .544 
NP --------------- .543 .530 

Average -----------1 .528 

I 

.518 
PKCa ------------- .494 .600 
PK --------------- .487 .490 
PCa ---------------/ .528 .566 
p ----------------- .546 .571 
Average ----------- .514 .557 
NKCa ------------- .536 .522 

K --------------- .471 .487 
NCa -------------- .549 .516 
N ----------------- .466 .513 
Average -----------/ .506 .510 
KCa -------------- .509 .580 
K -----------------! .506 .548 
Average -----------1 .508 .564 
Ca ---------------- .503 .552 

*(a) and (b) are duplicate analyses. 

I 

I 

(a) 

.507 

.518 

.525 

.478 

.507 

.487 
.466 
.448 
.489 
.473 
.514 
.500 
.496 
.456 
.492 
.514 
.538 
.526 
.477 

(b) 

.467 

.505 

.569 

.486 

.505 

.655 
.453 
.467 
.677 
.563 
.489 
.494 
.547 
.516 
.512 
.542 
.542 
.542 
.507 

(a) 

.574 

.620 

.597 

.584 

.594 

.684 
.621 
.667 
.591 
.641 
.575 
.500 
.565 
.537 
.544 
.669 
.599 
.634 
.626 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

(b) 

.543 

.590 

.576 

.579 

.572 

.630 

.614 

.616 

.605 

.616 

.543 

.550 

.575 

.486 

.539 

.579 

.609 

.594 

.644 

A Study of the Factors Influencing the Car.otene Content of Fee<i 
in South .Carolina 

(J. H. Mitchell, E. J. Lease, ·D . B. Roderick, and G. W. W ise) 

This project is carried on in cooperation with the Dairy D1 
partment. To note the effect of rotation and of continuous grazin 
on the carotene content of the grass and the milk at definite inte1 
vals during the growing season, six cows are being used, consis1 
ing of two Jerseys, two Holsteins, and two Guernseys. These ar 
divided into two groups consisting of one animal of each breec 
One of the groups grazes continuously in one pasture while th 
other group grazes in four pastures in rotation. 

The carotene content of the grasses was higher through Jun< 
ran along fairly consistently through the summer, and then dE 
creased rapidly in September. The carotene content of the gras 
in the continuously grazed plot was slightly higher than that of th 
rotation plots during the early part of the season but became lowe 
after the middle of the summer. Figure 15 shows these result 
graphically. 

The carotene content of the milk samples was rather consisten 
through the season and there was no decline as the grasses becam 



.30 

~ ,.27 
., 
>, .24 ,.. 
"' t . 21 

9 
~ -lA 
,.. 
8. . 15 

~ 
!l .12 
0 ,.. 
"' u .09 

l 

FIFTY-THIRD ANNUAL REPORT 

------, 

B 

A' 

A - Curve for plots grazed in rotation 

B - Curve for continuously grazed plot 

May June July Aug. 

\ 

Sep. 

\ 
\ 

\ 

Oct. 

Figure 15.-Carotene content of pasture grasses, rotation and con
tinuous grazing. Milligrams carotene per gram of dry 
sample . 
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lower in carotene. Apparently there is sufficient carotene in the 
quantity of grass eaten to maintain the carotene level in the milk. 
The results also seem to indicate that so far as the carotene content 
is concerned it does not make any difference whether the cows are 
rotated or continuously grazed. 

Studies on Dehydrated Sweet Potato 
(J. H . Mitchell and E. J. Lease) 

During the past year the studies on dehydrated sweet potato 
have been continued and the progress in the field was recently re
viewed in Bulletin 329 titled "Biochemical and Nutritional Studies 
of Dehydrated Sweet Potato.'' It is planned to continue this in
vestigation and to try to obtain accurate data on the cost of dehy
dration by actual operation on a small scale. It is also planned to 
extend the practical feeding trials comparing dehydrated sweet 
potato with corn. 

A Study of the Tannins of Lespedeza sericea 

(E. J. Lease and J. H. Mitchell) 

Although the perennial legume, Lespedeza sericea, is a good 
cover crop to prevent erosion, and produces good yields, sometimes 
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it exhibits toxic and non-palatable properties to animals consuming 
it. Clark, Frey, and Hyland* have shown that Lespedeza sericea 
contains tannic acid. They have shown that the leaves contain 
more tannic acid than the stems and that the tannic acid increases 
with the size of the plant. Although it is believed that tannic acid 
is responsible for the toxicity, no experimental proof is available, 
Practical methods by which the toxicity may be overcome, and 
analytical data as to the composition of the lespedezas grown in this 
area, are not available but are needed since the lespedezas can be 
and are being grown in increasing acreages. To obtain this infor
mation and dete;rmine the comparatiYe feeding value of certain of 
the lespedezas with alfalfa, a cooperative project has been starte-d 
by the Chemistry, Poultry, and Dairy departments. 

To determine the physiological effects of consuming tannic acid, 
albino rats were fed various levels of crystalline tannic acid and 
certain of its degradation products such as gallic acid. Other groups 
of rats were fed various leYels of certain of the lespedezas. Both 
tannic acid and gallic acid were found to be toxic, the latter the 
more toxic. Albino rats were able to tolerate 5 percent tannic acid 
mixed in a good ration, but high levels were strikingly toxic as 
revealed by a greatly decreased growth rate, a pale color, and the 
blank stare expressed by their eyes. Since the skin, paws and tails 
of rats fed tannic or gallic acid were pale and free from the charac
teristic pink of the normal rats, hemoglobin determinations of the 
blood were made. 

The hemoglobin levels of the blood of rats fed crystalline tannic 
or gallic acid were far below normal, often as low as 50 to 60 per
cent of normal. 'l'his greatly reduced hemoglobin level in rats fed 
crystalline tannic acid was paralleled by data from the chemical 
laboratory where it was obserYed that tannic acid precipitated the 
iron and also the protein of the ration, both of w]J_ich are essential 
in hemoglobin formation. These data suggested practical antidotes 
for tannic acid toxicity, namely, the addition of more protein and 
iron to the ration. Rats were therefore fed rations containing tan
nic acid, tannic acid plus additional iron, and tannic acid plus addi
tional protein. As shown in Figure 16, the growth curves indicate 
that protein and to some extent iron counteract the toxicity of 
crystalline tannic acid fed to rats in an otherwise adeguate ratirm. 

None of the samples 0f Lespedeza sericea thus far obtained and 
fed to rats have been sufficiently toxic or unpalatable to put the 
study on the same clearcut basis as has been done by feeding crys
talline tannic acid. The feeding of as much as 60 percent of the 
ration as Lespedezci sericea or feeding concentrated extracts from 
Lespedeza sericea has also failed to produce in the rat toxic symp-

*Journal of Agr. Research, Vol. 58, Page 131, 1939. 
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toms which were sufficiently outstanding and definite to provide a 
base for a plan of experimentation. It is highly probable that the 
tannic acid in these samples of Lespedeza sericea was largely de
toxified in the plant by chemical combination with other constituents 
of the plant and also through polymerization of the tannic acid 
itself. The percentage of "total" and the percentage of "toxic" 
tannic acid may be two entirely different figures; perhaps the 
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' 'toxic'' tannic acid is less polymerized and has not been detoxified 
by the plant. 

In Table 32 are listed the average analyses of some of the les
pedezas grown near Clemson as compared with alfalfa. 

T able 32.- Composition of Lespedeza Hays Produced in South Carolina as 
Compared with Alfalfa Hay 

I Sericea I Tenn. 761 
hay hay 

I 
Moisture --------------Ash -------------------Fat (er) ---------------Protein (er) -----------Fiber ( er) -------------
N. F . Ext. -------------

Calcium ---------------1 Phosphorus __________ _ 
Tannie acid -----------1 

Percent I 

8.31 
4.85 
2.51 

10.06 
29.55 
44.72 

100.00 I 
.740 I .137 

8.84 

Percent 

7.16 
4.24 
3.20 

13.38 
28.09 
43.93 

100.00 I 
.670 I .210 

7.61 

Percent 

7.53 
5.36 
3.81 

12.56 
30.60 
40.14 

100.00 I 
.800 I .194 

6.79 

Percent I 
I 

7.75 I 
4.83 I 
3.31 I 

13.06 I 
28.05 I 
43.00 I 

100.00 I 
.700 I 
.211 I 

6.47 I 

Alfalfa 
hay 

Percent 

8.70 
8.50 
2.35 

14.85 
28.36 
37.24 

100.00 

1.08 
.314 

Factors Influencing the Iodine Content of Soils and Rocks 
(J. H. Mitchell and D. B. Roderick) 

A study is being· m'ade of the iodine, manganese, and iron con
tent of the various types of soils in the state, and also of the parent 
rocks of these soils. The iodine content varies considerably with the 
type of soil. Some of those soils showing the lowest iodine content 
are Bayboyd, Bladen, Grady, and Okenee, with 1000 to 2000 parts 
per billion. Some of the higher ones are Louise, Davidson, "Wick
ham, and Mecklenburg, with an iodine content of 9000 to 14,000 
parts per billion. In most cases the soils in the upper part of the 
state are hig·her in iodine than those of the lower section. High 
fertilization in the past may have had some effect on the iodine con
tent of the soil. 

The iron and the manganese vary also with the type of soil 
and the location. These elements are more abundant in the soils of 
the upper part of the state, and there seems to be some relationship 
between them. 

Figures 17 and 18 show the distribution by counties of iodine 
and iron in the soils that have been studied. 
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Figure 17.-Distribution of iodine in soils according to counties ex
pressed as parts per billion on a dry weight basis. 
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Figure 18.-Distribution of iron in soils according to counties ex
pressed as percent on a dry weight basis. 
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Other Cooperative Projects 

(J. H. Mitchell, D. B. Roderick, and E. J. Lease) 

A new project has just been initiated in which the Chemistry 
Department is cooperating with the Home Economics Department 
in a study of the "Nutritional Status of Rural School Children As 
Related to the School Lunch.'' This department is also cooperating 
with other departments and substations in carrying on several other 
projects. These projects haYe chemical phases which require con
siderable time and effort on the part of experienced chemists in a 
well equipped laboratory. During the past year 670 samples have 
been received and analyzed in connection with these projects. Some 
of the samples required as many as four or five determinations m 
duplicate. A summary of these samples is given in Table 33. 

Table 33.-Samples Received from Other Departments During the Year 

Department 
/ Number of 
I samples 
I 

Agronomy _________________ Pasture grasses ------------------1 
Animal Husbandry _________ Feeds and hog feces --------------1 
Chemistry _________________ Turnip greens -------------------

~~:eas ==------------------------1 

Lespedeza ----------------------- , Dairy ______________________ Silage and pasture grasses _______ _ 
Butter fats -----------------------

Poultry ____________________ Feeds and oils -------------------1 
Hen bodies, droppings, etc . ______ l 

Mis ce 11 an eou s _______________ - ___________ ----__________ --___ - -1 
Total ------------------------------------------------1 

ANIMAL HUSBANDRY 

30 
52 
83 

124 
73 
67 
26 
so 
40 
10 
89 
26 

670 

Some Factors Affecting the Economy of the Gains Made by 
Fattening Swine 

(E. G. Godbey, G. W. Anderson, and L. V. Starkey) 

The purpose of this project was to determine the relation of 
the economy of gain to the weights and measurements of certain 
physiological and morphological characters found in fattening 
swine. 

Purebred Berkshire pigs were weighed and measured at birth 
and weaning. The barrows of medium weight were put in individ
ual pens and fed a fattening ration from weaning until a 200-pound 
weight had been reached. Hemoglobin determinations were made 
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at the beginning and at the close of the fattening period. Each hog 
was carried through a 10-day digestion trial. 

When a weight of 200 pounds was reached, each hog was killed 
and a study was made of the internal organs and glands. The 
weights made were those of the blood, the emptied dig_estive tract, 
the liver, the spleen, the pancreas, the heart, the lungs, the kidneys, 
the adrenals, the pituitary, and the thyroid. The capacity and the 
length of the digestion tract were determined. Nuclei diameters 
were measured in sections of the thyroid, the pituitary, and the 
adrenals. 

The records on 64 pigs will be completed at the end of this 
fattening period. The pigs that have completed the test haYe 
made unusually economical gains, requiring only 2.98 pounds of 
feed for each pound of gain. The percentag·e of the feed nutrients 
digested did not vary significantly. 

The weights and measurements of pigs at birth were highly 
correlated with those taken at weaning and at 112 days of age. 
The size of the correlations secured indicate that there may be a 
positive relationship between the economy of gain and the size of 
liver, lungs, heart, and thyroid. , vhen sufficient animals have 
been examined, the data will be analyzed statistically and the de
tailed results presented. 

Purebred Versus ·Crossbred Pigs 

(L. V. Starkey and E.G. Godbey) 

During the last two years purebred Berkshire sows have been 
bred to Berkshire and to Duroc Jersey boars. Purebred and cross
bred pigs were produced in each litter. The purebred pigs weighed 
2.96 pounds at birth and 36.69 pounds at weaning. The crossbred 
pigs weighed 3.54 pounds at birth and 49.33 pounds at weaning. 

The pigs were divided into two groups and put on a fattening 
ration at weaning time. During the fattening period the purebred 
pigs made an average daily gain of 1.40 pounds as compared with 
1.78 pounds for the crossbreds. 

The purebred pigs ate 335 pounds of feed for each 100 pounds 
of gain, while the crossbreds ate 329 pounds. 

The crossbred pigs went to market 28 days before the pure
breds and sold for a higher price. 

The Effect of the Ration on Rate and Cost of Gains, and Quality 
of Beef Produced 

(E. G. Godbey and L . V. Starkey) 

A ration of cottonseed meal and cottonseed hulls was compared 
with shelled corn and lespedeza hay. Forty medium grade steers 
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averaging about 750 pounds in weight were fed until gains of three 
or four hundred pounds had been made. 

The results of this test are shown in Table 34. The results of 
previous tests in which 200 pounds of gain was put on similar steers 
with the same rations has been included in this table. 

T able 34.-The Comparative Effect of Two Rations Upon the Average Daily Gains, Feed 
Consumed per 100 Pounds of Gain, and Feed Costs of Steers Fed to 200, 300, 
and 400 Pounds of Gain* 

Feeds used I Cottonseed m eal and hulls I Corn and lespedeza hay 

I I I I I Total gain per steer (lbs.)------1 200 I 300 I 400 I 200 300 I 400 
Daily gain per steer (lbs. ) ______ J 2.09 I 2.3.'i I 1.83 I 1.92 I 2.36 I 1.94 
Feed eaten I Concentrates (lbs.) - \ 396.85 \ 515.38 \ 638.971 441.151 499.26 I 609.72 per 100 lbs. Roughage (lbs.) ____ 1191.99 1089.29 1309.37 1156.52 978.92 I 1177.48 
of gain Salt (lbs.) ---------1 3.20 I 3.40 I 3.91 2.64 2.90 I 3.57 
Feed !Concentrates ------1 $ 4.96 I $ 6.44 I $ 7.99 I $ 5.51 $ 6.24 I $ 7.62 
cost of Roughage ---------1 5.361 4.90 I 5.89 1 9.25 7.83 I 9.42 
100 lbs. Salt --------------- \ .03 .03 .04 .03 .03 I .04 of gain Total -------------- 10.35 11.37 13.92 14.79 13.10 I 17.08 
Necessary margin -------------1 $ .70 I $ 1.25 I $ 2.41 I $ 1.64 I $ 1.74 I $ 3.51 

*Fifty-nine steers have been carried to a gain of 200 pounds on each of the two 
rations. Ten animals have been used (one year' work) in each of the other four groups. 

Costs: Corn $.70 per bushel, meal $25.00 per ton, hulls $9.00 per ton, hay $16.00 per ton, salt $20.00 per ton, cattle $7.00 per 100 pounds. 

The rate of gain was faster in the meal and hull lot until the 
first 200 pounds of gain had been put on. After that time, the 
steers on corn and ha~· made a relatively faster gain. When 300 
pounds had been put on, the rate was the same in each lot. 

The concentrates required for 100 pounds of gain increased 
with the length of the feeding period. 'l'he roughage consumption 
in each lot was lowest for the cattle carried to a 300-pound gain, 
and highest for those making a 400-ponnd gain. 

The feed cost of 100 pounds of gain was greater in the corn 
and hay lot regardless of the amount of gain put on the steers. This 
increased cost was due to the relative price of the roughages and 
not to the amount of feed consumed. 

'l'he necessary margin increased as the amount of gain in
creased, and was higher for the cattle that were fed on corn and 
hay. 

The steers used in these tests were slaughtered and meat studies 
were made by members of the B. A. I. staff at w ·ashington, D. C. 
The rations used have not produced meats that were different in 
color, quality, or palatability. 
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Phenothiazine as a Vermifuge for the Internal Parasites of Sheep 

(E. R. Hauser* and G. W. Anderson) 

The most commonly used anthelmintics until recently were cop
per sulfate and nicotine sulfate which have been effective against 
stomach worms but not the nodular and hook worms of the intes
t ine. The purpose of this experiment was to test the efficacy of 
phenothiazine in the removal of stomach and intestinal parasites 
and the effect of their removal on blood hemoglobin. Forty-one 
Southdown and Hampshire ewes were used in the first experiment 
and 33 in the second. 

The degree of infestation was determined by making micro
scopic examinations of fecal samples taken on three successive days. 
The hemoglobin of the blood was determined at the same time. The 
worm infestations were read as negative, very very light, very light, 
light, light plus, moderate, heavy, and very heavy. Phenothiazine 
was administered at the rate of .3 gram per pound of body weight 
in the first experiment. In the second experiment the flock was 
divided into three equally infested groups to test the effectiveness 
of three preparations of phenothiazine, powdered, capsule, and a 
chemically wetted aqueous suspension. A dosage of 34 grams was 
given each individual. 

The average worm infestation at the beginning of the experi
ment fell in the very light range but there was great variation be
tween individuals, the lambs having a lower egg count than the 
ewes. The average hemoglobin was 9.23 grams per 100 cc. of 
blood, which is below the average for sheep (11.18 grams) as given 
by Dukes. There was a significant coeffcient of correlation of -.6-18 
between the hemoglobin and worm infestation. 

Ten clays after the administration of phenothiazine the egg 
count of the fecal samples had dropped to a point between negative 
and very very light, but the infestation in the lambs had increased 
slightly and the average hemoglobin had risen to 11.42 grams per 
100 cc. of blood. There was a non-significant negative correlation 
coefficient of .207 between grams of hemoglobin and egg count. 

At the beginning of the second half of the experiment, August 
30, the average infestation for the flock was between very light and 
light and the average hemoglobin had dropped to 10.59 grams per 
100 cc. of blood. The lambs were more hea.-ily infested than the 
ewes. Again there was a significant negative correlation coefficient 
of .394 between hemoglobin and egg count. Ten days after the 
drug was administered the average egg count had dropped to be
tween negative and very very light and the hemoglobin had risen 
to 12.04 grams. There was a correlation coefficient of -.113 be-

*Instructor in Animal Husbandry, Clemson Agricultural College. 
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tween the egg count and grams of hemoglobin per 100 cc. of blood 
but the correlation was not significant. To difference was observed 
in the effectiveness of the three preparations of phenothiazine. The 
chemically wetted aqueous suspension was most easily administered 
but cost more per sheep. 

Table 35.-Grouping of Sheep According to Worm Infestation Before and After 
Treatment with Phenothiazine 

*First Run **Second Run 

Number Number Number Number 
Grouping Estimated of sheep of sheep of sheep of sheep 
according Numerical number in each in each in each in each 

to egg value of eggs group group group group 
count used on slide before after before after 

giving giving giving giving 
pheno- pheno- pheno- pheno-
thiazine thiazine thiazine thiazine 

I 
Negative ------------ 0 0 I 9 11 5 I 16 
Very, very light_ _____ 1 1-7 10 28 7 I 11 
Very light ---------- 2 8-30 9 2 7 I 6 

_______________ , 3 31-80 6 -- 4 --Light I Light plus ---------- \ 4 81-150 4 -- 5 --
:M:oderate ----------- 5 151-250 2 -- 2 I --
Heavy -------------- \ 6 251-350 1 -- 3 I 
Very heavy --------- 7 350-up -- -- -- I 

*Average grams of hemoglobin per 100 cc. of blood before treatment_ _____ _ 
Average grams of hemoglobin per 100 cc. of blood after treatment_ ______ _ 
Average infestation before treatment (numerical value of grouping) _____ _ 
Average infestation after treatment (numerical value of grouping) ______ _ 

**Average grams of hemoglobin per 100 cc. of blood before treatment_ _____ _ 
Average grams of hemoglobin per JOO cc. of blood after treatment_ ______ _ 
Average infestation before treatment (numerical value of grouping) _____ _ 
Average infestation after treatment (numerical value of grouping) _______ _ 

--
--
9.23 

11.42 
1.902 
.7805 

10.59 
12.04 

2.455 
.697 

Four aged ewes were purchased for slaughter to find the num
ber of worms present in the stomach and small intestine. Micro
scopic examinations were made of focal samples from each ewe and 
hemoglobin of the blood was determined. Two of the ewes, 321 and 322, 
were slaughtered the day the last of the three fecal samples were 
taken and the stomach and intestinal worms were counted. Ewes 
320 and 323 were drenched with a watel' suspension of phenothia
zine and egg counts and hemoglobin determinations were made 10 
days after the administration of the drug. These ewes were then 
slaughtered the day the last fecal sample for egg count was taken 
and the worms present in the stomach and intestine were counted. 
Table 36 gives the results. 

These results indicated that phenothiazine was effective in 
removal of stomach worms, nodular worms, and hook worms. As 



Table 36.-The Efficacy of Phenothiazine Treatment in the Removal of Stomach and Intestinal Worms from Four Aged E wes 

Egg count Egg count IHemoglob;,, 
Hemoglobin Number of Number of 

I 
Number of Number of 

Ewe 10 davs stomach stomach intestinal intestinal 
number before after before after worms before worms after worms before worms after 

treatment treatment treatment treatment treatment treatment I treatment treatment 

I 
I I 

I I 
320 I Heavy I Very light 2.99 I 3.3 Number not known I 30 !Number not known I 4 
323 I Light I Very, very light 8.30 I 7.42 Number not known I 8 Number n"ot known 6 

321* I Moderate \ --------------- I 5.10 I --- 2245 
I -- I 608 

I --
322* I Light --------------- 7.18 I --- 165 -- I 79 -

*Slaughtered before treatment with phenothiazine. 
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the egg count decreased, there was an increase in the grams of 
hemoglobin per 100 cc. of blood. 

Lambs may become infested while penned and feel in the barn. 
Under the moist warm conditions of South Carolina sheep cannot 
remain on a pasture for two weeks without becoming reinfestecl 
or more heavily infested. 

DAIRYING 

Tattooing Herd Numbers on the Udders of Dairy Cows 
(J. P . LaMaster) 

In large commercial dairy herds difficulties encountered in the 
identification of individual animals often result in inaccurate rec
ords, both of production and breeding. A solution to this problem 
in the case of milking· cows has been developed by tattooing herd 
numbers on the udders. Since the skin of the udders of dairy cattle 
is white, tattooing may be successfully used as a method of marking. 

The apparatus used is a modified electric tattoo animal marker' 
employed extensively in marking foxes, rabbits, and poultry. A 
special needle bar having nine steel needles instead of the usual five 
was used in order to make wider lines. In operating the apparatus, 
which uses dry cell batteries as a source of power, it was found de
sirable to wear rubber gloves to insulate against occasional slight 
shocks resulting from accidental grounding. 

The right forequarter of the 
udder was selected as a region 
on which to tattoo the numbers 
because of the amount of ex
posed area and the visibility to 
the milker, "·ho is on the right 
side or the cow. The hair is 
clipped from the udder and the 
herd number of the cow is out
lined at the proper location on 
the udder by means of a reel 
wax glass marking pencil. The 
figures, approximately t w o 
inches high, may be varied in 
size according to the area of 
the quarter. 

The cow is thrown with a 
rope hitch (a cow stock may be 
used) and the outlined numbers 
on the udder are traced with Figure 19.-Herd numbers tattooed 
the electric tattooing marker on udders of cows. 
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using black tattoo ink. This treatment causes neither bleeding nor 
evident pain to the cow. 

After several trials, in which rubbing ink into the skin punc
tures was compared with non-rubbing, the latter method was found 
preferable. The most pronounced and distinct outlines of the num
bers were obtained by tracing over the numbers twice with the elec
tric needle. These numbers can easily be seen by the milker and 
usually can be read at a distance of 25 feet. 

The Effect of Sulfanilamide on Blood and Milk Catalase and Beta 
Hemolytic Streptococci in Bovine Mastitis 

(G. W . Anderson and P. G. Miller) 

To study the action of sulfanilamide upon the catalase actiYit)
of the blood and milk and the rate of elimination of hemolvtic 
streptococci due to sulfanilamide therapy, mastitis was produced in 
the left front and left rear quarters of three cows by the introduc
tion through the teat canal of a physiological saline suspension of 
Streptococcns zooepidemicns, isolated and identified by Dr. F. B. 
Hadley, University of Wisconsin. 
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Figure 20.-0bservations on the catalase act1v1ty of the blood and 
milk during induced beta hemolytic streptoccocic mastiti s 
of the left quarters and sulfanilamide therapy. 
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::\Iilk and blood samples were drawn three times daily, three 
or four days before the infection was imlnced and continued until 
the affected quarters became nearly normal. Catalase and sulfanila
mide (when it was administered) examinations were made on the 
blood and milk, and hemoglobin determinations ,nre made on the 
blood samples. 

As soon as mastitis deYeloped, indicated by an increase in 
hemolytic streptococci, udder congestion, and off-color milk, sul
fanilamide was administered three times daily until the hemolytic 
organisms disappeared from the milk. It was thought that an in
activation of the blood and milk catalase by sulfanilamide might 
result in an increased hydrogen peroxide content of the bacterial 
cell, and this would help explain the action of sulfanilamide on the 
hemolytic streptococci . (Locke, :\Iain & Mellon, Science, Dec. 30, 
1938.) However, sulfanilamide did not seem to have any effect 
on catalase activity of the milk and blood. 

Sulfanilamide in dail)· doses of 70 to 170 grams eliminated the 
hemolytic streptococci in nine to 14 days. There were no indica-, 
tions of hemoglobinernia resulting from the amounts of sulfanila
mide administered. 

The results obtained with one co"· are sho"·n in Figure 20 and 
are typical of those obtained with the other two animals. 

The Effect of Mastitis on the Composition of the Milk 

( P . G. Miller, G. W . And erson and E. J. Lease) 

Whenever a case of mastitis becomes seYere enough to affect _the 
physical appearance of the milk, the milk becomes ''off-colored.'' 
In more severe cases the secretion becomes Yery fluid with lumps 
of casein and fat, and has a Yer)· definite yellowish color. Chemic~l 
analysis of two samples of churned and fi ltered fat, one sample 
obtained from mi lk produced by quarters free of infection and the 
other sample from milk produced by quarters of the same cow hav
ing a mastitis infection showed that the )·ellow color in the l~tter 
case was due to a triple increase in carotene content. 

A more extensive study of the coloration was carried out by 
examination of the milk fat produced during the course of a case 
of mastitis artificially induced in the left quarters of a young Guern
sey cow. The case of mastitis was induced by injections into the 
teat ducts of the left quarters of a suspension of the micro-organ
ism Streptococcus zooepidemicus which had been isolated and iden
tified from a case of bovine mastitis by Dr. F. B. Hadley of the Uni
versity of W isconsin. Determinations of the carotene and vitamin 
A content and of the composition of the milk fat were made before 
infection, during mastitis, during sulfanilamide therapy, and for 
several weeks after treatment. 
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Figure 21.-Changes in the amount of carotene per unit of milk fat 
secreted by the normal and the infected quarters of a 
cow during the course of an artificially induced case of 
mas ti tis. 
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Before infection the milk produced by the right and left sides 
of the udder was essentially the same in all properties studied. 

During the case of induced mastitis the milk from the infected 
quarters (left side) changed markedly as follows : The carotene and 
vitamin A in the fat more than doubled; the amount of carotene per 
liter of milk almost doubled; the fat content of the milk decreased; 
the milk yield decreased to a low level, causing the total amount 
of carotene secreted in the milk per day to reach a low level. Dur
ing the same period, milk from the normal quarters (right side) 
did not change very much, although a slight increase in carotene 
per liter of milk and per day occurred. This increase in carotene 
was probably clue to the slight decrease in milk yield of which the 
fat content was higher. 'l'he milk fat from the infected quarters 
had a lower refractive index, iodine nurn ber, and Reichert-Meiss! 
number and a higher saponification number than the milk fat from 
the normal quarters. 

Sulfanilamide therapy sufficient to eliminate all hemolytic or
ganisms from the udder did not significantly affect the fat test 
or the milk yield, but it markedly decreased the carotene content 
of the milk fat from both the infected and the normal quarters. 

upon recovery from the symptoms of active mastitis, all the 
various properties studied tended to return to normal; however, the 
milk yield and fat test remained low and the carotene content of the 
fat remained slightly high from the quarters that had been in
fected. 

Figure 21 shows the changes observed in the carotene content 
of the milk fat during the course of the artificially induced case 
of mastitis. 

The Effect of Feeding Cottonseed Meal on the Physical and Chemical 
Properties of Milk 

(P . G. Miller and G. H . W ise) 

Cotton seed is the principal source of concentrated feed for 
dairy cattle in South Carolina. Iiwestigations at other stations 
have indicated that cottonseed meal is a satisfactor~' concentrate 
for dairy cattle when it is supplemented with adequate amounts of 
vitamin A and calcium as occur in good quality roughages. It is 
well known that the feeding of cottonseed meal gives to Southern 
butter qualities that are discriminated against in the large markets. 
The work done elsewhere on the effects of feeding cottonseed pro
ducts has dealt primarily with butter, so this project was initiated 
to ascertain the desirable and undesirable properties that may occur 
in the milk and milk products other than butter. 

The results obtained from feeding a group of 8 to 12 Holsteins 
on a ration consisting of C\ottonseed meal as the sole concentrate 
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(plus salt and bone meal) and corn silage and/ or pasture as the sole 
roughage for a period of more than a year indicate that not only 
undesirable properties occur in the milk but also that such a feed
ing regime may have detrimental effects on the health and repro
duction of high-producing cows. The question arises as to whether 
the effects on the cows were due to a deficiency of some essential 
food substance, to an excess of some food substance (for instance 
protein), or to some factor or factors coin_cidental with the prog-ress 
of the experiment. A remedy for the effects on the cow may be 
expected to overcome some of the undesirable effects on the milk. 
Hence, the effect of feeding cottonseed meal on the health and re
production of high-producing cows has of necessity become an im
portant phase of this project. 

As a control, each cow on the cottonseed meal ration has been 
paired with another cow comparable as to breed, stage of lactation, 
age, milk production, etc. The control group has received a concen
trate mixture of corn gluten meal, wheat bran, ground corn, and 
ground oats. The roughage has been the same for both groups. 
During the winter while silage was the only roughage, both groups 
had occasional cases of compaction of the rumen. HoweYer, when 
the cows were released on pasture in the spring of 1940, a number 
of animals in the cottonseed meal group had digestive upsets ac
companied in three cases by abortion and in three other cases by 
breeding difficulties. 

The milk produced by the group of cows on the cottonseed 
meal ration preceding, during and following the spring upset was 
characterized by a very low protein content. 

The feeding of cottonseed meal altered some of the properties 
of the milk immediately after the beginning of the feeding trials. 
The milk produced by the cows on the cottonseed meal ration dur
ing the entire feeding period had a higher non-protein nitrogen 
content, pH, melting point of the fat and ash content, and fat of 
poorer keeping quality than the milk produced by the cows on the 
normal concentrate mixture ration. For the first five months of 
the feeding trial, both groups produced milk with abol,lt the same 
fat and total solids content. Since the fifth month, the group on 
the cottonseed meal ration has produced milk with a definitely 
lower fat and total solids content than the control group. Differ
ences between the two .milks in rennet coagulation and heat coagu
lation have not been consistent, but the milk from the cottonseed 
meal group has shown much greater fluctuation than the milk from 
the control group. 

During the sixth and seventh months ( cows on winter ration) 
of the feeding trial, the milk was fed to white rats to determine 
its nutritional value (test supervised by Chemistry department). At 
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that time no differences in the nutritional Yalue of the milk pro
duced by the two groups of cows could be detected. 

Because of the nature of the experiment and the unexpected 
effects on the cows, conclusions are not drawn from the results ob
tained so far. Two groups of Jerseys are being assembled for re
peating the experiment. 

Relation of Milk-Feeding System to the Changes Observed in Whole 
Milk " Sham-fed" to Dairy Calves 

(G. H. W ise, P . G. Miller, and G. W. Anderson) 

It is generally recognized that from the standpoint of the 
health of dairy cah·es the natural system of milk feeding, by nurse 
cow, is superior to the artificial methods commonly used. Obviously 
many different factors involYed in the various methods of feeding 
may affect, individually or collectively, the wellbeing of the calves. 
As previously reported (52nd Ann. Rpt. p . 89), one of the experi
mentally recognized advantages of the nipple system of feeding, 
in contrast with the open pail method, is that it reduces digestive 
disturbances resulting from the spillage of milk into the first stom
ach compartment (rumen). A probable added advantage of nurs
ing is the stimulation of salivary secretion as revealed by the drool
ing of safrva from the mouth when the calf is sucking. 

In order to ascertain whether or not the saliva and other secre
tions in the mouth affect the properties of the consumed milk, ex
perimental calves were ''sham-fed.'' This is a technique whereby 
the milk is fed and subsequently removed from the esophagus as 
shown in Figure 22. 

Figure 22.-"Sham-feeding" experimental calves. 

The milk thus treated, ''sham-fed,'' was compared with the 
original unconsumed milk, the control. The comparative changes 
observed in various samples of milk, "sham-fed" and control, are 
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indicated in Table 37. From these results it is evident that as milk 
passes through the mouth and the esophagus and becomes mixed 
with saliva and other fluids, marked changes result regardless of the 
feeding method. However, it is also obvious that feeding Yia a 
nipple exaggerates the degree of n.odification. Since these initial 
changes in the character of whole milk are of such a nature as to 
expedite subsequent digestion in the stomach, this greater degree 
of change resulting from nursing probably is a factor contributing 
to the success of this system in raising dairy calYes. 

Table 37.-Comparative Changes Observed in "Sham-fed" Pasteurized 
Whole Milk 

I R ennet I 
I I Method of coag_ulation Curd I pH Lipoly tic Cream 

feedin g time tension activity volume 

I 
Min. I Gms. I mis. NaOH I• Percent 

I I 
Control* -------1 10.53 40 6.39 

I Open pail ------ 4.58 45 6.18 
Nipple pail ____ 2.38 49 5.91 

*Sample taken prior to feeding. 

Advanced Registry Testing 

(H. A. Johnson) 

0.53 

I 
2.88 
4.30 

8.8 
49.3 
85.8 

Official records of production were made by 230 cows, repre
senting the three major breeds of dairy cattle, through Advanced 
Register, Register of Merit, and Herd Improvement Registry. Of 
the 32 herds represented, 29 were Guernseys, 2 were Jerseys, and 1 
was Holstein. The average production of all ~ows having completed 
records was 10,688.3 pounds of milk, 527.6 pounds of fat, giYing an 
average butterfat percentage of 4.93 percent. This was 521.6 
pounds n1ore milk, 47.2 pounds more fat per cow; 5.1 percent more 
milk and 9.8 percent more fat than the previous year. 

The average production of the 195 Guernsey records was 10,-
553.7 pounds of milk testing 5.00 percent, an average butterfat pro
duction of 528.3 pounds per cow, an average increase of 495.7 
pounds of milk and 14.6 pounds of fat over last ye_ar. The average 
production factor for Guernseys was 105.1, which is 5.1 percent 
above the breed average. 

J ersey cattle produced an average of 10,669.5 pounds of milk, 
553.5 pounds of fat; a butterfat test of 5.18 percent, showing an 
average increase of 2,318.2 pounds of milk and 115.0 pounds of fat 
per cow over last year . The average production factor for Jerseys 
having completed records was 120.2, 20.2 percent above the average 
for the J ersey breed. 

• 



• 
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The 11 Holsteins that completed records averaged 13,114.0 
pounds of milk, 458.6 pounds of fat; an average butterfat test of 
3.49 percent, which is 176.4 pounds of milk and 24.2 pounds of fat 
per cow less than the records completed during the fiscal year 1938-
39. The production factor for the Holsteins averaged 91.5, which 
is 8.5 percent below the breed average for Holsteins. 

POULTRY 

A Study of the Balance Between Intake and Outgo of Certain 
Elements in the Nutrition of the Hen 

(R. C. R ingrose and C. L . Morgan) 

It has long been recognized that the laying hen has an unus
ually great capacity to metabolize calcium. Large amounts of this 
element are needed for the production of egg shells and for other 
body functions. A hen laying 200 eggs a year must transfer from 
the feed to the egg shell approximately one pound of calcium. 
Whether egg production is limited by the ability of the individual 
hen to utilize the calcium supplied in the ration for egg shell for
mation is under investigation. 

It has been shown by certain investigators that if the ration is 
lacking in calcium the hen will remove calcium from her bones for 
use in egg production. On the ration lacking in calcium egg pro
duction ceased after 10 to 25 percent of the calcium of the bones 
had been removed. To determine whether calcium is withdrawn 
from the bones when adequate amounts of this element are supplied 
in the ration has been a subject for study during the past year. 
Data have been obtai:.:ed by determining the balance between the 
intake and the outgo of calcium for individual hens and b~r chemical 
analyses of the leg bones and the entire bodies of a group of stand
ardized hens which were receiving adequate amounts of calcium. 

Data were obtained by the balance method on six hens fed a 
pellet ration containing 2.4 percent calcium. All hens showed a loss 
of calcium during the first six weeks of production. Losses ranged 
from 13 to 34 percent of the calcium present in their entire bodies 
at the beginning of lay. In addition to the calcium outgo in egg 
shells the hens were excreting calcium in the droppings to the ex
tent of 3 to 4 percent of the total dry matter. Since the chief stor
age of calcium in the body of the hen is in the skeleton, large 
amounts of calcium were evidently removed from the bones for 
egg shell formation during this period. 

The study of calcium utilization by the hen by chemical analyses 
of the leg bones and the entire bodies of hens just prior to laying 
and after six weeks of production also showed losses of calcium from 
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the body. Data on the chemical analyses of hens fed a pellet ration 
containing 2.4 percent of calcium are shown in Table 38. 

Table 38.-Average Calcium Content of H ens Fed a Ration Containing 
2.4 Percent Calcium 

Time 

I 
Day b efore first I 

egg ----------1 
After 6 weeks of I 

production ---1 

Hens 

Number 

11 

11 

Live 
hen 

weight 

. Grams I 

I I I 1799 / 

I 1903 \ 

Total 
calcium 

Grams 

19.01 

16.41 

Calcium 
in live 
wei ght 

P ercent 

1.06 

0.86 

A sh in 
dry Egg 

fat-fr ee pro-
leg bone duction 

J Percent I Percent 

I 
63.17 I 

I 
60.70 I 72 

The data in Table 38 show that on the day previous to the laying 
of the first eg·g ( as determined by the presence of the egg· in the 
oviduct at the time of slaughter) the hen's body contained 1.06 
percent calcium and the ash content of the leg bone was 63.17 per
cent. After six weeks of production at an average rate of 72 per
cent, the amount of calcium in the hen's body had been reduced to 
0.86 percent and the ash content of the leg bones to 60.70 percent. 
The reduction in total body calcium amounted to 20 percent and 
the reduction in leg bone ash amounted to 3.9 percent of the quan
tity present just prior to laying. This loss in total calcium and in 
ash of the leg bones occurred on a ration containing 2.4 percent 
calcium which is considered adequate for egg production. 

In these studies, both the balance method and chemical analyses 
of the entire hen showed losses of calcium from the body. In spite 
of a generally recognized adequate amount of calcium for egg pro
duction in the diet large losses of this element occurred. It would 
appear that such loss naturally occurs in laying hens at this period 
of production. However, it is evident that losses of this magnitude 
could not long continue. Previous work at this station showed 
that the amount of egg shell decreased during the latter part of the 
production period and that the hen was apparently able to replace 
the calcium lost during the early laying period. Reduction of the 
loss of calcium through improvement of the diet would be sug·gested 
from these studies; however, the possible relationship of heredity 
to calcium utilization by the hen is a factor to be considered. 

The Nutritive Value of Lespedeza for Poultry Feeding 
(R. C. R ingrose and C. L . Morgan ) 

The use of lespedeza as a soil-building, erosion-control, and 
feed crop for livestock is increasing in this state. The importance 
of fresh or dried green feed in poultry rations suggests the possi-
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bilities of lespedeza for this purpose. Alfalfa meals are common 
constituents of most commercial poultry feeds, while lespedeza has 
been used only to a very limited extent. While alfalfa can be 
grown in the state, considerable expense is necessary to establish 
it. Lespedeza is more adaptable to local conditions and is already 
being grown on considerable acreage. 

During the past year a project on the nutritive value of les
pedeza was started. Both sericea and Korean lespedezas are in
cluded in the study. For use in poultry feeding these crops are 
harvested at such period as to yield the most nutritious hay and 
cured in such a manner as to retain the greatest amount of leaYes 
and a bright green color. Meals made from the whole plant and 
from the leaves have been prepared for feeding. 

Since sericea contains tannic acid which may affect the palata
bility of the ration and also be toxic to the animals fed, this factor 
has been given first consideration. Day-old chicks haYe been fed 
a ration containing 5 percent sericea meal as well as a similar 
ration containing 2 percent pure tannic acid. Feeding the ration 
containing the pure tannic acid resulted in reduced growth but did 
not cause any mortality. Reduced growth was the result of re
duced feed consumption since the gain per pound of feed was equal 
to that made by a similar lot of chicks fed a normal ration. There 
was no reduction in growth of chicks when fed rations containing 
5 percent sericea meal. 

Preliminary chick feeding trials were made with rations con
taining 5 percent Korean and sericea in the form of leaf meal and 
whole plant meal (both sun-cured and shade-cured). In these trials 
all types of lespedeza meal gave similar results as the same amount 
of alfalfa leaf meal. It appears that the lespedeza meals may be 
found to be as valuable as the alfalfa meals in poultry rations at a 
material saving in costs. 

Other Projects 

Results of studies on vegetable proteins in laying and breeding 
rations and methods of control for so-called range paralysis were 
covered in a previous report. Further work on these problems is 
under way. 
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THE CLEMSON COLLEGE FARMS 

Soil Management Studies 

{C. S. Patrick) 

93 

This study was started in 1926 to determine the comparatiYe 
value of a green manure crop of rye and hairy vetch, fresh manure 
from the dairy barn, and a combination of the green manure crop 
and manure in the production of cotton. Each of the four plots has 
received annually an equal amount of commercial fertilizer (approx
imately 400 pounds of a 6-12-6 plus 100 pounds of sodium nitrate, 
except for the past fise years, when only one-half of each plot re
ceived an application of sodium nitrate). In addition, one plot has 
received annually eight tons of fresh manure from the dairy barn: 
a second plot a green manure crop of rye and vetch (15 pounds of 
vetch and 1} bushels of rye per acre); and a third plot eight tons 
of manure and a green manure crop of rye and vetch. The check 
plot received neither manure nor green manure crop. Before this 
study was started the field was terraced according to the best prac
tices of terracing. Each year the best practices of soil preparation 
and cultivation haYe been used and the same variety of seed has 
been planted on each plot. 

Table 39 sho"·s the data secured annually except for 1927 and 
1928, when no yield records were kept because of poor stands on 
all plots. 

Beginning with the year 1935 and continuing through 1939, 
sodium nitrate was applied as a side-application to only one-half of 
each plot. Table 40 shows that this application of 100 pounds of 
sodium nitrate per acre gave an average per acre increase in seed 
cotton of 389 pounds on the plot where no organic matter had been 
turned under, 376 pounds "·here a green manure crop of rye and 
vetch had been turned into the soil each ~-ear. 193 pounds where a 
green manure crop and eight tons of manure had been turned into 
the soil annuall~-, and a decrease of 26 pounds where eight tons of 
manure had been applied annuall~-. 

Cotton Variety Test on Large Scale 

(C. S. Patrick) 

This study of the yield of six promising varieties of cotton 
grown on larger areas than are used in the regular variety test was 
started six years ago. F r om a field of 30 acres the areas between 
24 terraces were selected so that the areas between any two terraces 
might be planted to a single Yariety. Four replications of each 
variety were planted, making the total area planted to each variety 



Table 39.-Yields of Seed Cotton from the Use of Manure and a Cover Crop of Rye and Vetch 

I Annual and average yield of seed cotton in pounds per acre 

I I I I \ 
I I \ \ Increase Treatment* I [ over check 

I 1926 I 1929 I 1930 I 1931 1932 \ 1933 193411935 1936 \ 1937 \ 1938 1 1939 Average I Pounds[ Percent I I I I I I I I 
No manure or cover crops I [ [ [ [ \ \ I / l I I I (Check) ______________ [ 470 I 8()0 I fo2_0 I 865 I 1700 1260 1200 I 1920 1320 1986 I 1110 I 1926 I 1928 
8 tons manure -------------1 610 [ 1060 [ 1340 [ 1035 [ 2046 [ 1950 I 1700 I 2034 j 2580 [ 1984 I 1686 [ 2494 I 1626 [ 328 I 25 
Rye and vetch green \ I [ \ \ \ I I / I I / I I I manure crop ---------- 470 I 1060 I 1000 1175 1902 1710 1480 __1_260 2_147 [ 22_12 [ 1622 1898 I 1553 I 255 I 20 
Rye and vetch green manure\ I \ I [ I I I I I I I I crop and 8 tons manure_ 775 1330 1750 1575 I 2588 1860 2040 2750 I 2828 I 3082 [ 1940 [ 2556 [ 2089 I 791 I 60 

All plots received annually 400 pounds of 6-12-6 fertilizer plus sodium nitrate at the rate of 100 pounds per acre. 
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Table 40.-The Effect upon the Yield of Cotton of 100 Pounds per Acre of Sodium 
Nitrate used as a Side-dressing on Plots where Manure and / or Green Manure 
Crops have been Turned under Annually 

Annual and average yield of seed cotton, I Average 
per acre 

I pounds per acre increase 
Treatment from 

sodium 
1935 I 1936 I 1937 I 1938 I 1939 I Average nitrate 

No sodium nitrate -------/ 1240 / 1360 / 1349 I 994 / 1370 / 1263 
No manure or ~reen I 100 lbs. sodium nitrate---/ 1920 / 1320 / 1986 / 1110 / 1926 / manure crop ( heck) 1652 I 389 

No sodium nitrate _______ 
1

J 2320 / 1940 / 2472 / 1792 / 2388 I 2182 

8 tons manure I 100 lbs. sodium nitrate ___ / 2034 / 2580 / 1984 / 1686 I 2494 / 2156 I -26 

No sodium nitrate-------/ 1520 
1

1 1700 / 1980 / 1140 / 1620 I 1592 
Rye and vetch 
green manure crop 100 lb s. sodium nitrate ___ / 1960 

1

1 2147 / 2212 / 1622 I 1898 / 1968 

Rye and vetch green 
manure crop and No sodium nitrate_ ______ ! 2020 I 2440 I 3264 I 1940 I 2524 I 2438 
8 tons manure 

100 lbs. sodium nitrate __ _\ 2750 \ 2828 \ 3082 I 1940 I 2556 _I 2631 

approximately four acres. The varieties are rotated each year so 
that a given variety will not be planted on the same area two years 
in succession. Some new varieties have been substituted in place 
of the lower-yielding ones. 

Table 41 gives the annual per acre yield in pounds of seed cot
ton for each variety, together with the average yield for six years. 

Table 41.-Comparative Yields of Certain Varieties of Cotton on Large 
Plots 

Yield per acre in pounds of seed cotton 

Variety I Year 
1935 I 1936 I 1937 I 1938 I 1939 I 1940 I Average 

Coker's 200-1 ------------1 I I I I 1609 I 1609 
Watson's Dixie Triumph 251 1595 I 1384 1647 924 I 1418 1 1574 1424 
Marett's White Gold 1-A- - 1 I I 1402 I 1402 
Coker's 100-2 ------ - -----1 I I 1388 I 1388 
Marett's White Gold-2 - - - 1 I 1023 1585 I 1304 
Coker's Clev-Wilt --------1 I 1351 1 1671 888 1059 1430 I 1279 
Marett's Carolina Del-2 --1 1383 1 1086 1325 I 924 1023 I 1150 
Coker's Farm Relief-3 ---1 1351 1188 I 1252 817 I 1125 I 1147 
Coker's Cleveland 5-5 ___ _ 1 1341 I 1384 I 1281 I 732 I 933 I I 1134 

376 

193 
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THE COAST EXPERIMENT STATION 

(E. D. Kyzer, Superintendent) 

The research program of the Coast Experiment Station for tp.e 
past 10 years has dealt largely with the production of feeds, forage 
crops, and pastures, and their utilization in the production of beef 
cattle and hogs. 'L'he i1westigations along these lines have been of 
such practical nature that the data obtained are of immediate value 
to the average farmer. I1westigations conducted during the past 
year have been a continuation of projects begun in previous years 
upon which additional data were desirable and necessary. This re
port includes the more important projects from which sufficient data 
for publication have been accumulated. 

PORK PRODUCTION STUDIES 

The studies in the production of market hogs conducted at this 
station include a comparison of methods of sanitation in the control 
of kidney and round worms, a comparison of protein supplements 
for fattening hogs, and a comparison of crossbreds and purebreds, 
as to rate and economy of gains. Since only pigs from mixed litters 
of crossbreds and purebreds are used in the latter comparison and 
since no such litters were obtained from sows bred for the experi
ment last spring, no additional data haye been obtained, and no 
discussion of this work is included in this report. 

A Comparison of Methods of Sanitation in the Control of Kidney 
and Round Worms of Swine 

(E. D. K yzer, R. L . Jones, and G. W . Anderson) 

Recognizing the economic loss caused by internal parasites of 
swine, the Bureau of Animal Industry a number of years ago ex
amined the carcasses of a great number of hogs from a southeastern 
state as they came through the slaughtering plant. This examina
tion showed that 85 percent of the livers of the hogs were rejected 
as unfit for human food. It was also determined that very heavy 
infestations of round worms were present. Following this investi
gation and the study of the life history of kidney and round worms, 
the Bureau's veterinarians developed a method of sanitation for 
the control of kidney worms and incidentally of round worms. This 
system, designated as Method No. 1, is briefly as follows: 
Shortly before farrowing, the sow is moyed to a green forage 
lot that has not been used by hogs for seyeral years. In order to 
allow sunlight to strike any eggs or larYae of parsites that might 
be deposited by the sow, a fr\'e-foot strip is plowed and kept clean 
on three sides of the lot. On the fourth side of the lot, a thirty-
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foot strip is likewise plowed and kept clean. Upon this strip is 
located the farrowing house. To prevent the pigs from becoming 
infested, the sows and their pigs are fed in separate enclosures, and 
the sows are held in their pens for an hour or more to allow time 
for elimination of feces and urine in these pens rather than in the 
lot upon which the pigs run. Recognizing the fact that the expense 
and extra labor involved in this method of sanitation is not always 
within the means of the average farmer, this method has been modi
fied and is being compared with the original. This modified plan, 
designated as Method No. 2, is identical with that of Method 
No. 1 except that the plowed areas in the forage lot and the 
separate feeding pens are omitted. As a check on the effectiveness 
of the two methods of sanitation, a proper number of sows have 
been allowed to farrow in a decidedly unsanitary lot and the pigs 
fed there until of average weight equal to that of the pigs raised 
under the sanitary methods. All lots have been full-fed corn and 
fishmeal free-choice and allowed sufficient green forage to prevent 
deficiencies throughout the feeding period. This project has been 
conducted for four consecutive years. The data for rate and econ
omy of gain are given in Table 42, while the percentages of kidney 
and round worm infestation are shown in Table 43. 

From these data, it would seem that kidney worm damage is 
relatively low even under unsanitary conditions when pigs are 
rushed to a 200-pound weight and marketed at or under six months 
of age, as has been the case in this comparison. Examination of 
individual records, too voluminous to include in this report, shows 
that the individual animals ha':"ii1g non-edible livers when slaught
ered, have made gains equal to those of_ non-infested animals. 

Table 42.-Effect of Different Methods Used for the Control of Kidney and 
Round Worms upon the Rate and Economy of Gains of Swine, 
1937-1940 

I Check I 
(unsanitary) 

Number of litters used in tes t ---------- , 
Number of pigs used in test- - --------
Average days on . te st __________________ ] 

Average initial weight --------- -------- , Average final wei ght ------------------
Average daily gain -------------------
Feed consumed per 100 pounds of gain_ J 

~fs~nmeal ---------------------------1 
Feel~~~\ per 100 pounds- of- gain - ------' 

Corn ------------------------------1 
¥~~real --------------------------- , 

7 
44 
76.4 
67.09 

202.34 
1.770 

317.57 
21.78 

339.35 

$3.97 
.65 

4.62 

Method J Method 
No. l No . 2 

7 I 7 
45 I 49 
74.5 I 74.4 
76.27 I 72.4 

200.75 I 201.00 
1.670 I 1.728 

318.18 I 306.38 
18.93 I 17.06 

337.11 I 323.44 

$3.98 I $3.83 
.57 · 1 .51 

4.55 I 4.34 



98 SOUTH CAROLIKA EXPERIMENT STATIOX 

Table 43.-Effect of Diffe rent Methods Used for the Control of Kidney 
and .Round Worms u pon t he Degree of Infestation in Swine, 
1937-1940 

Kidney W o·rm I nfestation 

I Check I 
(unsanitary) 

Number of pigs posted ----------------1 
Percent of livers free of kidney worm 

Per~!~it
0
~} li;;;s-~~itl;-l--t~--3-1;;;-~~;----1 

Tot;let~;~~n t-~f-ii~.;~;-100-p-;r_c_e-;t----- / 

edible -----------------------------1 
Percent of livers with moderate number I 

of lesions (50 percent edible) _______ , 
P e rcent of b,d livers (non-edible) _____ _ 

44 

59.090 

18.180 

77.270 

6.818 
15.909 

R ound Worm Infestation 

Number of specimens examined -------1 Percent showing heavy infestation _____ _ 
Per~ent sh~wing medium to very li ght 

,nfestat,on -------------------------

Tot~~r~!;~:i~~ ~f--s~-~~i:~:~~-~~~~~~~---' 
Percent of specimens free of round I 

worms --------------- - - ---- -- -----1 

44 
2.27 

77.26 

79.53 

20..-15 

Method 
No. l 

45 
I 

48.888 1 

37.776 I 
I 

86.664 I 
I 

8.888 1 
4.444 

45 
4.44 

42.21 

46.65 

53.33 

Meth od 
No. 2 

49 

57.143 

24.487 

81.630 

6.122 
12.244 

49 
0.0 

40.82 

40.82 

59.16 

While the round worm infestation eYidently has not been heayy 
enough in any of the lots to affect materially the rate and economy 
of gain, it may be concluded that the clean farrowing lots haYe ma
terially increased the percentage of pigs entirely free of round 
worms as well as those with light infestations. 

A ·Comparison of Pr,otein Supplements for Fattening Hogs 

(E. D . Kyzer, R. L . Jones, and E.G. Godbey) 

Previous experiments haYe definitely proved the economic nec
essity of balancing the corn and green forage ration of fattening 
hogs with a protein supplement. Other experiments have shown 
conclusively that the hog, when full-fed corn and a protein supple
ment free-choice, . will accurately balance his own ration in keeping 
with approved feeding standards. 

With the expansion of the pork production industry in the 
lower half of South Carolina, the question arose as to which of the 
various protein supplements most commonly offered on the local 
markets produces the fastest and most economical gains. In this 
comparison, the protein supplements, Menhaden fishmeal, sardine 
meal, digester tankage, and meat and bone scraps haYe been used 
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in fiye consecutiYe trials. Ten uniform purebred Poland China pigs 
from the station's herd averaging 67 pounds initial weight have 
been used per lot in each of the five trials. All lots have been con
tinued on feed until an average final weight of 200 pounds was 
reached. The concentrate ration of all lots has been white corn 
and protein supplement full-fed free-choice plus one acre of rye 
as a green grazing crop. 

Table 44.-Protein Supplements for Fattening Hogs Having Access to Rye 
Pasture. (Five-year Average, 1936-1940) 

Protein Supplements 

I Swift's I Meat 
:Menhaden I Sardine digester and bone 
fishmeal meal tankage scraps 

I I 
Number of pigs per loL ______ \ 10.00 10.00 10.00 I 9.80 
J)ays on test ---------------- 79.80 79.20 87.00 I 83.20 
Average initial weight _______ 67.1 67.4 67.4 67.8 
Average final weight ________ 201.9 203.5 200.4 I 200.3 
Average gain per hog ------- 134.8 136.1 133.0 I 132.5 
Average daily gain ---------- 1.689 1.718 1.528 I 1.593 
Feed per 100 pounds of gain I 

I 
I Corn --------------------1 320.83 317.61 316.47 I 323.05 

Supplement --------------1 24.08 26.86 I 32.43 I 41.54 
Total ------------------- 3-14.91 3-14.47 348.90 I 364.59 

*Feed cost per 100 pounds of 
gain 

--------------------1 
I 1 

Corn $4.01 $3.97 $3.96 I $4.04 
Supplement -------------- \ 0.72 0.74 0.81 I 1.08 
Total ------------------- 4.73 4.71 4.77 I 5.12 

*Feed cost per ton: Corn $20.00; Menhaden fishmeal $60.00; sardine meal 
$55.00; meat and bone scraps $50.00; Swift's digester tankage $52.00. Corn 
and protein supplements self-fed free-choice. 

From the data given in Table 44 the conclusion is drawn that 
there is no appreciable difference in the value of Menhaden fish
meal and sardine meal 1Yhen used under the conditions of this 
test. The slight differences in rate and cost of gain for the two 
supplements are probably not significant. On the other hand, it is 
evident from these data that tankage and meat and bone scraps 
were not as efficient as the other two supplements. The more rapid 
gains resulting when sardine meal or Menhaden fishmeal was fed 
are significant in that the price of hogs often varies to a consider
able extent within a period of 10 clays to two weeks. In view of 
the appreciable difference in cost of 100 pounds of gain, meat and 
bone scrap is the least desirable of the four supplements. 
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BEEF CATTLE INVESTIGATIONS 

The more important beef cattle investigations conducted at this 
station are cooperative with the Bureau of Animal Industry, United 
States Department of Agriculture. These investigations at present 
consist of three projects outlined to continue for a period of six or 
more years. Following will be found reports to date on three pro
jects. 

Creep-Feeding Versus Non-Creep-Feeding in the Production of Beef 
Calves for Slaughter and Breeding Purposes 

(E. D. Kyzer and R. L. Jones) 

Observations of many cattlemen revealed the fact that most 
brood cows of the beef breeds when on pasture alone do not supply 
sufficient milk to produce calves fat enough for slaughter at wean
ing age or in best condition to bring top prices as future breeding 
animals. In order to determine the economic value of supplement
ing the dam's milk with a grain ration, the test in creep-feeding of 
suckling calves for breeding stock and slaughter was begun in 
1936 and has been continued each succeeding season. Each year, 
the calves used in the test are divided into two uniform groups 
as to sex, age, and breeding. Both groups are allowed to run with 
their dams on comparable carpet grass-lespedeza pastures of suffi
cient acreage to furnish ample grazing. In addition to pasture, the 
dams of both groups of calves are fed two pounds of 36 percent 
cottonseed meal or the equivalent in cottonseed cake. The calves 
of Group 1 are creep-fed free-choice a grain ration composed of 
three parts by weight of ground corn, two parts of ground oats, 
and one part of pea-sized cottonseed cake. The calves of Group 2 
received no feed other than their dam's milk and pasture. Both 
groups have access to a calcium-phosphorus mineral mixture and 
block salt. All calves are continued on test until seven months of 
age, when the:v are weaned and valued for slaughter and as breed
ing animals. In the light of the data given for this test in Table 45, 
it is evident that the practice of creep-feeding of suckling beef 
calves is economically sound and profitable. This fact is further 
evidenced by satisfactory reports from cattlemen who in recent 
years have adopted the practice. 

A Comparison of Sorghum Silage and Rye Pasture for Wintering 
Stocker Steers 

(E. D. Kyzer and R. L. Jones) 

Because of lack of silos and necessary equipment for cutting 
silage or other circumstances, beef cattlemen often find it necessary 
to use feeds other than silage for wintering cattle. In order to 



Table 45.-Creep-Feeding Versus Non-Creep-Feeding of Beef Calves. (Four-year Average, 1936-1939) 

Average value Feed per Average Average 
Average Average 100 pounds profit per profit per 

daily final For increase in Average head over head over 
Lot gains, weight, For slaughter 

breeding gain over feed cost, controls, controls, 
pounds pounds controls, per head slaughter breeding 

Per 100 lbs.I Per head per head pounds value value 
I I 

Creep-fed ------------------- 1.90 455.08 $8.94 I $40.65 $67.50 742 $6.49 $8.03 $9.28 
Non-creep-fed ( controls) ____ 1.31 374.45 6.99 26.13 51.73 None None ---- ----
Differences (creep-fed minus I 

controls) --------------- 0.59 I 80.63 1.95 I 14.52 15.77 742 $6.49 $8.03 $9.28 

Feed cost and the profit per head due to creep-feeding are calculated on the basis of $20.00 per ton for corn; $20.00 per ton for 
oats; $32.00 per ton for cottonseed cake. 
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determine to what extent .Abruzzi rye can be depended upon to 
replace sorghum silage, a comparison of the two succulent rough
ages for wintering stocker steers was begun in 1935. To date, five 
consecutiYe trials have been concluded. In these five trials, 228 
grade beef-type steers have been used. Group 1 has been fed a 
per-head per-day ration of 15 pounds of sorghum silage, 5 pounds of 
oat straw, and l l pounds of cottonseed cake analyzing 41 percent 
protein. Group 2 has been fed the same ration as Group 1 except 
on days that conditions permitted grazing on rye pasture. On these 
days they were allowed to graze on rye for approximately two hours 
in the forenoon in lieu of the silage in the ration of Group 1. 

From the data the averages of which are shown in Table 46, 
and from obsenations in connection with the comparison, it may be 
concluded that rye and other small grains are satisfactory and de
sirable as a part of the wintering ration of beef cattle in that they 
not only furnish feed but are sufficiently valuable as a winter cover 
crop to cover cost of seeding. The amount of grazing expressed 
in days is largely dependent on soil types and winter rainfall, the 
lighter soil types permitting earlier grazing following heavy rains 
without injury to the soil. 

Table 46.-Sorghum Silage Versus Rye for Wintering Stocker Steers 
(Five-year Average) 

Group 1 Group 2 

Silage, Silage ( or rye), 
oat straw, oat straw, 

cottonseed cottonseed 
cake cake 

I 
Wintering period, days -------------------- 121 121 
Number of days grazed on rye ------------- None 52.6 
Number of steers in group ----------------- 22.8 22.8 
Average initial weight, pounds ------------ 530.74 530.51 
Average final weight, pounds -------------- 613.23 627.60 
Average gain per steer, pounds ------------ 82.49 97.09 
Average daily gain , pounds ---------------- 0.6817 0.8024 
Average acreage of rye per head ---------- None 0.614 
Silage saved per acre of rye, pounds ________ None 1284.00 
*Net acre value of rye (silage@$6.00 per ton) $3.85 
tCost of wintering per head ---------------- $10.12 $7.75 
Value of acre of rye (silage saved plus addi-

tional gains made by steers g razin g one 
acre-beef at $7.00 per cwt.) ___________ J $5.51 

*It is assumed that the value of rye as a cover crop after grazing will 
offset the cost of seeding. 

tFeed costs: Silage @ $6.00 per ton; oat straw@ $5.00 per ton; cotton
seed cake @ $30.00 per ton. 
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A Study of the Relative Beef-Producing Capacit ies of Coastal 
Plains Pastures Receiving Different Treatments 

(E. D . Kyzer, R. L. Jones, and J. H. Mitchell) 

It is recognized that most Coastal Plains soils are relatively 
high in acidity and correspondingly low in phosphorus and calcium. 
This is particularly true of the areas devoted to permanent pastures. 
The purpose of this study is to determine the effect of applications 
of lime, with and without phosphorus, and basic slag on carpet 
grass-lespedeza pastures as expressed in terms of beef produced per 
acre. Five separate pastures, each receiving a different treatment, 
as shown in Table 47, are being used in the comparison. All pas
tures are grazed, according to their carrying capacity, throughout 
the pasture season with feeder steers. Data as to carrying capacity 
and beef produced per acre have been recorded for four consecu
tive trials. In addition to these data, caged areas are clipped at 
regular intervals, weights recorded, and samples of the herbage re
tained to be analyzed for feed value and mineral content. Table 4 7 
includes the grazing data for the four-year period, 1936-1939. 

Table 47.-Relative Beef-Producing Capacities of Coastal Plains P astures 
Receiving Different T reatments. Grazin g Data, 1936-1939 

Pasture* 

CL-1 
CL-2 

Acres Treatment 
-

15 / None ____________________ _\ 

Carrying 
capacity, 

steer days 
per acre 

83.1 
15 \ 2000 pounds dolomitic lime \ 

_ every third year_______ 84.9 
CL-3 15 I 2000 pounds dolomitic lime 

CL-4 j 15 

BS-5 I 

I every third year, 250 
pounds 16 percent super-
phosphate annually ___ _ 

1
1500 pounds basic slag \ 

every third year-------
I Burned annually ----------1 

*CL = Carpet grass-lespedeza. 
BS = Native broom sedge. 

110.3 

111.7 
27.6 

Beef Average 
produced daily gain 
per acre, per steer, 
pounds pounds 

4.93 0.059 

30.80 0.358 

34.60 0.405 

40.25 0.420 
2.53 0.091 

In the interpretation of this table, it should be borne in mind 
that the data are for the pasture season, that is, the period during 
which herbage in sufficient quantities for the cattle is present. 

Notwithstanding the fact that the project outline originally 
specified that the cattle should be grazed during the entire pasture 
season, the weights taken at regular 28-day intervals show con
clusively that the cattle invariably began losing weight the latter 
part of the grazing season, thus offsetting gains made earlier. In 
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view of this fact, the data of Table 47 represent what might be 
expected when feeder cattle are left on pasture for the entire graz
ing period. , 

Table 48 sho,vs·the average monthly (April-October inclusive) 
chemical analyses as determined from clippings taken at 14-day 
intervals. 

Table 48.-Composition of Herbage from Coastal Plains Pastures Receiving 
Different Treatments* 

Pasture** 

CL-1 
CL-2 

CL-3 

CL-4 

BS-5 

Treatment 

/ None _________________ _\ 

1

2000 pounds dolomitic \ 
lime every third year_ 

2000 pounds dolomitic 
lime every third year, 
250 pounds 16 percent 
superphosphate an-
nually ---------------

Protein, 
per 100 
pounds 

8.314 

8.790 

8.897 

Phos-
Calcium phorus 
as CaO, as P 2 0 5 
per 100 per 100 
pounds pounds 

0.2796 0.2862 

0.3784 0.3568 
I 
I 
I 
I 

0.4080 0.356 I 

1
1500 pounds basic slag I \ / I 

every third year_ _____ \ 9.095 0.5112 0.3984 I 
I Burned annually -------1 8.684 I 0.2980 I 0.2142 I 

Iron as 
Fe20 3, 

parts per 
million 

absolute 
dry 

matter 

107.4 

106.9 

111.2 

129.4 
122.8 

*Figures for protein, calcium, and phosphorus are averages for four 
years. Those for iron are averages for three years. 

**CL = Carpet grass-lespedeza. 
BS = Broom sedge. 

Corn Variety Test 

(E. D. Kyzer and J.E. Love) 

The corn variety test in 1939 included eight white varieties and 
hybrids and 14 yellow varieties and hybrids that are being recom
mended by seedsmen and corn breeders for the Southeast. Because 
of the demand for yellow corn in the feeding of poultry, hogs, and 
other livestock, corn breeders are making an effort to develop yel
low corns of satisfactory type and quality that will produce yields 
comparable with those of the leading white corns. For these rea
sons, as many yellow corns as possible have been included in the 
variety comparison. From Table 49 it will be seen that over a 
five-year period, several yellow corns compare favorably with the 
leading white corns in yield. Upon these data and 9bservations as 
to type and quality, certain yellow corns can be recommended to 
farmers of this section of the state. 
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Table 49.-Corn Variety Test-Coast Experiment Station 

Variety 

b!:ti~f {,s Prolific ________________ __j 
Marett's Douthit ------------------1 Wood's Hybrid White Dent ______ _ 
Latham's Double ------------------1 
Hastings' Prolific -----------------1 
Coker's Garrick -------------------
Coker's Ellis ----------- ·----------
Pee Dee No. 5 -------------------- [ 
(Yellow) I 
Wood's Hybrid Golden Prolific ___ _ 
Iowealth Hybrid 30P -------------1 
Wood's Indian Chief --------------1 
Marett's Yellow Chief -------------1 
Iowealth Hybrid 30 ---------------/ 
Iowealth Hybrid 52 ---------------
Latham's Yellow Cross ------------1 
Jarvis Golden Prolific -------------
Marett's Master Yellow -----------1 
Golden Beauty -------------------
Hastings' Yellow Prolific ----------1 
Iowealth Hybrid 26B -------------- i 
Wood's Hybrid Golden Dent ------ \ 
Wood's Golden Prolific ------------
(Red) I 
Knight's Red Prolific ------------1 

Shelling 
percent, 

1939 

85 
90 
83 
83 
79 
77 
79 
85 

85 
82 
84 
81 
79 
81 
85 
82 
84 
83 
83 
79 
77 
84 

84 

Bushels 
per acre, 

1939 

58.06 
49.18 
50.91 
47.13 
46.13 
40.63 
39.15 
36.73 

65.34 
61.72 
54.00 
50.34 
48.46 
48.38 
48.27 
47.22 
46.35 
46.24 
45.35 
43.38 
41.68 
40.50 

47.02 

Alyce Clover as a Hay Crop 

(E. D. Kyzer and J .E. Love) 

Bushels 
per acre 
(five-year 
average) 

46.10 
49.12 
49.66 
49.36 
41.04 
37.71 
38.37 

52.31 

47.08 

45.57 

42.81 

44.60 

Alyce clover, a legume though not a true clover, has been used 
to a limited extent in several Southern states and has recently been 
rather widely advertised by seedsmen as a cover and hay crop. 
Since there were no experimental data on the crop as grown north 
of Florida, an adaptation trial with Alyce clover, seeded broadcast 
as a hay crop, was made the past spring. The acre of land devoted 
to this crop was planted to pearl millet as a summer grazing crop 
during 1939. In view of this fact, it was thought best to fertilize 
the clover if a fair yield of hay was to be expected. Fertilization 
consisted of lot manure broadcast and 500 pounds per acre of a 3-9-4 
fertilizer, also broadcast. The land was broken, harrowed, and 
cultipacked, after which 10 pounds of seed per acre were broad
cast by hand the first week in May. Following seeding, a smooth
ing harrow was dragged OYer the land across the cultipacker fur
rows so as to lightly cover the seed. A good stand was obtained in 
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about three weeks, germination being somewhat slow. On Septem
ber 25, the hay was cut and after becoming thoroughly dry, was 
found to have produced a yield of 5275 pounds per acre. Appar
ently, this hay is of good quality, the stems being very fine and 
retaining their leaves satisfactorily. It will be interesting to ob
serve the palatability test which will be made with mules and beef 
cattle. 

A Comparison of Otootan Soybeans, Biloxi Soybeans, and Cowpeas 
for Hay 

(E. D. Kyzer and J. E . Love) 

It is recognized that cowpeas are difficult to cure and that they 
have a tendency to lodge which interferes with mowing. Because 
of this, Otootan soybeans, Biloxi soybeans, and co,vpeas have been 
compared as to yield and qualit:v of hay and time required for cur
ing. The rate of seeding has been five to six pecks of Otootan 
soybeans per acre, 10 to 12 pecks of Biloxi so:vbeans, and six to 
eight pecks per acre of Brabham or Iron cowpeas. The average 
yield of dry hay per acre for three years was as follows : 

Otootan soybeans--------------------- 3104 pounds 
Biloxi soybeans ------------- - --------- 2778 pounds 
Co,vpeas ----------------------------- 2472 pounds 

Both soybean hays have cured in approximately one-half the 
time required for cowpeas cut at the proper time to make the best 
quality hay. The quality of hay from the soybeans has been good; 
however, because of the woody character of the stems, though rather 
fine from heavy seeding, livestock refuse a much larger proportion 
of the stems than they do of the cowpea hay. The lodging of the 
cowpeas resulted in a considerable proportion of the stems being 
left on the land for soil building. Both of the soybeans remained 
upright, thus permitting a clean harvest of the hay from the land. 

PASTURE STUDIES 

The pasture studies at the station include the following pro
jects: (1) The re-establishing and maintaining of annual clovers in 
carpet grass sod; (2) a study of the effect and economy of heavy 
initial treatments on Coastal Plains pastures ; (3) a comparison of 
methods of seeding Dallis grass. The latter project was reported 
fully last year, hence is not included here. 
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Establishing and Maintaining Annual Clovers in Carpet Grass 
Pastures 

(E. D. Kyzer and H.P. Cooper) 

Formerly it was believed that the annual clovers, particularly 
lespedeza and white Dutch clover, could not be maintained in a 
carpet grass pasture. In order to determine whether or not lespe
deza and white Dutch clover could be established and maintained in 
such pastures, four plots were scarified with spring-tooth harrow in 
the spring of 1935, and treated as follows: Plot 1, one ton of dolo
mitic lime; Plot 2, 500 pounds of 16 percent superphosphate; Plot 
3, no treatment; and Plot 4, 1000 pounds of basic slag. All treat
ments were to be repeated at three-year intervals. Following the 
treatments, common lespedeza was seeded on all plots and harrowed 
lightly with a smoothing· harrow. The following fall, white Dutch 
clover was sown broadcast over the sod without further prepara
tion. Observational and other data over a four-year periocl justify 
the conclusion that applications of phosphorus plus lime in suffi
cient quantities, enable the annual clovers, lespedeza, and white 
Dutch clover to be established and maintained in carpet grass·. These 
data show that while either lime or phosphorus is to a degree bene
ficial, a combination of the two such as is contained in basic , slag, 
or lime plus superphosphate, is necessary to a satisfactory mainte
nance and growth of these clovers. In the spring of 1938, on one
half of Plot 4, which had received two 1000-pound applications of 
basic slag, an additional application of two tons of ba.sic slag per 
acre was made. Plot 1, which had previously receiYed two 2000-
pound applications of dolomitic lime, was divided and one-half was 
treated with three tons of dolpmitic lime and 750 pounds of 16 
percent superphosphate. The obj,ect in making these changes in 
Plots 1 and 4 was to study the effect of heavier applications on the 
clovers. During the season following these spring applications, 
some stimulation in the growth of the cloYers was noted in the plot 
treated with the heavy application of basic slag, and a marked 
stimulation where the superphosphate was added to three tons of 
lime. The next spring (1939 ), the clovers on these plots began to 
show symptoms of potash deficiency, and by the spring of 1940 this 
deficiency was so pronounced as to affect seriously the growth of 
the clovers. One hundred pounds of muriate of potash per acre 
was then applied and after sufficient rainfall, the clo--vers quickly 
recovered normal appearance and growth. From these observa
tions and other similar 'occurrences on adjacent general pastures, 
it is evident that over a period of years annual clovers require not 
only lime and phosphorus but potash also to compete successfully 
with carpet grass on Coastal Plains pastures. 
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A Study of the Effect and Economy of Heavy Initial Fertilizer 
Treatments on Permanent Pastures 

(E. D. Kyzer, H. P. Cooper, R. L. Jones, ]. H. Mitchell) 

In most previous pasture fertilization studies, the various appli
cations have been made in minimum to moderate amounts to be 
repeated annually or every third year. Data from these experi
ments show that the response has been rather slow and that a num
ber of years is required to reach a satisfactory stage in pasture 
development. In order to determine whether heavy initial applica
tions of lime, phosphorus, basic slag, potash, a complete fertilizer, 
and manure, alone and in combinations will economically hasten the 
development of pastures, 10 one-fourth-acre plots were given vari
ous treatments in the spring of 1939. Following observations in 
1939, caged areas were clipped at regular intervals, during the pas
ture season of 1940 the amounts of green herbage were determined, 
and samples were retained for feed and mineral analysis. The 
yield data and the treatments for the various plots are given in 
Table 50. 

Table 50.-Effect of Heavy Initial Treatments on Permanent Pastures 

Plot 
number 

1. 

2. 

3. 

4. 
5. 
6. 
7. 
8. 
9. 

10. 

Treatment I 
Herbage per season, 

green weight, 
pounds 

6000 pounds of lime -------------------1 5156 
750 pounds of 16% superphosphate --1 
100 pounds of muriate of potash ------1 

6000 pounds of lime ------------------1 7242 
100 pounds of muriate of potash ------' 

6000 pounds of basic slag -------------1 7875 
100 pounds of muriate of potash ------1 

1500 pounds of basic slag -------------1 5162 
3000 pounds of basic slag ------------' 5806 
4500 pounds of basic slag ------------1 5654 
6000 pounds of basic slag --------------1 6281 
No treatment ------------------------1 4564 
6000 pounds of lime ------------------1 6474 

600 pounds of 6-12-6 fertilizer ------1 
6000 pounds of lime -------------------1 5531 

750 pounds of 16% superphosphate ---1 
100 pounds of muriate of po tash ----- / 
10 tons of manure------------------

COTTON BREEDING 
(E. D. Kyzer and W. H. Jenkins) 

The breeding work in 1940 consisted of three small, isolated 
progeny plantings. Two of these plantings were lines from crosses 
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of upland long staples and were in the fifth generation. The third 
planting was of long staple Tidewater. These plantings were ex
posed to cold weather in the spring and were severely damaged. 
Poor stands resulted and there was also a delay in plant develop
ment and fruiting. In the fall a large portion of the Tidewater 
progenies and one of the hybrid lines were discarded because of 
undesirable boll and plant characters. A few fairly good selec
tions, howeYer, were obtained in the other hybrid line and in the 
Tidewater. Work with these and possibly some other lines trans
ferred from the Pee Dee Experiment Station will be continued in 
1941. 

THE PEE DEE EXPERIMENT STATION 
(E . E. Hall, Superintendent) 

Research activities at the Pee Dee Station embrace the major 
problems encountered by growers of the various crops produced in 
this section of the state, chief of which are cotton, tobacco, small 
grains, corn, peanuts, and sweet potatoes. The station property 
now consists of 440 acres of land, of which 390 acres are under 
cultivation, composed of soil types repr esentative of a large area 
of the state, making it ideal for conducting field experiments with 
the crops named. Farmers, club boys, county agents, and agricul
tural teachers visit the station during the summer to observe the 
numerous field experiments and obtain first-hand information that 
will be helpful to them in their work. 

Figure 23.-Laboratory building recently completed showing green
houses under co nst ructi o n. 
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Figure 24.-Residence recently completed at tobacco station. 

The Bureau of Plant Industry of the U. S. Department of Agri
culture has cooperated with this station for a number of years in 
extensive tobacco research investigations, consisting of rotations, 
fertilizers, disease control, seedbed preparation, variety trjals, nu
tritional studies, methods of curing, and cultural methods. 

The Cotton Division of the Bureau of Plant Industry has par
ticipated with this station since 1935 in a cotton improvement pro
gram. Briefly, these investigations consist of fiber-spinning tests 
of various varieties, inheritance studies, and breeding to improve 
productiveness, length and uniformity of staple of both sea island 
and upland varieties. 

Control methods and life history stuc1ies of the most important 
cotton insects (boll weevil, root lice, leaf lice and thrips) are under 
investigation by entomologists of the Bureau of Entomology and 
Plant Quarantine. 

The tobacco flea-beetle has caused serious injury to plantbeds 
and to plants growing in the field in some sections of the tobacco 
belt. Control methods with various poisons are being developed 
for this pest, along with life history and hibernation studies. Poi
sons not injurious to the quality of the leaf are being tested for 
the control of the tobacco hornworm and budworm. Separate re
ports covering more fully each of these cooperatiYe projects are 
included in the following pages. 

A two-story laboratory building with two large greenhouses 
attached has just been completed and will be used principally for 
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cotton and tobacco investigations. Through the cooperation of 
Works Progress Administration a si.x-room brick-veneer residence 
and a large mule barn have been constructed at the Nettles farm, 
where extensive field investigations with tobacco are under way. At 
the main station a two-story storage building, 34 by 90 feet, for 
storage of cotton and various seed has been constructed through 
cooperation of the same agency. The acquisition of these buildings 
through the Works Progress Administration resulted in quite a 
saving to the station. 

Figure 25.-Vocational agricultural students judging corn at Pee 
Dee Station. 

COTTON INVE STIGATIONS 

(E. E . Hall and F . M. Harrell ) 

Stable Manure Under ·Cotton 

Yarying amounts of stable manure have been used, with and 
without commercial fertilizer, over a period of seven years in cot
ton production studies. Manure of good quality, practically free 
of straw and litter, was applied in the drill and thoroughly mixed 
with the soil 10 days to two weeks previous to planting. One 
series of plots received two tons of manure but no fertilizer, while 
another series received 425 pounds of fertilizer but no manure. Ad
ditional treatment consisted of the same amount of fertilizer but 
with varying amounts of manure. The various treatments have 
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been continuous on the same areas for the duration of the test. 
Yearly and average yields are given in Table 51. 

Where fertilizer alone was used, the average yield of seed cot
ton has been 1771 pounds, as compared with 1820 pounds where two 
tons of manure alone were used without fertilizer. Each increase 
in manure rate, with fertilizer remaining constant, has resulted in 
an increase in average ;vield as follows: 1 ton, 1993 pounds; 3 tons, 
2173 pounds; 5 tons, 2226 pounds of seed cotton per acre. These 
results indicate that approximately three tons of manure per acre 
is the most profitable amount when applied in the drill and supple
mented by commercial fertilizer. 

Table 51.-Yields of Seed Cotton Obtained When Varying Amounts of Stable 
Manure Were Used, Pee Dee Station 

Pounds of seed cotton per acre 

Treatment 1934 , 1935 11936 , 1937 , 1938 , 1939 , 19~ 

No 'manure I \ I j I \ I I 
425 lbs. fertilizer--1 1730 1835 I 2205 I 1750 I 1251 2081 1544 I 
Manure,2tons I I I I I I I I 
No fertilizer -----1 1811 I 1884 I 2027 I 1621 I 1634 I 2175 1591 J 

Manure, 1 ton + I I I \ \ \ I I 
425 lbs. fertilizer__! 1823 I 1964 I 2238 1939 1749 2571 1669 J 

Manure, 3 tons + I \ \ \ \ \ I j 425 lbs. fertilizer__! 1804 2098 2515 2137 1947 3002 1711 
Manure, 5 tons + I · I I I \ l \ I 
425 lbs. fertilizer__! 1895 I 2114 I 2659 I 2212 2027 2974 1700 I 

Cotton Following Winter Legume Cover Crops 

Seven
year 

average 
yield 

1770.8 

1820.4 

1993.2 

2173.4 

2225.8 

Winter legume cover crops of Austria_n peas, hairy vetch, Mon
antha vetch, and Hungarian vetch have been seeded in October on 
the same areas since 1929 and followed by cotton after being turned 
under in the spring. In preparation for cotton, the cover crops 
have been turned under about March 15 and a uniform application 
of fertilizer made to all plots before planting cotton. At chopping 
time one-half of each plot of cotton has received 200 pounds of 
nitrate of soda as side-application. The check areas, on which no 
cover crops grew, have received the same fertilizer treatments as 
the cover crop plots. 

Yearly and average yields of cotton, following each of the cover 
crops, with and without side-dressing, are given in Table 52. 

The no-cover-crop area, side-dressed with 200 pounds of soda, 
has not produced as much cotton as the cover crop areas without 
side-dressing. Only comparatively small increases in yield of seed 
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cotton have resulted from side-dressing cotton with nitrogen follow
ing winter legumes, and most of such increase occurred during the 
first years of the experiment and in occasional years with adverse 
seasonal conditions. The aYerage increases per acre in yield of 
seed cotton from side-dressing were as follows: After Austrian peas, 
107 pounds; after hairy vetch, 76 pounds; after Monantha vetch, 71 
pounds; on the no-cover-crop area, 213 pounds. 

T able 52.-Yearly and Average Yields of Cotton Following W inter Legume Cover Crops 
Pee Dee Stat ion 

Pounds of seed cotton per acre / 

Treatment 

I I I I I I I I I I - I I Austrian peas ---11130 I 184711869 I 1569 I 2031 I 2203 2100 2678 2565 1619 2795 I 2037 

Austrian peas + I I I \ I \ \ \ \ \ \ \ 200 lbs. soda _____ l 1472 11910 I 1958 1614 I 1995 2297 2188 2939 2606 1937 2670 2144 
Hairy vetch ----11302 I 1839 I 2235 I 1734 I 1994 I 2372 I 2129 12711 I 2421 I 1550 I 2699 I 2087 

Hairy vetch + I I I I I I I \ \ \ \ \ 
200 lbs. soda _____ l 1463 12015 I 2229 11730 J 1986 I 2336 12033 3056 2441 1835 2673 2163 
No cover crop ___ l 1269 I 1557 11665 I 1529 I 1824 12250 J 1988 I 2393 12159 I 1142] 2226 I 1818 
No cover crop + I I · I I I I I I \ \ \ I 
200 lbs. soda _____ l 1252 11775 I 1898 I 1692 I 1916 12280 I 2075 I 2655 2424 1773 2606 I 2031 
Monantha vetch __ l 1214 11802 I 2085 I 1842 12015 I 2152 12141 I 2781 12639 I 1815 I 2615 I* 2100 

Monantha vetch I I I I I l \ \ \ I \ I + 200 lbs. soda __ l 1412 I 1839 I 2259 11805 I 2003 I 2271 2209 2991 2501 I 1958 2703 I* 2171 

*No Monantha vetch seed available since 1937. 
Common vetch and hairy vetch were substituted in 1938 and 1939 respectively. 

COOPERATIVE BREEDING AND GENETIC STUDIES IN COTT O N 

(W . H . Jenkins, D. C. Harrell, J. 0 . Ware, and E . E . H all) 

The cotton breeding and genetic work at the Pee Dee Station 
is a continuation of that which has been summarized in this report 
each year since the beginning of these investigations in 1935. 

For the two phases of work two sets of plant materials are used. 
In the breeding and improYement work only the best plants are 
sorted out and propagated while with the genetic study the entire 
populations of given groups are maintained so that the responses 
or behavior of all plants concerned can be recorded. 

Breeding and Improvement 

The special objective of the cotton breeding and improvement 
work has been set forth in previous reports. Also, in these reports, 
the several stocks used for breeding material have been listed, 
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methods of procedure described, and certain preliminary results 
given. In producing a substitute for sea island cotton having the 
required fiber quality and possessing boll weevil resistance and other 
production requisites for the Southeastern sea island area, no small 
task is encountered. 

The best breeding materials are derived from (a) progenies of 
intra-upland crosses made among very long staple types and (b) 
from backcross stocks of the type, upland x (upland x sea island). 
Longer staple upland varieties are also used in these crosses with 
sea island. 

In the former method of approach both simple and complex 
crosses are made. "\Vith the simple or single cross, plants are se
lected from the F 2 generation to become the beginning of new lines. 
Among the better of these lines new plants are being reselected and 
pedigreed. Combinations of satisfactory staple length, fineness of 
fiber and production appear to be showing up in some of these se
lections. 

In the more complex upland x upland hybrids, four Yarieties 
are combined by crossing two F 1 's. Also, backcrossing of the 
F 1 of both the single and double crosses and of subsequent back
cross progenies to certain parental strains is carried out. From sea
son to season outstanding plants are selected from these hybrid 
complexes, propagated in progeny rows, and handled as the breed
ing material from the more simple crosses. Throughout this up
land x upland work, it has been rather difficult up to the present 
time to find lines with a desirable combination of all the good char
acters required for the proposed sea island substitute. Also, where 
backcrossing is employed to build up a good character, such as 
staple length, some poor character, such as tendency to shed or ex
cessive vegetative growth, usuall~· is injected and intensified in the 
line. Where undesirable characters are apparently associated with 
desirable characters, large hybrid populations are grown to provide 
more chances of finding nonassociation of such characters occurring 
in one or more of the plant segregates. 

In the second method of approach, good sea island and long 
staple upland lines are crossed, the resulting F 1 seeds planted the 
next season and the plants backcrossed to the parental lines. The 
seeds from the first backcross are planted and from these a second 
backcross is made to the parental lines. Plants from the progeny 
of the second backcross are usually selected and grown in plant
to-rows. However, sometimes third and fourth backcrossings are 
carried out to provide additional and also more stable breeding ma
terial. When selective inbreeding is started from the first back
cross, very large populations are necessary in order to find desirable 
types from among the many worthless types. Even when such 
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types are found, less assurance of true breeding obtains than in lines 
taken from second or third backcrosses. 

In the 1940 season, progeny rows were planted with first, sec
ond, third, and fourth backcross seeds. As large populations as 
practicable are grown even of the selections made from the later 
backcrosses in order to proYide better chances of finding extra fine 
and long staple in productive and otherwise desirable plant types. 

While most of the backcross progenies finally isolated do not 
combine all the desirable characters of productivity, of boll opening, 
and of staple length and fineness, illustrated in Figures 26, 27, and 
28, the number obtained seems sufficient to warrant continuance of 
this method of breeding. In this work the repeated backcrosses to
ward upland have produced better types for the purpose sought than 
those toward the sea island. 

In order to carry all the sea island strains, upland varieties and 
hybrid lines required in the breeding and improvement work, 1,750 
progeny rows were planted in 1940. All lines are pedigreed from 
individual or single plants. No stocks are carried in mass. The 
plant-to-row method facilitates study of type individuality and pro
vides the best way of eliminating or discarding the poor material. 

Since the types are so varied and so much worthless material 
occurs, it is necessary to self-pollinate all stocks in order to protect 
those turning out to be superior. However, the selfing requirements 
have become so great that all plants are not Yisited sufficiently often 
to catch selfed bolls on every desirable plant. Consequently a num
ber of good plants and sometimes some of the very best plants in 
the field are missed. ..When such plants are found during the fall 
selecting season, they are taken up and transferred to the green
house so that a second trial can be made at securing selfed seeds. 
When removed from the field, the roots are pruned somewhat and 
the main stems cut back to 4-6 inch lengths. In addition, the roots 
are treated with a hormone or root-growth promoting substance 
before placement in the greenhouse pots. The continuation of the 
same wood growth and the production of a second crop of bolls on 
these plants provide pure seeds for planting the following spring. 
Also, when new crosses are desired such can be made from this ma
terial in the greenhouse. Freshly harvested cotton seeds, particu
larly those in the greenhouse are usually quite high in moisture 
content. If such seeds are planted immediately without being 
thoroughly dried and otherwise treated to break the dormant or rest 
period, they germinate very slowly if at all. Experience in obtain
ing stands from greenhouse seed planted in the field in the spring 
at Florence calls attention to the importance of deYeloping a quick 
and effective method of breaking the rest period in such seeds. Time 
is an important element as there is only a short period between the 
maturity of the greenhouse crop and the planting of the field crop. 
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Figure 26.-Upland and sea island cotton plants. 

Figure 27.-F 1 and backcross plants. 
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Figure 28.-0pen bolls, fiber combings, and seeds of up land and sea 
is land cotton parental lines and their F 1 and backcross 

progenies. 

Interest in sea island has increased in the United States. South 
Carolina is reported as having about 1,000 acres in 1940. To take 
care of the demand for good seed, breeding work is being continued 
both with the current Seabrook strain and with other strains intro
duced from experiment stations in the British West Indies. Some 
new strains selected from the imported stocks and resulting from 
crosses among othe1· strains seem to have promise and appear to be 
earlier, more productiYe, and should have better bolls than the Sea
brook strain itself. 

Genetic Study 

In the cotton g·enetic work new phases are taken up as earlier 
phases are completed. The current work includes several lines of 
new mutant characters collected from cotton fields in this country 
and from stocks recently introduced from foreign countries, and 
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certain crosses involving some of these new characters and particu
lar relationships of old characters not heretofore studied in this 
work. 

The sea island and upland hybrid work, already carried on for 
several years, which involves a number of the contrasting charac
ters occurring between these two species is approaching completion 
and possibly will be reported next year. All interspecific studies 
have been delayed somewhat because of certain difficulties in pro
cedure and technique. In interspecific hybrids of cotton, particu
larly between sea island and upland, the F 2 and subsequent gen
erations produce many fruitless plants. Some of these plants may 
not flower at all during the field growing season, while others are 
abortive due to ordinary abscission of young forms or because of 
flower sterility. In order to bring a larger percentage of these 
fruitless plants into bearing and, therefore , obtain boll, lint, and 
seed characters needed from this portion of the population in the 
study, such plants have been carried over to the second and even 
third year by use of cuttings. These cuttings are made from the 
barren plants, treated with a hormone preparation to promote root
ing, carried oYer in the greenhouse, and transplanted to the field 
in the following spring. 

Wilt Inheritance.-K ew crosses between wilt-susceptible upland 
and sea island were made and grown on wilt-susceptible land in the 
1940 season. This material included six F 1 rows with rows of the 
respective parental strains. In each of the six triple sets of rows. 
the upland parental material died from wilt while no plants within 
the sea island or F 1 rows showed any symptoms of the disease. 

Petal Spot Inheritance.-In connection with some other inheri
tance study in upland cotton, petal spots were classified. The cross 
involved was between a plant having an intense petal spot, normal 
green plant color, normal shaped leaves, sparse lint, and naked 
seeds, and a plant not having petal spot, but bearing red plant color, 
okra-like leaves, abundant lint, and fuzzy seeds. 

The size and intensity of the petal spot, particularly in the seg
regating generations of this cross, varied considerabl)' . Some seg
regates possessed even a larger spot than occurred in the parent 
that carried spot. In order to evaluate these spot Yariations, a set 
of standards was made up for this purpose. These standards con
sisted of five spot grades and one grade without spot. The spot 
grades were designated as large-heavy, heavy, moderate, light, and 
faint. Considerable spot nriation also occurred among flowers of the 
same plant. In flowers produced nearer the top of the main stem and 
nearer the ends of the branches, the spot was usually smaller and 
less intense, particularly if the whole flower was smaller and the 
plant had been nuder stress at time of flower production. In plant 
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classification, howeyer, the more pronounced expression such as 
occurred in flowers of the mid-fruiting zone was taken as the spot 
Yalue of the plant. Accordi1ig to the standard which was set up for 
eYaluating the F 2 and F 3 generations, the spot parent was graded 
as hecivy and the F 1 as modei'ate. However, some F 1 flower spots 
were heavy and a few light. 

·when the plants of the fiye petal spot groups in the F 2 genera
tion were combined and compared ,vith the spotless plant group of 
this generation, a 3 to 1 ratio of spot to no spot was observed. 
Among the 89 plants, 63 had some degree of spot and 26 did not 
have spots. 

In order to test independence or linkage with three other char
acters, these data were classified in three ways: (a) With plant 
color, (b) with leaf shape, and ( c) with fuzz covering. Spot as 
classified with either one of these three characters formed a 9 :3 :3 :1 
ratio. Results of these classifications are shown in Table 53. 

Table 53.-F 2 Segregation of Petal Spot as Associated with Plant Color, 

Leaf Shape, and Seed Covering 

Total 
plants 

89 

Total 
plants 

89 

Total 
plants 

89 

1. Petal spot and plant color* 

Spot and 
red 

47 

Spot and 
green 

16 

Nospotand I Nospotand 
red green 

18 I 8 

2. Petal spot and leaf shape* 

Spot and 
okra 

51 

Spot and 
normal 

13 

No spot and / No spot and 
okra normal 

21 I 4 

3. Petal spot and seed covering* 

Spot and 
naked 

41 

Spot and 
fuzzy 

22 

o spot and 
naked 

17 

4. Ratio for the three combinations 

9 3 3 

No spot and 
fuzzy 

9 

*P for Section 1 = .70; for Section 2 = .SO; and for Section 3 = .10. 
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The pure breeding of F 2 plants for degree of spot as well as 
for absence of spot was checked in the F 3 generation by taking F 2 
plants at random for planting. These plants also usually carried 
one or more of the other three characters in the segregating stage. 
Seventeen plants not having spot bred true for this condition show
ing that absence of spot is recessive. Three plants classified as 
having large-heavy spot each bred true. Two of the four plants classi
fied as having a range of large-heavy, heavy, and nwderate spot bred 
true, and two segregated, throwing plants without spot. Six plants 
classified as having heavy spot fell into two groups, two did not seg
regate, while four threw some plants without spot. Six plants classi
fied as having a spot range from heavy to nwderate were evenly di
vided as to segregation. Three did not segregate for spot absence and 
three did. Of the 12 plants classified as moderate for spot, nine seg
regated and three did not. Two plants having a range of heavy, 
moderate to light spot, one plant ranging from nwderate to light spot, 

Table 54.-F 3 Segregation of Petal Spot as Associated with Plant Color, 
Leaf Shape, and Seed Covering 

Total 
plants 

142 

Total 
plants 

152 

Total 
plants 

191 

1. Petal spot and plant color* 

Spot and 
red 

76 

Spot and 
green 

29 

No spot and No spot and 
red green 

27 10 

2. Petal spot and leaf shape* 

Spot and 
okra 

82 

Spot and 
normal 

33 

No spot and No spot and 
okra normal 

28 9 

3. Petal spot and seed covering* 

Spot and 
naked 

107 

Spot and 
fuzzy 

39 

No spot and No spot and 
naked fuzzy 

37 8 

4. Ratio for the three combinations 

9 3 3 

*P for Section 1 = .90; for Section 2 = .80; and for Section 3 = .70. 
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one plant having light spot, and one plant with a faint spot, each 
segregated and threw plants with spotless petals. 

All petals segregating for petal spot and one or more of the 
other three characters in the F 3 generation also were grouped and 
classified respectively with plant color, leaf shape, and fuzz cover
ing, as in the F 2 generation. The segregation of petal spot itself 
and its relation to the other three characters confirm the F 2 results. 
These classifications are shown in Table 54. 

Both Tables 53 and 54 indicate that petal spot is inherited 
independent of either plant color, leaf shape, or seed covering. 
Other genetic studies ha-ve indicated that plant color, leaf shape, 
and fuzz covering are each independent of the other. 

Investigations on the Control of Cotton Insects 

(Floyd F. Bondy and C. F. Rainwater) 

The boll weevil (Anthononius grandis Boh.) reached South Caro
lina in the fall of 1917, and by the fall of 1921 the entire state had 
become infested. Severe boll weevil injury occurred generally over 
the state for the first time in 1922, and extensi-ve cooperative ex
periments by this station and the Bureau of Entomology, U. S. De
partment of Agriculture, were started in the Piedmont and Pee Dee 
sections of the state in 1923. 

These experiments included tests of varieties and of the effects 
of various agronomic and cultural practices on cotton production 
under boll ,Yee-vil conditions, and comparisons of the different 
methods of control that were advocated at that time. The experi
ments in direct control were primarily comparisons of calcium arse
nate dust , sweetened poisons, and various proprietary remedies. 
The results were published in various circulars (Nos. 31, 33, 76, and 
96), bulletins (Xo. 233), and reports of the station. As a result of 
these experiments, which confirmed the results of numerous experi
ments conducted in other states, calcium arsenate dust was recom
mended to South Carolina farmers as the most satisfactory method 
of controlling the boll weevil. 

From 1924 until 1927 special emphasis was given to biological 
studies of the boll wee-vil (U. S. Dept. Agr. Tech. Bull. No. 112) 
at the Pee Dee Station. In 1928 attention was again given to im
proYements in the methods of control for the boll weevil and has' 
continued to date. Mention has been made of the results in each 
of the annual reports of the station during this period, and a sum
mary of the experiments from 1928 to 1936 is given in Circular 
E-431 of the Bureau of Entomology and Plant Quarantine, U. S. 
Department of Agriculture. 

During the period 1924 to 1929 many farmers of the state fol
lowed thP recommendations to use calcium arsenate dust to control 
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the boll weevil. The high price of cotton during this period was an 
incentive to produce as much cotton as possible. Dusting machines 
were purchased, many of which were not calibrated to distribute 
small quantities of dust. Consequently large quantities often far 
in excess of that actually needed for weevil control of calcium ar
senate were used per acre. Almost from the beginning it was noted 
that, following heayy applications of calcium arsenate, plant lice 
often increased on the cotton to the extent that they caused serious 
mJury. Later it was reported that certain soils were "poisoned" 
by the use of calcium arsenate. The publicity given the discoYery 
of soil injury by calcium arsenate resulted in discouraging many 
growers from using this material for boll weevil control. 

Investigations have therefore been continued in the hope of 
discovering or developing methods of controlling the boll weeYil 
that would eliminate or reduce the objections that had been raised 
to calcium arsenate dust. These objections were (1) that it is ex
pensive and requires the use of special dusting machines, (2) that 
following its use leaf aphids are likely to increase in numbers so as 
to be injurious, and (3) that following its use on light sancl:v soils 
certain crops may be injured. Also, as '' sweetened poison'' was 
being mopped on the cotton plants for boll weevil control more ex
tensively in South Carolina than in any other state, it seemed de
sirable to compare the gains in yield of cotton and the profits ob· 
tained when mopping was the method of control with the gains and 
profits when dusting with calcium arsenate was the only method 
used and also when the method involved a combination of dusting 
and mopping. 

Experiments fr.om 1928 to 1940.-The present series of experi
ments was started in 1928, and the results reported herein are sum
maries of the experiments conducted through 1939. Boll weeYil 
control data for 1940 are not presented because there were not suffi
cient boll weevils to produce an infestation heavy enough to warrant 
direct control. All tests were conducted in cooperation with farm
ers in the vicinity of Florence, and plots were carefully selected so 
they would be comparable as to soil fertility, fertilization, variety, 
and methods of cultivation. The treated plots averaged about 
three-fourths acre in size, and for comparison an untreated area of 
the same size was used for each treated plot. Climatic and crop 
conditions and their resultant effects on boll weevil abundance and 
damage have varied considerably over this 12-year period, so the 
results may be said to represent aYerage conditions owr a series 
of years. 

In each of the 73 tests with "mopping" alone, three applications 
of sweetened poison, prepared by mixing one pound of calcium ar
senate with one gallon of molasses and one gallon of water, were 
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made to the tops of the plants with mops at the rate of approxi
mately two gallons per acre at five-clay intenals, beginning when 
the squares were just begirming to form. 

In the 57 tests in which calcium arsenate dust alone was used, 
the dust was applied with a rotary hand gun in the early morning 
or at night when the plants were wet with clew. Dusting was 
begun in each test after approximately 10 percent of the squares 
were punctured by the boll weevil, and was continued at five-day 
intervals until the infestation dropped below 10 percent or until 
most of the bolls were mature. Approximately six pounds of the 
dust were applied per acre per application. The number of appli
cations needed varied from four to 10, depending upon boll weevil 
abundance and condition of the crop, but averaged 6.66 applications 
per acre for the series of experiments. 

In the 46 tests with s,Teetenecl poison followed by calcium ar
senate dust, three applications of sweetened poison were made ( ex
cept that in 1928 and 1929 only one mop application was made), 
followed by dusting with calcium arsenate in the usual manner after 
10 percent of the squares were infested. The number of dust ap
plications ranged from two to 10 but averaged 5.02 for the series, 
or approximately 1.6 applications less per season than where mop
ping was not used. The results are shown in Table 55. 

It will be noted that mopping alone gave an ayerage increase 
in yield of 40 pounds of seed cotton per acre, or 3.6 percent gain 
over the untreated checks. Dusting with calcium arsenate after 10 
percent infestation gaye an average increase in yield of 276 pounds 
of seed cotton per acre, or 28.6 percent gain over the untreated 
checks. Tests in which mopping was used in the presquare stage 
followed by dusting after 10 percent infestation gave an average 
increase in yield of 316 pounds of seed cotton per acre, or 34.2 
percent gain over the checks. It will also be noted that the gains 
from mopping alone failed to pay for the cost of treatment in six 
of the 11 years, whereas the other treatments showed a loss in only 
one year each. Of particular interest to farmers is the fact that 
the average net profit per acre from mopping was $1.26; from dust
ing with calcium arsenate, $9 .07; and from mopping and dusting 
combined, $10.71. 

The results show that sweetened poison is of some value and 
will result in some increase in ~-ields; they likewise show that sweet
ened poison used alone will not give so large an increase in yields 
or such economical gains as dusting with calcium arsenate. Sweet
ened poison is applied to the tops of the plants and is effective 
against the weevils only early in the season before squares are 
formed. 

Experiments have shown that weevils are not attracted to 
s,veets. l\Iolasses serves to thicken the mixture, causes it to be 
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sticky and to adhere to the plants, and preYents it from drying out. 
Nonsweetened liquid poisons or calcium arsenate dust have proyed 
as effective as the molasses mixture for presquare control. Tests 
have shown that more than 90 percent of the boll weeYils coming 
out of hibernation in the spring die within 10 days, and therefore. 
many weevils killed by the poison would die naturally before squares 
were large enough for oviposition. After the squares are large 
enough to puncture, the weevils leaye the tops of the plants and 
feed upon the squares, where they do not come in contact with 
the sweetened poison. Normally the latest date on which sweetened 
poison would be effective is around June 15 in the Yicinity of Flor
ence, as after that date squares are abundant and large enough for 
egg laying. Experiments at Florence have shown that more than 
30 percent of the total weevil emergence in nature occurs after June 
15. These late-emerging weevils, which come to the fields after 
squares are large enough for oviposition and sweetened poison is 
no longer effective, are largely responsible for laying the eggs that 
start the new infestation. It is these factors that seriously limit 
the usefulness of sweetened poison for boll weevils. Much of the 
credit that has been given to this method of control has resulted 
from better farming practices, such as improved strains of cotton. 
seed treatment, better fertilization, more intensiYe cultivation, plant
ing on the best land, the increased use of soil-improYing crops, and 
other conservation measures. 

Soil Injury from Calcium Arsenate.-The few cases of soil in
jury reported have all occurred on light sandy soils ·where larger 
quantities of calcium arsenate were used over a period of years 
than are recommended for boll weeYil control. ~ o cases of soil 
injury have come to the attention of the writers in several years. 
Tests conducted in South Carolina and Mississippi to determine the 
amounts of calcium arsenate that would cause injury on different 
types of soil have shown that 200 pounds per acre on light sandy 
soils resulted in some injury to cowpeas but that cotton was not 
damaged until 400 pounds per acre was applied. On other types of 
heavier soils 1,600 pounds per acre caused no damage to cotton. 
Ordinarily not mor e than 40 pounds of calcium arsenate per acre per 
year would be needed for weevil control. In some years there is no 
need of any boll weevil control; in other cases the light soils will not 
produce enough cotton to justify weevil control. Experiments have 
shown that the arsenic is leached from the soils or becomes fixed so 
that within a few years it is noninjurious. While it cannot be defi
nitely stated that no soil injury will ever occur from the quantities 
of calcium arsenate needed for weevil control, the danger has been 
greatly exaggerated. On the heavy soil types that predominate in 
the Piedmont section calcium arsenate can be used for boll weeYil 
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control without fear of soil injury, and there is little danger from 
its intelligent use on the light sandy soils. 

Injury to Cotton by Plant Lice as a Result of Dusting with 
Calcium Arsenate for Boll Weevil Control.-The fact that plant lice 
often increase in such numbers following several successive appli
cations of calcium arsenate as to cause severe injury to cotton has 
been one of the main objections to the use of calcium arsenate for 
boll weevil control. In an attempt to overcome this objection a 
series of experiments was started at the Florence laboratory several 
years ago in which calcium arsenate was mixed with equal parts of 
hydrated lime and sulfur. These mixtures were used in place of 
undiluted calcium arsenate for dusting. It was found that a mix
ture of equal parts of calcium arsenate and hydrated lime applied 
at the rate of six to eight pounds per acre per application did not 
cause the plant lice to increase as much as the undiluted calcium 
arsenate and at the same time gaye satisfactory boll weevil control. 
But in some years there was still some aphid injury following the 
use of this mixture. In 1939, experiments were conducted in which 
one-half of 1 percent of nicotine was added to the mixture of cal
cium arsenate and lime. Likewise, derris or cube root was added 
to mixtures containing equal parts of calcium arsenate and sulfur 
and calcium arsenate and diatomaceous earth so that the mixtures 
would contain 0.5 percent of rotenone. These combinations were 
used throughout the season wheneYer it was necessary to dust for 
boll weevil control. It was found that no aphid injury occurred on 
cotton treated with either of these combinations, but the combina
tions which contained rotenone were more effective than the one 
containing nicotine in keeping the aphid populations down. 

In 1940 several experiments were conducted in which 0.5 per
cent of rotenone from derris was added to calcium arsenate and to 
mixtures containing· equal parts of calcium arsenate and sulfur and 
calcium arsenate and diatomaceous earth. Eight applications of 
these mixtures were made. In no instance did the aphids become 
numerous enough to cause injury, while injury did occur in some 
of the plots which were treated with calcium arsenate alone. Counts 
showed that there were fe"-er aphids in the plots where mixtures of 
calcium arsenate and sulfur and calcium arsenate and diatomaceous 
earth containing rotenone ,nre applied than on untreated check 
plots; likewise, the plots which receiYed undiluted calcium arsenate 
containing 0.5 percent of rotenone had only slightly more aphids 
than untreated check plots. "·hile plots receiYing calcium arsenate 
alone were heavily infested. 

One-half of 1 percent of rotenone has been used in these tests, 
but further experimentation may show that eYen smaller amounts 
will be sufficient. B~· mixing equal parts of sulfur or diatomaceous 



Table 55.-Summary of 12 Years (1928-1939) of E xperiments in Boll Weevil Control at Pee Dee Station, Per Acre Basis 

Year Number 
of 

tests 

1928 

I 
13 

1929 13 
1930 4 
1931 3 
1932 0 
1933 6 
1934 6 
1935 8 
1936 13 
1937 3 
1938 2 
1939 2 

Total / 73 
Average 
Average gain, 

percent 

I 
I 

I 
I 

:Mopping alone 

Pounds of seed cotton 

Y ields t reated 
I Gains in 

in over 
untreated untreated 

413 
612 

1,163 
1,090 

1,209 
1,314 
1,338 
1,529 

975 
855 

1,740 
12,238 
1, 113 

I 

I 
I 
I 

so 
155 
24 

-18 

20 
63 
28 
18 
66 
22 
19 

447 
40 

3.6 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

Cost1 

of 
treatment 

$ 1.20 
1.73 
1.28 
1.28 

0.79 
0.95 
1.31 
1.23 
1.20 
1.30 
1.42 

$13.69 
1.24 

I 
I 
I 

I 

Net• 
profit 
or lo ss 

$ 3.40 
9.45 

-0.02 
-1.28 

-0.05 
1.79 

-0.19 
-0.14 

0.57 
-0.60 

1.01 
$13.94 

1.26 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

Number 
of 

tests 

5 

I 
11 
10 

7 
2 
6 I 
2 I 
3 

I 
1 
6 
3 
1 I -57 

Dusting with calcium arsenate after 
10 percent infestation 

Pounds of seed cotton 

Yields treated 
I Gains in 

in over 
untreated untreated 

439 
686 

1,060 
793 
766 
804 

1,664 
843 

1,829 
1,082 

677 
899 

11,542 
962 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

225 
482 
356 
320 
175 
183 
98 

369 
159 
80 

522 
340 

3,309 
276 

28.6 

I 

Cost1 

of 
treatment 

$ 5.04 
5.02 
3.66 
3.88 
1.60 
2.45 
1.27 
5.31 
3.78 
3.78 
3.95 
4.31 

$44.05 
3.67 

Net2 

profit 
or loss 

$ 15.66 
29.57 
14.82 

5.78 
3.73 
4.33 
3.00 
9.56 
3.52 

-0.42 
12.73 
6.57 

-- --$108.85 
9.07 

I 

Number 
of 

tests 

2 

I 4 
5 

10 
8 
6 
2 
1 
0 
5 
2 
1 

46 

Combined mopping and dusting 

Pounds of seed cotton 

Yields treated 
I Gains in 

in over 
untreated untreated 

413 
495 
955 
914 
739 
894 

1,206 
932 

-(jjg 
1,116 
1,350 

·-10,142 
922 

I 

I 

I 

205 
659 
472 
282 
270 
179 
226 
340 

93 
450 
298 

3,474 
316 

34.2 

I 

Cost1 

of 
treatment 

$ 6.10 
5.79 
3.38 
3.30 
2.72 
2.82 
3.07 
5.99 

4.80 
4.43 
4.48 

$46.88 
4.26 

I 

Net" 
profit 

or loss 

$ 12.76 
41.53 
20.30 

5.25 
4.90 
3.8 1 
6.78 
7.71 

=o~ii4 
9.94 
4.86 

$117.80 
10.71 

lThe cost of treatment was based on the prevai ling prices of materials and labor for each season and therefore varied considerably for the different years. 2T he net profit or loss was determined by deducting the cost of treatment and the cost of picking and ginning the gain from the value of the increase in yield at the prevail ing prices of l int and cottonseed. 
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earth with calcium arsenate and adding the rotenone to this, a 
relatively cheap mi.-....:ture can be produced, which, when applied at 
the rate of eight to 10 pounds per acre per application, has given 
satisfactory boll weevil control and completely kept down aphid 
injury. Or, ground derris root can be added to undiluted calcium 
arsenate in the proportion to make 0.5 percent rotenone, and the 
mixture used at the rate of six pounds per acre. The rotenone con
tent of derris and cube roots, the usual sources of rotenone, varies 
considerably and should be definitely determined before the mix
tures are prepared. These experiments, which have been confirmed 
in other states, show that adding 0.5 percent of rotenone to the 
calcium arsenate used for boll weevil control from the time dusting 
is started will prevent leaf aphids from increasing to injurious num
bers but will not control the aphids after heavy infestations haYe 
built up. Thus the two principal objections to the use of calcium 
arsenate for boll weevil control-soil injury and increase in aphids
may be overcome. 

Experiments Using Other Insecticides for Boll Weevil Control.
Since 1936 numerous experiments have been conducted at the Pee 
Dee Station in an effort to find a substitute for calcium arsenate 
for boll weevil control. These tests have involved the use of cryo
lite, barium fl.uosilicate, and sodium fluosilicate, and have indicated 
that both cryolite and barium fluosilicate have possibilities for boll 
weevil control. The possibility of using these insecticides instead 
of calcium arsenate for boll weevil control depends largely on pro
ducing them with better dusting qualities than they now have and 
at a price comparable to that of calcium arsenate. It has been de
termined that rotenone can be mixed with cryolite or barium fluosi
licate for control of cotton leaf aphids with excellent results. 

Small Grain 

(E. E. Hall, F . M. Harrell, J. D. McCown) 

Oat Varieties.-The small grains, particularly oats and barley, 
are now replacing corn to a large extent in supplying feed for 
livestock in this state. Within recent years plant breeders have 
developed a number of high-yielding, and cold-resistant and disease
resistant varieties of oats. In order to obtain information for grow
ers as to their comparative yielding qualities, variety tests are con
ducted each year in which they are included, along with varieties 
obtained from commercial seedsmen. Eleven varieties were planted 
this year in four-row plots replicated six times. Yield records were 
taken from the two center rows of each plot. 
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The results are given in Table 56. There was a difference in 
yield of 24.5 bushels per acre between the highest and lowest yield
ing varieties grown under the same conditions. 

Table 56.-0at Variety Test, Pee Dee Sta tion, 1940 

Variety 

Coker's Victorgrain 
Improved Lee No. 5 _____ _ 
Coker's 39-5 -------------
Coker's 39-2 -------------
Coker's 39-7 --------------1 
Lee Oats -------- ---------1 
Hastings' 100 Bushel ------1 
Marett's Red Oats St. 2 __ 
Marett's Fulghum 34-4-25 -1 
Marett's Fulghum 34-4-20 _ 
Coker's Fulgrain St. 3 I 

(18 checks) -----------

Yield 
m 

bushels 
per acre 

100.2 
88.5 
85.4 
83.8 
83.0 
79.4 
79.2 
78.9 
78.2 
75.7 

78.9 

Source of seed 

Coker's Pedigreed Seed Company 
T. W. Wood & Sons 
Coker's Pedigreed Seed Company 
Coker's Pedigreed Seed Company 
Coker's Pedigreed Seed Company 
T. W. Wood & Sons 
Hastings Seed Company 
Marett Seed Company 
Marett Seed Company 
Marett Seed Company 

Coker's Pedigreed Seed Company 
Yields are averages of six replicates of each variety. 

Wheat Varieties.-Seyenteen Yarieties of wheat were included 
in a variety test to determine their yielding capacity during the 
current season. Results obtained are presented in Table 57. The 
four highest yielding Yarieties ayeraged a fraction over 45 bushels 

T able 57.-Wheat Variety Test, Pee Dee Station, 1940 

Variety 

Redhart St. 3 ------------
Marett's Golden Grain St. 3 
Coker's Redhart St. 5 ____ _ 
Marett's Boggs St. 3 _____ _ 
Marett's Blue Straw 2A ___ _ 
Coker's 39-3 -------------
Gasta --------------------
Coker's 39-7 -------------
Coker's 39-16 -------------
Coker's 39-10 ------------
Coker's 39-17 -----------
Coker's 39-19 -------------
Forward -----------------
Frondosa ----------------
V. P. I. 131 -------------
Fulcaster -----------------
Coker's 39-2 (24 checks) ___ I 

Yield 
m 

bushels 
per acre 

45.5 
45.4 
45.2 
45.2 
43.2 
43.1 
43.0 
40.6 
40.5 
39.5 
38.6 
37.1 
36.2 
35.5 
35.3 
30.7 
41.4 

Source of seed 

T. W. Wood & Sons 
Marett Seed Company 
Coker·s Pedigreed Seed Company 
l\farett Seed Comany 
Marett Seed Comany 
Coker's Pedigreed Seed Company 
Hastings Seed Company 
Coker's Pedigreed Seed Company 
Coker's Pedigreed Seed Company 
Coker's Pedigreed Seed Company 
Coker's Pedigreed Seed Company 
Coker's Pedigreed Seed Company 
T. W. Wood & Sons 
Coker's Pedigreed Seed Company 
T. W. Wood & Sons 
T. W. Wood & Sons 
Coker's Pedigreed Seed Comoany 

Yields are averages of six replicates of each variety. 
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per acre, while the lowest averaged only 30.7, a difference of 14.8 
bushels per acre. 

Yellow Corn Varieties 

(E. E. Hall and J. R. Mattison ) 

With the increase which is occurring in poultry and livestock, 
farmers haYe become more interested in yellow corn as a feed , and 
numerous inquiries are received every year requesting information 
as to the best yellow varieties and sources of seed. The Pee Dee 
Station has be~n able to supply this information from results ob
tained in testing the leading varieties over a period of years. Four
teen Yarieties were included in variety i1n-estigations this season and 
the results are recorded in Table 58. 

Table 58.-Results of Yellow Corn Variety Test, Pee Dee Station, 1940 

Variety 

Wood's Hybrid Golden Prolific G.A. ------------1 
Wood's Hybrid Golden Prolific G.C. -------------1 
Marett's Yellow Chief St. 5 ----------------------1 
Hastings' Yellow Prolific ------------------------1 
Dou th it's Yell ow -------------------------------- \ 
Lat ham's Yell ow -------------------- ------------

Newberry Yellow -------------------------------- , Goodman's Yellow ------------------------------
Pee Dee No. 5 (White variety) -----------------
Lowman's Yellow ------------------------------ \ 
Wood's Hybrid Golden Dent -------------------
Missouri Hybrid No. 8 -------------------------
Golden Beauty ---------------------------------
F loriden t Yellow -------------------------------
Hastings' Golden Dent --------------------------

Bushels 
per acre 

62.3 
57.2 
56.9 
55.6 
5-1-.3 
54.2 
53.5 
53.0 
51.3 
50.7 
50.3 
49.5 
48.5 
47.4 
45.9 

Shelling 
percent 

87.1 
84.3 
87.1 
85 .7 
85.7 
88.5 
88.5 
85.7 
85.7 
85.7 
83.8 
80.0 
85.7 
82.8 
82.8 

Pee Dee Ko. 5, a standard Yariety of white corn, was used as a 
check to give a comparison in yield between the yellow varieties 
and a standard white variety. Eight yellow Yarieties produced 
more than the Pee Dee Xo. 5 and six ~-ellow varieties did not yield 
as much. 

Six of the yellow varieties have been in test continuously for 
a period of five years and the yearly and average :vields of these are 
recorded in Table 59. l\1arett 's Yellow Chief and Wood's Hybrid 
Golden Prolific ha Ye been the two highest-yielding Yarieties · over 
this period, each averaging 45.1 bushels per acre. 
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Table 59.-Yearly and Average Yields of Yellow Varieties of Corn, Pee Dee 
Station 

Variety 

Marett 's Yellow Chief ----------1 
Wood's Hybrid Golden Prolific __ , 
Wood's Golden Prolific --------1 

ewberry Yellow ---------------1 
Golden Beauty -----------------1 
Wood's Golden Dent -----------
Orangeburg Yellow -------------! 

Bushels shelled corn per acre 
1936 I 1937 I 1938 I 1939 I 1940 I 5-year 

I I I I ! average 

44.2 1· 42.0 I 47.1 I 35.51 56.9 I 45.1 
48. 7 42.3 46.1 26.1 62.3 I 45.1 
37.7 ! 39.8 I 41.7 I 27.2 57.2 40.7 
37.4 38.5 1 43.5 I 30.2 53.5 40.6 
40.5 36.5 40.2 I 32.0 48.5 39.5 
38.2 I 36.o 37.2 I 27 3 50.3 37.8 
37.7 I 38.5 I 42.8 I 36.5 

Peanut Varieties 

(J. D. McCown) 

The peanut acreage of the state has increased quite rapidly 
during the past several years, and in order to obtain information 
for growers the leading varieties are planted at this station to ob
tain comparatiYe yields of nuts and hay. New strains and varieties 
from foreign countries are also being grown to determine their 
adaptability and value for growing under South Carolina condi
tions. Eleven standard varieties and 7 4 foreign introductions are 
included in tests this year. 

Data obtained the past three years on yield of nuts and hay and 
size of nuts are giYen in Table 60. 

Virginia Bunch, Jumbo, and Spanish have given the highest 
average yield of peanuts and hay. In size the nuts ranged from 
38.5 per ounce for Jumbo to 114.1 per ounce for Spanish 18-38. 

Table 60.-Results of Modified Latin Square Test of Large and Small Seeded 
Peanut Varieties, Pee Dee Station 

Pounds peanuts (in hull) 
per acre Pounds Nuts 

Variety ! I I Three- of hay per 
1937 j 1938 I 1939 year per acre ounce 

I I average 
Virginia Bunch ------------- 2570 12548 1241 2120 3304 I 55.8 
Virginia Station Jumbo ______ 2461 2243 1111 1938 2826 I 38.5 
Spanish 18-36-6-L-3 ---------- 2113 2374 958 1815 2010 I 68.4 
African --------------------- 1938 2505 915 1786 1920 I 67.8 
Improved Spanish X-C ______ 1851 2418 915 1728 1691 I 68.2 
Improved Spanish X-L-2 ____ 1982 2330 828 1713 1889 I 70.7 
Tennessee White ------------ 1764 2309 958 1677 1841 I 66.8 
Spanish 18-38 --------------- 1917 2352 741 1670 1773 I 114.1 
Tennessee Red ------------- 1764 2156 893 1604 1654 I 77.2 
Improved Spanish 2-B _______ 1808 2069 893 1590 1761 I 68.6 
Valencia -------------------- 1808 2200 I 762 1590 I 1636 I 67.9 
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Studies on the Importance and Control of the Tobacco Flea Beetle 

(Norman Allen) 

The economic importance and control of the tobacco flea beetle, 
Epitrix parvnla (F.), has been one of the problems to which the 
Bureau of Entomology and Plant Quarantine has devoted consid
erable time since 1936. The importance of the insect has been de
termined by surveys OYer an extensiYe area, by population studies 
on tobacco in plantbeds and in the field, and b:v a study of the injury 
inflicted on the plants both in plantbeds and in the field. While 
observations on injury to tobacco in plantbeds have been only on a 
small scale, the in jury to field plants bas been studied in control 
experiments where the beetles were present in nqrmal numbers as 
well as in fields where the beetles occurred in large numbers. Con
trol experiments have been conducted on tobacco in small field plots 
and on growers' farms. 

Ordinarily damage by the flea beetle is not of as much im
portance in plantbeds as it is to field-grown plants. The greatest 
injury to the tobacco in plantbeds has been observed where there 
was a poor stand of small plants, or where a brood of beetles 
emerged in a bed (Figure 29). A brood emergence usually occurs 
so late in the plantbed season that it is of minor importance, except 
that these beetles may materially increase the field population. 

'l'obacco growing in the field may be attacked by the adult 
beetle at any time during the field growing season, although there 
are two periods when the beetles are most likely to do sevei·e dam
age. The first period is soon after the plants are transplanted to the 
field, when they are in a wilted condition. An average of eight or 
more beetles per plant at this time will destroy the leaves. The sec
ond period is from about July 2 to July 15, when 25 to 100 or more 
beetles per plan t may severely damage the maturing leaves. The 
beetles frequently move up the plant as the mature leaves are 
harvested and thereby do considerable injury to each set of i·ipen
ing leaves. 

Losses to Field Plants from Flea Beetle Feeding 

Studies in 1936 . -An outbreak of this pest occurred near Loris 
in Horry county during July, and severe damage in some fields 
resulted in almost complete loss of a large portion of the crop. 
Shortly after the tobacco was harvested an effort was made to 
determine some of the loss sustained by a grower in the affected 
area*. The grower cooperated in the investigation by making 
available h is packhouse and the fourth curing of his crop. 

*Assisted by J. U. Gilmore, of the Oxford, N. C., laboratory of the 
Bureau of Entomology and Plant Quarantine. 
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Figure 29.-Tobacco plant showing injury by the adult tobacco flea 
beetle, where a brood emerged in a plantbecl. Pee Dee 
Station, 1940. 

For this study, cured tobacco leaves of this priming were first 
separated according to the length of the leaves. The leaves of each 
length were then examined with respect to abundance of feeding 
holes made by the tobacco flea beetle, and four representative 
classes of leaf injurr were arbitrarily selected for comparative pur
poses. From each group of leaYes having the same length were 
then selected those leaYes haying beetle injury most nearly ap-
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proaching the intensities as represented by the following four 
classes of injur.v : 

Class Description 

1. Leaves having the fewest flea beetle holes. Light injury. 
2. Leaves having probably about 700 flea beetle holes each. 

Moderate damage. 
3. Leaves having many more flea beetle holes, frequently 

presenting a sifter-like appearance. Severe damage. 
4. Leaves so severely damaged by flea beetles that they could 

not be cured properly and had to be sold as scrap tobacco. 
Very severe damage. 

As the leaves were being classified for beetle injury they were 
weighed in lots of 20 each, until 10 lots of each class of injury for 
each leaf length had been weighed. Samples of leaves of the 18-inch 
length representing the four classes of feeding injury b~r the 
beetle were then submitted to government graders for specific 
classification and an estimate of the market value of the graded 
tobacco. The results of this study are presP.nted in Table 61. 

Analysis of the data in Table · 61 showed that by having se
lected comparable tobacco leaves there was a real difference in 
the weights of 20-leaf samples among all degrees of beetle injury 
studied in the 16-, 17- and 18-inch leaves. The results also show 
that where severe beetle injury occurs on cured tobacco the grower 
not only loses considerable weight but that the qualit~- of the 
tobacco is materially affected. It is emphasized that these results 
were obtained where beetles occurred in large numbers. 

Table 61.-The Weights, Grades, and Estimated Value of Cured Tobacco 
Leaves from the Fourth Priming, Classified According to the 
Degree of Feeding Injury by the Tobacco Flea Beetle. Pee Dee 
Station, 1936 

I 
Average weight per sample of Estimated 

Degree 20 leaves Government value per 
of 

16 inches I 
grade of the pound of the 

injury 17 inches 1 18 inches 18-i nch leaves 18-inch leaves 
long , long long 

Class Grams Grams Grams Symbol l Cents 

1 135 155 173 CSL 35-38 
2 126 138 155 X2L 

I 
25-28 

3 105 123 143 PSF 5 
4 89 107 128 PSF 4 

Studies in 1938.-A widespread outbreak of flea beetles oc
curr-ed during the first part of July 1938, and numerous requests 
for control information were received. In a field located near 
Camden, a grower did not treat the plants until after considerable 
damage had been done, and under these conditions a number of 
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leayes that had been complete!~- destroyed by the flea beetles were 
left on the plants as the leaYes were being· harvested. Twenty 
representatiYe rows were selected and the number of leaves left in 
the field determined by counting the total number of plants and 
the total number of injured leaYes that were left in the field. It 
was found that there was one leaf lost for every 2.49 plants, or 
roughly 2,000 leaves per acre when based on 5,000 plants. This 
represented minimum loss because a number of leaves that had 
been injured by flea beetle feeding were harvested and failed to 
cure properly when placed in the curing· barn. The study was 
made on the leaves for the third curing, which represented some of 
the best tobacco that was produced on this particular farm. 

Studies with Insecticides as a Means of Control 

Small Plot Tests.- Experiments were conducted in 1936, 1937, 
1938, and 1940 with Yarious materials and methods of application 
for the control of the tobacco flea beetle. The experiments during 
the first three years were conducted on 1/ 40-acre plots of tobacco 
arranged in Latin squares, thus making the number of replications 
for each treatment equal to the number of insecticides that were 
tested. The 1940 test was conducted on small plots of tobacco 
arranged in randomized blocks with three replications for each 
insecticide, 60 sample plants being used for each material tested. 

Dust mixtures were applied b)· means of rotary hand dusters. 
Sprays were applied by means of a mule-drawn traction sprayer, the 
most satisfactory type of spray boom and nozzle arrang·ement 
tested being illustrated in Figure 30. 

The effectiveness of each treatment was determined by count
ing the beetles on 10 plants of the four middle rows in e~ch plQt. 
Counts were made on every fourth plant, excluding the first three 
plants on each encl of the rows. A different set of plants was 
sampled for each successive application by achancing to the next 
plant beyond the one used for the previous application. 

The liYing· beetles on these 10 sample plants were counted just 
before an application was made, and the living and dead beetles 
were counted 24, 48, and 72 hours after each treatment. 'l'o aid in 
counting the dead beetles an especially designed plant collar was 
placed about the base of each plant sampled, one or more clays 
before a count was made. The average percentage of dead beetles 
for each insecticide for each period was then calculated. The re
sults of these studies are summarized in Table 62. 

Results of Small-plot Tests.-The tests conducted in 1936 
showed that a dust mixture containing 1 percent of rotenone was 
the most effective material tested, primarily becanf'e this material 
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Figure 30.-A diagram illustrating the type of spray boom and nozzle
ment used in treating tobacco plants with sprays. Pee 
Dee Station, 1940. 
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killed a greater percentage of the beetle population than any of 
the other materials. 

'l'ests in 1937 confirmed the results obtained in 1936 in that a 
dust mixture containing l percent of rotenone was the most effective 
material tested for killing the beetles. 

The primary purpose of the experiments of 1938 was to test 
the insecticides against hornworms feeding on tobacco and incident
ally to compare the materials for flea beetle control. Therefore, the 
insecticides were applied at a point high enough on the plants to 
kill hornworms, and the kill of flea beetles was less than that 
obtained in previous years when the insecticide was applied lower 
on the plants for flea beetle control. ·when the plants approached 
their maximum height, the insecticides containing cryolite were 
applied to both sides of each row of plants, and under these con
ditions the cryolite dust mixture containing 60 percent of sodium 
fluoaluminate was as effective as the l percent of rotenone dust 
mi.'Cture. 

The tests in 1940 were conducted in an effort to develop a 
dual-purpose insecticide for the tobacco flea beetle and hornworms 
on tobacco. The results of this test indicate that good flea beetle 
control can be secured on mature tobacco with a mule-drawn 
traction spra~'er when properly used. As a result of experiments 
conducted for the control of hornworrns on tobacco it has become 
increasingly evident that traction sprayers when equipped with 
properly adjusted spray booms and nozzles offer real possibilities 
for use by tobacco growers in controlling the tobacco flea beetles 
and hornworrns. 

Tests on a Field Basis.-Flea beetles were prevalent in large 
numbers over a wide area of the state in 1938, and these infesta
tions offered excellent opportunities for field experiments. The 
results of field tests and the experience of tobacco growers showed 
that the tobacco flea beetle was successfully controlled, even when 
it occurred in large numbers, by using approximately 10 pounds 
per acre per application of a dust mixture containing 1 percent of 
rotenone. ·where the field was isolated from nearby tobacco one 
thorough application of the material was sufficient; but where a 
treated field was located near other fields of untreated tobacco, and 
therefore subject to reinfestation by the movement of the flea 
beetles from untreated tobacco, more than one application was 
often necessary. The tobacco used for the spraying experiment 
during 1940 was in an isolated area. The results obtained were very 
consistent and they show that better than average control can be 
obtained in such fields. 
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Table 62.-The Numbers of Living Flea Beetles Found on Sample Plants Before and 
After Application of Insecticides to Small Field Plots of Tobacco, Together 
with the Percentages of Beetle Mortality. Pee Dee Station, 1936-1940 

T reatment 

1936, 3 applications 

Derris-clay dust (1 percent of rotenone) 4 --------------

Cube-clay dust (1 percent of rotenone) 4 ----------------

Cube-clay dust (0 .5 percent of rotenone) ---------------
Calcium arsenate, not autoclaved (I. D. 2854) __________ 
Barium fluos il icate-clay dust (8-2 parts by weight) __ ____ 
Calcium arsenate, autoclaved (I. D. 2856) ----------- --

1937, 4 applica tions 
Cube-clay dust (0.5 percent of r otenone) --------------
Cube-clay dust (0.5 percent of rotenone) --------------
Cube-clay dust (1.0 percent of rotenone) --------- -----
Cube-clay dust ( 1.0 percent of rotenone) --------------
Cryolite-clay dust (36 percent of Na,A IF,) ------------
Cryolite-clay dust (36 percent of Ka,AIF•) ------------

1938, 4 applications 
Cube-clay dust (I percent of rotenone) ----------------
Cryolite-clay dust (60 percent Na,AlFo) and 5% dry gum_ 
Cryolite-c lay dust (36 percent Na,AIFo) ----------------
Cryolite-clay dust (60 percent NasAIF,) ----------------
Cryolite-water spray (4 lbs. of cryolite containing 84.7 

percent Na,AIFo to 50 gal. of water) --------------
Paris green-lime dust (1 pound-6 pounds) ------------
Paris green- lime-water spray ( 1 pouncl-3 pounds-SO gallons) 

1940, 1 application I 
Cube-water spray !2 pounds of cube containing 4 percent 

of rotenone-.,Q gallons of water) -----------------
Cube-cryolite-water spray (2 pounds of cube containing I 

4 percent of rotenone-6 pounds of cryolite c~mtain-
ing 86.5 percent of N a,AIF,-50 gallons) ----------

Cube-lead arsenate-water spray (2 pounds of cube con- I 
taining 4 percent of rotenone-2 pounds of arsenate J 

of lead-SO gallons) ------------------------------I 

Average 
rate per 
acre per 

app lication 

8.7 lb. 
8.3 lb. 
8.2 lb. 
7.4 lb. 
9.6 lb. 
7.4 lb. 

8.5 lb. 
11.0 lb. 
8.9 lb. 

11.5 lb. 
8.1 lb . 

13.6 lb. 

10.2 lb. 
15.2 lb. 
15.4 lb . 
15.3 lb. 

57 gal. 
8.4 lb. 

58 gal. 

108 gal. 

85 gal. 

91 gal. 

I Liv ing I beetles Beetles after 
befo1·e appli cation s1 

I application s' Dead I Living2 

I_ Number I. Percent3 ! Number 

I 
3,466 121 I 1,260 
3,253 113 

I 
1,132 

3,068 80 1,765 
3,335 47 I 1,258 
3,208 48 I 1,681 
2,885 41 I 1,188 

I 
5,501 61 I 3,736 
5,247 70 I 3,653 
6,053 73 I 2,780 
5,713 98 I 3,054 
5,271 32 I 4,408 
5,372 38 I 2,714 

I 
4,714 39 I 5, 183 
4,432 37 I 4,309 
5, 177 28 I 5,475 
3,862 39 I 3,774 

I 
4,202 22 I 4,848 
4,267 22 I 5,671 
3,764 10 I 5,629 

I 
I 

4, 135 84 I 2,090 

I 
I 

4,596 79 I 928 

I 
I 

4,471 79 I 1,136 

1 72 hours after application in 1936, 1937, and 1938; and 5 days after application in 1940. 
20btained by adding the numbers of living beetles for individual application s of each treatment, 60 

sample plants being used for each application of each treatment. 
3 Ratio of dead beetles recovered to the living betore application s were made. This measure may be 

considered as a suitable criterion of the control value of an insecticide, particularly under conditions of 
isolated fields where reinfestation would probably not occur. 

4The derris and cube root powders used in preparing these dusts contained approximately 4 % of 
rotenone. 

Suggested Control Measures 

Results obtained over a period of five years show that the 
t obacco flea beetle can be controlled in the plan tbed or in the field 
by the use of a dust mixture containing 1 percent of rotenone. 
Although an excellent killing agent, the practical residual toxicit:v 
of this material is limited to two or three days. The rotenone dust 
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mixture should be applied at the rate of at least one-half pound per 
100 square yards of plantbed area. Where newly transplanted 
plants are treated, a small-type "puff" duster may be used to 
apply the material at a rate of three to five pounds per acre per 
application. For larger plants, the dust mixture should be 
thoroughly applied when there is little or no wind and at a rate of 
eight to 10 pounds per application, depending upon the size of the 
plants and the number of beetles on the plants. Experiments also 
indicate that a spray composed of two pounds of a dust containing 
approximately 4 percent of rotenone to 50 gallons of water will 
control the beetle when thoroughly applied. Better control may 
be expected in fields that are isolated from nearby infested tobacco 
fields. 

TOBACCO INVE STIGAT IONS 

(James F . Bullock, T . W . Graham, and J. R. Mattison) 

Seedbed Fertilization 

Tobacco seedbed fertilization tests to study the effects of single 
and mixed sources of nitrogen in combination with a standard rate 
of 16 percent superphosphate and sulfate of potash-magnesia in the 
production of tobacco seedlings have been conducted for five sea
sons on the same plot of steam-sterilized soil each year. 

Two pounds per square yard of a 4-8-3, with all the nitrog·en 
from sodium nitrate, has produced during seasons of normal or 
excess rainfall about half the number of plants as other treatments. 
These plants were stunted and yellow in color, indicating nitrogen 
deficiency. As a result of light , well distributed rainfall during the 
1940 plantbed season, the sodium 1iitrate plots produced a normal 
supply of plants. A slightly yellowish cast on the leaves developed 
toward the last of the season. Consistently good results have been 
obtained with two pounds per square yard of a 4-8-3, the nitrogen 
derived one-fourth from sodium nitrate, one-fourth from sulfate of 
ammonia, one-fourth from tankage, and one-fourth from urea. One 
pound per square yard of the above mixture has not produced as 
many plants of transplanting size as the two-pound rate. 

Fertilization of Crop 

These tests are conducted to study the effects of different rates 
of application and forms of sulfur, potash, calcium, and magnesium 
on the yield and quality of tobacco. To reduce the damage caused 
by nematodes and at the same time to get high quality tobacco, a 
three-year rotation is used, consisting· of: first year, tobacco; second 
year, cotton; third year, weeds. The fertilizer treatments are 
applied only to the tobacco except that the cotton on all plots 
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receives 16 pounds of nitrogen from urea as a top-dresser. Sulfur 
deficiency has been observed during dry periods on the plots re
ceiving no sulfur and 20 pounds of this element (SO:J per acre. 
The deficiency symptoms tend to disappear soon after a rain. Plots 
receiving 175 pounds or more of sulfur per acre sho"·ed, during a 
short dr y period in 1940, a characteristic upward curling of the tips 
and margins on some of the leaYes near the center of the plant. 
These symptoms occurred about topping time. Potash deficienc)· 
symptoms were frequent on plots receiYing less than 50 pounds of 
K 20 per acre. It would also appear from data secured that as the 
potash in the fertilizer is increased the sulfur should be proportion
ately increased. 

Magnesium deficiency symptoms haYe not developed on these 
plots. Phosphorus deficiency results in slight stunting and delayed 
ripening. Boron toxicity, as indicated by stunting in early growth, 
has been observed where two pounds per acre of boron was applied. 
Severe injury occurs where five to seYen and one-half pounds per 
acre of boron are applied. Severe injnr)' is characterized by the 
development of yellow spots and )'ell ow margins, beginning on the 
lower leaves, which later turn brown and drop out as the plant 
reaches maturity. Also, there is an upward curling of the margins 
of leaves near the top of the plant. Seven and one-half pounds of 
boron per acre kills many plants early in the season. 

In view of these results boron should be applied to tobacco only 
in exceptional cases where there are indications that a deficienc~r 
of this element exists. 

Control of Blue Mold 

Blue mold was first observed in 1940 during the last week in 
March. The attack was severe but did not cause extensive plant 
shortage, but transplanting was delayed about 10 days. Only a 
few growers used control measures, but where they did follow one 
of the recommended treatments, e:ffectiYe control was obtained. 

The severity of mold the past season afforded a good oppor
tunity to compare the results of treatments with those obtained in 
previous years. ExtensiYe tests were carried out using all the 
pr actical methods of control. Critical obsenations were made on 
plant )'ields and disease severit)' following each method of treat
ment. Satisfactory control of blue mold was obtained b:v using the 
gas treatment, with either benzol or paradichlorobenzene, and the 
spray treatment with copper oxide-cottonseed oil. 

Gas Treatment (Paradichlorobenzene and Benzol) .-These 
materials vaporize and the gas liberated acts as a fungicide against 
blue mold. One of the outstanding features of the gas treatment 
is that it. may be used effectively after the disease has appeared in 
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the plantbecls. \Vhen properly used it is very effectiYe in checking 
the disease without injury to the plants. Repeated treatments are 
of course necessary for continued control through the blue mold 
season. Experience has shown that satisfactory results can be ex
pected onl:v when beds are constructed so as to retain the gas dur
ing treatment. In addition to the construction of gas-tight borders 
around the beds, it is essential that a muslin cover (not less than 
58x58 mesh per square inch) be used over the tobacco cloth. The 
usual practice is to start treatments in the late afternoon and re
move the muslin covers early the next morning. If heavy covers 
are not remoYed during the day the rapid vaporization of the para
dichlorobenzene, with the higher temperatures, may build up the 
gas concentration to a poiHt where plants are severely injured or 
killed. 

Satisfactor~' blue mold control was obtained with paradichloro
benzene at the rates of two and of three and one-half pounds per 
100 square yards of bed area. Studies on the number of treatments 
showed that it was not safe to use_ less than two treatments per 
week during· the blue mold season. Effective use of benzol consisted 
of two applications a week at the rate of five quarts per 100 square 
yards of bed area. 

Spray Treatment.-"\Vith this method of treatment the leaYes 
are sprayed twice a week with the copper oxide-cottonseed oil mix
ture. For the most effective results it is desirable to begin appli
cations before mold appears on the beds and to continue applica
tions through the blue mold season. This treatment does not re
quire the use of heavy muslin covers and no special t:,·pe of bed 
construction is necessary. However, spraying· equipment is re
quired. A wheel-barrow spra:ver with 15 to 25 gallons capacity 
equipped with 50 feet of spray hose is probably the most practical 
for plantbecl work. Sprays should be started before blue mold 
appears in the community and two sprays should be applied each 
week for six to eight weeks. Ver:v :voung plants should recei,;e 
about three gallons of spray to each JOO square ~,ards of bed area, 
and this dosage should be increased to about eight gallons for the 
same area during the last spray applications. 

1\Iaterials used to make the spray are as follows: 

Copper oxide (54-Y) -----------------
Self-ernulsif:ving cottonseed oil 

(S. E. C. oil ) _______________________ _ 
"\Yater-------------------------------

It pounds 

1 gallon 
100 gallons 

First stir the copper oxide with about a gallon of water to 
form a thin paste. Then emulsify the oil separately with two or 
three gallons of water by forcing the mixture through a small bucket 
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spray pump from one container to another. Dilute the copper oxide 
paste and the oil emulsion with a little more water and add both 
to the remaining volume of water to make the final spray mixture. 

Tbe spray treatment yielded good results in protection against 
blue mold, both as to yield of earl~· plants and total yield. This was 
true also when measured on the basis of leaf infection. Tn compar
ing the two methods (gas and spray treatment) no appreciable dif
ference in effectiveness was found when appraised on a basis of 
yield of early plants, total yield, and leaf infection counts. 

Root Knot Investigations.-Rotation studies haYe been in pro
gress for several years. Crops commonly grown in the tobacco sec
tion of the state are used in these rotations as follows: cotton, corn, 
sweet potatoes, cowpeas, peanuts, oats, and crotalaria. Blocks of 
continuous tobacco are used as controls. Xotes are taken on se
verity of infestations each year, records are kept of tobacco yields. 
along with quality and market Yalue of the crop for each rotation. 
In general, tobacco after peanuts, oats, crotalaria, and native weeds 
has been quite free of root knot. On the other hand, tobacco after 
corn, and sweet potatoes has suffered severe]~· from root knot. 

Resistance studies haYe shown that some strains of tobacco 
possess marked root knot resistance, and breeding work along these 
lines is in progress. 

A New Nematode on Tobacco Roots.-During a suney made 
in the tobacco-growing counties of the state a characteristic cleca:v 
of tobacco roots appeared to be widespread. S~·mptoms appeared 
on the secondary fibrous roots similar to the effects of attack bY the 
meadow nematode Pralylenclws pratensis (de 1\Ian ) Filipjev. Ilow
ever, microscopic examination oC numerous co1lections indicated tl1e 1·e
lationship of a nematode heretofore unreported as parasitic on tohacco 
roots. Parasitism was indicated by prevalence of the single species, 
Eucephalobus oxynroides ( de 1\Ian) Steiner, in the young lesions of 
the decaying roots. A preliminary note has been published relatiYe to 
this root decay. 

SANDHILL EXPERIMENT STATION 

(J. A. Riley, Superin tendent) 

During 1940 the experimental program at this station has been 
continued on about the same basis as in previous years. Consider
able research work of more than local interest has been accomplished 
here through the continued active cooperation of the United States 
Department of Agriculture as represented by the Bureau of Dairy
ing and the following divisions of the Bureau of Plant Industry: 
Soil Fertility Investigations, Forage Crops and Diseases, and Fruit 
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and Vegetable Crops and Diseases. The DiYision of Forage Crops 
and Diseases " ·ithdrew actiYe cooperation effective July 1, 1940; 
however, data are being obtained on the forage cr ops grown in 
1940. 

The dairy projects are going along about as usual, and a brief 
report of one phase of the work will be found in the following 
pages. 

Some ver)· interest ing results and obser Yations are being made 
with regard to soi l moisture in its relation to peach growing, and 
perhaps these may be applied to other crops grown here. Boron 
deficiency and its effects on grape growing· is also a very interest
ing subject under i1westigation. Both of these subjects are dis
cussed more full)· in the bod~· of this report. 

'rhe effects of lime and ferti lizers continue to develop in in
teresting demonstrations with field crops. These striking demon
strations have appeared to be of much interest to farmers and other 
visitors at this station. 

The general plant at this station is in Yer~· good condition and 
several much needed items of equipment have been added during 
the year. 

FIELD CROPS AND FERTILIZERS 

The season for cotton production was favorable and the aYer
age yield for all experiments, which compr ise approximately 700 
plots, was about 1200 pounds of seed cotton per acre. The highest 
average yield for a n~· treatment was 2090 pounds of seed cotton 
per acre. 

The supply of available plant food in the soils of the Sandhill 
region is exceedingly low and thi.s affords an excellent opportunity 
for studying the effects of the Yarious fertilizer materials on the 
growth of crops. 

All of the fertilizer tests were cross-treated with 1500 pounds of 
dolomitic limestone per acre in 1931 and with an additional 1500 
pounds in 1935 in order to determine the effect of limestone in the 
economical utilization of the acid soils t~·pical of the Sandhill area. 

Yield of Cotton as Affected by Varying Percentages of Potash on 
Limed and Unlimed Soils 

(R. W . Wallace) 

Results from an experiment which was started in 1931 aud con
tinued for nine years show that potash and dolomitic limestone are 
both essential and very closel~· associated in the production of cotton 
on these soi.ls. The experiment is in a two-year rotation with cot-
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ton and corn with a summer legume inter-rowed in the corn. Rye 
followed both the cotton and the corn as a winter cover crop. 
Eight hundred pom1ds of fertilizer per acre was applied to the 
cotton with one-half the nitrogen applied before planting and one
half as side-dressing in two applications. The fertilizer contained 
8 percent of phosphorus and 6 or 8 percent of nitrogen, with the 
potash as indicated in Table 63, which gives the results for nine 
years of the experiment. 

Table 63.-Yield of Seed Cotton from Varying Percentages of Potash on 
Limed and Unlimed Soils, 1931-1939. Sandhill Experiment Station 

Nine-year 
Increase over 

Fertilizer Soil ave rage, Increase from 

analyses treatments pounds no potash lime 

per acre Pounds I Percent Pounds I Percent 

8-8- 0 I Unlimed I 424 
Limed 472 I --- I --- I 48 I 11.3 

8-8- 4 I Unlimed \ 652 I 228 I 53.8 I I 
Limed 810 338 71.6 158 I 24.2 

8-8- 8 I Unlimed / 710 I 286 I 67.4 
Limed 900 428 90.7 r 190 i 26.8 

8-8-12 I Unlimed I 731 
I 

307 
I 

72.4 
Limed I 939 467 98.9 I 208 I 28.4 

6-8- 0 I Un limed I 411 
I 

--- I --- I I 
Limed . 426 --- --- 15 I 3.6 

6-8- 4 I Unlimed \ 635 I 211 
I 

49.8 l I 
Limed , 767 295 62.5 132 I 20.8 

6-8- 8 I Unlimed I 666 
I 

242 
I 

57. l 
I I 

I Lim ed 860 388 82.2 194 I 29.1 

6-8-12 I Unlin,ed I 686 I 262 I 61.8 I I 
Limed 908 436 92.4 222 I 32.4 

The increase in yield of seed cotton from applications of lime
stone was greater as the rate of potash applied increased from O to 
12 percent. The increases of seed cotton from plots which receiYed 
4, 8, and 12 percent potash with 8 percent nitrogen on the lime 
plots were 71.6 , 90.7, and 98.9 percent respectively over the plots 
which also receiYed 8 percent nitrogen and lime but no potash. 
Likewise, the increases from plots which receiYed 4, 8, and 12 per
cent potash, 6 percent nitrogen, and lime were 62.5, 82.2, and 92.4 
percent greater than the plots which receiYecl 6 percent nitrogen and 
lime, but no potash. 

Figure 31 shows the increased growth of velvet beans inter
rowed with corn, from 3000 pounds (in two applications) of dolo
mitic limestone. On the unlimed plots the velvet beans made very 
little growth and showed extreme magnesium deficiency. 
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Figure 31.-Effect of dolomitic limestone on ve lvet beans. Velvet 
beans inter-rowed with corn in a two-year rotation with 
cotton. Top: To lime. Bottom: 1500 pounds of dolo
mitic limestone applied broadcast in 1931 and 1500 pounds 
in 1935. Sandhi ll Experiment Station. 

Rate and Time of Applying Potash Fertilizers to Cotton 

( R. W . Wallace) 

The nine-year average of yields of seed cotton from an experi
ment to determine the most effectiYe rate and time of applying pot
ash to cotton are given in Table 64. All plots received a basic 
treatment eq1frrnlent to 600 pounds per acre of a 5-10-0 fertilizer, 
in addition to the potash indicated, one ,rnek to 10 days before the 
cotton was planted, and 15 pounds of nitrogen from calcium ni
trate or Cal-nitro was applied as a side-dressing when the cotton was 
chopped. The rates of potash used were 0, 15, 30, 45, and 60 
pounds per acre, which would be equivalent to 600 pounds per 
acre of a 5-10-0, 5-10-2.5, 5-10-5, and 5-10-7 .5 fertilizer respectively. 



FIF'l'Y-TH!RD ANNUAL REPORT 145 

T able 64.-Yield of. Seed Cotton from Experiment on Lime and Rate of Applying Potash 
1931-1939, Sandhill Experiment Station 

(Basic fertilizer treatment-600 pounds of a 5-10-0 per acre with potash as indicated 
under the crop and side-dressed with 15 pounds of nitrogen) 

Pounds I I Nine-year I I Increase I I average Average ove1· J ncrease o ver Increase in 
of Time of application seed cotton for each pr~ce_ding no potash co tton fo r 

potash per acre, rate s1m1lar each pound 
applied pound s treatment Pound s I Percent o f pota sh 

None 
JS 

30 

45 

60 

I _________________________ \ I I I I I 
567 I 567 --- ---- I 

\ All before planting _______ / 908 

I I I I 
I 

~ before planting I \ Y, at chopping ___________ 971 I All at chopping __________ ---- 940 I 373 373 65.8 I 24 .9 I All before planting _______ ! 1250 I I I 
I I 

Y, before planting I I I Y, at chopping ___________ 1312 
I I I I All at chopping __________ 1265 1276 I 336 I 709 I 125.0 I 23.6 

\ All befo1-e planting _______ / 1399 I I 

I 
I I 

Y, before planting I I I I Y, at chopping ___________ 1423 I I 
/ All at chopping __________ 1385 I 1402 I 126 83 5 147.3 I 18.6 
\ All before planting _______ i 1544 I I I I I 

0 before planting I I I 
I I 

/ 0 at chopping ___________ 1576 I I I 
All at chopping __________ 1563 I 1561 I 159 994 I 175.3 I 16.6 

The yields of seed cotton increased with the rate of application 
of potash fertilizer regardless of when the potash was applied. There 
seems to be no advantage in withholding part of the potash at 
planting and applying as a side-dresser unless the land is so deficient 
in potash that it requires more than 60 to 75 pounds per acre to 
produce a normal crop. If more than this amount is required, the 
germination of the cottonseed may be affected if all the potash is 
applied before planting. In that case a split application would be 
recommended. 

The average yield for the nine years from the plots 11ot receiv
ing potash was only 567 pounds of seed cotton per acre. The differ
ence in yield between no potash and 15 pounds of potash was 373 
pounds of seed cotton, an increase of 65.8 percent in favor of the 
latter treatment. The increase in yields from the various applica
tions of potash ranged from 373 pounds to 994 pounds of seed cot
ton per acre, i. e. an increase of 65.8 to 175.3 percent over the yield 
of the no-potash plots. The average yields for the nine-year period 
indicate that for the rates used one pound of potash has increased 
the yield by 17 to 25 pounds of seed cotton. 

Rate of Applying Potash to Corn 

(R. W. W allace) 

An experiment was started in 1937 to determine the most effi
cient rate of potash for corn on these soils. The experiment was 
laid out in one-twentieth acre plots with three plots for each treat-
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ment. All plots, except the no-fertilizer and no-nitrogen plots, re
ceived 32 pounds of nitrogen and 40 pounds of P 20.:;, with the rates 
of potash varying from O to 90 pounds of K 20 per acre. One
fourth of the nitrogen and all the phosphorus and potash were ap
plied under the crop and three-fourths of the nitrogen was applied 
when the corn was knee-high . 

Table 65.-Yield of Shelled Com in Bushels per Acre from Varying Rates of Potash 
1937-1939, Sandhill Experiment Station 

Increase 
Increase in over pre-

Increase over no Pounds of potash Yield in bushels of ceding pounds for 

No 
No 
No 
15 
30 
45 
60 
75 
90 

applied shelled corn per acre similar potash each pound 
1937 I 1938 I 1939 IA verage treatment Bushels I Percent of potash 

I I I 
f~rtilizer ----1 6.0 3.6 8.5 6.0 
nitrogen ____ 6.3 3.4 9.0 6.2 
potash ______ 6.3 6.0 11.8 8.0 
--------------1 15.2 16.6 18.0 16.6 8.6 8.6 107.5 32.1 

(15 checks) --1 14.8 21.5 20.3 18.9 2.3 10.9 136.3 20.3 
--------------1 18.7 25.3 23.0 22.3 3.4 14.3 178.7 17.8 
-------------- 17.9 26.4 21.7 22.0 -0.3 14.0 175.0 13.1 
-------------- 20.2 29.2 24.8 24.7 2.7 16.7 208.7 12.5 
--------------1 19.4 I 27_1 I 23.7 23.4 I -1.3 15.4 192.5 9.6 

The average yields of shelled corn per acre for three years are 
given in Table 65. It is noted that under the conditions to which 
this experiment was subject one might expect 10 to 32 pounds of 
shelled corn for each pound of potash applied. 

SOIL FERTILITY INVESTIGATIONS 

The soils of the Sandhill region have a higher content of sand 
and a lower content of silt and clay than occur in most soils. This 
unusual physical composition permits a greater degree of aeration 
and more than an average amount of leaching. Aeration causes 
the rapid destruction of organic matter with resultant liberation of 
its contained nutrients in a soluble form. Leaching causes the 
rapid removal of these soluble nutrients and applied fertilizers. Of 
the various plant foods, nitrogen is probably the most seriously 
affected because it is not fixed in the soil to as great extent as other 
nutrients. Maintenance of soil fertility under such conditions must 
be based on two fundamental agronomic procedures. The first of 
these is the cultivation of green manures , catch crops and cover 
crops for the dual purpose of absorbing soluble plant foods which 
would otherwise be leached from the soil and returning this or
ganic matter to the soil at such time that it will decompose and 
liberate its contained nutrients in time to be available for the fol-
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lowing cash crops. The secon<1 fundamental procedure is the pro
per application of fertilizer to supplement the meager supply of 
plant foods contained in these s:iils. 

Certain phases of these two general problems are being studied 
here. 'l'he subprojects now under active investigation include l:v
simeter iiwestigations, a fertilizer ratio experiment with soybeans, 
a green manure-fertilizer experiment , fertilizer placement experi
ments with cotton, and a stud:v of complete fertilizers granulated 
into particles of different sizes. 

Lysimeter Investigations 

(Emery M. Roller and Nelson McKaig, Jr.) 

'l'he soil from the lysimeters described in the Forty-Sixth An
nual Report, pages 154-156, was removed by horizons, each horizon 
from the 24 tanks thoroughly mixed and returned to the tanks in 
the summer of 1938. The l.'·simeters were allowed to settle until 
the autumn of 1939 when the initial plantings of a proposed six
year experiment were made. The general plan of the experiment 
is to study the influence of several winter and summer green manure 
and cover crops on the amount of leaching and on the conservation 
of fertility of Xorfolk coarse sand . It is expected that at least some 
of the different crops to be used will affect the fertility of the soil 
in a measurable and characteristic manner and that these differen ces 
will not only be reflected in the .'·ields of an indicator crop of cotton 
to be grown on most of the tan ks during the third summer and on 
all of the tanks during the sixth summer, but that the percolation, 
losses of plant food by leaching, and residual fertility of the soil 
as determined by various laboratory procedures can be correlated 
with the fertility differences. The planned experimental outline is 
shown in Table 66. The treatments of Tanks 1 to 9, inclusive, pro
vide a comparison of the indicated winter crops commonly grown 
on Sandhill soils in a three-.'·ear summer rotation of legumes, cotton, 
cotton. The varieties which apparently are best suited to the con
ditions are Abruzzi r.''e, Fulghum oats, hair.'' vetch, and Austrian 
winter peas. Equal amounts of nitrogen from sulfate of ammonia 
and nitrate of soda are to be added to Tank 9 at the rate of 24 
pounds per acre when the rye is turned to accelerate its decomposi
tion. Tanks 10 to 17 inclusive provide a comparison of three species 
of crotalaria with certain other common Sandhill legumes and a 
non-legume, pearl millet, all of which are to be handled as summer 
green manures. Since pearl millet normally contains less nitrogen 
than legumes, this element is to be added when the crop on Tank 
16 is turned to determine its effect on the decomposition. A rota
tion consisting of two )' ears of green manuring and one year of 
cotton under two systems of winter crop management are to be 



Table 66.-Agronomic Outline of a Lysimeter Experiment for the Study of the Effect of Different Green Manure and Cover Crops on the Rate of Leaching, Loss of Plant Food, and Residual Fertility of Norfolk Coarse Sand 

Winter Summer \ \'inter Summer \ \linter Sum mer \ Vinter Summer \ \'inter Summer \Vinter Summer Tank 1939-40 1940 1940-41 1941 1941-42 1942 1942-43 1943 1943-H 1944 1944-45 1945 
l R ye C. st r ia t a Rye Cotton Rye Cotton RyP. C. striata Rye Cotton Rye Cotton 
2 Oat s C. striata Oats Cotton Oats Cotton Oats C. striata Oats Cotton Oats Cotton 

Vetch C. striata Vetch Cottot1 Vetch Cotton Vetch C. striata Vetch Cotton Vetch Cotton 
4 Peas C. striata Peas Cotton Peas Cotton Peas C. striata Peas Cotton Peas Cotton 
5 F allo w C. stria ta Fallow Co tton Fall ow Cotton Fallow C. stria ta Fa llow Cotton Fall ow Cotton 
6 R ye and vetch C. stria ta Rye and vetch Cotton Rye and vetch Cotton Rye and vetch C. striata Rye and vetch Cotton Rye a n d vetch Cotton 
7 Peas C. striata Vetch Cotton Peas Cotton Vetch C. striata Peas Cotton Vetch Cotton 
8 R ye C. striata Ve tch Cotton Rye Cotton Vetch C. striata R ye Cotton Vetch Cotton 
9 Rye turned C. striata R ye tu rned Cotton Rye turned Cotton Rye t u rned C. striata R ye turned Cotto n Rye turned Cotton wi t h N wi th N with N withN with N wi th N 

10 R ye C. str iata Rye Cotton with Rye Cotton with Rye C. striata Rye Cotton with R ye Cqtton vo luntee1· volunteer vo lun teer C. striata C. striata C. s triata 
1 1 R ye Soybeans Rye Cotton Rye Cotton R ye Soybean s Rye Cot ton Rye Cot ton 
12 Rye Velvet beans Rye Cotton Rye Cotton Rye Velvet bea ns Rye Cotton R ye Cotton 
13 Rye C. spectabi lis Rye Cotton Rye Cotton Rye C. spectabi lis Rye Cotton Rye Co tton 
14 Rye C. inte1:med ia Rye Co tton Rye Cotton Rye C. intermedia Rye Cotton Rye Co tton 
15 R ye Jll i llet t urned Rye Cotton Rye Cot ton R ye i\ [ ill et tu rn ed Rye Cotton Rye Cotton 
16 R ye A[i ll et t urn ed Rye Cotton Rye Cotton Rye Ali ll et t u rned Rye Cotton Rye Cotton w ith N with N 
17 R ye C. stria ta R ye Soybea ns Rye Cotton R ye C. striata Rye Soybeans R ye Cotton 18 R ye C. s triata Vetch Soybeans Rye Cot ton Vetch C. striata R ye Soybeans Ve tch Co tton 19 R ye C. s triata Rye C. st riata Rye C. s triata Rye C. striata Rye C. striata Rye Co tton 20 R ye C. spectabi lis R ye C. spec tab ili s Rye C. spectabi lis Rye C. spectabilis Rye C. spectab il is Rye Co t ton 2 1 R ye C. s triata R ye Soybean s Ric C. s tria ta Rye Soybeans R ye C. striata R ye Co tton 22 R ye M ille t Rye Soybeans R ye Mi ll et Rye Soybeans Rye J\Iillet Rye Co t ton 23 R ye Cotton Rye Cotton R re Cotton Rye Cotton R ye Cotton Rye Cotton 24 F allow F a llow Fall ow Fallow Fall ow Fa llow Fa ll ow Fa llow Fallow Fall ow Fall ow Cotton 
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compared in Tanks 17 and 18. The soil-building effects of continu
ous green manuring with different crop combinations are provided 
in Tanks 19 to 22 inclusive. Tanks 23 and 24 are considered as 
cropped and fallow checks, or control tanks, respechvely. Since 
the preceding lysimeter experiment and other soil fertility studies 
have clearly demonstrated that serious losses of soil fertility occur 
when Sandhill soils are left fallow, the outline is planned to keep 
the soil covered with vegetation throughout the year to the maxi
mum extent permitted by the objectives of the work. 

It is generally recognized that Yarious crops used as green 
manures have different effects on the following crops but the rea
sons for such differences are obscure. The cause is probabl~- asso
ciated with differences in the chemical composition of the green 
manures, which infiuence biological activity during the decomposi
tion process and affect the chemical composition of the resultant 
humus. A preliminary examination was made of certain mineral 
constituents of the crop plants which are to be used in the l:rnimeter 
experiment. The samples were collected from fields of X orfolk 
coarse sand at the Sandhill Experiment Station at a stage of ma
turity when they would logically be turned into the soil as green 
manures or crop residues, except in the case of cotton, which was 
collected at the harvesting stage. The analytical data of Table 67 
show wide differences in composition of these plants and between 
the aboYe and below-ground portions thereof. The data indicate 
considerable difference in root-top ratio of the various plants, vetch 
having a comparatively larg·e and velYet beans a comparatively 
small root system. Cotton and the summer legumes analyzed, ex
cept Crotalw·ia intennedia, had a higher ash content in the tops than 
in the roots; the grain crops and the winter legumes analyzed had 
higher ash content in the roots than in the tops. All the plants had 
a higher proportion of phosphorus in the tops than in the roots ; all 
had more potassium in the tops than in the roots except Crntalai-ia 
intennedia and cotton where the amounts were about equal; rye and 
oats had a greater percentage of calcium and magnesium in the roots 
than in the tops but the relationship was reversed in the other 
plants. The crotalarias were lower in phosphorus than the other 
legumes. As a group, the legumes were higher in calcium and mag
nesium and lower in potassium than the grasses analyzed. In most 
cases, these relationships were similar when the data are considered 
on the basis of the mineral composition of the ash, but a few differ
ences appeared. The proportion of potassium to total minerals was 
quite uniform between the tops and the roots of the crotalarias and 
lower in roots than tops of the other plants, particularly rye and 
oats, except that it was much higher in the roots than the tops of 
cotton. Magnesium appeared to concentrate, with respect to the 
other minerals, in the roots of Crotalaria spectabilis and cotton. In 



Table 67.-Chemical Composition of the Top and Root Portions of Mature Cotton and Certain Other Plants at a Stage Suitable for 
Turning Under as Green Manure 

Constituent 
Crotalaria I Crotalaria I Crotalaria intermedia spectabil is stria ta 

Tops I Roots ______'!'_ops I Roots Tops I Roots 
I 

Ratio of roots to tops 
______________________________ / 

Percent I Percent I Percent I Percent I Percent I Percent 

87 .85 12.15 I 89.61 I 10.39 88.12 I 11.82 
I 

Total nitrogen as N --------------------------------1 
Sand-free ash --------------------------------------

Composition on oven-dry basis \ 

4.32 4.81 5.43 
2.40 I 1.61 I 1.91 

Soluble si lica as Si02 -----------------------------
Phosphorus as P,Oo -------------------------------
Calcium as CaO -----------------------------------
1\ Cagnesium as ~[gO -------------------------------
i\ [o lar calcium-magnesium ratio --------------------
Potassium as K20 ---------------------------------

0.21 a.84 0.25 I 
a.381 a.329 I a.399 
1.06 a.34 1.60 I 
0.44 0.36 I 0.5 l 
1.73 a.68 2.27 I 
0 .77 0.80 1.04 

Silica as SiO, --------------------------------------1 Phosphorus as P2Q5 --------------------------------
Calcium as CaO ----------------------------------
i\f agnesium as i\f gO ------------------------------
Potassium as K20 ---------------------------------1 

Constituent 

Austrian 
winter peas 

Tops I Roots 

CoJ]'ositilon17r5the alsh 4_6 
8.8 6.8 7.4 

24.5 7.1 29.5 
10.2 7.5 9.3 
17.8 16.6 I 19.2 

Vetch Oats 

Tops Roots Tops 
I Percent \ Percent Percent \ 

73.72 

Percent Percent 

Ratio of roots to tops _________ J 90 .52 9.48 
l COl11positio11 on oven.d ry bas is 

Total n itrogen as N-------------1 3.62 2.72 4.17 Sand-ft ee ash ------------------ 8.09 9.77 9.67 Soluble si lica as SiO,____________ 0.23 1.3.5 0.79 
Phosphorus as P,0.-, ____________ I 0.746 0.631 0.909 
Calciu m as Cao________________ 1.66 0.97 1.97 
l\[agnesium as 1 fg0____________ 0.74 0.63 0.79 
l\[olar calcium-magnesium ratio__ 1.61 1.10 1.79 Potassium as K,Q___ ___________ 2.03 1.25 2.00 

Si lica as S i02------------------1 Ph osphorus as P2Qr; ____________ _ 
Calcium as Cao _______________ _ 
i\fagnesium as i\ l gO ___________ _ 
Potassium as K20--------------1 

Co2,'fosit,

1

on 13'.
8
the alsh 

8
_
2 

9.2 6.5 9.4 
20.5 9.9 20 .4 

9.2 6.5 8.2 
25. 1 __11.8 __ _J 20.7 

26.28 

2.82 
11.63 

1.62 
0.892 
0.75 
0.90 
0.60 
1.2.I 

13.9 
7.7 
6 . .1 
7.7 

10.8 

82 .71 

1.50 
7.81 
0.60 
0.71 S 
0.48 
0.32 
1.07 
2.97 

7.7 
9.2 
6.2 
4. 1 

38.0 

0.98 
1.78 
0.21 
0.206 
0.23 
0.39 
0.42 
0.32 

18.0 
11.6 
12.9 
22.1 
18.0 

Roots 
PC'rcent 

17.29 

1.10 
9.28 
1.24 
0 . .121 
0.72 
0.3.1 
I.SO 
0.88 

13.4 
.1.6 
7.8 
3.7 
9.5 

2.25 
6.09 
0.23 
0.465 
1.74 
0.70 
J.78 
1.29 

3.8 
7.6 

28.6 
11.6 
21.2 

Tops 

Rye 

Percent 

84 .82 

1.49 
6. J.S 
0.14 
0.772 
0.46 
0.30 
1.09 
3.04 

2.3 
12.6 

7.5 
4.9 

49.4 

0.54 
3.22 
0.29 
0.150 
0.23 
0.40 
0.42 
0.70 

9.0 
4.7 
7.1 

12.4 
2 1. 7 

Roots 
Percent 

15 .1 8 

1.05 
9.36 
0.93 
0.630 
0.60 
0.37 
1.17 
1.83 

9.9 
6.7 
6.4 
4.0 

19.6 

Soybeans 

Top_s Roots 
Percent I J'ercent 

90.26 I 9.74 

1.97 
6.11 
0.17 
0.523 
1.58 
0.80 
1.42 
1.30 

2.8 
8.6 

25.9 
13 .1 
21.3 

0.94 
3.87 
0.74 
0.291 
0.62 
0.38 
1.18 
0.65 

19.1 
7.5 

16.0 
9.8 

16.8 

Pearl millet 

Tops 
Percent 

88.59 

0.71 
5.82 
0.18 
0.739 
0.59 
0.24 
1.75 
2.30 

3.1 
12.7 
10.1 
4.2 

39 . .1 

Roots 
Percent 

1 l.41 

0.24 
6.97 
0.46 
0.477 
0.28 
0.21 
0.94 
1.76 

6.6 
6.8 
4.0 
3.1 

2.1.3 

Velvet beans 

Top_s 
Percent 

93.35 

2.54 
5.35 
0.40 
0.781 
1.53 
0.36 
3.09 
0.93 

7.5 
14 .6 
28 .6 

6.7 
17.4 

Roots 
Percent 

6.65 

1.22 
3.97 
0.26 
0.440 
0 .98 
0 .28 
2.55 
0.45 

6.6 
11.1 
24.7 

7.0 
11.3 

Cotton 

Tops 
Ptlrcent 

84 .72 

1.21 
.1.51 
0.19 
0.443 
2.19 
0.33 
4.78 
0.63 

3.5 
8.0 

39.7 
6.0 

11.4 

Roots 
Percent 

15.28 

0.47 
2.07 
0.12 
0.208 
0.42 
0.22 
1.38 
0.58 

5.8 
JO.I 
20 .3 
10.6 
28.0 
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the other plants it was more uniformly distributed , the major por
tion being frequently in the tops. The grasses were lower than the 
other plants in their proportion of calcium and magnesium and 
higher in their proportion of potassium. 

Fertilizer Ratio Experiment with Soybeans and Oats 

(Nelson McKaig, Jr. , W. A. Carns, and A. B. Bowen) 

An experiment was started in 1937 to determine the effect of 
seYeral neutralized aud comparable acid-forming fertilizers on the 
yield of soybean and oat hay. Details of the experimental outline 
and the first season's results are discussed in the 1938 annual re
port, pp. 151-2, and the second season's results were given in the 
1939 annual report, pp. 156-7. 

The soybean :vields during the third season confirm the results 
of the second season in indicating definite benefits from the use of 
neutralized fertilizers, a trend toward increased yields resulting 
from the use of increasing amounts of superphosphate, and a definite 
response to increase in the amoui1t of potash (Table 68). As in the 
past, there was no response to increasing amounts of nitrogen ap
plied in the acid-forming· fertilizers, but the third season's results 
sho,,· considerable response to increased amounts of nitrogen in 
the neutralized fert ili zers. 

'rhe yield of oats on the plots receiving neither phosphorus nor 
potassium was less than on an:v of the plots fertilized with these ma
terials, confirming the second season's results. The third season, 
howeYe1·. also showed response to increasing quantities of both phos
phorus and potassium and generally improved yields where the 
non acid-forming fertilizers were used. 'l'hese latter responses were 
not obsernd during the first two years of the experiment. 

Green Manure-Fertilizer Experiment 

(Nelson McKaig, Jr., W. A. Carns, and A. B. Bowen) 

A comparison is being made of two systems of legume manage
ment in a three-~·ear rotation of legumes, corn, and cotton in the 
green manure-fertilizer experiment. One system consists of turning 
under Crotalaria spectabilis as a green manure crop preceding corn 
and cotton which are planted in the fo llowing two ~·ears. The other 
system consists of remoYing the soybeans as hay, the following corn 
and cotton being side-dressed with nitrogen to compensate for that 
rernoYed in the hay crop. A cover crop of rye is grown on all the 
plots to preyent leaching· of plant nutrients during the winter, it 
having been established in the preceding experiment that winter 
fallowing causes serious loss of soil fertility in Norfolk coarse sand. 



Table 68.- E 1ffect of Different Fer tilizer Ratios on the Green Weight Yields of Soybean and Oat Hay Grown on Norfolk Coarse Sand 
Soybeans (1939 crop) I Oats (1939-40 crop) 

Fertilizer ratio I Acid-forming I Neutralized Ferti lizer ratio* I Acid-forming N-P2 0 5-K20 fertilizers 
I 

fertilizers N-P20:;-K20 fertilizers 
400 lbs. per acre Tons per acre I Tons per acre I 200 lbs. per acre I Tons per 

0.95 
0.71 
0.93 
0.88 
0.8+ 
0.98 
0.86 
1.12 
0.91 

2-8-4 0.85 I 1.00 I 0-8-4 I 4-8-4 ( I ) 0.84 I 1.19 0-0-0 4-8-4 (2) 0.84 1.08 0-8-4 
6-8-4 o.85 1.1 s o-8-+ I 4-4-4 o.86 I 1.17 0-4-+ 4-12-+ 0.94 1.27 0-12-4 
4-8-2 0.80 I 1.03 0-8-2 
4-8-8 I o. 98 I u 1 o-8-8 Average 0.87 1.15 

Difference required 
for significance, 
P=.05 -------------1 ± 0.10 ± 0.10 

*A ll oat plots top-dressed with 20 pounds of nitrogen in the spring. 
(1) Previous oat crop not fertilized w ith phosphorus or potassium. 
(2) Previous oat crop fertilized with phosphorus and potassium. 

± 0. 11 

acre 

Neutralized 
fertilizers 

Tons per acre 
0.97 
0.82 
0.96 
1.0+ 
0.92 
1.02 
0.93 
1.12 
0.97 

± 0. 11 
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One-half of the plots receiYed 750 pounds per acre of dolomite in 
the fall of 1937. Details of the experiment were described in the 
Fifty-Second Annual Report, pp. ] 54-5. 

Those plots to which the dolomitic limestone had been applied 
show increased yields of cotton, corn, interplanted cowpeas, soy
beans, and crotalaria, but little increase in rye yield except in the 
case of rye fo llowing soybeans and crotalaria (Table 69). The rela
tive increase due to dolomite was greatest in the soybeans and the 
interplanted cowpeas. Corn yields were not greatly influenced by 
the dolomitic limestone treatment but apparently the sodium nitrate 
applied as side-dressing at the rate of 20 pounds of nitrogen per 
acre was more effective in increasing yields than was the previous 
year's crop of crotalaria which was turned under as green manure. 
This situation was reversed, however, in the case of the interplanted 
cowpeas which appeared to benefit markedly from the previous 
year's green manuring. A marked response of rye growth oc
curred on those plots which had been cropped to legumes compared 
with the growth obtained following cotton. 

Table 69.-Yield of Crops on Green Manure-Fert ilizer Experiment, 1939-40 
Average of 4 Plots in each treatment 

A.-Cotton, Corn, and Cowpeas Interplanted in Corn, 1939 

Treatment 

Side-dressed + dolomite ------- \ 
Side-dressed + no do lomi te __ _ 
No side-dressing + do lomite __ [ 
No side-dress ing+ no do lomite_ [ 

Treatment 

Seed cotton I Corn 
pounds per acre bushels per acre 

569 
-t88 
771 
596 

25 .7 
23.6 
21.7 
16.3 

B.-Legumes, 1939 

Soybeans 
green weight 

tons per acre 

Dolomite _____ ----------------------J 
No dolom ite ------------------------

3.61 
2.01 

C.-Winter rye, 1939-40 

lnterplanted cow
peas 

Tons green weight 
per acre 

1.24 
0.78 
2.37 
1.33 

Crotalaria 
green wei g ht 
tons per acre 

5.93 
4.69 

I 
Foll owing !Fol lowing corn I Foll owing I Followin g 

Treatment of prev ious cot ton and cowpeas soybeans crotalaria 
crop tons per acre tons per acre toqs per acre tons per acre 

Side-dressed + dolomite ___ __ [ 0.92 I 2.29 I 2.20 I 
Side-dressed + no dolomite___ 0.95 1.94 2.01 
No side-dressing + do lomite __ \ 0.90 I 2.37 --- I 2.20 
No side-dressing+ no dolomite I 0.94 I 2.34 I --- 2.05 
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Fertilizer Placement Experiments with Cotton 

( Nelson McKaig, Jr., and A. B. Bowen) 

The g·ermination and growth of cotton plants, maturit:,· of the 
bolls and yield of seed cotton are influenced b~· the manner in which 
the fertilizer is placed in the soil. Experimental work on this prob
lem was started at the Sandhill and Pee Dee Stations in 1929 to 
determine the most satisfactory position for the fertilizer with re
spect to the seed and the soil surface. This was a part of a large 
cooperative experiment conducted on man;v crops in most of the 
states, and with cotton in the Southeastern cotton belt. Cooperat
ing with the South Carolina Agricultural Experiment Station in the 
South Carolina experiments were the U. S. Bureau of Agricultural 
Chemistry and Engineering and the U. S. Bureau of Plant Industr~·. 
The early experiments quickly demonstrated that placement of fer
tilizer in contact with the seed, or close to it , and particularly in 
bands close under the seed was high ly injurious to germination and 
decreased cotton yields. As the work progressed, complete fer
tilizers of different plant food content and Yarying rates of applica
tion were tested in numerous placements. It was found that seY
eral of the placements tested produced satisfactory yields, and this 
group was compared with each other OYer a period of seYeral ~-ears. 
using several fertilizers of different composition and application 
of the fertilizer at time of planting and in advance of planting. Be
cause each year's outline was developed from the experience and 
results of previous experiments, there were few placements for which 
data are available over a considerable period. Data comparing four 
of the best placements are given in Table 70. These results show 
a trend for best yields to follow placement of the fertilizer in bands 
2.5 inches to each side of and 3 inches below the lenl of the seed 
at both locations, although statistical stud~, of these data are not 
conclusive (for Sandhill only, F found = 2.02, required 3.29; all 
experiments F found 1.07, required 2.93). The comparison given in 
the table showing results from one placement at and before plant
ing are consistent with a large mass of other data in indicating 
better results from fertilizing in advance of planting on the heavier 
Pee Dee Station soil but fertilizing at time of planting was usuallr 
superior at the Sandhill Station. Trials were made comparing ap
plication of all the nitrogen at one time with application of half 
to two-thirds at or before planting and the remainder applied at 
chopping. The results were definitely in favor of the delayed appli
cations, particularly on the porous Sandhill soil. 



Table 70.-Influence of Placement of Fertilizer on Yields of Seed Cotton, 1934-1939 

Placement 

1.75 in. band 3 in ches under seed at planting 
Bands 2.5 inches each side of and 3 

in ches below seed level, at planting ___ _ 
Bands 2.5 inches each side of and 3 

inches below seed level, 8-10 days 

in advance of planting ----------------1 
Mixed with soi l about 3 inches below 

seed, 8-10 days in advance of 
pla~tng_------------------------ - -----1 

Sandhill Stat ion-Norfo lk coa rse sand 
I 

Pee Dee Sta ti on I 
Orangeburg ve ry 
fine sandy loam ____ _ 

1934 1935 1936 I 1937 1938 1939 I 1934 I 1935 I Average 

I I I I I I I I pounds pounds pounds pounds pounds pounds pounds pound s 
per acre per acre per acre per acre per acre per acre I per ac re per acre 

577 I 742 I 577 I 3-13 I 338 I 11 37 II 1782 I 1902 1; 

804 I 792 I 702 I 380 357 I 1195 I 1751 1766 II 

I I I I 

pounds 
per ac re 

925--

968 

973 
724 I 764 I 764 355 I 297 11 37 1 1822 II 1922 II 

787 I 776 I 688 457 I 370 1003 I 1571 I 1846 I 937 
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Granulated Complete Fertilizers Applied to Cotton 
(Nelson McKaig, Jr., and A. B. Bowen) 

A practical method for the manufacture of granulated fertilizer 
has been developed by the U. S. Bureau of Agricultural Chemistr.'· 
and Engineering. The product has certain advantages oYer ordi
nary types of fertilizer, including superior drilling and feeding 
properties when used in most ordinary fertilizer distributors, com
paratiYe freedom from caking during storage, absence of blowing 
when used in wind.'· weather, and complete absence of segregation 
during handling or storage. Tests of the effectiveness of these fer
tilizers for cotton were conducted for three years at the Sandhill 
and Pee Dee Stations and elsewhere. The results of the Pee Dee 
and Sandhill tests, giYen in Table 71, show a trend in favor of the 
granulated fertilizers, there being little difference between the dif
ferent sizes of granules. 

Table 71.-Yield of Seed Cotton from Plots Fertilized with Granulated 
Fertilizers of D ifferent Particle Size 

Screen 
m es hes 
per inch 

4-6 
6-10' 

10-20 
Under 40 
Standard 

Sandhill Station Pee Dee Station 

1937 I 1937 I 1938 I 1939 1938 I 1939 Average 
side' under" farm3 farm 3 farm 3 farm 3 

I Pounds I Pounds I Pounds\ Pounds I Pounds I Pounds I Pounds I per acre oer acre oer acre per acre per acre oer acre per acre 
I 

l I I 473 488 392 1023 2391 2884 
I 

1275 
446 -499 I 330 990 2516 2859 1273 
-478 I -446 

I 
359 1099 2520 2715 I 1270 

418 I 449 322 I 944 2321 2822 I 1213 
--- --- 298 I 980 ---- 2777 I ----

l In bands 2.5 inches to each side of and 3 inch es below seed level. 
2In band 3 inches below seed. 
3Applied in open furrow, li g htly mixed with so il and bedded on . 
4 Five to JO mesh used in 1937. 

HORTICULTURE 

Boron Deficiency in Grapes 

(L. E. Scott) 

In June, 1939, there was noticed an abnormal foliage develop
ment on certain vines of the experimental Yine)'ard at this station. 
The nature of the symptoms, accompanied b.'' the fact that on an 
area adjacent to the vineyard, a boron deficiency had been observed 
in alfalfa, suggested that the trouble could possibly be attributed 
to a deficiency of this element. Treatment of a few Yines with 
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borax in 1939 and more extensive borax treatments in 1940, when 
the symptoms developed in a much more aggravated form, cor
rected the abnormal condition. 

The -vineyard soil is classed as a deep phase of K orfolk sand, 
very deficient in organic matter as well as in many of the plant 
food elements. Responses to applications of magnesium, calcium, 
and other so-called minor plant food elements have been obtained 
on many crops grown in this soil. In the experimental vineyard 
satisfactory growth and production have been secured, although 
varietal differences are very striking. Applications of a '' com
plete" fertilizer at the rate of 600 to 800 pounds per acre ha-ve been 
made annuaily. In addition 1500 pounds per acre of dolomitic lime
stone was applied in 1932 and 1000 pounds per acre of basic slag
in 1938. The vines range in age from fin to nine years. 

The foliage symptoms noted in June, 1939, consisted of a well 
developed pattern, with areas toward the leaf margin and between 
the leaf -veins becoming chlorotic. These chlorotic areas remained 
intact even in severe cases with little or no breaking· clown of tissue 
or burning of the leaf margins. The surface of affected leaves was 
abnormally roughened with raised areas between the veins clue ap
parently to unequal growth of the different portions of the lea-ves. 
This also resulted in a cupping of the leaf toward the under side. 
which was verv noticeable in certain varieties. Defoliation clicl not 
occur. Tn s01-r'ie of the more severely affected vines, especiall:v in 
the Ontario variet)', there was obsenecl a ver~· decided tenclenc>
towards unusual development of lateral buds 011 the current sea
son's shoots. 

On June 22, 1939, vines of 10 Yarieties which showed these ab
normal characters were treated with commercial borax at the rate 
of 10 pounds per acre. This was applied to the soil 011 both sides 
of the vine. The varieties treated were Delaware, Lenoir, Herbert. 
Herbemont, Barnes, Extra, Portland, Ontario, Concord, and Catawba. 
Examiliation of the new growth produced on these treated vines in 
July and August showed no evidence of abnormality, although the 
older leaYes which "'ere affected before the treatment remained 
chlorotic. However, the late growth on untreated vines also showed 
little evidence of any abnormal symptoms. 

The spring of 1940 was mmsuall>· late. In the early part of 
May it was noticed that the shoots on a nurn ber of varieties were 
developing ven· abnormall>·, with pronounced dwarfing· of growth. 
a tendency toward the development of several shoots from a single 
node, and the initiation of lateral bud growth on these short. 
stunted shoots. The internodes were ver~- short and the leaves 
small. Flower clusters deYeloped very conspicuousl>T on these 
shoots but were twisted, malformed, abortive. and failed to set fruit. 
Other vines showed less extreme s;vrnptorns. similar to those obsen·ed 
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in the previous year. "Gpon examination of the vines treated with 
borax in 1939 it was found that none of those Yines were affected, 
but had developed normally in every respect. The differences in 
the 1940 yields between the vines treated with boron in 1939 and 
untreated vines were very striking. A tabulation pf these yields 
is giYen in Table 72. In man:v instances untreated vines failed 
completely to set fruit while in others the bunches were ragged with 
man,v undeveloped berries. The vines treated in 1939 were, in each 
variety, those showing the most severe symptoms at the time of 
treatment. 

Table 72.-Eftect of Boron Treatment in 1939 on 1940 Yields of Grapes 
Yield in Pounds per Vine 

Variety 

I 
Catawba -------------------------------------1 
Delaware --------- ______ ---------------------
Extra --------------------------------------
Lenoir -------------------------------------
Concord ---------------------· ---------------

Treated Untreated 
vines vines 

15.0 
2.8 
9.4 

41.8 
5.0 

1.4 
0 

5.2 
2.5 
1.3 

On May 22, 1940, half of the Yines of each variety in the vine
yard were treated with borax, whether or not they showed evidence 
of abnormal foliage development. On July 8, the new growth on 
these treated vines was developing normally while on many of the 
untreated vines the abnormal symptoms continued, again, as in 
1939. It was noted that the later growth , even on the untreated 
vines, was not as badly affected as the earl~, season growth. 

Great differences in varietal response to the deficiency were 
noted. A list of the varieties according to the severity of the symp
toms noted is given in Table 73. In general, it seems that the 
weaker-growing varieties such as Delaware, Ontario, and President 
are more severel~, affeded while rank-growing varieties such as R. 
W. l\Iunson, Bailey, and Champion show little or no evidence of 
deficiency, although the very vigorous varieties, Barnes and Lenoir, 
both showed very clear foliage s~·mptoms, but no early season 
dwarfing. It should also be noted that Lenoir exhibited striking 
yield differences between treated and untreated vines even though 
the affected vines were quite vigorous. It is probable that the lack 
of vigor and the progressive decrease in productivity of certain 
varieties during the past few years have been due in part to this 
boron deficiency. 

It was also observed that otherwise susceptible varieties when 
grafted on vigorous rootstocks did not show any symptoms of boron 
deficiency. Especially noticeable was the performance of Ontario 
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Table 73.-Relative Susceptibility of Certain Grape Varieties to Boron De
ficiency as Indicated by Symptoms Developing in 1939-1940 in the 
Sandhill Experiment Station Vineyard 

Severely affected Moderately affected Apparently no t affected 

Early season dwarfin g 
Ch lorot ic pattern in 

foliage but no stunting 
of growth and lateral in earl y season. Fruit No foliage symptoms, 

bud developm ent. No production m ore o r possibly fruit production 
fruit produced less affected affected 

Ontario Captivator Hanove r 
Ives · Barry Golden Muscat 
Geneva Dutchess Champion 
Gaertner W o rden Cloe ta 
Empire State Diamond Fredonia 
Seneca Elvira R. W. Munson 
Wyoming Champagne I sabella 
Hartford Lu tie Edna 
Sherid an Minnie Portl and 
Triumph Lucile Armalaga 
Carman Extra Bailey 
Headli ght President Also varieties 
H erbemo nt H erbe rt g rafted on vigorous 
D elaware Concord rootstocks 

Catawba 
Niagara 
Caco 
Lenoir 
Last Rose 

and Lomanto in this respect. On their own roots these varieties 
were extremely affected but when grafted on Dog Ridge, Rupestris 
St . George, and other stocks the Yines deYeloped a perfectly normal 
growth. 

It seems that the deficiency deYelops more noticeabl)' in the 
early season growth, especially on vines which are susceptible. In 
its less severe forms , the deficiency causes the development of 
chlorotic areas near the margins and between the leaf veins. In 
younger leaves this chlorosis is diffuse making the entire foliage 
appear lighter in color or more yellow than normal. In older 
leaYes the ch lorotic areas are Yery distin ct from the remainder of 
the leaf area which appears, in contrast, unusually dark green. It 
is probable that the younger leaves are affected first but since the 
symptoms appear very early in the season this matter is difficult 
to determine. In seYere forms the deficiency caused an extreme 
dwarfing of the normal shoot deYelopment in the early season. There 
is a pronounced tendenc~- toward multiple development of shoots 
from a single dormant bud causing· a " ,vitch 's broom" appearance. 
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Figure 32.-Boron deficiency on grapes. Top: Normal foliage on 
Delaware in 1940 after treatment with boron in 1939. 
Bottom: Untreated vine showing boron deficiency' symp
toms. Photograph taken May, 1940. 

Lateral buds on current season shoot growth are forced into growth. 
Internodes are very short and leaYes are only a fraction of their 
normal size. Flower clusters that develop appear Yery prominent 
but are twisted, malformed, and aborti-ve, failing to set fruit. From 
observation of the performance of certain varieties such as Lenoir 
it seems likely that boron deficiency may cause unfruitfulness, even 
when there is little evidence of effect on Yine Yigor or of foliage 
symptoms of deficiency. Severely affected Yines make little growth 
throughout the season. However, vines less seYerely affected may 
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outgrow the early season symptoms and appear normal later in the 
year. In a few instances foliage symptoms of the deficiency were 
found in the central portion of a current season's shoot with nor
mal leaves at the base and the tip. 

Further report on this apparent boron deficiency in the grape 
must await observation of the early spring development in 1941 of 
foliage and fruit on treated and untreated Yines. 

Figure 33.·-Boron deficiency on grapes. Left: Normal growth of 
Ontario vine after treatment with boron in June 1939. 
Right: Untreated vine showing dwarfing of shoot growth. 
The normal vine on left showed severe symptoms before 
treatment in 1939. Photographs were taken :May, 1940. 

Soil Moisture in the Peach Orchard 

(L . E. Scott) 

In order to study certain relationships between soil moisture 
conditions and performance of peach trees in the Sandhills, moisture 
determinations are being made in an experimental orchard. The 
data reported herein for the 1940 season present a general consid
eration of the problem. 

The orchard from which samples were taken is a block of Hale
havens in their fourth growing season. The trees are unusually 
large for that age. They produced only a very light crop in 1940 
because of frost damage. Growth was rapid, with many terminals 
more than three feet in length. 

The soil moisture data reported are from a plot of 10 trees 
which was kept clean cultivated throughout the growing season. 
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Sampling was done to a depth of four feet at one.foot intervals. 
Nine borings distributed in a systematic manner with regard to tree 
position were used to form a composite sample for the 10-tree plot. 
Sampling was done with a California type soil tube. The soil is 
classed as a deep phase of X orfolk coarse sand. 

Moisture Percentage in Tree Plot.-Figure 34 gives the seasonal 
change in soil moisture content of the orchard plot, together with 
the rainfall during the period April 30 to August 6. It is evident 
that the rainfall of 9 inches during the three.month period affected 
the soil moisture in the upper two feet only. The third and fourth 
foot levels showed a progressiYe decline throughout the period. In 
interpretation of the graph it must be realized that only the mois· 
ture values at sampling elates can be considered correct. This is 
especially true as regards percentages at the 0·12" level, where it 
will be noticed that the moisture is influenced greatly by the inter
val since the last rain. For instance, on June 26 following 1.32 
inches of rain on June 25 the moisture content jumped from less 
than 3.0 to the moisture content 6.68 percent; however, on July 23 
following a rain of .8 inch on Jul~· 17, the moisture content of the 
0-12" level was little affected. 

The decrease in the low el' soil levels, 24-36" and 36-48", was 
much more rapid during the period April 30 to June 18 than from 

L•~Md 

-· - · -- 0- 1.t. " l~tt,I 
-- ll"- l'(" 

- ·-· 1-, ·. ,,· 
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Figure 34.-Trend of so il m ois ture in a four-y ear-old peach orchard 
from April 30 to Au gust 6, 19-lO. 
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June 18 to August 6. The soil moisture in these levels ranged from 
about 5 percent on April 30 to 2.43 percent on June 18 to 1.58 per
cent on August 6. It seems that the rate of water utilization by the 
tree is much reduced " ·hen the soil moisture goes below 2.5 percent. 
In the week of July 9-16 when the aYerage moisture content of the 
0-48" level fell from 2.28 percent to 1.80 percent, the trees dropped 
many leaves. 'l'errninal growth had ceased about July 1. 

Water Utilization by the Tree.- There was practically no water 
loss by surface runoff during the summer. Also since the 36-48" 
layer remained well below the probable field capacity, there could 
have been little loss by seepage to lower levels during the sampling 
period. Therefore, the decrease in soil moisture between sampling 
periods plus the rainfall between sampling should giYe a fairly ac
curate estimation of water utilization by the tree, or at least of 
moisture disappearance, in the orchard under existing conditions. 
This has been calculated in Table 74 on the basis of gallons of water 
per tree. 

In the three weekly periods ending )Iay 21, July 9, and July 
30 there was no rainfall between samplings. The loss of soil mois
ture in the 0-48" level for these periods amounted to 1301 119, and 
55 gallons per tree. The much lo"·er amount for the period ending 
July 30 is undoubtedly clue to the low soil moisture content at this 
time. In the weekly periods during which rainfall occurred the dis
appearance varied from 151 gallons for the period ending June 6 

Table 74.- Moisture Disappearance from the F irst Four Feet of Soil in a 
Clean Cultivated Peach Orchard on Norfolk Coarse Sand by 
Weekly Periods from April 30 to August 6, 1940 

Rainfall during 
::\Ioisture previous week Soil moisture disappearance 

Week ending 

I 
percentages from 0-48" ,level 

Inches Gallons (0-48" level) in gallons per tree 
per tree 

May 7 .40 99 4.35 185 
14 .70 174 4.19 202 
21 0 0 3.48 130 
28 .93 228 3.72 184 

June 5 .93 228 4.14 151 
11 .30 74 3.37 213 
18 .44 109 2.54 I 257 
26 1.65 409 3.66 208 

July 2 
I 

.35 87 2.94 215 
9 0 0 2.28 119 

16 .49 121 1.80 208 
23 .88 218 1.87 205 
30 0 0 1.57 55 

Aug. 6 1.75 434 2.24 312 
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to 312 gallons for the period ending August 6. The total disap
pearance between April 30 and August 6 amounted to 2644 gallons 
per tree, or the equivalent of 10.7 inches of rainfall. During this 
time there was a period of about four weeks from July 2 to July 
30 when the trees obviously suffered from lack of moisture. 

Comparison of Soil Moisture in Fallow Plot and in Orchard.
Figure 35 gives the mean moisture percentage for the 0-48" level for 
the fallow area and the orchard plot. The fallow area was adjacent 
to the orchard plot and was kept clean of weed growth throughout 
the season. It is evident that the rainfall was sufficient to maintain 
the moisture content of the fallow area throughout the summer. 
Failure of the fallow plot to contain more than 5 to 6 percent 
1noisture at any time, even shortly after rain, indicates that this is 
the upper limit of the water-holding capacity of this soil. Likewise, 
the fact that the fallow plot, even in the 0-12" level, did not suffer 
great depletion in periods without rainfall and of high tempera
tures, suggests that loss of soil moisture from capillary movement 
and subsequent surface evaporation is relatively small and unim
portant. 

/ ·· .. 
/ • •• 0 

· .... .... .. o ······· ·o· .. . 

'·. ..··· 
'• o···· 

Figure 35.-Comparison of soil moisture in fou r-year-o ld peach 
orchard and in fallow area from Apri l 30 to August 6, 
1940. Average of O - -1-8" level. 
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Comparison of Soil Moisture in Orchard with Soil Moisture in 
Other Crops.-On July 24 moisture samples were taken in a number 
of crops growing on comparable soils, in order to compare the soil 
moisture conditions with those existing· in the orchard. Table 75 
gives these percentages. The soil moisture under each of the crops 
was much higher than that in the orchard. Only in the 36-48" 
level in the asparagus was the moisture at a comparable low level 
with that in the orchard. Corn, crotalaria, soybeans, and sweet po
tatoes were apparently suffering from drought at the time of this 
sampling. 

Table 75.-Comparison of Soil Moisture in the Peach Orchard and Other 
Crops on Norfolk Coarse Sand-July 24, 1940 (1.36 inches of 
ra:nfall occurred between July 1 and July 24.) 

Crop 

Peach orchard _______ _ 
Cotton ---------------
Corn -----------------
Soybeans-------------
Crotalaria ---------- --
Sweet potatoes --------
Asparagus -------------1' 
Grapes ----------------

Percent moisture in soi l (dry weight basis) 
0-12" 
lenl 
2.02 
2.47 
2.27 
2.48 
2.3-1-
3.08 
3.11 
5.01 

12-24" 
level 
2.04 
3.20 
3.07 
3.49 
2.96 
3.25 
2.51 
5.94 

2-1--36" 
level 
1.65 
3.60 
3.58 
3.53 
2.80 
3.45 
2.48 
5.58 

36-48" 
level 
1.77 
3.49 
3.69 
3.42 
3.19 
3.29 
1.91 
4.08 

\ Average 
I 1.87 

I 
3.19 
3.15 
3.23 
2.82 
3.27 
2.50 
5.15 

Moisture Content of Norfolk Coarse Sand in ·Comparison with 
that of Other Soils.-The moisture content of the fallow area 24 to 
48 hours after rain indicates that the soil has a field capacity of 
5 to 6 percent. Also from obserYation of permanently wilted cro
talaria and crab grass in the orchard it is probable that the wilting 
point of the soil was slightly below 2 percent. This gives a maximum 
available moisture reserve of 3 to 4 percent. From the uniformity 
of the soil profile to a depth of four feet it is unlikely that these 
percentages vary greatly to that depth. The available moisture 
reserve in this soil was much lower than that reported in orchard 
soils by other investigators.* This low reserve capacity of the soil 
emphasizes the effect of even rather short drought periods on Sand
hill orchards. It is probable, of course, that deeper root penetra
tion by trees on the sandy soils offsets to some extent the lower 
moisture capacity of these soils. 

Summary.-The soil moisture in a clean cultivated block of 
four-year-old peach trees on Norfolk coarse sand was depleted to 

*Hendrickson, A. H.-1926-California Hilgardia, Vol. 1, No. 19. 
Magness, J. R., Degman, E. S., and Furr, J. R.-1935-U.S.D.A. Tech. 

Bui. 491. 
Hendrickson, A. H., and Veihmeyer, F. J.-1929-Cal. Agr. Expt. Sta. 

Bui. 479. 
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the wilting point to a depth of four feet by the middle of July. Six 
inches of rain fairly evenly distributed occurred between May 1 
and July 15. The trees showed obvious effects of drought during 
July. Soil moisture determinations on July 24 showed much lower 
moisture in the orchard than under various other crops such as 
cotton, corn, soybeans, sweet potatoes, etc. 

Soil moisture disappearance to a depth of four feet in the or
chard for the period April 30 to August 6 averaged 190 gallons of 
water per tree per week. This is equivalent to about .75 inch of 
rain. No surface runoff occurred during this period. 

Rains occurring during May, June, and July did not penetrate 
the orchard soil below 24 inches. The moisture content of the 
24-48" level decreased steadily during this time. 

The field capacity of the soil was about 5 or 6 percent, with a 
wilting point of 1.7 to 2.0 percent. The available moisture re
serve, therefore, is from 3 to 4 percent, or the equiYalent to a 
depth of four feet of about three inches of rainfall . 

Cooperative Bull-Lending Project 

(S. L . Cathcart) 

In this project sons of pro\,ed-for-production sires that have 
been used in the station herd are lent to dairy farmers who are 
members of the Dairy Herd IrnproYement Association or who are 
doing AdYanced Registry testing. 

The bulls are lent free of charge to farmers who sign our bull
lending agreement. Under this agTeement the farmer must agree 
to keep all daughters of the bull until they have completed at least 
one lactation period unless the disposal of such daughters has been 
approved by this station. 

The object of this experiment is to proYe these bulls for their 
ability to transmit a high leYel of milk and butterfat production. 

There are now 20 bulls out on loan, three in state institution 
herds, one with the University of Puerto Rico, one with the U. S. 
Army Remount Station, and 15 with dairy farmers. Three co
operators were added during the year. 

The transmitting ability of two bulls has been determined. The 
24 daughters of these two bulls averaged 7,122 pounds of milk, 4.72 
percent fat and 336 pounds of fat converted to mature equivalent. 
Fourteen daughters produced more milk and nine produced more 
fat than the clams of the daughters. 



FlF'.rY-THIRD ANNUAL REPORT 167 

THE TRUCK EXPERIMENT STATION 

(W . C. Barnes, Superintendent) 

The truck growing industry involves a variety of crops all of 
which necessitate a large outlay to produce. It requires constant 
vigilance to control the many diseases and insect pests that attack 
these crops. Because of the intensiYe cropping system followed 
in this type of agriculture, new soil and nutrition problems are 
constantly arising. In the short history of the station much pro
gress has been made in solving the problems confronting truck 
growers. Brief statements as to some of the work follo,L 

Date and Depth of Planting of Irish Potatoes 
(W . C. Barnes) 

An experiment was designed to study the relationship of date 
and depth of planting to the yield of Irish potatoes. Plantings 
were made at 10-day intervals beginning February 1. Using a 
planter, the potatoes were planted at two different depths on each 
date : (1) shallow (in a furrow 1 to 2 inches deep), and (2) deep 
(in a furrow 3 to 4 inches deep). In all cases beds of the same 
height were thrown up with a middle breaker, leaving the deep
planted seed pieces covered 2 inches deeper than the shallow
planted ones. Results of the 1939 and 1940 tests are given in 
Table 76. 

Yields of U. S. Ko. 1 potatoes decreased with each later date 
of planting. The differences between the first and the third or 
fourth plantings are significant. Differences between depths of 
planting, although not sig·nificant, are in favor of shallow planting 
for the first three dates and deep planting for the last date. 

Rainfall was abundant during the early season of each of these 
years. Cold, wet soils delay the emergence of the deeply planted 
potatoes more than those planted shallow. As the season advanced 
the difference in time of emergence between deep and shallow 
plantings became less. 

Both the 1939 and 1940 seasons were very dry during late 
April and early May. The earlier plantings made a fair crop be
fore being damaged by the drouth. The later plantings were seri
ously damaged. If there had been adequate rainfall throughout the 
season, the results would undoubtedly not have been so markedly 
in favor of early plantings. However, since the ayerage rainfall 
for late April and May is low, it may be that earlier plantings 
will continue to show greater yields. This experiment will be con
tinued in an attempt to answer this question. 
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Table 76.-Effect of Date and Depth of Planting on Yield of Irish Cobbler 
Potatoes 

Treatment Yield in 100-lb. bags of U.S. No. l's 
-Planting date Depth 1939 I 1940 I Average 

Feb. I 

I 

Shallow 103 I Feb. I Deep 89 
Feb. 10 Shallow 88 
Feb. 10 Deep 

I 
82 

Feb. 20 Shallow 72 
Feb. 20 Deep 60 
March 3 

I 
Shallow 

I 
63 

March 3 Deep 66 
Difference required for s1gn 1ficancel 16 

Lettuce Experiments 

(W. C. Barnes) 

92 97 
77 83 
61 74 
51 66 
58 65 
56 58 
52 57 
58 62 
16 

In 1938 this station first included Imperial 847 in its Beaufort 
county lettuce trials. This variety of lettuce proYed so successful 
that practically all of the acreage has since been planted with it. 
In fact , it has proven to be such a good strain of Iceberg that the 
acreage of this type of lettuce has been increased. The only other 
strain found to be suitable for South Carolina conditions was Im
perial 44. This is quite similar to Imperial 847 but usually pro
duces slightly smaller heads. It was found to be more resistant to 
heat than the latter and is therefore recommended for the later 
planting. Because of this ability to head in hot weather, Imperial 
44 will probably proYe to be a better home garden lettuce than Im
perial 847. 

Breeding work with this crop has as its aim the development 
of a type better adapted to South Carolina conditions than those 
now available. Some progress has been made in obtaining plants 
which are more resistant to cold and the bottom-rot disease than 
Imperial 847. 

The Romaine ( cos-t~·pe lettuce ) industry has been ruined by 
virus diseases. Apparently a small percentage of the seed are in
fected and produce diseased plants. Insects spread the disease from 
infected to healthy plants. The disea-;e also survives on certain 
weeds related to lettuce and is carried by insects to the lettuce 
plants. Careful studies of aYailable Yarieties indicate that they are 
all susceptible. In commercial planting serious infection varies 
from 50 to 100 percent by hanest time. Seriously infected plants 
do not head and are therefore a total loss. 

In one lot of accessions from the Bureau of Plant Exploration 
and Introduction of the F S. Department of Agriculture, a single 
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Figure 36.-Left: Paris White R omaine affected with mosaic. Right: 
Healthy plant. 

variety was found to be resistant to the Yirus. This variety, No. 
120965, is a sure header but does not have enough leaves in the head 
to make it firm. It has been crossed with three different commer
cial varieties to improve the head type. The F 2 generation result
ing from these crosses was grown in 1940 and many plants of good 
head type resistant to the disease were selected for further study. 
It is believed that a good resistant variety can be developed from 
these selections in a relatively short time. All lettuce breeding 
work is done in cooperation with the U. S. Department of Agricul
ture. 

Fertilizer work with Iceberg lettuce has included tests of dif
ferent analyses, rates per acre, and sources of materials. The nitro
gen in this fertilizer was derived equally from uramon, calcium 
nitrate and sulfate of ammonia, except that cottonseed meal was 
used to supply water-insoluble nitrogen in the tests involving this 
form of nitrogen. All of the potash was derived from muriate of 
potash except where otherwise indicated. i\Ianganese was added in 
all cases except to the ''no-manganese'' treatment. The additional 
nitrogen used in the side-dressing test was applied after the plants 
were well established. 

Results of the 1940 tests are reported in Table 77. 
These tests were conducted on soils which had been highl~, 

fertilized for many years. It is therefore not surprising that the 
Yarious treatments gave only slight differences in yield. The only 
statistically significant difference is that between 7 and 3 or 5 per-
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cent nitrogen at the Seabrook station. The high-nitrogen fer tilizer 
gave significantly lower yields than that containing only 3 or 5 per 
cent of th is element . E xcess n itrogen usually results in lar ge puffy 
heads. The only conclusions which can be dra" -n from these ex
periments are: (1) On well fer tilized soils no great difference in 
yield of lettuce may be expected from the use of different fertiliz
ers. (2) Too much n itrogen may reduce the yield. (3) On good 
soils which haYe been fertilized for truck crops, 1000 to 1500 pounds 
per acre of a 5-10-5 fer tilizer should be ample for lettuce. 

Table 77.-Effect of Fertilizer Analysis, Rates Per Acre, and Sources of 
Nitrogen and Potash on Yield of Iceberg Lettuce, 1940 

I Yield in pou nds 
Treatment* I per acre 

I Seab rook! Bu rton 

Difference required for significan ce ________________ _ _\ 

I 
5-7-5 at 750 lbs. per ac re ___________________ '._ _______ _ , 
5-7-5 at 1000 lbs. per acre --------- - - -----------------1 
~-7-5 at 1500 lbs. per acre ---------------------------- / 
:,-7-5 at 2000 lbs . per acre --------------------------- -
5-7-5 at 1000 lbs . per acre plus 250 lbs. sodium nitrate __ , 
5-7-5 at 1000 lbs. per acre plus 200 lbs. sul fate ammonia I 
5-7-5 at 1000 lbs. per ac re plus 500 lbs . 5-7-5 ----------
3-7-5 at 1000 lbs. per acre p lus 125 lbs . sod ium n it rate** I 

I 
Difference required for significance -------------------1 

I 
5-7-5 100% water-soluble nitrogen __________ '._ _________ , 
5-7-5 20% water-so luble n itrogen --------------------
5-7-5 33% water-solub le nitrogen --------------------1 
5-7-5 50% water-soluble n itrogen -------------------1 
5-7-5 50% muriate, 50% sulfate of potash - - ----------
5-7-5 All sulfate of po tash --------------------------
5-7-5 All uramon n itrogen --------------------------
5-7-5 no manganese ------------------------------- -

I 
Difference required for significance -------------------1 

I 

22,800 
22,000 
19,900 
19,000 
19,000 
20,900 
20,600 
19,000 

19,400 
18,700 
18,600 
19,800 
22, 100 
21,000 
20,400 
20,300 

6.100 I 6.000 

21,500 '1 21,000 

20,700 
20,700 
20,100 
21,100 
21,800 

3,300 

15,800 
17,500 
17,600 
15,200 
15,200 
15,500 
17,900 
17,600 

3,500 

*Except where otherwise indicated, the rate of app lication was 1500 
pounds per acre. 

**This is amount required to make a 3-7-5 mixture equivalent to a 
5-7-5 m ixture. 
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Cabbage Fertilizer Experiments 

(J. Mitchell Jenkins, Jr.) 

171 

Experiments with cabbage were started in 1933 to determine 
the most economical and profitable fertilizers for the crop. As 
originally planned the experiments consisted of 20 different treat
ments including 12 analyses, four rates of application of a complete 
fertilizer, and mixtures containing four different percentages of 
water-soluble nitrogen. The experiments were conducted for five 
years, after which the results were tabulated and used as a basis 
for planning a new group of fertilizer tests. 

The first group of experiments showed definitely that the omis
sion of either nitrogen, phosphorus, or potassium, or the use of less 
than 1500 pounds per acre of a complete fertilizer , resulted in 
sharply decreased yields of cabbage. Therefore, in the reYised ex
periments which were begun in 1937 only the three most promising 
analyses were used, 5-7-5, 7-7-5, and 7-10-5. Some of these were 
supplemented with side-dressings of sodium nitrate as shown in 
Table 78. In addition, three different rates of application of a com
plete fertilizer and five different percentages of water-soluble nitro
per acre of a complete fertilizer plus sodium nitrate as a side-dress
gen were employed. The results of these experiments are given 
in Tables 78 and 79. 

The results were somewhat variable from year to Year because 
the plants were frequently injured by hard f~·eezes o~· b~, drouth. 
However, over a period of years the adYantages of a side-dressing 
for cabbage were demonstrated. Plots which received 2000 pounds 

Table 78.-Yields of Cabbage From Different Fertilizers 

Treatment** 

. Yields in pounds per plot* I Average 

Fall I Spring I Spring I Sprin g I I tc;~:~er 
_ __________ 1_9_3_7_!__1_9_3_8--'.-_1_93_9_ 1940 Average acre 

5-7-5 ________________ J 138.5* l 167.1 
1

1 165.45 I 136.25 I 151.83 I 7.59 

5-7-5, plus 200 pounds \ \ I I I I 
sodium nitrate _____ 149.05 __ 174.25 I 165.3 173.9 165.63 I 8.28 

5-7-5, plus 400 pounds I \ \ J \ 1 
sodium nitrate -----1 151.75 186.45 163.6 J 170.75 168.14 I 8.40 

7-7-5 ------------------1 136.25 I 174.25 I 157.85 I 161.7 I 157.5 I 7.87 
7-7-5, plus 200 pounds \ I I I I I 

sodium nitrate ----- 139.0 180.0 173.1 192.4 171.1 I 8.55 
7-10-5 -----------------1 137.1 I 177.6 I 174.3 I 166.1 I 163.8 I s.19 

A significant difference is 13.1 pounds, .655 tons. 

*Each figure is the mean of 5 replications. 
**The complete fertilizer was applied at the rate of 2,000 pounds per acre. 
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Table 79.-Yields of Cabbage from Different Rates of Application of a Com
plete Fertilizer and from Complete Fertilizers Containing Differ
ent Percentages of Water-Soluble Nitrogen 

Figures are averages for four crops 

Average 
Treatment* yields, tons 

per acre 

5-7-5, 1500 pounds per acre________________________________ 8.67 
5-7-5, 2000 pounds per acre________________________________ 8.80 
5-7-5, 2500 pounds per acre________________________________ 8.64 
5-7-5, Water-soluble nitrogen 100%------------------------ 8.76 
5-7-5, Water-soluble nitroge n 85 %------------------------ 9.41 
5-7-5, Water-soluble nitrogen 70%------------------------ 8.92 
5-7-5, Water-soluble nitrogen 55%------------------------ 9.25 5-7-5, Water-soluble nitrogen 40<,1c________________________ 9.14 

A significant difference is .72 tons. 

*Each plot received a side-dressing of 200 pounds of nitrate of soda. Un
less otherwise indicated, the complete ferti li zer was applied at the rate of 
2000 pounds per acre. 

per acre of a complete fertilizer plus sodium nitrate as a side-dress
ing at rates of 200 or 400 pounds per acre gave significant increases 
in yields over those which received no side-dressings. Side-dressing 
with 400 pounds of sodium nitrate gave no significant increase over 
the 200-pound application. 

No significant differences in yield resulted from the use of the 
three different analyses, although there were indications that where 
a side-dressing is omitted a 7-10-5 mixture might produce better 
yields than a 5-7-5 mixture. 

The results of the tests of different rates of application and of 
different percentages of water-soluble nitrogen (Table 79) showed 
that just as good yields may be expected from 1500 pounds of a 
5-7-5 mi.-x:ture as from 2000 or 2500 pounds. There were no signifi
cant differences among these different rates of application. 

In the test of different percentages of water-soluble nitrogen 
there were no significant differences among treatments although the 
'' 85 percent water-soluble'' plots approached the level of signifi
cance as compared with those which received a fertilizer ha-ving 
100 percent water-soluble nitrogen. The results indicate that over 
a period of years it makes little difference what source of nitrogen 
is used in the cabbage fertilizer applied in the row. However, it 
is important to remember that when this element is supplied as a 
side-dressing it should be in a water-soluble form. This quickly 
available nitrogen may mask any observable differences due to 
"in the row" applications by supplying the plants with an abund
ance of the element during the critical growing and heading· period. 
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Figure 37.-Harvesting cabbage on fertilizer plots. 

Recommendations 

A. study of the results indicates that the best yields of cabbage 
were obtained from the use of 1500 to 2000 pounds per acre of a 
5-7-5 fertilizer plus a side-dressing of 200 pounds per acre of sodium 
nitrate. Since a 5-7-5 fertilizer analysis is not on the recommended 
list a 5-10-5 at 1500 to 2000 pounds per acre or a 6-12-6 at 1250 to 
1650 pounds per acre may be used. The additional phosphorus con
tained in the latter mixtures may giYe increased yields of cabbage 
on some soils. 

Sweet Corn Variety Trials 

(W. C. Barnes) 

Golden Cross Bantam, a hybrid sweet corn, has consistently 
produced more marketable ears than such types as Truckers Favor
ite. In 1940 it produced almost lf times as many marketable ears 
as did the latter. Also it was found to be no more susceptible to 
corn-ear worms than Truckers Favorite. Golden Cross Bantam 
produces very attractive ears of medium size (about 7 inches long, 
12 to 14 rows of kernels) and excellent quality. Under good fertili
zation the stalks of this corn grow about two-thirds as large as those 
of Truckers Favorite. 

More recent hybrid introductions that show promise are Mar
cross, Mohawk, and the Iowa hybrids, Iogold, Ioglen, and Ioana. 



17-! SOUTH C.\ROLIX.\ EXPERDIEXT ST.\TION 

Figure 38.-Typical ears of sweet corn varieties. Top, left 
to right: Golden Bantam, Whip Cross, and 
Golden Cross Bantam. Bottom, left to right: 
Iona, ~Iohawk, and Eland's Early. 

Golden Cross Bantam or anv of the aboYe varieties makes an 
excellent s\\·eet corn fo1· home g~rden or local market. If planted 
at 10-day intenals one Yariet:--· "·ill proYide continuous production 
OYer an extended period. This t:--·pe of corn may also be grown 
for shipping, as it is preferred br the northern markets. It must be 
shipped under refrigeration to consene the high quality. 

Recent introductions of white Yarieties include h:--rbrid Early 
Evergreen and hybrid Stowell 's EYergreen which are superior in 
quality to Truckers FaYorite. Both of these Yarieties produce large 
attractive ears. 

J?ollowing the recommendations giYen in U. S. D. A. publica
tion E497, of the Bureau of Entomology and Plant Quarantine, a 
pyrethrum-impregnated mineral oil was applied to some sweet corn 
during the 1940 season. This treatment markedly reduced the per
centage of ears infested with corn-ear worms and also reduced the 
degree of damage to infested ears. It apparently offers a practical 
and inexpensiYe means of partl:--· controlling the corn-ear worm in 
sweet corn. 
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THE EDISTO EXPERIMENT STATION 

(W . B. Rogers, Superintendent) 

Practically all agricultural agencies now serving the South are 
advocating increases in all classes of fo·estock. Before these hopes 
can be realized, more abundant feed crops will haYe to be grown. 
The production of these crops can and "'ill be hastened by extensiYe 
research in soils, fertilizers, and cultural practices governing their 
growth. 

In the section served by the Edisto Experiment Station there is 
a considerable acreage, in localized areas of varying sizes, of so
called '' pond lands'' or upland gum swamps ( Grady soil series). 
These areas when first cleared and planted to feed crops are usually 
very productive. HoweYer, crop yields, under the old system of 
management, soon begin falling off and after 10 or 12 years become 
so low that the area is either abandoned or fenced for use as a 
pasture, even though it is generallr a Yery poor one. With proper 
management these soils can again be made to produce profitable 
grain, hay, and pasture crops, a necessity if the goal of a self-sus
taining agriculture is to be realized in this section of the state. 

The acquisition in early 1940 of a 157-acre tract of land adjoin
ing the station property and containing a considerable area of such 
soils will make possible the initiation of experiments to determine 
the best methods of bringing these "pond soils" back to a high 
level of production. Clearing and drainage necessary before ex
periments can be started are nmv being undertaken on this area. 

Figure 39.-Distant view of the building development at the Edisto Experiment Station. 
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Parts of this new tract of land haYe increased the acreage 
suited to general agronomic and horticultural crops. This has per
mitted the addition of tomatoes to the crops under investigation at 
the stati-0n. Sweet potato experimental work has been gr~atly in
creased. The latter incl udes expansion of work previously under
taken by the station itself and cooperative work with the U. S. De
partment of Agriculture. 

The building program started with the assistance of the ·works 
Progress Administration has been continued. During the year three 
tenant houses have been completed. 'l'he erection of suitable liv
ing quarters has greatly simplified the problem of obtaining· good 
farm laborers and has reduced the usual high turnoYer of such 
workers. A large experimental potato curing house has been con-
tructed also and is now in use. This house has a total storage 

capacity of 10,000 bushels and is belieYed to be the only sweet potato 
house in the nation designed to test sources of heat on a commer
cial scale in curing this crop. The vVorlrn Progress Administration 
also cooperated in building seyeral fire-heated hotbeds used in grow
ing sweet potato plants. A brick-walled colclframe 6 by 100 feet 
has been completed and is used for growing tomato and other truck 
crop plants used in experimental work. 

The w ·PA is making satisfactory progress on the erection of 
residences for staff members and a large greenhouse plant and is 
assisting in the completion of the main office and laboratory build
ing. 

Small Grain Variety Tests 

(R. L. Smith) 

During the past 10 >·ears the acreage planted to small grain 
crops has expanded rapid]>- in this state. In order that the farmer 
mav become more familiar ,Yith different varieties or strains of 
smill grain, a Yarict;r test is planted each >·ear. Varieties of oats, 
wheat, barle>·, and n·e were included in the tests this year. Ten 
plots consisting of three rod-rows each were planted to each variety 
on Marlboro (shallow phase type) soil on 1Joyember 10, 1939, and 
given identical fertilizer and cultural treatment. Only the yield of 
the center row of each plot was used in determining the yield of 
that plot. The fertilizer was composed of a mixture of 500 pounds 
of basic slag, 50 pounds of muriate of potash, and 50 pounds of 
nitrate of soda, and was applied broadcast and harrowed into the 
soil. A side-dressing mixture of 120 pounds of nitrate of soda and 
30 pounds of muriate of potash was applied evenly on March 4, 
1940. 

Oat Variety Test.-Fifteen Yarieties of oats, the majority of 
which came from South Carolina seed breeders, were planted. The 
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yields obtained for these oats were exceptionally good in spite of 
the severe weather of the past winter. Five of these varieties, 
Fulghum 34-4-20, Fulgrain Strain 2, Winter Resistant Strain 2, 
39-7, and Victorgrain made yields of 100 bushels per acre or better. 
The results are shown in Table 80. 

Table 80.-0at Variety T est, Edisto Station, 1940 

Variety Source 
I 

Yieldin 
bushels 

_ per acre** 
I 

Fulghum 34-4-20 -------------- Marett's Farm & Seed Co·------1 
Fulgrain No. 2* --------------- Coker's Pedigreed Seed Co·-----1 
Winter Resistant No. 2 ________ Marett's Farm & Seed Co·------1 
39-7 -----------------------;--- Coker's Pedigreed Seed Co·-----1 
Victorgrain (39-1) ------------ Coker's Pedigreed Seed Co·-----1 
Fulghum 34-4-25 -------------- Marett's Farm & Seed Co. ______ l 
39-5 -------------------------- Coker's Pedigreed Seed Co. _____ l 
Fulgrain No. 3 - - -------------- Coker's Ped igreed Seed Co. _____ J 

Fulgrain No. 4 39-2 Rust Res. __ Coker's Ped igreed Seed Co. _____ [ 
100 Bushel -------------------- H. G. Hast ings' Seed Co. ______ _i 
Terruf* --- -------------------- Georgia Experiment Station ____ ! 
Red Oat No. 2 ---------------- Marett's Farm & Seed Co. ______ l 
Improved Lee No . 5 ___________ T. W. Wood & Sons __________ _i 
Cert ified Lee ------------------ T. W. Wood & Sons-----------1 
C. A. C. Fulghum (check) ______ S. C. Experiment Station _______ ! 

*One year from breeder. 
**Yields calculated from 10 rod-rows of each variety. 

104.2 
103.1 
101.6 
100.5 
100.l 
99.8 
96.2 
96.0 
94.2 
88.5 
82.5 
81.4 
72.7 
65.1 
8-t.5 

Wheat Variety Test.-In this test 13 Yarieties of wheat were 
planted. One might consider the past season as being favorable for 
the production of a good wheat crop in this state. The damage 
caused by rust and powdery mildew was negligible. l\fany farm
ers reported excellent yields and, as shown in Table 81, all of the 

Table 81.-Wheat Variety Test, Edisto Station, 1940 

Variety Source 
I 

Yieldin 
bushels 

_ per acre* 
I 

Redhart No. 5 ---------------- - Coker's Pedigreed Seed Co·-----1 
Redhart ---------------------- T. W. Wood & Sons ___________ ! 
Blue Straw No. 2 -------------- Marett's Farm & Seed Co. ______ J 
Hardired (39-3) --------------- Coker's Pedigreed Seed Co. _____ · 
Boggs Purple Straw No. 3 ______ Marett's Farm & Seed Co. _____ _ 
39-2 -------------------------- Coker's Pedigreed Seed Co. ____ _ 
Gasta ------------------------- H. G. Hastings Seed Co. _______ _ 
D ixie Purple Straw ------------ T. W. Wood & Sons ___________ ! 
Semi Rust Resistant No. l_ _____ Marett's Farm & Seed Co.------1 
Golden Grain No. 3 ____________ Marett's Farm & Seed Co. _____ _i 
Gasta Purple Straw ____________ T. W. Wood & Sons-----------1 
Leaps Prolific ----------------- T. W . Wood & Sons ___________ l 
Clemson Blue Stern (Check) ____ S. C. Experiment Station _______ ! 

*Yie lds calculated from 10 rod-rows of each variety. 

47.9 
45.0 
44.1 
43.7 
42.6 
41.9 
41.3 
41.1 
40.6 
39.3 
39.0 
33.3 
-t3.8 
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Yarieties in this test produced good yields. Eight of the 13 varie
ties included made yields in excess of 40 bushels per acre. 

Barley Variety Test.- The excellent yields for all varieties of 
barley, as shown in Table 82, support the contention that a larger 
acreage of this '' winter corn'' should be planted in this section. 
However, one should not plant this crop on poor light sandy soil. 
It does not produce satisfactory yields on this type of soil. Two 
Yarieties, Pedigreed Awnless and Pedigreed Bearded, produced 
yields aboYe 60 bushels per acre. 

T able 82.-Barley Variety Test, Edisto Station, 1940 

Variety Source I 
Yieldin 
bushels 

per acre* 
I 

Pedigreed Awnless ------------ Marett's Farm & Seed Co·------1 
Pedigreed Bearded ------------ T. W. Wood & Sons-----------1 
Clemson Awnless ------------- S. C. Experiment Station _______ , 
No Barb ---------------------- T. W. Wood & Sons ___________ , 
Beardless No. 4 --------------- Marett's Farm & Seed Co. ______ l 
Clemson Hooded -------------- S. C. Experiment Station _______ , 
Certified Beardless ------------ T. W. Wood & Sons ___________ , 

*Yields calculated from 10 rod-rows of each variety . 

65.3 
62.6 
58.9 
53.8 
53 .3 
52.5 
49.0 

Rye Variety Test.-Only three var ieties or strains of rye wer e 
included in this year's rye variety test. The yields were: W ood's 
Certified Abruzzi 40.8 bushels per acr e, Coker's Pedigreed Abruzzi 
37.4 bushels per acre, and W ood's Super Abruzzi 30.6 bushels per 
acre. These good yields indicate that a farmer could easily pro
duce an adequate supply of rye seed for a much needed winter cover 
crop. 

Cantaloupe Investigations 

(0. B. Garrison) 

Variety Trials.-Previous Yariety trials at this station have 
shown that none of the varieties now available combines all the de
sirable features for commercial production in South Carolina. How
ever, of the yarieties tested in past seasons there were certain ones 
that were considered more suitable than others for commercial grow
ing. Some of the advantages and disadvantages of these varieties 
were listed in the last Annual Report. 

'fhese. and certain other promising varieties were included in 
the 1940 trials and more detailed information was obtained. Table 
83 shows a summary of the results which were obtained on earliness, 
fruit size, and yield. The data show th,:i_t the varieties differ ed 
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Table 83.-Yield, Size, and Earliness of Cantaloupe Varieties in 1940, Edisto Station 

Y ield in crates per acre Percent of fruit s 

Distribution of size-classes expressed 
harvested on 

Variety' Total in percent• 
or before stated 

No.2 dates• 
45's I 36's 27's I 24's I 18's I 12's Julyll ! July18 

I I I I I I I 

it1~s l\t~rt -N~~-iiz==i 
370 

: 

2 

I 
9 18 

l 
27 19 25 10 

f 
54 

337 3 13 28 27 14 15 33 77 
325 4 14 26 22 25 9 32 I 80 

Hale's Best, Jumbo I 

1 

I I 
Hale\:)Best, 1940 (B)-1 

312 1 I 5 18 25 26 25 28 I 76 
306 3 14 26 21 23 13 20 I 77 

Hale's Best No. 36 __ _ 302 8 19 30 25 12 6 2-1- I 83 
Powdery M. R. No. 451 296 3 15 27 I 32 17 6 13 I 79 
Powdery M. R. No. L 29-1- 4 14 28 I 25 15 1-1- 24 I 77 9-36 _________________ , 290 I 3 18 24 27 16 12 18 I 72 
Hale's Best, Jumbo \ I I 
Hale(,~)Best No. 36 (A) 

284 1 4 18 25 18 . 34 23 I 67 
282 4 16 31 24 15 10 25 I 77 

Seed Breeders _______ 276 10 25 29 25 8 3 35 I 88 
6-3 ------------------ 270 5 20 34 25 10 6 9 

I 
43 

Improved Perfecto ___ 257 6 19 35 25 11 4 5 31 
Powdery M. R. No. 45 

(A) -------- -----1 251 

I 
7 I 23 

1' 
26 I 27 11 6 18 I 75 

Powdery M. R. No. 45 1 

I 
I 

(B) --- . ---------/ 249 4 20 

( 
28 28 16 4 20 I 76 

101 Special ---------- 237 8 23 40 19 10 0 14 I so 
Hale's Best No . 36 ___ 224 7 16 28 23 14 12 35 I 84 
Powdery M. R. No. 8_ 205 1 14 23 23 18 21 9 29 
Superfecto ---------- 175 5 22 27 23 14 9 11 

I 
37 

White Knight _______ 258 7 20 29 24 16 4 16 63 
Old I ronsides -------1 197 2 7 17 25 23 26 7 44 
Melogold ------------1 192 5 

i' 
22 I 33 23 12 5 30 I 86 

Weaver Special -----1 180 5 17 
I 

32 

I 
27 13 6 26 I 77 

Globe de Oro ________ 162 2 I 12 23 22 15 26 14 I 47 
Jade Beauty ________ 118 4 I 19 I 27 22 14 14 5 I 19 

'Seed obtained from Rocky Ford Seed Breeders Association except where indicated 
as fo llows: A-Associated Seed Growers, Inc.; B-Burrell Seed Growers Co. Vari eties 
No. 1 to 20 in cl usive are "netted" types; those from No. 21 to 26 inclusive are "white" 
types . 

2Calculatecl from .0137 acre plots; figures are averages of three replicates. 
3Sizes expressed in numbers of marketable fruits per standard crate, computed from 

equatorial diameter measurements made in the field at the time of harvest. 
'Computed by relating the average total number of marketable fruits harvested dur

ing the season from tripli cated plots to the average number harvested on or before the 
respective elates; dates correspond roughl y to encl of second and third week of harvest 
respectively. 

markedly with r espect to all of these characteristics. High yields 
of relatively small, early fruits were obtained from certain of the 
varieties. There was no variety in the list, however, that possessed 
features which would warrant its being recommended over other 
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varieties. Therefore, there are perhaps se.-eral varieties in the list 
which could be grown with equal success. 

HoweYer, to aid growers in selecting a suitable variety the fol
lowing important characteristics of the more outstanding of these 
yarieties are listed : 

D2-extremely prolific; fruits run to large sizes, lack uniform
ity, and are unattractiYely netted; flesh firmer than H. B. No. 36. 

Early )fay-extremely prolific; fruits uniform, yery early and 
attractiYely netted; flesh softens rapidly upon ripening. 

H. B. Ko. 112-Yery prolific; fruits small; very early; flesh more 
Yariable in quality and thickness than H. B. No . 36; otherwise sim
ilar to H. B. ~o. 36. 

H. B. Jumbo-prolific; fruits run to large sizes and are less 
attractive than H. B. Ko. 36. 

H. B. 1940-Similar in appearance and earliness to H. B. No. 
36; flesh quality perhaps more uniform than H. B. No. 36. 

Hale's Best ~ o. 36-prolific; fruits early, attractively netted; 
flesh softens rapidly upon ripening. 

Powderv :M:ildew Resistant Xo. 45-somewhat later than H. B. 
Xo. 36; fruits can be picked at a more mature stage and withstand 
shipment to distant markets more satisfactorily than H. B. No. 36; 
more susceptible to 1\Iacrosporium leaf blight than other varieties 
tested. 

Powder)' )Iilde\\- Resistant Ko. I-similar to Powdery Mildew 
Resistant Xo. 45, but lacks uniformity; fruits run to large sizes. 

9-36-similar to Seed Breeders in appearance but fruits are later 
and somewhat larger. 

Seed Breeders-produces extremel~r early yield of small-sized, 
attractive, high quality fruits which lack firmness when full y ripe. 

6-3-vines unusually Yigorous; fruits attractive, uniform and 
small but mature laie; flesh Yery thick. 

White Knight-most prolific of the white types; fruits attrac
tive, sizes run similar but mature somewhat later than H. B. No. 
36; quality -very good when picked at proper stage of maturity; but 
soften rapidly upon ripening. 

Spacing Studies.-Casual observations in previous years have 
indicated that hill-spacing· of cantaloupes influences the subsequent 
size of the fruits that are produced. Lack of information concern
ing this phase of production resulted in the initiation of these 
studies in the spring of 1940. The main objectives were to deter
mine the effect of hill-spacing in combination with different rates of 
fertilizer applications, on the subsequent yield and size of the fruits 
of the variety Powdery :Mildew Resistant Xo. 45. 
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In this experiment hill-spacings of 20, 30, and 40 inches (in 
rows 5 feet apart) were established on plots where fertilizer had 
been applied at the rates of 500, 1000, and 1500 pounds per acre. The 
hills were thinned to two plants each two weeks after emergence. 
Equatorial d iameter measurements of fruits, made at harYest, were 
used in determining the yields of each size-class and of the total 
yield. 

The results which were obtained show that hill-spacing influ
ences both the size and the total yield of fruit. The data in column 
3 of Table 84 show that there was a tendency for the total yield 
to decrease as the hill-spacing distances increased. The data in 
columns 4 to 9 inclusiYe, show that the size of the fruits increased 
as the hill-spacing distances increased. These effects were most pro
nounced on treatments where fertilizer was applied at the rate of 
500 pounds per acre and least pronounced on treatments where 
fertilizer was applied at the rate of 1500 pounds per acre. The 
highest yield of small-size fruits was obtained from plots where a 
hill-spacing of 20 inches was used and where 1000 pounds of a 5-10-5 
ferti lizer were applied. 

Table 84.-Effect of Hill-spacing on the Yield of the Powdery Mildew R e
sistant No. 45 Cantaloupe at Three Different Rates of Fertilizer 
Application 

Rate of 
Yield per acre 

Hill-spacin g fertilizer I Distribution of size-classes 
in inches application 1 Total expressed in percent3 

crates' 4S's I 36's I 27's I 24's I !S's I 12's 

I I 
I 20 500 289 19 33 I 32 IS 1 0 

30 500 276 12 24 

I 
33 23 6 I 2 

40 500 247 7 15 40 33 5 
I 

0 

20 1000 336 18 27 

I 
30 19 5 I 1 

30 1000 303 9 26 34 24 7 I 0 
-1-0 1000 267 6 20 36 28 7 I 3 

20 

( 
1500 297 10 29 38 

I 
19 4 I 0 

30 1500 228 7 19 39 28 7 I 0 
-1-0 1500 222 10 30 32 23 4 I I 

15-10-5 formula used. Total amount placed in 5-foot rows one week be
fore planting. 

'Calculated from average of three .0137 acre plots. 
3Sizes expressed in numbers of marketable fruits per standard crate, com

puted from equatorial diameter measurements made in the field at harves t 
time. 
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Influence of Height of Ridge on Yield and Shape of the Porto Rico 
Sweet Potatoes 

(0. B. Garrison) 

A field experiment, the object of which was to determine the 
influence of the height of ridge on the yield and shape of sweet 
potatoes, was conducted in 1939, preliminary to extensive i1westi
gations of problems involved in sweet potato production. 

Ridges of the following designations and heights were estab
lished on a shallow-phase Marlboro sandy loam soil: low (0 to 2 
inches), medium ( 6 to 8 inches), and high ( 12 to 14 inches). Vines 
of the Porto Rico variety were set 10 inches apart in rows 38 inches 
apart. The average yields of the respective grades and the mean 
measurements of representative samples were determined for each 
height of ridge. 

The results (Table 85) show that significantly greater yields 
of U. S. No. 1 sweet potatoes were obtained from the medium and 
high ridges than from the low ridges. The differences in yields 
from the medium and high ridges were not significant. The yields 
of U. S. No. 2's and culls, from the different heights of ridges, did 
not differ signifi cantly. The total yield tended to increase as the 
height of the ridge increased. 

Table 85.-Influence of Height of Ridge on Yield and Shape of the Porto 
Rico Sweet Potato 

Avera ge yield in bushels 
per acre1 

H eight of 
Rid ge T otal I u. s. 1 u. s . 1 Cull s 

No. l 's No. 2's 

I I 
45 I 

L ow ----------\ 
238 154 

Medium _______ 275 197 62 
r1 Hi gh ---------1 288 201 59 

' Quadruplicated plots .0073 acre each . 
2Average of 60 roots . 
•standard error of the mean. 

39 
16 
28 

Mean measurem ents in 
centimeters• 

Len gth I Diam eter I LID 

I 
9.3 ± .273 7.0 ± .15 I 1.3 

13.2 ± .31 6.o ± .10 I 2.2 
13.5 ± .35 6.o ± .10 I 2.3 

The mean length of the sweet potatoes obtained from the me
dium ridges was greater than that from the low ridges. The mean 
diameter was significantly greater on the low ridges than on the 
medium and high ridges. Therefore, the length-diameter ratio was 
greater for the sweet potatoes from the higher than from the lower 
ridges. 

These preliminary results suggest that a higher yield of sweet 
potatoes, which are longer and more desirable in shape, is produced 
on a medium or high ridge than on a low ridge. 
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Figure 40.-A genera l view of part of the field devoted to variety, 
cultural, and fertility tests with sweet potatoes. 

·Cantaloupe Breeding 

(C. J. Nusbaum and 0 . B. Garrison) 

The 1940 season marked the beg'inning of a cantaloupe breed
ing prog-ram in response to the urgent need for a disease-resistant 
commercial Yariety especially adapted to South Carolina growing 
conditions. Three years of extensiYe cantaloupe variety trials at 
this station have shown that while most of the desirable characters 
were represented in the va1·ious; Yarieties tested, a suitable com
bination of these characters was not found in a single variety. 

From a horticultural Yiewpoint , a Yariet:v which would combine 
the earliness and attractiYeness of the Seed Breeders, the prolificacy 
of the Cuban Castillian, and the shipping quality of the l\rildew 
Resistant 45 would be desirable. 

From a pathological point of view, there is considerable varia
tion in the reactions of the different Yarieties toward down~, mildew, 
anthracnose, Macrosporium blight, and powdery mildew. Of these 
four diseases, downy mildew is the most destructive upon the stand
ard commercial varieties in this section and resistance to this disease 
is considered to be a paramount aim in the present progTam. The 
yarious Hale's Best strains, which have been popular with South 
Carolina growers for several years, are partly resistant to anthrac
nose and )Iacrosporium blight, and the retention of this factor is 
essential. In most seasons powdery mildew appears too late to 
menace the regular crop. Resistance to this disease, while not 
essential, is desirable. The yariety, Powdery l\Iildew Resistant No. 
-!5, is resistant to powdery mildew under South Carolina conditions, 
but its high susceptibility to Macrosporium blight is a serious hand
icap. 
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More than 2000 pollinations (selfs and crosses) were made dur
ing the past season involving 15 standard varieties and four -varieties 
(Cuban Castillian, Orange-fleshed Rocky Dew, Green-fleshed Rocky 
Dew, and Cooper's Sweetheart) which haYe shown partial resistance 
to downy mildew. Eighty-two fruits set successful!~-, the gTeatest 
number being on Green-fleshed Rocky Dew. 

In a late planting 5 hills each of 238 foreign plant introduction 
types received from the U. S. Department of Agriculture were 
planted for observation and characterization. All of the cucurbit 
diseases previously referred to were present in this field but 
anthracnose was the most prevalent, being on every Jot but one. 
Sixty-four varieties were severely damaged by anthracnose and 38 
succumbed to the disease before fruits matured. On 10 of the 
varieties showing anthracnose, the infection was sparse and, in 
some cases, the lesions were aberrant, indicating a high degree of 
resistance. Downy mildew was at a low level in this field and was 
somewhat masked by anthracnose, so that the reactions of these 
varieties to downy mildew could not be fully determined. Four 
lots (P.E.I. Nos. 121408, 124098, 121903, and 125215), although 
inedible showed exceptional promise, especially No. 125215, which 
was Yery vigorous and entirely free from disease. Through a pro
gram of inbreeding and field selection it is belieYed that some of 
these strains will yield promising parent material which can be 
crossed with the more desirable horticultural types. 

Cucurbit Disease Investigations 

(C. J. Nusbaum) 

The successful control of downy mildew of cucumber and canta
loupe through the use of protective fungicides is dependent upon 
a flexible program, which can be regulated to fit seasonal needs. 
Considerable evidence is available to indicate that the fungus which 
causes this disease moves northward each spring with the advanc
ing season and usually arrives in South Carolina at about the begin
ning of cucumber harvest. Furthermore, the disease often strikes 
so suddenly and responds so rapidly to changes in climatic con
ditions that timeliness of control effort is essential. These facts 
emphasize the value of climatological and disease development rec
ords in addition to the selection of fungicidal materials which, when 
properly applied, will give adequate low-cost protection against the 
disease, without causing any noticeable injury to the crop. 

The early appearance of downy mildew in 1939 (May 20) and 
the late arrival of the disease in 1940 (June 12) were correlated 
with the respective early and late development of the disease in 
Florida and correspondin!! f,:rn,w!j ble and unfavorable conditions for 
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the northward spread and establishment of the disease in those 
years. Consequently, it is believed that information concerning the 
development of downy mildew in Florida during May and a study 
of subsequent climatic conditions will permit the forecasting of the 
first appearance of the disease in South Carolina with reasonable 
accuracy. Such a forecast would permit the grower to time the 
·first application of fungicidal dust just before the expected appear
ance of the disease. 

Figure 41.-Dusting cucumbers at dawn. The duster, mounted upon 
the rear end of the tractor, is operated from a "power 
take-off". Twelve dust delivery tubes arranged upon an 
18-foot boom afford thorough coverage of 4 rows. 

The 1940 season was charcterized by the late arrival of downy 
mildew, followed by weather conditions unfavorable for the develop
ment of this disease. Cucumbers escaped mildew throughout the 
harvest period although sporadic outbreaks of angular leaf spot 
and anthracnose caused moderate damage in some fields early in 
June. Downy mildew remained at a low level in cantaloupes. 
Drouth and moderately high temperatures during the latter part of 
June and a late attack of Macrosporium leaf blight caused relatively 
heavy defoliation of cantaloupe vines and a premature ripening of 
some of the fruits. Although rainfall was sparse between June 15 
and July 4, drouth injury was not noticeable until about June 28, 
two days after the fourth dust application. However, injury to the 
foliage was noted as early as June 14 on plots dusted with the 
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yellow Cuprocide and copper-lime mixtures. Drouth injury 
appeared to be aggravated upon the Organic No. 244 dust plots, 
while most of the plots dusted with mixtures containing a pro
prietary copper compound, showed relatively less drouth injur~
than the checks. All of the copper dusts gave partial control of 
the late attack of Macrosporium blight. 

'l'he data upon indiYidual fruits indicated that none of the 
treatments delayed maturity or affected the size and quality of 
marketable fruits significantly. The average age of fruits, counted 
from the date of fruit setting to maturity, ranged from 31.7 days to 
34.3 clays for fruits from treated plots compared with 32.3 and 33.8 
days for fruits from treated* and untreated check plots respectiYely. 
The average weight of fruits likewise ranged from 2.3 to 2.7 pounds 
in the case of treated plots compared with 2.5 and 2.6 respectively 
for the treated and untreated checks. The total solids in the juices 
of fruits from treated and untreated check plots averaged 9.2 and 
8.7 percent respectively and the total solids from a majority of the 
treated plots also fell within this range. Since these individual fruit 
analyses are based upon the entire crop harvested from single plots 
only, the differences between treatments are not judged to be sig
nificant. 

A diluent series was planned to evaluate various combinations 
of carriers ( talc, kaolin, whiting, and bentonite) and supplementar~
materials (wheat flour, screened cottonseed meal, bentonite, Kayso, 
and sora flour). In view of the low incidence of mildew and the 
scarcity of rainfall during the dusting period, little information 
was expected relative to the comparative adhesive properties of 
the various mixtures. All of the materials, except the wheat flour
bentonite combination possessed excellent dusting qualities. The 
latter mixture also showed some early season injury. However. 
where only 15 percent bentonite was used as a supplementan, ma
terial with wheat flour and kaolin no injury was observed. In the 
kaolin and Kayso-kaolin dusts, difficulty was encountered in ob
taining a uniform dispersion of the active ingredient in the diluent. 
In mixtures containing wheat flour, soya flour, or meal, thorough 
mixing was more easily accomplished. 

The dusting of cantaloupes and cucumbers for the control of 
downy mildew has been under investigation in South Carolina for 
four years. During the downy mildew epidemics of 1937 and 1938 
several dust mixtures, in which various proprietary compounds com
prised the active ingredients, effectively checked the disease and in
creased the yield of high quality fruits. In this respect, downy 

*The treated check plots were dusted with a mixture containing 15 
percent wheat flour and 85 percent Kaolin, the active ingredient being 
omitted. 
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-mildew seems to respond more favorably to treatment with copper 
dusts than other lesser important diseases of cucumbers and canta
loupes in this section. In 1939 and 1940 when little downy mildew 
was present, most of the copper dusts employed gave normal or 
slightly increased yields indicating that these materials are safe 
for use during seasons when the disease is severe. 

Asparagus Beetle Control Studies 

(J. G. Watts) 

Extensive defoliation of asparagus by the asparagus beetle was 
experienced again during the growing season of 1940. 

In a newly set field of asparagus, permanent plots were laid out 
on which 15 materials will be compared as to their effectiveness in 
controlling the asparagus beetle. In addition to comparing the 
effectiYeness of insecticides, records of yields will be kept for treated 
and untreated plots to determine over a period of several years any 
increase that may result from controlling the beetle. 

No fixed schedule for timing the treatments has been adopted; 
consequently, applications are made only when the infestation is 
considered extensive enough to cause appreciable defoliation. Appli
cations during the current season were made on June 7, July 11, 
July 30, and September 4. The field data are not included here be
cause of their wide variability resulting largely from unfavorable 
weather conditions. The 15 materials used on the permanent plots 
in the field were also used in cage experiments to obtain supplemen
tary data on their comparative effectiveness under a more uniform 
set of conditions. From these tests detailed information was ob
tained on the performance of the 15 dust combinations against both 
the adults and larvae. Undiluted calcium arsenate tends to be 
slightly superior to 0.75 percent rotenone against the larvae but the 
reverse is true in the case of the adults. This is in accord with 
results of previous years. "\Vhen diluted with kaolin and also when 
this diluent was supplemented with 10 percent of bentonite or cotton
seed meal all mixtures containing 10 percent or more of calcium 
arsenate gave better than 85 percent control of both adults and 
larvae. 

The toxicity of calcium arsenate diluted with kaolin was defi
nitely superior 

0

to that diluted with lime as is shown in Table 86. 
In water at 1 to 10 the calcium arsenate had a pH of 12.42, lime 
12.52, kaolin 7.16, bentonite 9.42, and cottonseed meal 5.70. There
fore, the mixtures where the diluent consisted largely or entirely 
of kaolin were mildly alkaline, while those where the diluent con
sisted largely or entirely of lime were high l~r alkaline. The differ
ence in toxicity appears to lie in a ph~·siological process in the di-
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gestive tract which renders the mixture with a high alkalinity less 
effective. 

Table 86.-The Comparative Effect of Lime and Kaolin as Diluents for 20% 
Calcium Arsenate when used against the Asparagus Beetle, Edisto 
Station, 19401 

Diluent 

Lime ---------------------------
Cottonseed meal ----------------
Lime ---------------------------

Kaolin -------------------------
Bentonite ----------------------
Kaolin --------------------------

Percent 
of diluent 
in mixture 

80 
10 
70 

80 
10 
70 

Percent controi2 

Adults3 

48.86 

50.00 

92.05 

95.45 

Larvae• 

63.00 

66.00 

86.00 

94.00 
1Ten insects were used in each test and the experiment was repeated 10 

and 12 times respectively for the adults and the larvae. 
"Records were taken 24 hours after the test was started. 
3Least difference required to be s ignificant 12.54; to be highly s ign ificant 

17.18. 
'Least difference required to be s ignificant 12.49; to be highly s ign ificant 

16.98. 

The depression of growth and yields of certain crops grown on 
certain soil types caused by the use of various rates of calcium 
arsenate has been reported upon by Cooper et al., in an earlier An
nual Report ( 44th, 1931, pp. 28-36) of this station. In order to 
obtain some preliminary information on the effect of arsenic and 
also fluorine on asparagus growth, 1/ 290-acre plots of first-year 
crowns growing on Norfolk sanely loam were side-dressed with cal
cium arsenate, basic copper arsenate, and sodium fluoaluminate 
(natural cryolite ) on June 2, 1939. These chemicals were each used 
at the rate of 50, 100, 300, 500, 700, and 1000 pounds per acre. On 
October 15, 1940, no depression of growth or other toxic effects 
were discernible on the asparagus in any of the plots. However, 
there was practically no grass or weed growth on an~· of the plots 
receiYing 300 or more pounds per acre of calcium arsenate or basic 
copper arsenate. The growth of weeds and grass was not affected 
by the sodium fluoalurninate at any of the rates used. 
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PUBLICATIONS 

(A. B. Bryan) 
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The demand for the publications of the South Carolina Ex
periment Station continues strong and comes from a wide range of 
inquiries, many of whom are interested in the practical application 
of the technical results of research work. Station publications dis
tributed during the fiscal year totaled more than 40,000. 

Distribution of publications is through (a) a classified mailing 
list which now contains 12 subject matter classifications with a total 
of about 6,000 addresses, (b) county farm agents and other agricul
tural leaders, ( c) individual requests from South Carolina and other 
states and even from foreign countries. 

Bulletins, ·Circulars, and Reports 

During the fiscal year 11 ne"' publications were issued as fol
lows: 

Bulletin 321, "Effects of Certain Treatments on the Carbohy
drate Reserves of Asparagus Crowns.'' L. E. Scott, J. H. :Mitchell, 
and R. A. McGinty. 

Bulletin 322, '' The Mexican Bean Beetle in South Carolina.'' 
Franklin Sherman and J. K Todd. 

Bulletin 323, "The Probable Economic Effects of a Homestead 
Exemption Act on Public Re;-enues in South Carolina.'' G. H. Aull. 

Bulletin 324, "Inspection and Analysis of Commercial Fertiliz
ers.'' B. D . Cloaninger. 

Bulletin 325, '' A Rural School Area in Central South Carolina.'' 
Henry L. Fulmer. 

Bulletin 326, '' Composition and Characteristics of the Popula
tion of Rural Relief Households in South Carolina.'' B . 0. Williams 
and W . S. Crawford. 

Bulletin 327, "Short-term Credit for Agricultural Production in 
South Carolina.'' W. T. Ferrier. 

Bulletin 328, '' Sharecroppers and W ag·e Laborers on Selected 
Farms in Two Counties in South Carolina.'' E. J. Holcomb and 
G. H. Aull. 

Bulletin 329, "Biochemical and Nutritional Studies of 'Dehy
drated Sweet Potato." E. J. Lease and J. H. :Mitchell. 
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Circular 60, "Fertilizer and Liming Practices Recommended for 
South Carolina.'' H. P. Cooper. 

Fifty-Second Annual Report of the South Carolina Experiment 
Station, for the year ended June 30, 1939. 

Technical Contributions 

During the year nine technical contributions to scientific pub
lications have been published by members of the station staff, 
namely: 

No. 

64-Factors Affecting the Passage of Liquids into the Rumen of the 
Dairy Calf. I. Method of Administering· Liquids: Drinking 
from Open Pail versus Sucking through a Rubber Nipple. By 
George H. Wise and G. W. Anderson. Journal of Dairy 
Science, Sept. 1939, Vol. XXII, No. 9. 

65-A Suney of Field Infestations of Insects Attacking Corn in 
the Ear in South Carolina . By 0. L. Cartwright. Journal of 
Economic Entomology, Vol. 32, No. 6, December, 1939. 

67-The Influence of Cropping Practices on Some Physical and 
Chemical Properties of Soil. By Frank Moser. Soil Science, 
Vol. 48, No. 5, XoYember, 1939. 

68-The Xeed of Lime in Adjusting Southeastern Agriculture. By 
H. P. Cooper. Commercial Fertilizers. 

70-Corrections and Additions to the Clemson List of Scarabaeidae 
and Other Records from South Carolina (Coleoptera: Scara
baeidae). By 0. L. Cartwright. Entomological News, Decem
ber, 1939. 

71-Variation in Pathogenicity and Cultural Characteristics of the 
Cotton-Wilt Organism, Fusarium Vasinfectum. By G. M. Arm
strong, J. D. MacLachlan, and R. Weindling. Phytopathology, 
June, 1940. Vol. XXX, No. 6. 

72-Effect of Certain Carbohydrates on the Determination of Caro
tene. By E. J. Lease and J. H. Mitchell. Industrial and Engi
neering Chemistry (Analytical Edition), Vol. 12, June 15, 1940. 

73-Fertilizer Requirements of the Reel and Yellow Soils of the 
Southeast. By G. B. Killinger. Soil Science Society of Amer
ica, Proceedings 1939, Vol. 4. 

74-Phosphorus Fixation and the Assimilation of Fixed Phosphates. 
By Frank Moser. Soil Science Society of America, Proceedings 
1939, Vol. 4. 
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Several other technical contributions have been prepared and 
numbers haYe been assigned, but publication in the technical jour
nals has not yet been reported by the writers. 

Publicity Work 

During the fiscal year 44 news letters were distributed to the 
newspapers of the state dealing in Yarious ways with the Experi
ment Station and its work. These included (a) informational and 
instructional material from research workers, (b) announcements 
of new publications and information regarding their contents, ( c) 
information based on research work procured from radio talks made 
by members of the Station staff OYer Radio Station WAIM, Ander
son. In addition many of the news letters prepared by extension 
workers presented facts and ideas based on research work of the 
Station, and mention of the Station was made in man~: of these news 
letters. 

Feature articles based upon research results as shown in the 
Annual Report and other publications have been distributed to Yari
ous daily newspapers of the state and to several farm journals, 
including The Progressive Farmer, Southern Agriculturist, Southern 
Planter, and Better Crops. 

Thus through these news letter and feature articles the work of 
the Experiment Station as a whole has been giYen g·eneral and fairly 
wide publicity. With further cooperation from members of the 
staff much more such publicity could be obtained. 

A source of news and feature material which has proYed "·ell 
worthwhile is that of the radio talks made by members of the Sta
tion staff over Radio Station vV AIM each week. 



192 SOU'l'H CAROLIXA EXPER IME;-.;r'l' S'l'A'l'TON 

FINANCIAL STATEMENT 

THE SOUTH CAROLINA AGRICULTURAL EXPERIMENT STATION 
In Account With 

THE UNITED STATES APPROPRIATIONS UNDER THE HATCH, ADAMS, 
PURNELL, AND BANKHEAD-JONES ACTS, 1940 

FEDERAL FUNDS 
Bankhead-

Bankhead- Jones 
DR. Hatch Adams Purnell Jones Offset 

To balance from appropriations 
for 1938-39 ----------------$ 0.00 $ 0.00 $ 0.00 $ 0.00 $ 0.00 

Receipts from the Treasurer of 
the United States, as per ap
propriations for the fiscal 
year ended June 30, 1940, un
der Acts of Congress ap
proved March 2, 1887 (Hatch 
Fun cl) , ?if arch 16, 1906 
(Adams Fund), February 24, 
1925 (Purnell Fund), and 
June 29, 1935 (Bankheacl-
Jones Fund) ---------------$15,000.00 

CR. 
Personal ser\'ice ---------------$11,385.44 
Supplies and materials --------- 925.34 
Communication ervice --------- 341.72 
Travel expenses ---------------- 295.99 
Transportation of things _______ .39 
Printing and illustrating publica-

tions ----------------------
Heat, light, ·water, and power __ _ 
Contingent expenses ----------
Equipment -------------------
Land (purchase and rent) -----
Structures and non-structural im-

751.56 
13.79 

.00 
1,279.09 

.00 

provements -------------- - - 6.68 
Balance ------------------------ .00 

Total ----------------------$15,000.00 

$15,000.00 

$12,680.58 
410.76 
146.76 
339.38 

.95 

.00 
462.24 

.00 
909.99 

.00 

49.34 
.00 

---
$15,000.00 

$60,000.00 $59,464.96 $ 

$49,605.29 $42,789.46 $36,297.16 
3,259.86 5,836.12 5,383.35 

787.53 254.32 300.99 
1,524.02 803.44 1,249.93 

3.79 19.13 49.80 

1,330.42 91.23 14.33 
207.26 942.33 2,077.01 

.00 .00 .00 
3,152.07 5,883.39 2,484.46 

.00 .00 4,037.55 

129.76 2,845.54 8,982.25 
.00 .00 .00 

$60,000.00 $59,464.96 $60,876.83 
WE, THE UNDERSIGNED, duly appointed auditors of th e expenditures from 

federal appropriat ions reported herein, do hereby certify that we have examined the 
books and accounts of the South Carolina Agricultural Experiment Station, for the fiscal 
year ended June 30, 1940; that we have found the same well kept and classified as above; 
and that the balances, receipts , and disbursements are as fo ll ows: 

Bankhead-
Hatch Adams Purnell Jones 
F und Fund Fund Fund 

Act of Act of Act of Act of 
Congress Congress Congress Co ngress Total all 
March 2, March 16, Feb.24, June 29, federal 

1887 1906 1925 1935 funds 

Total federal funds ______ --$15,000.00 $15,000.00 $60,000.00 $59,464.96 $149,464.96 
Unexpended balance brought 

forward from preceding year 0.00 0.00 0.00 0.00 0.00 
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Receipts for the year from the 
Treasurer of the Un ited 
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States --------------------$15,000.00 $15,000.00 $60,000.00 $59,46-l.96 $149,464.96 

Tota l federal funcls ________ $15,000.00 $15,000.00 $60,000.00 $59,464.96 $149,464.96 
Disbursements for the year_$15,000.00 $15,000.00 $60,000.00 $59,464.96 $149,464.96 

Unexpended balance 
June 1940 -------------$ 0.00 $ 0.00 $ 0.00 $ 0.00 $ 0.00 

SUPPLEMENTARY STATEMENT, 1940 

FUNDS OF THE EXPERIMENT STATION OTHER THAN THOSE FROM 
FEDERAL SOURCES 

SOURCES OF FUNDS 
Balances from Receipts 
previous year for 1940 

State appropriations or allotments ------------------$ 0.00 $ 83,236.00 
Sales ---------------------------------------------- 15,458.42 117,673.19 

Total 
$ 83,236.00 

133,131.61 

Total _______________ ---------------------- ____ -$15,458.42 $200,909.19 $216,367.61 

CLASSIFICATION OF TOTAL EXPENDITURES FROM SUPPLEMENTARY 
FUNDS 

Salaries ------------------------------------------------------------------$ 35,848.77 
Labor -------------------------------------------------------------------- 47,146.73 
Stationery and office supplies ---------------------------------------------- 1,067.79 
Scientific supplies --------------------------------------------------------- 2,695.39 · 
Feed in g stuffs ------------------------------- -------------------- -------- _ 25,762.83 
Fe rti 1 i zers ___ ---------------- __ ---------------- ------- _______ _____________ 10,021.34 
Sundry supp 1 ies ------------------------------- ---------------------------- 10,672.17 
Communication service ___________________ -------------------------------- 866.10 
Travel expense------------------------------------------------------------ 2,731.64 
Transportation of things -------------------------------------------------- 534.13 
Publ i cat ions ------------------------------------------- ________ ------- _ ___ 1, 115.29 
Heat, light, water and power ---------------------------------------------- 5,826.35 
Con tin gent expense ----------- ___ _ ------------------ __ ______ __ ____________ 3,313.16 
Passenger carrying vehicles ----------------------------------------------- 1,696.07 
Furniture, furnishings and fixtures ---------------------------------------- 466.02 
Library ------------- ------ ______________ ------------------ ---------------- 33.57 
Sci en ti fie equipment ___________ -------------------------------------------- 1,881.79 
T i vestoc k _______________________ ------------------------------------------ 7, 151.33 
Machinery, trucks, tractors, tools, etc . ------------------------------------- 12,338.63 
Land (purchase and rent) ------------------------------------------------- 6,633 .29 
Structures and non-structural improvements ------------------------------ 13,004.85 
Ru i I clings ________ __ _____________________ ---------------------------------- 17,321.04 
Improvements to land other than added structures -------------------------- 902.71 
Un expended balance _____________________ ---------- ____ ---- -- ------------- 7,336.62 

Total -----------------------------------------------------------------$216,367.61 
Proper vouchers for all the above disbursements are on fi le and have been examined 

by us and found correct. 
And we. further certify that the expenditures have been solely for the purposes set 

forth in the Acts of Congress approved March 2, 1887, March 16, 1906, February 24, 1925, 
and June 29, 1935, and in accordance with the terms of said acts, respectively. 

Signed: J. M. SMITH, State Auditor 
Attest: S. W. EVANS, 

Custodian of the seal 
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