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The 
FIFTY-FOURTH ANNUAL REPORT 

of the 
SOUTH CAROLINA EXPERIMENT STATION 

INTRODUCTION 

The present emergency will require that all agriculturists 
increase their production of necessary food and feed crops. Pro
duction goals have been significantly revised in order to meet 
the increased demands for certain crops. There are many things 
which could be done to increase the efficiency of the major farm 
operations. 

There will be a shortage of nitrogen for agricultural use 
and the farmer will be confronted with the problem of deciding 
how to make the best use of the nitrogen which will be available. 
It is probable that the addition of nitrogen to small grain crops 
would in general be one of the most effective methods of utiliz
ing the supply of nitrogen available. Most of the soils in the 
state will require a top-dressing of nitrogen if satisfactory small 
grain crops are to be produced. 

Since there will probably be a large reduction in the amount 
of nitrogen normally available for agricultural use, it will be 
well for farmers to make greater use of leguminous crops in 
maintaining the nitrogen supply in the soil. Good leguminous 
crops may add sufficient nitrogen to the soil for satisfactory pro
duction in a suitable rotation system. 

The successful growth of most leguminous crops requires 
an application of limestone to most of the soils in the state . 
Some of the money formerly expended for commercial nitrogen 
should be used to purchase more limestone to correct soil acidity 
and thus make the conditions more favorable for the production 
of leguminous crops. 

In the agricultural adjustment program, where legumes have 
been included in the cropping systems, numerous farmers have 
found that satisfactory crops can be secured with little or no 
commercial nitrogen. Every farmer should consider his soil con
ditions and follow practices which will be most likely to maintain 
production. The limited supply of nitrogen may lead to improved 
practices whereby farmers can avoid large expenditures for com
mercial nitrogen. Outside of the Southeastern states most farmers 
depend upon crop rotation systems including leguminous crops to 
maintain the nitrogen supply in the soil. If other agricultural 
regions have found that it is not necessary to use commercial 
nitrogen, the Southern farmer can adjust his farming practices 
sufficiently to maintain production with less commercial nitrogen 
than has been used in the past. 
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AGRICULTURAL ECONOMICS AND RURAL SOCIOLOGY 

The present "·orld crisis has resulted in unusually heavy de

mands upon the time and facilities of all persons engaged in eco

nomic and social studies. While farmers have not been unmindful 

of the importance of practicing the most efficient methods of pro

duction, they have been more vitally concerned about the impacts 

of the ,rnr and defense activities and how to meet the problems 

arising out of rapidly changing conditions. These problems are 

primarily . social and economic in character. There is much more 

interest than formerly in land tenure, long-term farm leases, farm 

labor problems, farm organization and management, adjustments 

in land use, export and trade restrictions, taxation, and the peren

nial problem of how and where to market what farmers already 

know how to produce. 
Economists and sociologists are giving more thought than ever 

before to ,yays and means of avoiding the serious reactions which 

set in as a result of unwise practices during the last war, such as, 

for example, excessive increases in Janel Yalues and in farm real 

estate taxes. It is only by the knowledge and application of eco

nomic and social information that farmers will be able to take 

aclvantage of increased demands as a result of the war and to 

aYoid the serious impacts which may follow in its wake. Accord

ing to one director of extension, '' major changes in farming are 

under way and more people understand the causes as well as the 

direction agriculture must take than at any preYious time of 

change.'' It is emphasized that the causes of agricultural changes 

as well as their direction are the result of economic forces which 

must be understood if agriculture is to maintain its position in 

the world which is developing. 
Four bulletins were prepared by staff members in the Depart

ment of Agricultural Economics and Rural Sociology and published 

during the year. The first, S. C. Experiment Station Bulletin 

331, Rural Land Holdings in South Carolina, is an analysis of the 

ownership, size and value of approximately 150,000 separate par

cels of rural real estate. Bulletin 332, An Economic Study of Agri

culture in the Little Beaverdam Creek Area of Anderson County, 

gives yaJua ble suggestions for the reorganization of farms in the 

interest of better farm living. Bulletin 334 deals with The Sale 

Price and Assessed Value of Farm Real Estate in South Carolina 

and reveals a distressingly large amount of inequality in farm 

property tax assessments which results not only in extensive tax 

clelinquenc~- but which seriously retards the development of a 

diversified agriculture in the state. The various factors affecting 

cotton marketing in South Carolina are discussed in Bulletin 335. 

Consideration was given in this study to the effect of different 

types of primary markets upon prices paid farmers for their cot-
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ton, some new uses which may be made of the Cotton Classing 
Service, and the economic outlook for cotton production in South 
Carolina. 

Small-Scale Rural Industries in South Carolina 

(J. M. Stepp and G. H. Aull) 

Work was begun in the spring of 1940 upon a fh·e-year study 
of the place of small-scale, non-agricultural enterprises in the social 
and economic life of the South. This project is being carried out 
in collaboration with the General Education Board, and is taking 
South Carolina as a type-state for the South. 

In order to ascertain the relative numerical importance and 
geographical locations of the Yarious kinds of rural industries in 
South Carolina, every county seat was visited and an attempt was 
made to interview the farm demonstration agent, the home demon
stration agent, or some other person familiar with the activities of 
rural people in the county. Interviews were concluded in 45 of 
the state's 46 counties. The data so gathered are of necessity gen
eral rather than specific and are, therefore, not amenable to sta
tistical analysis. However, 24 general types of enterprises pro
Yiding extra income for rural people have been classified for 
further study and analysis. They are as follows: 

1. Blacksmiths and machinery 
a. Repairs to tools and machinery 
b. Making of tools and machinery 

2. Custom work with farm machinery 
a. Combines · 
b. Hay balers 
c. Peanut pickers 
d. Seed cleaners 
e. Silo fillers 
f. Tractors 
g. Threshers 

3. Corn mills or grist mills 
4. Hammer mills 
5. Baking-cakes, cookies, etc. 
6. Food preservation 
7. Syrup mills 
8. Concrete ornaments, etc. 
9. Decorating china 

10. Pottery making 
11. Crocheting and knitting 
12. Hooked rugs, etc. 
13. Quilts and bedspreads 
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14. Sewing 
a. Plain 
b. Fancy 

15. Upholstery and mattress work 
16. Weaving 

a. Handlooms 
b. Frames 

17. Decorating gourds, peach seeds, walnuts, pine 
cones, etc. 

18. Wreaths, charm strings, etc. 
19. Basket work 

a. Splints or bark 
b. Grasses 
c. Pine needles 

20. Brooms 
21. Saw mills 
22. Turpentine distilleries 
23. Woodworking ( chairs, tables, chests, ''what

nots", etc.) 
24. Cotton gins 

Of particular consequence to further study of specific kinds 
of industries is the fact that the reconnaissance data give the 
approximate geographical locations of the various enterprises with
in the counties even in the many cases where the informant did 
not know the name or exact address of the operator. The taking 
of detailed field records during the spring and summer of 1941 
demonstrated the value of the reconnaissance survey as a saver 
of time and expense in the contacting of enterprise operators. 

Taking general areas covering several counties there appears 
to be a fairly even geographical distribution of most of the types 
of enterprises listed. Exceptions are the making of hooked rugs, 
which is predominantly in the mountain area of the northwest, 
and turpentine distilleries, which are located exclusively in the 
eastern portion of the state. 

This type of survey is preliminary to detailed economic 
studies of representative industries in each of the several classes 
with a view of determining their economic importance and their 
place in the social and economic development of the rural South. 
These special studies, which are already in progress, will show 
the seasonality of the industry, the source and cost of the raw 
materials, the skills required, the market outlets, and other signifi
cant factors of interest and value to the development of sup
plementary incomes to rural people. 
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Economic Study of Commercial Canneries in South Carolina 

(J. M. Stepp) 

11 

A comprehensive study of the commercial canning industry 
was begun during the early part of the summer of 1941. ~, Since 
canneries must be constructed quite near the source of raw 
products, such enterprises have close connections with rural 
people even when not actually operated by them. Records have 
been taken on 19 of South Carolina's 20 commercial canneries. 
These have not been analyzed in every detail contemplated by 
the study, but valid conclusions can be drawn with regard to 
certain items. The data are applicable to the 1940 canning 
season, which was characterized in general by a less-than-normal 
output. An attempt to get comparable figures for 1938 was not 
very successful because of a lack of any written record of oper
ations in several of the enterprises studied. 

Even in the poor canning year of 1940 there was not a month 
of the year during which all of South Carolina's canneries were 
idle. Oyster canning allowed packers located on the coast to 
operate during the winter and early spring months "·hen they 
would otherwise have been idle. Figure 1 shows ho"· a coastal 
cannery could spread its overhead costs over a full year's oper
ations by shifting from oysters to vegetables (turnip greens or 
spinach) in April, changing to different vegetables or fruits as 
their respective canning seasons arrived, and then shifting back 
to oysters late in the year. While some plants followed this 
procedure, others were strictly seasonal in their operations. 

Inland canneries are not so fortunate in being able to find a 
combination of products which enable them to operate the year 
around, although for the state as a whole, fruits and vegetables 
were canned during nine consecutive months in 1940. Analysis by 
regions shows, however, that the November-December pack of tur
nip greens was canned by coastal canneries; plants in other por
tions of the state operated only from about the middle of April to 
around the middle of November, and no single cannery operated 
continuously during the whole of that period. 

Taking 17 cases (some reports are for more than one cannery 
operating under a single management), it was found that no single 
canner reported operating during more than nine months in 1940, 
and no canner west of a line drawn northeast by southwest through 
Columbia operated in more than five months of the year. Fifteen 
of the 17 cases reporting, operated six months or less. and 10 
operated four months or less. In three cases, canning operations 
were carried on in only two months of the year. It should be 

*The project was organized as one of the rural industry studies financed 
in part by the General Education Board. It was initiated at this time in 
response to a request from the State Council for Defense. 
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Figure 1.-It is possible for a cannery in South Carolina to operate nine 
to 12 months of the year, depending upon location. 

pointed out that to operate during a certain month does not mean 
to operate the whole of the month. This analysis shows that South 
Carolina's canning industry, as it is now operated, is a seasonal 
industry of four or five months' average duration, but with extremes 
of two months and nine months. 

There is much current interest centered around the question 
of whether or not more canneries should be constructed in South 
Caroljna in order to preserve food as an aid to national defense 
and to provide a market for certain products whereby prices may 
be prevented from falling to ruinously low levels. The current 
study appears to shed some light on this subject. Information was 
gathered concerning the actual quantity of goods canned in 17 of 
the 19 canneries and the figures converted to No. 2 case-equivalents.* 

From the information obtained it is estimated that 17 of South 
Carolina's 20 commercial canneries could have canned the equiva
lent of about 1,660,000 cases of No. 2 cans in 1940 by using only 
one eight-hour shift of labor. A comparison of this figure with the 
391,000 cases actually canned by them shows that in 1940 the 
state's canning industry operated at only about 24 percent of what 
1s a very consenative estimate of its capacity. The capacity of a 

*A case-equivalent here means 24 No. 2 cans. 
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cannery that canned only one or two products during two months 
of the year was rated on the basis of canning only those products 
during that period of time; the figures ignore the fact that such a 
cannery might, with little or no added equipment, prolong its season 
and increase its output by canning one or more additional products 
or by operating on a double shift. 

Such figures as were obtainable for the year 1938 (a "good" 
canning year) indicate that in that year the industry operated at 
about 40 or 50 percent capacity during the actual canni.ng season. 

Canners in South Carolina are almost unanimous in stating that 
the relative smallness of their pack is due to their inability to 
obtain regularly raw products of desired quality in sufficient quan
tity. It follows, then, that for the state as a whole it is not neces
sary to build additional canneries in order to increase even by a 
tremendous amount the quantity of fruits and vegetables canned 
in the state. During 1940 the existing canneries in the state, can
ning only the products actually canned and operating only during 
the periods actually operated, could have canned four times the 
quantity actually packed. 

Table 1 compares for certain products the quantity actually 
canned with what could have been packed under the conditions 
stated above. Certain products cannot be included in the table; 
to give information about them would be to divulge confidential 
information about individual canneries. 

Table 1.-Relationship Between Quantity Canned and Canning Capacity for 
Certain Products in South Carolina, 1940 

Product 

Green beans --------------) 
Peaches ------------------

f~~i;o~sree-;s--;~d-;p;~;~h==I 

*No. 2 case-equivalents. 

Quantity 
canned* 
(cases) 

30,978 
36,118 

152,237 
61,194 

Could have 
canned* 
(cases) 

197,343 
194,830 
782,450 
108,500 

Operated 
percent of 
capacity 

15.7 
18.5 
19.5 
56.4 

South Carolina's canning capacity is to a considerable degree 
concentrated in two areas: The Charleston-Beaufort area on the 
coast, and an area stretching from Orangeburg northeast to the 
North Carolina line. Certainly in these areas it does not appear 
that the need is for additional canneries but for more efficient oper
ation of existing ones which depends to some extent upon the wil
lingness and ability of farmers to provide regularly the required 
raw materials at prices which the canneries can afford to pay. 
There are, however, certain areas which might be able to support 
additional canneries. For example, there is no commercial cannery 
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in the so-called X ew Truck Area embracing Aiken, Bamberg, Barn
well, Allendale, and Hampton counties, and there are few can
neries in the major pea~h-growing sections of the state. 

The Nature and Extent of Farm Real Estate Tax Delinquency 
(G. H. Aull and Ernest Riley) 

In cooperation with the Bureau of Agricultural Economics 
(U. S. D. A.) and the Civil Works Administration, the department 
undertook in 1933 a comprehensive survey of farm real estate tax 
delinquency in South Carlona during the years 1928-32. A pre
liminary report of this work was published as Experiment Station 
Bulletin 298 in August 1934. The data indicated a problem of 
great magnitude and far-reaching implications. It was the plan at 
that time to follow with a later report giving an analysis of the 
characteristics of delinquent and nondelinquent properties and 
calling attention to some of the factors underlying the problem. 
Before this could be accomplished, howeYer, the economic picture 
had so changed as to make it appear unnecessary and the matter 
was temporarily dropped. 

By 1938, the state was again experiencing the effects of an 
economic depression in its agriculture and the time seemed to be 
appropriate to bring up-to-date the data on farm tax delinquency. 
Accordingly, in cooperation with the WPA *, plans were made not 
only to obtain a record of delinquency since the close of the previous 
study but to make a detailed analysis of the characteristics ( owner
ship, size, value, etc.) of delinquent properties. This work in its 
entirety was carried to a successful conclusion in all except three 
counties of the state so that the data are truly representative of 
the situation as it existed in the state during the period covered by 
the study. Below is given a summary of some of the more im
portant :findings. A manuscript is being prepared for publication 
reporting the results in detail. 

For the year 1937, taxes were allowed to become delinquent 
on 54,265 farms or 38 percent of the number returned for taxes 
that year. This figure compares with 34- percent in 1936: 38 per
cent in 1935; 41 percent in 1934: and 42 percent in 1933. (The 
1932 figure, as reported in Bulletin 298 was 45 percent.) 

Individually owned properties accounted for 95.9 percent of 
the total returned but 97.2 percent of those delinquent. Delin
quency was least among properties listed in the names of insurance 
companies, being onl~r 13.1 percent of the number so listed. 

About one-fourth of all properties returned were less than 25 
acres in size but such properties accounted for nearly 28 percent of 
all delinquencies. On the other hand, properties containing 500 

*Work Project 3687. 
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acres or more made up 2.8 percent of the total but only 2.0 percent 
of the delinquents. The percentage of delinquency in the former 
case was 40.3 and in the latter 26.8. 

Properties assessed for less than $250 were delinquent to the 
extent of 41.4 percent as compared with 29.6 percent in the case 
of properties assessed for $1000 or more. 

Some additional light is shed upon these differences by a 
further examination of the properties included in the several 
groups. For example, during a five-year period (1933-37 inclusive) 
an average of 54,383 properties became delinquent each year. Of 
this number 21,881 were taxed at the rate of less than $10 per year. 
The average for this group of properties was only $4.85 per farm 
or $0.19 per acre. In spite of the fact that this represents only 
about 20 percent of the per farm average and 80 percent of the 
per acre average for all delinquent farms, it apparently was more 
burdensome since delinquency among this group was well above 
the average. The only other explanation is that, the individual 
amounts being small, less effort was made to insure their prompt 
payment. 

An average of 15,217 of the properties becoming delinquent 
during the five-year period were less than 25 acres in size and the 
taxes could have been paid with an average of about $6.50 an
nually. Even this small sum appears to have been more difficult 
of payment than the $23.00 annually expected on each delinquent 
farm. 

It is interesting also to compare taxes levied on delinquent 
and nondelinquent properties. Data for this purpose are available 
over a 10-year period (See Table 2). 

It will be observed that while taxes per farm have been uni
formly higher on nondelinquent farms, taxes per acre have been 

Table 2.-Taxes Levied per Farm and per Acre on Delinquent and Non-
delinquent Farm Properties in South Carolina, 1928-1937 

Taxes levied per farm Taxes levied per acre 

Year 

I 
Non- I Non-

Delinquent delinquent Delinquent 
I 

delinauent 
farms farms farms farms 

I I I I 1928 I $37.50 $41.00 $0.35 $0.32 
1929 38.40 42.70 

I 
.35 .33 

1930 I 33.50 40.10 .30 .31 
1931 I 32.90 39.20 .30 .30 
1932 I 29.80 38.80 .27 .30 
1933 .I 25.40 32.50 .24 I .25 
1934 

,' 

22.80 32.10 .23 .24 
1935 21.60 31.10 .23 

I 
.23 

1936 I 21.70 31.30 .24 .24 
1937 22.60 31.40 .24 .25 

IO-year average I $27.80 I $36.30 I $0.27 I $0.28 
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approximately equal. This is due to the fact that the properties 
on which taxes were paid promptly haYe averaged about 25 percent 
more acreage than those which were permitted to become delin
quent. Not only this, but it is significant that those properties on 
which taxes became delinquent but were subsequently paid were 
larger by slightly more than eight acres per farm than those on 
which the delinquency has not been removed. In other words, the 
larger farms not only become delinquent less frequently but if 
allowed to become so. they pay up more rapidly than do the smaller 
farms. 

14 0 

130 

12 0 

110 

100 

A VE RAGE SIZE OF DEL INQUENT AND NON- DELI NQUENT 
FARM PROPER T IES IN SOUTH C AROLIN .A 

19 28 - 19 3 7 

,,.. 
/ ' 

/ ', 
/ / ',_ --- - --' ..... 

--------- "\_NON-DELIN QUENT ',..._, 

90 V'-/VVV'V\.1\/\/\/ 

o~~~ 
1928 192 9 1930 1931 1932 1933 1934 1935 1936 1937 

YE ARS 

Figure 2.-Average size of del inquent and non-delinquent farm proper
ties in South Carolina, 1928-1937. 

With respect to payments made subsequent to delinquency, the 
records show that while an average of 38 percent of the properties 
on the tax books became delinquent between 1933 and 1937 inclu
sive, the percentage of properties actually delinquent as of March 
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1939 was 16.7 percent. By that time delinquency on 1933 returns 
had been reduced from 42 to 12 percent and on 1934 returns from 
41 to 13 percent. However, taxes were outstanding on one-fourth 
of all farms listed for taxation in 1937. 

The Use of " Pr.oductivity Indices " in Land Classification 
(G . H . Aull and J. T. Lundl) 

An important part of a cooperative project desig·ned to provide 
a comprehensiYe appraisal of land utilization in Edgefield county 
is that of making an economic classification of the land itself.2 
Several methods are being used and the final classification will 
probably be the result of a combination of the best in each of them. 
The one described here involves the use of '' productivity indices'' 
in connection with the crops of major economic importance. The 
larger study aims primarily at a social and economic interpretation 
of past and present land use and toward providing the basis for 
recommendations covering future changes toward those economic 
uses for which the land is best suited. Fortunately for this purpose 
there is available a recent, accurate, detailed soil survey of the 
county issued in October 19383 in which there is included a table 
showing the "Rating of soils in Edgefield County, South Carolina, 
according to their productivity with repeated use of amendments.'' 
These ratings give the relative general productivity of the various 
soil types for the common crops grown in the county, based upon 
a rating of 100 for the best soils in the county. They are applicable 
to Edgefield county only; that is, a rating of 50 for a given crop on 
soils of a certain type in ·Edgefield would not necessarily apply; to 
the same soil and· crop elsewhere. Each soil type is rated for a 
specific crop. No attempt is made to compare soils producing cot
ton directly with those producing wheat, corn, or any other crop. 
Nor, for present purposes, is any attempt made to answer the ques
tion as to which is the most productive soil, that which produces 
a bale of cotton to the acre or 35 bushels of wheat. Each soil 
with a rating of 100 for a particular crop ranks as the No. 1 soil 
in the production of that crop. While these ratings are admittedly 
preliminary and subject to some change they do represent the best 
judgment of farmers and agricultural leaders and check very 
closely with yield data obtained in the county. 

lAssociate Agricultural Economist, Bureau of Agricultural Economics, 
United States Department of Agriculture. 

2Actively participating in this study with the S. C. Experiment Station 
are the following agencies of the USDA: The Bureau of Agricultural Eco
nomics, the Soil Conservation Service, and the Farm Credit Administration. 

3Soil Survey, Edgefield County, South Carolina, Series 1935, No. 1. 
United States Department of Agriculture, Bureau of Chemistry and Soils, 
1938. 
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A general average productiYity index was determined for each 
soil type from which a weighted average index for all soils in the 
county was calculated. This latter figure, which takes into account 
the total acreage of each soil type represented in the county, in
dicates a weighted aYerage productivity for all soils which is only 
40 percent as much as that for the best soils. Certain soil types 
received an average rating of only 10 for all crops while others 
were rated at 90. The county figure, of course, was influenced not 
only b~· the productivity of the different soils but by their im
portance in terms of acreage. 

For the purposes of this study consideration was given pri
marily to cotton, small grains, corn, and pasture. Each of the 36 
soil types recognized in the county was rated for each of these 
crop uses according to its position in one or the other of the fol
lowing groups : 

Productivity index 

so+ 
60-79 
50-59 
40-49 
20-39 

-20 

Class 

I 
II 

III) 
-III) 
IV 
v 

On the basis of these ratings a map was prepared showing the 
relative productiYity of the soils of the county for each of the four 
crops,-cotton, corn, small grain, pasture. Each map, therefore, 
illustrates graphically the varying productivity of the soils in the 
county for that particular crop. Copies of these maps have already 
been presented to farmers and to county planning groups and their 
significance is generally understood. 

The next step consisted in an effort to delineate areas of homo
genity as to productivity based upon the ratings assigned to the 
soils for the four crops. This was done by superimposing a tracing 
sheet over each soil-crop productivity map and laying off homo
geneous areas of productivity. Each map was overlaid in turn and 
the tentative soil-crop area boundaries delineated on the tracing 
sheet. A different color was used for delineating the different soil
crop areas on the tracing. After all individual delineations had 
been made, the line of "best fit" was drawn which divided the 
land within the county into seven areas. These area delineations 
were checked against the soil map. As was expected they con
form very closely to the major soil classifications since productiv
ity in the first instance was related to soil type and since there is 
a certain similarity in many of the types represented. The areas 
were numbered from I to VII. Area VII is subdivided into groups, 
A, B, C. D, and E by the Aiken county line (Figure 3). 
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A general description of each of these areas is not necessary 
at this time. It will be noted, however, that the largest acreage of 
uniform productivity is included in Area II which embraces more 
than 120,000 acres on about 40 percent of the total land area in 
the county. Area VI contains only about 58,000 acres, or less than 
20 percent of the total land area in the count~-, and is by far the 
most productive. It embraces the towns of Johnston and Trenton 
and is the most thickly populated area. 

LAND CLASS ARE"AS 
IN 

f°OGCFIE:LO COUNTY, 50UTH CAROLINA 

Figure 3.-Land class areas in Edgefield county, South Carolina. 

In order to evaluate the productivity of the several areas for 
farm purposes reliance was placed primarily upon information con
tained in a study of a carefully selected and adequately proven 
''sample'' of farms representing 10 percent of the total in the county. 
The average productivity of land in farms, based upon this sample, 
was somewhat higher than the average for the county as a whole. 
This is to be expected since some of the least productive land in 
the county has been taken out of agriculture through government 
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purchase and otherwise. The data indicate that the farms in Area 

YI are 54 percent more productive than those in the county as a 

whole. This figure compares with a productivity which is 25 per

cent below the average in Area VII and 20 percent below the aver

age in Area Y. 
Preliminary observations indicate that in certain areas there 

is much idle land or land not being used to its maximum efficiency 

which is far more adaptable to the production of particular crops 

than other land now being used for such purposes. At the same 

time these other lands are better suited to other purposes. Par

ticularly in times of emergency it is important to give considera

tion not onlv to the efficient utilization of land on individual farms 

but also to the manner in which entire areas can contribute to. the 

national wellbeing. 

Farmers ' At titudes Towa1tl Certain Agricultural and 
Rural Life Programs 

(David R. Jenkins and M. Taylor Matthewsl) 

A tudy of the attitudes of farmers towards governmental and 

other programs was nndertaken in cooperation with the Division 

of Farm Population and Rural Welfare of the United States De

partment of Agriculture. The study is a part of a larger project 

involving a comprehensive social and economic appraisal of land 

utilization and agricultural adjustment in Edgefield county, South 

Carolina. This particular phase of the larger study has now been 

completed and it is expected that a bulletin reporting the results 

will be issued shortly. Subsequent reports will deal with farm 

organization and management, tax problems, levels of living, local 
government, etc. 

The data were obtained by personal interviews with approxi

mately 10 percent of the farm operators in the county selected by 

means of a "lottery". The sample included 164 farm operators 

and is the same as that used in other Edgefield studies to which 
reference has been made. 

The attitudes of the farmers were sought on 15 topics, as fol
lows: 

1. Allotting farmers a definite acreage for cotton 
and other crops 

2. Planting- winter cover crops on land to be in 
cotton the following spring 

3. Government loans to farmers for seed and crop 
production 

4. Terracing hill,v land to prevent erosion 

!Associate Social Science Analyst, Bureau of Agricultural Economics, 
C. S. Department of Agriculture. 
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5. GoYernment purchase of submarginal land for 
forests 

6. Live-at-home programs 
7. Government loans to help tenant farmers to 

become owners 
8. Government payments for soil-conserving crops 
9. Agricultural (land-use ) planning 

10. School bus transportation 
11. CCC programs 
12. Old age assistance 
13. Tax assessment practices 
14. Transfer, by sale, of cotton allotments 
15. Recreational programs and activities for young 

people in the localL,y 

21 

A condensed summary of certain results of these interviews is 
given in Table 3. The detailed report will show a breakdown of 
the data by tenure classes, income groups, and other ''clusters'' 
into which farm people may be classified. 

Table 3.-Responses by 163 Representative Farmers in Edgefield County, 
South Carolina, to Certain Agricultural and Rural Life Programs, 
(May 1941) 

P I Number of farmers* rogram 
Favorable I Neutral I Unfavorable 

Cotton allotments __________________ J 122 J 7 34 
Winter cover crops -----------------1 127 31 S Seed loans -------------------------- 122 18 23 
Terracing --------------------------- 150 7 6 
Forest purchase---------------------! 87 42 34 
Live-at-home ----------------------- 153 I 9 1 
Tenant loans ----------------------- 110 27 26 
Conservation payments -------------- 141 9 13 
Civilian conservation (CCC) -------- 123 21 19 
O ld-age assistance ------------------ 145 5 13 
Recreational programs -------------- 82 27 54 

*One operator refused the interview. 

As was to have been expected, opinion with respect to cer
tain programs or proposals was colored largely by circumstances 
and by previous knowledge or experience with the subject. It is 
noteworthy, however, that in the case of many programs and prac
tices fai:-mers generally have formed some definite attitude which 
they are willing to express if given an opportunity to do so. Some 
farmers do not approve of certain programs simply because they 
feel that they do not have (or would not have) sufficient voice in 
their execution or because they are not adequately informed as to 
their purpose. 

• 
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The primary purpose of studies as this (in addition to that of 
determining what farmers think) is to discover "patterns" of 
thought common to certain social, economic, and geographical 
groups. Such patterns may then form the basis for more efficient 
programs of education and action. 

AGRICULTURAL ENGINEERING 

The Corrosion of Fencing Materials Attached to 
T11eated Pine Posts':' 

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

In September 1940, a test plot was established at Clemson, 
South Carolina, to determine (1) the life of shortleaf pine fence 
posts when untreated, treated with zinc chloride at the rate of one 
pound per cubic foot, treated with copper sulfate at the rate of 
one pound per cubic foot, and (2) the corrosive effect of the above 
treatments on various fencing materials when the treated posts 
were unseasoned, air-dried for one month, and air-dried for three 
months. 

One hundred and thirty-five shortleaf pine posts, 7 feet long 
and 4 to 8 inches in diameter were cut on August 20, 1940. After 
standing for 24 hours, 45 posts selected at random were clipped on 
the butt end and placed in wooden tubs containing one gallon of 
19.3 percent copper sulfate solution. Solution was added until 
each tub contained two quarts for each cubic foot of post. At the 
end of 72 hours, the posts were removed, the top ends were clipped. 
and replaced in the same tubs from which they were taken. At the 
end of 96 additional hours, all the solution had been absorbed and 
the posts were removed. Forty-five additional posts were treated 
in a similar manner with zinc chloride solution, and the remaining 
45 were left untreated. 

On September 3 and 4, 1940, 15 posts from the untreated 
group and 15 from each of the treated groups were placed in a 
test plot with the butt ends 30 inches in the ground. Woven and 
barbed wire were fastened to these posts with staples on Septem
ber 5. Additional groups of posts, selected in the same manner. 
were placed in the test plot October 4 and 5, and December 17 and 
18. Wire and staples were applied to these groups October 5 and 
December 18, respectively. 

In January 1941, a similar test plot was established at the 
Coast Experiment Station, Summerville, using longleaf pine. 
Treating was started December 18, 1940 and the first posts "·ere 

*The authors are indebted to E. D. Anderson, manager, Agricultural Ex
tension Bureau, Republic Steel Corporation. Chicago, Ill inois, and to Ray 
Crow, engineer, Sales Promotion Division, Tennessee Coal, Iron and Rail
road Company, Birmingham, Alabama, for supplying some of the fencing 
materials used in the experiments. 



Table 4.- Influence of Method of F ence Post Treatment on the Corrosion of Contacting 
Fencing Materials at Clemson, 14 Months After Treating 

Degree of Corrosion 
Posts treated with 

I Unseasoned 

Posts treated with 
Fencing material copper sulfate zinc chloride I Untreated posts 

I Air-dried I Air-d ried I Air-dried I Air-dried Air-dried Air-dried Unseasoned 1 month 3 months I month 3 months Unseasoned I 1 month 13 months I Y, x 9 fence staples 

I electric galvanized Moderate ~I ode rate Slight Slight Slight S!ight None None None I Y, x 9 fence staple;---
dip galvanized Moderate llf oderate Slight Slight Slight Slight None None None 1 ~ x 9 fence s taples 
polished Moderate J\!oderate Moderate Moderate I Y, x 9 fence staples Moderate Moderate Slight Slight Slight 
galv., bakelite coated --· Slight Slight Slight N one None None None None None I Y, x 9 fence staples 
galv., cement coated ____ Slight llI oderate Slight None None None None None None 39"-120: G. woven wire 
electric Jalvanized ----· Slight Slight Slight None None None None None None 39"-121 2 G. woven wire 
dip galvanized Slight Slight Slight None None None None None None 39"-l 1 G. woven wire 
electric galvanized ----· No. 10 barbed wire 

Slight Slight Slight None None None None None None 
electric galvanized ----· 1\[oderate Moderate Slight Slight Slight Slight None None None No. 10 ba,-bed wire 
dip galvanized --------- Moderate Moderate Slil(ht Slight Slight Slight None None None 
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set January 8, 1941. The second group of posts was set February 
14, 1941, while the third group was not included in the plot be
cause of a shortage of fencing materials. 

Table 4 shows the degree of corr osion of the fencing ma
terials at Clemson 14 months after treating. The data presented 
show that corrosion of the fencing materials is more severe on the 
posts treated with copper sulfate than on those treated with zinc 
chloride, and more severe on posts treated with zinc chloride than 
on untreated posts. Corrosion is more severe on the staples than 
on the wire and the polished staples show more corrosion than any 
of the coated staples. Jone of the staples or wire in this plot have 
failed as yet. Observations also show the corrosion of both staples 
and wire to be more severe at the top of the treated posts, prob
ably because of a high concentration of salts there. 

The data from the Coast Experiment Station, presented in 
Table 5, show that corrosion of fencing materials is similar to that 
at Clemson, with 7Y2 percent of the polished staples having failed 
where copper sulfate was used. Here corrosion of both staples and 
wire is more severe at the top of the treated posts and at the 
ground line. This is probabl:v due to a high concentration of salts. 
and to higher moisture conditions at the ground line. 

Jone of the treated posts at either Clemson or the Coast Sta
tion showed insect damage while the untreated posts sho"·ed 
severe damage at Clemson and moderate damage at the Coast Sta
tion. Several untreated posts at Clemson showed dama~e b~- wood
peckers. None of the posts at either location haYe failed as yet. 

T able 5.-Infiuence of Method of Fence Post Treatment on the Corrosion of Contacting 
Fencing Materials at Coast Station, 14 Months After Treating* 

Degree of Corrosion 
Posts treated with I Posts treated with 

Fencing material copper sulfate zinc chloride I l:ntreated posts 

I Air-dried I Air-dried Air-dried 
LTnseasoned I month Unseasoned 1 month Unseasoned! I month 

I Y. x 9 fence staples 
~Ioderate Slight None None 

I 
electric galvanized --------- None None 
I Y. x 9 fence staples 

~Ioderate Moderate rone dip galvanized -----------· None None None 
1 Y. x 9 fence staples 
polished ------------------ Severe** Severe*** ~Ioderate )Ioderate Slight Slight 
I Y. x 9 fence staples 

l\loderate Slight None galv., bakelite coated None None None 
I Y. x 9 fence staples 

Moderate Slight None galv., cement coated None None None 
39"-120 G. woven wire 

Slight Slight None electric galvanized -------- None None None 
39"-12~ G. woven wire 

Slight Slight None None dip galvanized ------------ None None 
39"-11 G. woven wire 
electric galvanized -------- Slight Slight None None None None 
No. 10 barbed wire 

Slight electric galvanized -------- )lode rate Slight None None None 
No. 10 barbed wire 
dip galvanized ------------ Moderate Slight Slight None None None 

*\Vith the cooperation of E. D. Kyzer, superintendent, Coast Experiment Station. 
**S percent failed. 

***IO percent failed. 
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HOME ECONOMICS 

Food Consumption of South Carolina Farm Families 

(Ada M. Moser) 

25 

Food records of South Carolina farm families taken in several 
sections of the state during the last 10 years form the basis for a 
bulletin, now being prepared, that will give a final summary of the 
food studies and also plans for nutritionally adequate diets adapt
ed to foocl habits in different parts of the state. Certain portions 
of this report have provided material for a discussion of home-pro
duced foods eaten by South Carolina farm families, a topic that 
is of special interest at a time when efforts are being made to in
crease production of protective foods as a national defense meas
ure. 

Home-produced Foods and Dietary Patterns Among White 
Families.-Table 6 shows the estimated quantities of foods one per
son would eat in a year according to each of four dietary patterns 
and gives the percentage of each group of foods produced at home 
or secured without direct cash expenditure. These figures are 
based on 85 low-cost and 93 moderate-cost weekly food records 
from white farm families of the Piedmont section and on 113 low
cost and 101 moderate-cost weekly records from white farm fam
ilies in the Lower Coastal Plains. The quantities of food given in 
the table include very little waste, and come close to being amounts 
actually eaten. The ordinary family would use in cooking more 
of such foods as flour, cornmeal, hominy, and fats, but some of the 
cooked products would be left over and fed to animals. 

Protective Fopds.-The term '' protective foods'' refers to 
those most useful in making good the deficiencies of the ordinary 
diet and is generally applied to milk, eggs, vegetables, and fruits. 
Where, as in this state, the diets of low-income families often 
haYe inadequate amounts of good quality proteins it may be de
sirable to classify lean meats, poultry, and fish as protective 
foods also. However, this group of foods is too deficient in 
calcium to take the place of milk as a supplement to the grain 
products. 

The Piedmont families studied not only had more milk in 
their diets than did Lower Coastal Plains families but they pro
duced a larger share of it, 97 per cent as compared with 87 and 
93 per cent. Since milk is the most generally useful of all pro
tective foods, the average Piedmont diet was better in nutritional 
Yalue than the average Coastal Plains diet at the same cost level. 
Low-cost diets in the Coastal Plains had an average of less than 
one pint of milk .per person per day, an amount below good die
tary standards. Much of the milk given in the tables as whole 
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Table 6.-Estimated Average Quantities of Foods per Person per Year Eaten 
by South Carolina Farm Families that Followed Dietary Practices 
Revealed by Four Groups of Weekly Food Records, with the Per
centage of Each Food Produced at Home 

Low-cost Moderate-cost 
diets! diets l 

Foods and food groups Unit I Lower Lower 
Pied- Coastal Pied- Coastal 
mont Plains mont Plains 

\ 

I 
Milk, cheese ( equivalent in liquid I 

whole milk2) -------------- Quarts 272 128 348 I 208 
Butter (in excess of milk fat 

I above) --------------------- Pounds 5 3 11 12 
Egg s -------------------------- Dozen 11.7 11.3 17.5 18.0 
Dried peas, beans, peanuts, nuts_ Pounds 14.2 13.5 15.2 I 8.2 
Potatoes, Irish and sweet_ ______ Pounds 99 105 100 I 110 
Leafy, green and yellow I 

vegetables ----------------- Pounds 78 62 84 I 84 
Tomatoes and citrus fruits ______ Pounds 18 31 44 I 60 
Other vegetables --------------- Pounds 40 37 73 I 59 
Other fruits ------------------- Pounds 109 98 182 I 172 
Lean meats, poultry, fish ------- Pounds 52 88 80 150 
Grain products ----------------- Pounds 234 245 238 I 218 
Fats other than butter ---------- Pounds 38 47 

I 
43 I 45 

Sugar, syrups, sweets3 --------- Pounds 57 57 71 75 
Percentage produced at home4 

Milk ------------------------------------ 97 87 97 I 93 
Butter ---------------------------------- 100 93 99 I 82 
Eggs ----------------------------------- 100 99 99 79 
Dried peas, beans, peanuts, and nuts ------ 92 69 82 I 63 
Potatoes -------------------------------- 97 92 93 I 95 
Leafy, g reen and yellow vegetables ________ 96 81 95 I 89 
Tomatoes and citrus fruits --------------- 79 70 71 I 33 
Other veg etables ------------------------ 99 92 97 I 85 
Other fruits ----------------------------- 90 74 87 I 6-J. 
Lean meats, poultry, fish ----------------- 87 75 87 I 6-J. 
Grain products -------------------------- 41 23 

l 
51 15 

Fats other than butter ------------------- 43 54 41 I 47 
Sugars ---------------------------------- 27 23 22 I 14 

1Low-cost diets had money values per person per week of less than $1.80 ; 
moderate-cost diets, $1.80 or more. "Money value" here represents the aver
age price level of 1935 to 1939, and includes cost of purchased foods and the 
money value of home-produced foods. The prices given to home-produced 
foods were based on what families would have to pay if they bought them. 
· 2Cheese and canned milk were converted into their equivalents in fresh 
liquid milk. 

30ne pound of syrup, honey, preserves, jams, or jellies was regarded as 
equal in energy value to approximately two-thirds pound of sugar. 

4Home-produced foods included all foods for which no direct cash ex
penditures were made. 

milk was actually used as buttermilk (or skim milk) and butter ; 
therefore the amounts of butter eaten were greater than is in
dicated by the figures in Table 6. 
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Except in Coastal Plains moderate-cost diets almost all the 
eggs were produced at home. In low-cost diets the average 
quantity eaten was only two to three per person per week and 
in moderate-cost diets about four. Greater production and use 
of eggs would improve average diets in both sections. 

In both Piedmont and Lower Coastal Plains groups, over 90 
percent of the potatoes and over 80 percent of other fresh vegeta
bles were produced at home. In the average moderate-cost Coastal 
Plains diet, which contained fair amounts of citrus fruits, only 
33 percent of the food class, tomatoes and citrus fruits, was 
home-produced; in the other groups 70 per cent or more of the 
total consisted of tomatoes produced at home. Low-cost diets 
had much smaller quantities of tomatoes and citrus fruits than 
nutrition authorities advise for good diets; the supply could well 
be increased at small cost by raising and canning more tomatoes 
for winter use. Piedmont families produced an average of 87 to 
90 percent of their fruits ( other than citrus fruits) and they 
canned and dried a fairly good supply for the winter. In the 
Lower Coastal Plains, where fruits are not as easily grown as in 
the Piedmont, families bought one-third or more of the fruit they 
used. 

Piedmont families produced, or secured without direct cash 
expenditure, 87 percent of the lean meats, poultry, and fish they 
ate, while Coastal Plains families produced 75 and 64 percent for 
low-cost and moderate-cost diets respectively. They had greater 
amounts of lean meats, poultry, and fish in a year than · did the 
aYerage Piedmont family; if part of it had been sold and the 
money spent for milk and cheese, a better balanced diet would 
haYe resulted. 

Grain Products, Fats, and Sugars.- Grain products, fats, 
fatty foods, and sugars are the most important sources of food 
energy or calories, but alone they do not provide sufficient high 
quality building and regulating materials for the maintenance of 
health. Whole grain products, such as whole-wheat flour and 
unbolted cornmeal, have good iron and vitamin values, butter 
carries vitamin A, and the sorghum and sugarcane syrups locally 
produced are sources of iron especially useful in the low-cost diet. 
In general it appears that families in both sections bought half 
or more of their grain products, fats, and sugars. Unbolted corn
meal produced at home was the only whole grain product used 
to any great extent. 

Nutritive and Money Value ,of Home-produced Foods.-While 
45 to 64 percent of the calories of these four groups of diets 
was derived from foods produced at home, 90 percent or more 
of the vitamin A value, 79 percent or more of the vitamin B 1 , 
70 percent or more of the vitamin C, and 82 percent or more of 
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the riboflavin came from foods produced at home. In Piedmont 
diets oyer 80 percent of the calcium and iron and OYer 70 per
cent of the protein were from home-produced foods, (See Table 
7). It is clear that foods produced at home proYided a larger 
portion of the mineral and vitamin supply than of calorie;;;. This 
bears out the observation that the protectiYe foods ,nre Yery 
largely produced at home. 

Table 7.-Percentage of Certain Nutritive Essentials Derived from Home
produced Foods in Four Groups of White Farm Family Diets 

Nutritive essential s 
I 

Low-cost dietsl 

I 
Lower 

Piedmont Coastal 
Plains 

I Percent Percent 
Calories ----------------------1 60 47 
Protein ---------------------- 72 57 
Calcium ---------------------- 85 55 
Phosphorus ------------------ 75 48 
Iron ------------------------- 82 69 
Vitamin A value -------------- 99 96 
Vitamin B1 (thiamin) -------- 85 82 
Vitamin c -------------------- 94 81 
Riboflavin (vitamin G) --- ----- 95 88 

lSee footnote 1, Table 6. 

I 
11Ioderate-cost dietsl 

Lower 
Piedmont Coastal 

Plains 
Percent Percent 

64 45 
77 57 
90 70 
81 56 
82 64 
96 90 
87 79 
88 71 
95 82 

Table 8 shows the estimated quantities of Yarious home
produced foods a family of five would eat in a year when follow
ing each of four dietary patterns, and giYes the approximate 
money value of these foods. The prices used in calculating the 
money value of foods produced at home were so far as possible 
what families would have had to pay in the nearest village or 
small town when buying foods of like quality. For example, 
milk was valued by the gallon in bulk, not as bottled milk de
livered to the door in cities. When on a low-cost diet like the 
aYerage of those studied, the Piedmont family of five would have 
had home-produced foods in a year worth $308 at the ayerage 
level of food prices in the period 1935 to 1939, while on a 
moderate-cost diet the home-produced food would have been 
worth $462 (82 and 84 percent respectively of the total money 
value of foods eaten). On a similar basis the Lower Coastal Plains 
family of five on a low-cost diet would haYe had home-produced 
foods with a yearly value of $253, or 68 percent of the total money 
value of foods eaten, and on a moderate-cost diet food worth 
$385, or 64 percent of the total. 

It is true that the families could not haYe sold all the farm 
products they ate to yield the amounts of additional income sug 
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gested by the dollar values given above, but for their own health 
these foods were certainly ''worth'' as much as similar foods 
bought by town families. In fact, most of these families would 
not have had foods such as fresh milk and vegetables if they 
had not produced them. 

Table 8.-Quantities of Home-produced Foods for a Family of F ive in a 
Year Estimated from Four Groups of White Farm F amily W eekly 
Food Records 

Low-cost Moderate-cost 
dietsl dietsl 

Foods and food groups Unit I Lower I Lower Pied- Coastal Pied- Coastal 
mont Plains mont Plains 

I 
Milk, who!, -----------------) Gallons 331 140 420 I 243 
Butter (in excess of fat in I whole milk) _____________ Pounds 24 13 56 I 48 
Eggs ------------------------ Dozens 58 56 87 I 95 
Dried peas, beans ____________ Pounds 28 7 32 l s 
Nuts (in shell) ___ ____ ________ Pounds 37 40 31 I 21 
Irish potatoes --------------- Bushels 2 2 3 I 3 
Sweet potatoes -------------- Bushels 7 7 6 I 7 
Leafy, green and yellow 

I 
I 

vegetables --------------- Pounds 375 255 400 I 375 
Tomatoes ------------------- Pounds 72 111 158 

1 
100 

Other vegetables ------------- Pounds 200 175 

I 
360 250 

Melons ---------------------- Pounds 185 185 290 I 350 
Other fruits ------------------ Pounds 310 179 510 I 200 
Lean pork------------------- Pounds 145 215 175 I 255 
Other meats, poultry, game ___ Pounds 80 I 95 165 I 175 
Fish, seafood ---------------- Pounds s 27 13 I SS 
Wheat flour ----------------- Pounds · 121 12 304 I 26 
Cornmeal and hominy _______ Pounds 366 258 300 I 114 
Other cereals (rice) ---------- Pounds - --- 11 I 18 
Lard, fat pork --------------- Pounds 83 127 89 I 105 
Syrups, honey --------------- Gallons 8 7 s I s 
Preserves, jam, jelly --------- Quarts 11 8 21 l 10 

----
Approximate money value of home-pro- I 

duced foods at 1935-1939 price leveL_ $308 $253 $462 $385 
Percent of total money value ___________ , 82 68 84 64 

lSee footnote 1, Table 6. 

Dietary Practices of N egr,o Families 

Use of foods by the Negro families studied resembled that 
of white families with low-cost diets in the same section of the 
state . H owever , the average Negro family diet contained some
what less milk and much smaller quantities of eggs, tomatoes, 
citrus fruits, and other fruits; on the other hand, it had greater 
quantities of fats and grain products, especially of home-pr0duced 
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cornmeal and hominy anu, in the low country, more rice. The 
protective foods best supplied were home-grown s"·eet potatoes 
and green leafy vegetables. In the Lower Coastal Plains good 
use was made of fish and seafoods that were obtained without 
direct cash expenditure. Like white families in this section, 
K egro families over-emphasized meats and had too little milk, 
and as a result they often lacked even a fair supply of calcium. 
In both Piedmont and Coastal Plains Negro families produced on 
the farm a large share of their protective foods but the amounts 
were often inadequate. Since the K egro groups contained a large 
proportion of share-croppers and other tenants and Negro owners 
often had small farms on poor land, the opportunities for pro
duction of protective foods, especially of livestock products, were 
often very limited. 

The Utilization of Research 

(Mary E. F rayser) 

The utilization of research information, particularly that re
lated to social and economic conditions in South Carolina, has 
been encouraged and facilitated by contacts with several organi
zations including the South Carolina Council for the Common 
Good, the Federation of Women's Clubs, the State Interracial 
Institutes, Community Forums, the State Library Association, and 
others. 

Councils for the Common Good have been organized with the 
help of the Department of Home Economics Research in 25 coun
ties. These councils plan to study the vital needs of their res
pective counties as revealed by research data and other informa
tion. Following the study attempts will be made to alleviate the 
undesirable conditions existing. Reports indicate that special 
attention will be giYen to health problems with emphasis upon 
proper nutrition. 

Through the various women's clubs a special effort has been 
made to interest the women of the state in the general economic 
and social conditions of the state as brought out through in
vestigations made by the experiment station. As a result of this 
effort, there seems to be a growing awareness on the part of 
many women that their communities are not meeting their res
ponsibilities as they should. In view of the willingness of women 
in many communities to scratch below the surface and act in the 
light of the facts revealed, as has been demonstrated by their 
securing playgrounds, spend-the-day camps, milk funds and nutri
tion camps. in such counties as Hampton, Jasper, Kershaw and 
Allendale. it is felt that these studies of local problems will be 
ver:v much worthwhile. 
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Other Projects 

(Ada M. Moser) 
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A study of the year-around food supply of 136 rural families 
in Pickens county is now being analyzed and the results will be 
interpreted in the light of farm management data secured from 
the same area by the Agricultural Economics Department. 

Information is also being obtained on the food habits, nutri
tional status, and growth of children in two rural elementary 
schools, in one of which a good school lunch is provided. The 
cooperation of the state and county departments of public health, 
of the state vVPA school lunch project, and of the Department 
of Chemistry of the Experiment Station is making this study 
possible. 

·Cooperative Community Projects 

(Mary E. Frayser) 

In the autumn of 1940 it was decided that a study of succes,,
ful community projects of different kinds in operation in the 
various sections of the state might provide information which 
would be of Yalue to other communities desiring to initiate worth
while community activities. Emphasis has frequently been laid 
upon certain regrettable conditions existing in South Carolina. 
On the other side of the ledger there has been much progressive 
community effort meriting the commendation of the citizens of 
the state. It is believed that measures for the improvement of 
health, education, public welfare, recreation, municipal an<l 
count~- government, and other social and economic conditions 
should be given wider recognition and thus perhaps induce man~
more communities to adopt objectiYes and adapt methods "·hich 
have proven worthwhile elsewhere in the study and improve
ment of local conditions. 

In order to determine the extent and character of successful 
community improvement projects, a survey has been made of such 
projects, using the questionnaire method. Ten citizens identified 
with community improvement work in each county have been 
contacted and have furnished information relative to such activi
ties in their communities. Only projects involving cooperative 
community effort have been studied. Activities supported en
tirely by governmental agencies have not been included. The 
various projects have been classified, and the information is being
checked carefully through visits or letters with a view to publi
cation. 



32 SOuTH CAROLIX.\ EXPERJ:\IEX'l' STATIOX 

FIELD CROPS AND FERTILIZERS 

Field Crops 

(G. B. Killinger ) 

As has been the policy in the past, this station continued the 
planting of new and old yarieties of various field crops for com
parison as to adaptation and yield. 

Final yields were somewhat lower on all crops grown in these 
trials than in previous years, with the exception of grain sor
ghums. These low yields haYe been attributed to the early spring 
drought and intermittant seYere droughts throughout the season. 
Grain sorghum, being a drought-resistant crop, produced yields 
somewhat aboYe a.-erage, probably because of the absence of all 
molds and rot in the seed head. 

Wheat 

The wheat reported in these trials was planted in late October 
and fertilized at planting time with approximately 300 pounds of 
a 5-10-5 fertilizer. On February 20, 1941 a 100-pound top
dressing of nitrate of soda was applied. Extreme dry weather 
through April and May caused considerable blasting with a re
sulting lowering of yields. The Cecil sandy clay loam soil on which 
these trials were conducted is considered to be of average fertility 
and drought resistibility. The probable error of the mean has 

Table 9.-Wheat Variety Test, 1941 

Variety Source 

Red May --------------------------· T. W. \V ood & Sons ________ _ 
Red Hart St. 5 --------------------· Coker's Pedigreed Seed Co. __ 
Purple Straw Wheat ---------------- T. W. Wood & Sons ________ _ 
Marett's Boggs Pedigreed 

Purple Straw St. 3 _____________ _ Marett's Farm & Seed Co ___ _ 
Marett's Sanett --------------------· Marett's Farm & Seed Co. __ _ 
New Gasta ------------------------· H. G. Hastings Seed Co. ____ _ 
Sanford ---------------------------· Georgia Experiment Station 

& H. G. Hastings Seed Co. __ _ 
Marett's Semi Rust. Res. St. 4 ________ Uarett's Farm & Seed Co. __ _ 
Frondosa --------------------------· Coker's Pedigreed Seed Co. __ 
Hardired --------------------------· Coker's Pedigreed Seed Co. __ 
Certified Leaps Prolific -------------- T. W. Wood & Sons _______ _ 
Tennessee No. 2 -------------------· Tenn. Experiment Station ___ _ 
V. P. I. 131 ------------------------· T. W. Wood & Sons ________ _ 
Tennessee 612 ---------------------- Tenn. Experiment Station ___ _ 
\,Vood's Forward ------------------- · T. VI/. \Vood & Sons _______ _ 
Clemson Blue Straw (check) __________ S. C. Experiment Station ___ _ 

I 
t~1

:e:~ I Probable 
per acre error 

34.8 11 

34.2 
31.4 

29.4 
29.3 
28.8 

27.8 
26.9 
26.5 
24.3 
24.2 
23.1 
21.5 
21.4 
20.5 
33.9 

I 

I 
I 
I 

! 
I 
I 
I 

±1.72 
±1.44 
±1.30 

±1.79 
±1.19 
±1.93 

±1.33 
±1.69 
±1.53 
±0.76 
±1.53 
±1.28 
±1.51 
±1.12 
±0.62 
±1.31 
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1.72 
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:1.30 

:1.79 
:1.19 
:1.93 

:1.33 
:1.69 
:1.53 
:0.76 
:1.53 
:1.28 
:1.51 
:1.12 
:0.62 
:1.31 
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been calculated by Bessel's Formula on the final yields and all 
wheat yield data reported in Table 9. 

As may be noted from Table 9, several new varieties of wheat 
we1·e entered in the trials for the first time, namely, Marett's 
Sanett, Coker 's Frondosa, and Hardired. There was no evidence 
of winter-killing for any of the varieties on trial. 

Oats 

Twenty-two varieties of oats were entered in the oat variety 
trials, the seed coming from six: sources. Yields "·ere somewhat 
lower than usual for all varieties, with some suffering more than 
others from the spring drought. The late-maturing varieties, 
Tennessee 092 (to be known as "Forked Deer" in the future), 
Fulwin, Lee Cold Proof, and Tennex, led all other varieties in 
yield. All varieties showed a large amount of head blasting due 
to the hot dry weather. Table 10 gives the Yarieties on trial 
with their source of seed and yield of oats. All Yarieties were 
replicated 10 times in rod rows, one foot between rows. The 
yields given are averages from the 10 replications. 

Table 10.-0at Variety Test, 1941 

Variety Source 

I 
Tennessee 092 ______________________ ,Tenn. Experiment Station __ [ 
F ulwin ----------------------------- Tenn. Experiment Station __ [ 
Lee Cold Proof --------------------- T. W. Wood & Sons ______ [ 
Te1111ex ----------------------------- Tenn. Experiment Station __ [ 
1Iarett's Pedigreed Winter ---------- I 

Resistant St. 34-11-19 ------------- Marett's Farm & Seed Co.-/ 
Marett's Fulghum St. 11-15 __________ Marett's Farm & Seed Co._ 
Hastings' 100 Bushel ----------------- H. G. Hastings Seed Co. ___ [ 
Marett's Pedigreed Red Oats St. 13-34 Marett's Farm & Seed Co._[ 
Coker's 40-38 ______________________ _\ Coker's Pedigreed Seed Co.I 
Fulghum --------------------------- T. W. Wood & Sons ______ [ 
Fulgrain ---------------------------- T. W. Wood & Sons ______ [ 
Coker's Stanton --------------------- Coker's Pedigreed Seed Co.[ 
Fulgrain St. 3 ----------------------- Coker's Pedigreed Seed Co.[ 
Marett's Fulghum St. 34-4-20 -------- Marett's Farm & Seed Co._[ 
Fulgrain St. 4 ---------------------- Coker's Pedigreed Seed Co.I 
Victorgrain ------------------------- Coker's Pedigreed Seed Co.I 
Coker's -10-1 ------------------------ Coker's Pedigreed Seed Co.I 
Winter Turf ------------------------ T. W. Wood & Sons ______ [ 
Coker's 40-47 ----------------------- Coker's Pedigreed Seed Co.I 
Coker's 40-33 ----------------------- Coker's Pedigreed Seed Co.[ 
Coker's 40-6 ------------------------ Coker's Pedigreed Seed Co.I 
C. A. C. Fulghum (check) ____________ S. C. Experiment Station __ [ 

Yield in 
bushels 
per acre 

84.6 
83.6 
76.3 
73.6 

71.6 
68.7 
67.8 
64.1 
63.9 
62.6 
60.4 
59.9 
58.1 
52.3 
51.5 
44.9 
44.0 
39.7 
29.0 
28.5 
27.8 
62.3 
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Barley 

Table 11 shows the yield of various varieties of barleys on 
trial at this station. The past decade has seen a large increase 
in the acreage of barley grown in South Carolina, particularly 
in the Piedmont. Barley has been termed by many including 
livestock feeders as a worthy substitute for corn and is often 
called "winter corn". Past records from this station indicate 
that barley is easier to grow and less of a risk than corn on 
upland soils. Most growers in this section prefer the Awnless, 
Beardless, or Hooded varieties, and it was toward this end that 
a rather extensive barley breeding program was started three 
years ago at this station. In the past the bearded varieties have 
held a slight edge in yield over the beardless varieties, but of 
late some of the beardless strains have equaled and passed the 
old rough-bearded strains. 

Table 11.-Barley Experiment, 1941 

Variety Source 

I 
Marett's Pedigreed Awnless St. 58 ___ Marett's Farm & Seed Co,_J 
Marett's Pedigreed Beardless St. 4 ___ Marett's Farm & Seed Co._l 
Bearded Barley No. 3 ________________ T. W. Wood & Sons _____ _ 
Beardless Barley --------------------T. W. Wood & Sons _____ _ 
Marett's Pedigreed Awnless St. L ____ Marett's Farm & Seed Co._J 
No Barb --------------------------- T. W. Wood & Sons------1 
SA Barley B 5-9 (S) ________________ 

1

Tenn. Experiment Station __ 
Clemson Hooded ------------------- S. C. Experiment Station __ f 
Clemson Awnless __________________ J S. C. Experiment Station __ 

Rye 

Yield in 
bushels 
per acre 

67.7 
53.8 
45.2 
44.9 
44.6 
41.7 
34.9 
57.4 
43.2 

Rye has never been a major crop 111 South Carolina, although 
fair to high yields can be obtained on average to good fertile 
soils. Table 12 gives the yields of rye obtained at this station 
for the 1941 season. As has been found in the past, Abruzzi 
rye is the only variety suitable in this state for a high yield of 

Table 12.-Rye Variety Test, 1941 

Variety Source 

I 
Certified Abruzzi -------------------- T. W. Wood & Sons ______ J 
Super Abruzzi ---------------------- T. W. Wood & Sons ______ , 
Rosen ------------------------------ T. W. Wood & Sons _____ _ 
Balbo ------------------------------ Tenn. Experiment Station __ J 

Yield in 
bushels 
per acre 

43.6 
32.8 
21.3 
13.4 
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grain and is very satisfactory as a cover crop as well as a green 
manure crop. 

Figure 4.-Growth of rye on variety plots at the South Carolina Experi
ment Station taken on April 4. 

Grain Sorghums 

Grain sorghums liaYe been included in a variety trial at the 
station farm for a number of years. This crop has given con
sistently high yields. The 1941 yields are summarized in Table 
13. Hegari, Blackhull, and Sagrain haye the highest average 
yield of grain for a period of years; howeYer, when both grain 
and stover are harvested, Atlas and Honey Drip Cane must be 
given consideration. Of the latter two sorghums Atlas is much 
earlier and always matures seed while the Honey Drip may fail 
in seed production during some seasons. Past performance rec
ords would place Hegari as the most satisfactory grain crop at 
this time. As has long been known, sorghums have the ability 
to withstand droughts without serious loss in seed production. 
Perhaps the greatest risk in the growing of this crop is the chance 
for a wet fall which might allow the seed heads to mold and 
rot; however, to date this has not occurred at the Clemson station. 
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Table 13.-Grain Sorghum Variety Test, 1941 

Variety Source 

I 
Pink 3100 -------------------------- Kansas State College ______ ! 
Honey Drip Cane ------------------ R. E. Lambert & Sons _____ [ 
Hegari ----------------------------- R. E. Lambert & Sons _____ j 
Red 3099 --------------------------- Kansas State College _____ _ 
Blackhull 8097 ---------------------- Kansas State College ______ [ 
Sagrain ---------------------------- R. E. Lambert & Sons-----1 
Atlas 8106 -------------------------- Kansas State College ______ 

1 
Kaffir ------------------------------ R. E. Lambert & Sons ____ _ 
Club 3095 -------------------------- Kansas State College _____ _ 
Kansas Orange 8107 ---------------- Kansas State College ______ ! 
Feterita ---------------------------- R. E. Lambert & Sons-----1 

Planted May 10, 1941; harvested October 22, 1941. 
Fertilized with 300 pounds of a 5-10-5 fertilizer. 
Four replications, 1/ 40 acre plots. 

Summary of Cooperative Potash Project No. 10 fr.om 
Four Farms in the Piedmont of South Carolina 

(G. B. Killinger) 

Yield in 
bushels 
per acre 

57.5 
50.3 
49.0 
48.8 
48.3 
48.0 
42.8 
41.4 
32.5 
27.6 
24.6 

Cooperative Potash Project No. 10 is an experiment designed 
to indicate the response of cotton to time and rate of potash appli
cation on various soil types and conditions. These experiments 
were carried to completion during the 1941 season on four farms, 
with the results summarized in Table 14. Duplicate plots, 1/ 20 
acre in size, were used for the various treatments, with check plots 
receiving a standard rate of fertilizer placed beside each potash 
variable plot. A complete fertilizer was used throughout the ex
periment, with the exception of the two no-potash plots, at the 
rate of 600 pounds per acre of a 7.5-10-0 (N-P-K). The rate of 
potash for each treatment is indicated in Table 14. The fertilizer 
ingredients were composed of the following: nitrogen, one-third from 
cottonseed meal, one-third from ammonium sulfate, and one-third 
from Calnitro; phosphorus, all from 20 percent superphosphate; 
potash, all from 50 percent muriate of potash. The cottonseed meal, 
ammonium sulfate, and superphosphate were all applied under the 
crop and the potash was applied as indicated in the table, while the 
Calnitro was applied as a side-dressing at chopping time. Three of 
the four farms under treatment gave very significant increases in 
yield of seed cotton for all rates of potash applied, while the fourth 
farm gave a negative response. Indications were that the late emer
gence of the cotton plants in the spring plus a wet July and a dry 
August and September materially affected the cotton yields as well 
as the response to potash. 

Of the various rates of potash applied, the 30 pounds per acre of 
K 2 0 treatment gave a 9.1-pouncl increase of seed cotton for each 
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Table 14.-Results of Cooperative Potash Project N o. 10, 1941 

Increase Increase OYer Pounds Yield in Increase of seed no potash of pounds Average over 
I cotton 

potash Time of application seed for each preceding 
Pounds I 

for each 
applied cotton rate similar Per- pound of 

p_eracre treatment cent potash --- -- -- - --- - -

None I ____________________ _\ 812 \ 812 \ I --- I --- I 
15 

30 

45 

60 

75 

All before planting ___ 928 I 
1h before planting I 1h at chopping _______ 953 936 124 124 15.3 I 8.3 
All at chopping _____ 926 I 
All before planting 

I 
I (checks) ________ 1083 

All before planting ___ 1098 
1h before planting 

I 
1h at chopping _______ 1096 1085 149 273 33.6 9.1 
All at chopping _____ 1063 
All before planting ___ 1201 

I 1h before planting 
1h at chopping _______ 1170 1185 100 373 45.9 8.3 
All at chopping _____ 1184 
All before planting ___ 1097 

I 
1h before planting 
1h at chopping _______ 1080 1076 -109 264 32.5 4.4 
All at chopping _____ 1052 I 
All before planting ___ 1040 
1h before planting 
1h at chopping _______ 12-l2 1168 92 356 43.8 4.7 
All at chopping _____ 1221 

pound of K 20, the 60-pound rate increasing the seed cotton yield by 
4.4 pounds per pound of K 20 . Time of potash application, whether all 
was applied under the crop, half under and half to the side, or all to 
the side at chopping time, seemed insignificant for the year's results. 

Rye Versus Austrian Winter Peas as Cover ·Crop 
(W.R. Paden) 

It is generally recognized that Austrian winter peas are not as 
easily grown for cover crops as rye or vetch or a combination of rye 
and vetch, bttt under suitable soil and weather conditions Austrian 
peas may be grown very profitably. The amount of nitrogen added 
to the soil from a good crop of winter legumes may be sufficient to 
reduce greatly the nitrogen requirement to be applied in the form of 
commercial fertilizers. Austrian peas make their best growth on 
limed soil having a pH value of 6.0 to 6.5. They should be seeded 
immediately after the last picking of cotton in the Piedmont area 
and preferably not later than the middle of October in order to make 
good growth before cold weather. 
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The comparative effect in response in yields of seed cotton 
grown on Cecil sanely loam under different fertilizer treatments 
from rye and Austrian peas and the difference in nitrogen content 
of the soil after 13 years of continuous cropping is shown in Table 
15. 'l'his experiment is being conducted on 1/ 400-acre plots each 
surrounded by concrete frames which eliminate any loss of soil by 
erosion. The cover crops were seeded at the rates of one and one
half bushels per acre. The first seeding of Austrian peas in 1928 
was inoculated with a commercial inoculant. Each year observa
tions haye shown that the roots are well coYered with nodules and 
have not shown any need for further inoculation where the crop 
has been grown continuously as in this experiment. 

The average yield of seed cotton obtained from the unfertilized 
plot growing the winter cover crop of Austrian peas is 72.1 per
cent greater than from the corresponding rye plot. The annual ap
plication of phosphorus and potash has produced the same yield of 
cotton as on the unfertilized plot but is 64.3 percent greater than 
has been obtained from the similarly treated rye plot. The plot 
which receives the complete fertilizer bas produced a 28.7 percent 
higher yield than has been obtained from rye, although an increase 
in yield equivalent to 39.2 percent was obtained from the applica
tion of nitrogen in the complete fertilizer (N-P-K) over the yield 
from the application of phosphorus and potash (P-K) alone. It 
may also be seen that the yields obtained from Austrian peas with 
an application of one-half the amount of nitrogen (0 N), or 12 
pounds per acre, and from the full amount of nitrogen (N), or 24 
pounds, are only 5.1 and 9.1 percent greater respectively than 
where no additional nitrogen fertilizer was applied. 

The pH values of the soils are slightly lower than the optimum 
for Austrian peas. A slightly more favorable reaction possibly 

Table 15.-Yields of Seed Cotton and Nitrogen Content of Soil Following Rye Versus 
Austrian Winter Peas as Cover Crops (1928-1940) 

Rye 
Fertili zer r 
treatment Nitrogen 

pH content 
-·--··- of soil 

I 
I Percent 

None ----------1 5.80 .0405 
P -K ---------- -! 5.87 .0362 
Y, N-P-K --- ---/ 
N-P-K -------- 6.10 .0450 
~~~~~~~~~~~ 

Winter cover crop 

Averag e 
yield of 

seed 
cotton 

Pounds 
per acre 

1350 
1414 

1969 

pH 

5.85 
5.85 
5.72 
5.82 

Austrian peas 

Nitrogen 
content 
of soil 

Percent 
.0425 
.0460 
.0487 
.0495 

Yield of 
seed 

cotton 

Pounds 
per acre 

2324 
2324 
2443 
2536 

Percent-
age 

increase 
in yield 

from 
peas 

72.1 
64.3 

28.7 

N derived from sodium nitrate, applied at rate of 24 pounds per acre ( 0 N = 12 lbs), 
P from superphosphate at 48 pounds and K from muriate of potash at 24 pounds. 
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would have made a somewhat greater growth response of the peas 
and resulted in a more favorable influence on the cotton crop. 

The nitrogen content of the soil after the 13 years' continuous 
treatment does not show any great differences. 'l'he Austrian pea 
plots, however, show slightly higher percentages of nitrogen than 
the rye plots. The percentage of nitrogen in the unfertilized plots 
is about the same from each cover crop but the plots which receive 
the annual application of phosphorus and potash show a difference 
in favor of Austrian peas as shown by .0362 and .0460 percent for 
the two crops respectively. 

The data serYe to show that good soil treatment favorable for 
growing a coyer crop of winter legumes, such as Austrian peas, 
may be a ver.'- profitable farm practice from the standpoint of in
creased crop yields and maintenance of soil fertilit.'' · 

Nutrients Required for Crimson Clover 

(Frank Moser) 

Studies on the nutritional requirements of crimson clover were 
initiated in 1939 to obtain the effect of pH levels and phosphorus 
supply on growth. Replicated plots were established on a Cecil 
sanely clay loam soil by adding varying amounts of either sulfur 
or dolomitic l imestone to adjust the reaction to definite pH values 
between 4.0 and 7.5, while the phosphorus supply was controlled 
by additions of superphosphate. The observations to date on this 
experiment indicate that cr imson clover is most responsive to the 
higher phosphate leYels and is best adapted to sanely soils having 
pH values of 6.0 to 6.25. 

F igure 5.-Growth of crimson clover as affected by different amounts 
of available phosphate at pH values from 4.5 to 7.5. Treat
ments and yield as indicated in Table 16. 

Supplemental studies were conducted in the greenhouse on soil 
from representative plots to note the effect of treatment on avail
able calcium, phosphorus, and pH levels. The results are sum
marized in Table 16 and are illustrated in Figure 5. The yield of 
crimson clover was increased from 26.6 grams per pot to 42.3 
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grams by adjusting pH values of the soil from 4.0 to 6.5. How

ever, "·ith the rise in pH the available calcium increased from 850 

to 1750 pounds per acre, indicating that calcium is an essential 

nutrient for growth. The amount of soil calcium is also associated 

with the phosphorus supply, since at low calcium levels low 

amounts of ayailable phosphorus prevailed, while the presence of 

1750 pounds per acre of available calcium resulted in larger 

amounts of aYailable phosphorus in the soil. The yields of crimson 

cloYer show that the increased soil calcium was beneficial as higher 

relatiYe Yields were obtained from the additional calcium than 

from the. higher amounts of phosphorus at respective pH leYels. 

Thus, calcium appears to be the controlling factor rather than 

pH, except at such low pH values as 4.0 or below, where the 

acidity causes a physiological breakdown of the plant. 

Table 16.-The Effect of Varied pH Values on Available Calcium, Phos

phorus, and Growth of Crimson Clover, Greenhouse Pot Experi

ment 

Available Available Yields 

Pot calcium phosphorus 
No. pH Value 

I 
Pounds Pounds Grams Relative 
per acre per acre per pot 

I 
I 

1 4.0 - 4.5 850 20 26.6 I 100 

2 4.0 - 4.5 870 

I 
40 29.5 I 111 

3 5.0 - 5.5 1000 30 34.3 I 129 

4 5.0 - 5.5 1056 70 40.4 I 152 

5 6.0 - 6.5 1750 35 42.3 I 159 

6 6.0 - 6.5 1792 70 53.0 l 199 

7 7.0 & above 1900 40 36.9 I 139 

8 7.0 & above 2000 80 41.5 I 156 

Conservation of Soil Through The Proper Utilization of 
Organic Matter':' 

(T. C. Peele) 

The beneficial effects on crop yields of frequent additions of 

organic matter to soil through crop rotation, green manure crops, 

and barnyard manure have long been recognized. The addition of 

organic matter to soil has been advocated for seYeral years as a 

means of decreasing runoff and erosion, but experimental eYidence 

showing that the method by which the organic matter is added to 

the soil makes an enormous difference in its Yalue for soil conser

vation is comparatiye]y new. Preliminary data, presented in the 

annual reports of this station for 1939 and 1940, showed that 

*In cooperation with the Soil Conservation Service. 
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organic matter applied on the soil surface is much more effective 
in reducing runoff and erosion than organic matter incorporated 
with the soil. The data secured from this study are giYen in Table 
17. 

Table 17.-Effect on Runoff and Erosion of Organic Matter Incorporated 
with the Soil and Applied on the Surface as a Mulch, Cecil Sandy 

Loam Soil 

Treatments 
Fallow, Plant material* Plant material* 

Rainfall 
no organ ic incorpornted spread on the soil 

Date matter added with the soil surface as a mulch 

Runoff I Soil loss 
per acre 

Runoff I Soil loss 
per acre 

Runoff I Soil loss 
per acre 

1939 Inches l'ercentl Pounds \ Percent Pounds Percent! Pounds 
Aug. 23-3L_ 1.47 30.1 2578 22.9 1390 IA I 36 
September - 0.78 1.8 3 

I 
1.8 2 1.5 

I 
2 

October --- 0.86 38.5 1491 22.7 432 1.2 83 
November - 0.42 0 0 

I 
0 0 0 

I 
0 

December __ 3.81 27.1 731 21.9 307 1.9 9 
1940 _ __i I I I l January 3.57 32.1 1194 24.6 493 1.7 ! 6 
February -- 4.60 44.3 2098 

! 
34.3 975 2.2 32 March _____ 6.19 52.9 12742 45.2 I 6606 3.6 I 210 

April ------ 2.12 23.4 2528 20.6 1514 1.6 I 14 May _______ 3.29 28.0 1921 -1.8 187 0 i 0 
June ------- 2.45 33.1 5263 14.1 1137 0 I 0 
July ------- 7.70 72.7 56115 66.5 35074 8.1 329 
August 14.38 67.8 48078 63.2 36635 8.0 514 
September - 0.12 0 0 0 0 0 0 
October --- 0.92 54.0 1380 56.5 1139 2.7 23 
November - 4.16 44.2 3812 38.7 1984 2.9 I 22 
December __ 3.36 18.6 616 17.4 611 1.9 I 10 
1941 ___ \ I 

I 
I I I January 2.12 22.6 199 19.6 125 1.6 I 3 

February -- 1.00 7.6 9 3.3 3 1.4 I 2 March _____ 5.28 60.2 4693 54.5 2679 3.6 I 56 
April ------ 1.52 33.0 1419 32.2 980 3.9 I 29 May _______ 0.67 0 0 0 0 0 I 0 
June ------- 2.34 24.3 2449 20.9 I 1489 0 0 
July ------- 5.80 52.1 6204 I 43.5 I 3094 1.2 j 32 

*The plant materials used were green Kobe lespedeza applied August 23, 
1939, and green crimson clover applied May 3, 1940 and May 31, 1941, each at 
the rate of 4 tons oven-dry weight per acre. 

The values reported are averages for duplicate plots. 

The results in Table 17 were secured on 1/ 400-acre plots 
located on a 7 percent slope on Cecil sandy loam. These data show 
that the incorporation of organic materials with the soil reduced 
runoff and erosion as compared with no organic matter but was 
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much less effective than the application of an equal quantity of 
organic matter on the soil surface. 

Studies of soil structure showed that placing organic matter 
on the soil surface caused greater improvement in soil aggregation 
than incorporating it with the soil. Mulches of organic 
materials reduced soil temperatures and resulted in higher soil 
moisture. The conservation of moisture for use by growing plants 
is undoubtedly one of the reasons why mulches have been found 
so useful for improving plant growth on sloping areas. 

FRUITS AND VEGETABLES 

Peach Canning Tests 

(L. 0 . Van Blaricom and A . M . Musser ) 

The number of acres of commercial peach orchards in South 
Carolina has greatly increased during the past 10 years. This 
increased acreage and large acreages in Georgia and North 
Carolina have a very great potential production, especially when 
it is remembered that approximately half the trees in South Caro
lina haYe not yet reached full bearing. This potential production 
is much greater than can be disposed of as fresh fruit and at 
a profit to the growers. Because the peach is a perishable fruit, 
ripening at a season when temperatures are high, and because 
the season of any particular variety is only about 10 days to 
two weeks, the fresh fruit must be marketed in a relatively short 
time regardless of marketing conditions. If a sufficient percentage 
of the peach crop were canned, frozen, pickled, made into pre
serves, juice, etc., there would be fewer gluts in the fresh fruit 
markets and the quantity preserved (by any or all methods) could 
be marketed throughout the year. Thus, peach growers in an 
area like Georgia, South Carolina, and North Carolina, by market
ing their crop as both fresh and preserved fruit, would secure 
more orderly marketing of their crop, resulting in a more stable 
and prosperous industry. 

To enable the South Carolina Experiment Station to study 
the possibility of processing peaches produced in the state, the 
South Carolina General Assembly made an appropriation in 1940 
for the establishment of a horticultural products laboratory. A 
building was constructed early in 1941 and the necessary equip
ment was installed. 

During the 1941 season 36 varieties of peaches were canned. 
Standard commercial canning operations were followed as far as 
possible. The peaches were canned as halves in either a heavy 
sucrose syrup of 55 ° Brix or a medium syrup of 40° Brix. Except 
in a few cases, 21 ounces of peaches were filled into each No. 
21h can. 
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Figure 6.-New horticultural products laboratory. 

Figure 7.-Interior view of horticultural products laboratory showing 
lye peeler on the right. 
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'l'he popularity of canned yellow freestone peaches depends 
to a large extent upon their superior flavor . 'l'o obtain good flavor 
the peaches must be either tree-ripened or picked slightly in 
advance of that stage when the flavor is well developed. Most 
of the peaches used in the experimental packs "-ere picked one, 
two, or three days before they would have become soft-ripe. An 
effort was made to can the various varieties at the stage of ripe
ness at which the best flavor of the particular variety was fully 
developed. For comparison, peaches of some varieties were canned 
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while still quite hard and before they were mature enough to have 
developed a good flavor and color. 

Pressure Tests for Maturity.-An attempt was made to cor
relate pressure tests made by means of the Blake pressure tester 
with the optimum ripeness of the peach for canning. The 
pressure test readings of ripe peaches were so low, however, that 
the data obtained were of no Yalue in determining the proper 
degree of ripeness for canning. 

Storage Periods Previous to Canning.-SeYeral varieties of 
peaches were held in cold storage prior to canning. The cold 
storage rooms were maintained at 32° to 35 °, 55° and 65°F. El
berta peaches, picked when firm ripe, were held at 32° to 35 °F. 
for periods up to 17 days. During the last four or five days of 
this period the fruit lost some of its flavor and some softening 
occurred, but no browning of the flesh resulted. However, E l
berta peaches stored at this temperature up to 12 or 14 days 
ga-ve a good, well flavored, canned product, with a uniform, deep 
yellow color. Elberta peaches were held successfully at 55°F. up 
to 10 or 12 clays but, if held longer than that considerable decay, 
mold growth, and brown rot developed. However, when held 
four to eight days at 55 °F, the flesh was uniformly well colored 
and all green portions of the flesh had disappeared. At 65 °F. 
the storage period was shorter because of more rapid ripening and 
development of mold and brown rot. Results similar to those 
with Elberta were obtained with other varieties such as Hale
haven, Golden J ubilee, Valiant, Vedette, and Early Elberta. 

The Elberta and other varieties which have a tendency toward 
uneYen ripening were also stored on the laborator:v floor one to 
four days. depending upon the stage of maturity at picking and 
the ripeness desired. For these Yarieties, the color of the flesh 
was alwa~-s better after one or more days of storage. However, 
such lots had to be watched careful]~- as mold, decay, and brown 
rot deYeloped rapidly. A uniform yellow color of the flesh, as 
well as good qualit~,, is desirable in a dessert peach. If the 
fruit is picked too firm or the ripening is uneven because of 
climatic conditions or other causes, a relatively short time in 
storage will bring about the desired uniform coior and will also 
improve the texture and flavor of the canned product. 

The Peeler and Exhaust Box Equipment.-The first operation 
in processing peaches is to peel the fruit. In the experimental 
work this has been done bv the use of lve since a steam or hot 
water blanch was not sufficient to loosen the skins. The l~-e peeler 
and the blancher used were small experimental models constructed 
at Clemson. The peeler consists of an endless. draper-type. metal 
belt driYen b~r a variable speed pulley with which the speed of 
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the belt can be increased or decr eased. A galvanized iron hood 
is arranged over the belt. This hood is divided into three com
partments used for the following· purposes: (1) To preheat the 
peaches with steam, (2) to spray the fruit with lye solution, and 
(:3) to wash and rinse the fruit with a high pressure water spray. 
Thus, b;v varying the time of preheating, the temperature and 
concentration of the lye, and the time the peaches ,Yere under the 
lye sprays, optimum conditions for peeling were determined. 

Repeated trials showed that the peaches should not be heated 
any more than absolutely necessary to make the lye effective. 
On soft-ripe peaches a preheating period of 15 to :30 seconds was 
found to be best. Longer preheating periods caused the peaches 
to soften and break up. It was found best to keep the peaches 
under the lye spray for only 15 to 60 seconds depending upon the 
effectiveness of the lye spray. It was found desirable to keep 
the lye spray at a relatively high concentration. The concentra
tions used ranged from 1V2 to 5 percent. The peeled halves were 
cooled thoroughly by the water rinse before going to the sorting 
table, as this helped to prevent breakdown of the peaches during 
subsequent canning operations. 

Amount of Lye Necessary to Peel Peaches.-One lot of Elberta 
peaches which had been defuzzed and another lot which had not 
been defuzzed were lye-peeled. The concentration of lye used was 
adjusted to give a comparable peel to both lots. It was found 
that the defuzzed peach es required a 1.75 percent lye solution 
for satisfactory peeling, while those that were not defuzzed re
quired a 5 percent lye solution. 

Varieties of Peaches for Canning.-The varieties which were 
C'anned in 1941 are listed in Table 18. This table, in which the 
varieties are arranged in alphabetical order, includes some of the 
pertinent data regarding blooming dates, picking dates, flesh, 
color and type of peach, and also some of the characteristics 
of the canned peaches. In Figure 8 the r ipening periods of 14 
of these varieties which yield well in South Carolina and which 
produced a good to excellent canned product are shown graphi
cal ly. It will be noted that the varieties included haYe picking 
dates covering the period from July 2 to September 4. 

The white-fleshed varieties are not shown in Figure 8 because 
they are of minor commercial importance. However, the Cumber
land, Early Hiley Belle, and Georgia Belle varieties gave a canned 
product of good quality although not as attractive as the yellow
fleshed varieties. Some of the varieties listed in Table 18, but 
not included in Figure 8, may or may not be desirable for 
canning. Further experimental trials will be necessary before 
their value for this purpose can be determined. The varieties 
giYen in Figure 8 are not all ideal canning Yarieties, but from 
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Table 18.-Characteristics of Varieties of Peaches Canned in 1941 

Variety 
Ambergem 
Augbert 
Cumberland 
Dixie Gold 
Early Elberta 
Early Hiley 
Eclipse 
Elberta 
Fay (Fay Elberta) 
Fireglow 
Flaming Gold 
Frank 
Gage 
Georgia Belle 
Giant Freestone 
Globe Haven 
Golden east 
Golden Globe 
Golden Jubilee 
Golden Queen 
Halberta 
Halehaven 
July Elberta 
Lizzie 
Redelberta (Red-Berta) 
Roberta 
Salberta 
Shippers' Late Red 
South Haven 
Sport of Elberta 
Sunbeam 
Sung lo 
Sunhigh 
Triogem 
Valiant 
Vedette 

Flesh 
color 

y 
y 

w 
y 
y 

w 
y 
y 
y 
y 
y 
y 
y 

\V 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 

Adhesion 
to pit 

Cling 
Free 
Free 
Free 
Free 
Free 
Free 
Free 
Free 
Free 
Free 
Cling 
Free 
Free 
Free 
Free 
Free 
Free 
Free 
Cling 
Free 
Free 
Free 
Free 
Free 
Free 
Free 
Free 
Free 
Free 
Semi-Cling 
Free 
Free 
Free 
Free 
Free 

Date full 
bloom 

April 6 
April 3 
April 2 

April 4 
i\Jarch 28 
April 5 
April I 
April 1 
April 3 
~larch 27 
April 2 
April 3 
April 6 
April 6 
April 4 
April 2 
l\Iarch 31 
April 2 
April 4 
i\Jarch 31 
April 3 
i\Iarch 31 
April 3 
March 31 
April 3 
April 2 
April 3 
April 5 
March 31 
April 1 
April 5 
:\[arch 30 
April 4 
April 3 
April 6 

Picking dates 
1941 

7-12 7-26 
8-20 9. 4 
7. 3 7-16 
7. 8 7-18 
7-22 8- 7 
7-10 7-22 
7-H 7-27 
7-26 8-13 
8- 2 8-12 
7-19 7-27 
7. 8 7-18 
8-13 8-23 
8- 1 8-15 
7-22 8- 9 
7-19 7-29 
7-19 7-28 
7-21 7-28 
7-11 7-15 
7. 2 7-16 
8-23 9. 6 
7-29 8-15 
7-16 7-31 
7-11 7-22 
8-15 8-27 
7-22 8- I 
8-27 9. 4 
8-15 8-27 
8- 6 8-16 
7-14 7-29 
7-28 8- 9 
7-10 7-15 
7-11 7-26 
7-14 7-28 
7-15 7-29 
7-16 7-28 
7-14 7-27 

Color of the 
canned 
peaches 

Excellent* 
Fair 
White 
Good 
Excellent 
White 
Good 
Fair 
Excellent 
Good 
Fair 
Good 
Poor 
White 
Good 
Excellent 
Good 
Fair 
Fair 
Good 
Fair 
Excellent 
Fair 
Good 
Good 
Fair 
Good 
Fair 
Excellent 
Good 
Excellent 
Excellent 
Excellent 
Fair 
Good 
Good 

Flavor of the 
canned 
peaches 

Fair* 
Fair 
Excellent 
Fair 
Good 
Excellent 
Good 
Good 
Good 
Good 
Good 
Poor 
Fair 
Good 
Poor 
Good 
Excellent 
Good 
Excellent 
Fair 
Fair 
Excellent 
Excellent 
Good 
Good 
Fair 
Good 
Good 
Good 
Good 
Excellent 
Good 
Excellent 
Poor 
Excellent 
Excellent 

*Color and flavor rated as Excellent, Good, Fair, a11d Poor. "Excellent" indicates a deep yellow un 
form color extending throughout the flesh of the peach. "Poor" represents a light, uneven, and undesirab'. 
color. "Good" and "Fair" represent color intermediate between excellent and poor. 

this group a succession of Yarieties can be selected that will pro
Yide at least a two months' canning season. These Yarieties 
were the most promising of those processed rn 1941. 

The following brief discussion of the varieties included rn 
Figure 8 attemps to e.-aluate these Yarieties for canning purposes. 

Golden Jubilee.- Golden Jubilee is the outstanding variety 
among the early-ripening, yellow, freestone peaches. It is medium 
to large in size. Although a few lots of this Yariety were peeled 
satisfactorily by steam blanching, most lots had to be lye-peeled. 
It is rather soft and breaks up easily during canning. The color 
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VARIETY PICKING OATES 
JULY AUGUST SEPT. 

I 8 15 ZZ Z9 5 12 19 26 2- 9 

GOLDEN JUBILEE. 
SUNBEAM --AMD.~DGr;"Jt.A 
VEDETTE I--.,OUTH HAVEN 
VALIANT 
HALEHAVE.N 
GLOBE HAVEN 
EAl'tLY ELBERTA 
ELBERTA 
HALBERTA 
SHIPPER'S LATE "EC 1- 11111 
LIZZIE • 11111 
AUG BERT 

Figure 8.-Dates of harvest of some good vaneties of yellow-fleshed, 
freestone peaches used for canning in 1941. (Exception: 
Ambergem is a yellow cling.) 
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is light yellow, the flayor is excellent and distinctive, and the 
flesh is comparatively slow to turn brown after peeling. .After 
canning, the halves tend to flatten out, which is an undesirable 
feature. Samples of preserves made from this variety retain a 
golden yellow color. Most of those who haYe samples of the 
canned product have pronounced it one of the most desirable. 

Sunbeam.-This variety is naturally small in size but the 
color and the flavor of the flesh are both excellent. The great 
advantage of this variety is that the flesh does not turn brown 
after long periods of exposure. The cost of canning peach~s of 
the size of this variety is considerably greater than in the case 
of larger varieties. 

Ambergem.-.Ambergem is a new yellow clingstone variety, 
medium to large in size. The canned product is very similar to 
the commercially canned clingstone peaches from California. The 
color is excellent, the peach is quite firm, and holds its shape 
well in the can. In some cases the red color in the pit cavity 
turns to a dull brown after canning and does not always bleach 
out completely. The flavor is excellent for canned clingstone 
peaches, but is not equal to some of the best freestone peaches. 
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Vedette.- This peach grows to large size and makes an ex
cellent canned product. The color is a lig·ht yellow and the 
flavor is excellent. 

South Haven.-South Haven is a medium to large variety. 
Its canning characteristics are very similar to those of the Hale
haven described below. It is mildly acid and has an excellent 
flavor, but tends to be slightly stringy after canning. The color 
of the flesh is uniform throughout the halves while the peach 
is still firm, a Yery desirable property in any canning peach. 

Valiant.-Yaliant gaYe an excellent canned product of 
medium to large size. The color is a slightly deeper yellow than 
that of Vedette, although it is still classed as a light yellow. 
The ripe peach stands up fairl~, well under canning operations 
and has an excellent flavor. 

Halehaven.-This variety showed the best canning character
istics of all the freestone peaches. The fruit ripened uniformly 
and the flesh was yellow throughout while still in a firm state. 
The flavor of this Yariety is excellent and many people have 
shown a preference for it in seYeral sampling tests. It is very 
mildly acid and when canned in a heavy syrup is too sweet to 
suit many people. The canned product is slightly stringy, a 
characteristic that shows up particularly following the lye-peeling 
process. Although this variety has some undesirable characters 
for a canning peach, its many good points far outweigh them. 

Gl.obe Haven.- Globe Haven grows to large size and the 
canned product has many of the characteristics of the Halehaven. 
However, it has a somewhat greater tendency towards stringiness. 
The flavor is moderately good and color excellent. 

E arly Elberta.- The Early Elberta is a peach of medium size. 
The canned product has an excellent and uniform light yellow 
color. Considerable stringiness was exhibited when the variety 
was canned too ripe. However, when still firm it produced a very 
fine canned product. The flavor is good to excellent. 

Elber ta.-Elberta is the most important commercial variety 
in many peach-growing areas. It grows to large size and pro
duces a good quality canned peach if handled in the right manner. 
The color of the flesh is not uniformly yellow until it reaches 
the soft-ripe stage. If canned too early the peaches are hard and 
show a very undesirable green color. When soft they tend to 
break up in the can. When canned at the right stage, however, 
flavor and texture are good. When picked in the firm-ripe stage 
and held in cold storage rooms at 55° to 65 °F., this variety 
ripened to a uniform deep yellow color. Some of the lots had 
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a very red pit cavity but in most cases this bleached out after 
canning. 

Halberta.- This peach is large in size, but produces only a 
fair canned product. The deep red in the pit cavity turns to a 
dull brown color which is unattractiYe. At the time this report 
was prepared this dull color had not all disappeared. Future 
inspections will sho,y whether or not it will persist after pro
longed storage. 

Shippers' Late Red.-This Yariety also grows to large size, 
has a good yello,y color and excellent flayor. However, it shows 
the same characteristic as many other late varieties in having a 
deep reel pit cavity which discolors after canning·. Sufficient time 
has not elapsed since canning to determine whether or not the 
objectionable color will persist. It was one of the better peaches 
for canning among the late Yarieties. 

Lizzie.-Peaches of this Yariet:,· gave the best canned product 
of those varieties ripening after Elberta. It grows to large size 
and ripens fairly uniformly. However, there is some tendency 
for it to have one hard green side while the other side is yellow, 
hence this variet.'· needs to be placed in storage for several days 
for uniform ripening. The flavor is excellent. 

Augbert.-Augbert usually grows to large size and this 
variety gaYe a Yery good canned product for a late variety. This 
variety is similar to the Elberta and must be processed in the 
soft-ripe stage, otherwise the flesh tends to have a green cast. 
When proper!.'· ripened it has a uniform light to medium yellow 
color and good flavor. 

Germination of Muscadine Grape Seeds and Growth of Seedlings 

(W. T . Brightwell) 

Since it is necessary to grow grape plants from seeds in 
breeding work, and since little experimental work with muscadine 
grape seeds has been done, it was deemed essential to study the 
germination of such seeds preliminary to the initiation of some 
grape breeding work. 

In this study 12,000 seeds of the Scuppernong and Hunt 
varieties were collected in the fall of 1940. The seeds were re
moved from the berries by hand and after soaking in tap water 
for 14 hours were removed from the water and allowed to dry 
four days at room temperature. 

Storage Conditions, Time of Planting, and Planting Media.
One hundred seeds of the Scuppernong variety were planted im
mediately after removal from the berries for comparison with the 
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other seed treatments. Eighty-one percent of these seeds ger
minated. 

Ninety-three lots of 50 seeds each of the Scuppernong variety 
were selected and mixed with moist sand. Thirty-one of these 
lots were stored in a cold storage room which was held at 32° 
to 37°F., 31 lots were placed in a greenhouse in which the 
temperature ranged from 65 ° to 75 °F., and 31 lots were placed 
in an uncovered coldframe. Three lots from each storage were 
planted every two weeks for 10 weeks. One of these three lots 
was planted in a mi.xture of acid peat and sand, one lot was 
planted in sand and one lot was planted in pine sawdust which 
was about two years old. In addition to the above, two lots of 
500 seeds each were stored in cloth bags for comparison with 
the above storage conditions. One of these two lots was stored 
under room conditions and the other in cold storage. 

Table 19 shows the number of seeds from each lot of 50 seeds 
which germinated following different periods of storage, under 
various storage conditions and when planted in different media. 
The data indicate that neither storage nor after-ripening is neces
sary to obtain satisfactory germination in sand or in a mixture 
of peat and sand, although a slightly greater total number of 
seeds germinated after a storage period of approximately three 

Table 19.-Effects of Length of Storage, Storage Methods, and Planting Media on 
Germination of SO-Seed Lots of Scuppernong Seeds 

I 
J Number of weeks in storage J 

Storage Planting media J O J 2 J 4 J 6 J 8 J 10 I 12 I 14 J 16 I 18 J Average 
method I Number of seed germinating in each 50-seed lot I 

Cold 
Peat and sand _ _\ 28 I 41 I 40 I 44 I 49 I 45 I 481 46 I 46 I 31 I 41.8 storage 

(Seeds in Sand ---------1 18 I 40 I 34 I 49 I 42 I 45 I 50 I 49 I 50 I 49 I 42.6 
moist sand) Sawdust -------1 91 81 01 2 l 17 I 32 I 47 I 44 I 47 I 47 I 25.3 

Cold frame 
I 

Peat and sand __ , ', 33 I 42 I 41 I 40 I 46 I 45 I 341 31 l 29 l 37.88 
(Seeds in Sand ---------- 29 31 41 35 I 37 46 36 32 38 36.11 
moist sand) s I I I I 

awdust ------- 1 1 34 22 30 28 19.77 10 I 12 I 15 I 3 I 4 J 
I 

'1 
J 

41 I 38 I 19 1 37 I 45 I 42 l 42 I 371 Greenhouse Peat and sand __ , 29 I 36.66 
(Seeds in Sand ----------1 I 30 I 2s J 35 1 24 I 34 l I 42 I 44 I 38 I 34.0 
moist sand) Sawdust -------1 I 29 I 01 1 I 1 I 6 I 43 I 28 I 38 I 5o l 21.77 
Room I 

'1 
I I 

* 1 27 I 16 I 46
1
, 40 1 41 1 38 I (Dry air) Sand ----------1 23 I 16 I 30.87 

Cold 
I I I I I I I 

storage I 
(Dry air) Sand __ .: _______ I I 12 I 20 \ * I * \ * I 44 I 26 \ * \ 42 I 28.80 

Average ____ \ 18.33\25.81,23.72\29.55126.70bl .2ol44.8'37.18l40.1ob8.8l I 32.60 
*No seeds planted. 
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months. A considerably greater increase in germination was 
obtained from seeds planted in sawdust following a three m011ths 
storage period than from those planted in sand or in a mixture 
of peat and sand. 

The seeds stored in sand in cold storage showed a slightly 
greater germination than those stored in either the greenhouse or 
the coldframe. The seeds stored under room conditions in a cloth 
bag showed the same germination as those stored in the green
house. Seeds stored in the cold storage room in a cloth bag gaye 
the lowest germination. 

Seed Treatment.-About 5000 seeds of the Hunt variety were 
placed on moist sand in the cold storage room for treatment with 
chemicals. Twelve lots of 50 seeds each were planted every two 
weeks until nine plantings had been made (See Table 20 ). One 
lot of 50 seeds received no treatment, and the remaining 11 lots 
were soaked in water held at 24° to 27 °0. for one hour. One 
of these lots was planted immediately following this treatment 
and the remaining 10 lots were each immersed in one of the follow
ing solutions for 30 minutes: hydrochloric acid 0.4 percent, 2.0 
percent, and 4.0 percent; chemically pure sulfuric acid 5.0 per-

Table 20.-Effects on Germination of Muscadine Grape Seeds of the Hunt Variety of 
Treating with Hot Water and Different Concentrations of Hydrochloric and 
Sulfuric Acid, and Potassium Chloride 

g, Storage 

--

Cold 
storage 

on 
moist 
sand 

Room 
(dry air) 

J Number of weeks in storage 
Treatment I O J 2 I 4 J 6 I 8 I 10 I 12 J 14 J 16 J Average 

IN umber of seed germinating in each SO-seed lot! 

Hot water- I I I I I I I I I J no acid ----- 1 21 23 18 28 27 29 39 31 30 I 27.33 

HCL 1 % --------! 23 I 28 I 27 30 I 31 I 36 I 33 I 3s l 29 I 30.22 

HCL 5% --------! 22 I 29 I 25 34 I 6 I 31 I 30 I 3s I 36 I 27.55 

HCL 10% -------! 25 J 32 J 28 31 I 30 I 37 I 31 I 32 I 27 I 30.33 

H2S04 5% _____ , 21 J 34 I 28 30 I 19 I 31 I 39 I 36 I 24 J 29.11 

H2S04 25 % ----1 16 I 23 I 25 29 I 26 I 20 I 33 I 21 I 28 I 24.55 

H 2S04 50% ---- 1 o I 21 I 23 31 I o I 2s I 32 I 33 I 28 I 21.44 

H2S04 75 % ----1 15 I 35 I 25 28 I o I 2s I 20 I 31 I 13 I 21.33 

KCL 5% --------1 24 I 27 I 26 33 I 36 I 36 1 3s I 35 I 37 J 32.11 

KCL 10% -------1 16 I 32 I 24 32 I 37 I 30 I 30 I 40 I 29 I 30.00 

KCL 15% -------! 17 I 36 J 30 30 I 2 I 2s I 31 I 31 I 33 I 26.11 

No treatment ----1 I 14 I 18 34 I 22 I 32 I 26 I 34 I 43 I 27.87 

No treatment ____ \ I 19 I 17 I 15 I 13 I 31 I 32 1 37 1 361 25.00 

A verage------J 18.18127.1 S J24.1 S 129.61 J 19 .1 S 129 .84l3 I .61 J33.15 J30.23I 27.16 
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cent, 25.0 percent, 50.0 percent, and 75.0 percent; potassium 
chloride 5.0 percent, 10.0 percent. and 15.0 percent. 

Table 20 shom, that when lots of 50 seeds were treated with 
5 percent and 10 percent potassium chloride, the aYerage number 
of seeds germinating was 32.1 and 30.0 respectively, and the 
number germinating following treatment with 1 percent and 10 
percent hydrochloric acid was 30.22 and 30.33 respectively. Other 
treatments gaye almost as high germination. Seeds treated with 
50 percent and 75 percent sulfuric acid gaYe the lowest germin
ation. 

Growth of Seedlings.-On February 15, 19-:1:1, -!50 seedlings of 
the Scupperuong variety and 400 seedlings of the Hunt variety 
growing in sand and in a mixture of peat and sand were trans
planted into a hotbed "·hich contained a Yery fertile sandy loam 
soil. The temperature was maintained between 65 ° and 70°F. by 
the use of electric heating cables. The plants ranged in size 
from one t0 three inches in height and were spaced six inches 
apart. The close spacing resulted in the dense mass of growth 
shown in Figure 9, right. 

Twenty seedlings of each variet:\· of the plants which had been 
set in the hotbed were measured October 11, 1941, to determine 
the total length of top growth. The aYerage total growth of the 
Scuppernong seedlings measured was 19 feet and two inches and 
the average growth of the Hunt seedlings was 21 feet. Figure 
9, left, shows plants near aYerage size of each Yariety. 

,r-or, 

-6 r, 

Figure 9.-Left: Seedlings of Hunt (left) and Scuppernong grape 
varieties showing one year's growth. 

Right: View of hotbed showing matted growth of seedlings 
of Hunt and Scuppernon-g grapes after one season's growth. 
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Addit ional Studies of Electricity in Sweet Potato Plant 
Production':' 

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

53 

Investigations by the Horticultural and Agricultural Engineer
ing Departments have been in progress for the past three years to 
determine the influence of e11Yironmental and cultural factors on 
the production of sweet potato plants in electrically heated hotbeds. 
Tests were conducted to show the effect of (1) Yarious types of hot
bed coYers, (2) low-cost insulation materials, (3) relatively wide and 
narrow spacing of the heating cable, ( 4) relatively high and low 
soil temperatures, ( 5) "crowded" bedding of the roots, and ( 6) 
yarious types of bedding media on plant production. The most 
important results were published in the last two annual reports 
of this station. lnYestigations of the effect of certain of the above 
factors were continued during 1941 and tests were started to 
show the influence of commercial fertilizers on plant production. 

As in the past two years all beds were equipped with No. 19 
lead-covered soil-heating cable and with a soil-heating thermostat. 
Roots of a Lousiana strain of the Porto Rico were used. They 
were bedded on March 31, April 1 and 2. In all treatments the 
heating cable was placed 10 inches apart and one inch below the 
level of the beddedroots. In all cases except one the roots were 
bedded in a mixture consisting of two parts sand and one part 
soil, and in all treatments except two the soil hotbed thermostats 
were set to shut off the electr icity at a temperature of 83-85 °F. 
Pulling of the plants began on April 24 and continued at intervals 
of one week until the experiments were terminated on May 22. 
Since many growers are interested in early plant production, the 
data are presented for ·the first three pullings and for all pullings. 

Influence of Type of Cover.- The coYers tested were (1) 
muslin and Calnitro sacks, (2) Sunray cloth and Calnitro sacks, 
(3) Sunray glass and Calnitro sacks and ( 4) Lamurith. The 
muslin has a thread count of 70 x 62 and weighs 4.3 ounces per 
square yard. Sunray cloth is a cloth type of glass substitute im
pregnated with translucent waterproof material. The Sunray 
glass is a cloth-mesh t)rpe of glass substitute and i~ more ex
pensiYe than the glass cloth. Lamurith is a transparent type of 
glass substitute. The Calnitro sacks were washed and attached 
to the frames with the waterproof material on the outside. They 
were used to coYer the muslin and glass substitutes during the 
night and also during the clay when the weather was cold and 
wet. 

*The authors are indebted to M. T. Geddings, Duke Power Company. 
Charlotte, North Carolina, for supplying the electric meters used in the ex
periments, and to The Celluloid Corporation, Newark, New Jersey, for 
donating the Lamurith. 
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Table 21.-Influence of Type of Cover on Sprout Production and Electrical 
Consumption, 1941 

Plants I Total 
Total 

Total Mean Mean ki lowatt 
number number weight per 50- 1 ki lowatt hours 

Type of cover plants plants plants pound hours per 1000 
per bed1 per root (grams) bushel per bed1 plants 

First 3 pullings (April 24 to May 9) 

I 
Lamurith ---------- 4173 13.9 4.9 1975 143 34.3 
Sunray cloth and 

sacks ---------- 4215 14.1 4.9 2008 141 33.5 
Sunray glass and I sacks ---------- 4713 15.7 5.0 2249 142 30.1 
Muslin and sacks ___ 4641 15.5 5.3 2107 144 l 31.0 

All pullings (April 24 to May 22) 

Lamurith ---------- 4944 16.5 4.8 2340 199 I 40.3 
Sunray cloth and I 

sacks ---------- 4965 16.6 4.8 2365 184 I 37.1 
Sunray glass and I 

sacks ---------- 5403 18.0 5.0 2579 191 I 35.4 
Muslin and sacks ___ 5679 18.9 5.2 2579 191 33.6 

1Thirty-six square feet of bedding space. 

The data presented in Table 21 show that although all the 
beds used practically the same amount of electricity, those covered 
with the Sunray glass and sacks and muslin and sacks produced 
a greater number of plants per root and per bushel than those 
covered with Sunray cloth and sacks and Lamurith. This greater 
plant production reduced the amount of electricity required to 
produce 1000 plants. The results with muslin and sacks are 
interesting and encouraging. Although muslin alone was the 
least satisfactory type of cover tested in the experiments of 1939 
and 1940, its use with Calnitro sacks appears promising. Ad
ditional tests will be conducted before definite recommendations 
are made. 

'' Crowded '' and Regular Bedding of Roots.-As was the case 
last year, "crowded" bedding consisted of placing 600 roots in 
36 square feet of bedding space and regular bedding consisted 
of placing 300 roots in an equal area. The cover was muslin and 
Calnitro sacks. 

The data presented in Table 22 show that ''crowded'' bedding 
markedly increased the number of plants produced per unit area 
of bedding space and slightly increased the amount of electricity 
necessary to maintain the required temperature. These results 
show that this method of bedding is worthy of trial particularly 
for the grower who practices adequate sanitation in plant pro
duction. 
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Table 22.-Influence of "Crowding" of Roots on Sprout Production and Elec
trict Current Consumption, 1940 and 1941 

Total Mean Mean Plants Total Total 
Number of number number weight per 50- kilowatt kilowatt 
roots per plants plants plants pound hours hours per 
unit area1 per bed1 per root (grams) bushel per bed1 1000 plants 

First 3 pullings (April 24 to May 9) 

600 I 7221 I 12.1 I 4.8 I 1766 I 156 I 21.8 
300 3933 13.2 4.9 I 1865 147 38.8 

All pullings (April 24 to May 22) 

600 I 9143 I 15.3 I 4.6 j 2237 I 208 I 22.9 
300 4921 16.4 4.7 2336 192 39.9 

1Thirty-six square feet of bedding space. 

Influence of C.om.mercial Fertilizers.-Although many growers 
use commercial fertilizers in their sweet potato plantbeds, there 
is little definite information on the effect of these materials on 
plant production. In the 1941 tests, the treatments compared 
were (1) creek and bottom sand and commercial fertilizers, (2) 
soil and commercial fertilizer, and (3) soil only. The commercial 
fertilizer was a 4-8-4 mixture. It was applied at the rate of 300 
pounds per acre and was thoroughly mixed with the sand or soil 

The results, presented in Table 23, show that the commercial 
fertilizer mixture increased plant production, and as would be 
expected had little effect on electric current consumption. In 

Table 23.-Influence of Bedding Media and Fertilizers on Plant Production 
and Electrical Consumption, 1941 

Total Mean Mean Plants Total Total 
Bedding media number number weight per 50- kilowatt kilowatt 

and plants plants plants pound hours hours per 
treatment per bed1 per root (grams) bushel per bed1 1000 plants 

First 3 pullings (April 24 to May 9) 

Soil only ------- 4389 14.6 5.1 2073 130 29.6 
Soil and commer-

cial fertilizer __ 5145 17.2 5.4 2434 142 27.6 
Sand and com-

m ercial fertilizer 5331 17.8 5.2 2520 139 26.1 

All pullings (April 24 to May 22) 

Soil only ------- 5151 17.2 5.1 2433 172 33.4 
Soil and commer-

cial fertilizer __ 6009 20.0 5.2 2843 186 31.0 
Sand an-d com-

mercial fertilizer 6042 20.1 5.1 2857 186 30.8 
--

1Thirty-six square feet of bedding space. 
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fact, the increase in plant production decreased somewhat the 
amount of electricity required to produce 1,000 plants. The re
sults indicate that sweet potato plants achantageously utilize 
plant nutrients in the bedding media. Further experiments will 
be conducted before definite recommendations are made. 

Influence of Soil Temperature.- To study the effect of soil 
temperature, the thermostat in one bed was set to shut off the 
electricity at 78-80° F., another at 83-85° F., and a third at 88-90° 
F. The results showed that the higher the mean soil temperature 
the greater was the production of plants and the more electric 
current was required. The greater plant production at the high 
temperature more than offset the greater electrical consumption 
and indicates that for maximum plant production in hotbeds, 
relatiYely high soil temperatures should be maintained. 

Table 24.-Influence of Hotbed Soil Temperature on Sprout Production and 
Electric Current Consumption, 1940 and 1941 

Total Mean Mean Plants 
Hotbed soil number n umber weight per 50-
temperature plants plants plants pound 

per bed1 per root (grams) bushel 

First 3 pullings (April 24 to May 9) 

78-80° F. 3567 15.5 4.9 1743 
83-85° F. 4519 15.1 4.5 2160 
88-90° F. 4785 16.0 4.7 2345 

All pull ings (April 24 to May 22) 

---c7=8~-8,-:0-,-0 ---=F=-.-----.--:-4-:cc99C"C5,-----,------,-::;-15.0 I 4.8 2196 

83-85 ° F. 5525 18.4 I 4.5 2641 
88-90 ° F. 5657 18.9 H 2773 

1Thirty-six square feet of bedding space. 

Total 
kilowatt 

hours 
per bed1 

130 
161 
185 

167 
213 
251 

I 
I 
I 
I 

Total 
kilowatt 
hours per 

1000 plants 

37.5 
35.7 
39.1 

37.8 
38.7 
44.9 

PLANT PHYSIOLOGY AND PLANT DISEASES 

Cotton Seedling Diseases 

(C. H. Arndt) 

A knowledge of the effect of Yarious e1wironmental conditions 
on plants is often fundamental to an understanding of the factors 
which predispose plants to disease. This is especially true of 
such diseases as the damping-off of cotton seedlings in which the 
loss from the disease is greatly influenced by the temperature and 
moisture content of the soil. In or der to secure a possible ex
planation of the relative severity of the damping-off of cotton 
seedlings at various soil temperatures, a study has been made of 
the rate of germination and development of cotton seedlings at 
various temperatures and also the amount of infection and 
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damping-off occurring when the seed is infested by the anthracnose 
fungus. The relatiYe growth of the several parts of cotton seed
lings of the -variety Farm Relief 2 are shown graphically in Figure 
10. These seedlings were grown in the dark at relatively con
stant temperatures and a relatiYe humidity of 85 to 90 percent. 
For all of the four criteria used- rate of tap root elongation, 
time required for emergence of 50 percent of the cotyledons, rate 
of hypocotyl elongation, and green weight after seven days-there 
is a rapid increase in the rate of development and elongation 
from 64° to 81 ° F. Above 81 ° the rate of emergence of the 
cotyledons (seed JeaYes) dropped off sharply; and at 96 ° only 
40 percent of the cotyledons had emerged after seven days. At 
97° the emergence was only one-half as great. Ko cotyledons 
emerged at 102°. An exposure to this temperature for four days 
during the initial stages of germination was sufficient to prevent 
their emergence later at more fayorable temperatures. 
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Figure 10.-Development of cotton seedlings at several temperatures. 
Hea\·y line shows mean hourly rate of elongation of tap 
roots during period required for them to reach a length of 
100 mm.; light line illustrates same data for hypocotyls as 
for tap roots; broken line shows relative rate of develop
ment of cotyledons as calculated from time required for 
50 percent of the cotyledons to emerge from the seed co;t~s; 
dashes indicate relative g reen weight of seedlings after 
growth for seven days at the temperatures indicated. 
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The highest mean hom·ly rate of elongation of the tap root 
during the period required to reach 100 mm. was greatest at 81 °, 
with the differences between this temperature and 86 °, 91 °, 
and 97° being relatively small. However, when comparisons were 
made between these temperatm·es for a longer growth period, a 
much greater rate of sustained elongation was evident at 81 °. At 
102° there was some elongation of the roots but all developed 
abnormal apices and were unable to make further growth when 
placed at a more favorable temperature. 

There was a rapid drop in the rate of root elongation from 
81 ° to 64° ; at the latter temperature the greatest daily mean 
elongation was less than 9 mm., and eight days were required for 
them to reach a length of 50 mm. (2 inches). There is no 
evident explanation for the lower rate of elongation at 86 ° than 
at 81 ° and 91 °. It is in some manner apparently correlated 
with the development of cotyledons and hypocotyls. The greatest 
total length of the secondary roots was found at 86 ° and 91 °, 
although the mean length of the smaller number formed was 
greater at 86 °. No secondary roots were formed at 102° and 
none had begun to develop at the end of 14 days at 64°. 

The increase in the rate of elongation of the hypocotyls (the 
portion of the seedling between the tap root and the cotyledons) 
for the successive increases in temperatm·e was much the same 
as for the tap root. 'l'he rate of elongation, however, at 91 ° 
and 97° was greater and at these temperatures there was no re
duction in the rate of elongation after an initial high rate of 
elongation, as has been described for the tap roots. At 102° the 
initial rate of elongation was only slightly less than for the 
hypocotyl at 70°, during the same stage of development. The rate 
of elongation, however, was greatly reduced after the fifth day 
and there was little or no elongation after a length of 80 mm. 
was reached on the sixth day. 

The interpretation of the relative green weights is rather 
difficult, for they were determined by the opposed factors of the 
relative rates of reserve food utilization and water absorption, 
with ionic absorption from the growth medium playing a minor 
role. The highest ionic absorption in seven days, as determined 
by ashing, occurred at 97°. The seedlings at this temperature 
also had the highest ash-green weight and ash-dry weight ratios. 

There are interesting correlations between the rate of growth 
of these four parts of the cotton seedlings and the maximum 
temperatures to which they are subjected in the field. It is not 
unusual for the temperature at the surface of the soil to exceed 
100°. Soil temperatures above 95 ° at a depth of two inches have 
frequently been recorded during cotton seedling emergence. At 
this depth temperatures as high as 108° F. have been recorded 
at Clemson. At the soil surface the temperatures must haYe been 
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higher during the periods of bright sunlight. This shows the 
necessity for the hypocotyls to be able to withstand high tempera
tures and the secondary roots to have a somewhat similar re
lation to temperature, as they develop within a short distance 
of the soil surface. The main portion of the tap root is well 
below the soil surface and is not exposed to the extremes of 
temperature. Consequently, it has no need for resistance to high 
temperatures and would be expected to have its optimal tempera
ture somewhat lower than that of the hypocotyl. The cotyledons 
after emergence are exposed to the extremes of the air tempera
ture, which on sunny days are not as great as at the soil surface. 
It is also possible that they may protect themselves from injury 
by high temperatures through transpiration. 

Soil temperature records at a depth of two inches and also 
records of air temperatures for a period of six years at Clemson, 
show an interesting correlation between the effect of these tem
peratures on the development of cotton seedlings and the usual 
planting elate. A favorable planting date at Clemson is the 
fourth week in April. At this time the mean minimum, mean 
maximum, and absolute maximum for the air temperatures will 
average 50°, 75 °, and 90°, respectively. For the soil at a depth 
of two inches the corresponding temperatures will be 54°, 80°, 
and 92°. Thus, the mean maximum temperature for that week 
is approximately the optimum for tap root elongation. A week 
later these same temperatures have averaged 5° higher, which 
gives a temperature for a large portion of the day that is favor
able for seedling growth. 

The relative percentage of seedlings infected and killed when 
a lot of Dixie-Triumph cotton seed infested by the anthracnose 
fungus was germinated at various temperatures, as shown in 
Figure 11, indicates why this fungus causes little damping-off of 
cotton seedlings when the soil temperatures are relatively high 
after planting. A very high percentage of the seedlings were 
infected and killed at 70° and 75° . There was a sharp drop in 
the severity of the injury at 84°, and only a relatively small 
amount at 91 °. The most interesting difference in the incidence 
of the infection is that between 70° and 64°. Even when the 
seedlings are grown for longer periods at 64°, the percentage of 
seedlings infected and killed did not exceed that at 84 °. Thus, 
the former temperature is relatively more favorable for the growth 
of the cotton plant than for the anthracnose fungus , r egardless 
of the very slow growth of the plant. This explains the greater 
percentage of the total damping-off caused by Rhizoctonia and 
various other soil-inhabiting fungi when planting is followed by 
unseasonably cool, rainy weather. 
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Figure 11.-Percentage of seedlings infected and killed after 1-1- days 

when a lot of Dixie Triumph seed naturally infected by 
the anthracnose fungus was germinated and grown at the 
temperatures indicated. 

Survey of Corn Diseases 

(C. H . Arndt) 

Results obtained in the corn belt oYer a period of years haYe 
shown that the control by seed treatment of seed-borne seedling 
diseases of corn may be expected to increase the yield of corn 
by three bushels per acre, or an increase of approximately seven 
percent in the average yield for that region. If the seed treat
ment of corn were equally effective in South Carolina, a minimum 
increase in yield of 1.7 million bushels might be expected for the 
state. As no study has been made of the diseases of corn in 
this state, a survey was made during the summer of 1941 to 
determine the fungi attacking the basal portion of corn plants. 
Specimens of stunted plants were collected from 35 fields dis
tributed throughout the state. The stunted and abnor mal plants 
ranged from 2 to 70 percent. Stalk borers were responsible for 
most of the stunted plants in fields containing a high percentage 
of such plants. In some fields, however, in which as many as 
20 percent of the plants were stunted, there was no eYidence of 
borer injury. Many plants with blackened basal nodes were found 
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m these fields. The stunted plants examined were found to be 
infected with seYeral fungi. These fungi and the percentage of 
corn plants infected with each were as follows: Fusarium moni
lifonne, 11; Cephalosporiwn acremonium, -! ; Fusariion spp., 5; 
Chaetomimn spp., 15; Bombardia spp., 6; miscellaneous fungi, 5. 
The first two species in this list arc known to be the cause of 
serious diseases of corn seedlings in the midwest. Two fungi, 
Diplodia zeae and Basisporium gcillanon, which cause important 
diseases in that region were not found. 

Surveys of Diseases of Cotton Seedlings and Bolls 

(Richard Weindling) 

This was the fourth season in which micro-organisms were 
cultured from diseased seedlings and bolls in cooperative surveys 
with the DiYision of Mycology and Disease Suney, U. S. Depart
ment of Agriculture. In spite of the fact that 1941 weather con
ditions differed greatl>' from those of preYious years, the results 
were essentially similar to those reported in 1940, particularly 
with respect to the predominance of the anthracnose fungus, 
Glomerella gossypii, as cause of seedling blight. 'fhis fungus, was 
found widely spread eyen in sections where spring drought was 
responsible for poor stands. 

A surve>' of gins furnished eYidence in support of the concept 
that recurrence of seed infestation is due primarily to spore 
masses produced b>' the anthracnose fungus on dead portions of 
leaves and bolls. Samples of seed and trash were secured at 
random from gins throughout the state. Spores of the anthrac
nose fungus were present in most seed samples, and they were 
abundant in most samples of the trash which consisted either of finely 
broken leaves and bracts or of hulls and other coarse material. 

Studies on summer survival of the anthracnose fungus in the 
field gave further confirmation for the above concept. At inter
vals during the growing season, cultures and direct microscopic 
observations were made, using portions of cotton plants grown 
from heavily infested seed. T,Yo of the plantings of this seed 
were in South Carolina, one in the Piedmont (Clemson), the 
other in the Coastal Plains (Florence) . Because of scant spring 
rainfall at Clemson, the stand ·was poor, suniYal of the fungus 
was restricted, and incidence on bolls relatiYely low. At Florence, 
however, a good stand was obtained and rainy periods during late 
spring and earl>' summer encouraged the spread of the fungus 
on dead tissues of leaYes, stems, flowers, and bracts. A heavy 
infestation b>' aphids aggraYated the situation, as their sugary 
secretions provided an ideal medium for growth of the fungus. 
Consequent!>', rot on earl>- bolls "·as seYere, not only in the 
experimental plot planted with untreated seed but also in fields 
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planted with Ceresan-treated seed. The anthracnose fungus was 
found in a high percentage of rotted bolls from this section, 
frequently in association with Diplodia and other boll rot fungi, 

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

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

Further studies on the effects of high and low concentrations 
of magnesium and potassium in influencing wilt severity in cotton 
haYe been conducted in the greenhouse during the year. Half 
and Half, a susceptible variety, and Super 7, a wilt-resistant 
variety, " ·ere used in 1941. 

The 1941 nutrient solutions were lower in magnesium than 
those used in 1940 so as to increase the relative contrast between 
low and high magnesium solutions on plant behavior. The high 
magnesium solutions contained enough magnesium so that symp
toms of deficiency were absent in the leaves while in low mag
nesium solutions definite deficiency symptoms were usually 
present. The concentrations of potassium in the solu
tions were the same in 1941 as in 1940 and were such that 
potassium deficiency symptoms were absent in the leaves of high 
potassium plants but were present in low potassium plants ex
cept under conditions discussed later. In low potassium solutions 
potassium was definitely a growth-limiting factor. 

Table 25 shows the average weight in grams of dry matter 
produced per plant in 1940 and 1941 for both the resistant and 
the susceptible varieties. The three times of sampling cover the 
period of greatest vegetative deYelopment for these plants. The 
first sample was taken 9 to 12 days after infection with Fusarium 
vasinfectmn and represent an advanced seedling stage of de
velopment. The second samples were taken about the time active 
square differentiation began, and the third samples were taken 
at the time the more advanced plants began blooming and setting 
bolls. 

Differences in dr:v matter of h ealthy and diseased plants were 
noted about 20 da~-s after infection of the plants or at the time 
of the second sampling. B~, the time of the third sampling the 
differences were even greater, because of the increased mortality 
of the diseased plants of the susceptible varieties. 

Wilt-resistant varieties produced more dry matter per plant 
than did the susceptible varieties, particularl:v in the second and 
third samplings. It is probable that most, if not all, of the 
differences are due to the greater seYerity of wilt of infected 
plants of the susceptible varieties, all of which were included in 
the values giYen in the table. 



Table 25.-Average Dry Weight in Grams per Plant of Top Growth of Healthy and Wilt-Infected Plants Grown in High- and Low
Potassium and High- and Low-Magnesium Solutions in 1940 and 1941 

1940 1941 

Series 1 I Series 2 Series 1 Series 2 
Comparison 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 

sample/ sample/ sample sample/ sample I sample sample I sample/sample sample /sample /sample 
6-27 7-10 7-31 I 9-3 9-16 10-4 7-3 7-17 8-6 9-s 9-17 10-3 

I I 
Healthy ---------------- 1.66 3.61 38.9 2.07 5.88 31.S LOS 3.97 19.6 1.04 3.37 8.5 
Diseased --------------- 1.29 1.93 7.8 1.78 4.28 6.9 1.03 2.22 11.1 0.99 2.21 4.5 
Wilt-resistant variety* ___ 1.47 3.20 25.8 2.19 5.46 20.1 1.10 4.04 19.S 1.15 2.92 6.7 
Susceptible variety** ____ 1.35 2.39 18.4 1.65 4.69 19.6 0.93 2.16 11.2 0.89 2.63 6.3 
High potassium -------- 1.72 3.73 26.7 2.62 6.84 24.4 1.13 3.80 18.1 1.29 3.17 8.3 
Low potassium -------- _ 1.10 1.86 17.4 1.22 3.32 14.0 0.91 2.39 12.6 0.75 2.41 4.7 
High magnesium _______ 1.46 2.61 24.S 1.95 5.01 18.8 1.07 2.83 18.S 1.11 2.83 7.5 
Low magnesium ________ 1.37 2.97 19.2 1.89 5.14 19.7 0.95 3.36 12.2 0.92 2.74 5.4 

*Dixie Triumph was used in 1940 and Super 7 in 1941. 
**Farn1 Relief was used in 1940 and Half and Half in 1941. 

2-year average 

1st I 2nd I 3rd 
sample sample sample 

I 
1.46 4.21 I 24.6 
1.27 2.66 I 7.6 
1.48 3.91 18.0 
1.21 z.97 I 13.9 
1.69 4.39 I 19.4 
1.00 2.so I 12.2 
1.40 3.32 I 17.3 
1.28 3.55 14.1 
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The plants grown in high-potassium solutions produced more 
dry matter per plant than those grown in low-potassium solutions. 
This was the case regardless of Yariety or whether the plants 
were healthy or infected. Differences in dry matter do not appear 
at all in the first two samples of high- and low-magnesium plants 
of any series but do appear in the third samples taken at the 
time of blooming except for Series 2, 1940. The differences are 
not as great as for potassium, indicating that in these experiments 
magnesium was not as important a growth-limiting factor as 
potassium. It is possible that magnesium " ·ould have become in
creasingly important if the plants had been carried along towards 
maturity. 

Other observations made in these studies were as follows: 
1. Low-potassium plants are usually more seyerely attacked 

by wilt than high-potassium plants. In the susceptible varieties 
studied, the low-potassium plants were almost always killed or 
severely damaged, with moderate to seYere "·ilt symptoms ap
pearing in the high-potassium plants. Jn the resistant varieties 
studied the low-potassium plants were usually killed or severely 
damaged , and the high-potassium plants showed Yery mild to 
moderate symptoms of wilt. 

2. Low- or high-magnesium nutrition had much less influence 
on wilt severity than potassium. 

3. A characteristic difference between plants grown in low
and high-potassium solutions was in the appearance of the root 
systems. In low-potassium solutions the secondary roots were 
plentiful, long and unbranched, while in high-potassium solutions 
the secondary roots were not as plentiful, and were short and 
branched. Whether this characteristic has an influence upon the 
severity of wilt infection, which occurs through the roots, cannot 
be stated at this time. 

4. The severit:\· of potassium and magnesium deficiency 
symptoms in the leaYes of these plants was more dependent on 
the balance, or relatiYe amounts of magnesium and potash in 
the solutions than upon the absolute amounts. Low-magnesium
low-potassium solutions produced plants that grew vigorously 
with pronounced magnesium deficiency s:nnptoms in leaYes. High
magnesium-low-potassiurn plants grew less rapidly than low
magnesium-high-potassium plants and frequent!~· had leaf mar
gins showing potassium deficiency. The absence or presence of 
deficiency symptoms did not alwars indicate whether or not 
magnesium or potassium was present in amounts sufficient for 
good itrowth because in low-magnesium-low-potassium plants leaf 
deficiency symptoms were rare but f!ro,Yth was seYereJ~, retarded. 
In low-magnesium-high-potassium solutions growth was rapid but 
magnesium deficienc~' symptoms in the leaves were pronounced. 
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Studies are being made of the chemical analyses of these 
plants and of the solutions in which they were grown. 

Cross-Inoculations with Fusarium Wilt Organisms 

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

For many years it has been assumed that the wilt diseases of 
different crops are caused by specific fungi , i.e., the wilt fungus 
attacking cotton does not affect tobacco nor does the reverse 
action occur. It is important to know whether this is true in 
making recommendations for crop rotations on soils infested with 
wilt-producing fungi. When it was discoYered (see previous re
ports of this station) that the fungus causing wilt in cotton and 
burley tobacco is one and the same organism, it was dcided that 
further experiments should be undertaken. It has now been 
determined that the Fusarium wilts of cotton, okra, burley to
bacco, and coffcewced ( Cassia tora) are all caused by a single 
species of the wilt fungus. Fusarium wilt of flue-cured tobacco 
is seldom seen in South Carolina fields though cotton wilt is 
common in the same area. 'l'ests haYe shown that a flue-cured 
variety (Gold Dollar) is resistant to this fungus , as "·ell as some 
burley varieties developed for wilt-resistance in Kentucky. 

During the year, three isolates of a tobacco wilt fungus from 
:Maryland were secured and used in inoculations on cotton, okra, 
susceptible and resistant Yarieties of burley tobacco, a flue-cured 
variety of tobacco ( Gold Dollar), and :Maryland Mammoth to
bacco. The Maryland tobacco wilt fungus behaYed quite differ
ently from fungi obtained from wilting tobacco in South Carolina 
and Kentucky in that the :Maryland fungus caused wilting of 
all the varieties of tobacco but did not attack cotton and okra. 

The sweet potato fungus produced Yen- few external symp
toms of wilt when cotton was inoculated with it, and the cotton 
fungus produced practically no wilt s:vmptoms on sweet potatoes, 
but the sweet potato fungus did cause wilting of a susceptible 
burley tobacco. Experiments have shown that the wilt fungi 
from cotton and burley tobacco are the same, or that isolations 
from either host plant will attack the other host plant. The 
sweet potato fungus is evidently different in that it will cause 
wilt in burley tobacco but not in cotton. 

Since a wilt disease of tomato and watermelon is generally 
distributed throughout the state, tomato and watermelon and 
their Fusarium isolates were included in the experiments after 
it had been discovered that the cotton wilt fungus causes wilt 
in several other host plants. The tomato and watermelon wilt 
fungi, however, seem to be restricted. each to its own host, since 
the tomato fungus caused no wilting in cotton, okra, or water-
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melon and the watermelon fungus caused no wilting of tomato 
and sweet potato. 

Experiments previously reported have sho,vn that the cow
pea wilt fungus does not attack either cotton or coffeeweed. 

Test of New Varieties of Wilt-Resistant Cottons 

(G. M . Armstrong and C. C. Bennett) 

A number of varieties of "·ilt-resistant cotton haYe been 
included in the Regional ·wilt Yariety test during three previous 
seasons. These tests were conducted at three locations in the 
state. In 1941, a test was conducted at Clemson only with a 
few of the promising new varieties and three selfed lines of the 
Super 7 variety. 

Ko statistical analysis of the yield data is yet available, but it 
is doubtful if there was any significant difference in the yield of 
the first three and perhaps the first four varieties as recorded 
in Table 26. Counts were made of wilting plants several times 
during the season and as the plants died they were removed. 
At the end of the season, all remaining stalks were cut to 
determine if infection had occurred. 

It will be noted in Table 26 that two varieties, Tifton Di.-:ie 
Triumph, and Super 7 B had 71 percent of healthy plants as 
compared with 13 percent for the susceptible variety, Half and 
Half. 

T able 26.-Wilt-Resistant Cotton Variety Test. Percentage of Plants Healthy 
and Dead, Boll Size, Percentage of Lint, and Yield in Pounds of 
Seed Cotton per Acre 

Yield, 
Percent Percent Bolls Percent pounds 

Variety plants plants per lint seed cotton 
healthy* dead* pound per acre 

Tifton Dixie Triumph _____ , 71 17 75 34 1461 
Coker 100 Wilt ---------- so 24 81 36 1411 
Coker 4-M-1 ------------- 65 20 81 36 1397 
Wann. Sand C. ----------- 58 

\ 
23 87 40 1312 

Super 7 B --------------- 71 15 73 31 1038 
Super 7 c --------------- 68 

I 
16 87 35 992 

Super 7 A --------------- 56 28 82 33 942 
Wann. Stonewilt --------- 58 23 78 39 888 
Tidewater --------------- 26 47 69 30 801 
Half and Half ----------- 13 57 98 39 718 
Humco Foster Wilt ------ 22 47 74 34 693 

*At end of season. 
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Self-Pollination and Selection of Wilt-Resistant Lines of Super 
7 Cotton 

(C. C. Bennett and G. M. Armstrong) 

Several years ag·o , self-pollination of the wilt-resistant variety 
of cotton, Super 7, was begun with the idea of obtaining a more 
uniform variety for physiological studies. The first plants were 
grown on a soil which did not contain the wilt fungus. When 
the selections ·were later planted on a soil heavily infested with 
the wilt fungus, many of them were completely killed by the 
wilt disease. Selfing and selection have been carried on for six 
years on the heavily infested wilt plot and data were taken on 
plant and fiber characters and wilt resistance. For two seasons 
data on yield have also been included in the study. 

Several selections with excellent wilt resistance and also fiber 
lengths of 1-h- inches or better have been secured. (Table 26 ) . 
The uniformity of fiber distribution was also very good but the 
yield was not quite so good as that of some of the shorter-stapled 
commercial wilt-resistant varieties. (Table 27 ) . 

Table 27.-Comparison of Fiber Characteristics of Six Self-·Pollinated Lines 
of Super 7 Cotton and Comparison of Yield with Coker 4-in-1 and 
Half and Half 

Staple 
Variety length, 

inches 

999-A ------------ 1.234 
799-B -- - --------- 1.233 
699-C -- - --------- 1.223 
599-D ____________ 1.156 
199-E ------------ 1.145 
899-F ------------ 1.095 
Coker 4-in-1 ______ 
Half and Half_ ____ 

U ni-
forrnity 
oercent Yi 

23 
23.8 
25 .6 
26.6 
19.6 
22.8 

2.8 
4.6 
5.8 
2.9 
3.8 
4.8 

Fineness 
(Wt. of 
in. fiber 
grrns.) 

.004214 

.004633 

.004534 

.004421 

.004147 

.005019 

ENTOMOLOGY AND ZOOLOGY 

Yield pounds 
seed cotton 

per acre 
1940 J 1941 
1960 I 1021 
1227 I 1046 
1030 I 1075 
1544 I 888 
1386 I 867 
1564 

I 
809 

1245 
631 

Cotton boll weeYils suniYed the winter of 1940-41 in mmsual 
numbers, and the damage by this insect was unusually severe, 
especially in the eastern half of the state. 

The cotton leaf worm appeared in fields in this state during 
September and did slight local damage, but as usual the defoli
ation occurred so late that it was not serious. 

Parasites of the Oriental fruit moth were apparently less 
effective than usual in controlling the pest. 
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Other insects such as potato beetle, Mexican bean beetle, to
mato fruit worm, and many others, contributed about their 
normal quota to the aggregate of insect damag·e for the year. 

Oriental Fruit Moth 

( 0 . L. Cartwright) 

During 1941 parasites of the Oriental fruit moth were re
covered in unusually small numbers and apparently were less 
effective in South Carolina than in any other season during the 
last 10 years. From 5,237 infested peach twigs gathered in 54 
collections from commercial orchards, only 32 parasites were 
reared. Only 266 parasites were obtained in 12 weekly collections 
in the Clemson College orchards. Very dry and hot weather 
conditions probably account for the low showing made by the 
parasites. From January to July the accumulated deficiency in 
rainfall was more than 11 inches, while temperatures aYeraged 
above normal in each month from April to September. 

Seventeen fruit counts in Piedmont Elberta orchards 
averaged 2.5 percent injured fruit . Ten Ridge section orchards 
averaged 5.82 percent injured fruit, an orchard in Saluda county 
giving the maximum count of 12.32 percent wormy peaches. 

Tomato Fruit Worm 

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

Cold weather late into the spring, followed by a sudden rise 
in temperatures resulted in Yery uniform generations of the to
mato fruit worm during the first part of the summer. By the 
time of the third generation this effect had been overcome and 
all stages of the insect were present in approximately equal 
proportions. 

Laboratory work with the insect was devoted to a search 
for. a rearing technique that would produce adult female moths 
capable of laying fertile eggs. Lack of fertile eggs from labora
tory-reared moths, and the very distinct generations in the field, 
made it impossible to obtain large numbers of larvae of uniform 
age for toxicity tests. 

The very dry spring and early summer followed by very wet 
weather during the peak of the harvest, reduced the yield of 
marketable tomatoes in the field plots to practically nothing. 
Accordingly the results of the field tests as presented in Graphs 
A and B are calculated as the ratio of the wormy fruit to the 
total fruit , summing the numbers of wormy, cull, and what few 

*On leave during 19'1-l. 
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marketable fruit were produced in each plot. This ratio is ex
pressed as percent wormy fruit. 

As can be seen from Figures 12 and 13, the baits gave 
slightly better control than the dusts. These baits were made 
up of the stated percentage of insecticide with the balance of 
corn meal, the insecticides being natural cryolite, synthetic cryo
lite, calcium arsenate, air-floating paris green, and phenothiazine. 
All gave an appreciable measure of control, and there was little 
difference between them, or between different concentrations of 
any one of them. The dinitro compounds were very injurious 
to the plants. 

None of the dusts produced an appreciable measure of control 
except the highest concentrations of synthetic cryolite, basic 
copper arsenate, and air-floating paris green. This bears out 
previous evidence that highly diluted dusts are practically value
less in tomato fruit worm control. 

The bulk of evidence this year is in favor of a corn meal bait 
with one of the insecticides mentioned above. Choice of the 
optimum concentration and the best material await a year when 
weather conditions permit a more sensitive test. 
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Figure 12.-Results of bait experiment in tomato fruit worm control. 
Numbers in base of columns indicate the percentage of the 
active ingredient present. M. A. = magnesium arsenate; 
B. F. = barium fluosilicate; NNOP = dinitro ortho 
cyclohexyl phenol; NNOC = dinitro ortho cresol; P = 
phenothiazine; C = untreated check. Each column repre
sents the mean of four replications. 
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Figure 13.-Results of dust experiment in tomato fruit worm control. 
All dusts made up with 10 percent cottonseed meal and 
the balance kaolin, except pyrethrum which was diluted 
with pyrax. Numbers in base of columns indicate the 
percentage of active ingredient pre ent. Py = 2 percent 
pyrethrum; P. G. = air-floating paris green; C = un
treated check. Each column represents the mean of four 
replications. 

Cowpea Curculio 

( F . Sherman and Wm. M . Upholt ) 

In 1940 results with different Yarietie of cowpeas as to in
jury by the cowpea curculio were at Yariance with results 
obtained by the Georgia Experiment Station, at Experiment, 
Georgia. In an attempt to explain this difference, the 1941 tests 
were conducted in cooperation "·ith T. L. Bissell, of the Georgia 
Experiment Station. The experimental plans were on a modified 
factorial plan, using two graeco-latin squares at Clemson, South 
Carolina, and two at Experiment, Georgia. The two factors in 
the graeco-latin squares were date of planting and Yariety or 
treatment, there being fiye of each. One block in each state was 
on land which bore cowpeas last year and the other block was 
on land some distance from any that had cowpeas last year. 
The five dates of planting were scattered at equal interyals oYer 
the entire period of the year when cowpea planting was con-
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sidered possible. The "Yarieties or treatments" include three 
distinct varieties and t\\'O treatments applied to one of the varie
ties, the treatments being a sodium fluosilicate dust and a thinning 
treatment to test the hypothesis that the curculios are attracted 
to strong, healthy stands of cowpeas rather than to thin stands. 

Two samples of 100 pods each were taken from each plot, 
an attempt being made to get the first 100 pods maturing as 
one sample and the last 100 pods as the other sample. These 
pods were kept in cages, as illustrated in Figures 14 and 15, in 
which the mature larYae emerging from the pods would drop 
through the screen bottom of the cage into a tray below. Thus 
an accurate count could be kept of all mature larvae emerging 
from the sample pods. 

The work on this experiment was not completed in time 
to include the data in this report. 

Figure 1-l.-Cages used for emergence of cowpea curculio, showing one 
cage open. 
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Fig ure 15.-Detail of open cowpea curculio cage, showing cowpea pods 
in place and tray for catching mature curculio larvae partly 
withdrawn. 

Control of Comstock 's Mealybug on Apples 

(Wm. M. Upholt) 

Evidence was obtained that Comstock 's mealybug (Pseudo
coccus comstocki Kuw.) can be controlled by a spray program. 
In the past, the difficulty in chemical control has been that no 
ordinary spray materials woulcl penetrate the large, waxy egg 
masses which were found on the infested trees at all seasons of 
the year. 

Accordingly a number of new, very achrn spreading and 
wetting agents were investigated. One of these, the dioctyl ester 
of sodium sulfosuccinate sold under the trade name of "Vatsol 
OT", showed promise of penetrating egg masses sufficiently readily 
if used at high concentrations. In laborator~- tests the material 
penetrated with increased ease when the concentration was in
creased up to as high as one percent. 

In preliminary tests with this material in our small experi
mental spray outfit, which is equipped with flat, paddle-type 
agitators, so much foaming occurred that the pump would not 
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operate. The large 500-gallon tanks of the stationary spray 
outfit which is regularly used by the Clemson College orchards 
are Yertical with much less agitation, and a sufficiently high 
concentration of spreader could be used in them without too much 
foaming. 

Limited dormant applications indicated the concentrations 
that would be necessary for penetration of egg masses, and an 
unusually uniform hatch of the overwintering eggs made con
ditions ideal for summer control. 

Accorclingl.'· 40 or 50 trees were sprayed with a mixture con
taining fiye quarts of the 70 percent clear solution of the sulfosuc
cinate ester, two and a half quarts of lauryl thiocyanate (under 
the trade name of "Loro "), and two and a half gallons of a 
summer oil emulsion ( under the trade name of "Orthol-K ") in 
500 gallons of water. This application was made at a time when 
most of the OYerwintering eggs had hatched and few of the 
mealybugs had reached maturity. The trees were sprayed both 
from a spray tower and from the ground. Three clays later 
no live mealybugs were found on the sprayed trees though the 
unsprayed trees were heavily infested. 

A month later, the second generation of mealybugs was 
hatching on the unsprayed trees and a few egg masses were 
found on t"·o trees in the sprayed plot. ·when most of the eggs 
were hatched the same plot was sprayed again with the same 
spray mixture as before, this time incorporating it with the 
regular lead arsenate-lim e cover spray. 

When the apples were hanestecl, the spra_\·ecl plot ,yas practi
cally free from mealybug injur.''· Adjacent m1spra_\·ed trees had 
been heavil.'- infested until August when a preclacious mirid 
bug, Eurychilopterella lui·idula Reut. became sufficientlr plenti
ful to effect appreciable control. Another block of trees in which 
this predacious bug did not become so abundant, and which had 
not been spra_\·ecl "·ith this particular mixture, was heavily in
fested with meal_\•bugs at hanest. 

Insect Survey 

(F. Sherman) 

This permanent study has been under way for many years 
and while progress is made each year, the number of insects is 
so great that there is yet far to go before anything like a 
complete record of the insect life of the state will be attained. 

The task of listing the insect life of South Carolina was 
begun in 1925 and at close of that year 372 species had been 
listed. Since that time the upward climb ma.'· be indicated as 
follows: 
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The 1,000 mark was passed during 1927. 
The 2,000 mark was passed during 1929. 
The 3,000 mark was passed during 1931. 
The 4,000 mark was passed during 1933. 
The 5,000 mark was passed during 1935. 
The 6,000 mark was passed during 1940. 

Similar work in North Carolina (begun in 1900) g·iyes that 
state a list of more than 10,000 species and the list is still grow
ing. This clearly indicates that the findings in South Carolina 
are far from completed. 

Somewhat similar records are kept on many other groups 
of animals, but the insects so greatly outnurn ber all the other 
groups that they represent much the greater part of the under
taking. 

CHEMISTRY 

Comparative Mineral Composition of Vegetables Grown Under 
Various Environmental Conditions 

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

Cowpeas ( Cream Crowder Yariety ) "·ere grown at Clemson , 
the Sandhill Station, and the Edisto Station. using the same 
source of seed, plot layout, and cultural conditions. 

The plot layout included different fertilizer treatments used 
to determine the effect of various combinations of fertilizers on 
the calcium phosphorus, and iron content of the peas. The 
effect of soil types and other environmental conditions were 
simultaneously studied. Sixteen plots in duplicate were used in 
accordance with the plans of the cooperatiYe project in which 
the mineral composition of vegetables is being tudied throughout 
the Southeast. 

Samples of peas were analyzed when the:v had reached the 
stage at which they are usually eaten, and also when completely 
mature. 

The calcium and phosphorus content of the peas from the 
different treatments are reported in Table 28. 

Effect of Rotation and Continuous Grazing by Dairy Cows on 
the Carotene ·Content ,of the P asturage and the Milk 

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

This project was carried on in cooperation with the Dairy 
Department. The carotene content of the gra s and the milk 
were determined at definite interYals during the growing season. 
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Table 28.-Calcium and Phosphorus Content of Cowpeas Grown at Clemson, 
the Edisto Station, and the Sandhill Station on Plots Receiving 
Different Fertilizers. Expressed as Percent of Dry Sample 

Grown at Clemson Grown at Grown at 
Edisto Sandhill 

Treatment* 

I 
Green Mature Green Mature 
sample sample sample sample 

I Ca p I Ca p p Ca p 
NPKCa ----------- .085 .477 

I 
.07-t .447 .527 .074 .476 

NPK -------------- .088 .472 .077 .446 .581 .078 .495 
NPCa ------------- .093 A65 .080 .448 .598 .074 .486 
NP ---------------- .091 .457 .080 .447 .563 .070 .480 
NKCa ------------- .083 .453 .072 .438 .531 .070 .468 
NK --------------- .086 .481 .073 .421 .074 .480 
NCa --------------- .083 .472 .070 .442 .537 .077 .466 
N ----------------- .089 .480 .070 .434 .58-t .071 .469 
PKCa ------------- .083 .495 

I 
.075 .454 .528 .074 .502 

PK ---------------- .085 .496 .074 .456 .583 .074 .485 
PCa --------------- .084 .506 I .077 .475 .572 .076 .486 
p ----------------- .087 .468 

I 
.076 .453 .564 .065 .490 

KCa -------------- .093 .450 .085 .457 .554 .074 .479 
K ----------------- .092 .491 .071 .447 .583 .071 .459 
Ca ---------------- .082 .497 

\ 
.080 .464 .067 .498 

Check ------------- .090 .481 .078 .470 .571 .062 .489 
Average -----------1 .087 .477 J .076 .450 I .563 J .072 .482 

On the dry basis there were no decided differences in the calcium and 
phosphorus content of the green and the mature samples. 

*The first treatment listed consisted of 60 pounds of nitrogen from 
ammonium sulfate, 60 pounds of phosphorus from superphosphate, 60 pounds 
of potassium from muriate of potash , and 120 pounds of calcium from gypsum. 
In the other treatments, one or more of these constituents were omitted. 

Six cows were used, consisting of two Jerseys, two Holsteins, 
and two Gu ernseys. These were diYided into two groups con
sist ing of one animal of each breed. One of the groups grazed 

Table 29.-Average Carotene Level of Pasture Grass. Milligrams of 
Carotene per Gram of Dry Sample 

1939 1940 19-H 

Month Con- I Rota- Con- I Rota- Con- I Rota-
, tinuous tion tinuous tion tinuous tion 

April ------------------- .186 .195 .320 I .328 
May -------------------- .163 .164 .160 .150 .150 .162 
June -------------------- .373 .279 .273 .232 .260 

\ 
.365 

J uly -------------------- .163 .166 .223 .211 .218 .250 
August ----------------- .213 .215 .158 .223 .243 

j 
.232 

September --------------- .197 .139 .153 .159 .185 .161 
October ----------------- .164 .165 .059 .069 I .095 .107 
Anrage -----------------1 .212 I .188 I .171 I .176 I .192 I .213 
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continuously in one pasture while the other group grazed in four 
pastures in rotation. Each year the experiment ran through the 
growing season, usually from the first of l\Iay to the end of 
October. 

Samples of milk were collected every two weeks, samples of 
grass from the rotation plots weekly, and from the continuous 
plots eyery two weeks. The average monthly carotene content 
of the grass is reported in Table 29. Similar data for the milk 
produced are shown in 'l'able 30. 

Table 30.-Average Carotene L evel of Milk. M illigrams of Carotene per 
Liter 

Year 1939 
(Continuous) 

Holstein ----------------1 .286 j .365 I .352 Jersey ------------------ .502 .570 .603 
.c.G_u_e_rn_s_ey"-----_-_--_-_-_- -_-_-_-_--_-_- ,__._6_13_ .685 .680 

Average ----------- --1 .467 G 40l---:s:f5 
(Rotation) 

.341 

.524 

.605 

.490 

.385 

.681 

.775 

.614 

.316 

.563 

.630 

.503-

Holstein ----------------1 Jersey ------------------
Guernsey ----------------

.260 I .300 l .301 .315 .436 .352 .539 .506 .458 .613 .656 .565 

.614 .655 .566 .560 .691 .691 
A 71 I .487 1'-.4-4=2--,...-.4-96-----'-. 5-9-4--,.--_-53_6_ Average -------------1 

Holstein ---------------- , Jersey ------------------
Guernsey ----------------

Average -------------1 

Holstein ----------------, Jersey ------------------
Guernsey ----------------

Average -------------1 

Holstein ----------------1 Jersey -----------------
Guernsey----------------

Average ------------1 

Holstein ----------------, Jersey ------------------
Guernsey ----------------

Average -------------1 

Year 1940 
(Continuous) 

.233 I .264 I .266 .675 .618 .641 

.616 .698 .701 

.508 I .527 I .536 
(Rotation) 

.283 I .362 J .411 .714 .540 .615 

.454 .616 .703 

.484 I .506 I .576 
Year 1941 

( Continuous) 

.263 I .320 I .408 .646 .661 .394 

.456 .513 .531 

.454 I .498 I .444 
(Rotation) 

.160 I .281 

1 
.302 

.687 .887 .830 

.656 .795 .610 

.501 .654 .581 

.313 

.662 

.603 

.526 

.430 

.636 

.792 

.619 

.261 

.915 

.828 

.668 

.395 

.933 

.771 

.700 

.240 

.589 

.656 

.495 

.336 

.560 

.653 

.516 

.319 

.682 

.935 

.645 

.310 
.795 
.638 
.581 

.221 

.725 

.737 

.561 

.416 

.665 

.720 

.600 

.419 

.715 

.633 

.589 

.285 

.558 

.661 

.501 
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Although the carotene content of both the milk and the 
grass varied somewhat from month to month, no significant effect 
resulted from the different methods of grazing. 

Hemoglobin and Vitamin ·Content of Blood of School Children 

(E. J. Lease, J. H. Mitchell, and Ada M. Moser) 

To determine the effect of the school lunch on the nutritional 
condition and educational progress of elementary school children, 
two rural schools in Pickens county were chosen for study by the 
Home Economics Research Department in cooperation with this 
department. In one of the schools a well balanced school lunch 
was served while in the other school no lunch was served. At the 
beginning and after given intervals of time, the children from both 
schools were examined to evaluate their nutritional status. Blood 
samples were drawn in the chemistry laboratory by the county 
health physician and the blood was analyzed for hemoglobin, vita
min A, carotene, and ascorbic acid.* White cell and differential 
cell counts were made in certain cases where the conditions incli
cated their value. 

In almost all cases the hemoglobin values for the children were 
found to be below the normal average. In contrast to this a small 
group of adults from the same general locality were found to have 
normal amounts of hemoglobin when analyzed at the same time by 
the same analysts, methods, and instruments. The acid hematin 
method for the determination of hemoglobin, using the visual color
imeter or the spectrophotelometer at the 420-mu band were found 
to be reliable and vastly more accurate than the Tallqvist or Dare 
methods. Although the Tallqvist and Dare methods are commonly 
used by health departments because of their speed and simplicity, 
the experience of this department indicates that one must expect 
an average error of 26 percent by their use, and the error may be 
much greater than this. 

The level of asc@rbic acid in the blood of many of the children 
was found to be too low, but in many cases it was more satisfac
tory than the hemoglobin level. In the fall of the year the chil
dren who had been eating sweet potatoes and other foods rich in 
carotene were found to have good levels of carotene and vitamin A 
in their blood, but at other times of the :vear certain of the children 
did not have high enough levels of carotene or vitamin A in their 
blood. Studies of the composition of blood as related to the nutri
tional status of the children are being continued. 

*The help of Dr. G. W. Anderson, associate animal pathologist and Dr. 
R. C. Ringrose, assistant poultry husbandman, in making these analyses is 
gratefully acknowledged. 
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Cooperative Projects 
(J. H . Mitchell, E . J. Lease, and D . B. Roderick) 

The Chemistry Department is cooperating with other depart
ments and substations in carrying on seyeral projects. These pro
jects have chemical phases which require consider able time and 
effort on the part of the exper ienced chemist in a fully equipped 
laboratory. In many cases the chemical phases require more work 
than all the other phases of the project combined, but in this report 
the results are p laced with those departments which originated the 
projects inYolYed. During the past year 1173 samples were ana
lyzed in connection with such projects. These samples were ana
lyzed for as many as 10 different constituents, depending· on the 
project and its purpose. The results of these anal:vses may be 
found throughout this report and in other publications, as an inte
gral part of the research of those departments. Table 31 indicates 
the number and nature of samples anal~·zed during the year. 

Table 31.-Samples Received During the Year for Analysis 

Department 
!
Number of 

samples 
Animal husbandry Hog feces and feeds -----------------------1 60 
Chemistry Milks -------------------------------------1 104 

Pasture grass -----------------------------1 38 
Green peas --------------------------------1 64 

Coast Station Pasture grasses ----------------------------1 120 
Dairy Silage and grass ---------------------------1 30 

Butterfat ----------------------------------1 100 
Home economics Blood samples (children) -------------------1 381 
Horticulture Sweet potatoes (carotene) ------------------1 100 
Poultry Lespedeza ---------------------------------1 31 
Sandhill Station Pasture grasses ----------------------------1 100 
Miscellaneous ------------- __ ---- ____ ------- _____________ -1 45 
Total --------------------------------------------------------1 1173 

ANIMAL HUSBANDRY 

Purebred Pigs Have Higher Mortality Than Crossbreds 
(L . V . Starkey and E. G. Godbey) 

Purebred and crossbred pigs produced in mi..'{ed litters by 
Berkshire sows that had been bred to Berkshire and Dur oc boars 
were weighed at birth, at weaning, and at the close of the fatten
ing period. 

The results of this year's test agree with those of preYious 
years in showing that the crossbred pigs were heavier at birth and 
weaning, and reached market weight after a shorter feeding 
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period. The feed for 100 pounds of gain was also slightly less for 
the crossbred p igs. 

The most outstanding difference between the purebreds and 
crossbreds was in the mortality rate of the pigs from birth to wean
ing. Over the three-year period of these tests the loss of crossbred 
pigs has been only 11 percent as compared with 36 percent for the 
purebreds. The crossbred pigs are larger and apparently more 
vigorous and active at birth. 

The difference in the percentage of pigs raised may easily 
make the difference between profit and loss to the swine breeder. 

Some Factors Affecting the Economy .of the Gains Made by 
Fattenillg Swine 

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

This project has been a continuation of work done during 
two preYious ~rears to determine the relationship of the economy 
of gains made by fattening swine to the weights and measurements 
of certain physiological and morphological characters. 

Purebred Berkshire pigs were weighed and measured at birth 
and weaning, and at 112 and 168 days of age. 

After weaning, the pigs were put in individual pens and fed 
a fattening ration until a weight of 200 pounds was reached. 

Hemoglobin determinations made during the test indicated 
that none of the hogs were anemic, although there was some varia
tion in the readings obtained. 

The digestion trials showed that there was very little varia
tion in the amounts of the feed nutrients absorbed by the hogs. 

When a weight of 200 pounds was reached, each hog was 
killed and a study was made of the internal organs and glands. 

Analysis of the data shows that there is a close relationship 
between the economy of gain and the size of brain, pituitary gland, 
liver, spleen, lungs, and kidneys. 

The weights and measurements of pigs at birth were highly 
correlated with those taken at weaning, at 112 clays of age, and 
at slaughter. 

The economy of gain was positively correlated with the 
weights of the pigs at weaning and with the rate of gain during 
the feeding· period. These findings emphasize the importance of 
putting the greatest possible g·ains on the pigs during the suckling 
period. 

The pigs fed on this test haYe made a pound of gain on slightly 
less than three pounds of feed. These unusually cheap gains were 
more economical than those made by hogs fed on the best forages 
at this and other experiment stations. 
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The Effect of the Ration .on Rate and Cost of Gains and on Quality 
of Beef Produced 

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

There has been some discrimination by buyers against beef 
cattle that have been fed cottonseed meal and hulls. To determine 
the validity of these discriminations the work of comparing the 
ration of corn and hav with that of cottonseed meal and hulls has 
been continued. · 

Twenty steers averaging about 800 pounds in weight were fed 
individually until a gain of 300 or 400 pounds had been made. 

The feeding data secured from this test have been grouped 
with those secured in preYious years and are shown in Table 32. 

Table 32.-The Effect of the Ration on the A verage Daily Gains, and Amount and Cos 
of Feed Consumed by Steers F ed to 200, 300, and 400 Pounds of Gain 

Feeds used Cottonseed meal and 
cottonseed hulls 

Total gain per steer* (lbs.) _____ \ 200 300 I 400 200 

Corn and lespedeza 
hay 

I 
300 I 400 

Daily gain per steer (lb s.)------1 2.09 I 2.05 I 2.00 I 1.92 I 2.07 I 2.00 

Feed eaten Concentrates (lbs.) -1 396.85 ! 535.46 l 557.93 l 441.15 I 
per 100 lbs. Roughage (lbs.) __ _ 1191.99 1114.89 1205.43 1156.52 

564.57 I 592.68 
1066.25 I 1091.12 

of gain Salt (lbs.) --------- 3.20 3.08 3.57 2.64 2.99 I 2.60 
Feed Concentrates ____ ___ $ 5.95 $ 8.03 $ 8.37 $ 6.62 1 $ 8.47 I $ 8.89 
cost of Roughage --------- 5.96 5.57 6.03 9.25 8.53 I 8.73 
100 lbs. Salt --------------- .03 .03 .04 .03 .03 I .03 
of gain Total-------------- $ 11.94 $ 13.63 $ 14.44 s; 15.90 I $ 17.03 I $ 17.65 

*Each of the two groups fed for a gain of 200 pounds included 59 animals. The othe 
four groups contained 16 animals each. 

Price of feeds: Corn $0.84 per bushel; Hay $16.00 per ton; Cottonseed meal $30.(li 
per ton; Cottonseed hulls $10.00 per ton. 

The daily gains made by the steers on the different rations 
were not significantly different when those on the longer feeding 
periods were compared. However, when the steers were fed for 
200 pounds of gain those on meal and hulls made faster gains. 

The total feed eaten for 100 pounds of gain increased with the 
longer feeding periods. In each weight group the concentrate re
quirements were higher and the roughage requirements were lower 
when corn and hav were fed. 

The feed cost ~f 100 pounds of gain increased with the longer 
feeding periods. In each weight group the feed cost per 100 pounds 
of gain was lower when the cottonseed meal and hull ration was 
fed. This lower cost was due largely to the relative price of the 
roughages. However, if the two roughages could be purchased 
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at the same price, the meal and hull ration "·ould be more profit
able for the shorter feeding period. 

At the close of the feeding test the steers were shipped to 
Beltsville, Maryland, where slaughter and meat studies were made 
by the Bureau of Animal Industry, U. S. D. A. These studies have 
shown that neither the color nor the quality nor the palatability 
of the meat has been affected by the rations used. 

DAIRYING 

Curing Blue Mold Cheese in Stumphouse Mountain Tunnel 
(P. G. Miller) 

An inspection of Stumphouse :Mountain tunnel, in the summer 
of 1938, suggested that its structural nature and the atmospheric 

Figure 16.-An interior view of the tunnel showing the cheese on a 
make-shift table and the partition wall and door. 
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conditions should make it suitable for curing blue mold cheese. The 
tunnel extends for more than a quarter of a mile into the mountain 
of solid blue granite. Midway is a large shaft leading to the top 
of the mountain about 200 feet above. These structural features 
provide air currents, humidity, and temperature conditions that 
are favorable to the growth of the Roquefort-type mold. 

Permission to use the tunnel for research study was obtained 
in July 1940. The construction of a suitable partition between the 
mouth of the tunnel and the shaft and the procurement of the 
necessary processing equipment were made in time to start curing 
the first batch of blue mold cheese by January 1941. 

The milk was made into cheese at the Clemson College cream
ery. This process involved the coagulation of the milk, cutting the 
curd, dipping· it onto draining cloth, inoculating the curd with the 
blue mold, hooping it and finally draining off the hooped curd. 
These steps were carried out by procedures similar to those out
lined in detail in U. S. D. A. Bul. 970. The cheese was then taken 
to Stumphouse l\Iountain tunnel for curing. 

An interior view of the tunnel is shown in Figure 16. This 
Yiew shows the location of the cheese and of the partition wall and 
door. The possibility of varying the atmospheric conditions at this 
location by opening and closing the partition door is indicated by 
the temperature and humidity charts shown in Figure 17. 

A close-up view of cheese that has just been salted and other 
cheese that has been punched to allow the entrance of air for en
hancing the mold growth is shown in Figure 18. 

After remaining in the tunnel for three months, the cheese was 
wrapped and stored in a cold room at the Clemson College cream
er?. By this time a luxuriant growth of mold had taken place 
"·ithin the cheese and a pronounced characteristic flavor developed. 
Figure 19, a cross-section view of a cured cheese, illustrates the 
distribution of the mold growth. Experienced judges examined 
the cured cheese in May and described it as a product of excellent 
quality. 

The onl:v difficulty encountered in the curing of cheese in the 
tunnel was contamination from foreign molds. These molds came 
from the wood accumulated at the bottom of the shaft. The re
duction of the air currents b:v the partition wall resulted in an 
accumulation of mold spores in the air of the tunnel. This in
creasing mold content of the air was speeded up by exposing new 
wood surfaces due to traffic over this debris. Before a second trial 
curing was completed, the foreign mold contamination had become 
excessive. It was evident that before making additional trial cur
ing-s it would be necessary to remoYe the source of these foreign 
molds. Removal of this debris was effective in reducing the mold 
count on Czapek's medium in Petri plates from colonies too nu-
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Figure 18.-Cheese aging in the tunnel. The cheese standing on edge 
has just been punched full of small holes to allow the 
entrance of aiL The cheese lying flatwise has just been 
salted by rubbing salt onto the surface. 

merous to count with a one-minute exposure to about five colonies 
per plate with a five-minute exposure. 

Further work on the curing of blue mold cheese in the tunnel 
is now in progress to determine the effect of seasons and other 
varying conditions on the quality of the cheese produced. Plans are 
also being made for trial curings on a larg'e scale to determine the 
wisdom of deYeloping commercial production of blue mold cheese 
at this location. 

Dried Whey in the Ration of Unthrifty Dairy Calves 
(G. H. W ise) 

Dairr calves in the early stages of development are susceptible 
to a Yariet:-- of disturbances, many of whieh are nutritional in 
origin. Inadequate knowledge of the specific dietary needs of the 
calf, on the one hand, and the lack of information of the nutrient 
content of feeds, on the other, render formulation of suitable and 
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Figure 19.-Cross-section view of a cured cheese showing the distribu
tion of the mold growth. 
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economical calf rations difficult. Obsenations during the past five 
years indicate that the inclusion of concentrated whey, a by-product 
from cheese and casein manufacture, is valuable in remedying cer
tain unthrifty conditions common in young calves. 

'l'he symptoms of a typical case that usually responds to the 
whey treatment are as follows: The initial upset, occurring most 
frequently between two and four weeks of age, is in the form of 
acute diarrhea, which later becomes chronic. This chronic stage is 
accompanied by a failing and depraved appetite and by increasing 
emaciation, weakness, and lethargy. The hair becomes long and 
harsh and the skin dry, tight and scaly. In extreme cases the skin 
may be denuded on areas beneath the abdomen, on the legs, and 
back of the ears. Calves in this ·weakened condition are very sus
ceptible to pneumonia and other diseases that frequently result in 
death. 

The morbid state cannot be attributed always to "poor feed
ing." It frequently develops in calves having access to what is 
generally considered to be an adequate ration, consisting of hay, 
grain mixture, and whole milk supplemented with cod-liver oil. 
Such was the case of a Guernsey calf, the growth curve of which 
is shown in Figure 20. 

From the age of 16 days, when the symptoms were first noted, 
until the age of 42 days, when dried whey was introduced into the 
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Figure 20.-Weight gains of a calf as affected by diarrhea and its 
subsequent alleviation by feeding dried whey. 

ration, there was no gain in weight. ,vithin fiYe days after the 
initiation of the whey feeding, there was marked improvement in 
the appetite, cessation of scours, and increased Yigor. The calf 
consumed not only increasing amounts of milk but also greater 
amounts of hay and grain. These changes were followed by a 
pronounced gain in weight and a gradual return of the hair and 
skin to the normal state. The foregoing responses are typical not 
only of Guernseys but also of other breeds. 

The amount of dried whey fed and the duration of feeding it 
vary with the size and the reactions of the individual calf. The 
quantity given daily ranges from one-half pound to one pound per 
hundred pounds live weight of calf. Excessive amounts are laxa
tive and should be avoided. The daily dosage, divided between 
the milk feedings, is given partly dissolved and partly suspended 
in either separated milk or whole milk, preferably the latter. This 
system of feeding is continued until the calf regains its healthy 
state. 

The reasons for the beneficial responses from feeding dried 
whey in the foregoing maru1er are not established. The natural status 
of milk as the sole diet for young animals suggests that it contains 
all the factors essential to sustain life and promote growth during 
the normal nursing period. However, current practices of feeding 
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and managing cows and calyes are not entirely in harmony with 
the system of nature. Under the artificial conditions to which the 
calf is subjected, it seems that it frequently needs certain nutrients 
in greater quantities than ar e supplied in milk. 

Dried whey contains many milk constituents, lactalbumin (high 
quality protein), milk sugar, ash, and water-soluble vitamins, in a 
concentrated form. Though the physiological merits of these indi
Yidua l milk fractions for the dairy calf are not known, in combina
tion the~' have a definite therapeutic value. This may be attrib
uted either to the direct addition of one or more substances needed 
b:'· the calf or to a change in internal conditions permitting the 
5~·nthesis of the needed product. In view of recent results by 
Wisconsin investigators ( J our. Dairy Sci., Vol. 24, p. A229, abs. 
567) who observed that members of the vitamin B-complex played 
a role in eliminating calf diarrhea, believed to be of nutritional 
origin, it is possible that the vitamins of dried whey are the thera
peutic agents. 

This postulation gains credence when other related factors are 
considered. It is recognized that many vitamins of the B-complex 
ar e rn-nthesized in the rumens of adult cattle, but this may not be 
true in the case of the :''Oung calves, particularly if they are not 
C'onsnming plant feeds. Furthermore, there is evidence that the 
break-down of mil k fat suupresses the growth of certain micro
or1:rnnic:;ms. This may be a factor indirect]:'' affecting the s:vntheses 
of needed vitamins. 

Thus dried whe:v. used urimarily in poultry rations, finds prac
tical al)p]ication as a remed:'· for certain types of calf scours and 
other accoml)an:ving disturbances. This therapeutic action of dried 
wheY provokes speculation on the reasons for its effects in such 
cases and emphasizes the need for more investigation on the basic 
pl1:'·siological requirements of the dairy calf. 

Combination of Colostrum and Reconstituted Skim Milk As a 
Substitute for Whole Milk in the Ration of the 

Growing Dairy Calf 

(G. H. Wise and J.P. LaMaster) 

Recent deYelol)ments in the Southeast have created markets 
where al l fluid milk finds a ready outlet. Any satisfactor:'' proce
dure permitting an increase in the marketable supply of milk 
benefits not only the consumer but also the producer. Substitution 
of a combination of colostrum and reconstituted skim milk for 
''"hole milk in the diet of the calf permits diversion of considerable 
amounts of milk into market channels. The increased quantity 
of whole milk thus made available for human consumption is likely 
to be rather irregular and small for any one dairyman, but the 
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cumulative quantity over a wide area would tend to be uniform 
and large. 

Colostrum, the milk-like substance yielded by the mother for 
several days following the birth of the young, is gradually changed 
over a period of five or six clays to normal milk. The colostrum, 
considered almost indispensable for the new-born calf, is objec
tionable as a feed for older calves and as a food for man. Hence, 
during the five -day transitional per iod, the quantity of mammary 
secretion in excess of that needed by the young calf is normally 
discarded as waste. 

This colostral material may be mixed with reconstituted skim 
milk and utilized as a satisfactory substitute for whole milk in the 
ration of calves. The proportion of skim milk included in the 
mixture, approximately 50 percent in the early colostral stage, is 
reduced 10 percent daily during the five-day period of transition. 
When colostrum is available from several cows in different stages 
of colostral transition, skim milk is added (not to exceed 50 per
cent) until the consistency of the mixture is about the same as 
normal whole milk. The mixing should be clone at approximately 
100°F. , about body temperature. 

Feeding trials revealed that the foregoing mixtures ma~- be 
interchanged abruptly with whole milk in the calf-feeding regi
men. There were no marked manifestations of physiological up
sets accompanying these changes. Occasionally, however, the mix
ture was slightly laxative in its effect but not to the extent of being 
objectionable. 

Since the results from feeding the colostrum-skim milk com
binations have proved satisfactory from a physiological standpoint. 
it has become an established practice in the Clemson College dairy 
herd to substitute this mixture for normal whole milk. 

Treatment of Infectious Diarrhea (White Scours) With 
Sulfaguanidine 

(G. H . Wise and G. W . Anderson) 

The use of chemical compounds known as sulfanil cleriYatives 
for the treatment of various human and animal diseases has become 
common in recent years. These compounds include sulfanilamicle. 
sulfapyricline, sulfathiazol, and sulfaguanicline. Though these 
drugs are closely related, they have different values as specific 
remedies for various diseases. Sulfaguanidine, the one most re
cently discovered, has proved to be effective in the treatment of 
many cases of infectious diarrhea in infants. Since young farm 
animals have certain types of physiological disturbances similar to 
those observed in babies, the feasibility of using sulfaguanicline in 
the treatment of calf diarrhea was considered. 
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This infectious diarrhea of young calves is a disease commonly 
referred to as white scours. Its course is generally rapid and 
usually fatal. Though it is frequently encountered in dairy herds, 
its control is generally restricted to preventive measures, including 
sanitation of surroundings and immunization of the new-born calf 
by injection of a specially prepared serum. Occasionally these 
measures fail to prevent the onset of the diarrhea, for which there 
has been no satisfactory medical treatment. 

Promising results haYe been obtained recently from the use of 
sulfaguanidine in treating a limited number of cases of calf diar
rhea, definitely diagnosed as white scours. Treatment was initiated 
immecliatel~' after the first posifrve s~rmptoms were manifested. The 
drug was suspended in a small amount of water, about three ounces, 
and administered orally. The dosage schedule per 100 pounds live 
weight was as follows: An initial dose of 5 grams, a second dose of 
4 grams four hours later, and a third dose of 3 grams after a six
hour interval. If the diarrhea did not subside immediately fol
lowing the third dose, a fourth of 2.5 grams was giYen after a 
four- or five-hour interval. As yet, a case that needed more than 
four closes for recovery has not been encountered. 

Though the results are considered satisfactory from a curative 
standpoint, the common preventive measures generally employed 
should not be abandoned until the prophylactic value of sulfa
guanicline is established. 

Advanced Registry Testing 

(H . A. Johnson) 

Official records of production were completed and approved by 
the breed associations for 243 cows, representing the three major 
breeds of dairy cattle, through the Advanced Register, Register of 
~Ierit, and Herd Improvement Registry Testing. Seventy-six per
cent of these animals were Guernseys, Holsteins comprised 15.6 
percent, and Jerseys 8.2 percent. The average production of all 
co,Ys having completed records was 11,259 pounds of milk, and 
526 pounds of fat, giving an average butterfat percentage of 4.67. 

The average production of the 185 Guernsey records was 10,845 
pounds of milk testing 4.92 percent, an average butterfat produc
tion of 535 pounds per cow. The average production factor for 
Guernseys was 103.5, which is 3.5 percent above the average of the 
breed. 

The 38 Holsteins that completed records averaged 14,096 
pounds of milk, and 497 pounds of fat, or an average butterfat test 
of 3.52 percent. The production factor for Holsteins averaged 
107.8, which is 7.8 percent above the breed average. 

Jersey cattle, numbering 20, produced an average of 9,700 
pounds of milk, and 500 pounds of fat, or a butterfat test of 5.15 
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percent. The aYerage production factor for J erseys haying com
pleted records showed these cattle to have produced 7.7 percent 
more butterfat than the ayerage purebred Jersey cow. 

During the fiscal year two Guernseys, one Holstein, and t"·o 
Jerseys completed production records which qualified them for 
state championships. One Guernsey, Baron's Ester of Edisto Farms 
430839, owned b~- J. B. Guess, Jr., Denmark, produced 17,954.2 
pounds of milk containing 934.5 pounds of fat in 365 days as a 
mature (5 years or oyer) animal in class 1:\..A. The second Guern
sey cow, Strouclcrest Polly 483206, owned by Crawford Stroud. 
Richburg, completed a ?early record of 12,686.9 pounds of milk and 
674.0 pounds of butterfat as a junior three-year-old in class EE. 

O.K.L. Katie Paul 652643. a Holstein cow owned bv Y. l\I. 
Montgomery, Spartanburg, produced in class A as a junior three
year-old 13,984.9 pounds of milk and 532.5 pounds of fat in 305 
days. 

Both J ersev records were made by cows owned by "'Wheeler 
Brothers, Saluda. Princess Sybil Connie 1154457 produced 9,7-!3 
pounds of milk and 537.9 pounds of fat in 305 da:·s as a junior two
year-old. Design Beta Abbie 1084704, as a junior four-:vear-old. 
produced 12,163 pounds of milk and 664.3 pounds of fat in 305 
cla~-s. 

POULTRY 

The Study of Calcium Metabolism in the Laying Hen by the 
Comparative Slaughter Method 

(C. L. Morgan, J. H . Mitchell, R. C. Ringrose, and E . J. Lease) 

Previous studies on the calcium metabolism in laying birds 
showed large negatiYe balances of this element following the onset 
of laying by pullets. The pullets remained in a cumulative nega
tiYe balance for a period of 200 da:·s or more. Later in the laying 
year, these birds regained calcium, and cumulative positive bal
ances were noted eYen with continuous egg production. Since ex
tremely large cumulative calcium balances both negatiYe and posi
tive were recorded in these studies, a comparison of the balance 
method with and a check on the calcium metabolism in laying 
birds b~r comparatiYe slaughter, seemed desirable. 

A group of single comb "\Vhite Leghorn hens which had com
pleted or nearly completed a year of egg production was used in 
this study. The entire group was force-molted. When produc
tion ceased, an all-mash ration in pellet form containing 2.4 per
cent calcium was feel. After the hens had been on the ration for 
30 days SL"'< birds were removed to metabolism cages and balance 
studies on calcium intake and outgo were made over a period of 
six weeks. The remainder of the hens were continued in the lay-
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ing house. The hens in the laying pen were observed closely and 
representatiYe birds were removed for slaughter and analysis for 
calcium just prior to laying the first egg. The additional hens in 
the laying pen were continued for varying lengths of time. Four 
hens were taken for slaughter and analysis at the end of six weeks 
of laying. Six hens were slaughtered after 18 to 24 weeks of lay
ing and analyzed for total calcium. The hens were producing eggs 
at a rate of approximately 70 percent. 

In the balance studies the hens lost an ayerage of approxi
mately 25 percent of the total calcium originally present in the 
body at the onset of laying during a period of six weeks of egg 
production. The results by analysis of the hens at the onset of 
laying and after six weeks of laying showed nearly the same loss 
of calcium as by the balance method. The analysis of six hens 
after an average laying period of 153 days at a rate of 70 percent 
production showed slightly more calcium present than in the bodies 
of the hens slaughtered just prior to laying. Thus at the end of 
five months of laying the loss of calcium that occurred during the 
early weeks following the onset of laying was restored without any 
cessation or slackening in egg production. 

These studies by the comparatiYe slaughter method confirm 
data obtained by the balance method that the hen goes into a nega
fo·e calcium balance during the period following the onset of lay
ing although supplied with ample calcium in the diet. Calcium is 
removed from the skeletal structure, but later in the period of 
production the hen reg·ains the calcium lost without cessation of 
laying. The hen appears to be able to consume and utilize ample 
calcium for maximum egg production. 

Lespedeza as a Source of Carotene for Chicks 

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

Alfalfa meal is a common ingredient of most commercial poul
tr)- feeds particularly as a source of carotene (pro-Yitamin A) and 
riboflavin ( Yitamin G). However, lespedeza is more adaptable to 
local conditions and considerable acreage is being grown. Inves
tigation of the possibilities of utilizing lespedeza in poultry feeds 
to replace alfalfa as a source of the aboYe Yitamins is in progress. 

During the past year tests have been conducted to determine 
the utilization of carotene in lespedeza meals in comparison with 
alfalfa leaf meal. The carotene content of the feeds used was as 
follows: 

Gamma per gram 
Alfalfa leaf meal (dehydrated) ______________ 70 
Lespecleza sericea meal (whole ) ______________ 100 
Lespedeza Korean meal (whole ) ______________ 86 
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To compare these feeds as sources of carotene for chicks, feed
ing tests were conducted with clay-old , v hite Leghorn chicks at two 
levels of carotene .feeding. At each level equal amounts of caro
tene were supplied by the dehydr ated alfalfa leaf meal and the 
whole lespecleza meals. The results of these tests are shown in 
Table 33. 

Table 33.-The Comparative Utilization by White Leghorn Chicks of the 
Carotene of Dehydrated Alfalfa Leaf Meal and Whole Sericea and 
Korean Lespedeza Meals 

Pen 
number 

S upplement 

1 No carotene-check - ------------ ------
2 30 gamma* carotene-sericea meaL ____ _ 
3 30 gamma carotene-Korean meal_ ____ _ 
4 30 gamma carotene-dehyd. a lfalfa leaf 

n1eal ------------ ----------------
5 180 gamma carotene-sP.ricea meaL _____ _ 
6 180 gamma carotene-Korean meal_ ____ _ 
7 180 gamma carotene-dehyd. a lfa lfa leaf 

meal ------------ ---------- ------
*Gamma per 100 grams of feed. 

Weight at I Pounds feed 
8 weeks per pound 

gms. of gain 

288 4.92 
532 3.92 
486 4.36 

508 4.11 
628 3.77 
578 4.05 

619 3.58 

The results indicate that the carotene of the lespedeza meals 
was as well utilized as that of the dehydrated alfalfa leaf meal. 
The growth differences between the various pens at a given level of 
carotene feeding are within the range of expected Yariation and 
are of no significance. 

THE COAST EXPERIMENT STATION 
(E. D. Kyzer, Superintendent) 

The research activities at this station during the past year 
have consisted largely of the repetition of experiments requir ing a 
number of years for completion. These experiments are concerned 
with the management and production of beef cattle and hogs, the 
development and management of permanent pastures, and the pro
duction and utilization of feed and forage crops. With the cur
tailment of the acreage devoted to cotton, tobacco, and other cash 
crops, interest in beef cattle, hogs, and pastur es has materially in
creased. 

Because of climatic and labor conditions, operations of the 
station dur ing the year haYe been ser iously handicapped, resulting 
in decreased yields of feed and .for age crops. Official records sho,Y 
a rainfall of 15.80 inches in June, 8.68 inches in J uly, and 6.80 
inches in August. Local defense projects with a h igh wage scale 
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attracted all experienced farm laborers, and replacements had to 
be made with boys and other inexperienced laborers at a higher 
wage scale than in previous years. 

Since the 1940 report included a rather complete discussion 
of the major investigations under way, only those projects upon 
which additional significant data liaYe accumulated are herewith 
reported. 

BEEF CATTLE INVE STIGATIONS 

The beef cattle investigations at this station are cooperative 
with the Bureau of Animal Industry, United States Department of 
Agriculture. These investigations include the following projects: 
(1) A study of the beef-producing capacities of Coastal Plains pas
tures receiYing Yarious treatments; (2) a comparison of full-fed 
beef calYes in a creep with one-half full-fed and non-fed calves for 
the production of slaughter calYes and breeding stock; (3) a com
parison of rye pasture and sorghum silage in wintering stoclr<cr 
steers. Data for the latter project coYering a fiYe-year period were 
included in the 1940 report. Since recent results are in line with 
those previously published, no further report will be made at this 
time. 

Relative Beef-Producing Capacities of Coastal Plains Pastures 
Receiving Different Treatments 

(E. D. K yzer, J. H. Mitchell, R. L . Jones) 

The number and quality of animal products and their econom
ical production per unit of feed or pastures determines the real 
value of any feed or pasture under consideration. The object of 
this study is to determine the relative Yalue of Coastal Plains 
pastures in terms of pounds of beef produced per acre. FiYe sep
arate pastures, each receiving a different treatment as shown in 
Table 34 are being used in the comparison. Each of these pastures 
is stocked during the pasture season, according to the abundance 
of herbage, with grade beef-type steers of uniform quality. Dur
ing the first four trials (1936-1939 inclusiYe) , no feed was supplied 
other than pasturage. Results of this first phase of the study were 
published in the 1940 report. For comparison. the data from that 
report are included in Table 34. Beginning· with the 1940 pasture 
season, the plan of the study was amended to include a per steer 
per day ration of two pounds of cottonseed cake containing 36 
percent protein as a supplement to pasturage. In addition to data 
relative to carrying capacity and beef produced per acre, clippings 
from caged areas are taken at regular intervals, yields recorded, 
and feed and mineral analyses are made. Table 34 includes also 
the grazing data obtained under the new plan during the past two 
years. 



Table 34.-Relative Beef-Producing Capacities of Coastal Plains Pastures Receiving Different Treatments, Coast Experiment Station 

Pasture* Acres 

CL-1 15 
CL-2 15 

CL-3 15 

Treatment 

None ____________________ _\ 

2000 pounds dolomitic lime J 

every third year -------1 
2000 pounds dolomitic lime 

every third year, 250 
pounds 16 percent super-
phosphate annually ____ 

CL-4 I 15 1 1500 pounds. of basic slag I 
every third year -------

BS-5 J 45 J Burned annually ----------1 
*CL = Carpet grass-lespedeza. 

BS = Native broom-sedge. 

1936-1939 

Carrying Beef 
capacity, produced 

steer per acre, 
clays pounds 

per acre 

83.1 4.93 

84.9 30.80 
I 
I 
I 

110.3 34.60 I 
111.7 40.25 
27.6 2.53 

Average Carrying Beef Total 
daily capacity, produced gain per 
gain steer per acre, steer per 

per steer, days pounds season, 
pounds per acre pounds 

0.059 57.03 54.48 163.40 

0.358 59.36 58.55 175.33 

0.405 87.83 91.55 183.13 

0.420 95.26 102.33 180.57 
0.091 24.40 23.43 175.69 

**Feed cost and profit calculated on basis of $40 per ton for cottonseed cake, $8.00 per cwt. for beef. 

1940-41 

Average Value of Net 
daily Feed** beef pasture 

gain per cost per produced value 
steer, acre per acre per acre 

pounds 
--

0.955 I $1.996 I $4.358 I $2.362 

0.984 I 2.077 I 4.684 1 2.607 

1.046 3.062 7.324 4.262 

1.074 3.334 8.186 4.852 
0.960 0.854 1.874 1.020 

During the period 1936-1939 no feed except pasturage was supplied. Beginning with the 1940 pasture season, two pounds per day of 36 per
cent cottonseed meal was supplied as a supplement to the pasturage. 
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In the light of the data for the period 1936-1939 it appears 
that, for young cattle such as were used in this study, untreated 
carpet grass pasture, in which little or no lespedeza remains the 
second year after seeding, furnishes little more than a maintenance 
ration. It also appears that the untreated pasture decreases in 
feed value from year to year when grazed by cattle not receiving 
a concentrate supplement which has some fertilizer value after 
passing through the body of the cattle. In the second phase of 
this study, the feeding of cottonseed cake has produced the great
est gains, in comparison with the non-feeding period, when the 
cattle grazed the untreated pasture, thus substantiating the con
clusion that untreated pasture furnishes little more than mainte
nance for these young cattle. Experimental data show that ap
proximately 50 percent of the total cost of gains in fattening cat
tle is due to roughages required. Therefore, when young steers 
are allowed to graze on pastures of low feed value, the feeding of 
concentrates appears to be practical and economical. 

Creep-Feeding a Full Ration Versus Creep-Feeding a Half Ration 
in the Production of Beef Calves for Slaughter 

and Breeding Purp-0ses 
(E. D . Kyzer and R. L. Jones) 

During the four years, 1936-1939 inclusive, this project in
cluded two lots of calyes. Lot 1 was full-fed a grain mixture of 
three parts by weight of cracked corn, two parts of ground oats. 
and one part of cottonseed cake, while Lot 2 received no feed other 
than pasture. Both lots were allowed to run with their dams. 
Results of these four trials, previously reported, showed conclus
ively that creep-feeding is profitable in the production of beef 
calves for either slaughter or breeding purposes. Obsenations 
indicated that the majority of the calves that received a full ration 
of the grain mixture carried more fat at seven months of age than 
was necessary .for the proper growth and deYelopment of breeding
animals. In the light of these observations, the plan of the experi
ment was amended to include a one-half full-fed lot of calves. This 
lot received one-half of the ration consumed by the full-fed lot , 
the feed adjustments being made "·eckly. Th e calves of all lots 
were put on test when they averaged approximately 60 clays of 
age and were allowed to run with their dams on fertilized carpet 
grass-lespedeza pasture. The test period was concluded when each 
calf reached seven months of age. Results of the 1940 and 1941 
trials are giYen in Table 35. 

Since these data cover onlv bvo trials and relatiYelv few 
calves, no definite conclusions ca:n be drawn. However, fro.m the 
data and observations made during the test, it seems that where 
beef calves are produced for breeding purposes, a limited grain 



Table 35.-Creep-Feeding a Full Ration Versus Creep-Feeding a Half Ration in the Production of Beef Calves, 1940-41, Coast Experiment 
Station 

Average Average 
Average value 

Number daily final For Lot of gain, weight, For slaughter 
breeding, calves pounds pounds 

Per cwt. I Per head per head 

I I I I I I 
Creep-fed, full ration _________ l 12 I 2.3347 I 469.91 I $10.718 I $50.37 I $92.08 
Creep-fed, one-half full ration \ 12 1.8402 I 442.41 9.5031 42.04 I 90.00 
Non-creep-fed, control s______ 5 I 1.2337 333.40 6.5728 I 21.91 I 60.00 

Feed per 
1qo pounds 

mer ease 
over 

controls 

638.00 
346.00 

*Feed cost and profit calculated on basis of $30.00 per ton of corn, oats, and cottonseed cake. 

*Average 
feed cost 
per head 

$8.36 
5.19 

Average 
profit per 
head over 
controls, 
slaughter 

value 

$20.10 
14.94 

Average 
profit per 
head over 
controls 

for 
breeding 

$23.72 
24.81 



FIFTY-FOURTH ANNUAL REPOR'f 97 

ration may be just as satisfactory and more economical than the 
full ration when used under the conditions of this test. Calves 
receiving a limited grain ration graze more than full-fed calves, 
thus utilizing the pasture to greater aclYantage. 

PORK PRODUCTION STUDIES 

The production of market hogs has become one of the major 
sources of cash income of many farmers in eastern South Caro
lina. ·with the present emergency call for increased production of 
animal products and the adaptability of this area to feed and for
age crops, pork production is rapidly increasing. Feeds and feed
ing practices in the production of hogs have been rather thoroughly 
i1westigated by research workers. The best feeds and feeding 
practices are rather generally used by the more progressive hog 
growers, however there are breeding· and management problems 
which require further investigation. The pork production studies 
of the Coast Station consist of the following: (1) A comparison of 
crossbred and purebred pigs as to rate and economy of gain; (2) a 
comparison of sanitar:v- methods in the control of internal parasites 
of swine. The latter project was fully reported in 1940 and, since 
no new developments haYe been noted, is not included in this re
port. 

Crossbred Versus Purebred Pigs in the Production of Market Hogs 

(E. D . Kyzer) 

In the production of slaug·hter animals, the rate and economy 
of g·ain and the quality of the product produced are the main fac
tors determining the financial success of this t:vpe of farming. 
Although many farmers have long practiced crossbreeding of hogs 
and although there is a limited amount of experimental data in 
favor of the practice, many purebred breeders and some breed 
associations are not co1winced that crossbred hogs have any ad
Yantage over purebreds in the production of pork. In order to 
obtain data on the value of crossbreeding of hogs, a comparison 
of purebred Poland China and crossbred Poland China-Duroc Jer
se~- pigs was begun in 1936 and has been continued as facilities 
permitted. For the production of pigs for this comparison, Poland 
China sows were mated to both a Poland China and a Duroc Jersey 
boar. If the resulting litter was composed of both crossbreds and 
purebreds, birth weights and weaning weights were taken, and, 
following weaning at 56 da)·s of age, the crossbreds and purebreds 
were fattened separate])· until an average weight of 200 pounds 
,ms reached. This method of obtaining pigs for the experiment 
has been used in order to eliminate the variation in influence which 
clams have on their progeny. To eliminate as near as possible the 
influence of the sire, a number of pairs of boars have been used. 
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Since the fall of 1936, 40 double-matings of Poland China sows 
with six Poland China and four Duroc Jersey boars have been 
made. The 40 resulting litters were divided into 11 crossbred lit
ters, nine purebreds, and 20 mixed litters composed of both cross
bred and purebred pigs. 'l'he 20 mixed litters contained a total of 
73 crossbred pigs and 94 purebred pigs. All birth weights were not 
obtained, but the average birth weight of 59 crossbreds was 2.651 
pounds and that of 78 purebreds was 2.677 pounds. Of these pigs, 
the average weaning weight of 45 crossbreds was 46.316 pounds and 
that of 44 purebreds 40.340 pounds. Data as to rate and economy 
of gain are given in Table 36. Since the data from each feeding 
trial has been consistently similar to that given in Table 36, it 
seems probable that these differences though small are significant. 

Table 36.-Rate and E conomy of Gains of Crossbred Versus Purebred Hogs, 1937-1 
Coast Experiment Station 

Feed consumed 
*Feed costs pe Average Average per 100 pounds 

Number initial daily gain 100 pounds gai 
of weight, gain, I Fish-pigs pounds pounds Corn, meal, Corn I Fish- I 1 

pounds pounds meal 
I 

Crossbreds 
Purebreds 

----------1 
----------1 

61 II 
52 

50.754 
48.859 

1.8357 
1.7184 

289.8 
1
, 22.99 l 

299.1 22.44 

I I 
$4.35 I $0.69 I $: 
4.49 o.67 I : 

Differences in favor of I I I 
crossbreds ---------------1 1.895 0.1173 9.3 \ -o.55 \ 0.14 1-0.02 I 

*Feed cost calculated on basis of 84 cents per bushel for corn and fishmeal at $t 
per ton. 

Alyce Clover Sown in Small Grain as a Hay Crop· 

(E. D . Kyzer) 

Following the satisfactory yield of 5275 pounds of dry Alyce 
clover hay per acre produced from a broadcast seeding of this crop 
on prepared and fertilized soil in 1940, it was thought that this 
clover might be seeded in small grain in February or March in the 
same manner as lespedeza is commonly sown for hay. In order to 
investig·ate this possible use of Alyce clover, 10 pounds of scarified 
seed were broadcast on oats in early :March on the same area where 
the crop was grown in 1940. Following seeding, a smoothing har
row was used to scarify the soil and settle the seed in contact with 
the soil. The result of this method of seeding was not satisfactory, 
possibly because of a protracted drought in the spring and early 
summer. Practically no clover germinated until after the rainy 
season in June. The late and imperfect stand was badly choked 
out by grasses and other vegetation which had germinated much 
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earlier in the season. In view of the unfavorable climatic condi
tions, the trial will be repeated on the same area next season. 

·Cprn Variety Test 

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

With the expansion of the livestock industry in South Caro
lina, farmers are concerned with increasing their corn yields mate
rially, and, as evidenced by the corn contest reports, much pro
gress is being· made. One of the most important factors in in
creasing crop yields is good seed of well-adapted, high-yielding 

Table 37.-Corn Variety Test, 1941, Coast Experiment Station 

Shelling I Bushels 
Variety I per- shelled corn 

(White) 
Hybrid Red Cob Prolific CF --------------------
Hybrid White Prolific PW ----------------------
Douthit's Prolific -------------------------------
Hybrid White Prolific PH ----------------------
Whatleys' Prolific -------------------------------
Hastings' Prolific --------------------------------
1Iarrett's White Prolific S-1 ---------------------
Hybrid Red Cob Prolific CG ---------------------
Coker's Garrick ---------------------------------
Hybrid White Dent WB --- ---------------------
Hybrid Red Cob Prolific CT ---------------------
Latham's Double -------------------------------
Hybrid White Flint -----------------------------
Hayes White Cob -------------------------------
Marrett's Douthit S-12 --------------------------
Pee Dee N"o. 5 ----------------------------------
Coker's Ellis -----------------------------------
(Yellow) 
Hybrid N" o. 31 ----------------------------------
Hybrid S118Y --- - ------------------------------
Hybrid Golden Prolific GA ----------------------
Hybrid TXI ------------------------------------
Hybrid Golden Prolific G H -------------- - ------
Hybrid D23Y -----------------------------------
yellow Chief S-5 -------------------------------
Hybrid Yellow Dent YT ------------------------
Golden Beauty - ---------------------------------
Coker's 36A --------------------------- ---------
Hastings' Yellow Prolific ------------------------
Jarvis Golden Prolific ---------------------------
Latham's Yellow Cross -------------------------
Hybr!d Yellow Dent YK ------------------------- 1· 
Hybrid Golden Dent -----------------------------

centage per acre 

82 
83 
83 
83 
83 
85 
84 
81 
80 
81 
80 
86 
83 
84 
82 
84 
82 

83 
85 
84 
81 
85 
81 
86 
85 
86 
86 
86 
84 
85 
86 
82 

49.71 
48.91 
45.95 
45.95 
44.46 
43.50 
43.35 
42.90 
42.29 
40.98 
40.76 
39.93 
39.51 
37.99 
37.50 
37.39 
34.16 

61.74 
53.62 
52.50 
51.10 
51.09 
47.24 
46.07 
45.54 
45 .04 
45.04 
45.04 
45.00 
43.50 
41.46 
38.07 

The above figures represent the yields from 1/100-acre plots planted in 
triplicate. All va1·ieties 2lantecl May 2 and fertilized at planting with 400 
pounds of 4-10-4 per acre. Two side applications each of 100 pounds of 
nitrate of soda per acre were made. 
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varieties. In order to furnish growers with first hand information 
as to the best corn varieties this station has included in its variety 
test the leading southeastern white and yellow corn varieties and 
hybrids. During the year 1941, this test included 17 white and 15 
yellow varieties and hybrids. Results of the test are given in 
Table 37. Excessive rains in June and JulY reduced the Yield of 
all varieties; however, the yields obtained ;vere comparab.le. 

PERMANENT PASTURE INVESTIGATIONS 

The following permanent pasture investigations are being con
ducted at this station: (1) A study of the effect of heavy initial 
treatments upon the rapidity and economy of development and of 
maintenance of permanent pastures; (2) methods of seeding Dallis 
grass on prepared pasture land; (3) establishing· and maintaining 
annual clovers on old carpet grass sod. Little or no significant data 
on the first two of these projects liave been recorded since the 
previous report, and they are not discussed here. A brief report 
on the last named project follows. 

Establishing and Maintaining Annual Clovers on Old Carpet Grass 
Pastures 

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

Prior to the practice of applying lime, phosphorus, and potash 
to Coastal Plains pastures, it was generally conceded that white 
Dutch clover, hop clover, and lespedeza would not remain in the 
pasture mixture for more than one or two years. In order to find 
out whether this condition could be corrected, an old carpet grass 
pasture was scarified in the spring of 1935 with a spring-tooth har
row. Two-acre plots were then given a treatment of either 1000 
pounds of low-grade basic slag, or 500 pounds of 16 percent super
phosphate, or 2000 pounds of lime per acre. Following treatment, 
,lespedeza was seeded at the rate of 10 pounds per acre and the 
following fall white Dutch clover was added to the mixture. In 
the fall of 1938, the basic slag and lime plots were divided in half, 
the original treatments being· repeated on one-half of each plot. 
On the remaining half of the basic slag plot, the total basic slag 
treatment was brought up to 6000 pounds per acre. On the re
maining half of the lime plot, the treatment was increased to a total 
of 6000 pounds of lime plus 750 pounds of 16 percent superphos
phate per acre. Since the clovers were beginning to show marked 
potash deficiency on the lime and basic slag plots, 100 pounds of 
muriate of potash per acre were applied to all plots. Observational 
and photographic data made six years after the initial treatments 
show almost perfect stands of white Dutch clover making satisfac
tory growth on the plots which received heay~, applications of 
basic slag or 6000 pounds of lime plus 750 pounds of 16 percent 
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superphosphate. The plots rece1vmg lime or phosphorus or 1000 
pounds of basic slag alone were approximately 10 percent, 30 per
cent, and 40 percent, respectively, as good as the plots which 
received heayy applications of basic slag or lime plus phosphorus. 
The stands and growth of lespedeza have been in approximately 
the same proportion though not quite as striking. On the check, 
or untreated, two acres, there is no white Dutch clover or les
pedeza and a much thinner sod of carpet grass. 

THE PEE DEE EXPERIMENT STATION 

(E. E . Hall, Superintendent) 

The Pee Dee Experiment Station was established in 1912, and 
consists of 440 acres which embrace the major soil types found 
in the Pee Dee section and a large area of the upper Coastal Plains. 
Cotton, tobacco, corn, small grains, peanuts, and sweet potatoes are 
the principal crops of this area, and extensive field investigations 
consisting· of rotations, fertilizers, varieties, breeding, soil-building 
practices haYe been under wa)' at this station since its establish
ment. Results obtained from these and other lines of research 
more recently initiated have been of inestimable value to growers 
and have largel:v been responsible for the better farm practices now 
being followed. 

COOPERATIVE INVE STIGATIONS 

In cooperation with the Bureaus of Plant Industry and Ento
mology and Plant Quarantine of the U. S. Department of Agricul
ture, the station has very important studies under way with to
bacco and cotton, that would not be possible without such coop
eration. 

Various rotations and fertilizer studies, plant production, 
methods of curing, nutritional studies, cultural methods, and dis
ease and insect control cnmprise the major lines of investigation 
with tobacco, one of the chief mone)' crops of this section. 

Life history studies and methods for controlling insects injuri
ous to tobacco, both in the plantbed and in the field , are of special 
importance and haYe been under wa~, for several years. Consid
erable progress has been made in helping growers to overcome their 
insect troubles more efficientlv and economically. In this work 
particular attention has been giYen to the flea beetle, the hormYorm, 
the budworrn, and plantbed insects. 

The cotton breeding work has for its object the deYelopment 
of a variety that is early and prolific, with thick boll " ·all, and 
possessing fineness, strength, and leng'th of staple comparable to 
the old sea island, making it suitable for growing in areas where 
sea island once grew successfully. After several years of crossing 
and backcrossing the best upland long staple and sea island va-
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rieties, several strains have been developed that give promise of 
being superior to parent varieties. Seed stocks of these will be 
increased for distribution as rapidly as possible. 

The cotton insect investigations include studies of various 
methods and poisons for controlling the boll weevil, thrips, and 
species of aphids which infest the root system and foliage. In addi
tion, life history and hibernation studies are being made of the more 
important insects. 

Reports on various phases of these cooperatiYe projects are 
giYen in more detail elsewhere in this report. 

Small Grain 

(E. E. H all and F. M. Harrell) 

A large percentage of the land taken out of tobacco and cot
ton production through crop control is now utilized to grow small 
grain. Improvements made in old varieties ru1d the introduction 
of new strains possessing better yielding qualities, disease and cold 
resistan ce, make it desirable that information regarding these new 
varieties and strains be obtained in order to answer the frequent 
questions from growers as to the behaYior of these when grown 
under similar conditions. Consequently, this station conducts each 
year variety trial tests with oats, wheat, and barle:v, using a large 
number of varieties, seed of which are obtained direct from breed
ers. 

Figure 21.-Small g rain variety plots, Pee Dee Station. 
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Wheat Varieties.-Fifteen Yarieties of wheat were included in 
the 1941 test, with six replications for each Yariety. Results are 
given in Table 38. 

Table 38.-Wheat Variety Test, 1941, Pee Dee Station 

,Variety 
Yield, 

bushels 
per acre 

Coker's Redhart St. 5 ---------------------------------------- 37.7 
Hardired (Wood) ------------------------------------------- 35.8 
*Coker's Hardired ------------------------------------------- 35.0 
Red May (Wood) ------------------------------------------ 34.8 
Marett's Sanett ---------------------------------------------- 34.5 
Coker's Frondosa ------------------------------------------- 34.3 
Hastings' Gasta ---------------------------------------------- 33.9 
Redhart St. 3 (Wood) --------------------------------------- 33.1 
Hastings' Sanford ------------------------------------------- 32.4 
Leap's Prolific (Wood) -------------------------------------- 32.1 
Marett's Boggs St. 3 ----------------------------------------- 31.7 
Purple Straw (Wood) --------------------------------------- 31.3 
Sanford (Georgia Experiment Station) ----------------------- 30.7 
Marett's Semi-Rust-Res istant St. 41 -------------------------- 30.4 
Fulcaster (Wood) ------------------------------------------- 25 .3 

Yields are averages of six replicates of each variety. 
*Twenty-four replicates of Coker's Hardired used as checks. 

The highest yield, 37.7 bushels per acre, was obtained from 
Coker's Redhart St. 5, and the lowest yield, 25.3 bushels, from 
Fulcaster. This is a difference of 12.4 bushels per acre in yielding 
power of these two varieties grown under same conditions. The 
data indicate that good yields of wheat can be produced by grow
ers in this state. 

Barley Varieties.-The uncertainty of producing a profitable 
crop of corn, because of climatic conditions, has caused many farm
er s to change to barley as a feed grain crop. The possibilities of 

Table 39.-Barley Variety Test, 1941, Pee Dee Station 

Variety Bushels 
per acre 

Marett's Awnless St. 58 -------------------------------------- 46.5 
Wood's Bearded No. 3 __________________________________ !_ ____ 42.0 

Wood's Beardless ------------------------------------------- 38.7 
Wood's No Barb No. 45 ------------------------------------- 36.5 
Marett's Awnless St. 1 --------------------------------------- 36.5 
Marett's Beardless St. 4 ------------------------------------- 34.0 
Wood's Hooded No. 16 -------------------------------------- 29.8 

Yields are averages of six replicates of each variety. 
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this crop are just being realized and only a few varieties are avail
able. Seven of these were included in tests this year, the results 
of which are giYen in Table 39. 

Oats.-The rate of seeding varies more with oats than with 
any other crop, rang·ing from one to five bushels per acre. The 
time of seeding, fertility of soil, and fertilization, are factors to be 
considered in determining the amount of seed to plant for maxi
mum yields. Six rates of seeding haYe been practiced at this 
station for the past four years, ranging from one-half bushel to five 
bushels per acre. Annual and average yields from the different 
rates of seeding are given in Table 40. 

T able 40.-Influence of Rate of Seeding on Yield of Oats, 1941, 
Pee Dee Station 

Bushels threshed oats per acre 
Seeding rate 

I I I I per acre 1938 1939 1940 1941 4-year 
average 

y, bushel ------------------- 81.1 49.6 80.7 61.5 68.2 
1 bushel -------------------- 83.2 57.9 80.5 64.9 71.6 
l Y, bushel s ----------------- 77.0 61.0 83.7 68.1 72.4 
2 bushel s -------------------- 79.6 56.1 82.0 68.1 71.4 
3 bushels -------------------- 78.6 52.0 81.9 59.4 67.9 
5 bushel s -------------------- 68.6 I 55.2 82.2 67.6 68.4 

It is noted that in certain years the rate of seeding resulted in 
a considerable difference in yield, but the average yields for the 
four-year period were not significantly different. 

F igure 22.-Section of oat variety test, Pee Dee Station. 
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Oats-Vetch Hay Mixture.-The rapidly expanding liYestock in
dustry of the state demands the production of more home-grown 
feed, especially legume hay. The excellent yields of hay obtained 
from an oats-Yetch mixture offer a solution to this problem. Vari
ous combinations of these mixtures were harvested for hay when 
the oats were in the early dough stage, with results as r~corded 
in Table 41. Hastings' 100 Bushel and Lee oats were used be
cause of their Yigorous habit and late maturity, giYing the vetch 
a longer gro"·th period. 

Table 41.-Hay Yields from Oats-Vetch Mixture, 1941, Pee Dee Station 

Mixture 

I 

Tons hay 
per acre 

Hastings' 100 Bushel oats and hairy vetch ---------------------- 4.20 
Lee oats and hairy vetch ------------------------------------- 3.98 
Lee oats and common vetch ---------------------------------- 4.75 
Crimson clover ---------------------------------------------- 1.14 

Planted October 13, 1940-Harvested May 16, 1941. 
Seeding rate-15 pounds vetch per acre. 

-18 pounds oats per acre. 
20 pounds crimson clover per acre. 

Figure 23.-Section of oats-vetch hay mixture plots, Pee Dee Station. 

The hig·hest yield of cured hay was produced by Lee oats and 
common vetch, 4.75 tons per acre, with second highest yield from 
Hastings' 100 Bushel oats and hairy vetch, 4.2 tons per acre. 

Hybrid C.orn Variety Test.-Hybrid corns are proving highly 
profitable in the corn belt, where they consistently outyield the 
parent strains. As a result, a large percentage of the corn acreage 
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in some states is planted with hybrid seed. The northern hybrids 
are not suited to southern conditions and growers should not use 
hybrid seed unless developed from adapted southern Yarieties. 

Seed of 24 hybrids was obtained from points as far south as 
possible for planting in 1941 in a hybrid variety test. The results 
are given in Table 42. 

Table 42.-Hybrid Corn Variety Test, 1941, Pee Dee Station 

Variety Bushels 
per acre 

Louisiana Hybrid No. 3813 ----------------------------------- 65.7 
Tennessee Hybrid No. 10 ------------------------------------ 62.6 
Louisiana Hybrid No. 384 ------------------------------------ 62.1 
Tennessee Hybrid o. 3 ------------------------------------- 61.8 
Louisiana Hybrid No. 389 ------------------------------------ 61.2 
Louisiana Hybrid No. l 74A ----------------------------------- 61.0 
Wood's Hybrid White Flint MF ------------------------------ 56.8 
Wood's Hybrid Red Cob Prolific CG -------------------------- 55.7 
Louisiana Hybrid No. 391 ------------------------------------ 55.4 
Kentucky 201 ----------------------------------------------- 54.1 
Wood's Hybrid Red Cob Prolific CT -------------------------- 53.8 
Wood's Hybrid Red Cob Prolific CF -------------------------- 53.5 
Wood's Hybrid Prolific PW ---------------------------------- 53.5 
Louisiana Hybrid o. 123 ------------------------------------ 53.5 
Kentucky (13 X US-24) (27 X 122) --------------------------- 53.2 
Tennessee Hybrid ------------------------------------------- 52.6 
Kentucky ( 11 B X 27) ( 13 X 89) ------------------------------ 52.1 
*Pee Dee No. 5 ---------------------------------------------- 51.8 
Tennessee Hybrid No. 14 ------------------------------------- 51.6 
Wood's Hybrid White Dent WH ----------------------------- 51.6 
Wood's Hybrid White Prolific PH --------------------------- 49.9 
Tennessee Hybrid No. 16 ------------------------------------ 46.1 
Kentucky 69 ------------------------------------------------- 44.9 
Kentucky (1 lB X 114) (13 X 89) ----------------------------- 44.6 
Kentucky 72B ----------------------------------------------- 44.1 

*Local standard variety. 
Row width, 5 feet; spacing in drill, 2 stalks per hill, 15 inches apart. 

The yields of many of these hybrids compared very favorably 
with those of standard varieties such as Pee Dee No. 5, which was 
used as a check in the test. 

·w eeYil injury was more severe in a large percentage of the 
hybrid varieties than in the Pee Dee Ko. 5. 

COTTON INVE STIGATIONS 

Cotton Variety Test 
(E. E. Hall and F. M. Harrell) 

Acreage reduction in cotton ha resulted in a demand for 
seed of varieties that are early and productive, "'ith a high turn-



Table 43.-Cotton Variety Test, 1940, Pee Dee Experiment Station 
(Varieties are listed in order of total money value per acre) 

Variety 

!
Pounds I Lint I Seed I I of seed Value Bolls 
cotton Pounds Price Value Pounds Value per acre per 

per Per- per Staple per 100 per per per of lint pound 
acre cent I acre I length I pounds I acre , acre I acre and seed 

Coker's Wilds No. 12 ___ _ 
Tidewater ------------
Coker's 4 in 1 St. 4----
Coker's 4 in 1 (39-15)---1 
D. & P. L. No. 44-51-__ 
Coker's 4 in 1 (39-8)---
Coker's Clevewilt 7, St. 2 
D. & P. L. No. 12 _____ _ 
Coker's 100 (39-19) ----
Coker's 100 (39-23) ----
W. \V. \Vannamaker 

Early Clv. W. R. St. 1 
J. S . Wannamaker l\Iodel 

Clv. W. R. St. 7-A2 __ _ 
Coker's 100 St. 3-------
Coker's 4 in 1 St. 3 ____ _ 
Coker's 4 in 1 (39-11)--
J. S. \Vannamaker Dixie 

Triumph St. 4-A23 ___ _ 
Coker's 200 St. 2 ______ _ 
W. W. \Vannamaker Car. 

Big Boll S . W. R., 
St. 4 ----------------

Coker's 100 Wilt (39-5)--
Coker's 100 St. 4 ______ _ 
Watson Dixie Triumph 

No. 12 -------------
Marett's White Gold 

St. 2A -------------
Bobshaw No. 1 --------
J. S. Wannamaker Dixie 

Triumph, St. 2-A25 __ _ 
Marett's \Vhite Gold 

St. 1-10 ------------
W. W. Wannamaker Early 

Wilt W.R.S & C St. 2 
W. W. \Vannamaker Clv. 

W. R. St. 6---------
W. \V. \Vannamaker Early 

Wilt W.R.S & C No. 41 1 
D. & P. L. No. llA-----1 
Marett's 109-10 -------
Stoneville No. 2B ------
Coker's 100 (39-6) _____ _ 
J. S. Wannamaker Won. 

Dixie Tri. St. 2-A24 __ 
L . ~- _\Varmamaker Delta 

D1x1e ----------------
Delphos 425 W. R.-----1 
Washington ------------
J. E. Wannamaker Dixie 

Triumph ------------
Spears Long Staple ____ _ 
Stoneville No. 5A------
L. B. Wannamaker Dixie 

Triumph St. 7 -----
Ambassador No. 4 
Bobshaw No. 17 ------
Bobshaw No. 2 -------
Bobshaw No. 14 -------

1419 
1345 
1741 
1719 
1587 
1687 
1652 
1532 
1551 
1523 

1590 

1679 
1529 
1616 
1628 

1595 
1597 

1534 
1557 
1502 

1710 

1584 
1511 

1698 

1486 

1549 

1549 

1551 
1421 
1423 
1503 
1506 

1566 

1591 
1500 
1449 

1586 
1415 
1431 

1523 
1487 
1385 
1382 
1231 

32.1 
30.4 
35.6 
35 .9 
42.9 
36.2 
36.6 
42.9 
39.3 
40.0 

39.9 

36.8 
38.9 
36.0 
35.6 

35.8 
37.9 

37.3 
38.5 
38.0 

33 .7 

37.4 
39.7 

33.4 

40 .2 

37.7 

37.0 

36.7 
41.0 
40.7 
37.6 
37.3 

35.0 ). 

34.1 
33.5 
38.6 . 

33 .8 
35.2 
37.9 

34.6 
35.4 
36.4 
33.9 
37.9 

455 
409 
620 
617 
681 
611 
605 
657 
610 
609 

634 

618 
595 
582 
580 

571 
605 

572 
599 
571 

576 

592 
600 

567 

597 

584 

573 

569 
583 
579 
565 
562 

548 

543 
503 
559 

536 
498 
542 

527 
526 
504 
468 
467 

1 5/16 
1 9 /32 
1 1 /8 
1 l /8 
1 1 /16 
1 3/32 
1 3/32 
1 l / 32 
1 3 /32 I 
1 3 / 32 

1 1 / 32 

1 l /16 
1 3 /32 
1 3/32 
1 3/32 

1 3 / 32 
1 1/ 16 

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

1 1/16 

1 1/16 
1 l /16 

1 1/16 

1 1 /32 

1 1 /32 

1 1/16 

1 1/16 
l 1 /16 
1 1/16 
1 l /16 
1 1/16 

1 l /16 

1 1 /16 . 
11/8 I 
1 l /16 I 
1 l /16 \ 
1 118 I 
1 1 /16 1 
1 l /16 

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

$18.50 
18.00 
11.21 
11.21 
10.31 
10.86 
10.86 
10.26 
10.86 
10.86 

10.26 

10.31 
10.86 
10.86 
10.86 

10.86 
10.31 

10.86 
10.31 
10.86 

10.31 

10.31 
10.31 

10.31 

10.26 I 
I 

10.26 

10.31 

10.31 
10.31 
10.31 
10.31 
10.31 

10.31 

10.31 
11.21 
10.31 

10.31 
11.21 
10.31 

10.31 
10.26 
10.86 
10.86 
10.31 

$84.18 
73.62 
69.50 
69.17 
70,21 
66.35 
65.70 
67.41 
66-25 
66.14 

65.05 

63.72 
64.62 
63.21 
62.99 

62.01 
62.38 

62.12 1 61-76 
62 .01 

59.39 

61.04 
61.86 

58.46 

61.25 

59.92 

59.08 

58.66 
60.11 
59.69 
58.25 
57.94 

56.50 

55.98 
56.39 
57.63 

55.26 
55.83 
55.88 

54.33 
53.97 
54.73 
50.82 
48 .15 

964 
936 

1121 
1102 
906 

1076 
1047 
875 
941 
914 

956 

1061 I 
934 

1034 
1048 

1024 
992 

962 
958 
931 

1134 

992 
911 

1131 

889 

965 

976 

982 
838 
844 
938 
944 

1018 

1048 
997 
890 

1m l 889 

ml 881 
914 
764 

$12.05 
11.70 
14.01 
13.78 
11.33 
13.45 
13.09 
10.94 
11.76 
11.43 

11.95 

13.26 
11.68 
12.93 
13.10 

12.80 
12.40 

12.03 
11.98 
11.64 

14.18 

12.40 
11.39 

14.14 

11.11 

12.06 

12.20 

12.28 
10.48 
10.55 
11.73 
11.80 I 
12.73 

13.10 
12.46 
11.13 

13 .13 
11.46 
11.11 

12.45 
12.01 
11.01 
11.43 
9.55 

I 

$96.23 
85.32 
83.51 
82.95 
81.54 
79.80 
78.79 
78.35 
78.01 
77.57 

77.00 

76.98 
76 .30 
76.14 
76.09 

74.81 
74.78 

74.15 
73.74 
73.65 

73.57 

73.44 
73.25 

72.60 

72.36 

71.98 

71.28 

70.94 
70.59 
70.24 
69.98 
69.74 

69.23 

69.08 
68.85 
68.76 

68.39 
67.29 
66 .99 

66.78 
65.98 
65.74 
62.25 
57.70 

75 
78 
66 
69 
71 
67 
64 
78 
69 
70 

72 

61 
70 
66 
67 

67 
73 

63 
66 
67 

66 

62 
69 

67 

69 

74 

69 

62 
74 
63 
64 
76 

65 

62 
72 
60 

I 67 

68 I 
69 

I

I 1~ 
74 
68 
72 

Lint percentage is the average of seven representative samples of each variety ginned on roller gin. 
Boll size was determined by averaging seven SQ.boll samples picked from each variety. 
Staple values are based on Augusta spot market, midd ling basis as of November 20, 1940; seed valued 

at $25 per ton. 
Staple length is the average of seven samples graded and stapled by the South Carolina Department of 

Agriculture, Commerce and Industries. 
Low yields this season due to extremely dry weather and abnormally high temperature during last of 

July and first of August, causing very heavy shedding of bolls practically grown. 
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out of lint of uniform character that commands a premium when 
sold. Plant breeders are striving to meet these requirements, and 
many new strains and varieties are being offered each year. Grow
ers look to the Experiment Station to supply information as to 
yield, percentage of lint, staple length, and money Yalue per acre 
of these recent introductions when grown under similar conditions. 
In order to obtain this information, many varieties and strains are 
grown under uniform conditions in variety tests each year. Seed 
of 44 varieties and strains were obtained direct from breeders in 
1940 for in<:lusion in the variet~· test where each was planted in 
four.row plots replicated seven times. Results obtained are re
corded in Table 43. 'l'he total ~·ield, percentage of lint, length of 
staple, price, Yalue of staple, pounds of seed, Yalue of seed, and 
total money value per acre are given for each of 44 varieties. 

It will be noted that there is a difference in yield of 510 
pounds of seed cotton per acre between the highest and the lowest 
:vielding yarieties and a total rnone~- Yalue difference of $25.81 per 
acre. The Yariation in staple length ranged from 1 1/ 32 to 1 5/ 16 
inches, with a corresponding range in price from 10.3 cents to 18.5 
cents per pound. The percentages of lint yai·ied from 30.4 to 42.9 
percent or a difference of 12.5 percent. 

Organic Nitro.gen Fertilizer s 

(E. E. Hall and F . M . Harrell) 

In addition to tests of a number of inorganic sources of nitro
gen, results of which have been given in previous reports, four 
common organic materials, from which 20 and 40 percent of the 
total nitrogen is obtained, are being used in the cotton production 

T able 44.- Effect of Varying P ercentages of Nitrogen from Organic Fertilizer 
Mater ials on the Yield of Cotton, 1941, P ee D ee Station 

Percent 
Pounds seed cotton per acre Nfrom 

Nitrogen source each I I 2-year 
source 19-W 1941 average 

Soybean meal ------------------ 20% * 1610.6 849.3 1229.9 
Soybean meal ------------------ 40% 1619.7 872.6 1246.1 
Cottonseed meal ----- ---------- 20% 1564.2 871.8 1218.0 
Cottonseed meal --------------- 40% 1572.5 I 832.8 1202.6 
Tankag e ----------------------- 20% 1583.7 810.3 1197.0 Tankage ----------------------- 40% 1592.5 762.6 1177.5 
Milorganite -------------------- 20% 1606.5 855.3 1230.9 
Milorganite -------------------- 40% 1617.6 802.5 1210.0 
Calnitro ----------------------- 100% 1581.3 846.3 1213.8 

*Calnitro was used to supply enough additional nitrog en to bring the 
total in each case to 100 percent. 

Fertilizer was applied at the rate of 600 pounds of 5-10-5 per acre. 
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studies. Calnitro as the sole source of nitrog·en is being used as a 
check, and also to supplement the nitrogen from organic sources. 
Results for two years, 1940 and 1941, which were characterized by 
extremes in seasonal conditions, are ayailable. The season of 1940 
was extreme])· dry and hot while in 1941, abnormally heavy rain
fall occurred during the growing and fruiting season, resulting in 
unusually heaYy boll weeYil injur y. No significant differences in 
yield resulted from the use of the yarious sources of nitrogen, as 
is eYident from the data recorded in Table 44. 

COTTON BRE EDING AND GENETIC STUDIES 

(W. H . Jenkins and D. C. Harrell) 

Adverse seasonal conditions and an earlv and severe boll 
weeYil infestation caused considerable damage to the breeding 
work in 1941. The destruction of fruit was particularly pro
nounced in the sea island parental strains, in the sea island x up
land hybrids, and in the backcrosses where sea island was in
Yohed. HoweYer, fair production occurred in some of the pro
genies selected from the sea island x upland hybrids which had 
been successiYely backcrossed to upland. Strains of the upland 
long staple -varieties -varied in response to the season. The Meade 
strains were very low in yield, while those of Tidewater, Wilds, 
Ewing, and Kekcbi had better production. Some of the strains 
or breeding lines in the Tidewater, Wilds, and Ewing, under the 
conditions of the season, were considered rather productive. Inbred 
lines from hybrids made between some of these upland strains also 
appeared productiYe. The stocks used in the genetics work with 
the exception of sea island, some of the sea island hybrids, and 
certain ve17 late stocks produced seed cotton samples of sufficient 
size to meet the requirements of the study. 

Sea Island-Upland Crosses.- ObserYations in the breeding 
work with the sea island x upland hybrids and backcrosses over 
the period of years since 1935 indicate that stabilized varieties 
represented by intergrade plant types between the species having 
the necessar:v productiYe attributes cannot be established. In the 
F 1 ~teneration considerable hybrill Yigor is expressed in most of 
the size characters, while in the form and shape characters, inter
mediate or some intergracle degree of expression occurs. In the 
F 2 and subsequent generations hybrid vigor diminishes and the 
characters segregate and recombine to form mall)' plant types, none 
of which appear to be stable. Plant t)·pe characters refer to gen
eral plant appearance including foliage, branching of the stalk, 
color of flower, habit of fruiting, boll shape and size, wall texture, 
etc. From this material progen)· tests of plants intergracle in type, 
that is. haYing complements of both sea island and upland, have 
been made, but none of these forms breed true with any Hatisfactory 
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degree of productiYity. Apparently these plant characters can 
be stabilized only by successive backcrossing to the recurrent par
ent continued until the type of the upland or sea island, as the 
case may be, is recovered. 

On the other hand, the inheritance of fiber appears to be inde
pendent of the general plant characters and can be transferred 
possibly from these hybrids to the upland plant type by the back
crossing process. Therefore, additional length, strength, and fine
ness of sea island may be incorporated in an upland variety by 
successive backcrossing and selection. Any degree of blending of 
the plant characters of the two species, as heretofore indicated, 
cannot be made use of as such stages are unstable and consequently 
will segregate. 

In these backcross stages, usually after the second or third 
step, new plant selections are made. Rather desirable upland 
plant type and productivity and sea island lint leng'th and fineness 
combinations are found in such stocks. (See pages 116 and 117, 
Fifty-Third Annual Report of the South Carolina Experiment Sta
tion, for illustration.) Studies of the possibility of stabilizing or 
purifying these combinations by self-pollination, repeated selection, 
and progeny row· testing are in progress at the present time. The 
main problem in this kind of breeding' is to determine when, for 
best and quickest results, to discontinue successive backcrossing to 
the upland parent and begin selecting in the progeny. Ho"·evei-, 
it appears that reselection to obtain the desired plant type be
comes less necessa1T as backcrossing is continued, but that as the 
backcrossing proceeds the chances of losing sea island quality in
crease. In progenies successively backcrossed to Wilds the staple 
was 1 112 inches or shorter, indicating that no more than two or 
three backcrossings may be made to this upland variety without 
the loss of the sea island fiber characteristics. Further investiga
tion of this problem is being carried along with the breeding work. 
After the F 1 g'eneration, each plant of the subsequent backcross 
progenies (again pollinated in the summer by the recurrent parent) 
is examined in the field in the fall and in the laboratory in the 
winter for desirable combinations of characters. Only those plants 
having the desirable combinations are used in further backcrosses. 
The current backcross hybrid also serves the purpose of making 
progeny tests for stability and persistence of the combinations 
sought. In such progenies grown this year, in spite of the adverse 
seasonal conditions desirable bolls and fine long staple combina
tions appeared stabilized. Doubtless satisfactory yield will obtain 
also in these stocks in a year favorable to production. The plants 
appear to have that possibility. 

Long Staple Upland Strains.-The Meade, Tidewater, Wilds 
Ewing, and Kekchi are being continued in self-pollinated lines frorr{ 
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year to year for use in crosses with sea island strains, in crosses 
between or among themselves, and for straight selection. Certain 
of the combinations of crosses and backcrosses between two or 
more of the first four of these upland lines are productive and have 
desirable bolls and long fine staple. Small test comparisons may 
be made among· several inbred selections of this material in 1942. 
These comparisons will also include self-fed lines of the parents 
and inbred lines of progenies from the sea island as successively 
backcrossed on one or another of these upland parental lines. The 
inbred lines from the upland x upland hybrids appear to be more 
productive than those from the parental varieties. The pure up
land stocks as a whole stood up better during the 1941 season than 
those obtained from the successive backcrosses of sea island to 
upland. 

Sea Island Strains.-To meet requirements for improved 
strains of pure sea island for use in the sea island cotton-growing 
area, this phase of work was moved two years ago to Johns Island 
near Charleston, South Carolina, and also expanded by transfer
ring the sea island work, started in Florida a few years ago, to that 
point. The plantings on Johns Island are situated on soil better 
suited for sea island production than upstate South Carolina or 
Florida conditions afforded. Also, local conditions on Johns Island 
provide better isolation for the several strains. In addition, this 
island is considerably removed from any area of extensive cotton 
production, which condition provides considerable protection 
against an intense boll weevil migration. The hurricane partly 
destroyed the Johns Island crop last year, but this year (1941 ), in 
spite of a very rainy season, the yield ,rns fairly satisfactory. Boll 
weevil damage was not an important factor. 

Two of the isolated plantings consisted of Seabrook sea island. 
One planting was made with strain ZlO having a staple of 1 5/ 8 to 
1 3/ 4 inches and a lint percentage of 26 to 27 percent, and the 
other with strain 12B2 having a staple of 1 112 to 1 9116 inches and 
a lint percentage of around 30. l\Iost of the sea island of Florida and 
much of that in South Georgia is of the latter strain. New selec
tions for higher lint percentage in the former and longer staple in 
the latter have been made. Also, plants from the two strains have 
been crossed. 

St. Vincent sea island, an angular leaf-spot-resistant strain 
imported from the British \Vest Indies a few years ago, was 
planted in a third isolation. This strain is an open plant type and 
productiYe, but the bolls are rather small. A promising new strain 
of St. Vincent has been obtained from a plant selection made in 
Florida in 1939. In this strain the bolls are larger, the staple is 
1 5/ 8 to 1 3/ 4 inches, and the production is satisfactory. This 
strain of St. Vincent will be increased and tested in 1942. 
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A fourth isolated planting embraced stocks from pure lines of 
Concord and Bleak Hall and from hybrids made between Seabrook 
x Andrews, Seabrook x , vestberry, and Seabrook x St. Vincent as 
single crosses and Seabrook x vVestberry by Puerto Rican x Bleak 
Hall as a double cross. Progenies from the Seabrook x Andrews 
cross have made a good showing for the third season. The plants 
are productive, the bolls are medium in size and well filled, the lint 
percentage is high, and the staple is satisfactory in length. An 
inbred line from the double cross is also productive and has satis
factory bolls and long silky fiber. Both of these inbred lines, one 
from the single cross and ihe other from the double cross, will be 
increased and tested in 1942. 

The Concord mentioned above and another strain Montserrat, 
both from the British West Indies, did not appear to be entirely 
satisfactory during the 1941 season. However, both have some 
desirable characteristics and will be further selected and their use 
as crossing parents continued. 

Inheritance Studies.-The cotton genetics work as reported this 
year includes the study of the inheritance of lint length, lint per
centage, seed weight, plant yield, size of bolls, and color of seed 
fuzz. This work involves three crosses-Half and Half x King 
Blackseed, Tidewater x Rowden, and Greenseed x Rowden. Two 
determinations, lint length and lint percentage, are reported for 
the first two crosses. In the Half and Half x King Blackseed 
cross, plants of the F 1 generation were compared with plants 
grown from self-pollinated seeds direct from the parents; and in 
the Tidewater x Rowden cross, plants of the F 2 generation were 
compared with self pollinated plants representing the second gen
eration from the parents. All plants in these respective compari
sons were gTown in 1940. The data for the two crosses are re
ported in Table 45. 

Lint from the Half and Half plants averaged less than 3/ 4 
of an inch in length and from the King Blackseed about 1 inch 
m length. The F 1 plants produced lint somewhat intermediate 
in length or about 13/16 of an inch. King Blackseed had a low 
lint percentage and a wide variation among the nine plants studied. 
The dominant nature of the lint percentage character in Half and 
Half not only raised the lint percentage level in the F 1 remark
ably but also stabilized variation to a considerable extent. Half and 
Half had a lint per centag·e of approximate]~, 50 and varied among 
its 50 plants from 46 to 54 percent. The F 1 averaged 45.2 percent 
lint and the 17 plants of this group varied from 40 to 48 percent. 

In Cross B both Tidewater and Rowden had about the same 
staple length and about the same lint percentage. In the F 2 the 
staple length was somewhat shorter and the lint percentage some
what higher than in the parental strains. 
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Table 45.-Inheritance of Lint L ength and Lint Percentage in T wo Crosses 

Cross A 
(Half and Half X King Blackseed) 

Lint length in 32nds of an 
inch ( Fibrographl) __ _ 

Lint percentage ---------

Half and Half 
(50 plants) 

Range 19 to 24 
Average 21.9 
Range 46 to 54 
Average 49.8 

F1* 
(17 plants) 

22 to 29 
25.4 

40 to 48 
45.2 

King 
Blackseed 
(9 plants) 

29 to 34 
31.5 

16 to 36 
27.0 

Cross B 
(Tidewater X Rowden) 

Lint length in 32nds of an I 
inch (Fibrographl) __ _ 

Lint percentage --- - -----{ 

Tidewater 
(20 plants) 

F * 2 
(33 plants) 

Rowden 
(17 plants ) 

Range 28 to 34 26 to 33 28 to 33 
Average 29.7 28.9 30.3 
Range 32 to 44 34 to 46 34 to 42 
Average 37.9 40.5 37.2 

*Parental strains compared with the F 1 in Cross A and with the F 2 in 
Cross B. 

1 Upper half mean. The fibrograph is an instrument uti lizing the principle 
of the photoelectric cell, developed by Dr. K. L. Hertel, Physics Department 
of the University of Tennessee, Knoxville, Tennessee. The samples were sent 
to Knoxville to obtain the length determinations. 

In the third or Greenseed x Rowden cross, the characters of 
seed color, length of staple, lint percentage, weight of seeds (100 
in grams), pounds of seed cotton per plant, number of bolls per 
plant, and pounds of seed cotton per 100 bolls are reported. In 
this cross, plants representing both parental lines, the F 1 , the F 2, 

and the progenies from the F 1 as backcrossed to both parental lines 
were grown the same year. The data are reported in Table 46. 
The two parents, Greenseed and Rowden, differed in respect to 
seven characters, although the contrast was more pronounced with 
some than with others. The seed fuzz of the Greenseed was a 
bright, intense green; while that of the Rowden was white. The 
inheritance of the fuzz color in this cross was not clear-cut. There
fore, no data pertaining to this character are given in Table 46 . 
In simple segregations of the F 2 or the prog·eny of the backcross 
on the recessive parent, white seeds would be expected to appear, 
but in no case did any plants occur having seeds as white as those 
of the Rowden parent. The green color in the F 1 was nearly domi
nant, the color being somewhat less intense than in the Greenseed 
parent. Green fuzz, although associated with the parent having 
the shorter lint, the lower lint percentage, the smaller seeds, and 



Table 46.-Inheritance of Lint Length, Lint Percentage, Seed Weight, Plant Yield in Seed Cotton and in Bolls, and Boll Size in a 
Greenseed x Rowden Cross 

Green seed F1 Rowden Fz Backcross Backcross 
Characters studied (23 plants) (22 plan ts ) (19 plants) (62 plants) on Greenseed on Rowden 

(23 plants) (18 plants ) 

Lint leng th in 32nds ( Fibrograph) __ ____ Rang e 19 to 24 25 to 29 29 to 32 24 to 31 22 to 27 25 to 30 
Mean 20.9 27.7 31.3 27.l 23.7 27.8 ] ,int percentage ____ __________ __ _______ Range 30 to 36 32 to 38 36 to 42 28 to 40 30 to 38 34 to 42 
Mean 32.6 36.2 39.3 36.3 34.5 38.4 Scee\ weight, g rams per lOO ____ _________ Range 9.75-12.75 11.25-14.75 13.75-16.25 10.25-15.75 9.25-14.75 10.75-14.25 
Mean 11.38 13.49 14.95 13.02 11.89 12.93 

J'onncl s of seed cotton per plant_ ________ Range .05-.25 .05-.35 .1 0-.30 .05-.45 .05-.40 .05-.45 
Mean 0. 17 0.22 0.21 0.23 0.1 9 0. 19 N nmb er of bo ll s per plant_ _____________ Range 2 to 20 5 to 20 5 to 14 5 to 29 5 to 23 5 to 26 
Mean 14 12 11 14 13 12 

l'on ncl s per l 00 boll s seed cotton ______ __ Range .80-1.40 1.30-2.10 1.60-2.20 1.00-2.10 .90-1.80 1.30-2.00 
Mean 1.20 1.69 1.91 1.61 1.39 1.62 
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the smaller bolls, did not appear to be definitely associated with 
the degree of expression of these quantitative characters in the 
segregates. 

In the F'2 , where the plants were separated into eight groups 
according to grades of decreasing greenness of fuzz color, none of 
the six quantitative values appeared, with respect to these grades, 
to shift materially. Also, no difference was shown in these quan
titative expres3ions among the seed color grades of the two back
crosses. 

As shown in the table, the individual plant yield, expressed 
both in seed cotton and in bolls per plant, did not vary much 
among the parental plants and the subsequent generations except 
that seed cotton yield was lo,ver in Greenseed plants. Geuetic 
differences, however, were more definitely expressed for lint 
length, lint percentage, weight of seeds, and size of boll. For each 
of thE;)se four characters the expressions were of larger magnitude 
in the Rowden than in the Greenseed. In the F 1 each showed an 
intergrade position. In the F 2 the means for each of the four ex
pressions coincided closely with the respective F 1 mean, but in the 
former group of plants the range was wider than in the latter. In 
the progeny from the backcross on Greenseed the means for the 
four characters were lowered from the level of the F 1 in each case. 
However, the backcrossing on Rowden did not further elevate the 
mean levels of the F 1 except in the case of lint percentage. The 
higher lint percentage in the backcross progeny, as compared with 
the F 1, is attributable doubtless to the lighter seeds in the former. 

COTTON INSE CT STUDIE S 

(Floyd F. Bondy and C. F . Rainwater) 

Studies of Boll Weevil Hibernation, Survival, and Emergence 

The boll weevil (Anthonomus gran,dis Boh.) passes the winter 
as an adult. The number of weevils that will be present to attack 
cotton in the spring depends on the number that entered hiberna
tion in the fall and the percentage of this number that survives the 
winter and returns to the fields. Investigations of the factors in
fluencing winter survival and spring emergence have been made at 
this station for a number of years. These studies included the 
installation of hundreds of thousands of boll weevils in hiberna
tion cages, examination of surface trash collected in woods to de
termine the number of weevils that hibernate and survive the 
winter in this shelter, and field counts on trap plantings of cotton 
to determine when weevils emerge from hibernation and enter the 
fields under natural conditions. 

Cage Tests.-The present series of cage tests was begun in 
the fall of 1931. The cages are 4'x4'x4' wooden frames covered 
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with 16-mesh screen wire, with an open bottom, resting on the soil 
surface. A two-foot door in one side permits the placing of hiber
nation material and the installation and removal of the weevils. 
Some of these cages were located in the open field (Figure 24), 
while others were placed in the woods. 

Figure 24.-The location and arrangement of boll weevil hibernation 
cages in the open field. Some of these cages were stocked 
with Spanish moss and some with cornstalks as hibernating 
media; 500 live boll weevils were placed in each of 10 
cages of each hibernation material on October 15, Novem
ber 1, and November 15 of each year. Records were kept 
of the activity of these weevils during the winter and 
spring months and of the number that survived the winter. 
Photographed March 1938, Pee Dee Experiment Station. 

The open-field cages were stocked with Spanish moss, corn
stalks, and, during recent years, with surface woods trash as hiber
nation material. The woods cages were stocked with Spanish moss 
and surface woods trash. The Spanish moss was suspended in 
festoons from two cross wires running from opposite corners of the 
cages, about one foot from the top. The cornstalks were cut into 
2 112 to 3-foot lengths and packed into the cages vertically. The 
woods trash, consisting of leaves, pine needles, twigs, etc. , was 
placed in the cages to a depth of about six inches. Five hundred 
field-collected boll weevils in good condition were released in each 
cage . . The boll weevils were put in some of the cages located in 
the open field on October 15, in others on November 1, and in other 
c~ges on November 15 of each year to determine the effect on sur
YiYal of removing the weevils from their food (which would be 



Table 47.-Results of Cage E xperiments on Boll Weevil Hibernation, 1931-32 to 1940-41 , P ee Dee E xperiment Station 

Average 
Lowest daily num- October 15 installation November 1 installation* November 15 installation 

tempera- ber weevils -
Year ture, active on 

degrees F. cage walls Number I Number I Percent Number I Number I Percent Number I Number I Percent 
during April installed survived survival installed survived survival installed survived survival 

I I I I 
I 

1931-32 22 54 10,000 521 5.21 15,000 719 4.79 10,000 147 I 1.47 
1932-33 19 112 10,000 467 4.67 15,000 1,486 9.91 10,000 523 I 5.23 
1933-34 8 8 10,000 I 1 I 0.01 15,000 3 0.02 8,000 6 I 0.075 
1934-35 14 30 10,000 40 I 0.40 15,000 131 0.87 4,000 36 I 0.90 
1935-36 2 0.4 10,000 0 0.00 15,000 1 0.006 

I 
5,000 1 I 0.02 

1936-37 23 I 70 10,000 217 I 2.17 15,000 782 5.21 5,000 51 1 I 10.22 
1937-38 17 43 10,000 81 I 0.81 15,000 140 0.93 9,000 41 I 0.456 
1938-39 22 73 10,000 161 1.61 15,000 436 2.91 I 10,000 292 I 2.92 
1939-40 13 0.8 10,000 4 I 0.04 

II 
15,000 6 0.04 5,000 6 I 0.12 

1940-41 23 139 7,500 I 58 I 0.77 12,500 I 1,489 I 11.91 I 7,500 I 1,206 I 16.08 
Total I 97,500 1,550 147,500 5,193 73,500 2,769 

Average 1.59 3.52 3.77 

*Includes cages in open field and woods. 
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the same as taking their food from them) on different dates. Wee
vils were installed in the cages located in the woods on November 
1 only. 

There were slight variations in the number of weevils that 
emerged from the different kinds of hiberation material. In cages 
in the open field, more weevils successfully oYerwintered in surface 
woods trash than in either Spanish moss or cornstalks, and more 
survived in Spanish moss than in cornstalks. A larger percentage 
survived the winter in cages placed in the woods than in cages 
placed in the open field. The survivals in the different types of 
hibernation material are combined in Table 47 to show the number 
of weevils that were installed on the different dates, the number 
that emerged from these installations, and the percentage of emer
gence for each year since 1931-32. Included also are the lowest 
temperature recorded during the "·inter of each of these years and 
the average daily number of boll weevils active on the cage walls 
during April. 

These cage records show that although there was considerable 
variation in the survival from year to year, fortunately only a 
small percentage survived even the mild winters. The most im
portant factor influencing winter surYival is temperature. In win
ters with minimum temperatures below 15 degrees F. there were low 
survivals of weevils, whereas when the minimum temperatures were 
19 degrees F. or above, the survival was much higher. 

These records also show the effect on the winter survival of 
removing weevils from their food on different dates. Ordinarily 
weevils continue to feed until the cotton plants are killed by frost 
or are cut down. Destruction of the cotton plants early in the fall 
removes the weevils' food and forces them to enter hibernation in 
poor condition. The longer the wee;-ils go without food the less 
likely they are to survive. The percentage of survival has varied 
greatly during this 10-year period, but the average survival has 
been more than twice as great when weevils were placed in hiber
nation cages on Kovember 15 as when they were placed there on 
October 15. In some years, such as 1937 and 1941, the survival of 
weevils allowed to feed until K ovember 15 was several times as 
high as that of those removed on October 15. This shows the value 
of destroying the cotton stalks as early as possible in the fall to 
reduce the number of weevils that will survive and reach the fields 
the following year. 

Examinations of Woods Trn.sh.-A systematic examination to 
determine the numbers of boll weevils hibernating in woods trash 
and the distance weevils enter the woods for hibernation was begun 
in the winter of 1937-38. Samples of surface trash from areas 3 
by 6 feet have been collected from woods adjacent to cotton fields 
during March of each year. The number of live weevils found, 
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calculated on a per acre basis, were as fo llows: 1938, 1,476 per 
acre; 1939, 3,582 per acre; 1940, 176 per acre; 1941, 1,960 per acre. 
It was also found that 78 percent of the total number hibernated 
within the first 50 feet of the woods bordering cotton fields, and 
practically none were found in the woods at distances gTeater than 
150 feet from the edge. 

These examinations show the uselessness of indiscriminate 
burning· of large areas of woods to kill hibernating boll weevils. 
Planting cotton in fields as far removed from woods as possible 
reduces the number of weevils entering the woods in the fall and 
safely returning to the fields in the spring. I nformation on the 
number of weevils in surface woods trash and the activity of wee
vils in the cages during April gives a fairly reliable index of the 
probable number of weevils that will be present in the cotton fields 
early in the season. It is of value to farmers in planning their 
control programs to know in adYance the probable weevil abun
dance. It should be remembered, however, that the weather dur
ing June and July is also very important in determining how 
rapidly the weevils will multiply and the damage they will cause. 

Trap-Crop Planting of Cotton.-A knowledge of the actual 
period when boll weevils emerge from hiberation and return to 
cotton fields under natural conditions is also of value to growers 
in determining the control measures to use. Cage and woods-trash 
studies give an index of the probable number of boll weevils that 
may be expected in comparison with previous years, but emergence 
from cages has been found to occur earlier than in nature. A 
study of the relationship between boll weevil emergence in nature 
and in cages was begun in 1938 by determining when weevils en
tered a small, isolated trap crop of cotton . The same one-fifth
acre field has been planted early and used as a trap crop each 
year. Each plant was examined for weevils at least three times 
weekly from the time the cotton was large enough for weevils to 

T able 48.-Number of Boll Weevils Removed from One-fifth Acre Trap-Crop 
Planting of Cotton and Percent of Total E mergence that O ccurred 
During Successive 15-Day Periods, 1938-1941 , Pee Dee Experiment 
Station 

1 1938 1 1939 1940 I 
Percent of 

Period of total emergence 
emergence 1941 Total during each 

I I I period 
I 

) 
I 

April 15-30 --------- 31 0 0 0 31 1.35 
May 1-14 __________ so 0 0 0 50 2.18 
May 15-31 _________ 59 I 87 3 33 182 7.94 
Tune 1-14 __________ 140 212 31 592 975 42.56 
June 15-30 ---------1 100 442 21 490 1,053 45.96 

Total ----------1 380 741 55 1,115 2,291 100.00 
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feed on until July L Every boll weeYil found was counted and 
killed, and eYery square that formed on these plants during this 
period was removed so that no new weevils could deYelop. Table 
48 shows the number of boll weevils removecl from this t r ap cotton 
by 15-day periods from April 15 to June 30 during the last four 
years, and the percentage of the total emergence that occurred 
during each 15-day period. 

These figures show that in nature approximately 88 percent 
of the total boll weevil emergence occurs in June and that approxi
mately 46 percent of the total emergence occurs between June 15 
and June 30. 

Contr,ol of Boll Weevil and Leaf Aphids in 1941.-For the last 
several years the damage caused by the boll weeYil in South Caro
lina has been comparatiYely light. In 1941, however, the damage 
was severe, resulting in low yields in many sections of the state. 
In Table 49 are given the 1941 data from experiments in boll weevil 
and aphid control obtained under heavy weevil infestation. The 
results of experiments for the preceding 12 years were included 
in the 1940 report. 

Table 49.-Yields from Plots on Which Mopping, Dusting, and a Combina
tion of Mopping and Dusting were used for Boll W eevil Control 
in 1941, Pee Dee E xperiment Station 

Treatment 

SeriUn

1

treated check ------------------------------' 
1-1-1 mopping mixture ------------------------- , 
Commercial mopping mixture ------------------

Series II 
Unt1·eated check -----------------------------
Calcium arsenate-derris dust -------------------
3 applications 1-1-1 mop followed by calcium 

arsenate-derris dust -----------------------
Series III 

Untreated check -----------------------------
Calcium arsenate-derris dust -------------------
1-1 calcium arsenate-sulfur-derris dust ----------

Pounds of seed 
cotton per acre 

Yield I Gain over 
d1eck 

379 
402 
409 

I 
I 

453 I 
928 I 

f 
985 I 
420 

1,114 
1,185 

I 

I 

23 
30 

475 

532 

694 
765 

Each plot was approximately one-half acre in size, and in each 
series the experiments were replicated five times, making a total 
of 45 plots. Series I and II were located in the same field and 
in adjoining plots. 

Derris was added to the calcium arsenate and mixtures of 
calcium arsenate and sulfur were used in these experiments to 
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preYent increase of leaf aphids after dusting with calcium arsenate. 
In experiments conducted in 1939 and 1940 the addition of enough 
derris to give one-half of 1 percent of rotenone in the final mixture 
preYented the aphids from increasing to injurious numbers. The 
results as to aphid control varied considerably in different fields 
during 1941, and in general they were not so satisfactory as in 
the previous two years. The aphid population was held down 
satisfactorily during the dusting· period, but in some fields the 
infestation increased rapidly after the dusting was discontinued 
and caused some injury to cotton. In no instance, however, was 
the injury so seYere as has often occurred after the use of calcium 
arsenate alone. The frequent rains during the dusting season pre
Yented the applications from remaining on the plants for pro
longed periods and doubtless reduced the effectiveness of the clerris. 
The derris does not act as quicklr on the aphids as does calcium 
arsenate on the boll weeYils, and further studies on its use are 
needed. 

TOBACCO INVESTIGATIONS 

Mineral Nutrition Studies 

(J. F . Bullock) 

As a feature of the investigations in the plant food require
ments of flue-cured tobacco, experiments have been in progress 
during the ·past several years dealing with the most profitable rates 
of potash ferti lization and the best available source of the potash. 
In these experiments, which are located on Marlboro sanely loam, 
a basal fertilizer supplying on an acre basis 30 pounds of nitrogen, 
80 pounds of phosphoric acid, 65 pounds of calcium ( CaO), 20 
pounds of chlorine, and a half pound of boron was applied uni
form ly on all plots. All plots received 20 pounds per acre of the 
total potash applied in the form of muriate. , vhere potash in the 
form of sulfate was used there was, of course, an increase in the 
sulfur content of the fertilizer corresponding to the increase in 
amount of potash applied. The other sources of potash tested 
were the nitrate and carbonate and mixtrn·es of these two mate
rials. The tobacco was grown in a three-year rotation with cotton 
and weeds ( chiefly horseweed). 

Although the results obtained. which are summarized in Table 
50, are not entirel~· consistent, the~- seem to indicate that under 
the conditions of the test a considerable increase in value of the 
tobacco crop may be expected from an increase in rate of potash 
fertilization up to at least 120 pounds of potash per acre, provided 
the potash is applied in tl1e form of sulfate. The increase in value 
of the crop was due partly to increase in yield and partl~r to im
provement in quality. Where sources of potash other than the 
sulfate were used, approximately maximum benefit was obtained 
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with 60 pounds of potash per acre. , vhen only 30 pounds of pot
ash per acre were applied, the crop showed symptoms of potash 
hunger. There was no significant decline in quality of the cured 
leaf when as much as 240 to 300 pounds of potash per acre were 
used, and, in fact, the results indicate that if the sulfate is used, 
beneficial results may be obtained from these high rates of fer
tilization. 

Table 50.-Effect of Source of Potash and Rate of Potash Fertilization on 
Yield, Value, and Quality of F lue-cured Tobacco, 1936-1940, Pee 
Dee E xperiment Station 

Potash applied in fertili zer Value 
Acre of leaf Acre 

Source I Rate per 
yield of per 100 value 

acrel tobacco pounds of crop 

Pounds Pounds Dollars I Dollars 
Nitrate of potash ----------------- 30 1386 15.20 I 210.62 
Nitrate of potash ----------------- 60 1506 15.24 I 229.47 
Carbonate of potash -------------- 60 1471 14.61 I 214.98 
Sulfate of potash ----------------- 60 1503 14.32 I 215.24 

itrate, 1/ 3; carbonate, 1 /2 _______ 120 1490 15.42 1 231.24 
Nitrate of potash ----------------- 120 1457 15.85 I 230.99 
Sulfate of potash ----------------- 120 1487 16.56 I 246.28 
Nitrate, 1/4; carbonate, 2/ 3 _______ 180 1548 14.80 l 229.08 
Nitrate, 1/6; carbonate, 3/ 4 _______ 240 1522 16.15 245.84 
Nitrate, 117; carbonate, 4/ 5 _______ 300 1512 14.56 I 220.18 
Sulfate of potash -----------------! 300 1666 15.72 I 261.89 

10£ the total quantity of potash indicated, 20 pounds was in all cases de
rived from high-g rade muriate. 

During the past two years, experiments haYe been carried out 
in the use of the trace elements boron, manganese, copper, and 
zinc in the fertilizer mixture. A basal fertilizer supplying on an 
acre basis 24 pounds of nitrogen, 64 pounds of phosphoric acid, 
48 pounds of potash, 16 pounds of mag·nesia, 52 pounds of calcium 
( CaO), 16 pounds of chlorine, and 32 pounds of sulfur ( S03 ) was 
applied uniformly to all plots. The fertilizer mixture was com
posed of materials as nearly free of the trace elements as could 
be had. Boron has been applied at the rates of .5 pound, 1 pound, 
and 2.5 pounds per acre; manganese at the rates of 2, 4, and 10 
pounds; and copper and zinc each at the rates of 1, 2, and 5 
pounds per acre. As yet no beneficial effects from any of the 
trace elements have been obsened on either the yield or the qual
ity of the crop, but the experiments haYe not been run long enough 
to justify final conclusions. Boron at the higher rate of application 
has proved to be definitely toxic. 
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F igure 25.-Tobacco showing severe potash deficiency. 

Investigations in the Improvement of the Flue-Curing Process 

(J. F . Bullock) 

Flue-curing studies conducted during 1940 and 1941 show that 
a cured leaf having a lighter color and higher Yalue is produced 
when the air in the barn is kept somewhat dryer than normal dur
ing the yellowing and color-fixing stages of the cure. The humid
ity in the barn must be high enough, howeYer, to preyent fixing the 
color prematurely. A drrer condition in the barn was accom
plished by increasing the temperature or by allowing an increased 
amount of air to pass through the barn. 

Control of Green June Beetle Larvae in Tobacco Plantbeds 

(Norman Allen and H. N. Pollard) 

Lal'Yae of the green June beetle (Figure 26) haYe Jong been 
recognized as important pests of tobacco plantbeds. The beds are 
injured b:· the lan·a, or grub, burrowing· through the soil. The 
larYae liYe in burrows seYeral inches beneath the soil surface, but 
they frequently come to . or near. the soil surface, presumably to 
feed on decaying Yegetable matter. The young tobacco plants are 
thereby uprooted and killed (Figure 27). Plant beds may be only 
partly destrored, although a severely infested bed is often com
pletely ruined. 
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Figure 26.-Typical green June beetle larvae, Cotinis nitida, that were 
used in control experiments . These la1·vae, or grubs, have 
the habit of crawling on their back. Photographed :March 
19, 19-ll, Pee Dee Experiment Station. 

Figure 27.-A po1·tion of a tobacco plantbed showing areas where the 
plants have been destroyed by the burrowing activities of 
green June beetle larvae. 1941, Pee Dee Experiment 
Station. 
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A control measure previously used has consisted of a poisoned 
bait composed of one pound of paris green and 25 pounds of wheat 
bran, moistened with water, and broadcast at a rate of 12 pounds, 
dry weight, per 100 square yards of bed area. 'l'he control ob
tained with this bait has varied from year to year in different 
localities, and even in the same locality during a given season. 
Because of this fact experiments have been conducted during the 
last two years in an effort to deYelop a more satisfactory control 
method. 

Preliminary Tests.-SeYeral plantbed tests were conducted 
during the 1940 plantbed season, which although indicative, were 
not entirely satisfactory because it was not possible to examine the 
soil in growers' beds to determine larval mortality. These experi
ments did indicate, however, that a paris green and wheat bran 
bait was not sufficientlv effective for economic control. 

In January 1941, eiperiments were begun in the greenhouse 
preliminary to field testing. For these tests cypress lumber was 
used to construct small boxlike beds 6 feet in length, 2 feet wide, 
and 6 inches h igh. The beds had wooden bottoms, and the tops 
were left open so that cloth could be stretched over them. Each 
box was divided into 12 approximately equal areas by c:vpress 
boards of the same height as the sides of the box. Clean builders' 
sand was passed through wire screen in order to remove, insofar 
as possible, any larval food from the sand. Two gallons of sand 
was put in each small compartment and a definite number of large 
green June beetle larvae that had previousl~- been obtained from 
infested soil were placed in each. After the larvae had entered 
the sand, a smal l can with a perforated bottom was used to add an 
equal quantit~r of water to each small compartment. 

Each material tested was carefully weighed or measured and 
then carefully mixed by hand. The quantity of each bait for each 
small compartment was carefully weighed and sprinkled over the 
area, usuall~r at a rate of 18 pounds, wet weight, per 100 square 
yards. At the conclusion of each test all the larvae were removed 
from each compartment and the dead and living were counted. 

When the greenhouse tests were first begun, various baits were 
tested by using only two compartments for each bait, but it was 
soon apparent that too few replications were being used. There
fore further tests were made using a randomized block arrange
ment with six replications for each treatment. A total of 949 
larvae were used in the first preliminary tests, and 2,400 in the 
replicated experiments where each lot of bait was exposed over a 
period of five nights. 

The greenhouse experiments showed that (1) one pound of 
paris green to 25 pounds of carrier was a lethal quantity; (2) a 
paris green wheat-bran bait did not give satisfactory control, but 
it is emphasized that other wheat products were not used in these 
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tests; (3) lead arsenate and tartar emetic were of Yery little if any 
value in baits; ( 4) green June beetle larvae were fond of syrup, 
sugar, or a commercially-prepared white syrup, when these mate
rials were added to corn meal; (5) blackstrap molasses was not so 
attractiYe to larvae as was syrup, sugar, or a commercially pre
pared white syrup; and (6) one pound of paris green, 25 pounds 
of corn meal, and syrup in the proportion of five quarts to one 
bushel of meal was the most consistently ef-fecti-ve bait tested, and 
cane syrup was slightly more effective than corn-cane syrup in 
this bait. 

Plantbed Tests.- The object of the plantbed tests was to deter
mine whether the baits found to be promising under greenhouse 
conditions would giYe similar results under plantbed conditions. 
It was also desirable to know how the most effective baits developed 
under greenhouse conditions would compare with a paris green and 
wheat-bran bait when used outside. 

The first plantbed experiment was for a comparison (1 ) of soil 
treatments, (2) of the best baits that had been developed in the 
greenhouse, and (3) between these and a paris green and wheat
bran bait. Seven treatments and an untreated check were each 
replicated eight times by using 64 one-half-square-yard areas of a 
plantbed. The materials were exposed to the larvae for a period 
of five to nine nights for different replications and when examined 
after the tests the larval population was found to average about 
5,000 per 100 square yards. 

This experiment showed that neither one nor two ounces of 
corrosive sublimate to 30 gallons of water was of any value as a 
soil treatment for the control of green June beetle larvae when 
applied at a rate of 200 gallons per 100 square yards. It also 
indicated that the paris green wheat-bran bait used in this test 
was more effective than the paris green and corn-meal-syrup bait 
deYeloped in the greenhouse work. Since especial care had been 
exercised in conducting all tests, it was realized that some unrecog
nized factor was responsible for the variation between this test and 
those made in the greenhouse. The wheat bran used in the plant
bed test had been purchased from a local grocery store, and upon 
investigation it was found that the bran used very likely contained 
wheat middlings; hence it seemed advisable to compare various 
wheat products as carriers for paris green. Accordingly, wheat 
bran. wheat middlings, and wheat shorts were obtained from a 
mill where they had been separated b~, hand. An especially de
signed experiment with 6 replications for each treatment was used 
to compare the wheat products "·ith each of which was used one 
pound of paris green and water to moisten, unless otherwise stated. 
The following materials were compared: (1) Wheat bran, (2) wheat 
bran and syrup, (3) wheat middlings, (4) "·heat shorts, (5) equal 
parts of bran and middlings, (6) equal parts of bran and shorts, 
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(7) corn meal and syrup. Six untreated check plots were also 
provided. 

The baits were applied at a rate of 18 pounds, wet weight, per 
100 square yards, and the larYae were examined after they had 
been exposed to the baits for a period of five nights. This experi
ment showed that when paris green was mixed with wheat mid
dlings, wheat shorts, equal parts of bran and middlings, or equal 
parts of bran and shorts the bait killed roughly twice as many 
larvae as did that in which only bran was used with the poison. 

With the results of the wheat-products test in mind, two ad
ditional plantbed experiments were conducted to compare the most 
promising wheat-products baits with a bran bait. Although the 
mortalities in the different tests Yaried, it was found that a bait 
composed of one pound of paris green and 25 pounds of wheat 
middlings with approximately 2 112 gallons of water was the most 
satisfactonr wheat-products bait tested, being roughly twice as 
effective as a similar bait prepared by using wheat bran. 

This bait, although effective, killed only about two-thirds of 
the larvae because all the larvae do not come to the soil surface 
over a period of several days. For maximum efficiency, the in
fested area should be sprinkled or wet with water just prior to 
the application o.E the bait. , vetting the area apparently increases 
the burrowing activities of the larrne and this increases their 
chances of obtaining the bait. The bait should be broadcast over 
the area at a rate of 18 pounds, ,vet " ·eight, per 100 square yards. 

It is emphasized that these are the results of one season's work 
and that further experiments should be conducted to find a more 
effective control, if possible, as well as to determine the period 
that one application of a remedy remains effective. 

An Adjustable Spray Boom for Treating Flue-Cured Tobacco 

(Norman Allen and H. N . Pollard) 

Spray machines are widely used for applying insecticides to 
tobacco to be flue-cured. A common t~'pe used by growers is some 
form of a mule-drawn traction sprayer. , vith properly adjusted 
spray booms and nozzles good control can be obtained with such 
machines, but as the tobacco plant is constantly changing form and 
height, both during growth and during the harvesting period, con
siderable t ime and effort may be consumed in properly adjusting 
a sprayer for plants of various sizes. An illustration of a very 
simple but efficient tn)e of adjustable spray boom and nozzle ar
rangement which has been used during the current season is shown 
in Figure 28. This type of boom is easily adjusted for plants of 
various sizes, and the six-inch range of adjustment between the 
horizontal booms insures maximum plant coverage. 
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Figure 28.-Diagram illustrating a simple but efficient type of adjust
able spray boom and nozzle arrangement for treating 
tobacco plants of various sizes with sprays. The height 
of any horizontal spray boom, within a range of six inches, 
can be changed by simply unscrewing a plug at the desired 
position and placing the boom in the cross from which the 
plug was removed. Pee Dee Experiment Station. 
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The materials necessary to construct an upright boom to a 
height of 4 feet with horizontal booms for 6 spray nozzles to be 
used on rows spaced approximately 4 feet apart are as follows: 
Nine crosses, 13 plugs for the crosses, 8 five-inch nipples, 16 six
inch nipples, 2 three-inch nipples, 10 couplings, six 45-degree street 
ells, two 90-degree ells, and 6 spray nozzles. All parts, except the 
spray nozzles, should be of 1/ 4-inch material. In addition to the 
parts listed, some braces will be needed to hold the boom in place 
if it is to be used on a traction spray machine. If unusually tall 
tobacco is to be sprayed it will be necessary to add one or two 
5-inch nipples and a sufficient number of crosses to increase the 
height of the vertical boom. All this material can usually be ob
tained from a local hardware store. 

The objectives in the gas treatments were to determine the 
relative effectiveness of two weights of the top muslin covers, 
i. e., a cover weighing 3.5 ounces per square yard with a thread 
count of 70x72 per inch as compared with a cloth weighing 4.5 
ounces per square yard and a thread count of 80x80 to the square 
inch. These tests were evaluated also in relation to two rates of 
application of paradichlorobenzene, i. e., 2 pounds and 4 pounds per 
100 square yards. All gas treatments were applied twice a week 
except on two beds which received one extra treatment during a 
period of cool weather. The critical period for mold development 
extended from April 15 to May l. Treatments were applied dur
ing April 18 to May l. The effectiveness of treatments was rated 
by computing a disease index value for each of the test blocks. 
This was based on disease counts in the plantbeds. The scale of 
disease severity ranged from 0, denoting no disease, to 100, denot
ing maximum disease. 

Results of the treatment are shown in Table 51. The effective
ness of all treatments is obvious, as in no case did mold damage 

Table 51.-The Relative Effect as Shown by the Disease Index of Two Rates of Applica
tion of Paradichlorobenzene and Two Weights of Muslin Covers in Gas Treatment of Tobacco Plantbeds Inoculated with Blue Mold, 1941, Pee Dee Experiment Station 

Light cover1 He.avy cover' 
Rate of 

Treatment number I Mean Treatment number I Mean application 
1 I 2 I 3 I 4 I 5 I 6 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 

Pounds per 100 
I 

7 111 

I square yards 
7 1 2 

7"! 7 2 1 2 3 3.6 1 3 3 
4 7 1 1 1 3 2 2.5 11 I 2 1 1 1 3 2 Untreated check _____ 47 79 68 66 56 __ I 63.o 84 62 75 70 55 54 

1Weight, 3.5 ounces per square yard, thread count 70 x 72 per square inch. 
2W eight, 4.5 ounces per square yard, thread count 80 x 80 per square inch . 

I 

3 2 4.6 
2 2 3.0 

67.0 

"These figures indicate the relative extent of blue mold. The disease index scale ranged from 0, denoting no disease, to 100, denoting maximum disease. 
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exceed the disease index rating of 11 in the treated beds. The 
mean disease index of all gas treatments was 3.4 as compared with 
65.0 in untreated beds. 

In these tests the light muslin cover appeared to be slightly 
more effective than the heavier grade cloth but the difference is 
too small to be considered significant. Furthermore, the difference 
in effectiveness between the 2-pound and 4-pound rates of applica
tion was very slight. However, all treatments were well within the 
margin of safe disease control. 

Copper Oil Spray Treatment.- The standard spray treatment 
for control of blue mold is the copper oxide oil mi.-x:ture. The cop
per oxide powder and emulsified oil are mixed at the time of 
spraying, in the following proportions: 

Copper oxide (54-Y) ------------------1 1/2 pounds 
Self-emulsifying cottonseed oil (S. E. C. oil) _l gallon 
Water _________________________________ 100 gallons 

This material was used as a general spray on 600 square yards 
of the station plantbeds. Since the protective Yalue of this treat
ment lies in starting treatments on young plants and in keeping 
the leaf surface of the growing plants covered with the oil coating, 
spraying was started when plants were small and continued twice 
a week for five weeks. These general sprays were not planned as 
experimental tests but were canied out as a standard blue mold 
control procedure in addition to the gas treatment method used 
on other beds. However, several untreated check areas were left 
for comparison with those rece iving the spray. Ko disease counts 
were made in these tests, since no trace of mold appeared in the 
sprayed beds, and the plants were set promptly in the field without 
stunting or delay. :;\fold appea1·ed in the untreated check areas 
and caused considerable defoliation. 

Organic Spray Materials.-Sevent)·-seven of these materials 
were used in preliminary greenhouse spray tests during the win
ter of 1940-41. Of this number, 19 were selected for further tests 
in plantbeds. These were used with and without the oil consti
tuent of the regular copper oil spray mixture. In the plantbed 
tests, two of the organic materials used without oil gave mold 
control comparable to the copper oxide oil spray. However, these 
have not been sufficiently tested for general recommendations. 
Other oil mixtures of organic materials have also shown effective 
mold control in plantbed tests. 
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Nematode Studies 

(T. W . Graham) 

131 

Root Knot.-This disease has been studied each year in a per
manent series of two-year rotations. As in previous years, when 
crotalaria, peanuts, or resistant cowpeas were grown in rotation 
with tobacco, root knot was notably reduced. Disease severity 
was increased following sweet potatoes, corn, or cotton. 

Meadow N ematode.-Suneys of the extent and severity of the 
meadow nematode injury to tobacco were continued the past year, 
along with determinations of the nematode species associated with 
this root decay. This disease was found to be prevalent in the 
tobacco section of South Carolina and in some fields yields were 
considerably reduced by it. At least two species of nematode were 
involved : the meadow nematode, Pratylenchus pratensis ( de Man) 
Filipjev., and EtlcephalobtlS oxynroides ( de Man) Steiner. Studies 
are in progress to determine the effect of crop rotation and cul
tural practices on severity of injury by meadow nematodes. 

Blue Mold Control 

(T. W . Graham) 

Blue mold damage to tobacco beds in South Carolina was not 
as severe in 1941 as in previous years. In certain localities, how
ever, growers were somewhat delayed by mold attacks. A period 
of unusually ,rnrm weather during the last two weeks of April and 
the first week of May prevented serious damage. During this time 
plants in the beds grew extremely fast and in many localities they 
were ready to set before mold became established in the beds. 
However, blue mold was present during the first week in April 
and was reported generally in the tobacco area two weeks later. 
A large part of the tobacco crop in the South Carolina area was 
transplanted to the field by the last week in April. 

Experimental tests to control blue mold in the station plant
beds were carried out using the paradichlorobenzene gas treatment 
and the copper oxide oil spray. In addition, preliminary tests 
were made of various other spray materials. 

Gas Treatment.-Briefly, the paradichlorobenzene gas treat
ment consists of applications of the crystals on the regular tobacco 
plantbed covers. The beds are prepared, preferably with close-fit
ting side boards, and coYered with cloth having a thread count of 
28x32 threads per inch. The paradichlorobenzene crystals are ap
plied and the bed is then covered with a heavier grade muslin cloth 
to prevent escape of the gas. The treatment is applied only at 
night, since direct sunlight on the beds builds up gas concentra
tion so that plants may be seriously injured. 
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SANDHILL EXPERIMENT STATION 

(J. A. Riley, Superintendent) 

The past season at this station has been the most unfayorable 
for crop production since the inauguration of experimental work 
in 1927. Cotton was a complete failure and the conditions did not 
seem to warrant the harvesting of the various plots for recording 
data. The season for harvesting asparagus was extremely short. 
Peaches produced abundantly and excellent data were obtained. 
Corn, hay, silage, and grazing crops were very much reduced in 
yield. 

Several important items of farm equipment were added dur
ing the year, which permitted a more economical employment of 
labor and resulted in a reduction in the cost of performing many 
farm operations. Some experimental work is, as for several years 
previously, being conducted cooperatively with the Bureau of Dairy 
Industry and the Bureau of Plant Industry, of the United States 
Department of Agriculture. 

FIELD CROPS AND FERTILIZERS 

Potash deficiency has been found to occur more often as a re
sult of insufficient moisture to replenish the supply of potash in 
the soil solution. The first deficiency symptoms in cotton usually 
occur at this station from the middle of July to early August, or 
after the plants have made nearly mature growth. The symptoms 
first appear as a yellowish white mottling of the leaf followed by a 
change to a light yellowish green color with yellow spots appear
ing between the veins. The center tissues of the spots die and 
other numerous brown specks occur at the tips, around the mar
gins, and between the veins of the leaf. The tips and margins 
of the leaf break down first, followed by a curling downward of 
these areas. As the physiological breakdown progresses, the re
mainder of the leaf finally becomes reddish brown in color, dries 
and the leaf is shed prematurely. This premature shedding pre
vents the proper development of the bolls, and many fail to open. 
The cotton from such stalks is difficult to pick and the lint is 
inferior in quality. 

Potash deficiency symptoms in corn are characterized by a yel
low color of the leaf and dying around the margin and tip of the 
leaf. The plants are usually dwarfed in size, because of a shorten
ing of the internodes, and have a shallow root system which fre
quently causes the plants to lodge badly. On plants deficient in 
potash the leaves have a tendency to grow more erect than do those 
on a plant adequately supplied with potash. The marginal firing 
starts on the lower leaves first, and as the plant reaches maturity, 
the central and upper leaves begin to fire or scorch around the 
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margin of the leaf. A typical plant showing severe potash de
ficiency is shown in Figure 29. 

Figure 29.-Corn plant showing potash deficiency. 

Rate and Time of Applying Potash Fertilizer to Cotton 

(R. W . Wallace) 

In 1931 a series of experiments was started at the Sandhill 
Experiment Station to determine the optimum rate and time of 
applying potash to cotton. These experiments have been continued 
on the same plots for 10 years. One week to 10 days before the 
cotton was planted, all plots received a basic treatment equiYalent 
to 600 pounds per acre of 5-10-0 fertilizer in addition to the potash. 
These plots were sidedressed with 15 pounds of nitrogen from oal
cium nitrate or cal-nitro . Potash was applied at the rates of 0, 
15, 30, 45, and 60 pounds of K 20 per acre, making the total com
plete fertilizer equinlent to 600 pounds per acre of 7.5-10-0, 7.5-10-
2.5, 7.5-10-5, 7.5-10-7.5, and 7.5-10-10 respectively. The nitrogen in 
the fertilizer mi..."'\:ture was deriYed one-half from cottonseed meal 
and one-half from ammonium sulfate. The phosphorus was from 
superphosphate and the potassium from muriate of potash. The 
times of application were (1) all before planting, (2) half before 
planting and half at chopping, and (3) all at chopping. 

The yield of seed cotton increased with the rate of applica
tion of potash regardless of when the potash was applied. The 



Table 52.-Yield of Seed Cotton from Experiment on Rate and Time of Applying Potash, 1931-1940, Sandhill E xperiment Station 

Pounds I r~· • • I Yield of seed cotton in pounds per acre I IAveragel ln~~:~se I Tncrease over of l 1me of application* Average for each preceding no potash 
potash ___ _ __ _ _ _ rate similar ____ _ 
applied 1931 I 1932 I 1933 I 1934 I 1935 I 1936 I 1937 I 1938 I 1939 I 1940 treatment Pounds I Percent 

None / I I 788 I 657 I 696 I 552 I 412 \ 220 I 470 \ 738 I 355 I 543 I 543 1 ___ I --- I 
Y, before planting I 15 I All before planting ____ l 12381 9661 871 I 9371 801 I 8091 6261 787111421 8261 900 I I j I 
l"11 ~tt ~l:~gg!~:-======= ~==~ ~~~~ -~~~ -~~~ -~=~ I -~~~ -~== - '"~~~ ::~: -~~~ -~~~ 932 I 389 I 389 71.6 

30 

I 
All before p lanting ____ ! i317 I 12671112711161 11071 I 1153 j 111311348116891103311228 I I- I I y,~~~~q I 
Y, at choppi ng ------- 1469 1316 1175 1184 1137 I 1196 j 1195 1452 1689 1033 1285 1251 319 I 708 130.4 
A ll at chopping------- 1449 1278 1174 1142 1123 I 1181 __ 1093 _ 1333 _ 1616 1009 1240 

45 

I 
A ll before p lanting ____ l 1525 11424 I 1357 I 132911213 I 116311343 1435 I 18041115611375 I I I I Y, before planting J 
Y, at chopping ------- 1506 142911425 1313 1245 J 1177 1337 1591 1 1787 1199 1401 1381 130 838 154.3 
A ll at chopping ------- 1505 1393 1399 1291 _ 1209 J 1176 1230 1510 1757 1_188 1366 

60 

I 
All before planting ____ l 16331154811538-l 1451 11271 11385 / 1561 115561195311255 I 1515 I 'I I I ~ before planting 
Y, at chopping ------- 1726 1577 1517 1521 1316 , 1393 11541 1637 1958 1308 1549 I 1533 152 990 182.3 
All at chopping ------- 1618 1591 1503 1515 1324 1389 1405 _1634 2090 1269 I 1534 

· Basic fertilizer treatment-600 pou11ds of a 5-10-0 per acre with potash as i11dicated under the crop and sidedressed with 15 pounds of nitrogen. 

I 
Increase in 

yield for 
each pound 

of potash -,-
1 
j 

I 25.9 
I 

23.6 

18.6 

16.5 
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greatest returns per pound of potash came from the smaller appli
cations. The time of application apparently had little effect on 
the final yield. 

The average yield of seed cotton for the 10 years from the plots 
which did not receive any potash was only 543 pounds per acre. 
The difference in yields between the no-potash and the 15 pounds 
per acre application was 389 pounds of seed cotton per acre, an 
increase equivalent to 71.6 percent in favor of the 15-pound appli
cation. The increase in yields obtained from the Yarious rates 
ranged from 389 to 990 pounds of seed cotton per acre, equiYalent 
to increases varying from 71.6 to 182.3 percent over the yield from 
no-potash plots. From the aYerage yields for the 10-year test and 
under the conditions preYailing, it is calculated that the addition 
of one pound of potash ( equivalent to two pounds of muriate of 
potash) increased the yield 17 to 26 pounds of seed cotton per acre, 
depending upon the rate of application. The yields of cotton which 
resulted from the different rates of application during the 10-year 
period are given in Table 52. 

Figures 30, 31, and 32 show three stages of maturity of two 
plots of cotton at this station. The plot on the left in each figure 
received 30 pounds of K 2 0 annually for 10 years, whereas the plot 
on the right had not received any potash for 10 years. It will be 
noted in Figure 30 that both plots had an excellent stand and 
showed a promising crop with no indication of a plant-food defic
iency at this stage of growth. 

This photograph was taken July 1. Figure 31 shows the same 
two plots photographed 91 days later, September 30. The plot 

Figure 30.-The cotton plot on the left received a 30-pound application 
of K 20. The plot on the right received no potash. It 
will be noted that there was no potash deficiency showing 
at this stage of growth, July 1. 
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Figure 31 .-Same plots as shown in Figure 30 as they appeared Sep
tember 30. Note the open bolls and loss of foliage on the 
no-potash plot. 

Figure 32.-Comparative yields of cotton from the two plots shown in 
Figures 30 and 31. The left plot received 30 pounds of 
K 2 0; the right, no potash. 
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on the right, " ·hich had not received any potash, shows a severe 
potash deficiency with a premature opening of the bolls and shed
ding of the leaYes. The comparatiye yields of the hYo plots are 
illustrated in Figure 32. 

F ORAGE CROPS 

Vegetable-type Soybeans 

(W. A. Carns)* 

The use of the soybean as human food by certain peoples of 
the earth is as ancient as civilization itself. The Orientals used 
these beans for food many centuries prior to recorded history. It 
has been only within the Yery recent past, however, that other peo
ples have utilized the soybean in this manner. Even today the 
vegetable soybean can be considered as a new and practically 
untried vegetable in many parts of this country. That the soybean 
is a very valuable plant which furnishes a low cost food that may 
at least partly supplement other protein food in the human diet 
is a matter that may well be considered at this time. The soybean 
can be used either as a fresh vegetable or as a dried bean, and may 
be converted into many palatable and nutritious dishes and pro
ducts. 

Several varieties have been on trial at this station and in Table 
53 are given the results of the varieties which seem to be most 
nearly adapted to this region. 

Table 53.-Vegetable Soybean Varieties, 1934-1939*, Sandhill Experiment 
Station 

Variety name 

Hahto -------------------
Higan -------------------
Rokusun -----------------
Nanda ---------- - - -------
Chame** ----------------Easycook No. 12 _________ 
Easycook No. 17 ---------
Easycook No. 29 _________ 
Seminole** --------------
No. 84648 ------- - --------
No. 84836-1 --------------
No. 90400 ----------------
No. 93057** --------------

Number 
days to 
bloom 

53 
5-1-
63 
69 
75 
68 
63 
60 
85 
65 
67 
57 
98 

*Average planting date, May 10. 
**Two-year test. 

I 

I 
Number I 
days to 
mature 

146 
137 
148 
166 
171 
157 
147 
142 
143 

I 146 
167 
137 I 143 

Height 
inches 

16 
13 
18 
32 
27 
46 
33 
14 
38 
15 
25 
27 
36 

Bushels 
per acre 

dry beans 

4.49 
2.71 
3.57 
6.06 
4.28 
4.13 
5.37 
4.79 
4.30 
5.14 
5.14 
5.63 
4.28 

*Agent, Division of Forage Crops and Diseases and until July 1, 1940, in 
charge of the forage crops work at Sandhill Experiment Station. 
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The Chame is a medium variety used as a gTeen vegetable. The 
Higan, yellow-seeded, and the Rokusun, straw-yellow-seeded, are 
medium late varieties used either in the green or the dry condition, 
while the Hahto, tawny-seeded, is a medium late variety used green 
and the Easycook, straw-yellow-colored, is a medium late variety 
used as a dr.v bea11. The Nanda, a late variety, having a straw
yellow seed, may be used either green or dry. The Seminole, yel
low-seeded, is a late variety which may be used green or dry. 

Though the Seminole is new and has been tested here only two 
years, it has seYeral qualities which seem to make it one of the 
very best varieties for vegetable use. It is perhaps equal to or 
better than many other varieties for general use. 

While the yields of all Yarieties, as r eported herein, are low, 
it is reasonable to expect much better yields when they are grown 
under more favorable conditions. 

Soybean Varieties for Seed and Forage 

The soybean is becoming increasingly more popular as a for
age plant. The seed are likewise rapidly becoming more impor
tant as a source of oil, and the meal derived therefrom as a feed 
for livestock. Many other products are derived from the soybean 
but the greater proportion is, and probably will continue to be, 
useful in the production of oil and for feeding livestock. In Table 
54 are given the yields of field-type soybean Yarieties that have 
been tested here for a number of years. Many other selections 
have also been under observation and have shown splendid quali
ties; however, yields are not given for these as it would seem 
that the varieties reported should best meet the need for planting 
on most farms in this state. 

SOIL FERTILITY INVE STIGATION 

Fertilizer management and the maintenance of soil organic 
matter constitute two of the principal soil fertility problems of 
the Southeast. Fertilizer management includes not only selection 
of the most desirable ratios of nitrogen, phosphorus, and potas
sium to appl)· to different crops on the Yarious soil types, but also 
consideration of such factors as the chemical compounds which are 
used to suppl)- these plant foods, the time, method, physical form, 
and position in which the fertilizers are applied and the influence 
of other elements like calcium, magnesium, and the so-called 
"minor" fertilizing elements on the soil and the yield and com
position of the crop. Efforts to improve or at least maintain the 
soil organic matter are usually made b)r growing green manure 
crops, intertilled crops or catch crops in the rotation, by use of 
winter cover crops, or some combination of these methods. 



FIFTY-FOURTH AKKU AL REPORT 139 

Table 54.-Soybean Variety Test, 1928-1940, Sandhill Experiment Station 

Average seed yield Average hay yie ld 

Variety name I Number 

I 
Number 

Bushels of years Tons of years 
per acre tested per acre tested 

I 
Biloxi ---------------------- 7.02 13 .97 I 11 
Chiquita ------------------- 7.75 13 .96 

t 
11 

George Washington ________ 7.99 13 .73 11 
Herman -------------------- 6.9-t 13 .88 I 11 
Laredo --------------------- 7.39 13 .88 11 
Mammoth Brown ---------- 4.79 13 .81 I 11 
Mammoth Yellow ---------- 6.32 13 .89 I 11 
Tarheel Black -------------- 5.60 13 .89 I 11 
Tokyo --------------------- 6.39 13 .89 I 11 
Virginia ------------------- 7.27 13 .64 ( 11 
Clemson ------------------- 8.25 12 1.23 I 9 
Giantsay ------------------- 4.95 12 

I 
.94 I 11 

Harbinsoy ----------------- 4.70 12 .60 i 11 
Palmetto ------------------- 6.92 12 I 1.11 I 9 
Ebony --------------------- 6.62 8 .72 7 
Gresham Prolific ----------- 3.7-t 8 1.05 I 7 
Hollybrook ----------------- 4.11 8 .51 l 7 
Matthews ------------------ 10.03 8 1.17 l 7 
Nanking ------------------- 9.19 8 .98 I 7 
Otootan -------------------- 5.65 8 1.22 7 
Wilson --------------------- 2.69 I 8 .64 7 
Coker's Y elredo ------------ 6.33 5 1.05 4 
Coker's Pee Dee ----------- 5.55 

t 
5 1.22 4 

Haberlandt ----------------- 4.42 5 .89 ' 4 
Wood's Yellow _____________ 8.25 5 1.13 I 4 
Avoyelles ------------------ 2.02 3 

I 
1.15 I 3 

Burdette ------------------- 3.88 3 1.22 

f 

2 
Charlee -------------------- 4.52 3 1.26 2 
Creole --------------------- 3.86 3 1.24 2 
Monetta -----------·--------- 6.21 3 t 1.24 I 2 
White Biloxi --------------- 4.66 3 1.22 l 2 

Various phases of the general pro bl ems of fertilizer manage
ment and soil organic matter maintenance have been studied at the 
Sandhill Station. 

The experiments haYe been confined large]~- to Xorfolk coarse 
sand, partly because this is the dominant soil type of the Sanclhills 
and also because the physical and chemical character of this soil 
makes it particularly desirable for certain types of experimental 
work. The soil is very low in natiYe fertility and therefore readily 
shows the effects of even slight changes in fertilizer management. 
It has a lower content of organic matter than most soils and for 
that reason the effects of green manure and cover crop manage
ment can be observed quickly and with more certainty than in 
more fertile soils. Experience with the Norfolk coarse sand jus
tifies the belief, however, that such changes as are created by ex-
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perimental conditions are similar to the changes which would occur 
on related but more fertile soils, the chief difference being the 
ease and quick response of the Norfolk coarse sand. Thus soil 
fertility investigations on this soil type combine several of the ad
vantages of research conducted in sand culture under artificial 
conditions plus furnishing a normal climatic and agronomic en
vironment for the experiments. 

Fertilizer Ratio Experiment with Soybeans and Oats 

( Nelson McKaig, Jr. and A. B. Bowen) 

Application of different fertilizer ratios to soybeans in the 
summer and oats in the winter over a period of four years has 
shown progressive changes in the plant food requirement of the 
crops. The experimental outline and first year's results were de
scribed in the Fifty-First Annual Report, pp. 151-153. 

Increased amounts of superphosphate increased soybean hay 
yields, and increased amounts of potash decreased soybean hay 
yields the first year. During the second and succeeding years, the 
influence of superphosphate was less definite but the stimulation 
due to larger amounts of potash was quite definite. The yield 
summary for the four-year period is given in Table 55. Neutralized 
fertilizers have given larger yields of soybean hay than acid-form
ing fertilizers of the same plant food ratio in every comparison 
except the low-potash (4-8-2) ratio in 1938 when no significant 
difference was observed. 

No definite effect of either fertilizer ratio or fertilizer acidity 
on yields of oat hay ·was noted during the first year of the experi
ment, although the amount of oat hay harvested was greater where 
phosphorus and potash had been applied than wh~re it was omitted, 
and the yield was increased following application of a high potash 
fertilizer. The trends were similar during the second year and a 
response to increased application of potash was noted in the acid
forming fertilizer series. During the third and fourth season, a 
response was noted to increasing applications of both potash and 
phosphorus, also a slightly greater response to neutralized fer
tilizers compared with similar acid-forming mixtures. 

These progressive changes in plant food requirement combined 
with the general decline of crop yields during the course of the 
experiment seem to indicate a progTessive decrease in the fertility 
of the soil. The experiment was started in 1937 on land which 
had been put in a relatively good state of fertility by previous 
uniform cropping. After the growth and removal of four summer 
and four winter crops, the productivity of the land appears to have 
measurably decreased. 

Certain chemical studies were conducted on the soil in this 
experiment. A summary of the results of soil acidity measure-



Table 55.-Yields of Soybean and Oat Hay Produced by Use of Different 
Fertilizer Ratios Applied to Norfolk Coarse Sand, Expressed in 
Tons Green Weight per Acre, Average of 8 Treatments, Sandhill 
Experiment Station 

A-Soybean hay 

Ferti lizer 
N-P2 0 5 -K2 0 

400 pounds per acre 

4- 8-4* 
4- 8-4 
2- 8-4 
6- 8-4 
4- 4-4 
4-12-4 
-i- 8-2 
4- 8-8 

Average 

4- 8-4 
4- 8-4 
2- 8-4 
6- 8-4 
4- 4-4 
4-12-4 
4- 8-2 
4- 8-8 

Average 

B-Oat hay 

Fertilizer 
N-P2 0 5-K2 0 

200 pounds per acre** 

0- 0-0 
0- 8-4 
0- 8-4 
0- 8-4 
0- 4-4 
0-12-4 
0- 8-2 
0- 8-8 

Average 

0- 0-0 
. 

0- 8-4 
0- 8-4 
0- 8-4 
0- 4-4 
0-12-4 
0- 8-2 
0- 8-8 

Average 

1937 1938 j 1939 

Neutralized fertili zers 
5.06 1.81 1.19 
4.87 1.81 1.08 
4.50 1.70 1.00 
4.59 1.80 1.15 
4.84 1.95 1.17 
5.50 1.88 1.27 
5. 17 1.51 1.03 
4.95 1 2.19 1.31 
4.92 1.83 1.15 

Acid-forming fert ilizers 
4.82 1.59 0.84 
4.68 1.72 0.84 
4.40 1.62 0.85 
4.47 1.62 0.85 
4.65 1.69 0.86 
4.89 1.76 0.94 
4.77 1.55 0.80 
4.68 1.83 0.98 
4.67 1.67 0.87 

1938 1939 1940 

Neutralized fertil izers 
1.24 1.16 0.82 
1.37 1.34 0.96 
1.32 1.32 0.97 
1.29 1.32 1.04 
1.34 1.28 0.92 
1.35 1.37 1.02 
1.32 

I 
1.31 0.93 

1.45 1.44 1.12 
--1.33 - · 1.31 0.97 

A cid-forming fertili zers 
1.21 1.16 0.71 
1.37 1.29 0.93 
1.29 1.29 0.95 
1.25 1.33 0.88 
1.29 1.33 0.84 
1.38 1.35 0.98 
1.32 1.29 0.86 
1.34 1.46 1.12 
1.31 1.31 0.91 

*No phosphate or potash applied to winter cover crop. 

1940 

I 
1.52 
1.40 
1.46 
1.63 
1.58 
1.73 
1.38 

I 1.93 
1.58 

1.01 
1.08 
1.18 
1.06 
1.03 
1.30 
1.00 
1.34 
1.13 

1941 

I 
1.06 
1.16 
1.14 
1.22 
1.09 
1.25 
1.09 
1.20 
1.15 

I 0.84 

I 
1.06 
1.03 
1.00 
0.95 
1.14 
0.95 
1.23 
. --
1.03 

**All plots top-dressed in th e spring with 20 pounds of nitrogen per acre. 
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ments are shown in Table 56. There has been a large and pro
gressive increase of soil acidity on all the plots. The data fail to 
show that any ferti lizer ratio in either the acid-forming or neu
tralized group has significantly affected the soil acidity more than 
others in the same group, probably because any change caused by 
differences in the fertilizer composition were too small to exceed 
sampling errors. Differences in soil acidity are apparent when the 
acid-forming and corresponding neutralized fertilizers are com
pared. In all but two cases, the neutralized fertilizers caused less 
change in soil acidity than the corresponding acid-forming ratios. 
The two exceptions were the 1938 and 1939 comparison of the high 
superphosphate mixture, which mixture had the highest calcium 
content of any of the mixtures used and only an average content 
of nitrogen, which is the fertilizer constituent usually responsible 
for development of soil acidity. The mean values for the two 
groups show a definite and progressively greater increase in soil 
acidity caused by use of acid-forming fertilizers as compared with 

Table 56.-Changes in Acidity in the Surface 6 Inches of Norfolk Sand during 
4 Years Cropping to Soybeans and Oats which were Removed as 
Hay, Sandhill Experiment Station 

Fertilizer application 

I 
N-P20:,-K2 0 

1936 1937 1938 1939 1940 

Summer I Winter* pH pH pH pH I pH 
400 lb s. per acre 200 lbs. per acre 

Neutralized fertili zers 
+- 8-4 0- 0-0 6.96 6.37 6.12 5.82 I 5.62 
4- 8-4 0- 8-4 7.02 6.60 6.12 5.87 

I 
5.56 

2- 8-4 0- 8-4 6.96 6.50 6.17 5.91 5.65 
6- 8-4 0- 8-4 6.9+ 6.30 6.27 6.05 I 5.61 
4- 4-4 0- 4-4 7.11 6.61 6.20 5.79 I 5.80 
4-12-4 0-12-4 7.04 6.59 6.24 5.73 I 5.61 
4- 8-2 0- 8-2 7.08 6.60 6.15 5.83 I 5.52 
4- 8-8 0- 8-8 6.97 6.57 6.18 5.84 I 5.75 

Mean** 7.01 6.50 6.18 5.85 I 5.63 
A cid-forming fertilizer s 

4- 8-4 0- 0-0 6.98 6.3+ 6.03 5.51 I 5A2 
4- 8-4 0- 8-4 6.99 6.32 6.04 5.74 I 5.37 
2- 8-4 0- 8-4 7.02 6.42 6.11 5.88 I 5.40 
6- 8-4 0- 8-4 6.96 6.20 6.12 5.61 I 5.03 
4- 4-4 0- 4-4 7.02 6.56 6.07 5.69 

I 
5.22 

4-12-4 0-12-4 7.03 6.35 6.28 5.79 5.37 
4- 8-2 0- 8-2 7.12 6.42 6.04 

I 
5.68 5.14 

4- 8-8 0- 8-8 6.95 6.32 6.04 5.72 j 5.25 
Mean** 7.01 6.36 6.08 5.69 5.25 
*Broadcast application of 20 pounds N per acre applied in spring. 

. **Calculated by conversion to corresponding concentrations of hydrogen 
10ns. 
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the neutralized fertilizers, even though there was a rapid increase 
in soil acidity where the latter was used. 

'l'he so-called neutralized mixtures were prepared by adding 
to the ordinary acid-forming mixtures sufficien t calcium carbonate 
to combine with acidity developed in the soil as a result of biolog
ical oxidation of ammonium nitrogen to nitrate nitrogen plus any 
acidity result ing from the chemical decomposition of the ammonium 
compounds used as fertilizer. H owever, as shown by the data, the 
neutralizing effect is only partial when such neutral fertilizers are 
added to the soil. There is a tendency for the applied calcium to 
be absorbed by the growing crop and since no allowance for such 
absorption by the plants is proYided in preparing the fertilizer, 
only that part of the neutralizing material which is not taken up 
by the plant remains in the soil to neutralize the acidity developed 
by the decomposition and nitrification of the applied fertilizer. 
Therefore, as shown by the data, use of ordinary neutr.alized fer
tilizers will not prevent the soil from becoming acid but will only 
retard the process, the amount of retardation depending upon the 
soil, the ability of the crop to absorb calcium, and the disposition 

Table 57.-Changes in Soil Carbon in the Surface 6 Inches of Norfolk Sand 
During 4 Years Cropping to Soybeans and Oats Which W ere 
Removed as Hay, Sandhill Experiment Station 

Fertilizer application 
N-P2 0 5-K2 0 

1936 1937 1938 1939 1940 

Summer I Winter* Percent Percent Percent Percent Percent 
400 lbs. per acre 200 lbs. per acre 

Neutralized fertilizers 
4- 8-4 0- 0-0 .539 I .527 .548 .528 .503 
4- 8-4 0- 8-4 .SSS .540 .554 .515 .501 
2- 8-4 0- 8-4 .522 I .499 .503 .476 .515 
6- 8-4 0- 8-4 .577 .545 .553 .519 .518 
4- 4-4 0- 4-4 .540 .531 .580 .517 .508 
4-12-4 0-12-4 .580 .545 .601 .542 .539 
4- 8-2 0- 8-2 .557 .533 .548 .527 .490 
4- 8-8 0- 8-8 .592 .547 .567 I .492 .574 -Average I .558 I .533 I .557 I .515- I .s19 

Acid-forming fertilizers 
4- 8-4 

I 
0- 0-0 .562 .550 .556 .519 .534 

4- 8-4 0- 8-4 .551 .561 .550 .476 .515 
2- 8-4 0- 8-4 .513 .504 .504 .494 .452 
6- 8-4 0- 8-4 .553 .524 .525 .485 .493 
4- 4-4 0- 4-4 .582 .516 .548 .485 .509 
4-12-4 0-12-4 .571 .527 .568 .529 .519 
4- 8-2 0- 8-2 .567 .522 .562 .529 .466 
4- 8-8 0- 8-8 .589 .576 .524 .563 I .508 

Average I .561 I .535 I .542 I .s10 I .soo 
*Broadcast application of 20 pounds N per acre applied in spring. 
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of the crop, i. e., whether it and its contained minerals are removed 
from the land or returned as green manures or crop residues. If 
all the crop were returned to the soil, it is po sible that use of 
neutralized fertilizers would prevent the development of soil acidity. 

The total carbon and total nitrogen contents of the soil from 
each treatment were determined when the experiment was started 
and annually thereafter, the samples being collected in the fall im
mediately after the soybean crop was harvested. These carbon 
data are shown in Table 57. There was a small decrease in carbon 
content of the soil, particularly after removal of the second pair 
of crops, and a trend for greater carbon loss to occur under the 
influence of acidic than under neutralized fertilizers. The data do 
not provide any evidence for correlating organic carbon losses with 
any of the fertilizers used, nor do the reported changes in carbon 
content appear as closely related to the decrease in crop yields as 
the changes in soil acidity. 

The total nitrogen content of the soil (Table 58) decreased 
steadily from the beginning of the experiment, the proportional loss 
of the total supply of soil nitrogen being greater than the loss of 

Table 58.-Changes in Soil Nitrogen in the Surface 6 Inches of Norfolk 
Coarse Sand During 4 Years Cropping to Soybeans and Oats 
Which Were Removed as Hay, Sandhill Experiment Station 

Fertilizer application 
N-P2 0 5-K2 0 

1936 1937 1938 1939 1940 

Summer I Winter* Percent Percent Percent Percent Percent 
400 lbs. per acre 200 lbs. per acre 

Neutralized fertil izers 
4- 8-4 0- 0-0 0.0308 ~ 0.0286 0.0281 0.0261 [ 0.0235 
4- 8-4 0- 8-4 .0308 .0297 .0265 .0256 1 .0230 
2- 8-4 0- 8-4 .0305 .0275 .0265 .0237 .0249 
6- 8-4 0- 8-4 .031 1 I .0292 .0281 .0245-1 .0235 
4- 4-4 0- 4-4 .0300 .0281 .0279 .0245-1 .0249 
4-12-4 0-12-4 .0327 1 .0278 .0295 .0269 1 .0251 
4- 8-2 0- 8-2 .0314 .0283 .0303 .0264 .0246 
4- 8-8 0- 8-8 .0330 .0308 .0276 I .0258 .0270 

Average I 0.0313 I 0.0288 I 0.0281 I 0.0254 I o.0246 
Acid-forming fertilizers 

4- 8-4 0- 0-0 o.0316 I 0.0292 0.0289 I 0.0250 I 0.0243 
4- 8-4 0- 8-4 .0297 .0300 .0276 .0218 .0238 
2- 8-4 0- 8-4 .0303 1 .0270 .0271 .0234 .0224 
6- 8-4 0- 8-4 .0314 .0294 .0268 .0248 .0232 
4- 4-4 0- 4-4 .0319 .0278 .0276 .0245- .0246 
4-12-4 I 0-12-4 

l 
.0322 1 .0286 .0289 .0261 l .0243 

4- 8-2 0- 8-2 .0325- .0275 .0287 .0278 .0246 
4- 8-8 0- 8-8 .0344 .0314 .0271 .0278 .0249 

Average I 0.0318 I 0.0289 I 0.0278 I o.02s2 I 0.0240 
*Broadcast application of 20 pounds N per acre applied in spring. 
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total soil carbon (about 23 percent and ·9 percent, respectively). 
The data do not show any significant effect of fertilizer ratio on 
the loss of soil nitrogen but there is an indication that loss of soil 
nitrogen is less influenced by soil acidity and use of acid-forming 
fertilizers than losses of soil carbon. 

Possibly the most important result of the experiment is the 
demonstration that the cropping method used, namely, remoYal as 
hay of both summer and winter crops with their contained nu
trients, has decreased the productivity of the area to the point 
where even rather liberal applications of fertilizer fail to produce 
profitable crops. It will remain for future work to definitely de
termine whether the fertility loss is more closely associated with 
the decrease in soil nitrogen or the development of soil acidity. 
Soil acidity is to a large extent a result of depletion of nutrient 
minerals from the soil. The fact that crop yields were lower and 
oil acidity was higher, that is, nutrient depletion was greater, 

where acid-forming fertilizers were used, indicates these factors · 
may correlate more closely than crop yields and total soil nitrogen. 

Green Manure-Fertilizer Expe1·iment 
(Nelson McKaig, Jr., A. B. Bowen, and E . M. Roller) 

The green manure-fertilizer experiment consists of a three
year rotation of legumes, corn, and cotton grown in replicated 
plots. It has for the principal object the comparison of two meth
ods of handling a legume crop in a rotation. One method consists 
of turning under Crotalaria spectabilis as a green manure, the suc
ceeding corn and cotton crops being fertilized with 250 and 500 
pounds per acre respectively of a neutralized 6-6-6 fertilizer. The 
other method consists of removing the soybeans as hay and apply
ing 6-6-6 fertilizer as in the crotalaria plots plus an additional 125 
pounds of sodium nitrate per acre used as side-dressing to the corn 
and cotton. The entire experiment is planted to a winter cover 
crop of rye which is uniformly fertilized in the fall with 62.5 
pounds per acre of sodium nitrate and 50 pounds of potassium 
chloride (muriate). Alternate tiers of plots receiYed an applica
tion of 750 pounds of dolomitic limestone in the fall of 1937. 

The first rotation of this experiment was completed in 1940. 
The 1940 data are therefore the first results which compare the 
effects of the two systems of legume management on cotton. Two 
years' data are available comparing the influence of these systems 
on yields of corn and interplanted cowpeas. 

Section A of Table 59 shows that more seed cotton was ob
tained in 1940 from nonside-dressed plots in which crotalaria was 
turned as green manure in 1938 and corn interplanted with cow
peas was grown than was obtained by use of the same fertilizer 
plus side-dressing where soybeans had been removed for hay in 
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Table 59.-Yield of Crops on Green Manure-Fertilizer Experiment, Average 
of 4 plots in each Treatment, Sandhill Experiment Station 

A. Cotton, corn and cowpeas interplanted in corn 

Interplanted 
Seed Corn- cowpeas 

cotton Percent average Average 
Treatment pounds at 1st 1939-1940, 1939-40, tons 

per picking bushels green weight 
acre per acre per acre 

Side-dressed following 
soybeans removed as Limed 312 46.4 20.1 1.04 
hay ----------------- Unlimed 513 43.5 19.0 .75 

No side-dressing follow-
ing crotalaria turned Limed 492 58.2 19.2 1.93 
as green manure ______ Unlimed 663 48.9 16.1 1.15 

B. Legumes 
Soybeans 

Tons green weight 
Crotalaria 

Tons green weight 
per acre 

3-year average 
Treatment per acre 

3-year average 

Dolomite _______________________ _\ 3.20 
No dolomite ____________________ j 1.92 

C. Winter rye 

5.49 
4.20 

Tons green weight per acre 

Treatment of previous Following Following Following 
cotton corn legumes crop 3-year 3-year 3-year 

average average average 

Side-dressed following soy- Limed 0.94 1.60 1.48 
beans removed as hay _____ Unlimed 1.05 1.37 1.35 

No side-dressing following 
crotalaria turned as green Limed 1.02 1.58 1.71 
manure ------------------ Unlimed 0.92 1.47 1.54 

1938 and. corn and cowpeas planted in 1939. There was a severe 
boll drop on the side-dressed plots during June which did not 
occur on the crotalaria plots. This doubtless influenced both the 
yield and the date of maturity of the cotton. Under the condi
tions of this experiment the unlimed plots outyielded the limed 
plots, although this is not generally true of Sandhill soils. Cotton 
matured earlier following crotalaria than following soybean stubble 
plus side-dressing. The presence of lime appeared to hasten matur
ity. Corn yields were slightly greater on the soybean plus side
dressed plots than on the crotalaria plots. Liming increased the 
yield of corn. The yield of interplanted cowpeas was greater on 
the green manure plots and was improved by liming. Section B 
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of the table indicates the greater yield of Crotalaria spectabilis 
compared with Palmetto soybeans grown in K orfolk coarse sand, 
and shows the marked benefits of growing both crops in limed soil. 
The three-year aYerage growth of winter rye at the time it was 
plowed under is shown in Section C of the table. The compara
tiYely poor growth following cotton was noticeable throughout the 
entire growing season eYery year. The early growth of the winter 
cover crop was more rapid and vigorous and the young plants were 
a darker green color following crotalaria than following· the other 
crops. In general, rye yields were superior on the limed than the 
corresponding unlimed plots. 

Carbon, nitrogen, and soil acidity have been determined on 
these plots annually since the field was used for experimental pur
poses in 1929. The carbon and nitrogen data and their relation 
to yields up to 1937 haw been discussed elsewhere (Jour. Amer. 
Soc. Agron. Vol. 32, pp. 842-852, 1940). Examination of the soil 
acidity data from 1934 to 1940 shows that the soil acidity under 
cotton increased more than under the legumes or corn (Table 60). 

Table 60.-Average Annual Change in Soil Acidity under Different Crops in 
a 3-Year Rotation, Expressed as pH Units 

C l Soil sampling interval I A rop grown verage 
193-t-35 1935-36 I 1936-37 I 1937-38 I 1938-39 I 1939--+0 change 

Cotton ______ _\ _;_33 +0.07 
1
1-0.56 1-0.16* -0.55 \ -0.49 \ -0.34 

Corn ---~---- +0. 15 +0.43 -0.16 +0.02* -0.10 -0.09 +0.04 
Legumes ____ , +0.15 +0.40 -0.05 _±Q.15*_ +0. 15 I +o.os I +0.14 

*Dolomitic limestone applied to field in fall of 1937. 

This effect appears to be statistically significant. The o bsened 
difference was probably not caused by a greater absorption of bases 
from the soil br the cotton since the other crops, particularly the 
legumes, probably absorbed as great or greater quantity of such 
nutrients. The increase in soil aciditv while cotton was on the 
land was probably a secondary effect of fertilizer. The application 
of fertilizer to cotton was twice as gTeat as was applied to the 
legumes or the corn. Lysimeter studies haYe shown that percolates 
from fallow soils to which fertilizer was applied contained more 
bases, particularly calcium and magnesium, than were present in 
the fertilizer added plus the bases leached from unfertilized soil. 
Apparently the changes which occur after fertilizer is added to the 
soil accelerated solution of some of the bases from the soil itself. 
In practice, this observation of increased acidity accompanying 
higher rates of use of e-ven neutralized fertilizer furnishes evidence 
of the need for returning these bases to the soil by liming and 
other recommended practices, if the fertility of the soil is to be 



Table 61.-Effect of Different Winter Crops on Percolation and Nutrient Losses from Lysimeters Containing Norfolk Coarse Sand, 
Sandhill Experiment Station 

Percolation Total salts leached Nitrogen Calcium Magnesium Potassium 

Tank Crop 

I 
leached, leached, leached, leached, 

Acre I Percent of Parts per Pounds pounds N pounds CaO pounds MgO pounds K 2 0 
inches rainfall mi llion per acre per acre per acre per acre per acre 

I I 
I I t I I Rye ----------------- 5.67 38.1 I 77.1 98.5 13.9 20.0 6.3 3.3 

2 Oats----------------- 6.71 45.1 I 78.6 11 8.9 
I 

18.2 24.8 
I 

7.5 

I 
3.2 

3 \Tetch - --------------- 7.42 49.9 I 90.4 151.2 25.1 I 32.2 6.6 3.9 
4 Peas ------ ------- - - - -' 7.76 I 52.1 I 110.2 I 192.5 I 34.1 I 41.3 I 10.3 3.9 
5 I Fall ow ---------------1 8.49 

I 
57.0 I 93.5 I 178.8 I 35.5 

I 
40.7 

I 
18.3 

I 3.7 
6 I Rye and vetch -------1 5.81 39.0 I 69.7 I 91.3 12.2 25.9 5.6 3.0 

Differences necessary for significance 
P = .05 I ±0.22 I --- I ±16.0 I ±22.0 I ±5.2 I ±4.6 I ±2.0 I ±1.0 
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maintained. Parallel observations made in the soybean fertilizer 
experiment, discussed above, show that development of soil acidity 
through use of fertilizers is not prevented but merely retarded by 
use of neutralized fertilizers. 

Lysimeter Investigations 
(Emery M. Roller and Nelson M cKaig, Jr.) 

Comparison of the effects of different crops on nutrient losses 
and the fertility of Norfolk coarse sand in lysimeters was started 
in the winter of 1939-40, in accordance with the plan described in 
the Fifty-Third Annual Report, pp. 147-151. The different winter 
crops which were grown on tanks 1-6 inclusive were respectively 
rye, oats, vetch, Austrian winter peas, fallow, and rye interplanted 
with vetch. The effect of these different crops on percolation and 
nutrient losses is shown in Table 61. Rye was more effective in 
preventing leaching and nutrient losses than any other crop tested, 
followed in order by oats, vetch, and peas. ·winter fallowing, as 
pointed out in several previous reports, was associated with ex
cessive leaching and undesirably great losses of nutrients, particu
larly nitrogen, calcium, and magnesium. The data of Table 61 
indicate that winter legumes are much less effective than winter 
grain in reducing such losses under Sandhill conditions. It is hoped 
that future data will show whether the nitrogen fixed by these win
ter legumes is sufficient to justify the loss of soil nitrogen and 
minerals which accompanies their cultiYation under Sandhill con
ditions. In general, there was no significant difference in percola
tion or nutrient loss between rye alone and rye interplanted with 
vetch. 

These crops were turned as green manures in the spring of 
1940 and equal amounts of seed of the giant strain of Crotalaria 
striata were planted April 24 as a summer green manure. A strik
ing difference in the final germination count (May 29) was noted 
where the crotalaria followed vetch (Table 62). 

Table 62.- Effect of Certain Winter Cover Crops on the Germination and Yield of Suc
ceeding Crotalaria striata, Sandhill E xperiment Station 

Green Dry 
Management Final weight, weight, 

Tanks germination tons per tons per 
Winter 1939-40 I Summer 1940 count acre acre 

I 
I 

1 Rye --------------- Crotalaria (giant stria ta) 101 8.79 I 3.48 
2 Oats --------------- Crotalaria (giant stria ta) 114 9.34 1 3.64 
3 Vetch -------------- Crotalaria (giant striata) 33 8.99 I 3.34 
4 Austrian winter peas_ Crotalaria (giant striata) 104 9.24 I 3.58 
5 Fallow ------------- Crotalaria (giant stria ta) 104 8.84 I 3.25 
6 Rye and vetch [ I interplanted ----1 Crotalaria (giant striata) 62 8.89 3.52 
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Germination was markedh- delayed by Yetch and the final 
percentage of germination was less.· The. contrast between the 
growth attained following yetch (tank 3, foreground) and oats 
(tank 2, rear) is shown in Figure 33, a photograph made July 19. 
This difference was also obsened, but to a smaller extent, in tank 

Figure 33.-Comparing poor stand and growth of Crotalaria striata 
following vetch (foreground) with good growth following 
oats (rear). (S. F. I. No. 7416.) 
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6, where interplanted rye and vetch had been turned. The cro
talaria was thinned to a uniform stand of 14 plants per tank 
June 5. Growth was slower during the entire summer and the 
plants at harvest ,vere less mature on the vetch tanks although, as 
shown in the table, the crops on all tanks had practically completed 
their growth cycle, resulting in comparable fu1al yields of green 
and dry weight. 

HORTICULTURE 

The Effect of Boron on Fruit Production of Grapes 

(L. E . Scott) 

The application of boron in the form of borax at the rate of 
10 pounds per acre corrected an abnormal foliage and vine growth 
condition that existed in a vineyard on Norfolk sand at the Sand
hill Experiment Station. The symptoms of the deficiency and the 
correction thereof have been described in earlier reports.* The 
present report is concerned with the effect of the boron applica-
tions upon fruit production. · 

Yield of Fruit.-Table 63 gives the yields of treated and un
treated vines of 33 varieties. The vinevard used in the test was 
planted for -variety testing with five to. 10 vines of each variety. 
Borax applications were given half the vines of each variety, but 
since the mortality rate of many varieties has been high, in certain 
instances only one to three vines were available. The extremely 
low yields of both treated and untreated vines of some varieties 
are a result of -ver:v weak vine growth. Great differences in vine 
vigor existed between varieties. ( Table 63). 

The response to the boron treatment as shown by the fruit 
productiol1 of the different varieties was also variable. Varieties 
such as Lenoir, Armalaga, and Bailey produced heavy crops on 
treated vines but almost complete failures on untreated vines. How
ever, with Champion, R. W. Munson, and Champagne there was 
little or no difference in yield between treated and untreated vines. 
Untreated vines of certain varieties were quite vigorous. In fact , 
with Lenoir, Armalaga, and Bailey the untreated vines were much 
more vigorous after midsummer than the treated vines. This was 
undoubtedly due to the depressive effect of the heavy crop borne 
bv the treated vines. 

· It had been apparent that a gradual decline in production of 
a number of varieties had occurred over a period of years preceding 
the borax treatment. For instance, Bailey produced heavy crops 

*Scott, L. E . An Instance of Boron Deficiency in the Grape under Field 
Conditions. A. S. H. S. Vol. 38, 1940, pp. 375-378. 

Al so Fifty-Third Annual Report of the S. C. Exp. Sta., pp. 156-161. 
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Table 63.-Effect of Applications of Boron in 1940 upon Yields of Grape 
Varieties in 1941, Sandhill Experiment Station 

Variety 

America ---------------------1 
Armalaga --------------------1 
Bailey ------------------------
Barry ------------------------
Brighton --------------------
Brocton ----------------------
Caco -------------------------
Carman ---------------------
Cataweba --------------------
Champagne------------------
Champion -------------------
Cloeta -----------------------
Delaweare --------------------
Diamond ---------------------
Edna·-----------------------
Extra -----------------------
Fern -------------------------
Fredonia ---------------------
1-Ianover ---------------------
1-Ierbert ---------------------
Isabella ---------------------
Lenoir ----------------------
Lukfata ---------------------
Lucile -----------------------
Lutie ------------------------
R. W. Munson ---------------
Niagara ---------------------
Ontario ---------------------
Portland --------------------
President--------------------
Last Rose-------------------
Vergennes ------------------
Worden ----------------------
Average for all varieties-------- ! 

Treated weith boron 

Number I Yield 
of vines per vine 

\ 
1.0 

5 7.4 
2 22.8 
2 5.6 
1 4.7 
2 0.8 
1 5.4 
3 13.0 
4 3.2 
2 9.3 
2 12.1 
2 3.8 
6 3.4 
2 3.8 
2 5.2 
3 18.2 
2 10.9 
2 9.9 
2 6.2 
4 8.9 
2 11.5 
5 22.5 
9 11.3 
2 3.9 
2 2.4 
2 8.3 
2 4.1 
2 5.5 
4 3.8 
1 3.4 
1 14.5 
2 4.4 
1 1.2 

7.6 

Untreated 

Number I Yield 
of vines per vine 

2 1.1 
5 0.4 
3 0.9 
3 0.2 
1 0.2 
1 0.1 
3 3.6 
3 3.2 
3 0.6 
1 10.9 
3 12.6 
3 3.0 
3 2.0 
3 0.1 
3 9.8 
2 7.5 
2 8.0 
2 5.0 
1 0.8 
3 0.1 
4 5.2 
5 2.2 
9 6.5 
4 1.3 
4 1.6 
3 7.7 
4 1.5 
2 0.2 
5 2.7 
1 0.4 
1 0.0 
1 4.9 
1 1.0 

3.2 

of large, well-filled bunches in 1934 to 1937. From 1938 to 1940 
the bunches became incr easingly more ragged and the cr op yields 
lower. After the borax tr eatment in 1940, treated vines again had 
a heavy crop of large bunches while untreated vines were practi
cally barren. 

Yield of Reflex-stamen Varieties.-The response of the varie
ties with reflex stamens to the boron applications has been par
ticularly interesting. Five of the varieties-Barry, Brighton, 
Herbert, Last Rose, and Lukfata-have reflex stamens and are 
normally considered self-sterile, producing good crops only when 
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Figure 34.-Effect of boron on 1941 fruit yield of Herbert, a reflex
stamen or self-sterile variety. Lower: Borax applied at 
rate of 10 pounds per acre in 1940. Upper: No borax. 
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adequately pollinated by other yarieties. Untreated vines of four 
of these :fhe varieties produced practically no fruit, while borax
treated vines produced satisfactory crops. 

Except in Yery seYere cases where the shoot growth was greatly 
stunted, boron-deficient Yines produced normal blossom clusters. 
The blossoms, however, failed to set fruit resulting· in ragged 
bunches with only a few berries or in complete barrenness. In cer
tain varieties, particularly Armalaga, boron-deficient Yines bore 
Yery small bunches of small seedless grapes. Herbert has given the 
most outstanding response to boron application of any of the reflex
stamen Yarieties in the test. The Herbert vines were planted in 
1931 and from 1934 through 1938 yielded good crops of fairly com
pact bunches. In 1939 and 1940 the yields were very low with 
the fruit clusters ragged. Following application of borax in 1940 
to half of the Herbert vines, the 1941 yields of the treated vines 
were 8.9 pounds per vine and of untreated vines, 0.1 pound per 
vine. The conditions for cross pollination, insofar as adjacent vines 
were concerned, were similar .for the entire period and for both 
treated and untreated vines (Table 64 ) . 

The history of the performance of Barry and Last Rose is 
quite similar to that of Herbert. The Brighton Yines haYe been 
very weak since planting and had never produced a satisfactory 
crop. The 1941 yield of 4.7 pounds for the treated vine constituted 
a heavy crop for the vine. The Lukfata has been tested as a root
stock Yariety. Actual fruit production records haYe not been se
cured but the Yines have been -ver)· Yigorous and fairly productive. 
Vines treated with bo1·on in 1940 produced 11.3 pounds per vine in 
1941 and untreated -vines, 6.5 pounds. 

Table 64.- Effect of Boron upon Yield of Varieties of Grapes H aving Reflex 
Stamens, Sandhill Experiment Station 

Treated with boron Untreated 

Variety Number 
I 

Yield Number 
I 

Yield 
of vines per vine of vines per vine 

) 
I 

Barry ------------------------ 2 5.6 3 0.2 
Brighton --------------------- 1 4.7 1 0.2 
Herbert ---------------------- 4 8.9 I 3 0.1 
Lukfata ---------------------- 9 11.3 

I 
9 6.5 

Last Rose -------------------- 1 14.5 1 0.0 

Discussion.-The effect of boron deficiency in grapes seems to 
be reflected in decreased fruit production before it is evident in 
foliar symptoms. Since unfruitfulness of boron-deficient vines is 
caused by failure of the blossom clusters to set fruit, it is possible 
that the requirement for boron is excessively high during the time 
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of blossoming. It has been apparent that foliar symptoms of 
boron deficiency are most aggravated in the early season growth. 
This may be caused by the utilization of available boron by the 
reproductive organs. It has been observed that vines completely 
barren because of boron deficiency may produce vigorous vine 
growth in midseason, showing no signs of boron deficiency in the 
foliage. 

The response in yield of the reflex-stamen varieties to boron 
applications is difficult to understand. HoweYer, it has been rec
ognized that fruit production of these varieties is quite variable 
from season to season and between different localities even though 
apparent pollination conditions are similar. It does not seem be
yond possibility that the nutriti-\'e condition of the vine may have 
some bearing on the fruit set even in a reflex-stamen variety, and 
that the necessary nutritive conditions may be greatly affected by 
some minor plant food element, such as boron. 

TRUCK EXPERIMENT STATION 

(W . C. Barnes, Superintendent ) 

Cucumber Fertilizer Experiments 

(W . C. Barnes) 

Amount of Fertilizer.-An experiment in which different 
amounts of a 5-10-5 fertilizer have been applied to cucumbers has 
been under way at this station for the last fiye years. There were 
five replicates of each treatment. In 1937 and 1940 the stands 
were damaged b)· late frosts and no yield records were taken. 
Average yields from the different amounts of fertilizer for the other 
three years were as follows : 

Pounds of 5-10-5 fertilizer 

500 
750 

1000 
1250 

Bushels of marketable cucumbers 
per acre 

13 
136 
140 
139 

There is no signifieant difference between any of these yields. 
Apparently 500 pounds of 5-10-5 fertilizer is as much as is needed 
under the conditions of the experiment. 

Source of Nitrogen.-Vegetable growers frequently think that 
one form of nitrogen fertilizer is superior to another in the pro
duction of their crops. At this station a two-year test of several 
nitrogenous fertilizers on cucumbers indicates that the source of 
nitrogen is of very little importance with this crop. The experi-
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mental plots of cucumbers in this test were fertilized with 1000 
pounds per acre of a 5-7-5 fertilizer. The nitrogen in this mixture 
was derived from different sources as indicated in Table 65 which 
also shows the aYerage yields secured from the different nitrogen
ous materials. 

Table 65 .-Effect of Source of Nitrogen on Yield of Cucumbers 

25 % 

25% 

25 % 

25% 

50% 
100% 
100% 

Source of nitrogen 

I 
from sodium nitrate, 25% from ammonium sulfate, 50% J 

from cottonseed meal --------------------------------1 
from sodium nitrate, 25 % from ammonium sulfate, 50% I 

from fish n1eal ---------------------------------------1 
from sodium nitrate, 25% from ammon ium sulfate, 50% I 

from animal tankage - --------------------------------1 
from sodium nitrate, 25 % from ammonium sulfate, the I 

other 50% one- third each from cottonseed meal, fish J 

meal, and animal tankage -----------------------------1 
from sodium nitrate, 50% from ammonium sulfate------ - - 1 

;;~;:::;:~:~id- _________________________________________ \ 

Bushels of 
marketable 
cucumbers 

per acre 

207 

212 

228 

213 
202 
199 
173 

Here again the differences in y ield were within th e rang·e of 
experimental error and suppor t the above statement that the source 
of the nitrogen for cucumbers is of little consequence. 

Side-Dressing and Split Applications of Fertilizer.-Side-dress
ings of sodium nitrate or ammonium sulfate applied to plots re
ceiving 1000 pounds of 5-7-5 fertilizer in the row failed to signifi
cantly increase the yield. Applying part of the complete fer t ilizer 

Table 66.-Effect of Side-Dressing and Split Applications of Fertilizer on the 
Yield of Cucumbers 

Fertilizer 

I 
1~ii l~~: iti ~r~6ie1~s~-s.:-i_s-;;-;cci";-Xr~;;;-;;g=================i 
665 lbs. 5-7-5 + 335 lbs. 5-7-5 as side-dress ing _________________ , 

1000 lbs·. 5-7-5 + 150 lbs. sodium nitrate as side-dressing _______ _ 
1000 lbs. 5-7-5 + 300 lbs. sodium nit rate as side-dressing ________ ! 
1000 lbs . 5-7-5 + 240 lbs. ammonium sulfate as side-dressing _____ ! 
1000 lbs. 3-7-5 + 125 lbs. sodium nitrate as side-dressing*-------1 
Difference in yield required for significance---------------------1 

*This quantity of sodium nitrate makes a 3-7-5 equal to a 5-7-5 . 

Bushels 
per acre of 
marketable 
cucumbers, 

1941 

220 
247 
257 
227 
245 
230 
211 

66 
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or part of the nitrogen as a side-dressing also failed to increase 
the yields significantly. Table 66 shows the yields obtained from 
the different treatments. 

Analysis of Fertilizer.-In 1938 and 1941 fertilizers of several 
different analyses were applied to cucumbers. Table 67 includes 
the data resulting from the experiment. In 1938 the 3-7-5 mixture 
produced a yield significantly greater than the yield from the 5-7-5 
or the 7-7-5 fertilizers. The average yields for the two years, 
however, show a difference in favor of the 3-7-5 and the 7-7-5 
which, while not definitely significant, is on the border line as to 
significance. The results suggest that on soils similar to those 
used in this experiment, the amount of nitrogen in a 3-7-5 mixture 
which is applied at the rate of 1000 pounds per acre, may be 
sufficient for this crop. 

Table 67.-Effect of Varying Analyses of Fertilizer on the Yield of 
Cucumbers 

Treatment* 
(N. P. K.) 

3- 7-5 ---------------------------
5- 7-5 ---------------------------
7- 7-5 ---------------------------
5-10-5 ---------------------------
5- 7-0 ---------------------------
5- 7-3 ---------------------------
5- 7-8 ---------------------------

Yield in bushels per acre of 
marketable cucumbers 

1938 

242 
174 
155 
165 
165 
191 
160 

1941 

316 
293 
287 
287 
309 
273 
276 

Averag,es 

279 
233 
221 
226 
252 
232 
218 

Differences required for I 
significance ------------------ 54 I 110 j 64 

*All the fertilizers were applied at the rate of 1000 pounds per acre. 

Excess nitrogen under cucumbers may result in excessive vege
tative growth and delayed fruit setting. The early pickings of the 
1938 crop indicate that this was true since the 3-7-5 fertilizer pro
duced more than twice as many fruits as did the 5-7-5 or the 7-7-5. 
It is thought that the failure of this factor to express itself in 1941 
was due to a severe drought which checked the growth of all plants 
until after the harvesting season had begun. This may have pre
vented the plants on the plots receiving the 7-7-5 fertilizer from 
utilizing the excessive nitrogen in the mixture, thereby permitting 
them to come into bearing as early as those on the plots fertilized 
with the 3-7-5 mixture. 

Because of the tendency for the lower percentages of nitrogen 
and of potash to g·ive slightly better results, it is thought that the 
higher analyses may injure the seedlings. To further study this 
problem, an experiment on the placement of the fertilizer will be 
conducted with this crop. 
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Quality of Muskmelon Varieties 

(J. M. Jenkins, Jr.) 

The quality of muskmelons grown in South Carolina is fre
quently inferior because the sugar content of the melons is low. 
This may be due to defoliation of the plants by downy mildew 
(as shown by experimental data at this station), or to the apparent 
tendency of certain varieties to be inherently low in sugar. 

During the 1941 season some observations as to variations in 
the quality of several varieties were made by the use of the re
fractometer to determine the total solids in the juice of these 
melons. Since sugar content and other quality factors are corre
lated with total solids, determinations of the latter furnish a good 
basis for evaluating eating quality. Half of the plants which 
produced the melons used in the test were dusted for control of 
downy mildew, but since the disease did not appear until about the 
time the melons ripened it was not a factor. Following are shown 
the total solids for the varieties tested: 

Variety Total solids, percent 

Golden Gopher --------------------------- 9.1 
Pride of Wisconsin ----------------------- 8.5 
Seed Breeders --------------------------- 8.2 
Benders Surprise ------------------------ 6.3 
Hales Best ------------------------------ 8.5 
Resistant No. 45 ------------------------- 7.2 
Honey Rock ----------------------------- 7.5 
Delicious -------------------------------- 6.7 
Improved Perfecto ----------------------- 7.2 
Tip Top--------------------------------- 6.8 

Golden Gopher was the sweetest melon of those tested. It is 
fairly prolific and does not rot as badly during wet weather as some 
other varieties, but it has a tendency to crack when nearing ma
turity, if rains occur. This Yariety may not be suitable for ship
ping, but should be of value for local marketing and home use. 

Hales Best and Seed Breeders are hYo varieties grown commer
cially in the state which averaged higher than 8.0 percent in total 
solids. Individual fruits in some cases gave readings as high as 
10.5 percent and had excellent quality. 

It would be very desirable to have commercial varieties which 
would normally show total solids of around 10 percent and the fact 
that individual fruits of certain varieties giYe readings as good as 
or better than that suggests the possibility of breeding varieties 
which would be more satisfactory for South Carolina than those 
now available. 
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Effect of Fertilizer Placement on Yield of Beans and Peas 

(W . C. Barnes) 

159 

In the coastal Yegetable producing area it is customary to 
apply the fertilizer in the row and mix it in with a cultivator 7 to 
10 days before planting. At times weather conditions make it im
possible to do this, and it is necessary to plant immediately after 
applying the fertilizer. In this study the usual method of apply
ing fertilizers to beans and peas was compared with band appli
cation of the fertilizer at planting time. The fertilizer distributor 
used deposited the fertilizer in two narrow bands about 2 112 
inches from the seed. 

Beans.-In the bean experiment reported in Table 68 there 
were three replicates of each treatment. The side placement of the 
fertilizer produced a significantly higher )' ield than that in which 
the fertilizer was applied in the row at the time of planting. This 
method did not produce a significantly higher yield than that of 
applying the fertilizer in the row a week before planting. Because 
of an early frost the plots were picked only one time. The results 
may, therefore, be taken as a measure of the early yield. Total )' ield 
might or might not parallel the early yield. HoweYer, since beans 
from the first picking usually bring a premium on the market, the 
band method of applying .fertilizer should, on the basis of the re
sults secured, be more profitable than the row method. ·with the 
exception of the initial cost of the distributor, this method is more 
economical than applying the fertilizer in the row because applica
tion is made at the same time the seed is planted. When the row 
method of application is used three operations are required-dis
tributing the fertilizer, mixing it with the soil, and planting the 
see cl. 

In a comparison of 600 and 1000 pounds per acre of a 4-12-4 
fertilizer applied in bands to beans, the :vields resulting were 260 
and 293 bushels per acre, respectively. The difference in the yields 

Table 68.- E ffect of Diffe rent Methods of Applying Fertilizer on Yield of 
Beans, F all Crop, 1940, T ruck Station 

Fertilizer application* 
Yield, 

bushels 
per acre** 

In row and m!xed with so!! 7 days 1?efore planting ____________ ! 152.8 
In row and nuxed with s01l at plantmg_______________________ 134.4 
In bands 2;/a inches on each side of seed at planting____________ 172.2 
Difference between yields required for significance____________ 38.8 

*A 4-12-4 fertilizer applied at the rate of 800 pounds per acre was used in 
all cases. 

**Because of an early frost, only one picking was made. 
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is within the range of experimental error and is not significant. 
The figures in this case are for the entire crop of three pickings. 
The annual application of fertilizer on this soil has not exceeded 
800 to 1000 pounds per acre for a number of years. It appears, 
therefore, that when beans are grown on fairly good soil that has 
received an average annual application of 800 to 1000 pounds of 
fertilizer, 600 pounds of a mixture such as a 4-12-4 may be ex
pected to produce as good yields as larger quantities. 

Peas.-The results of the experiment with peas conducted near 
Holly Hill are reported in Table 69. Mixing the fertilizer in the 
row at planting time significantly reduced the stand of plants. 
N" o significant reduction in stand occurred when the fertilizer was 
mixed in the row eight days before planting. However, many of 
the plants on all of the plots where the fertilizer was mixed in the 
row showed signs of damage. The roots of these damaged plants 

Table 69.-Effect of Different Methods of Applying Fertilizer on Yield and 
Stand of Peas, 1941, Truck Station 

Fertilizer application 

800 lbs.-In bands 20 inches each side of seed at 
planting --------------------------------

1200 lbs.-In bands 20 inches each side of seed at 
plan ting -------________________________ _ 

1200 lbs.-Mixed in row 8 days before planting _____ _ 
1200 lbs.-Mixed in row at time of planting ________ _ 

Average 
yield in 
bushels 
per acre 

116 

120 
112 
112 

Percent 
stand 

100 

100 
93 
80 

were burned by the fertilizer. No damaged plants were observed 
on the plots where the fertilizer was applied in bands. Typical 
plants from the plots where the fertilizer was applied in bands 
(undamaged) and plants damaged by fertilizer are shown in 
Figure 35. 

The data indicate that the differences between the yields re
sulting from the different treatments are not significant; that is, 
800 pounds per acre of 5-10-5 fertilizer produced as good yields as 
1200 pounds. The fourth treatment produced a significant reduc
tion in stand but failed to cause a significant reduction in yield. 
This may have been due to the fact that the crop was cut short 
by drought. Previous work by this station has shown no difference 
in the yield of peas when 1 114 to 2 bushels per acre of seed were 
used. In the present case 2 bushels per acre of seed were used, 
and the 20 percent reduction in stand caused by mixing the fer
tilizer in the row at planting left as many plants as would have 
been obtained from planting 1112 bushels of seed per acre. Further
more, because of the ideal conditions for germination and growth 
of peas during the first part of the 1941 season, practically no root 
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Figure 35.-Plants on left were taken from plots where fertilizer was 
placed in bands at each side of seed. Plants on right 
which show various states of fertilizer injury to roots were 
taken from plots where fertilizer was mixed in row. 

rot was found. If root rot had been preYalent, the plants that 
howed fertilizer burning probably would haYe been destroyed by 

this disease instead of recoYering as they did. 
Obsenations in commercial fields in the Holly Hill area dur

ing the past four years indicate that fertilizer burning is the cause 
of many crop failnres. Root rot has been charged with the respon
sibility of poor stands when the basic: trouble has probably been 
fertilizer injury to the seedlings. Growers in that area can seed 
their peas in one of the furrows made on each side of the row by 
the fertilizer distributor and avoid fertilizer burning. 

Downy Mildew Resistance in Cucumbers 

(J. M. J enkins, Jr.) 

In 1939 a number of crosses were made between commercial 
cucumber Yarieties and Porto Rico Ko. 37, ,Yhich is resistant to 
downy mildew. China was used as the resistant parent in certain 
other crosses. The F 2 populations from these crosses were grown 
in 1941 and from them resistant plants were selected which pro
duced fruits of yery good type and quality. 
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Figure 36.-Top: Downy mildew-resistant F 3 selection from a cross 
of Porto Rico No. 37 with Colorado. Bottom: Colorado, 
a commercial variety which is susceptible to downy mildew. 
Photographs taken July 26, 1941. 
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In addition to the F 2 plants five resistant F 3 lines were grown 
and compared with the parent Yarieties. One of these was as re
sistant as Porto Rico Ko. 37 or China and produced fruits of much 
better type than the resistant parent. This selection as well as seY
eral F 2 plants continued to grow for three weeks after commer
cial Yarieties were all dead ( See Figure 36). 

Although none of the resistant selections can compare at pres
ent with commercial varieties such as Colorado in fruit color or 
fruit shape, it is thought that resistant plants haying· these desirable 
characters can eYentually be developed. 

A study of the types of mildew lesions formed on leaYes of 
susceptible and resistant varieties was made in 1940 and 1941. It 
was obsen-ed that when the susceptible yarieties became infected 
the lesions enlarged rapidly and the leaYes soon died. Lesions on 
the leaves of resistant Yarieties, such as China, remained small. The 
leaves seemed to die eventually as a result of the accumulation of 
large numbers of points of infection rather than from the enlarg
ing of indiYidual lesions. Further studies are being made of dif
ferences between resistant and susceptible varieties. 

Edible Soybeans 

(J.M. Jenkins, J r .) 

Sixteen Yarieties of edible soybeans were tested in 1941 for 
adaptation to South Carolina co1~ditions. Poor stands were ob
tained because of dry weather at planting time and yield records 
were not recorded. HoweYer, obserYations were made as to the 
performance of each yariety, including an estimate of relative 
yielding ability. 

Emperor appeared to be the most prolific of the varieties 
tested, although Imperial, Higan, and Easycook also gave good 
~rields. Imperial and Higan produced edible green beans in 90 
days, whereas Emperor required about 100 days. The latest ma
turing· varieties were Chame, X anda, and Seminole, all of which 
produced large, vigorous plants. Kone of the late varieties were 
as prolific as the earlier ones. 

J\fosaic appeared to some extent in all of the varieties and 
caused serious reductions in :vield. The plants were attacked by 
Mexican bean beetles and blister beetles late in the season. All of 
these troubles can be controlled and none of them should be lim
iting factors in the production of edible soybeans. 

Potato Disease Investigations 

(C. N . Clayton) 

Seed Treatment.-F'ungicidal treatment of seed potatoes prior 
to planting· is consistently practiced by some growers, whereas 
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others have discontinued its use. Experiments are under way to 
study the effect of seed treatment upon seed-piece injury, seed
piece decay, emergence of plants, yield, and disease control. 

Four lots of certified seed were used in 1941 with each treat
ment. Scab was not visible on any of the tubers. However, the 
percentages of tubers of the respective seed lots having· Rhizoctonia 
on the surface were approximately the following: Irish Cobbler
Lot A, 25; Irish Cobbler-Lot B, 100; Bliss Triumph, 50; and Katah
din, le s than 25. 

The treatments used are listed in 'l'able 70. There were six 
replicates of each treatment used at two locations designated as 
Farms 1 and 2. The acid-bichloride of mercury treatment caused 
some injury to the tubers. Counts of the plants were taken several 
times as they were emerging. The data indicate that all treat
ments caused a delay in emergence of one to several clays. 

The treatments did not affect seed-piece decay or Rhizoctonia 
infection since these troubles were at a minimum during this sea
son. The average yields per acre expressed as 100-pound sacks 
of No. 1 potatoes are shown in Table 70. As a guide in interpret
ing the data, it should be pointed out that in another season differ-

T able 70.- Relation of F ungicidal Treatment of Seed Potatoes to Yield, 1941, 
Truck Station 

Mean yield of No. l ' s in 100-pound sacks 
per acre 

Farm 1 Farm 2 

T reatment Irish Irish Irish 

I 
Cobbler Cobbler Cobbler Bliss 
----1 ----1----1 Triumph 

Lot A Lot B Lot B 
New Improved Semesan Bel, 1 lb. to 7Y, 

gals. water, dip. 
Bichloride of mercury, 1-1000, soak for 

1 Y, hrs. 
Acid-mercury, 1-500 bichloride of mercury 

+ 1 % hydrochloric acid, soak for 
10 min. -----------------------------

Cold formalin, 1 gal. to 30 gals. water, soak 
for 2 hours ------------------------

Hot formalin , 1 gal. to 15 gals. water at 
116°, soak for 2Y, mm. -------------

Yellow oxide of mercury, 1 lb. to 60 gals. 
water, dip. -------------------------

lJntreated ------------------------------

122 

1362 

123 

1372 

1392 

119 
Difference reqmred for s1gnificance _______ j 16.1 I 

1Significantly lower yield than nontreated. 
2Significantly higher yield than nontreated. 
"No signifi cant difference in yields. 

139 

132 

1221 

137 

139 
133 

8.2 I 

64 

69 

66 

77 

83 

69 
71 

63 

67 

67 

71 

79 

65 
67 

Katah
din 

631 

441 

66 

71 

II 67 
70 
84 

I 19.6 
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ent results may be obtained. Furthermore the differences in Yield 

on Farm 1 and Farm 2 are due to differen~e in available soil 1;10is

ture on the two farms. 

Considering Irish Cobbler-Lot B first, the data indicate that 

the only treatment that caused a significant difference in yield was 

the acid-bichloride of mercury which reduced the yield on Farm 1. 

In the case of Lot A-Farm 1, the bichloride of mercury, cold for

malin, and yellow oxide of mercury treatments produced signifi

cantly higher yields than the untreated seed. With Irish Cobbler 

-Lot B, and Bliss Triumph, on Farm 2, none of the treatments 

resulted in significant differences in yield. On Farm 2, Semesan 

Bel and bichloride of mercury significantly decreased the yield of 

Katahdin. ~ o other significant differences in yield on :F'arm 2 

resulted from the seed treatment. 

Very little scab or Rhizoctonia was present on tubers at har

Yest, and no difference in Rhizoctonia or scab control as a result 

of seed treatment was obserYed. 

Source of Seed Experiment.-An experiment ,ms carried out 

to determine the variation in disease incidence and yielding ability 

of lots of seed potatoes shipped into the coastal area of South Caro

lina in 1941. A sample was taken from each of 45 lots of potatoes. 

The experiment included seYen samples of Bliss Triumph, 20 of 

Irish Cobbler, nine of White Rose, and nine of miscellaneous lots. 

Six replicates of each sample were tested in a randomized block 

arrangement. 
Counts of the number of plants infected with leaf roll and with 

mosaic were taken when the plants were eight to 12 inches high. 

Irish Cobbler plants infected with leaf roll ranged from 0.3 to 16.6 

percent, whereas the percentage infected with mosaic was O to 4.4. 

Six samples of Bliss Triumph showed no leaf roll and four no mo

saic; however, in the case of one sample 16 percent of the plants 

were infected with leaf roll and 58 percent with mosaic. Infec

tion of .. White Rose plants with leaf roll ranged between O and 7.7 

percent, whereas those infected with mosaic ranged from O to 13.5 

percent. These figures indicate the considerable variation which 

occurred in the amount of disease infection in the Yarious lots of 

seed. 
The yields of all samples were low as a result of the Yery dry 

weather prior to harvest. However, there was considerable Yaria

tion in the performance of the different lots of seed potatoes. The 

experiment will be continued in an effort to reduce the shipments 

of low-quality seed potatoes into South Carolina. 
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THE EDISTO EXPERIMENT STATION 
(W. B. Rogers, Superintendent) 

The a<.:tivities of the past year at this station have been marked 
by an expansion of experimental work, the completion of certain 
phases of the building program, and the inauguration of a general 
improvements project. 

The sweet potato experimental work was augmented by the 
addition of several tests in cooperation with the U. S. D. A. These 
experiments, which principal!~, involYe various corn binations of 
cultural factors, are a part of an extensive regional program of 
research with this crop in the Southeastern states. 

In addition to the large amount of other sweet potato work 
under way, this station has endeavored to create, maintain, and 
distribute superior seed of the Porto Rico variety. 'l'en bushels 
of the best seed available were obtained in 1937. Rigid selection 
for the best varietal characteristics has been practiced each year 
and has resulted in the development of a highly desirable strain. 
During the 1941 bedding season 500 bushels of certified seed pro
duced from this strain were distributed to 102 sweet potato growers 
located throughout the state. Since this was an average of less 
than five bushels per grower, it is evident that these seed were sup-

Figure 37.-Visitors attending sweet potato production and marketing 
meeting listen to discussion of sweet potato problems. 
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plied, for the most part, to producers who wished to start with 
good seed. 

The first cuttings from asparagus experiments, begun in 1939, 
were made the past season. Worth while results from fertilizer and 
cultural tests with this crop will be aYailable in the next few years. 

Several groups of farmers and ai:rricultural workers visited the 
station during the growing season to observe the experimental 
work being conducted. A sweet potato production and marketing 
meeting was held August 16, when farmers and other Yisitors from 
different parts of the state inspected plantbeds, field tests, curing 
houses, and other phases of work under way with this crop. The 
various experiments, as well as sweet potato problems in general, 
were discussed by the station staff. Approved practices in the 
marketing of sweet potatoes were also outlined at the meeting. 
Groups from nearby counties visited the experimental plots of 
cantaloupes, cotton, and other crops of general interest. 

The building program, begun with the assistance of the Works 
Projects Administration, was' discontinued in October, 1940, be
cause of the exhaustion of allotted funds. At that time three brick 
and frame residences for staff members and three frame cottages 
for laborers had been completed. \Vork on the second story of 
the office and laboratory has now been finished with the assistance 
of the \VPA. This federal agency is rendering material aid in 

Figure 38.-Visitors inspecting strains of Porto Rico sweet potatoes 
as they are dug. 
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building fences and roads on the station farm. The work is being 
done under a general improYement project in which federal fund 
are also allotted for a limited amount of tile drainage and for the 
irrigation of a small experimental area. 

FIELD CROPS AND FERTILIZERS 

(R. L. Smith) 

The Effect of the Soui•ce and Time of Application of Nitrogen on 
the Yield of Cotton 

This project was started in 1939, the object being the deter
mination of an efficient source of nitrogen for the production of 
cotton and the most suitable time at which this nitrogen should 
be applied to cotton. Four pure inorganic sources and one mixed 
source of nitrogen were used at the rate of 48 pounds of nitrogen 
per acre. 'l.'he nitrogen in the mixed source was obtained in 
equiYalent quantities from cottonseed meal, anrn:ionium sulfate, and 
nitrate of soda, the cottonseed meal and ammonium sulfate bein g 
applied before planting and the nitrate of soda being applied as 
side-dressing at one application. The four pure inorganic sources 
were nitrate of soda, Calnitro, Uramon, and sulfate of ammonia. 
The times of applying the nitrogen were as follows: (1) All before 
planting; (2) two-thirds before planting and one-third at chopping ; 
(3) one-third before planting and two-thirds at chopping; ( 4 ) one
third before planting, one-third at chopping, and one-third about 
two weeks later. In addition to the nitrogen, all plots receiYed 80 

Table 71.-The Effect of the Source and Time of Application of Nitrogen on the Yield of 
Cotton 

Yield in pounds of seed cotton per acre 
Time of application of nitrogen 
2/ 3 before 1/3 before 1/ 3 before Average of 

Source planting planting planting all times of 
All 1/3 after 2/3 after 1/3 after application 

before chopping chopping choppin-g of each 
planting atone at one 1/3 two source 

application applica tic:m weeks later 

Calnitro ------------------ 1937 2089 2034 1927 I 1997 
2073 lJrea ------------- -------- 1840 2036 1957 1977 

Ammonium sulfate - ------ 1917 1935 2061 1935 I 1962 
Nitrate of soda ---------- - 1735 1939 1975 1862 1878 
*1/3 Cottonseed meal 

I I 1/3 Ammonium sulfate 
1/3 Nitrate of soda _______ 1916 I 1916 

Average for all sources for I I 
each time of application __ , 1857 1983 2036 1920 

*Check plots. 
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pounds of phosphoric acid (P 20 5 ) and 48 pounds of potash 
(K20) per acre before planting and 200 pounds of dolomite per 
acre. The pH of the soil was approximately 5.75. 

Two years' results are summarized in Table 71. These results 
would indicate that the cheap water-soluble sources of inorganic 
nitrogen are just as efficient as the higher-priced sources of organic 
nitrogen. As to the time of application, the highest yield was 
obtained when one-third of the nitrogen was applied under the crop 
and two-thirds of the nitrogen applied as side-dressing at one ap
plication. 

The Yield of Cotton as Affected by the Application of Different 
Nitrogenous Side-Dressing Materials 

Side-dressing with an ample supply of nitrogen is one of the 
most profitable steps the farmer makes in the production of cotton. 
A test comparing the different sources of nitrogen for side-dressing 
cotton was started in 1938 and has been continued to date. The 
sources used were as follow 

Chilean nitrate of soda 
Arcadian nitrate of soda 

Calnitro 
Ammonium nitrate dolomite 

Uramon 
Sulfate of ammonia 

{ Xitrate (K03 ) nitrogen only 

f Kitrate (K03 ) and ammonia 
l (NH3 ) nitrogen 

i Ammonia (NH3 ) nitrogen only 

Twenty-four pounds of nitrogen from these sources were mixed 
with 24 pounds of potash (K20) and applied to the cotton by hand. 
The side-dressing was mixed with soil by cultivation. This mate
rial was applied shortly after chopping or at about the time the 
cotton had from four to six leaves. Prior to planting a neutral 
5-10-5 NPK mixture was applied at the rate of 600 pounds per acre. 
The pH of the soil was approximately 5.65. 

T able 72.-The Yield of Cotton as Affected by Different Sources of Nitrogen 
When Used as a Side-dressing 

Yield in pounds of seed cotton per acre 

Source 1938 I 1939 I 1940 I 1941 I Four-year 
average 

Calnitro --------- -- ----- --1 1820 1973 1189 2028 1753 
Arcadian nitrate of soda ___ 1844 2013 1248 1845 1738 
Uramon ------------------ 1796 1957 1211 1887 1713 
Ammonium nitrate dolomite 1824 2017 1159 1840 1710 
Ammonium sulfate -------- 1748 1990 1106 1987 1708 
Chilean nitrate of soda _____ 1752 1937 1079 1922 1673 

Average for sources containing ammonia and nitrate nitrogen ___________ l732 
Average for sources containing ammonia nitrogen only _________________ l712 
Average for sources containing nitrate nitrogen only ___________________ l706 

• 
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The data representing four years' results are shown in Table 
72. These data indicate that any of the sources would be efficient 
in the production of cotton. The averag·e yield of the sources con
taining the same form of nitrogen shows no significant differences. 

The Effect of the Rate and Source of Nitrogenous Side
dressing Materials on the Yield of Oats 

Oats are now being used as a cash crop by a great many 
farmers. In order to obtain information on the use of side-dress
ing materials for oats, a test comparing different sources and rates 
of nitrogen was begun in 1938. Sodium nitrate, sulfate of ammonia, 
Uramon, and Calnitro were applied by hand to oats at the rates of 
0, 8, 16, 24, and 32 pounds of nitrogen per acre during the latter 
part of February. Because of adverse weather conditions in the 
spring, no results were obtained in 1940. The average of the re
sults from years 1938-1939 and 1941 are expressed in Table 73. 

Table 73.-The Effect of the Rate and Source of Nitrogenous Side-dressing 
Materials on the Yield of Oats 

Yield in bushels of oats per acre 
Pounds of nitrogen I Sulfate I I Calnitro 

I Average of 
per acre Uram on 

am~~nia 
Nitrate all sources 
of soda for each rate 

I 
0 18.9 18.9 18.9 18.9 18.9 
8 25.3 28.9 23.1 27.8 26.3 

16 .35.5 31.5 29.0 29.8 31.5 
24 36.4 36.7 35.5 31.0 34.9 
32 43.8 40.6 36.4 34.8 38.9 

Average of all rates \ 
for each season____ 32.0 31.3 28.6 28.5 30.1 

The data show an appreciable increase in yield as the rate of 
application is increased. In 1941 the rate of application was raised 
to 48 pounds of nitrogen per acre. In regard to the source of nitro
gen, the data indicate a slight difference in fayor of sources con
taining only ammonia nitrogen. 

The Yield of Oats as Affected by Rate of Potash Applied 
as Side-dressing 

Along with the question of side-dressing for oats comes the 
question of whether or not to apply potash and if so how much. 
In order to determine the necessity for side-dressing oats with 
potash, an experiment was started in 1938 and is being continued 
to date. The rates of application were 0, 12.5, 25, 37.5, and 50 
pounds of potash (K20) per acre. Calnitro at the rate of 150 
pounds per acre was mixed with potash and applied as side-dress-
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ing. I n each case, the oats were planted on Grady type of soil fol
lowing· corn which had received approximately 100 pounds of 
muriate of potash per acre. 

Table 74.-The Effect of the Rate of Potash on the Yield of Oats when 
Applied as Side-dressing 

Yield in bushels per acre 
Pounds of K 2 0 

) I 
I 

per acre 1938 1939 1941 / Average of 
each rate 

0 
I 

40.7 I 18.2 50.8 I 
12.5 34.0 

I 
18.2 47.3 

I 
25.0 

J 
40.0 20.2 52.S 

37.5 36.8 16.3 52.2 
50.0 44.1 22.7 49.6 38.8 

Ave~ae~~ fo~-~~~~~~~~-~~~l~ _\ 39.1 19.1 50.S 36.2 

The data pr esented in Table 74 indicate that the application of 
potash as side-dressing to oats on Grady soil is not profitable where 
the oats follow corn which has received as much as 100 pounds of 
muriate of potash per acre. 

Sweet Potato Investigations 

(0. B. Garrison) 

Sweet Potato Improvement.-Investigations dealing with dif
ferent phases of sweet potato varietal improvement have been in 
progTess for the past five years. In the initial stages of this experi
mental program efforts were directed toward the deYelopment of 
an improved strain of the Porto Rico sweet potato by means of hill 
selection. At the present time this program has been expanded to 
include the following· lines of work, (1) The collection and com
parison of so-called standard and newly developed varieties, 
strains, and seedlings; (2) the comparison of strains of the Porto 
Rico variety offered as certified seed in South Carolina; (3 ) the 
maintenance of seed stock of varieties and strains which are in de
mand by South Carolina sweet potato growers; and ( 4) the de
Yelopment of superior strains of the Porto Rico Yariety. 

Although parts of this program are in the preliminary stages, 
the accomplishments thus far haYe been encouraging·. In addition 
to the information which has been obtained on the performance of 
numerous varieties, strains, and seedlings, the program has resulted 
in the development of a new irnproYed strain of the sweet potato. 
This ne,Y strain, which has been designated as Porto Rico E-24, was 
developed from a hill selection of the Louisiana Porto Rico. The 
strain produces a high yield of smooth, well shaped, uniformly 
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colored roots. Particular emphasis has been placed on the produc
tion of seed stock which will be available for bedding in 1942. Sev
eral additional strains have been developed and will be released 
when the supply of seed stock is adequate. 

Figure 39.-Making visual comparisons of new strains of the Porto 
Rico sweet potato. 

Figure 40.-Chimney end of double width, tile-type, flue-heated hotbed, 
partly excavated to show arrangement of tile. 
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Sweet Potato Flue-Heated Hotbeds.- Tile-type flue-heated hot

beds are being utilized in the production of early sweet potato 

plants with particularly satisfactory results. These fire-heated hot

beds are especially adapted to the growing of sweet potato plants 

and could be employed extensively by sweet potato growers. The 

chief advantages of hotbeds of this type are (1) simplicity of con

struction, (2) ease of regulation of temperature and moisture, (3) 

elimination of fire hazard, and ( 4) adaption to yearly renewal by 

replacing upper layer of soil. The construction of this type of hot

bed differs from the conventional type in that lines of drainage tile 

are employed as flues in place of the tunnel. Further information 

concerning· hotbeds of this type will be supplied upon request. 

Lima Bean Varietal Studies 

( 0 . B. Garrison) 

The bush yarieties of the lima bean which are most widely 

known and planted in the upper Coastal Plains of South Carolina 

are unadapted to the conditions which prevail and therefore can

not be grown successfully except in seasons in which climatic con

ditions are most favorable. In varietal tests which have included 

strains of the Fordhook, Henderson, and small-seeded "potato" 

type limas, several newer strains, particularly of the latter type, 

have been found to be more productive than the strains usually 

grown. Baby P otato and Early Baby Potato are particularly prom

ising. J ackson's '\Vonder is very prolific but does not possess qual

ity comparable with the "potato" types. Further trials are antici

pated with the idea of selecting breeding stock which may be used 

to develop a variety that will y ield satisfactorily under adverse 

climatic conditions. 

Studies of the Control of Cercospora Blight of Benne 

(C. J. Nusbaum) 

A preliminary investigation in 1939 of the nature of recent out

breaks of leaf and pod blight of benne (Sesamurn indicurn L.) in

dicated that the disease was caused by the fungus, Cercospora 

sesami Zimm. Serious losses were reported from hunting preserves, 

where this crop was grown for game feed, and from farms produc

ing benne seed for commercial purposes. 
The importance of seed-borne infection in the dissemination of 

the disease was determined when Yarious seed samples, collected 

from South Carolina, Georgia, and Florida, showed high percent

ages of contamination and when it was found that the planting of 

contaminated seed gaYe rise to poor stands of diseased plants. Some 
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samples showed that more than 90 percent of the seed carried the 
disease with as much as 16 percent of the seed internally infected. 
Kone of the lots was found to be disease-free. 

Seed treatment tests with hot water at temperatures ranging 
from 119° to 131 ° F. at 10-minute interYals up to one hour showed 
that a 30-minute treatment at 128° F. Yirtuall,- eliminated the seed
borne infection without injuring the seed appreciably (Table 75 
and l<'igure 41 ). Treatment for 30 minutes at 125°F., although re
sulting in a higher percentag·e of health~- plants than at 128° F., 
was less effecti Ye in the elimination of infection. Based on a 30-
minute treatment, the critical killing temperature for internally
borne infection was between 125° and 128° F. and the threshold of 
serious seed injury was generally between 128° and 131 ° F. A few 
samples of seed receiYed showed injur~- at temperatures lower than 
128° F. Therefore, as a precautionar~· measure, before disinfecting 
large lots of seed for field planting, a small sample of each lot was 
tested in order to determine a safe limit of heat tolerance. Surface
borne inoculum was eliminated by treatment at 119° l<'. for 30 min
utes. HeaYil~- contaminated seecl, held OYer one rear in storage, 
became free of surface-borne inoculum but internal infection re
mained. The practical Yalue of hot "·ater disinfection was demon
strated in 1939, 1940, and 1941 in large-seal e plantings at Ridge
land, Routh Carolina. 

Figure 41.-The effect of hot water disinfection of benne seed for 30 
minutes at stated temperatures upon germination, seedling 
vigor, and incidence of disease. 
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Other control measures which may supplement seed treatment 
in reducing blight damage on benne include: (1) The selection of 
well drained soils, (2) a rotation permitting the land to remain idle 
at least one year or the production of at least one intervening sum
mer crop, (3) the destruction of crop refuse, ( 4) the destruction of 
Yolunteer plants on old planting sites, (5) culture on relative])' 
high beds, and (6) the avoidance of rank vegetative growth oc
casioned by the excessive application of nitrogenous fertilizers. 

The practical Yalue of fungicidal dusts in controlling blight on 
benne has not been determined. Limited tests have shown that sul
fur materials are very injurious and that seYeral insoluble copper 
fungicides, when used as dusts at a concentration of not exceed
ing 5 percent metall ic copper in mixtures of wheat flour and kao
lin, produce Yer)' little host injury. 

Table 75.-The E ffect of Hot Water Disinfection fo r 30 Minutes at D ifferent 
Temperatures upon Benne Seed Germination and t he Incidence of 
Seedling Infection' 

Percent 
Percent stunted 

Percent 
--

Temperature ° F germi- diseased By By 
nated disease treatment 

Check (no treatment) _ _\ 
I 

92.0 87.8 2.0 .0 I 
119 -------------------- 98.0 12.4 2.0 .0 

122 -------------------- 99.4 13.2 1.6 .0 

125 -------------------- 98.5 2.6 .5 .3 

128 -------------------- 98.0 
I 

.2 .0 5.4 

131 -------------------- 8-1-.0 .0 .0 69.0 

' Average of 5 duplicate tests, totalling 500 seed for each treatment. 
' Healthy seedlings reduced in vigor. 

Cantaloupe Breeding 

(0. B. Garrison and C. J. Nusbaum) 

Percent 
healthy 

2.2 
83.6 
84.6 
95.1 
92.42 
15.0' 

The cantaloupe improYement program, initiated in 1940 and 
directed towards the development of disease-resistant commercial 
Yarieties especially adapted to South Caro lina growing conditions, 
has produced seYeral promising breeding lines. 

First generation progenies from crosses made in 1940, numer
ous open-pollinated lines and original parent stocks of disease
resistant and commercial types were grown during the 1941 sea
son. Observations of the adaptability and tolerance of the various 
breeding lines to extremes in weather conditions were afforded by 
the prolonged drought in April and l\Iay and the heavy rains in 
June and July. Fur thermore, the abundance of downy mildew, 
anthracnose, l\Iacrosporium blight and powdery mildew during the 



Table 76.-A Comparison of Several Characters of a First Generation Cross of Mildew-Resistant 45 and Green-Fleshed Rocky Dew with 
those of the Original Parents 

Fruit charac:teristics1 

Variety Reaction to Vine Weight, 

I 
Rind 

I 
Flesh I I downy mildew growth pounds Flavor Total 

Ribs I Net Color \ Thickness solids 
Mildew-Resistant 45 _________ _ Susceptible Medium 2.8 Slight Coarse close Salmon 1.6 in. Good 8.8 
Green-fleshed Rocky Dew _____ Resistant Very vigorous 5.2 Distinct Scant ropy Green 1.3 in. Fair 8.6 
Mildew-Resistant 45 x 

Green-fleshed Rocky Dew __ Susceptible2 Very vigorous 4.4 Slight Coarse close Green 1.8 in. Good 12.8 

1 Mildew-Resistant 45, average of 6 fruits from 3 plants. Green-fleshed Rocky Dew, average of 7 fruits from 3 plants. Mildew-Resistant 
45 x Green-fleshed Rocky Dew, average of 4 fru its from 3 plants. 

2Abundant infection on foliage but plants were decidedly tolerant. 
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latter part of the season facilitated the characterization of the dis
ease reactions of the various varieties and lines in the field . Records 
were taken on vine and fruit characters, vigor, quality, and disease 
reaction. 

The varieties Green-fleshed Rocky Dew, Orange-fleshed Rocky 
Dew, Cuban Castillian, and Cooper's Sweetheart form the basis for 
most of the breeding work under way because, although inferior to 
many standard varieties in quality, they combine vigor, disease re
sistance, prolificacy, and apparent adaptability. Thus far crosses 
of both Green-fleshed Rocky Dew and Cuban Castillian with var
ious market varieties as well as several open-pollinated lines of 
these two varieties show tbe greatest promise. For example, a 
comparison of several character:,; in a first generation cross of the 
Mildew-Resistant 45 and Green-fleshed Rocky Dew with those of 
the original parents is given in Table 76. It is noteworthy that the 
cross, although susceptible to downy mildew, was able to withstand 
<lisease attack, through the retention of foliage, and to produce 
fruits of higher quality than either parent. 

Further breeding and selection will be undertaken within the 
lines now established, and new crosseR will be made as other 
suitable parent materials are acquired. 

Pickle Worm 

(J. G. Watts)* 

Field tests of the various insecticides against the pickle worm 
were conducted on squash and cantalope. 'rhe 10 materials com
pared on squash were as follows: 

(1) Rotenone obtained from 5 percent derris. 
(2) Rotenone obtained from timbo root. 
(3) A 4 percent "treated derris" (obtained from Derris, 

Inc.). 
The above three materials were all used as dusts prepared 

by mixing 25 percent of the concentrate with 10 percent of cotton
seed meal and 65 percent of kaolin. 

( 4) Twenty-five percent of 5 percent derris mixed with 75 
percent of sulfur. 

(5) Ten percent pyrethrum in Pyrax. 
(6) Two percent dinitro ortho cyclohexyl phenol. 
(7) Two percent dinitro ortho cresol. 
(8) Ten percent xanthone (known by trade name of Geni

cide). 
(9) Ten percent phenothiazine. 

(10) Fifty percent synthetic cryolite. 

*During 1941 Mr. Watts was on leave serving with the U. S. Army. The 
work here reported was planned by him and carried out under supervision of 
0 . L. Cartwright, Wm. M. Upholt, and C. J. Nusbaum. 
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The last five materials were used with kaolin as the diluent. 
The same materials with the exception of the one containing 

sulfur, ( 4), were also applied to cantaloupes in a duplicate test. 
Four replications of each material and four untreated check plots 
were laid out for each test in a modified randomized block de
sign, with the restriction that a eomplete set of 11 treatments 
orcurre<l in each quarte1· of the field, eut transvel'sely anoss the 
four bloeks whiC'lt wel'e linear in shape. 

A complete reC'onl was kept of cvet')' fr11i1 pt'lHluC'ecl by the 
test plots. No wol'm,Y frui1 was found 11111 ii 1he end of June aml 
even then there was ve1·y little worm clamag-e in the eantaloupcs. 
Over the season as a whole the untreated plots of squash had a11 
a ,·erag-e infestation of about 8 perce11 t wormy fruit. Counting 
only the fruit from the last of June to the end of the harvest, 
this average was increased to nearly 18 percent wormy fruit. 
The dinitro compounds produced so much injury that they were 
left out of consideration. The other insecticidal plots had less 
wormy fruit than the untreated checks but there was very little 
difference between any of them. Probably none of them resulted 
in sufficient control this year to make this application economical. 

Laboratory tests were conducted on the pickle worm to a 
limited extent. Groups of five half-grown larvae were starved 
for 12 to 24 hours, dusted thorou~hly with one of the dusts used 
in the field tests, and then placed upon clean foliage for obser
vation. All 10 dusts plus a group of undusted checks were tested 
simultaneously and the entire test was repeated on eight different 
days. 

In 110 case did the undusted worms show any ill effect and 
in no case did all of the five wo1·ms in any of the dusted groups 
survive beyond 10 hours. This lends support to the results of the 
field tests which indicated that all materials tested were toxic. 
Tn addition, the dinitro compounds were the only ones which, 
in more than half the cases, produced 100 percent mortality in 
two hours. 

This would indicate that it might be possible to reduce the 
concentration of the dinitros to a point where they would not 
injure foliage and still give some control of the pickle worm. 
There was little difference between the other materials, which 
agrees with the results of the field tests. 
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PUBLICATIONS 

(A. B. Bryan) 

The demand for the publications of the South Carolina Ex
periment Station continues strong and comes from a wide range 
of inquirers, many of whom are interested in the practical appli
cation of the technical results of research work. Station publi
rations distributed during the fiscal year totaled about 30,000. 

Distribution of publications is through (a) a classified mail
ing list which now contains 12 subject matter classifications with 
a total of about 6,000 addresses, (b) county farm agents and 
other agricultural leaders, ( c) individual requests from South 
Caroli11a arnl other states and even from foreign connti-ies. 

Bulletins, Circularn, and Reports 

Dm·ing tl1e fist'al year six new publi(·atiorn; were issued as 
follows: 

Bnlletin 330, "Inspection and Analysis of Commercial Ferti
lizers." B. D. Cloaninger. 

Bulletin 331, ·'Rural Land Holdings in South Carolina". G. 
H. Aull. 

Bulletin 332, '' An Economic Stndy of Agriculture in The 
Little Beaverdam Creek Area, A ndel'son County, South Uarolina ". 
TII. J. Peterson. 

Bulletin 333, "Stability of Carotene in Dehydrated Sweet 
Potatoes". J. H. Mitchell and R J. Lease. 

Bulletin 334, "The Sale Price and Assessed Value of Farm 
Real Estate in South Carolina". G. H. Aull. 

Fifty-Third Annual Report of the South Carolina Experiment 
Station of Clemson AgTicultural College, for the year ended June 
30, J 940. 

Technical Contributions 

During the year fiye technical contributions to scientific publi
cations haYe been published by membe1·s of the Station staff, 
namely: 

No. 

75-Changes Obsened in l\'Iilk '' Sham Fed'' to Dairy Calves. By 
r.. H. Wise, P. G. :Miller, and G. \Y. Anderson Journal of Dairy 
8rience, October, 19-10, \ 'ol. XXIII, No. 10, pages 997-1011. 



180 SOUTH CAROLINA EXPERIMENT STATION 

76-The Effect of Cottonseed Oil on the Hatchability of Eggs. By 
R. C. Ringrose, C. L. Morgan, and E. J. Lease. Poultry Science, 
Vol. XX, No. 1, January, 1941, pages 57-61. 

77-A Solution-Culture Infection Method Used in the Study of 
Fusarium Wilts. By G. M. Armstrong. Phytopathology, June, 
1941, Vol. XXXI, No. 6, pp. 549-553. 

78- Plant Composition as an Index oJ' Soil Fertility. By Frank 
Moser. Soil Science Society of America Proceedings 194.0, Vol. 5, 
pp. 147-151. 

79- A Progress Rep01t on Tomato Fruit ·worm Studies. By J. G. 
Watts. Journal of Economic Entomology, Vol. 34, No. 3, June, 
1941, pp. 400-405. 

Several other technical contributions have been prepared and 
numbers luwe been assigned, bnt publication in the technical 
journals has not yt>t been reportt>d by tl1e writers. 

Publicity Work 

During the fiscal year 44 news letters were distributed to the 
newspapers of the state dealing in various ways with the Ex
periment Station and its work. These included (a) information 
and instructional material from research workers, (b) announce
ments of new publications and information regarding their con
tents, (c) information based on research work procured from 
radio talks made by members of the Station staff over Radio Sta
tion WAIM, Anderson. In addition, many of the news letters pre
pared by extension workers presented facts and ideas based on re
search work of the Station, and rn"ention of the Station was made in 
many of these news letters. 

Feature articles based upon research results as shown in the 
Annual Report and other publications have been distributed to 
various daily newspapers of the state and to several farm 
journals. 

Thus through these news letters and feature articles the work 
of the Experiment Station as a whole has been given general 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 proved well 
worthwhile is that of the radio talks made by members of the 
Station staff over Radio Station WAIM each week. 
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FINANCIAL STATEMENT 
THE SOUTH CAROLINA AGRICULTURAL EXPERIMENT STATION 

In Account with 
THE UNITED STATES APPROPRIATIONS UNDER THE HATCH, ADAMS, 

PURNELL AND BANKHEAD-JONES ACTS, 1940-1941 
FEDERAL FUNDS 

CR. Hatch Adams 
To balance from appropriations 

Bankhead
Bankhead- Jones 

Purnell Jones Offset 

for 1939-1940 --------------$ 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, 1941, 
under Acts of Congress ap
proved March 2, 1887 (Hatch 
Fund), March 16, 1906 
(Adams Fund), February 24, 
1925 (Purnell Fund), and 
June 29, 1935 (Bankhead-
Jones Fund) ---------------$15,000.00 

DR. 
Personal services --------------$11,329.37 
Supplies and materials ---------- 658.30 
Communication service --------- 317.42 
Travel expenses ---------------- 369.90 
Transportation of things ------- 18.95 
Printing, etc. ------------------ 700.00 
Heat, light, water, and power____ 0.00 
Contingent expenses ----------- 106.38 
Equipment -------------------- 1,326.59 
Land (purchase and rent) ------- 0.00 
Structures, etc. ---------------- 172.31 
l3alance ----------------------- .78 

$15,000.00 

$12,173.70 
8-W.77 
123.48 
346.74 

17.44 
0.00 

392.20 
118.17 
889.80 
21.00 
76.70 

$60,000.00 $59,464.96 $59,464.96 

$48,628.77 $45,699.75 $36,332.01 
3,994.13 4,635.77 5,602.63 

457.44 292.15 323.28 
1,924.80 529.00 1,706.21 

50.73 12.07 0.00 
1,006.44 79.93 323.95 

215.17 944.92 1,974.72 
390.94 230.57 891.95 

2,878.76 2,881.23 3,777.95 
452.82 45.11 1,294.24 

0.00 4,114.46 7,239.02 

Total ---------------------$15,000.00 $15,000.00 $60,000.00 $59,464.96 $59,464.96 
WE, THE UNDERSIGNED, duly appointed auditors of the expenditures from 

Federal appropriations 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, 1941; that we have found the same well kept and classified as above; and 
that the balances, receipts, and disbursements are as follows: 

Hatch 
Fund 

Total Federal funds -------$15,000.00 
Unexpended balance brought 

forward from preceding year 0.00 
Receipts for the year from the 

Treasurer of the United 
States --------------------$15,000.00 

Total Federal funds -------$15,000.00 
Disbursements for the year -$14,999.22 

Unexpended balance 

Adams 
Fund 

$15,000.00 

0.00 

$15,000.00 

$15,000.00 
$15,000.00 

Bankhead-
Purnell Jones Total 

Fund Fund All funds 
$60,000.00 $59,464.96 $149,464.96 

0.00 0.00 0.00 

$60,000.00 $59,464.96 $149,464.96 
---- ---- ---
$60,000.00 $59,464.96 $149,464.96 
$60,000.00 $59,46-1.96 $149,464.18 

---

June 1941 ------------$ .78 $ 0.00 $ 0.00 $ 0.00 $ .78 
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SUPPLEMENTARY STATEMENT, 1940-41 

FUNDS OF THE EXPERIMENT STATION OTHER THAN THOSE FROM 
FEDERAL SOURCES 

SOURCES OF FUNDS 

Balances from Receipts 
previous year for 19-+0 Totals 

State appropria tions or a ll ot ments -------------------$ 0.00 $127,480.00 $127,480.00 
Sa les ----------------------------------------------$ 7,336.62 $11 4,292.39 $121,629.01 

Totals -----------------------------------------$ 7,336.62 $241,772.39 $249,109.01 

CLASSIFICATION OF TOTAL EXPENDITURES FROM SUPPLEMENTARY 
FUNDS 

Salaries -------------------------------------------------------------------$ 36,829.22 
T.abor -------------------------------------------------------------------- 58,175.17 
Stationery and office supplie ----------------------------------------------- 839.71 
Sci en ti fie supplies --------------- ________________________ ------------------ 2,652.48 
Feeding stuffs ----------------- ------------------ ---------- ______ --------- 28,948.96 Fertilizers _ __ _ _ __ __ _ _ __ __ __ __ _ _ _ ___ __ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ __ _ __ __ __ _ 7 ,565.88 
Sundry supplies ---------------------- ______________ -------- --------------- 13,281.06 
Communication service _____________ ------ __ ---------- --------------------- 1,869 .45 
Travel expenses----------------------------------------------------------- 3,758. 10 
Transportation of things --------------------------------------------------- 695.83 
Publications -------------------------------------------------------------- 383.76 
Heat, light, water, and power ---------------------------------------------- 11,528. 11 
Contingent expense ---------------------------- ------ --------------------- 5,878.55 
Passenger carrying vehicles ----------------------------------------------- 1,140.75 
Furniture, furnishings, and fixtures ----------------------------------------- 477.49 
I .ibrary --------------- ------ -------- ------ ------------------------------- 296.31 
Scientific eq uipm en t ----------------------- ------------ ____ ---------------- 3,302. 76 
Livestock ----------------------------------------------------------------- 7,149.28 
Machinery, trucks, tractors, tools, etc. -------------------------------------- 18,374.50 
I.and --------------------------------------------------------------------- 3,063.05 
Structures and non-structura l improvements -------------------------------- 2,031.96 
Buildings ----------------------------------------------------------------- 24,035.43 
Improvements to land other than added stru ctures -------------------------- 570.64 
Unexpended balance ----------------------------- ___ ---------------------- 16,260.56 

Total -----------------------------------------------------------------$249,109~1 

Proper vouchers for all the above disbursements are on file and have been examined 
by us and found co1Tect. 

And we further certify that the expenditu1·es have been solely for t he 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. 

Attest: S. W. EVANS, 
Custodian of the seal 

Signed: J. M. SMITH, State Auditor 




