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Letter of Transmittal. 

Clemson Col logo, S . November 20, liKM). 

Hon. M. F. Ansel, (iovornor of South Carolina. 

Sir: 1 hav e tho honor to submit herewith the Twenty-see*>n< 
Annual lUqxn't of the South Carolina Agricultural Experiment Sta 
tion, in accordance with the requirements of ;tn Act of C ongress, ap 
proved March 2. 1X87, f or the establishment of Agricultural Exj>c 
riment Stations in connection with the colleges of the several Stated 
organized under the provisions of an Act approved July 2, 1X02. 

Respectfully submitted, 
P. H. MELL, President. 

• 
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REPORT OF DIRECTOR. 
) 

Clemson College, S. C., July 5, 1909. 
Dr. P. H. Mell, President, Clemson College, S. C. 

Dear sir: I have the honor of submitting herewith the twenty 
second annual report of the South Carolina Experiment Station 
for the fiscal year ending June 30th, 1909. 

This has been by far the most prosperous year in the history 
of the Experiment Station. The S tation has a splendid corps of 
scientists and workers who are doing their utmost to make a 
name for themselves and to achieve a creditable success. Every 
member of the Staff is using his best efforts to contribute his 
part in the solution of the many problems confronting the farm 
ers. In planning our experiments we have but one object in 
view, and that is how we can best promote the welfare and 
progress of the farmers of tlye S t?pe. It is our endeavor to work 
on those fundamental problems, the solution of which will be of 
the greatest practical value. 

The Station is becoming more and more appreciated each year 
by the agricultural communities of this and adjoining States. 
During the year fifteen hundred additional names, by request, 
were added to our mailing list. As heretofore the number of 
letters received by the various members of the Staff from Tarm-
ers residing in this State who desire information along the va 
rious lines in which they are engaged, amounted to thousands. 
This is one of the most important features of our work because 
it brings the Station workers in direct contact with the farmers 
and we are thereby made more fully acquainted with the prob 
lems needing our attention. T he Station stenographer, with as
sistance given her by Prof. Conradi, has devised a card system 
for recording all letters in such a way that they can be referred 
to instantly by subject or by name. In this report I wish to 
commend most heartily Miss Bradford, who is not only a splen
did stenographer, but a capable secretary and assistant as well. 

During the fiscal year the Station made an exhibit at the State 
Pair which represented to the people of the State in a practical 
way the main features of the work of the Station. This exhibit 



was a part of the general exhibit made by Clemson College. All 
of the Divisions of the Station were represented in this exhibit, 
'llie State Fair authorities expressed their appreciation of the 
efforts we put forth in getting up this exhibit. The Director 
of the Station was elected to a membership on the Executive 
Committee and placed in charge of a department of the State 
Fair Association. 

The jnembers of the Station Staff have also assisted in con
ducting*!;farmers' Institutes in the State and during the year the 
DirectOrt»accepted invitations to lecture to farmers at a number 
of places. They have also taken an active interest in the work 
anclpieetings of the South Carolina Live Stock Association and 
htjve contributed to it their time and support. 

The Station continues to po-operate with the U. S. Depart-
[ ment of Agriculture in experimental work. The Agricultural 

Division is co-operating with the Bureau of Plant Industry in 
testing a number of forage plants, the seed of which are from 
various States and from different • countries; also in breeding 
sweet corn. This sweet corn work has now continued uninter
ruptedly for five years. The Government experts in charge of 
this work report that the sweet corn grown at our Experiment 
Station contains more sugar than was obtained from the same 
variety grown in any other place in the country. 

The Division of Entomology continues its co-operative work 
with the Bureau of Entomology with the cereal and forage crop 
insects. 

The Division of Botany is co-operating with the Bureau of 
Plant Industry in making a plant disease survey of the State, 
and with the Bureau of Forestry in testing methods of preserv
ing timber with creosote. 

The Division of Animal Husbandry and Veterinary Science is 
co-opcrating with the bureau of Animal Industry in its work 
with the hog cholera serum. The Dairy Division of the same 
Bureau has done considerable work in our State for some time 
in developing the dairy industry. This Station is now co-oper
ating with this Division,and elsewhere in my report I recom
mend that this be made co-operative work and that the Station 
pav a portion of the salary of the dairy expert in charge of the 
work in this State. 



Recently the Director of the Office of Experiment Stations, 
U. S.-' Department of Agriculture, notified this Station that in 
the future the publication of no bulletin can be paid for out of 
the Hatch Fund ,excepting those which give the result of ex
periments performed under the Hatch Act. This restricts the 
publication of all bulletins of a popular nature or compiled bulle
tins to our fund known as the sale of farm products. It has 
also been ruled by the same office that the Hatch Fund cannot 
be used for demonstration work, for farmers' institute work, or 
for the support and maintenance of branch experiment 'stations. 
During the past year we have met all requirements of tht Office 
of Experiment Stations in the restrictions it has placed aroiuul 
the Adanis Fund. In the past month the Director has had cdr-
respondence with authorities in the Office of Experiment Sta.ions 
in which he presented all the projects that are now being con
ducted under the Adams Fund, together with a financial state
ment of the same. All of these projects have been approved by 
the Washington authorities and they are as follows: 

Project No. I, Division of Entomology and Zoology,—Life 
history and action of the stomach worm. This problem has 
been enlarged somewhat because'of the close relationship of this 
stomach worm to other parasites of the intestinal tract of rumi
nants. This problem would better be designed as follows: The 
investigation of strongyloid parasites. 

Project No. 2, Division of Entomology and Zoology,—Tem
perature in its relation to insect activity. 

Project No. 3, Division of Veterinary Science and Animal 
Husbandry,— Contagious abortion in cattle, cause and dissemi
nation. 

Project No. 4, Division of Veterinary Science and Animal 
Husbandry,—Physiological and pathological effect of feeding 
heavy amounts of cotton seed meal to cows. 

Project No. 5, Division of Veterinary Science and Animal 
Husbandry,—An experiment to determine the cause of cotton 
seed meal poisoning in hogs and its relation to abortion in cat
tle. This experiment is to be in co-operation with the Chemical 
Division. The following is an outline of the experiment: 

(a.) Extracts by means of various solvents. 
(b) Feeding or inoculating small animals with extracts. 
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(c) Experiments on domestic animals. 
(d) Pathological and histological examination of organs of 

animals so treated. 
(e) Attempt to isolate the active principle. 
1 he Division of Veterinary Science and Animal Husbandry 

is also working in co-operation with the Division of Entomology 
and Zoology on the hook-worm disease of cattle and sheep. The 
o u t l i n e  o f  t h e  w o r k  o n  t h i s  p r o b l e m  b y  t h i s  D i v i s i o n  i s  a s  
follows: 

(a) Blood examinations to determine the effect of this disease 
on the Haemaglobin content, red corpuscles and proportions of 
the various Leucocytes. 

(b) Inoculation experiments with blood to determine if dis
ease can be transmitted in this manner. 

(c) Feeding living larvae to determine the exact condition un
der which infestation results in the stomach and intestines. 

Project No. 6, Agricultural Division,—Effect of pollen from 
barren stalks of corn. Last year hundreds of plants were hand 
polletiized and the silk was protected by careful means to pre
vent any crossing. A large field is planted this year from the 
result of last year's crosses. 

Project No. 7, Agricultural Division.— Relation between soil 
and length of staple of cotton. This experiment is being con
tinued. We are sending out a^great number of samples of cot
ton of two or three varieties and having these grown in differ
ent sections of the State under conditions as near alike as pos
sible. Samples of cotton grown from these seed will be sent to 
11s from various sections of the State, together with samples of 
the soil and the cotton will be graded and judged by our Tex
tile Department. 

Project No. 8, Horticultural Division,—Experiments to de
termine the effect of foreign pollen on the productiveness of va
rieties of Rotundifolia grape. 

Project No. 9, Division of Botany and Plant Pathology,—A 
study of the life history of the fungus which causes anthracnOse 
of cotton and experiments relative to controlling the same. Dur
ing the past year Prof. Barre has devoted his time almost wholly 
to this one experiment. Prof. Barre states that thus far he has 
found that the fungus which causes anthracnose lives through 



the winter in a conidial stage and is alive in that stage up until 
May 26th. He further states that he has also found that when 
seed from infested fields are germinated anthacnose occurs on 
the seedlings. So far the perfect stage of the fungus has not 
been found in nature. In continuing the work the following 
points will be considered: 

(a) Whether the fungus penetrates the tissue of the seed and 
the embryo or not, and if so whether treatment of affected seed 
with solutions, such as mercuric chloride or copper sulphate? will 
kill the fungus without injuring the seed. 

(b) The determination, if possible, of the time and method 
of infection of the bolls. 

(c) Testing the progeny of diseased stalks and stalks free 
from disease in badly diseased cotton fields so as to get a line 
on the possibility of breeding a strain of cotton which would be 
resistant to anlhracnose. 

(d) The continuation of the life history of the fungus. 
During this fiscal year this Station has published six bulletins 

as follows 
No. 141, 'Treatment of Plant Diseases and Injurious Insects 

in South Carolina." 
No. 142, "Stomach Worm Disease of Sheep and Young Cat

tle," 
No. 143, "Some Injurious Orchard Insects." 
No. 144, "Celery." 
No. 145, "Fertilizer Experiments with Cotton." 
No. 146, "Sweet Potato Work in 1908." 
Aside from this, this Station paid for Bulletin No. 138 which 

was issued by the Chemical Department giving the results of 
the analyses of commercial fertilizers. 

The experiments of the Agricultural Division being conducted 
under the Hatch Fund are as follows: 

T. Experiments to determine the most economical fertilizer 
to be used on the uplands of South Carolina for the various 
staple crops and the proportions of various ingredients that make 
up these fertilizers for these different crops when grown in 
proper rotation. These experiments have been in progress for 
four years and the result for three years' work has been pub
lished in Bulletin No. 145. 
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2 .  Experiments to determine the best paying- system of crop 
rotation with the view of keeping up the fertility of the soil, 
cotton being one of the main crops in the rotation. 

Experiments to determine the best variety of cotton suited to 
the different soil types of the State. In this experiment we are 
co-qperating with quite a number of farmers living in different 
sections of the State. We sent two or three varieties to each 
farmer co-operating with us. Considerable interest is being 
shown in this experiment, and the data that we are obtaining 
will be of great pratical value. 

4. The growing of cotton with the view of increasing the 
yield, length and quality of the fibre, increasing the size of the 
boll and the general vigor of the plant. Two years ago we 
made about four hundred crosses, using twenty-five or thirty 
varieties of known merit. The seed of these crosses were grown 
last year in plots and selections were made from the most prom
ising plants. As a result of these we have sixty new varieties 
now growing on our Experiment Station grounds. One of the 
most promising is an early type of cotton which appeared in a 
field of Black Seeded Blue Ribbon. This variety appears to be 
resistant to disease. 

5. The breeding of corn with the view of increasing the size 
and uniformity of the ear and increasing the yield of the gfain, 
also to obtain a stronger stalk with short internodes. We be
gan this experiment by testing a number of varieties obtained 
through the U. S. Department of Agriculture, and from these 
experiments we have come to the conclusion that for the upland 
soils the prolific varieties are the best. We obtained a type of 
corn in Chesterfield County from Mr. David McGregor. This 
corn has been grown in that county for some time and is well 
known there as quite a prolific variety. We arc improving it 
by careful selection. We saved our seed from stalks only that 
had two to three good vigorous ears. This variety of corn has 
some objectionable features which we hope to eliminate by care
ful breeding. We are also crossing this with a splendid type of 
corn known as Lee corn obtained in Marion County. 

6. Experiments to determine the relative value.of lime ni
trogen, nitrate of soda, sulphate of ammonia and cotton seed: 

meal as a source for ammonia to be used as a top dressing fox 
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cotton, corn, oats and wheat. 
.7. Experiments to determine the best time 10 apply nitrate 

of soda as a top dressing to cotton, corn and oats. We have 
considerable data from this experiment and will publish a bulle
tin at an early date giving to the farmers the results obtained. 

8. Experiments with the Williamson Plan of growing corn 
•and modifications of this method. 

9. The testing of various forage crops and cereals, such as 
German millet, oats, wheat, sorghum, rye, barley, red clover, bur 
clover, soy beans, crimson clover, vetch, cowpeas and beggar 
weed. 

10. Experiments to determine the best time to apply phos
phoric acid and potash to oats. In this experiment we have a 
number of plots that we fertilized in the fall when the oats were 
sown,and applied later nitrate of soda the middle of April. To 
other plots were applied half of the fertilizer in the fall when 
the oats were sown and the other half the middle of March, and 
later an application of nitrate of soda. Our results thus far 
show that it pays to apply in the Spring acid phosphate, potash 
and cotton seed meal in addition to the previous applications at 
the time of planting in the Autumn. 

11. Variety test of wheat, corn, alfalfa, cowpeas, sweet po
tatoes. In this experiment we have tested seven varieties of 
wheat, seed of which we obtained from the Kentucky Experi
ment Station, four years ago. One of these known as Pootung, 
a variety which the Kentucky Station obtained from China about 
ten years ago, has proven to be a good yielder on our soils. 

We are testing thirty varieties of alfalfa, the seed of which 
we obtained from the U. S. Department of Agriculture. These 
alfalfa seed came from different sections of diis country and 
from a number of foreign countries. These experiments show 
that the successful growing of alfalfa is largely dependent upon 
the source from which seed have been obtained. Alfalfa seed 
from Texas, New Mexico and Arizona produce plants that make 
a vigorous growth, but the winter freezes kill them. In every 
case where the seed were obtained from tbe northwestern States, 
vigorous plants were obtained and our notes show that not a 
single plant.was killed by the late frosts in April. 

Formerly, this Station has been testing a great number of 
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varieties of cowpeas, but now we have limited them only to 
. those varieties that have proven of merit. 

1 he object of the variety work with sweet potatoes has been 
0. to obtain a high yielder and one valuable for starch production. 

12. Experiments with different methods of sowing oats and 
at different times. 

13. Experiments in sowing alfalfa at different times of the 
year by different methods. From these experiments we have 
found that the fall sowing is by far the best time and that alfalfa 
should be sown broadcast, sowing a large amount of seed to 
obtain a perfect stand. 

14. Fertilizer experiments with alfalfa. The c.ata obtained 
J| from these experiments show that at the time a'talfa is sown it 

should be heavily fertilized with acid phosphate, potash and a 
soluble nitrate. We have an alfalfa field that is now four years 
old. This Spring this field was divided off nto plots, and phos
phoric acid, potash and nitrate of soda and combinations of 
these elements were applied to different plots. No difference 
could be noted this year between the different plots fertilized 
and the check plots receiving no fertilizer. To grow alfalfa 
successfully on these soils it is absolutely necessary to apply lime 
at the rate of 1000 or 2000 lbs. per acre and this lime should 
be applied at the time of preparing the land before the alfalfa 
seed are sown. 

15. Experiments to determine the value of alfalfa by growing 
a previous crop of bur clover as compared with the artificial 
methods of inoculation. 

16. Experiments to determine the best legumes to plant in 
cotton, bur clover, vetch and crimson clover being the crops used. 

17. The study of the fertility of the soil as influenced by its 
physical condition. 

18. Notes on the various grasses most suitable for holding 
terrace banks. 

19. Notes on the cross breeding of horses, the German Coach 
and the Standard bred horses being the types of horses used. 

20. Experiments to determine the best form in which to ap 
ply phosphoric acid to our type of soils. In this experiment we 
are comparing the relative value of floats of ground phosphate 
rock as compared with acid phosphate, and we are also testing 
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the relative value of germoferi as compared with a complete 
fertilizer containing the same amount of phosphorous in the 
form of acid phosphate. ^ 

Full reports of the work of the other Divisions of this Station ' 
are appended. 

The Experiment Station occupies a unique position among the 
factors that stand for development and progress in our State. 
Its main function is to search for and bring to light truth, the 4 
knowledge of which will make for material enrichment, bor 
that reason the Station must necessarily be conservative. In its 
work it does not overlap or conflict with, but is in hearty co
operation with the other departments of endeavor in the State 
at work for the upbuilding of our commonwealth, such as the 
LJ. S. Department of Agriculture, the State hair Association, 
the Farm Demonstration work, the Farmers' Institute work, the 
Agricultural Department of our College, and the State Depart
ment of Agriculture and Commerce. 

In conclusion, I wish to express to you my great appreciation 
of the kind personal, as well as the offifcial interest you have al
ways shown in our work. 

J. N. HARPER, 
Director. 

m 

SOUTH CAROLINA AGRICULTURAL EXPERIMENT 
STATION IN ACCOUNT WITH THE UNITED 
STATES APPROPRIATION, 1908-1909. 

Hatch Adams 
Debtor. Fund. Fund. 

To receipts from the Treasurer of the 
United States, as per appropriations 
for fiscal year ended June 30, 1909, 
under acts of Congress approved 
March 2, 1887 (Hatch Fund), and 
March 16, 1906 (Adams Fund)........ $15,000 00 $11,000 00 

Credit Abstract. 
By Salaries - 1 7>35^ 25 7<l75 00 

' Labor - 2 L4&o 84 2.284 35 
Publications - 3 1,210 20 
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Postage and stationery 4 l73 99 73 56 

Freight and express 5 251 32 27 68 
Heat, light, water and power.... 6 80 05 
Chemical supplies :... 7 455 97 22 97 
Seeds, plants and sundry supplies 8 696 3i 176 49 
Fertilizers 9 45° 18 3°4 16 
Feeding stuffs 10 L3i5 93 480 55 
Library n 117 41 
Tools, implements and machinery 12 232 41 64 69 
Furniture and fixtures 13 403 70 
Scientific apparatus 14 17 20 157 47 
Live stock LS 58 60 H5 00 
Traveling expenses 16 217 76 3i J5 
Contingent expenses 17 33 30 
Buildings and land 18 44$ 58 86 93 

Total $15,000 00 $11,000 00 

We, the undersigned, duly appointed Auditors of the Cor
poration, do hereby certify that we have examined the books 
and accounts of the Treasurer, South Carolina Agricultural Ex
periment Station for the fiscal year ended June 30, 1909; that 
we have found the same well kept and classified as above; that 
the receipt for the year from the Treasurer of the United States 
are shown to have been $15,000 under the act of Congress of 
March 2, 1887, and $II,CCO under the act of Congress of March 
16, 1906, and the corresponding disbursements $15,000 and 
$11,000; for all of which proper vouchers are on file and have 
been by us examined and found correct, thus leaving balances 
of $ and $ 

And we further certify that the expenditures have been solely 
for the purposes set forth in the acts of Congress approved 
March 2, 1887, and March 16, and in accordance with the 
terms of said acts, respectfully. 

(Signed) R. W. SIMPSON, 
Chairman, Finance Committee, Auditors. 

Attest: P. H. E. SLOAN, Custodian. 
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SOUTH CAROLINA AGRICULTURAL EXPERIMENT 
STATION, 1908-1909. 

(SUPPLEMENTARY STATEMENT.) 
.1 

(This supplementary statement, while not required i<v law, is 
desired as an aid in interpreting the account tendered for the 
United States appropriation. While it will be more useful if 
made in conformity with the schedule fixed for that appropria
tion, if this is not practicable such a summary of receipt and ex
penditures from the sources indicated below as can be conven
iently prepared from the books of the station may be substituted. 
Whenever practicable, it should be for the fiscal year ended 
June 30.) 

Debtor. 
To balance on hand July 1, 1908 $2,101 07 

Receipts from other sources than 
the United States for the year 
ended June 30, 1907 2,976 11 

Total - $5>°77-i8 
Credit. 

By Salaries.—. $ 668 74 
Labor 2 5 
Publications 443 7° 
Postage and stationery 10 72 
Freight and express 60 49 
Heat, light, water and power 74 53 
Chemical supplies J5 9° 
Seeds, plants, and sundry supplies.... 104 07 
Fertilizers - 4 76 
.Feeding stuffs !7 23 
Library 12 00 
Tools, implements and machinery.... 11 90 
Furniture and fixtures 30 00 
Scientific appafatus 24 30 
Live stock - . 6 00 
Traveling expenses 4° 95 
Contingent expenses 18 70 
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Buildings and land 323 93 $1,86817 

Balance $3,209 01 

Clemson College, S. C, July 1, 1909. 
Prof. J. N. Harper, Director, S. C. Experiment Station. 

Dear Sir: I respectfully submit the following report of the 
Horticultural Division of the South Carolina Experiment Sta
tion for the year ending June 30th, [909: 

On account of the change in the location of the horticultural 
grounds last June, the work of this Division has been largely 
preparatory for future experiment work. The land selected for 
the Horticultural Division is located west of the Agricultural 
Experiment grounds. One-half of this land was in original 
forest, the other half in wornout hillsides. We began clearing 
the woodland last September and the greater portion of this land 
is now in condition for planting. The hill land which has been 
in cultivation for a number of years has been set in fruit trees. 
On account of this land being in a very much run down condi
tion, it will be necessary for us to use every means possible to 
improve the condition of the soil in order that we may produce 
a good vigorous growth of trees. The field where the orchard 
is located is well suited for the growing of peaches, plums, 
pears and apples. The peach orchard is planted on the top of 
this hill, which is one of the highest points 011 the experiment 
grounds and the fruit will rarely be killed by frosts on account 
of the elevation. The apples and pears are planted on the 
northern and western slopes. The plum orchard will be planted 
on the southern and eastern slopes this fall. 1 have endeavored 
to get all of the permanent crops established as soon as possible, 
and by the last of December we hope to have practically all of 
the tree fruits planted. The trees that were planted last Spring 
have all made a very good growth considering the character 
of the soil. 

The new land where the truck and small fruit experiments 
will be conducted is now being prepared for planting and we 
hope to have this land in good condition by the last of Decem
ber. The land will hardly be in condition, however, for truck, 
experiments until the Spring of 1911. 
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Our grape vineyard has been planted on new ground that 
was cleared of stumps last fall. These vines have made a re
markable growth considering the condition of the land. Our 
experiments with the Rotundifolia grapes have been continued 
and during the past season over iooo crosses were made. The 
seeds of these crosses will be planted this fall. We already 
have underway about 1200 seedlings, the results of crosses made 
two years ago. These vines have been planted to the field and 
every effort will be made to bring them to bearing as early as 
possible. On account of the change of location in the horti
cultural grounds, many of our experiments that were underway 
have been discontinued. The experiments with peaches, apples, 
pecans and grapes will be continued in the old horticultural 
grounds for two or three years until our records of these fruits 
have been completed. The professor of Horticulture has kind
ly consented to allow me to use such trees and vines in the 
horticultural grounds as Ave may need for experiment purposes 
as long as we may need them. 

During the past season a horticultural house has been erected 
on the grounds. This building consists of a one-story frame 
house containing five rooms. A portion of this building will 
be used by the Station botanist and entomologist until it is all 
heeded by the Horticultural Division. One room of this house 
is used as a record room. There is a seed room, 8 x 10 feet; 
a room for storing chemicals, 8 x 10 feet; a large tool and im
plement room, 25 x 3® feet; and a small fertilizer house and 
implement shed have also been erected. 

The results of our experiments for the last few years are be
ing put in shape for publication. T h ave material practically 
ready for the publication of bulletins on at least half a dozen 
subjects. These will be presented whenever they are called for. 

Very respectfully, 
C. C. NEWMAN, 

Horticulturist. 

Clemson College, S. C., July 1, 190Q 
Prof. J. N. Harper, Director, S. C. Experiment Station. 

-» Dear Sir; The following is a summary of the work done 
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in the Botanical Division of the Experiment Station during the 
fiscal year ending July i, 1909. 

My time during the past year has been devoted to three lines 
of work as follows: Study of cotton anthracnose, study of 
sweet potato rots, general survey of plant diseases present in 
the State. A summary is here given of the work with sweet 
potatoes and the plant disease survey and an article giving the 
preliminary report of the cotton anthracnose investigation. 

SWEET POT ATO ROTS. 
The study of the sweet potato rots has been continued during 

the year with a number of interesting results. Six different 
fungi which cause rots of sweet potatoes have been isolated and 
studied in pure cultures. These are species of Rhizopus, Mucor, 
Fusarium, Nectria, Penicillium and Ceratocystis. The most 
interesting thing found in this study so far is the fact that none 
of these organisms will produce rots except under certain con
ditions. Inoculations with these fungi had no effect on the 
potatoes kept at laboratory temperature unless they had been 
previously injured in some way. If individual potatoes which 
were inoculated were placed out on the window sill for a few 
hours during cold weather and allowed to become thoroughly 
chilled, the fungi would then take hold and destroy them. 1 his 
was especially true of Rhizopus. It seems, therefore, that the 
rotting of sweet potatoes is largely physiological and that where 
potatoes are kept at the right temperature and where the ven
tilation is good they should keep indefinitely. 1 hese experi
ments will be contained in the coming fall and winter and a 
storage house will be erected in which temperature and humid
ity can be controlled. 

Potatoes were also treated with copper sulphate, mercuric 
chloride and formalin solutions and stored in banks in the usual 
way. The results from such treatment were very unsatisfactory. 
The checks seemed to keep as well as the treated potatoes. In
dividual potatoes were also treated in the laboratory and stored 
in various ways in contact with diseased potatoes but 110 defin ite 
conclusions have yet been reached with these. 

PLANT DISEASE SURVEY. 
In co-operation with the Bureau of Plant Industry we are 

making an effort to determine just what plant diseases occur 
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in the State and in what portion of the State each disease is 
found. So far we have collected and had sent in 102 different 
bacterial and fungus diseases of plants. Some of these, such 
as pear blight, apple rust, grain rust, cotton anthracnose and 
rose mildew occur all over the State, while others, like wilts of 
cotton, peas and watermelons occur only in certain sections, and, 
still others, have been reported from only one or two localities. 
By means of maps printed on the cards used in disease survey 
catalog, we can tell at a glance from just what section of the 
State a certain disease has been reported and 011 whose farm 
it occurs. When this survey is completed we will be able to 
tell just what diseases occur in any county in the State, and 
by means of circular letters and press bulletins can advise peo
ple how and when to treat each disease. A plant disease her
barium is being kept in connection with this survey so that in 
the future we expect to have on file specimens of every disease 
that occurs within the State. 

PUBLICATIONS. 
Bulletin No. 141, "Treatment of Plant Diseases and Injurious 

Insects in South Carolina," has been issued in conjunction with 
Prof. Conradi. Aside from this a number of newspaper articles 
on various plant diseases have been sent out from time to time. 

CORRESPONDENCE. 
The correspondence of the Division has continued to increase 

since the Station has been separated from the College and more 
time is available for this kind of work. A large part of this 
increase has been in connection with the plant disease suivcy 
and with the investigation in connection with cotton anthracnose. 
Qver a hundred plants of various kinds have been sent in for 
identification from time to time. A small number of samples of 
grass and clover seed have been sent in for analyses. I his 
phase of the work should be encouraged and if possible more 
time given to it because there is probably more fraud practiced 
in the selling of grass and clover seed to farmers than in any 
other one thing along this line. 

Respectfully, 
H. W. BARRE, 

Botanist. 
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Clemson College, S. C, July x, 1909 
I r ot. J. N. Harper, Director, S. C. Experiment Station. 

Dear Sir: I submit the following report of the Division of 
Zoology for the fiscal year ending June 30th, 1909. This re
port is brief because a full discussion of the various phases of 
the work will appear as separate articles in the annual report 
of this Station for this year. The work of this year has been 
chiefly a continuation of the work of the previous year. 
INVESTIGATION OF STR ONGYLOID PARA SITES OF THE DIGESTIVE 

TRACT OF RUMINANTS. 

1 he stomach worm investigation was in progress when the 
writer took charge of this division, but owing to the total ab
sence of records the time devoted to it previous to October 11, 
1907 was lost. It must be understood that the problem under 
consideration this year was begun October 11, 1907 and has 
now been in progress about one year and a half. During this 
period there has been continuous co-operation between the 
Divisions of Veterinary Science and Zoology. The life history 
of the stomach and hook worms were worked out and pasture 
methods experimented with. A careful study of the infestation 
thoroughout the year made it appear that the death of the ani
mal is not proportionate to the degree of infestation, and furth
ermore that the worms are not the direct cause of sickness and 
death. In view of these suppositions, the principal attention 
will be given to the probable occurrence of other causes. A 
full discussion of this subject as well as a record of other worms 
studied will be found in another portion of this report. 

While this was the principal investigation, a few minor en
tomological investigations were carried on. A careful study 
of the life history of the peachtree borer was made during the 
past season at Clemson College and vicinity, and although 
this is partially reported in Bulletin 143 of this Station, a full 
discussion with diagramatic references will be found in another 
portion of this report. A study of the other insects mentioned 
has been continued, but owing to the meager time available, 
little progress has been made. The season for codling moth 
was so unfavorable last year that no results were obtained. 

One of the principal insect investigations of the division dur
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ing the past season was that of the cotton root louse which is 
in progress at the present time and which will continue through
out next season. It has been definitely determined that this in
sect is the same as the corn root louse, and a careful study of 
the food plants and host plants has been made. Up to the pres
ent time there have been discovered upwards of twenty-six food 
plants besides the cotton on which this insect can live. A full 
report of this will be found in another part of this annual report. 

A few bees, located at the Station farm, were put in charge 
of this Division, but owing to lack of funds with which to be
gin the operation of this apiary in a proper manner, our study 
of apiculture was confined to the study of honey plants of the 
season and locality. This section gives promise of being a good 
honey section. In looking over the census report for South 
Carolina for 1900, we find the following conditions: Swarms. 
93,958; value of bees, $142,677; pounds of honey produced, 
872,590; pounds of wax, 37,500. Every county in the State 
has bees, the heaviest producing counties being Spartanburg and 
Greenville, while the northwestern portion of the State is the 
heaviest producing section. It is desirable that this Station 
should have a good experimental apiary, but in order to organ
ize this it is necessary to make some appropriation to put it 011 
a working basis. For example, it should be supplied with the 
necessary tools and implements in our bee operations and should 
have about fifty complete hives with supers for the hiving of 
swarms and for other purposes in experimental work. 

COLLECTIONS. 
The collections of this Division have grown considerably dur

ing the past season, but the material has not been mounted. 
The only time" d ivision men have for this kind of work is a 
short time during the winter season. The growing season is 
entirely taken up with field work. 

CORRESPONDENCE. 
The correspondence of this division has grown during the 

past year, and the number of specimens of various kinds of 
farm pests sent in by correspondents, has exceeded those of 
any previous year. All of this material sent in is carefully 
filed in the records of the division with the view of getting a 
complete distribution of the various insects of the State from 



year to year under different climatic conditions. 
The work of this division has been considerably facilitated 

by the development of a card system begun and perfected by 
the stenographer of the Station, which contains a number of 
cross reference features by which the entomological worker is 
enabled to approach every activity of the division either through 
crop, insect, correspondent or locality. This catalog, of course, 
applies to every division of the Station, but in this report only 
that portion of it pertaining to the Division of Entomology is 
considered. With the development of this feature of the work 
this division will be assisted equally as much as it would be 
by the employment of an additional expert. 

PUBLICATIONS. 
Besides forty-three office forms and press articles, this division 

has issued two bulletins during the past season, namely, Bulle
tin 141, joint with Prof. Barre; and Bulletin 143, joint with 
Mr. Thomas. As these bulletins are bound with this annual 
report, no further discussion is made of them. 

WORK PROPOSED FO R THE COMING YFAR. 
As this division operates entirely under the Adams Fund and 

its work is confined to research, it has been proposed that the 
work this next year be a continuation of the Adams Fund 
problem of the past year, namely, the investigation of strongyioid 
parasites. While this investigation has covered a period jf only 
one year and a half we have worked out the life history of the 
various pests and gotten sufficient data to open ip new lines 
of investigation. Besides this investigation, work has been or
ganized for a study of the relation of temperature to insect ac
tivity. The object of this investigation can best be explained 
by quoting the request for funds for this purpose presented 
to you some time ago. 

CO-OPERATIVE WORK. 
The co-operative work between this division and the Bureau 

of Entomology of the U. S. Department of Agriculture was 
continued until the first of January, when Mr. Ainslie was 
elected to the position of Associate Professor in the College. 
This caused a partial interruption of the work until June 1st. 
when further arrangements were made and co-operation con
tinued on the same plan as bebfore. The principal work 6f:;the 
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co-operation is on cereal and forage crop insects, principally 
cotton root louse, southern corn root worm, cowpea pod weevil 
and corn stalk borer. 

Very respectfully, 
A. F. CONRADI, 

Entomologist and Zoologist. 

Clemson College, S. C., Nov. 23, 1909. 
Prof. J. N. Harper, Director, S. C. Experiment Station. 

Dear Sir: I respectfully submit the following report of the 
Chemical Division of the Station for the year ending June 30, 
i9C>9.ffi 

On assuming the duties of Station chemist at the beginning 
of the present fiscal year, the first work was the conversion of 
a class room into a chemical laboratory, room 23 on the top 
floor of the Agricultural Hall having been set aside for this 
purpose. It was necessary to conduct gas lines and water pipes 
into this room and to build proper laboratory tables, shelves 
and lockers, to build a hood and to partition off a corner of the 
room for balance room and office. The work was accomplished 
and the apparatus that belonged to the Experiment Station was 
transferred from the chemical building and installed in our 
laboratory about Nov. 1, 1908. 

The work done from Nov. 1, 1908 to June 30, 1909 is includ
ed in this report. The work for the year may be divided under 
three heads: I. Miscellaneous work; II. A continuation of 
the sweet potato investigation; III. A comparison of various 
animal sources of nitrogen with nitrate of soda as the stand
ard, using both chemical methods and pot tests. 

I. This division has been called upon by the other divisions 
for the following miscellaneous analyses: 

By the Division of Agriculture,—1 soil analysis, 2 marl 
analyses, 1 rock analysis, 2 samples of acid phosphate (fertili
zer analyses), 1 sample of nitrate of soda, (fertilizer analysis), 
1 sample of muriate of potash (fertilizer analysis), 7 samples of 
wheat (protein and water). The analyses of the wheat samples 
would be of interest, and are included in the report. 
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Sample Number. Name of wheat. Water Protein 
P. Cent. P. Cent. 

1041 Bluestem 12.72 15.10 
1042 J C. Stribling's Bluestem.... 12.26 13.69 
1043 Canada 12.41 13.94 
1044 Pootung Bearded 12.50 15.00 
1045 Alabama 12.36 15.29 
1046 Beechwood Hybrid 12.84 r3-83 
1047 Fultz 12.49 *2.38 

Division of Entomology. 1 sample of New Process lime sent 
to Prof. A. F. Conradi by the Field Force Pump Co., of Elmira, 
N. Y. The manufacturers claimed that this material was in a 
permanent form as calcium hydrate. The analysis is as follows: 

Water (loss at 100 degrees C.).... o.09 
Calcium oxide 42.33 
Magnesium oxide 29.63 
Carbon dioxide 9.59 
Water of Combination 18.25 

99.89 

Probably combined as: 
Calcium carbonate 21.80 
Calcium hydrate 39.80 
Magnesium hydrate 27.76 
Magnesium oxide 10.44 
Water at 100 degrees C 09 

99.89 
Division of Animal Husbandry. Feedstuff analyses: 4 

samples of corn ensilage, 2 samples of cotton seed meal, 2 sam
ples of wheat bran, 1 sample of mixed bran, 1 sample of corn 
meal. Following .are the analyses of these samples: 
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II. The work on the sweet potato investigation was publish
ed in Bulletin 146 of the Experiment Station, and it is made a 

^ part of this report. A synopsis of this work is a follows: 
OBJECTS OF THE WORK. 

1. The test of these varieties was inaugurated in order that, 
in case the manufacture of starch from sweet potatoes should 
assume any proportions, we would have the necessary knowl
edge of the starch content and of the comparative yields of the 
different varieties to enable us to begin systematic work, using 
the most promising varieties to breed for high starch content; 
and also to be able to recommend the varieties which now show 
the highest starch content. 

2. In order to show the content of fermentable carbohydrates 
and to show their possible utilization as a source of alcohol. 

3. To put before the public information regarding their 
value as a feeding stuff, a side of the work which has lot been 
much stressed in our previous work here. 

4. To obtain results as to the fertilizing elements removed 
from the soil by a crop of sweet potatoes. 

5. To show the content of water, starch, sugars, and protein 
at different stages of growth. 

DESCRIPTION OF THE VARITIES. 

Nancy flail: Potatoes large, oblong, yellow; with flesh 
mottled yellow and white. They are a good shape, rather pro
lific, and very early maturers, but were found to be rotting bad
ly in the field about October 1st, from a white, soft rot. These 
potatoes also had large longitudinal splits, which, perhaps, might 
be accounted for by the excessive rains. They made a most 
luxuriant growth of vines. 

2. Polo: Medium to large in size, very smooth, rather 
round, white potato; flesh white. Makes a very luxuriant 
growth of vines. Somewhat attacked by disease in the field. 

3. Southern Queen: Medium sized, very smooth white 
skin, white flesh; but has some longitudinal splits in the sur
face, which may have been caused by the heavy rains. The 
potatoes are rather irregular in size, but free from disease. 
A very heavy yielder, also makes a heavy growth of vines. 

4. White Spanish: Very irregularly shaped, a few being 
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large, smooth and roundish; but the majority being long and 
stringy. They have a perfectly white flesh and white skin. 
They are not prolific, but make a heavy growth of vines. 

5. Gen. Grant: The potatoes from this variety may V 
divided into two classes: the large ones, which are smooth 
potatoes of good size; and the small ones, which are stringy. 
The skin is the lightest shade of yellow, while the flesh is pure 
white. It is not a prolific yielder, but vines make good growth. 

6. Brazilian: Large, uniform, roundish, smooth, light yel
low potato, with white flesh. Awery prolific bearer, and seems 
entirely free from disease. Makes a very heavy growth. A 
vines. 

7. Arkansas Beauty: Long, tapering, smooth, yellowish 
potato, uniform in size, borne in clusters. Skin yellow, flesh 
light yellow, and very delicate looking. Somewhat attacked by 
disease in the field. A poor yielder. but makes a good growth 
of vines. 

8. Tennessee Notchleaf: Rather small, somewhat stringy 
potatoes, which are borne in large clusters. It is a yellow 
fleshed variety. Was attacked by a white rot before gathering. 
Very prolific, but makes very little growth of vines. 
- 9. Yellow Nancemond: Smooth, long, tapering, uniform, 
yellow potato; but very small in size, the flesh being almost 
white. Bears in clusters, and is quite prolific. The vines are 
small and have not much foliage. Showed some signs of rot 
about October 1st. 

10. Purple Yam: Very long in proportion to diameter; the 
skin is purple, while the meat is pure white. Not at all prolific. 
The tubers are very scattering, and push up the soil like a mole. 
Vines: large stems, and few leaves. Some insect work was no
ticeable during the growing season. 

11. Pumpkin Early Yellow Yam: Medium sized, smooth, 
well formed, light yellow potato. Flesh mottled yellow and 
exceptionally deep in the ground, and form white. Potatoes 

seem very much subjected to disease. They make a heavy 
growth of vines. 

12. Shanghor Yam: A somewhat irregularly shaped, white 
fleshed variety, skin slightly yellow. Much larger percentage 
of large to small tubers than that of White Spanish. Seems 

% 
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entirely free from disease. The large potatoes have longitudi
nal splits. These are perhaps caused by the excessive rains of 
August and September, followed by a prolonged drought. This 
potato is not what is usually called a yam; for it analyzed high 
in starch and low in sugar. It is not prolific. 

13. Vineland Bunch Yam: Long, tapering, uniform; but 
rather small tubers; having a yellow skin, and white and light 
yellow mottled with white flesh, with some deeper yellow spots. 
Not much vine growth, and a shy bearer. 

14. Fulleton Yellow Yam: Potatoes very long in proportion 
to diameter, bears in large clusters, and is very prolific, being 
decidedly the most prolific of the sugary varieties which we 
grew. They have a light yellow skin, while flesh is white spot
ted with yellow. Somewhat attacked by insects in the field. 

RESULTS OF WORK ON STARCH CONTENT. 
It might be well to state here how the samples were pre

pared. A representative measured section of a row was dug 
and weighed, and as representative a sample as we could take 
was selected. These samples were taken to the laboratory, 
where they were immediately washed—each potato being rub
bed with a brush which loosened up the sand, but did not 
bruise the skin. They were placed on wire racks, and allowed 
to dry at room temperature for 36 hours. In this time, they 
were free of moisture on the outside, but were not shrivelled. 

I he conditions were the same for all varieties. In this way, 
the analyses fairly well represented the potatoes at the time 
of digging. A representative subsample was then taken, 
weighed, sliced thinly, and dried at a temperature of about 55 
degrees C. After drying the chips until they became quite brit
tle, they were taken out of the ovein cooled and weighed. The 
sample was then ground, and the moisture determined by heat
ing at 100 degrees C. to a constant weight. It requires eight 
to ten hours' continuous heating to get this constant weight. 
The starch is then determined in a fresh portion of the sample 
by the diastase method. 

The following table is intended to show the rate of yield 
per acre, per cent, water, per cent, starch, and pounds of starch 
per acre: 



TABLE I. Showing rate of yield per a cre, water content, starch 
content, and calculated yield iti pounds of starch per acre. 
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Nancy Hall 2 7 0 . 0  6 8 . 7 5  1 7 . 8 2  2 6 9 4  
Polo 2 8 1 . 0  72 . 53 1 4 . 8 5  2 3 3 7  
Southern Queen 4 1 6 . 0  6 8 . 3 8  1 9 . 0 7  4 4 4 3  
White Spanish 1 4 1 . 0  6 7 . 2 7  2 0  . 0 5  1 5 8 3  
General Grant 1 9 1 . 0  6 6 . 5 2  1 7 . 3 0  1 8 5 0  
Brazilian 450.0 6 5 . 4  5  1 6 . 4 6  4 1 4 8  
Arkansas Beauty 1 5 8 .  a  7 2 . 8 0 "  1 4 . 4 3  1 2  7 7  
Tennessee Notchleaf 2 8 1 . 0  6 8 . 8 7  To. 71 2 6 2 9  
Yellow Nancemond 2 1 4 . 0  7 2 . 1 2  1 3 . 5 0  1 6 1 8  
Purple Yam 1 8 0 . 0  6 5 . 5 7  1 9 . 4 0  1 9 5 6  
Pumpkin Early Yellow Yam . . .  2 7 0 . 0  62.20 2 0 . 6 3  3 0 4 8  
Shanghor Yam 1 7 4 . 0  6 5 . 8 2  2 3 . 8 9  2 3 2 8  
Vineland Bunch Yam 1 4 1 . 0  6 9 . 8 4  1 9 . 2 2  1 4 8 3  
Fulleton Yellow Yam 8 2 6 . 0  6  7 . 7 4  1 8 . 7 2  3 4 1 8  

While the bushels-per-acre yield in the preceding table, on 
account of being calculated from small areas, can be taken only 
as comparative, yet the column headed per cent, starch shows 
that there is considerable variation in the starch content of the 
different varieties. One indication which appears worthy of 
note from the foregoing table, is that the water content, as a 
rule, varies from 65.0 to 69.0 per cent., and it seems that any 
considerable increase of this per cent, is accompanied by a cor
responding decrease in the starch content—the percentage of 
the starch being about as many per cent, below the average as 
the water per cent, is above the average. 'There are three 
striking examples of this,—the Polo, the Arkansas P>eauty, and 
the Yellow Nancemond, all of these varieties containing over 
72 per cent, water and below 15 per cent, starch. 

Of the varieties in this test, the Southern Oueen, Brazilian, 
Fulleton Yam, Pumpkin Yam, Nancy Hall, and Tennessee 
Notchleaf appear to rank in the order named; but the Pumpkin 
Yam and Nancy Hall, on account of the color of their meat, 
which is yellow, would probably discolor the starch. Both the 
Southern Queen and the Brazilian are white, which is quite an 
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0 
^advantage fh starch manufacture. They are also the two heav-

^Wiest yielders. Another variety, the Shanghor Yam, although 
? not prolific, is worthy of special notice on account of the high 

starch content, and low content of other constituents. 
FERMENTABLE CA RBOHYDRATES. 

Wheat, oats, rye, barley, maize, rice, and other grains, as well 
as fruits, sugar-cane, beets, potatoes, and carrots may be made 
to yield alcohol by fermentation. This is brought 
about by allowing the reproduction of a peculiar, low vegetable 
growth, which feeds on the sugar and converts it into alcohol 
and carbondioxide, together with small quantities of other com
pounds. Although alcohol can be produced synthetically by a 
variety of laboratory processes, the fermentation of saccharine 
matter is the method always resorted to on a large scale. Re
cently, the use of industrial alcohol has received quite an im
petus in this country, on account of the more liberal laws re
lative to it, which have gone into effect. The sweet potato might 
serve as a valuable source of fermentable carbohydrates for Ihe 
production of alcohol. For, in addition to its content of starch, 
which would first have to be converted into sugars and then 
fermented, it also contains several per cent, of sugars. The 
sugar content varies with the time of gathering, which will be 
discussed in a later section, and with the length of time of 
storage \ McDonnell, « jn his work on starch manufacturing, 
has called attention to the fact that the first wash waters and 
the pulp might be fermented and the alcohol derived in this 
way recovered, thus furnishing a valuable by-product to the 
starch industry. In this work, we will consider the glucose, 
sucrose, and starch as the only fermentable carbohydrates. If 
there are others present, they are in very small quantities. 
Table II gives the yield per acre, the per cent, glucose, sucrose, 
starch, total fermentable carbohydrates and yield calculated 
from these carbohydrates in gallons per acre of alcohol. This, 
however, would not represent the true yield; because, during the 
process, some other products are formed,—these by-products 

7 Bulletin 63 S. C. Experiment Station. 
8 Bulletin 136 S. C. Experiment Station. 
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are fusel oil, and several isomeric and homologous alcohols 
and their esters. The quantity of by-products represents ap^ 
proximately from four to six per cent, of the fermentable9 ma-*' 
terials. There would also be some loss in the process. How
ever, the entire loss rarely ever goes above 15 per cent. 

TABLE I I. Shozving calculated yield per acre, per cent, glucose, 
sucrose, starch, total fermentable carbohydrates and yield 
calculated from the carbohydrates of gallons of alcohol per 
acre. 
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Nancy Hall 270 .0 1 . 5 3  2 . 3 5  1 7 . 8 2  2 1  . 7 0  2 9 2 . 1  
Polo 2 8 1 . 0  1 . 7 5  2 . 0 2  1 4 . 8 5  1 8 . 6 2  2 6 0 . 6  
Southern Queen . . . 4 1 6 . 0  1 . 5 1  2 . 1 8  1 9 . 0 7  2 2 . 7 6  4 7 3 . 5  
White Spanish 1 4 1 . 0  0 . 5 5  3 . 3 6  2 0  . 0 5  2 3  . 9 6  1 6 9 . 5  
General Grant 1 9 1 . 0  0 . 3 1  4 . 0 9  1 7 . 3 0  2 1  . 7 0  2 0  7 . 5  
Brazilian 4 5 0 . 0  1  . 2 2  2 . 8 9  1 6 . 4 6  2 0  . 5 7  4  6 2 . 2  
Arkansas Beauty 1 5 8 . 0  1 . 7 8  3 . 2 5  1 4 . 4 3  1 8 . 6 4  1 5 2 . 7  
Tennessee Notchleaf . . 2 8 1 . 0  2 . 0 0  2 . 3 8  1 6 . 7 1  2 1 . 0 9  2 9 5 . 1  
Yellow Nancemond .... 2 1 4 . 0  1  . 3 6  3 . 7 8  13-.50 1 8  . 6 4  1 9 8 . 1  
Purple Yam 1 8 0 . 0  1 . 4 4  2 . 1 8  1 9 . 4 0  2 3 . 0 2  2 0 7 . 4  
Pumpkin Early Yellow 

Yam 2 7 0  . 0  1  . 6 9  3 . 66 20 . 63 2 5 . 9 8  3 4 3 . 6  
Shanehor Yam 1 7 4  . 0  0 . 4 9  2 . 7 7  2 3 . 8 9  2 7 . 1 5  1 8 1  . 1  
Vineland Bunch Yam . . 1 4 1 . 0  1 . 8 3  3 . 2 3  1 9 . 2 2  2 4 . 2 8  1 6 7 . 6  
Fulleton Yellow Yam . . 3 2 6 . 0  0 . 5 2  3 . 3 6  1 8 . 7 2  2 2 . 6 0  3 6 9 . 3  

FEEDING STUFF VALUE OF THE SWEET POTATO. 
In view of the great need which confronts us in the South 

of a cheaper and more productive carbohydrate than corn, we 
have made feeding stuff analyses of the fourteen varieties of 
sweet potatoes grown during 1908. While there would be a 
great deal of trouble in keeping sweet potatoes the whole year 
round, and their value at certain seasons, if they are success
fully kept, is so great as to be prohibitive of using them as a 
stock feed, yet they could be fed judiciously to great advantage 

9 Industrial Alcohol—Its Manufacture and Uses, p. 41, 
Herrick. 
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from the first of September to the first of January. And even 
when there is a good market, the scarred ones and culls could 
be fed to good advantage All kinds of stock seem very fond 
of them, and they possess a great advantage over the other root 
crops, in that they contain as high as 37 per cent, of dry matter, 
and can be depended upon to contain as high as about 30 per 
cent, of dry matter. Besides, sweet potatoes are better suited 
to our conditions than are most of the other root crops. Below 
is given a table showing the average feeding stuff analyses of 
several of our similar crops, and also that of corn. All of these 
analyses are taken from Henry's Feeds and Feeding, except that 
of sweet potatoes, which is the average of our work for this 
year. 

TABLE III.. Shows anaylses of various feeding stuffs. 
< U  rt <1> O 

I I £ S 
CROP. £ . I TIC £ §-• 

a> * - a> <x> vr a> a > a> s ® L , O  0 1  u  o  a  « . 5  o o g  o j  
Ints (- t-O <-P U -C 

aj a> f- a> <x> x 
n . s  Q, CL0 h  p . ,  O 0- £ H W 

Irish potato 78.9 1.0 2.1 0.6 17.3 0.1 
Beets, common 88.5 1.0 1.5 0.9 8.0 0.1 
Eeets, sugar 86.5 0.9 1.8 0.9 9.8 0.1 
Beets, mangels 90.9 1.1 1.4 0.9 5.5 0.2 
Turnips 90.5 0.8 1.1 1.2 6.2 0.2 
Ruta-bagas 88.6 1.2 1.2 1.3 7.5 0.2 
Carrots 88.6 1.0 1.1 1.3 7.6 0.4 
Parsnips 88.3 0.7 1.6 1.0 10.2 0.2 
Artichokes 79.5 1.0 2.6 0.8 15.9 0.2 
Sweet potato 68.1 1.0 1.6 0.9 27.9 0.5 
Corn 10.6 1.5 10.3 2.2 70.4 5.0 

On land in this State, which, tinder the ordinary system of 
cropping, yields 20 bushels of corn, we should be able to produce 
about 2CO bushels of sweet potatoes. The potatoes would furn
ish more than three times as much nitrogen free extract and as 
much, or more, of each of the other proximate constituents of 
a feeding stuff as that contained in the corn. From the pre
ceding table, we will note that the Irish potato contains 2.1 

per cent, of protein, which is more than the amount contained 
in the sweet potato; but about one-half of the calculated protein 
of the Irish potato is really nitrogen present in the form of 
amides, which do not have the feeding value that the albumi-
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noids have. In order to determine whether or not any of the 
nitrogen present in the sweet potato was present in the form 
of amides, we made determinations on all of the varieties and 
found that there were no amides present. 

It is probable that one of the reasons that we sometimes get 
poor results from the feeding of cotton seed meal, lies in the 
fact that we often feed too narrow a ration; that is, that we 
often have relatively too much digestible protein present in pro
portion to the digestible carbohydrates. If cotton seed meal 
and sweet potatoes were mixed at the rate of one pound of cot
ton seed meal to eight pounds of potatoes, we would get a nu
tritive ratio of close to one to six, which is the best ratio for 
milk cows. The potatoes make a good food for hogs. 

TABLE I V. Shows the yield and feeding stuff analyses of the 
different varieties. 

(V <D U £ 
w  r J  VARIETY. ~ a . C3 C C a fl a> •£ • 0 } m ^ ~ a> a> ,• a> £ T3 £Z W 0> O® O O <•> . of 

" 0 ) 0 3  S - r t  U O  l *  - M  t -  XS i? •*-> .Ss v i- <v a a> ~ d ~ x 
n. rs cua, a, Dt, a. rvH CL •< Zu 

Nancy Hall 270.0 68.75 1.75 0.60 1.00 0.89 27.01 
Polo 281.0 72.,53 1.52 0.33 0.78 1.09 23.75 
Southern Queen . 416.0 68.88 1.52 0.47 0.74 1.08 27.81 
White Spanish .. 141.0 67..27 1.48 0.45 0.73 0.89 29.18 
General Grant ... 191.0 66..52 1.34 0.74 0.82 0.79 29.79 
Brazilian 450.0 65.45 1.65 0.56 1.00 1.10 30.24 
Arkansas Beauty . 158.0 72.80 1.66 0.49 0.96 1.09 23.00 
Tennessee Notch-

leaf 281.0 68..87 1.50 0.51 1.05 1.04 27.03 
Yellow Nancemond 214.0 72.,12 1.33 0.50 1.09 1.00 23.96 
Purple Yam 180.0 65.,67 1.83 0.33 1.01 1.19 29.97 
Pumpkin Early 

Yellow Yam .. 270.0 62.20 2.1 8 0.65 0.97 1.1 1 32.89 
Shanghor Yam .. 1 74.0 65.82 1.15 0.31 0.66 0.82 31.24 
Vineland Bunch 

Yam 141.0 69.84 1.45 0.50 0.73 0.70 26.78 
Fulleton Yellow 

Yam 326.0 69.74 1.77 0.37 0.79 0.83 28.50 

Average 250.0 68.1 1.6 0.5 0.9 1.0 27.9 
Of these varieties, the Brazilian and the Southern Queen 

seem most admirably adapted to the purpose, while the Fulleton 
Yam and the Pumpkin Early Yellow Yam seem to be close 
seconds. Probably, it would be well to plant the Nancy Hall, 
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which matures very early, and the Brazilian or Southern Queen 
in order to have a succession. We are unable to say now 
whether it would be most profitable to pulp them or chop them 
and feed them raw or to cook them. 

In addition to the value of the tubers as a feed, the vines 
also are highly nutritious and much relished by stock. Shiver 10 

says that the green vines from 200 bushels of potatoes will 
weigh, approximately, 9,500 lbs.; but, of course, this varies a 
great deal with the variety. The Brazilian and Southern Queen 
both make a very luxuriant growth of vines, while the Fulleton 
\ am and Pumpkin Early Yam make average growth of vines. 
1 he four varieties which showed the most luxuriant growth of 
vines were Brazilian, Polo, Southern Queen and Nancy Hall; 
and it is worthy of not that these four varieties were among 
the heaviest yielders of roots. 

On September 29th, we gathered some of the vines from each 
of these four varieties; these vines were taken from so small a 
space of ground that no attempt was made to calculate any 
yield per acre. They were cured, thoroughly dried and 
analyzied, being calculated to the waterfree basis. 

® 0> u 
MOISTURE FREE 

MATERIAL. £ S-G 
£ o -i " S i  ©  t -  ** a 0 *i xi x3 is •> -> .2 « -  c s  a  t o  a *  o  
OH fa <1 £ H E-I 

Brazilian 12.30 5.15 17.10 9.78 55.67 100.00 
Polo 14.28 4.88 17.98 9.06 53.80 100.00 
Southern Queen 11.28 4.34 18.70 8.04 57.64 100.00 
Nancy Hall 12.07 5.05 1 9.11 8.03 55.74 100.00 

Average 12.48 4.86 18.22 8.73 55.71 100.00 
The great trouble would be, however, the expense of gather

ing these vines, which are not only trailing vines but they take 
root in many places. On account of the high percentage of 
fertilizing constituents present, and the great need for humus 
in our soils, perhaps, taking into consideration the cost and 
difficulties of gathering, it would be best to leave them on the 
land. If, however, they can be gathered cheaply and are fed 
on the farm and the manure saved and returned to the land. 



the feeding would unquestionably be best. Let us compare the 
percentage composition of these vines with the composition of 
some other similar feeds also calculated to the waterfree ma
terial : 

fa 
a . WATERFREE. gj ® £ 

4> 
o +•> jb *J TZ .  -  a s  ± i  o n  ~ +  

o * 

fa fa fa < * H 
Red clover hay 14.52 3.90 29.28 7.32 44.98 
Crimson clover hay ... 16.81 3.08 30.09 9.51 40.51 
Cowpea hay 13.59 2.46 22.51 8.40 48.1 4 
Soja bean hay 17.36 5.86 25.14 8.12 43.52 

Average 16.82 3.83 26.76 8.34 44.25 
Sweet potato vines .... 12.48 4.86 18.22 8.73 55.71 

In using the expression, "similar crops," I mean with refer
ence to physical similarity, all of these hays being from vines, 
except the clovers, which are also of dense foliage; however, 
they all differ from the sweet potato, in that they are legumes. 
These hays, with which we have made this comparison, are 
among the highest in content of nutrients; and, while they con
tain about four per cent, more protein on an average than the 
sweet potato vines, yet they also contain over eight per cent, 
more fiber, which is the least valuable of the proximate consti
tuents of a feeding stuff. The sweet potato vines have the de
cided advantage in the content of fat and of nitrogen free ex
tract. While we do not mean to contend that the sweet potato 
vine is as nutritious as the hays named, we do know that stock 
are very fond of these vines, and that they contain high per
centages of the proximate constituents—constituents which give 
the feeding stuffs their value. 
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TABLE V II. Fertilizing Elements Removed by a Crop of Sweet 
Potatoes. 

o >  

^ o S £ 
VARIETY. ^ £ <M -  « I'H -M .  <2 <; 

t £  S n .  a  0 )  7 2  C  f l  ^  

I  •  S o  > 1  s i  "5 £ u £ sS U 2 5a S o  0 > O  a >  • «  C  C 3  a >  O  a < Oh £ - 0H  ̂ W*̂   ̂  ̂  ̂ ® 
Polo 281.0 0.U768 0.243 0.295 0.479 $11.83 
Nancy Hall 270.0 0.0573 0.280 0.332 0.445 11.75 
Southern Queen .. 416.0 0 ,077o 0.243 0.295 0.492 16.72 
White Spin'sh ... 141.0 0.9798 0.236 0.287 0.434 5.67 
General Grant .... 191.0 0.0773 0.214 0.260 0.388 8.12 
Brazilian 450.0 0.0553 0.271 0.329 0.534 20.69 
Arkansas Beauty .. 158.0 0.0869 0.266 0.323 0.519 7.26 
T nnessee Notchleaf 281.0 0.0435 0.245 0.298 0.343 10.55 
Yellow Nancamond . 21 4.0 0.0519 0.21 3 0.259 0.390 7.62 
Purp'e Yam 180.0 0.0525 0.292 0.355 0.506 8.54 
Pumpkin Early Yel 

low Yam 270.0 0.C840 0.348 0.423 0.684 16.04 
?han<rhor Yam ... 174.0 0.0621 0.184 0.229 0.336 5.51 
Vineland Bunch 

Y a r n  1 4 1 . 0  0 . 0 8 9 3  0 . 2 3 1  0 . 2 8 1  0 . 3 9 2  5 . 4 5  
FuPeton Yellow 

Yam 326.0 0.1069 0.283 0.344 0.382 14.82 

Average 250 $10.73 
Cost of fertilizer removed per bushel $0,043 

The foregoing table shows the value of the fertilizing mater
ials removed by crops of sweet potatoes, taking the following 
values per pound: Phosphoric acid ( p2 05 ), $0.05, potash 
(K20) $0-°5 an(l ammonia (NH3) $0.16. On an average 
$0,043 worth of phosphoric, notrogen and potash were removed 
by each bushel of potatoes, most of the sweet potatoes being 
made up of carbohydrates and water, both of which are derived 
from the atmosphere. At this rate, a crop of 200 bushels would 
remove $8.60 worth of nitrogen, phosphoric acid and potash. 
In addition to the amounts of fertilizing ingredients removed 
by the roots, the vines made a heavy draft on the soil; however, 
if they are left on the land or are fed and the manure is re
turned to the land, it becomes richer on account of the organic 
matter gained. We often hear the expression, "That is an old 
potato patch," referring to an exceptionally fertile plot. This 
may be accounted for by the fact that heavy applications of 
fertilizer are often made to potatoes, or because the plant feeds 



to some depth, or it may have the power of decomposing, by the 
excretions from its roots, some compounds not usually available 
to plants,—in any case the vines put much organic matter into-
the soil; and, when they decay the food is on the surface and 
is readily available. The mechanical condition of the soil would 
be improved by the shading of the vines, because the ground 
would be kept moist and warm, which condition would be good 
for bacterial growth and also for the breaking down of the soil 
particles. 

Below is given a table" showing the percentage composition in 
fertilizing ingredients of the moisture-free vines: 

WATERFREE MATERIAL. g bf) o si £ < A a 

P PI cS P 
C  ri O  Z <5 5 CM > 

N<incy Hall 1.94 2.35 0.363 2.55 $10.45 
Polo 2.29 2.78 0.254 3.53 12.68 
B r a z l a n  1 . 9 7  2 . 3 9  0 . 2 7 4  3 . 0 0  1 0 . 9 2  
SLoathern Queen 1.81 2.20 0.260 2.16 9.46 

We are unable to state how much the moisture-free vines per 
acre would weigh; this varies greatly with the variety, because 
some varieties make a very much heavier growth of vines than 
others. Shiver** estimates that there would be 9o°° 
green vines with a crop of 200 bushels of potatoes. We would 
expect as much of this as 10 per cent, to be water-free material, 
which would make 950 lbs. This, however, would vary with 
the variety. 

DETERMINATION OF THE CONTENT OF WATER, PROTEIN, 
STARCH, AND SUG ARS AT DIFFERENT STAG ES OF GROWT H. 
hrom the results of this work, which was done on four va

rieties, two of the sugary varieties and two of the starchy va
rieties,—Fulleton Yam, Purple Yam, Nancy Hall and Polo, we 
are led to believe that the starch content is at its maximum from 
about October 1st to 20th.. that the yield also is near its maxi
mum at this time, and the water content is about at its mini
mum. It necessarily follows that the dry matter is at is maxi

**S. C. Expt. Sta. Bulletin 28. 
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mum, but we found the protein to be at nearly its minimum. 
On August 28th the glucose was at its minimum and the suc
rose was at its maximum, the glucose gradually increasing 
and the sucrose gradually decreasing until September 29th, 
when we find the per cent, of glucose is greater than the per 
cent, of sucrose; but that the per cent, of total sugar is at its 
minimum. On November 18th, when the crop was dug, the 
per cent, of sucrose was again higher than the per cent, of 
glucose; and the total sugars had increased over September 
29th. The vines having been killed for some time, we see that 
the increased sucrose must have been caused by the changing 
of some of the starch, which bears out Shiver's work on stor
age. However, the work is not at present complete enough to 
publish in full. We hope at some future date to get out a paper 
on it. 

III. The third section of the work, the comparison of the 
various animal sources of nitrogen with nitrate of soda, was 
confined to the following animal products: (1) Dried blood, 
(2) ground fish, (3) kid fleshings, (4) hoof me'al, (5) tankage 
(leather), (6) bone meal, (7) tankage, (ordinary), (8) Mun-
ro's dark azotin, (9) Munro's light azotin. Fertilizer analyses 
were made of all of these materials and the per cent, of avail
able nitrogen determined in each by the pepsin hydrochloric 
acid method and by the neutral permanganate method. We 
found that there was no close agreement between the available 
nitrogen found in the different samples by these two methods. 
The work is being continued with pot experiments. This pot 
work is carried out as follows: Earthen flower jars are used, 
We got from the Experiment Station farm a sample of several 
hundred pounds of chocolate clay soil which represents a great 
deal of the land of the Piedmont region, and into each of the 
pots eight pounds of soil was weighed and amounts of the ma
terial carrying nitrogen equivalent to one-half a gram of am
monia was added to each pot, phosphoric acid and potash being 
added so that each pot contained the same amount of phos
phoric acid and potash, the amount of these materials carried 
in The fertilizer being taken into consideration. These pots 
were worked in duplicate and one series of them has reached 
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maturity. This was planted in corn. While we are not draw
ing conclusions from the work of one series, yet we have found 
some marked differences in the growth of the plants in the dif
ferent pots. We will try two more series of pots using small 
grain for our plants, wheat and oats, and on the basis of the 
three pot experiments we intended to report our results. We 
will reserve our report 011 the work done on these materials 
until it is completed. 

Very respectfully, 
T. E. KEITT, 

Chemist. 
*• 

July 6, 1909. 
Prof. J. N. Harper, Director, S. C. Experiment Station. 

Dear Sir: During the past year the Division of Animal 
Husbandry and Veterinary Science has continued the experi
ment which was already in progress to determine the physiolog
ical effects of feeding cotton seed meal in large quantities to 
dairy cattle. As all of the cows had been fed more or less 
cotton seed meal it was not thought advisable to take any cows 
off it entirely but varying amounts were fed, from three to 
eight pounds, daily per head, and careful note taken of any 
morbid conditions which might have resulted from such feed
ing. 

During the year a number of abortions took place besides 
a number of cases in which difficulty was experienced in getting 
animals pregnant, and it appeared there was a fairly constant 
relation between these troubles and the amount of cotton seed 
meal fed, depending also upon the weight of the animal and the 
amount fed about the period of conception. In some instances 
there has been noticed a peculiar form of mammitis, notably in 
the case of a Jersey cow in which attacks had occurred during 
a previous two years at intervals of from two weeks to two 
months and had become so bad as to threaten to destroy the 
usefulness of this cow. During most of this period 6 lbs. daily 
of cotton seed meal had been fed. In September, 1908, this 
amount was decreased to 4 lbs., and shortly afterwards to 3 1-2 
lbs. and from that date up to the present only two attacks have 



been noticed, only one of which was at all severe. Another 
cow, a Devon, developed apparently the same trouble in No
vember and has had attacks since occurring once or twice each 
month. From July, 1908, this cow has been fed 6 to 7 lbs. of 
cotton seed meal daily, which was considerably more than she 
ever received through any other like period. 

The general health of the herd has not been seriously in-
terferrecl with by the feeding of cotton seed meal, though in
dividual cases have shown a steady loss of weight*and milk-
supply while being fed large amounts and on being changed 
to a mixed feed have promptly responded both by increase 
in weight and milk flow. The results of this work will shortly 
be published and while it is not absolutely certain that the 
cotton seed meal is solely responsible for the abortions oc
curring, it seems to at least bear some relation to the trouble, 
and in view of the above facts it is recommended that not more 
than 3 1-2 to 4 lbs daily be fed to mature cows in full milk, 
correspondingly less for younger cows, and none at all to 
heifers before freshening for the first time. 

By this it is not intended to discourage the rational use of 
cotton seed meal as a dairy feed as if fed in these amounts bad 
results will seldom follow, and it is recognized as the cheapest 
protein feed obtainable. It is expected that this work will be 
continued in such a way that the relation between the feeding 
of cotton seed meal and abortions in cows may be more exactly 
determined. 

An experiment was also conducted to determine if cotton seed 
meal could be fed profitably to hogs in small amounts and to 
study the pathological changes in organs from hogs killed with 
cotton seed meal. Twelve hogs were divided into pens, four 
in each pen, the total weight at the beginning being for pen 
No. 1, 346 lbs; pen No. 2, 417 lbs.; pen No. 3, 473 lbs. Pen 
No. 1 was fed a ration consisting of 2 parts by weight of cot
ton seed meal and 1 part wheat middlings. Pen No. 2 was fed 
a mixture of 1 part cotton seed meal to 2 of wheat middlings; 
while No. 3 was fed 1 part of cotton seed meal to 4 of wheat 
middlings. By the end of the tenth week three pigs had died in 
pen No. 1, the remaining one being sick, definite symptoms 
having been noticed in the eighth week. One also had died 
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from pen No. 2, while two others were very sick. Those in pen 
No. 3 had shown no ill results. At this time the remaining hog 
in pen No. 1 and the three in pen No. 2 were taken off the cot
ton seed meal entirely and put 011 straight wheat middlings 
when improvement continued steadily, 110 further deaths taking 
place. Pen No. 3 continued on the same feed until the end of 
the twelfth week when one died, having been sick for a few 
days, and by this time another had sickened. These remaining 
three were then placed on wheat middlings, improvement being 
noticed almost immediately and no further trouble resulting. 
All were slaughtered shortly afterwards in good condition. Cal
culating from the total amount fed to each pen and taking the 
average of the weights of the hogs at the beginning and end of 
the experiment, it was found that pen No. 1 was fed 107.8 
lbs. of cotton seed meal per 100 lbs. live weight during a period 
of ten weeks; that No. 2 was fed 67.2 lbs. per 100 lbs. live 
weight during the same period; and that pen No. 3 was fed 
but 43.6 lbs. per 100 lbs. live weight over a period of twelve 
weeks. Symptoms and lesions on post-mortem examination 
were fairly uniform, showing in all cases pneumonia and con
gestion or hemorrhagic condition of the mesenteric glands, the 
digestive tract itself showing but very slight alterations in two 
cases only. Histological examinations of all the important 
organs revealed little except in the lungs where considerable 
cellular exudate was found to occupy the air cells. 

The results indicate that cotton seed meal cannot be safely 
fed to hogs even in small amounts for an extended period and 
also point to the fact that that there is contained in cotton seed 
meal a specific oxine which affects first the lymphatic glands 
draining the digestive tract, and secondly the lungs. 

The results obtained by different investigations on this prob
lem have not been at all uniform and this may probably be ex
plained to a great extent on the assumption that the amount of 
the toxic principle in cotton seed meal may very in different 
samples, due, possibly to variety of soil and conditions of 
growth. 

It is well recognized that samples of cotton seed meal vary in 
the proportion of their known constituents, and it is reasonable 
to suppose that this may be true as affecting the toxin principle 



and this idea is being kept in view in the work being now done 
in co-operation with the Division of Chemistry. 

Some work lias also been done in co-operation with the Bu
reau of Animal Industry, Department of Agriculture, to de
termine the value of the method of immunizing against hog 
cholera as advocated by the Bureau of Animal Industry. For 
this purpose a hyperimmunized hog was kindly provided by the 
Department of Agriculture and was bled four times at inter
vals of a week apart. The serum thus obtained was mixed to
gether and to test its potency four hogs were obtained weighing 
around 100 lbs. each and were given 2 cc.'s of virulent blood 
which was also provided by the Bureau of Animal Industry, 
No. 1 received no protective serum; No. 2 got 5 cc.'s; while 
No. 3 and No. 4 got 10 and 20 cc.'s respectively, this being 
given at the same time as the injection of virulent blood. On 
the seventh day following the injections No. 1 was noticed sick 
and died early on the eighth day, death taking place so sudden
ly that no time was allowed for the typical lesions of hog 
cholera to develop. Shortly after this No. 2 sickened but evi
dently got some protection from the small amount of 5 cc.'s 
of serum as he lived for three weeks from the time of the in
oculation, and on post-mortem examination typical lesions of 
hog cholera were found. Nos. 3 and 4, receiving 10 and 20 
cc.'s respectively of the serum, suffered no inconvenience be
yond a rise in temperature shortly after the inoculation and 
have since received doses of 10 cc's each of virulent blood with
out any marked effect. While we have had no opportunity as 
yet to use this method in a practical way in outbreaks of hog 
cholera through the State we believe it to be the surest method 
known of preventing hog cholera and lessening the loss when 
applied early in an outbreak and we are keeping a quantity of 
serum 011 hand to be available as required. 

In co-operation with the Division of Zoology work has been 
continued on the investigation of the stomach worm and hook 
worm disease of young calves. An effort was made to determ
ine the relative degree of infestation on high land pastures and 
on low bottom land and twenty-one calves were divided into 
two lots, nine being placed on the bottom land, while twelve 
were placed 011 high pasture, both of these lots being infested 



the previous season. At the end of the season six calves had 
died in the lower lot of nine, while four deaths had occurred in 
the upper lot of twelve. The infestation as evidenced by post
mortem examination ranged from very slight to moderately 
severe and except in one instance, that of a calf on the high 
pasture which showed' lesions of calf pneumonia, no evidence 
of any other disease was present. This would leave three pos
sible deaths from stomach worm disease on the high pasture 
giving the percentage of deaths in that lot as 27 per cent, 
against 66 per cent, in the low bottom pasture which may be 
taken as conclusive evidence that low, moist lands are much 
more favorable for the development of this disease than high 
lands. It should be stated that the calves used in this experi
ment were approximately of the same age in the two lots and 
were treated exactly the same, except that those in the low 
pasture received their water from a creek flowing through; 
while in the highland pasture, water had to be carried to them. 

An attempt was also made to determine the possibility of 
artificially infesting calves with the stomach worm and for this 
purpose a calf five months old was taken and fed ensheathed 
larvae hatched in the zoologist's laboratory. This feeding was 
continued almost daily from November 27th to December 23rd, 
many hundreds of the parasites being taken in each day with 
the feed. On January 21st post-mortem examination was made 
on the animal and after careful search not more than twenty 
stomach worms were found. It would seem from this that ani
mals over five months old do not very readily become infested 
with the ensheathed form of the larvae, though this has been 
generally admitted to be the usual manner of infestation. 
However, such experiments need to be repeated to give con
clusive results. 

Work is also underway with a portion of the dairy herd with 
the view of demonstrating the possibility of reducing the cost 
of feeding by depending more upon home grown crops than 
upon the expensive commercial concentrates, and to this end 
the growing of the crops necessary for the feeding of these 
animals has been taken over by this Division. While this will 
increase the work of this Division, it will at the same time place 
us in a position to give more reliable data as to the cost of pro-
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during such feeds, and together with the keeping of accurate 
records as to the amounts fed each animal, the amount of milk 
production, etc. will enable us to advise the dairy farmer as to 
the most profitable crops to grow for this purpose. 

The breeding of Berkshire hogs has been continued and we 
have been able to distribute a number of well bred and high 
class individuals to farmers at moderate prices which cannot 
fail to stimulate the growth of this important industry. 

The correspondence has not been very heavy, but it is grati
fying to notice that many farmers are taking a more lively in
terest in matters pertaining to animal husbandry and especially 
the dairy industry, than they have before shown. 

Respectfully yours, 
E. BARNETT, 

Veterinarian and Animal Husbandman. 

Clemson College, S. C., July ist, 1909. 
Prof. J. N. Harper, Director, S. C. Experiment Station. 

Dear Sir: In compliance with your instructions, I beg to 
submit the following report of a part of the work of the office 
division of the Secretary and Librarian of the South Carolina 
Experiment Station, covering the period of the fiscal year, be
ginning July ist, 1908 and ending June 30th, 1909. 

The accounts of receipts and expenditures of the department 
have been accurately kept and carefully classified under the 
regulations designated by the Office of Experiment Stations, 
Washington, D. C. As required by law, a complete separation 
in keeping the accounts of the expenditures of the Hatch and 
Adams Funds, has been specially observed. 

A complete file of all bulletins emanating from all the Ex
periment Stations in the United States and many foreign coun
tries, is regularly received. These publications are specially 
preserved, their numbers and subjects placed on record in the 
bulletin catalog, and they are subsequently arranged into ap
propriate form and bound into volumes for permanent refer
ence. About sixty volumes of these bulletins, representing the 
work of the various stations in the United States, have re
cently been prepared for the binder, and this work will be push
ed to completion as soon as the necessary funds are available 
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for use. 
The paramount importance of putting into permanent form a 

record of the results of investigations at the various Experi
ment Stations may be emphasized in a few brief statements. 
There is scarcely a science that has not been called into exercise 
by some one of the Experiment Stations. Many are now en
gaged in the examination of problems relating to meteorologic 
and climatic conditions. Some time ago twenty-seven were en
gaged in studying the soil, its geology, physics, or chemistry, 
and making tests in tillage, drainage and irrigation. Thirty-five 
were making analyses of commercial and domestic fertilizers. 
Thirty-nine were studying the more important crops with refer
ence to cultivation, application of fertilizers and solving ques
tions in the problem of rotations. Twenty-five were directing 
their inquiries into the composition of feeding stuffs and mak
ing digestion experiments. Twenty-four were interested in the 
production of milk, beef, mutton and pork. Eighteen were giv
ing their attention to the solution of questions related to dairy
ing, such as the bacteria of milk, butter-making and the con
struction and management of creameries. Botanical studies 
were engaging the attention of thirty-three; questions in Horti
culture, thirty-five; and Veterinary Science, eighteen. Some 
have begun operations in Forestry, and a few experiments are 
being conducted in Apiculture and Aviculture. Thus it will be 
seen that the work is as varied as it is comprehensive, and the 
importance of its preservation in permanent form for future 
use cannot be over estimated. Few have more problems of sueh 
absorbing interest, or that offer greater remuneration for their 
solution than these. 

Considering its limited resources and equipment, this office is 
accomplishing a large amount of useful work, and continues to 
give wider and wider publicity to the results attained. It is 
the purpose of the secretary that the dissemination of informa
tion regarding the progress of agricultural research shall sweep 
the horizon of the State in the very near future. The number 
of new accessions to our permanent mailing list, since the last 
report amounts to twelve hundred. 

Twenty-five press bulletins of four pages containing the 
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analyses of commercial fertilizers have been sent out from this 
office. These have been mailed in weekly editions of 12,000 
copies each, only to the farmers of the State, from the begin
ning of the season to the close of the fiscal year, aggregating 
300,000 copies. 

There have been distributed from this office seven other bul
letins in editions of 14,500 copies each, making a total of 101,-
500. Added to the above, it will be seen that there is a grand 
total of 401,500 publications that have been sent out from this 
Office during the fiscal year just closed. The seven bulletins 
referred to in the preceding lines represent intelligent and 
profitable discussions of quite a variety of interesting agricul
tural subjects such as "Treatment of Plant Diseases and In
jurious Insects in South Carolina," "Stomach Worm Disease 
of Sheep and Young Cattle," "Some Injurious Orchard In
sects," "Celery," "Fertilizer Experiments with Cotton," "Sweet 
Potato Work in 1908," and "Analyses of Commercial Fertili
zers." These all contain many useful suggestions and embrace 
in the main the fundamentals of agricultural attainment such as 
the improvement in varieties, increase of yield and finer quali
ties in every product. 

Below will be found a list of the publications of the South 
Carolina Experiment Station. 

(Numbers marked thus * are exhausted.) 
Bulletins of the Station are sent free to all citizens of the 

State requesting them. 
NEW SERIES. 

Report of Experiment Farm. 
No. 1. * Tests of varieties of cotton. 
No. 2. *Tests of commercial seeds. 
No. fi *Analysis of fertilizers and feeding-stuffs. 

*Annual report. 
No. d * Entomology. 
No. s' *Oats and wheat. 
No. 6. Hog cholera. 
No. 7- Meteorology. 
No. 8. *Chemical statistics of corn in South Carolina. 

Maize fodder ensilage; cow peas as a forage crop. 
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Composition of soja bean vines. 
Annual report. 

NEW SER IES. 
No. i. * Analyses of commercial fertilizers, Part i. 
No. 2. *Cotton experiments with varieties and fertilizers. 
No. 3. *Analyses of commercial fertilizers, Part 2. 
No. 4. ^Fertilizer test with wheat. 

*Annual report. 
No. 5. *Methods of keeping sweet potatoes. 
No. 6. Analyses of commercial fertilizers. 
No. 7. *Experiments with wheat and oats. 

*Annual report. 
No. 8. Investigation chemical composition cotton seed meal. 
No. 9. *Experiments with Irish potatoes. 
No. 10. *Notes on varieties of beans. 
No. 11. Analyses commercial fertilizers, Part 1. 
No. 12. Co-operative soil tests of fertilizers. 
No. 13. Analyses commercial fertilizers, Part 2. 
No. 14. Experiments with corn. 

*Annual report. 
No. 15. Fertilizer experiments with corn. 
No. 16. *Experiments with tomatoes. 
No. 17. Analyses commercial fertilizers. 
No. 18. *Fertilizer experiments with cotton. 

* Annual report. 
No. 19. ^Dairying. 
No. 20. Analyses commercial fertilizers. 
No. 21. ^Technical. 
No. 22. *Colic in horses and mules. 

*Annual report. 
No. 23. *Lameness in horses. 
No. 24. Analyses commercial fertilizers, in two parts. 
No. 25. *Distemper in horses and mules. 
No. 26. ^Founder in horses and red water in cattle. 
No. 27. *Wounds and their treatment. 

*Annual report. 
No. 28. The sweet potato as a starch-producer. 
No. 29. Analyses commercial fertilizers. 
No. 30. Determination of starch in the sweet potato. 
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No. 31. Hog cholera and swine plague. 
No. 32. Protection and improvement of worn soils. 

Annual report. 
No. 33. *Test of dairy methods and apparatus. 

Comparative tests of butter-fat. 
No. 34. Sugar beets. 
No. 35. Analyses commercial fertilizers. 
No. 36. *Diseases of plants. 
No. 37. * Wheat. 
No. 38. * Asparagus rust in South Carolina. 
No. 39. *Suggestions to auxiliary clubs. 
No. 40. *Farm manures for cotton. 
No. 41. *Rice blast and a new rice smut. 
No. 42. * Varieties of cotton. 
No. 43. Analyses of commercial fertilizers. 
No. 44. *Corn. 
No. 45. Analyses of commercial fertilizers. 
No. 46. * Cotton. 
No. 47. A chemical study of the Sea Island cotton plant. 
No. 48. Broad and narrow tires. 
No. 49. Strawberries. 
No. 50. *Tuberculosis of cattle. 
No. 51. *Silo construction and silage. 
No. 52. *Pig feeding. 
No. 53. Analyses of commercial fertilizers. 
No. 54. Analyses of commercial fertilizers, Part 11 
No. 55. Feeding rice meal to pigs. 
No. 56. * Wheat. 
No. 57. Fungicides. 
No. 58. Grapes. 
No. 59. *Chemical investigation of the rice plant and of 

products and by-products of the rice industry. 
No. 60. Analyses of commercial fertilizers. 
No. 61. *Corn. 
No. 62. Capons and caponizing. 
No. 63. Chemical investigation of sweet potatoes. 
No. 64. Analyses commercial fertilizers. 
No. 65. San Jose scale. 
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No. 66 Feeding corn stover and dehorning milch cows. 
No. 67. * Stock feeding. 
No. 68. Chemical study of Sea Island cotton seed. 
No. 69. * Brown rot of peaches and plums. 
No. 70. Analyses commercial fertilizers. 
No. 71. New method of preserving sweet potatoes. 
No. 72. *Texas fever, Part I. 
No. 73. Analyses commercial fertilizers, Part II. 
No. 74. * Experiments with poultry. 
No. 75. Cotton culture. 
No. 76. * Bermuda grass. 
No. 77. The standardization of sulphuric acid. 
No. 78. The nature, determination and distribution of the pen

tosans in the Sea Island cotton. 
No. 79. A rotation study. 
No. 80. Analyses of commercial fertilizers. 
No. 81. Artificial incubation of chickens. 
No. 82. Analyses commercial fertilizers. 
No. 83. Practical experiments with preventives of peach borer. 
No. 84. One horse farm. 
No. 85. Commercial fertilizers. 
No. 86. Tobacco culture in the South. 
No. 87. Analyses commercial fertilizers. 
No. 88. Sorghum as a syrup plant. 
No. 89. *Sanitary conditions in home and on farm. 
No. 90. Texas fever, Part II. 
No. 91. Coast experiments. 
No. 92. Analyses commercial fertilizers. 
No. 93. Grasses and forage plants. 
No. 94. Analyses commercial fertilizers. 
No. 95. The milk scales, milk sheet and Babcock Test. 
No. 96. Tea investigation, Part I. 
No. 97. Analyses commercial fertilizers. 
No. 98. Analyses commercial fertilizers. 
No. 99. Analyses commercial fertilizers. 
No. 100. Analyses commercial fertilizers. 
No. 101. Analyses commercial fertilizers. 
No. 102. Analyses commercial fertilizers t 
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No. 103. Coast experiment. 
No. 104. Analyses commercial fertilizers. 
No. 105. Analyses cotton seed meals. 
No. ic6. Anaylses commercial fertilizers. 
No. 107. Analyses commercial fertilizers. 
No. 108. Analyses commercial fertilizers. 
No. IC9. Notes on varieties of apples. 
No. no. Analyses commercial fertilizers. 
No. 111. Analyses commercial fertilizers. 
No. 112. Analyses commercial fertilizers. 
No. 113. Analyses commercial fertilizers. 
No. 114. A wasting disease of young cattle. 
No. 115. Analyses commercial fertilizers. 
No. 116. Methods of spraying cucumbers and melons. 
No. 117. A comparison of wheat brand aiid cotton seed meal 

for milk production. 
No. 118. Gathered cream plants. 
No. 119. Analyses commercial fertilizers. 
No. 120. *Cotton experiments. 
No. 121. A preliminary report on the blast of rice. 
No. 122. *"Calf Scours:" A new method of treatment. 
No. 123. Forage crops grown at Coast Land Experiment 

Station. 
No. 124. *The "Williamson Plan" of corn culture. 
No. 125. Report: Water content, melting points and keeping 

quality of butter. 
No. 126. Analyses commercial fertilizers. 
No. 127 Alfalfa or lucrene. 
No. 128. *Stock feeding. 
No. 129. Improvement of the wood-lot. 
No. 130. Methods of eradicating cattle ticks. 
No. 131. Cotton seed meal and corn silage as a ration for 

dairy cows. 
No. 132. Rotundifolia grapes. 
No. 133. Report of Coast Land Experiments. 
No. 134. *The San Jose Scale. 
No. 135. *The Williamson plan in 1907. 

No. T36. The manufacture of starch from sweet potatoes 



No. 137. Hook-worm disease of cattle. 
No. 138. Analyses commercial fertilizers. 
No. 139. Milk fever: Its prevention and treatment. 
No. 140. Some conditions influencing cotton production. 
No. 141. Treatment of plant diseases and injurious insects in 

South Carolina. 
No. 142. Stomach Worm disease of sheep and young cattle. 
No. 143. Some injurious orchard insects. 
No. 144. Celery. 
No. 145. Fertilizer experiments with cotton. 
No. 146. Sweet potato work in 1908. 

Respectfully submitted, 
JOHN N. HOOK, 

Secretary and Librarian. 

THE CORN AND COTTON ROOT LOUSE IN SOUTH 
CAROLINA. 

Owing to the large acreage in cotton and corn these crops 
have for many years furnished an unlimited food supply for 
the insect enemies partial to them and consequently these pests 
have increased in numbers of individuals and species. To the 
already large number of insect foes ravaging these crops in our 
State we must add another, viz., the notorious corn root louse, 
which during the last two years has made a distinct impression 
on the cotton and corn planters in South Carolina. 

HISTORICAL. 
This insect was first recognized in this country by Walsh in 

1862. On the last of May of that year he investigated a re
port from a farmer of Rock Island, 111., who had discovered 
large numbers of minute insects on the roots of corn in one 
of his fields stating that these pests had destroyed from one-
half to three-fourths of the crop to such an extent as to neces
sitate replanting. Walsh obtained many wingless specimens 
from which lit bred fifteen winged females. He noticed many 
small brown ants working among the aphids. 

As a corn root pest this aphis has been investigated in Illi
nois since 1883 by the office of State Entomologist and our 
present knowledge of this insect in the corn belt of the North 
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we owe to Dr. Forbes and his various assistants. 
The first positive printed recognition of any kind of a root 

louse on cotton as a pest, so far as the writer can learn, is 
found in Prof. Sherman's bulletin, "Insect Pests of Cotton," 
North Carolina Experiment Station. Prof. Sherman under 
date of September 24, 1909, wrote us that the first complaint 
that seemed positive reached his office about 1902 or 1904, 
although he did not get it positively identified until 1908. This 
pest seemed to be very injurious in North Carolina in 1907. 

A number of complaints from this State reached this Station 
during the season of 1908, principally from Marion and Sum
ter counties but the season had so far advanced that the inves
tigations in this State were seriously handicapped for that year. 

FIELD STAT IONS. 

Immediately upon receiving the earliest reports of injury in 
the spring of 1909 this division established a temporary field 
station at Marion where the best conditions for the prosecution 
of these investigations appeared to exist. Like the preceding 
season this work was continued co-operatively with Prof. Web
ster, in charge of cereal and forage crop insect investigations 
of the Bureau of Entomology, U. S. Department of Agriculture. 
Mr. Thomas of this division proceeded to Marion on May 15th 
to establish the laboratory and make certain preparations for the 
investigation. He did excellent work but owing to heavy field 
work at that season it was necessary for him to proceed to Col
leton County on May 28th to investigate another problem and 
Mr. G. G. Ainslie took charge of the Marion laboratory and 
continued throughout the season of destructiveness. 

IDENTITY DETER MINED. 

On May 27th corn which had been planted between and near 
infested cotton rows at Marion was dug up and in several in
stances the roots were found infested. Ants from the same 
nest were found working on the roots of both species of plants 
and their tunnels led from the roots of one plant to those of 
the other. The lice on the corn roots were all half-grown larvae 
and spuriae showing that they had been carried there and were 
not migrants from elsewhere. 



LIFE HISTORY. 
Until these investigations have been carried considerably 

further only an approximately correct life history can be given 
based on the investigations of entomologists in other States. 
1 he insect passes the dormant season in the egg stage in the 
earth and probably only in the nests of one or more of the dif
ferent species of attendant ants discussed in another portion of 
this report. In spring, when the seed leaves of some of the 
earliest food plants open these eggs hatch and the ybung main
tain themselves on these plants. All the specimens hatching 
from eggs are wingless females, the following generations, 
born as living young, having a variable percentage of winged 
forms. The last generation in autumn is bisexual, i. e. males 
and females are produced. These are wingless and live in the 
soil like the rest of the females, laying the eggs in which the 
winter is passed. In some details the life history in this State 
will, no doubt, be found to vary some from that given above 

DESCRIPTION. 
but this is yet to be determined by further investigations. 

Although considerable variation in color may occur among 
the individuals of a given colony of root aphids the following 
general description * by Prof. Webster will answer for all prac
tical purposes: "The color is bluish-green slightly whitened 
by a waxy bloom. The body is oval and on the anterior part 
of the back are two short slender, rather conspicuous cornicles 
or tubes, either standing erect or projecting slightly backward. 
The winged female has a black head and brownish black thorax, 
the abdomen being pale green, with about three marginal black 
spot" and numerous small dark specks over the surface. The 
antennae are dark with paler tinge at articulations, and the legs 
are mostly black. The only form of male known is wingless." 

Many of the young lice may be comparatively colorless, 
while the older individuals vary from a rich velvety blue to a 
bluish white color. The following method of examining a 
colony was employed by Mr. Ainslie: "When examining a 
colony an iron rod is placed at an angle into the ground well 
below the plant and the earth raised by forcing the exposed 

*Circ. 86, Bur. Erit., United States Dept. Agr. 



end of the bar downwards. In most cases the dirt falls away 
without seriously disturbing the colony. The migrants run 
first and are easily observed owing to the light glints on the 
wings. The spuriae are recognized by their large size, globular 
form jmd dark color, the large pupae having a pinkish tinge on 
their wing pads." 

The colonies vary in size and occasionally are very large. 
Mr. Ainslie on May 1909, estimated a colony of one hundred 
aphids to be composed on an average as follows: 5 spuriae, 
10 pupae, the rest too young to determine whether or not ihey 
would accjuire wings. 

DISTRIBUTION IN SOUTH CAROLINA. 
During 1908 this insect was first reported on cotton at 

Marion. The report was investigated on July 8th, when the 
principal infestation had passed over. After considerable seaich-
ing only a very few lice could be found on the roots of corn. 
Ants were in attendance but not numerous. Similar observa
tions were made on corn at Spartanburg on June 3rd and on 
various dates at Clemson College. 

During 1909 the damage was more severe over a wider area. 
Besides the heavy infestation in Marion County, reports of in
jury were received from Sumter, Saluda, Colleton and Lee 
Counties. In the eastern part of Lee County the louse was re
ported from several places. It is stated by planters that the 
stand is often spoiled by cold nights. On one plantation visited 
by Mr. Ainslie on June 7th, he was told that it was first noticed 
in May, the first two weeks of which were cold and wet, and 
that it never troubles except in cold, wet weather. 

The louse was equally bad on the drier as well as in moister 
localities on this plantation, apparently not favoring any kind 
of soil. The principal infestation occurred in one field in which 
the loss was estimated at one-third of the stand. With the 
exception of those plants stunted by the louse the cotton was 
ten to twelve inches high. A portion of the infested area oc
curred on land that had been well fertilized with stable manure 
and the foreman suggested that manuring favored the louse. 
While it seems probable that it might facilitate the work of the 
ants in making their burrows it should not be interpreted as an 



argument against manure, the value of which is well known. * 
Some lice were found on several plants about a foot high around 
which the ants were working. No pupae were seen and only 
one migrant, there being but few lice 011 th e main stalk, Most 
of the lice were deep in the ground and mostly on the fibrous 
roots. While numerous, none of the colonies were large, owing 
to the small roots, it being noticed on one good sized plant dug 
up, the lice were about ten inches below the surface and about 
six inches from the main stem with no lice on the main stem. 

On June 29th a reported case of cotton root louse was in
vestigated near Sumter. The work of the louse was in evi
dence. The stand was irregular, the cotton having died in 
spots varying from fifty to one hundred feet in diameter. 
Plants dug in various parts of the plantation showed the bur
rows of ants in the soil about them. 

The attendant ants, Laisus nigcr americanus, P. dcntata 
comntata and Lasius clavigor were present, the former being 
the most common. 

Inquiries about Ridge Spring in Saluda County, on June 23rd 
would show that the lice were present and had been injurious. 
It appears that cotton is not damaged ever year, but is mostly 
injured on sandy or light land in cold damp springs. 

SEASONAL INJURY. 
An examination of the cotton about Marion on May 26th 

showed that the louse was very abundant and widely distribut
ed. Every field of cotton examined was more or less infested; 
in many places the cotton was either dying or dead in spots. 
The lice occurred on any portion of the plant below the ground, 
frequently on the main stem and again in little bunches any
where along the roots below the crown. At this time many of 
the lice were pupae, a few spuriae and an occasional migiant 
being present. The colonies usually contain from three to 
twenty-five individuals, although on some plants they ait veiy 
large. On one plant two hundred insects in all stages were 
counted. They were mostly small and covered a portion of the 
stem below the ground over a distance of 1 1-2 inches. 

On a badly infested cotton plant the leaves turn red and final
ly all that is left of the plant is a dry stem an inch long and 

*See remedial measures. 
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difficult to locate. The portion of the plant below the soil at
tacked turns black and dries up, whereupon the lice gradually 
move down to the fleshy roots. 

An examination of corn on this date at Marion showed the 
lice, pr esent mostly in the pupal form. No migrants were ob
served and if any had reached maturity their absence at this 
time could only be accounted for by assuming that they left as 
fast as developed. 

In one field of cotton examined at Marion on May 29th 
fully 90 per cent, of the stand was infested. 1 hough well dis
tributed on the roots of corn, the lice were not especially nu
merous. While nearly every stalk in some rows was mined by 
ants, the burrows had been somewhat obscured by a heavy rain 
three days before. The lice present were occasional migrants, 
a few spuriate and pupae, the majority of individuals being lar
vae in all stages. The colonies were smaller than on cotton and 
better distributed on the root system. 

Examination of corn on May 3Ist showed lice somewhat less 
numerous, those present being mostly large larvae nearly grown. 
One migrant was found with three young larvae beside her. 
The colonies are smaller than on cotton and a smaller number 
of pupae present. The lice occur usually at the bases of the 
roots of the main root system and on the smooth stem above 
it. Sometimes they occur on the lateral roots some distance 
away from the stem, but rarely ever as low as the seed. 

On June 5th they were becoming scarce very rapidly on cot
ton. There were few pupae and winged specimens were almost 
absent. On most plants it was possible to find small groups of 
larvae and some spuriae. In most cases the stalk below ground 
had turned black a distance varying from one to four inches 
and this portion appeared shriveled and any lice present occur 
below this part of the plant usually on the more fibrous roots. 
Plants exhausted beyond the power of producing new roots had 
been deserted by the lice. 

On this date it was also noticed that the lice were leaving 
the corn much the same way as cotton. The colonies were 
small, migrants and pupae scarce, and occurring mostly on the 
lateral roots. The principal damage seemed to consist in dwarf
ing the corn 
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On June 14th the cotton showed very few aphids. The 
weather was moist and many of the injured plants were putting 
out new lateral roots and were reviving. Whatever lice were 
present were well out 011 the small fibrous roots. Replanted cot
ton had opened the first leaves but no lice were found on it. 

Examination of cotton on June 26th showed very few lice 
and these were deep underground on $ome of the fibrous roots. 
Those present were spuriae with larvae—no pupae or migrants 
were seen. The aphids had practically left the cotton. 

It was found that they had left the corn as completely as the 
cotton and as far as could be determined left both plants for 
other food plants. 

ASSOCIATIONS OF ANTS AND APHIDS. 
The mutual association between ants and aphids is almost a 

matter of common knowledge; it is the most significant factor 
in controlling the pests. Upon beginning the investigations at 
Marion on May 17th. 1909, Mr. Thomas found, as was ex
pected, that the root aphids were heavily attended by ants. The 
ants had their nests in the rows along with the infested cotton 
and corn. Upon being disturbed the ants picked up and car
ried away the wingless forms of lice but in no case was an ant 
seen to carry a migrant. The most common species was the 
corn field ant Lasiits niger amcricanus. The nests of the ants 
at this time were usually small and contained a comparatively 
small number of individuals. The soldiers were numerous and 
active. They were running about with their jaws open ready 
to bite when an opportunity presented itself. The nests extend
ed into the ground a distance of eight to ten inches and were 
well supplied with tunnels and galleries containing larvae and 
pupae. 

On May 27th, at Marion, Mr. Ainslie found another species 
of ant, Lasiits claviger attending lice on the roots of Ambrosia 
artemesifolia. Though resembling L. niger amcricanus in gen
eral habits, they were of a golden yellow color and larger and 
when disturbed gave off an offensive odor. 

On May 29th, Mr. Ainslie also found an ant Phcidole vine-
landica, near the laboratory at Marion running about and at
tending the lice on the roots of corn. The entrances to their 
burrows were just wide enough to admit a spuria of the root 



58 

louse. Several soldiers were found. These were larger than 
the workers but smaller than those of L. niger americanns. 
These small ants were found mining about six or eight conse
cutive hills of corn. Most of the hills were dug but not all had 
lice. On one stalk occurred a migrant which, it appeared, had 
its wings eaten off by ants. Her wings were chewed down to 
ragged stumps. She was feeding and had produced several 
young. Several lice were dropped in the vicinity and they 
were taken by the ants into their burrows, the ants backing in, 
carrying the louse after them. They took them into burrows 
about ten inches from any corn plant. 

Examination of corn roots on May 31st showed about an 
equal number of lice in possession of L. nigcr americanns, P. 
dcntala comutata and Phcidole vinclandica. The latter species 
had full charge of one of the largest colonies of lice yet seen 
on corn roots. In size its soldiers resembled the workers of 
L. igcr americanns. A large spuria was dropped for the pur
pose of determining whether these small ants could carry a 
large louse. The ant first discovered the louse walking and 
tried to quiet it by stroking it with its antennae, then seized it 
with its mandibles, placing one above the thorax, the other 
below. Although the louse was dragged successfully over 
smooth ground, the ant could not manage it where the surface 
was rough and the louse held with her feet. Another ant came 
to its assistance, but they could not agree as to the direction 
and wore themselves out trying to drag the louse in two direc
tions at the same time. While the louse appeared passive for 
some time, after too much handling she walked off by herself 
and the ants finally abandoned her. The young lice were sought 
for by the ants and easily handled. 

On June 4, 19C9, on a hard level sand walk along one of 
the streets of Marion at about 7 :oo o'clock P. M., Mr. Ainslie 
found several colonies of P. Vinclandica swarming. The colony 
consisted in most cases of three to ten holes of varying sizes 
situated in an area usually not more than two or three feet in 
diameter. Each colony was distinct from the others. An ant 
picked up in one part of a colony and dropped in another part 
of the same colony seemed perfectly at home and entered the 
holes without hesitation. An ant taken from one colony and 



dropped in another ran wildly around and though frequently 
not attacked, it appeared very nervous until out of the colony. 
All these ants at this time were swarming in great numbers on 
the flat sand space surrounding the entrance. There were hun
dreds and even thousands of workers in each colony running 
around on the sand. Soldiers were also to be seen occurring 
at the rate of about one to every one hundred workers. 

Winged males and females were grouped around nearly every 
hole but upon the approach of a person they would gradually 
enter the hole. None of these were seen further than a few 
inches from the hole nor were any seen flying. Some appeared 
to be of a lighter color than others as if more recently hatched. 

When a colony of ants is disturbed they do not seem to 
know what to do. They run about, pick up a louse and carry 
it some distance and then drop it for another and finally leave 
altogether. In carrying a louse they grasp it at the sides of 
the thorax and just in front of the abdomen with their m: -di-
bles, squeezing it just enough to hold it. The head of the 
louse is usually forward in the direction the ant is moving and 
they do not seem excited. 

Observation on infested cotton stalks near Wysacky 011 
June 7th showed the ant tunnels running below the ground 
near the stalk, many of them branching and leaving the main 
stalk. The ant tunnels enlarge into small pockets traversed 
by fine roots on which may occur one or more spuriae and a 
colony of larvae of the lice. Mr. Ainslie dug a considerable 
number of plants and found many lice in the earth at the tips 
of the roots. During this examination the occurence of a 
migrant with a young larvae on an otherwise infested plant 
was not found making it appear that in this case no migrants 
left one cotton plant and migrated to another, but that the 
ants were the sole agents for distribution. 

FOOD PLANTS. 
During these investigations careful attention was given to 

the food plants of the root aphid, our records being principally 
from the vicinity of Marion. In nearly all cases one or more 
of the species of ants mentioned in this paper were in at
tendance, the most common being L. niger americanus. The 
following plants were identified by Prof. G. G. Ainslie: 
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Name of Plant. 

Ambrosia artemisifolia 

Linaria canadensis 

Date Observed. 

May 2 6. 190 9 
May 28, 1909 

May 26. 1909 
June 1. 1909 

Gnapbalium purpureum May 26, 1909 
June 14, 1909 

Helenium tenuifolium 

Anthemis cotula 

Erigoron canadense 

Erigeron ramosus 

Lepidium vulgare 

Diodia teres 
(Poverty weed) 

Aster sp. 

Xanthium canadense 

Bean 

May 29. 1909 
June 14, 1909 
June 25, 1909 

May 29, 1909 

May 29, 1909 
June 1 & 2, 1909 

May 29, 1909 

May 29, 1909 

Remarks. 

Aphids scattered along main 
tap root—some small colon
ies ten inches below the sur
face. 

Infestation light. 

A common weed, commonly 
infested. 

Lightly infested. 

Roots covered, all forms 
present most abundant on 
large roots near crown. 

A favorite host plant. 

Lightly infested. 

Plants examined in infested 
cotton field were well stock
ed—winged form present. 

May 31, 1909 A common plant. Lice abun-
June 5-14, 1909 dant where growing near 

infested plants. 

(Red Valentine) 

Plantago cristata 

Echnichloa glauca 

Ambrosia artemesifolia 
Ragweed 

Krigia virginica 

June 2, 1909 

June 1, 1909 

June 1, 1909 

June 3. 1909 

June 5. 1909 

June 5. 1909 

Lice abundant. 

One good sized colony—no 
migrants. 

Infested when growing near 
inlested cotton plants. These 
plants when observed had 
not been there long enough 
for a generation of lice to 
develop. They must have 
been placed there by ants. 

Infested; plants abundant. 

Several specimens found in 
various stages. 

Fair sized colonies on plants 
growing in infested cotton 
fields. 

May 24, 1909 Well infested. 

The seed^ of different varieties of plants which had been 
planted near infested corn rows at Marion gave the following 
results with regard to infestation. 
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Name of Plant. 

Erigeron 
canadense 

Date Observe. Remarks. 
June 1. 1909 Infested. On one plant near cot

ton that had died from lice all 
stages of the lice found. Soil honey
combed with ant burrows. 

Mushmelon June 5, 1909 Plants near infested cotton well 
provided with lice. Mined exten
sively by L. niger americanus. 
Several spuriae have group of 
young showing that they can. flour
ish in the plant. 

Turnip June 5, 1909 Few plants up. Few lice on tur
nips near infested cotton plants. 

Squash June 5, 1909 Few plants up near cotton. One 
(White Scallop spuria found feeding contentedly. 
Summer squash) Plant growing slowly; if thrifty it 

would probably be a more favorable 
host plant. 

Ragweed June 5, 1909 Plants about 3 to 7 inches high. 
Usually infested by fair sized col
onies having all forms present. 

Cowpeas June 3. 1909 Lightly infested with all stages" ex
cept migrants. (No heavily infested 
cotton near). 

June 1909 Lice less numerous than a few days 
previous. It appears that this is 
not a favorable food plant. 

Bean June 5, 1909 Planted near cotton. A few small 
larvae of lice found. This appears 
to be but a temporary or prohabiy 
an unfavorable host plant. 

Cucumber June 5, 1909 Ant burrows around roots Connect 
with those around nearby cotton 
roots. No aphids. 

Along the row of cotton planted with sweet corn, Mr. 
Ainslie examined several plants on June 3rd. He found an 
abundance of the lice on sweet corn though not in all cases. 
In every case it was. noticeable that where a corn plant stood 
alone it was more likely to be heavily infested than where it 
stood close by a healthy cotton plant. This corn is now about 
two inches high. A kernel or more was planted as close as 
possible to each cotton plant in the row so now where a corn 
plant is alone it means that a cotton plant has died. Under 
these circumstances the corn plant is almost surelt infested 
with lice. On this young po.rn it frequently happens that the 

• 



lice are well down in the ground on the main tap root below 
the seed. The surface roots have not yet started. 

The lice are attended by both P. dentata comutata and P. 
vinelandica, the latter seems to control more hills than the 
former'. 

There is usually some sign of ant work around the cotton 
but not around the infested corn. This also helps to show that 
the lice are brought from the cotton to the corn, the ants still 
using the old entrance at the cotton stalk. 

All forms of lice are found and some good sized colonies. 

Name of Plant. 

Sweet corn 

Mustard 

Date Observe. Remarks. 

Eupatorium 
capillifolium 
(Dog fennel) 

Radish 

Watermelon 

Young corn 
Field) 

June 5, 1909 Quite generally infested by the lice. 

June 3, On plants three inches high near in
fested cotton, lice were abundant 
and migrants numerous. No en
trance near corn plants. 

June 5. 1909 Only a few plants up on this date 
near infested cotton. On a few 
plants a few small larvae and lice 
fcund. Ant tunnels around mustard 
connected with those around cot
ton. The mustard seems too young. 

June 1, 1909 Clean plants set near infested cot
ton rows May 20th, by W. A. 
Thomas. Many plants infested with 
all stages of lice, being worst near 
heavy infested cotton. 

June 3, 1909 Plants have first leaves extended 
A colony of lice, mostly larvae and 
young pupae on roots growing near 
badly infested cotton, evidently car
ried there. No opening except near 
cotton plant. 

June 3. 1909 Plants have just opened their first 
leaves. Lice abundant in all stages 
near infested cotton. 

June 5, 1909 Lice abundant and contented on 
plants near infested cotton. All 
stages present. 

June 5, 190 9 Plants near older corn plants sho.v 
scarcely any lice. Those present 
are mostly pupae. 

Young cotton June 5, 1909 But few plants seen and these were 
mined but no lice. 



63 

NATURAL ENEMIES. 
During the investigation of this Division there were no nat

ural enemies of the lice discovered. 
RECOMMENDATIONS FOR CONTROLLING CORN AND COTTON 

ROOT LOUSE. 

ROTATION. 
It has been found that the corn root louse is most injurious 

in localities where crops are not rotated. Where the rota
tion of farm crops is practicable it is most important factor 
in the control of this pest. In this State where the insect is 
most injurious there has been little effort at rotation other 
than cotton and corn both of which are food plants of this 
louse. An isolated field of cotton in Marion County which 
was seriously infested and heavily attended by ants had been 
cropped as follows: 19^5> COI*n> 1906, no crop but weeds, 
1907 and 1908, corn; 1909* cotton. In other cases investigat
ed, it was found that seriously infested cotton fields had been 
in corn the preceding year. In any rotation in localities where 
the cotton root louse is injurious the sequence of corn and 
cotton on the same land should be avoided. It may not al
ways be possible to institute a crop rotation to suit the condi
tions, hence other relief measures are given and every farmer 
must adapt these to his own conditions. 
STIRRING THE SEED-BED BEFORE PLANTING. 

The first colonies of young root aphids in early spring are 
begun on the roots of weeds and young grass, this being the 
only food available before corn and cotton are up. If the 
seed-bed is frequently stirred after plowing and before plant
ing it will destroy these volunteer plants upon which these 
early colonies depend for subsistence; it will furthermore dis
turb and break up the organization of the ant colonies and 
kill some of the various stages of ants and lice as well as 
isolate unhatched- eggs where they are not recovered by the 
ants. This operation involves extra labor but it is effective 
against these pests besides being a proven agricultural practice. 
WINTER PLOWING. 

This is probably the most practical method for this State on 
farms where no crop rotation is easily adaptable for controll
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ing this insect. Unlike the conditions in the northern States 
these lice may be found on the roots of various volunteer 
food plants late in the fall. An examination of the fields at 
Marion by Mr. Thomas on Oct. ist, showed light infestation 
in corn roots that were still green and attended by the corn 
field ant, L. niger amcricanus. The lice were abundant on 
the roots of Diodia teres not only in previously infested corn 
and cotton fields but almost everywhere where the plant occurred. 
They were heavily attended by L. niger americanus. No 
evidence was found showing that the eggs had been laid or 
that they were being taken care of by the ants. Thorough 
fall and winter plowing should be very effective in destroying 
the aphids and thoroughly disorganizing the ants. 
FERTILIZATION. 

Stable Manure.—Although it was suggested in one instance 
where barnyard manure was used that it appeared to help the 
louse, in the light of experience elsewhere this would seem 
improbable except that manure in the soil might under some 
conditions facilitate the burrowing of the ants attending the 
lice. It has been shown in the past that on well manured 
land the injury by corn root louse is less than on adjoining 
land with no manure. It has already been stated that the 
season of injury extends co about June 25th. It is therefore 
recommended that this period in the growth of cotton and 
corn be assisted by the application of a quick acting fertilizer, 
as nitrate of soda, to stimulate the growth of the plants. 
CULTIVATION. 

Frequent cultivation during the beginning of the crop sea
son would undoubtedly prove beneficial 
SEED TREATMENT. 

The treatment of seed with some palliative substance has 
been experimented with by several investigators which in 
most cases, however, have proved unfavorable. Such a 
substance must possess the advantage of easy preparation and 
application; it must be repulsive to ants and not injurious to 
the seed. Dr. Forbes has obtained encouraging results with 
a mixture of lemon oil and alcohol during one season at least 
in treating seed corn before planting This division is al 
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preterit testing this substance on cotton seed. It is to be ex
pected that the results obtained with such a preparation will 
vary some with the weather and soil conditions but it is 
hoped that this or a similar method can be employed suc
cessfully on land where other measures seem impracticable. 

A. F. CONRADI, Entomologist. 
STOMACH WORMS, HOOKWORM AND OTHER PARASITES OF 

THE DIGESTIVE TRACT OF RUMINANTS. 
Sheep raising in some sections of this country and espec

ially in the South is seriously menaced owing to the twisted 
wire worm (Haemonchus contortus). 1 his parasite may also 
be injurious to young cattle, and as a calf pest it has been 
principally studied by the present station veterinarian and 
zoologist. During these investigations which cover a period 
beginning Oct. 1907, it was found that the cattle hookworm 
(Monodontus phlebotomus) was present, doing the principal 
damage during the last part of the season of I9°7 an<^ dur-
ing January 1908, while in some cases it was practically the 
only parasite present at postmortem. The preliminary results 
of the investigation of hookworm disease at this College and 
Station is reported in Bulletin 137 this Station; the fol
lowing report being an account of progress including all of 
the various parasites encountered and identified during these 
investigations. This work has been carried on co-operatively 
between the Divisions of Veterinary Science and Zoology of 
this Station. 

(Stomach Worm Haemonchus contortus.) 
LIFE HISTORY. 

The full grown worms live in the alimentary canal of sheep 
and young cattle, occurring normally in the fourth stomach 
and during postmortem of animals that died (not killed) may 
be found more or less abundantly in the small intestines. 
During postmortems of sick animals killed, the great scarcity or 
complete absence of these worms in the small intestines make 
it appear that during the life of the animal this species does 
not normally frequent the small intestines. While in the 
alimentary canal they mate and the females lay minute eggs 
of an elliptical shape, varying in length from 75 to 95 microns, 



and in width from 43 to 54 microns. In shape and general 
appearance, the eggs of a number of species of the strongyloicj 
worms resemble each other so closely that it is difficult or to
tally impossible to distinguish them. When the eggs of both 
stomach worms and hookworms are numerous it may be 
noticed that the stomach worm eggs are inclined to be wider 
near the middle than at the ends, while those of the cattle 
hookworm, for the most part, have an equal width and are 
rounded at the ends. 

When the eggs are laid they are rarely segmented, the 
inner portion being of a uniform, granular appearance, though 
sometimes segmentation may be found in the eggs near the 
extremities of the oviducts, before they are laid. From the 
time they are laid in the intestines until they are passed from 
the animal in the faeces, segmentation occurs and it is rare to 
find eggs in freshly collected manure that have not reached the 
morula stage. The eggs are very sensitive to cold, heat and 
drouth. They may be killed by freezing temperature as well 
as by exposure to drouth for a short time only. There was 
no development in cages containing heavily infested moist 
manure kept in incubator at a temperature of 100 to 105 de
grees F. In a temperature of 88 degrees to 98 degrees F. 
hatching occurs in from 24 to 48 hours, and as the tempera
ture falls the time required for hatching increases. There was 
no development in infested manure dropped Nov. 14, 1908 
and left in the pasture under natural conditions of tempera
ture and moisture on the shady side of a tree. A small 
percentage of eggs hatched outdoors during the warm weather 
occurring during the third week of November, 1908. When 
the temperature falbto 60 degrees in the laboratory incuba
tion may require from several weeks to a month, and at 40 
degrees all activity is practically discontinued. 

Before hatching the young worm is completely formed in 
the egg and its movements may be observed through the 
microscope. The young larvae are very active, feeding on 
organic material about them. They vary in length from 325 

*Klein, S. C. Expt. Sta. Bull. ri4. 



to 425 microns, arid in width from 18 to 22 microns. 
The alimentary canal and mouth are easily observed, the 

former consisting of an oesophagus and intestine. Like the 
eggs, the young worms are sensitive to cold, heat and drouth. 
In many of the outdoor cages there was very little development 
from eggs laid in the fall even when the winter was mild at Clem-
son. Fresh infested manure collected Nov. 2, 1908 and kept 
be reported later. 
under field conditions, developed a few larvae during the 
warm weather of latter November, while the development in 
the check cages kept indoors,, was heavy. Some of this 
manure was collected again on May 2, 19C9 and examined 
when live ensheathed worms were abundant. These had 
their alimentary canal well filled. 

In from six days to two weeks, depending 011 the tempera
ture and moisture the young larvae reach their complete 
growth in the free state, the maximum growth taking place 
when the temperature ranges from 90 degrees to 94 degrees F. 
At a temperature of from 60 degrees to 75 degrees F. this 
may require two to three weeks. Only one molt was observ
ed, but from micrometer measurements it would appear that 
there are two before the final molt in the free stage. 

When the free larvae become full grown they reach what 
may be called a pupal stage. Most of them secrete a cover
ing about themselves, inside of which the activities of the 
larva may be observed. This covering is called a sheath and 
when completed practically seals the enclosed larva. The 
ensheathed worm is from 625 to 800 microns in length and 
has the rear end elongated into a sharp point. When quiet 
"the point of the tail of the larva is about 80 microns from the 
point of the sheath and the head about 40 microns from the 
interior end of the sheath. 
LONGEVITY OF WORMS AN D EGGS. 

The length of time the various stages of the worms may 
remain alive varies greatly with the environment and probably 
with the individuality of each worm to some extent. As has 

•Detailed accounts of temperature investigations will 
be reported later. 



already been noted the young worms and eggs are very sen
sitive and are easily killed by heat, cold and drouth. When 
they reach the ensheathed stage they are more resistant. The 
ensheathed stage is here designated as the pupal stage which 
consists of one or the other of two forms, (a) ensheathed, 
(b) quiescent. In the ensheathed form there is a distinct en
closure about the worm as shown in Fig. 7 

In the quiescent form there is a thickening of the cuticle but 
no distinct sheath and so far in our experience the quiescent form 
though very scarce, appears to be more resistent than the en
sheathed. In moist cultures iq Mie open cages in the labora
tory to which no water was added, during the winter of 1908, 
the ensheathed worms were all dead after a period of 93 days. 
Fresh material heavily infested, collected Oct. 14, 1908, was 
put in cages outdoors after 85 per cent had ensheathed. The 
cages were made of glass open at top and bottom to give as 
nearly out-of-door conditions as possible. The maximum 
hatching occurred on Oct. 29, 1908. The ensheathed larvae 
attached to the glass wall of the breeding cage were examined 
at frequent intervals and after February 17th no live worms 
could be found. The faecal material in this cage was weather
ed and no examination made. 

On Nov 11, 1908 fresh infested faecal materiial was col
lected and placed in open lantern globes in protected spots on 
hillsides where no cattle or sheep had been kept previously. 
This material was examined at frequent intervals. Most of 
the ensheathed worms on the glass walls were dead on May 
15th but those that remained in the manure were active with 
the alimentary canal well filled. Examination showed that 
those worms remained in the manure live longer and later 
ascend like the rest. It was particularly noticed that manure 
kept for seven months in open outdoor cages and which had 
to be soaked in water for some time before a slide could be 
made for examination, contained more live, full-grown free 
worms than the breeding cage walls. A number of the active 
worms were the quiescent form above referred to. Drought is 
fatal to eggs and young worms, but if the culture media con
tains enough moisture to enable the worm to become full* 



grown it appears to be more advantageous to remain in a 
continually dry environment than where conditions are change 
able-moisture and drought alternating. 

Hookworms mat- Eggs of stomach worms, Eggs of cattle hook- Young stomach worm 
ing in the intestine. greatly enlarged, (origi- worm, greatly en- in egg about ready to 
(original) nal) larged. (original) tsl hatch, greatly enlarg-

_ ed. (original) 

HEIGHT TO W HICH WORMS WILL RISE. 
Observations in the laboratory in various cages and under 

different conditions showed that the majority of ensheathed 
worms will become quiet within five inches above the surface 
of hatching media. A series of experiments was then under
taken with a view to determine the effectiveness of plowing 
The experiments were made as follows: 

(a) Heavily infested faeces buried i, 2. 3, 4, and 5 inches 
in sand. 

(b) Heavily infested faeces buried 1, 2, 3, 4, and 5 inches 
in sandy loam. 

(c) Heavily infested faeces buried 1, 2, 3, 4, and 5 inches 
in sandy clay. 

The material buried in sand was not seriously handicapped 
—the young worms coming to the top without any apparent 
obstruction. The sand and soil in all experiments was kept 
approximately as moist as the soil under out-of-door condi
tions and packed as nearly as possible like newly plowed 
ground. The rising of the worms was severely handicapped 
in the sandy clay when buried at a greater depth than 2 inches. 
This was due to the finer particles in this soil and the conse 
quently greater compactness, especially after water had been 
added on the surface. Where water was added, to the clayey 

Fig. 1 Fig. 2 Fig. 3 Fig. 4 
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& soils copiously and the surface allowed to dry no worms 
reached the surface. Where a very dry mulch, such as fine 
dry soil, or air-slaked lime, is placed on the surface few 
young worms come through but become ensheathed in the 
moist earth beneath the mulch. 

Fig. B 
Several stages of the human hookworm, U. duodenale; a, egg; b, egg hatching; c, young worm in sheath, 

greatly enlarged; (Redrawn from Eighteenth An. Rep. Bur. An. Ind.) 

Cultivation cannot be depended upon to relieve the situation 
under ordinary field conditions but where very deep plowing is 
practiced, the worms would be handicapped in coming to the 
surface. 
FOOD OF FULL-GROWN STOMACH WORMS. 

We have not fully determined the principal food of the 
adult stomach worms in the alimentary canal. From exami
nations of the alimentary canal we are not justified in assum
ing that the principal food is either blood or injesta. Upon 
examining an animal postmortem, the worms are rarely at
tached to the walls of the stomach. They occur mostly in the 
mucous secretions between the injesta and the mucous mem-
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brane. It is probable that their principal food consists of 
this mucous just referred to. 

Fig. 6 
Hookworm eggs six months old, 

greatly enlarged, (original) 

Were the worms the direct cause of the death of the animal 
it seems that the animal should respond to heavy infestation, 
which during the investigations of the past season was not the 
case. Furthermore, the small number of worms occurring in 

Fig. 7 Fig. 8 
Ensheathed stomach worms, greatly en- Ensheathed hookworm, great-

larged (original) ly enlarged (original). 

some of the animals could not have been the sole cause of 
death, either by blood sucking or the consumption of injesta, 
were the last two assumed. 

r{§6) 
Fig. 9 

Ensheathed stomach worms as seen on breeding cage wall with hand lens, 
enlarged, (original.) 

RELATION OF MAXIMUM INFESTATION TO THE TIME OP 
DEATH OR RECOVERY OF ANIMAL. 

Upon examining Fig. io there will be found a diagramatic 
representation of the egg records of every animal in the ex
periment from early spring when the calves were put to past
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ure until late in the fall of 1908 when infestation had almost 
eliminated itself and the animals that had been sick were im-
ptoving. I his diagram was obtained by making daily 
faecal examinations with the microscope—the examinations 
having been made mostly.by Mr. W. A. Thomas under the 
zoologist's directions. While an occasional faecal examination 
for eggs would have lhde value in determining the extent of 
infestation of the animal, yet when it is repeated systematically 
reliable interpretation can be made as was clearly shown 
when comparing the faecal egg records with the conditions at 
time of postmortem of animals that died. A bird's eye view 
of the diagram shows that the heaviest infestation occurred 
during the month of June. Another increase of infestation 
took place with some animals in September 

Fig. 10 
Diagram representing faecal egg records of calves (original). 

-SEASONAL AND POSTMORTEM RECORDS OF CALVES USED IN 
EXPERIMENTS IN 1908. 

Calf No. 1, put in lot A, 011 May 1, 1908, when six weeks 
old gave the heaviest egg record of the season. Before trans
ferring to the experimental lot it was kept on a pasture free 
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from parasites and on May ist was in good condition. About 
May 28th it was losing flesh and on the morning of June 
23rd was droopy. There was no anaemic condition. It died on 
June 25th. 

CALF 
Ma 

MAY JUNE JULY AUG. SEPT OCT CALF 
DIED. 

CALF 
No. 

MAY JUNE JULY AUG. SEPT OCT. CALE 
DIED 

17. • /Ls~\ LIVING 25. SEPT 
21. 

18. LIVMG 26. JVING. 

19. AUG. 
27 27. LIVING 

20. SEPT 
4. 28. LIVING 

21. OCT. 
28. 

29. LMNG 

22. LIVING 30. LIVING. 

23. LIVING 31. LIVING 

24. LIVING 32. LIVING. 

Fig. 11 
Diagram representing faecal egg records of calves, (original) 

Parasites at Postmortem: The fourth stomach as well as the 
small intestine, including the duodenum, contained no parasites. 
Trichocephalus affinis was very abundant in the caecum, and 
all were dead. The coagulated blood in the caecum contained 
Haemonchus contortus in medium numbers,—all dead. 

Calf No. 2.—This calf was put on lot A, on May 2nd. 
Although the animal gave a faecal egg record almost equal to 
No. 1, the maximum occurring during the first week of June 
with a recurrence during the third week, it was generally in 
good condition until the early part of August when it showed 
signs of droopiness and was gradually declining. On August 
17th, it was found down and unable to raise. On the morn
ing of the TQth it was killed and a postmortem held by Dr. 
Barnett. 

Parasites: In the fourth stomach there were a few stomach 
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worms, while a few hookworms were found in the small in
testines. Examination of the faeces showed the egg record 
to be the same as that of the 18th. 

Calf No. 3.—Put to lot A, May 1st, as a very young calf. 
I he maximum egg record occurred during the third week of 

June, after which it was continually very low until the death 
of the animal. This calf died at 9 A. M., Oct. 3rd, but un
fortunately no postmortem could be made before 5 130 P. M. 
Only a few stomach worms were found in the fourth stomach 
and one hookworm was seen in the small intestine. A por
tion of the lungs had solidfied and the upper part of the 
trachea was partially filled with clotted blood. 

Calf No. 4.—This animal was placed in lot B, on May 4th, 
when about a week old. It showed the maximum egg record 
during the third week of June, the infestation throughout the 
season being rather low. The calf thrived until Sept. 21st, 
when it began to fail. On Oct. 14th, being in a very weaken
ed condition it was killed and examined postmortem. 

Parasites: The stomach worms were numerous in the 
pyloric region of the fourth stomach while a few hookworms 
were found in the small intestines. 

Calf No. 5.—Put to pasture May 4th, when little over a 
week old. It was always in fine condition, never showing any 
effects of infestation. 

Calf No. 6.—This calf was put in lot A, on May 5th, as a 
young suckling calf. It developed nicely and although there 
was an active infestation from May 27th to July 25th, it 
never showed any effects therefrom. 

Calves Nos. 7, 9, 10 and 11 although having low, pro
longed egg record, all thrived and never showed any effects of 
infestation. 

Calf No. 8.—Put into lot B, as a suckling calf May 2, 1908. 
It never prospered and during the week beginning Sept. 13th, 
seriously began to fail. Died during the night following Sept. 
22nd. 

Postmortem.—At 9:30 Sept. 23rd. The blood of the ani
mal was less anaemic than is usual while it was in lit
tle better flesh than ordinary. All the vital organs with the 
exception of the alimentary canal were in good condition. 
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The injesta of the stomachs showed that it had eaten almost 
normally. Stomach worms numerous in the fourth stomach, 
while owing to circumstances the duodenum was not carefully 
traced. In handling the small intestines a large number ot 
hookworms escaped and were picked with the forceps from the 
operating table and taken to the laboratory in 30 per cent 
alcohol. Oxyrns ovis was more numerous in the secum than 
in any animal posted during the last year, hour specimens of 
Filaria ceruina were taken from the postmortem table which 
evidently had escaped from the peritoneal cavity. None ol 
these specimens of F. cervina were encysted. Outside of the 
alimentary canal there were no hemorrhagic conditions, but 
the greater portion of the small intestines and secum were 
heavily punctured with hemorrhagic spots. It is impossible 
to make a comparative estimate of the percentage of hookworm 
and stomach worm infestation. The hookworm infestation, 
however, was heavy. 

Calf No. 12 was put in lot A. May 7th as a suckling calf. 
It gave a very low egg record from June 25th to July 25th 
when there was an increase which held uniform until August 
23rd, when the animal died. At post-mortem there was found 
to be a moderate infestation of stomach worms in the fourth 
stomach. ' ^ * ' • 

Calf No. 13.—Put into lot A, May 10th, as a suckling calf. 
Although the animal gave a very active egg record through
out the season, it thrived. 

Calf No. 14.—Put to pasture same as No. 13. This animal 
gave no eggs until the second week in June when infestation 
increased continually, reaching its maximum June 17th, when 
there was a rapid falling off until June 25th. The egg record 
continued very low and had almost disappeared on August 
16th, when the animal died. This calf had been holding its 
own until August ioth'when it began to fail. On the morn
ing of that date it was down, having scoured for several days. 
It died about 11 o'clock and examined postmortem immediate
ly after death. 

Parasites: The fourth stomach was moderately infested 
with stomach worms, a few specimens of Trichocephalus afhms 
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occurred in the caecum, no hookworms. 
Calf No. 15.—Gave a low, prolonged egg record similar to 

Nos. 8 and 9, and died Sept. 23rd. Put to pasture May 7th, 
as a young calf. The animal held its own until Sept. 15th, 
when it began to fail. Postmortem examination showed about 
one-half handful of stomach worms, while hookworms were 
scattered throughout the small intestines. 

Calves Nos. 16 and 17 were placed on lower lot F, ad
joining lot B, shown in diagram. The condition of the lot 
was very similar to lot B, except that 110 cattle had been kept 
on it during previous years. These calves were allowed to 
run with a milch cow throughout the season. While the egg 
record of No. 16 was very light and extended over a period 
of about ten weeks, the egg record of No. 17 was a low, pro
longed one. Neither calf showed any symptoms of illness at 
any time, although they thrived no better than most of the 
calves of lots A, B, and C. 

Calf No. 18 gave practically no egg record and thrived. It 
was placed on lot A, about the middle of April. 

Calf No. 19 gave a low egg record, beginning June 14th 
and remaining uniform until death on August 27th. 

Calves Nos. 20 and 21 gave very low, the latter a pro
longed egg record, it being understood that neither of these 
calves died from the effects of parasites. 

Calves Nos. 22, 23 and 24 are all living. All gave low, 
prolonged records and thrived. 

Calf No. 25.—Put in lot B, as a suckling calf on May 27th, 
1908. This calf held its own till August 25th when it show
ed signs of failing. On the morning of Sept. 21st it was 
down. While it did not offer to eat grass it ate cotton seed 
meal. Died at 3 130 P. M. 

Postmortem—Held by Dr. Powers. Stomach worms were 
numerous in the fourth stomach and occurred scatteringly a 
distance of about 15 ft. through the small intestine. Scattered 
through the small intestines were occasional hookworms. 
Around the first stomach were hemorrhageic peritoneal areas 
and occasional hemorrhagic spots along the intestines with 
inflammatory areas in the caecum. 
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Calf No. 26. Put in lot B as suckling calf May 28, 1908. 
During the greater part of August and most of October the 
egg record was moderately high and the animal showed signs 
of failing, the oedematous swelling of intermaxillary space 
being very pronounced. On Oct. 25th, the animal was given 
up to die during the next few days. About Nov. 1st the call 
was distinctly gaining and continued to gain. Nothing un
usual was noticed except that No. 26 with another calf, No. 
7, had the freedom of lots B and C, which contained many 
bearing oak trees. The acorns began to fall profusely, lie-
ginning 011 Oct. 26th owing to wind and showers. It was 
noticed that these two calves ate little between feeds except 
these acorns which were devoured greedily. 

Nos. 27, 28, 29 and 30 were placed on upper lot Sept. 9th, 
10th and 12th respectively and 31 and 32 during the first week 
in October as suckling calves. These are recorded as fall 
calves. They gave no egg records nor did they ever show 
symptoms of infestation. 

It would appear that the animal dies some weeks after the 
heavy infestation. Examples of this are calves Nos. 2 and 3. 
Both gave a very heavy egg record during June, yet both 
died at a low egg record, No. 2 seven weeks and No. 3 
twelve weeks after the maximum egg record. While this is 
not true with calf No. 1, yet in examining the postmortem 
records it is found that there was considerable inflammation 
which may have been due to causes other than stomach 
worms. 

From the above it follows: 
(a) In case of two calves of the same age on same past

ure and giving about the same egg record, one may die, the 
other survive. 

(b) In case of two calves of same age 011 same pasture, 
one having much higher egg record than the other, the animal 

. with the lower egg record may die while that with the higher 
egg record may not even show symptoms of being affected by 
the infestation. 

(c) In case of two calves, one having a low egg record of 
short duration, the other a low, prolonged egg record, the 
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foi mer may die, the latter survive. 
METHOD OF INFECTION. 

It has been stated that only the fully ensheathed larvae are 
capable of infection; the eggs nor newly hatched larvae when 
taken into the body being unable to continue their development. 
If this is the principal mode of infection then it is at once 
apparent why the young worms rise on blades of grass taking 
the greatest number of chances for drying up if not swallowed 
by a host animal. Young worm-free calves put on an infested 
pasture show eggs in small numbers in the faeces in about 
four weeks and it appears that this is approximately the time 
recpiired for the young worms to complete their growth after 
they are taken into the body. How easy it is for an animal 
to become infected has not been determined. In our artificial 
infection experiments we were unfortunate. During the fall 
and winter of 1907 repeated attempts were made to infect 
young calves by drenching with cultures of ensheathed and 
free larvae, the former being by far the most abundant. The 
cultures used were all very rich in material. No systematic 
records of these drenchings were kept as they were not con
sidered a part of the experiment as the sole object of the pro
cedure was to get an infested calf for another purpose. At 
the outset it was assumed that artificial infection might be 
easy, and it was only when after some time no results were 
secured that artificial drenching was taken up experimentally. 

Beginning Nov. 10, 1908, a seven months old calf at the 
animal husbandry barn of this Station was selected for this 
experiment. After normal infection had been determined by 
frequent faecal examination this animal was systematically 
drenched with material rich in worms which was obtained 
from experimental calves from the low creek bottoms near the 
College farm barn. Fully 80 per cent of all material used 
for drenching was ensheathed while the remaining 20 per cent 
contained young larvae of various ages not yet ensheathed. 
This condition is scarcely possible to avoid because in every 
breeding cage there is a varying percentage of stragglers. 
The animal was drenched 011 the following dates:—Nov. 27th 
and 30th; Dec. 1st, 2nd, 3rd, 7th, 8th, 9th, iotli, 12th, 16th, 
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17th, 18th, 19th, 22nd and 23rd. The manure was collected 
till January 15th, 1909 and examined microscopically. Owing 
to the very light infestation the faecal material was also placed 
in a vial daily and a comparison made of the number of young 
worms appearing 011 the cage wall and in the manure. There 
was no increase in the number of eggs and while the number 
of young worms appearing on the cage walls fluctuated in the 
usual manner, they were at no time more numerous than in 
the check cages. 

On January 21st, 1909 this calf was killed and a post
mortem held. There were a few stomach worms in the fourth 
stomach, but no other parasites in any other portion of the 
digestive tract. The dozen (few more or less) stomach 
worms present gave us 110 encouragement that the feeding of 
ensheathed larvae had in this case increased the infestation. 
The same number of stomach worms might be found in almost 
any calf killed and examined at this Station. 
SEASONAL OCCURRENCE OF INJURY AT CLEMSON COLLEGE. 

Upon examining the diagram in Fig (i2) it will be found 
that during the season of 1907 the death rate due to stomach 
worms was very small. In that year the principal injury was 
caused by the hookworm as represented by the dotted line E 
and occurred during the latter part of December and during 
January 1908. The maximum death rate among calves dur
ing the season of 1906 due to stomach worm occurred in 
October,* the dying season extending from the middle of 
September to the early part of November and is represented 
by the line D. Line C shows the dying season of five sheep 
used in the experiments, the death occurring principally dur
ing August.* In 1908 the dying season of calves began in 
the latter part of August and extended over about an equal 
period as that of 1906, the heaviest death rate occurring in 
September. 
RELATION OF MOISTURE TO THE DYING SEASON. 

Again examining the diagram in Fig. (i2) it is noticed 
that the rainfall in 1906 was very heavy, the total for the year 

*S. C. Expt. Sta. Bull. No. 142. 
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being 76.83 inches of which 39.61 or over 1-2 of the total fell 
during the months of June, July August and September. The 
maximum death rate from stomach worm follows this heavy 
rainfall. There are 110 deaths from hookworms recorded dur
ing that year. 

The rainfall during 1907 was only 41.57 inches and was 
quite uniformly distributed throughout the year—the total for 
the months of June, July, August and September being 12.63 
inches. The death rate was very small occurring in early 
October. The rainfall increased in November and reached 
its monthly maximum in December, which was followed by 
the dying season from hookworm extending from December 
27th, 1907 to January 25th, 1908. 

In 1908 the rainfall was heavy, the total being 69.69 inches, 
of which 20.57 inches fell during the months of June, July, 
August and September, the precipitation in September being 
only 1.82 inches. The death season followed this heavy pre
cipitation. 

Considering the data in connection with laboratory experi
ments it is evident that the percentage of death during a single 
season is governed to a great extent at least by the amount of 
precipitation during the main growing season, from June to 
September. Moisture is very important for the successful 
development of the young stomach worms and hookworms. 
The mortality of the young worms during the last two winters 
under out-of-door conditions has been very heavy yet there is 
a small per cent, that will survive under very adverse condi
tions of drouth or moisture. The young spring calves coming 
to pasture during April graze little during the first week or 
two. The heavy grazing begins in early May. Abundant 
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moisture during May and June will make the conditions for 
the development of the young worms very favorable and may 
account for the high egg records in June. It is important that 
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Fig. 13 
Experimental lots used during this investigation; shaded portion in

dicates high and dry land, unshaded portion is a low creek bottom. 
H, is a spring feeding a swamp G, which drains into the creek. On 
lots C and B the heaviest death rates occurred, (original) 

the pasture 011 which young cattle are kept are dry and clean. 
Low swampy places are favorable for the development of these 
parasites even in dry weather. Abundant pasturage and nour
ishing food are necessary during late summer and fall. 
EFFECT OF WORMS ON SPRING AND FALL CALVES. 

The principal injury is done to spring calves. The trouble 
becomes pronounced through August and September depending 
011 th e amount of moisture present during the spring and sum
mer months. During the three years paist 110 fall calves died 
from intestinal parasites at this Station, nor did they ever show-
any signs of attack. During the past season all calves intro
duced 011 lot A as young suckling animals after August 20th 
did not develop any symptoms. They showed a very light 
egg record but thrived. This might be accounted for by the 
scarcity of pasture and the shorter grazing season of the 
animal. 

Calves 16 and 17 were placed 011 creek bottom land lot F, 
with a nursing cow and kept there throughout the season. 



This lot received drainage only from lot E. These calves 
never developed any symptoms of the disease but were not par
ticularly thrifty at any time during the season. They both 
gave a low egg record. It should be stated that this lot was 
never as heavily infested as lots A, B and C. During 1906 
there were three lots viz. DG, AB, and EF. In the 
spring 1908 high land was separated from the low creek bot
tom resulting in the arrangement as given in Fig. (i3). 
INJURY IN RELATION TO AGE OF ANIMAL. 

The herd used in these experiments consisted of sixteen 
calves varying from seven to twelve months of age, and includ
ing Jerseys and Holsteins. From this herd four calves died 
from parasites and the results of these postmortems are al
ready recorded in Bulletin 137 of this Station. The remainder 
of the herd was transferred from the infested lots to a large 
high land pasture on April 1st. Several of these calves 
showed the symptoms of infection at this time, especially one 
small Holstein, the youngest calf in the herd which at that 
time was merely holding its own. It did not shed its hair 
like most of the other calves owing to its poor condition from 
the effects of the parasites. On April 25th, several calves of 
the herd became sick and at noon of the 27th one died. 
Postmortem examination showed 110 parasites. The young
est calf of the herd died late in the afternoon of same date so 
that postmortem examination could not be made before dark, 
consequently the stomach and intestines were removed by Dr. 
Powers and transferred to the zoological laboratory by the 
writer, where they were carefully examined, showing a few 
hookworms. Not a single parasite was found in the intestine, 
the few hookworms occurring in the fourth stomach. This 
was the only instance where hookworms were found in the 
fourth stomach. They were very active and aggressive and 
the effects of their attachment to the mucous membrane never 
more noticeable. The point of attachment of the mouth of 
the worm to the stomach wall showed spots similar to those 
produced 011 the skin of a person stung by a poisonous insect. 
The membrane was swollen, the elevation lieing about 1-16 
inch in diameter, with a dark spot in the center. On Sept. 
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-8th, two other calves of this herd died and were examined 
b\ I )i. Lainett and the writer, neither calf showing any worms 
whatever. On the morning of the 29th another calf that had 
died the pievious night was examined postmortem by Dr. 
1 >ainett. lie found several hookworms in the small intestine. 

I hese were brought to the laboratory and upon examination 
110 eggs were found in the females. From these observations 
it appears that the strongyloid parasites had been practically 
eliminated and hence were 110 factor in causing the deaths of 
the animals in this herd. I he ages ranged from ten to fifteen 
months, the average being about fourteen months old. When 
considering the above facts with other postmortem examina
tions, appearing in other portions of this report, it may be 
concluded that the intestinal parasites or their injuries men
tioned in this paper become eliminated from the animal at 
approximately fourteen months—sooner in some cases. 
EXTENT INFESTATION IN RELATION TO SYM PTOMS. 

A systemtic faecal egg record was made of all calves in the 
experimental lots in order to keep informed as to the progress 
of infestation. As nearly as possible an equal amount of 
faecal material was examined 011 each slide, the examinations 
being similar to those made the previous season and recorded 
in Bulletin 137 of this Station. While the egg records in 
the calves examined and posted'in 1907 showed the extent of 
infections as can be seen by examining the postmortem records, 
during the season of 1908 when a large number of calves 
were examined, the maximum faecal egg records did not occur 
when the symptoms and deaths were highest. 

HOST ANIMALS. 
During these investigations frequent examinations were 

made of the faeces and alimentary canal of animals other 
than* ruminants to determine which arc host animals or inter
mediate hosts. These examinations included material from 
horses, pigs, cats, dogs, rats, mice, rabbits, poultry and var
ious kinds of wild birds. 
HORSES. 

Faecal examination of horses at no time showed any eggs 
resembling those of stomach worms, H. contortus. Eggs of 



Ascciris mcgciloccpliala and Oxyuris curvula were common in 
some material. 
PIGS. 

In the faecal material of swine the eggs of the kidney worm, 
Stcplianurus dcntatus, are commonly met with. These eggs 
resemble those of the stomach worm though longer and hav-

Fitr 14. 

of kidney worm of pit?, Stephanurus'dentatus, Rreatly"enlarged, (original) 

ing a greater variation in shape. The adults occur commonly 
in pigs; in our studies they were found principally in the 
tissues around the kidney, sometimes accompanied by peri
toneal effusions. In some cases active full grown worms were 
found in the hylus. 

Ascaris stiilla was found in the intestines of pigs. 
RABBIT. 

Strongylus sp., Eggs which, with the exception of size, 
resemble those of stomach worms, are commonly met with in 
the stomachs of rabbits. These are the eggs of a species of 
strongylus resembling S. strigosus differing from the latter 
principally in the form of the spicules which are .5 mm long, 
lacking the filiform structure as given for S. strigosus. 
CATTLE. 

Monodontus phlcbotomus (Hookworm) occurred in de
structive numbers in young cattle during the winter of 1907-8 
(See Bull. 137, S. C. Expt. Sta.). During the season of 1908 
this species occurred commonly in nearly all the young cattle 
examined postmortem. In two cases this species was fairly 
numerous while in one postmortem it was the principal para
site present in the alimentary canal. 

Coopcria punctata occurred abundantly in the small intes
tines of all young cattle 'posted' where M. phlebotomus was 
fairly numerous or abundant (Bull 137' S. C. Expt. Sta.,) 
making it appear that these two species thrive under similar 
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conditions. In a letter of March 12, 1908, Dr. Ransom gives 
me the following data 011 t his point; "Schnyder (1906) exam
ined carefully for parasites the carcasses of seventeen cattle 
in Switzerland, in seven of which he found Cooperia punctata. 
In only one out of the seventeen was H. contortus present and 
this animal was free both from C. punctata and M. phleboto-
mus. In two of the animals infested with C. punctata, M. 
phlebotomus was also present." 

FIST. 15. 
Eggs of Oesophagostoma inflatum, greatly enlarged, (original) 

Oesophagostoma inflatum occurs very commonly in the 
caecum of young cattle. 

Fig. 16. 
Filaria cervina (a), adult, reduced one-half; (c) posterior end and (b) anterior end greatly en

larged. (Drawn from nature) 

Filaria cervina.—Several specimens taken from peritoneal 
cavity in young cattle. In one case the specimen was coiled 
and encysted, numerous hemorrhagic spots occurring in the 
neighborhood of the cyst. Fig. 16. 

Fig. 17. 
Trichocephalus affinis. (original) 

Trichocephalus affinis occur commonly in the caecum of 
young cattle. 
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DOG. 
Filaria immitis.—Several specimens taken from pulmonary 

artery of dog during postmortem. They had various posi
tions, being either folded or extended. 

Spiroptera sanguinolenta.—Taken from an asophageal cyst 
during postmortem. 
MISCELLANEOUS. 

Anguillula intcstinalcs was met with in the examination of 
faecal material from calf lots but host was not determined. 
Anguillula sp. resembling A. intcstinalcs was common in 
manure of hookworm infested calf at Greenville, S. C., on Oct. 
16, 1909. 

SUMMARY. 
I. BIOLOGICAL. 

1. Under normal conditions the full-grown stomach worms 
live in the fourth stomach of cattle and sheep while the 
hookworms live in the small intestines, being most numerous 
in the upper portion. In hookworm infested cattle Cooperia 
punctata is frequently very abundant over the same area as 
the hookworms. 

f • 
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Fig. 18. 

Comparative appearance of 
various worms, |natural size. 
A, male and female stomach 
worms; B, male and female 
Oesophagustoma inflatum ; C. 
male and female cattle hook
worm ; D, female Cooperia 
punctata, (original.) 
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2. These species mentioned mate and oviposit in the di
gestive tract and the eggs are passed out with the faeces. 
Under favorable conditions of moisture and temperature they 



hatch and develop to the infesting stage in from five days to 
two weeks. 

3- 1 he eggs of the stomach worm and hookworm resem
ble each other in size and shape—those of Cooperia punctata 
being much smaller. I hese eggs are all sensitive to ex
tremes of heat, cold and drouth, while the infesting stage is 
much more resistant. 

4. A variable percentage of full-grown ensheathed free 
worms may live nine months and show great activity when 
disturbed. 

5. The ensheathed worms may rise 011 any nearby object 
and remain quiet in an elevated position. A variable per
centage does not rise while the tendency of rising is much less 
in the hookworm than the stomach worm. 

6. The minute size of the young worms enables them to 
ascend through sand or loose soil. They are heavier than 
water and readily sink. 

7. During 1908 the dying season of the animals did not 
occur during or immediately after the season of maximum egg 
record. 

8. The number of deaths, diseased and healthy animals was 
not proportionate to the intensity of infestation. 

9. The dying season occurred during the latter portion and 
following rainy seasons in fall and winter. 

10. Only spring calves are attacked by the disease. 
11. The parasites or their injuries are eliminated from the 

animal at approximately ten to fourteen months of age, mature 
cattle not being injured. 

12. Experiments during the last two years at this Station 
have shown that this disease is least dangerous 011 high well 
drained pastures. (See Report of An. Husb.) 
II. ECONOMIC. 

1. In view of the experiments carried on by the Veterinary 
and Zoological Divisions of this Station during the last two 
years, it is of prime importance that young cattle be kept on 
high or well drained pasture. 

2. The animals should have plenty of wholesome food and 
especially during late summer and fall when pastures become 
scant. 
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$. The animals should have access to plenty of fresh water, 
preferably running" water, and no muddy or swampy condi
tions should be tolerated about watering places. 

4. During a moist season when the disease is worst the 
pasture should be changed, always keeping the animals on 
upland. 

5. Intelligent rotation of land is not only important on in
fested farms but it is one of the best practices on most South 
Carolina farms. 

6. Where the raising of late summer or fall calves is prac
ticable it will greatly eliminate this disease, it having been 
observed in the investigations that at this Station late summer 
and fall calves were never attacked. 

A. F. CON HA 1)1, Entomologist. 

COTTON ANTHRANCOSE INVESTIGATION. 
REPORT OF PROGRESS. 

INTRODUCTION. 
Since the work of Dr. Atkinson1 of the Alabama Station 

and Miss E. A. Southworth2 of the Department of Agricult
ure in 1889 and 1890 there has been little work of either 
scientific or practical importance done on cotton anthracnose. 
In the mean time the disease has spread to such an extent 
that it has already crippled individual farmers in many sec
tions, and threatens to jeopardize the production of cotton all 
over the South. In many cases the past season, the estimated 
loss of individual farmers has amounted to from 40 to 70 per 
ceut. of the crop. A very conservative estimate of the annual 
loss in this State would be 1 per cent, of the crop. For the 
past season this would amount to ovei S/00,000. 1 he com
parative scarcity of knowledge of the life history and habits 
of the fungus, Colletotriclnim gossypii, which causes the dis
ease, together with the increase in the amount of damage done 

1. Alabama Experiment Sta. Bull. No. 41. 
2. Journal Mycology Vol. VI. No. 3. 
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by it, made apparent the necessity of a careful study of the 
fungus in its various stages of activity. Such study was be
gun in the summer of 1908 and has been continued since that 
time. While the problem is by no means complete, it seems 
that it will be well to publish here some of the interesting and 
important things which have come out thus far in the investi
gation. Upon reviewing the available literature at the time 
the investigation was undertaken, a number of different phases 
of the problem presented themselves. What seemed at that 
time to be the most important of these were (1) The perfect 
stage of the fungus and its bearing on the problem, (2) The 
method and source of infection of the bolls, (3) The vitality 
of the conidio-spores and mycelia of the fungus as they occur 
on the diseased bolls and stalks in the field, (4) The proba
bility of the fungus being carried in the seed and the effect of 
this on spreading the disease, (5) The possibility of breeding 
a strain of cotton that would be resistant to anthracnose. 

Since this work was begun, Prof. C. W. Edgerton3 has 
discovered and described the perfect stage of the fungus, and, 
as we have not met with this stage here, I shall simply refer 
those interested to his article on the subject. It does not seem 
necessary in a paper like this to give a description of the dis
ease and the various stages of the fungus which causes it, but 
I simply refer the reader for this to Atkinson and Soutlnvorth. 
With a view, however, of helping those who are not familiar 
with the disease to recognize it when they meet it, I shall, be
fore taking up the discussion of the experiments as outlined 
above, give a short description of the disease as it occurs on 
the bolls. In this paper, I shall use the following common 
names and terms in general usage, in place of the strictly 
technical terms:—Boll, the entire fruit 01* c apsule; lock, the 
individual carpel or lockule; bloom, the part of the flower 
which drops off immediately after fertilization, and is made 
up of the corolla, the stamens, and the style and stigma of the 
pistil. 
THE DISEASE AS IT APPEARS ON THE BOLL. 

Cotton anthracnose first occurs 011 the outside of the boll 

3. Mycologia Vol. I. No. 3. 
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as a small dark or purplish spot. This spot usually increases 
in size as the disease progresses until in some cases it covers 
one-fourth to one-half of the boll. At any time after such a 
spot occurs, if the weather conditions are favorable, the whole 
surface of the diseased area is liable to become covered with 
a moist, pinkish, pasty-looking mass of spores. This pinkish 
coloration on such surfaces is very characteristic of the dis
ease. If such bolls are cut open they are found to be dis
colored and rotten on the inside. If the boll approaches 
maturity before it is completely destroyed, it will partly open; 
and the lint and seed will be compact and rotten (See Fig. T.). 
Such lint will also he covered in moist weather with pink 

FiK. 1. 

Bolls badly diseased with'Anthracnose. 

masses of spores. If the bolls are attacked while they are 
very small, their development is checked and the whole boll 
turns black. 

METHOD OF INFECTION. 
On the i st of September, 1908, a number of inoculations 



were made with a view of getting some light on the method 
of infection of the bolls. One hundred and thirty bolls of 
various sizes were inoculated by puncturing the boll with a 
sterile needle and then inserting spores from pure cultures in
to the punctures. From such inoculations the infection seemed 
to take place almost immediately, the disease beginning to 
show up in from three to four days, and in from seven to 
twelve days developing into typical diseased bolls. One hun
dred and twenty-eight of these, or 97 per cent., produced the 
disease. Bolls that were punctured in the same way, but not 
inoculated, did not develop the disease. At the same time. 
100 bolls about three-fourths grown were inoculated by spray
ing with sterile water containing spores of the fungus. The 
disease showed up 011 only six of these. The fact that the in
oculation took in practically every case where the boll wall 
was punctured and the fungus inserted, and in only 6 per cent, 
of the cases where the water containing spores was sprayed 
011 the boll, made it look as though there might be something 
in the theory which was promiscuously advanced at this time 
that insects by puncturing the bolls made injuries through 
which the fungus entered. The season was too far advanced 
to make further inoculations at this time; so this had to be 
postponed until the following summer, 1909. 

This time the inoculations were begun 011 the 17th of July, 
four days after the first flowers had been observed in the 
field. Ten flowers were inoculated on this date by spraying 
with sterile water containing spores from pure cultures. This 
was done in the evening between five and six o'clock of the 
day that flowers opened. The tube from the atomizer was 
held so that the spore laden water was forced well down into 
the flower, and two to four cubic centimeters of this was used 
in each inoculation. The spraying of this water into the flow
ers did not seem to disturb their normal functioning, as all of 
those inoculated, as well as the checks treated in the same way 
with sterile water, set fruit and developed as rapidly as the 
ones not treated. Twenty more flowers were inoculated in a 
similar manner on the 23rd, and seventy more on the 27th of 
Tilly. Notes were taken on all of these every day for the first 
two weeks and from then on, every two days. Three of the 



9& 

first ten became infected. On one of these a small brown 
spot had developed near the base of the boll on the 23rd, six 
days after inoculation. This had increased to one-fourth of an 
inch in diameter by the 25th; and on the 27th, ten days after 
inoculation, the young boll had burst open, and masses of 
spores were being produced on the broken surface. When 
brought into the laboratory and opened, this boll was found to 
be diseased throughout at the base. The fungus had entered 
at two points along the line of dehiscence on opposite sides of 
the boll. About one-half of the basal portion had turned 
brown, as a result of the disease; and numerous mycelia and a 
few spores were found in this discolored, diseased portion. 
Another of these bolls showed a small dark spot 011 the line 
of dehiscence near the base on the 28th, eleven days after the 
inoculation. This increased slightly in size until two weeks 
later., when it was one-half an inch in diameter and was pro
ducing an abundance of spores. This boll had been increasing 
in size all the while, and was one inch in diameter when col
lected. The interior was diseased throughout much like the 
one described above. The third of this lot showed no sign of 
disease until after it had opened on the 1st of October, seventy 
days after inoculation. On the 13th of October, when col
lected, pink masses of spores were observed on the inner wall 
of the boll. The lint and seed here seemed to \yc perfectly 
healthy and mature. 

Of the next twenty inoculations made in the same way on 
July 23rd, seventeen bolls or 85 per cent, became infected. 
The disease showed up on one of these in three days; on five 
in six days; on two, in eight days; on four, in eleven days; on 
three, in eighteen days; and 011 tw o, in thirty-six days after 
inoculation. The high per cent, here was probably due to un
usually favorable weather. There was .1 of an inch of rain 
on the day of inoculation, .2 two days later, .3 two days 
later, one inch one day later. The weather was partly cloudy 
during all of this time. This damp, cloudy weather seemed to 
enable the fungus to get a hold and to enable it to^ develop 
more rapidly than with inoculations made at other times. In 
the majority of these bolls the fungus entered through the 
line of dehiscence and spread rapidly through the whole in



terior of the young boll. The diseased mass of the interior of 
such bolls was brownish to black in color, spongy and moist, 
but not mushy, as is frequently the case with such rots. By 
the time the whole interior had succumbed to the disease, pink 
masses of spores would begin to show up on the surface and a 
little later, spores would begin to form on the decayed mass 
in the interior. One rather peculiar thing about these inocu
lations was the great variation in the rapidity with which the 
disease developed. Some of the young bolls showed signs of 
disease in three to six days after inoculation, and a few days 
later were found to be completely diseased. In other cases, 

Fijr. 2. 

Boll to iif?ht inocu
lated with spray of 
spores of Anthrac-
nose in sterile water. 
Boll to left, check of 
same a>re from same 
stalk. 

the disease showed up within ten to fifteen days, but the bolls 



continued to develop and were not destroyed until two weeks 
to a month later. In some cases, there would be no sign of 
the disease until a month or more after inoculation and then 
the whole boll would he destroyed within a few days. Boll 
No. n, for instance, showed no sign of disease until thirty 
days after inoculation, and at that time only two small spots 
were noticed near the apex on the lines of dehiscence. I hree 
days later, the whole distal end of the boll turned black and 
the interior was found to be badly diseased. Several others 
showed up in much the same way as this one (See Fig. 2.). 
This seemed to indicate that the fungus in some cases enters with
out leaving any sign 011 the boll wall,—first destroys the seed 
and lint on the inside, then attacks the capsule walls, and later 
forms masses of spores 011 its outer surface. In other cases, 
the boll would be attacked first, and the lint and seed would 
mature before much damage had been done to them. I ><>11 No. 
12 showed 110 s ign of disease until it was mature and open, 
when a number of small yellow areas were observed 011 the 
lint. These, when examined, showed the anthracnose spores 
and filaments. No spores or other signs of the disease were 
found on other parts of the boll, but spores and filaments weie 
found on the inside of several of the seed which weve taken 
from these discolored portions. None of the checks which 
were sprayed at the same time with sterile water, showed any 
infection. 

Of the next seventy inoculations made in the same way as 
above on the 27th of July, twenty-three bolls, or 33 per cent, 
became infected. The disease here showed up with about the 
same rapidity and in much the same manner as with previous 
inoculations. Three of the bolls in this series showed no signs 
of disease until mature and open, and then spores and filaments 
were found on the lint and seed, as in the case of No. 12 noted 
above. . 

A number of blooms from these inoculations were collected 
when they had dropped, and placed in damp chambers in the 
laboratory: and all of these developed an abundance of an
thracnose spores. Some of the blooms which were not col
lected but allowed to fall to the ground and remain in the 
field on the surface of the soil, produced numerous spores in 
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from six to ten days after inoculations were made. Where 
conditions were favorable, spores were produced in this manner 
on all of the blooms that were inoculated. These blooms drop
ped in from two to three days after the inoculations were 
made. It seems that, when they drop the second day after 
inoculation, this might take place in some cases before the 
fungus has had a chance to grow through the base of the 
petals and gain entrance into the young boll. 
YOUNG BOLLS INOCULATED. 

On July 28th, fifty one-day-old flowers were tagged. The 
next day, the 29th, ten of the old blooms were removed, and 
these young bolls sprayed with sterile water containing spores 
taken from pure cultures. Ten more of these were inoculated 
on the 31st, two days later. On account of very heavy rains 
we could not get in the field to follow this at two day intervals, 
but ten others were inoculated 011 August 4th, five days later 
and ten others 011 A ugust 7th, and ten others 011 A ugust 9th. 
Of the first ten, which were inoculated when two days old, 
60 per cent became infected. Of the next ten, which were in
oculated when four days old, 40 per cent became infected. 
Of the next ten, which were inoculated when nine days old, 
30 per cent became infected. Of the next ten, which were in
oculated when eleven days old, 30 per cent became infected. 
Of the next ten, which were inoculated when thirteen days 
old, 50 per cent became infected. On all of these where the 
disease showed up before bolls matured, diseased spots occurr
ed on the lines of dehiscence, except in four cases where the 
interior was found to he badly diseased before any signs of 
disease occurred 011 the outside. On the young bolls which 
were inoculated in this way, the disease did not seem to de
velop quite as rapidly as it did where inoculations were made 
in the bloom. Of the fifty, six showed up in less than ten 
days; three, in less than twenty days; three, in less than thirty 
days; four, in less than forty days; and three, in less than 
fifty days after inoculation. All except four of the bolls in this 
lot, however, were completely destroyed by the disease. These 
four when collected contained nearly mature seed in which 
spores and filaments of the fungus were found. 

All of the inoculations taken up thus far were protected in 
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no way from outside agencies of infection but were simply 
sprayed with the water containing spores and left under ab
solutely normal conditions. Each time checks similar in every 
respect to the bolls inoculated were sprayed with sterile water 
and observed same as inoculated ones. In only two cases did 
disease develop on such checks. 
BAGGED BO LLS INOCULATED. 

On August 16th and 17th a number of bolls were bagged 
before the flowers opened; and then, after the fruit was set, 
inoculations were made. Eight of these bagged bolls were 
inoculated in the flower 011 the 27th. Three bolls, or 37 per 
cent of these became infected. On August 21st, twenty-eight 
of these young bagged bolls, five days old, were inoculated 
with spray. Nineteen of these, or 68 per cent., bacome dis
eased. The bags were kept over these and they were not 
opened except to make notes on developments of the disease. 
The disease developed here much the same as in previous inocu
lations. The high per cent, of these five day old bolls which 
became diseased seems to indicate, as did the inoculations of 
young bolls previously referred to, that infection takes place 
easier when young bolls from two to six days old are inocu
lated than when the inoculations are made in the fiower or 011 
older bolls. This might be explained by the fact that the ca
lyx extends up above and around the young boll at this stage, 
and makes a kind of cup which holds the moisture. I his 
would furnish ideal conditions for the spores that lodge here 
to germinate and begin work. I lie fact that as much disease 
developed on the inoculated bagged bolls as on those not 
bagged indicates that insects have nothing to do with the in
fection. 
YOUNG BOLLS INOCULATED W ITH PUNCTURE. 

On August 21 st. five bolls, five days old, were inoculated by 
puncturing the boll wall with a sterile needle, and then spray
ing with water containing spores from pure culture of the 
fungus. Four days after inoculation, practically all of these 
spots were surrounded by purplish areas one-eighth of an inch 
in diameter. Two days later, these areas were producing 
spores on the surface, and the whole of. the interior of the 
young bolls was discolored and diseased. Bolls punctured in 
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a similar way, and sprayed with sterile water, developed no 
disease. At the same time, five ten day old bolls were inocu
lated at four points each by puncturing in a similar manner, 
and inserting spores in the punctures. The disease did not 
develop quite so rapidly on these, but in a little longer time 
had done just as effective work. Six days after inoculation, 
purplish areas, one-eighth of an inch in diameter, were observ
ed around the punctures; and, three days later, these were 
producing pink masses of spores and the disease had spread 
to the whole interior. These were collected at this time, and 
masses of spores were found to have been produced on the 
immature diseased lint and seed. 

On the 15th of September, five bolls about grown but green 
and apparently two weeks before opening, were inoculated simi
lar to ones above, except punctures were very slight, intended 
to go only part of the way through the boll. Five points were 
inoculated on each boll. At twelve of these twenty-five points, 
the fungus went through the remainder of the boll and in
fected the seed and lint beneath. These punctures, naturally, 
varied a little in depth; and, where they did not extend more 
than half way through the boll, the fungus seemed unable to 
get through the remaining portion. Where the punctures were 
deeper than these, the fungus worked its way through into the 
seed and lint beneath. Where this occurred, the lint and seed 
would be discolored, assuming a dirty, yellowish color and 
presenting a moist, slimy appearance. At such freshly attacked 
places, young mycelia could not be found in the lint hairs but 
the cells were badly disorganized. The contents were color
ed yellow and scattered throughout the cells. In places where 
the fungus had been at work longer, mycelia were found 011 
the inside of the lint fibres. It seems, from a study of these 
points, as though the secretions from the mycelia must have a 
toxic effect on the immature hairs which causes the cell con
tents to break down and become disorganized, after which 
the mycelia enter the fibres and probably through them gain 
entrance into the seed coats. The cells of the boll and seed 
coats which have been penetrated by the mycelia of the fun
gus are not disorganized as the lint fibres are. Even in these 
bolls which were about mature, the fungus spread rapidly 
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among the seed and lint as soon as it had made its way 
through the walls of the boll. 

MISCELLANEOUS INOCULATIONS. 

On September 15th, five bolls, one-third to three-fourths 
grown, were inoculated at four points each, at marked areas, 
on the surface of the boll, with spores suspended in a drop of 
water. At two points the fungus was found after seven days, 
to have gone through the wall of the boll and attacked the 
lint and seed beneath. Six of these inoculated areas crossed 
the lines of dehiscence; and, at two of these places, one place 
each on two different bolls, the fungus went through and start
ed the disease. The fact that a very low per cent, of these in
oculations produced infection shows how hard it seems to be 
for the fungus to get to the inside of the boll. Sections were 
made of the places where the mycelia did succeed in entering, 
and the filaments could be seen very clearly in the cells of the 
boll wall. (See Fig. 3.) 

The epidermis was removed from four small areas on each 
of four bolls which were about grown, and these areas were 
inoculated with a drop of water containing spores. Two of 
these bolls were on Burn's Long Staple and the other two on 
Toole cotton. Neither of the inoculated areas on Burn's Long 
Staple did more than cause slightly diseased appearance of the 
inoculated surface. The fungus did not cut through the boll. 
At two of the places, however, on one of the bolls of Toole, 
the fungus succeeded in getting through the boll and causing 
disease. These two points seemed to have been scarred deeper 
in removing the epidermis than were the others. It would 
seem, therefore, from these inoculations, that simply removing 
the epidermis does not help the fungus to gain an entrance in
to the boll. 

Small sections one-half inch square were taken from the 
boll at two points each 011 four bolls, and the spores were 
placed on the lint which was thus exposed. Two days later 
the lint thus inoculated was discolored and the fungus was 
seen to be spreading. Four days later when the bolls were 
collected and brought in, the entire lock which was inoculated, 
in each case was discolored throughout, and filaments and 
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spores of the fungus were found among the diseased seed 
and lint. 

A small portion of the tip of the apex of eight bolls was 
clipped off, and spores placed on the clipped surfaces. In every 
case, after an average of about five days, the fungus entered 
and spread through the interior of the bolls. 

Ten bolls were inoculated with spray just as they were be
ginning to open. None of these developed disease. All of these in
oculations were made in a part of a field where no anthracnose oc
curred, and since checks in every case remained healthy and 
developed normally, it seems quite evident that the disease in 
each case came from the inoculation. 
INOCULATION OF STEMS AND LEAVES. 

On July 17th, ten leaves, ten petioles from which leaves had 
been clipped, and ten scarred places on stems of different 
stalks, were inoculated by inserting spores with sterile needle. 
Each leaf was inoculated at four places. None of these de
veloped any disease. The scarred, inoculated places on the 
stems developed nothing definite. In two cases, however, 
where such inoculated areas looked rather suspicious, and were 
removed and placed in damp chamber in the laboratory, an
thracnose spores were developed; but in no case were spores 
found to have developed on these in the field, and sections of 
tissue scarred and inoculated in this manner showed that 
mvcelia had entered only a little distance beyond the injured 
tissue. All of the petioles, which were inoculated after the 
leaves had been clipped from them, developed disease. rl wo of 
these were withered and about to drop six days after inocula
tion, and were brought into the laboratory. The inoculated 
ends were discolored and indicated the work of the fungus, but 
no spores were being produced. They were placed in damp 
chamber, and after four days an abundance of spores were 
found throughout the distal half of the petiole. Four others 
held on from ten to twelve days and turned black through
out their length before they dropped. These were producing 
spores on the clipped end when collected. The scars from 
which these clipped petioles fell were carefully watched, and as 
several of them looked suspicious, two were cut off ten days 
later and brought in, and placed in damp chamber. Anthracnose 



102 

developed on each of these. These inoculations were made on 
two varieties, Toole and Hite's Early Prolific, which, as we 
have learned since, are very resistant to anthracnose. In spite 
of this, however, a month after inoculations had been made, 
two bolls which were located near the inoculated petioles were 
found to be diseased. No other diseased bolls were found on 
these or the neighboring stalks. Further experiments along 
this line will be conducted next summer. 
OBSERVATIONS RELA TIVE TO INFECTION. 

Observations were made in the field here and in a number 
of other sections of the State on the occurrence and develop
ment of the disease. Specimens of diseased bolls were sent in 
by twenty-eight farmers from all parts of the State and these 
bolls were used in some cases for laboratory studies. In about 
98 per cent of the bolls examined, the location of the diseased 
spots on the surface of the bolls indicated that the infection 
had taken place through the lines of dehiscence. In practically 
all of the badly diseased bolls, pink masses of spores were 
found on the diseased lint and seed and on the inside of the 
diseased seed. Bolls of all sizes were diseased. The large 
majority sent in, however, were found to be about one-halt" 
to two-thirds grown. From observations so far, it seems that 
comparatively few bolls succumb to the disease under natural 
conditions before they are half grown, and that those that do, 
drop off and are not noticed by the ordinary observer. One 
thing that struck me as rather odd, while making observations 
in various fields where the disease occurred, was that the pres
ence of the disease does not always seem to mean a great loss. 
In some cases it would destroy one-half to two-thirds of the 
crop, and in other cases on the same varieties of cotton and 
under conditions very similar, not more than 2 to 10 per cent 
of the bolls would be destroyed. The weather conditions and 
the varieties of cotton used seemed to be in a measure respon
sible for this. It is rather hard to understand, too, why the 
disease did not spread more in the field here to bolls adjoining 
those inoculated, especially in cases where an abundance of 
spores were developed early in the season. The factors con
trolling the spread of the disease from one boll to another will 
be looked into more carefully next summer. 
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SUMMARY OF INOCULATION STUDIES. 
( I ) The disease always develops from bolls of any age or 

any variety when inoculated with spores through punctures in 
the boll wall. On entering such inoculated bolls, the fungus 
causes the lint at this point to turn yellow and present a slimy, 
yellowish appearance and the cells of same to become disor
ganized. Later the mycelia enter the lint fibres and cells ol 
the seed coats and penetrate the endosperm and cotyledons of 
the seed. Inoculations made in such punctures produced dis
ease in three to five days. 

(2) When flowers ten hours after opening were inoculated 
with spores in water, 44 per cent, of the bolls developing from 
such flowers were diseased. 

(3) 53 Pcr cent- of young bolls inoculated with spores in 
water became diseased, the per cent, diseased varying with the 
age of the bolls at time of inoculation, the highest per cent, 
becoming infected when the bolls were from two to five days 
old. 

(4) The infection both from artificial inoculations, and nat
ural infection, takes place through the lines of dehiscence of the 
bolls. 

(5) The time in which the disease shows up varies, the 
minimum time after inoculation made with spray being four 
days; the maximum, sixty days; the average, fifteen days. 

(6) Inoculations with spray had no effect on bolls after 
they were three-fourths grown. It seems, therefore, that nat
ural infection must take place before or about the time the bolls 
are half grown. 

(7) The fungus seems to prefer the lint and seed to any 
other part of the boll and when it attacks these early in their 
development, always completely destroys them. When fungus 
enters seed after they are approaching maturity it seems to 
penetrate the endosperm and cotyledons. 

* 

THE VITALITY OF THE SPORES AND MYC ELIA OF THE FUNGUS 
UNDER FIELD CONDITIONS. 

Beginning with November, 1908, old diseased bolls were 
brought in from the field every two weeks, examined and cult



ures made from them. During the first three months, it was 
an easy matter to isolate the fungus from any of the diseased 
spots 011 t he old bolls. After this time, it was rather hard to 
find them at all 011 such bolls, but when these were put in damp 
chamber they continued to produce spores for two months 
longer. After this, cultures of the fungus could not be ob
tained from such bolls. In searching for the fungus in the field, 
though, it was noticed that the seed in these diseased bolls con
tained fungus filaments. These, when examined, proved to be 
anthracnose. Spores taken from such seed from time to time, 
until the first of June, readily produce cultures of Colletotri-
chum. These seed when first examined for spores, along in 
January and February, were found to have quantities of spores 
on their shriveled and diseased interiors. Later many of the 
seed were empty, and in others nothing was left but a thin gray 
layer of filaments and spores just inside the inner seed coat. 
The last cultures which we were able to get from such seed 
or from any other source from the field were made 011 July 
20th. After this very few spores could be found anywhere 
and none of these would germinate. Old diseased bolls and 
seed placed in damp chamber, after this, failed to produce any 
growth of the fungus. Numerous fallen blooms were also col
lected the latter part of July and the first of August, from cot
ton field where the disease had occurred the previous year, 
with the hope of finding any fungus which might still l)e alive 
iu the soil. These blooms had proved such a good medium for 
the fungus where inoculations had been made that it seemed as 
though, if the fungus were present and alive in the field, it 
would develop on these and spread from them to the living 
portions of the plant. As these blooms decayed on the surface 
of the soil in the shade of the plants, it seems that they should 
have formed a good opportunity for the fungus to get a start. 
Such hlooms were also brought into the laboratory and placed 
in damp chamber, but no anthracnose developed from them. 
This makes it look as though all of the fungus from the pre
ceding year, except that which was on the living stalks, was 
dead by August 1st. Examinations and cultures made, still 
later, from a stubble field which had been in cotton the previous 
year, but in oats and peas since then, seemed to bear this out. 
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THE HYPHAE AN D SP ORES O N TIIE INSIDE OF THE SEED. * 

Dr. Atkinson suggested in 1890 that cotton anthracnose 
might be distributed through seed the same as bean anthrac
nose, but since that time no work has been done to determine 
definitely whether the seed are an important factor or not in the 
distribution of the disease. It seemed, therefore, advisable to 
make some investigations along this line. Accordingly, in 
February of this year I made some germination tests with this 
end in view. The seed which were used in these tests were of 
the Blue Ribbon variety and were taken from the general lot of 
seed, from a field in which anthracnose had destroyed 35 per 
cent, of the bolls. They had, therefore, a good chance to be
come diseased. I germinated these in lots of a hundred in the 
laboratory, under sterile conditions, and found that from 5 to 
12 per cent, of the seedlings were diseased. Some of these 
seed were planted in the greenhouse, and the same thing was 
observed. The disease occurred on the cotyledons before they 
were unfolded and on the hypocotyl, and from the diseased 
condition of some of the cotyledons as they were unfolding, it 
appeared that the fungus must have been 011 the inside of the 
seed coats before germination started 
SEED TRE ATMENT TESTS. 

On finding that we had an abundance of infected seed, I 
decided to treat some of these with various chemicals which 
are commonly used for seed treatment, and see what the result 
would be on the fungus. Solutions of copper sulphate, 1 pound 
to 4 gallons, 1 pound to 10 gallons, 1 pound to 25 gallons, and 
1 part to 100; mercuric chloride, 1 part to 100, 1 part to 500, 
1 part to 1000; formalin, 1 pint to 10 gallons and 1 pint to 20 
gallons were used. The time used for these was with each 
solution thirty minutes, two hours, three hours, six hours and 
twelve hours, after which the seed were placed between blot
ters and germinated. In every case where the seed germinat
ed at all, disease showed up on the seedlings. (Fig. 4.) The per 
cent, of diseased seedlings ranged from 2 to 12 per cent, of the 

•The data secured in this connection have been submitted to 
the University of Nebraska as thesis for masters degree. 
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germinations. It seemed to be as prevalent with one method 

Fig 4. 

Anthracnose on seedlings from seed which were treated with mercuric chloride solution 1 to 
500 for six hours. 

of treatment as another. The amount of disease in the checks 
was about the same as with the treated seed. This, of course, 
leads us to conclude that chemical treatment of the seed before 
planting would have no effect on the disease. In order to 
carry this still further, however, seed from this same lot were 
treated with copper sulphate, i pound to 10 gallons for six 
hours, and mercuric chloride, i part to 500, for six hours, and 
planted in the field at a place where cotton had not been plant
ed in three years. Anthracnose occurred here 011 the cotyle
dons and stems of the seedlings, apparently, in about the same 
proportion as has been noted for the greenhouse tests. Owing 
to the wet, cold weather in April, this cotton was not planted 
until the 6th of May, and even then, cool nights which follow
ed kept it from growing off as rapidly as it should. The first 
anthracnose on the bolls was noted on the 15th of August. 
Other diseased bolls were noted through the patch from time 
to time. On September 3rd, the field was carefully gone over 
and diseased bolls tagged and counted. This was repeated 
every ten days thereafter until the first killing frost, which was 
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on October 25th. The amount of anthracnose on the young-
bolls increased perceptibly after this frost, but such increase 
was not considered in working up the percentages. The seed 
were planted in rows in the following order in the field:—I he 
first four rows, from seed treated with mercuric chloride; the 
next four, in untreated seed; the next four, in seed treated with 
copper sulphate; and then the same series was repeated. A 
count of the total and diseased bolls at the end of the season 
showed that from the seed treated with mercuric chloride, 1.42 
per cent of the bolls were diseased; from the seed treated with 
copper sulphate, 1.86 per cent.; and from the checks, 1.42 per 
cent. This, then, hears out the laboratory tests and show* 
that such treatment will not reduce the amount of disease. 
The amount of disease was not as great here in any case as 
would have been expected under more favorable conditions. 
The weather was rather dry in August and September and 
conditions generally unfavorable for the development and 
spread of anthracnose. 
STUDIES OF DISEASED SEED. 

Sections were made from seed on which the disease occurred 
in the germination tests last winter, and the fungus was found 
to have penetrated the tissue of the cotyledons and of the 
young stems. From this it was evident that the fungus re
mained in a dormant condition in the seed. The lack of 
material with a definite history made it impossible to determine 
at this time how and when the fungus entered the seed. By 
inoculations and other studies, though, during the past sea
son we have been able to collect some data on this point. Seed 
in diseased bolls of all ages and conditions were imbedded in 
paraffine sectioned and examined. Invariably, where the dis
ease had made any progress at all, the mycelia, and in the 
majority of cases, the spores, were found 011 t he inside of the 
seed. Where the boll was attacked early in its development, 
the fungus would completely destroy the seed. I11 case s, where 
the infection took place later in the development of the boll, 
the fungus seemed to continue to develop and grow through 
the parts of the seed until the seed and lint were mature. Un
less the vitality of the seed was completely destroyed before it 
had reached maturity, the fungus seemed to suspend opera
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tions when this stage was reached. In a number of cases, 
seed which were mature and apparently healthy were examined 
and found to he completely honeycombed with the fungus, and 
in such cases, an abundance of spores were found between the 
endosperm and seed coats. A section of such seed is shown in 
Fig. 5 B. Having met with this condition, while following the 
development of the disease in bolls inoculated, I set about to ex
amine bolls in the field which had become infected through 
natural agents. Plenty of material was at hand for this pur
pose, and examinations proved very interesting. A number of 
bolls which showed very slight effect of the disease were ex
amined. In some cases no sign of anthracnose would be 
apparent on the surface of the bolls, and the lint and seed would 
be mature and the boll open, the only indication of disease 
being a slight discoloration and slight compactness of the lint. 
Upon examination of such bolls, numerous anthracnose spores 
would be found in the discolored patches of lint, on the outside 
of the seed coats, and, in a number of cases, between the 
endosperm and the inner seed coats. Filaments of the fungus 
would be found growing through the cotyledons, and when 
the seed were pretty badly diseased, spores would be produced 
between the folds of the cotyledons. Spores were produced 
in such abundance in some cases on the surface of the seed 
coats of otherwise apparently healthy seed, as to be visible to 
the naked eye. When the seed coats were removed from 
such seed, spores and filaments would be found on the inside. 
In some cases the lint and seed would be mature and to all 
appearances healthy, except the lint would not open out wide 
and appear as fluffy as healthy cotton usually does. Fig. fi 
shows section of seed from such a boll, and photograph in 
Fig. 7 shows picture of the same boll. This particular boll 
was, at first sight, apparently perfectly healthy; but, when 
examined more closely, it was found that there was a small 
diseased spot one-fourth of an inch in diameter on one line of 
dehiscence of the boll. Still further examination showed that 
the lock immediately beneath this was slightly discolored and 
not opened out well. The other three locks of the boll were 
not discolored, but were a little more compact than healthy 
locks usually are. These seed when examined with micro-
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A, Section of slightly diseased seed X 20. B, Part of diseased portion of A, X 300. C, Section of A, from poinl 
of attachment of cotyledons to left lateral surface X 136. 
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scope proved to have a few anthraenose spores on the surface. 
Ten seed from this boll were germinated and eight of them 
developed anthraenose. Four others were planted in the green-

Fig. 7. 
Slightly diseased boll. 

house. Two of these developed anthraenose on the cotyledonsf 

but have not yet succumbed to the disease. From the appear
ance of these two diseased seedlings in the greenhouse at pres
ent. it seems that this is about the kind of seed that is so 
effective in spreading the disease. As will be seen from the 
drawing of the seed sectioned from this boll, the fungus 
occurred 011 on ly one place inside the seed coats and here both 
the filaments and spores were present, Fig fi. Lint and 
seed were examined from two hundred and thirty bolls, which 
like the above, looked as though they were slightly diseased, 
but showed no definite diagnostic character. Anthraenose 
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spores were found on one hundred and eighty of these. Seed 
were germinated from some of these, and they invariably pro
duced diseased seedlings. Some of them were planted in the 
greenhouse, and the disease is showing up on them now. 
hurther results with such seed under various conditions and 
treatment will be published later. 

1 lie fungus gains entrance into the seed by going through 
the seed coats as is shown in Fig. 5 A. This seems to take 
place before the seed is mature and the coats hardened; and, 
where there are only a few filaments and spores inside the 
seed, as in the case of Fig. (t, the entrance must be made 
just before the hardening of the coats, otherwise the fungus 
would spread through the seed and destroy it. When the fila
ments do have time to spread through the seed, the vitality is 
destroyed, and the seed, although apparently healthy, will not 
germinate. This was shown by ten of the best looking seed, 
from the same lot as the one which is shown in Fig. 5, which 
were placed for germination. Within a few days they were 
covered with pink coating of spores but none of them germi -
nated. The failure of the disease to take hold 011 bolls which 
were just opening and were sprayed with water containing 
spores of the fungus, seems to show that the fungus is unable 
to enter the seed after the boll begins to open. 
VITALITY OF THE FUNGUS IN TIIE SEED. 

There has been some question as to how long the fungus 
will live in the seed and a few tests have been made with a 
view to determining this. Seed which were gathered in Sep
tember, 1908, were germinated 011 O ctober 15th, 1909, and an 
abundance of anthracnose appeared 011 the seedlings. Just 
about as much disease appeared 011 these as on the seed from 
the same lot when germinated ten months earlier. Individual 
seed were taken from several slightly diseased bolls, the seed 
coats removed, and the spores and some of the tissue of tin, 
cotyledons which contained filaments were placed in sterile 
water and hanging drop cultures. In seed of this age which 
were so badly diseased that the vitality of the seed had been 
destroyed, the spores which were taken from the surface of the 
endosperm failed to germinate. In all cases where such cult
ures were made from seed fourteen months old which were 



badly diseased, neither the filaments in the interior nor the 
spores on the surface of the endosperms and cotyledons germi
nated. In other cases where the seed were not so badly dis
eased but were dead by this time, the filaments which were 
imbedded in the tissue of the interior of the seed grew and 
produced typical anthracnose cultures. In seed of the same 
age but slightly diseased, a few spores found on endosperm 
layer germinated; and, when the same seed were germinated, 
the disease showd up in abundanc, destroying the seedlings 
when only three to four days old. These fourteen 'to fifteen 
month old seed are the oldest available selected diseased seed 
that we have, so we can secure no further evidence right now 
as to how long the fungus will live in the living seed, but. from 
the fact that the filaments which were imbedded in slightly 
diseased seed that were already dead, grew when placed in 
drop cultures, and from the fact that the fungus is still living 
in the seed which are alive, it appears that the fungus remains 
alive as long as the seed and in some cases a little longer. 
The filaments which are found in the tissue of the seed are 
similar to the ones found penetrating the other portions of the 
diseased tissue or to the ones found in young, vigorous cult
ures of the fungus, and not like the brown filaments observed 
in old cultures or in old diseased tissues. Emphasis has been 
placed on the thick walled, brown filaments as being able to tide 
the fungus over during unfavorable seasons, hut my observa
tions, so far, lead me to believe that such filaments do not 
ordinarily occur in slightly diseased, mature seed. 
OTHER EVIDENCE THAT THE DISEASE IS SPREAD BY SEED. 

The history of 98 per cent of the bad cases of anthracnose 
observed in this state during the past two seasons reveals the 
fact that the disease did not occur on these places until seed 
from some outside source were brought in. Last spring some 
of the general lot of seed of two of our worst diseased varieties 
of the previous year; viz., Columbia and Blue Ribbon, were sent 
out to thirty-five farmers in different sections of the state. 
On the 13th of last October, circular letters were sent out to 
each of these farmers asking for information in reference to 
the conditions under which these seed were planted and the 
amount of disease present. I have replies from twenty-two of 
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these and all of them have suffered more or less from anthrac-
nose on cotton grown from these seed. The estimated losses 
vary in these cases from 6 to 50 per cent. Some of the seed 
of the Columbia variety from this general lot were sent to the 
sub-station at Summerville and planted on land which had 
never been cultivated before and which was located at least 
one-half mile from any other cultivated land. When examin
ed in October, it was found that 15 per cent of this cotton was 
diseased. Four other definite cases of this kind came to mv 
attention while I was visiting other localities of the state 
studying the disease. The five cases, then, show that the dis
ease occurred and caused considerable loss where there was no 
other possible means of its having been brought there except 
through the seed. The same thing is evident from history of 
various other cases observed. A number of the worst cases 
in the state during the past season seemed to have come about 
in this way from seed houses. 

SELECTING DISEA SE FREE SEED. 

From examinations of a large number of suspicious look
ing, and some apparently healthy bolls taken from the field 
during September past, it seemed that, by practicing sufficient 
care in picking, it would be possible to select from fields where 
the disease occurred, cotton for seed, which would be free 
from disease. Accordingly we went into such fields during 
September and October, and picked from our worst 
diseased varieties a quantity of cotton from bolls that 
had opened perfectly and gave no indication of being diseased. 
At the same time we picked some cotton from bolls which 
were evidently diseased. Seed from both of these lots have 
been germinated in laboratory and planted in greenhouse. An 
abundance of disease has showed up on those from diseased 
bolls, but so far no disease has occurred on a single one of 
those picked from healthy bolls. It seems, therefore, from 
this and from other knowledge which we now have, that the 
easiest way to get rid of the disease is to pick healthy cotton 
for seed. We will plant such seed next year 011 l and that has 
never been in cotton and on land 011 whic h no cotton was plant
ed this year and we hope to get 110 anthracnose in either case. 
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SIGNIFICANCE OF FUNGUS IN TIIE SEED. 
(1) The filaments and spores of the fungus occur on the 

inside of mature seed. They remain alive here as long as the 
seed retains its vitality but will not remain alive for fourteen 
months in badly diseased dead seed. 

(2) No treatment tried so far will injure the fungus 
without killing the seed. 

(3) When these slightly diseased seed germinated they 
produced diseased seedlings which frequently grew in spite of 
the disease, harboring the fungus on their injured leaves, stems 
and leaf scars until the bolls appeared. 

(4) The appearance of the slightly diseased locks, which 
contain mature diseased seed is such that they are picked and 
put in with the healthy cotton, thus the diseased seed are gin
ned and planted with the healthy seed. The planting of such 
seed is the most common method of distributing the disease. 

(5) Seed selected from healthy bolls in a field where the 
disease is prevalent, when germinated in 'the laboratory, pro
duced no disease. Since the fungus does not seem to be able 
to live more than one year in the soil, it seems that a one 
year's rotation with clean seed would eliminate the disease. 

EFFECTS OF FERTILIZERS ON TIIE DISEASE. 
The cotton grown in the fertilizer tests on the Experiment 

Station farm in the summer of 1908, was badly diseased and 
furnished a splendid opportunity for 11s to observe the influence 
of commercial fertilizers on the disease. These plots were 
fertilized with various quantities and combinations of phos
phoric acid, potash, and nitrogen in different forms. Counts 
were made of the number of healthy and of diseased bolls on 
thirty-one of such plots, including several checks without fer
tilizers. The results indicate that the kind or amount of fer
tilizer had no effect on the amount of the disease. These 
results were published in Bulletin 145 of this Station, page 23. 
THE PROBABILITY O F BREEDING A STRAIN OF CO TTON WHICH 

WOULD BE RESISTANT TO ANTIIRACNOSE. 
It has been noted and commented on, from time to time, 

that certain varieties of cotton, such as Toole, Russell Big 
Boll, Cleveland's Big Boll, etc. are, ordinarily, unusually free 
from anthracnose. Other varieties such as Columbia, Blue 
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Ribbon, arid Cook are practically always diseased. While 
making observations in a field of Bine Ribbon cotton which 
was badly diseased in the summer of 1908, I noticed that, while 
the disease was very general and the majority of stalks con
tained one or more diseased bolls, 011 some stalks nearly all 
of the bolls were diseased and on others there was no disease 
at all. With the disease as general and as abundant as it was, 
it seemed that some of the bolls on all the stalks must have had 
a chance to become infected. The fact that there was such a_ 
great variation in the amount of disease on the different stalks 
led me to believe that some stalks might lie more susceptible 
to the disease than others and that the ones which were free 
from disease might be resistant. With the view of testing this 
we went in the field on October 10th, T908, and selected from 
the part of the field where the disease was worst eight stalks 
which were badly diseased and eight which were apparently 
free from disease. The seed from these were planted back on 
the same land the past season. The results are shown in Table 1. 

Table T.—Showing the results of one year's work in breed
ing for anthracnose resistance. 
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1  1 4  0  0  5 4 6  6 9  1 2 . 6  
2  5  7  6 0  4 1 9  3 4  8 . 1 1  
3  9  8  4 8  3  4 3  3 2  9  . 3 3  
4  5  2 2  8 1  3 8 4  4 0  1 0 . 4 2  
5  6  9  6 0  2 9 9  1  6  5 . 3 5  
6  1  7  8 7  1 7 3  0  0  
7  7  1 8  7 2  7 0 9  3 5  4 . 9 3  
8  2 2  0  0  2 9 9  1 8  6  . 0 3  
9  1 3  1 5  5 3  3 4 7  2 0  5  .  7 9  

1 0  3 1  0  0  3 8 9  1 9  4 . 8 8  
1 1  1 0  0  0  3 9 3  1 1  2 . 7 9  
1 2  2 6  0  0  4 7 9  7  1  . 4 6  
1 3  I S  0  0  4 5 4  4  . 8 8  
1 4  1 6  0  0  5 0 6  1 8  3  . 5 6  
1 5  1 6  0  <> 4 3 3  1 0  2 . 3 1  
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As will be readily seen from the table, the highest per cent, 
of disease occurred in the progeny of the stalk which had no 
disease the previous year, and the one place where there was 
no disease was in the progeny of stalk which had 87 per cent, 
of its bolls diseased the previous year. Still the average per 
cent, of disease in the progeny of disease-free stalks of the 
previous year is 5. per cent, while the average disease in the 
progeny of the badly diseased stalks of the previous ye ar is 6. 
2 pei cent. 1 litis it seems that, while jthe extremes such as 
stalks 1 and 6 would indicate that nothing can be expected 
from such selections, on the whole we have gained a little 
something. The inconsistency of these results, however, and 
the very small margin in favor of the progeny of the care
fully selected disease-free stalks makes us doubt whether such 
procedure is worth while. Mr. C. A. McLendon of the Geor
gia Experiment Station, grew plants from some of the seed 
of these same original selections during the past season and 
his results compare fairly closely with those given above. Care
ful selections have been made from the most promising stalks 
and the same line of breeding will l>e continued next year. 
I he results of these preliminary breeding experiments make 

me wonder whether the apparent success of DeLoach4 and 
others in breeding resistant strains has not been due more to 
the fact that they have been selecting seed which were free 
from disease, thus eliminating the most important method of 
distribution and infection, than to any inherent resistant ten
dency in the plants themselves. It would be interesting to try 
some inoculations on such apparently resistant strains, and 
see what the result would be. 

RESISTANCE OF VARIETIES AS INDICATED BY INOCULATIONS. 
On the 25th of last August, twenty young bolls three to 

five days old on each of the thirty varieties of cotton then 
growing on the experiment farm, were inoculated by spraying 
with water containing spores from pure culture. The weather 
was exceedingly dry and hot immediately after these inocula
tions were made, and as this caused the cotton to shed exten

4.—Georgia Experiment Sta. Bulletin No. 85. 
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sively, a large number of these inoculated bolls were lost in 
the shedding. So few of them remained, and the number 
remaining varied so on different varieties, that it seems as 
though the results of the inoculations are hardly worth giving. 
Of the inoculated bolls that did hold on, however, some of 
every variety produced disease. While there were not enough 
bolls left to form any idea as to the comparative resistance, 
the fact is established that even under these unfavorable con
ditions, no variety was totally resistant or immune. It is 
hoped that this experiment can be repeated 011 a larger scale 
and under more favorable conditions next summer. 

CONCLUSIONS. 
When the fungus comes in contact with healthy, vigorous 

bolls under, favorable conditions, it is able, of its own accord, 
to enter and cause disease. 

The fungus enters the healthy seed when they are nearly 
mature and after seed are mature remains there in resting 
condition until the seed germinate. It then produces disease 
on resulting seedlings. 

Chemical treatment has no effect on such seed. 
By picking cotton from carefully selected, healthy bolls, seed 

which are free from disease can be secured, even from badly 
diseased fields. 

The fungus seems to be unable to live more than ten months 
on the old diseased bolls and seed in the field. 

It seems, therefore, from the data at hand, that a one year's 
rotation with clean seed ought to eliminate cotton anthracnose. 

* * * * * *  
Special thanks are due to the following for assistance in 

carrying out the work outlined here:—Mr. G. W. Keitt for 
valuable and continuous assistance in making inoculations, 
cultures, doing histological work and assisting with the draw
ings; Prof. J. N. Harper and Prof. George G. Ainslie for valu
able assistance and suggestions in making the photographs. 

H. W. BARRE. 
Botanist. 

FALL AND WINTER CABBAGES. 
While cabbages are grown in almost every garden in the 

South as a spring crop, few of us appreciate their value as a 



fall and winter vegetable. As the plants for the winter crop 
are not set to the field until after the 15th of July they may 
follow a crop of onions, potatoes or any of the early crops 
which may be harvested in time to allow a thorough prepara
tion of the soil before time for planting. 
PREPARATION OF SOIL. 

Plow the land from 6 to 12 inches deep according to the 
depth of the soil and harrow immediately to pulverize the clods 
and to smooth the surface. If the soil contains an abundance 
of humus a good crop of cabbage may be grown without the 
use of barnyard manure provided a liberal application of com
plete fertilizer is made. However, the crop will be greatly 
benefited by the use of from 8 to 12 tons of well decomposed 
manure in addition to the commercial fertilizer. If there are 
only a few tons of manure available it is best to apply in the 
drill with the fertilizer. Otherwise, it should be applied broad
cast before plowing. The rows are marked off three feet wide 
and a trench opened by running two furrows with a Dixie or 
half shovel plow. The manure and fertilizer is distributed 
along the row and mixed by running one furrow with a plow. 
THE PLANT BED. 

For winter cabbages the seed should be planted about the 
first of June. They may he sown in the field or frame, and 
after the plants are well established they should be thinned out 
to one inch apart in the row in order that they may become 
stocky. Keep the plants free from grass and weeds but do not 
encourage them to grow too rapidly while in the plant bed. 
The plants are set to the field between July 15th and August 
15th. It is, therefore, necessary for them to he stocky and 
tough in order that they may be able to withstand the hot and 
dry weather of late summer. If the seed are sown in a spent 
hotbed or frame where the conditions may be controlled, 'the 
plants may be checked in their growth as may be necessary. 
Two weeks before the plants are set to the field they should 
be hardened off. This is done by allowing the bed to become 
moderately dry which checks the growth and causes them to 
become hard and tough. This enables the plants to better 
endure the transplanting and insures a good stand. If the 
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plants are in tender growing condition when transplated, a 
large per cent, of them will die regardless of how carefully 
they have been transplanted. If they are first transplanted 
to two inch pots three weeks before they are set to the field 
practically all of them will live. The potting is very easily 
and rapidly done. One man with a little practice can pot two 
hundred in an hour. The pots should be filled with soil to 
within one-half inch of the top. If the pots are full of soil 
the water will run off when the plants are sprinkled instead of 
soaking into the soil in the pots. After potting the plants 
plunge the pots to the rim in soil or sand. This will prevent 
them from drying out so rapidly and will, therefore, require 
less attention. 

TRANSPLANTING TO THE FIELD. 

The plant bed should be watered thoroughly before remov
ing the plants in order that they may lie taken up with as 
many roots as possible. Special care must be taken to keep 
the plants moist and protected from the sun and wind until 
transplanted. They are set in the open furrow after mixing 
the manure and fertilizer as described above. The large 
growing varieties are set three feet apart in the row and the 
small early varieties need not be set farther than two feet. In 
setting the plants a small hole is made in the furrow with a 
hoe. The water is then poured in and the plants set imme
diately, leaving the bud on a level with the surface of the soil. 
The plants should always be set as deep in the soil as the 
leaves will allow and a loose mulch of dry soil should be left 
on the surface around each plant. If the plants are rather 
large when taken from the plant bed, a few of the outside 
leaves should be removed before transplanting. 

FERTILIZERS. 

On land that will produce one bale of cotton per acre, iooo 
lbs. of fertilizer analyzing 8 per cent phosphoric acid, 4 per 
cent, nitrogen and 7 per cent potash should he applied in the 
drill and thoroughly mixed before the plants are set. If the 
soil is lacking in humus from 20 to 30 tons of barnyard 
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manure should be applied before preparing the land. If cab
bages are to be grown on comparatively poor land and there 
are only a few tons of manure available, it is best to apply in 
the drill and mix with the commercial fertilizer. After the 
plants have become well under way, before they begin to head, 
an application of 200 lbs. of nitrate of soda will give excellent 
results. This should be sown broadcast between the rows and 
then mixed with the soil. If we are to grow profitable crops 
of cabbage we must ever have in mind that thorough prepara
tion, good cultivation and high fertilization are necessary for 
best results. 
CULTIVATION. 

Cabbage should be cultivated after every rain to prevent the 
formation of a crust 011 the soil and to maintain the soil mulch 
which prevents the rapid evaporation of moisture from the 
soil. A spring tooth cultivator is an excellent tool for this 
purpose. 
VARIETIES. 

Contrary to the general opinion, the early maturing varieties 
are letter suited for winter use in the South than tlie late 
varieties. If the late varieties are planted at the usual timt 
in the spring they will mature before fall, and if planted in 
late summer they will not mature until midwinter and are 
liable to be seriously injured before they are ready to be 
harvested. In the mountain section where the summers are 
not too severe the late varieties set out in May and June 
mature during the months of October and November. 

We have tested practically all the varieties of cabbages in 
our trial grounds for the last five years and the Charleston 
Wakefield, Early Summer and Succession have given best 
results for fall and winter use, when planted to the field the 
first week in August. There are of course a large number of 
varieties that will produce fine fall cabbages, but the three 
mentioned seem to be about the best for this section of the 
country. The two first named varieties will mature during 
October and November, and the Succession will form large 
solid heads by the middle of December. The late Drumhead 
Savoy will probably endure more cold after heading than all 
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of the smooth leafed varieties and is therefore very desirable 
for a very late winter cabbage. 

Fig. 2. 
Drumhead Savoy cabbage cut from the field January 15th, after having withstood a temper

ature of 20 degrees. 

Few of us appreciate how much cold the cabbage is capable 
of enduring without injury. In our trial grounds here little 
damage has been done when the temperature dropped as low 
as 26 degrees. About 50 per cent of the heads were injured 
when the temperature dropped to 18 degrees. 

Figure 1 shows two heads of Succession cabbage cut the 
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15th of December after having withstood a temperature of 26 
degrees. 

Figure 2 shows a head of Drumhead Savoy cut January 
15th after having stood a temperature of 20 degrees. 

A bulletin is now being prepared on this subject which will 
be ready for publication in the early spring. 

C. C. NEWMAN. 
Horticulturist. 

PEACH TREE BORER. 
(Scinmnoidca cxitiosa) 

A. F. CONRADI AND W . A. THOMAS. 
Among the insects attacking the body of the tree, the peach 

tree borer is the most important next to San Jose Scale. As this 
insect has only one generation each year to combat it intelligent
ly by improved methods, it is essential to know 'the period of 
pupation. A full discussion of this subject is found in Bulletin 
T43 issued in March, 1909. 1 hese observations are applicable 
to the latitude of Clemson. our investigations having been con
fined to the vicinity of the S. C. Experiment Station. Eor the 
season of 1908 the accompanying diagram illustrates the pupa
tion jjeriod under the climatological conditions as given. 

Mr. W. A. Thomas was in charge of the details of this in
vestigation. The life history work in the laboratory was re
garded secondary and merely served as a check 011 som e phases 
of the work outdoors. The pupation and emergence were ob
served in the field at the base of the tree from May 27th 
throughout the season in order to obtain the correct data for 
orchard conditions. On June T6th larvae measuring from 3-4 
to 7-8 in. in length were removed from the trees. On June 25th 
it was noticed that ropy strings of castings were protruding 
from the burrows. O11 J uly 1st, the first pupae were found. 
The larvae in the trees were very active as was noticed by the 
castings and pupation continued until July roth, when all activity 
ceased, probably owing to the wet condition of the soil ; on July 
2nd activity was resumed. 
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On August ist, an orchard about one mile east of the Ex
periment Station was examined where thirty-five pupae, twenty-
five empty cocoons and two larvae about ready to pupate were 
found. It was noticed that near one tree a larva had crawled 
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at least six inches from the base of the tree and pupated direct
ly under a piece of iron lying on the ground. The soil at the 
base of two trees was thoroughly ramified by the tunnels of 
moles and although the trees showed heavy gum exudations, no 
pupae were found. Examination of these trees on August 15th 
showed thirty-nine pupae and two full-grown larvae. 

Fig. 2. 
Pupat'on of peach tree bo»-er. (S. exitiosa) A, temperature. B, p upation. C, ra infall, (original) 

On August 23rd, Mr. Thomas examined heavily infested 
'v?ach trees at Marlboro, S. C. Idle adults were rapidly emerg
ing. Several cocoons were collected and within about five minutes 
three adults had emerged. Several adults were seen resting on 
weeds near the infestd trees. On September 2nd, adults were 
emerging rapidly near the Station. On September 16th, an ex
amination of the orchard near the Station gave four pupae, but 
no larvae except those of the new generation which had bored 
into the bark and were about 2 to 4 mm. long. 

Summarizing, all the data gathered gave the following re
sult for the season 1908 at this Station and vicinity. Pupation 
began July 1st. gradually increasing until the maximum was 
reached August 2nd. Then 'there was a gradual decrease until 
approximately Sept. 2nd. a few stragglers pupating as late as 
September 16th. 



Fig. 3 

Emergence of peach tree borer. (S. exitiosa) (original) 

^ I l ie adults began to emerge July 20, increasing until the max
imum was reached August 22nd. I here was a continual de
crease until September 20th, after which only stragglers were 
seen. \\ rappings and moundings should be in position from 
July 10th to October 1st. These mounds are in position during 
the egg laying season of the adult females, the eggs being de
posited at or near the surface of the soil. Where these mounds 
are taken down it will leave the eggs and young larvae sum • 
distance above the crown where they can be more easily located 
and their removal greatly facilitated. The worming done by 
this method is also more thorough than by the old way of dig
ging them out of the trunk below the surface of the soil. 
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