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SYNOPSIS

The feeding of buttermilk materially decreased the
mortality of chicks that were artificially infected, at eleven
and twelve days of age, with Eimeria Avium, the germ of
coccidiosis, a troublesome disease of chicks. The mortality
for the lots getting no buttermilk was 63.6 per cent; for
those getting the condensed buttermilk, diluted with water
in the proportion of one quart of condensed buttermilk to
six quarts of water, the loss was 44.8 per cent. With lots
receiving condensed buttermilk, diluted in the proportion of
one quart condensed buttermilk to three quarts of water,
the mortality was only 26.0 per cent.

No advantage was gained by the use of greens ex-
cept in the case of a lot which received greens and no but-
termilk. In this lot the loss was only 38.3 per cent while it
was 69.9 per cent and 82.6 per cent in the other two lots
receiving no buttermilk. Other data are needed to prove
whether or not this lower loss was due to the feeding of
greens.

No advantage was gained by the use of cod-liver oil up
to the time the chicks were eight weeks of age when the
disease is considered to have run its course.

The gain in weight was greatest with the chicks re-
ceiving the 1-3 buttermilk and smallest with those re-
ceiving no buttermilk. The amounts of grain, mash, and
milk consumed were in proportion to the gain in weight.

(3)
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THE VALUE OF VARIOUS FEEDS IN THE CONTROL
OF COCCIDIOSIS IN CHICKS

R. M. SHERWOOD

INTRODUCTION

This is the first of a series of experiments at this Station to study
whether any food materials or methods of management are of value in
controlling coccidiosis. In this experiment the work was limited to a study
of the value of buttermilk with and without greens and cod-liver oil. The
disease, coccidiosis, is probably the worst that poultry raisers of this State
have to contend with. This is especially true where large numbers of
chickens are raised together and during seasons when rainfall is plentiful.
The disease is caused by a parasite called Eimeria Avium or Coccidium
Avium. This disease develops after the chicks are three to six weeks old
and is accompanied by bloody diarrhoea. There is some dispute as to the
carriers of this parasite. Hadley' stated that, “In infected yards, this or-
ganism has been found as a pathologic agent in the guinea, duck, pheasant,
grouse, quail, pigeon, and sparrow although the degree of susceptibility to
the parasite varied greatly in these different species.”

Hadly® further stated that, “A study of the morphology of the
coccidium of the sparrow demonstrated that it was identical with the
coccidium of blackhead in turkeys, and of coccidial white diarrhoea of chicks.”
Johnson® stated that his work did not bear out the findings of Hadley with
reference to sparrows, turkeys, and ducks. Johnson stated that coccidian
forms were found in sparrows but they were not those causing coccidiosis
in chicks.

Fantham’ and Beach® found that buttermilk and sour skimmed milk
were of value in controlling the disease. Johnson® reported that chickens
receiving sour milk and no water to drink did not respond to treatment and
actually developed the disease. Beach and Corl’, in a late report, state that,
“The constant feeding of buttermilk with the diet otherwise restricted ap-
pears to be an effective means of controlling out-breaks of coccidiosis.
Feeding sweet skim milk or a solution of condensed whey also appears to
have considerable, although less marked value.”

THE EXPERIMENT

Time of Test: This experiment started May 15th, 1924, and continued
eight weeks, ending July 9th, 1924.

Objects: The principal object of the experiment, the first year, was to
test the value of condensed buttermilk in the control of coccidiosis. This
was fed with and without greens and cod-liver oil. The condensed butter-
milk used in this experiment was analyzed by State Chemist Dr. G. S.
Fraps. The analysis was as follows:

(5)



(5 BULLETIN NO. 331 TEXAS AGRICULTURAL EXPERIMENT STATION

PYotsin o s Ehs 0o o R i 8.50%
Rt chen - o sy vty 1.73%
Nitrogen-Free Extract ...10.65%
WBDEYS i e L 76.48%
AR e T e 2.64%

The analysis of Dr. G. S. Fraps also showed 4.12% of Free Acid or Lactic
Acid.

Stock Used: Eight hundred and thirty Single Comb White Leghorn
chicks, of similar breeding, were used in this experiment. They were
hatched from eggs that were produced on the Station farm and were in-
cubated in a mammoth incubator. In dividing the chicks into nine lots

Figure 1. Chicks at three weeks of age; just before they showed symptoms
of coccidiosis.
every precaution was taken to have the lots as uniform as possible. All
lots were housed and brooded in a long brooder house and were supplied
with heat by a coal-heated hot-water brooder system. Very little direct
sunlight entered the house. The chicks' were not allowed on range at any
time during the experiment.

Feeds Used: Each lot of chicks received the same basal ration. Dur-
ing the first two weeks the mash consisted of:

White Corn Meal ........ 80 pounds

Grey Wheat Shorts ...... 20 pounds

Chick Size Oyster Shell... 5 pounds

Chick Size Bone Meal.... 5 pounds
During the last six weeks ten pounds of 65 per cent protein meat scrap
was added to the ration. Cracked white corn was used for scratch feed
throughout the experiment.
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Lots 1, 4, and 7 received water to drink; lots 2, 5, and 8 were given
buttermilk diluted in the proportion of one quart of condensed buttermilk
to six quarts of water; lots 8, 6, and 9 received buttermilk, diluted in the
proportion of one quart of condensed buttermilk to three quarts of water.
The chicks receiving buttermilk were given no additional water to drink.
On June 3rd when the chicks were nineteen days old, each of the lots re-
ceiving water was divided equally; one-half of the chicks were removed for
other work. The size of the pens, for these lots, was also cut in half so
that the floor space per chick, for the various lots, remained approximately
the same. In all of the tables the data for lots 1, 4, and 7 are weighted to
allow for the chicks removed. The data on all lots are, therefore, com-
parable. y

Lots 1, 2, and 3 received no feeds other than those described above;
lots 4, 5, and 6 were supplied with greens. During the first two weeks let-
tuce was fed; after that time growing oats and Sudan grass were sup-
plied. The oats and Sudan grass were not very tender and the chicks did
not eat them as readily as they did the lettuce. Lots 7, 8, and 9 received
cod-liver oil. Two per cent was added to the mash. A fresh supply was
mixed every three or four days.

Infection of Chicks*: On May 26th and May 27th all chicks were
artificially infected with Eimeria Avium (Coccidium Avium) by feeding in-
fectious material mixed with the mash. This material consisted of drop-
pings that were collected from chickens showing signs of coccidiosis. This
fecal material which contained numerous oocysts was placed in cotton-stop-
pered flasks, containing a 10 per cent solution of potassium bichromate, and
was allowed to stand at room temperature (between 80° and 90° F.) for four
and five days. Most of the potassium bichromate solution was removed
by centrifuging and washing with saline solution. The fecal material was
mixed with the mash in quantities sufficient to allow one-fourth gram to
the chick. No efforts were made to prevent the already infected chicks
from spreading the infection or becoming reinfected.

Progress of the disease: On June 2nd, coccidian forms could be readily
found in the cecal contents and scrapings of the mucus membrane of the
ceca and duodenum of dead chicks. Coccidia could be found in large num-
bers in practically all the chicks dying for three weeks following a six-to
seven-day incubation period, after which time coccidian forms were diffi-
cult to demonstrate on autopsy. Most of the chicks dying, after this time,
appeared emaciated and very enemic. During the three-weeks period
noted above, most of the chicks in all of the lots showed the characteristic
symptoms of the disease. :

*Credit is due Dr. R. C. Dunn, of the Veterinary Department of the College, for his
cooperation in this project. He prepared the material for infection and made examinations
of all dead chicks.
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Figure 2. The chicks in lot 1 (receiving no buttermilk) at the close of the
experiment. It must be remembered that one-half of the chicks from this lot were
removed on June 3rd.

F';'gure 3. The chicks in lot 2 (receiving 1-6 buttermilk) at the close of the
experiment.
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Figure 4. The chicks in lot 3 (receiving 1-3 buttermilk) at the close of the
experiment.

Mortality: The mortality of the various lots is given in Tables 1 and
2. During the first week seventeen chicks were killed by a rat. These
losses are not included in Tables 1 and 2 or in Figures 5 and 6.

Table 1. Per Cent Original Number in Lots That Died Each Week

A §

5 Week Number

] Feed in Addition to % ]

3 Basal Ration 28t

z 83 1 2 Ja78n o 4N Peg 60 - i 1’8" {Total
- :=

S Z5 |

TEWRERET B 5000 53 W e e o vioms ouei¥ia |93 5.4 2.2| 4.3(31.6(25.8(6.5(2.2 [2.2]69.9
212-6- Buttermilk ' . .s.xq 000 » +4192 4.3 4.3| 3.3| 6.5|15.2(2.2(3.3*%|4.3(48.5*
3/1-3 Buttermilk .198 1.2 4481 50 2. 212212 218 8 R 21172
4|Water, Greens ......... 81%* [3.7*%* 13.71.6.2}|....]14.8|4.9|2.5 |2.5]88.8
5{1-6 Buttermilk, Greens........ 86***(4 T**%|2 3|11.6| 5.8 5.8(2.3(7.0 [4.7(44.2
6{1-3 Buttermilk, Greens........ 192 5.4 8.8] 2.2] T.61-6.5]8:8]1:1 | ».129.8
7|Water, Cod-Liver Oil.......... 192 4.3 7.6 9.8/19.6/21.7(8.7(6.5 [4.3(82.6
8/1-6 Buttermilk, Cod-Liver Oil...[92 6.5 9.8/ 8.7| 6.5| 6.5(4.3(2.2 (2.2(46.7
9/1-3 Buttermilk, Cod-Liver Oil...|92 4.3 7.6]::x.6:5].3.8/3.314.3 |2.2]81.5

*One killed by accident, not figured in total.
##*Does not include eleven killed by rat.
***Does not include six killed by rat.
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Table 2. Per Cent Mortality at End of Test

! Per Cent Mortality in Lots Receiving

Lots Receiving . e Average
No Additional | Greens Cod-Liver
eeds | 0il
] |
Water & o e | 69.9 | 38.3 ! 82.6 64.7
Buttermilk 1-6 ...... | 48.5 | 44.2 ’ 46.7 44 .8
Buttermilk 1-3 ...... | 37,2 | 29.8 31.5 26.0
AVErHZE® 1. i ety 43.5 37.3 | 53.6 44.9

1 1 i T

*Due to the slight variation in the number in each lot, the original numbers in all
lots concerned were used to obtain these averages.

It is noted in Tables 1 and 2 that in all cases except lot 4 the greatest
loss was with the chicks receiving no milk and the lowest loss was with
the chicks receiving the 1-3 buttermilk. Lot 4 received greens in addition to
the feed given lot 1. This may partially account for the lower mortality.
The greens were used to supply vitamines, which were lacking in the feed
for lot 1, and protein in addition to that supplied lots 1 and 7.

Week Number
T G =k 5 b 8

4 . ;

o \ B -6_butte 1k
2 g o e, NO DU termﬁk
; 7 T~1=3 buttermilk

Per cent Mortality Each Week
| o
av)

Figure 5. Per cent Mortality Each Week (Based on original number)

In Figures 5 and 6 all of the lots receiving water are thrown to-
gether as are those receiving the 1-6 buttermilk and the 1-3 buttermilk.
Figure 5 shows that the mortality, for the lots receiving no buttermilk,
was very high during the fourth and fifth weeks. This was during the
latter part of the second week, the third week, and the early part of the
fourth week following the infection, as the chicks were eleven and twelve
days old when they were infected. Figure 6 shows the total per cent mor-
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Week Numbex

1 b SR L B 6 i 8
65 o buttermilk

1-6 buttermilk

_-1=3 buttermilk

Figure 6. Total Per Cent Mortality at End of Each Week (based on orig-
inal number).

tality up to the end of each week. It is noted that the highest mortality -
is in the lots getting no buttermilk and the lowest mortality is in the lots
receiving 1-3 buttermilk.

Growth of Chicks: Table 3 gives the average weight of the chicks in
each lot, at the end of each week. It is noted that in all cases the gains
are lowest with the lots receiving no buttermilk and highest with the lots
receiving 1-8 buttermilk. The chicks in lot 4 showed no advantage in gains
over lots 1 and 7 even though they had green feed in addition to the basal
ration. It is remembered that the mortality was low in this lot as com-
pared with lots 1 and 7.

Table 3. Weight per Chick, in Ounces, at End of Each Week

| ‘Week Number
Lot Feed in Addition to Basal e Lot (X ¥ oy, NElL T
No. Ration
i 2 3 4 5 6 : 5 8
|
1 WVALEE s iieh a0 D galats wa R 1.6 L7 1 187021 4 8.0 4:8 W68 1 5.8
2 1-6 Buttermilk ....... it o 1% 1528 2087862 |- 4Bl baT - | 68}, T8
3 1-8 Buttermilk ....ccco0s0sce 1.8 1.2.4'].-822 1-4.0.| 5.0-16.4 | T.7 9.0
- Water,  QreENd L i fe e e 156 A28 15805 1 18505 84901 8. 941066 2
5 | 1-6 Buttermilk, Greens ... Vo0 |28 |22 B PBI6 | AT J18.T 1,741 8.8
6 | 1-3 Buttermilk, Greens . o U8 R A L0 S D ST T T R (A g |
7 | Water, Cod-Liver Oil ... P s Rt 1.6 1.6 1.9 2.4 3.0 3.4 4.1
8 |1-6 Buttermilk, Cod-LiverOil..| 1.7 | 2.2 | 2.7 | 3.4 | 4.5 | 6.0 | 7.0 | 8.2
9 | 1-3 Buttermilk, Cod-LiverOil..| 1.7 | 2.3 | 8.0 | 8.7 | 4.6 | 6.3 | 7.7 | 9.1
|
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Table 4. Average Weights, in Ounces, at End of Test

Lots Receiving

Lots Receiving s | Average*
No Additional Greens | Cod-Liver Oil|
Feeds {
WBREOY o i s T e e 5.8 5.1 4.1 5.1
Buttermilk, 1-6 .. -c 7.8 8.8 8.2 8.3
Buttermilk, 1-3 . 9.0 8.7 9.1 8.9
Averages il Jan Rl vk 8.0 7.6 8.2 7.9

*Due to the slight variation in the numbers in each lot and to varying mortality the
final weights of those in all of the lots concerned were used to obtain these averages.

Table 4 shows the average weights of the chicks in the different lots
at the close of the experiment. In all cases the 1-6 buttermilk lots are
heavier than those receiving water and the 1-3 buttermilk lots are the
heaviest of all. There is no great difference in weight of the lots receiving
greens, cod-liver oil, or no additional feed.

o Week Number

o 1 e T g

1.5 3 -3 buttermilk
ol.4 /'"\-\ /'/

9‘103 I-"l u‘\.v.

b 15 ;7 se....1-6 buttermilk
A Ra

01.1 /,'

1.0 -

5" -7

o o9 o buttermilk
5 -8 '

N

5.6

: -

E 4

g .3

ﬁ '2

S el

s

Figure 7. Gain in Weight, in Ounces, per Chick per Week.

In Figures 7 and 8 the lots are grouped as in Figures 5 and 6. These
figures show that the rate of growth for lots receiving the 1-6 buttermilk
and the 1-3 buttermilk was nearly the same after the first three weeks.
During that time the lots receiving the 1-3 buttermilk gained slightly faster
than those getting the 1-6 buttermilk.
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Week KNumber
I R Y 7 LR SRR AR AR o

3 buttemmilk
s1-6 buttermilk

Weight in Ounces
HHMMOUOAD P N~ O OO
L]
CUONOUOVIOTOUMOUI O Tt O

Figure 8. Average Weight, in Ounces, at End of Each Week.

Table 5. Total Pounds Feed Consumed

Number in

T.ot Feed Consumed
|
lléot Feed in Addition to Basal Ration - |
°' o8 2 2 | =
®E a = i 3 5
+ 8 +.5 8 G 4 &
<& <0 <} = <} )
1 NPREBP LU LRI s o sio S a hwna dibers o6 e 93 28 26.9 | 58.3 96.4
2 1-6 Buttermilk . o 92 51 81.9 | 68.1 224.17
3 1-3 Buttermilk . 93 7 37.0 | 85.6 282.0
4 Water, Greens ... 81 50 39.6 | 64.6 | 31.8 101.9
5 1-6 Buttermilk, Greens.. 3% 86 48 84.1 | 67.0 | 256.7 | 2038.1
6 1-3 Buttermilk, Greens........... 92 65 41.1 | 68.6 | 29.3 | 240.3
1 Water, Cod-Liver Oil............. 92 16 21.6 | 64.1 64.8
8 1-6 Buttermilk, Cod-Liver Oil...... 92 49 35.0 | 74.2 204.6
9 1-3 Buttermilk, Cod-Liver Oil...... 92 63 39.5 | 79.6 234.3

Feed Consumed: Table 5 gives the feeds consumed by the different
lots. The chicks were allowed all they would eat at all times except during
the first week. In all cases the lots receiving the 1-3 buttermilk drank the
largest amount of liquid and consumed the greatest amounts of grain and
mash. In these lots the mortality was the lowest; therefore, as would be
expected, the feed consumption per lot was high.

Conclusions: The results of this experiment seem to justify the fol-
lowing conclusions:
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Condensed buttermilk, diluted with water and kept before the chicks
at all times, is of value in reducing the losses from chicks artificially in-
fected with coccidiosis.

The feeding of condensed buttermilk, as fed in this test, will not
prevent the development of coccidian forms. The symptoms of the disease
were marked in all lots, but the losses were much less in the lots receiving
buttermilk than in the lots not receiving it.

A 1-3 condensed buttermilk reduces mortality more than a 1-6 butter-
milk. It is not known whether this is due to the greater amount of acid
or to the greater amount of protein it contains.

Greens did not prove to be of value in reducing losses or in increasing
the weights of the chicks. One pen receiving greens showed lower mor-
tality, but two other pens did not.

Cod-liver oil did not reduce the mortality or increase the weight of the
chicks.
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The effect of the Additions on Availability of Soil Phosphates—1915.
Oxidation of Organic Compounds in the Soil—1915.

Steer Feeding—1912.

Moisture Relations of Some Texas Soils—1915.

Cooperative Fertilizer Experiments with Corn—1908-14.

The Production Co-Efficients of Feeds (Technical)—1916.

Fattening ,Lambs—1916.

Sprays and Spraying—1916.

Tile Drainage—1916.

The Composition of Cottonseed Meal and Cottonseed—1916.

The Effects of Additions on the Availability of Soil Potash and the Preparation of
Sugar Humus—1916.

The Composition of Rice and Its By-Products—1916.

Soils of Grayson, Lee, McLennan, Titus and Tyler Counties—1916,
Japanese Sugar Cane as a Forage Crop—1916.

Digestibility of Sugar, Starches, and Pentosans of Roughages—1916.
Progress Report, Substation No. 3, Angleton, Texas—1909-14.
Progress Report, Substation No. 4, Beaumont, Texas, 1909-14.

Peanut Meal and Ground Whole Pressed Peanuts for Hogs—1916.
The Productive Values of Some Texas Feeding Stuffs—1916.

The Recurving of Milo and some Factors Influencing It. (Technical)—1917-
Poultry Houses and Poultry Equipment for Texas—1917.

The Fig in Texas—1917.

Progress Report, Substation No. 2, Troup, Texas, 1909-14.

Barns for Work Animals—1917.

Field Experiments with Crown Gall-—1913-17.

The Availability of Phosphoric Acid in Rock Phosphate—1917.

The Composition of the Soils of South Central Texas—1917.

Progress Report, Substation No. 1, Beeville, Texas—1910-14,
Progress Report, Substation No. 5, Temple, Texas—1910-14.

Progress Report, Substation No. 7, Spur, Texas—1909-14.

Progress Report, Substation No. 8, Lubbock, Texas—1910-14.
Progress Report Substation No. 9, Pecos, Texas—1910-14.

The Composition of Peanuts and Peanut By-Products—1917.

The Influence of Peanuts and Rice Bran on the Quality of Pork—1918.
Cooperative Soft Pork Investigations—1918,

Studies of the Harlequin Bug—1918.

The Influence of Peanut Meal on the Quality of Pork—1918.
Experiments at Substation No. 3, Angleton, Texas—1909-16.

The Beemoth or Waxworm—1918.

Mineral Requirements of Sheep—1918.

Grain Sorghum Improvement—1918.

The Utilization of Yucca for the Maintenance of Cattle—1918.

The Need of Texas Soils for Lime—1919.

Composition of the Soils of Archer, Franklin and Harrison Counties—1919.
Feeding Values of Certain Feeding Stuffs—1919.

The Chemical Composition of the Cotton Plant—1919.

Beekeeping for Beginners.

Report of Experiments at Substation No. 4, Beaumont, Texas—1915-18.
Nitrification in Texas Soils (Technical)—1920.

The Searing Iron vs. the Knife for Docking or Detailing Lambs—1920.
Rations for Fattening Steers—1920.

Grain Sorghum vs. Corn for Fattening Lambs—1920.

A Study of the Black and Yellow Molds of Ear Corn—1920.

Sweet Potato Fertilizer Experiments at Substation No. 2—1921.

Type and Variability in Kafir (Technical)—1921.

Composition and Feeding Value of Wheat By-Products—1921.
Beekeeping for Beginners.

The Blueweed and Its Eradication.



Correlation between External Body Characters and Annual Egg Production in
White Leghorn Fowls.

Grain Sorghum vs. Corn for Fattening Baby Beeves—1922.

Swine Feeding Experiments—1923.

Texas Root Rot of Cotton and Methods of its Control—1923.

The Sweet Potato Weevil—1923.

I. Fattening Steers on Cottonseed Hulls With and Wlthout Corn.—II. The In-
fluence of Age on Fattening Steers—1923.

The Interpretation of Correlation Data—1923.

The Influence of Individuality, Age and Season upon the Weights of Fleeces Pre-
duced by range Sheep—1928.

Commercial Fertilizers in 1922-23.

Effect of Cropping upon the Active Potash of the Soil.

Breeding Experiments with Blackberries and Raspberries.

Rice Bran and Rice Polish for Growing and Fattening Pigs—1923.

Commercial Feeding Stuffs, Sept, 1, 1922 to Aug. 31, 1923,

Digestion Experiments With Oat By-Products and other Feeds, Report No. T—1924.
The Soils of Brazos, Camp, Ellis and Washington Counties—1924.

Comparative Influences of Various Protein Feeds on Laying Hens—1914.

The Relation between Rents and Agricultural Land Values in Theory and in Prac--
tice—1924.

Field and Laboratory Notes on a fatal Disease of Cattle Occurring on the Costal
Plains of Texas (Loin Disease)—1914.

The Influence of Individuality, Age and Season upon the Weights of Fleeces Pro-
duced by Angora Goats under Range Conditions—1924.

Cotton Variety Experiments at the Main Station—1912 to 1922.

Commercial Fertilizers in 1923 and 1924.

The Price of Feed Utilities.

Effect of Cropping Upon the Active Potash of the Soil

Breeding Experiments with Blackberries and Raspberries.

An Agricultural Economic Survey of Rockwall County Texas.

Energy Production Coefficients of American Feeding Stuffs.

Farm Mortgage Financing in Texas.

Biometrical Studies of Lint and Seed Characters in Cotton.

Heritable Chlorophyll Deficiencies in Seedling Cotton.

Commercial Fertilizers in 1924-25.

CIRCULARS

Strawberries Under Irrigation in South Texas—1914.
Insect Enemies of Sudan Grass—1915.

Housing Farm Implements—1015.

The Malvaceous Plants of Texas—1920.

Cost of Production; Its Relation to Price—1920.

The Practicability of the Milking Machine—1923.
Standard Fertilizers and their Use (Reprint)—1923.
Cotton Boll Weevil Control in Texas—1924.

Texas Agricultural Experiment Station System—1924.
The Lower Rio Grande Valley of Texas.

Suggestions on Queen Rearing.

Foulbrood Control and Diseases of Bees—Foulbrood Law and Revised Regulations.

ANNUAL REPORTS

25th for 1912; 26th for 1913; 27th for 1914; 28th for 1915; 29th for 1916 ; 32nd for 1919;

35th for 1922, and 36th for 1923.

Address all communications to
B. YOUNGBLOOD, Director,
College Station, Texas.

Agricultural Experiment Station,
Agricultural and Mechanical College of Texas,
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