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BEEKEEPING NEAR COTTON FIELDS
DUSTED WITH DDT

BY S. E. MCGREGOR AND C. T. VORHIES

INTRODUCTION

For many years treatments of field crops with insecticides have
resulted in destruction of honeybees and heavy financial losses
to beekeepers. With the publication of reports concerning the
insecticidal effects of DDT (dichloro- diphenyl -trichloroethane) ,

both as a contact and a stomach poison, many beekeepers became
apprehensive. In the past the heaviest mortality of bees has
occurred in connection with arsenical poisons. Reports indicated
that if DDT were applied to a plant, the bee had only to walk
on the plant to be killed, or, if not killed by contact with the DDT,
the contaminated nectar and pollen would be more dangerous
than that from plants treated with other insecticides. Many
believed that the bee industry would be practically eliminated by
the unrestricted use of DDT. As a result of this apprehension,
popular articles appeared recommending the suppression of DDT
as an insecticide.

To determine the effect of DDT on honeybees, observations
were made on bees in cages, strategically located colonies, and
apiaries near fields dusted or sprayed with this insecticide under
commercial conditions. The field applications were made under
conditions over which the writers had no control. Farmers or
crop dusters reported the time, place, and amount of insecticides
to be applied and apiarists reported the locations of nearby
apiaries. Effect of the dust was determined by observing the
colonies before, during, and after the DDT applications.

REVIEW OF THE LITERATURE
Although there are scores of references on the value of DDT for

control of harmful insects, the number, other than popular
articles, on the effect of DDT on honeybees is very limited. Wies-
mann (8) (9) made the first tests on honeybees with DDT and
concluded that 0.05 per cent DDT was toxic to bees as a con-
tact spray, but not as a stomach poison. The number of bees used
was small, and the amount of material used was not given.

Holst (5) , in cage trials, found that 0.05 per cent DDT was toxic
as a stomach poison, but not as a contact poison; but when bees
were kept in cages sprayed with a 1.0 per cent solution most of
them were dead in six hours.

Filmer and Smith (4) sprayed glass plates with 0.125 per cent
DDT solution (10 to 41 micrograms DDT per square inch) , and in
the lowest concentration obtained a 100 per cent kill of honeybees
with a thirty- minute exposure. The same kill resulted from the
same time exposure divided into five- to ten -minute intervals

3



4 EXPERIMENT STATION BULLETIN 207

every sixty minutes, which might simulate contacts with the
material on plants in the field.

Eckert (3) dusted "about 300 bees" on one side of a comb with
some 2 per cent DDT and placed bees and comb in a ventilated
closed super over a colony. After twenty -four hours only eight
bees were dead. Two per cent DDT on bees and brood of three-
frame nuclei gave no effect other than disappearance of some
young larvae. In a colony treated with 8 grams of 3 per cent DDT
some young larvae were removed and about 100 bees died. When
20 per cent DDT was tested in three -frame nuclei a few bees died
and all eggs and larvae were removed; but with no further effect
after forty -eight hours. Two grams of 98 per cent DDT in 200
grams of pollen fed to a colony killed no bees. Eckert concluded
that DDT dust is not always lethal, and DDT in pollen is not
dangerous. He deduced that, used carelessly, DDT might be very
destructive to honeybees, but if used carefully might lower the
present high mortality caused by other insecticides on crops. The
minimum lethal dose he estimated to be 4.6 micrograms per bee.

Wilson _(10), however, with individual bees found a median
lethal dose of 120 micrograms of DDT per bee at room tempera-
tures of 59 degrees to 77 degrees F. In other tests at 80 degrees F., a
minimum lethal dose above 200 micrograms per bee was implied.

Cherian and Mahadevan (2) dusted the insides of hives with
mixtures of DDT and gammexane at the rate of 200 milligrams per
square foot (19.2 pounds per acre), then stocked them with the
Indian honeybee, Apis indica. Strengths of DDT below 5 per cent
were essentially harmless as a contact insecticide; but 10 per
cent DDT and 1 per cent gammexane caused 100 per cent mor-
tality. As a stomach poison DDT was more poisonous than gam-
mexane when fed to bees in honey. Honey containing 0.05 part
of DDT caused 96.5 per cent mortality in seven days.

Wolfenbarger (11) and Kulash (6) recommended DDT for
eradicating "out -of- place" swarms of honeybees (but see p. 5) .

Woodrow (12) in extensive cage tests, found DDT poisonous to
bees both as contact and stomach poison.

In July, 1945, Gleanings in Bee Culture editorialized (1) "It is
too early to draw conclusions or offer predictions." This sentence
appropriately expressed the knowledge concerning the dangers of
DDT to the bee industry when these experiments were initiated.

EXPERIMENTAL METHODS AND RESULTS: EFFECT OF
DDT ON HONEYBEES

CAGES DUSTED BY HAND -DUST GUN

To observe and recognize the reactions of honeybees when
affected by DDT, three gross tests were conducted in the labora-
tory. In the first test 140 bees were placed in a shipping cage
6x81/2x11 in. and supplied with sugar syrup from an inverted
feeder can. At 9:15 A. M. the caged bees were liberally dusted
with approximately an ounce of 10 per cent DDT in pyrophyllite.
The bees reacted to the DDT in less than an hour, showing ner-
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vousness, tendency to groom themselves, loss of muscular control,
and tendency to fall on their backs; and all died within seven
hours. The bees in the check cage were normal.

The dead bees of the preceding test were removed and 165 fresh
bees were used to determine the residual effect of dust clinging to
the cage. These bees were introduced at 4: 15 P. M. and by
8:00 A. M. the following day nearly all were dead. The few sur-
vivors perished before the next morning. The bees in the check
cage were still alive and quietly clustered.

When the dead bees were again removed from the cage, it was
jarred briskly to remove much of the clinging DDT. The cage was
again stocked with about 200 bees. Four hours later bees were
falling as if muscular ability were weakened. After twenty -five
hours only three bees were dead. Their activity thereafter re-
mained normal, the death rate being similar to that in the check
cage.

CAGES DUSTED BY AIRPLANE

The following test was made to determine the effect of 10 per
cent DDT in pyrophyllite on honeybees in small cages. This dust
was applied to cotton, beween 6:00 and 8:00 A. M. on June 14, at
the rate of 15 lb. per acre by airplane. Wind was negligible.
Twenty screen cages (11/2x11/2x4 in.) were stocked with twenty-
five bees each. Two of these cages were kept free of DDT as
checks. The others were held in pairs directly beneath the low -
flying plane during application of two, or multiples of two, swaths
of dust to a maximum of eighteen dust applications for the last
pair of cages. The resulting mortality is shown in Table 1. This
test was repeated on June 20 with new cages, the results of which,
closely paralleling those of the first test, are shown in Table 2.

These show a high mortality resulting from four or more appli-
cations of the dust, with some mortality following only two ex-
posures to the dust cloud. Major mortality occurred in the first
twenty -four hours, and significant amounts (where any bees re-
mained to show it) during the second day. After two days there
was no significant mortality from the dust.

After exposure the cages were kept in an open building subject
to the conditions of high temperature and low humidity shown
by the following records.

Date Temperature (Fahr.)
1945 Max. Min.

June 14 110 66
June 20 101 65

Per cent relative humidity
Max. Min.

52 14
66 16

"OUT -OF- PLACE" SWARMS DUSTED AND SPRAYED

As a further test of the effect of DDT, an attempt was made to
eradicate two swarms of bees in houses. One was under a low
porch, with about 8 inches clearance. Approximately a pound of
10 per cent DDT in pyrophyllite was blown into the entrance
with a hand gun. Apparently little or none of the material reached
the cluster, but the entrance path was well coated with dust.
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BEEKEEPING NEAR FIELDS DUSTED WITH DDT 7

About 300 bees died near the entrance during the following week,
but flight activity was not noticeably diminished. The flooring
was then removed and the swarm examined. It appeared normal
and unaffected by the DDT.

The other swarm, between the joists of a second floor, was
sprayed in and around the entrance with a pint of 5 per cent
DDT in kerosene. A few bees were killed, but apparently only
those hit by the spray. The DDT- coated entrance did not appear
to affect the bees in any way. This swarm was later trapped and
placed in a hive where it developed into a normal colony. These
gross observations indicate that DDT in or around a colony
entrance is not necessarily lethal to honeybees.

COLONIES DUSTED BY HAND -DUST GUN
Ten per cent DDT in pyrophyllite was dusted by hand gun on

the hive entrance of a normal colony of bees to simulate drift from
field dusting. Daily inspection for seven days showing no effect,
a heavier application was given and observed for another week.
As there was still no observable effect a third application was
made, aiming the dust directly at the hive entrance from about
2 feet away. This deposited a heavy coat of dust on the alighting
board, the front of the hive, and the surrounding ground area. A
one -minute disturbance was created within the hive and incoming
bees at first hesitated momentarily before alighting. Soon, how-
ever, a small area of the entrance was fanned free of dust and bees
were leaving and entering in normal numbers. Less than fifty
bees were killed by the three applications.

COLONIES DUSTED BY AIRPLANE
To further test the effect of DDT on honeybees, a colony was

placed in an airplane runway and dusted twice by airplane with
10 per cent DDT in pyrophyllite at the rate of 15 pounds per acre.
The hive cover was removed and upturned, and the dust that
settled on it was turned into the hive when the cover was re-
placed. The colony was dusted at 7:15 A.M. During midday, 4 to 6
hours later, dying bees began to emerge from the entrance. The
greatest number, fifty, died between 1:00 and 2:00 P.M. In the
afternoon the bees were sluggish, flying with slow droning sounds
to alight on twigs or other elevated spots and sit motionless un-
less disturbed. By twilight the colony was normal, and the follow-
ing day the bees worked normally. Although a few dead bees
were found at the hive entrance each morning for a week, an
estimated total of only 200 appeared to have been killed by this
dust application.

APIARIES NEAR COTTON FIELDS DUSTED WITH
DDT IN PYROPHYLLITE

In 1945 the Division of Cotton Insects Investigations and the
Division of Pink Bollworm Control of the Bureau of Entomology
and Plant Quarantine, United States Department of Agriculture,
conducted a large -scale program of dusting cotton with DDT, in
connection with a study of the pink bollworm, in an isolated
valley of the Rio Grande at Presidio, Texas. A total of nine
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dust applications of 10 per cent DDT in pyrophyllite at the rate
of 15 pounds per acre were made weekly by airplane to approxi-
mately 500 acres of cotton, in late May and June, and in late
August and early September. The cotton fields in this valley
(Fig. 1) are small, irregular in shape, and scattered. Between
the fields the area consists of irrigation canals, ridges of coarse
sand deposited by flood waters, low and poorly drained water
courses, and intermingled areas of tillable land unlevelled for
irrigation. The vegetation of the uncultivated area consists of
mesquite (Prosopia juliflora), willow (Salix spp.), watermotie
(Baccharis glutinosa), tamarisk (Tamarix aphylla), and various
scattered annuals. Catclaw (Acacia greggii) occurs along the
edges of the valley. This combination of honey plants makes the
valley an excellent honey- producing area.

Figure 1.- Relation of apiaries to cotton fields dusted by airplane with DDT
in the Presidio valley of Texas in 1945.

The spring honey flow from mesquite and catclaw had ended
before the dust applications began. No major honey flow occurred
during the May and June applications and colonies lost weight.
A few bees were seen collecting nectar from the extrafloral nec-
taries of cotton. Scattered wild flowers were in bloom near the
dusted fields, along fence rows, and along irrigation canals; and
low populations of bees were present on these plants throughout
the day.

During the August and September applications of dust, however,
a good honey surplus was stored from tamarisk and watermotie.
Bees were working in the cotton more freely, visiting both floral
and extrafloral nectaries. Careless weed (Amaranthus palmeri)
was abundant in the cotton fields and was being worked for
pollen. Various minor sources of nectar were also in or near the
treated fields.

Observations were made in three apiaries in the valley (A, B,
and C, Fig. 1) before, during, and subsequent to the dust applica-
tions. Data were taken on amount and condition of brood, strength
of colonies, storage of nectar, flight activity, and presence of dead
or affected bees on the ground. Comparative observations were
made in two other apiaries, one about 10 miles down the river
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from the dusted area but having access to similar nectar and pol-
len plants, and one in the hills about 5 miles from the valley.

Apiary A consisted of two colonies placed on the edge of one of
the largest single areas of dusted cotton for exposure to the last
three applications of dust made in June. These colonies were ex-
amined before exposure to the dust and daily during the period of
application. Little of the drift from the first two applications
moved over the colonies, but they were covered in a dense dust
cloud by the third application. The cotton was young, having rela-
tively few nectaries attractive to bees, and but few bees were seen
in the fields. Wild flowers in the area were not yielding sufficient
nectar for the colonies to maintain their weights. Blazing -star or
stickleaf (Mentzelia pumila), common near by, was yielding pol-
len in good quantities. Close watch over the colonies was main-
tained throughout this period but no effect of the DDT was
observed. The colonies were removed to apiary C after the last
application of dust in June. They stored a normal surplus from
the fall honey flow, indicating that they were unaffected by being
located in the dense dust cloud.

Attention is directed to the importance of visitation by bees to
the extrafloral nectaries on cotton. These nectaries, located on the
base of the fruiting stem, remain attractive to bees from a few
days previous to the opening of the blossom, to about three weeks
after blossoming, depending on the speed of growth of the develop-
ing boll. They are in unprotected depressions that could easily
be contaminated by the dust. To visit them a bee must walk on
older plant growth that probably would also be coated with the
DDT dust.

Apiary B consisted of 127 strong colonies. A 40 -acre field of
cotton was 0.2 mile distant, and several times when dust was
applied it drifted into this apiary as a light haze. Occasionally,
paralyzed bees were found near the hive entrances, averaging
only one per nine hives per day for four days after dusting. Flight
activity was normal, and no change was detected in quantity or
quality of brood during or following the May -June dustings. No
production records were taken on these colonies when the honey
flow from Tamarix and Baccharis materialized during August and
September, but the apiarist reported the crop satisfactory and his
fears groundless concerning the effect of the dust on his colonies.
When the last application of dust was made that brood had a
healthy appearance, the colonies were strong, a satisfactory honey
surplus had been produced, and in every way the apiary was in
as good or better condition than when the first application was
made.

In Apiary C no effect of the dust was observed other than an
occasional dead or paralyzed bee near the hive entrance. Before
the spring dusting, 500 pounds of catclaw and mesquite honey
were taken from fourteen colonies. The number of colonies was
doubled during the summer. In the fall 500 pounds of honey were
taken, and removal of an additional 750 pounds was anticipated
when the dusting season ended. This made a total of 1,750 pounds
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of honey and 100 per cent increase from the original fourteen
colonies, On several occasions the dust drifted over this apiary
and over nectar and pollen plants in or near the dusted fields. The
owner reported severe losses in previous years when these fields
had been dusted with arsenicals, but voiced no complaint about
the DDT applications. The colonies were in excellent condition
when the dusting season ended.

COLONIES NEAR COTTON FIELDS SPRAYED WITH DDT IN
XYLENE AND WATER

In the El Paso Valley of the Rio Grande at Fabens, Texas, in
1945 the Division of Cotton Insects Investigations and the Division
of Pink Bollworm Control of the Bureau of Entomology and Plant
Quarantine, United States Department of Agriculture, continued
their study of the effect of DDT on the pink bollworm. Here DDT
in liquid was applied by airplane spraying. Ten plots of 15 acres
each (Fig. 2) were sprayed weekly for six weeks at the rate of 25
pounds of liquid per acre. This amount of liquid carried 1.5 or 3.0
pounds of technical DDT, which was first dissolved in xylene and
then diluted with water to 25 pounds. The cotton was in excellent
condition during the period of treatment. Extensive fruiting
branches bearing the nectaries most attractive to bees were on
the top and outer limbs of the plants where they were most ex-
posed to the insecticide.

Four colonies in two -story, eight -frame hives were moved into

Figure 2.- Relation of colonies to areas sprayed with DDT by airplane at
Fabens, Texas.
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the area and were located as near as practical to the center of the
treated plots (Fig. 2) . All of the sprayed plots were within a mile
of the bees, 90 acres being within a half mile of them. The plots
had been sprayed twice before the hives were moved in on
September 14, and were sprayed four times while the bees were
there. The hives were removed on October 8. Data on the condi-
tion of the colonies on these dates are given in Table 3. The small
number of frames of brood found in the colonies at the beginning
of the test was normal for this location and season of the year.

TABLE 3.- CONDITION OF TEST COLONIES USED AT FABENS,
TEXAS, BEFORE AND AFTER EXPOSURE TO COTTON

SPRAYED WITH DDT BY AIRPLANE

Deep frames -

Condition
of brood

Popula-
tion

of Colony
o d

Colony No. 1 (Pollen trap
colony)

September 14 3 1 6 Normal Good
October 8 5 1 12 Normal Good

Colony No. 2 (Pollen trap
colony)

September 14 4 0 6 Normal Good
October 8 5 1 12 Normal Fair

Colony No. 3 (queen killed
accidentally 9- 14 -25)

September 14 2 1/2 5 Normal Good
October 8 1 2 10 Eggs, new

queen
present

Fair

Colony No. 4
September 14 3 0 5 Normal Fair
October 8 5 1 10 Normal Fair

'The brood, pollen, and honey was distributed among many frames, but it
was estimated on the basis of full -frame equivalents.

Approximately 1,000 acres of cotton were within flight range of
these colonies. The bees worked the cotton intermittently; some
days they were working both floral and extrafloral nectaries and
on other days they could not be found in the cotton fields. The
reason for this variation was not determined but the DDT did not
seem to be a factor. Commercial beekeepers state that formerly
cotton in this area had been worked freely by bees and had sup-
ported several hundred colonies before arsenical dusting made
the area hazardous to bees.

Climatic conditions varied widely. At the beginning of the
period, daily maxima were above 90 degrees F. A two -day dust
storm was followed by cold weather with minima as low as 40
degrees F. This was followed by a 2 -inch rain and the period
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ended cloudy and cool. None of these conditions appeared to
influence the effect of the DDT on the bees.

SYMPTOMS OF DDT -AFFECTED BEES
Dead and paralyzed bees were found near the hive entrances

practically every day; the number varying from only one or two
bees per hive to more than ninety. The greatest numbers of dead
bees were always found on the first and second day following
DDT applications, and typical DDT symptoms were exhibited by
the affected bees. They acted as if cold, lighting on leaves, twigs,
or lumps of soil, selecting warm spots, and generally sitting
motionless unless disturbed. Sometimes they fell from these
perches, then revived and departed slowly, as a cold bee does, or
in rapid erratic flight to alight again a few yards away. In the
earlier stages they groomed themselves vigorously. In crawling
they were much slower than arsenic -poisoned bees. After becom-
ing unable to crawl they would lie helpless, sometimes for hours
if protected from direct sun. They often lay on their backs or
sides making feeble movements with legs or antennae. These
were the same symptoms observed in areas where DDT was
applied as a dust.

Two of the colonies were equipped with pollen traps. Quantities
of pollen were removed from the traps during the warm weather,
but none of it was from cotton, nor were the bees collecting pollen
near the treated plots. Goldenrod ( Solidago) and burroweed
(Aplopappus) were the main sources of this pollen, neither of
which occurred in the cleanly cultivated cotton fields.

As shown in Table 3 the effect of the DDT was not serious to
the colony as a unit. More and better appearing brood was present
in the hives when removed from the area than before exposure
to the spray. The colony strength did not materially change, while
pollen and nectar stores increased. Deaths were believed limited
to those bees which came in contact with DDT while it was in
the air.
APIARIES NEAR COTTON FIELDS DUSTED WITH DDT IN SULFUR
Hundreds of tons of DDT in sulfur were used on cotton in Ari-

CORTARO FARMS
7,500 ACRES

e

I 1

o. APIARIES
DIRECTION THE INSECTICIDE DRIFTED

Figure 3.- Relation of apiaries to Arizona cotton fields dusted by airplane
with DDT in sulfur. Shaded portions represent the acre dusted.
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zona in 1946. Figure 3 shows the locations of apiaries in relation
to four cotton farms, comprising 11,260 acres, to which 5 per cent
DDT in sulfur was applied at the rate of 20 pounds per acre by
airplane.

CASA GRANDE, BARNES FARM
An apiary of seventy -seven colonies was located about 100

yards from the Barnes farm. On July 24 the southeast area of this
field was dusted. The drifting dust moved over the desert land
away from the direction of the apiary. Close observation in the
apiary that day failed to reveal any effect of the dust on the
activities of the bees. Nectar was being stored from cotton, al-
though distant tamarisk ( Tamarix aphylia) trees and alfalfa were
also being visited by the bees. There was a good flight throughout
the day and no abnormal bees were seen.

On July 25 the remaining 755 acres were dusted between 5:45
and 10:40 A.M. Figure 4 shows the weather conditions for this
period of the day. The pilot, an experienced duster, said that
conditions for dusting were as nearly perfect as he had ever seen.
The graphs show stable climatic conditions for the first three
hours of this period. High clouds and calm air aided in maintain-
ing a low temperature and high relative humidity, holding the
dust cloud close to the ground in and near the cotton. As the
temperature and wind rose, the dust rose somewhat and drifted
westward away from the field, directly toward the apiary. The
dusting operation started along the west side of the field nearest
the bees. Therefore, while the dust was being applied closest to
the apiary, conditions were best for holding the dust near the
ground, but the drift was less.

Bees work cotton in Arizona in greatest numbers during the
first hour or two after dawn; but, since blossoms are generally

DEGREES F. PER CENT DEGREES E PER CENT DEGREES F. PER CENT
100 , , , , 100 100 , , , , 100 100 10'

0 O t 1 1 0
5994 91. ]ta 6. 9M< IOMA.M. SM0M.6*1 Tu 6 5 9M< gM<GM. SvaM. 6v ,Y 8' 9u 10MtA.M.

JULY 25.1946 JULY 29,1946 JULY 30,1946

Figure 4.- Temperature, humidity, and wind velocity July 25, 29, and 30,
1946, near Casa Grande, Arizona, during DDT dusting by airplane.
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closed at that time of day, only the exposed extrafloral nectaries
are available. At 5: 45 A.M., when the dusting started, bees were
going to the cotton fields. No dead or abnormal bees could be
found in the apiary at that time. By 7: 30 A.M. approximately fifty
DDT -affected bees had been observed on the desert shrubs or on
the ground around the apiary. The general flight about the apiary
was normal with occasional affected bees showing abnormal
flight. Some affected bees could be found in the cotton field, but
the majority were apparently unaffected by the dust.

By 11 :00 A.M. but few dead bees could be found about the apiary
and the affected ones had largely disappeared. Whether they died
or recovered was not determined. By 5:00 P.M. there was still no
accumulation of dead bees about the apiary, and only one para-
lyzed and eight crawling bees. Examination of the colonies
showed good brood present in all stages; colony strength appar-
ently unaffected; nectar shook freely from the combs, an indica-
tion it had been stored during the day; and flight activity similar
to the preceding day; no damage observable that day as a result
of dusting 5 per cent DDT in sulfur on more than 1,000 acres of
near -by cotton.

The next day, July 26, the grounds and flight activity were
checked for presence of dead or DDT -affected bees. None were
seen, but at 5:00 P.M. the colonies appeared to be slightly weaker
in bees than on the previous day. Whether this possible difference
in strength was due to losses of bees or whether a greater per-
centage of workers was in the field was not determined. These
colonies continued in normal strength, produced a satisfactory
crop of honey, and at the end of the year were in excellent condi-
tion; apparently unaffected in any way by the dust.

CASA GRANDE, GILBERT FARM

When the 840 -acre Gilbert farm was dusted, two fifty -colony
apiaries were within 200 yards and both were covered by heavy
clouds of drifting dust. Daily observations were made in these
apiaries for several days and then at intervals during the re-
mainder of the summer. Affected bees were seen the morning the
dust was applied near by, but most of them disappeared by noon.
At the end of the day one dead bee per square yard was seen
near the hive entrances.

The next afternoon the strength of these colonies seemed slight-
ly below that of the preceding day, but thereafter colony strength
and honey production were satisfactory and no further effects of
the dust were observed. Apiaries not in the drifting dust showed
no effects. Honey storage was normal after dusting and all of the
apiaries were in good condition at the end of the year.

CASA GRANDE, SMITH FARM

Two apiaries were near the 1,900 acres of cotton on the Smith
farm. On July 29 cotton within half a mile of the west apiary was
dusted. The odor of the dust in the apiary at the time of applica-
tion was unmistakable. No effect of the dust was seen in the
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colonies, but occasional affected bees were seen near by. No
weakening of these colonies was detected at any time.

On July 30 dust was applied to cotton about 100 yards from the
east apiary. This apiary was observed during the day, and at
intervals the remainder of the summer. Since the wind drift was
toward the east, dusting started next to the apiary (at 5:15
A.M.) and worked westward to avoid flying through the drifting
dust. At 6: 05 A.M. the first affected bee was observed crashing to
the ground; shortly afterward, another fell upside down. Several
landed near the hive entrances, behaving in typical DDT -affected
manner. Dusting of the farm was completed at 9: 10 A,M. At that
time the general flight in the apiary was normal, and less than
fifty DDT -affected bees had been seen, although the drift of dust
had been sufficiently dense to cause intense smarting of the
observer's eyes.

No effect on the apiary was noticeable except that for the next
few days the population of some of the colonies appeared to have
decreased. Other colonies showed no such loss. Before the DDT -
sulfur dust was applied, this apiary was weaker than the average
in this area as a result of poisoning from arsenical dusting the
previous season. It remained weaker than desirable for the re-
mainder of the season, but some colonies were divided for
increase, and some honey was extracted after the DDT -dust
application. The colonies were in satisfactory condition at the end
of the year.

Figure 4 shows the climatic conditions for July 29 and 30 when
the dust was being applied. Relative humidity was determined by
a sling psychrometer, and wind velocity by an anemometer with
cups about 6 feet above the level of the ground. Temperatures
ranged between 75 degrees and 94 degrees F. during the period of
dust application. The relative humidity dropped rapidly as the
wind rose on July 29, a combination tending to lift the dust well
above the apiary over which it drifted. On July 30, however, the
wind velocity remained low and relative humidity rather high,
while the temperature rose less rapidly; conditions tending to
hold the dust near the ground as it drifted over the apiary. Under
neither condition were the apiaries apparently affected.

MARANA, CORTARO FARM

The Cortaro farm at Marana, Arizona, was dusted twice during
the first two weeks of August.

The apiaries were moved to the indicated locations in early July
when the cotton was beginning to blossom. Previously they had
been in mountain and desert areas where an inadequate spring
nectar and pollen flow had caused them to be weak in bees and
brood, but in the new location they built up satisfactorily. In the
apiary completely surrounded by cotton near the center of the
farm a colony on scales was weighed at frequent intervals from
July 15 to September 15 (Fig. 5) . The colony gained 75 pounds
during this period. This gain in weight was about the normal
production for a colony in a cotton location. Requeening of this
colony was attempted by the apiarist in late August but the first
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Figure 5.- Average daily variation in weight of a colony of bees during
July- September, 1946, Cortaro farm, Marana, Arizona.

introduced queen was not accepted. This interval of queenless-
ness probably decreased production, so the 75 -pound increase
might have been greater had it been queenright throughout the
entire blossoming period.

More than half of the colonies were divided during the cotton
nectar flow, many of them during the time of the dust applications
or shortly thereafter. Normal acceptance of the queens or rearing
of young queens by the divided colonies was observed, indicating
that the presence of the dust had no effect on queen rearing or
acceptance. One of the apiaries developed less satisfactorily, had
poorer acceptance of queens, stored less honey, and at the end of
the season was weaker than any of the others. Whether this con-
dition was due to the dust, the location, or to three applications
of another dust on a 26 -acre experimental plot of cotton near by
was not determined.

Bees worked the cotton normally, mainly the extrafloral sec-
taries. Occasional tamarisk trees along the edges of the fields, in
bloom during dusting were heavily worked for nectar and pollen.
Many of these trees were in the drifting dust. Tamarisk blossoms
are about 1/8 inch in diameter, too small for a bee to stand on while
obtaining nectar. It is therefore probable that when the bees
visited these blossoms they walked on other parts of the plant
which had been exposed to the DDT dust.

Small quantities of pollen were stored from puncturevine (Tri-

bulus terrestris) in or along the borders of the fields. Few other
sources of either nectar or pollen were available.

At the end of the year all colonies -in these apiaries were in
better condition than when first moved in, although they had
been exposed to thousands of acres of DDT -dusted cotton. Many
had been divided and some honey had been extracted from them.
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DISCUSSION

It has been established that small amounts of DDT will kill
honeybees in cages. Eckert (3) indicated a minimum lethal dose
as 4.6 micrograms per bee, and data by Woodrow (12) sub-
stantiates this figure. Wilson (10) shows a much higher minimum
lethal dose, and the temperature affects the dosage. On a com-
parative basis arsenic (As203) is from 15 to 200 times as toxic as
DDT (7) . Whether the small number of bees affected by practical
field applications of DDT dust, as compared to the high mortality
of bees treated with small amounts of DDT in cages, was related
to the actual minimum lethal dose or to constant confinement was
not determined. The information desired was the probable hazard
of commercially applied DDT to the beekeeping industry.

Observations were made in some areas where entire apiaries
were destroyed in previous years by arsenical dusting (7) . Fol-
lowing applications of DDT, however, the beekeepers took normal
crops of honey, had to give additional honey storage space to the
colonies, and were able to increase the number of colonies.

Control or check apiaries were not used in these experiments,
since there was no assurance that apiaries in different locations
would be identical. This was offset, however, by knowing the
normal condition of colonies in the area when no DDT had been
applied. The value of these observations is further enhanced by
the repetitions in different apiaries, in different areas, under
different apicultural management, and other conditions.

Although the ability of field bees affected by DDT to recover
was not determined, the disappearance of affected bees near the
apiaries and the lack of dead bees indicated that they either re-
covered or left the apiary to die. The cage tests showed that
recovery was possible. Vigorous grooming action may be a factor
in removing the DDT.

Considerable attention was given to the effect of DDT drift over
and about the apiaries. Our observations did not verify the belief
of many Arizona beekeepers that the drift of an insecticide over
an apiary or trailing of dust by the airplane is distinctly hazardous.
Colonies in dense clouds of drifting dust and colonies into which
DDT was blown by hand gun showed no significant mortality.

No controlled tests were made of the effect of DDT in water on
honeybees, but all observations were made in irrigated fields. In
many instances the only water source for the bees was irrigation
canals into which DDT could have fallen. Nothing indicated that
contaminated water was a source of danger.

Growers and beekeepers have reported a varied amount of
repellency of DDT to honeybees, but there was no indication in
any of our observations that DDT has a significant amount of such
action. Bees were seen in treated fields immediately after dust
was applied, though in slightly reduced numbers for one or two
days.

Many observations in various apiaries near to and far from
areas where DDT was applied are not included here, since no
difference in reaction of the bees could be observed. These obser-
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vations, however, increase the feeling of confidence in the state-
ments made herein.

SUMMARY

1. To determine the effect on honeybees of commercial applica-
tions of DDT to field crops by airplane, observations were made
with caged bees, individual colonies, and commercial apiaries.

2. Bees placed in wire -screen cages and given heavy applica-
tions of 10 per cent DDT dust developed unsteadiness in thirty
minutes. They groomed themselves vigorously, lost co- ordination
within forty -five minutes and became highly nervous and agitated
within an hour. The majority were either moribund or dead in
five hours, and all were dead in seven hours. In less severe ex-
posures the bees became very nervous for about an hour, then
recovered.

3. Applications of DDT in pyrophyllite and in kerosene around
hive entrances did not damage the colonies within.

4. Although about 200 bees were killed when an open hive
was heavily dusted, no further effect was noted.

5. Small wire -screen cages containing twenty -five bees each
were held immediately under the dusting airplane, for from two
to eighteen applications. Four or more such applications caused
almost 100 per cent mortality in twenty -four hours.

6. No damage to colonies was detected when near -by cotton
was dusted nine times by airplane with 10 per cent DDT in pyro-
phyllite at the rate of 15 pounds per acre. Bees visited cotton
infrequently early in the season, but more freely later. Weeds in
the dusted fields were freely visited late in the season. Apiaries
in the dusted area produced normal crops of honey, and the
colonies continued in normal strength throughout. Neither quan-
tity nor quality of brood was affected.

7. At Fabens, Texas, colonies near cotton fields sprayed with
11/2 to 3 pounds of DDT in xylene per acre were in better condi-
tion after exposure to four sprayings than before. Colony
strength remained essentially unchanged, although a few bees
were killed.

8. In several Arizona apiaries near farms dusted by airplane
with 5 per cent DDT in sulfur (20 pounds per acre) , a few bees
were affected and some colonies appeared to be temporarily
weakened, but there was no permanent damage, and good crops
of honey were stored. The year before, this area was dusted with
arsenicals and severe losses were sustained by the apiarists.

9. Results of the experiments herein reported indicate that
treatments of large cotton acreages by airplane with insecticidal
dust containing 10 per cent DDT in pyrophyllite at 15 pounds per
acre, 5 per cent DDT in sulfur at 20 pounds per acre, or a spray
containing 11/2 to 3 pounds of DDT dissolved in xylene per acre
are not hazardous to commercial beekeeping.
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