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ABSTRACT

1.2.3

foncsUtions and combinations of herbicides

and carriers were sprayed on small cages containing Apis

lr.tilijcta 1_ Daily counts of dead bees were made for 14

Chys after treaisem u> determine loxjcity. Monosodium

cethanearsoDate «MSMA). paraquat (l,l'-dimethyl-4,4'-

bipyrictinium ilichloride salt), and cacodylic acid (hy-

d:o\-)dimeihy!:ir-.u:e oxide) were highly toxic. Diesel oil

and MobiLsoi K.C'S (phytobland oil) caused high mortal-
iir lie 1st 24 hr after treatment and very little the fol-

V daw Combinations of diesel oil-water and diesel

oil-waier-dimetbylsulfoxide (DMSO) were less toxic than

diesel oil alone but more toxic than water. Several for

mulations and combinations of 2,4-D ((2,4-dichlorophen-

oxy) acetic acidi; 2,45-T ((2.43-trichIorophenoxy) acetic

add); a Ivex (2-(2,43-trichlorop'henoxy) propionic acid);

and pidoram (4-amino-3,5.6-trichloropicolinic acid) were
nontoxic when applied in a water carrier as were endo-

thall (amine salt of 7-oxabicyclo(2.2.1) hcptane-2,3-dicar-

boxylic add), and a 1:1 mixture of the trieihylamine

salts of 2.4j-T and picloram.

Most previous studies indicate that herbicides are

rilaiively nontoxic 10 honey bees, Apis mellifera L.,

yet reports of Geld losses from herbicides continue.

In this study ve attempted to find out if spraying

field concentrations of herbicides would be toxic to

bor.ey bees in ctsU cages.

Hocking (lv50i stated that most herbicides cause

rcore loss to beekeepers through loss of forage than

through loss of btes. although the arsenic compounds,

sodium fluoride, and 4,6-dinitro-o-cresol (DN'OC)

raav cause severe losses.

King (1951'j imaiersed bees in aqueous formula

tion; of herbicides for 10 sec and found that DNBP

<2-tt'c-buryM.6-<iinicrophenol); dalapon (2,2-dichlo-

ropropionic acid); and ester formulations of 2,4-D

f i2,4-dichlorophinoxy) acetic acid) and 2,4,5-T ((2,

4.5-rjichIorophtnoxy) acetic acid) caused high mor-

uliry. Howe\tT, axnine formulations of MCPA ((4-

cfl!orcKJ-tolyl,oxy acetic acid.i; 4-(2,4-DB) ((4-{2,4-

dichlorophenoxyi butyric acid); 4-(>fCPB) (4-((4-

chioro-o-tolyl, oxv'i butyric add); amitrole (3-amino-

••criazole) ; and TCA (trichloroacetic acid) were non-

iox:c to bees.
Pilmer-Jones n950),Byrdy (1962), and Dallmann

i\<ro2) found 2.4-D to be nontoxic to bees in field

coNizes. P.ilrjtr-Jones (1964j reported that aerial
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application of 2,4-D superphosphate dust mixture on

ragwort in New Zealand caused a 20% loss in the

field force and the loss of the honey crop over a large

area. He reported no adverse effect on brood or

hive activity 12 and 16 days after treatment.

The New Zealand Agricultural Chemical Board

(1961) wrote that early work showed 2,4-D to be

safe but that recent large-scale field usages have

resulted in bee losses.

Palmer-Jones (1960) found 2,4,5-T safe for honey

bees in the field. Anderson and Atkins (1968)

found 2,4-D. 2,4.5-T, and paraquat (l,l'-dimeth>14,4'-

bipyridinium dichloride salt) to be relatively non

toxic to honey bees. Later, Atkins et al. (19697)

reported that pidoram (4-amino-3,5,C-trichloropicoli-

nic add), Weedar® (a commercial formulation of

the diniethylamine salt of 2,4-D), and cacodylic acid

(hydroxydimethylarsine oxide) also were relatively
nontoxic to honey bees.

Materials and Methods.—Test J.—A J/VacTC cage

10 ft high containing a heavy stand of London

rocket, Sisvmbrium irio, was divided into 4 equal

parts, each 75x70 ft. Four nuclei were moved into

each part on Feb. 17, 1969, 1 week before spraying, to

allow bees to become conditioned to the cage.' Dead-
bee traps were placed on each hive, and dead bees

were counted daily.

Immediately before the sprays were applied, four

5x5x5-in. wire cages, each containing ca. 75 adult

bees, were placed in each subcage. Dead bees in

these small oi2e> were counted 24 and 48 hr after

sprays were applied.
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Table 1.—Percentage of aduli bees confined in small
cages which died before and after being sprayed with

2,4-D in Februarv 1969 at Tucson, Aru.*

Sprav formul3tionb

Water check

Dimethvtamine salt of 2,4-D

in water

Buiox) ethyl ester of 2,4-D

in water

Butox»eihil ester of 2,4-D
diisel oil and water (1:3)

LSD

Dead

4 hr

spraying

12.

12.8

7.8

in

1.3

NS

bees

Hours

after

24

1.7

03

6.3

3.1

NS

spraying

48

1.7

1.9

29.6*

3.8

NS

• \ll value* are average of 4 caget in each sprayed area.
»A!1 »pr»j» applied at raie of 1 Ib Al/arre in volume equivalent

to 2* gal acre.
* At) Lea in I age died.

The London rocket was sprayed with 4 materials
on Februarv 24, 1969, between 1:30 and 3 p.m. One

_ ' i _ _;..t_ __..*.a— »V.a *)*\A *i"ie ennv^Hpan was spraved with water, the 2nd was sprayed carrie . ,
with dimethvlamine salt of 2,4-D in water, the 3rd silvex (2-(2,4,5-mchlorophenoxy) propionic acid)

Unless otherwise specified, all herbicides were ap

plied at a rate of 4 lb Al/acre in a carrier volume of

20 gal/acre with a compressed-air sprayer equipped

widj a 3-nozz]e boom. Cages were placed on the

gTound, and the boom was passed 18 in. above the

tops of the cages. Calibration of the sprayer and
application of sprays to empty cages showed that ca.

25% of the spray penetrated the screen and was de

posited on the bees and the floor of the cage. As
suming the other 75% of the spray was deposited
on the screen, the herbicide could come in contact

with the bees as they walked on the screen or could
remain on ihe screen without making contact with
ihe bees. Multi-Film X-77*, a nonionic blended sur
factant which consists of alkylarylpolyoxyethylene

glycols. free fatty acids, and isopropanol, was added
to'all the sprays at a concentration of 0.1% (vol/vol).

Test 2.—Three herbicides, paraquat (Paraquat

CL*), dimethylamine salt of 2,4-D (DMA-4), and
monosodium methanearsonate (MSMA) (Ansar 170*),

were applied in aqueous solution.

Test i.—The potassium salt of pidoram (Tordon

22K*), the rriethylamine salt of 2,4,5-T, and a mix

ture of triisopropylamine salts of pidoram and 2,4-D

(1:2 wt/wt) (Tordon 2128) were applied in water

carrier. The propylene glycol butyl ether esier of

c

(Kuron*) was sprayed in a 1:3 diesel oil-water

cirrier.

Test -/.—The butoxy ethyl ester of 2,4,5-T (Special

was treated with butoxyeihyl esier of 2,4-D in water,

and the 4th received butoxyethy] ester of 2,4-D in a
1-3 diesel oil-water spray. These 2,4-D treatments . .
were applied at rate of 1 lb Al/acre and at a volume Air Spray Formula*) was applied in water diesel oil,
of *0 gal /acre A surfactant, polyethylene tridecyl and 1:3 diesel oil-water. Cacodyhc acid (Phytar
ether (with 6 moles of ethylene oxide), was added 560*) was applied in water.
to =11 ipravs except the water check at a concentra- Test ..-The propylene glycol butylL ether
lion of 0.5% (vol.volj of the total volume of spray.
Spravj were applied directly over the small cages

- but not direc-Jy over the dead-bee traps and nuclei.
All Other fests.-.KW other tests were conducted

from October 1969 through May 1970. With a
vacuum deaner we collected ca. 50 honey bees from
entrances of colonies in the experimental apiary in
individual cases (2x2x6 in.). These bees were then
brought into" the laboratory and fed 60% sucrose

svnip and distilled water.
' The next dav, dead bees were removed from the , , .

water; propylene glycol butyl ether-e^ter of silvex in

water: and a 1:1 mixture of triethylamine salts of
2,4,5-T and pidoram (Tordon 225*) in water and

in 1:3 diesel oil-water.

Test S.—Mortality caused by different carriers was

studied. The treatments were: no spray, water spray

onlv, 1:3 diesel oil-water, diesel oil, and phytobland

The next dy,

cages, and cage's with the remaining live bees were
taken outside and sprayed with the test material.
After the spray dried, the caged bees were brought
back into the laboratory. Daily counts were made
of dead bees in eadi cage for 14 days after spraying.
Five replications of each treatment were included
in each test. A water spray was one of the treatments

in each lest.

esters

of sihex were applied in water, 1:3 diesel oil-water,

diesel oil. and a 2:3:3 mixture of diesel oil-water-di

methyl sulfoxide.

Test 6.—Weedar 64* and DMA-4®, commercial for

mulations of the dimediylamine salt of 2,4-D, and I

formulation of die isooctyl ester of 2,4-D (Chipman

133*> were applied in water. The isooctyl ester of

2,4-D was applied also in 1:3 diesel oil-water.

Test 7.—The treatments were: cndothall (amine

salt of 7oxabicydo [2.2.1] hepiane-2.3-dicarboxylic

acid) (Des-I-CateS) applied at a rate of 1 lb/acre in

y

oil (Mobilsol 100*).

Table 2.-Dead bees in traps placed on nuclei in cages containing London rocket which was sprayed with different
irmuiatioiu of 2,4-D in February 1969 at Tucson.'

Spray formulation*

Time after spraying

before

spraying

30

25

63

50

NS

1 day

G

16

IS

15

NS

1 wk

17

5G

32

50

NS

2uk

54

54

37

44

NS

3uk

21

50

33

24

NS

WaieT check
Dimeih-.iamine salt of 2.4-D in water

Butoxvcih»l esier of 2.4-D in water
Buio\ieih\l ester of 2.4-D in diesel oil and water (1:3)

• All n!uo aie average number per day calculated (torn 4 trap* in each ,,-.ia-.«i aira. *iib spray applied to ^gelation only, not

*°k'A:T\pfa«»'applied at raie of I Ib Al/acie in volume equivalent >o 20 fs! 'acre.

c
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ptoj, OTabJe 2)': howeTe^e.fences"

ice

nonnal the next day. Mortality was not statistically 2.M> buVi, the

' bees spra>Td w?th p'cloram in

Vitcr

Picloraa ,

Pieloraa In cucr

2.4.J-T in wtcr

Siive* in dU«l ollswter -'"

t»y» after iprayinj

i:c

c

Uter e! I.-.S-T i= iissel otl:watero. >. % >. x n
ter o* 2.i,S-T la di«j,l oil

1 2

Dayj after spraying

Check

Sllvex

Sllvex In <rtese
d v/v)

Sllvex in dlesel im.
oi 1

Sllvex in diesel "• ■

oil:uater:D.<1S0
(2:3:3 v/v)

after spraying

acid in wairr; and water check F c 4 -
oi.. ^d sihex in a 2:3:3 combTn"a,fon of oiI:wal«
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ir 6i) ia water

lixe—• eitxr of 2,4-D

f"-'~-— 133) is water

l*M£rri esier of 2,i-D

(Cii.—a-; U3) la diesel oil

Krg^Tlrri-j ult of 2,i-D

5 to

30

20

10

0

Vtter check

Esdothall io water

Silver i-n water

PicLcra= + 2.4,5-T ,

in water

Piclcra= + 2,t,5-T in '

dleiel oll:water (1:3

v/v>

after sprayios

1 2

Days after spraying

Fig. 5 6.—Accumulative mortality of bees. Fie. 5.—Sprayed with commercial formulations of 2.4D in water or
diesel oiL-vaieT drriers. Fie. 6.—Sprayed with endothall, silver, and pidoram +■ 2.4,5-T in water; and picloram
-7- 2.45-T in ditsel oil:watcr.

daily rate* of rronaliry vere low, and by the 9th day
after spraying, accumulative mortality was similar

to that of other sprays.

In the -xih tsst, bees sprayed with ester of 2,4,5-T
in va:er had mortality similar to that of bees in

the check cages (Fig. 3). Ester of 2,4.5-T in both
diesel oil and diesel oil-water carriers killed more
than COft of the bees the 1st 2 days; however, the
bees had low rates of mortality for the remaining 12

days. Few bees sprayed with cacodylic acid died the

1st day. but Esortality was high the 2nd-5th day,

and all wtre dead after 10 days.
In test 5, daily mortality was about the same for

bees treated wii the silvex in water carrier and in

- K

i

^ts after spraying

Fic. 7.—Acrrsuisuve mortality of bees sprayed vilh
ci!. MobiLv.1 100. die*el oihwater, and water.

the water check (Fig. 4). The treatment containing

silvex in die diesel oil-water and silvex in the diesel
oU-water-dimediyt sulfoxide carrier had ca. Ibjo

mortality the 1st day after spraying; however, rates

afier the 1st day were about equal to the rates in
the water check' and in the silvex in water treat
ments. The rate of mortality of bees in cages sprayed
with silvex and diesel oil was 96% the 1st day after

treatment.

In test 6, bees sprayed with 2 formulations of "di-
methylamine salt of 2,4-D and the isooctyl ester of
2.4-D in water had almost the same mortality as the

check bees (Fig. 5). However, bees sprayed with the
isooctyl ester of 2,4-D in diesel oil-water had 20%-

mortality the 1st day, but on succeeding days mor

tality was similar to that of the other 4 treatments.

In test 7, bees sprayed with silvex, and picloram

-|- 2,4,5-T in water all had low rates of mortality for

3 days after treatment and slightly higher mortality

than' the water check after the 3rd and 4th days
(Fig. 6). Bees sprayed widi picloram + 2,4.5-T in

diesel oil-water had 30% mortality the 1st day, but

mortality leveled off and was low for^the rest of the

test. Bees sprayed with endothall had'high mortality

the 1st and 3rd days after treatment.

In test S, bees sprayed with either diesel oil or

Mobilsol 100 had 45% mortality the 1st day com

pared with 14% for the diesel oil-water carrier and

1% for both the water spray and no spray checks

(Fig. 7), but after the 1st day, daily mortality was

similar for the treatments and the checks.

Discussion.—MSMA, paraquat, and cacodylic acid

were highly toxic to honey bees in small cages when

applied as water sprays.

Various formulations (amine salts and esters) of

2,4-D, 2,4.5-T, silvex, and picloram were nontoxic to

bees when applied in water carrier. Diesel oil showed

considerable toxicity the 1st day after spraying.

Diesel oil-water and diesel oil-water-DMSO combi

nation carriers were less toxic than straight diesel

oil, but more toxic than water alone. The substi

tuted phenoxy and picolinic acid herbicides have
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relatively low toxicity to honey bees, but the oil
carriers are toxic to bees.

Endoihall was moderately toxic to honey bees.

Mobilsol 100, an oil of very low phytotoxicity, was

toxic when sprayed on bees.
The studies indicated that the carrier used to

apply the herbicides is sometimes toxic to honey
bees.' Conflicting reports concerning toxicity of her
bicides to honey bees may result partly from the
difference in the carriers used and partly from the

actual herbicide.
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