
Introduction

At present, synthetic acaricides are regular-
ly used for the control of Varroa destructor.
However, due to their lypophilic and per-
sistent nature, they accumulate in wax and,
to a lesser extent, in honey5,36. Also, acari-
cide resistant mites have appeared in many
countries of the world12,13,27,28. These prob-
lems have led to the development of natur-
al, non-toxic substances for the control of
varroa, such as different organic acids17,21 and
essential oils15, which are increasingly being
used throughout Europe.

In some alternative control strategies1,17,
winter treatment is extremely important
against varroa because most of the mites
that would form the basis for next year’s
population are destroyed in this way. These
are mites that survived the autumn treat-

ment, or those that have reinvaded the
colony.

For the winter treatment, oxalic acid offers
a good opportunity. Oxalic acid is a natural
constituent of honey. It is allowed for the
use in biological beekeeping (EU Council
Regulation, No. 1804/1999). Oxalic acid is
not registered in most western European
countries for general use in beekeeping,
although it is widely used because of its high
efficiency. Oxalic acid is applied by spraying18,
evaporating34 and trickling. The trickling
method using a sweetened oxalic acid solu-
tion has proved successful, as it is simple,
quick, cheap and very effective6,9,26,31. Under
certain conditions, however, weakening of
colonies can occur in spring7,8,22.

Within the framework of a European
project, tests were carried out in Switzer-
land and other countries in order to find a
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better treatment solution. Based on our
own results and those of the other Euro-
pean institutes, we can now give recom-
mendations for beekeepers in central
Europe, which are also most probably valid
worldwide for beekeeping with Apis mellif-
era in all temperate climate areas.

Design of the
experiment 1999/2000

Oxalic acid solutions tested

Tests carried out in 1998/1999 have shown
that the so-called Italian method (a solution
of 60 g oxalic acid dihydrate per litre sugar
water 1:1) combats varroa effectively, but is
not well tolerated by the bees. If the oxalic
acid dihydrate content is halved, the effec-
tiveness decreases and varies between
colonies. It has also emerged that the addi-
tion of sugar in the trickling solution is
essential to ensure a good treatment out-
come8.

For the 1999/2000 tests, solutions with
varying oxalic acid (OA) content were used,
where this was always lower than in the Ital-
ian solution, but amounted to at least 30 g
OA dihydrate per litre sugar water. A solu-
tion with a lower sugar content was also
tested because some observers had
achieved better bee tolerance with it.

The colonies were treated with one of the
following, freshly made solutions:

● 0 g OA dihydrate/litre sugar water 1:1 (by
weight).

● 30 g OA dihydrate/litre sugar water 1:1.

● 37 g OA dihydrate/litre sugar water 1:1.

● 45 g OA dihydrate/litre sugar water 1:1.

● 45 g OA dihydrate/litre sugar water 1:2.

The first solution contained no OA and
functioned as a control within these tests.

The content of 45 g OA per litre sugar
water was the formulation we recom-
mended provisionally in 19998.

The tests were carried out on 200 colonies
in 10 apiaries distributed throughout
Switzerland. Four apiaries contained Dadant
hives, the others Swiss hives, all of which
were fitted with a varroa screen and tray for
counting varroa. The test colonies had been
treated with formic acid or thymol during
August–September. In each occupied bee
space, 5–6 ml oxalic acid solution was trick-
led directly onto the bees. The treatments
were carried out between 29 October and
9 December 1999 at a temperature of
above 4°C. Since oxalic acid has no effect
on varroa in the brood, it is important that
the colonies should be broodless.

Effectiveness of the
treatment

For estimating the surviving mites, a control
treatment was carried out no earlier than
three weeks after the oxalic acid treatment.
For this either Perizin or a 2.1% oxalic acid
spray were used18. The cumulative mite-fall
after oxalic acid and control treatment was
assumed to be 100%.

Overwintering and
development of the colonies
in Spring

Since bee tolerance represents an impor-
tant criterion for the evaluation of the trick-
ling treatment, colony strength was deter-
mined in five apiaries in the autumn and
following spring according to the ‘Liebefeld
method’16. In the Wohlei apiary, colony
strength was estimated three times at the
beginning of the year in order to follow
colony development in spring.



53

Ta
bl

e 
1.

 A
ve

ra
ge

 e
ffe

ct
iv

en
es

s 
of

 t
he

 t
ri

ck
lin

g 
tr

ea
tm

en
t 

w
it

h 
ox

al
ic

 a
ci

d 
(g

 o
xa

lic
 a

ci
d 

di
hy

dr
at

e 
pe

r 
1

lit
re

 s
ug

ar
w

at
er

 1
:1

or
 1

:2
 b

y 
w

ei
gh

t)
 1

99
9/

20
00

.

A
pi

ar
y

n
m

l*
0 

g 
ox

al
ic

 
30

 g
 o

xa
lic

 
37

 g
 o

xa
lic

 
45

 g
 o

xa
lic

 
45

 g
 o

xa
lic

 
ac

id
 (

1:
1)

ac
id

 (
1:

1)
ac

id
 (

1:
1)

ac
id

 (
1:

1)
ac

id
 (

1:
2)

m
ea

n
s.d

.
m

ea
n

s.d
.

m
ea

n
s.d

.
m

ea
n

s.d
.

m
ea

n
s.d

.

Bo
de

n1
6,

 7
, 7

, 7
39

3.
4 

a*
*

0.
1

97
.0

 b
0.

3
98

.0
 b

0.
2

98
.9

 b
0.

5

C
ha

ux
 d

e 
Fd

s1
5,

 5
38

97
.4

 a
0.

1
96

.7
 a

0.
6

Fr
üm

se
n1

10
, 9

33
91

.5
 a

0.
9

89
.1

a
1.

4

G
ra

ng
en

eu
ve

1
12

, 1
0

35
93

.9
 a

3.
3

88
.0

 a
3.

8

H
of

en
2

8,
 8

45
96

.8
 a

0.
4

97
.7

 a
0.

9

La
nd

ik
on

2
8,

 8
, 8

49
95

.2
 a

1.
4

97
.8

 a
,b

0.
4

99
.0

 b
0.

2

R
üt

el
i2

6,
 6

, 6
45

98
.3

 a
0.

7
99

.7
 a

0.
3

99
.8

 a
0.

9

Sc
hw

an
d1

6,
 6

, 6
, 6

41
9.

2 
a

1.
3

93
.4

 b
1.

6
97

.8
 b

0.
5

97
.3

 b
1.

1

W
oh

le
i1

5,
 5

, 6
, 5

46
1.

9 
a

0.
3

96
.8

 b
0.

5
98

.3
 b

0.
3

98
.4

 b
0.

2

Z
w

ei
sim

m
en

2
10

, 9
44

97
.7

 a
2.

3
98

.8
 a

0.
2

*a
ve

ra
ge

 d
os

ag
e 

pe
r 

co
lo

ny
**

M
ea

ns
 w

ith
in

 a
 li

ne
 fo

llo
w

ed
 b

y 
di

ffe
re

nt
 le

tt
er

s 
ar

e 
sig

ni
fic

an
tly

 d
iff

er
en

t 
(P

< 
0.

05
). 

M
ul

tip
le

 t
te

st
 (

Tu
ke

y)
 a

fte
r 

an
 a

ng
ul

ar
 t

ra
ns

fo
rm

at
io

n 
(S

ne
de

co
r 

&
 C

oc
hr

an
, 1

98
0)

C
on

tr
ol

 t
re

at
m

en
t: 

1 Pe
ri

zi
n 

tr
ea

tm
en

t, 
2 Sp

ra
y 

tr
ea

tm
en

t 
w

ith
 o

xa
lic

 a
ci

d



54

Results

Effectiveness against varroa

The average effectiveness of the trickling
treatment with the different solutions is
given in table 1.

Caution must be exercised when evaluating
the results obtained from the Grangeneuve
apiary as the number of mites counted after
the control treatment suggests a re-invasion
in the six weeks between the trickling treat-
ment (15 November 1999) and the control
treatment (26 December 1999) (table 2).

Oxalic acid solutions with 30 g, 37 g and 45
g OA dihydrate per litre sugar water, result-
ed in an effectiveness of above 90% in all api-
aries. Only four out of 146 colonies treated
with one of these solutions (except
Grangeneuve) showed more than 50 sur-
viving mites. This number should not be
exceeded if a rapid increase in the varroa
population is to be avoided before the next

treatment opportunity in August of the fol-
lowing year. It can be assumed that in the
four colonies with more surviving mites
small amounts of remaining brood were
present.

The effectiveness of the three solutions was
not significantly different, while the effect of
the 30-g solution was slightly less than that
of the other two. This suggests that this
concentration lies at the lower limit and that
therefore the dosage cannot be further
reduced without interfering with effective-
ness. These observations confirm the
results of 1998 with this same solution8

(decrease and greater scatter of the effec-
tiveness compared with higher dosages), as
well as those of Büchler6.

The lower sugar content of the solution
with the ratio 1:2 seems to have a negative
influence on the effectiveness (table 1), but
the difference is not significant. The
1998/1999 tests had already demonstrated
the importance of the sugar content. Since

Table 2. Number of dead mites after control treatment. OA (g oxalic acid
dihydrate per 1 litre sugar water 1:1 or 1:2)

Apiary 0 g OA 30 g OA 37 g OA 45 g OA 45 g OA 
(1:1) (1:1) (1:1) (1:1) (1:2)
av. max. av. max. av. max. av. max. av. max.

Boden 532 1523 9 40 11 16 4 8

Chaux de Fds 11 55 12 57

Frümsen 7 19 11 85

Grangeneuve 66 572 132 971

Hofen 12 19 6 34

Landikon 17 29 8 18 2 7

Pfeffikon 3 6 1 6 1 2

Schwand 368 955 30 149 9 21 11 197

Wohlei 447 1708 15 21 8 24 10 30

Zweisimmen 6 34 4 15
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the solutions are not taken up orally by the
bees (Ritter, personal communication), but
act by contact25, the role of the sugar
remains unclear. Perhaps the solution
adheres better and increases effectiveness
by contact with the bees or, the sucrose
makes the solution more hygroscopic29.

Bee tolerance

The four 1:1 sugar water solutions were
tested in three apiaries. The colonies in the
Wohlei and Boden apiaries were clearly
weakened during the winter, independent of
the OA concentration of the solution used
(fig. 1). Even control colonies treated with
plain sugar water lost up to 40% of winter-
ing bees, which indicates unfavourable over-
wintering conditions. In the Boden apiary,
losses may be traced to a late harvest of
honeydew. The solution without oxalic acid
gave the best overwintering results in all
cases. Losses increased with increasing OA
content of the solution.

In the Schwand apiary, the loss ratios of the
different variations were not significantly dif-
ferent. Only colonies treated with the 45 g
OA solution showed a slight weakening.

Overwintering losses by themselves are not
serious when the colonies have recovered
by the spring harvest. In the Wohlei apiary,
where colony development was measured
in spring, there was still a shortfall of
between 1000 and 2000 bees in oxalic-acid
treated colonies at the end of April (fig. 2).

A comparison of bee tolerance between the
45 g OA in 1:1 sugar water and 1:2 solution
shows that the mixture with the lower
sugar content was better tolerated (fig. 3).

Residues and human
toxicity issues

Oxalic acid is a natural constituent of honey
and values between eight and 300 mg/kg
have been found for different honeys2,11 19,30.
Oxalic acid is a natural constituent of most
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FIG. 1. Overwintering of colonies subjected to trickling treatment with oxalic acid, average and standard
deviation, Boden, Wohlei, Schwand, 1999/2000.
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vegetables and its content lies between 300
and 17 000 mg/kg. Thus, most vegetables
contain much higher amounts of oxalic acid
than honey. If we consider the small daily
intake of honey, its contribution to the total
daily intake of oxalic acid is negligible. Thus,
from a nutritional point of view, oxalic acid
should, like formic acid, also have a GRAS
(Generally Recognized As Safe) status.
Moreover, no significant residues are
expected after oxalic acid treatments.
Indeed, there is no risk of honey residues
after all types of oxalic acid treat-
ments2,3,11,30,33,34.

To our knowledge spraying and trickling of
oxalic acid is accepted for use against V.
destructor in only three western European
countries (Switzerland, Austria and Finland),
but is widely used by beekeepers through-
out Europe as the treatments are very effi-
cient. The main registration problem of
these treatments seems to lie in the toxici-

ty of oxalic acid to the person applying the
treatment. If the necessary safety precau-
tions are taken, the spraying and trickling
methods for using this acid are not danger-
ous for the user20.

As no oxalic acid residues are to be expect-
ed after repeated field spraying and trickling
use of this acid, there are no objective argu-
ments against the registration of these treat-
ments for the control of V. destructor.

Conclusions

In determining the ideal formulation for a
trickling treatment with oxalic acid, effec-
tiveness as well as bee tolerance must be
taken into account. Numerous experiments
carried out in Switzerland8,9,10 and else-
where6,7,14,22 have demonstrated that it is dif-
ficult to do justice to both parameters. This
is indicated by the following facts:

FIG. 4. Winter control of varroa, either by spray treatment or, as here, by a trickling treatment with an
oxalic acid solution, is extremely important in alternative control strategies. It keeps the initial mite
population for the following season very low.
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● The solutions with 37 g and 45 g OA
dihydrate permit an effective varroa control.
But, under certain conditions the 45 g solu-
tion is less well tolerated by the bees.

● The solution with 30 g OA dihydrate has
only a slight influence on the overwintering
success of bees, but shows slightly less effec-
tiveness compared with the solutions con-
taining 37 g and 45 g OA dihydrate.

● A lower sugar content increases bee tol-
erance, but decreases effectiveness.

● Under certain, undefinable, overwinter-
ing conditions, higher bee losses may occur
through trickling treatment. This does not
always apply, as the example of the Schwand
apiary shows.

In a future experiment, bee tolerance to a
trickling application of 35 g OA dihydrate
will be compared with that of the OA spray
and evaporation methods35, the application
of Perizin and an untreated control.

Based on our tests over the last years, the
results of which have been mainly confirmed
by research institutes in central Europe7,24,
we are able to recommend the following for
a trickling treatment with oxalic acid:

Recommendations for the trickling
treatment with oxalic acid
(Switzerland and central Europe).

Composition of the solution:
35 g oxalic acid dihydrate in 1 litre sugar
water 1:1

Amount of solution:
● 30 ml for a small colony

● 40 ml for a medium-sized colony

● 50 ml for a large colony

This amount corresponds with 5–6 ml
per occupied bee space in a Dadant or
Swiss hive

Timing of the treatment:
in broodless colonies (November–
December)

Remarks:

● Carry out one treatment only in
autumn

● Trickle the solution directly onto the
bees between the frames

● Treat with lukewarm solution

● Carry out treatment at an outdoor
temperature of above 0°C

● Use only freshly made-up solutions, or
those stored for no more than 6
months at a maximum of 15°C4,32

● Under certain conditions a trickling
treatment with oxalic acid can lead to
a slight weakening of colonies in spring

● The spray treatment with oxalic acid
is well tolerated by bees (30 g OA
dihydrate/litre water, 3–4 ml per occu-
pied frame side)9 and represents an
alternative to the trickling method

● Wear gloves and safety goggles during
treatment23
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