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SUMMARY

In  la te  M arch  1998,30 hon ey b ee  colonies (Apis mellifera) in  fo u r ap ia ries  w ere  trea ted  

fo r the  parasitic  m ite  (Varroa jacobsoni) w ith  e ither sp ray in g  o r trick ling  of oxalic 

acid. F o u r colon ies w ere  n o t trea ted  an d  se rv ed  as contro ls. P rio r to the trea tm en t, 
e ig h t d ay s  after th e  trea tm en t, a n d  a t the firs t h o n ey  h a rv e s t in  June  one food  sam ple 

w a s  ta k en  in  each  colony. O f these  sam ples five from  sp ray e d , five from  trick led , 
a n d  th e  fo u r from  con tro l colon ies w ere  chosen  a n d  the oxalic acid  re s id u e  level w as 
d e te rm in e d  b y  m ean s of liq u id  ch ro m a to g rap h y . The resu lts  sh o w ed  th a t the 
m a x im u m  res id u e  level w a s  fo u n d  e ig h t d ay s  after trea tm e n t in  the sp ray e d  g ro u p  

(x=0.0062% ) b u t  also  th a t th e re  w a s  n o  sign ifican t d ifference in  oxalic acid  concen tra­
tio n  b e tw e en  the  g ro u p s  a t an y  of the sam p lin g  dates.

In  an o th er ap ia ry , the  g lu ta th io n e  S -transferase (GST) ac tiv ity  w a s  m e a su re d  in  
in d iv id u a l p u p a e  a n d  a d u lt b ees  from  trick led  a n d  con tro l colonies. T he resu lt 
sh o w ed  th a t 15 d ay s  after trea tm e n t the  GST ac tiv ity  in  p u p a e  a n d  a d u lt b ees from  
the  trick led  colonies w a s  n o t d iffe ren t from  th e  GST ac tiv ity  fo u n d  in  n o n -tre a ted  
colon ies ind ica ting  th a t trick ling  trea tm e n t of colonies w ith  oxalic ac id  does n o t seem  

to  h av e  an  effect on  the  level o f GST ac tiv ity  in  p u p a e  or n e w ly  em erg ed  a d u lt bees.

T he v a rro a  m o rta lity  w as  reco rd ed  after the sp rin g  trea tm e n ts  w ith  oxalic acid 
trick ling  an d  sp ray in g  an d  aga in  in  the a u tu m n  after an  oxalic ac id  trick ling  trea t­

m ents. F u rth e rm o re , the bee co lony  s tren g th  an d  b ro o d  am o u n t w ere  reco rd ed  p rio r 
to  the sp rin g  trea tm e n t an d  aga in  a year afte r the trea tm en ts . A  sign ifican t d ifference 

in  v a rro a  m o rta lity  w as  seen  after the  sp rin g  trea tm e n t b e tw e en  the trea ted  colonies 
a n d  th e  contro ls. In  the trick ling  g ro u p  the to ta l m ite d ro p -d o w n  p e r  co lony  w as  in 

average 61.53, in  the sp ra y e d  g ro u p  it w as  145.47 an d  in  the  con tro l g ro u p  1.50. A fter 
the  a u tu m n  trea tm en t, n o  sign ifican t d ifference w a s  fo u n d  b e tw e en  the  th ree  g roups 

a n d  the m ite  d ro p -d o w n  ran g e d  b e tw e en  936 a n d  1,400 m ites. In  1998, the m ean  bee 
co lony  s tren g th  w a s  ap p ro x im ate ly  5.5 com b gates befo re  th e  trea tm en t. A t the sam e 
tim e th e  m ean  b ro o d  a m o u n t ran g e d  from  1.77 to  3.25 d m 2. D u rin g  th e  1998 season , 
n o  d ifference in  co lony  d ev e lo p m en t w a s  o bserved  am o n g  th e  th ree  tr ia l g roups.
O ne year afte r the  trea tm en ts  the m ean  colony s tren g th  ra n g e d  from  4.93 to  6.25 

com b gates. The b ro o d  am o u n t r a n g e d  from  0.89 to  1.53 d m 2. T here  w a s  n o  signifi­
ca n t d ifference b e tw e en  the tre a te d  g ro u p s  a n d  the con tro l g ro u p  a t an y  tim e.
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INTRODUCTION

Several s tu d ie s  h av e  sh o w n  th a t form ic (Fries 1991) a n d  lactic acid  (K oeniger et al. 
1983, K lepsch et al. 1984, K raus 1991, B rø d sg aard  et al. 1997) are  effective in  co n tro l­
ling  in festa tion  w ith  the p arasitic  m ite  Varroa jacobsoni O u d e m a n s  on  honeybees 

(Apis mellifera, L.). H o w ev er, in  la b o ra to ry  tests  oxalic ac id  w as  ev en  m ore  po iso n o u s 
th a n  the tw o  fo rm er organic acids to v a rro a  m ites  (Fuchs, pers. com m .). In  field  tests 
R adezk i (1994) fo u n d  v e ry  h ig h  m ite m o rta lity  (97,3%) w h e n  sp ra y in g  3% oxalic acid 

on a d u lt m ite  in fested  bees.

T h o u g h  oxalic acid  is fo u n d  n a tu ra lly  in  v e ry  low  co n cen tra tio n s in  e.g. sp inach  a n d  
rh u b a rb  (Fassett 1973) it m ay  b e  h a rm fu l to  h u m a n s  ev en  in  low  concen tra tions. O ral 
in g estio n  of oxalic ac id  m a y  b e  d ead ly , b y  d erm a l con tac t it m a y  cause  d am ag e  to  
the  sk in  an d  tissu e  a n d  b y  in h a la tio n  it m ay  cause  d am ag e  to  the m u c o u s  m e m b ra ­

nes. T herefo re, it is  necessary  th a t p recau tio n s  a re  taken  w h ile  sp ray in g  oxalic acid 

(ap p ro p ria te  u se  of m ask , g loves, a n d  glasses) (R adezki 1994).

To av o id  oxalic acid in  aeroso l fo rm , th e  app lica tio n  of oxalic ac id  h a s  b ee n  fu rth e r 
d ev e lo p e d  in  Ita ly  b y  N an e tti a n d  S trad i (1997). T hey  fo u n d  th a t one ap p lica tio n  of 
oxalic acid  b y  trick ling  an  oxalic acid  su g a r  so lu tio n  on to  the fram es  in  the  colonies 

p ro v id e d  efficacies ran g in g  from  89,6% to 96,8% d e p e n d in g  u p o n  the  oxalic acid 
concen tra tion .

H o w ev er, b es id es  b e in g  h a rm fu l to  the v a rro a  m ites , physio log ica l effects on  the 
bees in  the co lon ies trea ted  w ith  oxalic acid  b y  the  trick ling  m e th o d  h as  been  

su g g e s ted  (W. R itter, pers. com m ., A. Im dorf, pers. com m .). The h y p o th e s is  is th a t 
the  bees in g est som e of the oxalic ac id -sugar so lu tio n  d u r in g  the trea tm e n t lead ing  
to  d am ag e  on  tissues of the d igestive system . If tissues w ith  g lu ta th io n e  S -transfera- 
se (GST) ac tiv ity  are d am ag e d , a  p ossib le  effect co u ld  b e  a  lo w erin g  of th e  level of 
GST activ ity . It h a s  b ee n  sh o w n  th a t several d iffe ren t tissues, in c lu d in g  g u t tissues 
h a v e  GST ac tiv ity  in  h o n ey b ees a n d  o ther insects  (e.g. C lark  1989, E l-G hareeb  & 
O m ar 1994). The GST en zy m es are an  im p o rta n t g ro u p  of en zy m es fo r e lim inating  

h a rm fu l substances th a t the b ees com e in to  con tac t w ith  (Sm irle & W in sto n  1988, Yu 
et al. 1984). A  lo w erin g  of the level of GST ac tiv ity  co u ld  m ak e  th e  b ee s  m ore 
vu ln e rab le  to  toxic substances in  the  env ironm en t. T herefore a  trea tm e n t o f b ees th a t 
re su lts  in  a lo w erin g  of the level of GST activ ity  m ay  in fluence the ir overa ll fitness.

4



T his s tu d y  in c lu d es p re lim in a ry  resu lts  on  the  use of GST ac tiv ity  as a  b iological 
m a rk e r  for possib le  physio log ica l effects on  bees from  oxalic acid  tre a te d  colonies.

F u rth e rm o re , re s id u e  levels in  h o n ey  h av e  on ly  b ee n  s tu d ie d  afte r oxalic acid 
trea tm e n t in  a u tu m n  a n d  ea rly  w in te r  (R adezki 1994, N an e tti & S trad i 1997) a n d  in  
D en m ark  the  n ee d  for an  efficient sp rin g  trea tm e n t is p ro fo u n d . T herefo re, a fu rth e r 

aim  of th is  s tu d y  h a s  b ee n  to  exam ine the  re s id u e  levels of oxalic acid  after trea tm en t 
of bee colon ies in  the  sp rin g  tim e w ith  e ither sp ray in g  or trick ling  of oxalic a d d . To 
ge t an  im p ress io n  of d ifferences in  th e  trea tm en ts  th e  v a r ro a  m o rta lity  w a s  m o n i­
to re d  sh o rtly  afte r th e  sp rin g  trea tm e n t an d  aga in  in  th e  a u tu m n  afte r a second  

single trea tm e n t w ith  oxalic ac id  trickling.

MATERIALS & METHODS

O xalic acid treatm ent

In  sp rin g  1998 (23 M arch), to ta lly  35 hon ey b ee  colon ies in  five ap iaries  in  D enm ark  

w ere  tre a te d  w ith  oxalic acid. The colonies w ere  n a tu ra lly  in fested  w ith  v a rro a  
m ites. In  b o th  the firs t an d  the  second  ap ia ry  fou r b ee  co lon ies w e re  sp ray e d , four 
w ere  trick led  an d  one u n tre a te d  co lony  se rv ed  as control. In  th e  th ird  ap ia ry  th ree 
bee colon ies w ere  sp ray e d , four w ere  trick led , a n d  one u n tre a te d  co lony  served  as 

contro l. In  the fo u rth  ap ia ry  fou r bee  colonies w ere  sp ray e d , th ree  w ere  trick led , an d  
one u n tre a te d  co lony  se rv ed  as control. The tre a te d  colon ies w ere  se lected  ran d o m ly  
w ith in  the  ap iaries . The colonies in  the  la s t ap ia ry  w ere  u se d  for assay ing  GST 

activ ity  in  the bees (see below ). In  th is  ap ia ry  five ran d o m ly  se lec ted  bee colonies 
w ere  trick led  a n d  five u n tre a te d  co lony  se rv ed  as contro ls.

For sp ray  trea tm e n t an  oxalic ac id  so lu tion  w as  m ad e  of 30 g oxalic acid  crysta ls 
(oxalic ac id  d ih y d ra te ) d isso lv ed  in  11 d em in era lised  w a te r  (R adetzk i 1994). 3-4 m l 
p e r  com b side  w ere  sp ray e d  (Im dorf et al. 1996) w ith  a h a n d  o p e ra ted  a tom iser 
(Ginge®, 0.51, no. 20-05-00, ad ju sted  to  the  finest atom isation).

T rick ling  w ith  oxalic ac id  su g a r  so lu tio n  u sing  1 p a r t (w eigh t) oxalic acid  d ih y d ra te ,
10 p a r t d em in era lised  w a te r , 10 p a rts  sucrose  (N anetti & S trad i 1997). 3 m l w ere  
tr ick led  w ith  a sy ringe  p e r  fu lly  occup ied  com b gate. E.g. to ta lly , 30 m l w ere  u se d

5



fo r a w ea k  bee  co lony , 40 m l for a  m e d iu m  stro n g  bee  co lony  a n d  50 m l for a strong  
co lony  (Im dorf et al. 1998).

C lim a tic  m easurem en ts
The o u td o o r te m p era tu re  w a s  above 5°C  an d  th e  oxalic acid  so lu tio n s w ere  ap p ro x i­
m a te ly  10°C befo re  the  trea tm en t. O u td o o r te m p era tu re  a n d  re la tiv e  air h u m id ity  
(RH) w ere  rec o rd e d  in  th e  ap iaries  a t the  tim e of the  trea tm e n t b y  T iny  Talk® d a ta  
loggers a t 17 m in s in te rv a l a n d  co n tin u ed  for th ree  w eeks.

Varroa m o r ta li ty
In  the  colonies in  the ap ia ries  1-4 the v a rro a  m o rta lity  w as  rec o rd e d  in  specially  
d es ig n ed  w o o d en  in se rts  covering  the en tire  b o tto m  b o a rd  ev e ry  second  d ay  for four 
w eeks after trea tm en ts . The in serts  w ere  em p tie d  each  sa m p lin g  date . F u rth e rm o re , 

the v a rro a  m o rta lity  w a s  ca lcu la ted  in  all bee colonies afte r one trick ling  trea tm e n t 
w ith  oxalic ac id  in  th e  a u tu m n  1998. A t the  tim e of the  a u tu m n  tre a tm e n t n o  b ro o d  
w a s  p re se n t in  the  colonies. The resu lts  w ere  an a ly sed  s ta tis tica lly  b y  m eans of 
K ruskal-W allis M u ltip le  C o m p ariso n s (K-W) (Siegel an d  C aste llan , 1988).

Bee co lony  s treng th
In  the ap ia ries  1-4 the am o u n t of b ro o d  w as  es tim a ted  in  d m 2 b y  v isu a lly  d iv id in g  
th e  c a p p e d  b ro o d  in to  squares. The bee  co lony  s tren g th  w a s  es tim a ted  as the 
n u m b e r  of com b gates occup ied  b y  the bees w h e n  look ing  in to  the  co lony  w ith o u t 
rem o v in g  the  com bs. The es tim ations w ere  ca rried  o u t before th e  trea tm e n t an d  

aga in  one y ea r after th e  trea tm en t. The re su lts  w ere  an a ly sed  s ta tistica lly  b y  m eans 
of K ruskal-W allis M ultip le  C om parisons (K-W) (Siegel an d  C aste llan , 1988).

O xa lic  acid  residues
In  th e  ap ia ries  1-4 one food  sam p le  w a s  tak en  in  each  of the  colon ies befo re  tre a t­
m en t. E igh t d ay s  afte r the trea tm e n t one sam ple  of u n sea led  food  o r h o n ey  w ere 
ta k en  in  each  of the colonies. F u rth e rm o re , one sam p le  of th e  firs t h o n ey  h a rv e s t 

(early  June) w ere  tak en  in  each  of the colonies. The sam p les  w ere  s to red  in  darkness  
a t -2 0 °C  u n til p rocessing . In  the ap iaries  1-4, five sp ray e d , five trick led , an d  four 
con tro l colon ies w ere  ran d o m ly  chosen  a n d  an a ly sed  for oxalic ac id  re s id u e s  b y  
liq u id  c h ro m a to g rap h y  a t In stitu to  Z ooprofila ttico  S p erim en ta le  delle  V enezie, 
L egnaro , Italy. T he re su lts  w ere  an a ly sed  s ta tistica lly  b y  m ean s of K ruskal-W allis 
M u ltip le  C o m p ariso n s (K-W) (Siegel an d  C aste llan , 1988).
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G lu tath ion e S-transferase (GST) activity

H oneybees
In  the fifth  ap ia ry , p u p a e  a n d  n ew ly  em erg ed  a d u lt w o rk e r  h o n ey b ees w ere  collec­
ted  from  the colonies. P u p ae  w ere  collected im m ed ia te ly  b efo re  oxalic acid  trickling  

trea tm e n t (as m en tio n e d  above) in  five colonies a n d  aga in  15 d ay s  after the trea t­
m ent. N ew ly  em erg ed  a d u lt  b ees w ere  co llected  15 d ay s  after th e  oxalic acid 
trea tm en t. A s con tro l, in d iv id u a ls  w ere  collected s im u ltan eo u sly  from  five n o n ­
trea ted  co lon ies a t the sam e locality. A fter collection  the  in d iv id u a l p u p a e  a n d  ad u lts  

w ere  s to red  a t -80 °C un til assayed .

Chem icals
R educed  g lu ta th io n e  (GSH) an d  l-ch lo ro -2 ,4 -d in itrobenzene (CDNB) w ere  p u rc h a ­

sed  from  M erck  (D arm stad t, G erm any), l-p h en y l-2 -th io u rea  (PTU) w a s  p u rch a sed  
from  A ld rich  (M ilw aukee, W I) a n d  e th y len ed iam in ete traace tic  acid  (EDTA) w as 

p u rch a sed  fro m  S igm a C hem ical Co. (St. L ouis, M O). The B rad fo rd  d y e  rea g en t an d  
bo v in e  se ru m  a lb u m in  (fraction  V) w ere  p u rc h a se d  from  P ierce (R ockford, IL). All 

o the r chem icals w ere  of ana ly tica l q u a lity  a n d  p u rc h a se d  fro m  com m ercial su p p li­

ers.

H om ogen isa tion  o f  pu pae or a d u lt bees fo r  in  vitro an a lysis
W hole p u p a e  or w h o le  a d u lt  b ees w ere  h o m o g en ised  in d iv id u a lly  in  0.1 M  so d iu m  

p h o sp h a te  bu ffe r (pH  6.5) con ta in ing  10 m M  GSH , 1 m M  PTU  an d  1 m M  EDTA. The 
in d iv id u a ls  w ere  h o m o g e n ise d  m a n u a lly  in  m icro tu b es h e ld  on  ice. The hom o g en ate  

w a s  cen trifu g ed  a t 10,000 g fo r 20 m in  a t 4°C  an d  the  su p e rn a ta n t w a s  u se d  in  the 

assays.

GST and pro te in  a ssa ys
A ll m e asu rem en ts  in  the GST a n d  p ro te in  assays w ere  m a d e  a t an  am b ien t te m p era ­

tu re  (20-25°C) an d  absorbance w as  reco rd ed  u sing  a M u ltisk an  M C C /3 4 0  m icro p la­

te re a d e r  (L absystem s, F in land).

GST ac tiv ity  w as  m e asu red  w ith  CD N B as su b stra te  as d esc rib ed  b y  H ab ig  et al. 
(1974) an d  m od ified  for a  m icroplate . A ssays w ere  d one  on  h o m o g e n a te  d ilu ted  w ith  
h o m o g en isa tio n  b u ffe r to  an  a p p ro p ria te  concen tra tion . D ilu ted  h o m o g en a te  (20 ß 1) 

w as  a d d e d  p e r  w ell in  a m icrop late  a n d  180 ß \  of G SH  (10 m M  final concen tra tion) 
a n d  CD NB (1.0 m M  final concen tra tion ) in  0.1 M  so d iu m  p h o sp h a te  b u ffe r (pH  6.5) 
w a s  a d d e d  to  each  w ell. The m ic rop la te  w a s  left 5 m in  to  eq u ilib ra te  a n d  then
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absorbance a t 340 n m  w as  reco rd ed  con tinuously . R eaction  ra te s  w ere  calcu la ted  by  
lin ear reg ressio n  ana ly sis  on  the  lin ear p o rtio n  of th e  cu rve  afte r p lo ttin g  absorbance 

ag a in s t tim e. D up lica te  d e te rm in a tio n s  w ere  m a d e  on each  in d iv id u a l.

P ro te in  co n ten t in  h o m o g en a te s  w as d e te rm in e d  b y  the m e th o d  of B rad fo rd  (1976), 
as m o d ified  in  the P ierce s ta n d a rd  assay  for m icrop la tes , w ith  b o v in e  se ru m  a lbum in  
as a  s ta n d a rd .

The GST ac tiv ity  w as  m e asu red  in in d iv id u a ls  from  n o n -tre a ted  co lon ies an d  in  
in d iv id u a ls  from  co lon ies trick led  w ith  oxalic acid. E igh t in d iv id u a ls  w ere  assayed  
from  each  colony. GST ac tiv ity  w as  assayed  15 d ay s afte r oxalic ac id  trick ling  
trea tm e n t of th e  colonies. C oncern ing  the  p u p a e , GST ac tiv ity  w a s  also  m e asu red  in 
in d iv id u a ls  co llec ted  im m ed ia te ly  before trea tm en t.

RESULTS

C lim atic m easurem ents
O n the d ay  of the oxalic ac id  trea tm en ts  the  o u td o o r d a y  te m p e ra tu re  w a s  17.0 °C.
In  the  fo llow ing  fou r w eek s the  te m p era tu re  ran g e d  b e tw e e n  -0 .6  °C a t n ig h t an d  
26.3 °C in  d ay tim e  w ith  an  av erag e  of 7.0 °C. O n  th e  d a y  of the  trea tm e n ts  the 

re la tiv e  h u m id ity  (RH) w as  28.6 %. In  th e  fo llow ing  4 w eek s  the  R H  ran g e d  b e tw een  
21.9% a n d  100.0% w ith  an  average of 86.2%.

Varroa m ortality
A fter the sp rin g  trea tm en t, the m ean  v a rro a  m o rta lity  in c reased  in  the trea ted  
g ro u p s  reach in g  a m ax im u m  d aily  m ite  d ro p -d o w n  (±S.E.M.) of 24.0±5.52 p er 
co lony  in  the trick led  g ro u p  an d  of 64.93±30.51 in  the sp ra y e d  g ro u p  4 d ay s  after 

trea tm en t. A t th a t tim e the contro l g ro u p  h a d  a m ean  d ro p -d o w n  of 0.25±0.25 varro a  
m ites. H ereafte r, the d a ily  d ro p -d o w n  in  th e  trea ted  g ro u p s  d ecreased  co n tinuously  

to  0.47±0.24 in  the  trick led  g ro u p  a n d  0.27±0.21 in  the sp ra y e d  n ea rly  reach ing  the 
con tro l level of 0.00, fou r w eek s afte r the trea tm e n t (FIGURE 1). The to ta l m ean  
v a rro a  d ro p -d o w n  (±S.E.M .) in  the trick led  g ro u p  in  the sp rin g  sa m p lin g  p e r io d  w as 
61.53±15.42 m ites, in  the  sp ray e d  g ro u p  it w a s  145.47±66.68 an d  in  the  con tro l g ro u p  
1.50 ±0.29. The re su lt of th e  con tro l d iffe red  sign ifican tly  from  the  trea ted  colonies 
(K-W , p<0.05).



A fter th e  a u tu m n  trick ling  trea tm en t, the g ro u p  tre a te d  w ith  trick ling  in  sp rin g  h a d  
a  m e an  v a r ro a  d ro p -d o w n  (±S.E.M.) of 1,250.00±333.33. In  th e  sp ra y e d  g ro u p  the 
m ean  d ro p -d o w n  (±S.E.M.) w as  935.80±391.53. The g ro u p  se rv in g  as con tro l in  
sp rin g  h a d  a m ean  v a rro a  d ro p -d o w n  (±S.E.M.) of 1,400.00±377.49 (FIGURE 2). The 

d ifferences in  v a rro a  m o rta lity  w ere  n o t sign ifican t (K-W , p>0.05).

Bee co lon y  strength
The m ean  bee  colonies s tren g th  (±S.E.M.) w as  5.5±0.96 com b ga tes  in  the contro l 
g ro u p , 5.4±0.30 com b ga tes in  th e  sp ray e d  an d  5.53±0.45 com b ga tes  in  th e  trick led  
g ro u p  befo re  th e  trea tm en t. T here w a s  n o  sign ifican t d iffe rence b e tw e en  th e  resu lts  
(K-W , p>0.05). The m ean  b ro o d  am o u n t (±S.E.M.) in  th e  above m en tio n e d  g ro u p s  

w a s  3.25±0.75 d m 2,2.07±0.30 d m 2 an d  1.77±0.51 d m 2, respectively . T he resu lts  d id  
n o t d iffer s ign ifican tly  (K-W , p>0.05). D u rin g  the  1998 season , the  oxalic acid  trea ted  

colon ies seem ed  to  d ev e lo p  as w ell as th e  con tro l colonies. O ne y ea r  after the 
trea tm e n t th e  m e an  co lony  s tren g th  (±S.E.M.) w as  6.25±0.48 com b ga tes  in  the 

con tro l g ro u p , 4.93±0.33 in  th e  sp ray e d  an d  5.00±0.33 in  the g ro u p  trick led  in  sp ring  
1998. The b ro o d  am o u n t in  the  respective  g ro u p s  a t the  sam e tim e w as  1.50±0.61 

d m 2,1 .53±0.67 d m 2 a n d  0.89±0.24 d m 2. T here w a s  n o  s ign ifican t d iffe rence b e tw een  
the trea ted  g ro u p s  an d  the contro l (K-W , p>0.05).

O xalic acid residues
Ju st befo re  the sp rin g  trea tm en ts  the m ean  n a tu ra l co n cen tra tio n  of oxalic acid 

(±S.E.M.) w as  m e a su re d  to  b e  b e tw e en  19.56±0.83 p p m  a n d  35.85±5.96 p p m  in  the 
th ree  ex p erim en ta l g ro u p s  (FIGURE 3). E igh t d ay s  after th e  tre a tm e n t the oxalic acid 

concen tra tion  w a s  inc reased  in  the trea ted  g ro u p s  co m p ared  to  b efo re  trea tm e n t b u t 
on ly  the  increase  in  the  sp ray e d  g ro u p  to  62.84±15.88 w a s  sign ifican t (K-W , p<0.05). 

A t the  firs t h o n ey  h a rv e s t in  June the m ean  n a tu ra l co n cen tra tio n  of oxalic acid 

(±S.E.M.) w a s  m e asu red  to  b e  37.78±5.55 p p m  in  the  sp ra y e d  g ro u p , 41.56+8.54 in  
the trick led  g ro u p  a n d  57.70±7.95 p p m  in  the contro l g roup . T here w a s  n o  sign ifican t 
d ifference in  oxalic acid  concen tra tion  b e tw een  the g ro u p s  a t a n y  of th e  sam p ling  

d a tes  (K-W , p>0.05).

G lu tath ion e S-transferase activity
The resu lts  for the  GST ac tiv ity  in  p u p a e  are su m m arised  in  TABLE 1 a n d  the resu lts  

for the n ew ly  em erg ed  a d u lts  are su m m arised  in  TABLE 2.
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Sampling date 1998

F IG U R E  1. V arro a  d ro p -d o w n  o n  w o o d e n  in se rts  a f te r  tr ic k lin g  o r sp ra y in g  
tre a tm e n t w ith  oxalic acid . T h e  tre a tm e n t w as  ca rried  o u t 23 M a rc h  1998.

. 1600-

E
1  1200-

800-

400-

n--------
Trickling, N=15 Spraying, N=15 Control, N=3

Treatment in spring 1998

F IG U R E 2. V arro a  d ro p -d o w n  o n  w o o d e n  in se rts  a f te r  tr ic k lin g  tre a tm e n t w ith  
oxalic acid . T h e  co lo n ie s  w ere  tre a te d  in  sp r in g  '98 w ith  tr ic k lin g , sp ra y in g  o r no  
tre a tm e n t, resp e c tiv e ly . T h e  a u tu m n  tre a tm e n t w as  ca rrie d  o u t in  S ep te m b er.
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FIGURE 3. C oncentration o f oxalic acid resid ues in  h o n ey  after spring treatm ent 

o f b ee co lon ies w ith  oxalic acid b y  trickling. Black arrow in d icates treatm ent, 
w h ite  arrow in d icates h on ey  harvest.

The d a ta  from  the GST assays on  the p u p a e  w ere  an a ly z ed  b y  one w a y  analysis  of 

v ariance  w ith  m u ltip le  co m p ariso n  (T ukey 's test, Z ar 1996). The on ly  g ro u p s  th a t 
w ere  s ign ifican tly  d iffe ren t (P<0.05) w ere  p u p a e  from  n o n -tre a te d  co lon ies collected 

befo re  trea tm e n t (184.4±5.8 n m o l m in 1 m g  p ro te in '1) a n d  p u p a e  fro m  colonies 
trea ted  w ith  oxalic ac id  (207.0±4.2 n m o l m in 1 m g  p ro te in '1). T hus, 15 d ay s  after 
trea tm e n t the  GST ac tiv ity  in  p u p a e  from  the trea ted  colonies w a s  n o t sign ifican tly  
d iffe ren t from  the GST ac tiv ity  in  p u p ae  from  the sam e colonies befo re  trea tm e n t 

a n d  n o t s ign ifican tly  d iffe ren t from  the GST activ ity  in  p u p a e  fro m  n o n -tre a ted  

colon ies collected  a t the  sam e tim e.

T he d a ta  from  the  GST assays on  the n ew ly  em erg ed  a d u lt b ees w a s  an a ly sed  b y  f 
te s t (Zar 1996) a n d  the  te st sh o w ed  th a t the tw o  g ro u p s  w ere  n o t sign ifican tly  
d iffe ren t (P=0.14). T hus, 15 d ay s after trea tm en t the  GST ac tiv ity  in  the ad u lts  from  

the oxalic ac id  trick led  colon ies w ere  n o t d iffe ren t from  the GST ac tiv ity  fo u n d  in  

ad u lts  from  n o n -tre a ted  colonies.

1 1



TABLE 1. G lu tath ion e S-transferase (GST) activ ity  in  h on eyb ee  p up ae collected  
b efore treatm ent and 15 days after trickling treatm ent w ith  oxalic acid (OS).

C ollection  o f pupae Pupae 
for GST assays

n G ST activity*
(nm ol m in  1 m g p ro te in '1)

Collection before treatment

P u p ae  from  five 

n o n -tre a ted  colonies

40 184.4±5.8

P u p ae  from  five co lon i­

es to be trick led  w ith  OS 
afte r collection

40 194.1±5.5

Collection 15 days after treatment o f the colonies

P u p ae  from  five 

n o n -tre a ted  colonies
40 191.5+4.8

P u p ae  from  five co lon i­

es trick led  w ith  OS
40 207.0±4.2

“ Mean activity ± SEM.

TABLE 2. G lu tath ion e S-transferase (GST) activity in  n e w ly  em erged  adult 
h o n ey b ees co llected  15 days after trick ling treatm ent w ith  oxalic acid (OS).

A d u lt b ees n G ST activity"
(nm ol m in  1 m g p ro te in  ’)

A d u lts  from  fou r n o n -tre a ted  colonies 32 211.5±6.4

A d u lts  from  fou r colonies tre a te d  w ith  OS 
trick ling

32 226.2±7.4

* Mean activity ± SEM.
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DISCUSSION

A t th e  tim e of th e  oxalic acid  trea tm en ts  the  bee  co lon ies ' s tren g th  a n d  b ro o d  
am o u n t w ere  average for D an ish  conditions. N e ith e r e ig h t d ay s  afte r the M arch  

trea tm e n t, n o r  a t the  firs t h o n ey  h a rv e s t in  June a s ign ifican t d iffe rence co u ld  be 
d e tec ted  in  oxalic acid  co n cen tra tio n  in  food  or h o n ey  b e tw e en  the  trea ted  g ro u p s 

a n d  the con tro l g ro u p . E igh t d ay s  after the trea tm e n t the m a x im u m  level of oxalic 
acid  w a s  fo u n d  in  the sp ra y e d  g ro u p  w ith  a  m ean  co n cen tra tio n  of 0.0062%. For 

com parison , the n a tu ra l concen tra tion  of oxalic acid  (oxalates) b a se d  on  fresh  w eig h t 
in  sp in ach  is 0.3-1.2%, in  rh u b a rb  0.2-1.3%, in  tea  0.3-2.0% a n d  in  cocoa 0.5-0.9% 

(Fassett 1973). Since oxalic acid  is n o t fat-so lub le n o  re s id u e s  w ill b u ild  u p  in  the  w ax  

in  the trea ted  colon ies (Im dorf et al. 1998). T hus, res id u es  in  h o n ey  a n d  w ax  after 

sp rin g  trea tm e n t w ith  oxalic acid  seem s n o t to  b e  p rob lem atic .

If a d ifference in  GST ac tiv ity  from  trea ted  vs. n o n -tre a ted  colon ies w as  fo u n d  it 
co u ld  b e  an  in d ica tio n  of a physio log ica l effect on  in d iv id u a ls  in  the  tre a te d  colonies. 
In  th is s tu d y  trick ling  trea tm e n t o f colonies w ith  oxalic acid  does n o t seem  to h av e  a 

p ro lo n g ed  n eg a tiv e  effect on  the  level of GST ac tiv ity  in  p u p a e  o r n e w ly  em erg ed  
a d u lts  as n o  d ifference in  GST ac tiv ity  in  trea ted  vs. n o n -tre a ted  co lon ies co u ld  be 
d em o n stra ted . H o w ev er, a lack  of effect on  the level of GST ac tiv ity  does n o t ru le  
o u t th a t in d iv id u a ls  in  oxalic ac id  trea ted  colonies w ere  physio log ica lly  affected  b y  

the trea tm en t.

D u rin g  the season  1998, the tre a te d  colon ies seem ed  to  d ev e lo p  n o rm a lly  co m p ared  

to  the con tro l colonies. O th er D an ish  tria ls  u sin g  the sam e m e th o d s  in  sp ring tim e 
confirm  th is  f ind ing  (H ansen  1999). O n ly  one of the  trea ted  colon ies in  the  p rese n t 
s tu d y  d id  n o t su rv ive  the w in te r  98 /99 . In  sp rin g  1999, the colon ies in  the  p resen t 
s tu d y  h a d  s tren g th  ran g in g  from  4.93 to  6.25 com b ga tes  a n d  a  b ro o d  am o u n t of 0.89 

to  1.53 d m 2 w h ich  co rresp o n d s  w ith  the  average in  b ee  colon ies a t th a t tim e the 

coun try .

The resu lts  o f th is  s tu d y  d o  n o t give a d irec t m easu re  of the efficacy of the  tw o 
trea tm en ts. O xalic acid  sp ray in g  does n o t h av e  an  effect on  v a rro a  m ites in  the 
sealed  b ro o d  (R adetzk i 1994). A lso  trick ling  is on ly  rec o m m en d e d  in  b ro o d less  

co lon ies as ex p e rim en ts  h av e  su g g ested  th a t the efficacy of one trea tm e n t in  colonies 

w ith  b ro o d  w as  too  p o o r a n d  several trea tm en ts  w ea k en e d  the colon ies (Im dorf et al.
1998). B ecause of the  b ro o d  p re se n t in  o u r colonies, w e  assu m e th a t the  efficacy of
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these  sp rin g  trea tm e n t is lo w er th a n  the  ap p ro x im ate ly  98% fo u n d  b y  R adezki (1994) 
an d  Im d o rf  et al. (1998) fo r sp ray in g  a n d  trick ling , respectively . In  sp r in g  in  D en ­

m ark , it is n o t p ossib le  to  cu t o u t the b ro o d  to  increase  the  efficacy as it is d o n e  in  the 
a u tu m n  b y  lactic acid  trea tm e n t (B rødsgaard  et al. 1997). R em oving  the b ro o d  in  

sp rin g  w o u ld  m o st likely  w eak en  the colonies. A  p ro p e r  efficacy te s t sh o u ld  of 
cou rse  b e  fo llow ed  b y  a to ta l co u n t of m ites in  the  colon ies or a  tre a tm e n t w ith  a 

p es tic id e  w ith  a  w e ll-d o cu m en ted  effect. B ut since the re  are no  pes tic id es  reg is te red  
for use in  D en m ark  the h o n ey , w ax  a n d  e q u ip m en t from  the trea ted  colon ies w o u ld  

h a v e  to  b e  d es tro y e d  a n d  th is  w as  n o t possib le  in  th is p re lim in a ry  s tu d y . N ev e rth e ­
less, a ssu m in g  th a t the v a rro a  in festa tion  w as  even ly  d is trib u te d  b e tw e en  the 

colon ies th e re  seem s to  b e  a ten d en cy  th a t the sp ray in g  trea tm e n t w a s  m ore  efficient 
th a n  the  trick ling  b a se d  on  th e  o bserved  v a rro a  d ro p -d o w n  a lth o u g h  the d ifference 
w as  n o t sign ifican t (FIGURE 1). The lack of d ifference in  efficacy b e tw e en  trickling  
a n d  sp ray in g  trea tm e n t co rresp o n d s  w ith  the fin d in g s of Im d o rf et al. (1998) w h o  

fo u n d  n o  d ifferences w h e n  trea tin g  b ro o d less  co lon ies in  a u tu m n  w ith  the tw o  

m eth o d s. The v a rro a  d ro p -d o w n  after the trick ling  trea tm e n t in  the  a u tu m n  sh o w ed  

th a t the  v a rro a  p o p u la tio n  in  the  colonies trea ted  in  sp rin g  seem ed  to  h a v e  develo ­
p e d  as w ell as in  the  contro l. T hat re su lt cou ld  b e  ex p la in ed  b y  a  p o o r efficacy of the 
sp rin g  trea tm e n t, re in v asio n  from  the  con tro l colonies to  th e  tre a te d  colonies 
com b in ed  w ith  a  v e ry  sh o rt persis tence of oxalic acid  or th e  v e ry  few  con tro l 
colonies.

N eith e r the re s id u e s  of oxalic acid  in  honey , the GST ac tiv ity , n o r  the  co lony  d ev e ­
lo p m e n t afte r sp rin g  trea tm e n t w ith  e ith e r trick ling  o r sp ra y in g  w ith  oxalic acid 

seem  to  ind ica te  an y  p rob lem s. H o w ev er, befo re  th e  u se  of oxalic ac id  as sp rin g  

trea tm en ts  is reco m m en d ed  in  D en m ark  it is necessary  to  p u t  m o re  e ffo rt in to  
efficacy tests  w ith  a  la rge  n u m b e r  of con tro l colonies in  field  trials.
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