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ABASTRACT

Surveying of chalkbrood disease was carried out at four
locations of Minia governorate, over the year. Results showed that
the highest infection percentage (V.Y¢7%) was recorded in Y+ April
Y«Y. for chalkbrood disease which associated with average
temperature Y¥Y.¢ °C and 14.%7 relative humidity. However, the
lowest infection (+.++ — +.1%7) was in minimum level over long
period extended between half of December, ¥« +4 to last of March,
Y+ Y+ The prevailing temperature of the last mentioned period was
ranged between YA ¥-Ye A °C and relative humidity ranged
between YV.V-1e 47,

Three chemicals  (acetyl salicylic acid, Thymol and
potassium sorbate) and one antibiotic (Terramycine) were used to
control chalkbrood disease. The tested materials were used in
three features (sugar powder, candy and sugar syrup). The
obtained results also revealed that using acetyl salicylic acid gave
the highest reduction percentages of chalkbrood infection (up to
eY.e¢/ in autumn and A+.£Y7Z in winter). Terramycine came in
second position which caused reduction percentages up ¥¥.Y%7 in
autumn, and A+.+V7 in winter. Thymol treatment occupied the
third level which reduced the infection by ¥%.4V7 in autumn, and
Ve, +47 in winter. However, using potassium sorbate didn’t show
satisfy efficacy against the disease, it was resulted in reduction
percentages up to *.¥+7 in autumn, and ¥V.VY¥7Z in wint



H. M. Eshbah et al,

INTRODUCTION
Chalkbrood is a fungal disease of honey bee brood caused by
Ascosphaera apis. (Douglas Y44Y, Masterman et al. Y+ + Y, Chorbinski
Y«+& Flores et al. Y++2, Aronstein and Murray Y+)+). Young
honeybee larvae (Y-¢ days old) are most susceptible to chalkbrood
infection (Bailey and Ball Y34Y). Three volatile compounds collected
from larvae infected with the fungal pathogen Ascosphaera apis
and detected by adult honey bees, were identified by coupled
gas chromatography-electroantennographic  detection and gas
chromatography-mass spectrometry. These three compounds are
phenethyl acetate, Y-phenylethanol, and benzyl alcohol, which present
in volatile components collected from infected larvae. Two field
bioassays revealed that one of these compounds is phenethyl acetate,
which considered a key compound associated with Ascosphaera apis
infected larvae that induces hygienic behavior of the bee worker
(Swanson et al. Y+ +%). Lytic enzymes are usually reported to have a
role in fungal entomopathogenicity. Enzymic profiles produced by
Ascosphaera apis. Ten isolates of A. apis produced ‘) enzymes. Two
main enzymes (protease and beta -N-acetylglucosaminidase), that
might play roles in either penetration of the peritrophic membrane in
bee larval midgut or breaking down the cuticle of larvae were
reconized (Theantana and Chantawannakul Y-:+A). This fungus
germinates in the larval gut either pre- or post-capping when colony
temperature falls below the optimal temperature of YY-Yo °C for a
prolonged period (>Y h) (Bailey and Ball, Y29Y). Fungal infection is
positively correlated with temperature and negatively correlated with
relative humidity in all localities (Zidan et al. Y43%).
The present study aimed to record the time appearance of
chalkbrood disease and testing the efficacy of certain chemicals
against this disease.

MATERIALS AND METHODS
The present study was carried out at four locations of Minia
governorate, Faculty of agriculture apiary of Minia university and
three private apiaries (One apiary at Shosha village, Samalot district
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and another two apiaries at Damares village, Minia district). Trails of
the study were conducted through two successive years ( September
Y++4 10 August Y+)).

V. Experimental Bees:

Fifty seven Carnioilan honeybees (Apis mellifera carnica)
colonies having an approximately equal strength ( bees covered A wax
combs), recent mated sister queens, equal stored food (honey and
pollen) and about the same level of infection of chalkbrood disease
were selected for the experiments of the study .

The experimental bee colonies were housed in Langstroth hives.
They received normal feeding program over the period of study.
Simple trap (wooden barrier ) was placed on the hive entrance of each
experimental bee colony to prevent the workers to throw out the dead
larvae outside the hive which helped in counting number of mummies
of chalkbrood (Medina and Mejia, Y441).

Y. Scientific axis of the study:

The current study was focused on two axis as follows :-

V) Record timing of appearance of fungal diseases and its relation to
temperature and relative humidity over the year.
Y) Controlling chalkbrood disease by using certain chemicals and

Terramycine (antibiotic).
¥.). Record timing of appearance of chalkbrood symptoms on

honeybee larvae and its relation to temperature and relative

humidity over the year:

Twelve colonies of different four experimental apiaries, three
colonies each, were inspected at ‘Y days intervals over the year to
record two parameters as follows :-

a) Area of the brood which measured through using wired grad frame
having ).+ + sg.inch divisions according to method of De Jong, (Y4V*1)
and number of the brood cells was calculated based on fact saying that
each one square inch having Y° worker hexagonal cells.

b) Number of the infected larvae with fungal diseases found in brood cells
or on the bottom board of the hive.

Percentage of the infected brood cells was estimated according to
the following formula:
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Number of infected larvae
%infected bee larvae = X Ve
Number of the total brood cells

The mean percentage of infected larvae by chalkbrood disease
over )Y day intervals was estimated. The relationship between timing
of appearance of chalkbrood disease infection and the weather factors
was studied as follows:-

Data of the average temperature and relative humidity over the year

was got from metrological station of Minia airport. Correlation and

regression coefficients between the percentage of fungal diseases

infection and both temperature and relative humidity were determined.

Y.Y Controlling chalkbrood disease by using an antibiotic and
other three chemicals:

Three chemicals (acetyl salicylic acid, Thymol and potassium
sorbate) and one antibiotic (Terramycine) were used for controlling
chalkbrood disease as follows:-

The tested materials were mixed each with one of three types of
feeding component (powdered sugar, candy and sugar syrup) by
concentration described in the following table:-

Table | :Concentration and dosage of certain chemicals and an
antibiotic used for controlling chalkbrood disease
infected honeybee colonies.

Concentration in Dosage per colony
Sugar
Name 9 cand | sugar Sugar sugar Reference
powd candy
or y syrup | powder syrup
oy Yoo
_Acgyl_ Ry . £\ gr. £ gr. Yo. ml (Jenko et al.,
salicylic acid % ppm 144Y)
AN AN AN (Davis and
Thymol ¢ gr. £ gr. Veoml
y % | % | % g g ward, ¥+ 1)
. Menapace and
oy Yoo
Pg;izsalsem R VA 0/ m £ gr. togr. Ye.ml Hale Y4AY,
o M Thurber 14V4)
. . LA . (Flores et al.,
Terramycine | ©.«+7 % LIV £ gr. tegr. | Yeoml Yoot)
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Sugar powder or candy having the applied chemicals were
placed on plastic sheets over the top bars of the combs of the tested
colonies (Rembold et al., Y4A+), while sugar syrup having the same
chemicals was placed in Doolitle side plastic feeder.

The tested materials were supplied to the experimental bee
colonies over the year at ' ¥ days intervals, except the period of nectar
flow (April to September). Forty five experimental bee colonies were
used for that part of the study. Among that number of the colonies,
nine colonies for each applied chemical (three bee colonies were
specified for each feeding treatment) in addition to another nine
colonies (three colonies for each feeding treatment) receiving no
chemicals were acted as control sets.

Y.Y.\ Efficacy of different chemicals on infection of chalkbrood
disease :-

Infestation percentages of chalkbrood were estimated in the
experimental colonies at 'Y days intervals through determination of
infection percentage before and after treatment in treated colonies as
well as in control set. Reduction percentage of infection was
calculated through applying formula of Henderson and Telton
(Henderson and Telton, Y4¢9) which saying that :

infection% after treatment x infection% before control
Reduction % = Y+« (- )
infection% after control x infection% before treatment

Y.Y.Y. Statistical analysis:-

The obtained data were subjected to one way analysis of
variance and the difference among means of treatments were
compared according to least significant range (Duncan range) tests.
Also, correlation and regression coefficients were estimated according
to method of Mead et al., Y44Y,
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RESULTS AND DISCUSSION

V. Record timing of appearance of chalkbrood infection and its

relation to temperature and relative humidity over the year:-
Appearance symptoms of chalkbrood disease was

recorded in certain apiaries located in Minia region over two

successive years as follows:

Data in Table (1) and Figure (1) of the first season (Y++3/Y+)+)
showed that the highest percentage of infection of chalkbrood was
associated with average temperature YY.¢ °C and 13.17 relative
humidity. While the lowest percentage of infection was recorded with
range of temperature extended between Y£.V to Yo.A °C and relative
humidity ranged between ©4.%1 to 12,47, It can be identified two peaks
of chalkbrood infection over the year, the first was recorded on
September (1.)Y7), while the second one appeared on Y+ April
(Y.Ye7). On contrast, the symptoms of the disease was absent over the
winter period.

The same trend was recorded in the second season (Y+)+/Y+))
where the highest infection (V.)37%) was observed in April with mean
of temperature and relative humidity was ¥).4 °C and VY:.Y7,
respectively. Also, chalkbrood infection was in minimum level over
long period extended between half of December to last of March (-.-
— +.Yo7) where temperature degrees ranged between YA.Y to Y1 ¢ °C
and relative humidity ranged between Y1.¢ to 11V 7,

Determination of correlation coefficient at the first season
(Y++4/Y<)+) between percentage of infection and both temperature
and relative humidity revealed that there was positive significant
correlation (+.VY) between infection percentage and temperature.
While weak positive correlation (+.Y%) was existed between infection
percentage and relative humidity. Similarly, the correlation coefficient
at the second season (Y+)+/Y+ 1)) between percentage of infection and
both temperature and relative humidity were +.11%, + Y'Y, respectively.
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Table Y: Development the infection of honeybee brood by
chalkbrood disease during Y+ +4/Y+Y« and Y« Y «/Y+ V)
seasons at Minia region.

%Mean Mean daily Mean daily
Infection /colony temperature °C relative humidity%o
Dates Yo a/ve0 TN

\EERVARREEAERARVARRE . \ERARVARRBNASERVARRE \

Vo September AT o A4 YAY Yo ¥ A ¢ 1.4

YV September 1Y o.AY Ya.v YAV Voo \ AR

4 October €A Y Yv.e Yv.a Ly TAY

g Y\ October YAy Y. Ao Yo q Yv.y "4t ALY

3 | ¥ November ¥.AS YAV YY.y¥ YYa VY.V V.o¥

2 | )¢ November Y.V Y.ov YA Yv.n Ve vey

Y% November YAY Y. Yv.y YA VYo VYA

A December V.o Yoo F VAL ¢ V4w Vi.¢ Ve A

Y. December A Ve VALY VALY YV viaL¢

Y January .0 R 1LY YA A% LY

\i\]anuary DER oY AR Vo v AR iy,

s | Y1 January e e VEY V¢.4 041 AR

€ | Y February R RE RN v oY 0.9

= | V4 February R e YY.s YY.A 1A 1y

Y February Ve Vo Yy Yv.e vy YA

Yo Mars Yo.A YAt 1o R

YV Mars Voo et Yov Yo TAA vy

A April K Tr Yoy Ya.A Y TAY

o Y+ April V.Ye RE! YY.¢ ¥ LT Vor

£ [ YMay y.44 V.4 YeA YA R A

S | 't May Yo Y.V YAY YA® vy YA

? [V May o 1A XX Ya s Ya.r TAe LW

Y June o4y ot ¥yt Yv¥.o TALY 1ALy

Y4 June 0.0\ oy Yv¥.o YY.V VA Y

Y July Yo\ ¥ vey ¥ea oV T

s [\ July Y ¥ YAy Yev Yo\ 0 ey

£ [ Yo July Y. V.Y LR YeA Y A

€ | 1 August ¢ 0¥ K Y€ Y4.A eV oY

@ YA August €49 tvo Yaq YV A TAY

¥+ August otV o A LY Yo R A

Correlation coefficient Y:+4/Y+Y+ (%Mean Infection/ Mean daily T
Temperature) .

Correlation coefficient Y+« Y+/ Y+V\ (%Mean Infection/ Mean daily .
Temperature) :

Correlation coefficient Y« +4/Y+V+ (%Mean Infection/ Mean daily relative T
humidity) i

Correlation coefficient Y«Y+«/ Y+V\ (%Mean Infection/ Mean daily relative .y
humidity) )

Regression coefficient Y::4/ Y+ . (%Mean Infection/ Mean daily Temperature) ¥4

Regression coefficient Y+« +/ Y+«VY (9%0Mean Infection/ Mean daily Temperature) Yo

Regression coefficient Y+« +4/ Y+« (%Mean Infection/ Mean daily relative ay
humidity) :

Regression coefficient Y+Y+/ Y«VY (9%6Mean Infection/ Mean daily relative Dy

humidity)
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Fig Y : Development the infection of honeybee brood by
chalkbrood disease during Y++«8 / Y:Yeand Y«Y+/Y))
seasons at Minia region.

Determination of regression coefficient at first season
(Y++3/Y+)+) between percentage of infection and both temperature
and relative humidity revealed that there were positive coefficients
(+.Y3, VY respectively), which means by increase temperature by
one degree, infection percentage increase about +.Y47 and also,
increasing relative humidity by one percentage will correspond by
increasing infection percentage by +.) Y7. Regression coefficient at the
second season (Y+)+/Y+1)) between percentage of infection and both
temperature and relative humidity was +.Ye, +.\V, respectively, which
means by increasing temperature about one degree or relative
humidity by V7, infection percentage increase about +.YoZ and +.\ V7,
respectively.

These results are in agreement with the obtained data by
Sommaruga, (Y3AY) who found that mean infection percentage of
chalkbrood was up to A.Y7 in autumn. Also, Debeljak et al., (Y34))
reported that the infection level was up to ¢.1/ brood deaths by
chalkbrood. In addition, Puerta et al., (Y4%¢) found that chalkbrood
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disease occurs suddenly in the latter part of winter, spring and finally
in late summer. Mossadegh and Alizadeh, (Y%%¢) inspected ‘¢
provinces of Iran, colonies of A.mellifera for chalkbrood disease,
which was present in 1 of the provinces, with an overall infection rate
of AZ. Hornitzky, (Y« +)) and Simsek, (Y- + ) reported that chalkbrood
infection percentage up to V.©1Z,in Tasmania, Western Australia and
the Northern Territory. Gilliam et al. (Y44Y) who found that
chalkbrood infection percentage was up to Y7 in spring and reduced
to Y7 in summer and autumn, in winter infection was less 7. Flores et
al., (Y447) found that when kept larvae were at Yo degrees and A7
RH for 1 days after sealing, mummification occurred in 47 of larvae.
Without the initial period of cooling, mummification was YA’ and it
was even lower when sealed larvae were kept at ¥+ degrees () °.Y7%) or
Yo degrees (Y.Y7%).

Y. Controlling chalkbrood diseases by treatment with an antibiotic
(Terramycine) and other three chemicals:-
Using Terramycine as an antibiotic and other three chemicals
were applied over the year except that period of nectar flow.

Monitoring the infection with chalkbrood during autumn:

Data in Table (Y) and Figure (Y) showed the efficiency of the
tested chemicals used to control chalkbrood in autumn of the first year
(Y++13). Of the four tested chemicals, acetyl salicylic acid gave the
highest reduction percentages (°Y.e¢, ©oY..Y and ©).YA%) of
chalkbrood infection when a mixed with sugar powder, candy and
sugar syrup, respectively. Thymol efficacy occupied the second rank
(YUY e and YY.Y4Z, respectively), then Terramycine (YY.Y%,
Y¥.¥land YA.A7 %, respectively). While potassium sorbate occupied
the last position (Y.Ye, Y)Y and Y.¥:7Z) for the same carriers
mentioned above, respectively.

On the other hand using sugar powder as a carrier of the tested
chemicals seem to be support the efficacy of these chemicals where
the lowest percentages of infection were recorded ().24,Y.)+,Y.Ye and
¥.YAZ) with acetyl salicylic acid, Thymol, Terramycine and potassium
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sorbate, respectively. However, using sugar syrup as carrier resulted
in the lowest efficacy of these chemicals were represented in
increasing infection percentages by Y.V), Y.¥¢ Y o. and Y.¢+ with
acetyl salicylic acid, Thymol, Terramycine and potassium sorbate,
respectively.

Table Y: Mean percentages of chalkbrood infection when
honeybee colonies were treated with an antibiotic
(Terramycine) and other three chemicals in autumn,
Y+« +«4 at Minia region.

Treatments | Acetyl salicylic . Potassium
. Thymol Terramycine Control
acid sorbate -
L.S
S S S S S
@ o o) o @ =% @ o @ ol .R
g 2| 2 2| T 2| 2| 3 2
> > > > >
) © 2 ) ° 2 1) © > 1) © 2 1) © 2| at
a c a c a c a c a c
o IS 5 . 5] 5 . IS s . IS 5 . IS 5 .
I (6] & < O & < (6] S < (6] > < (6] S| el
Date g 3| % 3 g 3| S = 3
A 7] a 7] a » a 7] a 7]
Before eVt [ e A¥ [ oV | avY | oA oA | oAt | e AY | oy s A s vy | ova | oAt | 8 tA | 0%
treatment
YA [ Yy [ YAN [ rer [ v VA v Ar [ exe [ ewy [ een [y | oA [ ovY [eAY [ ean [ nid
\ e September . . (AL
n mn Imn k j ij h gh f e de cde b-e ab a
YV voye [ rya [ ryy [rae [ rve [ rae | e €61 | VY [ovY [ o AY | o AN [ o Ad [ v [ 0¥
1A
September n mn Imn ij k j h gh f e de cd bed a a
q YA Yy [ yan vy ey ey [ orry [ rey [ rvy [evy [ eve [ e va [ ey [ ey [ e
X3
October | ki jki i gh h fgh e D ab ab a bc c a
Y\ YN [ YA Yy [ YA oy [ rra [ ver [ xRy [ vvv [vav [ rvy [ rAy [ FAY [ ¥Ae [ rax
ve
October n mn Im h g f k j 1 e d c bc abc a
Y YAy [ yry [ rey [ysy xR [ ooy [y [rry [ ren [rvy [ vy [ vAY [rea [ vy [raAs
oy
November o n m | ki j i h gh e cde b f de a
Ve AV R e sA e [y vy [y e [y [YAY [ e [ yaa [Yvr | Yea [ vy
oo
November m kim Im gh e-h h j i fgh cd bc ab a d a
LR R A RN EX XD RN R A R R B KA
Y.
November j ij hij d cd bed g fg efg a a a a a a
A R R R XD KA AR R A N2 KD
\Vve
December j ij g-j e-j de bc hig f-j C ab ab a ab ab a
Y. v e ey e eve o LYt YN |y ey [ ven [ oAy [ e | ve | e
-
December | ijk jkl kl k ghi def hi fgh c b a a a a
Mean Ved [ v [ vy [y [y [ vve [ vye [ yey [ veo [rYA| v¥e | ve.o [rye [ r¥a [roe.
oY, [ERXN EEK
oY, 0¢ 8y, YA yrwa | rrxt [ rroyn | YAsn | vve [ oy [ vy
Reduction% v 1 ° . [ AR
a c fgh gh h | ki | j
b de e

For each row, means followed by the same letters are not significantly
different at 7 level of probability (Duncan multiple range test)
*L.S.R. Least significant range (Duncan range at ©%).
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Fig Y: Mean percentages of reduction in chalkbrood infection
when honeybee colonies were treated with an antibiotic
(Terramycine) and other three chemicals in autumn,
Y+« +4% at Minia region.

Statistical analysis of the obtained data showed that there were
significant differences among the efficacy of different treatments for
explanation acetyl salicylic acid was statically the most effective
treatment. In contrast, potassium sorbate was inferior.

Data presented in Table (Y) and Figure (¥) referred to the
efficiency of the chemicals used to control chalkbrood for the second
year (Y+)+). Data indicated that the mean efficiency of the tested
chemicals could be arranged in the following descending order; acetyl
salicylic acid > Thymol > Terramycine > potassium sorbate which
resulted in (6Y.AY,©o +YY and ©:.YV7), (Y1.9), Y11V and Y1.0Y7),
(YY), ¥« 4T and Y..v47) and ().9),).Ye and ).v47) reduction
percentages of disease infection when used with sugar powder, candy
and sugar syrup, respectively.
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Table Y: Mean percentages of chalkbrood infection when
honeybee colonies were treated with an antibiotic
(Terramycine) and other three chemicals in autumn,
Y+« at Minia region.

Treatments Acetyl salicylic acid Thymol Terramycine Potassium sorbate Control
@ <7} <7} ; <7 *Ls
8 S |2 S |3 S |3 S |8 s
2 > g H > g H > g H > g 2 > 5 R at
S © > <] k=] @ <] k=] A <] k=] A <] k=] >
o I - - A I I A A - A - T I
o S = & = S o S = S 4
Date % o = % o S % (8} S % [§) S % [$) 5
175] @ 195} @ 195} @ n @ [75] @
Before treatment | °.VV LA [AN oAt oAy oNe | o AR | O AV | 810 [ O VY | 8 AY |V | BV [ 2 AY | o V.
Yoo [ yar [ yve [ ryy [ rye [rav [ran|rae [ ¢ oery[ony[ore]ora|orn]eAs
\ e September v ay
mn Im j | h gh f e c a de bc a
Yy vae [ rxy [ rxa [ rve [y Ay [ var [ a|exn[eryo[ony | e 0a [ova] ey [ oy ]| oAy
1AVY
September | ki jki i gh H d-j c-j b-i | a-d a a a-d a a
q voor [ YA [y [oway [ orve [ovwe [owen [ weA [ oy [eaa | v [so | £y | g ¥ | £ 0A
R
October (o] n m | k j i h [s} f d b e c a
[E) Yo [ yar [ yye [ yay [ yac [ vAYy [y [ yea [y [ran ey [y av[rvy [ r Ao vl
X
October (o] n m hi j G | k i f e b de c a
Y WYY L vaAn oY vy | ovry [ ovoen [ YA | vas [ vaa | rva [ vy [ YeA| YRy | vie | YV
L
November o] n m | k j i h g f d b e c a
V¢ e oA A Ty oy vy v xe [y [y ve [vro [ vey [y [ vve [y ee [ Yo
oy
November n m | k j ij hig g fg e c a de bc a
[ voo [var [ v A [y Ty [y [y s [y yr [avafvar [y Ay Ay [rvav e
0
November o] n m | j H k i g f d b e c a
A oy e o ey [ o [ oee [oxr [ oxn [y [oae | caa [ oA oA [ ey [y
X
December (o] n m i h G | k j f d b e c a
Y. con [ e [ eon ey oA ey oo e oy e[ o e [ovy [ ver [ v A ve
Y
December 0 n m i h G | k j f d b e c a
Mean voed [ vea [ vy [ vav [y [y [yoan [ ryr [yxro [y [ravreyre [y [rer
iy [ria vy
BRI AR AN EAK SN R AR LA R AW V.40 [ vve [y ra
Reduction% \ 1 4 . . . £
a a a bed cd D hij j ij
efg fg g

For each row, means followed by the same letters are not significantly different at
o7 level of probability (Duncan multiple range test)
*L.S.R. Least significant range (Duncan range at °%).
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Fig ¥: Mean percentages of reduction in chalkbrood infection
when honeybee colonies were treated with an antibiotic
(Terramycine) and other three chemicals in autumn,
Y+« at Minia region.

The present results reconfirmed that acetyl salicylic acid was the
most effective on chalkbrood disease than other tested chemicals, and
sugar powder was more suitable for carrying these chemicals than
other tested carriers. Suitability of sugar powder may be attributed to
two possible reasons, first of them, its dryness nature which can keep
the action of mixed chemicals in a good stat for along time. While the
second reason may be attributed to absence of humidity, which
encourage formation of chalkbrood spors, that humidity is available in
case of sugar syrup and to the same extend in candy.

The data expressed as % reduction in chalkbrood infection were
statistically analyzed showing significant differences among chemical
treatments. However, the differences between carriers were not
significant (Table Y).

These results are in agreement with Menapace and Hale, () A)Y)
who found that potassium sorbate did not prevent or control
chalkbrood under field conditions. Jenko et al., (Y4%Y) who found that
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using fungicide such as acetyl salicylic acid in off-season recorded
A7 of colonies had less chalkbrood mummies than untreated controls.
Davis and Ward, (Y +¥) who found that Thymol is a major component
of thyme oil, is highly active against fungal brood diseases and using
Thymol in full season (winter and summer) resulted in Y% %
reduction. Also, they found that salicylic acid at Y+« ppm was
effective against fungal brood diseases. Flores et al., (Y++¢) who
found that antibiotics like oxytetracycline reduced infection
percentage up to ¢Y/ of chalkbrood in the honeybee (Apis mellifera
L.). They concluded that it would be of great interest to verify the
same effect in the long term in apiaries. Ali, (Y++V) found that
Thymol completely inhibited the growth of the fungus of Aspergillus
flavus. Harz et al., (Y++A) found that using acetyl salicylic acid
effectively control the microorganisms associated with the honeybee
colonies

Chemical control of chalkbrood disease during winter

Results in Table (¢) and Figure (¢) of the first year of study
(winter, Y+VY+) showed that the efficacy of acetyl salicylic acid
surpassed the efficacy of Terramycine which in turn surpassed the
efficacy of Thymol, while the efficacy of potassium sorbate came in
last position.

When candy was used as a carrier, reduction percentages of
chalkbrood infection at the end of winter season were A+ €Y, T+ .37
1+ AY and -.V+7 for acetyl salicylic acid, Terramycine, Thymol and
potassium sorbate, respectively. However using of the tested
chemicals with sugar powder or sugar syrup resulted in less reduction
percentages of the disease infection (Table V).
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Table ¢: Mean percentages of chalkbrood infection when
honeybee colonies were treated with an antibiotic
(Terramycine) and other three chemicals in winter,

Y+« at Minia region.

Treatments Acetyl salicylic acid Thymol Terramycine Potassium sorbate Control
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For each row, means followed by the same letters are not significantly
different at ©7 level of probability (Duncan multiple range test)
*L.S.R. Least significant range (Duncan range at °%).
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Fig ¢: Mean percentages of reduction in chalkbrood infection
when honeybee colonies were treated with an antibiotic
(Terramycine) and other three chemicals in winter, Y«
at Minia region.

In the second season (winter Y+ YY), data in Table (°) and Figure
(°) showed that using acetyl salicylic acid with sugar powder, candy
and sugar syrup resulted in the lowest mean infection percentages of
chalkbrood infection (Y.¢9,).¢A and Y.1VZ ), followed by Thymol
(.4, Y.« ¢ and Y.VeZ), then Terramycine (Y.VLY.XY and Y.Y¥:7).
While using potassium sorbate recorded the highest mean infection
percentages (Y.++, Y.)Y and Y.v\7%) for the same carriers mentioned
above, respectively. According to reduction percentages of the disease
infection at the end of winter season, the efficiency of the tested
materials could be arranged in the following descending order; acetyl
salicylic acid > Thymol > Terramycine > potassium sorbate which
resulted in reducing chalkbrood infection by (°Y.AY, ©+.¥) and
o4 XVYZ), (Y1), YAV and Y1.0V7), (Y).¥Y, ¥+.9%7 and ¥+.V47) and
(1.4Y, V.¥4 and ).YeZ) when they were carried on sugar powder, sugar
syrup and candy, respectively.
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Table ¢: Mean percentages of chalkbrood infection when

honeybee colonies were treated with an antibiotic
(Terramycine) and other three chemicals in winter,

Y+ VY at Minia region.

For each row, means followed by the same letters are not significantly
different at 7 level of probability (Duncan multiple range test)
*L.S.R. Least significant range (Duncan range at °%).
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Fig ¢: Mean percentages of reduction in chalkbrood infection
when honeybee colonies were treated with an antibiotic
(Terramycine) and other three chemicals in winter, Y+
at Minia region.

Statistical analysis of the obtained data showed that there was
significant difference between efficacy of tested chemicals and
potassium sorbate was the least effective treatment.

In the present study acetyl salicylic acid was the greatest
effective treatment. These results are in agreement with Jenko et al.,
(Y4%Y) who found that using acetyl salicylic acid in winter resulted
in AYZ reduction percentage. Our results with thymol were confirmed
by Ali, (Y++VY) who found that Thymol inhibited completely the
growth of the fungus of Aspergillus flavus. Harz et al., (Y++A) found
that acetyl salicylic acid successfully control microorganisms which
affect of honeybee colonies.

However, the present results are far from those results obtained
by Mourad et al., (Y++°) who found that using Thymol recorded .o’
reduction in mummies numbers resulted by fungal diseases.
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Monitoring chalkbrood infection during spring

Results in Table (1) and Figure (1) showed the efficiency of
chemicals that used to control chalkbrood have a positive in spring of
the first year (Y+)+) which could be arranged in the following
descending order; potassium sorbate (£.YA, £.YY and ¢.YY7) > Thymol

(Y.¢€+, Y.¥Ye and Y.Y¢7) > Terramycine (Y.)4, Y. Y and Y. Y%) > acetyl

salicylic acid ().YA, V.YY and ).1Y7) when they used with sugar syrup,

candy and sugar powder, respectively.

Table 1: Mean percentages of chalkbrood infection monitored
during spring of Y+ Y+ in honeybee colonies previously
treated in winter Y:+«%/Y:V+« with the four tested
chemicals at Minia region.

Treatments | Acetyl salicylic acid Thymol Terramycine Potassium sorbate Control
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For each row, means followed by the same letters are not significantly
different at 7 level of probability (Duncan multiple range test)
*L.S.R. Least significant range (Duncan range at °%).

Results also, recorded that using sugar powder as carrier
enhanced the activity of tested chemicals that resulted in the lowest
infection percentages of chalkbrood (¢.)Y, Y.+ Y, Y.Y¢ and ).1Y7) for
potassium sorbate, Terramycine, Thymol and acetyl salicylic acid,
respectively. In contrast using sugar syrup recorded the highest mean
infection percentages (£.YA, Y.£€+, Y.V 4 and Y.YAYZ) while using candy
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as carrier of these chemicals resulted in decreasing of the disease
infection by figures came in between the two levels mentioned above.

Statistical analysis of the obtained data showed that there were
significant differences among the efficacy of different treatments and
potassium sorbate gave unsatisfactory results in this respect.

In spring of Y+, data in Table (V) and Figure (V) showed that
the highest infection percentages were recorded for those colonies that
were treated with potassium sorbate (¢.YA, €A and £.: %), while the
lowest infection percentages were Y.14, Y% and V).£€VZ in acetyl
salicylic acid treatments with sugar syrup, candy and sugar powder,
respectively.

Table V: Mean percentages of chalkbrood infection monitored during
spring of Y+Y\ in honeybee colonies previously treated in
winter Y:Y+/Y+«\\ with the four tested chemicals at Minia

region.
Treatments | Acetyl salicylic acid Thymol Terramycine Potassium sorbate Control
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For each row, means followed by the same letters are not significantly
different at 7 level of probability (Duncan multiple range test)
*L.S.R. Least significant range (Duncan range at °%).
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Also, results revealed that using sugar syrup as a carrier did not
give decreasing infection percentages of chalkbrood (¢.YA, Y.V4, Y)\e
and ).197 when using potassium sorbate, Terramycine, Thymol and
acetyl salicylic acid, respectively). While using sugar powder as a
carrier minimized infection percentages to V.¢V, .44, Y.»o and £.: 97,
However using candy as a carrier resulted in medium efficacy of the
tested chemicals.

These results are in agreement with Menapace and Hale, (Y3AY)
who found that potassium sorbate did not prevent or control
chalkbrood under field conditions. Calderone et al., (Y%%¢) and Davis
and Ward, (Y++Y) who found that Thymol inhibited all growth of
fungi at Y+ ++ ppm for VY h, Their results suggest that plant extracts
might play a significant role in the management of honeybee diseases.
Flores et al., (Y++¢) found that antibiotics like oxytetracycline
recorded reduction in infection percentage up to ¢Y7 of chalkbrood in
the honeybee (Apis mellifera L.). They conclude that it would be of
great interest to verify the same effect in the long term in apiaries.

On the other hand, the present results are in far from those results
obtained by Rembold et al., (Y%A+) who found that controlled fungal
diseases by chemical compounds as oxytetracycline resulted good
reducing of chalkbrood and stone brood infection up to V7. Gamber,
(Y33 +) reported that using Thymol did not stay residuals in honey.

Monitoring chalkbrood infection during summer

Data in Table (A) and Figure (1) showed that using sugar powder
as carrier of the tested chemicals seem to be support the efficacy of
these chemicals where the lowest percentages of infection (1.YA, ).TA
V.14 and Y.117%) were recorded with acetyl salicylic acid, Thymol,
Terramycine and potassium sorbate, respectively.

However, using sugar syrup as carrier resulted in the lowest
efficacy of these chemicals, which resulted in decreasing infection
percentages ().YA, Y.AY, Y. 4Y and Y.AYZ) with acetyl salicylic acid,
Thymol, Terramycine and potassium sorbate, respectively.
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Table A: Mean percentages of chalkbrood infection monitored
during summer of Y+ + in honeybee colonies previously
treated in winter Y.:4/Y<). with the four tested
chemicals at Minia region.

Treatments | Acetyl salicylic acid Thymol Terramycine Potassium sorbate Control
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For each row, means followed by the same letters are not significantly
different at ©% level of probability (Duncan multiple range test)
*L.S.R. Least significant range (Duncan range at °%).

On the other hand results showed that acetyl salicylic acid
resulted in the lowest infection percentages (Y.)A, V.YY and ).YAZ)
when carried on sugar powder, candy and sugar syrup, respectively,
followed by Thymol and Terramycine mixed with sugar powder ().1A
and ).147, respectively). However using potassium sorbate with sugar
powder, candy and sugar syrup resulted in ¥Y.17, Y.¥1 and Y.AYZ
infection, respectively.

In summer Y+, results of Table (%) and Figure (V) showed that
the efficacy of acetyl salicylic acid surpassed the efficacy of
Terramycine which in turn surpassed the efficacy of Thymol, while
the efficacy of potassium sorbate came in last position.
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Table %: Mean percentages of chalkbrood infection monitored
during summer of Y+ in honeybee colonies previously

treated in winter Y:Y+/Y+VY with the four tested
Treatments | Acetyl salicylic acid Thymol Terramycine Potassium sorbate Control
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For each row, means followed by the same letters are not significantly different at

o7. level of probability (Duncan multiple range test)

*L.S.R. Least significant range (Duncan range at ©7).

Data in that season showed that the highest mean infection
percentages recorded for using potassium sorbate treatment (¥.¢Y,
Y.YY and Y.\VZ), followed by Terramycine (Y.A®, Y.YA and ).V¢7),
followed by Thymol (Y.eA, Y.¢3 and ).£YYZ), while using acetyl
salicylic acid resulted in the lowest mean infection percentages (1.)%,
V.M and ).:°%) when mixed with sugar powder, candy and sugar

syrup, respectively.
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Fig ¥ : Mean percentages of chalkbrood infection monitored
during the four seasons Y+ +4/Y+Y+ in colonies treated
during autumn and winter of Y. +4/Y+«Y+ Terramycine
and other three chemicals at Minia region.
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Fig V¥ : Mean percentages of chalkbrood infection monitored
during the four seasons Y+ \+/Y+VY in colonies treated
during autumn and winter of Y:\+/Y+)\ Terramycine
and other three chemicals at Minia region.

Statistical analysis of the obtained data showed that there were
significant differences among efficacy of different treatments.
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These results are in agreement with those results obtained by
Calderone et al., (Y39¢) who found that Thymol inhibited fungus
growth. Spivak and Reuter, (Y++Y) and Davis and Ward, (Y++Y¥) found
that using oxytetracycline gave excellent results and reduce the
infection level of fungus disease to Y7 at summer (by Y47reduction).
Flores et al., (Y++¢) reported that oxytetracycline reduced infection
percentage up to £YZ of chalkbrood in the honeybee (Apis mellifera
L.).
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