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ABSTRACT

The study aimed to investigate the relationship between colony survival and some preventive
procedures. The experiments were conducted in Sulemani governorate during August, September and
October 2020. Seventy-two colonies were tested in four localities ( Qaradax , Sulaimani center,
Mergapan, and Sartake bamo ); (18 colonies for each location). The tested colonies were treated with;
probiotics, formic acid, eucalyptus, Tetracycline and Terramycin. Larger brood area was found in all
treated colonies compared to untreated ones. Colonies provided with probiotics showed significantly
more brood than untreated colonies in the four locations. Maximum brood area was 203.667 (inch)? in
Sartake bamo followed by 199.667 (inch)? in Mergapan; then 179.000 (inch)? in Sulaimani center.
While the brood area was not more than 15.667 (inch)? in all untreated colonies in the four tested apiaries.
Colonies provided with probiotics showed significantly more density of adult workers than untreated
colonies in the four locations. Maximum area covered with adult workers (density) was 6.667 Lf.
(Langstroth frame) in Sartake bamo followed by 6.333 Lf. in  Mergapan; then 6.000 Lf. in those treated
with Formic acid in Sartake bamo. While the density of adult workers was not more than 1.000 Lf. in
all untreated colonies in the four tested apiaries. Using probiotics and organic acid treatments were the

best preventive measures.
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INTRODUCTION

Huge number of colony losses of managed honey
bees in the recent years have disrupted beekeeping industry
and bee researchers. The honeybee is not only pollinators of
agricultural crops and wild plants, but also provide abundant
bee products. In recent years, the dramatic reductions in bee
colonies, causing significant economic losses, were reported
from all over the world. The main reasons were diverse;
agrochemicals, parasites, viruses, methods of planting
structure and distribution, or their interaction factors
(Vanengelsdorp et al., 2009).

Domestic apiculture industry in Irag was destroyed
during gulf war only feral colonies existed in the mountains.
After 1991 beekeeping process began again and a large
number of infested honey bee colonies were illegally
imported from neighboring countries. Varroa mite
infestation was first detected in Iraq in the mid-1980s
(FAO). Many beekeepers, particularly those with traditional
hives lost almost all their colonies. In 1990, Varroa mite was
reported in all Arab countries (Haddad 2011). Although
different kinds of acaricides from various sources were
applied by beekeepers but still remains threat to the bee
hives of the area. (Ayoub et al., 2014)

The single greatest threat to honey bee populations
worldwide is the invasive mite Varroa destructor Andersen
& Trueman. The life cycle of the varroa mites is tightly
adapted to the development of the honey bees. Varroa mites
are serious and devastating ectoparasites of the honey bee.
During the phoretic phase, the varroa mites live on the
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bodies of honey bees and feed on their haemolymph. The
reproductive phase of varroa mites happens exclusively in
the capped cells of developing bee pupae (Ifantidis, 1983).
Several studies have documented the negative effects of
varroa infestation on honey bees including reduced lifespan
(Kralj et al., 2007), decreased survivorship (Yang et al.,
2007) and weight loss in drones (Duay et al., 2002).

The second threat to honey bees is American
Foulbrood disease which classified on list B of the Office
International de Epiozootic (OIE), the world organization
for animal health. List B diseases are those diseases which
have significant impact on the socio-economic and/or public
health of the countries as well as international trade of
animals and animal products (de Graaf et al., 2006). Colony
Collapse Disorder (CCD) is a syndrome describing the
large-scale loss of managed honey bees worldwide first
reported in 2006-2007 (Vanengelsdorp et al., 2009).
Several studies have investigated and reported various
causes for this sudden decline is bees such as viruses (Dainat
et al, 2012), varroa mites (Le Conte et al., 2010),
microsporidean Nosema spp. and bacterial brood diseases
(Paxton, 2010).

Due to the lack of definite causal agent of colony
losses, it is being investigated extensively and it is becoming
clear that a single causal agent is difficult to identify and these
causes are possibly multiple and very complex (Dainat et al.,
2012; Nazzi et al., 2012; Evans et al., 2012).

Beekeepers have shown their interest in chemical
treatments that instantly show their effect on the pests rather
than using natural products. Natural chemicals, such as formic
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acid, oxalic acid, lactic acid, thymol eucalyptus, camphor,
menthol, thyme oil, laurel, and lavender oils have been
recommended and used in recent years. Since organic acids
appear to be less harmful to human health and are naturally
found in the chemical structure of honey, they are suggested in
the process of producing organic and healthy hive products
(Esmen, Dodolog™lu, & Genc, 2010).

According to European Union regulation 1804/1899
on organic production, the use of formic acid is authorized as

a natural compound in organic apiculture standard
management (Mato et al., 2006).
Aims of the study;

- This study aimed to investigate the relationship between
colony survival and some preventive procedures.

-To find out and confirm the most obvious reasons of
population decline in order to perform suitable solutions to
preserve honey bee (Apis mellifera) colonies in our area.

MATERIALS AND METHODS

All experiments were conducted in Sulemani
governorate during August, September and October 2020.
Seventy-two colonies were tested in four localities ( Qaradax ,
Sulaimani center, Mergapan, and Sartake bamo ). Fifteen
colonies were differently treated and compared to three
untreated colonies in each locality (apiary). The treatments can
be illustrated as the following;

The 1% treatment: three colonies were provided with
probiotic, doses for probiotics were calculated from the
manufacturer’s instructions, considering an average body
weight of 100 mg for individual bee. All doses were prepared
in 50% sucrose syrup. This treatment was applied weekly for
SixX weeks.

The 2™ treatment: three colonies were treated with
formic acid; the evaporator pad was placed on a top of the
frames in the brood chamber.

The 39 treatment: three colonies were treated
continuously with eucalyptus smoking during colony
inspection.

The 4" treatment: three colonies were treated with
Tetracycline (Bee tetracycline Alfarabi), 100 g of the product
was mixed with 200 g of powdered sugar; each hive received
20 g of the mixture.

The 5" treatment: three colonies were treated with
Terramycin, the product was combined with powdered sugar
to make a dust

and apIEIied to honey bee colonies for six weeks.

The 6™ treatment (control): three untreated colonies
compared to the previously mentioned colonies.

The total area of capped brood and the density of adult
workers (area covered with bees) on both sides of the combs
were considered as parameters of colony strength. These
parameters were weekly measured during experimental period
using standard Langstroth frame.

The results were analyzed statistically using factorial
RCBD design with triple replicates and performed using
XLSTA program (2017) m, Duncan s multiple range Test was
used to determine the differences between means at P = 0.05.

RESULTS

Larger brood area was found in all treated colonies
compared to untreated ones. Colonies treated with probiotic
showed larger brood area in the four locations. Colonies
provided with probiotics showed significantly more brood
than untreated colonies. Maximum brood area was 203.667
(inch)? in Sartake bamo followed by 199.667 (inch)? in
Mergapan; then 179.000 (inch)? in  Sulaimani center. While
the brood area was not more than 15.667 (inch)? in all
untreated colonies in the four tested apiaries, table (1); fig
(1,2,3,and 4).

Table 1. Effect of five different treatments on honey bee
brood area (inch)?> compared to  untreated
colonies in four locations.

Locations (Apiaries)

Treatments

Qaradax

Sulaimani center

Mergapan

Sartake bamo

Probiotic
Formic acid
Eucalyptus
Tetracycline

167.333 a
144.667 ab
144.000 ab
133.000 be

179.000 a
159.333 ab
129.667 b
153.000 ab

199.667 a
167.667 ab
144.000 b
166.667 ab

203.667 a
159.667 ab
139.667 ab
166.000 ab

Terramycine 114.667 ¢ 164.333 a 167.333 ab 165.000 b
Control 15.667 d 7.667 ¢ 13.330 ¢ 9.333 ¢

Means with the same letter are not significantly different.

More density of adult workers was found in all treated
colonies compared to untreated ones. Colonies treated with
probiotic showed higher density of adult workers in the four
locations. Colonies provided with probiotics showed
significantly more density of adult workers than untreated
colonies. Maximum brood area was 6.667 Lf. (Langstroth
frame) in Sartake bamo followed by 6.333 Lf. in Mergapan;
then 6.000 Lf. in those treated with Formic acid in S hamo.
While the density of adult workers was not more than 1.000
Lf. inall untreated colonies in the four tested apiaries, table (2);
fig (5,6,7and 8).

Using probiotics and formic acid treatments were the best
preventive measures in all tested apiaries.

Table 2. Effect of five different treatments on honey bee
density (Langstrooth frame) compared to
untreated colonies in four locations.

Locations (Apiaries)
Sulaimani center

Treatments Sartake bamo

Qaradax

Mergapan

Probiotic
Formic acid
Eucalyptus
Tetracycline
Terramycine

Control

5.667 a
4.667 ab
4.333Db
3.667 b
4.333b
0.333 ¢

5.667 a
5.000 ab
4.000 b
4.333b
5.000 ab
1.000 ¢

6.333a
4.667 bc
3.667 ¢
5.000 b
5.667 ab
1.000 ¢

6.667 a
6.000 a
5.000 b
4.000 ¢
6.000 a
0.667 d

Means with the same letter are not significantly different.
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Fig 1. Effect of five different treatments on honey bee
brood area (inch)? compared to untreated colonies
in Qaradax.

200.000
0.000
500
120.000
100.000
80.000
0,000
40.000
20.000

0.000 -—

Probioti Formic acid Eucalyptus Tetracycline Terramycine  control

Treatments
Fig 2. Effect of five different treatments on honey bee brood
area (inch)®> compared to untreated colonies in
Sulaimani center.
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Fig 3. Effect of five different treatments on honey bee
brood area (inch)? compared to untreated colonies
in Mergapan.
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Fig 4. Effect of five different treatments on honey bee brood
area (inch)®> compared to untreated colonies in

sartaki bamo.
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Fig 5. Effect of five different treatments on honey bee
density (Langstrooth frame) compared to
untreated colonies in Qaradax.
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Fig 6. Effect of five different treatments on honey bee
density (Langstrooth frame) compared to
untreated colonies in Sulaimani center.
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Fig 7. Effect of five different treatments on honey bee
density (Langstrooth frame) compared to
untreated colonies in Mergapan.
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Fig 8. Effect of five different treatments on honey bee
density (Langstrooth frame) compared to
untreated colonies in Sartaki bamo.

DISCUSSION

Many pest and disease problems in managed honeybee
colonies can be avoid by performing good sanitation and
cultural controls. Prevention is the best way of defense against
organisms that can harm our colonies.

There is no agreement on the definite reason(s) of the
problem of honey bee colony losses and the inhibition of the
population growth of the colonies (Zoran et al., 2019).
Scientific community has been confirmed that colony losses
and the decrease in population growth of the colony are a
multifactorial issue (vanEngelsdorp et al., 2010; Neumann et
al., 2010; Goulson et al., 2015).

Various non-specific factors (e.g., climate changes,
agrochemisation and inadequate food) decrease the strength of
the colonies; such colonies easily become susceptible for
bacterial, and many microbial infections. Then these unhealthy
situations diminish the immune system of the bee (Evans et al.,
2004; Gatschenberger et al., 2013). Inadequate anti-varroa
Management lead to significant health problems in honey bee
colonies and cause the spread of viruses.

Our results are in agreement with recent studies that
have found other natural compounds such as natural plant
extracts, probiotics bacteria, and some organic acids that are
very useful for maintaining the survival of honey bee colonies
and supporting the population growth of the colonies. For
example, the probiotics bacteria have antimicrobial activity
against a large number of bacteria and fungi and produces
large amounts of lactic acid (Kulhanek et al., 2017).

Because of this is a multifactorial issue, therefore the
recommended solutions to the problem includes a sequence of
activities and preventive procedures during beekeeping
management leads to the protection of the large number of
the susceptible colonies from expected pests and pathogens in

our area.
REFERENCES
Aydin, L., Cakmak, 1., & Cakmak, S. 2007. Efficacy of
Ecostop (Thymol+ Menthol) and perizin
(coumaphos) against Varroadestructor found on
naturally infested honey bee colonies. Uludag Bee

Journal, 59-62.

Aydm, L., Senlik, B., & Girisgin, A.O. 2009. Efficacy of
Obeson (Thymol) against Varroa destructor found
on naturally infested honey bee colonies. Uludag
Bee Journal, 9, 72-75.

Ayoub, Z.N., Ahmed, D.S., Ismael, H.R. 2014.Varroa mite
infestation in apiaries of Duhok province, Kurdistan,
Iraq. Acarina, 22 (1):47-52.

Bahreini, R. 2003. A comparison of two methods of appl in(%
oxalic acid for control of varroa. Journal o
Apicultural Research, 42, 82-83.
doi:10.1080/00218839.2003.11101098

Cox-Foster DL, Conlan S, Holmes EC, Palacios G, Evans JD,
et al. 2007. A metagenomic survey of microbes in
honey bee colony collapse disorder. Science 318:
283-287.

Dainat B, Evans JD, Chen YP, Gauthier L, Neumann P 2012.
Predictive markers of honey bee colony collapse.
Plos One 7: e32151.

497



Ayoub , Z. N. et al

de Graaf, A.M. Alippi, M. Brown, J.D. Evans, M. Feldlaufer,
A. Gregorc, M. Hornitzky, S.F. Perral, D.M.T.
Schauch, D. Titera, V. Tomkies, and W. Ritter,
2006. Diagnosis of American foulbrood in honey
bees: a synthetic and proposed analytical protocols,

Letters in ABplled Microbiology, 43, 583-590.
Duay P, De Jong D, Engels W 2002. Decreased ﬂitht
ﬁerformance and sperm production in drones of the
oney bee (Apis mellifera) sllghtlly infested by
Varroa destructor mites during pupal development.

Genetics and Molecular Research 1: 227-232.
Esmen, B., Dodologlu, A., & Genc,, F. 2010. Natural
compounds for the control of Varroa destructor in
honey bees ?Apls mellifera L.) and an economic
%%sessmento these products. Mellifera, 10-20, 32—

Evans JD, Lopez DL, 2004. Bacterial probiotics induce an
immune response in the honey bee gHymenoptera:
Apidae). J Econ Entomol, 97:752-756.

Gatschenberger H, Azzami K, Tautz J, Beier H, 2013.
Antibacterial immune competence of honey bees
(Apis mellifera) is adapted to different life stages and
environmental risks. PLoS ONE, 8: e66415.

Girisgin, A.O. 2008. Using and efficacy of organic acids to
Varroa destructor on naturallﬁ infested honey bee
(Apis mellifera) colonies (PhD thesis) (65 pp.).
%JIuEag University, Health Sciences Institute,

urkey.

Goulson D, Nicholls E, Botias C, Rotheray EL, 2015. Bee
declines driven by combined stress from parasites,

esticides, and  lack of flowers. Science,
47:1255957.

Haddad, N. 2011. Honey bee viruses, diseases and hive
management in the Middle East and their relation to
the colony collapse disorder and bee losses. Uludag
Bee Journal, 11 (1): 17-24.

Highfield AC, El Nagar A, Mackinder LC, Noel LM, Hall MJ,
et al. 2009. Deformed wing virus implicated in
overwintering honeybee colony losses. Appl
Environ Microbiol 75: 7212-7220.

Higes M, Martin-Hernandez R, Botias C, Bailon EG,
Gonzalez-Porto AV, 2008. How natural infection by
Nosema ceranae causes honeybee colony collapse.
Environmental Microbiology 10: 2659-2669.

Higes M, Martin-Hernandez R, Garrido-Bailon E, Gonzalez-
Porto AV, Garcia- Palencia P, 2009. Honeybee
colony collapse due to Nosema ceranae in
E{rofessmnal apiaries. Environmental Microbiology

eports 1: 110-113.

Paxton RJ, 2010. Does infection by Nosema ceranae cause
““Colony Collapse Disorder’” in honey bees (Agpis
g}lelllfera)? Journal of Apicultural Research 49: 80—

Ifantidis MD, 1983. Ontogenesis of the Mite Varroa-Jacobsoni
in Worker and Drone oneybee Brood Cells. Journal
__of Apicultural Research 22: 200-206. N
Kralj J, Brockmann A, Fuchs S, Tautz J, 2007. The parasitic
mite Varroa destructor affects non-associative
Iearnlnlg in I;oney bee foragers, Apis mellifera L.
0

Journal Comparative P ysiologﬁ/ A
Neur_oethologg/, Sensory, Neural, and Behavioral
Physiology 193: 363-370.

Kulhanek K, Steinhauer N, Rennich K, Caron DM, Sagili RR,
Pettis JS, Ellis JD, Wilson ME, Wilkes JT, Tar%y
DR, Rose R, Lee K, Rangel J, vanEngelsdorp D,
2017. A national survey of managed honey bee
2015-2016 annual colony losses In the USA. J
Apicult Res 2017, 56:328-340. )

Le Conte Y, Ellis M, Ritter W, 2010. Varroa mites and honey
bee health: can varroa explain part of the colony
losses? Apidologie 41: 353-363.

Mato, 1., Huidobro, J.F., Simal-Lozano, J., & Sancho, M.T,
2006. Analytical methods for the determination of
organic acids in honey. Critical Reviews in
Analytical Chemistry, 36, 3-11.

Nazzi F, Brown SP, Annoscia D, Del Piccolo F, Di Prisco G,
2012, Sg/nerglstlc Parasite-Pathogen  Interactions
Mediated by Host Immunity Can Drive the Collapse
of Honeybee Colonies. PLoS Pathogens 8:
€1002735.

Neumann P, Carreck NL, 2010. Honey bee colony losses. J
Apiculture Res, 49:1-6.

Runckel C, Flenniken ML, Engel JC, Ruby JG, Ganem D,
2011. Temporal analysis of the honey bee
microbiome reveals four novel viruses and seasonal
prevalence of known viruses, Nosema, and
Crithidia. Plos One 6: €20656. ]

VanEngelsdorp D, Evans JD, Saegerman C, Mullin C,
Haubruge E, 2009. Colony collapse disorder: a
descriptive stud%/. Plos One 4: e6481.

VanEngelsdorp D, Speybroeck N, Evans JD, Nguyen BK,
Mullin C, 2010. Weighing risk factors associated
with bee colony collapse disorder by classification
and regression tree analysis. Journal of Economic
Entomology 103: 1517-1523. o

Yang X, Cox-Foster D, 2007. Effects of parasitization by
Varroa destructor on survivorship and physiological
traits of Apis mellifera in correlation with viral
incidence and microbial challenge. Parasitology
134: 405-412.

Apis mellifera il g «t ) Jad Clas Al alday 4l glal) cilua)
¥ yaal IR L S SN B Y P i osgew o
daa) L Glalie g "z A Al G AT 9 T A e Jhigdgy 9 el AU B A
d\ﬂ\couudusé\gg!c&ﬂ‘gh.:mtes@\ﬂ\mw\eﬂﬁ@scﬂw\@lﬁ‘g#\
Gl ¢ i ) oS antB) ¢ Ailaslad) daaly ¢ A ) 3 Aigll a gle A0S ¢ Abiud) acd
Gladl ¢ i oS anth) ¢ Ailal) 3 ) gall g A )30 30 39 ¢« Aol 30 dalad) 4y paal) *

DA Alagbuall Adadlace 8 ooyl 3 3 Ay i) O A0 1 el ) (a5 Jaill (i sk ol &y 5l s ¢ 38R e (gl sl jall gt
Aailda VA) ¢( saly (SU o Ailaie 5 ¢ Ol AS e ¢ Agilaludl 38 50 ¢ $10 )8 ) allsadiag ) 3 Jadaila VY jlaal el Yo Yo O i 5 Okl ¢ ol ¢ el
e (A OS] Aaall dalie ilS 4 il @l sl aa ¢ Gueaal pi 5 ¢ Sl 535 ¢ G slIS gl ¢ i sl Gmala ¢ Badall L KGN aladial &5 (adge JS B
4 jlie Auan) Aalise 8 Ay sina 53y < pelal Basall Uy i 505 Jall o) phall (3 ylapeal) il sk ) Alebeall e il shally A5l LA Aruzalaldl Cuil k)
e T VA S haS e 8 Tal VA9, TV laany 5 ¢ gl (SIS e ddhie 8 S Tl YT, Dicaall dalie 580 5 el (il ghay
q)&blzwm)ﬁ,\m&w\gﬁ\}u\,@ﬂ\g\ﬂ\g (ohand)) Adbadl ye ol ghall puan 3 Tz 10,1 Liaal) Aalie jlai ol Laiy ¢ duilalud)
G sy ) 1,1V ilS Jailly sUakall Aalusall o el G )Y a8l sl 85 slagad) (il shay &l Jall ¥y Uil Aaluall & sina 32
dibie 8 ol ysill (el Aldbaall il glall 3 g €Y ) T,ee e Q¢ ol aS e dilaie g SV el L TYT Laday 5 ¢ sely (oSU j dilaie
oaslall 5 saiall Ly g e JS Aay ) @l sall L3 (5 plasaall) Alalaall pue i) ghall & g sy SUal ), e e Jail) 28K glati ol Laby | galy (S
el il gha e Adailaall 358 5 clel_alS Lalasiud vie i) (ol culae | (g gl

498



