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to Improve Impregnation with Essential Oils for the Control of Honeybee Mites
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Tropilaelaps mites are a serious ectoparasite of honeybees, Apis mellifera, in Thailand and Asia.
In this research, the absorption and release properties of essential oils (EOs) of porous media were
analyzed. The brown ceramic bar showed the highest clove oil absorption capacity, 0.0050+0.0002
pl/mg, followed by carbon at 0.0036+0.0002 pl/mg of oil absorption capacity. The highest cinnamon oil
absorption was observed in carbon and brown ceramic bar materials (0.0067+0.0002 and 0.0065+0.0002
ul/ mg, respectively). A slight decrease in clove oil absorption was observed in carbon after plasma
treatment generated by argon and helium gases, but there were no significant differences (0.0036+
0.0002 and 0.0035+0.0001 pl/ mg, respectively). Although, argon- and helium-water vapour mixtures
were applied for carbon surface modification, the absorption of clove oil did not significantly change.
The clove oil slowly evaporated from the carbon material during the first 8 hours of incubation. Then,
the quantification of evaporation increased on day 3 (40-50%) and reached 50-60% by day 14 of
incubation. Lastly, the evaporation of clove oil from carbon was not significantly affected by plasma
treatments. Therefore, the conditions of non-thermal plasma should be further investigated to improve

the surface of materials for the application of essential oils or other materials to control honeybee mites.
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Figure 1 The porous media used in this study

172



Journal of Agri. Research & Extension 42(1): 170-181

v
s o

nsnageuAuaNURAn1saaduiiueussievas
AAAINANN
sﬁl’qfﬂwﬁﬂi’aﬂgwqmwiamﬁﬂfiauLLﬁzﬂwfﬂﬁu
VONTHNINUNQUALOUEUTY 24 Falus 1enTy
svezamNd fvue Futhtuneuszmediuiu
poNfBnszAunTes antufinAimdndeouwasvds
Wy Iﬂw%mmmi@jmsﬁ’uﬁﬂﬂwamxmeﬁmamﬁw
MNNITMIRTHIY Teazuandlumiseveslilasing
Suamgﬂﬁuwa:uismwiaﬁaﬁﬂivmfmﬁﬂLLﬁwaﬁa@
(ul of EO/mg of dry material) Junka et al., 2019)

n1sMadausasINssTetnunense vasTan
ANan

FiesevUinanisssmevesTunen
seeniung Wuszeriian 14 Tu lagvinisd
it Tanuaastunouutiiuneuszme (WO)
Sanlurluhdfunessmeun 24 $alus duthii
MONTLNEEIULAUBONAIINTLAIBNTOI UALT
hainTanudsurihifuneuseve (W1) dranlung
Tuduufigungd 3000, Faiuinanudsamn q
2 Falus 1Buszziaan 8 Falus andudnn q 24
Falug iluszozinanionn 14 Yu W2) Tias1ev
USaunsseimeresinuneuszmedeil (Gaire
et al,, 2019)
% nN35¥ue (Evaporation) =

USinaufiszive (W1 - W2) x 100

USinaufigadu (W1 - Wo)

n1sufussinuRaTandanansyiiawisansuaudae
wAluTagnatauIAUAUUTIEINARUULIN
1ASIAT 19UDITEUUNAIANIAITUAY
U3IBINIALUULE N wAvITUU e TE dmSy
UATY WARIAa Figure 2 T 1gnaa@uLInly
wannanlsatdududnilnia (Electrode) uazld
A99% (Quartz) vuaLdusuAudnataniely 4
Taduns LagldunugugnaanIguen 6 1adiuns
s uauauliiussiugs wanaunaiistude
wsesulniuvasdng 4.758 Alalaad wazadnud
829.901 Alaldsm (Tektronix, USA) 91Nt Ui uyis
Asueud sl dnwaigd laludannuazianuanuna
Tumsgeduinsuvenssmenunguazeueldd (10
HAN1SNARRIN1IAATY) NIHUNTUFURANA N
Tuanned fvundm 6 annay fil 1) ufdensneu
AsnsIMslua wirtu 0.50 Ansseund Wuszezin
3undl 2) ufaenineuifidasinisiva wirdu 0.50
Amseiount saudvszuuletn 2% usseeinan 3
il 3) ufaBdenfiisnsnisiva wirtu 0.50 dns
dound \luszeziaan 3 i 4) ufadFeuifldn
n1slua Wiy 0.50 nsdeund sauuszuvleh
29% \Huszoznan 3 undi uae 5) ngumuauiildlésy
MsUAURWAIAN MRuANgUN1TMAADIAE 6 17
ﬁmumsagﬁmzmwﬁawmamLﬁwﬁuﬁyuﬁ’ruaﬁa@
fananaintu 20 wufwes ntuth¥aglulesed
Qmauﬁ’ﬁmsgmsﬁuLLazU'ﬁmmmiismwmﬁﬂﬁu

VOUTHMENIUNG AUTI8azBenasu1eTewY

173



M5ANTIVYLALAWFSUIVINSNEAS 42(1): 170-181

Flow Rate Meter

Valve

Reflection Probe

O Optical cable

Avantes (USA)
(Avantes 364!

Argon Gas

Carbon bar\‘

—
e ————]

Power supply system

00000

High Voltage Probe
(Tektronix P6015A, USA)

Oscilloscope

Clamp Amp Probe (Teledyne LeCroy HDO4024, USA)

(Tektronix P6021A)

Figure 2 Schematic diagram of the atmospheric-pressure plasma jet system
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Figure 3 Absorption capacity of clove and cinnamon essential oils by brown ceramic bar, carbon and

white smooth ceramic bar. Different lowercase letters represent significant difference (p<0.05).
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Figure 4 Absorption capacity (a) and evaporation rate (b) of clove essential oil from carbon treated

with argon and helium plasma jet (n = 6/treatment group). Comparisons of evaporation

were made between treatment at each time interval (p<0.05).
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Table 1 Percentage of evaporation of clove essential oil from carbon treated with argon and

helium plasma jet (n = 6/treatment group) for 14 days

Time Evaporation of clove (%)*
Ar Ar+H,0 He He+H,O Control

0 hr 0.000+0.000" 0.000+0.000"™ 0.000+0.000"™ 0.000+0.000" 0.000+0.000"™

2 hr 12.078+2.621™  14.543+1.946"  13.641+1.662" 11.570+2.337"™ 12.613+0.695™

4 hr 13.057+2.465™  16.267+1.915™  15.124+1.467™ 12.854+2.092" 14.233+0.613"™

6 hr 15.628+2.389™  19.042+1.945™  17.625+1.314"™ 15.518+1.973™ 16.593+0.660"™

8 hr 17.318+2.411™  20.884+1.943"  19.199+1.286™ 17.620+1.889"™ 18.308+0.716"™
24 hr 27.938+2.149™  32.780+2.335™  30.006+1.084™  32.334+3.966™ 27.547+1.151™
2 days 43.622+1.925®  46.250+1.987° 43.657+1.018% 38.011+1.519° 40.287+1.675%
3 days 54.656+2.583™  52379+2.121™  52.934+1.817"  50.689+2.290™ 48.577+2.375™
4 days 55.262+2.445™  55008+2.497™  53.362+1.915"  52.090+2.583"™ 51.763+2.589"™
5 days 55.450+2.391™  54.441+2535™  53.701+1.898™  52.160+2.609™ 51.877+2.549"™
6 days 55.582+2.387™  54.749+2.486™  53.998+1.827"  52.501+2.599"™ 52.012+2.543"
7 days 55.612+2.382™  54.877+2.482"™  54.093+1.979"  52.913+2.552™ 52.210+2.534"™
8 days 56.140+2.322™  55324+2.427™  56.303+2.190"  53.591+2.518"™ 52.312+2.549"™
9 days 56.749+2.287™  55749+2.384™  58.492+2.642"  54.415+2.576"™ 52.372+2.546™
10 days  56.853+2.290™  56.112+2.438™  58.855+2.676"  54.750+2.555™ 52.625+2.471"™
11 days  57.147+2.368™  56.205+2.428"™  59.12622.591"  54.99412.523" 52.760+2.483"
12 days  57.830+2.293™  56.645+2.403"  59.945+2.618"  55.683+2.5049™ 52.903+2.481"™
13 days  58528+2.322™  57.032+2.408™  60.736x2.631"  56.332+2.614™ 52.963+2.478"™
14 days  60.352+2.009™  57.658+2.465™  60.960+2.582"  57.32622.566"™ 54.090+2.533"

* ns = not significant Comparisons of evaporation were made between treatment at each time interval (p<0.05). Different letters

indicate statistically significant difference
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