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Effects of Environmental Conditions on Ascosphaera apis. I. The Effect
of Temperature and Relative Humidity on Growth and Sporulation of
A. apis

Wplyw czynnikéw S$rodowiskowych na Ascosphaera apis. I. Wplyw temperatury
i wilgotnosci wzglednej na wzrost i zarodnikowanie A. apis

Bausinue cpeabl Ha Ascosphaera apis. I. Bamusanue TeMmepaTypbl M OTHOCHUTEIBHOM
BJIAZXKHOCTM Ha POCT M criopoobpasoBanme A. apis

Gilliam et al., (1) and Glinski (2) have demonstrated that Ascosphaera
apis, the causative agent of chalk brood disease of honey bee larvae causes death
and replicates in various tissues of larvae under field and laboratory conditions,
and that the fungus may remain viable in the honey bee larvae without causing
disease. Population stress and unproper environmental conditions influencing both
the host and the pathogen may start and enhance germination and growth of the
fungus. As the result the disease reappears. In A. apis like in many entomophtho-
raceous fungi the typical mode of infection is through contact or ingestion, and
subsequent penetration of the insect body by germinating spores (10). Besides
intrinsic factors the efficacy of the pathogen largely depends on environmental
conditions, among them relative humidity and temperature, which may greatly
influence not only the viability and germination of spores but also their growth
and sporulation.

Previous observations showed that A. apis sporulates easily on artificial solid
and liquid media at 18°C and 25°C and that in appropriate medium good growth
of mycelium can be obtained (6, 7). However, some investigators have suggested
the need for favourable humidity and temperature for the successful infection of
honey bee larvae by this pathogen (1, 4). The studies of Hale and Menapace
(3) revealed that the disease agent stored dry or with pollen remained viable for
at least 12 months regardless of storage temperature. Unfortunately, further experi-
ments on the effects of environmental conditions on conidial germination, mycelial
growth and sporulation of A. apis have not been performed. Therefore, experiments
were undertaken to study the effect of temperature and relative humidity on
growth and sporulation of several strains of A. apis. The results are described
in the present paper.
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MATERIAL AND METHODS

Strains. The investigations were carried out with 8 fertile strains of
A. apis isolated from chalk brood diseased honey bee larvae in various regions
of Poland. The strains were identified as Ascosphaera apis on the basis of morpho-
logical features, cultural characteristics and biochemical properties (6, 7). The
isolates were maintained at 4°C on Sabouraud’s dextrose agar medium plus 0.5%
yveast extract (SDY, pH 7.2). This medium was aglso used for the estimation of
mycelial growth and sporulation of the strains examined.

Humidity chamber. The humidity chamber consisted of metal containers
which were capable of being tightly sealed with a glass closure. The stands positio-

Tab. 1. The effect of relative humidity on mycelial growth and sporulation of
Ascosphaera apis
Wplyw wilgotnosci wzglednej na wzrost mycelium i zarodnikowanie Ascosphaera

apis
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ned upright within the chamber supported the glass slides covered by the growth
medium. The relative humidities in the chambers were chemically controlled
through the use of saturated solutions of chemicals according to Winston and
Bates (9). The quantity of the appropriate salt solution was approximately 3 mm
below the glass slide. Ten different solutions of chemicals were prepared to give
the following relative humidities at 25°C: 100%, 98%, 96%, 92.5%, 89%, 85%, 80%,
75.5%, 71% and 55%.

Determination of the influence of relative humidities on mycelial growth and
sporulation of A. apis. 0.1 ml of physiological salt saline suspended spores (about
5X104 spores per one ml) was plated on SDY agar coated slides. Spores before
suspending in physiological salt saline were washed twice with a sterile distilled
water. The culture slides after inoculation were inserted into the chamber on the
stands, and then the chamber was sealed. In all tests humidity chambers were
incubated at 25°C in darkness for 9 days. Time of the appearing of growth and
sporulation were determined every 12 hrs for 9 days by direct and microscopic
examinations (100X). The diameter of colonies was measured twice: at 60 hrs and
after the appearing of spore cysts. All experiments were performed three times,
and in the results the mean values from three observations are presented.
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RESULTS

The effect of relative humidities on appearing of mycelial growth, its
abundance and time of sporulation are presented in Table 1. It is obvious
that there is a clear correlation between relative humidity at 25°C and
time is which the mycelial growth appears. As a rule, the growth in
relative humidities at the range 100—92.5% is noted after 36 hrs since
the time of inoculation of spores on SDY solid medium. It should be noted
that the decrease of relative humidity retarded the germination process
and appearing of mycelial growth of the fungus. Humidity of 71% or
lower, did not permit mycelial growth. It was generally found that after
60 hrs of incubation in 96% relative humidity and 92.5% relative humidity
the mycelial growth of A. apis was more abundant than that in higher
and lower humidities, However, after 120 hrs of incubation more abun-
dant growth was observed in higher that in lower humidities.

Moist conditions were also necessary for production of spore balls,
fruiting bodies and sporulation. From 100% relative humidity to 75.5%
relative humidity spores in spore balls developed within 72—120 h. In
some strains sporulation required at least 84 hrs in 98%—92.5% relative
humidities. Only two strains (no 1 and no 6) sporulated after 72 hrs of
incubation at 96% relative humidity. However, the time of sporulation
was mot related to the time of appearing of growth. Retardation or even
lack of growth at 75.5 relative humidity or below may explain some
phenomena noted in pathogenesis of chalk brood disease in honey bee
larvae.

DISCUSSION

The efficacy of entomopathogenic fungi in the field largely depends
not only on internal factors of the host organism but also on environmen-
tal conditions. Especially relative humidity and extreme temperatures
may greatly influence the infection, distribution of fungi and their per-
sistence in nature (5). Therefore, numerous investigators suggested the
need for favorable humidity and temperature for the successful infection
of insects by pathogenic fungi (5, 10). In chalk brood disease of the
honey bee larvae many factors have been postulated to contribute to the
development of the disease in honey bee colonies. They include also
poor ventilation of colony, high humidity and temperature and excessive
hive moisture (1).

The estimation of the role of relative humidity on mycelial growth
and sporulation of A. apis, the factors so important in the physiology of
the fungus demands the appropriate methods of determinations. Among



Effects of Environmental Conditions on Ascosphaera apis. 5

numerous methods used for testing relative humidity in small closed
spaces under controlled temperature, the method of Winston and
Bates (9) is commonly recommended. It enables to obtain accurate and
reproducible results. In this method saturated water salt solutions are
used which enables to obtain constant relative humidities in the atmo-
sphere over them. Furthemore, in closed containers the overgrowth of
the tested fungus by saprophytes is eliminated.

The obtained results indicate that the moisture conditions suitable
for good growth and sporulation of A. apis are at relative humidity above
92.5%. These conditions are present in honey bee colony. In soil where
relative humidity is below 71% growth of the fungus is arrested. However,
spores of A. apis may survive, then find the way into the food chain of
honey bees and may be transmitted to larvae via contaminated larval
food (3).

Other entomopathogenic fungi as Beauveria bassiana, Metarrhizium
anisoplice and Entomophthora sp., require also high relative humidities
for spore germination, mycelial growth and sporulation. Optimum germi-
nation, growth and sporulation of B. bassiana and M. anisopliae occurred
at 100% relative humidity and at 25—30°C, but growth and sporulation
were noted above 92.5% relative humidity at temperatures between 15
and 35°C (8, 11). Germination of Entomophthora apiculate and E. viru-
lenta conidia was restricted to 100% relative humidity, when E. coronata
germinated at both 100% and 95% relative humidities (10).

On the basis of the observed relationships between relative humidity,
mycelial growth and sporulation of A. apis it is possible to explain why
mycelial growth and sporulation of the fungus is arrested until the larva
is sealed in the cell. After sealing, relative humidity inside the sealed
cell with sick larvae increases almost up to 100%, and it is maintained
on high level also after larval death. Lack of growth of A. apis mycelium
on dead larvae which were infected after their death is probably also
influenced by a low relative humidity in sealed cells containing these
larvae. In this case mummification of larval body did not appear. It
is also possible that some role in this process plays an environmental
temperature. The relationhips between environmental temperatures, rela-
tive humidities and germination process of A. apis are presented in the
second part of the article.

CONCLUSIONS

1. The moisture conditions suitable for good growth and sporulation
of Ascosphaera apis are at relative humidity above 92.5% at 25°C. My-
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celial growth is arrested and sporulation is absent at 71% relative humi-
dity and below at 25°C.

2. The relationships between relative humidity, mycelial growth and
sporulation of A. apis enable to explain some phenomena observed in the
course of chalk brood, especially appearance of growth and sporulation
of the fungus in infected brood after sealing the comb cells, retardation
of lack of growth of the fungus in larvae which have been infected after
death.
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STRESZCZENIE

W oparciu o 8 szczepow ,ptodnych” Ascosphaera apis, ktore wyizolowano z
czerwia pszczoly miodnej chorego na grzybice otorbielakowg i metode Winstona
i Batesa uzyskiwania wilgotno$ci wzglednej w $cis$le okreslonych temperaturach
wykazano, ze obfity wzrost i zarodnikowanie A. apis ma miejsce przy wilgotnosci
wzglgdnej 100—92,5% w 25°C. Wilgotnosé wzgledna 71% i nizsza w 25°C hamuje
wzrost mycelium i zarodnikowanie. Zaobserwowane zaleznos$ci migdzy wilgotnoscia
wzgledna, wzrostem i zarodnikowaniem A. apis mogg przynajmniej w czesci wy-
jadniaé¢ niektore zjawiska wystepujace w przebiegu grzybicy otorbielakowej, zwla-
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szcza przerastanie ciala chorego i martwego czerwia grzybnig dopiero po zaskle-
pieniu komoérek plastra oraz zahamowanie lub brak wzrostu grzybni w organiz-
mie larw, ktére zakazono grzybicg otorbielakowa dopiero po padnieciu.

PE3XOME

Ha miramMax ,,IJIOA0OBUTBLIX” Ascosphaera apis, M30JMPOBAaHHBIX M3 pacmjoja Me-
JIOHOCHO¥ m4eJibl, GoJelolero cyMm4yaThiM MMKO30M, MeTojoM Winstona u Batesa (mo-
Jy4deHue OTHOCUTEJBHOM BJIAXKHOCTM B TOYHO OIpPEJeJIeHHLIX TeMOepaTypax) IOKa-
3aHO, 4TO OOJBIIOK pOCT M cropoobGpazosanue A. apis pocTurarorcs npu 100%—92,5%
OTHOCUTEJIbHOM BJaxKHocTi u 25°C. OrtHocuTenbHas BiIaxHOCTH (71% u mmxe) u 25°C
TOPMO3UT POCT mycelim u cnopoobpaszosanyue. 3aMeyenble 32BMCMMOCTY MEXKy OTHO-
CUTEJIBHOM BJIAZKHOCTBIO M POCTOM M criopoobpa3zoBanyem A. apis YaCTUYHO OOBACHAIOT
HEKOTOphIe sABJIEHMA BBICTYHawluue B Xoje 00Je3HM CyMuHaTOro MmMKO3a, OCODEeHHO
npoiyMKaine MuKO3a B Teso OOJILHOrO M MEPTBOrO pacIljiofa IIocje 3aKJIeMBaHUA
KJIETOK COTbI, @ TaKzKe 3aTOPMOXKEeHMEe MJM He BBICTyIJIeHME MMKO3a B OpraHm3Me
JUYUHOK, KOTOpble 3apazkenbl OblIM CyMHYaTHIM MMKO30M TOJBKO IIOCJE CMEpPTH.



