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Abstract
Pandora nouryi discharged large numbers of primary conidia between 8 and 258C from cadavers
on the surface of water-agar. At 88C conidial discharge lasted for 120 h, but most conidia were
produced within 48 h when temperature was �/158C. Saturated humidity alone was not enough
to allow for sporulation to occur freely and where RHB/95%, no conidia were discharged. Light
did not affect the pattern of conidial production nor the total number of conidia. Germination
percentages of conidia on the surface of water-agar were 40 and 66% at 8 and 308C,
respectively, and were significantly lower than that at 15�258C where germination was �/95%.
Conidia on leaves germinated well when RH�/74%, while no germination occurred when
RHB/100% on cover slips. All eight insecticides tested entirely inhibited conidial germination at
recommended doses (R), in particular, both the organophosphorus pesticides Lorsben
(chlorpyrifos) and the organochlorine pesticides Thiodan (endosulfan) completely inhibited
conidial germination even at 0.2R dose.

Keywords: Myzus persicae, Pandora nouryi, humidity, temperature, light regime, insecticides,

sporulation, conidial germination

Pandora nouryi (Remaudière & Hennebert) Humber is an obligate pathogen of aphids

(Gustafsson 1965). In China, it was first documented in 1988 in Shandong province
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(Wang et al. 1988; Li 2000), in combination with Pandora neoaphidis and several other

entomophthoralean species, inducing epizootics in Myzus persicae (Sulzer) (Homo-

ptera:Aphidiae) that killed 30�80% of aphid populations in some vegetable fields

during spring and autumn. Similar proportions of diseased aphids were found infected

with P. nouryi (48.3%) or P. neoaphidis (47.6%) (Wang et al. 1988; Li et al. 2004b).

Obviously, P. nouryi plays a critical role in depressing the population of aphids in this

region. However, there is little information on the effects of environmental and

artificial factors on P. nouryi biology which may be related to ecological fitness and

epizootic potential. This paper presents studies on the pattern of sporulation of P.

nouryi from cadavers of M. persicae , and conidial germination at different tempera-

tures, humidities, and insecticide treatments. The results are briefly discussed with

respect to the implication for the population dynamics and epidemiology of P. nouryi .

P. nouryi was isolated in 2002 from M. persicae cadavers at Tai’an, Shandong

province, and maintained on SEA (80% Sabouraud dextrose agar plus 20% egg yolk,

a modified medium mentioned by Papierok and Hajek (1997)) at 48C in darkness.

Before experimention, the fungus was passed three times through M. persicae .

Cultures of M. persicae were maintained on rape plants, Brassica napus L. (cultivar

Jingyou 1), at 208C in a 12:12 light:dark (L/D) photoperiod. In the experiment, 8�10-

day-young adult aphids (the total age from first instar) were used.

A humid chamber was constructed using two plastic pots (Doberski 1981). A small

pot of 100 mL capacity contained holes for ventilation and was placed inside a bigger

pot of about 300 mL. On one end of a thin copper thread, a small section of 2% water-

agar was placed approximately 6 mm from the bottom of the smaller pot. The other

end of the copper wire was fixed in the center of the humid chamber. A cadaver of M.

persicae less than 4 h old was placed on the water�agar and a microscope slide (18�/

18 mm) was placed below the cadaver to collect primary conidia. About 100 mL of

distilled water was poured into the big pot in order to obtain 100% humidity. The

humid chambers were then placed in different temperature incubators at 8, 15, 20, 25,

and 308C with 12 L/12 D photophase. Microscope slides were replaced every 6 h until

no conidia were discharged. The method of evaluating conidia numbers described by

Milner (1981) was used. The primary conidia discharged on microscope slides were

stained with lactophenol cotton blue. The number of the primary conidia produced by

each aphid at each time interval was estimated from a count of 10 random microscope

fields (�/200 magnification) per slide. The area of the view field and the discharge

area were measured. The primary spore count was then multiplied by the appropriate

factor to give the total number. In these calculations it was assumed that the discharge

area was circular. At each temperature level there were five replications.

Three photophases 24 L, 12L/12D and 24 D were used to test the effect of light on

sporulation at 208C. Light source was provided by three 30-W lights. Otherwise,

conditions were the same as described above. Five cadavers were replicated at each

photophase. Five different humid conditions (51, 74, 90, 95, and 97.5% RH) were

adjusted obtained in aqueous glycerol solutiona (Doberski 1981) in humid chambers

at 208C. Distilled water provided 100% RH. Slides supporting the cadavers were

placed on the bottom of the small pot over the glycerol solution and were replaced

every 24 h. Humid chambers were equilibrated for 12 h at 208C before trials were

conducted. The humidity was measured with a humidity meter (Humidity Tempera-

ture Meter Center 313, Taiwan) to ensure required humid conditions were attained in

the humid chambers. Eight cadavers were replicated at each humidity treatment.
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Plugs of P. nouryi were removed from the growing margin of Petri dish cultures

(15 days old) and individually placed into Petri dishes. The Petri dishes supporting the

sporulating plugs of P. nouryi were inverted over 2% water�agar plates for about

15 min. The plates had previously been placed in incubators at the test temperatures

for 24 h. For verification of germination, autoclaved cover slips were placed on the

showered conidia. The plates were then incubated at a different temperature under 12

L/12 D and there were five replications at each temperature. For qualitative

observation of the effect of different substrates at different humidities, primary

conidia were incubated on the surface of autoclaved cover slips and leaves of rape

plants, Brassica napus L. (cultivar Jingyou 1), laid on filter paper in tightly lidded Petri

dishes at 208C. The filter papers were soaked with appropriate glycerol solutions to

give the appropriate RH. The petioles of leaves were wrapped in sterile cotton balls

saturated with Hoagland�Snyder nutrient solution and fresh film to avoid evaporation

of the nutrient solution. These leave were then washed with distilled water and air

dried. Cover slips were placed about 3 mm above the leaves to collect secondary

conidia discharged. Primary conidia (P) and their moulage (the empty primary

conidia and mucus) (M) and primary conidia growing germ tubes (G) on the surface

of leaves were transferred to slides using a transparent adhesive plaster (5 mm wide)

and stained with lactophenol cotton blue. There were four replicates at each RH.

Conidial germination was evaluated by counting 150�300 conidia at �/400

magnification. Percentage conidial germination was calculated by the following

formula: (M�/G)/(P�/M�/G)�/100.

Insecticides (Table I) were tested at the rate of the manufacture’s recommended

concentration for field operation (R) and 5-fold lower than R concentration (0.2R).

Evaluation of insecticide effect on conidial germination was as described in our

previous study (Li et al. 2004a).

Number of conidia and percentage data were transformed by l g and sqrt (arcsin),

respectively, before conducting significant test with one-way ANOVA and GLM-

Univariate Analysis of variance (SPSS Inc. 1999). Before multiple comparisons were

made, homogeneity of variances was tested by using Levene’s test. Dunnett’s T3 was

used when heterogeneousness occurred between variables (P B/0.05), otherwise LSD

was used.

Table I. Effect of insecticides at 20% recommended field dose on conidial germination of P. nouryi .

Treatments 6 h 0.2R 12 h 0.2R 24 h 0.2R

Control 6.629/1.14a 51.429/3.14a 88.499/1.75a

Esfenvalerate (Sumi-alpha) 2.179/0.83b 33.809/2.97b 64.459/3.05b

Deltamethrin (Decis) 1.239/0.45bc 17.559/2.31c 45.519/3.15c

Fenpropathrin (Meothrin) 5.469/1.04a 36.549/4.29b 69.129/4.08b

Cyhalothrin (Kung Fu) 0.269/0.14c 12.959/3.93c 32.329/4.96c

Carbosulfan (Marshal) 5.329/0.76a 38.499/4.95b 72.949/1.92b

Chlorfluazuron (Atabron) 0.799/0.39bc 11.129/2.26c 39.409/5.16c

Chlorpyrifos (Lorben) 0 0 0

Endosulfan (Thiodan) 0 0 0

Note : Means (9/SE) at two concentrations of one check time (6, 12, or 24 h) followed by the same letter

were not significantly different (P B/0.05). All insecticides totally inhibited germination at the full

recommended field dose. All insecticides which totally inhibited germination other doses are excluded

from this table and the data analysis.

Factors affecting sporulation and germination of Pandora nouryi 649
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Our results showed that large numbers of conidia could be produced between 8 and

258C from M. persicae cadavers and that there was a significant effect of temperature

on the output of primary conidia (F(4,20)�/74.98, P B/0.001) (Figure 1). The

discharge rate increased as temperature increased in the range of 8�258C (Figure

2). Conidial discharge at 88C was prolonged 6�12 h after incubation, and cadavers

discharged conidia within 6 h. The longest duration of sporulation occurred at 88C
and conidial discharge could be detected after 120 h. Little sporulation occurred at

308C and no conidia were discharged after 36 h. Peak sporulation between 15 and

258C appeared at 12�18 h after incubation and few conidia could be detected after

48 h.

Duration of sporulation was much longer at low temperature than at high

temperature, which may be an adaptive response to the fluctuation of M. persicae

populations under different environmental conditions. Liu (1991) reported that the

temperature range for development of M. persicae was 5�298C and fecundity and

reproductive rate increased as temperature increased. Therefore, in order to increase

chances of encounter with the host when the aphid population density was very low

during the cool season, the fungus stayed in cadavers and sporulates for a longer

Figure 1. Mean and rang (max and min) conidia production per cadaver (different letters show significant

diffrence between temperatures at 0.05 level).
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Figure 2. Sporulation of P. nouryi from cadaver of M. persicae at different temperature.
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period. At higher temperatures when high densities of host exist, however, conidia in

cadavers are discharged in a short period and spread rapidly in the host population.

Light did not affect the pattern of conidial discharge, nor total production of

primary conidia (the average numbers were 63,000, 63,258 and 58,370 at 12 L, 12 L/

12 D and 12 D, respectively) from cadavers at 208C (F(2,12)�/0.157, P�/0.857), but

light could slightly stimulate the rate of discharge. Entomophthora thaxteriana (Wilding

1971) and Conidiobolus coronatus (Callaghan 1969) showed well-marked periodicity

with most conidial discharge during the light regime. But Glare et al. (1986) found

that there were no significant differences between the time-course patterns and total

conidial output from M. persicae cadavers killed by Zoophthora phalloides held under

continuous light or continuous dark. Our results further confirmed that there are large

differences between species in the degree of their response to light (Wilding 1971).

The results of our study indicated that 100% RH did not satisfy the requirement for

full sporulation from cadavers of M. persicae infected with P. nouryi , and existence of

more moisture conditions (for example, in our experiment the cadavers fixed over the

surface of water�agar obtained more moisture because of the evaporation of water in

water�agar) was necessary for free discharge. At 208C, the variability in discharge

among cadavers was large at 100% RH and the average duration was greatly extended

for 96�120 h. The production of conidia per cadaver was 12,485 (3545, 29,861) and

was significantly fewer than that of cadavers on the water�agar surface (F(1,11)�/

25.87, P B/0.001). Six of eight cadavers could only discharge primary conidia within

24 h after aphid death at 97.5% RH and the average number of conidia was 8721

(1976, 21,343). At 95 and 90% RH, none of conidia were discharged, but

conidiophores were detected on the surfaces of six out of eight cadavers. Fungi in

cadavers at 74 and 51% RH failed to emerge through the insect cuticle. Butt et al.

(1990) suggested that pseudocystidia of Entomophthora species would help trap a layer

of moist air over the body of the infected insect and so prolong the period during

which spores were discharged. Scarcity of pseudocystidia in P. nouryi (Gustafsson

1965) may explain our observation.

Germination was �/95% at 15�258C after 24 h when conidia were discharged on

the surface of 2% water�agar, but 40 and 66% at 8 and 308C, respectively. When RH

was above 74%, conidia on surfaces of leaves could germinate (9%) after 24 h and the

rate of germination increased when RH increased; at 100% RH germination rate

reached 94%. However, there was no conidial germination when RHB/100% on cover

slips; even at 100% RH percentage of germination was only 0.85%. No germination

was found when the conidia on cover slips under humid conditions of RHB/100% for

6 h were replaced on the surface of water�agar. Our data suggest that the surfaces

conidia attach to can affect conidial germination. Previous studies demonstrated that

the nature of the surface has significant effects on conidial survival (Furlong & Pell

1997; Griggs et al. 1999).

All test insecticides inhibited conidial germination entirely at recommended doses

(Table I). Significant differences were detected at 6, 12, or 24 h (F(6,49)�/13.97, P B/

0.001; F(6,49)�/20.17, PB/ 0.001; F(6,49)�/27.08, P B/0.001) between insecticides at

0.2R dose. Percentages of germination were �/64% on the surface of water�agar

treated with the three insecticides esfenvalerate�fenpropathrin and carbosulfan after

24 h and adverse effects were significantly lower than that of other insecticides. Even

at 0.2R dose, conidia treated with chlorpyrifos and endosulfan could not germinate

after 24 h. Generally, effects of fungicides on entomopathogenic fungi are much more

Factors affecting sporulation and germination of Pandora nouryi 651
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obvious than that of insecticides (Majchrowicz & Poprawski 1993). However, the

results of our study suggested that the negative impact of insecticides on epizootics of

entomophthoralean fungi in aphid populations should not be overlooked.
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