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Abstract

In food consumption and utilization studies,
observations were confined to a period of 5 days
after which mortality of Erynia radicans larvae
began to occur. Mortality due to the fungus was
76 and 837 in male and female larvae, respective-
ly. In control larvae the pupation rate was
over 95%. Control larvae of both sexes consumed
significantly (P = 0.05) more food than fungus
treated larvae on day 4 and 5. Treated as well
as control larvae showed a continuous gain in
body weight up to day 3, following which treated
larvae of both sexes gained significantly (P =
0.05) less weight than the control. Fungus in-
fected larvae were also less efficient in con-
verting ingested and digested food to body sub-
stances (ECI and ECD) on day 4 and 5 in females
and on day 5 in males. Pupae of both sexes from
treated larvae weighed less than the control.
Fecundity of adults arising from fungus treated
larvae was reduced by approximately 36.47 com-
pared with the control.

Introduction

Erynia radicans (=Zoophthora radicans =
Entomophthora sphaerosperma) is among the more
promising of microbial agents for the control
of the spruce Budworm, Choristoneura fumiferana
and has a potential for commercial development
as a microbial insecticide (Weatherston and
Retnakaran 1975; Vandenberg and Soper 1979).
However, an important drawback of mycopathogens
in the control of insect pests is the time taken
to kill the host. Generally, mortality of in-
fected larvae occurs in 4-8 days after treatment
(Mohamed et al. 1982) during which larvae con-
tinue to feed, presumably causing damage. There-
fore, it would be benificial if it could be
ascertained that fungal infection of the host
can reduce food consumption. This would aid in
assessing the suitability of the pathogen for
use in insect pest management, particularly in
a forest situation where the foliage can toler-
ate moderate feeding damage.

Most reported studies dealing with the con-
trol of insects with pathogens have dealt mainly
with the direct effect on the host and have been
evaluated in terms of percent mortality. Little
attention has been focused toward the evaluation
of the effect of infection on food consumption
and the general reduction of the biological

potency of the host (Jasic 1961). Ramakrishnan
and Chaudhari (1974) studied the effect of a
nuclear polyhedrosis virus (NPV) on the consump-
tion and utilization of food by the Egyptian
cotton leaf worm, Spodoptera litura. They found
that food consumption and weight gain of virus
infected larvae were significantly lower than
the control. Drake and McEwen (1959) reported
that the cabbage looper, Trichoplusia ni showed
decreased food consumption following infection
with NPV. Thomson (1958) showed that the micro-
sporidian, Perezia fumiferanae retarded larval
and pupal development, reduced fecundity and
adult longevity of C. fumiferana. Larvae of
Heliothis zea infected with Nomuraea rileyi
showed significantly less food consumption and
utilization than the control group (Mohamed et
al. 1982).

The purpose of this study was to determine the
effect of E. radicans on food consumption,
utilization and fecundity of C. fumiferana.

Materials and Methods

Larvae and Fungal Cultures. - Overwintering
second instar spruce budworm larvae were obtained
from the Insect Pathology Institute, Saulte Ste.
Marie, Ontario, Canada. Larvae were reared on
Bio-Serv Spruce Budworm diet #9769, dispensed in
about 15-20 ml aliquots into 30 ml plastic cups.
Four to six larvae were placed in each cup and
reared at 22.5°C with a photoperiod of 16 hr
light and 8 hr darkness.

The culture of Erynia radicans was obtained
from the laboratory of Dr. R. S. Soper, U.S.D.A.
ARS, Insect Pathology Unit, Boyce Thompson
Institute, Ithaca, N.Y. The initial sample of
this fungus was isolated from a field collected
spruce budworm larvae (Vandenberg and Soper 1979).
It was grown on 70% modified egg-yolk medium
(EY) in darkness at 25°C according to Soper et
al. (1975.) Sporulation was induced according to
the method of Vandenberg and Soper (1979).
Several 250 ml flasks each containing 75 ml of
CYP liquid medium (4% corn syrup, 17 yeast
extract, 1% phytone peptone in distilled water)
were inoculated with mycelia grown on EY, and
continuously agitated in a controlled environ-
mental shaker (New Brunswick Scientific Co. Inc.)
at 25°C. When the culture reached the exponential
growth phase (4-5 days), 5 ml of each culture was
transferred to fresh CYP and allowed to grow for
2-3 more days. Then the medium was filtered and
the remaining mycelia rinsed several times with
sterile distilled water. After the excess
moisture was drained off with paper filters,
mycelia were placed in plastic Petri dishes
(90 x 15 mm) and exposed to continuous fluores-
cent light for 24 hr at 20°C to stimulate
sporulation.

Treatments

1. Food consumption and utilization. - Fifth

instar larvae were used in all tests. The age
of the larvae was determined according to the

method of Retnakaran (1973). Larvae were
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sexed as described by Koller and Leonard (1981).
One hundred 5th instar larvae of each sex were
placed in plastic cups individually and starved
for 8 hr to empty their gut contents of residual
food. Eighty larvae from each sex group com-
prised the untreated control group. A similar
number of larvae were treated with E. radicans
spores as described by Vandenberg and Soper
(1979). The dose was estimated by exposing
Petri dishes (100 x 15 mm) containing 2.5%
sterile distilled water agar to sporulating
cultures identical to those used in larval treat-
ments. Spore concentration was estimated
(spore/mm#) by counting a random field in each
of 10 areas in the dish (Vandenberg and Soper
1979). 1In preliminary tests, several groups
of larvae were exposed to sporulating cultures
at varying times (15 to 90 min.) An exposure
time of 45 min. giving 39 # 5.7 spores/mmZ was
the most appropriate in terms of mortality and
survival of the larvae.

After treatment, larvae were held in individ-
ual Petri dishes (100 x 15 mm) lined with
filter paper moistened daily with sterile dis-
tilled water. Each treatment was replicated 4
times with 10 larvae. Test larvae were held in
an environmental growth chamber at 22.5°C with
a photoperiod of 16 hr light and 8 hr darkness.

Larvae were individually provided with pre-
weighed 5 mm diet plugs which were replaced
daily. Food consumption and weight gain were
determined by recording the initial weight of
the larvae and diet, followed by recordings of
the larval weight, feces and diet consumed every
24 hr. Data from these observations were used
to determine food consumption and utilization.
Diet consumed was corrected for moisture evapo-
ration as described by Brewer and King (1979).
The indices (Waldbauer 1968) to determine the
efficiency of utilization were as follows:

a) Approximate digestibility which is the per-
centage of food ingested that is retained or
utilized by the larvae:

(D = wt of food ingested-wt of feces

wt of food ingested

x 100)

b) Efficiency of conversion of ingested food to
body substances which is an overall ability of
the insect to utilize ingested food for growth:

_ wt gain
(ECT wt of food ingested x 100

c) Efficiency of converstion of digested food
to body substances decreases as the digested
food metabolized for energy increases:
_ wt gained
(ECD wt of food ingested-wt of feces

x 100)
The data were analyzed by the analysis of
variance and the Duncan's New Multiple Range
Test (1955).

2, Fecundity. - One hundred 5th instar larvae

of each sex were treated with E. radicans and placed

in plastic cups containing diet. A similar number
comprised the untreated comtrol. Larvae were
reared as described earlier and observed daily
for mortality and pupation. Pupae were weighed
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within 24 hr of pupation and placed in the original
cups. Adults used for oviposition were reared in
individual containers (Stehr 1954). Branches of
balsam fir, Abies balsameal were used for ovi-
position. Each test was conducted over a period
of 4-6 days, with daily removal and counting of
egg masses. The number of eggs was determined by
measuring the length and width of each egg mass
as described by Bean (1961).

Results and Discussion

1) Food consumption and utilization. - Mortality
of E. radicans treated larvae started on day 4
posz'treatment. Thus observations for food con-
sumption and utilization were done for 5 days.
On day 6 most of the treated larvae were dead.
Mortality in fungus treated larvae was 767 in
males and 83% in females. 1In the control 957 of
males and 97.5% of the females pupated.

Table 1 shows the amount of food consumed by
treated and control larvae, The amount of food
consumed by treated larvae was significantly
(P = 0.05) lower on day 4 and 5 post treatment
for both sexes. Male and female control larvae
showed a constant increase in food intake through-
out the observation period. The average daily
intake for the treated and control female larvae
was 50.2 and 77.06 mg and for the males it was
60.4 and 75.9 mg respectively.

Table 1. - The effect of Erynia radicans on food
consumption (mg) of Choristoneura
fumiferana larvae.2

b

DP Control Fungus treated
Female
1 67.3 * 19.0a 59.4 * 27.0a
2 66.2 * 4.0a 60.9 = 3.0a
3 60.7 * 7.0a 51.5 + 8.0a
4 94.2 * 18.0a 40.2 + 7.0b
5 96.9 * 16.0a 39.0 + 10.0b
Male
1 56.3 * 12.0a 61.8 + 10.0a
2 71.4 = 12.0a 78.4 t 10.0a
3 67.4 = 2.0a 57.3 £ 10.0a
4 90.6 £ 7.0a 54,9 £ 9.0b
5 93.9 = 5.0a 49.3 £ 6.0b

a/ Means followed by a common letter horizontally
" do not differ significantly from each other

(P = 0.05).
b/ Days post treatment.

The weight gain of treated and control larvae
is presented in Table 2. Fungus treated larvae
of both sexes showed significantly (P = 0.05)
less weight gain on day 4 and 5. The average
daily weight gain for the treated and control

1/ Specially ordered for us by a local garden

and nursery center.



female larvae was 4.38 and 8.64 mg respectively.
Similarly for the males the average weight-gain
was 3.98 mg for the treated and 7.38 mg for the
control group. The amount of feces produced in
the treated larvae was significantly lower for
both sexes on days 3, 4 and 5 (Table 3).

Table 2. - The effect of Erynia radicams on
weight gain (mg) of Choristoneura
fumiferana larvae.2

A more direct relationship between these para-
meters can be observed if we consider the total
food consumption, total weight gain and total
fecal production (Table 4). The total food con-
sumption in male and female was significantly
lower (P = 0.05) than that of the control. This

Table 4. - Total food consumption, weight gain
and fecal production (mg) by larvae
of Choristoneura fumiferana infected
with Erynia radicans.&/

DPb Control Fungus treated
Female
1 5.8 * 3.0a 4.9 £ 0.2a
2 6.4 £ 1.0a 7.5 £ 2.0a
3 6.3 = 5.0a 4.8 £ 1.0a
4 10.9 % 3.,0a 2.3+ 1.0b
5 13.8 + 2.0a 2.4 1.0
Male
1 3.7 £ 0.9a 3.0 £ 1.0a
2 7.4 £ 2.0a 6.1 * 1.0a
3 8.5 * 0.3a 5.2 + 1,0a
4 7.6 £ 1.0a 2,9 ¢+ 1.0b
5 9.7 * 4.0a 2,7 £ 1.0b

Parameterh/ Female Male
Con FT Con FT
FC 385.3a  251.0b 379.5a  302.0b
WG 43.2a 21.9b 36.9a 20.1b
FP 56.5a 21.1b 59.5a 20.0b

a/ Means followed by a common letter horizontally
do not differ significantly from each other
(P = 0.05).

b/ Days post treatment.

Weight gain and fecal production are directly
related to the amount of food consumed
(Ramakrishnan and Chaudhari 1975). The decrease
in the values of these parameters in treated

Table 3. - The effect of Erynia radicams on
feces production (mg) by 17rvae of
Choristoneura fumiferana.2

DPb Control Fungus treated
Female
1 4.1 + 1.8a 4,7 * 1.0a
2 7.3 £ 1.4a 6.9 * 2,.6a
3 12,0 * 1.5a 4.6 * 1.0b
4 15.0 = 2.0a 2,7 £ 1.0b
5 17.6 £ 2.0a 2.2 £ 1.0b
Male
1 4,5 + 1.0a 4.0 £ 1.4a
2 4.3 £ 2.0a 4.4 + 3.0a
3 7.5 £ 2.9a 4.3 + 2,0b
4 13.2 +* 2.0a 3.6 * 1.0b
5 20.0 £ 5.0a 3.7 £ 2.0b

a/ Means followed by a common letter horizontally
do not differ significantly (P = 0.05).
b/ Days post treatment.

larvae can be attributed to reductions in food
consumption of the larvae (Table 1). Reduction
in food consumption, weight gain and fecal pro-
duction in infected larvae have been previously
reported by Mohamed et al. (1982) for H. zea
infected with N. rileyi and by Ramakrishnan and
Chaudhari (1975) in §. litura infected with NPV.

a/ Means followed by a common letter horizontally
for male and female separately do not differ
significantly (P = 0.05).

b/ Con = Control, FT = Fungus treated, FC = Food
consumption, WG = Weight gain, FP = Feces
production.

reduction in food consumption was approximately
20 and 35% for the treated male and female larvae
respectively. Similarly, the total weight gain
and fecal production weare significantly lower

(P = 0.05) in the treated larvae of both sexes
indicating that these indices were directly re-
lated to the amount of food consumed.

2) Food utilization. - The approximate diges-
tibility (AD) values are summarized in Table 5.

Table 5. - Approximate digestibility (AD) of the
larvae of Choristoneura fumiferana
infected with Erynia radicans.2/

DPE/ Control Fungus treated
Female
1 93.9 * 1l.4a 92.2 + 7.6a
2 89.0 + 10.8a 88.7 £ 12.7a
3 80.2 * 11.8a 91.1 = 16.7a
4 83.5 + 8.3a 93.3 * 11.2a
5 81.8 * 12.8a 94,5 + 13.6a
Male
1 92.0 * 8.4a 93.5 + 11.2a
2 94.0 £ 8.7a 94.4 = 14.9a
3 88.9 * 11.1a 92.2 * 13.7a
4 85.4 * 12.6a 93.4 * 9.8a
5 78.7 £+ 6.9a 92.5 * 6.2b

a/ Means followed by a common letter horizontally
do not differ (P = 0.05).
b/ Days post treatment.

No significant difference (P = 0.05) was observed
between the control and the treated group in

the female larvae. In males the AD for the
control was significantly lower on day 5. The
gross efficiency (ECI) and the net efficiency
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(ECD) showed an identical trend (Table 6, 7).
In the female treated larvae, both ECI and ECD
values were significantly lower (P = 0.05) than
the control group on day 4 and 5, while in the
males the ECI and ECD of treated larvae were
significantly lower on day 5 only.

Table 6. - Gross efficiency (ECI) of the larvae
of Choristoneura fumiferana infected
with Erynia radicans.2/

DPE/ Control Fungus treated
Female
1 8.6 £ 3.7a 8.2 + 2,2a
2 9.7 £ 9.3a 12.3 = 5.0a
3 10.4 * 6.3a 9.3 £ 6.4a
4 11.6 * 3.4a 5.7 £ 3.5b
5 14.2 * 8.6a 6.0 £ 4.2b
Male
1 6.6 * 2,3a 6.3 £ 3.0a
2 10.4 * 4.2a 7.8 + 5.6a
3 12.6 * 3.4a 9.0 £ 4,1a
4 8.4 * 2.0a 5.3 % 3.53a
5 10.3 + 3.3a 5.5+ 3.%

a/ Means followed by a common letter horizontally
do not differ (P = 0.05).
b/ Days post treatment.

Table 7. - Net efficiency (ECD) of the larvae
of Choristoneura fumiferana infected
with Erynia radicans.2/

b
DP—/ Control Fungus treated
Female
1 9.2 + 3.8a 8.6 * 2.2a
2 10.9 * 5.8a 13.9 = 6.1a
3 10.7 £ 5.8a 10.2 * 4.4a
4 13.9 * 4.1a 6.2 £ 1.6b
5 17.4 * 8.9a 6.4 t 3,9
Male
1 7.1 % 2,.3a 6.8 * 1.0a
2 11.0 % 4.6a 8.2 £ 3.3a
3 14.2 * 3.5a 9.8 * 5.4a
4 9.8 + 2.6a 5.7 £ 3.8a
5 13.1 * 4.8a 5.9 £ 4.7b
a/ Means followed by a common letter horizontally

do not differ (P = 0.05).
b/ Days post treatment.

3) Fecundity. - The purpose of this portion
of this study was to determine a dosage that
would produce a chronic and a sublethal effect
that might result in the weakening of the host.
Consequently, such an effect may cause a general
disruption of the vital functions which could
be manifested in reduced reproductive potential
and shortened longevity (Gaugler and Brooks
1975). However, it was difficult to achieve
such a sublethal dose. We tried various spore
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concentrations (6.3 to 38.1 spore/mmz) as measured
by the amount of time larvae were exposed
(Vandenberg and Soper 1979) but we were unable to
obtain sufficient number of adults for fecundity
study due to low rate of emergence even though

in some of the treatments (lower dosages) there
was a high percent of pupation. Table 8 sum-
marizes the results from one of the successful
tests. In the fungus treated group the mortality
was 55.6 and 63,2% in male and female respectively.
Weight of control pupae was 75.2 * 1.6 mg in
males and 111.4 * 2.6 mg in females as compared

to 59.7 * 2.0 mg for males and 97.7 £ 2.0 mg for
females in the treated group. Fecundity expressed
as mean number of egg/female was 92.8 in the
control (9 pairs) and 59.0 in the treated group

(2 pairs only).

Vandenberg and Soper (1979) showed that mortality
of larvae of the spruce budworm treated with
Erynia radicans occured in 3 to 6 days. Similarly,
in our study larval death occurred in 4-6 days.
During the infection stage, in this study, the
food comsumption and utilization were significantly
lowered in the fungus treated larvae as compared
with the control on day 4 and 5. Also, pupae
from infected larvae weighed less than untreated
ones. Such effects are probably a result of de-
pleted nutritional reserves and a reduced ability
to assimilate food efficiently (Thomson 1958).
Consequently, larvae will be less efficient at
forming nutrient reserves for the pupae and adult
stages.

In insect species such as the spruce budworm,
where the adultsdo not consume food, nutritional
reserves are dependent on the amount of nutrients
accumilated by the larvae for the entire metabo-
lism of the individual (Jasic 1961). Thus, if
the reduction in food consumption and utilization
in infected larvae occurs under natural conditions,
adult females arising from diseased larvae will have
even smaller reserves, since the individual must
use a portion of the fat stored for general
activity, thereby diverting a large portion of
this reserve from egg production. This is
important when considering the utilization of E.
radicans in the management of an insect pest like
the spruce budworm in a forest situation where
the foliage can tolerate some feeding without
serious economic damage.



Table 8. - The effect 9nyrinia radicans on the spruce budworm larval mortality, pupation, emergance and
a

fecundity.=
, ) . . q Eggs/p
% Larval Mortality 7% Pupation Pupal wt (mg) % Emergance Femaleﬁy
Treatments .
M F M F M F M F
Fungus treated 55.6 63.2 44,4 36.8 + 2.0 87.7 + 2.0 9.4 © 8.0 59.0
Control 0.0 0.0 100.0 100.0 £1,6 111.4 % 2.6 98.0 100.0 92.8

a/ Rate of larval spore exposure was estimated at 8.4 spore/mm<.
.‘l/ Based on the mean of only 2 pairs in the fungus treated group and 9 pairs in the control.
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