WURNAL OF INVERTEBRATE PATHOLOGY 52, 221-230 {1988)
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A total of 48 isolates of three species of entomophthoran fungi (Erynia delphacis, Erynia (Zooph-
thora) radicans, and an undescribed species of Entomophaga) were tested against adult Sogatodes
orizicola and Nilaparvata lugens (Homoptera: Delphacidae). Only E. delphacis was infective to
both insects, though S. orizicola was infected 10 some extent by all three pathogens. N. lugens was
consistently less susceptible to these fungi, which exhibited longer incubation times in this insect.
With one exception, fungi from non-N. lugens and, especially non-delphacid hosts, were not
infective or only weakly infective to N. lugens; some of these isolates were moderately or strongly
infective to S. orizicola, and one was the most infective to this insect, killing 91% of the sample.
No consistent differences were found among planthopper morphs with regard to susceptibility to
the fungi. However, macropterous males died significantly carlier than macropterous females

which, in turn, died significantly earlier than brachypterous females.
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INTRODUCTION

The brown planthopper, Niluparvata lu-
vens, is one of the most serious pests of rice
in Asia (Dyck and Thomas, 1979). Though
the use of resistant cultivars has reduced
the problem, N. lugens has shown the abil-
ity to develop biotypes which can grow on
previously resistant varieties (Kenmore,
1980; Heinrichs et al., 1986), and the over-
all threat remains.

Problems of resistance to insecticides by
N. lugens, and environmental problems
arising from the application of insecticides
to aquatic environments, place a priority on
the development of ecologically sound con-
trol methods. N. lugens is susceptible to a
range of fungal pathogens (Soper, 1985),
and because of the warm humid environ-
ment in which rice grows, fungi are poten-
tially important control agents. The dried-
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mycelium process developed by McCabe
and Soper (1985) offers the further prospest
of development of a commercial mycoin-
secticide. Trials with hyphomycete fungi
against N. lugens in the Philippines have
shown considerable promise (Rombach et
al., 1986).

This paper describes the preliminary
screening of entomophthoran isolates
against N. lugens and the (American) rice
detphacid Sogatodes orizicola.

MATERIALS AND METHODS

Fungal isolates. A total of 48 isolates
from three species of fungi, Eryniu delpha-
cis, Erynia {Zoophthora) radicans, and an
undescribed globose-spored species of En-
tomophaga, were examined (Table 1). The
isolates were collected from N. lugens and
other Homoptera in Asia, Australia, and
South America over a number of years and
were stored in liquid nitrogen at the U.S.
Department of Agriculture, Agriculture Re-
search Service, Entomopathogenic Fungi
(ARSEF) Collection, Ithaca, New York.
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“ Homoptera: Cicadidae.

LiST OF ISOLAT|

Fungus species

Entomophaga sp.
Entomophaga sp.
Entomophaga sp.
Entomophaga sp.

.. delphacis
", delphacis
. delphacis
. delphacis
delphacis
delphacis
delphacis
delphacis
. delphacis
. delphacis
. delphacis
. delphacis
delphaci«
delphacis
delphacis
delphacis
delphacis
delphacis
delphacis
delphacis
" delphacis
delphacis
delphacis
delphacis
delphacis
delphacis
delphacis
delphacis
delphacis
delphacis
delphacis
delphacis
delphucis
delphacis
delphacis
radicans

. radicans

radicans

radicans

radicans

radicans

radicans

radicans

. radicans
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TABLE 1

ES SCREENED AGAINST Sogatodes orizicola AND Nilaparvata lugens

Host insect

Cicadetta puer®
Cicadetta puer
Cicadellidae, unknown sp.
CPL*®

BPH*

GLH

GLH

GLH

GLH

GLH

BPH

BPH

BPH

WBPH*

WBPH

BPH

ZZLH

BPH

BPH

BPH

BPH

BPH

BPH

BPH

BPH

BPH

BPH

BPH

BPH

BPH

BPH

BPH

BPH

BPH

BPH

Cicadellidae, unknown sp.
BPH

BPH

BPH

BPH

CPL

CPL

BPH

BPH

CPL

Cicadellidae, unknown sp.
Cicadellidae, unknown sp.
Cicadellidae, unknown sp.

b

. Cowpea leafhopper, Empoasca kraemeri (Homoptera: Cicadellidae).

B B‘rown planthopper, Nilaparvata lugens (Homoptera: Delphacidae).
Green leathopper, Nephotettix sp. (Homoptera: Cicadellidae).

© Whitebacked planthopper, Sogatella furcifera (Homoptera: Delphacidae).

P o
Zig-zag leathopper, Reciliu dorsalis (Homoptera: Cicadellidae).
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Country of origin
Australia
Australia
Brazil
Brazil
Japan
Philippines
Philippines
Philippines
Philippines
Philippines
Indonesia (Lombok)
Indonesia (Lombok)
Indonesia (North Sumatra)
Indonesia (Sulawesi)
Indonesia (Sulawesi)
China (Nanjing)
China (Nanjing)
China (Changsha)
China (Wuhan)
China (Wuhan)
China (Wuhan)
China (Nanjing)
China (Wuhan)
China (Hangzhou)
China (Guangzhou)
China (Nanjing)
China (Nanjing)
China (Nanjing)
China (Wuhan)
China (Nanjing)
China (Nanjing)
China (Nanjing)
Japan
Japan
Japan
Brazil
Japan
India (Hyderabad)
India (Hyderabad)
China (Wuhan)
Brazil
Brazil
Japan
Japan
Brazil
Japan
Brazil
Brazil

ACTIVITY OF EUTOMOPHTHORAN FUNGI

some had been cultured on agar media for
olensive periods before acquisition by
ARSEF.

Preparation of fungi. The fungi were
ransferred as needed from liquid nitrogen
wrage to Sabouraud’s dextrose agar sup-
pemented by 1% yeast extract (SDAY).
nce growing, they were transferred to
shaking cultures in Sabouraud’s dextrose
medium supplemented with 1% yeast ex-
rract (SDY). All cultures were grown at
wom temperature (ca. 25°C). To prepare
moculum for bioassays, flasks containing
SDY were inoculated with ca. 5% v/v of a
well-grown shaking culture of the appropri-
ate isolate. After 2-3 days, mats of
mycelium were produced by suction filter-
ing 400600 ml of culture (depending on the
extent of growth) through two layers of fil-
ter paper in an 11.5-cm Buchner funnel.
The mats (prepared late afternoon or early
evening) were placed on wire screens (ca.
l-cm grid) overnight at 100% RH. Two
mats were prepared at one time for each
isolate.

Sporulation usually commenced within
I8 hr, but sometimes took longer. If sporu-
lation did not occur, the mats were incu-
bated for 624 hr (usually overnight) at
15°-18°C. This cold treatment was found to
slimulate sporulation in some isolates. If no
sporulation occurred after cold treatment,
new mats were prepared and kept overnight
at 15°-18°C from the outset.

For bioassays on N. lugens, the fungi
were shipped from Ithaca to Ciba-Geigy
1.td., Basel, Switzerland, as slant cultures
on SDAY and maintained on SDAY at 15°C
until needed.

Test insects. S. orizicola were reared on
rice (cv “*Star Bonnet’ or **M201"") seed-
lings at 25°-26°C in cages. The rice was ger-
minated in flats of soil in the greenhouse.
Initially, the rice was grown at about 26°C,
but it was later found that better results
were obtained at 28°-30°C. The rice was
used 15-35 days after planting at 26°C or
10-25 days after planting when grown at the
higher temperature. N. lugens was reared
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in the Ciba-Geigy insect-rearing facility ina
similar manner to S. orizicola, but both rice
and insects were grown at 26°C.

Infection of insects. For each fungal 1so-
late, two sets of approximately 60 adult in-
sects (of mixed sex and morph, but exclud-
ing brachypterous males) were collected by
aspiration or directly into test tubes. They
were then transferred to 9-cm Petri dishes
containing cut rice leaves on water agar and
confined under a gauze screen (ca. I-mm
grid).

One fungal mat was placed over each
Petri dish to allow the forcibly discharged
conidia to fall through the gauze onto the
insects. The mats were turned through 90°
at varying intervals, depending on the rate
of sporulation, to provide for even distribu-
tion of conidia. The number of conidia
present on the agar around the leaf pieces
was assessed with the aid of a stereomicro-
scope. When the dose had reached 90-120
conidia/mm?, the mat was removed. This
required from 5 min to several hours, de-
pending mainly on the fungal isolate, but
also on the batch. However, it was imprac-
tical to expose the insects for more than
about 3 hr because the discharge of second-
ary conidia at that time made accurate
counts impossible. Therefore, because of
poor sporulation, some isolates were tested
at lower doses, often with only a single

sample of insects, and some could not be
tested against one or both insects. Poor
growth or sporulation was taken as a valid
criterion for rejection of these isolates from
further consideration. In particular, Ento-
mophaga sp. and some Japarese isolates of
the other species which had been cultured
on agar media over a long period, sporu-
lated poorly and were not infective.

Sometimes, due to variation in sporula-
tion rates over time, higher than desired
doses were obtained. When time and the
supply of insects permitted, new samples
were treated. Otherwise the original sam-
ples were kept and the assay repeated oply
if more than 50% of the insects were In-
fected at the high dose.
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After treatment, the hoppers were held in
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TABLE 2
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the Petri dishes at 100% RH for 24 hr and
then transferred to test tubes containing 5-7
rice seedlings each. If the transfers were
made immediately after showering, very
low rates of infection were observed. Three
to eight (usually six) insects were held in
each tube. The tubes were checked and any
dead hoppers removed daily for | week. If
there were no external signs of disease, ca-
davers were macerated in aceto—orcein and
examined under the microscope for the
presence of hyphal bodies.

Initially, one isolate, ARSEF 579 (chosen
because it was the first isolate tested which
was infective to S. orizicola, and had been
used in development of the bioassay), was
run each time as a standard, without unin-
fected controls. For about half the §. oriz-
icola and all the N. lugens tests, uninfected
controls were run as well.

Data analysis. Control mortality was
very variable, averaging 28.5% for S. oriz-
icola and 35.0% for N. lugens. This is
above the limit of 20% regarding as accept-
able in insecticide studies by Swaroop
(1966). but could not be avoided given the
conditions required to maximize fungal in-
fectivity.

Among the treated insects, mortality in
the absence of any detectable disease var-
ied widely even among apparently similar
samples collected at the same time, possi-
bly due to differences among the rearing
cages from which the insects were ob-
tained. Fungal infections, however, could
often be detected by the microscopical de-

tection of hyphal bodies in squash prepara-
tions even in the absence of external
mycelium. This led to the recognition of
“‘overt”’ infections in which external
mycelium was present, and “‘cryptic’” in-
fections in which only internal hyphal bod-
ies could be found. Presumably, the fungi
were not the primary cause of death in the
latter, through the stress imposed by the
infection may have contributed to mortal-
ity. Cryptic infections were seen most com-
monly in N. lugens, for which they were

recorded separately. However, for $. ori;-
icola, cryptic infections were not recorded
separately, but most occurred on the firsl
day after infection, and all infections de-
tected on that day were cryptic. Therefore
the numbers of infected S. orizicola re-
corded 1 day after exposure were used as
an approximate estimate of cryptic infec:
tions.

Because of these problems, no attempt
was made to correct for control mortality
using such methods as Abbott’s formula
Infection levels were calculated as percent-
ages of both the total sample treated
(“‘raw”’ % infection) and the total after sub-
traction of insects dying without detected
infections (“"adjusted’” % infection) (Table
2). Although unorthodox, this approach did
allow some compensation for highly vari-
able nondisease mortality and provided low
and high estimates of infection, between
which the *‘true’” value can be assumed to
lie.

1n addition to the above, only two repli-
cates were used for most isolates, so stalis-
tical analyses were not used in the process
of selection of promising isolates for further
consideration. The isolates were instead
ranked on the basis of both measures of
infection level for each host species, with
double weight being given to performance
against N. lugens, since this 1s the ultimate
target. From the resulting list of promising
isolates, a small number were chosen from
a range of geographic origins for further
study. This final criterion was used in the
hope of maximizing the range of ecologicul
adaptation within the group.

The median time to death (LT,) was cal-
culated for samples of 15 or more insects
from a regression of logit transformation of
cumulative percentage infection against log
time in days. Since cryptic infections were
most likely a result of infected insects dying
prematurely from other causes, only oven
infections were used in these calculations.
For S. orizicola, this meant excluding infec-
tions recorded on day 1 (an approximation
of cryptic infections), while for N. lugens
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PERCENTAGE INFECTION OF Sogatodes orizicola AND Niluparvata lugens BY ENTO¥0PTHORAN l"U

S. orizicola

" % Infected

N. lugens

o %‘{r;fecled

ARSEF Dose - , e
No. n (conidia/mm®) Raw Adjusted n ﬁDose ,*,Ra,w, B A,d'“jilej

tntomophaga sp. 0
331 61 114 34 48 58 10 (2) ;
365 119 93 23 30 68 46 : 5
743 55 165 0 0 114 ) 99 °
91 101 62 47 82 NT —

t. delphacis )
134 55 63 24 37 33 94 (l) )
458 108 100 45 53 121 114 o
459 93 103 33 39 [B1] 109 g o
460 105 90 2 3 110 121 ] l
461 107 102 14 15 100 116 ; s
478 it7 105 50 63 115 112 ] )
581 114 97 28 58 103 95 | |
593 120 114 91 100 122 11 g 4
603 132 127 83 96 120 97 ;3 »
664 108 105 40 42 122 103 %
666 {13 108 70 85 114 105 45 »20
668 115 101 51 56 61 90 l(la 1
671 13 87 25 29 116 95 " s
672 116 98 46 50 120 9 -7 "
673 106 92 53 55 13 104 “ &,
682 117 94 47 54 19 98 o 9y,
686 98 94 50 59 12 105 . "
698 230 95 68 84 119 101 30 s
1124 126 94 2 2 141 - 113 0 N
1132 NT — — | )
133 NT — — 120 109 5
1238 231 104 53 75 135 - 97 ! 2
1264 NT — — -
1730 114 94 36 39 105 105 51

E. radicans N .

NT —
68S 63 1039 0 0 o
789 106 93 0 0 60 N 68 _0 ’
Y0 104 93 2 3 N \ . o
1125 9 90 0 0 120 ) 103 —
1136 NT — — " N1 - —0 )
1236 107 93 O 0 124 0 0
1263 NT — —_ 108 59 o o
00 2 103 10 23 118 92
190 e 6 113 108 0 0

1590 116 91 3

at : s given in’ 3 have idi se is average
Note. Isolates for which detailed information is given in Table 3 have been excluded. Conidial dose 1 2
of replicates. For explanation of raw and adjusted % infection, see text.

“ Not tested due 1o poor growth or sporulation.

the actual figures for overt infections were
used.

Overall speed of kill was compared for
hosts, isolates, and host morphs (mac-

ropterous males (MM), macropterous fe-
males (MF), and brachypterous, female's
(BF) by the Kruskal-Wallis test (SAS Insti-
tute, Inc., Cary, North Carolina) using only
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data for overt infections for N. lugens and
data for day 2 or later for S. orizicola (Table
3). Pairwise comprisons between morphs
within isolates were made using the
Wilcoxon rank-sum test. Results of the lat-
ter are included in Table 3.

Tests against N. lugens in Indonesia.
Three isolates of E. delphacis, ARSEF 657,
669, and 1731, were tested to a limited ex-
tent at the Ciba-Geigy Field Station at
Cikampek, West Java, Indonesia, during
January-February 1986 (ARSEF 669) and
1987 (ARSEF 657, 1731). The N. lugens
were collected either from field cages or,
for tests of ARSEF 1731 only, from field
plots which had been artificially infested
some weeks previously. Otherwise, the
methods were as described above. ARSEF
669 was also tested against small (instars
1-2) and large (instars 3-5) N. lugens
nymphs.

RESULTS

Control mortalities were very variable
and usually high, ranging from 2 to 57%
(mean 28.5%, 11 samples) for S. orizicola
and from 6% to 59% (mean 35.0%, 9 sam-
ples) for N. lugens.

The overall levels of infection obtained
with most isolates against both insects are
given in Table 2, and detailed data for the 11
promising isolates are given in Table 3.
Only E. delphacis showed any potential in
these tests. The 10 most promising isolates
were ARSEF 575, 657, 660, 665, 667, 669,
670, 674, 676, and 1731. Detailed results for
these isolates are listed in Table 3. Other
isolates were not considered further, ex-
cept for ARSEF 579, which was included
because it was tested many times, provid-
ing a large sample for comparisons among
morphs. Its relatively low ranking was due

to poor performance against N. lugens, and
sometimes against S. orizicola. This ap-
peared to be due to one or two batches of
the fungus which showed greatly reduced
infectivity. Other samples of ARSEF 579
showed excellent activity against S. oriz-
icola, so only samples with infection levels
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over 60% were included in the analysis of

infection of morphs (Table 3), though the
results for all replicates are given in Ta-
ble 2.

ARSEF 685 is the only recent isolate of
E. radicans from N. lugens. However, in
preliminary studies, it sporulated very
poorly at 25°C, but much better at
15°-20°C. It also tended to grow in solid
clumps in shake-flask culture, and in this
form it could not be prepared as mats for
bioassays. It was tested against S. orizicolu
at a range of doses of both primary and cap-
illary conidia, but was not infective even al
extremely high doses (Table 2).

In general, . orizicola was more suscep-
tible to all three fungi (Table 2), and died
significantly faster (P < 0.05) than N. lu-
gens (Table 3). However, high control mor-
talities and the limited number of replicates
made close comparisons of infection levels
difficult. Also, reliable determination of vir-
ulence (measured as speed of kitl) was ham-
pered by occurrence of cryptic infections.
These were especially common in N. li-
gens and occurred mainly in the first 2 days
after infection.

Significant overall differences in viru-
lence were observed among fungal isolates
and host morphs. In general, S. orizicolu
males died faster than females, and MFE
were usually found to have died earlier than
did BF. These differences were significant
(P < 0.05)in 7 of 11 isolates for MM vs MF,
and 8 for MM vs BF, but only 2 for MF w
BF, no doubt partly due to the smaller sam-

ple sizes for BF. There was a similar trend
with N. [ugens, but the differences between
MM and MF were significant in only three
isolates tested in the laboratory, as well as
for ARSEF 1731 tested against field col-
lected (but not laboratory reared) N. lu-
gens. Too tew N, lugens BF were tested for
any conclusions to be drawn about them.

For §. orizicola infected with the isolates
listed in Table 3, there was a significant
negative correlation between percentage in-
fection and median time to death (r =
—0.61, —0.69, —0.92 for MM, MF, BF,
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TABLE 3 1 soLaTES oF
INFECTIVITY TOWARD THREE MORPHS OF Sogutudes orizicola AND Nilaparvata lugens OF 11 1S0LA
Eryniu delphacis S ,
% Infected Time 1o death (days)
SEF No. e e
Mlilbohb Morph tested Raw Adjusted Medldn ,,"'fei"?_ :,SE,
.\}»g;l;;)dc.\' orizi('oluMM “ . " ve 27e Olig:b
o MF 24 50 63 3.0 3.1 fg.gzb
BF 46 S7 70 35 ;3 : O.OV
579 MM 34 80 92 2.6 . : Ov():]b
) MF 195 M| 82 29 3.§ : O.IOL
BF 60 67 71 ;3| ;2 : 0. e
34 88 100 . 22014
o mr 37 92 97 2.4 2.6 = 0A15b
BF ;13 65 80 31 ‘3,; i (())(l)sa
2.0 23 + Q.
134 90 94 2. .
- hr;]:l 47 85 93 2.6 27 % 0.:27.)b
BF 53 72 75 2.8 3.0 f (0).;5“
665 MM 46 61 8s 2.7 2.3 : O.le
V MF 68 56 70 3.2 ;5 + -
My Y 50 ;: 2_3 2..4 + 0.13¢
49 78 A R - .,
I ml:l 66 85 97 26 2.‘; * 32
MA ) 0 g 2 ;i; +0.12¢
" md :: i‘l) ‘;(6 2.5 2.8 = 0.16"
) — 3.5 —
BF 4 50 100 o
2.4 2.8 = 0.15
65 69 83 o
" hn:;d 19 58 61 3.0 12 fo‘ﬁh
BF 43 44 51 3.8 3.; + g.lza
674 MM S8 84 88 2.7 2.4 : 0-13"
MF 51 80 82 33 i.j : ().si
BF 6 83 83 — 2.6 ; 0.“,]“
67 MM 48 71 85 2.4 o oy
) MF 20 95 95 2.7 2.7 x0. o
BF 56 66 84 29 3.0 ((;:l
2.4 £0.11°
88 100 2.2 N
- mﬂ Zi; 82 95 2.5 2.2; +0.17
BF 7 71 100 — 3.
Viluparvata lugens o o+ 014
59 63 90 K .
” w 52 52 68 4.3 ‘;‘; f gz;
BF 8 38 50 — 4.1 : 0”14‘:
579 MM 152 13 48 4.0 b 0'16"
» MF 142 27 42 4.4 :Z : 0.71
BF 31 13 29 — 3.,‘ : ij“
657 MM 72 61 69 3.2 3% * e
» MF 26 77 87 38 3.5 =0
v o Zl ;”li 3—-5 ?6 + 0144
54 3 . )
e xir 1377 65 79 3.6 3.7+ gi;
¢ — 352027
BF 29 36 59 Ny
MM 43 70 77 38 39 : g '
o MF 51 7 82 43 452019
BF 14 36 56 - ﬂ;; = 0'_’230
* M 6o i S
MF 66 55 . s
BF 29 45 59 —_ 3401



ARSEF No.
i }\10 Morph tested Raw
669 MM 80 83
MF 30 80
BF 4 0
670 MM 69 59
MF 49 s3
BF 2 50
674 MM 74 77
MF 41 7t
BF 3 33
676 MM 80 69
MF 31 68
BF 4 0
1731 MM 66 45
(lab.) MF 46 48
BF 5 20
1731 MM 140 59
(field) MF

160 46
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TABLE 3—Continued

%Vlnfcc(ed Time to death (days)

Adjusted Median Mean = Sk
89 2.5 27 = 018
100 ) 40 =02
0 _ - -
89 37 18 =017
o7 318 41 =00y
100 _ s
86 39 39+
88 41 40 = 015
100 - 55 —
87 14 3.5
95 37 38017
0 — - -
52 46 47 = 018
56 45 45+ 01y
20 — 5.5 —_
85 3.2 3.2+ 041

72 3.6 37 001"

Note. For explanation of raw and adjusted % infection, see text. MM, macropterous males; MF, macropter

ous females; BF, brachypterous females.

dos Means with same superscript are not significantly different. Absence of superscript (some BF) indicates tha
ata were not analyzed due to small sample size. Comparisons were made within isolates only.

respectively, P < 0.05), but no such rela-
tionship existed for N. lugens.

Frequently, proportionately more males
than females were infected (Table 3), but no
significant differences were revealed by x*
t;sts. Because of the high control mortali-
ties and small number of replicates, more
sophisticated analyses were considered in-
appropriate.

Data obtained in Indonesia using field
cage-collected adult N. lugens infected
with ARSEF 657 and 669 were marred by
extremely high control mortalities (>50%),
as well as background infections by E. del-
phacis, Entomophaga sp., and Hirsutellu
citriformis (Deuteromycotina: Hypho-
mycetes). Parasitism, mainly by Strep-
Siptera, but also by Dryinidae (Hy-
menoptera), was also very common. Up to
five strepsipterans, but usually only one,
were found in a single individual. In addi-
tion, mermithid nematodes were found in
some hoppers tested with ARSEF 657.
These problems did not occur with
nymphs, but only 1% of small and 9% of

!arge nymphs were infected, suggesting that
immatures were less susceptible than
adults.

The insects against which ARSEF 73|
was tested were collected from a field plot.
where these problems were much less se-
vere. Unfortunately, it was not possible to
test other isolates against insects from that
source. Only the data for ARSEF (731 in
Indonesian N. lugens are included in Table
3. However, this isolate killed field col-
lected BPH significantly faster than labora-
tory-reared insects (Table 3).

DISCUSSION

With the exception of ARSEF 660, which
was isolated from the zig-zag leafhopper,
Recilia dorsalis, all promising isolates orig-
inated tfrom N. lugens. This isolate was col-
lected along with many from N. lugen
(D. W. Roberts, pers. Commun.), and it is
possible that the insect from which it came
was infected from N. lugens.

Of all the isolates tested, only one
(ARSEF 1730) was substantially more in-
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kctive to N. lugens than to S. orizicola. In
wontrast, many isolates were more infective
w S. orizicola than to N. lugens, particu-
lrly isoaltes from sources other than N.
ligens. In particular, ARSEF 593 and 603
isolated from the white backed planthop-
per, Sogatella furcifera), which were the
most infective isolates for S. orizicola,
showed almost no activity against N. [u-
eens (Table 2). Since §. orizicola s more
swusceptible and died more quickly from E.
delphacis than did N. lugens, it is a better
test insect than N. lugens for studies where
wpecific target-related data are not re-
yuired.

Shimazu (1977 and pers. commun.) found
that only macropterous adults and large
aymphs of N. lugens could be readily in-
fected by E. delphacis in the laboratory, in
contrast to the results obtained here. How-
ever, he used very high doses (ca. 1200 co-
nidia/fmm?) and obtained only 20-30% infec-
tion in the susceptible insects, indicating
that the isolate he used was only weakly
pathogenic.

Most of the promising isolates came from
Wuhan and Nanjing in China. However,
ARSEF 1731, from Hyderabad, India, was
very infective to §. orizicola and infected
sbout half of the N. lugens tested, and
ARSEF 670, from Hangzhou, China, in-
fected about 60% of both insects. These
were included, along with ARSEF 575 and
5§79 (from Indonesia), in the list of isolates
to be tested further in order to broaden the
potential range of ecological adaptations.

No tropical isolates of E. radicans are
known from N. lugens. Since this species is
the best studied with regard to production
and formulation of dried mycelium (Mc-
Cabe and Soper, 1985), such isolates should
be actively sought for testing.

Entomophaga sp. has been found in N.
lugens, but no isolates from that host have
wrvived. Recent attempts at isolation in In-
donesia, where this fungus was very com-
mon in N. lugens, were unsuccessful
(D. G. Holdom, unpubl.).

Strain stability is an important problem
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with these fungi. The isolates of Enfomoph-
aga sp. sporulated well when first cultured
but deteriorated as this study progressed.
The Japanese isolates of E. delphacis had
also been cultured for long periods before
acquisition into ARSEF, and all were unin-
fective, or were only slightly infective, with
some isolates sporulating poorly or not at
all.

ARSEF 579, which was tested repeat-
edly, an initial high infectivity toward S.
orizicola, but later this activity appeared to
decline. Cultures derived from one cryo-
preserved sample in particular showed very
poor activity. This isolate was initially
added to the list of 10 selected for further
study, but later dropped because of its ap-
parent instability. Later, ARSEF 674
showed the same problem and had to be
dropped from further study (D. G. Hol-
dom, unpubl.).

Future studies with these fungi should
take careful note of this problem. Ideally,
large stocks of a standardized batch of an
isolate should be frozen in liquid nitrogen
and working cultures checked reptatedly
and replaced as needed.

The results obtained with N. lugens
nymphs infected with ARSEF 669 in Indo-
nesia suggest that nymphs are less suscep-
tible than adults, at least under laboratory
conditions. This could be due to the smaller
surface area of the insects, resulting in
fewer conidial contacts, the removal of co-
nidia by molting before penetration of the
cuticle could occur, or to some internal re-
sistance mechanism of the insect, or any
combination of these factors. Infected
nymphs were found in the field, though
most infected insects there were adults.

This work has demonstrated that there is
wide variation in both pathogenicity and
virulence among isolates of E. delphacis,
even those from the same host. While the
relative values obtained are useful, abso-
lute values should be used with care. The
differences in the level of infection and
speed of kill among morphs and stages
within the same host, especially the low ap-
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parent susceptibility of nymphs cast doubt
on the potential of E. delphacis as a prac-
tical control agent for N. lugens. More
work is needed to establish the extent of
these differences. Further doubt about the
value of this fungus stems from the appar-
ent instability of isolates in terms of sporu-
lation and pathogenicity. This aspect, too,
needs further study to determine both the
extent of the problems and possible solu-
tions.

It is not clear whether the different re-
sults obtained with ARSEF 1731 against
field and laboratory insects were due to dif-
ferences in the fungus or the insects, but
more work should be done to determine
whether different populations of N. lugens
differ in their susceptibility to fungal patho-
gens.
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