=

U WRE ST 33(4) 1 207215 (1994)

Korean J Appl. Entomol

Biological Control of the Brown Planthopper
by a Mermithid Nematode

Mermithid AZ-8 <] &8 wE 72| AEF A

Ho Yul Choo' and Harry K. Kaya’
#5 ! Hany K Kaya®

ABSTRACT The brown planthopper (BPH), Nilaparvata fugens, is the major pest of nce in Asia. Current control
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tactics rely pnmarily on chemical msecticides and resistant nice vareties In Korea, the most important
biclogical control agent appears to be the naturally-occuning, mermithid nermatede, Agamermis unka.
Although parasitism of BPH is highly varlable from place to place and from year to year. the mermi-
thid is a promising biological control agent because it reduces the fecundity of the host and ultimately
causes its death. The mermithid has only one generation per year compared to the three to four
generations of BPH, but the memithid females stagger their egg production sa that many individuals
in all BPH generations are parasitized. Augmentation of this mermithid inte BPH populations is
only possible on a limited scale because it 15 an obligate parasite and mass production technology
has yet to be developed. Conservation of naturally-cccuring populations through cultural techniques
and the use of compatible resistant rice varieties and chemical insecticides may lead to an effective
integrated pest management program for BPH.

KEY WORDS Agamemmis unka, Nilaparvata fugens, brown planthopper, Menmithidae, Rice, Ento-
mogenous nematode, Augmentation and conservation
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H20d Agamermis unka, Niloparvata fugens, B)dT, Memithidae, B, Z=&7]44 4% Zfg
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The brown planthopper (BPH], Nilaparvata lugens,
a serious pest of rice, is widely distributed in tropical,
subtropical and temperate regions of the Far East
(Kuno 1979). In Korea and other temperate count-
ries, BPH cannot survive the harsh winters and rein-
fections are dependent on adult dispersal by tropical

storms (Kuno 1979, Chaoo et al. 1989). Its reprodu-
ctive rate is high on modern, susceptible rice vane-
ties (Kisimoto 1979), which contrbutes to its status
as one of the major, if not the maost important, pests
of rice today. BPH causes annual losses worth mil-
lions of dollars through its feeding actwity resulting
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in hopperburn and reduction in vield (Dyck &
Thomas 1579) For example, in Korea BPH dama-
ged 24> 10% and 1.0>%10% hectares of rice n 1991
and 1992, respectively, and ca. 90,000 metric tons
of insecticides valued at $ 116 million were applied
to suppress insect pests m 1991 with most of them
used for BPH control{Anenymous 1992),

In some countries, cultural methods have been
developed to reduce damage by BPH (Oka 1979),
but its suppression is stil dependent on the applica-
tion of chemical insecticides and the use of resistant
rice varieties. Unfartunately, the continuous use of
chemical insecticides has led to the development
of BPH resistance (Nagata & Motita 1974) as well
as other undesirable side effects Moreover, outb-
reaks of BPH have been associated with insecticide
use caused, In part, by reproductive stimulation and
the loss of natural enemies (Kirtani et al. 1971,
Reissig et al. 1982). Although resistant rice vaneties
have been successfully developed, the resistance in
these parts has tended to break down relatively qui-
ckly through biotype selection in populations of BPH
resulting in further outbreaks of this insect (Pathak
& Heinrichs 1982).

Biclogical control offers an alternative tactic. Yet,
because of the temporary nature of the rce habitat,
no insect pest of rice has ever been consistently
controlled solely by natural enemies. Perhaps, the
most acceptable method to suppress BPH 1s to have
biolagical control serve as a cornerstone of an integ-
rated pest management {IPM} program (Chiu 1979).
In this paper, we evaluate the biological control of
BPH in relation to an [PM program with particular
altention to the mermithid nematode, Agamermis
unka,

NATURAL ENEMIES AND IPM
(OTHER THAN AGAMERMIS)

A number of natural enemies have been isolated
from BPH including 37 species of predators and
34 species of parasitoids (Chiu 1979), and several
entormnopathogenic fungi (Rombach et al. 1987). In-
sect predators, particularly the mirid Cyrtorhinus fui-
dipennis {Chiu 1979. Reissig et al. 1982) and the
velid Microvelia atrolineata (Reissig et al. 1982),
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and spiders(Chiu 1979, Reissig et al. 1982) have
been documented to be effective biclogical control
agents of BPH in Asian rice paddies

In Korea, the effect of insect predators on BPH
populations has not been adequately evaluated, but
the predatory habits of spiders have been studied.
The dominant spider is Pirata subpiraticus, followed
by Pachygnatha clercki and Grathonarium denata-
tum (Paik 8 Park 1983). For example, P. subpirati-
cus can prey upon 5.3 BPH/day. whereas P. clercki
and G. denatafum can consume 2.0 and 1.1
BPH/day, respectively.

Drawing upon work by Reissig ef al {1982) and
Fabellar and Heinrichs {1984), these predators, es-
pecially the spiders and the velid, may be compati-
ble with many msecticides, Most insecticides did not
significantly reduce field populations of spiders and
the veliid, but the mirid was adversely affected (Reis-
sig et al. 1982), whereas some synthetic pyrethroids
{ie, cypermethrin and deltamethrin) were toxic to
the murid, the velid, and the spider. Lycosa pseu-
doannulota, upon contact (Fabellar & Heinrichs
1984). Selective Insecticide use may lead to the de-
velopment of an effective IPM program with these
predators.

In Korea, parasitoids appear to be ineffective as
biological control agents. Egg parasitism by three
mymarid eag parasitoids, Anagrus flaveolus, A. inca-
rnatus and A, optabilis, has been low (Kim 1991).
At four insecticide-free rice paddies in Gyeongnam
Province, parasiism ranged from 3 to 25% for A
flaveolus, O to 2% for A. incaratus, and 1 to 4%
for A. optabilis. Similady, nymphal parasitism by the
dryinid parasitoid, Pseudegoenatopus flavifemur, was
also low and ranged from 0.5 to 25% (Kim 1991).
Percent parasitism presents only one of several pa-
rameters to determine effective biological control,
and long-term studies to assess host densities in the
presence of the parasitoids are needed. In terms
of integrating chemical pesticides and parasitoids, the
parasitoids are generally believed to be poorly prea-
dapted for detoxifying pesticides because they are
specialized camivores and do not have to deal with
plant toxicants {Roush 1990). The extensive use of
insecticides may warrant the search for or develop-
ment of parasitolds resistant to these chemicals. Be-
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fore such an attempt is made, however, the parasi-
toid should be an effective biological control agent
of BPH, Two examples using this approach are
available. Selection for resistance to azinphosmethyl
by Trioxys pallidus. a parasitoid of walnut aphid,
Chromaphis juglondicola, in walnuts (Hoy & Cave
1988, 1991) and for resistance to carbaryl by Aphy-
tis melinus. a parasitoid of the California red scale,
Aonidielln aurantn, n citrus (Rosenheim & Hoy
1988, Spollen & Hoy 1992) has been accompli-
shed. An effective parasitoid for such an approach
in a highly disruptive rice cropping system needs
to be found,

Another possible approach is to find an alternative
host for the parasitoids. For example, the effective-
ness of the eqg parasitoid, Anagrus epos, against
the grape leathopper, Erythroneura elegantula a
pest of grapes, was enhanced by the parasitoid’s
ability to use anocther leathopper, Dikrella cruentata
on blackberry (Doutt & Nakata 1973) However, the
intensive monocultural cropping system of rice does
not leave much opportunity for an altemate host
approach as demonstrated for the grape-blackberry
system. Considerable changes in agricultural practi-
ces including polycultures will be needed if an alter-
nate host is found for the parasitoids of rice pests.

Entomopathogenic  hyphomycetous fungi  have
shown promise for biological control for BPH when
they have been applied as biological insecticides
{Rombach et al 1986, Aguda et af. 1987). Suspen-
stons of conidia of Metarhizium anisopliae, M. fla-
voviridae, Beauveria bassiana, and Hirsutella citrifo-
rmis or dry mycelia of M. anisopliae and Paecilomy-
ces lilacinus, all applied separately during the rainy
season in the Philippines, produced fungal infections
from 63 to 98% (Rombach et al. 1986). Aguda et
al. (1987) reported similar results with Beauveria
and Metarhizium species in Korea when the fungi
were applied as a conidial suspension or as dry my-
celia. Although a high concentration of a fungal spe-
cies (220 to 2,000g/ha for dry mycelia or 4 to 7.5
10¥conidia/ha) was needed to obtain efficaclous te-
sults, Rombach et al (1986) and Aguda et al
(1987) suggested that lower fungal concentrations
may also be effective. If entomopathogenic fungi are
developed as biological insecticides, their effect on
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other biclogical control agents and confrol factics
needs to be evaluated

THE MERMITHID, AGAMEREMIS
UNKA, IN IPM

The menmithid, A, unka, has received considerable
attention as a biological control agent of BPH in
Korea because it (1} occurs naturally in rice paddies,
(2) can parasitize a high percentage of BPH in some
situations, (3) bas long-term control potential, (4) is
specific to the leafhopper complex including another
serious pest of tice, the whitebacked planthopper,
Sogatella furcifera. and is harmless to non target
organisms, (b) 18 environmentally safe, and (6) ap-
pears to be compatible with insecticides. Despite
these positive attributes, it is an obligate parasite and
cannct be produced in vitro and has a one year
life cycle under field conditions. Therefore, augmen-
tation through inoculative releases will be a limited
approach to BPH suppression until such time that
it can be mass-produced cheaply. Conservation,
where management systems enhance and conserve
existing naturally-occcuring memithid populations,
may be a more practical approach. To achieve this
goal, it is imperative that the bionomics of this ne-
matode be understoad.

Bionomics

The life cycle of A, unka is similar to other mer-
mithids. The eggs generally take 17 to 25 days to
hatch. The newly-hatched juvenile (preparasite) is
very active and crawls up the rice stem and parasiti-
zes BPH on the lower part of the rice stem where
most of them are found, The preparasite penetrates
directly into the host'’s hemocoel Two days after
penetration, the mermithid molts to the third stage
juvenile (Choo, unpublished data). It molts to the
fourth stage in the host, but exactly when this molt
occurs is not known. Two to three weeks after para-
sitization, the fourth stage mermithid exits the host
as a postparasite, burrows into the soil, moits to the
adult stage, and overwinters as an adult, According
to Kaburaki and Imamura (1932), mating occurs the
following spring and ovipesition occurs from June
to late autumn. Our data indicate that the female
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Table 1. Fecundity of Agamermis unka collected
from the field at various times of the year”
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Table 2. Fecundity of Agamermis unka according
to the length of the field-collected female”

Month Total Mean number Mean ovipesition Length Total Mean number Mean owvipostion

females® of eqgs(x SE)  period{days) {cm) females® of eggs(:SE)  period{days)
(% SE) (+ SE)
January 45 1466+ 155 37+ 22 <20 10 1434+ 148 29+ 25
March 37 950x= 879 22+ 74 21~25 22 1791+ 261 35+ 30
April 50 543% 557 17+ 106 26~3.0 19 1584+ 281 40+ 32
May 52 1851+ 1167 30+11.8 >30 10 1879+ 387 39+44
September 19 3013 366 49+ 31

*Females were collected from Chinyan and Tongyoung
in Gyeongnam Province
*Females held indwidually in petr dishes

may be mated in fall or winter or may be partheno-
genetic because females collected in January will
oviposit viable eggs in the laboratory {Table 1). This
aspect of the life cycle needs to be clarified.

Agamermis has only one generation per year (Ka-
buralt & Imamura 1932, Zhao et al. 1987), whereas
BPH has three to four generations per year (Park
1987) The female mermithid begins to lay eggs
from the end of June to early autumn with the
highest production occurring in early August {(Kabu-
raki & Imamura 1932). The average number of eggs
laid by females collected in May averaged 1,851
{range 231~4385, n—52), whereas those collected
in September averaged 3,013 (range 5008197,
n=19) {Table 1). The females from May oviposited
an average of 30 days, but the females collected
in September oviposited for 49 days. It appears that
some femnales begin to lay eggs early whereas others
delay their egg-laying activity so that parasitism of
BPH occurs throughout summer and fall. Because
BPH adults are dispersed by tropical storms each
summer into Korea, the initial populations are small
and fewer hosts are available until later in the gro-
wing season.

The size of the female menmithids did not seem
to adversely affect egg production except for those
<2.0cm in length (Table 2) The high fecundity of
the menmithid suggests that even if a few mermithids
occur in a fleld, substantial progeny can be produ-
ced to parasitized BPH. Under favourable conditions
(25°C). 95 to 100% of the eggs hatched in 29 days
with initial hatch observed at 14 days after being

“Females were collected from Chinyang and Tongy-
oung in Gyeongnam Province
*Females held individually in petn dishes

laid. No eggs hatched at 15°C after 52 days, but
they were still viable 96% hatched at 20°C over
42 days, and 63% hatched at 30°C over 31 days.
A dark environment was more favorable to egglay-
ing and egg hatch than a lighted environment Over
29 days, 98% of the eggs hatched in the dark com-
pared with 68% in the light Egg survival at 50°C
was 958+ 0.04% at 15 days but gradually declined
to 804+ 40% at 30 days and 659+ 24% at 90
days. Survival was only 166+ 21% at 180 days.
More temperature studies to determine the optimal
storage conditions are in order and may lead to
the development of an inoculative release program
for this mermithid.

Mermithid parasitism results in nutritional deple-
tion, retarded growth, argan disruption, reduced fe-
cundity or sterility and death. The amount of protein
in parasitized BPH was less than in unparasitized
BPH {Choo, unpublished data) and followed a simi-
lar pattern as reported for locusts parasitized by Me-
rmis nigrescens (Gordon et al 1973). Tn addition,
paresitized BPH appeared smaller and produced less
honeydew than unparasitized ones suggesting redu-
ced feeding activity by the parasitized BPH. Upon
dissection, the alimentary canal, Malpighian tubules
and reproductive systems of parasitized BPH sho-
wed obvious signs of distuption. Only 4% contained
eggs in the ovaries of parasitized BPH females com-
pared with 86% in unparasitized females (Choo &
Kaya 1990). More recently, 100% of parasitized fe-
males {n=382) collected from the field contained
no eggs in their ovares,
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Table 3. Parasitism by Agamermis unka of brown planthopper(BPH) from rice paddies in Gyeongnam Provi-
nce, Korea in Auqust and September. The parasitism data have been combined for all collection dates

, . %(n)BPH Mean number of

Site Year Rice variety parasttized mennithids in soil*t SE
Chinju 1990 Palgong 3.6(390) 30£03
Chinyang 1990 Nagdong 80.8(303) 201+61
Sacheon 1990 Nampoong 85(364) 37+02
Goseong 1990 Nagdong 223(421) 670+ 38

1991 Nagdong 12.7(684) -
Tongyoung 1990 Dongjin 23 6(389 -

1991 Dangjin 20.6{427) —

1952 Dongjin 43.8(422) —
Namhae 1990 Hwaseong 23 8(d67) 130£19

1991 Nagdong 26.1{639) -

“Mean number of postparasites/20x 20 cm plots from the same rice paddies after harvest. Six samples were taken

per rice paddy.

Prevalence of Parasitism

In Japan, Esaki and Hashimoto{1931) reported
Agamermis parasitism of 41% in BPH and 71% in
the whitebacked planthopper. In Hunan Province,
China, no control measures are needed when the
population density is under 2,000/100 rice plants,
provided the parasitizm by the memithid is above
75% (Wang & Li 1987). In Korea, Agamermis para-
sitism varies from place to place and year to year
{Table 3). Although there 15 variability in the Korean
populations, the high prevalence of parasitism by
Agamermis suggests that it has potential to effect
biclogical control. For example, parasitism of first
and second generation BPH was 56% for each ge-
neration (Choo et al. 1989). Both the short-winged
(brachypterous form) and the long-winged (macrop-
terous form) adults are susceptible to menmithid pa-
rasitism, but the brachypterous form had higher pa-
rasitism (57%) than the macropterous form (8%)
{Choo et al. 1989). The difference in parasitism bet-
ween the two forms is probably related to the beha-
vior of the adults rather than host suitahility. The
brachypterous form is usually found lower on the
rice plant where the mermithid is more likely to en-
counter it. Difference in parasitism was also observed
between female and male BPH with higher parasi-
tism detected in the female (48%) vs. the male (4%).
The higher parasitism of the females contributes to
reduce BPH populations m subseguent generations.

However, the reason for the difference in parasitism
between the sexes is unknown.

Augmentation

In expenments conducted in 1200 cm?® plastic bo-
xes, the release of preparasites of A, unka at a mer-
mithid to BPH ratio of 10:1 or 20:1 resuited in
44% (range 40 to 49%) and 40% {range 34 to 52%)
parasitism of BPH, respectively These data suggest
that inoculative releases into areas where the mer-
mithid population is low or nonexistent is feasible.
In field trials with Romanomermis culicivorax, relea-
ses have been successful against mosquito larvae
(Petersen & Willis 1972, 1975; Willis et al. 1980).
When the preparasites were released at 10 different
sites, the mean level of parasiism was 65%, 58%.
and 33% for second-, third-, and fousth-stage latvae,
respectively (Petersen & Willis 1972). This mermithid
often became established in many semi-permanent
and permanent water sites and produced from 2
to 100% parasitisim of Anopheles mosquitoes (Peter-
sen & Willis 1975).

Conservation

Soil Factors and Cropping Systems, The phy-
sical-chemical properties of soil appear to be impor-
tant factors in the distibution of the mermithid. In
China, the postparasites and adults were moast likely
to be found mn light to medium clay soils with a
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pH of 56 to 65 (Zhao et al. 1987).

Parasitism of BPH by Agamermis may be influen-
ced by cultivation methods. For example, significan-
tly greater parasitism of BPH occurred in tilled (78%
9%) compared with untilled (39x 9%) soil (Choo &
Kaya 1990). The difference in parasitism between
tilled and untilled soils may be the redistrbution of
the mermithid adults. They are nomally found 1
to 10cm below the soil surface (Choo ef al. 1987,
Zhao et al. 1987), and tilling probably brings them
nearer the surface Upon flooding the rice paddies,
the preparasites emerge from the eggs directly into
the water or do not have to migrate far through
the soll. Moreaver, tilling makes the soil less compact
and allows greater numbers of the preparasites to
migrate through the soil and parasitize the BPH.

Because nematodes usually require moisture for
survival, the rice paddy should be kept moist when
it is fallow. Agamermis {(=Amphimermis sp) num-
bers decreased 71% after rice harvest when the soil
was exposed to the sun for 10days compared with
the number before harvest (Yan et al. 1986). In
addition, the type of cover crop may influence the
mermithid’s survival. The number of Agamermis in
fields with the Chinese milkvetch, Astragalus sinicus,
was 6 times higher than in flelds with rape, Brassica
nopus (Zhao et al. 1987). Accordingly, cultivation
of a suitable cover crop will help conserve the natu-
ral population of this mermmithid during the nonrice
growing perod.

Irrigation. Proper water management can cont-
ribute to the success of the preparasite finding its
BPH host. As expected, Agamermis parasitism was
higher in inigated plots (35%) compared with nonir-
rigated plots (17%}. During this time, the noninigated
plots received very little rain and the soil was dy.
However, in two other tests, when rainfall was high,
there was no difference in parasitism between irriga-
ted {7 and 44% for tests 1 and 2, respectively) or
nonirrigated plots (6 and 59% for tests 1 and 2,
respectively) (Choo, unpublished data). In addition,
frequent and shallow irrigation shortened by 20 days
the peak hatching rate for the mermithid compared
with paddies flooded continually {Yan et al. 1986).
If the phenology of the mermithid and BPH is
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known, irrigation practices may be manipulated to
initiate peak egg hatch to coincide with the most
susceptible stage of BPH.

Water Temperature. Water temperature can in-
fluence perasitsm of BPH. Parasitism was highest
at 25°C (37 1%) followed by 30°C[(21+ 1%} and
20°C (9£ 1%) (Choo, unpublished data). No parasi-
tism occurred at 15°Cln general, water temperature
from the middle of July to middle of September
is above 20°C allowing the preparasites to parasitize
BPH. In the imigation test that received substantial
rain, we noted that parasitism was higher in the no-
nirrigated plots than the irigated ones. Perhaps, the
results may be related to water temperature, The
unirrigated plots that received rain water were shal-
low and warmed by the sun, wheteas the imgated
plots contained significantly more water and were
cooler affecting the behavior of the preparasites.

Compatibility with Some Insecticides. Agame-
riis adults are compatible with chemical insecticides
used for insect pest contral in rice. Choo et al
(1986) reported that the untreated control plots had
a lower mean number of mermithid adults than in
three of the four insecticide treatment plots. Howe-
ver, BPH in the carbofuran-treated plots had a signi-
ficantly lower percentage of parasitism than did the
cartap-treated or BPMC-reated plots. Carbofuran
and cartap were applied as granules to soil and may
have adversely affected the eggs, the preparasites
or both stages thus reducing parasitism in these
plots. We have not tested the compatibility of carbo-
furan against Agamermis, but Yan et al. (1986) cb-
served that this insecticide adversely affected the
memnithid juveniles and adults, Based on these ob-
servation, carbofuran should not be applied during
the peak time of Agamermis hatching (August and
September). A replacement for this insecticide may
be a lower concentration of a wettable powder for-
mulation of cartap+buprofezin which had no the
preparasites {Choo, unpublished data).

Interactions with Beneficial Organisms. Aga-
mermis is known to be host specific to planthoppers
and leathoppers (Esaki & Hashimoto 1931, Kabu-
raki & Imamura 1932, Kuno 1968, Otake 1979,
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Choo et al. 1987, 1989; Choo & Kaya 1990), but
it may still have a negative impact upan beneficial
orgaisms. To data, there is no evidence to suggest
that there is a negative effect. For example, in the
field, multiple parasitism between the dryinid parasi-
toid and Agamermis was observed in <1% of the
samples, and both natural enemies appeared to be
unharmed (Choo & Kaya 1990).

In laboratory tests, the spider P subpiraticus, was
placed with BPH adults parasitized by Agamermis.
The spider readily attacked and sucked body fluids
from the parasitized BPH. If the postparasite emer-
ged from the BPH and contacted the body of the
spider, the spider stopped feeding and attempted
to remove the mermithid with its legs. It is not
known whether premature emergence of the memi-
thid adversely affects its further development.

FUTURE RESEARCH DIRECTIONS

Agamermis appears to be the major biological co-
ntrol agent of BPH in Korean rice paddies. It persists
from year to year in the soil and although it only
has one generation per vear, individual females pro-
duce prageny throughout the summer and early fall
to parasitize the three to four generations of BPH.
Much information has been obtained about the bio-
logy and ecology of this mermithid, but more basic
studies on the behavior of the preparasites and pos-
tparasites are needed. Long-term studies to deter-
mine whether the mermithid is effective at low and
high host densities are needed. That is, we do not
know whether #t can regulate BPH populations.

Increasing the effectiveness of the memnithid agai-
nst the first generation of BPH may reduce subse-
quent generations. Shifting the peak egg-laying cycle
of the mermithid from eary August to early July
to parasitize the first BPH generation may be suffi-
cient to reduce later generations. The concept of
frequent and shallow imigation management which
warms the water and hastens the peak egg-laying
and hatching of the mermithid needs to be pursued.
In addition, very little is known about the effect of
resistant rice varieties on the fitness of the mermi-
thid, Moreover, some rice varieties seemed to have
some effect on percent parasitism (Table 3), and
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the suitability of BPH as hosts for these memmithids
when they feed on these vareties needs to be exa-
mined. In vitro production of a memithid from the
banded cucumber beetle, Diabrotica balteata. has
been successfully reported (Fassuliotis & Creighton
1982), but this production could not be sustained
(Kaya 1993). Thus, pursuing this aspect with our
current state of knowledge of mermithid physioloay,
particularly of A unka, does not seem feasible. Pe-
rhaps, if BPH can be mass produced easily, in vivo
production of the mermithid may be used to aug-
ment natural populations. In vive production has
been accomplished with the mermithids from the
banded cucumber beetle (Creighton & Fassuliotis
1982) and from mosquitoes (Petersen 1984), In ad-
dition to producton. however, methods to store the
eggs or adults and fiming of introduction inte BPH
populations need to developed. For the present, the
ptimary approach will be conservation of the natu-
rally-occuring populations of A unka., Using this
conservation approach with the memmithid, there Is
a need to implement an effective [FM program co-
mbining all the control tactics including biological
cantrol, chemical insecticides, resistant varieties, and
cuftural techniques to suppress BPH rather than rel-
ving only on insecficides and resistant varieties,
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