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VIRULENCE TO RICE CULTIVARS AND SELECTION FOR
VIRULENCE IN POPULATIONS OF THE BROWN
PLANTHOPPER NILAPARVATA LUGENS

M. F. CLARIDGE and J. DEN HOLLANDER

Department of Zoology, University College, Cardiff, CF1 1XL, Wales UK.

Biotype 1, 2 and 3 populations trom the Philippines were sclected for 11 generations on 3
standard rice cultivars, TN1 (no gene for resistance), Mudge (Bph 1), and ASD7 (bph 2).
Percentage survival, weight of ncwly emerged ¢ % and time taken for 50% of survivors
to become adults were scored for cach line at each generation and combined into a single
index. Virulence was assessed before and after 10 generations of selection by mcasuring
weight change and weight of honevdew produced by 2 % in 24 hr. Performance and viru-
lence of all lines changed markedly towards the normal “biotype™ on each varicty. Thus

biotypes were labile and effectively converted one 10 another.

A population from Australia first responded 1o TN as resistant. After sclection it re-
scmbled Philippine biotype 1 in virulence to TN,

It is concluded that individual N. fugens arc variable in feeding performance and popu-
lations are capable of rapid response to sclection. The use of the term biotype is therefore

misleading.

KEy worDs: Biotype — Brown Planthopper —
Nilaparvata lugens — Honeydew — Population
— Rice -— Resistant plant varieties —
Selection — Variation — Virulence.

Resistant varieties have been widely used to
combat pests and discases of agricultural
crops. Four genes conferring resistance to the
Brown Planthopper, Nilaparvata lugens (Stal),
have been identified in rice and incorporated
into high yielding varieties (Khush, 1979}).
However, populations of the insect have devel-
oped in parts of Asia (I.R.R.I., 1975; 1976;
1979a; 1979b) which can overcome the resis-
tance of some of the vaneties which incorpo-
rate some of these gencs. These populations
have been termed biotypes and numbered with
respect to the genes which cause resistance in
the varieties which they are able to destroy
(Table I).

Considerable effort is being devoted to de-
veloping strategies such as the sequential re-
Jease of resistance genes, the pyramiding of re-
sistance genes in one variety. the use of multi-
lines and moderately resistant varieties in an
attemnpt to control the Brown Planthopper and
avoid the development of virulent populations
of the pest (Khush, 1979).

Most of the studies on the properties and de-
velopment of the biotypes of N. lugens have
been made at the International Rice Research

Institute ([.R.R.L.), Philippines, using insects
derived from local field populations in Luzon
(summarised by Pathak & Khush, 1979). Thus
biotypes 1, 2 and 3 refer to populations or parts
of populations which are sympatric and differ
only in their ability to damage rice vametics
which incorporate no genc for resistance, Bph
1 gene and bph 2 gene, respectively. Similar
and additional biotypes have been identified in
many other parts of Asia including India, Indo-
nesia, Japan, Korea, Solomon Islands, Sri Lan-
ka, Taiwan and Thailand (I.R.R.1., 1979b).
Previously, we demonstrated considerable
individual variation within the Philippine bio-
types and an overlap between them in viru-
lence on the varieties used to separate them

TABLEL

Possible biotypes of N. lugens showing rice variery
susceptible to each and associuted nomenclaiure and
dominance siatus of resistance genes of host plant.
TN1 said to be susceptible to all biotypes. After
Lakshiminarayanag & Khush (1977} and Khish

(1979)
Biatype Rice variety Resistance gene
1 TM1 None identified
2 Mudgo Bph 1 (domnant)
3 ASD7 bph 2 {recessive)
4 Rathuheenati Bph 3 (dominant)
5 Babawce brh 4 {recessive)
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(Claridge & Den Hollander, 1980). Similar re-
sults have since been obtained independently
by Sogawa (1981). Crosses between the bio-
types vielded F, and F, gcnerations with viru-
lence intermediate to the parentals and gave
no simple segregation ratio in the F, (Den Hol-
lander & Pathak, 1981}. These results sug-
gested that wvirulence in the Brown Plant-
hopper is continuously distributed and deter-
mined by a system of polygenes. The biotypes
then represent different segments of the con-
tinucus distribution sclected by particular rice
varicties. The polygenic nature of virulence
ensures the presence of considerable genctic
variation tn cach biotype since a particular lev-
¢l of virulence to a particular rice variety may
be achieved by various combinations of genes.
We thus conciuded that the use of the term
biotype in this species was mislcading and con-
cealed the true nature of varation in virulence
in field populations and that such terminology
might bc even mare mislcading when applied
to geographically separate or allopatric popu-
lations (Claridge & Den Hollander, 1950).

In this paper we present the results of fur-
ther studies on the virulence of N. fugens pop-
ulations and the ways in which they respond to
selection on standard rice cultivars. We include
here data on Philippine biotypes 1, 2 and 3 and
alse on a previously unstudied allopatric popu-
lation from Queensland, Australia.

MATLERIALS AND METHODS

The Philippine biotype populations studied
here were subcultures from cultures main-
taincd at LLR.R.I. In addition, a population
from the Burdekin River region, Queensland.,
Australia, imported to Britain by Mr, E. Har-
ris, Centre of Overseas Pests Research, was
used. All cultures were maintained in a tem-
perature-controlled glasshouse a1 Cardiff on
rice varietics TN1 {for biotype 1). Mudgo (bio-
typc 2), ASD7 (biotype 3) and Towada (Aus-
tralian population).

Selection experiments were made using a
scheme slightly modified from Den [Hollander
& Pathak (1981). For the bhiotype populations,
? ¢ from each were allowed to oviposit on the
usual host {control) variety and the resulting
offspring separated into lines on 35-day-old
TN1. Mudgo and ASD7. Within each line 4
replicates of 25 first-instar nvmphs were placed
on separate plants cach in a mylar cage and left
to develop. After each generation the first 10
adult & & and ten adult 2 ¢ t¢ emerge in each

line were placed on a new plant of the variety
being used for selection in order to produce
nymphs for the next gencration. Each selection
expeniment was continued for 11 generations.

Three measurcs of success in development
for each generation were scored:

(A) % survival of original 25 nymphs to
adult stage, (B} weights of the first 10 2 2 to
emerge (taken within 12 hr of cmergence),
(C) time taken for 50% of the survivors to
reach adult ecdysis. This involved daily moni-
toring until all nymphs had either died or be-
came adult. These 3 measures of success were
also combined into a single index in an attempt
to give a realistic appraisal of the performance
of the selected lines compared to the controls
{i.e., biotype 1 on TNI, biotype 2 on Mudgo,
and biotype 3 on ASD7). The combined index
was given by:

a’b x c/d
elf

where for each variety % survival on selected
variety = a, on control = b (e.g. hiotype 1 on
TN1); mean weight on selected variety = ¢, on
control = d; and time taken for 50% survivors
to reach adult stage on selected varicty = e, on
the control = f. This combined index has the
advantage of relating the performances on se-
lected lines to that of the control line stan-
dardised at 100.

In addition to scoring each generation for
the 3 above-described measures of success in
development. the virulence of cach line after
) generations of selection was assessed by
measuring weight change and honeydew pro-
duction of individual insects. [n order to do this
newly cmerged adult 2 ¢, from 0—12 hr post-
ecdysis, were starved for 4 hr by cnclosing
them in a clear perspex box with moist filter-
paper and kept in a heated glasshouse. They
were then weighed and placed in a parafilm en-
velope, which was attached to the culm of a liv-
ing 35—40-day-old rice plant. After 24 hr in a
constant temperature room (25° and 12 hr
light), the insect was removed and weighed
again. Any honevdew produced during the 24-
hr-period collected in the cnvelope. This was
cut off, weighed. blotted dry and weighed
again to give the weight of honeydew {Claridge
& Den Hollander, 1980). The controls (those
kept for 10 generations of the selection proce-
dure on their normal host variety) were tested
for virulence on all 3 varietics while the other
lines were tested on the variety on which they
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had been selccted and aiso again on the origi-
nal vanety from which they derived before se-
lection.

The Australian population was treated in es-
sentially the same way as the Philippine bio-
type populations, except that it was selected
only on TNI1 and after 10 generations tested
for virulence on TN1 and Towada, the variety
on which it is normally cultured in Cardiff. In
addition, virulence tests of the population were
also made using the weight change and honey-
dew production techniques on the 5 rice varie-
ties TN1, Mudgo, ASD7, Towada and Delta.

On occasions in seme selected lines survival
was very low. To prevent complete loss of a
line, when survival fell below 20% the remain-
tng survivors were transferrcd back to their
onginal host variety to provide nymphs for the
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next generation. This happened for the Aus-
tralian line on TN1 in generations 1, 3 and 5
and with biotype 1 on ASD7 in generation 2.

RESULTS

Philippine biotype populations. The results of
the selection experiments are presented in 2
forms, The first (Table II) gives the changes in
{A) % survival, (B) weight in ¢ at emer-
gence, and (C) time taken for 50% of the sur-
vivors to become adults at each generation.
Second, the vatues for the combined index of
these 3 variables were plotted for the 3 lines on
each of the 3 standard cultivars, TN1, Mudgo
and ASD7 (Fig. 1).

In all experiments lines on resistant varieties
improved dramatically after 4 or 5 generations
of selection, After 10 generations of selection
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Virufence of Brown Planthopper poputations

all lines were performing similarly regardless
of the variety on which they were selected or
from which they were derived.

Of the 3 variables measured at each genera-
tion, % survival showed the most satisfactory
separation of populations in the carly genera-
tions, However, taking account of % survival
alone, biotype 1 on Mudgo appeared to survive
well in the early generations (Table IT), but the
combined index showed it to do less well than
biotype 2 on Mudgo (Fig. 1). Biotype 2 on
ASD7 did well in the initial generations using
both % survival and the combincd index, but
honeydew and wetght change data (presented
below) indicate that it fed less on ASD7 before
selection than on Mudgo, or on ASD7 after se-
lection,

The results of the honeydew and weight
change measurements are presented in Table
1. The differences between the responses on
the 3 varieties for cach of the 3 control lines
(boxed in solid lines, Table TIT) were signifi-
cant (p < 0.0001). Although these diffcrences
were very significant, the standard deviations
were large, indicating great variation within
each population. After 10 generations of selec-
tion, all lines initially started on a resistant va-
ricty had mean honeydew and weight gains
comparable to those of the biotype normally
on the resistant vartety. The 3 lines selected on
Mudgo and tested on Mudgo did not differ sig-
nificantly either for honeydew production or
weight gain (horizental cross-hatched, Table
IIT). The lines selected and tested on ASD7 did
not differ significantly for honeydew produc-
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tion, but did show a significant difference for
weight gain (p = 0.02) (diagonal cross-hatch).
The lines selected on TN1 and tested on TN1
showed no significant difference for honeydew
(p = 0.06), but a just significant weight gain {p
= {).04). However, the importance of these re-
sults lies in the obvious trends of improvement
in performance by lines on resistant varieties
after only 10 generations of selection, rather
than in precise levels of significance.

The performance of each biotype on its orig-
inal host variety after 10 generations of selec-
tion on either a susceptible or a resistant vari-
ety {(boxed in broken lines) did not show a dra-
matic loss of . virulence, although in all
experiments, except biotype 1 seiected on
Mudgo, there was a slight decline. The differ-
ences in honeydew and weight change for bio-
type 2 on Mudgo after selection on the 3 stan-
durd varieties were not significant, but those
for biotype 1 on TN1 (honeydew p = 0.003,
weight change p = 0.003) and biotype 3 on
ASD7 (p = 0.006 and 0.04) were significant.

Austrafian population. The most remarkable
result was the reaction of the Australian popu-
lation to TN1, which has been considered uni-
versally susceptible to feeding by N. lugens
(Khush, 1979; Seshu & Kauffman; 1980).
When first imported to Cardiff we had great
difficulty in maintaining cultures until we trans-
ferred them either to the French vanety Delta
ot the Japanese Tawada.

Measures of honeydew production by ¢ 9
on 5 cultivars show great individual variation

TABLL UI

Means and s.d. for mg honeydew produced (A) and weight change in 24 hr (B) of newly emerged ¢ % Phil-

ippine N. lugens biatypes, each selected for 10 generations on TNI, Mudgo and ASD7. Standard biotype regcti-

ons: boxed in solid lines. Columns outlined by broken lines: results of selecting same initial population on the 3-

lest varieties. Populations from different biotypes, but selecied on same variety, shown in same hatching in same
horizontaf rows

BIOTYPE | BIOTYPE 2 BIOTYPE 3
TESTED ON TESTED ON TESTED ON
SELECTED TN MUDGQ | ASD? TN MUDGO | ASD? TNt MUDGO | ASD7
S QHEAN' MEAN SD IMEAN SD [MEAN 5D [MEAN SD [MEAN 5D |MEAN 5D |MEAN SD [MEAN SO
A* B T ."777711 / , 1‘""",:
- §28 154 3 4 I 87 9 8] /15/719‘ S
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Fig. 2. Honeydew produced
by individuals of Australian
population of N, lugeny
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Fig. 3. Percentagc survivil
of N. hugens Australian pop-
ulation and Philippine bio-
type 1 population, each se-
lected on TN for 11 genera-
tions.
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(Fig. 2). Most individuals produce little honey-
dew (less than 6 mg/24 hr) on TN1, Mudgo and
ASD?7, and indeed there is no significant differ-
ence in the response to those varieties. The re-
sults for performance on Delta and Towada
closcly resemble similar data for the Philippine
biotypes on their normal host vancties
(Clandge & Den Hollander, 1980).

Results of the selection experiment on the
Australian population were even more striking
than those of the biotypes (Fig. 3, Tables IT &
IV). Only with great difficulty could the line be
maintained on TN1 in the early generations,
but after 10 generations the performance of
the papulation approached that of Philippine
biotype 1 on TN1 although honeydew produc-
tton and weight gin were significantly differ-
ent (p = (.03 and 0.01, respectively) (Tables
T & TV).

CONCLUSIONS

It may be concluded from the experiments on
both the Philippine biotypes and the Australian
population that performance on different va-
rieties 1s both very vanable within populations
and also susceptible to selection over only a
few generations to give populations with very
different patterns of virulence. Thus what are
often termed distinct biotypes may be con-
verted one to another with little difficulty. Al-
50, from our present virulence data (Tabie 111)
and from those previously published (Claridge
& Den Hollander, 1980), it is clear that there is
a relationship between amount of honeydew
produced and weight change on different va-
rieties. However, amount of honeydew pro-
duced for the same weight change differs be-
tween varieties, for example biotype 2 on
Mudge and biotype 3 and ASD7. Honeydew
produced is generally thought to reflect food

TABLE TV

Means and s.d. for mg honevdew (A) and weight
change (B) in 24 hr of © % N .lugens from Australia
after 10 gencrations of selection on Towada and TN1

Australian population

tested an
Selected TN1 Towada
an Mean 5.D. Mean 5.D.
A 11.0 10.3 20,0 154
Ll B 16.2 21.5 10.0 26.0
A 3.0 32 10.0 87
Tl & 57 152 180 193
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intake (Sogawa, 1977), so that such differences
may indicate differences either in the efficien-
cy of food utilisation by different populations
or in the quality of different varieties as food.

DISCUSSION

Previcusly we have argued against the assign-
ing of Brown Planthopper populations to bio-
types as this implies marked and clear-cut dif-
ferences between them and presumes a gene
for gene relationship between virulence and re-
sistance (Claridge & Den Hollander, 1980;
Den Hollander & Pathak, 1981).

All our evidence indicates that the criterion
used to separate the biotypes — virulence on
different varieties — is an extremely variable
character, probably centrolled by a system of
polygenes. We suggested previously that be-
cause of the varability of each biotype, such
populaticns would respond rapidly to selection
by nmew resistant rice varneties. The observa-
tions reported here confirm this prediction and
are supported by other published work (Kane-
da & Kisimoto, 1979; LR.R.1., 1979a). Tt is
now clear that it is possible to convert one bio-
type into another after only a few generations
of selection, thus strengthening the argument
for discontinuing the use of the term at least in
any strict sense of numbering or naming within
this species.

A particular problem with the use of the
term biotype for such variable populations as
are found in N. lugens arises when comparing
geographically isolated populations. For exam-
ple, the population capable of surviving on
TNI1 from Australia and derived from our se-
lection experiment resembles Philippine bio-
type 1 closely in virulence. However, we know
from hybridisation and behaviour studies
(Claridge et al., 1982) that they are quite dis-
tinct in many features. it would be misieading
therefore to give them the same name or bio-
type number,

The high level of resistance of TNI1 to the
Australitan population of Brown Planthopper
questions the assumption of the use of TN1 as
a universally susceptible variety, lacking any
resistance genes. It indicates that the level of
resistance of a variety to a particular popula-
tion depends to a large extcnt upon the history
of that population, particularly the variety to
which it has been exposed in the relatively re-
cent past.

It has been stated often that virulence in a
population is developed at the expense of fit-
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ness and therefore that natural selection
should elimenate unnecessary virnlence from a
population {Van der Plank, 1963, 1976). This
assumption is important as it forms the theoret-
ical basis for the multiline use of varieties and
the recycling of resistant varicties. In all of our
experiments, except for biotype 1 selected on
Mudgo, after selection on either a resistant va-
riety or on a susceptible variety lacking resis-
tance genes, virulence to the criginal variety
did decline (Table 1II}. However, this decline
was never very great, certainly not enough to
regard the original variety as being resistant.
Thus, it appears that virulence s not readily
lost once acquired. If this is generally so, then
the stratepy of recycling resistant cuitivars will
not be useful in minimizing the impact of N. fu-
gens.

Also from our resuits it appears that viru-
lence may be compounded by successive selec-
tion on different resistant cultivars. For exam-
ple, Philippine biotype 2, which is normally vir-
ulent to Mudgo (with Bph 1 gene for
resistance), after 10 generations of selection on
ASDT (with bph 2), performed on ASD7 like
biotype 3. However, when tested back on
Mudgo the population retained its virulence,
Thus this pepulation had compounded the
characteristics of biotypes 2 and 3. Tt is inter-
esting that similar results have been reported
for field populations in Taiwan {(Cheng &
Chang, 1979) and in the laboratory at LR.R.T,
(Pathak & Khush, 1979). Again if this com-
pounding of virulence is generally applicable,
then control strategics using multiline-resistant
varieties may not be expected to succeed in
combating V. {ugens.

Since the response of M. fugens populations
to selection in cur experiments was rapid, even
for highly inbred laboratory cultures, it might
be expected that more variable field popula-
tions might show more dramatic responses.
However, under field conditions some varieties
have maintained their resistance over several
years. For example, TR36 (resistance based on
bph 2} has retained its field resistance in the
Philippines for 6 years despite the earlier fail-
ure of TR26 (based on bph 1) after only 2
years (Heinrichs, pers. comm.). With up to 10
generations possible each year on 3 or 4 suc-
cessive crops, the survival of TR36 under in-
tense sclection is surprising.” It may be ex-
plained partly by ecological factors, including
parasitism and predation. These may operate
mare intensely on such a cultivar since labora-

tory popuiations of N. fugens with similar pat-
terns of virulence show reduced fecundity on
varieties incorporating bph 2 (Sogawa, 1981).
Additionally, in the field, migration from pop-
ulations developing on different varieties may
serve to dilute the selection for viruleace oper-
ating on a particular ¢crop. Thus, the evolution
of virulence might be expected to occur most
rapidly in large areas of monoculture of a sin-
gle variety, whercas it would be much slower
where several different varieties are grown in
close proximity or in rotation. Relevant data
might be forthcoming if it were possible to
monitor the field virulence of insects on one
crop in one arca over a complete growing sea-
sor.
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RESUME

Virulence de populations de Nilaparvata lugens
sur des culditvars de riz et évolution de ce
caractére au colirs de sélections

Les caractéristiques de la virulence des populations,
appelées “biotypes™ 1, 2 et 3 de N. lugens des Phil-
ippines, ont été précisées sur des variétés de riz con-
tenant respectivement, aucun péne de résistance
(TN1), Bph 1 (Mudgo} et bph 2 (ASD7). Ces popu-
lations ont €t sélectionndes pendant 11 géncérations
sur chacune de ces varidtés el comme témoins sur
des variéiés hotes normales. Pour chaque généra-
tien, les performances de chague lignée ont été
précisécs par le taux de survie. le poids des adultes &
I'émergence et le temps nécessaire 4 U'obrention de
30% d’adultes. Ces critéres ont été combinés pour
fournir un indice de performance. La virulence des
lign€es sur les 3 variétés standard a été cxaminée
aprés 10 générations, en mesurant le poids de miellat
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produit ¢t le changement d¢ poids de [emelles en
24 h.

Drans toutes les expériences, Ics pertormances et La
virulence de chaque lignée ont évolué nettement
vers celles du “biotype™ de chaque vanéié de riz. Il
est ainsi possible de transformer un biotype en un
autre. Quand elles ont €1é sélectionnées sur une va-
riété différente et testées A nouveau sur leur hote ha-
bituel, la plupart des populations n'ont montré
qu’une faible diminution de leur virulence originelle.
Ceci est la preuve de la complexité des caractéristi-
ques des biatypes.

Une population allopatrique de Queensland (Aus-
tralie} a d'abord réagi 4 TN1 (considéré pénérale-
ment comme intégralement scnsible) comme 4 une
variété résistante. Aprés 11 générations de sélection,
elle a ressemblé au biotype 1 Philippin par ses per-
formances et sa virulence sur TN1.

On peut en conclure que les individus de N. fugens
ont des performances alimentaires trés hétérogénes.
La variabilité est importante et les populations peu-
vent répondre rapidement a4 une sélection pour les
caractéres de virulence. Ainsi lc terme de biolype
dans un sens étroit peut conduire a des malentendus
sur la nature de la variabilité dans cette espéce.
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