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INTRODUCTION

The whitebacked. planthopper, Sogatella furciferg

(Horvath) (Delphacidae: Homoptera) was known as a pest of
rice in Japan as early as 697 BC (Suenaga and Nakatsuka,
1958). The insect is distributed throughout South and
Southeast Asia, China, South Pacific Islands and Northern
Australia,s It has also been collected from non rice areas
like Mongolia, Siberia and South Kuril Islands (Mochida
et al., 1982),

Under favourable conditions, the insect breeds fast
and assumes the status of a major pest of rice; The nymphs
and adults suck the phloem sap resulting in reduced vigour,
yellowing of leaves and delayed-tillering and poor grain
formation, Severely attacked seedlings ShOW’YéllOWing/
wilting and eventual death (Khan and Saxena, 1984). The
ovipositional punctures on leaves and leaf sheaths caused
by gravid females prediépose the rice plants to bacterial
and fungai infections also, Further, thé honey dew secreted
by the insects causesthe development of sootymould on the.
leaves which affect the photosynthetic efficlency of the

plants adversely,

The insect has assumed importance as a pest of rice
recently, particularly in areas where cultivars resistant
to E. dugens are grown sﬁccessfully (Heinrich and Rapusas,
1983; Khan and Saxena, 1985): Generally, No lugeng



maintains a numerical superiority over Se furciferg, but on
cultivars resistant to N, lugeng, S Lurcifera tends to
multiply faster, It is believed that the ecological niche
Vacated by Ny lugeng is gradually being occupled by

S¢ furcifera (Khan and Saxena, 1984)2 This has been parti=-
cularly true in areas where there is continuous cropping

of high yielding varieties using high doses of nltrogenons
fertilizersg

In Kerala, subsequent to the introduction of high
yielding rice varieties, N, lugens became a serious pest
of the crop., Rice production in the Kutfanadu and Kole
areas was severely affected during 1973 and 1974, owing to
cutbreaks of the insect (Nalihakumani and Mammen, 1975),
As a viable strategy to counter ﬁhe damage by IN.lugens,
many rice cultivars resistant tq the insect,-bfed in the
Rice Research Stations of Pattambi and Moncombu, were
released and are being cultivated on a large scale, The
possibilities of S furgifera replacing N. lugens in such
areas and the pest becoming a serious problem to rice culti-
vation in the state cannot be ruled out, In this context
it will be desirable to identify varieties resistant to both
the insectss Efforts in this line have alread§ been initiatec
in other research centres in India, But no work has been

dpne on this aspect in Kerala so far,

Hence investigations were taken up covering the relative

resistance of high yielding rice cultivars com@only cultivatecd
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in Kerala to S, furcifersa, the mechanisms of resistance,
biology and population build up of the insect on the test
cultivars, interspecific competition between the pest and
N, lugens and the alternate hosts of the insect,-
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- REVIEW OF LITERATURE

1 General

The whitebacked planthopper,, Sogatella furcifera

(Horvath) (Homoptera: Delphacidae), was known as a pest

of rice in Japan as early as 697 B,C, (Suenaga and Nakatsuka,
1958), It was first described by Horvath as Delphax
furciferg in 1899, The genus was changed to Sogatella by

R.G, Fennah of the Common wealth Institute of Entomplogy
in 1963,

The Delphacidae includes more than 1400 specles,
Twenty nine species were determined to belong to the genus
Sogatella including Soggggllg_furciferg which has two sub

species distinct (Distant) from India end pallescens

(Distant) from India and Srilanka (Fennah, 1963)., Nasu
(1967) rewieved the literature on the taxonomy and morphology
of S, furcifera.

Se furciferg is widely distributed throughout south
and Southeast Asia, China South Pacific Islands asnd Northern
Australia and it has also been collected from non-ricegroving
areas such as Mongolia, Siberia and the South Kuril Islands
during summer and autumn seasons (Mochida et gl.,1982).

The  gppearance of S. furcifera as a pest of rice
has been reported in many rice growing countries of Asia

such as Cambodia (Caresche, 1933), Malaya-Peninsula (Miller
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and Pagden, 1920; Corbett, 1934), Vietnam (Britton et.al.,
1962; Tao and Ngoans, 1970), Japan (Nasu, 1965), Indonesia
(Oka and Mochida, 1976; Mochida et gl., 1978), Pakistan
(Mahar et gle, 1978; Inayatullsh et azl., 1987), China

(Xu, 1982) and Nepal (Gyawalli, 1983).

In India, Fletcher (1916, reborted the eccurance of
the pest in Bengal and Bihar camsing serious loss to the
rice crop. Serious damage by the pest was reported from
West Bengal (Banerjee, 19563 Choudhary, 1965; Chatterjee,
1971; Mishra, 1977, Chatterjee et .gl., 1979), Madhya Pradesh
(Mishra, 1916; Gangrade, 1960), Punjab (Atwal et gl., 1967;
Sidhu, 1979), Surat, Poosa and Nagpur (Lefroy, 1903=04),
Himachal Pradesh (Bhalla and Pawar, 1975), Orissa
(Sathyapathy gt al., 1977) and Andhra Pradesh (Reddy et.al.,
1978; Valdya and Kalode, 1981). As reported by Dhaliwal
and Jeswant Singh (1983), S. furcifers was first recorded
in Punjab in 1966 and outbreaks of the pest occurred in
1972, 1975, 1978 and 1981, Heavy infestation of the pest
was reported from Uttar Pradesh by Verma,gn,g;.; (1979)
and from Haryana by Kushwaha and Singh (1986):

Gubbaiah et al.,(1987) recorded the incidence of
§. furcifera in Mandya, Karnataka during the Kharif seaSon.
of 1986 and this was reported to be the first record of the
insect in Karnataka, |



2.2, Biology and Ecology

2.2¢17« Incubation period:

At natural temperature the incubation period of
S. furcifers eggs varied in different places in India.
It was reported to be six days in Cuttack (Mishra and Israel,
1968), 3 to 5 days in Punjab (Atwal et al., 1967) and 6 to 7
days in Andhra Pradesh (Vaidya and Kalode, 1981).

The incubation period varied from 8 to 15 days in
China (Liw et al., 1982) and from 5.2 to 10.5 days in
Vietnam-(Tao and Ngoan; 1970)s Incubation periods of varying
duratibns wereireported by different workers in Japan such
as 5,8 days (Murata, 1927), 8.3 days (Esaki and Hashomoto,
1937), 8.9 to 14,0 days (Tokunagg and Kidera, 1948) and 5.4 to
8,6 days (Harukawa, 1951). |

2.2,2. Nymphal durations:

The nymphal duration of S, furcifera varied from Béﬁ
to 13.1 days in Punjab (Atwal et al,, 1967) and 12 to 17 days
in Andhra Pradesh (Vaidya and Kalode, 1981), Vaidya and
Kalode (1981) also gave the duration of five instars as 2 to 3,
2 to 3 3 tokh 3 tol and 2 to 3 days respectively,

The nymphal'duration was reported to be 16,3 to 42,9
days (Murata, 1927), 13.6 to 25.8 days (Esaki and Hashimoto, 1937)
12.4 to 13,5 days (Tokunaga and Kidera, 1948), 11.5 to 20.0 days



(Harukawa, 1951) 9.6 to 15.4 days ( Tao and Ngoan

1970), 11.5 days (Pablo, 1977) and 11.5 days (Liu et al.,
1982),

2. 2,3, Adult Longevity

Accofding to Atwal et.gl. (1967) the longevity of
macropterous female adulfs varied from 1 to 9 days, In Japan
vhen the macropterous females were reared on the seedlings
of susceptible rice varieties grown in test tubes at room
temperature, the longevity of the insect recorded were 18,8
to 34.5 days (Murata, 1927), 23.8 to 31.6 days (Esaki and
Hashimoto, 1937) 10.3 to 11.8 days (Tokunaga and Kidera, 1948),
7.0 to 41,1 days (Harukawa, 1951) and 2,3 to 16,0 days (Tao
and Ngoan, 1970). Pablo (1977) reported the adult duration

to be g minimm of 6 days and a maximum of 65 days with an
average of 28,6 days.

In Japan the longevity of macropterous male was
reported to be 18,6 to 31.8 days (Murata ,1927), 18,0 to 25.9
days (Esaki and Hashimoto, 1937) and 9.3 to 23.1 days
(Harukawa, 1951). In Vietnam Tao and Ngoan (1970) reported
the duration of macropterous adult duration as 1.9 to 10,7
days. "In 1977, Pablo observed that the longevity ranged
between 3 to 31 days with the mean being 17.8 days.

Atwal et gl.-(1967) feported the duration of brachypterous
female in the range of 5 to 11 days with a mean of 7.1 dayss



2e2:h6 Pre-ovipositional period

Varying Pre—~ovipositional periods of macropterous
females of g, furcifera has been reported in Japan by
different workers vize, 3.1 to 5.1 days (Murata, 1927),

5 to 13 days (Esaki and Hashimoto, 1937), 4.9 to 6.7 days
(Tokunaga and Kidera, 1948) and 2 to 8 days (Hamkawa, 1951),

Péblo, (1977) reported the pre-ovipositional period
to be 2,7 days in Philippines, viren the insect was reared

at 27.29°C on 25 days old TN-1 pottéd'seedlings. In Chinag
the period was reported to be 3,9 days by Liu et al. (1982),

The mean Pre-ovipositional period of the brachypterotis
and macropterous female was reported as 3 to 7 ‘dqys and 3 to 9
days respectively in China (Liu et al.,1982), According to
Valdya and Kalode (1981) the pre-ovipositional period was |
found to be 3 dafs in Punjab.

_ 2.~295‘.Fewndity

Huang et ,,3;,,,(1981;) reported that 110.6 to 295,6 eggs
per female were laid. with more eggs being lald during the day
than at night, Eggs were laid mostly on leaf gheaths at the
base of the rice plant, though some eggs were lald on leaf
blades also, According to him oviposition was more on young

Plants at the tillering stage especlally when there was a



high density of plants and at temperatures between 20 and
30°Cg¢

According to Valdya and Kalode (1981) the ovipositional
period extended up to 12 days with maxdimm oviposition
between the seventh and tenth day . Feccundity ranged |
between 300 to 350 egis per female as reported by;Suenaga
(1963)s Liu et 21, (1982) reported that the macropterous
females in the first three generations laid an average of
117.7, 70,1 and 36.7_eggs respectively, whereas according
tb Valdya and Kalode (1981) the aVerage was 164 eggs per
female, The hibernation was observed only in the egg stage
‘of the life cycle as reported by Miyske (1966),

2246, Population peaks and numbbr of generations

In North Japan 8. furciferg ‘completed 1 to 3 generations
per year, while 5 to 6 generations per year were reported
from Southeast Japan. The adults from the overswintering
generations generally emerged from late April to May, while
those of the fifth generation emerged>from the middle of
October to the middle of November (Suenaga, 1956).

Tao .and Ngoan (1970) reported that in South Vietnam
S. furcifera completed 16 generations per year and that a higher
degree of infestation of the pest was noticed during the wet

season as compared to the dry hot season.
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Miyalke (1966) observed three population peaks in
Hiroshima Prefecture, 1e., from late-June to early July,
from middle August to late Aspust and from late August to
mid September, Bae gg\ﬂ;. ‘(1968) reported that in Korea

the ingsects had four populantion peaks in an year ie,, in
early June, late July, August and in September,

According to Johraku gt.pl. (1974),in Japan, the
abundance of S. furcifera was influenced by the extent of
migration, Other factors influencing the population build
up in Jagpan were warm spring water in paddy fields (Kawada,
-1954) and cool air in mountain in vinter (Suenaga, 1966).

In the annual report of CRRI, Cuttack (Anon, 1974) it was
reported that the WBPH appeared in the rice crop from
September onwards, Its population increased gradually ond
reached a peak in the middle of November and then abruptly
declined and became neglipgible in the beginning of December,

The insects remained active all round the year and the
populaLion fluctuated depending upon the type of rice
cultivation practiced in the region, avallability of alternate
hosts,presencé of natural enemies and exlstence of favourable -

environmental conditions. (Hinckley, 1963; Alam, 19G7).

2,2.7 ¢ Weather condition

According to Miller and Pagden (19%0) pest attack was
notlced after a slight rainfall and high humidity was an

- Amportant factor favouring outbreak of the pest in Japan..



similarly low rainfall and absence of typhoons during
summer were also reported to cause high infestation of une

est. (Murata and Hirano, 1932; Yashiro, 1939).

~ Mochida (1964) reported that the increased sunshine
Lh April=June in Japan led to severe  attack of the pest,
Dyck et al.,(1977) observed that high temperature and low
rainfall in the tropics and high temperature and iow raiéfall
with ample irriéaﬁion in the temperate areas resulted in.
severe attack of the ﬁest. Garg and Sethi (1980) reported
that weekly averages of 28 '59°C of temperature,. 69,55 per cent
of relative humldity, 8. 18 hours of sunshine and 0 to 71, 7 mm - .
of rain were favourable for the §. furcifera outbreak in Delhi,

During the'period of its appearance in CRRI, Cuttack,
the maximum and minimum temperatures ranged from_25.6 to
30,6°C and 14.8 to 22.6°C respectively, the relative humiéity
from 48 to 94 per cent sunshine héurs from O to 10,5 hours and

rainfall from O to 33,1 mm/day (Anon, 1974),

Lever (1946) and O'Connor (1952) reported heavy attack
of the pest after a spell of dry weather. Mochida (1964)
observed that high infestation of the pest occurred when

there were dry speils in the cropping system,

2.2¢8. Natural enemiesl

According to field observation by Miyashita and Ivo
(1961) the nymphs of plant and leaf hoppers were controlled
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by a group of spiders. The mirid, Cvrtorhinus lividipennis,
the spiders, Thirids, Erygonlds and Lycosids and nematodes
were the main natural enemies and thelr density in the ficld
was positively correiated vith that of the delphacids

(Luo, 1985).

2.3. Damage

The symptoms produced on the rice plants attacked
by S. furclfera varled according to the population density,
duration of feceding, rice cultlvars involved and growth
stages of crop (Mochida ef gl., 1982). The Linitial symptom
on rice plants due to the infestations by 3. furclfera was
yellowing and as the infestation progressed hopper burn gymptom
appeared on the plants. Infestgtions appeared in the later
stages of plant growth and the hopper burn appeared in patches
in the field ranging in size from a few m2 to about 25 m add
finally extended to large areas. The small seedlings were
killed due to heavy oviposition injuries and sucking of sap by
adult (Maki, 19173 Okamoto, 1924; O'Connor, 19523 Suenagé.and
Nekatsuka, 1958; Hinckley, 1963; Atwal et al., 1967; Oka and
Mochida, 1976; Mochida et gl., 1978).

3. furcifers caused direct damage to the crop by
feeding. leading to hopper burn and by ovipositional injury
(Hinckly, 1963)., Infested crop falled to produce fully

filled grains because of retardation in development in cooler



13

areas of Japan (Kuwayeama, 1954), According to Mshar et gl
(1978) the nymphs as well as the adults of S, furcifers
attacked the flag leaves and pPanicles of most of the pPlants

in the field, Similar ohservations were made by Khatrl and
Gangrade (1982), According to them panicle length, grain welght
and munber of grains per panicle were also decreased due to the
attacks They also reported that the growth stages of the
plants most susceptible to damage by S, furcifera were the

tillering and booting stages.,

Noda (1986) reported that in Japan S. furcifers damaged
the ears of rice plants during 1982 and 1983 and many feeding
marks were observed on the glumes by scanning electron micro~
scopy indicating that the insect inserted the stylets into the
tissues which resulted in the discolouration of the glumes,

He also noted that the feeding activity of the progeny of
 immigrants of S furciferg was the greatest during late July
to mid August vhich is the heading period of rice in Japan.

But according to Iitomi et,al, (1985) no yield loss was
resulted~from the presence of upto 35 nymphs of Si furcifers
per bill during the growth stages from the panicle formation
to full ripeness. Saini (1984) stated that the population build
up of S, furgifera resulted in 10 to 40 per cent yield loss of
grains in Punjab, India, causing damage to about 1000 hectaresy
Valdya and Kalode (1981) reported that the younger seedlings
(15 to 30 day old) were more favourable to population build up
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of the insect than older ones, According to Khatri and
Gangrade (1981) the plants were more susceptible to the

attack of S, furclfera at the tillering stage than at the
booting and heading stages.

2.4, Varietal Realstance

Gunathilagaraj et.pl. (1983) reported four methods
for evaluating varietal resistance in rice varieties
against S. furcifery namely, seedling bulk test, nymphal
survival test, population development test and feeding
rate test.l Saxena and Khan (1984) suggested the free
choice and no choice tests and seedling bulk test for
evaluating resistance to S. furcifera.

In Vietnam, Tao and Ngoan (1970) reported that

IR~5 and IR-8 were more suscepfible_to Se furclfera thén
the local varieties . Hynh (1975) reported that the
variety TN-37-2 (IR 1561-228-3) resistant to N. lugeng
released 1in 1973 was susceptible to S. furcifera. Choi
ek al. (1973) reported that the varietlesn Colombo,
Muthunanickem and Pankhari 203 were resistant and Mudgo,
Co-22 and Vellallangayan were moderately susceptible to
S. furcifera. Gunathilagara) and Chellish (1984) evaluated

222 rice accessions from 7 countries for resistance to
S. furclfera by using the seedling screening technique and
- found.a damage rating of three on 0-9 scale'in 86 access—

“ions and the accessions ARC 10550, ARC 6650, T7, IEL 5741,
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IEL 6315, IET 6123 and IET 6311 were found to be highly

resistant. Veluswamy et al. (1986) evalﬁated rice

vardeties IR 5 to IR 64 for resistance to Mephotettix

viresence, S. furcifera and Nilaparvata lugens and found

IR 62 and IR 64 to be highly resistant to the three
pests, while IR 5, IR 36, IR 46 and IR 60 were found
moderately resistant. Pathak _g_t_.,,al_ (1986) in a screeni.ng
trial found eight varieties including IET 6288 and Ptb
3$ as resistant to S. furcifera. In the field evaluation of
rice accessions for resistance to whitebacked plant-
hop}per and leaf fblder, Kushwaha and Singh (1986) fOU.ndE:sever.
saccessions to be resistant to both the pests. In the |
screening trial conducted at Banswara Agricultural Reéearc.h
station, the rice cultures RP 1831 = 36-1-4, RP 1832« |
23m3=l, AR~ 26-5-3-5 and Pusa 587-2=1 were found to be
highly resistant to S. furcifera (Tripathi and Pandya, 1987).
According to Tokunaga and Kidera (19hé) the upland
Vafiety‘Shenscho, was more susceptible than the low land
varieties_. 'Tal shomochi® and 'Shin Asahi', These varie-
ties showed marked difference in the number of eggs laigl by
the insects and the growth rate of nymphs. High glu.cos%a
content in plants imparted susceptibility on:upland

varieties, as reported by Suenaga (1950).

The screening %Lechnique for identifying infestati.on

by S. furcifera was perfecfed in International FL‘ice



Research Institute, Manila, Philippines (Anon,1980)., -
A long list of varieties having multiple resistance to plant
and leaf hoppers were published by Pablo et al. (1975)., Out
of 6715 varieties from the gerﬁplasm bank of IRRI, Pablé
(1977) screened out 128 resistant Variéties including N'22 and
Ptb 33, Recently more than 36,000 rice varieties from'ﬁhe
germplasm collection from the IRRi have been screened for
resistance td'the pest ahd 270 wer found to be resistanﬁ in
IRRT (Seini et gl., 1982).

Hernandez and Khush (1981) studied the genetics of 14

' resistant varieties and they found that in 12 varieties Fhe
resistance was governed by a single dominant gene vhile in

the other‘two it wﬁs governed b&-a single recessive gene,
Several species of wild rice like Oryza rufipogon- from Sfilanka

and Q.gativa var. spontanea from India were also identified as
resistant (Anon, 1979).

SaizKrishna and Seshu (1980) indicated that a single
dominant gene governed resistance in the varieties Ptb 33,
ARC 14636, ARC 14766 and that a singlé. recessive gene gox}emed
resistance . in ARC 6650 and ARC 14394, Veluswamy and Heinrich
(1985) reported that the varieties IR 5, IR 36, IR 56, IRl, 60
and IR 62 adversely affected the population build up qf
8. furcifera.



17

Monogenic rice cultivars with genes VWbph 1,
Wbph 2, Wbﬁh 3y wbph 4 and Wbph 5 for resistance %o
'S. furcifera and digenic cultivars with genes Wbph 1 +
Woph 2, Wbph 1 + Wbph 3, Woph 1 + 1 unidentified recessive
"gene and Wbph 2 + 1 unidentified recessive gene were
tested for their effect on S. furcifera growth and develop=-
ment (Rapusas and Helnrichs, 1985), Sixteen rice cultivars
were monogenic type, - In these monogenic cultivars, the
level of resistance with the five different genes were
similar except in the population growth test, in which
Podiwi A 8 (wbph 4) was the least resistant, IR 2035 - 117 -
(Woph 1 + Woph 2) was the most resistant cultivar, In this
variety; high reslstance level was indlcated by low WBFH
survival, long hymphal period, low growth index, low female
weight, and low population growth, Other digenic cultivars
like NP 130, C 15662 - 2 and ARC 5752 have the same major

gene for resistance but were less resistant and for most

of the growth parameters these were equal to monogenic

cultivars,

Romena et al., (1986) screened L8554 acessions of rice
from 76 countries for resistance to S. furcifers and identifle

401 accessions as resistant. Out of thes

e; 351 accessiocns
were from Nepal, India & Pakistan, She stated that in

contrast to rice 47,2 per cent of the wild rice accessions
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consisting of 28 specles primarly from Oryza minuta

and O, officignalis groups were found resistant. Khan

and Saxena (1986) documented the literature on the strategy
in germ plasm evaluation in various countries and listed
the sources of reéistance used.in breeding vardeties

with multiple resistance to different plant and leaf
hoppers.  Pathak gt al, (1986) in a screening trial found
that eight varieties including IET 6288 and Ptb 33 showed

resistance to S. furcifera.

2.5. Mechanism of resistance

2e2+1s Preference ~ non preference

Leeﬁwangh (1968) reported that S. furciferg were
usually abundant during the early stages of the plant
growth, Alam (1971) and Dyck et al. (1977) reported
that in the field rice plant age has greater influence to
reduce the pest density. According to Vaidya and Kalode,
(1981) both the nymphs and adults exhibited similar
preference for feeding and shelter on the preferred
vardeties and that the preferred varieties received more

eggs than the resistant ones.

S. furciferg were identical for both susceptible and
reglistant cultivars as reported by Rodriguez — Rivera,
(1972) and Pablo (1977). Miyske and Fujivara (1961)



19

reported distinct 6vipositional preference for the host
plent in young stage and for high chlorophyll content
rather than plants approaching maturity. The observation
made by Auclair and Baldos (1982) was that the nymphs

have a tendency to move away from resistant plants after
24 hours of caging. In 1985, Khan and Saxena studied

the behavioural and physiological response of S, furcifera
to selected resistént and susceptible rice éultiVarsJ
According to them, the orientation of S. furcifers after
one hour was -identical in both the cases but after 8 hours

significantly more insects settled on fhe susceptible
TNw1,

2.5.2. Antibiosig

Pathak (1971) reported that the insects reared on
hon=-preferred varieties lald fewer eggs and developed
Smaller populationsy Similar observation were given by
Rodriguez-Rivera (1972) and Vaidya and Kalode (1981).
Rodriguez-Rivera (1972) stated that the preference for
feeding, shelter and oviposition are not always related.
They also reported that the varieties ARC 5752 and C5 17
were reslstant to 8. furcifera during the seedling stage
" and were susceptible during the early panicle stage. The
nymphal survival and life span and fecundity of adults were
adversely affected by the resistant varieties though the

hatching of eggs was not affected. IRRI report, (Anon, 1972)
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also gave similar observations namely shorter life
span of adults, fewer number of eggs lald by them and high

mortality of nymphs on resistant plants than on the

susceptible variety -1,

Vaidya and Kalode (1981) observed loss in vigour,
prolonged nymphal period, smaller size of adults and
reduced longevity and fecundity of females, In 1972
Rodriguez - Rivefa also repo}ted the adverse affect of
" resistant cultivars on the egg hatchability of S. furcifera,
According to Vaidya and'Kalode (1981) population build up
of S, furcifera in the sebond generation was distinctly lower
on resistant ~ varieties as compared to the susceptible
variety, TN=1, In 1982, Auclair and Baldos observed that
more number of S, furcifera males emerged from resistant
varieties. Heinrich and Rapusas (1983) reported that
the population build up was considered as a criterion
for assessing the levgl of resistance in rice cultivars

to S. furcifera.

In 1985 Khan and Séxena studled the growth and
developnent of S. furcifera on different rice varieties.
According to them the quantity of food ingested and assi-
milated from resistant cultivars was lower as compared
to TN=1 and the growth rate of the insect was higher on
TN-1 plants, Adult survival and fecundity, egg hatcha-

bility and'population increase were also lower on reslstant



varieties., However the oviposition was not markedly

different .in resigtant and susceptible varieties,

2453+ Feeding

Sogawa (1973), following the method of Naito (1964)
used the number of salivary marks on the plant surface
due to Stylet probing by the insect as a criterion for
assessing the feeding behaviour. Sogawa and Pathak (1970)
measured the feeding rate of S. furcifera by the honey-
dew excretion test, The honey dew excretion by the plant
and leaf hoppers was related to the resistance of the
rice varieties to the insects (Pathak & Saxena 1980). It
has also been demonstrated that the difference in honey
dew excretion was due to difference in the food inteke
by the insects on‘resistant and susceptible varieties.

Auclair and Baldos (1982) observed that the rate of honey

dew excretion was 267 times less on the resistant varieties

Khan and Saxena (1984) reported an electronic
device to record the feeding behaviour of S. furcifersg
on susceptible and resistant rice varieties. According
to them insect probed readily and fed for longer duration
on susceptible varieties whereas the insect made brief

and repeasted probes on resistant varieties.

Gunathilagara) and Chellish (1985) studied the

feeding behaviour of S. furcifera on 30, 45 and 60 days

0ld rice plants of seven resistant and one susceptible
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rice varieties in the laboratory, The preference of the
hoppers for different varieties was studied in temms of
feéaing marks made and the amount of honey dew excreted.
The insect made more feeding marks and excreted. less
honey dew on resistant varieties as compared to the
susceptible TN-1; The number of feeding marks increased

with increased plant age, while honey dew excretion

decreased,

2.6, Alternate Host

Earlier investigations in Japan showed that
S. furciferg could thrive on Pgnicum crusgalli, Poa annua
'and Alopeculas _ggggggg and the emerged adults were mostly

macropterous which migrated to paddy fields (Miyake and
Fujiwara, 1962; Miyake, 1966; Kuno, 1968),

According to Vaidya and Kalode (1981) S iuggLﬁéza
could survive and reproduce on Shlorias barbata, while on
- Echinochlea colonum, Baspaldlcun geminatum, Leersia
hexandra and Egnicum spp . they could reach upto adult
stage and these served as temporary food plants. . Huang
et al. (1985) reported that rice was the preferred host
for the development of S, iﬁgg&;g;g but the other hosts
- were Echinochloa crusgalll, Setaria viridis, Eluerina
indica, Alopeculus agualis, Avundiniells hirta, Leersia
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daponica, Echinochlea crusgalli var: @piiis end
Eregrostig ferrugeng. In addition they also reported

that the insect could survive on barley and wheat,



MATERIALS AND METHODS



MATERT ALLS AND METHODS

3,1, Ralising rice plants for mass culturing of

S. furcifera

' The rice cultivar TN-1 which is highly susceptible
to the white:backed plantzhopper, S, furclfera was used
for mass culturing the insect. The seedlings were raised
in clay pots (35 x 35 an), Wet land soil collected from
paddy fields of the Instructional farm of Colleée of
Agriculture, Vellayani, was dried, homogenlsed and filled
in the pots leaving two inches of sbace at the top. The
seeds were sosked in water for one day and kept for
gemination in small punny bags for another day. On the
third day, the germinating seeds were sown in the pots as
in a wet nursery, The pots were placed inside large insect
pfoof cages. Water level of 3 cm was maintalned in

the pots from the seventh day after sowing of the seeds.

Clay pots of size 15 x 15 cm were used for
transplanting the seedlings. The pots were filled wlith
80il as done in the mursery pots. Fertilizers in the form
of urea, super phosphate and muriete of potash to give
903145345 kg of NPK/ha were added to the soil in the
pots (Anon, 1989) » Half nitrogen, full phosphorous and
half potash were applied as basal dose and the remaining
half nitrogen and hslf potash were appliedAat the activel
tillering stage. Twenty day old seedlings were transplanted
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af the rate of 2~3 seedlings per pot, Water level in
each pot was malntained at 2 cm throughout the growth

period of the crop.

The piants in the pots were confined in
cylindrical transparent cages made of 250 micron thick
polyester film supplied by m/s Karnataka Sales‘Corporation,
Bangalore, immediately after transplanting (Plate 1). The cages
were 70 cm in height and 12 cm in diameter, The upper end
of the cages were closed with closecmeshed nylon nets, held
in position with rubber bands, TonVentilation holes
(5 x 10 em) covered with voillcloth, were provided on the
si@es of each cage for air circulation, The ventilation
holes were on opposite~sides provided at a distance of 25 cm
and 50 cm from the base respecfively. The pots with the
caged plants were placed in cement basins containing water

to a height of 5 cms This arrangement helped to malntain
optimum humidity inside the cages,

Seedlings were ralised in nursery pots at fort—-
nightly intervals and transplanted to the mainpots so that
a steady supply of plants of suitable age was available
Periodically to contimie the mass culturing of the insect

for various experiments,

3+2¢ Mass culturing of S, furcifera

Ten pairs each of the adults of S, furcifera
collected from field were introduced in the caged TN=1



Plate -~ I Mass rearing of S. furcifers on potted TN-1
plants caged with Polyester film¢



Plate I
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plants, 15-20 days after transplanting,vusing an
aspirator, The aspirator was made by closing one end

of a glass tube (5 cm long and 4 mm in diameter) with
mislin cloth and inserting that end té a plastic. tube,

25 cm long and 6 mm in diameter, This arrangement helped
to suck in the iAsects through the open end of the glass
tube and to retain them at the closed end of the tube, so
that they could easily be blown out to rice plants.

Three days affer release, the gravid females were
located and transferred to fresh caged plants for oviposition,
This was done on every alternate day so that the nymphs
emerged from the,eggé laid on the plants of each pot would
not vary significantly in age; Adequate number of plants
with eggs were obtained at regular intervals so that the
required number of test insects of different instars were
available during the entire period of experimentation,

The insects were retainéd on the same potted plant till the
outer leaves showed yellowing due to feeding and/or ovipositior
Once the yellowing symptoms were observed, the pPlants wvere

cut at the base w1th a sharp blade and the nymphs were
transfered carefully to fresh caged plants of similar age.

The water level in the pots and in the cement trays were

maintained at constant levels throughout the period.
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3.3 Preliminsry screening

The preliminary screening trials conducted were
seedbox screening test, orientation and settling response
test and population build up test. The rice cultivars used
for preliminary screening are listed in Table 1,

3.3%.1e« Seed box screening tegt

Seed boxes (60 x 45 x 10 cm) made of G,I. sheets
were used, These were filled to a helght of 7 cm'with wet
801l collected from the paddy fields., The pre-germinated
seads of all the cultivars were sown in each seed box
in 15 cm long rows across the width with a spacing of 5 cm
between rows. Each box thus had one row of each cultivar
except TN~-1 for which three rows were maintained (Plate 2).
secdbox screening test was conducted in complete randomised

design and with three replications,

Eight days after sowing, the sewvdlings in the
seed boxes were thinned to 20 per row, The water level
was maintained constant at 2 cm from the seventh day after
sowing the sezds, The seed boxes Qere kept inside large
sized wire mesh cages with wooden frame to prevent the
entry of parasites and predators., Twelve days after seedlng,
the seedlings were infested with second and third instar
nymphs of S. furclfera at the rate of 5 to 6 nymphs per
seedling from the stock culture, This was done by cutting
the TN=1 paddy plants infested with second and third instar‘

The



Table 1¢ Rice culiivars used in the screening for resistance to S, furcifoma
2e A 3

cultivars Darentage source
TN . DoWS x.  Yuven Chung 'PB.S’ Foncompu
Ptb 33 Pure line selection frox Arikral RARS, Pattambi
Cul 93 Jaya X Ptb 35 RRS, Moncompu
Triveni Annspoorna P Ptb 15 RARS, Pattambi
Cul 126 Jaya | X Pttt 33 RRS, Moncompu
Jyothi Ptb 10 X IR8 RARS, Pattambi
FPavizham IR8 . X Karivennal RRS, I'Eoz:'xoompu
Karthiks. Triveni X IR 15% RRS, Moncompu

0¢



Plate =II Seed box screening test-before the rows

are thinned,



Plate I1I



Plate II



nymphs of the insect, at the base using a

sharp knife

and gently tapping them over the seed boxes uniformly,

The test plants were observed dally for damage

caused by S, furcifera. The damage rating was done on a

row basis when ninety per ccntAof the test plants in thd

susceptible check row (TN-1) were killed,

was

graded on a 0 to 9 scale az described

(Aon , 1980)

Grade

0
1

9

Criterin
no damage
very slight damnge

first and second leaves with
orange tips, nlight ﬂtuhting
more than half of the leavas
with yellow orangre tipa;
pronounced stunting

more than half the planta dond;
remalning plantn noevoernly

stunted nnd wilted

all plantns dond

Damngo grade

The plant damage

below

Rating
highly resistant

resistant

moderately rosistnnt

moderately susnceptible

nancaptililo

highly nusceptible

HCOTQ lﬁﬂéﬂﬂ

0O to 3 roaintnnt

3.1 to 5 modaerntely roesintant
Hel Lo 7 nanceptibla

7.1 Lo 9 hiphly nusoaptiblo
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3s3.2, Orientation and settling responses and damage

rating in no-choice and free-choice tests

Orientation and settling response of the insect

to the test cultivars were ascertained by free-choice

test and seedling damage was recorded in free-choice and

no-chojce tests,

3e3e2+.1¢ Free choice test

The GI trays used for seedbox screening test were
used for free-choice test also, The pre-germinated seeds
of the cultivars were sown in 40 cm long rows scross the
length of the trays with a spacing of 5 cm between Trows,
Eight days after sowing, each row was thinned to 20 seedlings
per row, Twelve days after sbwing, the seedlings were .
infested with second and third instar nymphs of S, furclfera
from the stock culture at the rate of five to six insects
per seedling using the same method adopted in the seedbox
screening test., The trays were kept Inside wire mesh
wooden cages for protection from natural enemies. Water-
level of 2 cm was maintained in the tray from the seventh
day after seeding. Thé experiment was done in split plot
design treating each row as plot, and with three replication

for each treahngpt.

The nymphs settled on each seedling in each row
were counted and recorded at intervals of one, eight, twenty -

four and fortv eisght hours after infestatinn A€f+or each
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counting, the insects were disturbed and allowed to settle
again,

The seedling damage was recorded when 90 per cent

of TN-1 seedlings were killed, on a O to 9 scale (Anon, 1980),

3¢3e2424 No-choice test

- The planting for the no-choice test was cafried out
as done in the free-choice test, except that each row was
excluded from the others by using vertical. wire meshAcurtains
(60 x 30 cm) and covering the top portion with cloth so
that the insects could be confined to each cultivar without
access to the other cultivars._ The experiment was laid
out in split plot design with three replications. The

seedling damage was recorded when 90 per cent of TN-1 seedlings

were killed on the 0-9 scales (4non, 1980),

303.3.  Populatiom build up_ iest.

Seedlings of the: eight test cultivars were raised
separately in large clay pots (35 x 35 ecm). Collection
of soil, filling of pots, transplantation of séedlings,
application of fertilizers and maintenance of water level
were done as described in para 3.1. Sufficient number of

pots with plants were maintained for each cultivar,

Three palrs each of freshly emerged 5. furcifera
édults.were introduced on the caged plants, The surviving

insects were transferred to fresh caged plants of similar age
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as and when the outer leaves of the exposed plants showed
yellowing due to oviposition/feeding, The counts of the
surviving nymphs and adults were taken at intervals 6f

10, 20,70, 40,50 and 60 days after the introduction of the
insects. The experiment was laidout in split plot design -
with four replications for each treatment (cultivar),

3.4, Assessment of the mechani smsof resistance

Based on the criteria described in para e3¢ty Cul 126,
Jyothi were selected as resistant and Karthika and4Pavizham
vere identified as moderately resistant cultivars, The
mechanism of resistance in these cultivars were studied in

detall with TN=-1 as the susceptible checl,

3eltele Assessment of ovipositional preference

Twenty day old seedlings of the test cultivars were
trensplanted atthe rate of two seedlings per pot (35 x 35 cm),
- Water level was maintained at 3 cm in the pots, The potted
'plants required for the experiment were raised and maintained
as described in para J.1. Ten days after transplanting, 20

gravid females each were released on the caged plants,

The insects were allowed to oviposit for three days.
After three days the plants in each pot were cut at the
base using a sharp knife and examined under a 20 x stage

microscope, The oviposition marks were located in the leaf
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sheath as well as in the midribs and the nmumber of eggs were
counted and recorded, by dissecting the plant tissues at the
oviposition sltes. The data were statlstically analysed by
treating the experiment as a 5 x 2 factorial one with four

replication for each treatment;

3elo2¢s Assessment of antibiosis

The antibiosis of the test cultivars was ascertained
by studying nymphal duration;.nymphal survival, adult
longevity, fecundity, egg hatchability, sex ratio and
feeding behaviour of the test insect, These experiments
were conducted at three growth staggs of the test cultivars

viz, seedling, tillering and booting stages,

Plastic cups (7 x 7 cm) were used for raising plants
for all the experiments conducted in the seedling stage of
the test cultivars and for experiments in the tillering and
booting stages plants raised in clay pots ( 15 x 15 cm) were
used, Wet land soil collected from paddy fields, dried, and
homogenized were uszed for filling the plastic cups and clay
pots. The plastic cups and clay pots were filled with the
s0ll leaving 2 cm and 5 cm at the top respectively.

For the experiments in the wedling stage pre-
germinated seeds of the cultivars were sown in the plastic cups
(Plate?).Seven days after éowing the excess seedling were
thinned off leaving 2 to 3 éeedlinmspcr cup. For experiments
in the tillering and booting stoges, twenty day old seedllngs



Plate - III Rice plants raised in plastic cups for

studies in the seedling stage.



‘Plate III
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were transplanted at the rate of 2 to 3 seedlings per pot.
When yellowing of the outer leaves due to injuries caused
by oviposition and feeding of the confined insects were
noticed, the insects were transferred to fresh plants-of
identical age kept ready for the purpose., The water level
was maintalned at j cn in the plastic cups and 2 cn in the
clay pots throughout the period of experiment, Atmost care
was taken against the accidental introduction of parasites

and predators in the caged plants in all the experiments,

The plants in the plaétic cups and clay pots were

confined in polyesterfilm cages as described in para 3.1.

3ebe2,1., Assessment of nymphsl duration

Nymphal duration of S. furcifera when reared on the
test rice cultivars during the seedling, tillering and

booting stages were studied in three sets of experiments,

l 30[*0 2¢Tele Seedling Stage

When the seedlings in the plastic cups were 15 days
0l.d, one healthy seedling was retained in each cup and the
rest were thinned, A circular polyester film disc (5 cm dia)
was cut and a hole was made at the centre, The seeding was
carefully passed through the hole and the disc was positioned
Just above the water level in the cup using four pegs., A

circular black paper disc of similar size was placed over the
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polyester film disc. This arrangement was to locate the
moults correctly. One newly emerged first instar nymph: of

Se furcifera was released on each seedling and the'seediing
with the discs was placed in a polyester film cage. Moults
fallen on the Hack paper were promptly removed after recording
the duration of each instar in days. Observations were
éonﬁinued till the nymph became adult, The nymphal duration
was thus ascertained in all the test cultivars, The experiment

was carried out in completely randomised design and with six

replications,

3e442.1.2, Tillering/booting stage

Forty five_day old plants raised in clay pots were
used for the experiment in the tillering stage. One main
culm was retained and other plants were removed from each
pot by cutting at the base using a sharp knife, The culm
was passed through a hole made at the centre of a Circular
polyester'film digc of 11 cm diameter and was placed above
the woter level Qsing four pegs as subports. A black paper
of 10 cm diameter was placed over the disc by making a hole
at the cent?e and by passing the culm through it. One newly
emerged nymph of B, furciferpy was released on the culm uslng
- an aspirator and the culm was enclosed in a polyester film
cage, Observations on the duration of each instar were
recorded 11l the nymph became adult as'described in para

Jelte 241414 The experiment was in completoly randomised
design and was replicated four times.
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3elte 2,24 Assessment of nymphal survival

Nymphal survival of S. furcifers was ascertained in
each of the test cultivar in seedlihg, tillering and booting
stages in three sets of experimenfs. Fifteen day old seedlings
raised in the plastic cups and 45 and 75 days old plants in
the clay pots were enclosed in polyester film cages, Ten
freshly emerged S. furcifera nymphs were introduced on the
plents; The experiment was replicated four times and
completely randamised design was adopted. The nuﬁber of
nymphs Were recorded daily until they mouitéd as adults or

dead and the percentage of nymphs moulting as adults were

worked out from the data.

3ele2,3, Assessment of adult lonpevity

A pair of freshly emerged adults were released on
the plants of the test cultivars at seedling, tillering
énd booting stages of the crop in three sets of experiments.,
The adult duration was recorded in days for the male and |
female separately until all the insects in each replication
died, The experiment was laidout in completely randomised

design and with four replications,

3.4e2.4, Assessment of fecundity

The insects from the stock culbtwre were reared on

X0 days old plants of the test caaltivars for one generation



before starting the experiment so as to eliminate the carry
- over effect of the susceptible check caaltivaron which the
stock culture was maintained, The method of rearing adopted

was as described in para 3.1.

A pair of newly emerged adults were released on
each rice cultivar at seedling, tillering and booting stages
in three separate experiments., One day after release, the
insects were transferred to fresh plants of identical age
and the oviposifed plants were cut at the base, the
leafsheaths and leaf midribs were examine'dlunder a 20 x
microscope and the eggs were counted after dissecting the
tissues at the oviposition site;. The process was repeated
daily until all the ovipositing insects died, The experiment

was conducted in completely rand mised design and with four

replications,

- 3e4.2.5, Assessment of egg hatchabillty

To eliminate the carry over effect of‘the susceptible
check cultivaqthe insects were reared on the test cultivars

as described in para 3.#.2.40

A pair of newly emerged adults were released on the
respective test cultivars at seedling,tillering and booting
stages in three separate experiments., The adults were daily

transferred to fresh plants of identical age upto five days,
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The emerging nymphs were counted and removed regularly., On
the eighth day all the plants were cut at the base and
examined under a 20 x"microscope and the unhatchéd eggs
were counted by dissecting the tissue at the 6viposition
marks, The total number of eggs lald were arrived at by
addlng the total number of nymphs emerged and the total
number of unhatched eggs counted . fmeemmﬁmmmvms

carried out in completely randami.sed design and with four

replications,

Sel1e 246, Assessment of sex ratio

Ten numbers of newly emerged nymphs, reared on the
respective cultivars for one generation as described in
Para 3.4.2,4 were released on the test cultivars at seedlihg;
tillering and booting stages, in three separate experiments,
The insects were transferred to fresh plants of identical
age when yellowing symptoms were observed on the plants. The
adults emerging on each cultivar were sexed and recorded
wMMmefmmL#mﬂermﬂ)mm\mﬂmdouh The experiments
were carried out in completely rand mised design and each

treatment was replicated four times,

Jelte 2.7, Assessment of feeding test

The techniques developed by Sogawa and Pathak
(1970) was adopted with suitable modifications for the

experiments, The experiment was carried out in seedling,
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tillering and booting stages of the test cultivars in three
sets of experiments, The methodology described in para
3ele2.2 was adopted for these experiments. But in place
of the black paper, a Watman No.1 filter paper dipped in
Bromocresol green-sglution(1% w/v) and dried was placed on
the polyester film disc, It was ensured that the filter
Paper did not touch water or soil and there was no gap
between the culm and filter paper, The plant with the filter
paper was enclosed in a polyester film cage as described
earlier, leaving no space between the cage and the filter
paper, Five number of two day old last instar nymphs cbtained
| from the stock culture were released on each caged plant .
Honey dew excreted by the insect; falling on the filter paper
pProduced dark blue spots,. Twenty four hours after releasing
the insects, the filter paper was removed and the area of blue
spots was measured by placing a transparent graph paper over
the filter paper. The experiments were arranged in completely

randomi sed design, and with four replication for each treatment,

545, Effect of crowding on the biology of S. furcifers -

Thirty day old plants of the test'cultivars caged in Poly-
ester film cages, were used for this experiment. On each
test cultivar freshly emerged first instar hymphs of S.furcifera
were released at the rate of 25,50 and 100 in separate pots,

Hach treatment was replicated four times. The insects were
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transferred to fresh plants of identical age as and vhen

the plants showed yellowing symptoms, The emerging adults
were sexed and counted. The number of brachypterous

insects were also counted and recorded, The data were
analysed treating the experiment as 5 x 3 factorial completely

randonised design., Each treatment was replicated four times,

3.6, Agsessment of interspecific competition

For this experiment brownplant hopper (Nilaparvata

lugens Stal) collected from paddy fields were reared in the

green house on IN-1 plants and a stock culture was maintained

using the same method adopted for S. furcifera.

Thirty day old plants of the test cultivars raised
in.clay pqts and caged in polyester film cages were used for
the experiment. First instar nymphs/adults of N. lugens
and S. furcifera mixed in varying proportions as detailed
below were released on each cultivar of rice.

1o 10 first instar nymphs of WBPH and 10 first instar nymphs

of BPH
2 R 20 Hj n and 1 O n n

3. 10 " " and 20 n n
by 3 pairs of adult insects of WBPH and 3 pairs of adult
insects of BHH,

The insects on the plants were maintained for 60 days

to allow the emergence of two generations. The insects were
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transferred to fresh plants of identical age as and when
yellowing'of outer leaves was observed., The total,adulfsv
formed in the first and second generations S. furcifera

and N. lugens were counted and recorded. The data were
statistically analysed by treating the experiment as 5 x 2
factoriél design with three replications for each treatment,

3.7. Alternate hosts

The common rice land weeds, Echinochloa colona (L.)

Link, Fimbristylis miliaceae (L.) Vahl, Cynodon dactylom (L.)

Pers, Cypéfﬁs iria (L.), Paniéum~fepeﬁs (Le.) and Brachiaria

Sp. were selected for testing the accertibility as alter-
nate hosts.by §;»furg;f§za ,

3.7.1; Assessment of oviposition

The weed plants were raised in clay pots (15 x 15 cm)
filled with soil from wet land paddy fields and caged with
polyester film cage (70 x 12 cm). Three gravid female of
Se furcifera from the stock culture were released on each
caged weed plant. The nymphs emerging on the plants were
counted,and-recorded. |
3.7.2.'Assessment of nymphal development

Weed plants were raised in clay pots as described in
para 3.7.1. Ten numbers of f4rst instar nymphs of S, fﬁrcifefa
were released in the caged weed plant ten days after planting,
The emerging adults were counted ‘ani recorded. ‘
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RESULTS

4,1, BEreliminary Screening

The rice cultivars screened for reslstance to
S. furcifera in this experiment are listed in Table 1, The
methods adopted for the preliminary screening were the seed
box screening test, free choice and no-choice tests, seﬁtllng

response test and populqtlon build up test.

Gele1e Seed box screening and free choice and no choice tests

The mean score values of damage in the 0-9 scale
(Aron, 1980) in the seed box screening test and in the free

choice and no choice tests are given in Table 2 and illustrated

in Fig. 1a, 1b, and “1c,

belelele Seed box screening,test

The cultivars showed significant variafions in the
.score values which ranged between 2,20 (Cul 126) and 7.82
(IN-1). The damages in TN-1 and Triveni caused by the pest
was significantly higher than the damage in the remaining
cultivars and the cultivars Cul 126 and Jyothi vere at the
other extreme showing significantly lower damage. The damage
ratings in Cul 93, Pavizham and Karthika ranged from 4,91 to
5.55 did not differ among themselves significantly but showed
slgnificantly lower damage than in TN-1 and Triveni. The damage
rating in Ptb 33 was 3.76 which was significantly higher than
the damage in Cul 126 andJyothi and lower than the damage in
other cultivars (Plate 4),



Table 2, Damage (0-0 scale) of rice cultivars caused by S. furciferag when
exposed at the seedling stage. '

damaged rates observed in.

cultivars .

seed box screening free choice test no choice test

test : '

TH~1 7.82 (2.80)%. 8.05 (2.84)% 7.59. (2.75)°
Ptb 33 3,76 (1.94)° 4,18 (2,05)°¢ 2.11 (1.45)°
Cul 93 £,91 (2.22)° 6.22 (2.49)° 5.35 (1.82)°
Triveni 7.10 (2.66)¢ 5.02 (2.26)9¢ £.50 (2.55)°
Cul 126 2,20 (1.48)3 2,07 (1,24)° 1,45 (1,20)3
Jyothi 2,47 (1.57)2 1,07 (1.04)2 3.51 (1.87)°
Pavizhan 4,96 (2.23)° 4,14 (2.03)°4 5.59 (1.89)°
Karthika 5.55 (2.35)° 3,17 (1.78)° 3.64 (1.91)°

Means in a column followed by a common letber are not significantly difi
at 5% level (DMRT), Figures in parenthesis are values transformed as square

rootse.



Fig.1
a) Seed box screening test
b) Free-choice test

c) No=choice test
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Fig.1 Damage of rice cultivars caused by S.furcifera,when exposed at the

seedling stage.



Plate - IV Seed box screening test-different levels of

damage to the test cultivar when 90 per cent
of IN=-1 seedlings were killed,



Plate IV
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hele1.2. Eree-choice and no-choice tests

The damage ratings in the free-choice énd no-choi ce
tests also showed a trend similar to that of the seed box
screening test, In the free-choice test the cultivar Jyothi
suffered the'lowest démage followed by Cul 126 whereas the

highest damage was observed in TN~1, Other cultivars recorded

intermediate values,

In the no-choice test, Cul 126 and TN=-l suffered the
minimim and masxdmum damages respectively while the other

cultivars had intermediate score values,

4o1.2. Settling behaviour of S,. furcifera on seedlings of

rice cultivars.

The settling behaviour of second and third instar
hymphs of S. furcifera were evaluated at one, elght, twenty
four and forty eight hours after relecase of the insects on

the seedlings of the test cultivars , The results are presented

in Tablé 5 The results of the experiment showed significant

variationg,

The highest number of insects settled was on IN-1,
while the minimum rumber was on Jyothi and Cul 126 and it was
followed by Ptb 33, The number of insects.settled in Pavizham,
Cul 93, Karthika and Triveni were on par., Significant variations
wére lacking in the number of insects obéerved at one, eight,

twenty four and forty eight hours after release in different

cultivars,



LaoLle D,

PetTTLLng response or 3, furcifersg on seedlings of rice cultivars

Mean number of nymphs settled per row of plants observed

Ptb 33
Cul 93
Triveni
Cul 126
Jyothi
Pavizhan

{arthika

at different intervals after release

AR 8n___ Bh ___IBm __ Wem
Goiie Lo B33 UhZe U
(7:3nea {gidype Biddae  (2:Be 885
Gianre 8o rahee Uiy GraRee
%gi%)b ?%%)bc ?glgi)b ?52%65)’0 ?523(5) )P
(5:25)° @ii?ﬁ (eohyed  da (2%
(Giond (e Befhe  #Ba 2R
73me ismbe  Uimre Wil %o
6?:27 b 51.18 c 63,28 b 70,24 b 62,20 b
(8.,14) (7.22) (8.,02) (8.44) (7.95)

Means in a column followed by a common letiter are not significantly different
at 5% level (DMRT)

roots,

o

Figures in parenthesis are values transiormed-as square S



4s1.3. Population build up test of S, furciferas on rice

cultivars

The results of the population build up test are
presented in Table 4 and depicted in Figure 2, The cultivar
IN=-1 favoured the development of the insects most while the
build up was least on Cul 126 in the counts taken at 10, 20, 370,
40, 50 and 60 days affer the release of insects, Other than
Cul 126, Jyothi was the least favoured for the population build
up as observed at 10, 50 and 60 days after release Qf the
insects vhereas in the counts at 20 and 30 days after release,
the miuﬁyar Qul 93 was on par with Jyothi, Other than TN-1,
the cultivars Pavizhanm and Triveni favoured the multiplication

of the insects as shown by the counts taken at 20, 30, 40 and

60 days after release,

The results of the preliminary screening trial ie,, seed
box screening test, free choice test and no choice tests
orientation settling response test and population Build up test
are presented in Table 5. Based on fhe results of the above
experiments the cultivars were classified into 4 groups namely
resistant, moderately resistant, susceptiﬁle and highly
susceptible, The cultivars Cul 126 and Jyothi from the resistant
group, Pavizham and Karthika from the moderately resistant
group and hipghly susceptible TN-1 were selected for studying the

mechani smsof resistance,



Table 4; Population build up of S. furcifers on different cultivars when released

on 30 day old plants,

-_--——————__--——_..—-._—__———_———__—-_-___—-——__——_——_———-———-——--—————-—_—_.——_-.—,———-—————

mean number of insects cobserved at different intervals after

cultivars relezse (days)
10 20 = w0 s 60

T 1 322, b2 267,90 224,25 813,67 728,46 641,47

£17.90)2 (16,40)2 (15.01)2 (28.54)% (27.01)2  (25.35)
Ptb 33 146, 4O 97.48 . .68 118,48 . 13,30 65,42

(12,14)° (9.92)¢4 ?;.66)0 (10.93)"* 215.68)b (8.21)°
Cul 93 212,60 78,70 . 48,69 142, 40O - 88,70 72,09

(14.62)P (8.93)4 (7.09)°  (11.98)®  (9.47)¢  (8.55)°C
Triveni 212,60 151. 3 86,37 186,90 88,64 834,91

(14.62)°  (72.53L)P (9.35)°  (13.71)° (0.47)¢  (9.21)P
Cul 126 93,59 53,17 25,51 . 76438 33,88 21,58

(9.73)¢ (7.36)¢ (5.15)¢ (8,80)8 (5,91)¢ (4,75)¢

Jyothi 104,89 83.21 . 53.51 130,20 01,48 o 52,34

(10, 29)% (9418) (7.33) (11.45) (7.50) (7.30)
Pavizhan : 206, 10 141,50 90,76 168,28 124,48 83,33

(15,30)P  (11.94)° (9.58)°  (i3:01)P°  (11.20®  (9:38)P
Karthika 155054 - 110054 59024 14”7.31 89026 69066

(12,51)°  (10.54)° (7.76)¢  (12.19)°¢  (9.50)°  (8.41)P°

e e e e e e e e e e e e e e e e e oA
(op]

Means in a column followed by a common letter are not significantly different at 5%
level $DMRT). Figures in parenthesis are values transformed as sguare roots. ’
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Table 5, Results of the prelimingry screening trials for resistence to
Se furcifera on rice cultivars,

—_—_._---_..--——————_—————_———__———_--_-__—_—-—-—_—_--——————---——_———-—_-——______—-—————-

Score value (0=9 scale) Population count .
- — fter 60 days
seed box free-choice no-choice ax
SCreening test test of release
test
Resistance (0=3) '
Cul 126 2620 2,07 145 21,58
Jyothi 26 47 - 107 5651 52434
Ifiodera‘gely resistant
(391"5) - .
Ptb 33 3.76 4,18 2011 66,42
Cul 93 4,91 » 6e22 3633 72609
PaViZham 4096 ! Ll'o 14 5;59 830 53
Karthlka 5055 3: 17 3.64 69066
Susceptible (5,1=7) V

Hicghlv susceptible

(7:1=9)

TN : 7.82 . 8.05 7 o559 641, 47




Lh,2, Mechanisms of resistance

Le2e1e Quipositional preference

Significant difference was noticed on the number
of ®gs laid by S. furciferg on the rice cultivars, The
preference to oviposition was ascertained by thelmean numbers
of eggs laid on the leaf sheath and leaf blade separately and

together, Table 6 sunmarises the results of the éxperiment.

Le2,1.1. Total mmber of epgs

The 8. furcifers laid eggs on all the test-Cultivaf&
The highest egg count was observed in TN-1 plants, with a
mean value of 113.48. The lowest number was observed in Cul 126
followed by Jyothi the mean numbers being 39.45 and 46,96
respectively, The number of egrs in Pavizham and Karthika were
significantly higher than those on Jyothi and and lower than
IN~-1,the difference between the two being insignificant,

4e2,142. Eggs in the leaf sheath

In all the‘cuitivars more number of eggs were observed
in leaf sheath than in leaf blade. The highesﬁ number of
eggs were found in TN~1 and the lowest was in Cul 126 the
humbers being 98,6 and 31,42 respectively, .The number of epggs:
in Jyothi, Pavizham and Karthika were on par, but they varied

significantly from those of TW-1 and Cul 126,

by2,1.3, Epgs in the leaf blade

The humber of eggs in the leaf blade ranged between

7095 and 16,95 and the number was the lowest in Cul 126 and



Table 6, Ovipositional preference of S, furcifers on rice cultivars

T s . Ty T S = - - - - ——— - D S S - s G S G e . —— - —— - — ——————___--_____-_____-__-_—._-
- -

cultivars

leaf sheath leaf blade Total
TN-1 98,60 (9.93)° 14413 (3.78)P 113,48 (10.565)9
Pavizhan 44,93 (6,70)° 13,85 (3,72)° 55.18  (7.69)°
Kerthika 42,11 (6,49)P 16,95 (4,12)° 5,17 (7.69)°
Jyothi 38,45 (6,20)° 8.45 (2,91)% 45,96 (6.85)P
Cul 126 31.42 (5.61)% 7.95 (2,82)8 39.45 (6,28)%

__._-___.._-.._-__..__...______.'-_____-___..-__---_-____________-__-_---—----_—_-_ -
- -

Means in a column followed by a common letter are not significantly different at
5% level (DMRT), Figures in parenthesis are values transformed as square roots.
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the highest in Karthika,

4,2.2, Agsessment of antibioalig

4e2,2.1. Nymphal duration

The total and instar-vise mean nymphal‘duration of
S. furcifera when reared on different rice cultivars and at
the three growth stages of the crop (seedling, tillering and
booting) are summarised in Table 7.

In the szedling stage the total nymphal duration of
the insect when recared on Jyothi; Cul 126 and Karthika were
14,00, 13,50 and 13.33 days respectively and they were on par,
Duration of 12.17 days was recorded on Pavizham which was
significantly lower than the above three, A total duration of
10.83 days was observed on TN-1 which was slgnificantly lower

than the duration on the other cultivars,

There was no vari ation amonp, the cultivars 1n the
scedling stage influencing the duration of first, second and
fifth instars, vhereas in the third instar, the insects from
IN-1 recorded sipgnificantly lower durntiqn as compared to thos
reared on other cultivars., Durztion of the fourth instar on
IN=1. was shorter thmn reared on other cultivars except on

Pavi zham,

In the tillering stare also the total hymphal duration
was the highest on Cul 126 and it was followed by Jyothi, the

values belng 15.5 and 15.0 doys respectively., The lowest



Table 7, £L£ffect of rice cultivers on the nymphal duration of S. furcifera when reared on different growth stages of the crop,

_ nymphal duration in days observed on plants at

cultivars
seedling stage tillering stage . booting stage

1st 2nd 3rd Lt 5th 1st 2rd 3rd 4th 5th 1st 2nd 3rd 4th 5th

inst~ 4inst- 1inst- inst- inst- total inst- inst- 4inst- 1inst- 1inst- total inst- inst- inst- inst- inst- total

ar ar ar ar ar ar ar ar ar ar ar ar ar ar ar
TN-1 2170 217 2.17° 2.33° 2.00° 10.8F°  2.00° 2.50% 2.67° 2.33° z.17b 11.67° 2.00° 2.83% 3.00° 3.00° z.00¢ 12,839
Faviznam 2,17% 2,17 3.00° 2.65 2.00% 12,17  2.50° 2,17% 3.00® 2.17° Z.00° 11.83° 2.33° 2.33% 3.83° 3.17°  2.00° 13, 67¢¢
Rartatka 2,50% 2.67° 3.00% 3.17% 2.00% 13.33* 2,33 2,50% 3.67% 3.17% 2,380 14000 2.17° 2,50% 3.83° 3.50° 2.50% 14.50°
Jyotht  2,50% 2.33% 3.67% 3.33% 2,17% 14.00°  3.00% 2.33% 3.67° 3.85% 2.1  15.00° 3.00% 2.67% 3.50° 4.00% 2.¢PP 15.83P

a a

Cul 126 2;17% 2,33% 3.17% 3.50% 2.33% 13.50% 3,002 2.67% 3.83% 3,173 2.83%  15.50% 3,002 3,002 4.672 4,172 3,332 15,17

s e e e s e e e = — = —— ——————_—— - —— T T T T T S e e e e -

Means in & coluzn followed by a common letter are not significantly different at 5% level (DMRT).

a9
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duration was observed'on IN-1 and the duration on Pavizham
did not vary significantly from that of TN-1. The insects
from Karthika showed values in between the above fwo groups
of cultivars, Duration of different instars of the insects
developed on cultivars at the tillering stage also showed
similar trend except in the case of second instar, where

there was no significant variations among the cultivars,

In the booting stage the total nymphal duration was the
highest on Cul 126 (18,17 days) and it was followed by
Jyothi (15.83 days). The duration on TN-1 snd Pavizham were
12.83 and 13.67 respectively which were on par .and shorter
than those on other cultivars. The duration on Karthika was:
14,5 days which was significantly higher than that of TN-1
and lower than that of Cul 126 and Jyothi. The instar wise
duration also showed a trend more or less similar to thé
total duration except in second instar nymphs where there was

no difference among cultivars,

4,2.2.2, Nymphal survival

The mean percentage survival of the nymphs of
Se furcifera when reared on three growth stages of the test
cultivars is presented in Table 8, 1In the seedlings
stage, the highest mean percentage survival of S, furcifera
was observed on IN-1 (87.77%) while the lowest value
was observed on Cul 126, (50%) which was on par with
those of Jyothi and Karthika. The mean survival percentage o
Pavizham was 62,67 which was significantly lower than that of
‘TN-1 but was on par with those of Karthika and Jyothi.



Table 8+ Effect of rice cultivars on the nymphal survival and sex ratio of adults
of S. furcifers when reared on different growth stages of the crop.

_-___—~__———-_--—-———--—-_———-—--—--—-—--—'--—-—--———--_——-——.—_-—_---_—-——--—-'—-----_-——--

seedling stage tillering stage booting stage

—-Q-_-_--------__-un—--b—---- —-—--—-——--——————-————-—---—-—-——--—--.._————--_-—-—-————----

cdtivars
nymphal - T rsex nymphal sex nymphgl sex
survival ratio survival ratio survival ratio
() (%9 (%)
- IN-1 87.77 04902 85, 36 0,83% 75.17 0,78
(69.50)2 (67.%47)% (60,09)2
. b b b
e (GG 0 R (Gagayp %
Karthika 57352, 0,51P 50500 0. 460" 44,97 0,44°
(49.31) (44,98) | (42,10)
. b b b
Jyothi 55403 0,48 50,00 0.48 Lh, 97 0,48
(17.88)P° (14,98)° (42,70)P
b b b
Cul 126 50,00 0446 36496 0.46 27 .38 O, 43
(Li.98)° (37.43)P (31.54)°

Means in a column followed by a common letter are not significantly different at 5%
level (DMRT), Figures in parenthesis are values transformed as angles.

P9



65

The mean percentage survival of the insects reared
on test cultivars st the tillering stage also showed a
trend similar to that in the seedling stage. The highest
value of 85,36 pe; cent was observed on TN~1 vhich was
significanﬁly higher than that in the other cultivars,
The lowest value of 36,96 per cent was observed on Cul 12¢
There was no significant variation in the survival rate of

nymphs on the cultivars Pavizham, Karthika, Jyothi and
Cul 126,

The mean percentage survival was the highest on
TH-1 (75.17) at the booting stage while the lowest value
of 27. 38 per cent was found on Cul 126, The survival
percentage on Pavizham, Karthika and Jyothi were on par
and was significantly higher than that on Cul 126 mg

signifieantly lower than on TN-1,

4."202.3. _é‘_e_;(. I‘gtj,_g_

The femsle/male ratio of the adults reared on the tést
cultivars at the three growth-stages are presented in
Table 8. It can been from the table that a slgnificantly
higher female/male ratio was found in all the three growth
stages when the 1nsects were reared on TN=l, The sex ratio
of the 1nsects did not show any varlatlon when the insects

were reared nn the other four cultivars,

h,2.2,4, Adult longevity
S The mean adult 1onnevity of males and females of

S. furcifera vhen reared at the seedling, tillering and
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booting stages of the rice cultivars are presented in
Table 9, Statistical analyais revealed that the adult
longevity of the insect was significantly different among,

the test cultivars and at the three growth sages.,

The fenale adults lived for significantly higher
period than when reared on TN-1 at the seedling, tillering
and booting stages, the durations being 19,00, 18,25 and
18.00 days respectively, in the seedling stage the longevity
of the female adult was on par on Pavizham, Karthika, Jyothi
and Cul 126, In the tillering and booting stages, the life
span of females were on par on Pavizham, Karthika and Jyothi

while the longevity on Cul 126 was significantly lower than

on Pavizham,

The longevity of males in general was shorter than the
females, In the séedling stage male longevity ranged from
5¢5 days (Cul 126) to 13.00 days (TN~1), the values being
sighificantly lower and higher respéctively from those of
- other cultivars, In the tillering and booting stages the
male 1ongevity on TN-1 was 9,25 and 8,25 days respectively,
which was significantly higher than those on other cultivars,
The male longevity on other cultivars did not show any varia-

tion both in the tillering and booting stages,

4e2,2,5, Fecundity

The mean number.of egzs lald and the hatching percentage

of eggs of S. furcifers when reared at three growth stages



Table 9., Effect of rice cultivars on the adult longevity of males and females of
'S, furciferg when reared on different growth stages of the crop.

longevity in days at

cultivars seedling stage tillering stage booting stage
females males femzles males females males
TN~ 1 19.00% 13.00% 18.25% 9,252 18.002 8.25%
Pavizhex  11.00° 8,50° 13,250 6.00° 5,75°C 5,257
Karthika - 10,257 6,254 11,25°° 5,007 10, 00P¢ 4,75
Jyothi 10,00P 7.50°° 11,75°¢ 5,007 9.50°¢ 4, 25P
Cul 126 9.75°  5.508 10,75° 5,257 9.25° 4, 00P

Means in a column followed by a common letter are not significantly different at 5%
level (DMRT)-

L9
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of the test cultivars are presented in Table 10. Analysis
of variance of the data showed that there was slghificant
variation in the rumber of egrs lald and in the hatching

percentapge of the eggs whon the insects was reared at the

three growth stapges of the test cultivars,

In the seedling stage slgni f1icantly higher number of
egps were laid by insects reared on TH-l (68.88), whereas
the number of eggs laid by insects reared on Pavizham,
Karthika, Jyothi and Cul 126 were 36.67, 42:13,33,68 and

26.94 respectively and were on par.

Comparatively higher number of eggs were seen laid
by the insects reared at thoe tillering and booting stages
of all the cultivars. In the tillering stage. the highest
numberlrecorded vins 276.06 on TN=1 which was significantly
higher than in other cultivars, The lowest number of eges
was 174,40 in Cul 126, but the number of epgs did not
differ significantly Irom those of Pavizham, Karthika and
Jyothi,

In the booting stage also the highest number of
eggs were lald on TN-1 (264,10) followed by Karthika (148,13),
The lowest number was in Jyothi (99,39) vhich did not differ

fmthWomedﬁwnmm(hl1%.

he2.2,6. Hatchability

The hatching percentage of the egps lald by S. iggqifega

on different rice cultivars, at three growth stages of the



Table 10, Effect of rice cultivars on the fecxmdity and hatching percentiage of
eggs of S. furciferg when reared on different growth stages of the crop.

seedling stage tillering stage . booting stage
cultivars mean no, hatching mean no, hatching mean no, hatching
of eggs percent- ‘ of. eggs percent- of eggs percent-
laid ¥ age ** laid * age *¥* , laid * age **
TH=1 68,88 98, 23 276,06 99, 30 264410 98,45
(8,30)%  (82.32)% (16.62)%  (85,76)% (16.25)%  (B2.82)%
Pavizham  36.67 ,  96.20 189,47, 92,77 118,65 94,77
(6.22)° (78.73)% (13.76)°  (74.37)° (10.89)°  (76.75)°°
Karthika 42,13 95,94 211,45 95.89 148,53 196, 31
(6.49)°  (78.34)2 (14.5L)°  (78.27)8P (12.19)°  (78.60)2P
Jyothi 53,68 94,21 _ 186,62 89. 20 99439 92.19
- (5.80° (76,040 (13.66)°  (70.79)° (9.57)°  (73.75)°°
Cul 126 36,94 97.57 . 174 40 87443 113,52 90.92 _ .
(6:08)°  (81.00)2 (13.21)°  (69.21)° (10.65)°  (72.43)°

Means in a column followed by a common letter are not significantly different at 5%
" level (DMRT)

% Figures in parenthesis are values transformed as square roots.

#X% Figures in parenthesis are values transformed as angles.
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Crop are presented in Table 10,

In the seedling stage the hatching pércentage of epggs
in the test cultivars did not show significant variation
whereas it varied among cultivars at the tillering and

booting stages,

lIn the tillering stage the hatching percentage in
IN~1 was 99.30 which was significantly higher than those of
other test cultivars except Karthika, The hatching percentage
on Pavizham, Karthika, Jyothi and Qul 126 were 92,77, 95.89, .
89.20 and 87,43 respectively., In the booting stage also
the highest hatching percentage (98.45) was observed in TN-1
which did not difrfer significantly from that of Karthika,
The lowest hatching percentage (90.92) was found on Cul 126

‘which did not vary}significantly from that of Pavizham and
Jyothi,

442,2.7, Feeding rate

- Feeding rate of’S, furciferp in the three growth stages
of the test cultivars as indicated by the mean area of honey
dew spots, are presented in Table 11, There was significant
variation in the feeding rate on different cultivars as well

as 1ln different growth stages.

In the seedling stage, the highest value of 104.94 mm2
of honey dew spot was observed when fed on TN-) which was

sl gnlficantly higher than those observed in other arltivars,
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Table 11, Effect of rice cultivars on the feeding rates of S. furcifera when reare
~on different growth stages of the crop.

.--_—-—----—---———-——-------—————_--_-__------.--—-—_--—.-----:---- - - - - - - —— " o

cultivars seedling stage tillering stage booting stage

TNe1 104,94 (10, 24)8 130,18 (11.41)8 121,25 (11.01)8
Pavizhaz 51,73 { 7.19)P 60,72 ( 7.79)° 55,90 ( 7.34)°
Karthika 55,94 ( 7.34)P 55.80 ( 7.47)P° 52,72 ( 7.25)°
Jyothi - 47.97 ( 6.93)° 56,24 ( 7,50)°° 50.22 ( 7.09)°°
Cul 125 49,23 ( 7.02)° 51,23 ( 7.16)° 46,75 ( 6.84)C

-—---—--—-—-—------—--——---—-—----—-——-——-——-——--—-----—-—-.-.——--—--—-—_------—-—--.

Heansin a column followed by a common letter are not significanily different at 5%
.level (DMRT) . Figures in parenthesis are values transformed as square roots.
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The honey dew spot area produced by insects fed on other
cultivars in the seedling stage varied from 53,94 mm?

(Karthika) to 47.97 mm? (Jyothi) but they were not
significantly different,

In the tillering and booting stages the area of

honey dew spots produced by insects fed on TN-l was

130,18 mm® and 121,23 mn? rospectively which were sipnifi-

cantly higher than those in other test cultivars, The
area of honey dew spots varied from 60,72 (Pavizham) to
51.23 mm2 (Cul 126) in tillering stage and from 53.9 mn2

(Pavizham) to 46,75 mm° (Cul 126) in the booting stage,

4,3, Bffect of crowd;ggmgg_nxmph@;_ﬁuzx;zaLL_ﬁgx
ratio and brachyptery.

4.3.1. Hymphal survival

he effect of crovding of S. furciferg nymphs
on the percentare survival on different test cultivars

are presented in Table 12 and 1llustrated in Figure 3,

When the insects were released at the rate of 25
per plant, the percentage of nymphal survival was the
highest (80.39;5) on TN=1, The percentage survival oén
Pavizham, Karthika, Cul 126 and Jyothi were 56,05, 58.08,

46,98 and 51.00 respectively and they were on par,



Table 12, Effect of crowding of S. furciferg on percentage survival of nymphs sex ratio
of adults and percentage of brachypterous females when reared on different

rice cultivarse.

percentage of nvgghal survival sex ratio of adults emerging mean percentage of brachy-

with initial population of from the initial population pterous females observed
cultivars (per plant) of (per plant) with initial population of
' (per plant) ‘
25 50 100 25 50 100 25 50 100
TN=1 80,39 . 73.27 61, Lt 1,892 1,782 1,78% 66,08 51, 47 45,50
(63.60)% (58.850% (51.59)° (54.36)% (L5.82)% (42440)°
- b b 5 |
Pavizham 56,05 50,00 32,60 0.66 0,61 0.52 29,25 24, 21 14 69
- (28.45)° (Lhiog)® (34.80)° (5278 (29.46)%° (22053)%°
] b b ° R b .
Karthika 58,08 ;. 51,02 33,28 0.63 0251 0:56 26,37 . 22.80 . 17,04
(29:63)° (L5.57)° (35.22)° (51.28)P (28.51)%° (24.37 PP
‘=D b b
Jyothi 51,00 . 43,99 29,25 0453 0. 48 0 49 46.30 . 16,10 7.95
(L5.55)0 (41.55)P (32.73)° (23.81)° (23.64)° (16.37)F
_ _ ] b b
Cul 126 46,98 . 38,93 25,73 0,517 0.50 0. 45 18.0L , 16,48 1 10,42
(43.25)P (38159)° (30,46)° (25:12)P (23.94)° (18.83)°

Means in a column followed by a common letter -are not significantly different at 5% level (DRT)
Figures in parenthesis are values transformed as angles.
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When the insects were released at the rate of 50 per plant,
IN-1 recorded the highest percentape nymphal survival (73,27).
The values in Cul 126 was the lowest (38.93).' The values in
Jyothi, Pavizham and Karthika were 43,99, 50,00 and 51,02
respectively which were significantly higher than that on

Cul 126 and significantly lower than the percentage on -1,

Among the cultivars, IN-l1 recorded the highest nymphal
survival (61,443%), vhen the nymphs were released at the rate
of 100 nymphs per plant, the values were on par in the other
test cultivars which ranged between 33,28 (Karthika) and
25,73 (Cul 126),

On TN-1 the percentage survival was 80039, 73.27 and 61,44
when the nymphs were released at the rates of 25,50 and 100
respectively, The survival was significantly lower when the
nymphs were released at the rate of 100 per plant as compared
to the rate of 25 and 50 numbers per plant and they vere on
par. On other cultivars also the rate of 100 numbers per
plant resulted in sipgnificantly 1owef survival than at the

rate of 25 gnd 50 per plant,

be3.2. Effect of the croyding of nvmphs on the sex ratio

of emerging adults,

The datg of the experiment are presented in Table 12 and

-1lustrated in Figure 3,
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The female/male ratio was significantly hi zher on
TN-l as compared to other cultivars when the nymphs were
released at 25,50 and 100 per plant. The sex ratios
were on par on the remaining cultivars., ihen each cultivar

was considered sipgnifilcant variation in the sex ratio

was hot observed,

L4e343. Effect of crowding on_the percentage of brachypterous

adults in emersing population.

The mean percentage of brachypterous adults developed

‘when the nymphs were released at the rates of 25, 50 and 100
per plant are presented in Table 12 and illustrated in Figure 3,

The highest percentage of brachypterous forms was observed
on TN-1 at the crowding ratesof 25450 and 100 per plant and
the values were 66.08, 51,47 and 45,50 respectively., The mean
percent values in the other cultivars ranged between 16,30
(Jyothi)to 29.29 (Pavizham) when crowded at the rate of 25
per plant between 16.1 (Jyothi) to 24,21 (Pavizham) vihen
crowded at the rate of 50 per plant and between 7,95 (Jyothi)
and 17,04 (Karthika) vhen crowded at the rate of 100 numbers,

The values were on par at the three levels of population..

When each cultivar was considered separately it was clearly
found that crowding at different rates tried has no influence

on the development of brachyptery.
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buby Interspecific competition between S. furcifera (WBPH)

The population build up of WBFPH and BPH when released
at different proport%ons of the two species on the test
cultivars was studied, The mean mmbers of the two species
observed at 60th day after release are presented in Table 13
and illustrated in Figure ha, Ub, 4c and 4d,

Lol 1, Len. Lirst instar nvmohs each of WBEH and BFH

There was significant difference in the numbers of

insects of two species developed on the rice cultivars,

In a1l the cultivars the BPH population wasg higher as compared
to WBPH, The population of WBFH ranged between bh,64 (ThH-1)
and 9,66 (Cul 126), whereas the population of BPH ranged
between 69.32 (TH-1) and 32,97 (cul 126),

holie2, Tyenty VWBFH 4 1Q_BFI first instar nymphs

Lven vhen 20 VBFH and 10 BPH nymphs were initially
released the population of BPH ranged between 84,31 (TN-1)
and 46,21 (cul 126) whereas the population of WBPFH was between
59.3 (IN-1) and 19.97 (Cul 126). The population of BPH was
higher as compared to WBPH in all the other test cultivars.

The population of WBPH in Jyothi, Karthika and Pavizham
vere 27,51, 26,40 and 27,56 respectively which were on par,
but higher than on Cul 126 and lower than on ™N-1,.



[able 13, Population build up of S, furciferg and N. lugens as observed at 60,‘day- :
after release, when the two species were reared together on 3% day old
plants in different proportions.

mean number of insects observed with the initial populations of WBPH and
BPH at proportions

cultivars .
- 10 + 10 20 + 10 10 + 20 3 pairs + 3 pairs
(nymphs ) (nymphs ) (nymphs ) (adults)
WBPH BFH WBPH BPH WBFH BFH WBPH BPH
TN=1 Ly, 64 69,32 ¢ 4, 31 L6k 103.75 58,37 123.79
(6:68) (B33 B0y (olis Ge5) (16013)  (7.84) (11.10)
Pavizham 12,65 ?9‘65 27¢56 56.61 19.60 45,51 25,97 46,99
(3.553 6.30) (5.25) (7.52) (4,43) €.75 (5.10) (6.86)
Karthika 11,63 43,30 26,40 51432 19,63 49,86 20,54 51.43
(3.41) €6,58) (5.14) (7.16) (4,43) 7 .06 (4,53) 717
Jyothl 10.,66 « 0 2751 460 28 4,90 65, 55 22,95 .18
(3.27) ?2.24) (5.25) (6,80) 23.86) (5.15) (4.79) ?5.76)
Cul 126 9.66 32,97 19,97 46,21 14,97 344, 25 1799 25,
(3.11)  (5.74) (4,47) (6480) (3.87) (5.85) Le24)  (5,03)
CD 0030 00‘30 - 0072 0.72 - . 0066 ‘ 0066 0077 . 0077 i -

Figures in parenthesis are values transformed as square roots.

- BL
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(2) 10 first instar nymphs of WBPH and 10 first instar
nymphs of BPH

(b) 20 first instar nymphs of WBPH and 10 first instar
nymphs of BPH

( contd,,,)

WBPH A
BPH ey
™.
Cul 126 [—]
Jyothi —x—
Pavizham —

Karthika —



i‘lEAN NUMBER OF INSECT PER PLANT

90 —

85 —i

N

(a) (v) J

PERIOB OF RELEASE(DAYS) PERIOD OF RELEASE(DAYS)

Fig,4 Population build up of S.furcifersg and N,lugeng at 60 days after release, vhen the

two specles were released together in different proportiong,




Fig. 4 (contd ...)

(c) 10 first instar nymphs of WBPH and 20 first instar
nymphs of BPH

(d) 3 pairs of adult WsPH and % pairs of adult BPH
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BPH recorded the highest population on TN-1 whereas

those in other culiivar were on par.

4.4,3. Ten first instar nvmphs of WBPH + 20 first instar

nymphs of BPH,

When 10 WBPH and 20 BPH nymphs were initially released,
the population of WBPH ranged between 54,64 (TN-1) and 14.90
(Jyothi). Significantly higher pdpulation was built up on
TN-1 (54,64) whereas the population in other cultivars ranged
between 14,90 and 19.63 whichnwere on par.

The population of BPH was higher in g1l the cultivars
as compared to WBPH and it ranged between 103.75'(TN~1) and
26,55 (Jyothi), The population in Cul 126 was 34,25 which
vas sighificantly‘higher than hhat in Jyothi, The population

in Pavizham and Karthika was 45,51 and 49.86 and were on par.

Lol o Three pairs adults each_of WBPH and BPH

| When 3 pairé of adults of each of WBPH and BPH were
initially released, BPH maintalned its numerical superiority
and the population ranged between 123,79 (IN=1) and 25.25
(Cul 126) whereas the pobulation of WBPFH was between 58.37
(TN-1) and 17.99 (Cul 126), |

-1 accounted for significantly higher population of
WBPFH and BPH than the other cultivars. The WBPH population

an 1 124, Jvothi and Karthika waa 47.00. 22 .05 and 20. 54



Table 14, Mean percentage of nymphal survival, nymphal duration and adult longevity
of S. furcifera reared on rice land weeds,

. nym%ggylss)eriod adult é:;gevity
eed plants nymphal

%‘3’8‘1 male female male female
Te Echlnog_};log colong 40 18.14 23.00 2657 5.00
2. QXQQ.QQQ dactvion nil nil nil nil nil
3. Eanicum repeng 25 20,85 nil 2.40 nil
L4e Brgchigrig sp.k ' nil nil nil nil nil
5. Fimbrystylis miligcae nil " nil nil nil nil
6¢ Cyperus iria nil nil nil nil nil

e
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DISCUSSION



DISCUSSION

The whiteczbacked plant hopper S. furcifera
hitherto recognised as a minor pest of rice is slowly
gaining importance as a serious threat to the rice
cultivation in India and severe damage to rice crop by
the pest has been reported by many workers (Mahar et al.,
1978; Gyawalli, 1983; Dhaliwal and Jaswanth Singh, 1983;
Gubbaiah et al., 1987; Inayatullah et al., 1987). The
pest has made its appearance in the important rice tracts
of Kerala, especially in areas where high yielding
varieties are under cultivation. The potentiai of this
pest to assume the status of a major pest in areas where
rice varieties resistant to N, lugens are grown on a large
scale has been indicated (Mochida et al., 1982), To
counter thié possibility it is essential to have varieties
resistant to both N. lugens and S. furcifera., As a first
step in this direction it is essential to identify varieties
resistant to S. furcifera from among those released as

resistant to N. lugens,

The cultivars chosen for the investigation were
Jyothi, Thriveni, Karthika, Pavizham, Cul 93, Cul 126,
Ptb 33 and TN-1, The variety TN-1, was included as a
susceptible check variety, Among the others Jyothi,
Ihriveni, Karthika and Pavizham are high yielding
cultivars widely cultivated in Kerala, and the two cui-
fures, Cul 93 and Cul @26 are very promising high



87

yielding types. The cultivar Ptb 33 which is a purecline
selection from Arikaral has been internationally accepted
as resistant to different biotypes of N. lugens ( Anon,
1976a),

Seed box screening following the 0-9 scoring system
and studies on the orientation and settling response and
population build up of the pest were carried out for a
preliminary screening of theeight cultivars. Thé first

two were done in the seedling stage and the third one on 30

day old plants of the test cultivars.

In the seedbox screening IN-1 recorded the highest
damage and the cultivars Cul 126 and Jyothi recorded -the
lowest damage indicating high susceptibility of the former
and high resistance of the latter. The cultivars Karthika
Pavizham and Ptb 33 showed moderate levels of resistance.
The seed box screening test with the same scoring system
was repeated in two more trials as free-choice and no~choice

tests, Here also the damage ratings were almost similar to

those in the seed box screening test,

The studies on orientation and settling response of
the nymphs indicated that there are distinct differences
in the number of nymphs settled on the test cultivars. The
orientation and settling response can be considered as a
parameter for ascertaining the preference/non preference

of the insect, The largest number of nymphs settled were
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on the susceptible TN~1 ag compared to the other
cultivars. Here again the cultivars Qul 126 and Jyothi
harboured the lowest number indicating the least pre-~
ference to these cultivars, The counts taken at one,
eight, twenty four and forty eight hours after release
did not show variations in the mumber of insects settled,
The results showed that the insects moved to the
preferred hosts within one hour and settled for feeding,
Gustatory stimuli rather than visual or olfactory stimuli
for locating the preferred host has been repqrted by many‘
workers (Anon, 1971, Pablo 1977). The nymphs probing

the seedling using the stylets did not show sustained
feeding in the non—prefgrred hosts and moved away to the
preferred hosts, But Khan and Saxena (1985) observed that
ovipositional and orientational response were the same

in the susceptible and resistant cultivars, However
greater preference for settling in susceptible cultivars
was reported by many workers (Rodriguez - Rivéra,1972;
Pablo,1977; Khan and Saxena, 1984), Vaidya and Kalode '
(1981) reported that the nymphs of S. furcifera moved
away from the resistant cultures within 2 hours after

release,

The pest population dynamics in relation to plant
reslistance are detemined by the rate of reproduction, rate
of development, mortality and the length of reproductive

life (Dahms, 1969), Population increase can be considered
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as an important criterion for assessing the level of
resistance in the rice cultivars since 1t represented the
combined effect of all the above factors. (Heinrich and
Rapusas, 1983).

There was significant difference in the population
build up on the eight cultivars tested, TN-1 supported
the highest population in all the counts taken at 10,20,
304 40,50 and 60 days after the introduction of 3 pairs
of adults and the highest population was observed at
40 days after introduction. The lowest population was
observed in Cul 126 followed by Jyothi. Other cultivars
supported population between these extremes, Accordihg
to a report from IRRI (Anon, 1972), the population of
§..ig;ciferg multiplied 10.times more after 30 days and 25
times more after 60 days in susceptible TN-1 as compared to
the resistant variety ARC 5752, The lower population in
the resistant cultivars was attributed to the adverse
effect of the cultivars oh the longevity and fecundlity of the
adults and survival of nymphs. Similar réports were made by
several other workers also (Pathak, 1971; Rodriguex = Rivera,
1972; Pablo, 1977; Vaidya and Kalode, 1981). The rate of
population growth which could be a reliable parameter in
~evaluation the deéree of resistance, indicated the highest

level of resistance in Cul 126, =among the test cultivars, .
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The results of the three preliminary screening
trials (seed box screening test, orientation and sett-
ling response test and population build up test) were
utilised for classifying the test cultivars into resige
tant, moderateiy resistant, susceptible and highly
susceptible ones., The cultivars Cul 126 and Jyothi
which were found to be resistant, Kérthika and Pavizham
from the moderately resistant group and IN-1 the suscept-

ible check were selected for studying the mechanisms of

resistance involved.

3

Non-preference may be wlated to oviposition and/or
feeding. Both the behavioural patterns generate a complex
series of responses to the environmental factors and hosgt
characteristics, Ovipositions-is often not a fortultous
acte It involves a series of behavioural activities,
the initiation and completion of each of which may be
influenced by the plant characteristics.

In the experiment on ovipositional preference of
adult females it was found that susceptible TN-1 received
the highest number of eggs as compared to other cultivars.,
The 1lowest number of eggs vas deposited on Cml 126
and it was closely followed by Jyothi. The lower number of
eggs deposited in the resistant cultivars may ﬁe due to
plant characteristics which failed to provide“appropriate
oviposition inducing stimuli or had oviposit;dn inhibitory



stimuli. According to Gunathilagaraj and Chelligh _
(1985) in the less preferred cultivars chemical differ-
ences existed which interfered with the sustained feeding
and oviposition of the hopper. Ovipositional rreference

of 5. furcifera was earlier attributed to the chemical
stimuli by certain aminoacids (Miyake and Fujivara, 1961;
Miyake, 1966) and high chlorophyll content (Miyake and
Fujiwara, 1962). But Rodriguez-Rivera (1972) reported that
the preferences for feeding, shelter ard oviposition were

not always related,

In all the cultivars the leaf sheath received more
eggs than the leaf blade. The ovipositional preference
of 3. furcifera for susceptible TN-1 and its preferenée |
for leaf sheath to leaf blade was reported earlier by many
workers (Anon 1§72; Rodriguez - Rivera, 1972; Pablo, 1977;
Vaidya and Kalode, 1981),

Antiblosis signifies those preventive, injurious or.
destructive effecté which the host variety exercises by
chemical means on the insects normal life. Death of first
instar larva, morphogenic disturbances like decline in size
and weight of larva, delayed larval period, reduced
fecundity, emergence of short lived adults and.behavioural
énd Physiological abnormalities are the pronounced effects
éf antibiosis (Painter, 1951). |
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Antibiosis factorsof resistance in test cultivars
were also observed in the nymphal development in the
three stages of plant growth namely seedling, tillering
and booting, The shortest duration of nymphal period was
observed on IN~1 vhereas the maximum was observed on
Cul 126, Even in TN-1 the nymphal period showed a slight
increase as the age of the Plant increased indicating
that the earlier stages of plant growth sre more suited
for nymphal development, This was the case in all test
cultivars, The longest developmental period of 18,17
days was foundon Cul 126 in the booting stage,
Prolongationof nymphal pPeriod due to antibiosis éffect
of host pPlants has been reported by many workers (Palnter,
19583 Jayraj, 1967 H Natarajaﬁ, 1971; Pathak et al.,1971;
Sembandam and Chellish, 1972; Rodriguex - Rivera, 1972;
Choi, et pl., 1973; Pablo, 1977; Vaidya and Kalode, 1981),
Prolongation of nymphal period is an important attribute
of resistant varieties for it exposes the nymphs to pre-

dators for a longer period,

Non preferred cultivars'limiting the feeding and the
consequent lower survival was also reported eariier
(Rodriguez - Rivera 1972; Anon, 19%6b; Pablo,1977).
Decrease in the rate of survival with the increase in plant
age was also reported earlier (Anon, 1980). VWhen S. furci-
fera nymphs were caged in three growth stages of the |
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test cultivars_significant differences in the percentage

of nymphal survival were notlced., The highest survival
percentage was observed in the susceptible TN-1 while

the lowest rate was in Cul 126, In all the cultivars it

was generally observed that the survival decreased as

the age of the plant increased., The adverse effect of
resistant cultivars in nymphal survival indicated the
operation of antibiosis. Gunathilagaraj and Chelliah (1985)
also reported cultivaré with certain toxic and deterant
substances in them which inhibited the ferding and advefsely
affected the survival of the insects., The combined effect'
of non preference and antibiosis might have operated

on the insects reared on resistant cultivars,

Inhibitory effects of résistanﬁ cultivars on the
population build up and in the altered sex ratio of the
resulting adults also were observed. The female/male
ratio of adult emergents was significantly high in all the
growth stage of IN-1 as compareq to the other éultivars
but no difference in the sex ratio was observed among
the three growth stages of the crop. One explanation given
fo the altered sex ratio in resistant cultivars is the
higher mortality of the would be females during the nymphal
period, Many workers observed altered sex ratio due to
resistance in host plants (Péblop 1977;_Veluswamy, 1982).,
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Both the females and males reared on TNe1
had longer 1ife-Span than those reared on the resistant
and moderately resistant cultivars, Reduced longevity
of adults on resistant cultivars have been reported in

No lugens (Karim Rezaul, 1975; Saxena end Pathak, 1977 ), -in

Nephotettix virescense (Cheng, 1969) and in S, furcifera
(Gunathilagaraj and Chelliah, 1983), Studies on the long-
evity of adults reared on the test cultivars revealed that
in general the female had more life span than the males,
These observations were in agreement with the reports of
Choi et al., (1973), Pablo (1977) and Gunathilagaraj and
Chelliah (1983). But Rodriguez - Rivera (1972) reported

that male plant hopper had longer 1life span than the female

Significant differences were observed in the number
of eggs laid by insects reared on test cultivars, Insects
from susceptible TN-1 produced the maximum number of
eggs in the three growth stages as compared to those from
the resistant cultivars., This showed that the resistant
cultivars were mutritionally deficient or unbalanced and
possessed unfavourable hiophysical characteristics
as compared to susceptible IN~1, Another finding in
the studies was that maximum number of eggs were
deposited in the tillering stage than in the
seeding and booting stages of all test cultivars,
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No difference could be observed In the hatching
percentage of eggs lald in susceptible amnd resistant
cultivars in the seedling stage. But in the tillering
and booting.stages, the percentage was higher in TN-1
than in the other cultivars. Adverse effect of resistant
cultivars on hatchability of S. furcifera epggs were
reported by Rodriguez - Rivera (1972). Saxcna and Pathnk
(1977) recognised epg hatchability as an important factor
in the establishment of N. lugens on rice cﬁltivars. Wiggles-
worth (1972) postulated that water balance and gas exchange
are important for the developing embryo inside the egg. The
physical and chemical environment of plant tissues in which
the eggs are embedded, would influence the egg hatchability,
-However, Heinrich and Rapusas (1983) did not find any
relation between resistance in varieties and hatchability
of eggs.

The honey dew ekcreted had a direct relationship with
feeding rate of plant hoppers (Sogawa and Pathak, 1970),
Hence a measurevof honey dew excreted could be used as a
measure of the quantity of food ingested by the insects
(Sogawa and Pathak, 1970). According to Patton (1963) the
aminoacids, not essential to the mitrition of the insects
are normally excreted through the honeydew., The honeydew
impregnated areaé of the filter paper when treated
with ninhydrin would turn to purplish indicating the
presence of aminoacids., The area of honeydew spots indicated

that the insects fed on TN-1 produced the largest area of
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honey dew spots in all the three growth stages namely
seedling, tillering and booting as compared to those

fed on other test cultivars. The feeding rate was more

in the tillering stage than in the seedling and booting
stages in all the test cultivars. Auclair and Baldos
(1982) reported that the rate of honey dew excretion was
267 times less on the resistant variety, The low rates

of honey dew excretion by insects fed on the test cultivars
other than TN-1 indicate the low level of ingestion of

food due to resistance in the cultivars,

The effect of crowding of first instar nymphs of
Se furcifera,at 25, 50 and 100 numbers per plant was
highest in the susceptible TN-1 as compared-to the resistant
ones, The survival percentage was maximum at the crowding
of 25 (80,39%) and it decreased at crowdings of 50 (73,27%)
and 100 (61,44%), At crowding of 100 the survival rate of
nymphs dwindled substantially in the resistant cultivars
also. But it is clear from the results that at crowdings
at 50 and 100 there is competition for food and space which
proved to be detrimental to the optimal rate of population

increase.

The results also revealed that the crowding did not
affect the sex ratio of emerging adults of 3. furcifers
reared on test cultivars even though insects from TN-1

had significantly higher female/male ratio as compared to
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those from the resistant ones,!

Brachypitery among the insects reared on TN-1 was
significantly higher than among, those from other cultivars,
Many explanations have been advanced for alary polymorphisme
It has been variously correlated with climate, seasons,
mimicry, capability for leaping and rapid locomotion and
mode of life whether arborial or otherwise. In the aphidoidea
a highly polymorphic group, the development of wings was
closely wound up with the wider general problems of morph
determination. Genetic control is also implicated in alary

polymorphism (Richard and Davies1977).

Population counts taken 60. days after releasing of
S. furcifera and N, lugens in different proportions on the
test cultivars gave a clear indication of numerical superiority
of N, ;ggggg over S, furcifera. Even vwhen the initial
numbers of N, luecens was half that of S, furcifera, the former
could surpass the latter in total numbers after 60 days.
In the present case both species of plant hoppers compete
with each other continuously a1l through the life cycle.
Aspects of interferences include competition for oviposition
site, mutual interruption of behavioural pattern, prevention
of completion of méting, mortality of eggs and first instar

nymphs and competition for food and space,
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Hinckley (1963) considered the possibility of inter-
specific competition between N. lugens and S. furcifers
in Fiji., He concluded that the differences in the dominances
of the tvo species during the crop period were due to the
crop age and not of compebition, Khan and Saxena (1984)
reported that, generally, M. Jugehs maintained a numerical
superiority over S. furcifera and in varieties resistant
to N. lugens, S. furciferg multiplied faster. However,
according to Gunathilagaraj and Chelliah (1983), it was
S, furciferg which maintained a numerical superiority over
N. lugens and plant age was attributed as the reason for the
same, The results of the present investigation agrees

with that of Khan and Saxena (1984),

Information on rice land weeds which serve as
alternate host for S. furciferg is vital in formulating
management measures against the pest, Out of slx species

of weed plants tested, the species Gynadon dactylon,
Brachiaria sp, Fimbrvstylls miliaceae and Cyperus irea

were found not suitable for the development of the

insect. The other two weeds Echinochlog . colong and

Panicum repens were found to support the insects. How-

ever in'Panicum repens, only the males could complete

the development., Thus, the species, Echinochlos golona_
is found capable of supporting a nucleus populaﬁion of

the insect during off seasons.
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The rice cultivars Cul 126, Cul 93, Ptb 33, Karthika,
Pavizham, Triveni and Jyothi vwith TN~1 as susceptible
check were used for preliminary screening for resistance
to the vhitebacked planthopper, S, furcifera, Seed box
screening, free choice and no cholce tests and tests on
orientation and settling response and population build up

were used in the preliminary screening trials,

In the seed box screening, TN-1 recorded the highest
damage and the cultivars Cul 126 and Jyothi recorded the
lowest damage indicating high susceptibility in the former
and high resistance in the latter, The other cultivars.
Karthika, Pavizham, Cul 93 and Ptb 33 showed moderate levels
of resistance, The seed box screening was repeated by free
choice and no choice tests and the results were almost

similar to those in the seed box screening test,

In the studies on orientation and settling response,
the largest number of nymphs settled was on the susceptible
IN=1 showing high level of preference, Here again the
cultivars Cul 126 and Jyothi harboured the lowest number

indicating least preference to the cultivars,

There was significant difference in the population
build up of the insect in the cultivars tested, TN=1
supported the highest population in all the counts taken at
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10, 20, 30,40,50 and 60 days after introduction of 3 pairs
of adults. The lowest population was observed on Cul 126
and Jyothi, Other cultivars supported bopulations between
these extremes, The lower population in the resistant
cultivars can be attributed to the adverse effect of the
-cultivars on the survival of the nymphs and the 1ongevity

and fecundity of the adults,

The cultivars, Cul 126 ang Jyothi (resistant) Karthlka
-and Pavizham (moderately resistant) and TN-4 (highly
susceptible) were selected for studying the mechanisms of

resistance involved,

In the experiment on oviposltional preference of adult
females, it was found that the susceptible TN=1 received |
the highest number of eggs whereas the lowest number was in
Cul 126 and it was closely followed by Jyothiy In all the
cultivars the leaf sheath received more eggs than the leaf
blade,

The antibiosis factor in the cultivars was investigated
in terms of nymphal duration, nymphal survival, sex ratio
of emerging adults, adult longevity, fecundity and hatching
pPercentage of eggs in the three growth stages of the crop,
namely, seedlihg, tillering and booting stages.

The shortest hymphal duration was observed on IN-1 in
all the three growth stages. The duration was the highest
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on Cul 126 which was followed by Jyothi and Karthika/

When the three growth stages were compared, the seedling
stage was found to be the most suitable and the booting
stage the least sultable for nymphal development in all

the cultivars, The percentage of nymphs survived to become
adults was the highest on TN=1 in all the three growth
stages where as it was the lowest on Cul 126. It was
generally observed that the survival decreaéed as the age of
the plant increased. |

The female/male sex ratio of adult emergents was
significantly high in all the growth stages of TN=1 gs
compared to the other test cultivars, however no difference
was observed between growth stages. Both the females and
males reared on TN=-1 had longer life span than those reared
on resistant and moderately resistant cultivars, In general

the females had more life span thaﬁ the males,

Signiiicant differences were observed in the number
of eggs laid and the percentage of eggs hatched in different
cultivars, Insectg from the susceptible TN=1 produced
more number of eggs in the three growth stages as compared
to those from the resistant cultivars. No differences
coulq be observed in the hatching percentage of eggs lald
in the susceptible and resistant cultivars in the seedling

stage. However, in the tillering and booting stages the
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hatching percentage was higher in eggs on TN-1 than
that in the eggs on the other cultivars,

As the honey.dew excreted had a direct relationship
with the feeding rate, a measure of honey dew excreted could
be used as a measure of the quantity of food ingesfbd by
the insectss The area of honey dew spots indicated that
the insects fed on TN=1 produced the largest area of honey
dew spots in all the three growth stages showing a higher
feeding rate; The feeding rate was more in the tillering

stage than in the seedling and booting stages in all the
test cultivars,

The effect of crowding of first instar nymphs of
8. furcifera at 25,50 and 100 numbers on the survival per-
centage of the nymphs was the highest on TN=1 as compared
to the resistant cultivars, The survival percentage was
maximum (80.39%) at the crowding of 25; The survival of
nymphs dwindled substantially in the susceptible and resistant
cultivars at the crowding of 100, The results also revealed‘
that different crowdings did not affect the sex ratio of the
emerging adults of S, furcifera even -though the insects
from IN-1 had significantly higher female/male sex ratio as
compared to those from the resistance ones. Brachyptery
among the insects reared on TNe1 was significantiy higher -
than among those from other cultivars. But crowding at
different numbers had no effect on the development of

brachypterous insects,



(‘DQ‘ '
2103

Population counts taken at 60 days after releasing
S. furcifera and N. lugens together in different proportions
gave a clear indication of the better establishment of
N, lugens as compared to S, furcifera. Even when the
initial numbers>of N, lugeng was half that of S. furcifers,
the former could surpass the latter in total numbers after

60 days,

In the studies to identify the common wet land weeds
which serve as alternate hosts for S. furcifera, it was
found that the insects oviposited in none of the weeds
studied. When first instar nymphs of the insects were
released in the weed plants, the survival was 40 and 20 per cent
in Echinochloa colona and E.aru_‘.m repeng respectively,

The insect survived in none of the other weeds tested,!

The results of the experiments revealed that the
cultivars Cul 126 and Jyothi exhibited high level of
resistance to the infestation by the white backed planﬁ
hopper, 8. furgifers and Pavizham and Karthika showed

moderate level of resistance,




REFERENCE



REFERENCES

Alam, M,Z2& (1 67%. Insect pests of rice in East Pekistang
(In§ M I P n ;
Johns Hopkins Press, Baltimore, Maryland, USA,,
PP.643=655,

*Alam, Sg (1971). Population dynsmics of the common
leafthoppers and planthopper pests of rice,
Unpub 1ed_Ph,Ds Thesls, Cony Unlvers
PP« 141y

Anony (1971) 5 IRRL. Annual Report 1971s, pp. 238,

Anon, (1972). IRRI, Annuzd _Report 19724, pp.238,

Anon, (1974), CRRI. Anrmal Report 1974/, ppikoosd

Anong (1976 b), IRRI. Annual Report 1976+, ppel79.

Anong (1979)% IRRL. Annual Report 1979., Pp.478,

Anon, (1980), Stondard Bveluation System for Rices Second
Edition, Los Banos, Philippines., pp.4l,

Anong (1989). Kerala Agricultural University. Package
of practice,, pp.14-17,

Atwal, A,S,, Chaudhary, J,P., and Sohi, B,S¥ (1967) &
Studies on the biology and control of %ﬂﬂlﬁ

&l%m_ggﬁ Horv. (Delphacidae : Homoptera) in the
Jabe <. Rese Punlab Agrice Unive, & @ 547-555,



ii

Auclair, J,L. and Baldos, E., (1982), Feeding by the
whitebacked planthopper, Sogatella furclfera
within susceptible and resistant varieties,
Ent. Exp. Appl., 32.: 200-203;

Bae, S,Hi, Chei, K,M,, Lee, Y,I; and Kim,M, Sy (1968)
Seasonal fluctuations and control of vhite~
backed planthopper (Segatella furcifera,
Horvath.) and brown planthopger (Nilaparvata
1ugens,_6s-ta1.). Reg. Rept. Off. Rural Dev.,
11 ¢ 59-65,

Banerjee, S.N, (1956), On the incidence of paddy pests

in West Bengal, Prog. Zool. Soc. Calcuttae.,
9 : 65-83,

Bhalla, 0,P,' and Pawar, A.Do‘(1975); Homopteran injuries
to rice in Himachal Pradesh, India Rice

¥Britton, G,L,, Dam, N,V. and Tao, C.H,; (1962), Preliminary
observation on ecology of rice leafhopper
(Nephotettix bipunctatus cingticeps Uhler,)
and whitebacked planthopper'€§gggtellg
furciferg Horvath,) and their control
measures in Vietnam, ‘Pl. Prot. Bull., 4 :
1-10, -

*Caresche, L; (1933), Note sur les insects appele's
"Pucerons du riz" dans le sug - Indochinois,

Bull. Econ. de:l. Indochine., gg : 488-510,:

‘ Chatterjee, P.Bs (1971). Occurrence of planthopper
on rice. FAQ, Plant Prot. Bull., 19 22,

Chatterjee, P.B,, Maitra, A.,K:; and Sur, S. (1979)5.
Preliminary observation on implementation
of integrated pest control of rice, Rice

in West Bengal., II : 117-1204



iii

¥Cheng, C,H¢ (1969), . Biological inter relationship
between Neph g%gﬁtj& dmpecticeps Ishihara, and
some resistant and susceptible rice varieties,
Unpublished M, S, Thesis, ~upd,
Fhllippines, log Bangs, ijrxilippines.'. PP. 177,

Ch019 S.Y. Lee, J."O."’ Lee’ I-IQR.' and Paﬂc, J;S.‘ (1973)0
_ étudies on the varietal resistance of rice to the
white_backed planthopper, Sg ia furcifera -
Horvath EIV)- Korean S.o -b.luf LX) :1==2= ¢ 129-142y

Choudhary, A¢N,: (1965); SQezata species ¢! a new menace t¢
paddye Rice Neys. ig;\;., 13t 119,

Corbett GOHQ! (1931") . .Ammal .&imt ,133_[_{0 DiViSj.OH of
' Entomology’ Gen. Som. Do Aapier’ 5! & FJM,S;,
12 : 38"5l"ol

Dehms, R.Ge (1969); Theoretical effects of antibiosis
on insect population dynamics, Agxl. Reg. Serv:
U,S¢ Dep. Agric, Beltsville, Maryland.

Dhaliwal, G.S. and Jaswant Singh (1983). Outbreaks of
whiteTbadkted planthopper and brown~ lanthopper
in the Punjgb, India. Intl, Rice. é@mm
Newsl., 32" (1) 1 26-28,

Dyclk, V.A.y Than Htun,, Dulay, A,Ci and Salinas, G,D; Jr.,
(1977).’1 Forecasting rice -Pinsect density and
damage to plants in Asia, faper pregented in
Ihe Solden Jubilee Celebrations, RES, Rerala
Agric. Uniy. Pattambi, India, December 21-22¢

*Esaki, T and Hashimoto, S, (1937)., Studies on rice
leafhoppers, i.’ Biology and natural enemies,
Nodikalryoshirvo., 127 : 1354



iv

Fennah, R,G (1963); The Delphacid species = complex
~ known as % erg (Horveth,) (Homoptera :
Fulgoroidea) s . ol. BReg., p4 s 45-79,

Fletcher, T¢By (1916)5 Report of the Imperial Entomologli st
Rept. Aeric. Beg. Inst. and Colls Pusas, pp.58-77.

Gangrade, G.As (1960), Outbresks and new records, FAO
Fro%. Bull., g2 ¢ 11

Garg, A.K{ and Sethi, G,R., (1980), Succession of insect

aggtza %n Kharif paddy. Indias..J. Entomol., 42 @

Gubbiah,, %S}?ppa, Dy and Revenna, H,P; (1987)s The rice

132 Karnataka. Intl. Rice Reg. Newsl.,
12 ¢ 34¢ :

Gunathilagaraj, K., Chellizh, Sg Heinrichs, E,Ay and
Khush, G,S, (1983), i‘echniques to evaluate
varietal resistance to the white~backed plant-
hopper in rice, QOrvza,, 20 : 47-50,

Gunathilagaraj, K. and Chellish, S. (1984). Varietal
resistance of rice to whiteZbacked planthopper
(WBPH). Intl., Bice. Res. Newsl., 9 : 8,

Gunathilagaraj, Ki and Chellish, S, (1985)y Feeding
behaviour ?f whiteZbacked planthopper Sogatella
furcifera \Horvath,) on resistant and susceptible
rice varleties. Crop. Prots, 4_ ¢ 255-262,

Gyawalli, B.K. (1983), Whitebacked planthopper outbresk
in Kathmendu Valley, "Nepal", Intl. Rice. Res:
Newsla , g (1) ¢ 10,



*Harukawa,Cr(1951). Effect of environmental temperature
?pgn rice leafhoppers. Botyu ~ Kagaluy, 16
1 H 1-11. -

Heinrichs, E.A. and Rapusas, H.R, (1983): "Levels of
resistance to the whitebacked planthopper,
Se¢ furciferg in rice varieties with different
resistant genes", Environ, Entomol., 12 (6):
1793 = 17974 o

Hernandez, J.R, and Khush, G,S, (1981), Genetics of
resistance to whitebacked laenthopper in
some rice (0 aatiza,K.g varieties,
Oryza., 18 : 4L=50.,

Hinckley, A.D, (1963), Ecology and control of rice
Planthoppers in Fiji, Byll, Intomol.
R___e_§o’ 2_[‘:!- . ll67"‘l§81.

*Horvath, G. (1899)., He 'rmipté' res de L' ile de
Yesso, Lermeszetr Fuz,, 22 : 365 = 374,
Y ==

*Huang, C.N, Feng B.C\, Wang, H,D,, Yao, J, and Song,
L,Jdy (1984}; Preliminary study on ovie
position habit of the whitebacked plant-
h0pperé Insect Knowledge., 21 (5) :
193"19 . o

*Huang, CoNo Feng BOIC;. V{ang, Ho D." YaO’ J’.‘ and SOI'lg,L.J»'
(1985), The host plamts of whitobacked plante
hopper and its tolerance to starvationy
InsethKnowledge (Kunchong Zhisghi)., 22 (5) 3




vi

Hynh, N,Vé (1975). Brown planthopper and whitebacked
€1anthop er infestations in the Mekong delta
Vietnam). Rice Entomol. Newl,, 2 4,

litomi, A., Dobashi, S, and Satoh, Y. (1985) s Tolerable
density level of whitebacked lanthopper
Sogatella furciferg Horvathng for rice plants
in Akita prefecture. Annual report of the
é%cge%x of plant protection of North Japan.,
>4 ¢ 6-8,

Inayatullah, C., Ashraf, M. and Khan, L. (1987), White-
backed planthopper damage in Pakistoan,
intl. Rice Res. Newsl. 12 (2) : 18,

Jayaraj, S¢ (1967). Antibiosis mechanism of resistance
in castor varieties to the leafhopper
Enpoasca flavescens (F) (Homoptera : Jassidae)
Indign J. Ent., 29 1 73-78.

*Johraku, T,, Kato, S, and Wakamatsu, T. (1974)s Relation
between the conditions of migration or the
weather of propagation season and the abundance
of the vhitebacked lanthopper, Sogatella
furciferg (Horvath.sj Procs Assoc;ﬁ'." Proty

Holuriku,, 22 : 34-38

¥Karim Rezaui, AN.M, (1975). Resistance to the brown

planthopper, Hll@&ﬁzxﬁﬁg lugensg in rice
varieties, Rice Ent. Newsl.,, 3 : 21.

Kawada, A. (1954). Insect resistance of Japanese rice

lant (In International Rice Commission
mm%_mw_es_@im: n._Agric’
Japan. ppe. 151=165, _




vii

Khan, Z,R, and Saxena, R.C, (1984), Electronically recorded
wave forms associated w%th the feeding behaviour
of Sogatella furcifera (Homoptera s Delphacidae)
on susceptible and resistant rice varieties, J,
Econ. Entomol., 77 (6) : 1479-1482,

Khan, Z,R,, Saxena, R,C. (1985), Behavioural and :
f’hysiological response of whiteZbacked plant-
hopper to selected resistant and susceptible

rice cultivars J. Econ. Entomol., 78 (6) @
1280 -~ 1286, ==

Khan, Z,Ry and Saxena, R,C; (1986), Varietfl resistance in
H

rice against Sogatella furcifera
Proty, 5 (1) & 15~25,

orvath,) Crop.

. Khatri, AK, and GangradeitG,‘A." (1981). Correlation of

population density of Sogatells fupcifera with
‘number of tillers of paddy. Oryza., 18 3 236-237,

Khatri, A,K, and Gangrade, G, A, (1982). Correlation of
opulation density of S furcifera
%Horvath.) with yield parameters of rice,
LM@.QJ_O .E.Js' E.L‘.QL., lgl ¢ 49-51,

¥Kuno, E, (1968), Studies on the population dynamics of

rice leafhoppers in a paddy field, Bull. Kyushu.
Asr. Expe Stn., 14 : 131-246,

Kushwaha, XK,S, and Singh, R, (1986)., Field evaluation for
_ WBFH and leaf folder resistance. Intl. Rice. Reg.
Newsl., 11 : 1,

*Kuwayama, S, (1954), Investigations on the insect pests
of the rice plant in Hokkaido and their control,
Report No,46. Hokkaido Nat. Agric. Expt. 3ta.,
Kotoni, Sapprq, Japaf., pp.106;



viii

Leeuwangh, J¢ (1968)¢ Leafhoppers and planthoppers on
rice in Thailand. Fipal. Report UNSF/71 THA/PL.
Plant production and protection division of the
FAO of the United Nations in co-operation with
the technical division., Rice Department, Ministry
of Agriculture, Bangkok, Thailand.,, pp.141.

‘Lefroy, H.M. (1903-4). Memoxis of Dept. Asric. Indias,

2+ 339,

Lever, R.,J,AM. (1946), Insect pests in Fiji, Bull.
- Dept. Agric. Eijl., 23 : 26

Liu, C,, Iu, W, and Zhang, G, (1982), Biology and
ecology of the white backed planthoppers in

Henan province. Scientia Agriculture Sinica.,
g L 59"660

*Luo, G.Fi (1985)¢ Population fluctuation of rice
planthopper in paddy fields and an analysis of
correlation vith their natural enemies. Ingec
Knovledge ‘Kunchong Zhisbi)., 22 (3) : 1071=10% 7

Mahar, M.M., Bhatti, I.M. and Hakro, M,R, (1978). WBFH
"appears on rice in Sind, Pakistan, Intl. Rige
Res. Newsl., 3 (6) : 11, |

Maki, M, (1917)s Outbreaks of g Delphacid on rices
Irans. patn. Hist. Sog. Zormosa., 29 3 20-21,

Miller, N,C.E; and Pagden, H+T, (1930)., Insect p
1

of paddy in Malaya. Malavan Asgric. J., 18

Mishra, B,C¢, and Israel, P (1968)6 Leaf and plant-
hoppefzz's of rice. Intl. Rice ~ommun. Newsl.,
17 2 7=12¢ '




ix

Mishra, C.S, (1916); Report on investigations regarding
the Maho (Nephotettix

g and N, Spj.gallﬁ)
in the Central Provinces.lgi;. of Agric. Govt,
Press, Nagpur,, 2423 '

Mi shra, U, 3¢ (1977). Insect pest problems of ri
atti sgarh, Pesticides,, 11 ¢ 24-26,

Miyske, Ts and Fujiwara, A, (1961), Studies on the |
diapause and host plant preference in the white-
backed planthopper, S

ogata furcife (Horvath,)
Japs Jo Aopl. Entemol. 20Q]. 5t 1%—-1 .

ce in

79¢

Miyake, T4 and Fujiwera, 4, (1962) . Studies on the
hibermngtion gng diapause of the vhiteZbacked
pPlanthopper, Sggata

furclfers Horvath and the
brown E;anthopper, Nilaps

rvaka lugeng Stals
Bull. Hiroshima - ~Aoric, Bynt Sthey 13t 1735

Miyake, T, (1966), Studies on the bionomics of three
species of plantho

ppers: Laodelphax gtriatellus
Fallen., Sogata furcifers Horvath,, N
augens Stal, especially

on their diapause, Bulls
Wroshima Expt. Stn,, 24t 1-53;

¥Miyashita, K, and Ito, Yo (1961) 2 Population fluctuation
of the insect pests of rice plants, Misc. ;'
National Institute of Asricultural Sciences,
&gmygm_rﬂJgj&Ju,TMWo” 3 ¢ 1=64

'*Mobhida, 0. (1964), Critical review of the relationship

~ between climatic conditions and occurrence of pPlant=-
hopper pesZg on rice in Japan, Shgggguggg—ggggi.,
18 ¢ 237=-240,:

Mochida’i‘- Oy Tatang, S

ey Wahyu, A, and Rahayu, A, (1978) ¢
he occurrence of

the brown planthopper
(Nilaparvata lugens)

3 the whitezbacked planthopper
Sogatella furcg fera)and the green leaf-hopper
Nephotettix sp.J in Symatra, Java, Bali, Lombok,
South Kalimantan and South Sulawesi in Indonesia
during February to April, 1978, CRI A-IRRI Sukamandi.,
Indonesia, Ent, Surv, Rept., 14 ¢+ 70



X

Mochiday O,, Perfect, T,J,, Dyck, V,A, and Majar, M.M,
(‘1982). The white-backed plant hopper, S 1la
_ (Horvath.) (Homoptera 3 Delphacidaeg,
its pests, status and ecology (in Asia). Raper
re d_in _Internationa ce_Rege erence
Rt_a%egﬁ_e L&b__ei,.e

f@:&ﬂi@.ﬁa&.&s@.ﬁ%@ammmw
Banas, &&m.

*Murata, T, (1927). Ingect pest on rice, barle'ly\rl, and
wheat and their Erotection and control, Nigigahara
SOSVO - Kanko il as - .T_Q.}.QCQ” PP.585o"

¥Murata, T: and Hirano,.I, (1932). Relation of outbreaks
of leafhoppers to climatic conditions, J. P
Prot., 19 ¢ 20-190,

Naito, 4, (1964), Method of detecting feeding marks
of leaf and Planthoppers and ifs application,
_E;. _P,rggo’ l§3 : L'82'° : l".‘

Nalinakumari, T. and Mammen, K,V, (1975), B:Lologzr of
S

the brownplant-hopper Nilaparvata lu ng (Stal,)
Aeric. Res. J. Kerxala., 13 (1) 5 oiais”

*Nasu, S, (1965), Studies on the physiology and ecology
of Sozatella furciferg and Nilaparvata Jugens
(Homoptera Delphacidae) and the prediction of

their occurrences, Norj nsye - Byogaitvy -
Hasselyosatu ~ Tokubety - Hokokul., 20 : 1-313,

Nasu, S, (1967), Rice leafhoppers, (In). The Major

Insect Pests of the Rice Plant. Johns H opkins
Press, Baltimore, Maryland, USA, pp.493-523;

Natarajan,K, (1971), Some studies on egg plant and certain
wild solanum species for resistance to Epilachn
vigintioctopunctata (Coleoptera : Coccinellider? -y

Unpublished M.Sc, Thesis. Annamslad, University.




xi

Noda, H, (1986)0‘

plants caused by
the whitecbacked plantho per

_.93&5 - tmsls.l.a iy,f_@_!igr,a
(Homoptera t Delphacidae Appl. Entomol. Zool.,
21 (3) @ 474-476,

Damage to ears of rice

0'Connor, B,A; (1952),

The rice leafhopper, Sogata furcifers
Kolophon Kirkaldy snd rice yellows Agrigc. Jo Fiiiy,
23 t 97~104;

Oka, I.N., end Mochida,O. (1976). The infestations of
Planthoppers on rice plants in Bali in November
1976. CRIA ~ IRRI, Svkamandi, Indonesia. Euts
Surv, Rept,, 7 : 5,

Okamoto, H, (1924), Jassidae and Fulgoridae injﬁrious
to the rice plant

in Korea, Rept. Agr. Expt.Sta.
30

Pablo, S,J,, Karim,R, =nd Malsbuyoc, L.A, (1975),
Resistance to pla?thoppers and leafhoppers in
rice varietles, International Rice Regearch
Lnstitute, Saturday Semipar, Aprill 19, 1975.
Les Banos, Ehilippines.

*Pablo, S,J, (1977),

Resistance to white-backed plant-~
hopper Segatella furcifera Horvath.?é In rice
varieties, Unpublished Ph,D, T .eslauﬁ__djln lan
%&ELQ%%&QL@lZﬂgﬁﬁarch institute, New Delni,

o3 PP 143

Palnter, R:H.' (1951), Ingect resistance in crop plants.
' Mac Millan Co, New York,, pp.520,

Painter, R/Hy (1958), Resistance of plants to insectsi
Anna Rev. Entomol. 3 : 267-290,

Pathak, M,Ds (1971).

Resistance to insect pests in rice
varieties,

Qryza (Supply)., 8 : 135-144



xii

Pathak, M.D, Andres, F,, Galogae, N, and Raws, E. (1971) 4
Resistance of rice Varieties to striped rice

l;oreré int. Rice Res. Inst. Tech. Bull.,
11 ¢ 69, -

Pathak, M,D, and Sexena, R.,Cs (1980), Breeding approaches
in rice (In) - Breeding plants resistant to insects.
Edited by Maxwell, F,G, and Jenning,P,R,, Wiley,
New York., pp. 421-455,

Pathak, P.K., Verma, S.K,, and Lal, M.N. (1986). Reaction
of rice varieties to whi%ebacked planthopper,
totl. Rige. Res. Newsl., 11 (3) : 7.

Patton, R.K, (1963). Introductofy insect physiology. W,B,
Sanders Company, Philadelphia and London., pp.245,

Rapusas, H,R, and Heinrichs, E,A, (1985), White-backed
pPlanthoppers growth and development on rices with
monogenic or digenic resistant Intl. Rice. Reg.
Newsl., 10 (5) ¢ pp.9-10, |

Reddy, M,S,N,, Rao, P.K,, Narayana, K.L. and Rao, B.H.K.
(1978). Homoptera species complex on rice at

Hyderagad, India., Intl. Rice. ~ommon. Newsl,:
28 : 16=17,

Richard, O.W. and Davies, RiGo (1977), Imm's Text Book
of General Entomoloey, 10th edition, Chapman
and Hall, A Halsted Press Book, John Wiley and
Sons, New York., pp.688,

*Rodriguez = Rivera, R, (1972), Resistance to the white -
backed planthopper, Sogatella furcifers (Horvath,)
in rice varieties. Unpubli shed M,Sc, nggljb.
H&ﬁg@Lﬂ.ﬁi@l@p&M@WMﬁﬁ. ,
PP.09¢ '




xii

- Romena, A,M,, Rapusas, H,R,, and Hei,
Evaluation of rice accessions tor resistance to
the Sogatella furcifera.Crop. prot., 5 : 334-3k0,

Salkrishna, T. and Seshu, D,V, (1980), Genetics of WBPH
resistance, Intl. Rice Res. Newsl ., 5

~
e £,

Salni, R,S,, Khush, G,S, and Heinrichs, E,A, (1982),
Genetic analysis of resistance to whitecbacked

planthopper, Sogatella furcifera (Horvath., ) .
in some rice varieties, Crop. Prot., 1 ¢ 289-297,-

Salni, 5,3, (1984), Hopperburn caused by white-backed
planthopper Intl., Rice Res. Newsl., 2 t 14,

Sambandam, C.N, and Chelliah, S, (1972)., Final report on
the scheme for the evaluation of contaloupe and
musk melon varieties for resistance to the fruit
fly Racus cucurbitae, C,U,S,D,A, PL - 480 Research
Prodect Annamalai, Uniy., pp.o7 ,

‘ -Satpathy, J.M., Das, M,S, and Naik, K. (1977). Effect
of multiple and mixed cropping on the incidence
of some important pests. J, Entomol. Res., 1 : 78-85,

Saxena, R,C, and Khan, Z,R, (1984), Free choice and no
choice seedling bulk tests for evaluating
resistance to white-backed planthopper, Intl.
Rlce Reg, ..N..ﬁﬂﬁgaoy 9 (bf) 2 67,

Saxena, R.C, and Pathak, M,D, (1977). Factors affecting
resistance of rice varieties to the brown plant -
hopper, Nilaparvata lugens.' (In) Proceedings,
8th Annual Conference of the Pést Control ouncil
of the Philippines, Bacold City, 1820 May, 1977

Sidhu, G,S, (1979)., Need for varieties resistant to thg
whitecbacked planthopper &n the Punjab. Intl.
Rice Res. ..I\.I..Q.Wﬁl\oy {’__! : 6-7,

-



pakis

Sogawa, K. and Pathak, M.D. (1970)., Mechanism of brown

E)lanthopper resistance in Mudgo variety of rice

Homoptera : Delphacidae), Appl. Eotomol. Zool.,
2 ¢ 145-158, '

Sogawa, K., (1973). Feeding behaviour of the brown plant-

*Suenaga,

*Suenaga,

*Suenaga,

hopper and brown planthopper resistance of indiea
rice Mudgo, Bull. No.4. Lab. Appl. Eokomol.,
Faculty of Asric., Nagoya University, Chikusa,

Nagoya, apan., pp.151.

Hy (1950), Biochemical components effects of -
food plant upon the abundance of rice Jeafhoppers.
(1). Kyushu Nogyo Kapiyu., 7 : 61-62,

He, (1956), Research review on the overwintering of

Sogata furcifera and Nilsparvata lugens. (Homoptera:
Delphacidae) and related subjects ﬁ n; Studies on
the Ql@ﬁiiﬂlﬁ%@% and the original sources of Sogata
furciferg and Nilaparvata Iupens Homoptera:

Delphacidae), Hulruoka Agricultural Experiment station,
Japano’ PPe 28&-287-

H, (1963). Analytical fudies on the ecology

of two species of planthoppers, the whitezbacked
planthoppers (Sogatg furcifera.) (Horvath,) and the
brown planthopper \Nilaparvata lugens. Stal) with
specisl reference to their outbreasks. Bull. Kyushu

A&‘I‘iC. Eth. Stn_,_, g H 1""152.‘

Suenaga, H, (1966), Insect pests centrol (Development of

*Suenaga,

7xiaddy cu1+6:ure techniques in Japan), Agric. Asia.,
o H 153“‘"1 39:' '

H, and Nakatsuka, K. (1958), Critical review
of forecasting of occurrence of planthoppers and
leafhoppers on rice in Japan. Byogaityu~
Hasseivosatu - Tokubetu - HokokQe, 1 ¢ 1-453




Xv

Tao, CeHs and Ngoan, N.D. (1970)s  An ecological study
of whitebacked Planthopper, So atella
furcifera Horvath in Vietnam, i§68, Je Taiwan
Agric, Res., 19 : 82-90

Tripathi, R.S. and Pandya, R, (1987). Resistance to
whitebacked planthopper in Rajasthan,
Intl. Rice Res, Newsl,, 12 : 3,

*Tokunaga, M. and Kidera, Y, (1948), The relation between
the difference of rice varieties and the out-
break of rice leafhopper Sogatella furcifera
Hory, Oyo-Kontyu., 4 : 2 o0=-217.

Vaidya, G.,R, and Kalode, M.B, (1981). Studies on
biology and varietial resistance of white-

backed planthopper, Sogatella furcifers (Horvath,)
in rice, Indian J«. P11, Prot, 2 (1) T 3-12

Veluswamy, R. (1982), Resistance in rice to the brown
Planthopper, Nilaparvata lugens (Stal, ).
Unpublished Ph,D, Thesis, Tamil Nadu, Agricultural
University, Coimbatore., pp, 141,

Veluswamy, R, and Heinrichs, £,A. (1985). Field resistance
to the whitebacked lanthopper, Sogatella
furcifera (Horvath.) in IR rice varieties,

e fxo Prot. Tropics., 2 (2) ; 81-85,

Veluswamy, R,, Rajendran, R, and Babu, P.C.S, (1986),
Resistance of T R varieties to leafhoppers
and planthoppers, Intl, Rice Res. Newsl,, 11

(6) : 12,

Verma, S.K,, Pathak, P.K., Singh, B,N. and Lal, M.N, (1979),
Susceptibility of promising rice cultivars to
whitebacked planthopper, Intl, Rice Res,

Newsl, 4 : 8




Xvi

Wigglesworth, V.B. (1972), The principles of insect
physiology Chapman and Hall, Tondon,

*Xu, 0.D. (1982). Observations on the occurrence
of Sogatella furcifera Horvath, in the
eastern area ol Fujlan Province, Insect
Knowledge (Kunchong Zhishi)., 19 (3) :

8 - 11,

*Yashiro, He (1939), Relation of the outbreaks of

leafhoppers to Typhoons. Oyo - Kontyu.,
2 : 1192120,

* Original not seen,



BIOLOGY AND POPULATION BUILD UP OF -
THE RICE WHITEBACKED
PLANTHOPPER, Sogatella furcifera (Horvath)
* ON DIFFERENT RICE VARIETIES

BY
AJITH,P. P,

ABSTRACT OF A THESIS
submitted in partial fulfilment of the
requirements for the Degree
MASTER OF SCIENCE IN AGRICULTURE
; -Faculty of Agriculture
Kerala Agricultural University

Department of Agricultural Entomology
COLLEGE OF AGRICULTURE
Vellayani— Thiruvananthapuram

1990



ABSTRACT

Investigations were carried out in the College of
Agriculturg, Vellayani during 1988 to identify cultivars
resistant to the white backed planthopper, §.,fufciferg from
among the high yielding rice varieties comnonly cultivated in’
{erala. The rice cultivars Cul 126, Cul 93, Ptb 33, Karthika,
?avizham, Jyothi, Triveni and TN=1 were chosen for preliminary
screening by seed box screening, free-choice and no-choice tests
and by tests on orientatibn<and‘settling response and popula; |

tion build up.

In the seed box screening and free choice and no choice.
tests, the cultivar Cul 126 recorded the lowest damage and the
cultivar TN-1 showed the highest damage, indicating resistance
in the former and susceptibility'in the latter, The cultiva%
Jyothi did not differ from Cul 126 and the cultivars Cul 93, '_ Ptb
33, Pavizham and Karthika showed intermediate levels of resis-
tance, In the orientation and settling response test the hiéh—
est number of S. furcifera nymphs were seen settled on TN-1,‘
where as it was the lowest on Cul 126 and it was followed by
Jyothi, indicatirig a clear preference to the susceptible TN—ﬁ.
The insect multiplied faster and in greater number on TN-1
and the total count-was about thirty times more on TN-1 as

compared to that on Cul 126 at 60 days after release,

Based on the results of the preliminory écreening trials,
the cultivar Cul .126 and Jyothi (resistant), Pavizham and
Karthika (moderately resistant) and TH-1 (susceptible check

were selected for studying the mechanlisms of resistance,



In the experiment to study the ovipositional preference
of the insects it was found that the susceptible TN~1 and the
resistant Cul 126 received the highest and lowest number of
eggs respectively., It was also revealed that the leaf sheath

received more eggs than the leaf blade.

The antibiosis factor in the cultivars was investigated
in terms of nymphal duration, nymphal survival, sex ratio of
emerging adults, adult longevity, fecundity and hatching per-
centage of eggs in three growth stages of plants, neamely, seed-

ling, tillering and booting stages.

The insects from the susceptible TN-1 had the shortest .
nymphal duration and the longest adult longevity. The percentage
of nymphal survival, fecundity and female/male ratio of the
emerging adults were also the highest on TN-1, However, the
insects from Cul 126, and Jyothi had longer nymphal duration and
shorter adult longevity., The survival, fecundity and female/male
ratio of the emerging adults from these cultivars were also
lower as compared to TN-1, The results were uniform in all the
three growth stages of the crop. No difference could be observed
in the hatching percentage of eggs in the test cultivars in the
seedling stage, but in the tillering and booting stages the eggs
on TN-1 showed higher hatching percentage,

The results indicated the presence of antibiosis factor
in the resistant cultivars, Cul 126 and Jyothi; These rfesults

were further confirmed in the experiment on the feeding rate



of the insect on the test cultivars, Insects on TN~-1 produced
the largest area of honey dew spots as compared to others in
all the three growth stages showing significantly higher feed-
ing rate, The feeding rate in Cul 126 was the lowest.

The effect of crowding of first instar nymphs was more

pronounced on the insects on TN-1, The survival percentage was

the maximum in crowding at the rate of 25 and it dwindled sub-
stantially in the susceptible and resistant cultivars alike in
crowding at the rate of 100. Crowding did not have any effect

on the sex ratio and brachyptery of emerging adults,

When S. furcifera and N, lugens were released together
in different proportions, the latter surpassed the former in
total mumber in &1l the cultivars when counts were taken at
60 days after release of the insects. The result indicated that
in cultivars resistant or susceptible to both the insects,

N, lugens established a rumerical supériority over S. furcifera.

In studies to identify the wet land weeds which serve as
alternate hosts to S. furcifers, it was found that the insects
oviposited in none of the weed plants tested. The nymphs could

survive only on Echinochloa eclona and Panicum repens.



