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INTRODUCTIOR

Rioce, the staple food of the people of Kerals, is
grown in about 0.8 million ha, which is the largeet area
under & single oxop. The pest problen of paddy was increas=
ing in Kerala since the introduction of high ylelding
varieties, anong wvhich leaf end plant hoppers are nore
inportent. (iany species of leaf and plant hoppers are
found commonly in rice fields. Only a few of them are
fnportant pests of rice, dut it is very 4ifficult to
distinguish these species from others. Uome of the leef and
plant hoppers which were eonsidered hitherio as ninor pests
has attalned the status of major pests. [Nilsvarveta luzens
(Stal) has been reported %o be ccourring as a serious pest
of paddy in Kerala (Das gt al., 1973) from 1973 onwards.

The connon nane, ‘leaf hopper' ie used to the inseots
belonging to the family Cicsdellidae, and ‘plent hoppexr' to
the inseots belanging to ths famlly Delphacidae, ileenoplidae
‘etoc. of the super fanily of Fulgoroidea under Hemiptera.
Delphaocids are essily recognised by the preeance of a large
nobile spur (caloer) borne on the inner side of the apex
of hind tiblie, while cicadellids are recognised by the
resence of rows of regulsr longitudinal spines on the hind
tidbla.



Leaf and plant hoppers danage rice plant by sucking
plant sap ond tremsuitting e nunber of virus diseases, Some
of these disesses have been reported fron XKersla also,

Tven though a mumber of leaf end plant hoppers
affocting peddy are present in Kerals, no gystematic studies
heve so far heen undertaken o0 get the correct identities of
these inacots. lanoe & smrvey was oconducted in two important
paddy growing tracts of Kerals namaly ralghat, and Trior
dietricts. 7The taxonouic studies were uainly besed on the
study of male ganitalia and the oorphologiocal charecters of
heand. The results of those studles are given in the following
pages.
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REVIEY OF LITERATURE

Studios on the taxonouy of leaf and plant hoppers were
very usagre till ths niddle of the present contury.

Vialichar (1903) was the ploneer worker in the field of
orieantal laaf snd plant hoppers. An extensive study was made
by Distant (1208) who nonogrepned the femily Jassidae in his
work on iynoota in the “"Pauna of Deltish Indla” series,
Metchar (1913) reported the dietribution of Tettigoniells
apecting Distant and Nophotoidlz bipunotatug (Fabriecius) in
South Indla and also gave an gcoount of the biology of these
pests., Giffard (1921) stated thet the use of colour as a
specific charascter has led to gymonywy m aoccount of there
sonetimes deing aevoral oolour forms in the same species.

The ooourrencs of both hrachyptearous and macyropterous foras
in the sans specios made Prathi (1925) to study the genitalla
of “hyneote vhich ig o valuable emmtribution for their
olesaifisation,

Pennah (1356) erected a new genus Sogatella under
Shlaricns teking Lilurnie furelfera (Horveth) os the type.
In 1963 he made a detailed study of the Sossbella fuocifers
oonplex mainly based on the bodily proportions, vig.,
subnedimn length of vertex, length of beszal coupartment,
width of the anterior nmargin of pronotal disec, lemgth of



negsonotun and mesoscutellun, length of frams and width of
postolypeal disc and also on the genitalie chsracters. He
included the species under the oomplex into three distinot
geners, viz., Latutipug Lesch, Sogatells Fennah and Sozptodes
’ennah. lahinora (1904) proposed the new name Hoahiotetiix
pg for the jrevecupled . (gioada) bisumctatug
(Pabriclus) and gave a key in whioh I. jupigtlceps, I.
eincticeps (Uhler) end . gpicalig (Motechulsky) were
differentiated by charsoters of the malea. Femah (1905)
after conparing population sauples fyon various loealities
with reepective type specizens hes shown that Sogatodeg

gig (iuir) end S. oxypigole {iuir) ere conapecific,
lenglg ves suypressed md node & aynonym
of 3. orvaioola. Ishibara gt @l. (196G) described two new
species of the genus Haphoteltix vis., L. Badayonug end
Lo pAEYUS 8p.n. Ghouri (1900) recorded ithat the genus
hephotebtix in Africe and iledagnscur has bean ropresented by
two species . podulatus weliochar end . afar sy.n. Doth
these species are widely dletributed in Africe and lindagasoor.
lioshida (1970) reported o red ayed form of the brown plant
hopper, lilopervake luseng (Stel) fron Japan. liemmen (1971)
has given detalled dosoription of fourty eix Indlian delphacids
including nineteen new species,
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Ghauri (1971) nede & deteiled otudy of seven known
species and one gsubspecies of Ngphotetilix bLased on male
gmitalia and other norphological chaxracters like colour,
meagsurenent of hesd, vertex, pronotun, scutellun, tLegaen,
counigsure, total length ete. Thay are l. Yirescang (Pistant),
Y. pheropiotug (Stal), M. glnoticevg (Uhl.), N. modulatug
Helichar, . pplayenus Ishihare and Xewase, l. parvyg lehihsre
and Kawase, e afer Ohauri and N. pigropictug yaphcola
Lignavouri. .. gRpatrioug sp.n. was desoribed as a new
speoies Irca Srilanka, A ocouparison of holotypes showed that
e YAreocans deooribed sarlicr as Sglegnocephalus belongs to
EgiholbottlX end is conspeoifio with N. (Clcade) bipunotatug
(Fabr.); this nawe ie precocupied snd the next available ie
i Xoposns, of which I, joploticeps Ishihera becones a
syaonyu. Jhe bypes of H. gphoalls (liotsch.) end rediopais
nlgronegulaty (otoohy wilch was synonynised with Lt wes
desiroyed. L. phgpopiotug replaces H. gpioalis Auot; IH.
¥apicolg Lirnoevouri becoucs o subspecies of [l. nlgropictus.

Usha gt al. (1979) etudied the hybrid specimens between

. Yirescens and 1. niaropictug end desoribed the characters
in detail. Kalode g% al. (1979) reported the ocourrence of
biotypes of brown plent hopper causing different resctions
to Iz 26 in different arsas, Gosh (1980) obearved a 'blue
forn' of [I. vireeceong Distant at liyderebad. Jato gt al.
(1961) reported biotype variations in Y, gincticeps (Uhler).




Virsktamath (1983) published a key to the economicelly
important species of cicadellidae found in India.

2. Outbregks ¢

Infestation of leaf and plant hoppers on paddy was
reported from very early deays from many parts of the world.
Pew of thew oonsidered previously as minor peste have now
aoquired the status of major peats of rice in most of the

rice growing tracte of ¢the world.

Fletoher (1913) reported the ooccurrence of

Tettigoniells spectrs (Dist.) and Nephotettix bipunctatus
(Fabricius) in peddy fields of South India. Hutaon (1921 &
1922) recorded Nilaparvata greenl Dist., Iyphlooyba subrufa

Motsch, Nephotettix bipunotatus (Febricius) end Tettigoniella
gpegtra Distant as pests of rice in Srilenka. Twenty three

species of Jaseids end Fulgorids were identified as injurious
to rioce orops in Korea by Okamoto (1924), of which
Nephotettix apicalis (Motseh.) var. cinoticeps (Unl,),
Livurnia orvrae Mats; and L. furcifere (Horv.) are the most
importent species. Corbett ('1926) reported the outbreak of
L. bipuotatus (Pabricius) and Sogata pellesceng Dist. in
rice in Malayasia, Hutson (1933) recorded the ocowrrence of

Sogate furcifera (Horw) end Nilapervete lugeng (5tal) on
rioe in Srilanka.

Rao (1950) reported the outbreak of N, Jugens from



Tenall area of Cuntur dlstriot in 1927, from the delte oreas
of tast end -est Godavari in 1935 smd again in 1942. An
outbresk of Chleriong (Sogste) fureifers (Horv.) was
reported on rice from Jabalpwr distriot of lMadhya Pradesh

in 1958 (Anonymous, 1960)., Susnags gt al. (1958) mede &
survey of peddy pests in Japsn in which they recorded fifty
eight species of leaf and plant hoppers, of which ten spsecies
were serious pests of rice plant. Bajpal (1364) recorded

a sgvere outbreek of Sogatella fureifera (Horv.) in iiadhye
Predesh. liokrotovarov (1965) reported Hgphotettix anicallg
(lotsch.) ceusing hsavy losses to0 young rioe plante in
Indonesia, Atwal g a). (1967) recorded en outbrea: of
Sogatells furaifers (forv.) in Punjed end studied the blology
and oantrol of this pest. In trsnsnission studies of virue
diseasoo of rice, King (1968) reported 25 species of leaf and
plant hoppers on rice in Thailend, anong whioh 3. ginotioens
(Unl.), He gpicedds (nigroniotus) (lossch.); Lpasuma
(Reoilia) dorsalip (llotsch.)s Theip oryeivors Ghauriy

Kolla uninica Dist., ligorogteles syp. Nilapervetg lucens (Stalls
Sogatells furcifera (Horv.); Higis etrovenoga (Leth.).
Relrhecodes opp. Dalelulbg opp. and -ogatells formoselln
(iats,) were ocongidered as wost important peats of paddy.
Grist and Lever (1908) studied the diastribution of 3,
Lurgifere (Horv.) and . Jugeng (Stal) and found that thay
are serious pests of rice in Indla, Chatierjee (1971)
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reported e severe outbreek of Jouatella furcifers (Horv.)

in upland aatumm rice in two northemn districts of Jest
Beangal. In a survey conducted at Jave, Sochardjen (1973)
presented a 1list of leaf and plant hoppers in which Ihale
orveivors Cheuri , Jocilis dorsalip (liotsoh.), Nephotettlx
spps, Sogzatella furoifers (Horv.) snd Nileparvaia lugepg (Stal)
are important pests of rioe,

Pavar g% al. (1976) reportod the occurrence of the
following pests viz., l. pigropictus (Stal), l. viresceng
(pist.), Rocilie dormslig (Motseh.), Sxitienus indious (Dist.),
Ietklzells gpectra (Dist.),lilapexveta lugeng (Stal),
Sogatelln furcifere (lorv.), Oliarus caudatup (lk.), ligla
atrovenoga (leth.) and Yaguogheuug mimicus (Dist.) associated
with rice in ilimachal Pradesh., Channs Basovanne ¢b gl. (1976)
reported an outbreak of [, lugens (Stal) on rice in Xarnataka.
Prekase ao 9% gl. (1970) observed severs infestation of lH.
lugeng in ¥ast Godavari diatriot causing hopper bwm in an
estimated area of 200 ha. Natarajan (197.) recorded outbreaks
of . Jugeng (“tel) in iadural in Temil Nadu in 1373 and 1379.
Firat report o2 the ocourrance of 3. fupcifors (lorv.) in
Pekistan vas made by lMabar g} al. (1575) at Rice levearch
Station, Dokri. Verna gy al. (1979) reported regular
infestation of troun plant hopper and white backed plant
hopper in Uttar Fredesh from 1369 onwards excepting 1970 when
the crop wee free from the attack of brown plant hopper.




Claridge gt al. (1961) recoxded over 50 speeies of leaf and
plant hopuars frou rice fields of South tast Asla.

Bishnu gt al. (1983) noticed that even though 5.
furciferns (Horv,) was oonsidered as a minor pest of rice in
Hepal, a severe infestation ceauging hopper burn wag oocurred
in Xethmandu, ‘haktapur and Laldthpur during 1962 wet season,

Yiara (1920) gave o general acouunt of the biology of
Nephotettlxz bijunctatup (Fabr.). 7ggs hateh in 4 to 6 daye
and the nym hal otage lasts from 13 to 21 daye ocon;rising
five moulte. Abalose (1933) desoribed the biology of L.
bipunotetug (fabre.) and . apigalig (liotech.) in detaeil, In
“hiliprines they are generslly abundan$ during August and
Cctober. They attacik the slands in all stages of growth,
fecdin; on  tho leaoves and leaf gheaths, a3 & result of which
the tipo of the older leaves dry, yellow gpots aspear on the
nideit: and thc leal shoatho and plont bocome stunted. The
egss are depositad in rows undor the epidercdis of leaf-shecths
of yowng plants and hatoh in 5 to 10 days, the 5 nymphal
instars cocuyy a total of 13 to 14 days. Owiposition beglns
2 %0 3 deys after the ensrgence of edults.

Miarz g4 ale. (1958) conducted detailed anatonicsal
ptudles of the ovipositional asltes of difforent leaf hoyrors.
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Nephotettix epp., lecilia dorseligp (liotsch.), Tettigella
gpectre (Dist.) end Kolle mpimics Dist. oviposited in the
bulliforn oells near the midrid of the leaf blade. It was
observed that the egg mass lald in the wings of leaf sheath
are less well protected from insecticide sprays than those in
the wmidrid, Chem (1970) reported that the complete life cyocle
of Nephotettix imiioticepa lasted sbout 70 to 80 days in
sumer and 120 %0 130 days in vinter,

“heng 3% ake (1971) conducted laboratory studies on
the bionomics of ligphotehtix viresceng (Dint.) »n Fhilippines.
Thene studles have shown that 29° end 33°C were the best
texperatures for the develoyment of the eggzs, nyuphs end adulta.
At 20°C the rate of growth of eguge end nyuphs slowed down
considerably end there wes a aignificant roduotion in the
nusber of egss lald. At 35° devwslo;uent was somewhat accele~
rated bui the adults lived for a shorisr period and the
females lald fower egps than at othsr teuporatures tested.
!Infmilizea faneles laid atarile eg:s at random o leafl
gsheaths, but feuales that had nalred insarted taelr egge into
the tissues at the adzes of the leal ohwaths. ..ove then 607
of the ag:s were laid in the outer wost leaf sheatlia, wostly
near the base of planta, Ths nypphs and adulis were most
ebundant on the leaf blades. ropuletion increased rapidly on
older plants tham young seedlings.



1) |

“an (1972) found that snong the epecies of homopterans
reoorded on rice in Dorneo more than 907 oconstituted

Hephotettix viregoeng, [l. nhgkoplotua, Igbtigells gpectra,
and Hegilis dorsalig. A significent correlation waes noted

between water goluble protein nitrogen in rice plent and
popalation of hoppers in the fields.

Basu g% al. (1975) found that ll. virescens cen over—-
vinter in the graos Polypogen nonspeliensis (1) besides rice
plent. Nysmpbal stages of the leaf hopper was found to dbe
greatly lengthened during winter, insect ooculd withatand long
perioda of faasting on uolst soil indloating reduced metaboliem
during winter. The longlvity of fenmales was found to be
more then that of uales. Garg (1900) observed tinat preveiling
agrooclimatic conditiong were the most inportoni fagtors in
the initial oppearance end subsequant population build up of
rice pesto viz., L. yiresoens and I. gpeotxa. :eekly
averages 0f 203453°C, 0555  lelleg o186 hours of sunshine end
0 %o 71 oillineter rain were found to favour the population
bulld up of thaae peats,

2. Delphacidop

Miller gk ale (1930) studied the ecology of Sogntella
Durciferg (lorvath) anud found that later ayuphal insters
inelined to feed higher upon the rice plants in the early
porning and %o descend as the sun becomes powerful, In Japan,
vseki et al. (1932) revorted 5 penerations of Iilaporvata
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lugeng (5tal) in a year and the total life cycle was completed
in 13 to 22 days, brechypterous forms were comnom in both
gexen. Caresche (1933) noted that nymphs and adults of .
lugens usually recains in the lower parts of the plent near
the wvater level foeding on the sap and secreting homeydew end
they seldon leave & plant until it is complotely exhausted.
Lever (1939) observed that the yellowing of the leaves due %o
infestation of S, furgifera was invariably worst in arecas
vhere the rice was permanently flooded or had experienced
heavy or persistent rain,

Xisimoto (1956) found that low density with optimm
oonditions of food oupply during larvel dovelopzent wes
neceasary for the appesarance of the brachypterous females
wvhereas optimal density under favourable conditions of food
supply produced brachypterous males. ilting of the host
plant, over crowding and contaminetion due 0 crowding have
the effect of producing the macropterous forms and this
effect was followed by lengthening of the develoyment pexriod
of the larvae subject t0 thesc oonditions. [ilyeke gt al.
(1961) found that the wing foru of 3. fupcifers was deter—
mined by emvironnmental factors during nymphal developuent,
Nyophs reared at high population density and foed on grasses
(Zog annua) geve risc to macropterous adults, !lineckley
(1963) obeerved that the factors influencing the outbreak
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of brown pleont hoppere include the amount of rainfall, type
of oultivation, age of rice arop, sprecies composition of the
plent hopper porulations and the relative abundenoe of the
parcaites. Populations of delphasids are apt to reaoch the
demaging levels on transplanted rice growing in pools of
stending vater after e dry period, Kisimoto (1965) observed
that naoropterous formo are better edapted to unfevourable
conditions and brechypterous forms are adayted to rapid
multiplication under favourable conditions. Atwal gt al.
(1967) studied the blology of 3. fureifors end found that
during Auguat=iepteuber the egg amd nunphal stages lostod
3.4 10 4.0 days and 849 %0 13.1 days reapectively. In the
laboratory both macropterous and brachypterous adult femsles
ooourred, tho foraer living for 1 to ¢ days and the latter
5 ¢0 11 dayn, the adult males lived for 1 to 2 days. !lilsre
et ale (1965) oonduoted detailed snstomioal studies of the
ovipositional altes of different plant hoppers. Thay found
that 5. furciforg and I. luzeng lald their egss in masses
in the midrid of Lotk leaf sheath and leaf blades, placing
then in the air cavities of the midrib,

Bae gt al. (1970) found shat [l. lugeng wnderuent
optimm develo ment at 25°C gnd 29°C, 32°C was found to be
dotrimental to all life stages. Sexena e} gl. (1951)
reported that changes in the phyeliologloal atatus of rice
plant had a profound effect an wing worphiex in . lugeng.
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Significant increase in the macroptery of hopper progenies
renred on semencent or hopper burned plents ocourred mainly
because of ganersal decline in the hosts nutritiocnal status
and allelochemic factors. Starvation of young nyu hs on
matritionally depleted hosts probably inhibits the secretion
of juvenile hornome by the Corpus allatuu, supirossing
brachyptery and expreseing macroptery. Also any Jjuvenilising
effect of the hosts allelochemies would tend to diesipiate
with the host's sencscence.

gaf end plont hoppera an yeotors of rice diseases

Leaf and plsnt hoppers pley e major role in the
troascdigoion of virus disessesc of rice. 1In the survey report
of Cocmonwealth liycological Institute (1972) a list of rice
dipecses tronsaitted by lsef end plent hoppera ic given,
The inportent rice disecses and thelr vectors are presented
below.

Disease Yectoxp

1. Duvarf Hephotettix olncticess (Uhle)
Le nigrovictug (L tal) aplonlig Auct.
leailds dorgalis (lotoch.)

2, stripe Leodelriex striavelle (Tell.)
Unkanodes sauporonups (iats.)

%« Yollow dwarf rephotebbix viresceng (Digt.)

ze Qinotlogpe (Vhl.)
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4. Tlack strecked dwarft L. siriatella (Fall,)
. sapporon ug (ilats,)

S5 iHoja blanca Sogatodes orysicola (iulr)
S+ cubapug (Creawvford)
6. Transitory yellowing . nigropiotug (Stal)
L+ eingticepg (Uhl,.)
7. Tuwagro L. viresceng (Dist,.)
L« plaropiotug (Stal)
ie dorpalip (liotsch.)
8o Urasgy stunt Hilaparvats lucens (5tal)
9. Urange leaf Le gorpalig (liotach,)

Satomi gt al. (1973) veported . plgropictus,
e Viregoens end N. gipoticcpg as vectors of rice welka virus,
Adults and nyophe of !, lugeng tremsnitting rioe ragged stunt
virus, was reported by Ling gt al. (1577). iutta e} al.
(1980) recorded a new viruas disense of rioce viz., Gall duarf
mrodueing gall like swellinge on leaf bladces and sheaths
whloh was transmitied in o persistant manner by i. dorsalig

end H. plgroplotug.

Haturel enemles of leaf end plant hopuers include
parasitic and predaccous inscets, spiders, nematodes and
fungi. Iaportent parasitic and wredsccous insocts inelude
uwenbers of the oxrder ilymenogtors, fleulptora and Coleoptera.
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. Yaglen (1934) reported ‘apansgrus optabilla iork; a
aynarid, perasatising Sogate fureciferp (iiorv,) which parasa=-
tised about 70" of the ogge examined. Leaki @t al. (1936)
recorded the Dryinide Zohthrodelphex bicolor Seaki and
lieshimoto, Haplogonatopus jeponious :seki end ilashimoto. and
us flavifeomy "seii and !leshiumoto parasatising
Hileperveta oryreg. He also noted e fungus Intomouhthorg
delphaoig infocting L. opyzed, H. birupotatup and L. gincticeps.

Tatel (1968) recorded e pteromalid emdoparasitic to
the nyophs and edults of Sougntells furelfera at .:alpur.
Abrahan @t al. (1973) reoorded Coeginells arcuate Pabricius
a8 a predator on the nyupps of Nilaperyets luzeng. In 1974
they studlied the predatory posemtial of the beetle in detail,
Favar (1975) reported a wirid bug Cyrtorhinug lividipennis
(leuter, oo & redator of the eggs and nyuphs of brown plent
noppers and green leal hoppors in limachal pradeshk. Nayak
g% al. (1079) cbaserved Deauverig hessiens (lels) attacking
nyupho and adults of green loud hoppers L. nliropictug (Usal)
and II. viregcens (Dist.).

cophaly gi ake (1979) studied the Liology and predation
of Cyptorhinus lividirennis. They found tuat the wedator
completed the lifc gyele on cgud and eaxrly ayuplial wtuges
of L. lugeng, .. SUROhiaiGe o Yieogoens and L. phixop
Under fleld conditions the preldaior prey retic of 134 was
found to ocontrol . lugeng.

A . )
B8 000040




tigpeorohes oonduoted an the leaf snd plent hoppers are
very meagre in Kerala. A perusal of literature reveals that
very little work hae besn done on this group of inseoct pests
in the 3tate, lost of the studies in this regard wes related
to brown plant hopper Hileparvats lugens, the notoricus pest
of paddy, even Lhough other hoppers have got the potentiality
of besoming aajor pestis,

Gopalazristmen g} gl. (1973) reported the ocourrence
of grasgy atunt tranomitted by Hilaparveis lugeng in en
opidesioc foro in the Kole and Kuttenad areas. in the same
year they also reported the occourrence of 'lungro virus' in
Eodelara block of Irichur district, and Angaumeli block of
Fynokulan district, the veotors of which are hephotebbix
viregcons, L. nigroplotus end iieqilip dorselig.

Das gb al. (1973) reported & severe infestation of
Yilepervets lugens (-tal) in oouthern distriocis of Kerala.

In mony flelds the danbyc was 80 heovy that the farmers were
foroad tc sbandon the crop. All stages of the pest cluster
opround the tillexr of each cluup, just above the water level,
Thelr preference 40 m?m on the imnar tillers of the olump
rendered them inaccessible t¢ insecilcides applied in routine
sochedule., Yaddy 1n all stopou was found susceptible to the
leaf hopper attacks, Inproved varieties perticularly vhem
given 8 olose plentling and heevy doses of altrogenous
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fertiligers suffered wnost from this pest.

Abrehens gt 8). (1973) reported Coopinells arcuate
Fabrioius predaceocus on the nynphs of Nilaparvete lugens.
Adult beectles feed on the first, second and third inster
nyaphe of Hilgparvats lugeng end the averege consucptions
being 20 per day, lammen g} al. (1974) published a key for
the identification of Indien delphacids whioh include
iuportent pesto of paddy like H. lugens and ogmtells furcifore.
Abrahas et al. (1974) studied the predatory potential of the
lady bird beetle Cogginella arxcuata “abricius. They found
that on an average the freshly emerging first instar grub
ate first end second instar nynphs of li. lugeng at 15 per day.
The seoond, third and fourth larval instare end the adulte
oconguned all nyuphal stages of the host at 1u, 25, 27 and 29
per day respectively. The adult occeslionelly feed on adult
hoppers. The predatory potential was maximm during “ebruary-
Maresh, cocurring on the pmja rice exrop.

Nalinakumari et al. (1575) studied the blology of
Ho lugens in detail. They found thet mating commences from
the day of energence, generally during night time, rarely
during day time, Oviposition starts from second dey of
epergence and oxtends upto four days. 'ggs are thrust within
the tissues jonerslly in the uld region of the outer leaf
sheath in rows of 2 to 12 egas and witbh the operoulun
projecting out, Number of esgs laid Ly the fouale ranges
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from 151 to 305, aversge being 234. Egg laying period varied
from 10 to 28 days, incubation period is 8.1 days. ©TUggs hateh
during the early hours of the day. UNymphal period ranges from
2 %0 3 days, 2 t0 4 days, 2 to 4 daye and 2 %0 4 days for the
first, second, third and fourth instars respeotively.

Des et al. (1977) found that higher levels of water in
rice fields {8 conducive to the multiplication of brown plent
hopper. Draining the field immediately after the initial
observation of the pest end mailntaining irrigeation only to
field oaspacity may inhibit the multiplication of N. lugens
end svert the possible emergence of the insect as a serious
pest.

. Nair (1978) gave a detalled account of Nilaparvate
lugens, Nephotettix virescens, . pigropictus and Sogatella
furciferas as pests of peddy in Kerala,

Felr et al. (1980) recorded two population pesks of
brown plant hopper in paddy tracts of Kuttanad, major peak
during January-iiarch and a ninor one during August-September
for the second orop. Correlation studies revealed that the
hopper population was significently influenced by olimatic
factors. Reinfall in association with relative humidity and
maximm temperature played a dscisive role in regulating the
population build up of Nilaparvete lugens.

Baby et al. (1981) found carbaryl, monocrotophos,
dichlorovos, quinalphos, fenthion, phosalon, fenitrothion and
dichlorovos are equally effective in controlling N. lugeng.
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wvhen not in use,
(111) Begy 1t is umade of fine mesh net oloth stiched on the
circuler rin,

1.2.b¢ Agpirator, (Fig.l):s An espiretor wes wnde with a wide
nouthed specimen tube, closed with a rubber ocork heving two
holes through which two glass tubes of about 0.5 cn diemeter
were inserted. Both tubes wvere bent at right angles, One
tube was inserted deepar and the other one just below the
cork with the emd inside the tube covered by cloth and e
rubber tubing was attached t0 the othexr end. By suciking out
the alr through the rubber tubing the insects could be drawn
into the wide tube through the other tube from a sweeping

net. The muslin cover at the other end of the sucking tube
retains the insects in the aspirator,

1.2.c. iijoroneedless A strip of paper about 7.5 om x 3.75 om
is out uwith edges stralght %o form a rectangular bit, The
strip is rolled lengthwise very tightly and the outer edges
of it is zlued, 7o it's pointed end a wioroneedle (No.20
entomological pin) is introduced and fixed by quick £ix'
(Menon, 1965).

124, Glassweres snd cheanicalgs These inolude 10/ KOii,
aoetlic aocid, acid fuchsin, carbolxylol, slides, coverslips,
store boxesa, brass coated pins, formalin, naphthelene balls
etc,

: ,/ THRISSUR

| 60654 ;




FIG. ]. AasSPIRATOR.

FiIG. Il. HAND NET,

FIG. I HEAD MEASURMENTS,
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2. lethods
2.1, Co 8

Collections were made by sweeping rice orop during
virioppn end mundakan secsons frowm rattambi, rattikkad and
Hanmithy and during !tundaken secson from Kole lands in the year
19682~1933, ‘‘eckly oollectione of insects were usde with the
hend net for the entire seasons from transplanting upto harvest.
In order t0 get an ides about the ropulation fluctustions of
different @vecies, fixed number 0of sweeps were tewen from the
eame field for every week., Tan strokes alani one boxder and
ten strokes dlegonally were occrried out for the first weak.
The border and disgonal directions were ochanged for the
sucoessive weecks., 'rou the sweepings, insects were collected
with the hslp of aspvirator and taken to the lasboratory.
2.2, Killinz

In the laboratory the asspivator was held with the
bottom towexde light near 2 glass window, ‘hen the inseots
concentrated in the botton cf the aspirator, the cork with
the tubes wes gently remcved and & cork without bholes was
fitted. Then a otrip of paper dipped in benszene was introduced
into the cspirator tube and the paper was held in position
by trapping it's end in betueen the cork emd the tube. The
tube wes kept verticclly a fev pinutes and 2ll the decd
insects were collested at the bottom of the tube without
being wetted with benzene. Care was teken $0 use only just
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enough benzene on the peper strip in order to avoid direct
contact of bensene with the inseoct and oongequent discolora-
tion,

The specinens could also be killed by putiing then in
special killing tubes propared by keeplng a wad of cotton wool
goaked in bencane from which the axcess fluld is sjueczed out
&nd tucked doun to the botton of the spscluen tube and padded
with disces of white blotting paper.

2.3, rxegervotion

Dead spacimans were well dried by heepin: in o drying
chamber uaing a 00 wntt bulb for 24 hours, Tals helped to
kesp the spocinmens free from fungal attack throughout the
gtuldy. Collections fron scch £168)lE for euch vom: were
separately preserved in hooeopatidc wilals in which D5 vas
pat and eollection data vere recorded on esch vial,

Introduocing paper stripe soaked in formalin into ths
vials was alan found to be effective in nrevending SHmenl
atteok, dut i decclourised the specimens,

2.4, lHopphotexonomic gtudles

After coupleting collections, insects in all vials
wvere sortad out, numbar of specimbens collected in epch week
were noted, scxes meaparncted and each species was preserved in
gseparate homecpathic viclas. These vials were serially
numbered and the colleotion date were also noted. Few
specimens froa those vials were nouated for detalled otudies,



vore made for studles on the general form and solouration.
Triangular paper tages wvere ocut out fyom the cards by means of
sciesors and pinned with oxdinary bress ooated pins, At the
omleal point of the tag a single specimon was gumwed vith
insect g prepared hy diluting *Juick fix' with anyl acetats,
The specinan was stuck to the papar point with the right
mesoploare 80 that tihe head was tumed to loft and the tip
of the eddonan to the right. Thig orientation of spccimens
wel fomd vory uselul for the oxamination of all dosired
persts in gitu end elso to remove the adbdomen for further
studies, if donired with groat ange., Fach tagzod specinen
was labslled with aolleotion data,

. glegs For the detailed study of the nale
genitalla, slide nountas were prepared. ror detaching the
parts nioransedles node out of Ho.20 entomological nins wers
usged,

Tip of the abimen was gently detached from the tagged
wpeolner and wae dropped in & tewv Sudbo with a asuall guantily
of 10: potessiun hydroxide solution and gently boiled over
e 1414 flsue for sabout a ninute or two. The tlae required
Jopr thie trestuant wae adjusied in acsoxdance with the
sosirotisation of the parta, Fresh spescivens took less time
than 4dry mreserved ones. On ooolinz thae boliled material wvas
trensierred %0 8 cavity block comtaining glacial acetio acid,
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Aftver sometine the material wes again transforred to another
oavity block contalning glaclial acetic acid with a trace of
acid fuchsin. Dy this method it was found that the alkall
oould be noutralized, staining quickened and part of the
oclearing accouplished. All theoe oould be completed in aboud
ten to fiftesn minutes. ‘‘hen well stained, the specimem vas
tranaferred to another ocavity block comtaining carbolexylod
(carbolic acid and xylol cixed in the ratio of 133). -ouplete
clearing was found to be soconplished in this within five
to ten uninutes.

Dissection wes done under a stereoscopic binocular
microscope. For dissecting out the genitalla, the cleared
end stained nmaterial wes transferred into a drop of canada
belsanm on the slide, The genitel oapsule wag gently separated
frou the rest of the abdomen by meens of mioro needlen., Using
uloroneedles the internal genitalla couplex are pushed outward
without harning the pygofer. Utmwst core was teken to avoid
erushing or smothering of parte during manipulation and
bandling. rysofer wos crranged in the centre of the canade
baloane Then all other parts were aleo arranged in the
oznade balsan. In order $0 prevent the pressing of the pygofex
snall plecee of cover glips were placed in three or four
ocorners of the conada balsan one above the other, so es to
have the sane thickness of the pygofer. Than a cover slip
was gantly placed ovexr the pysofer. The slides were labelled
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together with the collection date and kept in the slide tray
for drying. By this method the whole procedure of mounting
was found to take less then an howr,.

2ed G0 +“hile studying the taxonony
of psoecoptera, ilew (1977) pointed out that head moasureuents,

'1,0/0' and 7.0, 8re sometimes used for specific scparations
and he has given two methods for measuring 1.C/D,

(1) Prearmen's method (Pearuem, 1374). The ratio of the
shortest interocular distance (1.0} to the sreatest horizontal
eye diameter ({) ap seen from the front (fecicl sspect) of
the heed,

(11) Dadonnoto wethod (3al, 1943), The ratio of the shortcst
interoculsr distance (I.C) to the length of the longest oxis
of the aye () as seen fron the top (dorsal as;act) of the
head. P.Dis D/d (Zadonnect), the ratio of the shorter eye
axis (d) to the greatest eye axis () froz the dorsal aspect.
In viow of this 1t was deolded to study more Oor lese the

sane head meagurenents for the segrezation of specics and
sexaes in the hoppers wmder giudy. Howvever messurenento vere
taken in o slightly differemt way in dorsel view as shoun

in the figure 1il. Thio is alightly diffcrent from the
neasurenents suggested Uy the previous workers nentioned
above, 7The change had been introducod for the sake of eaay
mgnipulation,
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2,5. Ppesentation
2,5.8, Sketghing: The slides vere cerefully studied for

all details by means of high magnification conpound microscope.
Drawings were made by the author with the help of 8 mirror
canera lucids,

2.5.b. legends to the illustrstjons

a, Pygofer

b. Subgenital plates
c. Paramere

d., Basal plate

€. Aedeagus

f. Anal segment

2,5.0. Megnificetion: There is no uniformity regarding
megnification and different magnificstions are used f or
differant paxts of the sane species, Therefore scales of
megnifications are given seperately near each figure, The
iine on the side of the figures shows the scale. All lines

drawn are 100 wicrons,
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RESULTS

The suthor could prooure leaf and plent hoppers
belongin: to tiroe different famillos viz., Clcadellidne,
Pelrhaoidae and Heenoplidee from different jpeddy fields in
Triolnr ond “alghet dlotricts. These families were
se regated hy ueing the key zsiven by Dorrer g4 al. (1976).
The following epoacies of leaf and plant hoppers assoclated
with peddy vere oollectod.

2. L. phgropiotus (Stel)

3. Leollls dorsalis (Mots.)
4. Zettigella speotyn (Dist.)
5. nxitienug indioup (Dist.)

Fenidys

3. latutipus pusanus (Dist.)

Fapilys legnoplidog
1. igin nervogs (liotach.)
1. Family. Cicadellidnn ,
Insccts belonging Lo four genera of this fanlly were

obtained. These include lephotettlx, Iekilgells, Hoollig and
Egdtianus. The specles cocdnm; under the first three genera
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vere identified with the help of the key provided by Virsktmath

(1983) end that of Exitinus by comparison with the identified

specinen evallable in the collections of College of Horticulture.
The colouration and genitalic characters of these

gpecinens were studied.

1.1. Rephotettix virescens (Distant)
Colouration.
lales Head, pronotun and scutellum green without any
bleck markings., Tegmen with a discal spot which does not touch
cleval suture; aplcal third of tegmen hlack. Inner mergins of
clavus usually unmarked but in some ocases finely black,
Fomales llead, pronotum snd soutellun green without
eny blacik markings. Tegumen without disocal spot, entirely green
or apical one third black, inner margin of clavus unnmarked.

Hale genitalia (Fig. IV)
Eygofer:s Disto-veniral end disto-dorsal corners round

with a single long spine and four swaller spines laterally.
Subgenital platess Yider at base and narrowed at apex,
uniseriate setae submarginally located. .
Bagal plates ‘Y' shaped with erms close to each other.
Pargmerg: Internal process straight, elongate with apex
obliguely entire.
Aedeegups Apex as wide as immediately proceeding part
when viewed laterally. Dorsal longituldinal carinae with five
palirs of spines located in the middle of sedeagal shaft, spines
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are well separated, shaft more or less constricted in middle
in ventral view.

Ma als e 1 Jeveral examples from Mannuthy, Pattembi,
Kole and rattikked.

1.2, Nephotettix nigropiotus (Stal)

Colouration.
lales Vertex with marginal end submarginal black bands,

pronotur with anterior marginal black band, clavus with basal
and inner marginal dblack bands. Large discal spot touching
eclavael suture; apical third of tegmen black,

Feumale: Vertex with marginal and submarginal blaock
bends, pronotum with anterior merginal black band, clavas with
basal and inner marginal black bends, discal spot large, apical
third of tegnman blasgk.

Male gemitalla (fig. V)

Bygofers Disto-dorsal comer rounded with a single
long spine and four emaller spines laterally; disto~-ventral
corner with a small lobe,

Subgenital plates: Short triangular, uniseriate setee
submarginal . ot

Basal plates 'Y' shaped with arms/close to each other,

Parsmeres Internal process straight elongsted; apiocal
margin slightly oconvex.

Aedeaguss Extreme apex of aedeagus in lateral view
swollen, wider than the immediately preceeding part. Dorsal



Fig. V.
Male genitalis of Nephotettix virescens (Dist.)

Fige V.
Male genitslia of Nephotettix niggopigtus (Seel)



Fie. Iv. NMephotebtix vVinescens(Dist)

FI1G. v . N&photellix mgropiclus (stal)

I

d.
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longitudinal carinae with eight pelrs of olosely located spinej
shaft in ventral aspect almost straight.

Materialg exanineds Specimens collected from liannuthy, Pattembi
and Kole.

Apart from these two species of Nephotettix, four
specimens belonging t0 the same genuas were obtained but whose
speoific identity is doubtful, A detailed couparative study
of these specimens were not poesible for went of sufficient
specimens.,

Of these two are uales emd two are females. Ferhaps
these may be hybridised specimens. Colouration and genitalia
of these two meles and colouration of females were studied and
descoribed.

Spegipmen No,1, (Mele)
Colourationt Vertex with marginal and submarginal
black band. PFronotum with a fine black band, scutellum without

marking. Apiocal third of tegmen black, inner mergin of clavus
not blaock, discal spot does not touch clavel suture.
Hale genitalia (PFig. VI)

Zygofer:t Disto-dorsal corner round with long spine
and three small spines laterally, 4isto-ventral corner with a
small lobe,

Subgenital platess Short, triangular; miseriate
setae subnarginal,

Bagel plater 'Y' ahaped with arus not close to each
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other.

Paramere: Internal process straight, elongate, apical
margin convex.

Aedeagus: Apex of aedeagus shaft wider than the
immediately preceeding part in lateral view; dorsal longi-
tudinal carinase with six pairs of spines, first four spines
closely located and apical two well aeparated.

Materials examined: One specimen from Mannuthy

Specimen No.2. (Male)

Colouration: Vertex with marginal and submarginal black
bands. Anterior margin of pronotum with a pale black bands
basal and inner margin of clavus colourless, tegmen entirely
green without discal spot.

Male genitalia (Fig. VII)

Pygofer:s Disto~dorsal cormer round with a long spine,
disto-ventral corner slightly pointed, disto-lateral spines
three in number.

Subgzenital plates: Triangular, uniseriate setae
submarginal.

Bagal plates 'Y’ shaped, arms coming close to each

other.

Paremeres Internal process straight,

Aedeggugs Extreme apex of shaft as wide as immediately
preceeding part when viewed laterally, dorsal longitudinal



Fig. V1.
Male genitalia of Specimen No, (')

s4g. VIX,

Male genitalia of Specimen No. (2)



sPECIMEN No. (1).

FIG. Vvi.

SPECIMEN No.(2).

FiG. Vil.
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carinae with five pairs of spines distinotly separated.
Une aspecimen from lennuthy.
(Females)

Coloupntjiony Vertex with broken antorior lines, yronotun
vithout anterior bloek bends, basal and innar wargin of clevus
without black bando, Tegumen entirely green, congound qyes red

in ecolour.

1.5 lLecilig dorpalis (l.otechulsky)
Colouration:
tiglet vertex cund pronoctua yellow tc whitish, scutellum

whitiah, tegoen with a longléudinel zligeag ctripe.

sauales siniled to asle in oclourction,
tianle genitalia (lge VIII,

iygeters Longer oo broed with nusercus alcrosetae
wresent in the ouber usrgin btowads apex.

Sudbtriangulor with numcrous setae

Bogal -latgr Turced with cedesggus.

repenere: Teoc borilneted in Yo two proccsses, preapleal
lebe [geowont, gpical exianalon shorter than base, apex slightly
eonves, witec seine ngor e lobe,
riddie, curved at tip, apex pointed.

8 Pogger shaped with o constriction in the

4 ods exanigeds Joveral gpooimens frop Manmathy, Yole,

AR

Hfattanbi and Coliliidend,



Fige. VIII,
Hale genitalia of Regilis dorsalis (Mots,)
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1.4. lettigells spectra (Distant)
Colourations
liales Vertex with fouwr black spote, one gquadrangular
dark spot in between oceclll at base of wvertex, thare is a
wedian apiocal black spot and two gpots ome each near the
margins of vertex and frons., Five dark strise at the apex of
vertex. Tegmen pele white or olear white, hindwing hyaline.
Fengles Sinllar to male in oolouration,
Yale genitalia (Fig. IX)
iygofery Disto-dorsal corner round, disto-ventrel
corner ourved, ten setae distributed on the dorsal side of

pygofer.

jegs Flongete, wider at base, tapering
towards apex, nine setas present marginelly.

Degal plates Short medium, solerotisation present at
the base, arno diverging apert,
Short, wider and engular at middle, ourved
and pointed at apex,

Agdeagugs 3Shaft slightly oonstricted at middle in
ventral viecw,

SXERL

ateriels oxani Sevaral specimens from Pattambi and Xole.
1.5. IZxitianus indioug (Dist.)

Only few female specimens could be procured during the
study. These specimens were identified by compering with

the spooimens in the insect collections of the College of




Pig. XX,
Male gonitalia of Tettigells spectza (D
Dist, )
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doptloulture and also with the descriptions given by Distent
(1908).,

Colouration.

Terales Vertex subangulerly rowded in front, ochraceous,
a transverse black fascis between eyes, pronotun end scutellun

ochraocous; teguina grayish, subhyaline, suffused with pale
dull ochrazoeous veins,

JGLDNBCLAa8
Insects belouging to three genera vis., Nilaparvets,
Sogabelle end llajutinug were collected from peddy. They have
‘been identified with the help of the key given by lammen
(1971).
2.1, lilaparyets lugons (5tal)

iales Vertex, mronotun, nesonutum, antennas and lege
brown. Tegnina gubhysline with a dull yellowish tint,
transversc and aplcal veins fuscous, an elongate black macula
at clavel apex. Colour variation of the tegnmens was notioced
in woone specinena,

Temples Simllar to male in colouration,
Hale genitelia (Figet)

Pygofers Longer than broed, posterior opening little
longer then broad, dlaphrgm without any arnature.

feropergs Short, narrov nediaslly, twisted, apex
orunbled, inner angle produced in t0 two elongate processes,
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lowver one refleocted inwards, outer angle bulged round,
Tlongate, tubular, wider in middle, apex
narrow, gono.ore ane third from tip laterally with a row of 2
teeth ventral t0 gonopors.

» pair of spine like [rooessos at the apex with

Several examples from Kols and tanmthy

242, W furciferg (florvath)
Colouration.

liales Dise of vertox, pro end nesonoto creeny yellow,
latersl field of nesonotun, antoro=lateral ares of pronotum
behind eves, frons and gense dark brown, body ventrally
brownich black, tegnina subhyaline, a deep brown nacula at
clavel apax, apical holf funcous in enal area with venation
deaep broun,

Tenales Sicilor to male in colouration.
tale genitalla (Fig. XT)

Yygofers loderately long, 8 medio=ventrel button like
projeation, diaphrgm narrou, dorselly @ highly sclerotlscd
horge shoe shaped armaturc, tips of which projootn out as &
finger.

Parpgmergs Short, flattened, broad, basal half swollen
at one aide, distally furocate.

Acdesgug: loderetsly long tubular, sinuate, broad at
base narrow ad apex, gonopore lateral to tip, two rows of
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teeth, one on the left side, other on the ventral border.
Angl segment: Collar like, two long spinuous process, anal
style short oblong.

Materials examined: Several specimens from Kole, Mannuthy
and Pattikkad.

2.3. Matutinus pusenus (Dist.)
Colouration

Males Vertex, pro end mesonotal discs yellow, lateral
field of pro and mesonata brownish fuscousy frons and genae
deep brown, body beneath deep browni tegmins subhyaline, an
upper claval streask becoming macular at clavel apex, &
transverse linear discal spot beyond middle, a sub apical
merginal suffusion continued along veins to apical mergin
leaving hyaline marginal spots in the cella. '
Females Similar to male in colouration.

Male genitalia (Fig. XII)
Pygofer: Longer than broad, diaphrgm produced into a

dorso-median conical projection with two longitudinal
thickenings forming a sub-triangulsr aree having numerous
minute teeth.

Paramere: Short, dbroad at base, medially narrow,

broadened towards apex, with the outer angle produced into a
narrow prolongation.






16. x1. Sogatella funcifera(Hor




MO X.

Male genitalis of Nilaparvats lugens (Stel)

m. XI.
Male genitalis of Sogatella furcifers (Horv,)
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Aedeagupy Long tubular, broader at base, narroved
apiocally, gonopore at tip wvith & row of @yinse oll aromd, @
row of 4 to 5 teeth laterally and two teeth ventrally about
ono third from apex.

Anel gemuents Short, aploal margin trensverse, latero=-
aploal angles produced ventrally into & peir of uoderately
long apdnous proocss, suort obloang anal style,

3 : s Few apecinens from Kole and ianmuthy.,
Pa)lys lioepopiidae. (nly fewales of the genus Fimle oould

be procured. These apecimens were identified by comparing
vith the gpecluens in the lnscct ocollectione of the College
of Norticulturc and also wilh the description glven by
Distant (19001).
3.1, ligla nervosq (iiotecih.)
Solouratlion

Sguales Vertex witu carinae picious end very finely
gracalose, 3paco bebtwean them oconceve, wings creacy uhite,
vanation darizer, first and second apical veins Lifureating,
other veing sicple.

tatios un gye dienster (4) to interocular distance (10)
end vertical disiance nexsy %6 aye (1) to length of vertex (L)
of six epooies under Cigadellidsc and Delphacidag vie.,
lephotettix virescence (Dist.), . Bicropiotug (stel),
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Beollis dorseliec (Motsch.), Isktigells speatrs (Dist.)
Sogatella furcifers (Horveth) emd Hilaparyeta lugens (Stal)
ere pregented in the table I and 11,

Tadble 1.

species of Jassids and Dslyphaoids.

e diameter: Lnterocular distance of different

Insect speocies Male Female

N. yiresoeng (Dist.) 112,90950.4215 113.51820,0127
N. pigropiotus (Stal) 115443420 .4968 114 .31020.5392
T. spectre (Dist.) 114.,32190,,3470 185 07020 ,4351
S. furgifers (Horv.) 111,32420.1670 111.57620.5203
N. lugensg (Stal) 1'2.104:_0040‘7 1!10899:001766

Table II, Vertical distance next to

eye: Mediwan length of

vertex of different species of Jassids and Delphacids.

Inseat Apecies Male Female

X. virescers (Diat.) 111 «28520,0834 111.23320.0407
¥, pigropiotus (Stal) 111.12220.0564 131.23020.1926
R. dorselia (Motsech.) 131.07520.0250 111.18290.,0922
T. spegtre (Dist.) 111.33330,2394 111.55320,1659
§,. mm (um:) 1.1 0091:_000756 131 .174:_006670
. lugens (Stal) 111,04020..0559 111.16290,0637




population countz were observed for esach losalliy at different
growth stages of the arop, Veekly counts et different locallties

for different opecies are presented in “ig. XIII to XVI and
in table 112,
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DISCI8EION

The objective of the present investigetion was to
study the leaf and plent hoppere assooisted with paddy in
the two important rice growing tracts of the estate viz,.,
Falghat and Triobwr districto. Variation in the dietribution
of inseoct speclics in aocordance with the geographioal areas,
climatological conditions end the verieties of orop plants
were reported by different workers. Thare are mrpnologieal
differences oven between different populstions of the same
species as reported by Claridge (19681) in Nilaparvets lugens
(3tal)., Speocific identification of inssct pest populations
has boen found t0 go & long way in economio pest control,

Pawar (1975) reviewed the insect pests of rice all
over the world in which he has inocluded seven speoies of
cicadellidee, seven species of delphacidasc and one opecies
of meenoplidac as inseot pests of rice, Dut the euthor
eould prooure only nine species of hoppero associated with
poddy from different tracts of the state. They include
Hephotetilx virescgns (Distent), . nizxopictug (Stal),
Regilia dormelip (Mote.), Tettigella mpoctxg (Pist.),
Exitionus indiouns (DPist.), Iilaparvate lugeng (Stal),
Sogatella furcifern (ilorv.), ligtutinug yueenug (Dist.) and
Hisis nervosg (iotseh). Among these all but li, pusapug
have been reported as pests of rioce in India and other “ast
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Aslen countries, whlle . nervosp end . indious have not
been recorded from Kerale by earlier workars.

Femilys Cleoedellideq

Chouri (1971) publiched the diffarentiating characters
of varicus apsoles of Ngphotethix. 7The two species collected
by the suthor have been desoribed and illustrated by him,
However, the author could prooure certain epecitens showing
variations fron the above which probadbly does not amount to
gpecific distinotions,

In I+ pleropiotug one uels and one female specimens
were found 40 be posssssing red ooupound eyen. These dpecinens
were othervioe similar Lo L. nigropletuge This nay be
oonsidered as uutants of L. pliyopiotug. iochida (1370) also
reported a rod eyed specliuan of lilaparvabg lusgeng {rom Japen.

The speoinen numbered (1) is foumd %o be exhibliing
intermediate charaotars between . Yirsscang and [,
nisropictug. In this, vertex ie having uarginal aw sub-
perzinsl black bands, pronotun with fine black dend, apical
third of %egnen black. Thess charscters resenbls with taat
of X. plapopiotus bud inoar mergin of clavus is not black,
disoal gpot does not touol clsval puture. These charsctore
reaenble with that of [. virepeens as doecribved by Ghaari
(1971, .

Hale senisalias Disto-ventral ocornar of pygofer with a suall



44

lobe, disto-dorsal cormer round, apex of sedeagus swollen.
These characters resecbles with [, plgropiotus. Suallexr
spines on pygofer are three in number while in both [,
viresceng and I. pigrorictus they are four in nunber. iix
palrs of spines are found in aedeogal shaft while there are
eight pelre in [. pisg ptus and five paire in 1. yiresoens.
Beoguse of these intermediate characters this specimen
nay dbe e natural hybrié in between li. yiresceng and [.
nigropietug. Iybride between these two speolies were reported
by Ting (196) end Usha Remokrieinan gy gl. (1979). The
characters of the hybrids desoribed by theun however vere
slightly differont from those of this specimen., Ling reported
that hybrids were not identical with either parent in reespect
of the submarginal black band an the vertex of the adults or
nuober of opines on the asdeagus. Ushs Remakrishnen
described the intermediate specimen as the marginel black
bands sbeent in male, claval inner merginal black dand absent,
diseal spot presant in males but not touching the olaval
suturs, aplcal third of tognen i{s black in wales, there is
no striking difference betwean the genitalia of parents end
intermediate specimens, but the number of spines on the
pygofers varied from two t0 seven while it is usually fouwr
in 4. yiresceng end I, pigropiotuse Also the number of
epines au the acdeagal shaft is verieble. liost of these
descriptime were found to be agreeing with specimen 0.(1).
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The specimen mumbered (2) resembles N. ginctioceps (Uhler)
in colouration but genitalia almost resembles N. yirescens.
Vertex with narginal end subnmarginal black bands, anterior
margin of pronotum with & pale black band, basal and inner
nargin of clavus colourleas but tegmen is green coloured with
no discal apot.

Apioal part of aedeagus as wide as the immedlately
preceeding part, five pairs of spines on aedeagal shafy,
internal prooess of peramere straight. These characters
resemble with that of N. viresceng. Further . cincticeps
has not been found distributed in India according %o Ghauri
(1971). Hence this nay be & natwral hybrid. Specinens
mubered (3) and (4) algo ghow varistions in charactaras.
Vertex is with broken anterior lines, pronotum without
anterior black bends, basal and inner nargin of olavus without
black bends and tegnen entirely green. These also may be
natural hybrids.

Viraktaneth (1963) hes algo glvem 8 key to identify
econonically important species of cicedellidee whioch included
Recilia dorsalis (lMotsch.) end Tettizells gpectra (Dist.).
The specimens collected agrees with the descriptione given
by the above worker. In R, dorsglig it wss found that the
basal plate is fused with the sedeegus while in I. gpectra
it wos geparated as in Nephotedtix spp.
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Only o fenale specimen of Sxitianue indioug wes
obtained. llance ¢ dotalled study of the genitallia was not
posaible but & donoristion an the extermal oorpholoyy end

colouration is glven.

tapmen (1371) studied in detall the genitalis of
Delrhacidae and hes given illustrations of the genitelia of
different speclen. in the esent study ihke autaor ovculd
procare thres opeeics 2f delphnocidse viz., jilaparvate lugens
(Stal), Sopatclls : z (xorv.) end iafyi xugapug (Dist.).
Cealb8ile sharactery of oll wnese three spocivs ggree wall

with his work, As reporied Ly ais eslouyr varisulons in

Ue luzeng wes noticad by tiac presant outluor alads.

¥acilys ‘eenoplidse

Pew ppocinmens of !ligie nervose (Motsch,) were obtained.
Datalled gonitelic atudy was not possible for want of male
Bpcoinens, The gpecimen colleoted by the author agrees well
with the descpiptions given by Vistant (190&5).

Horphometric studies

Specinans when praserved elther ns dry or in liquids
like forunlin will loose their colour and become diffioult
t0 identify oo the baals of colowr, Genitalic studles evem
though highly reliable, is very cumbursome, New (1977)
stated that head weasurenents are sowetimes used for speoific
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seperations in peocoptera., Kulahrestha gt gl. (19¢4) mede
morphonetric analyais of Liothrips bosel lioulton
(Phalaeothripides) using length/uwidth ratios of head emd third
antennal segment, relative length of postoculars end eyes,
anterocengulars and anteromarginals,, and epimersls and post=
angulere. Henoce an atteupt was nade to find out whether the
retios between the eye diameter (4) to inteocular distance (ic)
or/and length next to aeye (1) to median length of vertex (L)
could be utilised to separate out different sprecies umnder
these fanilies. These ratios were used to compare between
elosely reseubling epp. vis., Hephotottlx viresceng snd I,
nigropictus; Nilopervets lugens end Sogatella furcifera.
Ratiocs for iigoillp dorualls and Tettigelle spootra were also
vorked out. itatios for weles and females were found out
saeparately.

1%t was found that male apecimens of !. virescens and
g.mmwmtmuMMmmammmuo
of eye diameter to inter-ocular distance aince there is no
difference between theose two but there is difference for the
ratio of length naxt %0 eye to medien length. Vertex of
R. ylrescong is nore pointed, Hemoe this may be utilised
for separating out these two species.

In cape of female specimens there is difference for
the ratio of eye diameter to interocular distance, but no
difference for length next to eye to median length,
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Between Sogntella fureifera and Rilaparvata lugens
the only retio whioh showed difference is the eye diameter

to interocular distence of male spocimens,
Ratios given in table I and II cen be utilieed for
further studies end con be compored with other closely

resechling specles,

Pven though counta vere teken f0r only ane aropping
geasan for the present etudy, this gives an idea about the
dominant ppecles in the arce and the population trend during
the antire period of arop growth.

Iattembl (Pig. ZII1I)

The follouing cbaorvations vwere uade at rattandl
showing tha population trend of different leaf and plant
hoppers cn peddy. Among the different speclies of leaf end
plant hoppers collecved Tettigells gpeotrg wes the most
abundent epecles followed by Nephotettlx piaropictus end
Le Yiresoong. ropulations of [jlaparyats lugeng and
Sosntella furcifern were very low and that of Recills dorsslie
was negligible.

' Pealk population of I. gpegtrs coincided with paniole
initistion stage. Two peak populations were observed in

Y. nigropigtug, a snall peak at tillering etage and a suddem
build up one week after panicle fnitiation stege of the crop.
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Irichur Kole (Pig. XIV)

The nost abundant spcoies wae I, Jugens followed by
L. pigrooictus and 5. fupciferg. Dven though population of
Ze lugons was low during the earlier stagos of crop growth,
there w2 o sudden inorease in population during the panicle
initiation stage. ropulatiom of 4, furecifers showed a
gredual incresse during tillering stege then graduslly
decreased after which a sudden bulld up was noticed during
the paniols initiation stage.

veek period of 1. pigropiotus was observed during
tillering stage. The population of !li, yiresceng was ealso
maxicat ab the tillering stage but without any incresse in
the later stage of cyrop growth. The populetion of I. gpegtra
was couparatively low.

ipnnuthy (Fig. XV)

L. pigxopictus wan the most abundent species followed
by E. viresceng. veek population of l. pigropictus was two
voeks after panicle initistion stage. Fopulations of other
species were couparatively very low.
captikkad (Pig. XVI)

Leaf and plant hopper populations were very low at
ratvbtikkzad during the cropping season. [l. pligropictus and
L« Yireoceng were the predoulnant species in the area.
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Increase in the population of both the species were observed
during the peniele initiation stage and then gradually
declined, later there was another pesk during earhesd
eneryence.

ropulations of 1. lugeng and S5, furclifers were
oconparatively low end that of T. gpectrp wae negligible.



FIG. XVI.
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SUMMARY

Taxononic studies werse conduocted on the leaf and
plant hoppers aseociated with peddy in Kerela with a view
to find out the correct identity of the specles.

Leaf and plant hoppers ware oollected in every weoek
from seleotad paddy fielde of Kole, Pattikked, and iennuthy
in Triohur and ‘attambl of Palghat distriots with a fixed
auabor of swesps fron transplandting upto harvest.
Colleotions from eash field for each week ware aseparately
preserved in homsopathic vials with collsction data. leter
insects in all vials were sorted out, aumbor of specimens
solleocted in esch week wers noted, sazes separatoad, end each
ppeoien ware preserved in separsate homeopathic vials.
Vials were serially numbered and collection data were noted
wnder cach serially numbered spescies. General form and
colouration of both sexes o8 well as genitalic studles of
the male were oonducted,

Author ocould collect nine species of leaf end plant
hoppers vis., Nephotottix viresoens (Dist.), li. nigropictus
(Stal), Recilia dorsalis (liots.); end Pxitignus indioup (Dist.)
belonging to the fanily Cioadellidae; Hilapervata lugeng (Stal),
Sogatellps furcifern (forv.), and latubinus pusenus (Dist.)
econing under Delphacidac and Fisle pexvosa (liotech,) under
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lisemoplideec. Desoriptioms of the above species are presemnted
with lllustrations of male genitalia except for Z. indicug
and 5. pervoge for vhioh male genitalic studies were not
possible for wvant of mole ppecimens. Anong these species
all bdbut i, jusanng were reported to be ocourring on peddy
in India end other Fast Asian countries, while _. indloug
and [l. parvogg were not obgerved by earlier workers froam
Kerala, Two pmale and two fonale specimens of lephotobtix
showing variations in charnoters from R+ yirepsoens and

L. plzyoplotup were observed. These may be netural hybride
between Il. yirescens and l. nizropiotug.

An attenpt was made to find out whether closely
rececbling apecies can be separated boped on head neasurenent
vit., oye dianctor to interocular distance snd/or vertiocal
distance next to eye to median length of vertex. It was found
that there is difference botween male specimans of J.
virescens and L. plzaropiotus with regards to the ratio of
vertical dictance next to qye to median length of vertex,
end in females of these species there is difference between
tho ratios of gye dieameter to interocular distance.

Similarly there lg difference between male specimens of
A and S. furoifors with regands to the ratio of eys
dianeter to Interocular distance.
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Seasonal abundence of leaf and plant hoppers were
aloo studiod taxing counto froo different fields, It was
found Shat there is veristion betwean differant reglions
with megard 0 domlmmnt opecles.
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ABBTRACT

Tazonomic study on the leaf and plent hoppers of peddy
was conduoted to find ocut the various species of leaf and plant
hoppers sssociated with peddy in Kerala.

Paddy fields from two importent peddy growing trects of
Kerala viz., Trichur and Palghat were selected and weekly
eolleotions of hoppers were nade, Collestions were made with
a fine nosh hand net for the entire oropping seeson from
trensplanting upto harvest. Fixed nusbers of swvesps were taken
fron the sane field in oxrder 0 getd an idea about the popule~
tion fluotuations., Colloctions from each field for each week
vers seperately preserved in homeopathio vials with oolleotion
data. Later inpecte in all vials were sorted out, number of
apeoinens oollacted in each week were noted, sexen separated,
and each species were preserved in separate vials. Vials vere
serially numbered and colloction data were noted under sach
serially numbered species. Genitalia of males as well as
general forwm and colouration of all species were studied,
Eowever ganitalic studies of Exitispug indjous (Dist.) and
Eipie pexrvoss (llotsch.) oould not be oomducted for want of
male specimens. |

Altogether nine speoies were collected vis., Nephotettix
Yiresoena (Dist.), E. pisroplotus (Stal), Reollls dorsalia
(liotsch.) and Exitisnus indious (Pist.) ooming under Cloadellidae,
Hllapervatg lugena (Stal), Sozatells fureifere (Horv.),



11

Hetutinus pusenus (Dist.) belenging to Delphacidae and

Rislg nervosa (Leth) under lMeemoplides., Anmmg these species
all dut ii. puespus were reported t0 be ocourring on peddy in
India and other Past Asisn countries, while . indicup and

L« naryogs were not obsarved by earlier workers from Xersla.

Apart frou thase, two male snd two female spzoimsns of
Hephotettlix showing variations in charsotere from . plaropiotua
and N, viresoeng were also obtained. These magy be natural
hybrids between . yirescens end E. pleroplotug.

Cextain morphometric studies vere conducted using hesld
neopurensnts viz., eye dianeter 40 interoocular distance snd/or
vartioal diastance next to eye %¢ median length of vertex, It
wad found thet thore is difference between male specimens of
e Yireaceng and H. plapopiofug vwith regnxds to the ratio of
vertical dlatance naxt to oye %0 median length of veriex; and
in females of these spooles thare is 4ifference botueen the
ratios of aye diametar to interocular dlstencs, Siunilarly
thare is difference betveen male specimans of M. lugeng end
Se. furgifera with regardo to the ratic of aye diauetor to
interooular distance.

Studien on the peasonal abundence of lsaf and plant
hoppers revealed that there is variation in the prodoninant
species presant in each area,
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