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ABSTRACT

Greenhouse eviluations of 879 rice vavietios and selee-
tions revealed that several e highlv vesistint 1o Neplio-
tettix vivescens  (Distanty . Resistant varietios generally
were not prelened by adulis and nymphs. Ao, insecrs
caged on these plines sultered high morcilite, On highls
resistant vnictios, only 0 87 of the ISt instins reacheod
the adult stage, wheréas on susceptible vavieties 76 907
hecame adulis, Except for o tew warieties onowhich dit-
ferent instans had ditferent mortalion pates, all instins had
identical movtality vates on vesistant vavietios. Adults Dt

Nephotetti viveseens (Distant)y is one ol the most
destructive insect pests of rice throughout Asi (Nasu
1961, Pathak 1968) and damages rice by feeding on
it and by transmitting vital discases. Tt i the vector
of vellow dwinl, tangro, penvakit merali, yvellow-
orange leal, and Teabvellowing vival discases of aice
(Ling 1968). Losses cansed by direar feeding wore
particularly severe in central Vietnam and Fast Paki-
stan (Fao 19620 Al 1961 .

Use ol insecticides s the onlv known method o
prowecting rice aops from damages Grused by this
inscect, Recent studics ae the Interational Rice Res
search Institate (IRRI) . howeser, tevealed that cor-
tin rice varieties have aovery high level ol vesistance
ta the imsear (Pathak et all 196890 Reported herein
are strdies undertaken o ddentity sudditional sowrces
of resistance In ovtce varictes to this insect, clfecr o
resistant rice varicties ot the insect, and factors e
sponsible for varieral resistance.

Materists axn Mo —Rearing Test Disecty, —
Insects were mussreared from adults collecred ar the
experimental Lol TRRL Thev were examined for

virulenes by the seedling test method  (Nosu and
Suenaga 19610 Ling 1963y Vitus-dree inscots were
caged for multiplication on potted planes ot Tai-

chung Navive 17 a0 susceptible variery, Cages were

AL 160 cmand had o wooden Trame with gliss

BN PN

panels on the ront back, and top and nvlon doth
on the rensdning 2 sides,

Insears of about the same age ware obtained by
caging ovipositing insccts on plants for short periods,
Insects were reated 1o desived instars Trom eeus Laid
on the phints,

Screening oy Vavietal Resistance-=Test varieties
were grown in seed boxes in rows 20 an long (e 1,
width of the scedboxy spaced 10 e apart. Each
sced box contained 10 yows, One row was pianted
with the susceptible check variety Tuichung Native
I, another with the aesistant check variety Pankhari
204, and e remaining 8 rows contained test vari-
cties. AL varieties were sown in 2 replications, One
week after seeding, seed boses were placed on i tray
inside a0 G.0063am soreen Gige within a green-

P Homoptera: Cicadeloiden: Foseelidae.
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CEntomologist,

Poto 2 ginies donger afe spans and Ladd about By otimes
mare vges on sisceplibio than on resistant vanieties. 1
population declined vapidiv o resistant sanictios, wheieas
tCinoreased camulatively v suseeprible vaieties,

Lhe insear made more probing punciines in the most
resistant vavietios thunin the susceptible varctios hur did
Hiohe feeding: consegquenty, resistant varictios were seldionm
danecd, Histological studies of the Jeat Blados of yesist-
ant and susceptible tevealed no acchanicadd
Divnrier to the dnsear's feeding

Vi ieiies

house. Fach vow was thinned 1o 20 seedlings, and o
Large population of Zod amd 3 instars wis scatiered
untlonndy on test plants, Water was maintained g
depily of 1=5 cmoin the tras 1o heep homidine high
and o protect planis o ares,

Flie namber of fnseas prosent and plant g
were reconded Tor cache vanet ar Sday inenvads aniil
most plants ol the sisceptinale cheek vnien were
Killed The Tollowing grades were used for recording
plant dinmage: 00 no visible damage: 1paial vellow-
ing of the b leal: 20 cnal vellowing ol the st and
Znd Teaves: 30 pronounced vellowing and slicht stant.
ing: bosigns ol wilting and severe stimting: 5 planis
Killed.

Fhe same procedure was used for retesting selecied
varicties, Studies ondnsect-host plant intenrelation:
ships were conducted Dy cazing, cither an
poticd plants in w greenhouse ar on seedlings grow-
g inoa nutrient ceboae inside 30005 an test tubes,
hept in an incabator ae 2900 Co 1 e dasdight, ad
TO-10097 k.

Preferences ol nvinphis and adales Toe ditfcrenn vane
cties were studiad in sepaare experiments. Prelor
ence of mvmphs was tested by using 1he same pro-
cedie ol the general saorcening wests, except et
popelition of nvmphs on cach viniceny was recarded
every 2dass anul T dass adter i estation.

Lo rest the preference ol adulis, 1o plants ot cach
variety were maosplanted vandomby i seed boses
aospacing ol 1010 ame e St dass alies tansplant-
ing. plants were thinned o contain 1 oillar plaat,
aned o Loge population ol Scbcold adalis was e
leased on them, The numbar of adalis prosent and
the number ol eges Laid on cadle plant vere tecorded.

(RIS AN

2y

T tady dhe Jongevity ol wdalis and the averaue
number of eges laid per lenade on ditlerent varierios
apair of adules was caged onsindisidual plants grown
in o culture solwtion im0 10250 nm test tabe, In
sect mortality was recorded every dave Fvery 1 dose,
plints were repliced with healithy plaons of the
siame varietv. Fhe egas Luid on these discnded plants
were counted by disseaing the planis under w his
nocular microscope.

Feeding by NUvivescens on Resistant and Susee pre
thle Vavietios ~The onount of feeding on difleront
vavieties was assessed by the change e the inseay”
Lody weights amd by the quantty ol honesdew ex-
creted. Specimens ol Vo cirescens were kepr withont
food for 2 hr, weighed. caged for £ hy an the 1aday-
ola seedlings growing in hydroponics in 305 170-mm

s
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Fre, T Swaival of and danige by 1000 N vireseens ud instars on 20-dav-old seedlings of dillerent vavicties of

tice. Avg of 10aeplications,

test tubes, then weighed again, For honevdew studies,
S-davold fenndes were used. These Bise wore Kept
without tood for 2 heand then placed onindividuad
phan fn groups of 5 inside conical cages of andar
sheet. Filter paper placed an the hottom of this cage
absorhed the honevdew exareted by the insecrs, There
were T aeplications of each vdery, "The Bilter paper
was removed I8l abier the plants were infested,
and the honesdew on i was assessed by cither dip-
ping the blter paper in ninhydrving which siained the
honevdew spots pinkish vellow. or by measaring the
total sugar ol amine acid contents of the honevdew
colorimertically,

Feeding bhehavin ol the tnsect wirs studied on dif-
ferent varictieos to determine the cuse of restricted
feeding on resistant varvietes, "The number and dis-
tribution of {eeding nuoks on a vaviens were deter-

mined by caging @ newly emerged female for 24y
on the 2nd leal of o 10dav-old seedling. Then the
teal was dipped inoa 14 ervthrosine solution which
stained e feeding marks (Nadto 1964) . The termi-
nation ol the sivler sheaths in the plant tissues was
studicd  with microtomic sections P thick  (Sass
1958, Jensen 1962y of the feeding sites on 20-day-old
vlints. FAN solution was wsed for fixing, hutyl
alcohol for debydrating, and sabvanin and List green
lor staining these sections.

Rustits AND Discusston—Dilferences in Varietal
Resistance—~A total ol 879 varieties was tested for
resistance to N. viescens. Ino most experiments, sev-
eral varicties were distinctly dimaged ca. 1 week after
infestation, and susceptible check and other suscep-
tible vavieties were killed within 2 weeks, Generally,
insccts prefened susceptible varvieties but migrated
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Table 1.—Preference among selected rice varieties and
damage caused on them by N, virescens nymphy', IRRI
1969,

Insects (no, seedling)
Dav alter infestations

IPLant

Viniety 3 i dimage”
Dy 3G 0.5 0.9 1.0
TREH-36G.8 Kl 2 (18
HIR 107 M g 1.0
MAN N 1.2 1.0
Betong' 7 1.1 1.0
Khama (9 2 g i 1.0
Intan 2100 7 S 1.0
AP ) 7 3
ASh Y ] 3 1.0
DS A 8 1.0
UPe 1.1 Kl 1.0
‘Fembatemi-thow -wao’ 1.2 8 1.0
Pankhari 2038 1.2 4 1.0
DK 1.2 A 1.0
AD Y7 11 1.8 1.0
TTRMWY 1.5 4 2.0
Pera’ 1.5 2 20
‘BNLTT 1.5 27 )
v uy 1.6 A 1.0
MU 1.7 D 1.0
ASD T 1.7 2 1.0
DN LT 1.7 1.5 1.0
RS 1.7 i) 1.5
‘Kadimakai 3017 1.7 28 i)
Sukali’ 1.8 & 1.0
DN} T 1.8 9 10
Bir-co-se-mao’ 22 Y 1.0
‘Szu-Mino' 2.4 R 1.5
SH3-6163 10 2.0 5.0
Rexoro h.2 ! .0
‘DD oG 5.5 ¢ S0
*Mudgo® a7 1.5 20
Faichunyg Native | 1.0 o 1.4

Ay of 2 geplications, each consisting ol 200 seedlings variety,
osee tent tor exphanation of goles,
cPlanis were kiled.

to other vavieties alter susceptible lines were damaged
severely, Usually, however, the inseet popualation de-
clined vapidly atter susceprible vinieties were Kitled.

In these tests, 11 vandeties were moderately 1o
highly resistant. L reresting experiments, G, 30 were
found 1o be highly vesistuni. These vavieties were
further evaluated by caging 100 2nd instars onindi-
vidual plants. Ten 30dav-old phants of cach variery
were used. The Ist symptom of plant damage was
retardation ol growth, followed by vellowing of lowe
leaves, and fimally by drving of the whole plant. On
varicties CTRE ‘Tntan 24007 Taichung Native, 1o
‘Rexara,” vellowing of lower leaves occarred by 6 davs
alter infestation. bhut no damage was appatent on
other varieties. In subsequent observations, damage
on Taichung Navive T and Rexoro inareased consider
ably, and these varieties were Killed by I8 days abrer
infestation, whereas 1RS and Tntan 2100 sutiered only
moderate damage, Other vavicties were damaged
only slightly (Fig. 1y, Survival of insects on these
varicties varied hom ca. 807 on Rexoro and  cai-
chung Native | to less than 5% on "DS 17 CASD 77
DA 27 and DKL In general. damage o different
varicties depended on the pumber ol inseats that
survived on them,

Difterences in the nymphs' preference for different

Jouvrzan oF Ecoxosic Extaviorogy

ol o3, nood

Table Z—Prefetence and ovipositton by N, witescens
adults on selected rice varieties, IRRI, 1969,
Inseetst mo. phinn
Funs
Vavieny Mle Female Nos plann
[EAN ¥ 0 a 120
DA 134 H NG [T
ASD T R0 o 125
ADIT 27 =) i 145
DK 1 125 120 105
MAS 125 120 120
Tntany 2160 Ty 129 o
Pankhai 2oi 111} (e s
RS 116 160 1o
Ssu- Nao e 200 150
Faichung Nainve | T 670 155
Reseno 1o a2y 110

S Based on 12 ditierent obsorvanions,
varicties were most evident o S odans alter inlestaion,
when up 1o 22 rimes more insects were recorded on
susceptible than on resistant vandeties o bable 1y
Subsequentdy, s prelened vanicties were danaged,
the inseats migrated o e Tess prefenied vndeties,
bhut many varieties aemained  compaativeds insect
free and soflered lide danage: Vsos atier sasceprible

Table 3.=Survival of Ist instar N eireseens on selected

vice varietios', IRRI. 1964,
Stevvival o dass atrer caging

Vanieiy 2 1n 22
HR 107 } 1] 1
NS 3 0 0
DAY b} 0 0
DS B 0 ]
ASD T { 0 0
DRI (i Q0 [
IRS 0 ( 0
ADbT 2y 7 0 0
Nl 19 2 8 3 0
DNTT 9 0 [}
Nalimaki i1 11 0 0
[RAN T} 1 0 0
DA 24 11 8 H
Nham 19087 1] (1 0
MAS 13 0 0
Betong I8 0 0
Lembhan-mi-thow-gao ] 2 1]
Peta 19 K] {)
i 20 16 D
Tntan 2400 2l 0 Q
ASD Y 24 11 B
AR TT0A36-8 20 16 6
rUpeee g 1 1
Bit-cose-mio 338 5 |
“Sueval 207 KA [} |
'Stk i’ Rb I8 15
Pankhari 203 oy 15 7
I'KM 6 i8] Al Sh
Resoro e 80 a8
(RIS 05 8K 6t
RN R (1 0 a0 Y]
Nat T RN %
Su-Miito N W 0
Taichung Native | (O 0 )

a v of R oreplications,  Tach replication consisted ol
10 Ist instos on an individual plant of o variens,

caging
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Table 4.—Survival of N. vivescens nymphs on 15-day-old
seedlings of selected resistant and susceptible rice varie

CHENG AND PaTHAR: RESISTANCE IN Nephotetiix PIrESCeIy

1151

Table 6—Population developed in 32 days [rom 5 pairs
of I-day-old N. vivescens adults on sclected rice varieties,

ties,” IRRE 1969, IRRE. March 1864,
Survival o isen Lisects recovered, nos plant Plant
- dam-
\iien Ise 2nd o 3ud o hth Sthe Mean Vatiety Adult - Nunph  Totl aget
Posivtand vavicties Resistant
DS (X1 (1Y) 0.0 0.9 DS 0.0 [IX1] ({R1} 0.1
PN Y 5 A D } D] . 3 A A
DK O ] R DA 27 1.0 1.1 30 1
IR N a0 2 ASh 7 g DR 1.0 2
AN T 1.7 KA ha e A 1Y P 2
Pankhari 2o 1.7 R P iRY ADU 27 i1 12,6 11.0 Y
e 2 5.0 27 ) R [BAR Y] i) 138 [ 2
RO s PRI h.! DAY SN 21 0
AN 120 [ bl Pankhavi 203 200 3.7 R
fntan oo 127 R D N RS 15.1 11.6 1.0
Lo Intan 2100 180 R 1.0
St prable varietios Femhan-mi-thow-gao 1.8 () Ry 1.0
Resono Oab OGT Uk usg a91.0 9.0 ALAS 6.1 ] .37 1.0
Faoichme Narve | 0T LT LT U600 UN0 HeS ) )
" Stsce ptibie
s e of D puphs ot cadn imstar on eadh vaniets. Obsersae S/u-Mino 22 2678 2.0
fomis ware ke oand 1odans o csne ob vacdh st Laichiung Native RN IRRW 1o
Resoro 161.2 IR RIA 10
[T 1911 i S04

varictios were hilled, the popubition ol N, cheseens
declined vapidh, Thus Besides non heing preferned,
yesistant varictios adsersels afleaed the lealhappe
lml)lll.llinll.

Adult N ciresceny differed in prelerence fon various
varietios as el as 5ol aloe infestation. T hese
differences were preter in later observations. s tor
the mvmphs, adulis also pefenied susceptible vini-
clies 1o pesistant ones  (Fable 2y, Vdules showed
identical vavictal prelerences, but the male tended o
be less conmastent in it host preference,

In spite of the distinc difterences in the insedts’
prelerence ot ditlerent varicties, prelerence lov o
varicts and the nmmber of eges it Lad onie were not
cottelated 00527 Gy Several resistant vt
cries teceived as many eges as the susceptible varieties,
[ Bis bact s not consistent with the generad hehavia
ol most gmost insedis lav fewer cggs on non-
prefened Bosts Pathaic 197000, bhut it shows it

mseots

Fable s.~Longevity and ovipmition of N virescens on

some  resistantand  susceptible vice varictios,  TRRITL
1an:
Lile span (dhiss

. Foguas
Variets \aie Ietade (s
[RARIRA v 6.8
NS 22 [ RN
\DST 3.7 (R
Dk | 40 1333
Pankhmi 2o RE R
DN 2T 3.8 113
DN 2T R 16.8
RN vy 19.3
Tridhiung Native 1 17.0 D700
ILesoro 9.0 3018
[N 3l 1249

AN of G0 inseds oo cach variety.

anee test for esplanation of the grades,

the asects readily oviposited during the shoit prriods
that they settled on the resistant vinidetics, Resistant
varietios were not damaged greatlve since the insedts
Jid no sustained feeding on them,

Srveteal of Noovitescens on Resistant and Suseefr
fbl Dareties - A2 davs atier It instas were cagad
on iy abd planis, ca D097 ol the mynphs died on
most of the resistant varietios, whereas jess thany 107,
died on susceptible varieties Chable 3y v 22 dans
Alter being Greed, U0 of (the caged nvmphs had bee
come adults on the sisceptible chedk varieny Laichung
Native Towhercas few survived onoresistant vanieties,
Besides higher morealitg, nviphs developed  dowa
on resistant i on susceptible varicties: this was
evident in a longer nvmpliad period on resistant than
o suseeptible varieties, Ao, all instins sutfered
higch mortality on all resistant varictios  (Fable 4y,
There were some differences in their mottality on 2
few resistant varictios which indicated dilferences in
the natute of then resistaince. However, additional
dinta e vequiied for defmite cone lusion.

Adualts had o mudh donger average lilespan on
susceptible than on yesistant varicties (Table by On
resistant varietios. highest mortatity: ol ahe insects
usually occmned during the Tst 2 davs ater caging,
whereas Hitle mortaliny occnred on susceptible vari-
cties. The adulis Tuud similar Hle spans on cach
variety,

Fitteen to Y0 times mare cgus were Liid on suscep-
tible than on the pesistant vesicties. This vesult s
in contriast to i shown in Cable 20 Apparently,
when creed on both susceptibic mnd resistant varieties,
insects oviposited o resistant varictics, b when
Crged on resistant varietios onlve oviposition was e
sricted, Finthermore, there wits o positive correlation
(r = 00937y hetween longevity of the females and
the number of coes Taid on o vaiery,

Data on sivival of Novirescens and on oviposition
Jiow i the insect may not he able 1o maintain
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Table 7.~Gain in hody weight* of N, wvirescens caged
4 hr on selected rice varieties,

JovrNarn or Fooxosic ExtoyMorooy

ol oS, nof

Table 8—Analvsis of honeydens excreted by 5 female
N. virescens on diflerent rice varieties,” TRR1L 1969,

Gain in body weight (g insect

ARURTERS Min. Max, Mean
Resistant
N 27 (.22 052 .28
DN} 27 20 i 20
DV 1Y 2L RN .30
DR 1 2 b Mk
ns B2 M R
ASD 7 2 b 45
IR R 0 RE 47
Siseeptible
Taichiumy Native | 36 AR A3
Rexorn 0 b RE
Ish 5" AU

s Tnseets were bopt o witheat Jood 2 hr bhetore Leing cazed on

these plants,

populations on some yesistant vatietios, Resulbrs of
Giging 5 pains ol newly emerged adults on resistant
aned on susceptible varietics Showed that 50 dins altar
intestation no Hying insects were on the variety Dy L
Most other tesistant vaictios Tued Tew insects, whercas
sisceptible vanietios had oy bable 5 o, sus-
ceptible varieties were danmaeed severely, whereas ree
sistant varieties showed Hinde damage.

On all varicetios. insects gained weight, indicaring
that they fed even on highly tesistant variedies, 1 hes
gained significanthy more weight an suscepiible vris
ctics than on all ol the vesistant vazieties «Lable 7y
Fhe inmscats gained signihcoly moie weight on TRS
than several other resistant varieties,  Phis laer mas
expliin the aeason RS phints show some damage
when crged with the insect. Bot aiter several dans
ol crging, the inseas saffered high mortading iedi-
cating that TRS Tand anantibiosis ellecc onthe green
lealhapper. 1 hese results ditter Trom the imding that
i planthopper. Nelaparcata lugons oStaly o aencrally
Jost weight when cged on resistant pive varieties
(Sogawa sond Pathak 1970,

Less honevdew was enareted by dnsedts caged on
resistatt than one susceptible vaictios. On stsceptible
varicties  DLaichune Native T oand Resoros exacted
honevdew contained 20030 Hmes mote anino acids
or total organic naver than thar o most ot the
pesistant varictios o lable S0 Alsoo quantities ol exs
areted honevdew  show  thar the insears did more
feeding than on other resistan varictio,

There were Lo mes more feeding panctures
on vesistant than on susceptible varieties hable Y.
Prabably the inseats made more exploniomy pui
tares i Tesistant vaietios to locate feeding sires than
they did in sisceprible vanieties In hoth resistant
and susceptible vaietios, the prohosdis was inserted
mosthy through parencnatons celbs. \lthaugh more
leeding puncties were made nen liher cells i s
ceptible e in Vesistant vanieties, the sivdets e
mateed mostly in the viscala bundes inespective ol
the sites of penetiations, Largo pocentages ol st
Jeaths terminated in e vascoalan hundles in suiseeps
Hible thear in resistant vindeties. T his did not appen
to he amagom lactor ol vesistanee, s even in the
oSt Tesistant varictics, the sivler isertions
reached vascubor bhundles, and the inseds made e

T ol

Spee Illl])lmlmnrll'l absorhance {oy

Oz Amino

Vatiety nuters” HIRTAES St

Hesivtant
Dy o1 o7 01y
ASD 7 0N A
DN} 2T S a4
vpee e 04 g2
[RAY I Kt B
DV RIU ity
Pankluni 203 1o N
DK 1 Al 6
Intau 21on A3 R
ADbI 27 A6 1.01
MAS AN 1.1
IR M S.00

.\'u\lt'/llih.’r
Laichung Natise ] At 1.1
Revoro 5.0
ST 22 2

v ol s pephoations
Aot hanee at 025
Vhsothance ot ) an

punctutes inoresistant than in susceptible varieties
(able 9y,

A positive conrelation v P
reconded hetween the thichkness ol Jeat
the nomvasculn bundle areas and the pacentages
of stster sheaths tevminaing in vasculan boodles: The
Pesistant vodetios DL DN 27 Dy et aed CAD
o7 had thiner deal hhades than the othor varictios,
However, distances hetween vasculao bondles of i
ferent varictios and teanination of the sovler shearlhs
in them were not conelated, Sivler sheaths wer s done
cnough to reach vascadar bandles from s poin ol
insertion in the Teal blades Uanaliv the sivdens scemed
to reach the vas ul o hundles with the st puncie,

Bt occasionalv, feeding tracs were 2o 5 banchedd

IS Wi

[ll,l(l(‘\ (i

indicating that the proboscs was et nied Toaeach
phlacm rissues, I hias, it is conchinded thar resistane

to the green teathopper in thea vanienies i non due

Table 9.=Number of fecding punctires made by N
vhescens adulis on the teal blades of selected resistant
and susceptible vice varietios, TRRIL 1464,

Puncrones toscct por o

AR i AYIFEN Mean
[RAY IR 120 s
Py [ 0.l
DN 6.5 90
PN =0 9.
\Sh 7 7.2 .
DT on 48
[~ Ha) K
faichune Native 1

iSusceptible 2.0 RN 20
Revorn osisceptibley [ 20 [l
[T 20

Ave ob Te peplications. Dnsects were caeed indicadually ona

socdline oot
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to medhanical lactors that interfere with the feeding
ol the insects. However, the inseats did licde feeding
o resistunt varieties, indicating that they  eitber
Backed  phagostimulants or possessed deeding deter-
rents, Such Tactors appamently were absent i resistant
vaiets IR® on which the ineas did more leeding
than on other resistant varicties, but they sull sul-
fered high mortadiny, This face indicated that TRE
plants cither possessed maerials tosac the N v
v ot lacked nanienes vital tor the survival ol

this insect,
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