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ABSTRACf Resistance to rice thrips, Stenchaetothrips hifarmis (Bagnall), was evaluated
in rice, Oryza sativa L., varieties possessingdiverse genes for resistance to the green leafhopper
Nephotemx mrescens (Distant), and planthoppers Sogatella farci/era (Horvath) and Nila-
parvata lugens (Stal).Distinct differences in levels of thrips resistance were observed in bulk
seedling tests.Resistant varieties were lesspreferred for oviposition.Duration of adult survival
and population increases was significantly lesson resistant varieties than on susceptible ones.
The steam distillate extract of a resistant variety 'Ptb 21' was highly toxic to first instar S.
hifarmis.
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THE RICETHRIPS,Stenchaetothrips biformis (Bag-
nall), hitherto considered a minor pest, has emerged
as an important pest of rice, Oryza sativa L., in
Bangladesh, China, India, Indonesia, Japan, Sri
Lanka, and the Philippines (Nugaliyadde & Hein-
richs 1984a). The insect infests the rice plant at the
seedling stage and can cause extensive damage to
the late plantings within the first few weeks after
transplanting (Chiang 1977). Infested leaves roll
inward along the margins and have a scorched
appearance. Heavy infestations may kill seedlings,
resulting in poor crop stands (Nugaliyadde & Hein-
richs 1984b) and substantial yield loss (Delphacitra
& Wickramasinghe 1987). The increase in rice
thrips infestations in South and Southeast Asia has
been associated with the extensive and intensive
cultivation of high yielding rice varieties (Chan-
dramohan et al. 1977, Velusamy et al. 1987). In a
screening trial, high yielding varieties from IR5 to
IR56 were all susceptible to the rice thrips; IR58
and IR60 were moderately resistant; and only IR62
was resistant (Heinrichs et al. 1985).

Although high levels of thrips resistance have
been identified in some traditional rices (Velusamy
& Chelliah 1980, Nugaliyadde & Heinrichs 1984a),
these rices have not yet been used in varietal im-
provement programs due to agronomically poor
plant types or poor combining ability. On the other
hand, traditional rices that have been used as do-
nors of leafhopper and planthopper resistance
(Khush 1984, Heinrichs 1986) in varietal improve-
ment programs at the International Rice Research
Institute and various national programs have not
been evaluated for their relative susceptibility to
thrips.

ITowhomreprintrequestsshouldbeaddressedat:International
RiceResearchInstitute,P.O.Box933, Manila,Philippines.

Currently, there exist six dominant genes and
one recessive gene that confer resistance to the
green leafhopper Nephotettix virescens (Distant)
(Athwal & Pathak 1972, Siwi & Khush 1977,
Ruangsook & Khush 1987). Likewise, three dom-
inant and three recessive genes impart resistance
to the brown planthopper Nilaparvata lugens (Stal)
(Athwal et al. 1971, Lakshminarayana & Khush
1977, Khush et al. 1985, Kabir & Khush 1987) and
four dominant and one recessive genes are resistant
to the whitebacked planthopper Sogatella furci!-
era (Horvath) (Sidhu et al. 1979, Hernandez &
Khush 1981, Angeles et al. 1985, Wu & Khush
1985). Digenic resistance to N. lugens (Angeles et
al. 1985) and S. furcifera (Angeles et al. 1981, Wu
& Khush 1985) has also been identified. We there-
fore evaluated selected donors of leafhopper and
planthopper resistance possessing each of the above-
mentioned genes against the rice thrips to identify
usable sources of thrips resistance. Also, thrips re-
sistance in 'Ptb 21', a valuable source of planthop-
per resistance, was determined by recording the
mortality of first instar thrips on seedlings of a
susceptible variety treated with the steam distillate
extract of 'Ptb 21'.

Materials and Methods

Insect Culture and Test Varieties. A stock cul-
ture of S. biformis was maintained in a greenhouse
on 30- to 40-d-old potted plants of the susceptible
rice variety 'Taichung Native l' (TN1). Eleven
green leafhopper-resistant varieties, 18 brown
planthopper-resistant varieties, and 18 white-
backed plant hopper-resistant varieties were tested
for possible thrips resistance; TN1 was the suscep-
tible check. Alllests were conducted at 27 ± 5OC,
70 ± 10% RH, and a photoperiod of (L:D) 12:12.
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Damage Rating. Seeds of test varieties were sown
in rows 40 cm long and 2-3 cm apart in wooden
trays (60 by 45 by 10 cm) in a greenhouse. TN1,
the susceptible check, was assigned randomly with
test entries in each tray. Separate trays were used
for green leafhopper-, brown planthopper-, and
whitebacked planthopper-resistant varieties. Am-
monium sulfate was applied basally at 200 kg/ha.
One week after germination, the seedlings in each
tray were thinned to 15 per row and infested with
two to three adult thrips per seedling by evenly
distributing between rows thrips-infested leaves
collected from rearing cages. To prevent escape,
each tray was covered with a mylar film cage with
a nylon mesh top. Plant damage was scored on a
1-9 scale when the susceptible check wilted (1 =
highly resistant, only terminal one-third area of
first leaf rolled; 3 = resistant, terminal one-third to
one-half area of first and second leaves rolled; 5 =
moderately resistant, terminal one-half area of first
and second leaves rolled, leaf scorching <30%; 7
= susceptible, all leaves rolled; 30-60% leaf area
scorched; 9 = highly susceptible, all leaves rolled,
>60% leaf surface scorched and tips wilted) (Nu-
galiyadde & Heinrichs 1984a). Treatments were
replicated five times in a randomized complete
block design; each tray comprised a replication.

Oviposition Rate. Thirty-day-old plants of the
test varieties were grown singly in clay pots (5 cm
diameter) that were arranged in a randomized
complete block design in a water-filled iron tray.
Each plant was infested with five pairs of newly
emerged thrips adults and covered with a mylar
film cage (90 cm high, 10 cm diameter). Each
treatment was replicated five times. Three days
after infestation, adults were removed from the
plants, and eggs laid on each plant by the five
females were counted using a magnifying glass
(lOx).

Adult Longevity and Fecundity. Thirty-day-old
potted plants of the test varieties were infested at
a rate of three pairs of newly emerged male and
female thrips per plant and covered with mylar
film cages. Each variety was replicated five times;
one plant served as a replication. Rolled rice plant
leaves were carefully opened at 2-d intervals from
2 to 14 d after infestation (DAI) to record adult
survival. Thrips larvae that emerged were counted
and removed from the test plants every 2 d until
14 DAI. Unhatched eggs on each plant were also
recorded. Fecundity was computed by adding the
number of all removed larvae to the count of un-
hatched eggs present at 14 DAI on each plant.

Population Growth. Thirty-day-old potted plants
of test varieties were infested at a rate of five pairs
of male and female thrips and covered with mylar
film cages. The pots were arranged in a randomized
complete block design and replicated five times.
At 15 DAI, larvae, pupae, and adults present on
each plant were counted.

Steam Distillation and Extraction of Rice Plants.
Rice plants were steam distilled and extracted fol-

lowing the method of Saxena & Okech (1985).
Leaves and leaf sheaths of 40-d-old plants of the
resistant 'Ptb 21' rice variety grown in an insect-
proof screenhouse were harvested and ground with
an electric grinder. A 200-g sample was steam dis-
tilled for 3 h, during which time ~900 ml of dis-
tillate was collected. The distillate was extracted
with diethyl ether (300 ml distillate: 100 ml diethyl
ether) by thoroughly shaking a mixture of the two
together in a separatory funnel for 5 min. Diethyl
ether absorbed the essential oils and other volatiles
and the mixture settled above the water layer in
the funnel. Water was discarded. Our previous
studies have shown that only fractions extracted
with organic solvents such as diethyl ether have
allelochemical activity (Saxena & Okech 1985). The
ether extract was pooled in a 500-ml beaker, to
which 100 g of anhydrous sodium sulfate was add-
ed. The mixture was kept inside a fume hood. Ether
was evaporated until the remaining volume was
::::::25ml. The beaker was then covered with alu-
minum foil and held overnight to allow the sodium
sulfate to absorb traces of water from the extract.
The extract was evaporated further to 10 ml and
decanted in a weighed glass vial, which was then
covered with perforated aluminum foil and placed
inside a desiccator with silica gel at the bottom.
Ether was evaporated under vacuum, leaving be-
hind a yellow oily residue. The vial was reweighed
to determine the weight of the extract and, in turn,
the extract yield. The vial was then sealed with
nitrogen and kept at -10"C. The extract was di-
luted in acetone to desired concentrations.

Toxicity of Steam Distillate Extract to First In-
stars. Ten-day-old TN1 seedlings were dipped
singly in 1,000, 2,000, 3,000, or 4,000 ppm solution
of 'Ptb 21' extract and placed individually in test
tubes (15 by 1.5 cm). Control seedlings were un-
treated or treated with acetone. After the acetone
had evaporated, 10 first-instar thrips were placed
on each of the treated or control seedlings. The test
tubes were capped and arranged in a randomized
complete block design in an incubator. Larval mor-
tality was recorded after 24 h. Each treatment in-
cluding the control was replicated five times.

Data were subjected to analysis of variance and
means were compared by the Duncan's (1951) mul-
tiple range test (P ~ 0.05). Separate analyses were
done for each set of leafhopper- or planthopper-
resistant varieties.

Results

Damage Rating. Among the green leafhopper-
resistant varieties tested, 'Rhissa', 'Sefa', and 'Badal
2' (Glh 2 gene) and 'Chiknal' (Glh 3 gene) were
rated as highly resistant, while 'Hashikalmi', 'Chai-
ya', and 'ARC 10313' (with a dominant gene for
green leafhopper resistance) were rated as resistant
to S. biformis (Table 1). Brown planthopper-resis-
tant varieties 'Ptb 18' (bph 2 gene), 'Muthumani-
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Table 1. Riee thrips damage ratings, oviposition rates, adult longevity, feeundity, and population increase on rice
varieties resistant to green leafhopper"

Variety Gene Accession Damage Oviposition Longevity, d Fecundity, Population
no. rating rateb cS 2 eggs/2 increase, nC

Hashikalmi Glh 1 3397 2.2c 10.2c 3.6c 3.6c 11.6c 20.8d
Ghaiya Glh I 16259 2.6c IO.6be 3.400 4.Oe 11.8c 23.200
ARC 10313 Glh 1 20845 1.8cd IO.8be 2.8d-f 3.4c 11.8c 22.800
Tendeng Glh2 15836 1.8cd 10.6be 3.2c-e 3.8c 11.2c 25.6c
Rhissa Glh 2 15852 I.Ode 5.8<1 2.4ef 2.6e 8.4e 8.4e
Sefa Glh 2 15883 LOde 6.4d 2.2f 2.2e 6.6de 8.6e
Badal 2 Glh 2 26291 I.Ode 6.2d 2.2f 2.8d 7.2d lO.Oe
Chota Digha Glh 2 26325 9.Oa 17.2a 6.8a 8.2a 31.Oa 65.0a
Chiknal Clh3 25848 I.Ode 7.Od 2.6d-f 2.8de 5.8e 8.Oe
Choron Bawla Glh 1 + Clh 2 26323 9.0a 17.Oa 6.6a 8.2a 31.Oa 66.&
Laki 659 Clh 3 + Glh 5 6622 6.6b 13.2b 5.0b 5.6b 24.0b 46.4b
TN 1 (susceptible

check) 9.0a 17.8a 6.6a 8.Oa 31.2a 65.4a

Results of analysis of variance: damage rating, F = 167; oviposition rate, F = 26; male longevity, F "" 51; female longevity, F - 116;
fecundity, F = 478; population increase, F = 332. df = 11, 44; P < 0.01. In a column, means followed by the same letter are not
significantly different (P > 0.05; Duncan's [1951] multiple range test).

• Average of five replications.
b Number of eggs per five females per 3 d.
CAt 15 d after infestation.

kam', 'Rathu Heenati', and 'Gangala' (Bph 3 gene),
'Babawee', 'Heenhoranamawee', 'Senawee', 'Hor-
anamawee', and 'Gambada Samba' (bph 4 gene),
and 'Ptb 21' and 'Ptb 33' (bph 2 + Bph 3 genes)
were also highly resistant, while 'Mudgo' (Bph 1
gene), 'ASD7' (bph 2 gene), 'Huruhondarawala'
(Bph 3 gene), 'thrissa', 'Hotel Samba' (bph 4 gene),
'ARC 10550' (bph 5 gene), and 'Swarnalata' (bph
6 gene) were resistant (Table 2). Among white-
backed planthopper-resistant varieties, only 'Ren-
ing' and 'Senawee' (Wbph 1 gene), and 'ADR 52'

(Wbph 3 gene) were resistant to the thrips; others
were highly susceptible (Table 3).

Oviposition Rate. Thrips ovipositional response
differed distinctly on rice varieties with diverse
genes for leafhopper and planthopper resistance.
The fewest eggs were laid on green leafhopper-
resistant varieties 'Sefa', 'Badal 2', and 'Chiknal'
(Table 1); on brown planthopper-resistant 'Hor-
anamawee' and 'Gambada Samba' (Table 2); and
on whitebacked planthopper-resistant 'ADR 52',
'Rening', 'Senawee', and 'ARC 5752' (Table 3).

Table 2. Rice thrips damage ratings, oviposition rates, adult longevity, fecundity, and population increase on rice
varieties resistant to brown planthopper"

Variety Gene Accession Damage Oviposition Longevity, d Fecundity, Population
no. rating rateb cS 2 eggs/2 increase, nC

Mudgo Bph 1 6663 3.0b 11.2b 2.8b-<! 3.0b--e 12.2b 22.0b
ASD7 Bph 2 6303 2.6b 11.0b 3.2b 3.2b-<! 11.2b 23.4b
Ptb 18 bph 2 l.Oc 8.2cd 2.4c-e 2.8b-f 6.2c 9.2c
Huruhondarawala Bph 3 7731 3.0b lO.4b 2.2de 2.6c-f 11.2b 22.0b
Muthumanikam Bph 3 8960 l.Oe 7.2c-e 2.8b-<! 3.6b 6.4c 7.4d
Rathu Heenati Bph 3 11730 l.Oe 8.2cd 2.2de 2.6c-f 6.6c 7.Od
Gangala Bph 3 7733 l.Oe 7.2c-e 1.8e 2.2f 6.4c 7.Od
Babawee bph 4 8978 l.Oe 8.2cd 2.2de 3.2b-<! 6.6c 11.6c
Heenhoranamawee bph 4 15286 l.Oe 7.6c-e 3.0bc 3.4bc 5.6c 6.4d
Senawee bph 4 15281 1.Oe 8.4c 2.2de 2.4d-f 7.2c 9.Od
Thrissa bph 4 7734 3.0b 10.0b 2.8b-<! 3.2b-<! 11.6b 22.0b
Hotel Samba bph4 15206 2.6b 10.2b 2.6b-<! 3.0b--e 12.8b 21.8b
Horanamawee bph 4 15332 l.Oe 7.Oe 1.8e 2.2f 6.2c 7.8<1
Gambada Samba bph 4 15406 l.Oe 6.6e 1.8e 2.2f 6.2c 6.2d
ARC 10550 bph 5 12507 2.6b 10.2b 2.4c-e 3.2b-<! 11.8b 22.2b
Swarnalata Bph 6 33964 2.6b 1Mb 2.6b-<! 3.0b--e 12.8b 21.6b
Ptb 21 bph 2 + Bph 3 6113 1.Oe 7.2c-e 2.Oe 2.2f 6.Oe 5.8d
Ptb 33 bph 2 + Bph 3 19325 1.Oe 7.6c-e 2.2de 2.4d-f 6.4c 11.6c
TN1 (susceptible

check) 9.Oa 19.6a 6.2a 7.2a 32.2a 67.8a

Results of analysis of variance: damage rating, F = 74; oviposition rate, F = 41; male longevity, F - 20; female longevity, F - 17;
fecundity, F"" 104; df = 18, 72; P < 0.01. In a column, means followed by the same letter are not significantly different (P > 0.05;
Duncan's [1951] multiple range test).

• Average of five replications.
b Number of eggs per five females per 3 d.
CAt 15 d after infestation.
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Table 3. Rice thrips damage ratings, oviposition rates, adult longevity, fecundity, and population increase on rice
varieties resistant to whitebacked planthopper"

Gene Damage Oviposition Longevity, d Fecundity, PopulationVariety Accession rating rateb eggs/2 increase, nCno. " 2

Boegi Boera Wbph I 4165 2.00 1O.8c 3.Od 3.4cd 1I.Od 28.Od
N 22 Wbph I 4819 9.00 18.8ab 6.4a-c 7.6a 28.0a-c 65.8c
Muskhan 41 Wbph I 6828 2.2c IU)c 2.6de 2.8c-il 11.6d 29.4d
Siam Garden Wbph I 10771 9.00 18.0b 6.6ab 7.2ab 30.4a 70.0a-c
Rening Wbph 1 13557 1.Od 7.4d 2.2e 2.4e 6.2e 12.Oe
Senawee Wbph 1 15281 I.Od 7.8d 2.4e 2.00 6.00 10.00
Oha Wbph 1 16140 9.0a 18.8ab 6.4a-c 7.0ab 28.4ab 66.400
Sathra 265 Wbph 1 28237 9.00 19.6ab 6.4a-c 7.2ab 30.00 67.4a-c
Sufaida 172 Wbph 1 28298 9.0a 18.0b 6.0a-c 7.4ab 26.600 68.6ac
Chempan Wbph 2 3.4b 1I.2c 3.2d 3.8c 1I.4d 29.Od
ADR 52 Wbph 3 40638 1.Od 7.2d 2.4e 3.2c-e 6.2e 10.Se
Podiwi A8 wbph4 15201 9.0a 19.6ab 6.4a-c 7.0ab 28.6ab 7l.6ab
N'diang Marie Wbph5 15859 9.00 20.2ab 6.6ab 7.00 30.4a 70.6ab
WC 1240 Wbph 1 + 1 recessive 13742 9.0a 20.2ab 5.800 7.0ab 26.600 68.6a-c
Katuyhar Dhan Wbph 1 + Wbph 2 16249 9.00 18.8ab 6.2a-c 7.2ab 26.000 70.2ab
ARC 5752 Wbph 1 + Wbph 2 12119 2.00 9.Od 2.8d 3.2c-e 1I.2d 26.4d
IR2035-1I 7-3 Wbph 1 + Wbph 2 9.00 20.0ab 6.8a 7.4ab 25.00 68.8a-c
Colombo Wbph 2 + 1 recessive 6662 9.00 19.6ab 5.800 7.0ab 27.000 67.0a-c
Chaia Anaser Wbph 1 + Wbph 3 16197 9.0a 21.00 5.6c 6.4b 26.800 69.6a-c
TNI (susceptible

check) 9.0a 19.8ab 6.6ab 7.6a 29.0a 71.4a

Results of analysis of variance: damage rating, F - 337; oviposition rate, F - 48; male longevity, F - 51: female longevity, F - 37;
fecundity, F - 127; population increase, F - 262; df - 19, 76; P < 0.01. In a column, means followed by the same letter are not
significantly different (P > 0.05; Duncan's (1951) multiple range test).

• Average of five replications.
b Number of eggs per five females per 3 d.
c At 15 d after infestation.

Adult Longevity and Fecundity. Thrips males
and females survived for significantly shorter pe-
riods on resistant varieties. On green leafhopper-
resistant 'Rhissa', 'Sefa', 'Chiknal', and 'Badal 2',
males and females lived barely 2 to 3 d (Table 1).
Likewise, thrips survival on some brown planthop-
per- and whitebacked planthopper-resistant vari-
eties was 2-3 d as compared with 6 to 8 d on
susceptible TNI (Tables 2 and 3). Thrips fecun-
dity correspondingly declined on resistant varie-
ties.

Population Growth. Several leafhopper- and
plant hopper-resistant varieties also adversely af-
fected the population growth of thrips. Thrips pop-
ulation buildup on green leafhopper-resistant
'Rhissa', 'Sefa' and 'Chiknal' was one-eighth that
on susceptible 'TNI' (Table 1). Likewise, brown
planthopper-resistant varieties 'Ptb 18', 'Muthu-
manikam', 'Rathu Heenati', 'Gangala', 'Heenhor-
anamawee', 'Senawee', 'Horanamawee', 'Gamba-
da Samba', 'Ptb 21' and 'Ptb 33' had significantly
smaller thrips populations than TNI (Table 2).
Thrips populations were also small on whitebacked
planthopper-resistant 'Boegi Boera', 'Muskhan 41',
'Chempan', 'Rening', 'Senawee', 'Chempan', 'ADR
52', and 'ARC 5752' (Table 3).

Toxicity of 'Pili 21' Extract to First Instars.
The steam distillate extract of 'Ptb 21' plants was
toxic to first instar thrips. Larval mortality on TNI
seedlings dipped in a 1,000,2,000,3,000, or 4,000
ppm solution of 'Ptb 21' extract was 32, 36, 58, and
66%, respectively, and was significantly higher than
2% mortality on untreated or 4% mortality on ac-

etone-treated TNI seedlings (F = 163; df = 5, 20;
P < 0.05).

Discussion

Varietal resistance is one of the key components
in integrated pest management in rice (Heinrichs
et aI. 1979). It has provided a highly practical ap-
proach to controlling rice leafhoppers and plant-
hoppers (Pathak & Saxena 1980). However, some
of the modern rice varieties bred for leafhopper
and planthopper resistance are not necessarily re-
sistant to minor pests such as S. biformts. Conse-
quently, there is a need to develop varieties with
multiple pest resistance. The success of such a pro-
gram depends on the availability of donors pos-
sessing multiple resistance, efficient screening pro-
cedures, a well-planned breeding strategy, and
liberal exchange and evaluation of breeding ma-
terials among rice-growing countries where the tar-
get pests are problems.

Our studies have shown that several traditional
rices that are donors of leafhopper and plant hopper
resistance also possess potential for thrips resis-
tance. All resistant varieties were less preferred for
oviposition by thrips, and very few eggs were laid
on varieties such as 'Sefa', 'Badal 2', 'Chiknal',
'Horanamawee', 'Gambada Samba', 'ARC 5752',
'Senawee', 'Rening', and 'ADR 52'.

Longevity and fecundity of thrips were also in-
hibited on resistant varieties. S, biformts adults sur-
vived for significantly shorter periods and pro-
duced fewer eggs on varieties such as 'Rhissa', 'Sefa',
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'Chiknal', 'Badal 2', 'Cangala', 'Horanamawee',
'Cambada Samba', 'Senawee', and 'Rening', thus
offering a wide array of material for use in breed-
ing for thrips resistance.

High mortality of thrips larvae on susceptible
TNI rice plants treated with steam distillate ex-
tract of 'Ptb 21' suggested that resistance was due
to antibiosis and was biochemical in nature. Thus,
poor plant morphology of some traditional rices
might not be a limitation to breeding for thrips
resistance. In fact, some of the very same donors
have been used successfully in breeding for leaf-
hopper and planthopper resistance. Whether thrips
resistance is conditioned by genes closely linked
with leafhopper and planthopper resistance re-
mains to be investigated.
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