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Temperature Stress and Varietal Resistance in Rice: Effects on Whitebacked Planthopper
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ABSTRACT
Temperature greatly influences fundamental plant and pest phys-

iological processes and interactions. This phytotron study sought to
determine how optimum (29/21 °C), low (24/16 and 26/18 °C), and
high (3S/27 and 36/28 °C) day/night temperature expression of re-
gimes affect resistance of 'IR2035-117-3' (IR2035) and susceptibil-
ity of 'Taichung Native 1' (TN1) rice (Oryza sativa L.) cultivars to
the whitebacked planthopper, Sogatella furcifera (Horvath). Both
low and high temperature stresses reduced plant growth and bio-
mass, and influenced plant chemical composition. Insect food intake,
growth, longevity, fecundity, and population increased significantly
when IR203S plants were grown at low and high (vs. optimum) tem-
perature regimes (except 36/28 °C). Insect performance on temper-
ature-stressed TN1 plants was similar or superior to that on TN1
plants grown at optimum temperature, but at low temperatures, de-
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velopmental period and longevity increased, while population de-
creased. At 36/28 °C, the insect performed poorly on both resistant
and susceptible plants. In spite of temperature-induced effects, the
difference between resistance of IR2035 and susceptibility of TN1
remained distinct. Significantly more first instars died on TN1
plants painted with the steam-distillate extract of resistant IR2035
plants (grown at all temperatures studied) than on acetone-treated
TN1 plants. Compared with unstressed plants, temperature-stressed
plants had less allelochemicals. Since temperature-induced stresses
enhance susceptibility of rice to insects, germplasm for S. furcifera
resistance should be evaluated across a wide range of temperatures.

RICE is cultivated at latitudes from 40 ° S to 53 °
N and at elevations ranging from below sea level

to >2000 m; the temperature regimes vary widely
(Yoshida, 1981). Temperature regimes greatly influ-
ence the growth duration as well as the growth pattern
Abbreviations: IR2035, 'IR2035-117-3' rice; RCB, randomized
complete block; TN1, Taichung Native 1' rice.
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of rice plants (De Datta, 1981). Within a range of 
to 31 °C, the growth rate office increases almost lin-
early with increasing temperatures but declines at
>35 °C; tiller number increases most from 28 to
31 °C and least at 22 °C (Yoshida, 1981).

In the Philippines, Bureau of Agricultural Econom-
ics statistics for 15 years (1968-1982) show that 17%
of rice production losses were attributable to weather-
related incidence of insect pests and diseases. In the
last decade, the whitebacked planthopper has in-
creased in importance as a pest of both upland and
lowland rice, particularly in areas where cultivars re-
sistant to another planthopper, Nilaparvata lugens
(Still), have been grown successfully (Heinrichs 
Rapusas, 1983). Although S. furcifera does not trans-
mit rice viruses, the insect produces several genera-
tions under favorable conditions and can cause heavy
damage (known as hopperburn) in a rice crop (Pathak,
1968). Outbreaks have been reported in Bangladesh,
China, India, Nepal, Pakistan, Taiwan, and Vietnam
(Khan and Saxena, 1986).

High and low temperatures increase the abundance
of phytophagous insects (Wellington et al., 1950; Uva-
rov, 1957). Temperatures also may affect the relative
susceptibility of crops to insect attacks. Wheat (Tri-
ticum aestivum L.) plants were comparatively more
susceptible to the Hessian fly, Mayetiola destructor
(Say), when grown at high temperatures (Sosa 
Foster, 1976). Expression of resistance of alfalfa (Med-
icago sativa L.) cultivars to aphids decreased at low
temperatures (Isaak et al., 1963), while sorghum [Sor-
ghum bicolor (L.) Moench] resistance to aphids in-
creased as temperatures increased (Wood and Starks,
1972).

Our objective was to investigate the effects of tem-
perature-induced changes in the expression of resist-
ance or susceptibility to S. furcifera in selected rice
cultivars.

MATERIALS AND METHODS

Experimental Conditions and Plant Cultivars

Effects of temperature stresses on the level of S. furcifera
resistance of IR2035 or susceptibility of TN1 rice cultivars
were investigated in the phytotron at the International Rice
Research Institute (IRRI). Seeds of IR2035 and TN1 were
sown in soil in a tray (260 by 320 by 115 mm) under 29/
21 °C day/night (12/12 h) temperature, minimum 70% rel-
ative humidity, and natural daylight of 12 h. Two weeks
after sowing, seedlings were transplanted into plastic pots
(150 mm high, 120 mm diam.) or porcelain pots (200 
high, 160 mm diam.) at two and four seedlings per pot,
respectively. Two days later, potted plants were shifted to
three Koitotron growth cabinets (Model 3SA-L #35-4708,
Koito Industries, Tokyo) maintaining 26/18, 29/21, and 35/
27 °C day/night (12/12 h) temperature regimes, respectively,
70% relative humidity, and 12-h daylight. To further dem-
onstrate subtle temperature-induced effects on plant resist-
ance and insect responses, potted plants also were kept in
another set of growth cabinets maintaining 24/16, 29/21,
and 36/28 °C, respectively. Plants grown at optimum (29/
21 °C) temperature served as the controls in all experiments.
There were four replicates in each growth chamber.

Data were recorded for various growth parameters and
biomass office plants. Fresh and dry shoot and root weights
were recorded only for plants maintained in growth cabinets.

Chemical Analysis of Plants

Leaf sheaths of 40-d-old temperature-stressed and control
plants were cut and dried to constant weight at 80 °C for 72
h. The composite samples were then analyzed for N, P, K,
Mg, Ca, Si, Zn, and Fe, total free sugars, and soluble pro-
teins, as described in Salim et al. (1990). The chemical com-
position of IR2035 and TN1 plants grown at different
temperature regimes is given in Table 1.

Steam Distillation and Extraction of Rice Plants
for Allelochemicals

Fresh leaf sheaths of 15 40-d-old temperature-stressed and
control plants were harvested, coarsely ground, steam dis-
tilled, and then extracted, as dcscfibed in Salim et al. (1990).
The allelochemical extracts (yellow, oily residue) were
weighed (Table 2), sealed with N in glass vials, and stored
at - 10 °C. For bioassays, the extracts were diluted in ace-
tone to 4 g L-~ concentrations.

Insect Responses

Insects reared on potted TN1 plants in the greenhouse
were used for studying orientation and settling responses,
intake and assimilation of food, adult longevity, fecundity,
and population increase on 35-d-old temperature-stressed
and control plants of IR2035 and TN1.

Experiments on insect growth and development, longevity
and fecundity, and population increase were conducted in
growth cabinets at the same temperature regimes at which
plants were grown, while insect orientational, settling, and
feeding responses to temperature-stressed plants were in-
vestigated at 29/21 °C, 60 to 75% relative humidity, and a
photoperiod of 12/12 (light/dark).

The orientational response of brachypterous (short-

Table 1. Chemical composition of rice plants grown at different day/
night (12/12 h) temperature (°C) regimes.~"

TNI IR2035

Constitutent 26/18 29/21~/ 35/27 26/18 29/21~: 35/27

N 41.3 37.1 36.6 32.1 30.4 30.4
P 3.4 2.4 2.2 2.9 2.7 2.1
K 33.2 49.7 46.8 36.3 50.0 42.0
Mg 2.6 2.5 2.5 2.4 2.3 2.0
Ca 1.6 1.8 1.6 2.0 1.7 1.5
Si 30.9 42.3 50.8 31.5 35.7 48.3
SP§ 64.5 71.7 75.4 59.2 61.2 70.4
TFS§ 98.0 48.8 42.4 71.4 51.0 57.0

mg kg-~

Zn 16.0 8.9 11.9 6.2 5.0 7.4
Fe 59.7 29.8 45.4 43.4 35.1 43.0

Composited sheaths of 40-d-old temperature-stressed and control plants
were analyzed. TN1 = ’Taichung Native 1’; IR2035 = ’IR2035-117-3’.
Control (optimum temperature regime).
SP ffi soluble proteins; TFS ~ total free sugars.

Table 2. Quantity of allelochemicals produced by S. furcifera-re-
sistant ’IR2035-117-3’ (IR2035) and susceptible ’Taichung Native
1’ (TN1) rice plants grown at different day]night (12112 h) 
perature regimes.

Temperature Decrease Decrease
over over

Day/night Mean TNI control IR2035 control

-- °C -- mg kg-I % mg kg-1 %
leaf sheath leaf sheath

26/18 22 38.9 9.9 58.8 17.6
29/21 ~" 25 43.2 0.0 71.4 0.0
35/27 31 35.8 17.2 61.2 14.4

Control (optimum temperature regime).
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winged) S. furcifera females was tested using horizontal glass
chambers, as described in Salim et al. (1990). Each treatment
was replicated eight times. Chi-square tests were performed
to determine whether the observed ratios of females attract-
ed to temperature-stressed and control plants deviated sig-
nificantly from the no preference ratio of 1:1 (Gomez and
Gomez, 1984).

In another experiment, six vials containing standard rice
culture solution (Yoshida et al., 1976) were arranged equi-
distantly near the periphery of a slowly revolving, circular
wooden platform (850 mm diam.). The mouth of each vial
fitted snugly and level with holes in a circular Styrofoam
sheet. Using rubberized foam, two tillers of low- or high-
temperature stressed plants and control plants were fixed
alternately in the vials. The entire assembly was covered
with a snug-fitting, cylindrical, polyester-film (Mylar) cage
(900 mm high, 800 mm diam.) and the settling response 
1 O0 S. furcifera females to test plants was recorded, as de-
scribed in Salim and Saxena (1991). Each treatment was
replicated four times. Chi-square tests were performed to
determine whether the observed ratios of females settled on
temperature-stressed and control plants deviated signifi-
cantly from the no preference ratio of 1:1 (Gomez and Gom-
ez, 1984).

Intake and assimilation of food by newly emerged females
on temperature-stressed or control plants was determined,
as described in Salim and Saxena (1991). The experimental
design was a randomized complete block with four repli-
cates. For determining insect growth, two temperature-
stressed and two control plants in pots were covered with
Mylar-film cages (1 m high, 100 mm diam.) and infested
with first instars in batches of 10 each. The infested plants
were arranged in a RCB design with four replicates. Insect
growth index was calculated as the ratio of the percentage
of nymphs becoming adults to the mean growth period in
days (Saxena et al., 1974).

To determine adult longevity and fecundity, two temper-
ature-stressed and two control plants were caged separately
and infested with 10 pairs of newly emerged brachypterous
females and macropterous (long-winged) males. Insect lon-
gevity and fecundity were determined as described in Salim
et al. (1990). The experimental design was a RCB with four
replicates.

For measuring populaton increase, four temperature-
stressed and four control plants were infested with five pairs
of newly emerged brachypterous females and macropterous
males. Insects, both nymphs and adults, were counted 40 d
after infestation. The experimental design was a RCB with
four replicates.

Toxicity of Steam-Distillate Extract to First Instars

Single tillers of control TN 1 plants were painted individ-
ually with 0.2 mL of acetone containing 4 g L-1 steam-dis-
tillate extract of temperature-stressed or control plants of the
test cultivars. In the control, tillers were painted with ace-
tone. After the acetone had evaporated, treated and control
plants were infested with first-instar nymphs in batches of
10, and kept at 29/21 °C day/night temperature in the phy-
totron. Insect mortality was recorded after 72 h. The exper-
iment was designed at RCB with four replicates.

Data for intake and assimilation of food, growth, longev-
ity, fecundity, population increase, and nymphal mortality
were subjected to analysis of variance and the means were
compared using Duncan’s (1951) multiple range test at 
0.05 and the least significance difference test at P = 0.05
and 0.Ol (Gomez and Gomez, 1984).

RESULTS

Temperature Effects on Rice Cultivars

Both high and low temperature regimes decreased
the heights of TN1 and IR2035 plants, but IR2035

Table 3. Growth and biomass of S. furcifera-susceptible ’Taichung
Native 1’ (TNI) and resistant ’IR2035-117-3’ (IR2035) rice 
tivars grown at different day/night (12/12 h) temperature regimes.

Temperature Shoot weight Root weight

Day/ Plant Tillers
night Mean height plant -~ Fresh Dry Fresh Dry

°C mm no. g

TNI

24/16 20 339ct 4.7b 20.9c 4.3c
29/21, 25 709a 5.5a 72.5a 13.6a
36/28 32 544b 5.lab 45.3b 8.6b
26/18 22 524c 6.3a
29/21 25 703a 6.3a
35/27 31 596b 5.2b

IR2035
24/16 20 350c 4.2b 21.1c 6.6c
29121 25 565a 4.8a 56.5a ll.la
36128 32 506b 4.8a 43.5b 8.5b
26118 22 469b 4.6a
29/21 25 570a 4.8a
35/27 31 578a 5.0a

6.5b 1.4b
8.4a 2.2a
5.2c 1.4b

5.5b 1.3c
8.2a 2.2a
5.2c 1.8b

Within columns and cultivars and within each grouping of the three tem-
perature regimes, values followed by the same letter in each column are not
significantly different at the 0.05 probability level by Duncan’s multiple
range test.
Control (optimum temperature regime).

Table 4. Intake and assimilation of food by S. furcifera females
caged on susceptible ’Taichung Native 1’ (TN1) and resistant
’IR2035-117-3’ (IR2035) rice plants grown at different day/night
(12/12 h) temperature regimes.

Temperature

Day/night Mean TNI IR2035 Difference

*C

Mean food intake, mg female-1 24 h-t

26/18 22 ll.7a, 5.7a 6.0**
29/21t 25 9.9b 3.6b 6.3**
35/27 31 ll.8a 4.7a 7.1"*

Mean foodas~milated, mg ~male-~ 24 h-t

26/18 22 0.53ab 0.23a 0.30**
29/21 25 0.50b 0.18a 0.32**
35/27 31 0.59a 0.21a 0.38**

** Significant at the 0.01 probability level by the least significant difference
test.
Within columns and within response (intake vs. assimilation), values fol-
lowed by the same letter are not significantly different at the 0.05 probability
level by Duncan’s multiple range test.
Control (optimum temperature regime).

plants at 35/27 °C were as tall as the control (Table
3). The effect of temperature on the number of tillers
was inconsistent. Both low and high temperatures sig-
nificantly reduced shoot weights.

Effects on Insect Responses

The orientational and settling responses of S. fur-
cifera to temperature-stressed and control plants did
not differ. The females alighted almost equally on ny-
lon-net walls facing temperature-stressed and control
plants.

Food intake increased significantly on temperature-
stressed resistant IR2035 and susceptible TN1 plants
(Table 4). Assimilation of food increased on TN1
plants grown at 35/27 °C, but was basically unaffected
on IR2035 plants grown at either low or high temper-
ature.
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Table 5. Growth and development of S. furcifera nymphs on susceptible ’Taichnng Native 1’ (TNI) and resistant ’IR2035-117-3’ (IR2035)
rice plants grown at different day/night (12/12 h) temperature regimes.~

Nymphs to adults Development period Growth index§

Day/night Mean TNI IR2035 Dif. TNI IR2035 Dif. TNI IR2035 Dif.

-- °C-- % d

26/18 22 92a 57a~ 35** 21.3a 24.4a --3.2** 4.3b 2.3a 2.0*
29/21¶ 25 95a 22b 73** 14.9b 18.6b -3.7** 6.4a 1.2b 5.2**
35/27 31 80a 55a 25** 14.1b 17.2b -3.1"* 5.7a 3.2a 2.5**

24/16 20 92a 65a 27** 26.5a 28.8a -2.3** 3.5b 2.3a 1.2"*
29/21 25 92a 27b 65** 14.8c 17.5c -2.7** 6.2a 1.5b 4.7**
36/28 32 15b 10c 5NS 18.5b 20.3b -1.8"* 0.8c 0.5c 0.3NS

*,** Significant at the 0.05 and 0.01 probability levels, respectively, by the least significant difference test.
Analysis is based on valnies transformed to arcsin (X~/2) for the percent first instars becoming adults. Dif. ffi difference.
Within columns and within each grouping of three temperature regimes, values followed by the same letter are not significantly different at the 0.05 probability
level by Duncan’s multiple range test.
Growth index = percent nymphs becoming adults divided by mean developmental period.
Control (optimum temperature regime).

Table 6. Longevity and fecundity of S. furcifera adults on susceptible ’Taichung Native 1’ (TN1) and resistant ’IR2035-117-3’ (IR2035) 
plants grown at different day/night (12/12 h) temperature regimes/f

Male longevity Female longevity Fecundity (eggs laid by 10 females)

Day/night Mean TNI IR2035 Dif. TNI IR2035 Dif. TN1 IR2035 Dif.

-- °C d no.

26/18 22 14.7a~ 10.7a 4.0** 20.5a 12.8a 7.7** 1574 220a 1354"*
29/21§ 25 14.3a 6.1c 8.2** 18.2b 8.2b I0.0"* 1387b 47c 1340"*
35/27 31 ll.2b 9.3b 1.9"* 14.5c ll.8a 2.7** 1473a 107b 1366"*

24/16 20 15.3a 9.4a 5.9** 21.5a 12.2a 9.3** 2017a 374a 1643"*
29/21 25 13.3b 6.5b 6.8** 17.3b 8.1b 9.2** 1854a l12b 1742"*
36/28 32 6.4c 4.7c 1.7"* 9.5c 5.6c 3.9** 29b 25c 4NS

** Significant at the 0.01 probability level by the least significant difference test.
Analysis based on data transformed to log (A) in case of fecundity. Dif. = difference.
Within columns and within each grouping of three temperature regimes, values followed by the same letter are not significantly different at the 0.05 probability
level by Duncan’s multiple range test.
Control (optimum temperature regime).

Compared with nymphal development on resistant
IR2035 plants grown at the optimum temperature
(29/21 °C), significantly more nymphs became adults
on IR2035 plants exposed to low or high temperature,
except 36/28 °C (Table 5). Nymphal development 
susceptible TN1 plants grown at low or high temper-
atures was as high as at the optimum temperature, but
few nymphs reached adulthood on TN1 or IR2035
plants grown at 36/28 °C. Insect development was
prolonged on TN1 and IR2035 plants grown at low
temperature (26/18 or 24/16 °C), but at 35/27 °C 
was almost the same as for the control temperature.
Consequently, insect growth indices were significantly
small on TN1 plants at low temperatures. On the
other hands, growth indices were significantly greater
at low as well as at high temperatures than on control
IR2035 plants grown at 29/21 °C. Nymphal devel-
opment was prolonged and growth indices were small
on both susceptible and resistant plants grown at 36/
28 °C. Adults developed from nymphs reared at 36/
28 °C had abnormal skin color and were smaller in
body size than those developed at 29/21 or 24/16 °C.
Even several days after emergence, S. furcifera females
on rice plants grown at 36/28 °C did not become grav-
id, as indicated by their small abdomens.

Adult longevity decreased with increase in tempera-
ture on susceptible TN1 plants, but increased on resist-
ant IR2035 plants at both high and low temperatures,
except 36/28 °C (Table 6). Increase in temperature 
36/28 °C drastically decreased insect longevity and fe-
cundity on both susceptible and resistant cultivars.

Table 7. Population of S. furcifera at 40 d after infestation on sus-
ceptible ’Tulchung Native I’ (TNI) and resistant ’IR2035-I17-3’
(IR2035) rice plants grown at different day/night (12/12 h) 
perature regimes.

Temperature Insects recovered on

Day/night Mean TN1 IR2035 Difference

*C no.t

26/18 22 428b¢ 68a 360**
29/21§ 25 586a 35b 551"*
35/27 31 594a 75a 519"*

24/16 20 442b 72a 370**
29/21 25 520a 40b 480**
36/28 32 25c 21b 4NS

** Significant at the 0.01 probability level by the least significant difference
test.

Total number of nymphs and adults recovered from five pairs of newly
emerged females caged on plants.
Within columns and within each grouping of the three temperature regimes,
values followed by the same letter are not significantly different at the 0.05
probability level by Duncan’s multiple range test.
Control (optimum temperature regime).

Compared with IR2035 plants grown at 29/21 °C,
insect population increased significantly on IR2035
plants grown at low or high temperatures (Table 7).
The rate of S. furcifera population increase was sig-
nificantly less on TN1 plants grown at low tempera-
ture than on control TN1 plants. Compared with
insect population at 35/27 °C, population build-up at
36/28 °C was low on both susceptible and resistant
plants but the proportionate decline was greater on
TN1 than on IR2035.



1624 CROP SCIENCE, VOL. 31, NOVEMBER-DECEMBER 1991

Table 8. Mortality of flrst-instar 5. furcifera nymphs on TN1 rice
seedlings painted with acetone solution of 4 g Lr1 steam-distillate
extract of susceptible 'Taichung Native 1' (TN1) or resistant
'IR2035-117-3' (IR2035) plants grown at different day/night (12/
12 h) temperature regimes.

Cultivar

TN1
TN1
TN1
IR2035
IR203S
IR203S
Acetone (control)

Day/night
temperature

°C
26/18
29/21 1
35/27
26/18
29/21$
35/27

Mean nymphal
mortality

%
lOcf
ISbc
13bc
23ab
30a
25ab
8c

t Values followed by the same letter are not significantly different at the 0.05
probability level by Duncan's multiple range test.

t Control (optimum temperature regime).

Toxicity of Steam-Distillate Extract to First Instars
Compared with nymphal mortality on acetone-

treated TN1 plants, significantly more first instars
died on TN1 plants painted with the extract of re-
sistant IR2035 plants grown at all temperatures stud-
ied (Table 8). Mortality also increased to some extent
on TN1 plants treated with the extract of TN1 plants
grown at different temperature regimes but, compared
with nymphal mortality on acetone-treated plants, the
differences were not significant.

DISCUSSION
Relative susceptibility or resistance of crop cultiyars

to insect pests is largely determined by plants' physical
and chemical attributes interacting with abiotic and
biotic factors in the environment. Physical stresses re-
duce the size of energy and nutrient budget of plants
or require its expenditure to accommodate the stress
and may result in a lower commitment for defense
(Rhoades, 1983).

Temperature is a major environmental factor influ-
encing fundamental plant and pest physiological pro-
cesses, including the magnitude and expression of
resistance to insects (Tingey and Singh, 1980). Both
high and low temperature can lower the level of insect
resistance in plants. Temperature can modify resist-
ance through influence on plants' physiological pro-
cesses (which indirectly affect pest performance),
through direct effects on plant physiology and growth
response to insect injury, and through direct effects on
pest behavior and biology.

In the present study, increased food intake, growth,
longevity, fecundity, and population increase on re-
sistant IR2035 plants grown at temperature regimes
higher (35/27 °C) or lower (26/18 or 24/16 °C) than
the optimum (29/21 °C) indicated a temperature-in-
duced reduction in the level of resistance to S. furci-
fera. This reduction in the level of resistance may be
due to observed decrease in the quantity of allelo-
chemicals produced by temperature-stressed IR2035
plants. Wheat plants also were more susceptible to the
Hessian fly when grown at high temperature (Sosa and
Foster, 1976). Survival of Hessian fly larvae increased
significantly at 28 and 31 °C, particularly on resistant
plants, suggesting a temperature-induced interaction
(Tyler and Hatchett, 1983). Likewise, resistance of
wheat to the green bug, Schizaphis graminum (Ron-
dani), decreased at high temperatures (Painter, 1958).

Low temperature also reduced resistance in alfalfa to
alfalfa aphid, Therioaphis maculata (Buckton) (Kin-
dler and Staples, 1970). Resistance in plants to insect
pests has been associated with optimum temperature
for plant growth (Schweissing and Wilde, 1978).

Insect development also takes place within a fairly
narrow range of temperatures. A developmental
threshold or the developmental null point exists below
which the insect can survive but cannot grow and de-
velop (Bursell, 1964). Temperatures above the devel-
opmental threshold increase the rate of development
in almost a linear fashion up to the optimum, beyond
which insect growth and development is retarded. The
direct effect of high temperature (36/28 °C) on S. fur-
cifera was evident by its reduced growth, reduced lon-
gevity, and low fecundity and population build-up on
resistant as well as susceptible cultivars. The abnor-
mal skin color and small body size of females reared
on rice plants grown at 36/28 °C also could be attrib-
uted to physiological aberrations resulting from pos-
sible depletion or destruction of endosymbiotes in S.
furcifera reared at a high temperature regime. Plant-
hoppers, including S. furcifera, are known to harbor
yeastlike, intracellular endosymbiotes in their fat bod-
ies, which are transmitted to the offspring through the
eggs (Kusumi et al., 1979). The endosymbiotes pro-
vide sterols for protection of hosts (Fredenhagen et
al., 1987). Biosynthesis of cuticle was terminated and
the body cholesterol content was reduced to 1/10 of
normal nymphs in nymphs of the smaller brown
planthopper, Laodelphax striatellus Fallen, kept at
35 °C for 3 d on a sterol-free diet (Noda and Saito,
1979).

Under natural conditions in rice growing areas,
temperature variations may affect certain physiologi-
cal processes in rice plants, thereby rendering them
more or less susceptible to insect infestations. The re-
ported outbreaks of S. furcifera in several rice growing
countries may partly be attributed to temperature-in-
duced reduction in the level of resistance. Thus, rice
germplasm for S. furcifera resistance should be eval-
uated across a wide range of temperature regimes to
select environmentally stable resistant rice cultivars.
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