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ABSTRACT

A field experiment on population dynamics of brown planthopper was conducted during Kharif, 2011 and 2012
at CCSHAU Rice Research Sation, Kaul, Kaithal (Haryana). During 2011, the population of BPH was positively
correlated (r= 0.697) with parasitoid populations in June transplanting (D1) while, in July transplanting
(D2), there was a positive correlation with spiders (r= 0.632), mirid bugs (r= 0.666) and sun shine hours (r =
0.629). The population of BPH was highly positive correlated with spiders (r= 0.758), parasitoids (r= 0.780)
and highly negative correlated with Tmin (r= -0.818) and rainfall (r= -0.760) on variety CSR 30 planted in
June during 2012 and none of the abiotic and biotic factors showed any significant impact on BPH population
in D2 during 2012. Sgnificant effect of biotic and abiotic factors was recorded on population of BPH during
2011 on variety PR 114 planted in June. The population of BPH was positively correlated with spiders (r=
0.662) and mirid bug (r= 0.955) while, Tmin (r= -0.844) and rainfall (r= -0.674) were negatively correlated in
D1 of cultivar PR 114 during 2011. In July transplanting (D2), the spiders (r= 0.688) and mirid bugs (r= 0.903)
and SSH (r=0.629) were highly positive correlated while, Tmin (r=-0.812) and rainfall (r= -0.685) had negative
impact on population BPH. However, during 2012, none of the variables showed any relation with BPH

population.
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Riceistheworld most important crop and astaplefood
for more than half of the world’s population. About 90
per cent of the world's rice is grown and produced
(243 million hectares of areawith a production of 612
million tonnes of paddy) in Asia (FAO, 2009). It is
grown on an areaof 43.97 million hectareinthe country
with total production of 104.32 million tonnes and
productivity of 2372 kg ha'. However, Haryana
occupied an area of 1.24 million hectare with total
production of 3.76 million tonnes during 2011-12
(Anonymous, 2012). Rice is cultivated in varied
environment like uplands, deep water, shallow lowlands
and irrigated conditions. However, the most preferred
ecology of riceplantistropical and humid climatewith
temperature ranges of 15-35 °C and relative humidity
of 85-100 per cent. This climate is also suitable for
devel opment and multiplication of many insects. There
are more than 100 insect species recorded as feeding

on rice plant. About 20-25 of them reached the status
of pest causing economic losses under farmer’s field
situations. Among them, stem borers, planthoppers,
leafhoppers, leaf folder, gall midge, rice hispa, gundhi
bug, case worm, armyworm, cut worm and rice thrips
are the most important in India and other countries
(Krishnaiah et al., 2008). The overall yield loss due to
theseinsect pestsvaries between 21-51 per cent (Singh
and Dhaliwal, 1994). In Haryana, planthoppers, leaf
folder, stem borer, rice hispa, gundhi bug and army
worm are some important insect pests. Among the
planthoppers, two planthoppers of economicimportance
are the brown planthopper (BPH), Nilaparvata lugens
(Stal) and white backed planthopper (WBPH),
Sogatella furcifera (Horvath) of the family
Delphacidae. From 2005-06, there were sporadic but
large-scale occurrences of BPH in Bihar, Jharkhand,
Uttar Pradesh, Haryana and Punjab. The severe
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outbreaks of BPH occurred in Haryana in 2008 and
2010 (Anonymous, 2008 and 2010). The BPH has
become a major insect pest of rice in amost all rice
growing tracts of India (Sain and Prakash, 2008). It
damages plants directly by sucking the sap and by
ovipositing in plant tissues, causing plant wilting and
‘hopperburn’. When the crop is ‘ Hopper burned’ they
migrate to healthy crop inlarge numbers. It also causes
economic damage to the rice crop indirectly by
transmitting grassy stunt (Riveraet al., 1966 and David,
2005) and ragged stunt virusdiseases(Ling et al., 1978).
The high population density may result upto 60 per cent
yield loss (Panda and Khush, 1995). Pathak and Khan
(1994) a'so observed that 400 newly hatched nymphs
infesting plant at 25 and 50 DAT cause completedrying
in 3 and 15 days, respectively. Thisinsect has a high
reproductive potential to multiply tento hundred foldin
each generation. Shepard et al. (1995) reported that
the populations of both the BPH and WBPH increased
after insecticide applications. Kenmore et al. (1984)
submitted that due to the widespread misuse of
insecticides natural enemieswere killed which lead to
the outbreaks of BPH. Promiscuous use of insecticides
a so promotesresurgence of theinsect pest (Heinrichas
and Mochida, 1984). Likewise, it was believed that
excessive use of urea as a nitrogenous fertilizer could
aso lead to outbreak by increasing the fecundity of
BPH (Preap et al., 2002). It had high survival rate,
greater population build up and a higher tendency for
outbreaks (Li et al., 1996 and Preap et al., 2001). The
various climatic factors such as temperature, rainfall
and humidity greatly influence the insect population
changes. Occurrence of BPH on bunds during rice
cropping season (August 2009-January 2010) was
observed. The predators of BPH (spiders, mirid bug
and carabids) were also observed throughout the study
period (Prashant et al., 2012).

MATERIAL AND METHODS

Theexperiment to study the popul ation dynamics natural
enemiesof brown planthopper in relation to variety and
transplanting date consisted of two rice varieties viz,,
CSR 30 (tall scented/Basmati) and PR 114 (semi-dwarf
non-scented) and two dates of transplanting viz., last
week of June (25" June during 2011 and 27" June
during 2012) and first week of July (5" July during 2011
and 7™ July during 2012). The crop (30 days old
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seedlings) was transplanted in puddled field at 20x15
cm spacing on plots of size 10x7.5 m. The treatments
werearranged in factorial randomized block designwith
5 replications. The recommended agronomic practices
were followed to raise the crop. However, no pesticide
was applied till the harvest of the crop.

The number of different post embryonic
development stages of the BPH natural enemies were
collected from 10 hills selected randomly from each
plot at weekly intervals. Thefirst observation wastaken
15 days after transplanting (DAT) and continued till
harvesting. The population of BPH along with predators
was recorded in the forenoon by tapping the plant by
hand from the base of the plant to the top in to a 30 x
22.5x 5 cmwhiteenamel tray containing alittle water.
The planthopper along with natural enemies were
counted and recorded. Thetray was cleaned every time
before next observation. The metrological data were
recorded daily.

RESULTS AND DISCUSSION

A. Weekly population fluctuation of brown
planthopper and natural enemies in relation to
variety, date and abiotic factors

a. Weekly population fluctuation of brown
planthopper during wet season 2011

The observation on weekly mean abundance of BPH,
natural enemies and weekly averages of maximum
temperature (Tmax), minimum temperature (Tmin),
rainfall, morning relative humidity (RHm), evening
relative humidity (RHe) and sun shine hours (SSH) were
computed from the daily data and are presented with
referenceto the standard meteorol ogical weeks (SMW)
infigures1to 4.

i) Effect of variety planted in June

The data on BPH and its major predators (mirid bugs
and spiders) on varieties CSR 30 and PR 114 planted
during June, 2011 have been shownin Fig. 1. On CSR
30, the BPH first appeared in 31 SMW in the month
of August although the population was very low (7.9
BPH/ 10 hills). The pest population increased from 31
SMW to 37" SMW and reached a peak population of
1392.4/10 hills of BPH during 37" SMW when Tmax
was32.8°C, Tmin 25.1°C, rainfall 8.7 mm, RHm 95%,
RHe 75% and SSH 6.6 (Fig. 2). The second peak (909.2
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Fig. 1. Population dynamics of brown planthopper and natural enemiesin relation to Variety planted in June, 2011
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Fig. 2. Population dynamics of brown planthopper in relation to abiotic factors and variety planted in June, 2011
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Fig. 3. Population dynamics of brown planthopper and natural enemiesin relation to variety planted in July, 2011
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Fig. 4. Population dynamics of brown planthopper in relation to abiotic factors and variety planted in July, 2011

BPH/10 hills) was observed during 39" SMW.
Subsequently, the pest popul ation decreased till theend
of sampling.

In contrast, the peak population (409.6 BPH/
10 hills) of BPH on variety PR114 wasrecorded during
39" SMW when Tmax was 31.8 °C, Tmin 21.6 °C,
rainfall 0.0 mm, RHm 93.3%, RHe 68.3% and SSH
10.5.

The spiders occurred simultaneously in both
the varieties. The population of spiders reached on its
peak during 37" SMW as compared to CSR 30 (39"
SMW) and remained higher till end of samplinginvariety
PR 114 than CSR 30. Themirid bugs colonized early in
PR 114 during 35" SMW than on variety CSR 30 (36
SMW) and increased gradually attaining a peak
population of 14.4/10 hills during 41% SMW while, in
variety CSR 30, itspeak population (64.2 mirid bugsy/10
hills) was observed during 39" SMW. The population
of nymphal-adult parasitoid was very low on variety
PR 114 as compared to CSR 30 throughout the season.
The population of parasitoids appeared during the 33
SMW in CSR 30 and was maximum number during
37" SMW (Fig. 1 and 2).

ii) Effect of variety planted in July (D2)

The data recorded on population of BPH and natural
enemies on varieties CSR 30 and PR 114 planted in
July presented in Fig. 3 and 4 showed that the trend of
occurrence of BPH on variety CSR 30 was similar to
June planting. However, two peaks of population were
registered on variety CSR 30 plantedin July. The highest
peak of BPH (716.4/10 hills) was recorded during 39™
SMW in the month of September. Similarly, in variety
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PR114, two distinct peaks were apparent as it was
observedinvariety CSR 30. Thefirst peak (133.6 BPH/
10 hills) and the second (287.8 BPH/10 hills) were
observed during 37" and 39" SMW, respectively.
Where, the population of BPH was highest during 39"
SMW when Tmax 31.8 °C, Tmin 21.6 °C, rainfall 0.0
mm, RHm 93.3%, RHe 68.3% and SSH 10.5.

The spiders occurred simultaneously in both
the varieties. The number of different taxa of spiders
occurred throughout the season and population varied
from 5.0/10 to 20.8/10 hills. The population of mirid
bugs varied from 0.0 to 58.2/10 hills and the highest
peak was recorded during 40" SMW in October and
decreased sharply thereafter. On variety PR 114, the
population of spidersand mirid bugsvaried from 1.8to
22.6/10 hillsand 1.0to 15.4/10 hills, respectively. The
population of nymphal-adult parasitoids was very low
during the season (Fig. 3).

b. Weekly population fluctuation of brown
planthopper during wet season, 2012

The weekly mean abundance of BPH, natural enemies
and weekly averages of maximum temperature (Tmax),
minimum temperature (Tmin), rainfal, morning relative
humidity (RHm), evening relative humidity (RHe) and
sun shine hours (HHS) were computed from the daily
data and are presented (Fig. 5 to 8) with reference to
the standard meteorologica weeks (SMW).

i) Effect of variety planted in June (D1)

During 2012, the BPH wasfirst recorded in 32" SMW
on CSR 30 and PR 114 planted in June and the
population was low throughout the season. The first
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Fig. 5. Population dynamics of brown planthopper and natural enemiesin relation to variety planted in June, 2012
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Fig. 6. Population dynamics of brown planthopper in relation to abiotic factors and variety planted in June, 2012
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Fig. 7. Population dynamics of brown planthopper and natural enemiesin relation to variety planted in July, 2012
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Fig. 8. Population dynamics of brown planthopper in relation to abiotic factors and variety planted in July, 2012

small peak (67.2/10 hills) of BPH wasrecorded during
39" week and the second largest peak (148.2 BPH/10
hills) was observed during 42" SMW in October when
temperature and RH rangewas 16.4 -32.4 °C and 42.1-
89.6%, respectively and SSH 8.1 hours and decreased
suddenly thereafter. In case of variety PR 114 the peak
population (191.4/10 hills) of BPH wasrecorded during
39" SMW when Tmax 31.6 °C, Tmin 21 °C, rainfall
0.0mm, RHmM 93.6%, RHe 71.9% and SSH 10.5 hours,
was recorded during this week (Fig. 5 and 6).

The spiders occurred throughout the season
(Fig. 5) and their population varied from 1.4t0 19.2/10
hills and 3.0 to 32.4/10 hills on CSR 30 and PR 114,
respectively. The population of mirid bugs was first
recorded during 37" SMW on both the varieties.
Maximum number of mirid bugs 63.6/10 hillsand 82.2/
10 hills of mirid bugs were recorded during 40" SMW
on CSR 30 and PR 114, respectively. The population of
parasitoids remained low throughout the season on both
the varieties. The highest population of nymphal-adult
parasitoids was observed during 42 SMW in CSR 30
(8/10hills) ascomparedto 41% in PR 114 (7.0/10 hills).

ii) Effect of variety planted in July

Two distinct peaks of BPH were observed on CSR 30
planted in July, the highest number of BPH were 139.8
and 127.6/10 hills during 39" and 42 SMW. The
weather during 39" SMW was Tmax 31.6 °C, Tmin 21
°C, rainfall 0.0 mm, RHmM 93.6%, RHe 71.9% and SSH
10.5 hours. Onvariety PR 114, only single peak (157.0/
10 hills) was observed during 39" SMW. The population
of BPH crashed thereafter and was about half of its
peak during 41% SMW (Fig. 7 and 8).
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The spiders occurred throughout the season
and their population varied from 0.8 to 25.2/10 hillson
CSR 30 and 3.0 to 34.0 spiders/ 10 hills on PR 114,
respectively. The population of mirid bugsfirst appeared
during 37" SMW and remained low till 39" SMW than
the population increased and reached to its peak (62.6/
10 hills) during the 40" SMW and decreased thereafter
on CSR 30 wheress, the population of mirid bugs was
maximum in 41% SMW (66.4/10 hills). The population
of parasitoids was very low during early growth stage
of the crop and the maximum number (8.4/10 hills) were
recorded during 41% SMW. The population trend of
BPH, predators and parasitoids was in July planting
was similar to the June planting (Fig. 7).

The incidence of pest during a season varies
from region to region as influenced by many factors.
Earlier workers reported the peak incidence from
beginning to end of September (Varadharajan, 1979),
first week of October (Behera et al., 2010), from last
week of August upto third week of September (Firake
et al., 2010). Prashant et al. (2012) observed the
maximum number of BPH during November followed
by December and October 2009. Suenaga (1963)
reported the peak activity of BPH during September
and October, from the end of September to early
October and the third ten days of October (Zhong et
al., 2008). Yan et al. (2008) from China reported two
peaks of BPH, the first peak appeared in late July-late
August and the second peak (late rice peak) appeared
in September-October. The results of these earlier
workers support the present findings. Heong (1989)
reported that wolf spiders are polyphagous predators.



They feed on pests such as planthoppers and
leafhoppers, but they also prey on other beneficial
species in the rice ecosystem, such as mirid bug C.
lividipenis and hymenopteran parasitoids. The
predators of BPH (spiders, mirid bug and carabids)
were also abserved throughout the study period by
Prashant et al. (2012). Behera et al. (2010) reported
that spiders Tetragnatha mandibulata was the
dominant species. Population of spiders and C.
lividipennis started concurrently along with the
appearance of hoppers in the farmer’s field at
Kandabindha. During both the years and at both the
sitesof trial the population of spiderswas alwayslower
than that of C. lividipennis. Chandra (2005) reported
that the Anagrus sp. and mirid bug were the common
parasitoids and predators in field. Chandra (1980)
observed that thefield parasitism of nymphal and adult
parasitoids (drynids) was highest during July to October,
when the highest field parasitism was recorded 40 per
cent. In Mandya, 18 and 12 per cent parasitism was
observed during 1990 and 1991, respectively
(Anonymous, 1990 and 1991). Pena and Shepard
(1986) from Philippine reported 39 and 21 per cent
parasitism of N. lugensby drynidsin Kaayan and Pakil,
respectively. Wang et al. (2011) observed the popul ation
dynamicsof C. lividipennisin Karst rice-planting areas
in Guizhou in 2010. They found that the number of C.
lividipennis was small in the early stage but big in the
late stage of rice, with peak appearing from 20-30" of
July to 20-30™ of August. The synchronism existed in
the population dynamics of C. lividipennis and N.
lugens. The work of these workers especially on the
occurrence of natural enemies supports the present
findings.

B. Correlation of brown planthopper with abiotic
and biotic factors

In order to know the effect of different weather
parameters and biotic factors on the population of
brown planthopper, correlation coefficient valueswere
worked out by taking weather parameters and biotic
factorsasindependent variables and popul ation of BPH
as dependent variables.

a. Correlation of brown planthopper, Nilaparvata
lugens (Stal) with abiotic and biotic factorson rice
cultivar CSR 30 at different dates of transplanting
during wet season 2011 and 2012

Oryza Vol. 53 No.1, 2016 (81-90)

During 2011, the population of BPH was positively
correlated (r= 0.697) with parasitoid popul ationsin June
transplanting (D1) while, in July transplanting (D2), there
was apositive correlation with spiders(r= 0.632), mirid
bugs (r=0.666) and SSH (r=0.629). The popul ation of
BPH was highly positive correlated with spiders (r=
0.758), parasitoids (r= 0.780) and highly negative
correlated with Tmin (r=-0.818) and rainfall (r=-0.760)
on variety CSR 30 planted in June (D1) during 2012
and none of the abiotic and biotic factors showed any
significant impact on BPH populationin D2 during 2012
(Table 1). Yadav and Chander (2010) reported that
weather parameters had significant influence on BPH
population. The negative correl ation was observed with
Tmax, Tminand RH and light trap catches. Mancharan
and Jayaraj (1979) reported the positive correlation of
BPH with SSH. The results of these scientists are in
line with the present findings. However, a positive
correlation with Tmax and Tmin was observed by Win
et al. (2011), Varma et al. (2008) and Mancharan and
Jayraj (1979). There was no correlation between BPH
and Tmax, Tmin (Kumar and Patil, 2004; Prashant et
al., 2012 and Chander and Palta, 2009). The correlation
between morning and evening relative humidity was
significantly positive (Yadav and Chander, 2010;
Chander and Palta, 2009 and Win et al., 2011).
However, a negative correlation was found with these
parameters by Varma et al. (2008). The studies of
Mancharan and Jayrgj (1979) and Kumar and Patil
(2004) did not revea significant correlation. When
rainfall was correlated with population of BPH, a
positive relation was found by Varmaet al. (2008) and
Winetal. (2011). The studiesof Kumar and Patil (2004)
and Chander and Palta (2009) showed non-significant
correlation. Similarly, the correlation between BPH and
wind speed was positive as reported by Chander and
Palta (2009) while negative rel ationship was observed
by Mancharan and Jayargj (1979) (Table 1).

b. Correlation of brown planthopper, Nilaparvata
lugens (Stal) with abiotic & biotic factors on rice
cultivar PR 114 at different dates of transplanting
during wet season 2011 and 2012

Significant effect of biotic and abiotic factors was
recorded on population of BPH during 2011 on variety
PR 114 planted in June (D1). The population of BPH
was positively correlated with spiders (r= 0.662) and
mirid bug (r=0.955) while, Tmin (r=-0.844) and rainfall
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Table 1. Correlation of brown planthopper, Nilaparvata lugens (Stal) with abiotic and biotic factorson rice cultivar CSR 30 at

different dates of transplanting during wet season 2011 and 2012

Biotic and abiotic factors

Mean population of BPH

2011 2012
D1 D2 D1 D2
Spiders 0.555 0.632" 0.758"  0.319
Mirids 0.493 0.666" 0.426 0.238
Parasitoids 0.697 -0.097 0.780""  0.568
Temperature Max. (°C) -0.277 -0.371 -0.375  -0.401
Temperature Min. (°C) -0.130 -0.425 -0.818" -0.570
Relative humidity Morning (%) 0.268 0.012 -0.323  -0.288
Relative humidity Evening (%) 0.433 0.084 -0.309  -0.061
Rainfall (mm) 0.001 -0.273 -0.760" -0.431
Sunshine hours (SSH) 0.303 0.629' 0.301 0.396

D1= Last week of June; D2 = First week of July
*Significant at 5% level; ** Significant at 1% level

Table 2. Correlation of brown planthopper, Nilaparvata lugens (Stal) with abiotic and biotic factors onrice cultivar PR 114
at different dates of transplanting during wet season 2011 and 2012

Biotic and abiotic factors

Mean population of BPH

2011 2012
D1 D2 D1 D2
Spiders 0.662" 0.688" 0.376 0.503
Mirids 0.955" 0.903" -0.020 0242
Parasitoids 0.148 0.053 0.424 0.547
Temperature Max. (°C) -0.337 -0.223 -0.442  -0.332
Temperature Min. (°C) -0.844"  -0.812" -0.346  -0.574
Relative humidity Morning (%) -0.159 -0.161 -0.230 -0.279
Relative humidity Evening (%) -0.191 -0.076 0.203 0.077
Rainfall (mm) -0.674 -0.685"" -0.074  -0.345
Sunshine hours (SSH) 0.303 0.629 0.480 0.593
D1= Last week of June; D2 = First week of July
*Significant at 5% level; ** Significant at 1% level
(r=-0.674) werenegatively correlated in D1 of cultivar ACKNOWLEDGMENTS

PR 114 during 2011. In July transplanting (D2), the
spiders (r= 0.688) and mirid bugs (r= 0.903) and SSH
(r=0.629) were highly positive correlated while, Tmin
(r=-0.812) and rainfall (r=-0.685) had negativeimpact
on population BPH. However, during 2012, none of the
variables showed any relation with BPH population
(Table 2). Kumar and Patil (2004) and Prashant et al.
(2012) also observed positive correlation of BPH with
spiders and mirid bugs. The mirid C. lividipennis,
spiders (theridiids, erigonids and lycosids) and
nematodes were the main natural enemies, and their
density in the field was positively correlated with that
of the delphacids (Luo, 1985).

0O 8 O

The authors are grateful to CCS HaryanaAgricultural
University, Hisar, for the permission granted to publish
the material, which isapart of the thesis submitted by
the first author for the award of Ph. D. (Agri.) degree.
Thanks are also due to Rice Research Station, Kaul
(Kaithal) for providing necessary facilities during my
research work.

REFERENCES

Anonymous 1990. Progress Report, Entomology and Plant
Pathology, AIll India Coordinated Rice
Improvement Programme, DRR, ICAR,
Rajendranagar, Hyderabad, Andra Pradesh, India.



Anonymous 1991. Progress Report, Entomology and Plant
Pathology, All India Coordinated Rice
Improvement Programme, DRR, ICAR,
Rajendranagar, Hyderabad, Andra Pradesh, India.

Anonymous 2008. Progress Report, Entomology and Plant
Pathology, All India Coordinated Rice
Improvement Programme, DRR, ICAR,
Rajendranagar, Hyderabad, Andra Pradesh, India.

Anonymous 2010. Progress Report, Entomology and Plant
Pathology, All India Coordinated Rice
Improvement Programme, DRR, ICAR,
Rajendranagar, Hyderabad, Andra Pradesh, India.

Anonymous 2012. Ministry of Agriculture, Govt. of India.
www.indiastat.com.

Behera KS, Saha S, Biswal GC, Majhi BK and Rgjamani S
2010. Population fluctuation of planthoppers and
their predators in rain fed rice. An Internationa
Journal onRice47: 238-241.

Chander S, and Palta RK 2009. Rice brown planthopper,
Nilaparvata lugens (Stal) outbreak in relation to
weather factors. Indian Journal of Entomology 72:
178-180.

Chandra G 1980. Drynid parasitoids of rice leaf hopper and
planthopper in the phillipine. Ecta Ecologica
Application 1: 161-172.

Chandra G 2005. Searching and oviposition behavior of
Anagrus flaveolus Waterhouse, an egg parasitoid
of delphacid rice hoppers in India . Entomon 30:
303-307.

David BV 2005. Insects of Agricultural Importance- Pests of
Rice. In: Elements of Economic Entomology.
Popular Book Depot, Chennai, India, 142 p.

Firake DM, Pande R and Karnatak AK 2010. Population
dynamics of major sucking pestsof ricein relation
to weather parameters. Indian Journal of
Entomology 72: 95-97.

Food and Agriculture Organization 2009. FAO STAT
database FAO, Rome, www.faostat.org.

Heinrichs EA and Mochida O 1984. From secondary to major
pest status: the case of insecticide induced rice
brown planthopper, Nilaparvata lugens
resurgence. Protection Ecology 7: 201-218.

Heong K 1989. Population dynamicsof plant and leafhoppers
and their natural enemies in rice ecosystem in the
Philippines. Crop Protection 4: 371-397.

Kenmore PE, Carino FO, Perez CA, Dyck VA and Gutierrez

Oryza Vol. 53 No.1, 2016 (81-90)

AP 1984. Population Regulation of the Rice BPH
within Rice Fieldsin the Philippines, pp. 32-35.

Krishnaiah NV, Lakshmi VJ, Pasalu IC, Katti GR and
Padmavathi C 2008. Insecticidesin Rice- IPM, Past,
Present and Future, Directorate of Rice Research,
ICAR, Hyderabad, India, 148 p.

Kumar V and Patil BV 2004. Activity of brown planthopper,
Nilaparvata lugens and its natural enemies in
TungabhadraProject area of Karnataka. Karnataka
Journal of Agricultural Sciences17: 717-720.

Li RD, Ding JH, Wu GW and Shu DM 1996. The BPH andits
Population Management. Fudan University Press,
Shanghai China, pp. 30-37.

Ling KC, Tiongco ER and Aguiero VM 1978. Rice ragged
stunt, a new virus disease. Plant Protection
Bulletin 62: 701-705.

Luo GF 1985. Population fluctuations of rice planthoppers
in paddy fields and an analysis of correlation with
their natural enemies. Insect Knowledge Kunchong
Zhishi 22(3): 101-104.

Mancharan N and Jayaraj S 1979. Observation on the
ecology and biocontrol agents of the rice brown
plant hopper. In: Recent Trends on the Brown Plant
Hopper, Colloguium on Rice Plant Hopper, pp. 28-
3L

PandaN and Khush GS 1995. Host Plant Resistanceto I nsects.
CAB International and International Rice Research
Institute.Wallingford, Englend, 330 p.

Pathak MD and Khan ZR 1994. Insect Pests of Rice.
International Rice Research Institute, Manila,
Philippines, 89 p.

Prashant T, Shivashankar M, Chandrashekharaiah and
Naveena NL 2012. Seasonal incidence of brown
planthopper, N. lugens and its predators in
Chamarajanagar, Karnataka, India. Bioinfolet, 9:
454-456.

Preap V, Zalucki MP, Jahn GC and Neshitt HJ 2002.
Establishment of N. lugensinricecrop nurseries: a
possible source of outbreaks. Journal of AsiaPacific
Entomology 5: 75-83.

PreapV, Zalucki MP, Neshitt HJand Jahn GC 2001. Effect of
fertilizer, pesticide treatment, and plant variety on
therealized fecundity and survival ratesof BPH, N.
lugens, generating outbreaksin Cambodia. Journal
of AsiaPacific Entomology 4: 75-84.

RiveraCT, Ou SH and lidaTT 1966. Grassy stunt disease of
rice and itstransmission by the brown planthopper,

0 89 O



Effect of biotic and abiotic factors on BPH population

Nilaparvata lugens (Stal). Plant Disease Reporter
50: 453-56.

Sain M and Prakash A 2008. Mgjor insect pests of rice and
their changing scenario. In; Rice Pest Management.
Prakash et al. (eds.), AZRA Publication.

Shepard BM, Barrion AT and Litsinger JA 1995. Ricefeeding
insects of tropical Asia. International Rice
Research Ingtitute, Manila, Philippines, 228 p.

Singh Jand Dhaliwal GS 1994. Insect Pest Management in
Rice: A perspective. In: G S. Dhaliwal and R. Arora
(eds.) Trends In: Agriculture Insect Pest
Management. Commonwealth Publishers, New
Delhi, 56-112.

Suenaga H 1963. Analytical studies on the ecology of two
species of planthoppers, the white backed
planthopper Sogatella furcifera (Horvath) and the
brown planthopper Nilaparvata lugens (Stal), with
special referenceto their outbreaks. Bulletin of the
KyushuAgricultural Experiment Station 8: 1-152.

Varadharagjan G 1979. Effect of meteorological factors on
brown plant hopper population. Recent trends in
rice brown planthopper control, Colloguiumonrice
brown plant hopper 24: 39-40

O 90 O

AS Tetarwal et al

Varma NRG, Bhanu KV and Reddy DR 2008. Forecasting
population of brown plant hopper, N. lugens.
Journal of Agrometeorology 10: 197-200.

Wang Z, Yang H, Wang XJ and Jin DC 2011. Population
dynamics of Cyrtorhinus lividipennis (Reuter) in
Karst rice-planting areas in Guizhou. Chinese
Journal of Biological Control 27: 464-469.

Win SS, Muhamad R, Ahmad ZAM and Adam NA 2011.
Population fluctuations of BPH, N. lugens and
whitebacked plant hopper, S. furcifera on rice.
Trendsin Applied Science Research 8: 183-90.

Yadav DS and Chander S 2010. Establishment
of brown Planthopper, Nilaparvata Lugens (stal)
population weather model. Indian Journal of
Entomology 72: 53-56.

Yan XH, LiuH, Zhao ZM, HeHG, Dai JPand Cheng DF 2008.
Population dynamics and occurrence period of
brown planthoppers based on the historic data
analysisof light trap catches. Acta Phytophylacica
Snica 35: 501-506.

Zhong PS, Liang GW and Zeng L 2008. Popul ation dynamics
of brown planthopper, Nilaparvata lugens, and
effects of natural enemies in organic rice field.
Chinese Bulletin of Entomology 45: 384-388.



