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Biological parameters and comparative morphometrics

studies of Scirpophaga spp. in rice
A Kumar* L Ram, SS Yadav, S Mehra and MK Jat

Summary

The comparative biological studies on yellow stem borer, Scirpophaga incertulas (WIk.) and
white Stem Borer, Scirpophaga fusciflua Hampson showed that the moths of both species
preferred to lay eggs on the dorsal surface of leaves. The eggs were laid in masses during
night hours and covered with brownish hairs of the anal tuft. The maximum eggs of S.
incertulas hatched on 6" day, whereas the S. fusciflua eggs hatched on the 5" day with per
cent hatchability of 86 and 93 per cent, respectively. There were six larval instars in S.
incertulas with 25-34 days larval duration and five for S. fusciflua with 26-31 days larval
duration. The pupal period lasts for 7-9 days in both species, and the adults emerge from the
pupae during dusk hours. Adults exhibited sexual dimorphism. The longevity of male and
female moths was also similar in both species. The morphometries of larval head capsule
width were more in S. incertulas as compared to S. fusciflua. Male pupal weight of both the
species were almost similar but it was varied significantly in female pupa S. incertulas
(0.024mg) and S. fusciflua (0.032mg).
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Introduction

Rice (Oryza sativa L.) is a staple food of more than half of
the world population. In India it is grown on an area of
43.38 million hectare with total production of 104.30
million tonnes (Anonymous 2016). Basmati group’s rice
occupies more than 80 per cent of North India's area
(APEDA 2017). Rice is growing in warm and humid
environment which is conducive to the insect pest's
survival and proliferation. Rice plant attacked by more
than hundred species of insects among them
lepidopteron stem borers, has a major concern
worldwide. Of all the stem borers species documented in
rice so far in the country six species viz. yellow stem
borer, Scirpophaga incertulas (Walker), white stem borer,
Scirpophaga nivella (Fabricius), Scirpophaga innotata
(Walker), Scirpophaga fusciflua Hampson, striped stem
borer, Chilo suppressalis (Walker), gold fringed borer,
Chilo auricilius (Dudgeon) and pink stem borer, Sesamia
inferens (Walker). Wu et al. (2014) reported that the main
overwintering sites for rice stem borers are rice stubbles
after crop harvesting and may also cause damage to
next season crops in the cropping system. The general
symptoms of damage are common by the borers and
they cause damage to rice throughout the crop growth
period. The damage is manifested as ‘dead heart’ due to
the death of the growing point in the vegetative phase
and ‘white ears’ at the reproductive stage Katti et al.
(2011); Karthikeyan & Purusothaman (2000) and Kasniya
et al. 2022. Recently, Srivastava et al. (2012) reported S.
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fusciflua in Northern part of India at different localities
and appeared early as compared to other species of
stem borer except Sesamia inferens. As Scirpophaga
fusciflua appears earlier than other borers, a comparative
biological aspect and morphometries are needed to
predetermine the time of maximum infestation and
population pressure to decide management strategies
for these severe pests.

Material and Methods

The comparative biology of yellow and white stem borer
on rice cultivar CSR 30 (Basmati) was studied at
Chaudhary Charan Singh Haryana Agricultural University,
Rice Research station, Kaul, Haryana, India. The culture
was initiated by collecting the egg masses, larvae and
adults from paddy fields. Adults were released on 40-50
days old plants for egg laying. Ten egg masses laid on
leaves were kept individually in test tubes to record the
incubation period and the number of larvae that emerged
per egg mass was recorded. After hatching, each egg
mass was dipped in 70 per cent alcohol for 15 minutes
and the hairs on the eggs were separated with the help of
soft camel hair brush to count per cent hatching and their
number in each egg mass. The larval period was studied
by rearing fifty newly hatched larvae in test tubes on cut
stem of 40-45 days-old plants individually. Fresh food of
tender stem was provided to larvae at two days intervals.
The duration of different larval instars, pupal period, per
cent pupation pupal weight, per cent adult emergence,
ovipositional periods, fecundity, longevity, behavior of
both the sexes and egg masses/ adult were determined
by releasing pair of newly emerged adults in a mylar cage
on 40-45 days potted rice plant and top of the cage was
covered with a muslin cloth. The duration of the above
parameters was recorded separately for each pair and
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the average duration was computed. Larval length, pupal
length, wing expanse and size of egg masses were
measured with a digital vernier calliper and head capsule
width by using calibrated ocular micrometer in a
binocular dissecting microscope (Haldhar 2017; Haldhar
etal. 2015 & 2021).

Result and Discussion

Site of oviposition, incubation period and hatchability
The female moths of S. incertulas and S. fusciflua
preferred to lay eggs in masses on the dorsal side of the
leaf during night hours with 84 and 71 per cent eggs,
respectively supported by the findings of Panigrahi &
Rajamani (2008). These findings are in strong confirmity
with Brar et al. (2001), and Hugar et al. (2010), who

reported that 45.65 to 92.86 per cent of egg masses
alone were laid in the upper surface of leaves. The
maximum number of eggs of S. incertulas hatched on 7"
day (76.75%), whereas S. fusciflua eggs hatched on 5"
day (93.62%) (Table 1). The eggs were creamy white in
colour after separating hairs from egg masses (Plate 3).
The findings on per cent hatchability have been
supported by Panigrahi and Rajamani (2008) and Malhi &
Brar (1998), who reported that 99.25 per cent eggs were
hatched on the 6™ day. The present findings are in
accordance with Banerjee and Pramanik (1967), Hugar et
al. (2010) and Jadhao & Khurad (2012), who reported the
incubation period of Scirpophaga sp. varied from 4-9, 5-7
and 5-8 days, respectively.

Table 1. Incubation period and per cent hatchability of eggs in Scirpophaga fusciflua and Scirpophaga incertulas on

rice cultivar CSR 30
S. fusciflua

Egg masses laid on

Incubation periods

Per cent

Per cent hatching

dorsal surface (%) (days) L hatchability
Average 71 5.25 93.62 92.31
Range = 5-7 = -
S. incertulas i
Average 84 7.25 76.75 86.97
Range = 7-9 = -

Average min. temperature range (° C)= 16.8
Average max. temperature range (° C)= 29.0

Number of larval instars and duration

The larvae passed through six larval instars with mean
duration of 15, 274, 31, 4th 5t and 6™ instar was 3-4, 4-5,4-
6, 4-5,5-6 and 5-8 days in S. incertulas and five larval
instars with mean duration of 1%, 2", 37, 4t and 5% instar
was 4-5, 5-6, 4-5, 6-7 and 7-8 days in S. fusciflua (Table
2). The larval period ranged from 25-34 days and 26-31
days in S. incertulas and S. fusciflua, respectively. Pathak
and Khan (1994) reported that the lepidopterous stem
borers usually undergo four to seven larval instars

Relative humidity (%) = 72.0 = 78.0

Relative humidity (%) = 62.0 = 77.0

depending upon the temperature and availability of
quality food. The results on S. fusciflua have five larval
instars supported by DRR (2012). Jadhao & Khurad
(2012) reported mean larval duration of 25-30 days
strongly supports the present results. The larval duration
of the present finding at mean minimum and maximum
temperatures of 26.5 and 32.0 °C are in accordance with
Manikandan et al. (2013), who observed the larval
duration of S. incertulas 28.75, 26.75, 25.50, 23.00 and
21.50 days at a different incubation temperature of 28.3°
C,30.6°C, 32.7°C, 34.3° C and 36.0° C, respectively.

Table 2. Duration of various larval instars of Scirpophaga fusciflua and Scirpophaga incertulas rice cultivar CSR 30

Larval instars

S. fusciflua

Average duration and range (days)
S. incertulas

First 4-5 3-4
Second 5-6 4-5
Third 4-5 4-6
Fourth 6-7 4-5
Fifth 7-8 5-6
Sixth - 5-8
Total larval duration 26-31 25-34

Average min. temperature range (° C) = 26.4

Average max. temperature range (° C)= 32.1

Larval instars

The data revealed that the larvae passed through five
instars in S. fusciflua and six instars in S. incertulas. The
characteristics of different instars are given below:

First instar

The neonate larvae of S. fusciflua was green in colour
with a black head. The larvae of
S. incertulas was grey in colour with black head and dark
brown prothoracic shield as well as white bands before
mesothorax was present in comparison of S. fusciflua
which has no white bands and prothoracic shield

Second instar

63

The second instar larvae of S. fusciflua were light green
in colour with brown heads, whereas the larvae of S.
incertulas are dirty white in colour with transparent bands
on the body. Just after moulting, the colour of the head is
lighter than the body colour and turns light brown after
some time with a prominent prothoracic shield.

Third instar

The third instar larvae of S. fusciflua was dirty white in
colour and distinguished from S. incertulas as the
presence of an inverted ‘'v'shape notch and two brownish
dots on the prothorax. Brownish rings also mark each
body segment. In comparison, the S. incertulas larvae
were dirty white with light brown heads. The white
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transparent bands of second instar larvae are replaced
by a space between each body segment marked by a
dark ring.

Fourth instar

The fourth instar larvae of S. fusciflua were light yellow in
colour with a brown head. The anal segments are white,
and the inverted ‘v'shape notch is also present on the
prothorax. The rings are also on the body, discolouring
from brownish to dirty yellowish. The posterior region of
the prothorax is mottled, however anterior region is white
in colour. A curved shape mark is on the anterio-lateral
side of the prothorax just above the prothoracic legs. The
larvae of this instar start to make a silken web of white
colour and feed inside it. In comparison, the fourth instar
larvae of S. incertulas are dirty white in colour with light
brown head. The intersegmental membrane is marked by
two rings of light yellow colour on each body segment.
Fifth instar

The fifth and final instar of S. fusciflua were greenish
yellow in colour with orange head. The larvae feed inside
the silken web and the crochets were clearer than S.
incertulas. The larvae of S. incertulas were also greenish
yellow with orange-yellow head with a prominent
prothoracic shield and numerous dots on head. Two
brownish marks structured the anal segments. The
crochets were lighter in colour than white stem borer.
Sixth instar

The sixth instar larvae of S. incertulas were greenish
yellow to yellowish white in colour with orange head. The
crochets were short and stout and circled by ‘C’ shaped
black colour circle arranged in a single narrow ellipse.
The colour characteristics of different larval instars
conform with the description reported by Panigrahi &
Rajamani (2008), Banerjee & Pramanik (1967) and
Nishida & Tori (1970).

Pre pupal and pupal period

The pre-pupal and pupal stages lasted for 1-2 days and 7-
9 days, respectively, in both species. Pupation occurs in
the stem near ground level, and before pupation, the
larvae make an exit hole for adult could emerge (Plate 9).
The present finding is in accordance with earlier
researchers, Pathak & Khan (1994), Banerjee & Pramanik
(1967). The duration of pre pupal period are in conformity
with Malhi and Brar (1998), Korat and Patel (1998) and
Hugar et al. (2010), who reported the average pre-pupal
period of 1.15 days, 1 day, and 1.2 days, respectively. The
pupae were observed pale white in colour at first and
then gradually turned dark brown and the female pupa
were slightly larger and heavy in weight than the male
pupae (Plate 5-6). In the present study, the pupae were
partly exarate and the tips of their appendages were free.
The similar colour characteristics and result on pupal
period duration are in agreement with Panigrahi &
Rajamani (2008), Hugar et al. (2010), Jadhao & Khurad
(2012) and Manikandan et al. (2013), who reported the
average pupal period of 7.52-8.06, 7.6-8.6, 8.0 and 7.25
days, respectively.

jae.saaer.org.in

Plate 9. Pupation of Scirpophaga spp. larvae near
water/ground level

Plate 5. Exerate pupae of Scirpophag

Plate 6. Scirpophaga spp. pupae with white thin silken
case

Adults

The male moths of S. fusciflua were smaller than
females. The forewings were ocherous white in colour
with prominent wing venation in both the sexes. The
abdomen is wide and tip of abdomen is covered with a
tuft of yellow hairs in females (Plate 3). The length and
breadth of male and females of S. fusciflua were smaller
in size than S.incertulas. The colour characteristics of S.
fusciflua were very close S. virginia except the differences
in the subteguminal process, bilobed in S. fusciflua and
rounded in S. virginia as observed by Saini et al. (2017).
The adult female of S. incertulas was bright yellowish
brown or straw coloured with a conspicuous single black
spot at centre towards lower angle of the forewing and
hindwings are pale straw coloured. The tip of abdomen
of female is covered with tuft of yellowish silken hairs
forming a circle around a ventral opening. The male moth
has numerous small dark spots near the tip of brown
coloured forewing. The spots on the forewing are not
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conspicuous. Male moth is smaller than female with
devoid of hairs on the tip of abdomen (Plate 7-8). The
abdomen is slender and the anal end has a thin hair

R L N
Plate 3. Eggs after separation of Hairs from egg m

Plate 7. Adult of S. incertulas

covering dorsally are supported by Korat & Patel (1998),
Malhi & Brar (1998) and Panigrahi & Rajamani (2008).

Plate 8. Female & male of S. incertulas
Ovipositional periods and adults’ longevity
The pre-oviposition, oviposition, post-oviposition period
and longevity of S. fusciflua and
S. incertulas adults were almost similar in both species
(Table 3). The present findings are in support with
Panigrahi & Rajamani (2008). The present result is almost
in accordance with Hugar et al. (2010), who observed that
the pre-oviposition, oviposition and post oviposition period
were 1.28, 1.15 and 1.01 days. The present findings are
strongly supported by the findings of Korat & Patel (1988)
that the pre-oviposition period of 1.13 days with an
oviposition period of 1.33 days. The data on longevity
indicates that the males were short-lived than the
females, supported by Korat & Patel (1988), Malhi & Brar
(1998) and Hugar et al. (2010), who reported the
longevity of male and female was 2.27 and 2.80, 2.50
and 2.78, and 2.95 and 3.44 days, respectively.
Egg masses and fecundity
The number of egg masses laid by female ranged from 1-
3 and 1-4 in S. fusciflua and S. incertulas, respectively
(Table 3). The number of eggs varied from female to
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female and mainly the fecundity depends upon life span
which is influenced by several factors like temperature,
humidity and rainfall intensity at the time of the
ovipositional period of moths. The present finding are in
agreement of Panigrahi and Rajamani (2007 and 2008)
who reported that the number of egg masses laid by S.
incertulas ranged from 1-3 egg masses/ female. The
lepidopterous laid eggs in masses are in accordance with
Khan et al. (1991), Pathak & Khan (1994) and

Manikandan et al. (2013). The number of eggs laid per
female of S. fusciflua ranged from 64-212 eggs and 92-
187 eggs in S. incertulas. The results are strongly in
agreement with the findings of Korat & Patel (1988), Bora
et al. (1994), and Harinkhere & Aggarwal (1994), who
reported the average fecundity of S. incertulas were
118.67+42.58,  133.4+12.47  and 134.66114.44,
respectively.

Table 3. Duration of different developmental stages of Scirpophaga fusciflua and Scirpophaga incertulas on rice

cultivar CSR 30
Insect stage/ Duration

1 Pre pupal period
2 Pupal period
Adult

3 Preoviposition

4 Oviposition

5 Postoviposition

6 Male longevity

7 Female longevity

8 Total developmental period

9 Fecundity (No. of eggs laid/ female)

10  No. of egg masses/female
11 No. of eggs/egg mass
12 | Hatching (%)

Average min. temperature range (° C) = 19.5

Average max. temperature range (° C)= 32.5

Relative humidity (%) = 62.0 - 79.0

Morphometrics on different stages of S. fusciflua and S.
incertulas larval instars

In present study, the average measurement on length of
1st, 2nd 3rd 4t and 5t larval instars was 2.30, 5.10, 9.00,
13.90 and 17.80 mm with mean head capsule width of
0.18, 0.35, 0.49, 0.63 and 0.78 mm in S. fusciflua, while in
six larval instars of S. incertulas mean larval length was
2.45, 5.60, 8.30, 12.10, 17.40 and 19.80 mm with mean
head capsule width of 0.24, 0.43, 0.73, 0.91, 0.99 and
1.19 mm, respectively (Table 4, Plate 4). The results of
the study are in conformity with the findings of Korat and
Patel (1988), who reported that the average length and
head capsule width of first, second, third, fourth and fifth
larval instars was 2.03+0.13 mm, 5.92+0.83 mm,
10.25+1.67 mm, 14.97+1.64 mm and 21.18+1.80 mm
with head capsule width of first, second, third, fourth and
fifth larval instars was 0.26+0.26 mm, 0.49+0.53mm,

S. fusciflua S. incertulas
Range (days)
1-2 1-2
79 -9
1-2 1-2
1-2 1-3
0-1 0-1
2-3 2-4
2-4 2-4
40-55 40-53
64-212 92-187
1-3 1-4
62-153 89-171
81.44-93.60 77.17-93.87

0.7720.61Tmm, 0.96x0.05 mm and 1.24+0.09 mm,
respectively are also in strong accordance with findings
of Satpathi et al. (2012).

Table 4. Morphometrics of Scirpophaga fusciflua and
Scirpophaga incertulas larvae
Larval Larval length and head capsule width (mm)

stage (Mean)
S. fusciflua S. incertulas
Larval Head Larval Head
length capsule length capsule
width width
First 2.30 0.18 2.45 0.24
Second 5.10 0.35 5.60 0.43
Third 9.00 0.49 8.30 0.73
Fourth 13.90 0.63 12.10 0.91
Fifth 17.80 0.78 17.40 0.99
Sixth - - 19.80 1.19

Plate 4. Larvae of S. fusciflua and S. incertulas
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Morphometrics on pupae of S. incertulas and S. fusciflua
The length and breadth of male and female pupae were
almost similar in both species. The S. incertulas pupae
were slightly bigger in size than S. fusciflua, while the
breadth was recorded more in S. incertulas. The female
pupae were slightly larger and heavier than male pupa in
both species (Table 5). The present findings are in
accordance with the findings of Malhi & Brar (1998),
Hugar et al. (2010) and Harinkhere & Aggarwal (1994).

Morphometrics on adults of S. incertulas and S. fusciflua

The average length and breadth of S. incertulas males
were 12.10 and 18.70 mm, whereas those of female were
15.40 and 27.50 mm, respectively. The average length
and breadth of
S. fusciflua males were 9.40 and 16.60 mm, whereas
those of female were 11.00 and 19.00 mm, respectively.
The male moth was smaller than female in both species
(Table 5). The present findings conform with the findings
of Malhi & Brar (1998), Korat & Patel (1988), Harinkhere &
Aggarwal (1994) and Khan et al. (1991).

Table 5. Morphometrics of pupae, adults, egg masses and pupal weight in Scirpophaga fusciflua and Scirpophaga

incertulas

Pupal length and breadth (mm) (Mean)

S. fusciflua

S. incertulas

Length Breadth Length Breadth
Male Female Male Female Male Female Male Female
Mean 9.50 11.10 1.60 1.79 9.60 11.80 1.91 1.97
Range 9-10 11-12 1.59-1.62 1.75-1.82 9-10 11-13 1.90-1.93 1.96-1.98
Pupal weight (mg) (Mean)
Male Female Male Female
Mean 0.022 0.024 0.022 0.032
Range 0.021-0.024 0.023-0.027 0.021-0.023 0.031-0.033
Adult length and breadth (mm) (Mean)
Male Female Male Female Male Female Male Female
Mean 9.40 11.00 16.60 19.0 12.10 15.40 18.70 27.50
Range 9-10 10-12 16-18 18-20 11-13 15-16 18-19 27-29
Egg masses length and breadth (mm) (Mean)
Mean 12.80 3.20 8.10 4.05
Range 8-17 3.0-3.5 7-9 3.5-4.5

Morphometrics on egg masses of S. incertulas and S.
fusciflua

The length and breadth of S. incertulas ranged from 7-9
mm with an average of 8.10 mm and 3.5-4.5 mm with an
average of 4.05 mm, respectively. Whereas the length
and breadth ranged from 8-17 mm with an average of
12.80 mm and 3.0-3.5 mm with an average of 3.20 mm in
S. fusciflua, respectively (Plate 1-2). The egg masses of
S. fusciflua were larger in size (12.80 mm) and smaller in
breadth (3.20 mm) as compared with S. incertulas length
(8.10 mm) and breadth (4.05 mm) (Table 5). The present
findings are in accordance with Malhi and Brar (1998),
while the short difference in size of egg masses was
reported by Hugar et al. (2010). The difference in the
sizes of egg masses may be due to varying conditions
under which the insect was reared/studied.

Plate 1.
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Plate 2. Egg masses of Scirpophaga fusciflua
Acknowledgement
Authors are thankful to Department of Entomology, CCS
Haryana Agricultural University, Hisar for providing the
opportunity and assistance during research.
Declarations of interests
All authors of this manuscript declare that they have no conflict
of interest.
Data sharing
All relevant data are within the manuscript.
References
1.  Anonymous 2011. Package of practices for the crops of
Punjab-Kharif, 2011. Directorate of extension education,
Punjab Agricultural University, Ludhiana. VOL. XXVIII (1),
March 2011. p.200.
2. Anonymous 2016. Statistical abstract of
Government of India, Ministry of Statistics
Programme implementation.

India,
and

jae.saaer.org.in


http://jae.saaer.org.in/

JOURNAL OF AGRICULTURE AND ECOLOGY | RESEARCH ARTICLE

10.

11.

12.

13.

14.

15.

16.

Banerjee SN & Pramanik LM. 1967. The lepidopterous
stalk borers of rice and their life cycles in the tropics. In:
The Major Insect Pest of Rice Plant. John Hopkins Press,
Baltimore. pp. 103-124.

Bora DK, Saharia D & Hussain S. 1994. Biology of yellow
stem borer, S. incertulas (wlk). Crop research-Hisar, 8(2):
966-970.

Brar DS, Malhi BPS, Sahi AS & Singh J. 2001. Egg laying
preferences and comparative incidence of Scirpophaga
Incertulas (Walker) on different rice varieties. Journal of
Research Punjab agricultural University, 38(1-2): 36-43.
DRR, 2012. Annual Report, Vol.ll. Entomology and Plant
Pathology. All India Coordinated Rice Improvement
Programme. Directorate of Rice Research Rajendranagar,
Hyderabad, A.P, India. p.28.

Haldhar SM, Bhargava R, Singh RS, Krishna H and Sharma
SK. 2015. First Report of Colotis amata (Lepidoptera:
Pieridae) on Salvadora persica (Capparales:
Salvadoraceae) in Rajasthan, India: Incidence and
Morphometric Analysis. Florida Entomologist, 98(2): 442-
445

Haldhar SM, Choudhary BR, Samadia DK & Verma AK.
2021. Report of morphomatric and biology of leaf eating
caterpillar, Diaphania indica in arid region of India.
Vegetos, https://doi.org/10.1007/s42535-021-00261-7.
Haldhar SM. 2017. Biology and morphomatrics of lemon
butterfly Papilio demoleus (Lepidoptera: Papilionidae) on
bael, Aegle marmelos in Arid Region of Rajasthan. Indian
Journal of Arid Horticulture, 12: 40-44.

Harinkhere JP & Agarwal RK. 1994. Bionomics of paddy
yellow stem borer, Scirpophaga incertulas (wlk). Indian
Journal of Plant Protection, 22(2): 143.

Hugar SV, Hosamani V, Hanumanthaswamy BC & Pradeep
S. 2010. Comparative biology of yellow stem borer
Scirpophaga incertulas (Walker), (Lepidoptera:
Pyraustidae) in aerobic and transplanted rice. International
Journal of Agricultural Sciences, 6(1): 160-163.

Jadhao MF & Khurad MA. 2012. Biology of Scirpophaga
incertulus (W.). A major pest of rice in Eastern Vidarbha,
Maharashtra. International Indexed and Referred Research
Journal, 1(1): 14-16.

Karthikeyan K & SM Purushothaman. 2000. Efficacy of
carbosulfan against yellow stem borer, Scirpophaga
incertulas Walker (Pyralidae: Lepidoptera), Indian Journal
of Plant Protection, 28: 212-214.

Kasniya PK, Singh M & Singh A. 2022. Economic analysis
of different rice cultivars against major biotic
stresses. Journal of Agriculture and Ecology, 14: 146—152.
https://doi.org/10.58628/JAE-2214-221.

Katti G, Shankar C, Padmakumari AP & Psalu PC. 2011.
Rice stem borers in India, species composition and
distribution. Technical Bulletin No.59, Directorate of Rice
Research, Rajendranagar, Hyderabad -50030, A.P. India.
pp-29.

Khan ZR, Listinger JA, Barrion AT, Villanueva FFD,
Fernandez NJ & Taylo LD. 1991. World bibiliography of
rice stem borers. International Rice Research Institute,
P.0.Box 933, Manila, Philippines.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Korat DM & Patel CB. 1988. Biology of yellow rice stem
borer Scirpophaga incertulas (Walker) on Rice. Gujarat
Agricultural Universities Research journal, 14(1): 11-16.
Malhi BS & Brar DS. 1998. Biology of yellow stem borer,
Scirpophaga incertulas (Walker) on basmati rice, Journal
of Insect Science, 11(2): 127-129.

Manikandan N, Kennedy JS & Geethalakshmi V. 2013.
Effect of elevated temperature on development time of
rice yellow stem borer. Indian Journal of Science and
Technology, 6(12): 5563-5566.

Nishida T & Tori T. 1970. Identification of rice stem borer,
Pages 7-41 In: A hand book of field methods for research
of rice stem borers and their natural enemies.
International biological programme, London.
Padmakumari AP, Katti G, Sailaja V, Padmavathi Ch,
Jhansh LV, Prabhakar M & Prasad YG. 2013. Delineation
of larval instars in field population of rice yellow stem
borer, Scirpophaga incertulas (Walk). Oryza, 50(3): 259-
267.

Panigrahi D & Rajamani S. 2007. Rearing of yellow stem
borer, Scirpophaga incertulas (WIk.) on different
phonological stages of rice plant, Ext. Abst. Nat. Symp. on
sustainable pest management for safer environment. 6-7
December pp.139-140.

Panigrahi D & Rajamani S. 2008. Studies on the biology
and reproductive behaviour of Scirpophaga incertulas
(WIk.). Oryza, 45(1): 137-141.

Pathak MD & Khan ZR. 1994. Insect Pests of Rice.
International Rice Research Institute, Philippines and
International Centre of Insect Physiology and Ecology,
Kenya.p. 89.

Saini V, Ramaraju K & Chitra N. 2017. Occurrence of new
stem borer species, Scirpophaga virginia (Lepidoptera:
Pyraloidea: Crambidae) from Tamil Nadu, India and its
taxonomic re-description. Ecology, Environment and
Conservation, 23(3): 325-328.

Satpathi CR, Kaushik C, Shikari D & Acharjee P. 2012.
Consequences of feeding by yellow stem borer
(Scirpophaga incertulas Walk.) on rice cultivar Swarna
mashuri (MTU 7029). World Applied Sciences Journal,
17(4): 532-539.

Srivastava A, Sarao PS, Ram L, Salaia R & Singh A. 2012.
New records of Scirpophaga fusciflua Hampson from
North India. Journal of Rice Research, 5(1 &2): pp. 61.

Wu JC, Xu JX, Liu JL, Yuan JA, Cheng JA & Heong KL.
2001. Effect of herbicides on rice resistance and on
multiplication and feeding of brown planthopper (BPH)
Nilapavata lugens (Stal.) International Journal of Pest
Management, 47(2): 153 — 159.

Wu SW, Peng ZP, Jiang GF, Qin GQ & He CY. 2014. Effects
of harvest method and treatment of rice stubble on
overwintering of Chilo suppressalis Walker. Hunan
Agricultural Science, 1: 48—53.

Preferred citation: Kumar A, Ram L, Yadav SS, Mehra S and Jat MK. 2023. Biological parameters and comparative morphometrics studies of
Scirpophaga spp. in rice. Journal of Agriculture and Ecology, 15: 62-68; https://doi.org/10.58628/JAE-2315-110

jae.saaer.org.in

68


http://jae.saaer.org.in/
https://doi.org/10.1007/s42535-021-00261-7
https://doi.org/10.58628/JAE-2214-221
https://doi.org/10.58628/JAE-2315-110

