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Abstract: Scirpophaga incertulas Walker (Pyralidae: Lepidoptera) is a cosmopolitan pest to rice crop (also
known as yellow stem borer or YSB) rendering extensive damage to growing stems at pre-harvest condition.
Effective control of S. incertulas population by broadly defined insecticide based management strategy is
found less prudent due the regional variability of the pest life cycle. An amalgamation of some selected cultural
practices as a part of phyto-sanitation together with the adoption the judicious application of least toxic
insecticide formulation was found effective to check borer menace and side by side also to restore field natural
enemy population. Experiment for three consecutive years (2008-2010) at the upper Gangetic plains of West
Bengal (India) was done to assess the relative efficacy of some selected insecticide formulations on both
S.incertulas and its natural enemies in field condition. Efficacy of each treatment was estimated in consideration
of yield, extent of suppression of pest induced damage and the retention of natural enemy population. In
consideration of yield, need-based application of new generation pesticide like flubendiamide (480 SC) together
with the conventional application of neem seed kernel extract [NSKE] (5%), neem leaf extract[NLE] (5%),
deltamethrin (1%) +triazophos (35%) gave best result. This result was followed by the application of new
molecule of rynaxypyr(0.4%G) and the usual use of NLE (5%), NSKE (5%), clorpyriphos (50%). Formulation of
NSKE (5%), emamectin benzoate, NLE (5%), clorpyriphos (50%) neem and oil is the third best application
protocol. This was followed by the application of neem oil mix formulation, clorpyriphos (50%)+
cypermethrin(5%) and NLE(5%). Application of NSKE (5%), neem oil (5%), carbofuran (35 G) ranked sixth. Least
was noted in only NSKE (5%) application. Though yield was comparatively low in treatment of NSKE (5%), but
it has supported second highest number of natural enemies. Application of NLE (5%) + flubendiamide (480 SC)+
NSKE (5%)+[ (deltamethrin 1% +triazophos 35%)] was relatively more lethal to the natural enemies and the
incidence of all the natural enemies were lowest. The control plot registered maximum number of natural enemies
though the yield was minimum against all treatments.
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INTRODUCTION different newer brands have been carried out by several

Time fitted cultural practices  with  low  chemical [8], Prasad et al. [9] and Sasmal et al. [10] but no definite
input formed one of the accepted and well-conceived plant protection schedule applicable for all the agro-
approaches in reducing insect pest incidence of rice under ecological zones could be evolved. Farmers due to
modern integrated pest management (IPM) methodology inadequate knowledge habitually applied fertilizers and
[1]. IPM also encourages the multiplication of natural hazardous insecticides in high quantum without any
enemy population for effective pest suppression [2, 3]. concern to the actual level of field requirement. Such
Stem borers (SBs) are key group of insect pests of rice [4]. injudicious input, in many cases, consequences in
Among the borers, yellow stem borer (YSB), Scircophaga insecticide resistance [6] resurgence [7], secondary pest
incertulas Walker is distributed throughout India and is outbreak [11] leading to environmental contamination [7]
regarded as the most dominating destructive pest species and persistent residual toxicity [12]. Chemical input in
[5]. Experiments on the efficacy of synthetic pesticides of high amount is detrimental to natural enemy population

authors like Khan et al. [6], Kushwaha [7], Saljoqi et al.
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disturbing the homeostasis of ecosystem [13]. In the Both organic  (6.5t  decomposed  cow dung/ha) and
absence of natural enemy population pest population
multiplies more comfortably and thus enhances the extent
of yield loss [14, 15]. In spite of that synthetic insecticides
are still the primary way to control YSB menace. In such
back drop new generation of pesticide molecules are
reported to be safer to human health imparting no
ecological toxicity [16, 17]. Further neem based bio-
formulations like neem seed kernel extract (NSKE) is
known to suppress the feeding, growth and reproduction
of insects due to its bio-chemicals [18].

In view of this and to evaluate the relative efficacy of
7 selected insecticide formulations including three neem
based product against YSB incidence and its natural
enemies, a study was undertaken at Raiganj, Uttar
Dinajpur, West Bengal holistically for three consecutive
years (2008-2010) where no such experiment even of
preliminary in nature was carried out earlier.

MATERIALS AND METHODS

Materials: Rice seeds [var.Swarna mashuri (MTU 7029)]
was purchased from registered shop. Neem seed kernel +
neem leaf from 15 years old neem tree (Azaridicta indica)
was collected 2-day before each date of application.
Commercially available flubendiamide (480 SC),
deltamethrin (1%) +triazophos (35%), rynaxypyr (0.4% G),
clorpyriphos, emamectin benzoate mix formulation of
clorpyriphos (50%) and cypermethrin(5%), carbofuran (35
G) and novaluron was purchased and accordingly
applicable formulation was prepared for each application.

Methods
Experimental Layout: Field experiment was conducted by
randomized block design with transplanted 35-day old
seedlings of widely cultivated variety Swarna mashuri
(MTU 7029) during three consecutive kharif crop seasons
(2008-2010) covering the calendar month of mid July to
early November at Raiganj [26°35´15´´(N)-87°48´37´´(W)],
Uttar Dinajpur, West Bengal, India. Each block was 50 x50
m by area. The soil of the experimental field was sandy
loam with PH value 6.6 and EC value 0.27mmhs/cm. N,
P O and K O was 302,59 and 341 kg/ha respectively.2 5 2

Seedlings were transplanted at 10x15 cm spacing.
Standard agronomic practices were followed to ensure a
good crop stand.

Management Schedule: Selected cultural practices were
done for all the plots. Seedling was transplanted
equidistantly   with  fixed  row-row  and   hill-hill   spacing.

inorganic N  (120 urea kg/ha) fertilizer was applied;
inorganic fertilizer to rice field was given in two equal
splits (vegetative+ early reproductive growth stage), clean
cultivation with the retention of some weedy vegetation
for the natural enemy propagation, Fortnightly light
trapping of adult YSB population, incorporation of tender
neem branches in field, arrangement of perching places
like bamboo sticks for the intrusion of insect predatory
birds, alternation wetting and drying at 7 day interval from
60 days after seedling transplantation (DAT) was
adopted. Periodic field scouting to remove the dead and
old leaves for all treatments including the check (control)
was followed.

Insecticidal Applications
Selection  of  Insecticide:  There  were  seven  treatments
(T1  to   T7)   including   an   untreated   check  (T8).
During  selection  broad-spectrum  hazardous
insecticides were generally avoided. But selection was
done  aiming  to  replace  the  conventionally  applied
highly  toxic  insecticide  by  relatively  less  toxic  and
eco-friendly formulation but without compromising the
yield benefit.

Neem Formulation: Azadirachtin, active ingredient of
neem formulation, acts as both a feeding deterrent and a
growth regulator. Feeding by insects is restricted due to
phago-stimulation resulting alteration of feeding behavior.

Flubendiamide 480SC: A foliar insecticide targetted to
insect Ca+ release channels. larvae of lepidopteran pests
stops feeding immediately. It is environment safety and
low in toxicity.

Deltamethrin (1%) +Triazophos (35%): pyrethroid
deltamethrin was generally more effective against exposed
parental adults. In combination with Triazophos it is more
effective to suppress the pest population.

Rynaxypyr:  Activates  insect  ryanodine  receptors
(RyRs) which play a critical role in muscle function after
releasing calcium from internal stores into the cell
cytoplasm and thus restrict insect movement.

Chlorpyrifos:  Acute  exposure  to   pesticides   and
heavy metals at higher dose levels reveals altered
physiological functions in blood and serum/plasma
components.
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Emamectin Benzoate: Broad spectrum microbial Preparation    of      Bio-Formulations:      150      gm    of
insecticides derived from the soil actinomycetes, 3 months old neem kernel is finely smashed and
Streptomyces avermitilis. It is a novel macrocyclic lactone subsequently pounded in 1 liter of hot water (1:1 w/v) to
insecticide derived from the avermectin family with a prepare neem seed kernel extract (NSKE) formulation.
substitution of an epi-methylamino (-NHCH3) group for a Similarly,  1  kg  green  neem  leaves  were  soaked
hydroxyl (-OH) group at the 4´´-position on the overnight  in  5  liter  water,   grinded   and   the  leaf
disaccharide. extract  was filtered   to   prepare   neem   leaf  extract

Cypermethrin (5%): A pyrethroids act through sodium in the shade for a day and subsequently sieved to get a
channels and supresses excitation of neurons. They clear extract of stock solution. From the stock solution
prevent the sodium channels from closing, resulting in workable solution grade was prepared.
continual nerve impulse transmission, tremors and Four replications for each treatment were done in
eventually, death. each year. Pesticide formulations were applied as

Carbofuran: It is a broad spectrum, non-cumulative
carbamate insecticide; inhibits A systemic pesticide with Assessment  on  YSB   Induced   Damage:   The
no phytotoxic action. infestation   by   YSB   was   recorded   in   terms of

Novaluron: It is a (±)-1-[3-chloro-4-(1,1,2-trifluoro-2- and  reproductive  growth  stages  of  rice  plant
trifluoromethoxyethoxy) phenyl]-3-(2,6-difluorobenzoyl) respectively in each plot. The percentage of DH and WH
urea, a benzoylphenyl urea, regulates insect growth by of individual plot was calculated by using the following
inhibiting chitin synthesis. formula:

(NLE) formulation. Both of the extract solution was kept

presented in the Table 1.

number  of  DH  and  WH  produced  during  vegetative

Table 1: Timetable of insecticide application under different treatment schedule

Time of application
Treatments formulations Category Dose(a.i/ha) (in relation to DAT)

T1 NLE (5%) bioformulation 7 ml a.s./l 20
flubendiamide (480 SC) Phthalic acid diamide 80 g a.s./ha 45
NSKE (5%) bioformulation 7ml a.s./l 65
Deltamethrin (1%)+Triazophos (35%) Synthetic pyrethroids 300 g a.i./ha 80

T2 NLE (5%) bioformulation 7 ml a.s./l 20
Rynaxypyr 0.4%G anthranilic diamides 50g a.s./ha 45
NSKE (5%) bioformulation 7 ml a.s./l 60
Clorpyriphos 50% organophosphate 0.5 kg a.i/ha 75

T3 NSKE (5%) bioformulation 7 ml a.s./l 20
emamectin benzoate broad spectrum microbial insecticides 12 g a.s./ha 35
NLE (5%) bioformulation 7 ml a.s./l 45 and 65
Clorpyriphos 50% organophosphate 0.4 kg a.i/ha 75

T4 neem oil bioformulation 20
Clorpyriphos (50%)+cypermethrin(5%) Organophosphate+Pyrethroid 2 ml a.s./l 35
NLE bioformulation 45 and 65

T5 NSKE bioformulation 7 ml a.s./l 20
neem oil bioformulation 30, 45, 65 and 75 
carbofuran (35 G) Carbamate 5 g a.s./plant 50

T6 Neem oil bioformulation 50 ml/l 20
Novaluron benzoylphenyl urea 50 g a.i/ha 40
NLE bioformulation 35,50,65 and 80

T7 NSKE bioformulation 50 ml/l At 15-day interval
starting from 30 DAT,
until harvest

T8 untreated check - - -

a.s: active substance



Number of DH / WHDH and WH % x 100
Total number of tillers
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In consideration of the guild composition of both

Assessment on Pest and Natural Enemy Population: 20 identified borer species. The other species were white
hills were randomly selected from each plot at 7-day stem borer, Scirpophaga innolata, Walker (12.23%),
intervals after seedling transplantation and the abundance Chilo suppressalis, Walker (5.13%), pink stem borer,
of pests (adult+larva), natural enemy population and the Sesamia inferens, Walker (3.41%). 
incidence of egg cluches was noted. From that average Among the natural enemy population spiders
was worked out. Collected specimens were identified constituted the major portion. Lycosa pseudoannulata
following standard protocol. was the most dominating species. This was followed by

Assessment on Yield Attributing Characters: Average Tetragnatha maxillosa and Paradosa pseudoannulata
plant height (cm), panicle length (cm), panicle number/ m , respectively in descending order. Among all the species2

number of effective tillers/ m , leaf area index and dry of mirid bugs Cyrtorhinus lividipennis was dominant.2

matter production (gm/m ) were measured from randomly The species of coccinellid recorded were Micraspis2

selected fifty hills from each plot at maximum growth stage crocea, Menochilus sexmaculata, Ophionea
of paddy. Grains were sun dried, threshed, cleaned nigrofasciata and Staphylinus sp. In consideration of
thoroughly and the produce from each plot were weighted odonate fly population, damselfly dominated in number
(q/ha). From the threshed product of each plot, thousand than dragon flies. Of all the species of odonate fly,
grains  were  separately  counted,   dried   and  weighted Agriocnemis pygmaea appeared as the dominant species
(in gm.). representing more than 30% of the collected odonate

Statistical Analysis: The data of egg mass, larva, adult femina.
individuals and the extent of damage was transformed in
root mean squares values. Collected data were then In Consideration of Both the Incidence S. incertulas and
subjected to pooled analysis of variance and compared on
the basis of Duncan’s Multiple Range Test using
INDOSTAT-ANOVA soft ware programming.

RESULTS AND DISCUSSION

Experiment for three consecutive years (2008-2010)
was done to assess the relative efficacy of some selected
insecticide formulations on the incidence of both
S.incertulas and its natural enemies in field of rice cultivar
Swarna mashuri (MTU 7029). Side by side effects of
insecticide formulations on the yield attributing characters
were also noted. The results are delineated below:

pest and natural enemies: Yellow stem borer, Scirpophaga
incertulas, Walker shared about (79.23%) among the four

Argiope patenulata, A. formosana, Oxyopes javanus,

samples. Other recognized species was Agriocnemis

its Natural Enemies (Table 2 and 3): All the insecticide
formulations were effective to suppress the YSB
infestation significantly in consideration of control. But
considerable variation in the relative efficacy relating to
suppression was evicted. Maximum yield benefit with
least YSB incidence was noted in Treatments 1 [NLE (5%)
+ flubendiamide (480 SC)+ NSKE (5%)+ (Deltamethrin 1%
+Triazophos 35%)] respectively followed by T2 [ NLE
(5%) + rynaxypyr 0.4% + NSKE (5%) +clorpyriphos 50%]
and T3 [NSKE (5%)+ emamectin benzoate+ NLE (5%)
+clorpyriphos 50%], T4 [neem oil+ (Clorpyriphos 50%+
cypermethrin 5%) +NLE], T5 [NSKE+ neem oil+
carbofuran (35 G)], T6 [Neem oil+ Novaluron+ NLE]  and

Table 2: Effect of the treatments on the incidence, infestation and damage of S.incertulas Walker

Incidence of S.incertulas population (individuals/20 hills) Extent of damage (%)
----------------------------------------------------------------------------------------------------- --------------------------------------------------

Treatments Egg clutches larvae adult DH WH

T1 4.15 (2.16) 5.23 (2.39) 3.14(1.91) 2.12 (1.62) 1.47 (1.40)
T2 5.22(2.39) 5.65(2.48) 3.62 (2.03) 4.09 (2.14) 2.05 (1.60)
T3 5.89 (2.53) 5.97 (2.54) 4.01 (2.12) 4.59 (2.26) 2.79 (1.81)
T4 6.11(2.57) 6.32 (2.61) 4.24 (2.18) 5.12 (2.37) 3.39 (1.97)
T5 6.72(2.69) 6.72 (2.69) 4.51 (2.24) 5.67 (2.48) 3.77 (2.07)
T6 6.91(2.72) 7.01 (2.74) 4.89 (2.32) 6.01 (2.55) 4.02 (2.13)
T7 7.09 (2.75) 7.85 (2.89) 5.13 (2.37) 6.34 (2.62) 4.33 (2.20)
T8 15.32 (3.98) 19.07 (4.42) 14.47 (3.87) 17.89 (4.29) 10.89 (3.37)

Figures in the parenthesis are the square root transformed values
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Table 3: Effect of the treatments on the predatory natural enemy-complex in the rice ecosystem
Incidence in relation to rice growth stage*
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
spider predatory bug coccinellid beetle odonate fly
------------------------------------------ ------------------------------------------ ------------------------------------------ ------------------------------------------

Treatments A B C A B C A B C A B C
T1 0.35(0.92) 0.48(0.99) 0.69(1.09) 0.08(0.76) 0.15(0.81) 0.23(0.85) 0.15(0.81) 0.22(0.85) 0.34(0.92) 0.17(0.82) 0.22(0.85) 0.34(0.92)
T2 0.59(1.04) 1.03(1.24) 1.12(1.27) 0.35(0.92) 0.36(0.93) 0.72(1.10) 0.78(1.13) 0.92(1.19) 0.98(1.22) 0.73(1.11) 0.77(1.13) 0.88(1.17)
T3 0.51(1.00) 0.98(1.22) 1.05(1.24) 0.25(0.87) 0.29(0.89) 0.67(1.08) 0.76(1.12) 0.94(1.20) 0.93(1.20) 0.63(1.06) 0.71(1.10) 0.82(1.15)
T4 0.54(1.02) 0.93(1.20) 0.98(1.22) 0.22(0.85) 0.27(0.88) 0.65(1.07) 0.74(1.11) 0.91(1.19) 0.92(1.19) 0.67(1.08) 0.74(1.11) 0.78(1.13)
T5 0.52(1.01) 0.95(1.20) 1.03(1.24) 0.27(0.88) 0.31(0.90) 0.69(1.09) 0.71(1.10) 0.89(1.18) 0.87(1.17) 0.61(1.05) 0.68(1.09) 0.83(1.15)
T6 0.57(1.03) 1.06(1.25) 1.18(1.30) 0.37(0.93) 0.38(0.94) 0.76(1.12) 0.79(1.14) 0.95(1.20) 1.07(1.25) 0.78(1.13) 0.82(1.15) 0.95(1.20)
T7 0.67(1.08) 1.12(1.27) 1.21(1.31) 0.37(0.93) 0.49(0.99) 0.78(1.13) 0.89(1.18) 1.03(1.24) 1.19(1.30) 0.78(1.13) 0.88(1.17) 1.24(1.32)
T8 0.78(1.13) 1.25(1.32) 1.47(1.40) 0.48(0.99) 0.57(1.03) 0.89(1.18) 0.95(1.20) 1.14(1.28) 1.25(1.32) 0.89(1.18) 0.9791.21) 1.49(1.41)
*A: vegetative stage, B: tillering stage and C: early ripening stage
Figures in the parenthesis are the square root transformed values

Table 4: Effect of the treatments on the physical parameters and yield of paddy cultivar Swarna mashuri (MTU 7029) 
Yield attributing characters Yield economics
----------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------
Plant Panicle Panicle Number of Leaf area Dry matter 1000 seed Actual Increase over Cost: Benefit

Treatments Height (cm) length (cm) number / m effective tillers/m index Production gm/ m grain weight yields control (%) ratio (C:B)2 2 2

T1 98.37 22.51 151.03 451.22 4.50 631.76 24.94 34.67 43.44 1:1.78
T2 98.25 22.47 144.78 425.09 4.47 614.71 24.90 32.15 33.02 1:1.69
T3 98.19 22.41 139.21 440.92 4.40 602.56 24.85 30.18 24.87 1:1.62
T4 98.11 22.19 132.67 432.47 4.35 592.53 24.79 28.94 19.74 1:1.58
T5 98.01 22.03 127.73 425.34 4.29 583.89 24.67 27.73 14.73 1:1.49
T6 97.85 21.58 118.45 408.56 4.12 563.73 24.41 26.97 11.58 1:1.42
T7 97.79 21.62 115.23 411.07 4.15 559.34 24.35 26.02 7.65 1:1.36
T8 97.62 21.47 101.45 401.63 3.92 550.45 24.21 24.17 - 1:1.29
CD(P=0.05) 2.45 1.92 1.21 1.67 0.56 1.02 1.76 1.89 - -
(-): Not applicable 

T7 [NSKE] in descending order. Minimum number of YSB Significant variation in consideration of the incidence
egg masses (4.15) and larval population (5.23) was scored of DH and WH in all the treatments was noted. Minimum
in T1. These values were statistically at par with the was noted in T1 (2.12 DH+1.47 WH) and the maximum was
treatments T2 (5.22 egg mass and 5.65 larvae) and T3 (5.89 being noted in T8 (17.89 DH+10.89 WH).Incidence of DH
egg mass and 5.97 larvae). T4 and T5 have registered 6.32 and WH in rest of the treatments were intermediate in
and 6.72 larval population. Numerical abundance of both nature. However T2 (4.09 DH+2.05 WH) and T3 (4.59
egg mass and larval population was comparatively higher DH+2.79 WH) varied insignificantly in consideration of
in T4 and T5. T4 and T5 have recorded 6.11 and 6.72 egg DH and WH incidence.T4, T5, T6 and T7 have shown 5.12
masses respectively. In addition to this T4 and T5 DH+3.39 WH, 5.67 DH+3.77 WH, 6.01 DH+ 4.02 WH and
supported 6.32 and 6.72 larval population respectively. T6 6.34 DH+4.33 WH respectively.
and T7 have recorded 6.91 and 7.01 egg masses Relative lethality of the insecticide formulations to
respectively. In addition to this T6 and T7 supported 7.01 the predatory natural enemies was also assessed. To
and 7.85 larval population respectively. The control field minimize  the  relative  importance  of a particular
showed 15.32 eggs mass and 19.02 larva respectively predatory  species,  incidence  of the natural enemy in
(Table 2). guild was noted. There were four major guild; spider,

However, in consideration of the incidence of adult predatory bug, coccinellid beetle and odonate fly.
YSB population, T1 (3.14), T2 (3.62) and T3 (4.01) differed Adoption of T6 [Neem oil+ Novaluron+ NLE] was found
insignificantly. Considerable variation in adult YSB least harmful to the natural enemies. Incidence of spider,
number was noted in the rest of the treatments. The value predatory bug, coccinellid beetle and odonate fly was
of adult YSB in light trap was 4.24, 4.51, 4.89 and 5.13 in 1.18, 0.76, 1.07 and 0.95 respectively. T7 [NSKE] was the
T4, T5, T6 and T7 respectively. Control field has second best treatments in consideration of natural enemy
registered 14.47 adult individuals. incidence.
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Incidence of spider, predatory bug, coccinellid beetle It was respectively followed by T3 (4.40), T4 (4.35), T5
and odonate fly in T7 [NSKE] at tillering stage was 1.21, (4.29), T6 (4.12) and T7(4.15) in descending order.
0.78, 1.19 and 1.24 respectively. Numerically, incidence of Production of dry matter under different treatment differed
natural enemies varied insignificantly in T3 [NSKE (5%)+ significantly. Maximum dry matter production was noted
emamectin benzoate+ NLE (5%) +clorpyriphos] and T5 in T1 (631.76). T2 (614.71) was estimated as the next best
[NSKE+ neem oil+ carbofuran (35 G)] and the result was one. T3 (602.56), T4 (592.53), T5 (583.89), T6 (563.73) and
statistically at par with the T4[neem oil+ (clorpyriphos T7 (559.34) ranked in descending order. Insignificant
50%+ cypermethrin 5%) +NLE]. T4 [neem oil+ variation of 1000 seed weight (gm) under different
(Clorpyriphos 50%+ cypermethrin  5%)  +NLE]  supported treatment was noted. Maximum grain weight (gm) was
second best natural enemy population. T1 [NLE (5%)+ noted in T1 (24.94). The values of T2 (24.90), T3 (24.85),
flubendiamide (480 SC)+ NSKE (5%)+ (Deltamethrin 1% T4 (24.79), T5 (24.67), T6 (24.41) and T7 (24.35) in
+Triazophos 35%)] was relatively more lethal to the descending order. 
natural enemies and the incidence of all the natural The best yield of 34.67q/ha was recorded in T1 which
enemies were lowest Incidence of spider, predatory bug, was followed by T2 (32.15 q/ha), T3 (30.18 q/ha), T4 (28.94
coccinellid beetle and odonate fly was 0.69, 0.23, 0.34 and q/ha), T5 (27.73 q/ha), T6 (26.97 q/ha) and T7 (26.02q/ha)
0.34 respectively in T1. At early ripening stage adoption in descending order. The least yield generation was noted
of carbofuran and chlopyriphos in application schedule is in control plot (24.17q/ha). Extent of yield generation over
less noxious to bring the mortality of the natural enemies the check was highest in T1 (43.44%) followed by T2
and hence causes the presence of a sizable population. (33.02%), T3 (24.87%),T4 (19.74%), T5 (14.73%), T6

In Consideration of Yield and Yield Attributing Best cost-benefit ratio was obtained from T1 (1:1.78). This
Characters (Table 4): Efficacy of different pesticide was followed by T2(1:1.69), T3(1:1.62), T4(1:1.58) and
formulation was assessed in terms of some selected yield T5(1:1.49), T6(1:1.42) T7 (1:1.36) and T8 (1:1.29)
attributing characters (Table 2). Significant differences in respectively in descending order. Though the extent of
the number of effective tillers/m , leaf area index and dry rice stem damage was comparatively high when NSKE2

matter production/m  in consideration of different formulation was applied in T7, but a relatively better cost-2

formulation was noted. But plant height, panicle length, benefit ratio over the rest of the treatments was noted.
panicle/m  and 1000 seed grain weight differed This is mainly due to the low input price as the neem2

insignificantly. No significant variation of plant height in kernels were available free of cost. 
consideration of different treatment was noted. The application of bio-formulations is encouraging

However, maximum number of plant height (cm) was due to the popularization of environment awareness. Day
noted in T1 (98.37).This was followed by T2 (98.25), T3 by day conventionally applied synthetic chemicals
(98.19), T4 (98.11), T5 (98.01), T6 (97.85) and T7 (97.79) becomes ineffective due to the generation of gradual
respectively in descending order. Length of the panicle resistance in insect [19]. In the present experiment all the
(cm) under different treatments differed insignificantly. insecticide formulations were found effective to repress
However, maximum panicle lengthwas noted in T1 (22.51). YSB population in consideration of control. Effective
This was followed by T2 (22.47), T3 (22.41), T4 (22.19), T5 suppression of S.incertulas population in the present
(22.03), T6 (21.58) and T7 (21.62) respectively in experiment is basically manifested in two ways; primarily
descending order. Variation of panicle number/m  under by the selection of suitable cultural practices and then by2

different treatment was significant. Highest number of insecticidal shock. Adoption of suitable cultural methods
panicles/m was noted in T1 (151.03). The next one was T2 such as proper seedling spacing, balanced application of2

(144.78). T3 (139.21), T4 (132.67), T5 (127.73), T6 (118.45) fertilizer(s), clean cultivation with the retention of some
and T7 (115.23) ranked afterward in descending order. weedy vegetation, fortnightly light trapping(s) and
Maximum number of number of effective tillers/m was incorporation of tender neem branches in field etc., ensure2

noted in T1 (451.22). T2 (425.09) scored the second perceptibly better phyto-sanitation. All these practices
highest number of tillers. T3 (440.92), T4 (432.47), T5 abhorrently discourage egg laying by female YSB and
(425.34), T6 (408.56) and T7 (411.07) respectively ranked thus have suppressive effect on S. incertulas egg mass
afterwards. Significant variation in consideration of leaf abundance. Low egg masses in turn caused low number
area index under treatment was noted. Maximum leaf area of larva population and afterward consequences in
indexwas estimated in T1 (4.50). T2 (4.47) ranked second. restricted adult incidence. Low population of S.incertulas

(11.58%) and T7 (7.65%) respectively in descending order.
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could be managed easily by subsequent application of is protected from larval damage. Neem seed kernel extracts
insecticide formulations. The borers could hardly tolerate
the subsequent insecticidal shock and eventually resulted
in low manageable population. The extent of rice stem
damage was low and reciprocally yield was high. As YSB
passes nearly two complete life cycles in a single crop
season, insecticide application for the second times at 65
DAT put additional stress on the surviving low YSB
population and the population subsides drastically.
Insecticide formulations perform effectively to check the
population.

Jagginavar et al. [20] have reported that fluben-
diamide was highly effective against lepidopterans but
was safe to non-target organisms. Hall [16] also have
documented that flubendiamide was comparatively safe to
natural enemies but suppressed lepidopteran pests
population effectively. Flubendiamide proved to be highly
effective against leaf folder and was at par with spinosad,
indoxacarb and fipronil [21]. Sekh et al., [22] have also
reported the superiority of flubendiamide 480 SC @ 24 and
30 g a.i./ha against leaf folder on rice. Anon. [23] has
reported the damage suppression efficacy of
flubendiamide (4.4per cent damaged leaf) and spinosad
(4.7 per cent damaged leaf) compared to 11.0 per cent
damaged leaf in untreated control against leaf folder
damage on rice crop. Rynaxypyr 0.4G @ 40 and 50 g
a.i./could effectively control stem borer complex and
increasing grain yield. Kandasamy et al. [24] have
reported the effectiveness of cartap hydrochloride and
cartap for controlling stem borer in rice. Sing et al. [25]
from Punjab, India have stated that fipronil @ 0.045 and
chlopyriphos @ 1.0kg a.i/ha provided effective control to
rice stem borer. Oigiangbe et al. [26] have registered that
both the aqueous and methanolic bio-formulation of
Alstonia boonei imparted significant negative effect on
the life cycle of Maruca vitrata Fab. and Sesamia ca-
lamistis Hamson. Emamectin benzoate is considered an
important component for controlling the rice stem borer,
Chilo suppressalis [27]. Emamectin benzoate has also
showed excellent performance against pests of cotton and
vegetables [28]. Further an alternate to emamectin
benzoate formulation and also ecologically sound for the
effective management of bhendi borers [28].

Ho et al. [29] have reported that neem oil can control
borer menace at vegetative stage. Efficacy of neem oil was
also reported by Dhaliwal et al. [30]. Application of bio-
pesticides during the first crop growth phase at 35 DAT
brings about the mortality of the early YSB larval brood.
This may be due to the anti-feedant activity of bio-
formulations against larval broods [31]. Thus  the  canopy

(NSKEs) have been found to suppress the feeding,
growth and reproduction of insect pests [32].
Consequently the field symptoms of DH and WH are
reduced. Bhanukiran et al. [33] have noted that in in-vitro
condition neem products could effectively control the
activity of maize stalk borer, Chilo partellus larvae. In
field condition, as the insecticide treated larvae became
sluggish they might have been picked up by the birds
which were present in the nearby fields and can easily
invade the crop field due to low canopy compactness at
early paddy growth stages. lepidopteran pests with only
one or two applications of novaluron to yield 89-97%
marketable leaves on collards. Novaluron provides
effective, long-term control of Colorado potato beetle,
Leptinotarsa decemlineata (Say) Cutler et al. [34].

Application of 3% neem oil could effectively
suppress rice borers as suggested by Nanda et al.[35]and
Murugabharathi et al.[36]. Nanda et al.[35] have noted
that NSKE was moderately effective to suppress rice
borers. Ahmed et al. [37] have concluded that neem
formulations were economically prudent to suppress stem
borer menace. Ali et al. [38] have reported that neem oil at
1 ml/100 g seed effectively killed all the pulse beetle grubs
and adults. Amaugo et al.[39] have reported that the
formulation of NSKE could suppress white head formation
at late growth stage of paddy. Sasmal et al.[40] from
Orissa have reported that neem formulation was
moderately to suppress white head in the cultivar Jaya.
Ketkar [41] reported from Pune, India have documented
that 8 ml neem oil when added with 1 kg of grains reduced
the infestation to almost zero in Bengal gram. 

Considering all aspects of the treatments, the [NSKE
(5%)+ emamectin benzoate+ NLE (5%) +clorpyriphos]
combination was the most safe treatment for sustainable
management of the S.incertulas in paddy. This was
followed by the treatment [NLE (5%) + flubendiamide (480
SC)+ NSKE (5%)+ (Deltamethrin 1% +Triazophos 35%)]
and [ NLE (5%) + rynaxypyr + NSKE (5%) +clorpyriphos].
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