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Sequential application of insecticides for management of leaf eating caterpillar,
Spodoptera litura (Fabricius) (Lepidoptera: Noctuidae) in bi_q_;l_‘i___tobaccp nursery
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zed block design at Bidi Tobacco
f 1 Ste uate the sequential applicatjon of
ingeeticidey fof ﬁ‘ma'ﬁé'ge‘ﬁ-reﬁt‘-‘é'ﬁlééf eating catérpillar, S. fitura. In tobaccg nursery, use of neem seed kernel
extratt (NSKE) ' (5009' 10° L'¥'waite)i At the ‘tineé of 30-35 days after seéding (DAS) followed by ‘any of the
fecommended insetticidesiie: chlorpyrifos 50 % + Cypermethiin 5 % EC at'0.055 % (10°mL 10'L " watér, 275 g
a.i/ha) oremamectin benzoate 5 % SG at 0.0025 %:(5g 10 L "\ater, 125 g'a'i/ha) or “chibrpyrifos 20% EC at 0:04
% (20 mL 10 L water; 200.g:a/i/ha) or quinalphos 25 % EC at0.05% (20 ML 10" Watsr, 250 g'.ilhia)45 DAS for
effective and economical management of leaf eating caterpillar, S: Jifuirg, * =4 /=« @18 Mo o = BREERE i
In an experiment in laboratory with same insecticides used for field’ @xpefitent ware’evaluated in completely

i Vi

randomized design for rélative efficacy in order of the persistent toxicity! THeHighesttoxicity upto ten days was

registered in ‘cHolfpyripfios 50% + &ypEifiethrifi 5% EC followed by emarmectinibénzoate.5% 'SG;-quinalphos
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An expefiment was cafried dlit fortwo yéars (2017248 and 2018-19) in rando

Reséarch Station, AnandiAgricultural University, Anand, Gujarat,(india) to eval
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25% ECand: c’ﬁlt’iﬁﬁ}?’fifd“s?’ﬁ“/o’-'EG’.THENSF(’E‘-“@-S% registered leastpersistencetoxicity:» .0 ; Llo0s .
T TENT BB A0 B Vi R UONY TS oe e e ot ket @t 200 BRR e Hiose Tot nateg L,
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Tobacco, Nicotiana tabacum’1®™is"dne’ of ‘the as schedule spray (2 sprays, first at 30 DAS followed
important commercial crops grown in about 4.5 lakh, . by 45 DAS) along wi_lh,spgygntiallsprgy_l of NSKE 5

hectares which is about 0.23% of cultivated land'in '~ "% at 30'%4fid “45 DAS iffier martéctin benzoate 5

India. India is the third largest producer of tobacco % SG or chlorpyrifeé 20 % EC or quinalphos 25 %
leaf in'the world. Among the 13 growing states in the EC or chlorpyrifos 50% + cypermethrin 5% EC. Leaf

countryAndhra Pradesh, Gujarat, Uttar Pradesh and eating caterpillar, S. litura is an. important pest
Karnataka are major tobacco growing states (Patel worldwide and is exposed to insecticides throughout
et al., 2019). Tobacco is also fairly important as an the year, resuiting in the rapid development of
economic activity. in India, its production and sale resistance to organophosphorus compounds ' like
directly or indirectly involve 7 million workers, and quinalphos and chlorpyrifos '(Ahmad et al., 2008).
tobacco contributes roughly 2 per cent of central tax The experiment was planned with a'view to evaluate
revenué {(John et'dl., 2010). The tobacco caterpillar, the efficacy and economic§df sequential application
S. lituré is a polyphagous regular pest of tobacco, of insecticides against’s: ‘litura under“hursery
which has high mobility and reproductive capacity condition and thereby rediicing total cost and delay
(Holloway, 1989). The damage varies from 3to 17 % the developmentofresistance. !
o

in the tobacco nursery and under favorable q wdine
conditions this loss may extent about 80 % which "' ' o “'MATERIALS'AND'METHODS =Moo
leads to wiped out-entire nursery (Chari and Patel;’! /"' i o slhagd A SL00 T oot o

1972)!'The insecticides recommended by Central)!i ;-
Insecticide Board ™ (Anon., 2020c) for control of
lepidopteran insect pest are viz., emamectin
benzoate 5 % SG(Bhatt et al., 2018), chlorpyrifos 20

% EC, guinalphos 25 % EC and chlorpyrifos 50% +
cypermethrin 5% EC were used for experimentation
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Testinsecticides "' " v

Emamectin benzoate 5 SG, quinalphos:25/EC,
chlorpyrifos 20 EC, chlorpytifos 50% + cypermethrin
5% were purchased from local marketandused. .
For NSKE, sufficient amount of heem (Azadirachta
indica Juss) seeds was collected and kernels;were
:Assistant Research Scientist, *Associate Research Scientist, separated from seeds then NSKE 5% spray solution
Research :Scientist, Bidi Tobacco Research Station, Anand prepared by soa king kernels overnjght in water (500
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insecticides applied, chlorpyrifos 50 % + percentage constituted the residual toxicity 'T'. The
cypermethrin 5 % EC at 0.055% (10 mL 10 L™ water, product of 'P' x 'T" was calculated. Based on the 'PT'
275 g ai ha' ), emamectin benzoate 5% SG at ' value the order of relative: efficacy (ORE) was
0.0025% (59 10 L water, 125 g a.i ha”),  worked out. Here, greater the 'PT' value, better was

chlorpyrifos 20-% EC at 0.04% (20 mL 10 L" water, - the treatment. The procedures of Saini (1959) which
200 g a.i ha")and.quinalphos 25 % EC at 0.05% (20 was elaborated further by Pradhan (1967) and Sarup

mL10L " water,250ga.iha™). etal, (1970) were adopted to calculate the per8|slent
toxicity.

Test Experiments : _

Field experiment Statistical analysis '

Field experiment was carried out in nursery at Bidi The data were analyzed as per ANOVA following

Tobacco Research Station, Anand Agricultural”  appropriate’ transformation as suggested by Steei

University, Anand for two years (2017-18 and 2018- and Torrie (1960)

19)during kharif season in randomized block design '

with the eight treatments_(Table 1) in addition to " R”ESULTS AND DISCUSSION

control (water spray) and absolute cohtrol (nospray).”

The size of bedwas 1.2 x 1.2m and seedmg withcv. Management of |eaf eating caterpillar

A 119 variety of ‘bidi tobacco was done. The™
insecticidal treatments were |mposed at initiation of
the pest i.e. :30 and 45 days after’ seedlng (DAS).

The data on evaluation of scheduled spraying of
msechmdes for the management of leaf eating

caterplllar S. hrura infesting bidi tobacco.is
Volurie of spray used was 500 L ha": Observations ' presented in Table 1. The results revealed that

on germination count were'taken at 10 DASWith the " ... germination counts-were-non-significant-in-the year

help of 10 quadrates (25 cm®) from each bed. 2017-18, 2018-19 and pooled indicate that uniform

Healthy and-damaged seedlings.were--counted: at growth of Seedllngs beforg impose of the freatments.
each pulling andinally total number of damaged and Al the Nnsedtididal treatmenfs (T, to T,y were
healthy transplantable: seedlings was. worked-out. mgmfcahtly SUp&I‘IOI’ OVer the control (T & Tm) for
Incremental-cost-benefit ratio (ICBR) i.e. netigain.in managlng the s%edhn‘g damage “The minimun per
rupees per-rupee’ “costof insecticidal'treatment was dent da‘ma éd seedlmgs ranged from18:30 6 19.29
calculated:.by dwldmg net- galn Wlth thE*.COSt of 0/0«(2017 1’8) 0B 42'to 35 97 % (2018: 19) and 22:23
treatment.~ .. - - o SO to 26.67 % (pooled) were régistered inthe treatment

scheduléd’ (T; to-T,)-with two sprays‘at-30 and- 45
Nursery cum laboratory.- o' dtte, - Buspeiuen s DAS of-'syntheétic‘insecticides. “The next -best
With ‘a view to.determine:.persistent .toxicity: of sequence (T,to T,) for percent damaged seedling
insecticides a nursery cum laboratory experlmenl . . was ranged from 24.98 to 25.94 % (2017-18), 28.21
was carried out.The insecticides mentioned.in table” " 1935 57-% (201 8-19). and.26.57.t0 30.66%. (pooled),
2 were applied to tobacco, nursery. (at 30;days old 1,izcwhere first spray. of botanicals with NSKE 5% at 30
seedlings) in separate beds at 1% 5"and 10™day. "~~~ DAS and second spray of any synthetic insecticide
After 11" day -of appllcatlon fequrE‘d number Of ~ either, emamectin benzoate 5 % SG or chlorpyrifos
tobacco seedlings’were pulled out'from each bed'' 20 % EC or quinalphos 25 % EC or cholrpyrifos 50%
and kept separate, of total 12 beds. These seedlings ' + cyperrnethrm 5% EC at 45 DAS was madde. The

were'broughtto the laboratory for experimentation in- - maximum (> 54%) damaged seedlings were notlced
completely randomized design. These insecticidal. in both control (T,and T,,).

treated seedlings were keptin a plastic bowl (10 cm; .
diameter x 6.5 cm deep) separately and ten larvae of Effecton healthy transplantable seedlings .+
third instar were released allowed to feed on it. - The data on total number of healthy transplantable
Insecticidal treated seedlings kept in bowl covered seedlings per bed on evaluation of schedule
with muslin cloth. The observations oh.the mortality spraying of msectlcudes for the - managemeqt ofS.
were recorded after24 hours of release? The per cent liturainfesting bidi'tobacco i preSented in Table 1. Al
mortality was corrected by using: Abbott's:formula thé 'insecticidal treatrments (T, to Ty)" were
(AbbettA925) 1netiin it B S0 ' signifi cantly superlér over'the control (T, & T,,) in
The-number of days for which; the toxicity perslsted regléiering‘ the maxlmum total number ! Ftealthy
was recorded as 'P'. The average of the mortality transplantable seedllngs The maxumum num‘be: Qf
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healthy transplantable seedlings were in the range of
752 to 755 (2017-18), 475 to 623 (2018-19) and 615
to 693 (pooled) in the treatment (T, to T,) scheduled
with two sprays at 30 and 45 DAS of synthetic
insecticides. Numerically, the next best sequence of
the treatments (T, to T,) registered total number of
healthy transplantable seedling in the range from
633 to 665 (2017-18), 483 to 650 (2018-19) and 574
to 641 (pooled), where first spray of botanicals with
NSKE 5% at 30 DAS and second spray at 45 DAS of
any synthetic insecticide either, emamectin
benzoate 5% SG or chlorpyriphos 20% EC or
quinalphos 25% EC or cholrpyriphos 50% +
cypermethrin 5% EC at 45 DAS were made.
Minimum (< 500) number of healthy transplantable
seedlings were noticed in both control (T, and T,;) in
the year2017-18, 2018-19 and pooled.
More or less similar results by Chaudhary and
Shrivastava (2007) reported that quinalphos
(0.04%) application was proved to be most effective
followed by the application of Neem Seed Kernel
Extract 5 % + Neem Leaf Extract 10 % reduced the
maximum larval population. Among the neem
products tested, NSKE 5 % showed the highest
larval mortality of 40%. Insect growth regulatory
effect was recorded in the NSKE 5 % (Razak ef al.,
2014). All three insecticides, indoxacarb, methomyl
and chlorpyriphos, had non-significant difference
among themselves in reducing the larval population
of H. armigera and Spodopteraspp.at3,5,7 and 15
days following the application of the insecticides in
Tobacco (Ahmed ef al. 2004). Emamectin benzoate
5% SG found effective and economical for the
control of leaf eating caterpillar infesting bidi tobacco
seedlings (Bhatt et al., 2018). The cypermethrin +
chlorpyrifos mixture was significantly more toxic than
cypermethrin + profenofos and cypermethrin +
fipronil (Ahmad et al., 2008).

Persistent toxicity

The persistent toxicity for each insecticide was also
worked out and presented in the Table 2. In
persistence studies, there was reduction in the
mortality of larvae as the time increased. The
combination of cholrpyriphos 50% + cypermethrin
5% EC (911.1) registered highest persistence
toxicity (PT) followed by, emamectin banzoate 5%
SG (799.9), quinalphos 25 % EC (744.4) and
chlorpyrifos 20% EC (699.9) leads to prophylactic
control up to 10 days against cut worm, Agrotis
ipsilon Hufnagel, stem borer Scrobipalapa heliopa
Lower and leaf eating cater pillar Spodoptera litura
(Fabricius) after transplanting of bidi tobacco
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seedlings in field. In order of relative efficacy (OER)
of the insecticide based on PT was, cholrpyriphos
50% + cypermethrin 5% EC > emamectin benzoate
5% SG > quinalphos 25% EC > chlorpyrifos 20%
EC. The NSKE @ 5% registered less than 50%
mortality of leaf eating caterpillar on 1 day after
treatment with minimum persistence toxicity.

Our above results were in close proximity with
Thibaud et al. (2003) revealed that in the resistant
strain, the organophosphorus insecticides
significantly increased the toxicity of pyrethroids
suppressing the resistance effect, either by additive
or synergistic effects. Chlorpyrifos, profenofos and
fipronil could be used in mixtures to restore
cypermethrin and deltamethrin susceptibility. These
findings may have considerable practical
implications for S. litura resistance management
(Ahmad et al., 2008). Emamectin benzoate 5 % SG
@ 0.0025% and chlorfenapyr 10 % SC @ 0.01%
were the most persistent insecticides, which gave
cent per cent mortality of S./itura till 6 DAS in tobacco
nursery (Sreedhar, 2010).

Economics

The economics worked out for the different
treatments are presented in Table 3. The maximum
ICBR worked out was 1:127 and 1:107 for the
schedule of spray of chlorpyrifos 50% +
cypermethrin 5% EC at 30 and 45 DAS (T,) and
NSKE 5% @ 30 DAS & chlorpyrifos 50% +
cypermethrin 5% EC (T,) respectively. The cost of
insecticides were comparatively less in a treatment
sequences with NSKE 5% at 30 days and synthetic
insecticide either chlorpyrifos 50% + cypermethrin
5% EC or emamectin benzoate 5% SC or
chlorpyrifos 20% EC or quinalphos 25% EC rather
than single synthetic insecticidal spray scheduled at
30and 45 DAS.

The insecticide mixtures may offer benefits for
Insecticide resistance management when
appropriately incorporated into rotation strategies
with additional modes of action (Anon., 2020a). The
Mode of Action (MoA) describe by Insecticide
Resmtar_]ceAction Committee (IRAC)for chlorpyrifos
and quinalphos belongs to organophosphurus
(Group 1B) which is Acetylcholinesterase (AChE)
inhibitors and cypermethrin have its place in to
pyrethroid (Group 3 Sodium channel modulators)
For NSKE (Azadirachtin) as antifeedant. Emamectin
benz_oate inhibits muscle contraction, causing @
continuous flow of chlorine ions in the GABA and H-
Glutamate receptor sites (Group 6 Glutamate-gated
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Table 1 Evaluations of schedule spraying of insecticide on Spodoptera fitura (F) infesting tobacco nursery

Treatment Detail Germination count 25 cm?2 Damaged seedlings (%) Total number of healthy
transplantable seedlings bed-1
2017-18 2018-19 Pooled  2017-18 201819 Pooled  2017-18 2018-19 Pooled
T1 NSKE 5% @30 DAS & 1197 1196 1197 3063 3293 3178 665 608 637

T2 NSKE 5% @ 30 DAS & 1183 1080 1132 3042 3622 3332 660 533 597
Chlorpyrifos 20% EC @ (2563)  (3491) (30.17)
45DAS

T3 NSKE5%@30DAS & 1153 1203 1178 3062 3661 3362 665 483 574
Quinalphos 25% EC @ (25.94)  (3557) (30.66)
45 DAS

T4 NSKE 5% @ 30DAS & 187 1276 1232 29.99 3208  31.03 633 650 641
Cholrpyrifos 50% + (24.98)  (28.21) (26.57)
Cypermethrin 5% EC

T5 Emamectin5% SG@30 1183 1083 11.33 26.06 3275 2941 755 575 665
DAS & Emamectin (19.29) (29.271) (24.11)
5% SG@ 45 DAS

T6 Chlorpyriphos 20% EC @ 30 1060 1047  10.54 25.83 3564  30.74 755 475 615
DAS & Chlorpyrifos 20% (18.98)  (33.95) (26.13)
EC @ 45DAS

T7 Quinalphos 25% EC @ 11.80 1196 11.88 2558 36.85 31.22 754 533 643
30 DAS & Quinalphos25% (18.64)  (35.97) (26.67)
EC @ 45DAS

T8  Cholrpyrifos 50% + 173 1157 1165 2533 30.93 28.13 752 633 693
Cypermethrin 5% EC @ (18.30)  (26.42) (22.23)
30 DAS & Cholrpyrifos
50% + Cypermethrin 5%
EC @ 45 DAS

T9  Control (Water spray) 1.77 13.07 1242 48.81 50.58 49.70 498 350 424

(56.63)  (59.68) (58.17)
T10 Control (No spray) 1320  1.03 1212 4997 4767  48.82 491 341 447
(58.63)  (54.65) (55.35)

SEmz+ 0.84 0.73 0.44 0.64 2.27 2.02 28.50 40.62 41.38
CD @ 5% NS NS NS 1.9 6.73 6.46 84.69 121 132
CV% 1232 1085 10.35 344 10.65 8.30 7.44 1357  10.28

*Arc sin transformation. The values given in parenthesis are retransformed values.
Note: First spray was be given @ 30 Days after sowing (DAS) and second spay @ 45 DAS.

Table 2 Persistence toxicity of synthetic insecticides against S. litura in bidi tobacco nursery

Insecticides % mortality of 8. litura in laboratory P T PT OER
1DAS 5DAS 10DAS

Chlorpyrifos 50% + Cypermethrin 5% EC 96.67 93.33 83.33 10 91.11 911.1 1

Emamectin banzoate 5 SG 9000 7666 73.33 10 79.99 799.9 2

Chlorpyrifos 20 EC 8333 6333 63.33 10 69.99 699.9 4

Quinalphos 25 EC 86.67 7000 66.67 10 7444 744 4 3

Neem 5% 46.33 - - - . 5 5

SEm# 3.85 732 5.64

CD @ 5% 1150 2203 16.93

CV % 778 1953 15.87

DAS = Days after spray, P=Period of toxicity persistence (days), T=Mean per cent mortality, PT= Persistence
toxicity, OER= Order of relative efficacy
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Table 3 Economics of effective treatments
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Total cost '-':"'-"‘r'-'T_olai"-"-J"E",""97055 Nef gain Reaii_."-z:
) Zation

o Quanttyof ~ Costof . & _ o
freaimen insecticide  insecticide of - transplantable income  over - _.ovgr R
require - (Rs.litoror treatment seedlings (TP)" control  coritrg]+ .+
; (itorkgha’  kgha') . +labour  @7000sqmt (No. of |
No. Detai ;o charge . .~ TPha')
T, NSKE 5% @30DAS & 25+0.250 926 2798 B4 ?ﬁoaoo 1222 WTEF“
Emamectin 5%SG @ 45 DAS TE -
T, NSKE5% @30 DAS & 25 +1.000 436 2308 3425 R 685000 -~ _993_ r 19830[] s 136
ChlorpynfosZﬂ“anC@‘lS 5 = L (A i o B e B ) Nk e
DAS .
Ty NSKES5% @30DAS & 25 +1.000 626 2498 3293 656600 861 172200 15
Quina1phos 25%EC@45 =i Sinioil ehone _l_":._(l \ o Bifemy et o [ F
i e DY A s i S s e . et o e -—-m—-—.-- e i S e S
T, NSKE5%@30DAS &  25+0500 451 2323¢ T T3400 1245 249000 ety
~ Cholpyrifos 50% + - : _ SN
CypememﬁHS%Ec ¥ e - hds ‘I\_:'JI TR PR o
Ts  Emamectin5%SG@30DAS 0500 1500 372 3815 763000 1383 138300 iy
& Emamectin 5%SG @45 o '
DAS - )i - ; ¢ : .
T Chlorpyrifos 20%EC @ 30 2,000 520 2392 3528 - 705600- * 10967~ =219200:. 191,
DAS & Chiorpyrifos 20%EC - fRiALY) grinlg e 4 un
@45DAS . - L ebea
T - Quinaphos25%EC @30 - -~-2000— - - 900 - 2772~ 3689 - - 737800- 1275 251400 - 190
DAS & Quinalphos25%EC £ - s Pl i
@45DAS { Thay e TN Vg
Ts Cholrpyrifos 50% + 40007777880 24227 U976 7950007 1544308800 AT
Cypermetirin 5% EC @ 30 | 2 St A R TR ST R
DAS & Cholrpyrifos 50% + - e SY g e
Cypermethrin 5% EC @ 45 dh i "
DAS

Ty Control (Water spray) D

Tiw Control(No spray)

! :"r'L‘Ir:."i',l. I'.‘i_."i"'; G, TRIT 'r.-ll,n wp YD
w2082 Caow 486400 cst ks b sl e

L O T

chloride channel allosteric modulators, Nerve and
muscle action) (Anon., 2020b). A key. element of
effective resistance management is the .use of
alternations, rotations, or sequences of different
insecticide MoA classes. Users should avoid
selecting for resistance or cross-resistance by
repeated use within the crop cycle, or year after year,
of the same insecticide or related products in the
same MoAclass (Anon., 2020a).

CONCLUSION

The bio efficacy of the recommended insecticides
remains at par with each otherin the treatment of two
sprays with same synthetic insecticides @ 30 & 45
DAS. The sequential spray with NSKE 5% @30DAS
coupled with synthetic insecticides @ 45 DAS were
equally effective. Among the recommended

insecticides, use of neem seed kernel extract (5009
10 L" water) at the time of 30-35 days ater seeding
followed by any 'of the synthetic insecticide at 49
days after ‘'seeding, helped in' delaying }he
development of resistance in leaf eating CﬁtQFP'"ari
S. litura. The cost of single synthetic insecticides 2
30 and 45 DAS was more as compared sa®
insecticide coupled with NSKE 5 % @ 30 DAS. T
field cum laboratory with same insecticides Sugd® 3
that in order of relative efficacy of the '!‘sect'i-
based on PT was highest in cholrpyriphos 50 in
Cypermethrin 5% EC followed by _emamée
benzoate 5% SG, quinalphos 25% EC &
chlorpyrifos 20% EC. The toxicity of NSKE @ U
only persisted up to one day by registering

50% mortality of testinsect,
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