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Laboratory measured synergistic suppression of cypermethrin resistance by Pongamia oil (PO) and
piperonyl butoxide (Pbo) and consequent field control

ABSTRACTABSTRACTABSTRACTABSTRACTABSTRACT

The relationship between laboratory measured re-
sistance suppression by Pbo and PO and the cor-
responding level of control achievable with these
synergists in the field at realistic application rates
of cypermethrin (25 EC) were conducted in sets of
field experiments.  In each set cypermethrin was
evaluated with synergists at the recommended field
dose (RFD) (50 g a.i./ha) as well as at 1/3 and 1/
0 RFD.  Pbo was added at 250 g a.i/ha and PO at
1 ml per liter of spray fluid in a low volume spray-
ing system using a mist blower.  The resistance
level was 93.3% before application in the labora-
tory by topical application of DD.  The survival
was reduced to 64.0% by PO and 49.7% by Pbo.
In the field, cypermethrin applied at the recom-
mended dose (50 g a.i./ha) caused a 17.2% re-
duction of the H. armigera larval population 7 DAT.
Co-application of PO and Pbo improved the effi-
cacy and reduced the pest population to 59.0 and
36.3% respectively and the bollworm incidence was
reduced by 43.8, 53.0, 36.5 and 43.0% PO and
25.7, 20.6, 19.6 and 18.8% by Pbo on boll, loc-
ule, interlocule and bad kapas basis respectively.
The laboratory measured synergistic suppression
was 36.6 and 29.1% by PO and Pbo respectively
when compared to 49.0 and 24.1% by PO and
Pbo in the field.

IntroductionIntroductionIntroductionIntroductionIntroduction

Since 1993 resistance monitoring programs, un-
der the NRI-ICRISAT-ICAR co-ordinated program in dif-
ferent locations of India, indicated various levels of re-
sistance to fenvalerate, cypermethrin, quinalphos and
endosulfan (Armes et al., 1994, 1995).  The pyrethroid
resistance was high in all the regions of India moni-
tored and the resistance to other groups of pesticides
was low to moderate.  To contain pesticide resistance a
number of strategies collectively called insecticide re-
sistant management (IRM) have been suggested.  The
use of insecticide synergists (Campanhola and Plapp,
1989a,b; Forrester, 1993; Armes, 1994; Armes et al.,
1995, 1996; Regupathy and Ashokan, 1997;
Regupathy et al., 1999) is one such method (Wilkinson,
1983).

The synergistic suppression of synthetic pyrethroid
resistance by MFO inhibitors in H. armigera popula-
tions in India was reported by Gowda and Regupathy
(1995) and Tamilselvi (2001).  Like Pbo, Pongamia oil
(PO) was found to be a potent MFO inhibitor and sup-
pressed fenvalerate (74.0 to 82.2%) and cypermethrin
(47.5 to 61.4%) resistance (Gowda and Regupathy,
1995 and Tamilselvi, 2001).

To obtain the relationship between laboratory
measured resistance suppression by Pbo and PO and
the corresponding level of control achievable with these
synergists in the field at realistic application rates,  a
chemical, cypermethrin (25 EC), was examined with
Pbo obtained from Endura, Bologna (Italy) and
Pongamia oil (TNAU 80 EC) separately in two sets of
field experiment.

Experimental procedureExperimental procedureExperimental procedureExperimental procedureExperimental procedure

In each plot cypermethrin was evaluated with
each synergist at the recommended field rate
(cypermethrin 50 g a.i./ha) as well as at lower doses.
Pbo was added at 250 g a.i./ha and PO 80 EC at 1 ml
per liter of spray fluid in a low volume spraying system
using a mist blower.  Spray fluid used was 200 l/ha.
The experiments were laid out in a randomized block
design during the 2001-2002 winter cotton season at
the Agricultural Research Station (ARS), Bhavanisagar
with MCU 5.  Each experiment was replicated four times
with a plot size of 40 m2.  The following seven treat-
ments were included in the experiments:

Pest implantationPest implantationPest implantationPest implantationPest implantation
The protocol prepared for Common Fund for

Commodities (CFC) - Natural Resource Institute (NRI),
UK collaborative project was followed.  Eggs/larvae
were from the field were collected from a heavily in-
fested area of Bhavanisagar and reared ona a
chickpea-based semi synthetic diet.  One set was sac-
rificed to assess the existing level of resistance using a
discriminating dose screen of pyrethroids with and with-
out synergists.  Two hundred eggs from the F1 genera-
tion were placed in each sub plot at a rate of two per
plant in the core area of 100 plants in each sub plot.
The site (top leaves or squares) of the placing the egg
was tagged.  Six days after egg placement larval re-
covery was recorded.  Pre-count and spraying was done
approximately 12 days after egg placement - when the
larvae reached third instar (30-40 mg).  Post-counts
were taken two and seven days after treatment.  Two
sprays were applied, one during the early boll forma-
tion period (December 2001) and the other one month
after the first application  (January 2002).

Pest assessmentPest assessmentPest assessmentPest assessmentPest assessment
The population of surviving H. armigera larvae

were assessed before and two and seven days after
application from 100 tagged plants per plot and a cor-
rected percent reduction in mortality was calculated.
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The bollworm incidence was assessed based on dam-
aged bolls, locule, interlocule boring and bad kapas.
At each picking, the total number of bolls and locules
affected by bollworms were counted, and based on
the presence of larvae and boreholes and interlocule
boring, percentage was calculated.  Bad and good
kapas were separated and weighed.  The ratio of bad
kapas to good kapas were expressed in terms of per-
centage (W/W basis).  The seed cotton yield in each
plot was weighed separately in each picking for up to
four pickings and theresults were averaged.

Results and DiscussionResults and DiscussionResults and DiscussionResults and DiscussionResults and Discussion

Larval populationLarval populationLarval populationLarval populationLarval population
Cypermethrin + PO  Cypermethrin + PO  Cypermethrin + PO  Cypermethrin + PO  Cypermethrin + PO  The larval recovery before

first application was 90.5 to 95.5 per 100 plants out of
200 implanted eggs.  The recommended dose (RD) of
cypermethrin caused a 17.41 percent reduction 7 DAT.
At lower doses, the reduction was still less.  However,
co-application of PO at recommended dose of
cypermethrin effected maximum reduction of 57.85
percent 7 DAT.  However, at 1/3 RD, the reduction was
only 24.24 percent (Table 1).  The resistance level of
the spray- survived F1 population was 95 percent when
compared to 93 percent before application.  Co-appli-
cation of PO reduced the percent resistance to 57%
before application and 64% in survivors.  The larval
recovery before the second application ranged between
91 and 94% per 100 plants.  An application of
cypermethrin at the recommended dose caused a 16.98
percent reduction 7 DAT.  At 1/10 and 1/3 RD the re-
duction was still less; the extent being 7.35 and 9.29
percent.  Co-application of PO caused a 33.29 per-
cent reduction at 1/3 RD and 59.99 percent at the rec-
ommended dose.  The resistance level of the spray-
survived F1 population was 96.7 percent when com-
pared to 93.5 percent at the recommended dose.  PO
suppressed cypermethrin resistance by 58.03 percent
prior to application and 66 percent in the population
that survived the spray.  Earlier, when PO was used in a
tank mix with cypermethrin and fenvalerate effected
reduction in the H. armigera larval population in both
redgram and chickpea; the extent was 70-72 percent
in redgram and 87 to 90 percent in chickpea (Gowda,
1996).

Cypermethrin + Pbo  Cypermethrin + Pbo  Cypermethrin + Pbo  Cypermethrin + Pbo  Cypermethrin + Pbo  The larval recovery prior
to the first application was 94 to 97 per 100 plants.
The recommended dose of cypermethrin resulted in only
a 16.06 percent reduction.  At lower doses the reduc-
tion was still less.  However, co-application of Pbo at
recommended dose caused a 36.25 percent and at 1/
3 RD 15.62 percent reduction 7 DAT (Table 2).  The
resistance level was 94.8 percent in the spray-survived
F1 population while it was 91 percent in the unexposed
population.  Pbo suppressed cypermethrin resistance
by 40 percent prior to application and 49 percent in
the exposed population.  The larval recovery before
the second application was in the range of 98 to 101
per 100 plants.  The application of cypermethrin at the

recommended dose caused a 13.85 percent reduction
while co-application of Pbo with recommended dose
of cypermethrin caused a 36.28 percent and at 1/3 RD
caused a 13.73 percent reduction 7 DAT.  The reduc-
tion was still less at 1/10 and 1/3 of the recommended
dose; the extent being 3.92 and 8.05 percent.  The
resistance level of the spray-survived F1 population was
95.10 percent when compared to 91.70 percent be-
fore the spray application.  The co-application of Pbo
reduced percentthe percent resistance to 42 before ap-
plication and 49.7 in survivors.  This is in conformity
with the earlier reports.  The addition of Pbo signifi-
cantly improved the kill of H. armigera over Lambda
cyhalothrin (LCH) (18 ha/ha) alone.  At higher rates
(270 ha/ha), Pbo gave longer residual action than the
lower rate (144 ha/ha).  Two days after spray LCH alone
gave only 5 percent kill, while the addition of Pbo im-
proved the kill to 28 and 52 percent at low and high
rates, respectively.  By six days post spray, the low rate
was ineffective but high rate gave reduced control (20%)
(Forrester et al., 1993).

Bollworm incidenceBollworm incidenceBollworm incidenceBollworm incidenceBollworm incidence
The bollworm incidence was assessed based on

the boll damage, locule damage, interlocule boring
and bad kapas basis.

Cypermethrin + PO  Cypermethrin + PO  Cypermethrin + PO  Cypermethrin + PO  Cypermethrin + PO  The mean bollworm inci-
dence in the untreated controlcontrol was 18.58, 14.55,
6.70 and 15.56 percent on boll, locule damage,
interlocule boring and bad kapas basis, respectively
(Table 3).  The incidence in plots treated at 1/10 RD of
cypermethrin was comparable to that in untreated
controlcontrol.  At the recommended dose the incidence
was reduced by 33.71, 20.57, 21.85 and 13.94 per-
cent in the respective damage types compared to the
untreated controlcontrol.  Co-application of PO resulted
in a synergistic action, resulting in effective controlcontrol
of the pest.  The efficacy was improved by 15.8, 5.5,
6.6 and 5.2 percent at 1/10 RD, by 30.8, 28.9, 24.7
and 35.7 percent at 1/3 RD and by 43.8, 53.0, 36.5
and 43.0 percent at the recommended dose over cor-
responding dosages of cypermethrin alone.  The addi-
tion of PO with 1/3 RD dose was more effective than
the recommended dose of cypermethrin alone.

Cypermethrin + Pbo  Cypermethrin + Pbo  Cypermethrin + Pbo  Cypermethrin + Pbo  Cypermethrin + Pbo  The mean bollworm inci-
dence in the untreated controlcontrol was 16.87, 11.99,
6.81 and 15.61 percent on boll, locule damage,
interlocule boring and bad kapas basis, respectively
(Table 4).  The incidence was comparable with plots
treated at 1/10 RD.  At the recommended dose the
incidence was reduced by 25.57, 23.75, 21.40 and
12.22 percent in the respective damage typescompared
to the untreated controlcontrol.  Co-application of Pbo
improved the efficacy by 5.7, 1.3, 3.6 and 2.7 percent
at 1/10RD; 14.2, 8.5, 12.5 and 8.2 percent at 1/3 RD
and 25.7, 20.6, 19.6 and 18.8 percent at recom-
mended dose compared to the corresponding doseages
of cypermethrin alone.  Two applications of
cypermethrin (0.09 kg a.i./ha) with Pbo (1.12 kg a.i./
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ha) significantly reduced numbers of tobacco budworm
larvae and damaged squares compared to treatments
with cypermethrin alone (Martin et al., 1997).

YieldYieldYieldYieldYield
The seed cotton yield of the untreated

controlcontrol was 893.8 and 818.3 kg/ha in the two
experiments involving cypermethrin (Table 5).  The ap-
plication of the recommended dose of cypermethrin
increased the yield to 1062.5 and 1081.0 kg/ha.  The
yield increase was negligible at 1/10 RD, less (3.4 to
7.1%) at 1/3 RD and significant (58.3 to 65.5 percent)
at RD compared to the untreated controlcontrol.  The
addition of the synergist PO/Pbo improved the yield
significantly at 1/3 RD (16.3 and 16.1%) and RD (39.2
and 19.8%) compared to their corresponding doses of
cypermethrin alone.  The maximum yield obtained was
1479.0 kg/ha in the plots that received the application
of cypermethrin at recommended dose with PO fol-
lowed by cypermethrin at recommended dose with Pbo
(1295.0 kg/ha).
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TT TTTable 2.
able 2.
able 2.
able 2.
able 2.

Synergistic action of Pbo w
ith cyperm

ethrin on III instar larvae of H
. arm

igera  in cotton field (I and II applications) 1.
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TT TTTable 4.
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TTTTTable 5.able 5.able 5.able 5.able 5. Effect of cypermethrin with synergists on seed cotton yield on winter cotton (2001-2002).




