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The insecticide susceptibility of Helopeltis theivora Waterhouse (Hemiptera: Miridae) is being
evaluated using shoot and glass-vial assay as described by IRAC. However, the reliabil-
ity of the assay depends on feeding preference and contact toxicity. Hence, the cocoa pod
was used as a substrate to test the susceptibility of H. theivora in comparison with existing
methods. The experimental results revealed that the LCs, value of all of the insecticides was
relatively lower in the pod bioassay than the other two methods and exhibited maximum
mortality within 6 hr of post-exposure. Among insecticides, fipronil was the most effective
molecule followed by lambda-cyhalothrin. H. theivora, which prefers to feed on a pod due
to more tissue turgidity, thus facilitated adequate sap ingestion; whereas, these were limited
in shoot and glass-vial bioassays. Therefore, it could be used as a methodology to determine

the susceptibility of H. theivora against a wide range of insecticide molecules.
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Introduction

Tea mosquito bug (TMB) (Helopeltis spp.) (Hemiptera: Miri-
dae) is one of the serious pest on important agricultural, horti-
cultural, and plantation crops like tea, cocoa, cashew, cotton,
guava, eggplant and other crops in India.!® It causes economic
losses up to 25-40% in tea,” 35-60% in cocoa® and 30-50% in
cashew”; however, the crop loss due to Helopeltis sp. may extend
up to 100% under epidemic situations.*”” Under changing cli-
matic scenarios, the pest complexities are increasing and respon-
sible for huge economic losses in crop-based ecosystems.®!”
However, expanding the host range for TMB from one crop eco-
system to another including weeds is a major concern; hence,
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they could multiply and survive even during off-season.!!)

Three species of Helopeltis are widely present in India, includ-
ing H. theivora Waterhouse, H. antonii Signoret, and H. bradyi
Waterhouse; however, normally they do not overlap each other
and occur on specific crops at particular stages.” However, all
three species of tea mosquito bug have been reported on cocoa
and are responsible for causing potential damage both in qual-
itative and quantitative parameters; of these, H. theivora is the
dominant species on cocoa followed by H. bradyi in India.'?
Both nymphs and adults suck the sap from tender shoots, che-
relles and mature pods by inserting their proboscis which ap-
pears as discolored, necrotic lesions around the point of feeding.
Damage on shoots results in a die-back appearance; whereas, on
pods, it appears as dark circular lesions with cankers and gradu-
ally it become hardened with scars. A heavy infestation could re-
sult in pod malformation and premature drop; this pest occurs
throughout the year, but the population reaches its peak during
pre and post-monsoon season on cocoa.!»?)

Management of hemipteran insects was quite difficult and
involves various approaches including cultivation of resistant
genotypes, use of bio-control agents and application of various

13,14

insecticide molecules.’*'¥) In fact, insecticide application is the
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primary resort to control TMB in many economically impor-
tant crops due to its potential economic damage in a short pe-
riod. However, intensive application of insecticides raises con-
cerns about the development of resistant populations of TMB
and limits the effectiveness of recommended insecticides for its
control.!>19 As a result, farmers switch to new molecules with
unique modes of action over conventional insecticides.'” With
the extensive use of these novel molecules against TMB manage-
ment, the relative susceptibility and bio-efficacy of these insec-
ticides in the laboratory need to be evaluated before large-scale
application at the field level. It includes development of appro-
priate testing methodologies to determine the toxicity of insecti-
cide against TMB. Presently, leaf/shoot dip and glass vial bioas-
say methods are widely used to evaluate the toxicity of insecti-
cides for mirid bugs.'® However, there are some constraints in
these methods; in the leaf dip method, the succulence and tur-
gor pressure of leaf tissue is quite shorter; whereas, the reliabil-
ity of glass vial assay depends on the movement of the insect on
the treated surface (cuticular contact toxicity) without a feeding
option. Furthermore, the choice of bioassay should be compat-
ible and correspond to the feeding nature of an insect. In cocoa,
the feeding affinity of TMB is highly skewed towards pods than
leaf/shoots.'? Additionally, cocoa pods can sustain turgidity for
a longer time and facilitate adequate ingestion of sap for fragile
feeding insects. With this background, we felt a need for com-
parative analysis to determine the consistency between various
bioassay methods for representative insecticides used to control
of TMB.

Materials and methods

1. Insect collection and maintenance

The nymphs and adults of TMB were collected from the in-
fested cocoa garden of the ICAR-Central Plantation Crops Re-
search Institute, Research Station, Vittal (12°45N, 75°4 E) with
a fine brush (Cramlin No. 1), transferred into 20mL glass vials
(BOROSIL®) and brought to the laboratory. Species-level iden-
tity of H. theivora was confirmed using the keys as described by
Stonedahl (1991). The population of H. theivora was released
into the glass rearing cages (50X50X50 cm); maintained at 27
2°C, 60£65% RH and a photoperiod of 16:8 (L:D) hr in the
laboratory. Tender cocoa shoots dipped in 10% sugar solution in
a glass vial and green cocoa pods (30-40 days old, 100-150g)
were provided as food substrates. The adults of H. theivora were
maintained separately in a custom-made wooden cage with a
glass top (40X40X40cm) for mating and oviposition. The cage
consists of a 20cm diameter opening on the front side covered
with sleeve cloth for insect handling. Cocoa shoots and pods
were replaced regularly. Oviposited shoots/pods were trans-
ferred to new cages for emergence of nymphs and maintained
the population from generation after generation using same
feeding substrates. We used third to fourth instar nymphs from
the established colony for insecticidal bioassay studies.

2. Insecticides used for the bioassay studies

Eight insecticide molecules belonging to different chemical
groups with six different concentrations were used in this study.
These includes: Thiamethoxam 25 WDG (Actara, Syngenta
India Ltd.) at 25, 50, 100, 200, 400, 800; Emamectin benzoate
5 SG (Proclaim, Crystal Crop Protection Ltd.) at 10, 20, 40, 80,
160, 320; Pymetrozine 50 WG (Chess, Syngenta India Ltd.) at
50, 100, 200, 400, 800, 1,600; Lamda cyhalothrin 5 EC (Karate,
Syngenta India Ltd.) at 10, 20, 40, 80, 160, 32; Clothianidin 50
WDG (Dantotsu, Sumitomo Chemical Ltd.) at 50, 100, 200, 400,
800, 1,600; Fipronil 5 SC (Regent, Bayer Crop Science Ltd.) at 5,
10, 20, 40, 80, 160; Spirotetramat+Imidacloprid 240 SC (Moven-
to, Bayer Crop Science Ltd.) at 10, 20, 40, 80, 160, 320 and Aza-
dirachtin 0.03% (Nimbicidine, T Stones & company Ltd.) at 250,
500, 1000, 2000, 4000, 8000 mga.iL™, respectively.

3. Bioassays

Pod bioassay: Green cocoa pods (30-40 days old, 100-150g)
were collected from the cocoa garden at the Research Station,
washed with running water for 10sec and air dried under a ceil-
ing fan. Insecticide stock solution was prepared with 0.1% Tri-
ton-X 100 in distilled water and six serial dilutions were made
for each insecticide with six different concentrations. The pods
were immersed in the corresponding solution for 15sec and
air-dried at room temperature by placing them on butter paper.
Each pod pedicel was wrapped in cotton moistened with 10%
sucrose solution to prevent dehydration and deterioration (Fig.
1). Treated pods were placed inside the insect breeding dishes
(Himedia, 72X72X100mm) and kept in a custom-made plexi-

Fig 1. Insecticide toxicity bioassay for H. theivora (a) Pod, (b) Shoot and
(c) Glass vial bioassay.
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glass cage with sleeves (40X40X40cm). About 10 nymphs
(third to fourth instar) were released on each pod with four rep-
licates for each treatment. The pods treated with distilled water
alone were used as control.

Shoot bioassay: Tender cocoa shoots were obtained from
6-month-old cocoa seedlings that were grown in the greenhouse
and trimmed with fine scissor leaving only the top 3-4 leaves.
The trimmed shoots (5-6 cm in length) were immersed in cor-
responding dilution for 15sec, placed on butter paper and al-
lowed to dry at room temperature. Treated shoots were placed
inside the glass vial (Himedia, 5mL) containing 10% sucrose
solution and kept inside a cage. About 10 nymphs (third—fourth
instar) of H. theivora were released on each treated shoot using
a fine brush. Four replicates were maintained for each insecti-
cide concentration (Fig. 1). The shoot bioassay is also referred as
“Bouquet method” for insecticide evaluation against H. theivora
recommended by the Insecticide Resistance Action Committee
(IRAC) (Ranjthkumar et al. 2022).

Glass vial bioassay: Insecticides were serially diluted at the de-
sired concentration from the stock solution with 0.1% Triton-X
100 in distilled water. I mL of the diluted solution was pipet-
ted from each insecticide concentration and added to the glass
vials (Himedia, 15 mL). The vials treated with distilled water was
served as a control. To ensure uniform distribution, the vials
were rolled on a modified hotdog roller with the heat unit dis-
connected (Bresco Group Ltd., India) in a fume hood until the
water evaporated. About 10 nymphs (third—fourth instar) of H.
theivora were released inside the treated vial and plugged with
cotton. To make cuticular contact, the insects were allowed in-
side the vial for 15-20min, and then released on untreated
shoots/pods. Four replicates were maintained for each treat-
ment. In all three bioassays, the mortality of H. theivora was re-
corded at every 6 hr interval when the bug did not show any co-
ordinated movement after being released on the treated surface
in each concentration. The time of mortality was recorded when
at least one bug died in each concentration among released indi-
viduals.

4. Mortality of H. theivora at recommended field spray concen-
tration

An attempt was made to determine their toxicity in pod, shoot
and glass vial assay under laboratory conditions. Here, we
used 1/10th recommended field spray concentration for all the
molecules. These were thiamethoxam 1.25mg a., clothiani-
din 20mga.i, fipronil 2.5mga.i, spirotetramat+imidacloprid
22mga., pymetrozine 12.5mga.i, lambda-cyhalothrin 5mga.i,
emamectin benzoate 2.5mga.i and nimbicidine 20mga.i per
liter respectively. The protocol was followed as described above
for each bioassay. About 15 insects (third to fourth instar) were
used for each insecticide concentration with four replicates. The
pod, shoot and glass vials treated with 0.1% Triton-X 100 in
distilled water were used as control. The mortality of H. theivo-
ra was recorded when they did not show any movement when
probing with a brush. Observations were recorded up to 96hr
with 24 hr interval.

5. Statistical analysis

The mortality data of H. theivora in all three bioassays were cor-
rected for the control mortality using Abbott’s formula.!” Cor-
rected mortality data were subjected to Probit analysis with
POLO PLUS software (LeOra Software Inc., Berkeley, CA) and
estimated the LCs, (median lethal concentration) values with
their fiducial limits and the slope of the regression line. The per-
cent mortality of H. theivora for each assay with different insec-
ticides was subjected to One-way analysis of variance (ANOVA)
using a generalized linear model; and it was transformed using
arcsine transformation to normalize the variance. The means
were separated with Tukey’s honestly significant difference test
a=0.05 level and analyzed in IBM SPSS software (ver. 20, Ar-
monk, NY, USA).

Results

1. Susceptibility of H. theivora to different insecticides in pod bio-
assay

The toxicity of eight insecticide molecules against H. theivora

in pod bioassay is shown in Table 1. The LCy, values of syn-

Table 1. Toxicity of insecticides on H. theivora in Pod bioassay

Insecticide N Tim?;{fﬂ;gahty 95 (;; %T’ég:fﬁif;:l t5)° Slope+S.E.? X% darh VI;EELC;;)Y
Thiamethoxam 240 6 12.62 (2.23-25.45) 1.206%+0.29 1.24 4 43.34
Clothianidin 240 6 51.52 (27.06-73.70) 1.923+0.35 1.59 4 10.61
Spirotetramat+Imidacloprid 240 6 30.94 (16.39-48.07) 1.025%0.19 0.21 4 17.67
Pymetrozine 240 6 40.62 (12.07-72.89) 1.189+0.25 0.39 4 13.46
Lambda-cyhalothrin 240 6 14.54 (7.06-22.40) 1.357%+0.24 0.28 4 37.62
Emamectin benzoate 240 6 30.74 (16.90-47.21) 1.092+0.192 2.18 4 17.80
Azadirachtin 240 72 1,833.75 (1,074.95-3,765.33) 0.835+0.21 0.18 4 0.30
Fipronil 240 6 5.47 (1.63-10.06) 0.965*+0.22 0.31 4 100

YN—Total number of insects used in the bioassay. "Mortality reading at 6, 12, 18, 24 and 72hr after treatment. 9LCs—Expressed in mg a.i/liter
(a.i=active ingredient); 95% Fiducials limits are given in parenthesis. ?SE—Standard error. Chi-square test of dose mortality response. /df—Degrees of
freedom. ¥Toxicity index=LCs, of the most effective compound/LCs, of each compound X 100.
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Table 2. Toxicity of insecticides on H. theivora in Shoot bioassay

Insecticide N9 Time (()}fl?)l,g rtality © 502 C;;g:i%ji;;s)c) Slope£S.E.% X% arh Eggf;g
Thiamethoxam 240 12 96.84 (52.08-137.97) 1.354%0.28 0.14 4 7.10
Clothianidin 240 12 63.85 (24.68-99.38) 1.274%0.29 0.83 4 10.77
Spirotetramat+Imidacloprid 240 12 34.09 (18.24-53.02) 1.000*0.21 0.94 4 20.18
Pymetrozine 240 24 123.77 (60.64-192.95) 1.023£0.21 0.42 4 5.56
Lambda cyhalothrin 240 12 16.47 (6.70-27.20) 1.070£0.21 0.43 4 41.78
Emamectin benzoate 240 12 57.58 (32.59-95.57) 0.905+0.177 0.16 4 11.94
Azadirachtin 240 96 1,862.96 (1,218.35-3,170.98) 1.051%0.21 0.33 4 0.37
Fipronil 240 6 6.88 (1.24-14.21) 0.706%0.18 0.23 4 100

Y“N—Total number of insects used in the bioassay. ”Mortality reading at 6, 12, 18, 24 and 72hr after treatment. 9LCs—Expressed in mg a.i/L
(a.i=active ingredient); 95% Fiducials limits are given in parenthesis. ?SE—Standard error. 9Chi-square test of dose mortality response. /df—Degrees of
freedom. # Toxicity index=LCs, of the most effective compound/LCs, of each compound X 100.

thetic insecticides ranged from 5.47 to 51.52mgail™ and
1,833.75mga.iL™! in botanical insecticide. Among tested insec-
ticides, the susceptibility of H. theivora for fipronil, thiameth-
oxam and lambda-cyhalothrin were relatively higher and their
LCs, values were 5.47, 12.62 and 14.54mga.iL™" respectively.
Based on the toxicity index, fipronil was the most effective in-
secticide (100%), followed by thiamethoxam (43.34%). However,
the toxicity of emamnectin benzoate, spirotetramat+imidaclo-
prid, pymetrozine and clothianidin were relatively lower. Fur-
ther, all synthetic insecticides at tested concentrations exhib-
ited mortality of H. theivora within 6 hr of post-exposure; while,
nimbicidine was least toxic and showed mortality 72 hr of post-
treatment.

2. Susceptibility of H. theivora to different insecticides in shoot
bioassay
In shoot bioassay, the LCs;, values ranged from 6.88 to
123.77mga.iL™! for synthetic insecticide tested against H. theiv-
ora; whereas, 1862.96mga.iL™! in botanical insecticide (Table 2).
The highest toxicity index was observed in fipronil (100%), fol-
lowed by lambda-cyhalothrin (41.78%). Similar to the pod assay,
the toxicity of emamectin benzoate, clothianidin, pymetrozine

and spirotetramat+imidacloprid were comparatively lower; and
nimbicidine was least toxic (0.37%). Further, the mortality peri-
od of H. theivora in shoot assay was slightly higher as compared
with pod bioassay for most of the insecticides except fipronil.

3. Susceptibility of H. theivora to different insecticides in Glass
vial bioassay

The LC,, of synthetic insecticides in glass vial assay ranged
from 7.29 to 60.61 and 2353.44mga.iL™" in botanical insecti-
cide (Table 3). The toxicity of tested insecticides was slightly on
par with pod bioassay, and relatively higher than shoot bioas-
say. Among insecticides, fipronil exhibited highest toxic index
(100%) followed and lambda cyhalothrin (31.26%) and their
LCs, values were 7.29 and 23.32mgL™" respectively. However,
except for fipronil, the mortality period of H. theivora for all the
insecticides was quite longer than pod bioassay.

4. Mortality of H. theivora at field spray concentration

The toxicity of insecticides on H. theivora showed a significant
difference in pod (F=5.919, df=7, p<0.001), shoot (F=3.55,
df=7, p<0.001) and glass vial assay (F=4.317, df=7, p<0.001)
at recommended concentration. The percent mortality of H.

Table 3. Toxicity of insecticides on H. theivora in Glass vial bioassay

Insecticide N Time (z}fl:;l;) rtality 95 (;; (lisi(glr:::%ajliil;x;lits)‘) Slope+S.E.? X% drb VI;EELC;;)Y
Thiamethoxam 240 12 33.01 (11.72-55.88) 1.042+0.22 0.17 4 22.08
Clothianidin 240 12 59.77 (21.98-94.26) 1.277%+0.29 1.86 4 12.19
Spirotetramat+Imidacloprid 240 12 40.22 (23.33-61.01) 1.064+0.22 2.17 4 18.12
Pymetrozine 240 24 60.61 (8.66-121.80) 0.749%+0.21 0.21 4 12.02
Lambda Cyhalothrin 240 12 23.32(8.32-40.19) 0.855%0.20 0.45 4 31.26
Emamectin benzoate 240 24 51.47 (28.56-83.93) 0.919%0.178 0.28 4 14.16
Azadirachtin 240 96 2,353.44 (1,393.68-5,585.46) 0.833+0.21 0.30 4 0.31
Fipronil 240 6 7.29 (3.86-10.90) 1.428+0.24 2.41 4 100

“N—Total number of insects used in the bioassay. ?Mortality reading at 6, 12, 18, 24 and 72hr after treatment. “LC;,—Expressed in mg a.i/L
(a.i=active ingredient); 95% Fiducials limits are given in parenthesis. ?SE—Standard error. Chi-square test of dose mortality response. /df—Degrees of
freedom. ¥Toxicity index=LCs, of the most effective compound/LCs, of each compoundx100.
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Fig. 2. Mean percent mortality (=S.E.) of H. theivora in Pod, Shoot
and Glass vial bioassay. TMN—Thiomethaxam, CTN—Clothianidin,
FPL—Fipronil, ~SPIM—Spirotetramat+Imidacloprid, ~PTZ—Pymetro-
zine, LMB—Lambda Cyhalothrin, EMB—Emamectin benzoate. NMB—
Nimbicidine, CTL—Control. Different letters indicate statistical differ-
ences (P>0.05, Tukey’s honestly significant difference test).

theivora in all the treatments was highest in pod bioassay. Of
these insecticides, the toxicity of fipronil was higher and caused
percent mortality of 93.33%3.84, 82.20+2.96 and 75.56+4.87
in the pod, glass vial and shoot assay, respectively; followed by
lambda-cyhalothrin, emamectin benzoate and thiamethoxam
(Fig. 2). However, clothianidin, spirotetramat+imidacloprid,
and pymetrozine showed mortality of H. theivora from 53.34 to
71.11%; while, the lowest mortality was recorded with nimbici-
dine.

Discussion

Sensitive and reliable bioassay protocols are necessary to assess
the toxicity of insecticides before novel chemicals are brought
into field application.?*?" The insecticides used in this study
were selected because of their prevalent use in various crops
against H. theivora and their ability to induce lethal effects on
other sucking pests as well.?>?» The early concerns about Helo-
peltis toxicological bioassays were centered around contact tox-
icity using glass vial versus ingestion toxicity through leaf dip/
shoot bioassay.!®?¥ Hence, we tested the toxicity of insecticides
for H. theivora using cocoa pods in comparison with existing
bioassay methods as recommended by IRAC.

The results from this study revealed the susceptibility of H.
theivora in three different bioassay protocols. With respect to
pod bioassay, the susceptibility level of H. theivora to all the test-
ed insecticides were higher as compared to other two methods.
In addition, the mortality time was considerably lower and ex-
hibited mortality occurred within 6hr of exposure to synthetic
insecticides. This difference is due to the feeding nature of H.
theivora and considerably it spent more time on cocoa pods and
ingested more sap than shoots. To support this, a choice test
was conducted and reported that H. theivora have a preference
towards cocoa pods for feeding and egg laying than shoots.!?
In the glass vial assay, the mortality period of H. theivora to all
the tested insecticide molecules was substantially longer than

pod bioassay, which is likely due to longer insecticide exposure
from the point of contact to the target site. In addition, the glass
vial assay is not representative of the major group of systemic
insecticides and the insecticidal action is dependent on tarsal
contact.?® Furthermore, the sensitivity and successful bioassay
method for insecticide toxicity can be assessed based on feasi-
bility which exhibit insect mortality in relatively less time.?® The
pod bioassay met all these parameters and longevity of the tissue
was retained for up to 8 days; whereas it was much shorter in
shoot assay (<24 hr). Therefore, the use of pod bioassay method
enables better discrimination of the susceptible or resistant pop-
ulations of H. theivora to various insecticides in cocoa.

The increased incidence of H. theivora on economically im-
portant crops has led to the application of various synthetic
chemicals at an alarming rate; yet, the control was not satisfac-
tory. In our study, the susceptibility of H. theivora to fipronil was
extremely high in all methods (5.47, 6.88 and 7.29mga.iL™)
with the highest toxicity index followed by lambda-cyhalothrin
and thiamethoxam. A report on tamarind showed that the ap-
plication of fipronil at 0.2% was most effective in reduction of
H. antonii.?” Recently, a study from Ghana reported that fipronil
was not permissible to use in the cocoa ecosystem, although it
exhibits 90-100% mortality on target pests such as mirid, stink
and coreid bugs due to its detrimental effect on non-target or-
ganisms.?® Since the median lethal concentration of fipronil and
lambda-cyhalothrin was on par in this study; lambda-cyhalo-
thrin could be used to mitigate the populations of H. theivora
in cocoa. Similarly, the use of lambda-cyhalothrin induced high
mortality against Helopeltis spp with minimal effect on natural
enemies in cocoa.!'? The effect of emamectin benzoate and
spirotetramat+imidacloprid was moderate showed high toxicity
index than clothianidin and pymetrozine. The tea shoots treated
with emamectin benzoate and spirotetramat+imidacloprid at
the field recommended dose showed 90 and 81.87% mortality of
H. theivora®; whereas, azadirachtin remained least effective on
H. theivora and H. antonii. >3V

In conclusion, our study indicated that the cocoa pod bio-
assay method is a very promising and reliable for studying the
susceptibility of H. theivora to shoot and glass vial assay in the
cocoa ecosystem. In addition, this method could easily be scaled
up to screen a large number of insecticide molecules. Among
tested insecticides, the efficacy of fipronil and lambda-cyhalo-
thrin was significantly higher and exhibited maximum mortal-
ity. Further, the detrimental effect of fipronil on non-target or-
ganisms needs to be tested. Therefore, field application of lamb-
da-cyhalothrin and thiamethoxam on a rotation basis is sug-
gested to control H. theivora infestation to avoid development
of resistance. Overall, this data provides essential information to
assess the toxicity of insecticides using pod bioassay along with
sustainable management of H. theivora in cocoa.
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