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ABSTRACT

The efficacy of neonicotinoid insecticides was evaluated for managing green apple aphid (GAA), Aphis
pomi, in apple orchards, compared to traditional organophosphates. Organophosphates showed limited
knockdown effects (51.51-68.12% reduction over control) and dropped below 50% efficacy by 7 and 14
days after treatment (DAT). In contrast, imidacloprid 17.8 SL @ 0.04% reduced GAA populations by 87.30—
91.18% at 7 DAT and 73.59-74.76% at 14 DAT. Thiamethoxam 25 WG @ 0.02% achieved 79.69-79.95%
and 69.76-72.02% reductions at 7 and 14 DAT, respectively. Thiacloprid 240 SC @ 0.04% showed neither
significant knockdown nor residual effect. Bifenthrin 8% SC @ 0.075% showed moderate efficacy against
GAA, with better initial knockdown than sustained control. Neem 0il 1500 ppm @ 0.25% gave good initial
control but lacked persistence at 14 DAT (52.34-58.90%). Among combination products, thiamethoxam
+ lambda-cyhalothrin (12.6% + 9.5% ZC @ 0.04%) and imidacloprid + lambda-cyhalothrin (6% + 4%
@ 0.06%) maintained significant control up to 14 DAT. The results support replacing organophosphates
with newer chemistries like neonicotinoids. Therefore, it is concluded that the use of organophosphate
insecticides should be discontinued and switch over to insecticides like neonicotinoids etc. is recommended.
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The green apple aphid (GAA), Aphis pomi DeGeer
(Hemiptera: Aphididae) is one of the most abundant
and widespread herbivore pests in apple orchards of
Europe, North America, and the Middle East (Blackman
and Eastop, 2000). The incidence of GAA on apple
trees from various regions in India is on record for
a long time (Menon and Pawar 1958; Behura 1963;
Rishi 1979; Bhagat et al. 1988; Khan and Shah, 2017).
It is a holocyclic and monoecious aphid species that
is widespread in the temperate region of Jammu and
Kashmir (Khan and Shah, 2018). However, from the last
few years the incidence of GAA has been recorded in
outbreak situation from all major apple growing areas
of Kashmir. Infestation with 4. pomi results in stunted
plant growth and stimulates lateral shoot growth,
especially on young, non-bearing plants with high
infestation levels on shoot tips. Mature trees are mostly
affected by the honeydew production of the aphids
dripping onto foliage and fruit. Honeydew stimulates
sooty mold growth, which hinders key leaf functions
and fruit ripening (Stoeckli et al., 2008). The extent of
incidence and distribution of GAA has been so high
for the last few years that it has assumed the status of
most important pest of apples in J&K and up to four
additional insecticide sprays are need for its proper
management. Other than the quantitative and qualitative
losses in apple production; general weakening of the

apple plants and distortion of apical shoots due to
devitalisation of the terminal buds is a wide spread
phenomenon now. Currently, organophosphates like
dimethoate and chlorpyriphos are recommended for
the management of aphid incidence (Anonymous,
2018). However, there are frequent reports of control
failures after the spray of these insecticides. Further, the
quick re-infestation of the pest population after initial
decline following insecticide application is commonly
associated with these insecticides. To assess the current
effectiveness of commonly used organophosphate
insecticides and to explore the potential of newer and
alternative chemistries for managing green apple aphids,
the present study was undertaken. This evaluation aimed
to identify more reliable and sustainable control options
in light of reported field-level control failures and
growing concerns over resistance and environmental
safety.

MATERIALS AND METHODS

The field trials were set up in the experimental
apple orchard at ICAR-Central Institute of Temperate
Horticulture, Srinagar (Jammu and Kashmir; 33°59'06.0"
N 74°47'47.0" E) for two years, 2023 and 2024. The
orchard consisted of multiple apple cultivars on MM 106
rootstock, 4-5 years old in early bearing stage, laid out
with a spacing of 3 x 2 sq. m. The experiments were
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conducted on the variety Coe Red Fuji as it sustains
high populations of GAA. Experiments were laid out
in randomized complete block design with thirteen
treatments and three replications. Each replication
consisted of two trees. The treatments included
neonicotinoids like thiacloprid 240 SC @ 0.04%,
imidacloprid 17.8 SL @ 0.04%, and thiamethoxam
25 WG @ 0.02%, and their combination products like
thiamethoxam 12.6% =+ lambda cyhalothrin 9.5% ZC
@ 0.04%, and imidacloprid 6% + lambda cyhalothrin
4% @ 0.06% in comparison to currently recommended
insecticides including chlorpyriphos 20 EC @ 0.25%,
dimethoate 30 EC @ 0.1% and quinalphos 25 EC @
0.2% and their combination product chlorpyriphos 50%
+ cypermethrin 5% EC @ 0.2%. In addition, some
alternate chemistry insecticides like neem oil 1500 ppm
@ 0.25%, horticulture mineral oil (HMO) summer oil
@ 0.5%, and bifenthrin 8% SC @ 0.075% were also
evaluated. The insecticides were applied at label rates
with the help of motorized knapsack sprayer.

The experiments were conducted from 08 June to 23
June during 2023, and 03 June to 19 June during 2024.
The average daily maximum temperature ranged from
24 to 31.8°C, and average daily minimum temperature
ranged from 11.3 to 17.3°C during the period (averaged
over both the years). Relative humidity ranged from 41
to 75% and no rain fall was recorded. Observations
on the incidence of GAA was taken from the most
infested leaf of five randomly selected terminal shoots
on each plant one day before treatment (pre-count)
ensuring almost uniform incidence, and 3, 7 and 14
days after insecticide treatments. Data on phytotoxicity
was recorded during the period pf study and continued
two weeks after last reading. Data on leaf necrosis,
chlorosis, deformation, and vein discoloration was
noted in all plots. The % reduction in pest population
size over control was calculated using the Henderson-
Tilton formula (Henderson and Tilton, 1955). The data
on number of insects and % reduction over control were
subjected to ANOVA after appropriate transformation.
The treatment means were separated by least significant
difference (LSD, p = 0.05).

RESULTS AND DISCUSSION

The average incidence of GAA varied over the
two years significantly; hence the data were analyzed
separately. The average incidence ranged from (mean+
SE) 69.57+ 17.69 to 91.7+ 13.39 aphids per leaf at
pre-count during 2023 (Table 1), and from 115.96+
7.02 to 158.70+ 12.05/ leaf during 2024 (Table 2).
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During both the years, a general increasing trend in
aphid population was noted in the control, although a
decline in incidence was noted at 3 days after insecticide
treatment. Significant knockdown effect was associated
with neem oil 1500 ppm @ 0.25%, bifenthrin 8% SC @
0.075%, imidacloprid 17.8 SL @ 0.04%, thiamethoxam
25 WG @ 0.02%, chlorpyriphos 50% + cypermethrin
5% EC @ 0.2%, thiamethoxam 12.6% + lambda
cyhalothrin 9.5% ZC @ 0.04%, and imidacloprid 6% +
lambda cyhalothrin 4% @ 0.06% with more than 70%
reduction in aphid incidence at 3 DAT. For currently
recommended insecticides, the % reduction in aphid
population at 3 DAT ranged from 51.51 to 68.12%
over control. The residual activity of the traditional
insecticides declined significantly over 7 DAT and 14
DAT during both the years. For chlorpyriphos 20 EC
@ 0.25%, the % reduction in aphid population was
noted as 46.05% at 7 DAT and 35.62% at 14 DAT
during 2023, and 42.65% at 7 DAT and 29.74% at 14
DAT during 2024. Similarly for dimethoate 30 EC
@ 0.1%, % reduction in aphid population was noted
as 54.74% at 7 DAT and 25.17% at 14 DAT during
2023, and 46.39% at 7 DAT and 35.14% at 14 DAT
during 2024. Similar trend was noted for quinalphos
25 EC @ 0.2% during both the years. On the other
hand, neonicotinoid insecticides continued to provide
satisfactory suppression of GAA incidence till 14 DAT.
For imidacloprid 17.8 SL @ 0.04%, the % reduction
in GAA population was noted as 91.18% at 7 DAT
and 73.59% at 14 DAT during 2023, and 87.30% at 7
DAT and 74.76% at 14 DAT during 2024. Similarly,
for thiamethoxam 25 WG @ 0.02%, the % reduction
in aphid population was noted as 79.69% at 7 DAT
and 69.76% at 14 DAT during 2023, and 79.95% at
7 DAT and 72.02% at 14 DAT during 2024. In case
of thiacloprid 240 SC @ 0.04%, neither a significant
knockdown (55.02% at 3 DAT during 2023, and 67.87%
during 2024), nor significant residual activity was noted
during both the years. During 2023, 60.95% reduction
in pest population at 7 DAT and 46.05% at 14 DAT, and
61.25% reduction at 7 DAT and 51.33% at 14 DAT were
achieved during 2024 for thiacloprid 240 SC @ 0.04%.

The % efficacy of neem oil 1500 ppm @ 0.25%
despite of the significant knockdown effect failed to
provide sustained control till 14 DAT. The % population
reduction reduced to 58.90% at 7 DAT and 61.02% at
14 DAT during 2023, and 62.25% at 7 DAT and 52.34%
at 14 DAT during 2024. Bifenthrin 8% SC @ 0.075%
performed slightly better with 84.53% population
reduction at 3 DAT, 73.37% at 7 DAT and 47.58% at
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14 DAT during 2023, and 75.95% reduction at 3 DAT,
64.91% at 7 DAT and 42.97% at 14 DAT during 2024.
The HMO summer oil did not provide significant control
at any instance. Among the combination products,
thiamethoxam 12.6% =+ lambda cyhalothrin 9.5% ZC
@ 0.04%, and imidacloprid 6% + lambda cyhalothrin
4% @ 0.06% continued to provide significant reduction
in aphid population till 14 DAT. For thiamethoxam
12.6% + lambda cyhalothrin 9.5% ZC @ 0.04%, %
reduction in aphid incidence was noted as 92.73% at 7
DAT and 71.21% at 14 DAT during 2023, and 86.38%
reduction at 7 DAT and 77.92% at 14 DAT during
2024. For imidacloprid 6% + lambda cyhalothrin 4%
@ 0.06%, % reduction in aphid incidence was noted as
86.39% at 7 DAT and 76.41% at 14 DAT during 2023,
and 90.13% reduction at 7 DAT and 77.78% at 14 DAT
during 2024. For chlorpyriphos 50% + cypermethrin
5% EC @ 0.2%, significant reduction was noted till
7 DAT however, its efficacy declined significantly by
14 DAT. % reduction in aphid population was noted as
85.19% at 7 DAT and 62.49% at 14 DAT during 2023,
and 73.13% at 7 DAT and 61.02% at 14 DAT during
2024. No phytotoxicity symptoms were noted for any
of the sprayed insecticides.

Vesilev (2024) reported 100 % reduction in
the incidence of GAA at 7 DAT after spraying the
neonicotinoid acetamiprid 20 SG @ 0.025%. Khan
(2020) reported 60-70% reduction in adult population
of GAA at 7 DAT after spraying azadirachtin @ 0.3%.
Khan and Reyaz (2018) reported that imidacloprid 17.8
SL @ 0.28% was the most effective among a series of
insecticides with 87.16% cumulative reduction in the
incidence of GAA over 14 days of time. They further
reported that currently recommended insecticides
dimethoate 30 EC and chlorpyriphos 20 EC did not
perform up to mark with cumulative reduction in
the range of 70.58-71.68% over a period of 14 days.
Tamas et al. (2012) reported that acetamiprid 20
SP @ 0.025% was highly effective in reducing the
population incidence of GAA. They further reported
that chlorpyriphos 48 EC @ 0.15% performed well for
the management of GAA with >90% control at 7 DAT
and >80% reduction at 14 DAT; however, dimethoate
40 EC @ 0.15% did not perform up to mark with
70.8% reduction at 7 DAT and 52.6% reduction at 14
DAT. The failure of the organophosphate insecticides
(dimethoate, chlorpyriphos and quinalphos) to provide
satisfactory control of the GAA incidence points at
possible development of insecticide resistance in the
target pest population. Numerous cases of insecticide
resistance in GAA have been reported across multiple
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countries against organophosphates, carbamates and
synthetic pyrethroids (Hogmire et al., 1992; Qin et al.,
2002; Tamas et al., 2015; Erdogan et al., 2023). The
cases of resistance reported are for the insecticides that
have been applied over the years for the management
of GAA and other pests of apple e.g., chlorpyriphos,
diazinin, primicarb, parathion, beta-cyfluthrin etc.

Keeping in view the inability of the currently
recommended insecticides to control the GAA incidence,
it is advisable to discontinue their use and switch over
to the new chemistry insecticides like neonicotinoids
etc. Currently recommended insecticides round the
world for GAA include dormant horticulture mineral
oil (HMO), imidacloprid, acetamiprid, clothianidin,
flonicamid, spirotetramat and thiamethoxam (Alston
et al., 2010; Smirle et al., 2010; Beers et al., 2015).
Therefore, studies need to be initiated to evaluate these
insecticides for their efficacy across multiple locations
in the country to standardize their dosage along with
residue analysis studies.
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