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Integrated pest management approaches and their influence on
leaf miner infestation in Kinnow Mandarin (Citrus reticulata)

Summary

Kinnow (Citrus reticulata) is the most important juicy fruit crop within the citrus group, which
is mostly vulnerable to leaf miner, and this insect poses a major concern to farmers. Farmers
injudiciously spray the various non- label claim insecticides either alone or in mixture for the
control of leaf miner. Excess applications of insecticides may disturb the ecological balance
of beneficial insects, rhizospheric microorganism and contributes in water and soil pollution.
Application of IPM approaches is only substitutes to overcome these problems. The present
study comprising of Integrated Pest Management (IPM) approaches and farmer adopted
practices against leaf miner (Phyllocnistis citrella) Stainton showed that, lowest leaf miner
infestation (3.0712.54, 1.04+0.63 and 1.33+0.37 no. of affected leaves /10 leaves of a shoot)
was recorded in IPM plot having need based spray of neem seed kernel extract (NSKE) @ 5%
and imidacloprid 17.8SL @ 200ml in 500 liter of water as compared to farmer practice
(3.87+2.98, 1.8940.77 and 2.010.45 no. of affected leaves /10 leaves of a shoot) and control
(5.08+3.70, 2.58+0.92 and 3.13+0.71 no. of affected leaves /10 leaves of a shoot) during the
year of 2021, 2022 and 2023, respectively. Similarly, the least mean leaf infestation
(1.81+1.09) was also observed in IPM in comparison to farmer practice (FP) (2.5941.11) and
control (3.6041.31) plots. The highest reduction of leaf miner damage (49.72%) was noticed
in IPM compared to Farmer practice (28.05%). The validated IPM techniques are an
economically viable alternative to farmers for effective management of the leaf miner.
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Citrus is one of the most important fruit crops globally,
cultivated on over 109.6 million hectares with a total
production of 14.25 million tonnes (FAO 2023). Among
citrus species, Kinnow mandarin holds significant
importance, particularly in Haryana, Punjab, and
Rajasthan, with Haryana accounting for 90% of the total
area and production dedicated to this crop (HDH 2024).
Kinnow mandarin, a hybrid plant, is valued for its high
juice content and rich vitamin C composition (Lotha &
Khurdiya 1994). However, its yield and fruit quality are
adversely affected by various biotic factors, particularly
insect pests and diseases.

Citrus cultivars are infested by 34 insects and mite in
various regions (Sharma et al. 2007; Nawaz et al. 2019),
including the leaf miner Phyllocnistis citrella Stainton
(Lepidoptera: Gracillariidae), which is damaging the
new emerging leaf of Kinnow mandarin and is also
associated with other plants (Singh 2014). Leaf miner
has 16 generations in one year (Sharma et al. 2016),
mostly appears in nurseries and attack on young
nursery plants and tender leaves (Sandhu, 1964) and is
considered a destructive insect (Beattie, 1989). Adults
are tiny silvery-white moth about 2 mm long with
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fringed wings, seen on young flush leaves when
disturbed. Young pale-yellow larvae when they come
out from the egg, feed between the epidermal layers of
the leaf. The leaf miner larvae make serpentine mines
on the underside of the leaf are major damaging
symptoms of leaf miner (Kalidas & Shivankar 1994).
Usually, each leaf has only a single mine, but in the
case of heavy infestation, there may be several mines
per leaf. This mining causes leaves to curl up, distorted
and thereby reducing the photosynthetic area of the
young foliage (Chen et al. 2017; Costa et al. 2017;
Haldhar et al. 2025). The infestation of leaf miner
started from March-April, June- July and September-
October months and caused average damage 17 to 57
per cent (Patil 2013) and reduced the fruits yield
(Dhiman et al. 2000).

Currently, leaf miner control in Kinnow mandarin mainly
relies on the indiscriminate use of chemical
insecticides. This practice not only increases to
insecticides residues in fruits, soil, and water but also
disrupts the abundance of beneficial natural enemies,
soil microflora, and poses significant health risks to
humans and animals (Kranthi et al. 2002). Additionally,
pest control measures are often prescribed based on
non-scientific advice from local pesticide dealers, and
insecticides are applied according to a fixed calendar
rather than pest monitoring and Economic threshold
levels (ETL). To mitigate the overuse of insecticides
and their adverse impacts, it is essential to develop and
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implement a validated Integrated Pest Management
(IPM) approach aimed at maintaining leaf miner
populations below the economic threshold level (ETL).
Therefore, the present three-year study (2021-2023)
was undertaken to evaluate and formulate effective leaf
miner management practices for Kinnow mandarin, to
integrate them into a sustainable IPM framework
suitable for widespread adoption by the Kinnow
farmers.

The IPM approaches were validated against leaf miner
population in a farmer participatory mode with the
collaboration of Krishi Vigyan Kendra (KVK), Sadalpur,
Choudhary Charan Singh Haryana Agricultural
University, Hisar (Haryana) during 2021-2023. All IPM
approaches against leaf miner were evaluated on a
one-acre field using a Randomised Complete Block
Design (RCBD) with a plant spacing of 6 x 6 feet. 120
plants of local variety were maintained in each orchard.
25 plants were randomly selected from seven
replications for recording of leaf miner observations in
IPM and farmers' practice plots. The affected leaves
were calculated by counting of no. of affected leaves
/10 leaves of a shoot. For comparison of leaf miner
damage with T+-IPM and T -farmer practice, one control
plot was also maintained. The IPM approaches
mentioned in Table 1 like deep summer ploughing;
pruning the excess branches and bottom leaves of tree
for proper ventilation; destruction of rotten and dropped
infected fruits; regular monitoring of the orchard to
assess the damage of leaf miner; remove and destroy
affected shoots, leaves, and flushes to reduce larval
population; growing intercrop with
onion/garlic/chickpea between rows of trees which
helps in moisture and natural enemies’ conservation

and reduces irrigation frequency, and suppression of
weeds; installation of yellow sticky traps @ 20/ha
placed 1-1.5 m above tree canopy height and
distributed uniformly across the orchard; conservation
of natural enemies (Spider, green lacewing and ladybird
beetle) to enhance their population through ecological
engineering (marigold, sunflower etc.); need-based
spray of neem seed kernel extract (NSKE) 5% on young
leaves in the months of March, June, and September of
Kinnow mandarin and need-based spray of label claim
imidacloprid 17.8SL @ 200ml in 500 liter of water and
thiamethoxam 25% WG insecticides in 50gm/500 liter
water to manage leaf miner were validated in T+-IPM
treatment. In To-farmer practice treatment, farmers not
practice IPM practices and often use 8-12 sprays of
insecticides such as such as quinalphos 25 % EC @
2ml/l); spirotetramat 15.31 % w/w OD @ 1ml/l; and
cyantraniliprole 10.26 % OD @ 1.25ml/I. and mostly rely
on local shop dealers for advice and used higher doses
of insecticides. In Ts-only control treatment. The
recommended dose of fertilizers (urea, muriate of
potash), minerals (copper, manganese, boron, zinc,
etc.,) and farm yard manures were applied as and when
required during fruiting stage. All IPM inputs like yellow
sticky traps, NSKE 5%, and label-claimed insecticides
etc.,, were supplied to the farmers in IPM plots.
Demonstration of yellow sticky traps, Kisan ghosti,
Farmers field school (FFS), identification, and
awareness about leaf miner and their natural enemies
were also provided to the farmers. Observations were
transformed into square root values to normalize data
before statistical analysis. The data is expressed as the
mean t standard error of the mean (Haldhar et al.
2014). Randomized complete block design (RCBD) was
used to decrease experimental error.

Table 1. Details of IPM approaches used in IPM, farmer practice and control

Management practice
T1- Integrated pest
management (IPM)

Details

Common practices: Deep summer ploughing; pruning the excess branches and bottom
leaves of tree for proper ventilation; destruction of rotten and dropped infected fruits;

regular monitoring of the orchard to assess the damage of leaf miner.

IPM practices:

1. Remove and destroy affected shoots, leaves, and flushes to reduce larval population

2. Growing intercrop with onion/garlic/chickpea between rows of trees which helps in
moisture and natural enemies’ conservation and reduces irrigation frequency, and
suppression of weeds.

3. Installation of yellow sticky traps @ 20/ha placed 1-1.5 m above tree canopy height and
distributed uniformly across the orchard.

4. Conservation of natural enemies (Spider, Chrysoperla and Coccinellidae) to enhance
their population through ecological engineering (marigold, sunflower etc.).

5. Need-based spray of neem seed kernel extract (NSKE) 5% on young leaves in the months
of March, June, and September of kinnow mandarin.

6. If populations of insects are above ETL then use need-based spray of label claim
imidacloprid 17.8SL @ 200ml in 500 liter of water and thiamethoxam 25% WG in
50gm/500-liter water to manage leaf miner.

T,- Farmer practice 1. Generally, farmers do not practice IPM techniques and injudiciously use 8-12 sprays of
(FP) pesticides such as Quinalphos 25 % EC @ 2ml/l); Spirotetramat 15.31 % w/w OD @ Tml/I;
and Cyantraniliprole 10.26 % OD @ 1.25ml/I.

2. Farmers mostly depend on local shop dealers for advice and use higher than
recommended doses of pesticides.

Ts- Control Control
43 jae.saaer.org.in
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From the investigation, it is evident that the IPM
approaches used against leaf miner poses significant
effect on leaf damage by leaf miner and the seasonal
dynamics of leaf miner in IPM compared to Farmer
practice and control plots. The effect of validated
practices on leaf miner damage and seasonal
dynamics was recorded from 11 to 52" standard
meteorological week (SMW) in IPM, FP and control
plots and is presented in Table 2. It was evident that
least leaf damage of leaf miner (3.07+2.54, 1.0440.63
and 1.33%0.37 no. of affected leaves /10 leaves of a
shoot) recorded in T+-IPM compared to To-farmer
practice (3.87+2.98, 1.89+0.77 and 2.01#0.45 no. of
affected leaves /10 leaves of a shoot) and Ts-control
(5.08+3.70, 2.58+0.92 and 3.13%0.71 no. of affected
leaves /10 leaves of a shoot) during 2021, 2022 and
2023, respectively (Table 2). The lowest mean leaf
infestation of leaf miner was recorded in Ti-IPM
(1.81+1.09) treatment, while the highest mean leaf
infestation was noticed in T,-farmer practice
(2.59+1.11) and Ts-control (3.60+1.31) treatments. The
highest reduction of leaf infestation over the control
was also observed in T1-IPM (49.72%) compared to T~
farmer practice (28.05%). In our investigation, the
removal and destruction of affected shoots, leaves, and
flushes after pruning were found to be effective in
reducing larval populations. Similar observations were
reported by Zhang et al. (1994), Binglin & Mingdu
(1996), and Ateyyat & Mustafa (2001), who found that
summer pruning of infested citrus branches reduced
larval populations without disturbing parasitized larvae,
thereby supporting the findings of our study. In our
findings, we observed the influence of growing
intercrops (onion/garlic/chickpea) between rows of
Kinnow trees that conserve the moisture and natural
enemies and reduce unwanted weeds. Use of good
agriculture practices like clean cultivation, monitoring
of pests, and intercropping of onion, garlic, chickpea
helped in reducing the leaf miner infestation and also
give favorable conditions for augmentation of
beneficial insects (Sreedevi 2010; Gogi et al. 2014;
Deka et al. 2016; Hussain et al. 2017; Haldhar et al.
2021), which are supporting findings of our study.
Installation of yellow sticky traps @ 20/ha placed 1-1.5
m above tree canopy height and distributed uniformly
across the orchard was found effective in monitoring,
mass trapping and early detection of leaf miner.
Although yellow sticky traps catch only psylla along
with adult leaf miner, which indicates the presence of
leaf miner. Jawwad et al. (2014) reported that yellow
sticky traps exclusively monitored and managed the
citrus psylla and adult leaf miner in Florida. The higher
populations of beneficial insects (spider, green
lacewing and ladybird beetle) were observed when
growing of marigold and sunflower between rows of
Kinnow mandarin, which also managed the leaf miner.
The leaf infestation of leaf miner was started from
March, when a new flush started on shoots and
persisted till September-October months and
significantly reducing the fruit yield of Kinnow. Besides,
neem seed kernel extract (NSKE) 5% spray on new
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leaves in the months of March-April, June-July and
August-September reduced the infestation of leaf miner
larvae. The neem extract contains the azadirachtin
compound, which reduces the feeding activity and
reproduction of many insects. The lowest infestation of
leaf miner in Kinnow was recorded in neem extract
treatment compared to control after spray of
nimbecidine 0.03% (Devi & Yadav, 2024). Similarly,
Murthy et al. (2009) studied the efficacy of neem
(Azadiracthtin) 1500 ppm @ 3 ml/I of water, which also
able to reduce the damage of leaf miner. Bermudez et
al. (2020) tested neem extract against leaf miner that
caused 77.17% mortality within 48 hours after
application. The aqueous extract of neem also inhibits
the feeding of larvae and showed 88.80% repellency of
adult leaf miner which is also supporting to our
findings. Kumar and Biradar (2024) reported the bio-
efficacy of bio-rationals against citrus leaf miner in acid
lime and found that two applications of neem extract
recorded significantly lesser number of live
mines/shoots that also corroborates to our
investigation. Earlier workers, Gawhale et al. (2018),
Ananda (2021) and Kumbhar et al. (2022) also found
that azadirachtin (10000 ppm) highly effective in
controlling citrus leaf miner on citrus crop. When
infestation of leaf miner was observed above ETL then
we used need based spray of label claim imidacloprid
17.8SL @ 200ml in 500 liter of water and thiamethoxam
25% WG in 50gm/500 liter water. Devi & Yadav (2024)
reported bio-efficacy of different insecticide against
leaf miner and found lowest leaf damage with spinosad
45 SC, followed by imidacloprid 17.8 SL and
thiamethoxam 25 WG, i.e., 5.46 to 4.78%, 7.73 to 5.35%
and 8.28 to 6.23%, respectively. The present
investigation is in conformity with the results observed
by Anon, 2021, who reported that imidacloprid 17.8 SL
(0.003%) and triazophos 40 EC (0.03%) managed citrus
leaf miner excellently compared to control plots.
Parekh & Virani (2015) noticed that thiamethoxam
0.0125 followed by spinosad 0.018, and imidacloprid
0.00725 were highly effective against citrus leaf miner
over control under field conditions. The activity of the
Kinnow leaf miner started from March and continuously
persisted till December month. The leaf miner appeared
during 11" SMW in IPM, farmer practice and in control
and reached a peak in 20™, 24" and 42"¢ SMW during
the years of 2021-2023. In some weeks, the infestation
declined, but when a new flush started, the damage of
leaf miner simultaneously increased (Figure 1). Patel et
al. (2013) observed the peak infestation of leaf miner in
August and September. Similarly, Sharma et al. (2006)
showed the highest leaf miner infestation peak was
observed in the months of Apri-May and August-
September, which corroborates the study's findings.
Besides, Sharma and Khokhar (2019) noticed that leaf
miner infestation started in the month of April and
reached on peak in June and August month but
declined in July month due to rain. Thereafter, the
damage of leaf miner again had an increasing trend
and reached a peak in the month of September (15.4
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per 10 cm terminal shoot), which also remained in close agreement with our study.

Table 2. Effect of IPM approaches against leaf miner infestation in IPM, FP and Untreated Control plots

Leaf miner Leaf miner Leaf miner

(No. of (No. of (No. of
affected affected affected
leaves /10 leaves /10 leaves /10
leaves of a leaves of a leaves of a
shoot) shoot) shoot)
11-52 IPM 3.07+2.54 1.04+0.63 1.33+0.37 1.81+1.09 49.72
11-52 FP 3.87+2.98 1.89+0.77 2.01+0.45 2.59+1.11 28.05
11-52 uc 5.08+3.70 2.58+0.92 3.13+0.71 3.60+1.31 -
SEm(2) 0.06 0.02 0.07 0.23
CD at p<0.5 0.15 0.07 0.11 0.12

UC-Untreated control; Mean of seven replications

miner and their natural enemies identification,

Additionally, farmers were trained and empowered with
improved knowledge and awareness to adopt effective
Integrated Pest Management (IPM) approaches.
Demonstrations and application of Neem Seed Kernel
Extract (NSKE) 5%, pruning of infested branches and
shoots, Farmers' Field Schools (FFS), farmers' ghosthis,
and Kinnow Mandarin Day programs were organized to

assessment of insect infestation, and implementation
of ecologically sustainable insect management
strategies. The adoption of IPM approaches
significantly reduces the pesticide residues in soil,
conserving beneficial insects, and improves farmers'
income. Furthermore, it strengthens farmers’ decision-
making abilities by fostering informed, knowledge-

enhance awareness of the farmers. These interventions
emphasized critical components of IPM, including leaf

based IPM protection practices.
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Figure 1. Seasonal dynamics of leaf miner in Kinnow at Hisar, Haryana during 2021-23
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To conclude, the present results demonstrate that IPM
approaches comprising (cultural, mechanical, and
chemical practices) are feasible alternatives for the
management of leaf miner. The validated IPM
techniques against leaf miner were found to be
effective and efficient in IPM compared to the farmer
practice. The validated IPM module, like removal and
destruction of affected shoots, leaves, and flushes to
reduce larval population, followed by spray of neem
seed kernel extract (NSKE) @ 5% and imidacloprid
17.8SL @ 200ml in 500 litres of water against leaf
miner are thus recommended as a key management
approach in Kinnow mandarin.
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