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ABSTRACT

In order to assess the effectiveness of bio-rationals against citrus leaf miner (Phyllocnistis citrella Stainton), a field experiment
was carried out at the College of Agriculture (University of Agricultural Sciences, Dharwad), Vijayapura, Karnataka, during
the winter (rabi) 2020-21 and the rainy (kharif) season of 2021-22. Eight treatments were used in the randomised block design
(RBD) experiment: bio digester solution (10%); pongamia leaf extract (5%); Prosopis juliflora leaf extract (5%); Beauveria
bassiana (2 108 conidia/g) (1 kg/ha); Bacillus thuringiensis 8 L (1 L/ha); neem-based insecticide (10000 ppm) (1.5 L/ha);
thiamethoxam 25 wg (125 ml/ha) (standard check); and an untreated control (water spray), which was repeated three times
Two applications of neem (Azadirachta indica)-based insecticide, followed by bio-digester solution (10%), recorded
significantly fewer live mines/shoot among the chosen bio-rationals. These treatments were found to be superior in controlling
citrus leaf miner on acid lime [Citrus aurantiifolia (Christm.) Swingle]. Beauveria bassiana, Bacillus thuringiensis 8 L, and
pongamia leaf extract were shown to be somewhat effective against this pest. The integrated control of citrus leaf miner on
acid lime may make use of the bio-rationals that have been proven to be effective.
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Introduction

Citrus aurantiifolia, or acid lime (Christm.) In India, swingle is a significant citrus crop. An economically significant pest
of citrus and certain associated ornamental plants is the citrus leaf miner, Phyllocnistis citrella (Stainton) (Gracillariidae:
Lepidoptera) (Clausen 1933, Kalshoven 1981, Grafton-Cardwell and Montez 2009). On the leaves, delicate twigs, and
fruits, the larvae mine and take on a serpentine look. When an infestation occurs, the afflicted leaves begin to curl and dry.
According to Grafton-Cardwell et al. (2008) and Dileepkumar et al. (2022), severe infestation might hinder the
development of young plants and have an impact on older plants' productivity. Although environmental factors have a
significant impact on growth and infestation levels, this pest completes a single generation in 14—17 days (Nawaz et al.
2021). Therefore, using pesticides repeatedly to suppress this pest may result in higher plant protection costs and the
unfavourable issue of insecticide resistance (Amiri-Besheli 2009).

Many issues, including insecticide resistance, resurgence, residues in other habitats, and detrimental effects on non-target
creatures, have been brought on by the widespread use of synthetic pesticides (Aktar et al. 2009). Acid lime fruits are highly
sought after in the United Arab countries and the European Union (Veerendrakumar et al. 2017). In order to satisfy the
needs of importing countries, it is crucial to produce fruits with zero or reduced pesticide residue. Globally, there is a lot
of interest in the use of bio-rational pesticides made of natural materials, such as plant, animal, microbial, and mineral
derivatives, to control insect pests. When it comes to controlling insect pests, the bio-rationals provide a secure and efficient
substitute for synthetic pesticides. The production of pesticide-free food is greatly aided by the use of bio-rational
pesticides, which are highly suited for use in organic food production (Isman 2006). The cultivation of pesticide-free fruits
is crucial in the current situation since acid lime fruits are in high demand for export and are utilised for both daily
consumption and fresh juice. In order to assess the effectiveness of bio-rationals against citrus leaf miner in acid lime, the
current investigation was conducted.

MATERIALS AND METHODS

The field experiment was carried out in the College of Agriculture (University of Agricultural Sciences, Dharwad),
Vijayapura (16°49'39.1620" N 75°43'31.1772" E), Karnataka, throughout the winter (rabi) of 2020-21 and the rainy
(kharif) season of 2021-22. Eight treatments were used in the randomised block design (RBD) experiment: bio digester
solution (10%); pongamia leaf extract (5%); Prosopis juliflora leaf extract (5%); Beauveria bassiana (2 108 conidia/g) (1
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kg/ha); Bacillus thuringiensis 8 L (1 litre/ha); neem-based insecticide (10000 ppm) (1.5 litre/ha); thiamethoxam 25 wg (125
ml/ha) (standard check); and an untreated control (water spray), which was repeated three With a row-to-row and plant-to-
plant geometry of 6 m x 6 m, the acid lime crop (var. Kagzi lime) was cultivated using every approved package of practices
(apart from plant protection measures). Two acid lime plants were tagged and regarded as a single replication. The purpose
of the weekly observations was to determine the prevalence of pests. When pests were sufficiently prevalent on plants,
treatments were applied. Using a backpack sprayer, two treatments were made every two weeks.
Data collection and analysis: Five randomly chosen juvenile branches from various tree directions were used to capture the
observations. The number of leaves with live citrus leaf miner larvae was counted from each shoot to determine the
incidence of citrus leaf miner, and the average number of live mines per shoot was calculated. One day before to and three,
five, and ten days after the application of treatments, pest density observations were made. Each spray's data was combined,
converted, and then put through Duncan's multiple range test and ANOVA (Gomez and Gomez 1984). Additionally, the
data was transformed into a percentage decrease in the pest population compared to the untreated control as follows
(Henderson and Tilton 1955):
N in C before treatment X
Per cent reduction N in T after treatment

over control =] 1- NinC after treatment x * 100
n in T before treatment

where N, Population of live mines/shoot; C, Untreated control plot; T, Treated plot.

RESULTS AND DISCUSSION

Population of live mines per shot: One day before to spraying during Rabi 202021, there was no discernible variation in the number
of live mines per shoot between treatments. Table 1 shows that the average number of live mines per shot varied from 10.17 to 10.54.
Ten days after the first spray, plants treated with thiamethoxam 25 wg had much less live mines per shoot (3.36), which was
comparable to neem-based insecticide 10000 ppm (3.42 live mines per shoot) and biodigester solution (4.00 live mines per shoot).
With populations of 5.92, 6.08, and 6.19 live mines/shoot, respectively, the other treatments—pongamia leaf extract, B. thuringiensis
8 L, and B. bassiana—were shown to be somewhat successful in controlling citrus leaf miners. P. juliflora leaf extract (6.71) was
shown to be the least efficient against pests among the chosen biorationals. Similarly, after a second spray, plots treated with neem-
based insecticide (1.92) and bio digester solution (2.25) showed a much lower population of citrus leaf miners; these two treatments
were shown to be on par with the standard check, thiamethoxam 25 wg (1.50), in controlling citrus leaf miners. Thiamethoxam 25
wg treatment significantly reduced the live mine population compared to the untreated control (70.49%), followed in decreasing
order of toxicity by neem-based insecticide (59.77), bio digester solution (56.06), B. thuringiensis 8 L (40.37), B. bassiana (36.52),
P. juliflora leaf extract (29.53), and pongamia leaf extract (32.19) treated plots.
A consistent population of citrus leaf miners (10.04—10.75 live mines/shoot) was seen in the experimental plots throughout kharif
2021-2022 before treatments were imposed (Table 2). Ten days following the first spray, the number of citrus leaf miners decreased,
ranging from 3.08 to 12.71 live mines/shoot. Both the neem-based insecticide-treated plot (3.17 live mines/shoot) and the bio digester
solution-treated plot (3.83 live mines/shoot) had much less mines/shoot than the standard check, thiamethoxam 25 wg (3.08 live
mines/shoot). Plots treated with pongamia leaf extract, B. thuringiensis 8 L, B. bassiana, and P. juliflora leaf extract showed 5.71,
5.83, 5.96, and 6.29 live mines/shoot, respectively. Similarly, during a second treatment cycle, plots treated with neem-based
insecticide and bio digester solution showed 1.83 and 2.13 live mines/shoot, respectively, and the pest was well controlled. Plots
treated with B. thuringiensis 8 L, pongamia leaf extract, B. bassiana, and P. juliflora leaf extract showed 3.67, 4.08, 4.34, and 4.96
live mines/shoot, respectively. Overall, following two rounds of treatment imposition, the standard check thiamethoxam 25 wg
(70.74%) treatment showed the greatest percentage reduction in the live mine population. Neem-based insecticide (59.21), bio
digester solution (54.26), B. thuringiensis 8 L (37.37), pongamia leaf extract (33.73), B. bassiana (33.71), and P. juliflora leaf extract
(29.53) treated plots.

Table 3 displays the combined data (rabi 2020-21 and kharif 2021-22) about the effectiveness of biorationals against citrus leaf
miner. Neem-based insecticide (1.88 live mines/shoot) and bio digester solution (2.19 live mines/shoot) were the two biorationals
that were most successful in controlling citrus leaf miner on acid lime, according to data from two seasons. The effectiveness of the
other treatments in reducing citrus leaf miners was fairly modest. Neem-based pesticide (59.53) and bio digester solution (55.22)
were shown to be successful in controlling this pest, according to data on the decrease in live mine population over the untreated
control plot. However, there was a considerable decrease in the population of live citrus leaf miner mines for other chosen
biorationals, such as B. thuringiensis 8 L (38.90), B. bassiana (35.04), pongamia leaf extract (32.98), and P. juliflora leaf extract
(31.06). The current investigation showed that citrus leaf miners on acid lime may be effectively controlled using neem-based
pesticide (10,000 ppm) and bio digester solution (10%). Azadirachtin is present in the neem-based formulation as
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Table 1 Efficacy of bio-rationals against citrus leaf miner infesting acid lime during rabi 2020-21

Treatment First spray Per cent ROV Second spray Per cent
shoot ROV
Number of live mines Number of live mines/shoot

1 DBS 3 DAS 5 DAS 10 DAS  Mean 1 DBS 3 DAS 5 DAS 10 DAS Mean

Bio digester solution 10.38 7.28 6.08 4.00 5.79 49.13 6.04 4.50 3.17 225 331 56.06
(3.30) (2.79)2 (2.56)* (2.10)2 (2.56)* (2.23)° (1.91) (1.65)*

Pongamia leaf extract 10.25 8.99 7.92 5.92 7.61 32.29 5.83 5.58 4.96 425 493 32.19
(3.28) (3.08)° (2.90)° (2.53)° (2.52) (2.47) (2.33)° (2.18)b¢

Prosopis juliflora leaf extract 10.54 9.21 8.33 6.71 8.08 30.09 6.44 5.92 5.19 5.08 5.40 32.76
(3.32) (3.12) (2.97) (2.68)° (2.63) (2.53)¢ (2.39) (2.36)°

Beauveria bassiana 10.42 9.34 8.71 6.19 8.08 29.28 6.53 5.92 5.08 4.50 5.17 36.52

(2 x 10® conidia/g) (3.30) (3.14)° (3.03)° (2.59)° (2.65)° (2.53)¢ (2.36)° (2.24)be

Bacillus thuringiensis 8 L 10.33 9.17 8.46 6.08 7.90 30.26 6.67 6.08 492 3.88 4.96 40.37
(3.29) (3.10)° (2.99)° (2.57)° (2.67)1 (2.56)° (2.32)° (2.09)°

Neem based insecticide (10000 ppm) 10.50 6.54 5.29 342 5.08 55.88 5.96 4.17 2.88 1.92 2.99 59.77
(3.32) (2.65)° (2.40)° (1.98)* (2.54) (2.16)° (1.84) (1.55)

Thiamethoxam 25 wg 10.17 5.96 5.00 3.36 4.77 57.23 6.25 3.08 232 1.50 2.30 70.49
(3.26) (2.54) (2.34) (1.96)2 (2.60)* (1.89)2 (1.68)* (1.41)

Untreated control 10.46 10.84 11.08 1250 1147 11.33 13.08 14.25 15.04 14.13
(3.31) (3.37)¢ (3.40)° (3.60)° (3.44) (3.68)¢ (3.84) (3.94)¢

S.Em+ 0.43 043 0.42 0.37 0.28 0.35 0.31 0.29

CD (P=0.05) NS 1.32 1.27 1.14 0.86 1.07 0.96 0.88

CV (%) 7.32 9.01 9.59 10.84 7.17 10.15 10.32 10.49

ROV, Reduction over control; DBS, Days before spray; DAS, Days after spray. The values in the parentheses are square root transformed.
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Table 2 Efficacy of bio-rationals against citrus leaf miner infesting acid lime during kharif 2021-22
Treatment Number of live mines/shoot Per cent Number of live mines/shoot Per cent
ROV ROV
1 DBS 3 DAS 5 DAS 10 DAS Mean 1 DBS 3 DAS 5 DAS 10 DAS Mean
First spray Second
spray
Bio digester solution 10.50 7.08 5.67 3.83 5.53 52.38 6.28 4.92 3.08 2.13 3.38 54.26
(3.32) (2.75) (2.48) (2.08)2 (2.60)*  (2.33)° (1.89)° (1.62)
Pongamia leaf extract 10.04 8.92 7.79 5.71 747 32.73 6.04 5.38 4.67 4.08 4.71 33.73
(3.25) (3.07)° (2.88)° (249 (2.56)*  (2.42)« 227y (2.14)
Prosopis juliflora leaf extract 10.71 9.04 8.21 6.29 7.85 33.73 6.38 5.84 5.08 4.96 529 29.53
(3.35) (3.09)° (2.95)° (2.61)° (2.62)*  (2.52)« (2.36)° (2.34)
Beauveria bassiana 10.38 9.25 8.33 5.96 7.85 31.62 6.50 592 4.96 4.34 5.07 33.71
(2x10® conidia/g) (3.30) (3.12)° (297 (2.54) (2.65)*  (2.53) (2.34) (2.20)b¢
Bacillus thuringiensis 8 L 10.46 9.04 8.42 5.83 7.76 3293 6.54 6.00 4.79 3.67 4.82 37.37
3.31) (3.09) (2.99) (2.51) (2.65)° (2.55)¢ (2.30)° (2.04)°
Neem based insecticide 10.63 6.42 5.00 3.17 4.86 58.66 6.00 4.08 2.71 1.83 2.88 59.21
(10000 ppm) (3.33) (2.62)° (2.34) (1.91) (254 (2.14)® (1.79)® (.51
Thiamethoxam 25 wg 10.17 6.17 492 3.08 472 58.04 6.42 3.25 2.08 1.29 221 70.74
3.27) (2.58)" (2.33) (1.89)° (2.63) (1.92)* (1.60)* (1.34)
Untreated control 10.75 11.42 11.54 12.71 11.89 11.83 12.83 14.04 14.88 13.92
(3.35) (3.45)° (3.47)° (3.63)° (3.51)° (3.65)¢ (3.81)¢ (3.92)¢
S.Em+ 0.48 0.53 0.44 0.35 0.33 0.35 0.31 0.27
CD (P=0.05) NS 1.61 1.35 1.06 1.01 1.07 0.96 0.84
CV (%) 8.06 10.96 10.31 10.44 8.27 10.20 10.65 1041

ROV, Reduction over control; DBS, Days before spray; DAS, Days after spray. The values in the parentheses are square root transformed.
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Table 3 Pooled data on efficacy of bio-rationals against citrus leaf miner infesting acid lime (rabi 2020-21 and kharif 2021-22)

Treatment . . First spray Per cent ROV Second spray Per cent
Number of live mines /shoot ROV
Number of tive mines/shoot

1 DBS 3 DAS 5 DAS 10 DAS Mean 1 DBS 3 DAS 5 DAS 10 DAS Mean

Bio digester solution 10.44 7.18 5.88 3.92 5.66 50.75 6.16 4.71 3.13 2.19 3.34 55.22
(3.31) 2.77) (2.52)° (2.09)2 (2.58)*  (2.28)°¢ (1.90)° (1.64)°

Pongamia leaf extract 10.15 8.95 7.86 5.81 7.54 32.52 5.94 5.48 4.81 417 482 32.98
(3.26) (3.07)° (2.89)° (2510 (254 (2.44)« (2.30)° 2.16)°

Prosopis juliflora leaf extract 10.63 9.13 8.27 6.50 7.97 31.89 6.41 5.88 5.14 5.02 535 31.06
(3.34) (3.10)° (2.96)° (2.65)° (2.63)* (2.53)¢ (2.37) (2.35)¢

Beauveria bassiana 10.40 9.29 8.52 6.08 7.96 30.47 6.51 592 5.02 442 5.12 35.04

(2 x 10® conidia/g) (3.30) (3.13)° (3.00)° (2.56)° (2.65)* (2.53)¢ (2.35)¢ (2.22)

Bacillus thuringiensis 8 L 10.40 9.11 8.44 5.96 7.83 31.61 6.61 6.04 4.86 3.77 4.89 38.90
(3.30) (3.10)° (2.99)° (2.54)° (2.66)* (2.55)¢ (2.31) (2.07)°

Neem based insecticide 10.56 6.48 5.15 3.29 497 57.25 5.98 4.13 2.79 1.88 293 59.53

(10000 ppm) (3.33) (2.64)* (2.38)® (1.94) (2.54) (2.15)° (1.81)® (1.54)®

Thiamethoxam 25 wg 10.17 6.06 4.96 3.22 4.75 57.57 6.33 3.17 2.20 1.40 2.26 70.51
(3.27) (2.56)* (2.34) (1.93)2 (2.61) (1.91) (1.64) (137

Untreated control 10.61 11.13 11.31 12.61 11.68 11.58 12.96 14.15 14.96 14.02
(3.33) (3.41)° (3.44)¢ (3.62)° (3.48)° (3.67)° (3.83)¢ (3.93)°

S.Em+ 0.35 0.42 0.27 0.26 0.26 0.27 0.27 0.25

CD (P=0.05) NS 1.29 0.83 0.81 0.79 0.84 0.82 0.76

CV (%) 5.96 8.80 7.35 7.89 6.54 8.01 8.94 9.26

ROV, Reduction over control; DBS, Days before spray; DAS, Days after spray. The values in the parentheses are square root transformed.
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a key element with a potent insecticidal effect (Kilani-Morakchi et al. 2021). According to Chaudhary et al. (2017) and
Michel et al. (2023), azadirachtin is a triterpenoid that causes insect death via a variety of mechanisms, including repellant,
anti-feedant, interrupting normal growth and development by interfering with moulting, making the insects sterile, and
discouraging adults from laying eggs. Azadirachtin's repellant and anti-feedant properties may have contributed to the
neem-based insecticide's increased effectiveness over other chosen bio-rationals in the present investigation. According to
Borad et al. (2001), Rao (2004), and Kumari (2006), using azadirachtin as a preventative and therapeutic strategy was
successful in causing citrus leaf miner mortality, which supports the current results. Azadirachtin (10000 ppm) was also
reported to be very efficient in reducing citrus leaf miner on citrus crops by Shareef et al. (2016), Gawhale et al. (2018),
Ananda (2021), and Kumbhar et al. (2022). According to Jallow et al. (2018) and Buragohain et al. (2021), various
lepidopteran leaf miner pests of crops significantly died when a neem-based formulation was applied.
Additionally, it was discovered that the bio-digester solution was very successful in controlling citrus leaf miner on acid
lime. Cow dung, cow urine, mixes of organic wastes, and leaves from neem, vitex, lantana, custard apple, and agave were
used to make the bio digester solution (Babalad et al. 2010). Before being used, the organic mixers were given two to three
weeks to decompose. During this time, they may have undergone fermentation and produced alcohol, which might explain
why the bio digester solution is more effective than other bio-rationals. Furthermore, neem and vitex leaves are known to
have potent insecticidal qualities, which may provide compelling proof of the bio digester solution's effectiveness against
citrus leaf miner on acid lime. In a similar vein, Biradar (2014) and Kattebennuru (2017) discovered that a bio digester
solution may lessen the infestation of leaf miners on acid lime.

On acid lime, Bacillus thuringiensis 8 L foliar spray was shown to be somewhat successful in controlling citrus leaf miner.
The current results closely match those of Besheli (2007), who found that after 96 hours of exposure in a lab setting, B.
thuringiensis caused 49.08% of citrus leaf miner larvae mortality. Additionally, B. thuringiensis (0.2%) was shown to be
more efficient against citrus leaf miners infesting Kagzi lime by Bhut et al. (2013). When B. thuringiensis was used as a
therapeutic strategy to reduce citrus leaf miner, Rana (2020) found that 20.27-20.44% of P. citrella larvae died. In contrast,
Kumari (2006) discovered that B. thuringiensis was very successful in reducing the number of citrus leaf miner larvae by
96.76% in a lab setting. The wide range in effectiveness of
The intensity of the spores in the formulation utilised for the investigation may be the cause of B. thuringiensis on citrus
leaf miner. In order to effectively manage insect pests, B. thuringiensis also needs perfect environmental conditions,
particularly relative humidity. While many factors are discovered to impact the effectiveness of B. thuringiensis in reducing
citrus leaf miners in field circumstances, the presence of consistent conditions under laboratory conditions may have
improved the efficacy in previous publications.

To solve the issues of pesticide resistance, resurgence, residues, and contamination of different environmental
compartments, it is essential to look for environmentally benign insect pest control solutions. One of the major fruit crops
with a lot of export potential is acid lime. By using bio-rationals to control citrus leaf miners, residual issues may be
resolved and excellent fruit production can be achieved.

REFERENCES

Aktar M W, Sengupta D and Chowdhury A. 2009. Impact of pesticides use in agriculture: Their benefits and hazards. Interdisciplinary
Toxicology 2(1): 1-12.

Amiri-Besheli B. 2009. Toxicity evaluation of tracer, palizin, sirinol, runner and tondexir with and without mineral oils on Phylocnistis
citrella Stainton. Afirican Journal of Biotechnology 8(14): 3382-386.

Ananda K R. 2021. ‘Population dynamics, biology and management of citrus leaf miner, Phyllocnistis citrella stainton on acid lime’. PhD
Thesis, Mahatma Phule Krishi Vidyapeeth, Rahuri, Maharashtra, India.

Babalad H B, Sreenivas M N, Patil R K, Math K K, Giraddi R S, Palakshappa M G and Kulkarni S. 2010, Organic farming. Technical
bulletin, University of Agricultural Sciences, Dharwad, Karnataka, India.

Besheli B A.2007. Efficacy of Bacillus thuringiensis and mineral oil against Phyllocnistis citrella Stainton (Lepidoptera: Gracillariidae).
International Journal of Agriculture and Biology 9(6): 893-96.

Bhut G D, Borad P K and Gadhiya V C.2013. Efficacy of biocides against citrus leaf miner, (Phyllocnistis citrella Stainton) on kagzi
lime. AGRES-An International e-Journal 2(1): 34-37.
Biradar A P. 2014. Eco-friendly approaches in the management of citrus leaf miner, Phyllocnistis citrella Stainton (Gracillariidae:
Lepidoptera). Journal of Eco-friendly Agriculture 9(1): 30-32. Borad P K, Patel M J, Vaghela N M, Patel B H, Patel M G, Patel B H
and Patel J R. 2001. Evaluation of some botanicals against citrus leaf miner (Phyllocnistis citrella) and psylla (Diaphorina citri) on
Kagzi lime (Citrus aurantifolia). The Indian Journal
of Agricultural Sciences 71(3): 177-179.

Buragohain P, Saikia D K, Sotelo-Cardona P and Srinivasan R. 2021. Evaluation of bio-pesticides against the South American tomato
leaf miner, Tuta absoluta Meyrick (Lepidoptera: Gelechiidae) in India. Horticulturae 7: 325.

Page | 20



International Journal of Advances in Research, Emerging Technologies
and Innovations in Agriculture
Volume 1 Issue 2, 2025

Clausen S P. 1933. Two citrus leaf miners of the Far East. USDA, Washington, D C. Technical Bulletin 252: 1-13.

Chaudhary S, Kanwar R K, Sehgal A, Cahill D M, Barrow C J, Sehgal R and Kanwar J R. 2017. Progress on Azadirachta indica based
biopesticides in replacing synthetic toxic pesticides. Frontiers in Plant Science 8: 610.

Dileepkumar N T, Biradar A P, Mallapur C P, Kulkarni S and Venugopal C K. 2022. Survey on insect pests of acid lime, Citrus
aurantifolia in northern Karnataka, India. Journal of Farm Science 35(4): 456-459.

Gawhale R P, Sadawarte A K, Ingle Y V and Paithankar D H. 2018. Biorational management of citrus leaf miner (Phyllocnistis citrella)
under shade net nursery of Nagpur mandarin.
International Journal of Chemical Studies 6(2): 940—42.

Gomez K A and Gomez A A. 1984. Statistical Procedures for Agricultural Research, pp. 562—628. John Wiley and Sons Publications,
New York, USA.

Grafton-Cardwell E E, Morse J G, O’Connell N V, Phillips P A, Kallsen C E and Haviland D R. 2008. Citrus leaf miner. University
of California [IPM Online.

Grafton-Cardwell E and Montez G. 2009. Citrus leaf miner, Phyllocnistis citrella Stainton (Lepidoptera: Gracillariidae). Citrus
Entomology, University of California, 26 April 2013. http://citrusent.uckac.edu/leafminer.htm

Henderson C F and Tilton E W. 1955. Tests with acaricides against the brown wheat mite. Journal of Economic Entomology 48(2): 157—
61.

Isman M B. 2006. Botanical insecticides, deterrents, and repellents in modern agriculture and an increasingly regulated world. Annual
Review of Entomology 51: 45-66.

Jallow M F A, Dahab A A, Albaho M S and Devi V Y. 2018. Efficacy of some biorational insecticides against Tuta absoluta (Meyrick)
(Lepidoptera: Gelechiidae) under laboratory and greenhouse conditions in Kuwait. Journal of Applied Entomology 143: 187—-195.

Kalshoven L G E. 1981. Pests of Crops in Indonesia. Ichtiar Baru van Hoeve, Jakarta, Indonesia.

Kattebennuru B. 2017. ‘Studies on natural enemies and management of citrus leaf miner, Phyllocnistis citrella Stainton (Lepidoptera:
Gracillaridae)’. MSc Thesis, University of Agricultural Sciences, Dharwad, Karnataka, India.

Kilani-Morakchi S, Morakchi-Goudjil H and Sifi K. 2021. Azadirachtin based insecticide: Overview, risk assessment, and future
directions. Frontiers in Agronomy 3: 1-13.
Kumari T V S R. 2006. ‘Studies on seasonal abundance and management of citrus pest with biopesticides in sweet orange
nursery’. MSc Thesis, Acharya N.G. Ranga Agricultural University, Hyderabad, Telangana. India.

Kumbhar R A, Ghonmode I A and Tarate S P. 2022. Bio-efficacy of biorational insecticides against citrus leaf miner, Phyllocnistis citrella on
acid lime. The Pharma Innovation Journal 11(6): 1943-947.

Michel M R, Aguilar-Zarate M, Rojas R, Cristian G G, Martinez-Avila and Aguilar-Zarate P. 2023. The insecticidal activity of Azadirachta
indica leaf extract: Optimization of the microencapsulation process by complex coacervation. Plants 12: 1318.

Nawaz R, Abbasi N A, Hafiz A, Khan M F and Khalid A. 2021. Environmental variables influence the developmental stages of the citrus
leaf miner, infestation level and mined leaves physiological response of Kinnow mandarin. Scientific Reports 11: 7720.

Rana I. 2020. ‘Seasonal incidence and integrated management of citrus leaf miner (Phyllocnistis citrella Stainton) on citrus in sub-tropical
zone of Himachal Pradesh'. MSc Thesis, Dr. Yashwant Singh Parmar University College of Horticulture and Forestry, Neri (Hamirpur),
Himachal Pradesh, India.

Rao P K. 2004. ‘Seasonal abundance and management of major citrus pests of south zone’. MSc Thesis, Acharya N. G. Ranga Agricultural
University Hyderabad, Telangana, India.

Shareef M F, Raza A B M, Majeed M Z, Ahmed K S, Raza W and Hussain H F. 2016. Effect of botanicals on the infestation of citrus leaf
miner, Phyllocnistis citrella Stainton. Journal of Entomology and Zoology Studies 4(4): 1335-340.

Veerendrakumar M, Narasalagi and Shivashankar K. 2017. A study on export competitiveness of selected fruits and vegetables in India.
International Journal of Scientific Engineering and Applied Science 3(10): 9-20.

Page | 21


http://citrusent.uckac.edu/leafminer.htm

