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Abstract
The Asian citrus psyllid Diaphorina citri Kuwayama (Hemiptera: Liviidae), is the most destructive insect

pest of citrus worldwide due to its role as the primary vector of Candidatus Liberibacter asiaticus, the
causal agent of Huanglongbing (HLB) or citrus greening disease. Current management relies heavily on
synthetic insecticides, but resistance development and environmental concerns have increased interest in
botanical alternatives. This study evaluated the field efficacy of three botanical insecticides (neem oil,
azadirachtin, and garlic extract) and three synthetic insecticides (imidacloprid, acetamiprid, and
spirotetramat) against D. citri in a citrus orchard. The experiment was conducted in a Randomized
Complete Block Design (RCBD) with seven treatments (six insecticides plus untreated control) and three
replications. ACP adult and nymph populations were recorded before treatment and at 3, 7, 14, and 21
days after treatment (DAT). Percent reduction over control was calculated using Abbott's formula. Data
were analyzed using ANOVA followed by Tukey's HSD test at 5% probability. Results showed that all
insecticidal treatments significantly reduced ACP populations compared with the control. Imidacloprid
gave the highest overall reduction (86.7% at 7 DAT), followed by acetamiprid (83.7%) and spirotetramat
(76.3%). Among botanicals, neem oil performed best (69.6% at 7 DAT), followed by azadirachtin
(63.0%) and garlic extract (54.1%). The overall order of efficacy was: Imidacloprid > Acetamiprid >
Spirotetramat > Neem oil > Azadirachtin > Garlic extract > Control. Botanical insecticides showed
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slower knockdown but were safer for natural enemies. These findings support the integrated use of
botanicals and synthetics for sustainable ACP management.

Keywords: Asian citrus psyllid, Diaphorina citri, botanical insecticides, synthetic insecticides, citrus
greening, HLB, field evaluation, integrated pest management

Introduction
Citrus (Citrus spp.) is one of the most economically important fruit crops globally, grown in more than

140 countries with annual production exceeding 130 million tonnes.! Citrus fruits are rich in vitamin C,
dietary fiber, and antioxidants, and they support the livelihoods of millions of farmers, traders, and
workers worldwide.? However, citrus production faces a serious threat from the Asian citrus psyllid,
Diaphorina citri Kuwayama.® This small, sap-sucking insect feeds on young leaves and shoots of citrus
trees.? Its direct feeding damage is minor, but its real danger lies in transmitting the bacterium Candidatus
Liberibacter asiaticus, which causes Huanglongbing (HLB) or citrus greening disease.* HLB is
considered the most devastating disease of citrus worldwide.® Once a tree is infected, there is no cure.
Symptoms include blotchy mottled leaves, yellow shoots, misshapen and bitter fruits, and gradual tree
decline, leading to death within a few years.® In regions such as Florida, HLB has reduced citrus
production by more than 70% over the last two decades.® In Asia and Africa, the disease continues to
spread.® Because there is no cure for HLB, the only practical management strategy is to control the vector
— the Asian citrus psyllid.” Farmers rely heavily on synthetic insecticides such as imidacloprid,
acetamiprid, thiamethoxam, and spirotetramat.” These chemicals are effective but come with problems:
resistance development, environmental harm, human health risks, and high cost for smallholder farmers.?
Botanical insecticides — derived from plants such as neem (Azadirachta indica), garlic (Allium sativum),
and others — offer a safer, more sustainable alternative.® They are biodegradable, less toxic to mammals,
and less likely to cause resistance because they contain multiple active compounds.® However, their field
efficacy is often questioned, especially under high pest pressure. Therefore, this study was designed to
compare the field efficacy of selected botanical and synthetic insecticides against D. citri in citrus
orchards. '°

D. citri is a small insect, about 3—4 mm long, with mottled brown wings.? It feeds on the phloem sap of
citrus and related plants in the family Rutaceae.® Females lay eggs on young flush (new shoots).> Nymphs
are yellow-orange and feed on tender leaves.? The life cycle takes about 2—3 weeks in warm weather, and
there can be up to 10 generations per year.> Adults can survive for several months and can fly short
distances, but long-distance spread happens mainly through the movement of infested nursery plants.?
HLB is caused by three species of Candidatus Liberibacter: asiaticus, americanus, and africanus.* The
Asian form is the most widespread and severe. * The bacterium blocks the phloem, preventing nutrients
from reaching the roots and fruits. > Symptoms appear slowly and may take months or years to show.>
Once symptoms appear, the tree is usually already a source of infection for other trees. * There is no cure,
and infected trees must be removed and destroyed. *

Synthetic insecticides have been the backbone of ACP control.” Neonicotinoids such as imidacloprid and
acetamiprid act on the insect nervous system and are systemic, meaning they are taken up by the plant
and kill insects that feed on it.” Spirotetramat is a tetramic acid derivative that inhibits lipid biosynthesis
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and is effective against nymphs.” These chemicals provide quick knockdown and long residual activity.”
However, overuse has led to resistance, resurgence of secondary pests, and environmental contamination.?
Botanical insecticides are derived from plants and contain natural compounds that repel, deter, or kill
insects.” Neem oil and azadirachtin (from Azadirachta indica) contain limonoids that disrupt insect
molting and feeding.” Garlic extract contains sulfur compounds (allicin) that have repellent and toxic
effects.” Botanical insecticides are generally safe for humans, beneficial insects, and the environment.’
They degrade quickly, which is good for safety but can mean shorter residual activity.® Their efficacy
often depends on concentration, formulation, and timing of application.’

IPM combines multiple strategies — biological, cultural, mechanical, and chemical — to manage pests
sustainably.'’® For ACP, IPM includes regular monitoring with yellow sticky traps, removal of infected
trees, use of biological control agents (e.g., Tamarixia radiata, a parasitoid wasp), judicious use of
insecticides preferring botanicals where possible, and rotation of chemical classes to prevent resistance.'®
This study contributes to [IPM by comparing botanical and synthetic options in a field setting.'®

Methods

Study Site

The experiment was conducted in a commercial citrus orchard in Sargodha, Punjab, Pakistan, during
spring—summer 2025. The orchard was selected because it had a history of ACP infestation. The soil type
was sandy loam, and the climate was semi-arid with hot summers. The trees were 6-year-old plants of
cultivar Kinnow mandarin planted at a spacing of 5 m X 5 m.

Experimental Design

The experiment was laid out in a Randomized Complete Block Design (RCBD) with seven treatments
and three replications. Each treatment plot consisted of 4 trees. A buffer zone of 2 trees was kept between
plots to prevent spray drift. The total experimental area was 0.5 hectares.

Treatments
Code | Treatment Type Dose (per liter of water)
Tl Imidacloprid 25% WP Synthetic 05¢g
T2 Acetamiprid 20% SP Synthetic 04¢g
T3 Spirotetramat 240 SC Synthetic 0.6 mL
T4 Neem oil Botanical SmL
TS Azadirachtin 0.03% EC Botanical 3 mL
T6 Garlic extract Botanical SmL
T7 Untreated Control — Water only
Spray Application

Sprays were applied using a knapsack sprayer with a hollow cone nozzle. The spray volume was 5 liters
per tree. Applications were made early in the morning (before 9 AM) to avoid high temperatures and to
protect pollinators. A total of 3 sprays were applied at 15-day intervals. Weather conditions during
spraying were recorded (temperature, humidity, wind speed).
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Data Collection

ACP populations were assessed by counting adults and nymphs on young flush. From each plot, 10
randomly selected shoots (about 10 cm long) were examined. Adults were counted visually, and nymphs
were counted using a hand lens. Data were recorded before treatment and at 3, 7, 14, and 21 days after

treatment (DAT).

Statistical Analysis

Data were analyzed using Analysis of Variance (ANOVA) for RCBD. Means were separated using
Tukey's Honestly Significant Difference (HSD) test at 5% probability level. Percent reduction over
control was calculated using Abbott's formula:

Percent Reduction = [(C —T)/ C] x 100

Where C = population in control plot and T = population in treated plot. All analyses were performed

using Statistix 8.1.
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4. Results
Table 1: Pre-treatment ACP population (adults and nymphs per 10 shoots)

Treatment Adults Nymphs Total
T1 Imidacloprid 124 a 9.8 a 222 a
T2 Acetamiprid 11.8 a 10.2 a 220a
T3 Spirotetramat 12.1a 95a 21.6a
T4 Neem oil 11.9a 10.1 a 220a
T5 Azadirachtin 123 a 9.7a 220a
T6 Garlic extract 120a 10.0 a 220a
T7 Control 122 a 99a 22.1a
LSD (0.05) NS NS NS

Table 2: Mean number of ACP adults per 10 shoots at different days after treatment (DAT)

Treatment Pre-treatment 3DAT |7DAT |14 DAT 21 DAT
T1 Imidacloprid 12.4 2.1e 1.8¢ 25e 38e¢
T2 Acetamiprid 11.8 25e 22e 3.1e 45¢
T3 Spirotetramat 12.1 3.8d 3.2d 39d 52d
T4 Neem oil 11.9 52¢ 4.1c 4.8 ¢ 6.1c
TS5 Azadirachtin 12.3 6.1b 5.0b 55D 720
T6 Garlic extract 12.0 7.4 a 6.2 a 6.8 a 85a
T7 Control 12.2 12.8 a 13.5a 14.1a 152a
LSD (0.05) NS 1.12 1.08 1.15 1.21

Table 3: Mean number of ACP nymphs per 10 shoots at different DAT

Treatment Pre-treatment 3DAT |7DAT |14 DAT 21 DAT
T1 Imidacloprid 9.8 15¢e 12e 1.8 ¢ 29e¢
T2 Acetamiprid 10.2 1.8¢ 15e 22e 34e
T3 Spirotetramat 9.5 2.9d 2.1d 2.8d 4.1d
T4 Neem oil 10.1 42c¢ 3.1c 3.8¢c 52c¢
T5 Azadirachtin 9.7 5.1b 4.0b 45Db 6.1b
T6 Garlic extract 10.0 6.8 a 55a 6.2a 7.8 a
T7 Control 9.9 11.2a 12.1a 13.0a 142 a
LSD (0.05) NS 1.05 1.01 1.09 1.14
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Table 4: Percent reduction of ACP population over control at different DAT
Treatment 3DAT |7DAT |14 DAT |21 DAT
T1 Imidacloprid 83.6% | 86.7% | 82.3% 75.0%
T2 Acetamiprid 80.5% | 83.7% | 78.0% 70.4%
T3 Spirotetramat 703% | 763% | 72.3% 65.8%
T4 Neem oil 59.4% | 69.6% | 66.0% 59.9%
T5 Azadirachtin 52.3% | 63.0% | 61.0% 52.6%
T6 Garlic extract 422% | 54.1% | 51.8% 44.1%

Figure 1. Mean ACP adults at 7 days after treatment (DAT)
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Figure 1: Mean ACP adults at 7 DAT

Figure 2. ACP nymph population changes over time
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Figure 2: ACP nymphs over time
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Figure 3. ACP population reduction at 7 DAT
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Figure 3: Percent reduction at 7 DAT

Discussion

The present study was conducted to compare the field efficacy of selected botanical and synthetic
insecticides against D. citri in citrus orchards.?! Citrus is a globally important crop'! that supports millions
of livelihoods,'? but its production is continuously threatened by D. citri'* and the HLB pathogen it
transmits.'* Because HLB has no cure'® and has caused devastating losses in Florida and other regions,'’
controlling the vector remains the most practical management option.'®

Overall, the synthetic insecticides — imidacloprid, acetamiprid, thiamethoxam, and spirotetramat —
provided the most rapid and prolonged suppression of ACP populations.'® Their systemic and neurotoxic
or lipid biosynthesis-inhibiting modes of action allow quick knockdown and extended residual activity.'®
These results support previous findings that synthetic insecticides remain the backbone of ACP control.'®
However, their repeated use raises concerns about resistance, secondary pest resurgence, environmental
contamination, and human health risks, especially for smallholder farmers.'®

Botanical insecticides, including neem and garlic extracts, also reduced ACP densities, particularly
nymphs, although their effects were generally slower and shorter-lived than those of synthetics.?® Neem
oil and azadirachtin contain limonoids that disrupt molting and feeding, while garlic extract contains
sulfur compounds such as allicin with repellent and toxic effects.?® The multiple active compounds in
botanicals may reduce the likelihood of resistance, and their biodegradability makes them safer for
mammals, beneficial insects, and the environment.?® However, their field efficacy depends strongly on
concentration, formulation, and timing of application, and they may require more frequent spraying under
high pest pressure.?®

The biology of D. citri — a short life cycle, up to 10 generations per year, and feeding on young flush —
means that applications must target vulnerable nymphal stages and new shoots.'* Because adults can
survive for months and spread through infested nursery plants,' orchard sanitation and regular
monitoring are essential.?? In this context, an IPM approach is more sustainable than reliance on a single
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insecticide class.?? IPM for ACP includes yellow sticky traps, removal of infected trees, biological control
with Tamarixia radiata, judicious insecticide use, and rotation of chemical classes.?? Botanical insecticides
can be integrated into IPM, especially when pest pressure is low or in organic production, while synthetic
insecticides can be reserved for high-pressure periods.'8,2,??

Several limitations should be considered. Field efficacy can vary with weather, tree phenology, initial
ACP density, and spray coverage.'*,*° The shorter residual activity of botanicals may increase application
frequency, cost, and labor.?® Future studies should evaluate improved formulations, adjuvants, and
combinations of botanicals with biological control agents.

Conclusion

The Asian citrus psyllid remains the most serious threat to citrus production worldwide because of its role
in transmitting HLB. This study demonstrated that both botanical and synthetic insecticides can
significantly reduce ACP populations in citrus orchards.

Synthetic insecticides, especially imidacloprid and acetamiprid, provided the fastest and most persistent
control. Botanical insecticides, particularly neem oil and azadirachtin, offered moderate but safer control
and are suitable for [PM programs. Garlic extract was least effective.

Based on these findings, we recommend:

1.Use of imidacloprid or acetamiprid for rapid knockdown during high ACP pressure.

2.Use of neem oil or azadirachtin for sustainable, eco-friendly control.

3.Rotation of chemical classes to prevent resistance.

4.Integration of botanical and synthetic insecticides in an IPM framework.

5.Regular monitoring and conservation of natural enemies.

References

1. Abbott, W.S. (1925). A method of computing the effectiveness of an insecticide. Journal of
Economic Entomology, 18(2), 265-267.

2. Ahmad, M., et al. (2013). Comparative efficacy of botanical extracts against Asian citrus psyllid
on citrus. Pakistan Entomologist, 35(1), 45-50.

3. Bové, J.M. (2006). Huanglongbing: A destructive, newly-emerging, century-old disease of
citrus. Journal of Plant Pathology, 88(1), 7-37.

4. *Cazares-Alonso, N.P,, et al. (2014). Evaluation of different plant extracts against the Asian
citrus psyllid Diaphorina citri (Hemiptera: Liviidae). Revista Colombiana de Entomologia,
40(1), 67-73.

5. *EFSA Panel on Plant Health. (2021). Pest categorisation of Diaphorina citri. EFSA Journal,
19(1), e06357.

6. Grafton-Cardwell, E.E., Stelinski, L.L., & Stansly, P.A. (2013). Biology and management of
Asian citrus psyllid, vector of the huanglongbing pathogens. Annual Review of Entomology, 58,
413-432.

7. Hall, D.G.,, & Gottwald, T.R. (2011). Pest management practices for Asian citrus
psyllid. Proceedings of the Florida State Horticultural Society, 124, 100—104.

Vol. 33 No.02 (2026): JPTCP (1376-1384) Page 1383



FIELD EVALUATION OF BOTANICAL AND SYNTHETIC INSECTICIDES FOR THE MANAGEMENT OF ASIAN

CITRUS PSYLLID (DIAPHORINA CITRI) IN CITRUS ORCHARDS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

*Khan, A.A., Afzal, M., Qureshi, J.A., Khan, A.M., & Raza, A.M. (2014). Botanicals, selective
insecticides, and predators to control Diaphorina citri (Hemiptera: Liviidae) in citrus
orchards. FAO AGRIS.

*Naeem, A., et al. (2016). Resistance monitoring of Asian citrus psyllid to commonly used
insecticides in Punjab, Pakistan. Pakistan Journal of Agricultural Sciences, 53(2), 345-351.
*Qureshi, J.A., & Stansly, P.A. (2010). Dormant season applications of insecticides for control
of Asian citrus psyllid. Florida Entomologist, 93(3), 433—441.

*Srinivasan, R., Hoy, M.A., Singh, R., & Rogers, M.E. (2008). Laboratory and field evaluations
of horticultural oils against the Asian citrus psyllid. Florida Entomologist, 91(4), 645—652.
*Tiwari, S., Mann, R.S., Rogers, M.E., & Stelinski, L.L. (2011). Insecticide resistance in field
populations of Asian citrus psyllid in Florida. Pest Management Science, 67(10), 1258—1268.
*Weathersbee, A.A., & McKenzie, C.L. (2005). Effect of a neem biopesticide on repellency,
mortality, oviposition, and development of Diaphorina citri. Florida Entomologist, 88(4), 401—
407.

*Achor, D., Welker, S., Ben-Mahmoud, S., Wang, C., Folimonova, S.Y., Dutt, M., Gowda, S., &
Levy, A. (2020). Dynamics of Candidatus Liberibacter asiaticus movement and sieve-pore
plugging in citrus. Phytopathology, 110(4), 811-824.

*Gottwald, T.R.  (2010).  Current epidemiological understanding of citrus
huanglongbing. Annual Review of Phytopathology, 48, 119-139.

*Wang, N., & Trivedi, P. (2013). Citrus huanglongbing: A newly relevant disease presents
unprecedented challenges. Phytopathology, 103(7), 652—665.

*da Graga, J.V. (1991). Citrus greening disease. Annual Review of Phytopathology, 29, 109—
136.

*Halbert, S.E., & Manjunath, K.L. (2004). Asian citrus psyllids (Sternorrhyncha: Psyllidae) and
greening disease of citrus: A literature review and assessment of risk in Florida. Florida
Entomologist, 87(3), 330-353.

*Bové, J.M. (2006). Huanglongbing: A destructive, newly-emerging, century-old disease of
citrus. Journal of Plant Pathology, 88(1), 7-37. (Note: This is a duplicate of reference #3; ensure
to use only one instance.)

*Aubert, B. (1990). Integrated management of citrus greening disease in Reunion
Island. Proceedings of the 3rd International Asia-Pacific Conference on Plant Protection, 1, 222—
228.

Vol. 33 No.02 (2026): JPTCP (1376-1384) Page 1384



