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Key Insight

• Spraying insecticides at high efficacy rates is most effective at slowing the spread of HLB and
providing positive profits over the 20 year simulation, as long as price and yield are at or above
average.

• Prices and yields play a key role due to fluctuations from harvest to harvest, the best strategy
for growers is to spray insecticides for ACP before HLB detection and then, after it is detected,
growers are recommended to use OTC trunk injections along with spraying.
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Issue

Citrus greening, also known as Huanglongbing (HLB), poses a substantial challenge to global citrus
production, endangering both its sustainability and economic feasibility. HLB is a disease transmitted
by the Asian citrus psyllid (ACP), which introduces the bacterium Candidatus Liberibacter asiaticus
(CLas) into citrus trees, resulting in fruit drop, reduced yield and quality, and eventual tree mortality.
This disease has been the cause of significant economic losses in major citrus producing countries,
such as Brazil, China, and the United States. In Brazil, approximately 55.5 million sweet orange trees
infected with HLB were eradicated from 2005-2019 (Bassanezi et al. 2020). Also, the economic losses
in orange production in the Paranaváı region of Brazil were $39.2 million USD from 2011 to 2013
(Costa et al. 2021). In China, where HLB originated, the top-producing Jiangxi Province lost 25% of
its groves from 2012 to 2018, including the destruction of 100 million commercially grown citrus trees
reported in Asia (Djeddour et al. 2021). In the United States, Florida has been the most affected
by HLB, with annual economic losses exceeding $1 billion USD and an approximate annual job loss
of 5000. Florida citrus production has declined 92% between 2003 and 2023 from 300 million boxes
to less than 20 million boxes. In Texas, HLB has been detected in 26% of commercial groves and
40% of residential sites since its first appearance in 2012 (National Plant Network 2023). Meanwhile,
California, where HLB has only been detected in residential groves, faces an imminent threat. Counties
such as San Diego, Riverside, Los Angeles, San Bernardino, Orange, and Ventura have identified HLB+
infections in 9,999 residential citrus trees, up from 5,708 in July 2023 (Johnston et al. 2023; CPDPP
2025) - an increase of approximately 75% in under two years.1 The rate of infection underscores the
urgency for California citrus growers to identify the economic effectiveness of current and emerging
management practices at stemming the damage from HLB.

To mitigate this threat and manage ACP populations, coordinated spraying efforts are recom-
mended. Qureshi and Stansly (2010, 2014) have shown that spraying with high efficacies can help
prevent and manage ACP and HLB progression in citrus groves. Furthermore, trunk injection of the
antibiotic oxytetracycline (OTC), in conjunction with foliar spraying, has shown potential to reduce
yield losses in infected trees. OTC was first administered as a pesticide for use in peach groves in
1974 (Batuman et al. 2024). OTC suppresses the CLas infection in citrus trees, significantly reducing
premature fruit drop, and mitigating the yield and quality reduction associated with HLB infection.
Previous studies (Hu and Wang 2016; Archer et al. 2023; Castellano-Hinojosa et al. 2024) found
that OTC trunk injections in HLB-infected citrus trees can increase yields by 12.96% to 32.33% over
untreated HLB-infected trees, depending on injection characteristics and tree diameter.

In this research note, we use a bioeconomic agent-based model (ABM) to evaluate the effect of
insecticide spraying, OTC trunk injections and the combination of insecticide spraying and OTC in
a representative newly planted California Navel orange grove that sells to the fresh market over a
20-yaer lifespan. We assess the impact of three OTC effectiveness rates (32.33%, 23.90%, and 12.96%)
and spray efficacy rates (90%, 80%, and 70%) on HLB severity and on profits.2 We selected these
effectiveness and efficacy ranges based on recent research and past observations for modeling purposes,
although growers cannot necessarily select an efficacy rate given environmental conditions and pest
resistance to insecticides. We consider rogueing (tree removal) and spraying approaches in other
research notes, which can be found at https://www.csus.edu/faculty/k/kaplanj/researchnotes/.

Methods

We use a budget approach to estimate the effects of HLB on Navel orange production for a repre-
sentative California grove and potential benefits from prevention and mitigation strategies to reduce
HLB economic losses. Data from UCCE cost and return studies (O’Connell et al. 2015; Kallsen
et al. 2021) and California County Agricultural Commissioner Reports (USDA-NASS 2023) are
used to derive costs, prices, and yield conditions for production for a representative newly planted
grove in southern California. Prices and yields were extracted for Fresno, Kern, and Tulare coun-

1As of 05/09/2025. Source: https://maps.cdfa.ca.gov/WeeklyACPMaps/HLBWeb/HLB_Treatments.pdf
2We do not illustrate the 90% scenarios given, at this rate, the results are nearly identical to those for a healthy grove

because HLB severity is very close to zero throughout the 20-year period. The same result occurs when OTC is used in
conjunction wth spraying because, when insecticide spraying is this effective, the minimum HLB severity threshold to
start OTC injections, discussed below, is not reached and OTC is never used.
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ties, the largest producers of Navel oranges in the state. Table 1 lists the costs used to derive grove
profits. Table 2 provides the prices per box and maximum boxes per acre used in the analysis.

Cultural cost year 1 $7,756.43/acre
Cultural cost year 2 $1,789.04/acre
Cultural cost year 3 $2,066.17/acre
Cultural cost year 4 $3,198.23/acre
Cultural cost year 5 $4,590.30/acre
Cultural cost year 6+ $7,859.15/acre
OTC trunk injection cost $1.94/tree
Insecticide spray cost $0.25/tree

Table 1: Cultural costs, Oxytetracycline
(OTC) trunk injection costs, and spray costs
used in economic analysis of OTC and insecti-
cide spraying for Asian Citrus Pysllid to man-
age HLB.

$/Box Boxes/acre
Low 7.4 541
Average 15.5 836
High 23.3 1,176

Table 2: Price per box and maximum boxes
per acre of Navel oranges that are used in the
economic analysis of Oxytetracycline and in-
secticide spraying for Asian Citrus Pysllid to
manage HLB.

An ABM adapted from Lee et al. (2015) and Flow-
ers et al. (2021) simulates citrus flushes, ACP, and
HLB spread in a newly planted Navel orange grove.
Simulated data is required given HLB has not been
found in commercial citrus groves in California nor can
it be released into the field to measure its spread or
treatment effectiveness. The simulation model gener-
ated HLB severity across the range of spraying efficacy
rate scenarios. We presume OTC does not affect the
spread of HLB but instead reduces the negative effects
from the disease.

To estimate healthy (uninfected) yield in each year
for each scenario, we use a weighted-average of the yield
per acre for data from the California County Agricul-
tural Commissioner Reports (USDA-NASS 2023) as
the average maximum yield per acre3 shown in Ta-
ble 2 along with the age-yield profile reported in the
UCCE cost and returns studies (O’Connell et al. 2015;
Kallsen et al. 2021). For the infected grove, a yield
factor that varies over time, estimated by (Bassanezi
et al. 2011), is multiplied by the healthy yield in a given
year and then applied to the number of trees in the in-
fected grove in that year and then across the different
grove ages. To incorporate OTC trunk injections, we
multiply the infected yield by (1 + OTC effectiveness
value) when HLB severity is above 15% to account for a
lack of early HLB detection capabilities. See Figures 1
through 4 for the HLB severity, spray yield estimates, OTC effects in yield estimates, and the spraying
with OTC yield estimates, respectively. Moreover, we assume there are 110 trees per acre.

We use the constructed age-yield profiles to estimate the profits for the OTC and spraying scenarios
over 20 years. We evaluate and compare cumulative profits for the different strategies across the price
and maximum yield ranges to see how the practices, prices, and yields affect when the grove turns a
positive cumulative profit and how large are those profits after 20 years of production.

3This underestimates the yield when a grove is established since the values shown in Table 2 contain yields for all
bearing acre, young and old.
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Figure 1: HLB severity for a representative Navel orange grove in California for no action and 80%
and 70% Asian citrus psyllid insecticide efficacy rates.

Figure 2: Average yield (37.5 lb boxes per acre) for a healthy grove, an infected grove with no action,
and two infected groves that spray for ACP with 70% and 80% efficacy rates
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Figure 3: Average yields (37.5 lb boxes per acre) when OTC trunk injection treatments are adminis-
tered.

Figure 4: Average yields (37.5 lb boxes per acre) when both spraying and OTC trunk injections
treatments are administered, and the insecticide has an 80% spraying efficacy rate
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Findings

Figures 5 through 8 show the effects of the different strategies on cumulative discounted profits.4,5 We
see that when prices and yields are at or above their average values, spraying exclusively and spraying
combined with OTC trunk injections strategies are profitable at varying OTC effectiveness percentages
and insecticide efficacy rates with the spraying and OTC simulations generating greater profits than
spraying alone (except for the 90% efficacy rate scenario). OTC is only profitable when price and yield
are well above average and OTC effectiveness is at or above average (see Figure 8). Moreover, when
insecticide efficacy is 90%, spraying is preferred as profits are highest and HLB levels are so low that
OTC is never an option. However, spray efficacy depends on outside factors, such as environmental
and climatic conditions. Given that uncertainty, and synergies between spraying and OTC use seen in
these results suggest that spraying insecticides for ACP control before HLB is detected in the grove is
preferred to taking no action before detection and, once detected, OTC trunk injections and continued
spraying are preferred, except in the rare case when prices and yields are well above average and OTC
effectiveness is at or above average levels. When prices, yield, and OTC effectiveness are at their
average values and insecticide efficacy is 80%, cumulative profits are $10,626 per acre over the 20-year
period. When price, yield, and OTC effectiveness are at their upper values and insecticide efficacy is
80%, cumulative profits are $124,936 per acre over the 20-year period.

Figure 5: Cumulative discounted profits for average prices ($15.53) when spraying at different efficacies.

4We use a 3% discount rate over the 20-year period.
5Also, recall that the 90% insecticide efficacy rate is not shown but would be nearly identical to the healthy grove

results less the cost of spraying.

6



Figure 6: Cumulative discounted profits for high prices ($23.29) when spraying at different insecticide
efficacy rates

Figure 7: Cumulative discounted profits of spraying at an 80% insecticide efficacy rate and use of OTC
trunk injections, when price per box is average ($15.53).
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Figure 8: Cumulative discounted profits of spraying at an 80% insecticide efficacy rate and use of OTC
trunk injections, when price per box is average ($23.29).

Table 3 presents the first year when cumulative discounted profits are above zero for the scenarios
that are profitable. We observe that positive cumulative profits are seen between 8 and 17 years, across
spray and spray plus OTC trunk injection scenarios after first planting when prices and yields are at
or above average values. These first profitable years differ from a healthy grove under the same prices
and yields by 0 to 9 years.

Low Yields Average Yields High Yields

$15.53/box $23.29/box $15.53/box $23.29/box $15.53/box $23.29/box

Healthy - year 11 year 12 year 9 year 10 year 8

Spray 70% - - - year 10 year 12 year 8

Spray 80% - year 12 - year 9 year 11 year 8

OTC 23.89% - - - - - year 17

OTC 32.33% - - - - - year 11

Spraying (0.7) + OTC 12.96% - year 14 - year 10 year 11 year 8

Spraying (0.7) + OTC 23.89% - year 12 - year 10 year 11 year 8

Spraying (0.7) + OTC 32.33% - year 12 year 15 year 10 year 11 year 8

Spraying (0.8) + OTC 12.96% - year 12 year 16 year 9 year 11 year 8

Spraying (0.8) + OTC 23.89% - year 12 year 15 year 9 year 11 year 8

Spraying (0.8) + OTC 32.33% - year 12 year 15 year 9 year 11 year 8

Table 3: First year of positive cumulative discounted profits under different spraying and OTC scenarios
with positive cumulative profits in year 20.
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