
Background

Project Goals
1) Develop analytical methods to 

quantify the spatial distribution of 
pesticides throughout the citrus 
canopy.

2) Quantify pesticide degradation in leaf 
samples over time after application.

3) Quantify ACP population responses 
to various chemical insecticides 
commonly used in citrus.

4) Evaluate pesticide efficacy within 
citrus groves impacted by citrus 
greening and provide suggestions for 
improved management strategies.

Citrus greening disease, or Huanglongbing (HLB), has
severely hurt the citrus industry worldwide! Since detection
in Florida in 2005, citrus production has decreased by 74%.
As one of the largest citrus producing states in the US,
Florida has experienced a decline of about 5,000 jobs and
$1 billion annually since 2015. HLB causes citrus trees to
produce smaller, green-colored oranges that prematurely
fall off the tree. Infected Asian citrus psyllid (ACP) insects
spread HLB disease to the trees while feeding on their
leaves. There is no cure for citrus greening, thus, pesticide
efficacy is critical for pest management. Our interdisciplinary
team at CSU strives to determine the best management
strategies to establish a sustainable citrus production in
Florida.

Degradation of Dimethoate (parent) and formation of omethoate 
(metabolite) concentrations in leaf samples after ground 
application with the side sprayer to younger-aged trees (n=120).

Quantifying Pesticide Efficacy and Degradation Within 
a Huanglongbing-Infected Grove

With no cure, 
pesticide applications 
are the most common 
management strategy

Filling the knowledge gap!
• Spatial distribution study 

quantified pesticide chemical on 
different sides of leaf in the field

• Quantified distribution with 
multiple variables, including tree 
canopy, application types, and 
different modes of action

• Quantified ACP response and 
pesticide degradation within leaf 
samples collected in the field 
after application
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Citrus Greening 
Symptoms

The Guilty Culprit

~9x higher

• Greener colored fruit
• Bitter tasting juice
• Oranges fall 

prematurely
• Weakened root 

systems
• Smaller trees
• Poor tree health
• Leaf yellowing

• Asian citrus psyllids spread 
pathogen.

• Even just one psyllid may 
be one too many!

• Insecticides used for pest 
control and to manage 
spread of disease.
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• Pesticide residues were 
extracted out of WF samples 
with acetonitrile (ACN).

• Pesticide residues were 
extracted out of leaf samples 
with the standard QuEChERS-
dSPE method (right). 

• Samples were analyzed with 
liquid chromatography tandem 
mass spectrometry (LC-
MS/MS).

Overview
• Tested several pesticides and 

application methods commonly 
used in a commercial citrus 
grove in Florida.

• Collected Whatman Filter (WF) 
paper and leaf samples before 
and after pesticide applications

• Collected samples at specific 
locations and times to assess 
spatial distribution and 
degradation in the field.

• Counted ACP insects before 
and after pesticide applications 
to assess population response

• ACP inspections were 
performed by, and adapted 
with our industry partner.

WF paper sampling discs were attached 
to the top and bottom sides of leaves with 
mini binder clips throughout the entire 
tree canopy to assess spatial distribution

Application methods
Ground-speed sprayer
Ground-side sprayer

Aerial (airplane)

Pesticides
Malathion (contact)

Imidacloprid (contact & systemic)
Dimethoate (contact & systemic)

Afidopyropen (contact & systemic)

Spatial Distribution Study

Degradation Study

~2,000 WF 
samples

• Canopy height
• Canopy depth
• Cardinal direction
• Leaf side

WFs and whole leaves were 
collected at specific time 
intervals before and after 
pesticide application to quantify 
the concentration of pesticides 
in leaves over time.

~1,100 WF 
samples

Sample Preparation and Analysis
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Top vs. Bottom Side of Leaf
• Higher pesticide concentrations 

found on top side of leaf 
samples (below).

Spatial Distribution

Contact: RRehberg@colostate.edu

Malathion concentration in WFs samples on top 
and bottom side of the leaf after aerial application 
to older-aged trees (n=240).

Leaves freeze dried, crushed, and 
shaken with chemical salts and 
solvents to get pesticides out of the 
leaf and into a clean sample, ready 
for instrumental analysis.

• LC-MS/MS lets us accurately 
detect and quantify low 
concentrations of pesticides 
present on and within layers 
of a citrus leaf.

Cleaned pesticide 
extract in ACN

Application Method
• Inadequate distribution observed for 

all 3 application methods
• Differences in cardinal direction 

could be due to application method 
or meteorological factors (like wind 
direction).

• The design of the grove (drainage 
ditches) and sprayers (nozzle 
alignments) could explain 
differences in concentration on the 
East and West sides (above).

(Right) Imidacloprid concentration in 
WFs samples on top sides of the leaf 
after ground, side-sprayer application 
to younger-aged trees (n=240).

Schematic diagram showing how the ground side-sprayer applies 
pesticide to the citrus trees in the commercial grove.

Canopy Height and Depth, and Cardinal 
Side of Tree
• Unequal spatial distribution of pesticides 

observed throughout tree (below).
• Higher pesticide concentrations in upper, 

outer canopy regions.

Degradation

Killing Efficacy Against Asian Citrus Psyllids (ACP)

Total adult ACP counts 1-day before, 1-day after, and 8 days 
after application of dimethoate and afidopyropen pesticides 
(n=90 trees inspected for each pesticide tested).

• All pesticides degraded rapidly within the first 24 hours 
after application in the field (right).

• Results showed faster degradation in leaf samples 
than in water, soil, or air from other field or lab studies.

• Most common degradation pathways include 
photolysis, hydrolysis, and metabolism in the leaf.

• Some pesticide metabolites (e.g. malaoxon) can be 
more toxic to ACP than the parent compound (e.g. 
malathion).

• Live ACP were detected 
after pesticide treatment 
(left).

• Tests with lower ACP 
population counts showed 
higher populations 
reductions (100%) (right).

• Trees with ACP remaining 
1-day after application 
were observed with 
regenerated ACP 
populations 1-week later.

Pesticide Efficacies
Range 

(%)
Average 

(%)
Standard Deviation 

(%)
Malathion 81-100 93 ± 11

Imidacloprid 63-88 86 ± 16
Dimethoate 80-86 84 ± 3

Afidopyropen 65-100 79 ± 15

Methods Results and Discussion

Implications Acknowledgements

Half Lives (hrs)
Malathion 3.1

Imidacloprid 2.3 - 4.4
Dimethoate 1.0 - 5.2

Afidopyropen 2.3 - 3.4

US Farmers spend $15 
billion on pesticides a year!

• Pesticides were less effective over time, 
even for systemic pesticides that offer 
longer protection to both leaf sides.

• Improved pesticide spatial distribution is 
critical for contact pesticides, where 
ACP need to come into contact with the 
pesticide in order to effectively kill.

• We need to develop longer lasting 
pesticides and better application 
methods used for citrus

Our findings can help reduce 
costs, environmental 

impacts, and spread of citrus 
greening disease

• We need to investigate other 
pesticides’ degradation in leaves to 
better understand pest 
management strategies in the field.

ACP often 
found on 
underside 
of leaves

Scan QR codes for 
info on the Borch 

Group and references!


