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In Florida, the use of low volume sprayers has been adopted as a cost effective way to reduce Asian citrus psyllid populations. Low volume sprayers are calibrated to deliver 2 to 5 gal per acre with a mean pesticide droplet size of 100 microns
in diameter. A review of the literature on drift and droplet size identified a number of environmental conditions that
could affect the deposition of these small droplets. This study monitored these environmental conditions in a Florida
citrus grove from June to Dec. 2010 and provides some insight into the prevalence of the favorable weather conditions
for low volume spray applications. On average, wind speeds within a hedgerowed citrus grove were lower than outside
the grove. During the study period, wind speeds outside the grove were greater than 10 miles per hour from 1% to 18%
of the time depending on the month of the year. Conditions of low humidity (less than 50% relative humidity) occurred
during the day and in the cooler months and ranged from 2.6% to 26.5% of the time depending on the month of the
year. Temperature inversion conditions existed 16% to 32% of the time depending on the month of the year.

Huanglongbing (HLB), or citrus greening, is a disease of
significant concern that was first detected in Florida in 2005
(Halbert, 2005). HLB is predominately transmitted by the Asian
citrus psyllid (ACP) Diaphorina citri, but may also be transmitted through infected budwood. As a result, new Florida citrus
nursery regulations were immediately implemented to prevent
the transmission of HLB through potentially infected budwood.
ACP was first detected in Florida in 1998 and subsequently was
found to be distributed throughout the state upon further survey
(Halbert et al., 2001). The widespread distribution of ACP dictated
that eradication efforts in Florida would not be successful. The
foundation of current efforts in Florida to slow the spread of HLB
has been to use insecticides to control the ACP. These efforts have
created a significant economic hardship on growers, necessitating
the need for multiple applications of insecticides. To reduce application costs associated with these additional sprays, growers
have adopted low volume sprays to apply insecticides. Labels on
insecticides used for low volume applications typically require
that spray droplet sizes have a volume mean diameter (VMD) of
90 μm (microns). This relative measure of droplet size describes
the population of droplet sizes where 50% are smaller than 100 μm
and 50% are larger. Droplets smaller than 90 μm are considerably
more susceptible to environmental conditions resulting in spray
drift. Environmental factors cannot be controlled by the applicator
and can be a significant contributor to spray drift. This study was
developed to monitor a specific grove environment and determine
on a month-by-month basis (June–December) the percentage of
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time that climatic conditions would be considered favorable for
low volume spray applications.
Current recommendations for application of pesticides provide
guidance in determining the parameters of environmental conditions that would be less favorable for spray drift (Salyani, 2011).
Based on Fishel et al. (2010) and Syngenta (2011a, 2011b), the
following values were used as potential drift condition triggers
for low volume applications: humidity less than 50%, average
wind speeds greater than 10 miles per hour or the presence of
atmospheric temperature inversions. Temperature inversions
were defined for this study as periods when the air temperature
measured at 25 ft above ground level is greater than that at 5 ft
and the wind speed is less than 2 miles per hour.
Materials and Methods
The study was conducted in a research grove of Valencia orange (Citrus sinensis) scion on Carrizo citrange (Citrus sinensis
× Poncirus trifoliata) rootstock located at the Mid-Florida Citrus
Foundation in Avalon, FL. The grove was planted in 2000 at a
spacing of 25 by 12.5 ft for a total tree density of 139 trees per
acre. Trees had formed a hedgerow with rows oriented in a north
south direction for a total of 25 grove acres.
Two, 25-ft towers were erected to measure temperature, humidity, wind speed, and wind direction (Fig. 1). These two towers
were located outside the grove on the north and southeast sides in
an open, exposed grassed field. Weather instrumentation on these
towers consisted of temperature, wind speed, and wind direction
at the 25-ft level, and temperature, humidity, and wind speed at
the 5-ft level on each tower.
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at 5-ft and 20-ft heights. The weather data were recorded every
minute from 21 Jun. 2010 to 16 Dec. 2010.
Results and Discussion

Fig. 1. Outside instrument tower on north side of grove.

Fig. 2. Inside, in-row instrument tower.

Two additional 20-ft towers were erected in the interior of
the block, in-row, at an existing missing tree space (Fig 2). One
interior tower was in the geographical center of the grove with the
second tower located in the center of the southeast quadrant of the
grove. Weather instrumentation on these 20-ft towers consisted
of wind speed at the 5-ft and 20-ft levels.
A total of six H21-002, four-channel Hobo micro station data
loggers (Onset Computer Corp.; http://www.onsetcomp.com/)
were used to record inside tower wind data. Wind speed was
measured using four Onset (S-WSA-M003) anemometer sensors
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Due to the large volume of data measurements that were taken
every minute, data were analyzed based on 15-min averages. Wind
speed and wind direction are important factors in controlling
off-site drift from low volume spray applications. Wind speeds
less than 10 mph are considered favorable for spray applications.
Average wind speed data from outside the block was consistently
higher than that from the inside (Table 1). This demonstrated that
mature citrus trees that have formed a hedgerow act as a natural
windbreak reducing the average interior grove wind speed by
45% as compared to the average exterior wind speed in this study.
This situation may explain the observation made by growers
and researchers of reduced levels of citrus canker in blocks with
hedgerows compared to wider spaced groves. The exterior wind
speeds were used in the determination of favorable spray conditions since this location would be the most limiting wind speed
parameter measured in the study. Wind conditions for favorable
low volume applications (average wind speeds less than 10 mph)
occurred 82% to 99% of the time recorded during the study and
were variable from month-to-month (Table 1).
Humidity measurements followed typical expectations for
Florida. The majority of the low humidity periods occurred
during the middle of the day regardless of month. Overall lower
average monthly humidity occurred in the fall and winter seasons
compared with the summer months. Humidity readings greater
than 50% are considered favorable for spray applications. Average humidity was greater than 50%, 91.2% to 97.4% of the time
during the months of July through September (Table 2). From
October to December, average monthly humidity was greater than
50%, 73.5% to 85.9% of the time. In this study, average monthly
humidity distribution indicates that there should be more concern
for drift and potential spray droplet evaporation during the fall
and winter months, especially during the day. Humidity values
were further analyzed to determine how prevalent values greater
than 70% were during the study. Humidity levels greater than
70% pose a negligible risk for droplet evaporation and would
be considered optimum conditions for low volume applications.
From June through September occurrence of monthly average
humidity values greater than 70% ranged from 60.8% to 76.5%
compared with a range of 43.6% to 66.6% for the period from
October to December.
Temperature inversions occur under stable atmospheric conTable 1. Percentage of days when wind speed was between 0 to 10 mph
and average wind velocity in mph inside and outside grove.
Percent time
w/avg wind speed
Avg monthly
between
wind velocity (mph)
Month
0 to 10 mph (%)
Inside grove Outside grove
June
99
2.0
4.0
July
98
1.6
3.7
August
82
1.6
3.8
September
85
2.0
3.8
October
91
1.8
3.8
November
91
2.3
4.4
December
82
3.3
6.1

91

Table 2. Percentage of time that monthly humidity exceeded 50% or 70%
along with the prevalence of temperature inversion with maximum
temperature inversion for each month.
Percent time
Percent time
Monthly max
with humidity (%)
under temp
degrees (°F)
Month
>50%
>70%
inversion (%)
inversion
June
84.8
60.8
29
2.8
July
91.2
68.3
29
7
August
97.4
76.5
32
9
September
95.1
68.7
31
6
October
73.5
57.5
30
11
November
85.9
66.6
24
12
December
73.9
43.6
16
11

ditions. These conditions are characterized by clear skies, calm
winds, and air temperatures that are lower at ground level than
at 25 ft above the ground surface. Under these conditions, low
volume spray droplets can become trapped and suspended in the
air below the inversion, becoming more susceptible to off-site
drift. Inversions develop only under what are considered to be
calm conditions when the measured wind velocities are less than
2 miles per hour and warmer air is aloft. In this study, inversions
developed during the overnight hours and ranged in prevalence
from 16% to 32% of the time based on monthly averages (Table
2). During the summer months (June–September), the percentage
of the monthly average when temperature inversions developed
ranged from 29% to 32%. From October to December inversions
developed from 16% to 30% of the time based on the monthly
average. During this study, higher percentage of inversions developed during the summer months and at night. The strength
of the inversion can be measured by the absolute difference in
air temperature at the ground and aloft. The maximum single
monthly temperature inversion that developed from June to September ranged from 3 to 9 °F. During the months from October
to December, the maximum single monthly inversion temperature ranged from 11 to 12 °F. During the summer months, there
was a greater percentage of time when inversions were present.
Although temperatures inversions were more frequent during
the summer, these inversions were typically weaker in strength
than the less frequent, stronger inversions that occurred during
the winter months.
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In this study, the average monthly wind velocities outside the
grove were typically less than 10 mph, indicating that wind velocity during this study would not be a significant limiting factor
to low volume spray applications. Higher wind speeds occurred
outside the grove, with significantly lower wind velocities within
the grove. The average monthly humidity values were greater
than 50% more than 73.5% of the time. This factor can further be
mitigated by avoiding spray times during the day when humidity
levels are the lowest. Temperature inversions commonly occurred
during the overnight hours of this study. Higher average monthly
percentage of inversions occurred during the summer months, but
the strength of these inversions was less than that of inversions
that developed during the fall and winter months.
Information generated from this study on environmental conditions indicated that the most favorable timing for low volume
application is during the summer months when inversions are
weak and humidity is high with low wind velocities. In the fall and
winter, conditions are often favorable for low volume applications.
However, suitable periods for low volume application during this
time are not as prevalent as in the summer months. Care should
be exercised during periods of low humidity, nights with strong
inversion development, and high wind velocities.
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