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ABSTRACT

Growers have rapidly adopted auxin-resistant
cotton and soybean technologies. In Georgia,
growers who plant auxin-resistant cotton/soy-
bean are required to utilize nozzles that produce
larger (coarser) droplets when spraying auxin
herbicides to minimize potential off-target move-
ment of pesticides. Consequently, these nozzles
are also used in peanut (an important rotational
crop with cotton) since changing nozzles between
crops is uncommon for growers. However, larger
droplets can result in reduced spray coverage
which may lead to less effective pest control.
Therefore, seven on-farm trials were conducted in
commercial peanut fields using commercial spray-
ers from 2018 to 2020 across four different
locations in Georgia to compare the spray
performance of air-induction (AI) nozzles that
produce very coarse to ultra coarse droplets
(VMD50 � 404 microns) with non-AI (conven-
tional flat fan) nozzles that produce medium to
coarse droplets (403�VMD50�236 microns) for
pest management in peanuts. For each trial, test
treatments were implemented in large replicated
strips where each strip represented a nozzle type.
For nozzle comparison, XR and XRC represent-
ed non-AI nozzles while TADF, TDXL, TTI, and
TTI60 represented the commonly used AI nozzles
in these trials. Spray deposition data for each
nozzle along with disease ratings, weed and insect
control ratings were collected in all on-farm trials.
Peanut yield was collected at harvest. Results
indicated that the AI nozzles produced larger
droplets than the non-AI nozzles in all nozzle
tests; however, the spray coverage varied among
the nozzle types. Nozzle type did not influence
pest (weed, disease and insect) control, or peanut
yield (p.0.10) in any of the on-farm trials. These

results suggested that peanut growers can utilize
these coarser droplet nozzles for pest manage-
ment in fields with low to average pest pressure
during the season. Future research on nozzle
evaluation needs to investigate the influence of
droplet size, carrier volume, and pressure on
coverage and canopy penetration.
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Peanut production in Georgia is among the
state’s top agriculture industries and comprises
around 50% of the total acreage and production of
all peanuts grown in the United States. In 2020,
323,887 ha of peanuts were harvested in Georgia
contributing approximately 656,000,000 US dollars
to the state’s agriculture economy (USDA-NASS,
2020). To protect crop yields and profits through-
out the season, peanut growers rely heavily on
pesticides for pest management every year. Among
different pesticide applications in peanut, herbi-
cides and fungicides are the most frequently used
(applied to 94% and 88%, respectively of the
planted acres), according to an agricultural chem-
ical use survey conducted by USDA-NASS in 2018
in six states (including Georgia) that accounted for
93% of the 0.57 million hectares planted to peanuts
in the United States (USDA-NASS, 2018). Con-
sidering the importance and volume of pesticide
applications made each year in peanut production,
maximizing the effectiveness of pesticide applica-
tion remains a top priority for growers. Conse-
quently, more research efforts have been focused
on understanding the performance of spray equip-
ment under different application conditions as well
as evaluating technologies that can provide im-
proved coverage and efficacy for effective pest
management in peanuts.

Spray technology has evolved considerably over
the last decade with a rising trend towards
increased application widths and faster moving
equipment to cover more acres per tank load
(Etheridge et al., 1999). However, pesticide appli-
cations at faster speeds and improper selection of
spray parameters have also raised concerns regard-
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ing off-target movement of pesticides to neighbor-
ing vegetation, water bodies and wildlife (de Snoo
and de Wit, 1998; Freemark and Boutin, 1995;
Rodrigues et al., 2020). Increased occurrence of
off-target movement of chemicals during pesticide
applications has resulted in more emphasis on
controlling variables that can help minimize such
issues. Selection of spray parameters (application
speed, nozzle type, spray pressure and boom
height) and environmental conditions (wind speed
and direction, temperature, humidity) at time of
application can influence spray performance and
off-target movement (Creech et al., 2015). While
environmental conditions such as wind speed and
direction cannot be controlled by the operator,
managing controllable factors such as nozzle type,
pressure, speed, and boom height are important
considerations in controlling off-target movement
during pesticide applications.

When considering ways to control off-target
movement, nozzle type is an important tool as it
influences droplet size and spray distribution
(Rogers and Maki, 1986; Taylor et al., 2004).
Selection of correct nozzles is also considered
important to attain desired spray coverage and
product efficacy during pesticide applications.
Generally, finer droplets are needed for increased
coverage and efficacy (Etheridge et al., 2001),
however they are also more susceptible to increased
drift potential. Thus, a common practice to reduce
off-target movement of spray particles is to
increase droplet size by reducing pressure or by
selecting a nozzle with larger orifice size (Creech et
al., 2015; Hartley and Graham-Bryce, 1980).
Though this conventional practice helps minimize
off-target movement, it also influences application
rate if not properly accounted for with additional
changes to the application speed (Knoche, 1994)
and potentially pesticide efficacy (in case of contact
herbicides) as larger droplets provide less coverage
(Spillman, 1984). To address this issue, nozzle
manufacturers have designed new types of nozzles
to achieve coarser spray droplets to decrease off-
target movement while maintaining adequate
droplet distribution at the same pressure for
optimal pesticide efficacy (Piggot and Matthews,
1999; Ramsdale and Messersmith, 2001). Several
researchers reported that air-induction nozzles
exhibited improved drift control and similar/
increased efficacy (coarser droplets) when com-
pared to conventional flat fan nozzles (medium
droplets) at a given pressure (Etheridge, 1999;
Lund, 2000; Wolf, 2005; Sikkema et al., 2008).

Recently, increased occurrence of herbicide
resistant weeds due to selection pressure has led
agriculture companies to develop auxin-resistant

corn, cotton and soybean (USDA-APHIS, 2015).
Thus, auxin herbicides are extensively used in
current production systems for weed control.
However, other broadleaf plant species (not
resistant to auxin herbicides) are highly sensitive
and can exhibit significant damage at very low drift
rates (Egan et al., 2014). Therefore, the current
herbicide labels (for auxin tolerant crops) contain
specific application requirements including consid-
erations for wind speed, time of application, buffer
zones, application speed, boom height, and nozzle
type to mitigate any potential off-target movement
of spray particles. Labels for auxin herbicides
registered for use in tolerant crops require that
the growers must use approved air-induction
nozzles (labeled for use with auxin herbicides,
hereby ‘‘AI nozzles’’) within the recommended
pressure range to produce the larger droplets
(coarser) needed to minimize potential off-target
movement during application. In the southeastern
United States, the adoption of auxin-resistant
technologies has been steadily increasing as more
growers are planting auxin-resistant cultivars so
they can utilize dicamba or 2,4-D as primary
herbicides in their weed management programs.
For examples, Georgia cotton producers planted
auxin-tolerant varieties on 98% (96%-dicamba þ
2%-2,4-D) of the total acres planted in cotton in
2020 (USDA-AMS, 2020).

In Georgia, peanut is an important rotational
crop with cotton due to its many benefits such as its
ability to provide nitrogen to the soil, reduced
disease and insect pressure, and easier to manage
weed pressure (Elkan, 1995; Vencill et al., 2012).
Following label requirements for auxin herbicides
in cotton also means that growers could utilize the
recommended AI nozzles on peanuts as routinely
changing nozzles between crops as well as between
different pesticide applications is very uncommon
for growers. Most pesticides used in peanut require
medium spray droplets for optimum coverage;
medium droplets are more prone to off-target
movement than coarser droplets achieved with AI
nozzles. Since larger droplets can decrease spray
coverage (Spillman, 1984), pesticide applications in
peanut with AI nozzles could mean compromised
coverage resulting in reduced pest control, which
can eventually lead to yield loss. Thus, peanut
growers are questioning whether AI nozzles (la-
beled for use with auxin herbicides) are appropriate
to apply all pesticides (herbicides, insecticides and
fungicides) for effective pest control as compared
to the conventional flat fan nozzles (‘‘non-AI
nozzles’’).

Numerous studies have investigated the effect of
nozzle type on droplet size, coverage, control and
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efficacy of pesticide applications in different crops
(Sikkema et al., 2008; Meyer et al., 2016; Rodrigues
et al. 2020). However, limited research exists on
evaluating the effect of nozzle type on pest control
and efficacy in peanut (Berger et al. 2014; Carter et
al. 2017). Berger et al. (2014) reported no
differences in herbicide efficacy between the non-
AI and AI nozzles despite reduced coverage for the
AI nozzle. Carter et al. (2017) compared three
different nozzle types [AIXR11002 (coarse drop-
lets), TTI11002 (ultra coarse droplets), and
DG11002 (medium droplets)] for weed control in
peanut herbicide systems. The authors reported
reduced grass control (5-6%) with the TTI nozzle
but no differences in Palmer amaranth control and
yield were observed between the nozzle types. It
should be noted that most studies on evaluating
nozzle type are conducted utilizing small-plot
research techniques with herbicide applications
performed using a CO2-powered backpack sprayer.
Consequently, results attained in these studies need
to be verified in large-scale field trials using
commercial application equipment typically used
by growers. Additionally, most commercial appli-
cations are performed at speeds .16 km hr�1 which
is quite difficult to simulate when implementing
small-plot research trials. Moreover, the effect of
nozzle type on pest management in peanut has not
been fully investigated across all pesticide applica-
tions (herbicides, fungicides and insecticides).
Therefore, the objective of this study was to

evaluate and compare the performance of AI (very
coarse to ultra coarse droplets) and non-AI nozzles
(medium to coarse droplets) on pest control and
efficacy in peanut through large-scale on-farm
trials using commercial boom sprayers.

Materials and Methods
Seven field experiments were conducted in

commercial peanut fields using commercial spray-
ers from 2018 to 2020 at four locations in Georgia.
To compare the performance of non-AI (medium
to coarse droplets) to AI nozzles (very coarse to
ultra-coarse droplets), treatments for each experi-
ment consisted of two to three different nozzle
types with at least one nozzle representing a
conventional non-AI nozzle [XR and XRC (TeeJet
Technologies, Springfield, IL)], and one or two
other nozzles representing an AI nozzle [TADF
and TDXL (Greenleaf Technologies, Covington,
LA 70433); TTI and TTI60 (TeeJet Technologies,
Springfield, IL, 62701)]. Table 1 provides detailed
information (by study year and location) on nozzle
types, operating spray pressure, spray angle, nozzle
orifice size, and spray classification for the nozzles
used during each on-farm test. All nozzles tested in
these studies had a 1108 spray angle while the
nozzle orifice sizes varied from 0.40 to 0.60
depending on the target application rate and spray
pressure required to obtain that rate. Orifice size is
related to the nozzle capacity (flow rate in gallons

Table 1. Information on the nozzles by study year and location for the on-farm studies conducted in Georgia (2018-2020).

Year County Nozzle typea Spray pressure Spray angle Orifice sizeb VMDc Range Spray classificationc

kPa 8

2018 Bulloch XR11006 172.4 110 0.60 236-340 Medium
TADF06 404-502 Very Coarse

2018 Pierce XR11006 158.6 110 0.60 236-340 Medium
TTI11006 .665 Ultra Coarse

2018 Miller XRC11005 165.5 110 0.50 236-340 Medium
TTI60-11005 .665 Ultra Coarse

2019 Bulloch XRC11004 193.1 110 0.40 236-340 Medium
TTI11004 .665 Ultra Coarse
TDXL11004 404-502 Very Coarse

2019 Worth XRC11006 344.7 110 0.60 236-340 Medium
TTI11006 .665 Ultra Coarse

2019 Pierce XR11006 137.9 110 0.60 236-340 Medium

TTI11006 .665 Ultra Coarse
2020 Bulloch XRC11004 282.6 110 0.40 236-340 Medium

TTI11004 .665 Ultra Coarse

TTI60-11004 .665 Ultra Coarse

aXR, XRC, TTI, and TTI60 spray tips (TeeJet Technologies, Glendale Heights, IL); TADF and TDXL (Greenleaf
Technologies, Covington, LA).

bOrifice size represents the nozzle flow rate at 275.8 kPa in accordance with ISO 10625:2018.
cVMD range and the corresponding spray classification as listed by the nozzle manufacturer in the nozzle selection guide in

accordance with ASABE S572.1.
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per minute) at 275.8 kPa as nozzle flow rate is a
function of orifice size and pressure (ISO 10625,
2018). Spray classification in Table 1 represents the
expected droplet size (VMD range) and spray
quality listed by the nozzle manufacturer in the
nozzle selection guide in accordance with the
droplet size classification standard ASABE S572.1
(ASABE, 2018). VMD represents the median
droplet size, in microns (lm), at which half of the
spray volume is composed of spray droplets larger
than the VMD and the other half of the spray
volume with spray droplets smaller than the VMD.
As listed in Table 1, the expected spray quality,
based on the orifice size and operating pressure,
from the non-AI nozzles (XR and XRC) is medium
droplets whereas it is very coarse to ultra-coarse
droplets for the AI nozzles (TTI, TTI60, TADF
and TDXL) at the selected nozzle size and pressure.

For each test, treatments - consisting of different
nozzle types - were implemented in long replicated
strips where each sprayer pass represented a nozzle
treatment. Consequently, each sprayer pass was
treated as an individual plot where plot width was
equivalent to the boom width (27.4 – 33.5 m) and
plot length equal to the length of the peanut field
(304.8 – 607.4 m). Each nozzle treatment was
replicated three to four times depending on
available field space and all replications were
randomized in the field. All application parameters
except nozzle type remained constant between the
treatments for each test and were selected by
growers based on their preferred spray application
practices. Table 2 presents information on appli-
cator, boom width, nozzle spacing, ground speed,
application rate, and boom height utilized during
the on-farm nozzle tests conducted at each
location. All agri-chemical applications for the
entire production year were made by the grower
and were applied according to the grower’s typical
production practices (Table 3).

Prior to peanut planting and pesticide applica-
tions, spray deposition data (stain diameter and
coverage) was collected using Kromekote cards

that measured 5.1 by 7.6 cm. Kromekote cards are
a specialty photo paper that stains when a spray
solution containing dye is deposited on it (John-
stone 1960), and have been commonly used for
spray deposition analysis by researchers. Krome-
kote cards were placed on the ground in a 3.13 3.1
m grid pattern in the field (5 to 9 cards along the
spray width) and sprayed with water mixed with a
dye (Vision Pinke, Garrco Product Inc., Converse,
IN) using the selected nozzle types (Table 2) and
same spray settings (Table 3) as utilized by the
growers during actual pesticide applications. Spray
quality data can vary between different pesticide
solutions due to difference in viscosity and surface
tension among the solutions. Although it is feasible
to collect spray deposition data with actual
pesticides (instead of water) using water-sensitive
paper, considering the number of different agri-
chemicals used and applications made throughout
the season in each field, it was not feasible as well
as beyond the scope of this study to collect spray
quality data for all pesticides used in this study.
For all tests, spray deposition data were collected
three times (3 replications) for each nozzle provid-
ing 15 to 27 Kromecote cards for each treatment.
After being sprayed with water and dye, the cards
were allowed to dry and then carefully collected
and stored in standard paper envelopes. A software
program DropletScane (WRK of Oklahoma,
Stillwater, OK) coupled with a high-resolution
flatbed scanner CanoScan 5600F (Canon USA,
Melville, NY) was used to assess stain size diameter
and coverage on the Kromekote cards. The
software was set to scan 75% of the card area
and the resolution of the scanner was set to 30 lm
per pixel.

Weed density data were obtained by counting
the number of weeds per m2 after all herbicides
were applied. Insect data were obtained by
counting the number of insects in 10-15 sweeps
per plot (38 cm diameter sweep net) after all
insecticides were applied. Insects commonly ob-
served in the peanut fields during these studies were

Table 2. Sprayer and application information for the on-farm nozzle evaluation tests conducted in Georgia (2018-2020).

Year County Applicatora Boom width Nozzle spacing Ground speed Application Rate Boom height

m m km/h L/ha m
2018 Bulloch JD4630 27.4 0.38 20.3 140.3 0.86
2018 Pierce JD4730 30.5 0.38 18.7 149.7 0.71

2018 Miller JD4030 33.5 0.51 16.1 93.5 0.91
2019 Bulloch JD4630 27.4 0.38 19.3 112.2 0.91
2019 Worth JD4730 27.4 0.51 20.1 187.1 0.91
2019 Pierce JD4730 30.5 0.38 18.7 140.3 0.91

2020 Bulloch JD4630 27.4 0.38 21.9 121.6 1.04

aJD4630, JD4030 and JD4730 indicates John Deere and the corresponding model# for the applicator (John Deere, Moline, IL)
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velvetbean caterpillar [Anticarsia gemmatalis
(Hübner)], soybean looper [Chrysodeixis includens
(Walker)], threecornered alfalfa hopper [Spissistilus
festinus (Say)], and garden fleahopper [Halticus
bractatus (Say)]. After all fungicide applications
were made, early/late leaf spot [Cercospora arach-
idicola (Hori) U. Braun and Cercosporidium person-
atum (Berk. & Curt.)] severity was visually
estimated using the Florida 1-10 leaf spot severity
scale where 1¼ no disease, 0% defoliation, and 10
¼ 100% defoliation, plants dead, killed by leaf spot
(Chiteka et al., 1988). Southern stem blight or
white mold [Sclerotium rolfsii (Sacc.)] severity was
determined by counting the number of disease loci
per 0.31 m (per foot) of row length and converting
to the percent of row infected. Peanut yield data
were collected by harvesting the center six rows (5.5
m, 6 ft) of each test strip using commercial
harvesting equipment and a wagon equipped with
scales that facilitates the weighing of large peanut
plots (Figure 1). The harvest plot length varied
between 304.8 and 607.5 m (1000 and 1993 ft)
based on the field length. Peanut yields were
adjusted to 10% moisture. Table 4 provides a

complete timeline including peanut planting, spray
assessment, weed and insect counts, disease ratings,
and peanut digging and harvest dates for all on-
farm nozzle tests conducted in Georgia from 2018
to 2020.

Data for each test location and year were
analyzed separately due to differences in grower
production practices and field conditions between
the locations and study years. For each study, data
were subjected to analysis of variance (ANOVA)
using the PROC GLM procedure in SAS 9.4 (SAS
Institute, Cary, NC 27511) where nozzle type was
considered as an explanatory variable, and droplet
size, coverage, weed, disease, insect data, and
peanut yield were treated as response variables.
Least square means for the response variables were
compared using MEANS LSD option within the
PROC GLM procedure using an alpha value of
0.10 (p�0.10).

Results and Discussion
Spray Assessment

Table 5 presents the spray assessment data
(stain diameter and coverage) for the different
nozzle types evaluated during each on-farm test.
From stain diameter, it can be noticed that the size
of the spray droplets produced by the AI nozzles
(TADF, TTI, TDXL and TTI60) were significantly
larger than the spray droplets produced by the non-
AI nozzles (XR and XRC) at the same orifice size
and spray pressure. These results were expected as
AI nozzles tend to produce larger droplets than
non-AI nozzles at same nozzle size and pressure,
and thus the reason they are recommended for
spraying auxin herbicides to reduce off-target
movement of spray particles. Creech et al. (2015)
and Rodrigues et al. (2020) also reported similar
findings where the AI nozzles (TTI and AIXR)
produced larger droplets than the non-AI nozzles
(XR).

Table 4. Planting dates, peanut cultivars, harvest dates and harvest plot sizes for the on-farm nozzle evaluation tests conducted in

Georgia (2018-2020).

Year County Cultivar Planting
Spray

Assessment
Weed

Countsa Disease Ratings
Insect
Counts Digging Harvest

2018 Bulloch GA-06G May 11 March 23 - Aug. 17, Oct. 12 Oct. 2 Oct. 6 Oct. 17
2018 Pierce GA-06G June 8 March 22 - Aug 28, Oct. 18 Sept. 19 Oct. 17 Oct. 31
2018 Miller GA-06G May 3 April 10 - Sept. 11, Sept. 26 Sept. 11 Sept. 24 Oct. 3

2019 Bulloch GA-06G May 17 March 21 Sept. 9 Sept. 9, Oct. 3 Oct. 3 Oct. 3 Oct. 8
2019 Worth GA-06G May 9 April 4 Sept. 4 Sept. 4, Sept. 21 Sept. 21 Sept. 21 Sept. 24
2019 Pierce GA-06G May 18 March 26 Sept. 5 Sept. 5, Oct. 1 Sept. 5 Oct. 1 Oct. 5

2020 Bulloch GA-18RU May 1 March Aug. 5 Aug. 27, Sept. 17 Aug. 5 Sept. 15 Sept. 24

aWeed counts were not performed in 2018

Figure 1. Peanut harvesting using weigh wagon for on-farm nozzle test in

Bulloch County (2019).
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Spray coverage results were variable among the
nozzle tests. In three out of seven tests (Pierce –
2018, Worth – 2019, and Bulloch – 2020), spray
coverage was not significantly different between the
AI and non-AI nozzles, despite differences in
droplet size between these nozzles. In general,
smaller droplets (medium - coarse) are expected to

provide better coverage than larger droplets (very
coarse - ultra coarse) due to the presence of more
fines; however, this was only noticed in one on-
farm nozzle test (Bulloch - 2018) where the XR
nozzle provided better coverage than the TADF
nozzle. In three other tests (Miller – 2018, Bulloch –
2019, and Pierce - 2019), the spray coverage
obtained from the AI nozzles (TTI60, TTI and
TDXL, and TTI, respectively) was greater than the
non-AI nozzles (XRC, XRC, and XR, respectively)
used in these tests. Other studies have also reported
similar inconsistent coverage results between these
nozzle types, where in some cases the XR nozzles
exhibited greater coverage than the TTI nozzles
(Ferguson et al., 2020), and in other cases the
coverage produced by the TTI nozzles was similar
to the XR nozzles (Legleiter and Johnson, 2016).
Pest Control

Nozzle type had no effect on weed, disease, and
insect control in any of the on-farm tests conducted
in this study (Table 6 and Table 7). The only
exception to this was the observed significant
difference in threecornered alfalfa hopper counts
between the XRC and TTI60 nozzle in 2018 for the
nozzle test conducted in Miller county. This specific
finding was unexpected and cannot be explained by
the parameters measured in this trial. Spray
coverage results for this field also showed greater
coverage for the TTI60 nozzle than the XRC
nozzle which suggests that the TTI60 nozzle would
have provided better control due to increased
coverage if nozzle type had any influence on insect
control. Typically, smaller droplets produced by
non-AI nozzles (XR and XRC) should provide

Table 6. Influence of nozzle type on weed and disease control in the on-farm studies conducted in Georgia (2018-2020).

Year County Nozzle type Total Weedsa Leaf spota Southern stem blighta

/m2 1-10 %
2018 Bulloch XR11006 -b 1.0 a 4.8 a

TADF06 - 1.0 a 8.4 a
2018 Pierce XR11006 - 1.7 a 15.5 a

TTI11006 - 1.8 a 11.8 a

2018 Miller XRC11005 - 2.8 a 3.7 a
TTI60-11005 - 3.0 a 3.9 a

2019 Bulloch XRC11004 0.0 a 1.0 a 8.9 a

TTI11004 0.0 a 1.0 a 7.3 a
TDXL11004 0.0 a 1.0 a 7.1 a

2019 Worth XRC11006 0.0 a 1.0 a 6.9 a
TTI11006 0.0 a 1.2 a 8.7 a

2019 Pierce XR11006 1.4 a 1.0 a 5.3 a
TTI11006 0.2 a 1.0 a 4.1 a

2020 Bulloch XRC11004 0.0 a 1.0 a 5.8 a

TTI11004 1.0 a 1.0 a 4.8 a
TTI60-11004 1.8 a 1.0 a 3.3 a

aMeans within a same column (arranged by year and county) followed by the same letter are not statistically different (p.0.10)
bWeed counts were not collected in 2018

Table 5. Results (VMD and coverage) from DropletScane

Analysis for the nozzles tested in the on-farm studies in

Georgia (2018-2020).

Year County Nozzle type Stain Diametera Coverageb

lm %

2018 Bulloch XR11006 367 b 14.6 a
TADF06 531 a 10.2 b

2018 Pierce XR11006 374 b 4.1 a
TTI11006 525 a 3.1 a

2018 Miller XRC11005 302 b 6.6 b
TTI60-11005 514 a 8.4 a

2019 Bulloch XRC11004 182 c 8.1 b

TTI11004 456 a 11.8 a
TDXL11004 411 b 12.0 a

2019 Worth XRC11006 348 b 10.0 a

TTI11006 481 a 7.4 a
2019 Pierce XR11006 196 b 3.4 b

TTI11006 382 a 5.4 a

2020 Bulloch XRC11004 282 b 5.0 a
TTI11004 516 a 5.0 a
TTI60-11004 496 a 6.5 a

aStain diameter represents mean diameter of the stains
deposited on the Kremokote cards.

bMeans within a same column (arranged by year and

county) followed by the same letter are not statistically
different (p.0.10)
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better efficacy for non-systemic pesticides due to
increased coverage (Ennis and Williamson, 1963,
McKinlay et al., 1972); however, previous research
on effect of nozzle type on pest control (specifically
weed control) has reported varying results on
correlation between droplet size and the pesticide
efficacy (Shaw et al., 2000, Sikkema et al., 2008,
Berger et al., 2014). These contrasting results could
be attributed to interactions among pesticide
efficacy and other factors such as weed species
and density, tillage, and soil type (Franca et al.,
2020).

One possible reason for the results observed in
our study could be that the weed, disease and insect
pressure in most of the fields during all three years
was low to normal, which could have influenced the
effect of nozzle type on pest control. A high or
severe pest pressure could result in a different
outcome on the influence of nozzle type than that
observed in this study. Therefore, future research
on nozzle evaluation could be expanded to include
fields with a high weed, disease or insect pressure,
and to collect additional nozzle performance data
to measure spray coverage and penetration in the
crop canopy during actual pesticide applications.
Peanut Yield

Nozzle type had no influence on peanut yield in
any of the on-farm tests (Table 8). The yield results
were somewhat expected as no differences in pest
management (weeds, disease, and insect) were
observed between the AI and non-AI nozzles in all
on-farm trials. Carter et al. (2017) reported similar

findings on the influence of nozzle type on peanut
yield where no differences in peanut yields were
observed between the nozzles that produced medi-
um to coarse droplets (DG11002 and AIXR11002),
and ultra-course spray droplets (TTI11002) at the
selected pressure of 262 kPa. Though limited
research exists on the influence of nozzle type on
peanut yield, research studies on nozzle evaluation
in other row-crops (corn, cotton, and soybeans)

Table 8. Influence of nozzle type on peanut yield in the on-farm

studies conducted in Georgia (2018-2020).

Year County Nozzle type Yielda

kg/ha
2018 Bulloch XR11006 7,429 a

TADF06 7,633 a
2018 Pierce XR11006 5784 a

TTI11006 5937 a
2018 Miller XRC11005 6,483 a

TTI60-11005 6,591 a
2019 Bulloch XRC11004 5,229 a

TTI11004 5,073 a

TTI60-11004 5,353 a
2019 Worth XRC11006 7,376 a

TTI11006 7,384 a

2019 Pierce XR11006 5,597 a
TTI11006 5,646 a

2020 Bulloch XRC11004 5,229 a

TTI11004 5,073 a
TTI60-11004 5,353 a

aMeans within a same column (arranged by year and

county) followed by the same letter are not statistically
different (p.0.10)

Table 7. Influence of nozzle type on insect counts in the on-farm studies conducted in Georgia (2018-2020).

Year County Nozzle Type Velvet beana Soybean loopera
Threecornered
alfalfa hoppera Garden fleaa

#/10SWPb #/10SWP #/10SWP #/10SWP
2018 Bulloch XR11006 -c 0.5 a 27.3 a 18.3 a

TADF06 - 0.5 a 31.3 a 19.5 a
2018 Pierce XR11006 0.7 a 2.0 a 5.0 a 8.3 a

TTI11006 0.3 a 0.0 a 3.3 a 9.0 a
2018 Miller XRC11005 - - 3.7 b 34.0 a

TTI60-11005 - - 9.0 a 47.0 a
2019 Bulloch XRC11004 0.3 a 2.9 a 2.3 a -

TTI11004 0.9 a 1.0 a 2.3 a -

TDXL11004 0.7 a 3.5 a 1.9 a -
2019 Worth XRC11006 - 0.3 a 8.7 a 2.3 a

TTI11006 - 0.5 a 7.2 a 6.2 a

2019 Pierce XR11006 0.3 a 1.0 a 1.3 a 0.7 a
TTI11006 1.2 a 0.9 a 1.5 a 0.5 a

2020 Bulloch XRC11004 - - 5.5 a -

TTI11004 - - 4.3 a -
TTI60-11004 - - 5.8 a -

aMeans within a same column (arranged by year and county) followed by the same letter are not statistically different (p.0.10)
b#/10SWP represents total number of insects collected in 10 sweeps
cthese insects were not present in the field during data collection
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have reported varying results as crop yield is also
influenced by pest species, density, application
timing, and duration of interference (Undersander
et al., 1985; Ferrell and Vencill, 2003; Sikkema et al.
2008; Everman et al., 2008).
Conclusions

The results of this research demonstrate that
despite differences in droplet stain diameter (and
coverage in some cases) between the non-AI (XR
and XRC) and AI nozzles (TTI, TTI60, TADF and
TDXL) tested in these on-farm studies, no signifi-
cant differences in pest (weed, insect and disease)
control and peanut yield were observed among the
nozzle types. These results suggest that peanut
growers who utilize AI nozzles (labelled for use
with auxin herbicides) for pest control in cotton can
utilize the same nozzles for pesticide applications in
peanut without any concern about reduced pest
control and/or yield. It should be noted that the
spray performance results reported here were
obtained in fields with low to average pest pressure
during all study years. Presence of a high or above
average pest pressure in a field could lead to
different results with the same nozzles at the same
or different application rates and/or spray pressures.
It should also be noted that the spray deposition
data in these trials were collected prior to any
pesticide applications on a bare-ground surface
using water mixed with dye, thus spray deposition
results for the same nozzles could vary if collected
using actual pesticide solution and/or in the presence
of crop canopy. Future nozzle evaluation studies in
peanut should investigate the influence of droplet
size in combination with different spray volumes
and pressures on spray coverage and penetration
into crop canopy to better understand spray
distribution and canopy penetration at different
droplet sizes during pesticide applications.
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