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Abstract 

Spay equipment investigations indicated that several high-volume air-assisted sprayers 
povided the greatest spray coverage on the underside of cotton leaves. Use of a trip 
type metal suppart for drop nodes either with or without air-assistance provided a high 
degree of nozzle-orientation ~ n t r 0 l  and spay-targeting to the leaf underside. 
m m e n t s  were conducted M mature cotton to examine the following factors: (1) type 
d sprayer, (2) level of air assistance, (3) air-assistance angle, (4) application spray rate 
(gpa). (5) canopy level, and (6) side of leaf. All factors were determined to be statistically 
hpoltant. Generally, increased spray rate and level of air assistance increased canopy 
pnetration and spray deposition. It should be noted that the experiments discovered 
"wing optimum sprayer settings thal depended on the exact shape, position, and 
&ntation of the targeted plant surface. Range of mean bifenthrin deposit5 due to type 
of sprayer were: (1) leaf upperside, 230 - 580 nglcm2, (2) leaf underside, 130 - 460 
ng'cmz. Bifenthnn (0.08 IBac) uniformly applied to all upper- and under-side leaf surfaces 
of mature, lapped cotton should result in a deposit of about 75 ng/cm2. 

Introduction 

The problem of spraying the underside of the cotton leaf to kill the sweeipotato whitefly 
(SPW) (Bemisia tabaaa Gennadius) is well known (Becker et al., 1992). However, the 
most pactical and efficient means of solving this spray-targeting problem is still unknown. 
Other factors such as insecticide effectiveness against the SPW and mobility of the SPW 
to host crops have a large impact on control (Becicer et al., 1992), yet cbtaining suflicient 
spray contact with the pest also remains as a necessary link in the control of this and 
omer ditfffllt to Control anon pestr such as the beet armyworm and aphid. 

Several sprayers were developed to use 'air assistance' as a means to improve spray 
caverage (Orcult, 1992). me term 'air assistance' is a generic notation k those 
sprayers using air to either atomize or convey spay liquid to the target. The concept of 
ush air to improve cotlon sprayer performance is rot new. In the late 1960% Harrell at 
at. (7970) developed a dual, air&lsted sprayer for applying chemicals m cotton foliage. 
They mwntad a pneumatic nozzle in an air duct wtlet above each row. Treatments 
a i e d  with the sprayer did not control cotton insects after the crop rows grew together, 
h u e  the spray pattern was too narrow m give complete coverage. Other early spray 
Larts were conducled with a Myers Downdraft r w a o p  sprayer (F.E. Myers Co., Ashland, w. 

air-assisted sprayer (Degania, FMC, Jonesboro, AR) was tested in dense, lapped 
cDmwl by Manor et al. (1989) and was touod to improve overall droplet coverage and 
defoliation. However, SPW control on the leaf underside was not significantly different 
h mat of hydraulic nozzle applications. The lack of diflerence in SPW control due to 
Wyers in this test may have reflected Me actual case. However, Me separation 
b0.05) beween insecticide sprayer treatments in all application tests is oiten difficult 
be to the inherent, high sample variability encountered under field condib'ons and due to 
he low test precision. 

1 $y (1991) reported that an air-assisted spayer (Twin. Hardi Inc.. Davenport, IA) 
/ Rreased w a y  d m t i o n  of fluorescein tracer on the underside of suaatbeel leaves and 

I b d  that d&it increased with increasing air exit velocity. constrahg these results, 
found that the dewsit bv a Deaania decreased with increasina air exit velocitv. The 

1 reason for the& diffhences-was not determined. 

h 0 r  et al. (1991) developed a 'canopy air jer to envelop and penetrate the cotton row 
dl sides. Their $sts indicated near total coverage of both sides of the leaves at all 

%hts. This was much greater coverage than was achieved by over-the-top applications 
with and without air-assistance. Drawbacks to widespread application of this 

w e p t  may be the physical size contraints, Low field capacity due to low sprayer width, 
difficult passage through dense cotton. 

Methods and Materials 

We conducted three spray penetration and deposition experiments using various designs 
of air-assisted sprayers, drapnozzle spayers, and conventional hydraulic over-thelop 
sprayers. The experiments paralleled the test protocol developed tor the ~ t i o w i d e  SPW 
experimentr (Womac and Howard, 1992). 

Experiment 1 investigaled the effects of spayer type, application spray rate. level of air- 
assistance, canopy location, and sided-leaf using the following sprayers: (1) Hardi Twin 
(Hardi Inc., Davenport, IA) air-assisted sprayer. (2) dropnozzle sprayer with nozzles on 
triptype metal drops, and (3) conventional over-the-top hydraulic sprayer. Application 
spray rates were 5 and .10 gpa for all sprayers. Level of air-assistance for the Twin 
ranged from no airflow, one-half airflow rate, to full airflow rate. Two canopy levels were 
investigaM: tap and mid-height of mature conon. Full test details were described by 
Womac el al. (1992). Briefly, the experiment involved separate spay applications of 
fluorescent bacer (Fluorescent Yellow Dye), bifenthrin (Capture 2EC) insecticide, and 
butifos (Def 6) defoliant and ethephon (Prep). The spray deposition was then traced and 
examined through the use of Ciba-Geigy brand water-sensitive paper (source: Spraying 
Systems Co.), plastic sheets, conon leaves, squares, bolls, and ddoliation rarings. 
Concurrent tracing methods were used whenever possible. 

Experiment 2 examined the eflects of sprayer type, canopy location, and side-of-leaf using 
the following sprayers: (1) Berlhoud Air Cannon (Benhoud, France), (2) FMC Degonia Air- 
Sleeve (FUC ~ o r p .  JonesboropR), (3) drop no&e with nozzles bn fiexible hose drops, 
(4) conventional over-the-top hydraulic sprayer, and (5) Proptec air-assist sprayer m 
m-ly. An ESS (ESS, Athens. GA) electrostatic sprayer w u  included in 
this study but the results are not presented due to a laulty charge grounding confledon. 
This was their first copy of this particular production sprayer and the connection has been 
fixed. Application spray rae was 20 gpa and the applications were with bifenthrin 
(Capture 2EC) insecticide at a rate of 0.08 Iblac. Canopy sample locabons were: top and 
mid-height of mature cotton. The spray deposit was sampled on the top and bottom of 
cotton leaves located in the top and middle of the cotton. Two sample methods were 
used: (1) USDA leaf washers (Carlton, 1992), and (2) water-sensitive paper strips. The 
leaf washers removed the chemical from 14.5 m2 of leaf surface with 3 ml of methanol. 
Strips of watersensitive paper (13 x 52 mm) were folded across the upper- and under. 
sides of anon leaves and fastened with paper clips. Bifenthrin was quanbfied by gas 
chromatography and papers were examined under a digital image-analys~s system. 

Experiment 3 studied the effects of sprayer type, air-amstance anqle and direction, 
canopy location, and side-of-leaf using theiollo&g sprayers: (1) ~ard;~win air-assisted 
spraver. (2) Hardi Mini-Variant modified with s~ouffnozzle drops, and (3) conventional 
over:th&i& hydraulic nozzles. ~ir-assistance angles for the Twin web 30 degrees 
forward and 30 degrees rearward. Direction of Mini-Vanant spouts was approximately 45 
degrees up and tward the row. Spouts were located about 2 feet below the top of the 
canopy. Canopy sample locations were top and mid-height of mature cotton. Application 
spray rate was 10 gpa. Test method was similar to hs: ;! Tes; 2. 

'$ b, m n y  questions arise regarding the design, selection, adjustment, and operalion of 
:' wa~ers for conon pest control. This is especially true for the air-assisted spayers that .. . 
: '3  more complex than the conventional, over-the-top, hydraulic sprayer. 

'i me objective of this st* was to investigate cotton spray methods to impove spay 
'' &vation, deposition, and SPW control. The study was based on examination of the 

k n g  factos: (1) type of sprayer, (2) level of air assistance, (3) air-assistance angle, 
@Way rate (gpa) (5) canopy level, ard (6) side of leaf. 
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The results from experiment 1 indicated that increasing the spay rate from 5 to 10 gpa 
increased upward-facing water-sensitive paper coverage from 11.8 to 14.5 percent and 
3.0 to 5.4 percent in the top and middle of the canopy, respectively, based on the mean 
for all sprayers. At 5 gpa, the Twin at full air poduced the highest coverage of 13.3 
percent and 4.2 percent in the top and middle of the canopy. The coverage by the drop 
nozzle was not statistically different (P.0.05) from that of the over-the-top application. At 
10 gpa, the Twin at full air produced the highest coverage (7.3 percent) in the middle of 
the canopy. Increasing the air velocity from no air to full air increased the penetration of 
the canopy middle foc the 5 and 10 gpa applications from 2.5 to 4.2 percent and 3.2 to 7.3 
percent, respectively. 

Bifenthrin concentrations washed from leaves showed trends similar to water-sensitive 
paper data above. The overall mean concentration washed from 5 and 10 gpa treatments 
were 17.0 and 21.3 ppb, respectively. The leaf deposition increases for each sprayer due 
to increased spray rate were 6.9,0.5, and 5.3 ppb for the Twin, drop nozzle. and over-the- 
1~ sprayer, respectively. In contrast, the deposition increases for each sprayer based on 
wash concentration removed from squares were 16.5, -21 6, and -2.3 ppb for the Twin, 
drop nozzle, and over-thetop spayer, respectively. The different trend in deposition 
between leaves and squares may have depended on differenl drOplet interception 
characteristics due to shape, orientation, and size of the targets. 



Detoliabn resulk indii183 the same rating (PL0.05) for the Twin and over-lhe-tcp 
;rppliuons.at 5 and 10 gpa spray rate. The dropnode spayer produced decreased 
ratings due to stnps missed where the cotton hpped in the row middles. Water-sensitive 
paper coverage data showed similar trends. 

The overall bifenthrin depovts from experiment 2 were as follom: Berthoud - 342 np/an2, 
Depmia - 5 t7 ngcm', drop nonle - 236 n@m2, wer-thetop - 319 np/an2, and P m p e  - 
399 ng/cm'. The sprayers with the greatest deposit tended to be of a design that 

pcduced high velodty/volumes of air. The experiment mean distribubon in deposlt for 
campy locations and leaf surfaces were as follrms: upper c a m  - 392 np/an2, mid 
canopy - 333.2 ng/cm2, upper leaf surface 426 ng/an2, and undervde of leaf - 299 nglan2. 
AN sprayen placad more bifenthrin in the upper regions of the canopy except the Degonia. 
All sprayers targeted the greatast amount of bifenthrin on the upper sde of the leaf. 
rank oraer (am dewsill of bifenthrin depos~t levels washed from the underside of the leaf 
was as tcilows Deqonia (456 nalcm'l. Proptec 1349 nakm2). Berth& (31 6 nakm9. wer- 
thelop (203 no/cm'). and droD noule 1172 nalcm?. Thecfebcally, blfenthrin (0.08 IWac) 
uniformly applied to the upper and lower leaf surfaces of mature, lapped cotton results in 
a deposit of about 75 np/an2. The drop nozzle was of the flexible tube type that could not 
control the orientation of the node.  It tended to sway back and forth and with a twisting 
motion that pevented gwd coverage. Previous experiences with drop nozzles 
(experiment 1) on biptype metal drops showed that coverage and bioassay5 conducted 
on the underside of leaves gave results equivalent (P4.05) to that of the Twin sprayer. 

Expriment 3 found that angle of air assistance affected bifenthrin deposit level. Overall 
mean deposits were as follrms: Twin with air angled down and forward - 339 ng/cm', Twin 
with air angled down and reatward - 268 ng/cm2, Mini-Variant with dmps - 550 ng/cm2. 
Conventional over-the-top -431 nglan2. The rank order (and dewsit) of bifenthrin deposit 
levels washed from the under side of the leaf was as follows: Mini-Variant with drops (572 
ndcm?. Twin with air angled forward (247 nalcm2. Over-the-top (193 nakm?. Twin with 
air angled rearward (187 nalcm2). The over-the-tap application gave the greatest deposit 
(669 ng/cm? on the leaf upper side. 

The high air vdume sprayer types (Twin, Degonia) produced high spray deposit coverage. 
The high air volume Mini-Variantwth spouts on metal drops produced the highest deposl 
on the lower side of the leaf. The drop noule sprayer using flexi&!e drcps gave low 
deposit levels on the lower side of the leaf. Mounting airassisted or conventional 
hydraulic nozzles on metal support drops improved coverage on the bwer side of the leaf. 
This triptam metal s u m r t  wovided the nozzle stability reauired to consistenttv target the 
lower h e o f  the leaf where the SPW resides. ~ozz ie  arid air spout uientaiion ihould 
face upward and toward the row for direct spray impingment 
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