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INTRODUCTION
Pesticide spray efficlency is a highly complex,

multidisciplinary problem, and there is a need to understand

the processes causing the observed variability in spray

deposition on biological targets. Neither the emission rate

nor the deposition rate is a relfable measure of pesticide

efficacy (Himel and Uk 1975). Only a fraction of the
applied amount secures the desired hiological effect in many

pesticide sprav operations (Yollv and Turner 1978). The

pathway from the spray tank to the site of action is complex.

o
The spravy drohs may be lost by evaporation and/or drifet, ory
“\'U,fv’\“u‘lt 4N l)\:'\ f\,,,'l

>N
the drop/ size mav he push—that—thev—may—havre—a-~lew impaction

cfficiency on target objects (Himel 1969 Seymour 1969),

For forest 4+ree protection. {t ig necessary for the initial

N BN

XYY

N Y
Q&
X { deposit to reach a prescribed level in the tarpet zone, and
\ -
N3V . .
N thereforc)it is verv 1important to obtain information on
SRR
PN foltar deposit concentrations to monitor the efficiency of
oy
RN
i %\3 - everv aervial sprav operation. However, 1t is also important
PN :

TNy . . .
N QSW ~ to monitor the pround deposition, since 1t is a measure of
Nal Y

oy AN sround contaminiation and wastage of pesticide materials.

vy -

? é h g The presence of certain volatile components in a

veE T el

L e X sprav formulation leads to droplet evaporation infflight and
?E : S tedee e 4@'_, i {eenlesin

s $ &‘ .medueeﬁ~{h@1rﬁste¥ befoare impaction on target objects
NI

9\& : (Seymour 1969). This Is likelv to increase the percentage

of smaller droplets {n a sprav cloud, resulting in low

deposition efficlency on tarpets and in hipgh environmental
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drift (Yates and Akesson 1973). The present study was

designed to investigate the role of forpd{ation properties

\

Gv ““‘J‘
on spray draplet evaporation,,dropi spectrum and on

foliar and ground deposition. Aminocarb was formulated in
three media as{ an emulsion (180 FH),Xﬁn oil-based medium
(180 FO) of low viscosity with appreciable droplet evapora-
tion, nndjtn otl-based medium (180 D) of high viscosity
withéut droplet evaporation. These were aerially sprayed
over conifer forest to investipate tte& foliar and ground
us, N’

dvposit10n7bw 1(~1iquid chromatography (GLC), colorimetry
and analysis of droplet spectra.
MATERTALS AND METHODS
Plot selection

Four 50 ha (1000 m x 500 m) spray plots (PI, PIII,
PV and C)} located approximatelv 2 km from one another7(
to avoid contamination by the insecticidal drift, were
selected in a mixed, mature coniferous foresty about 40
km southwest of Bathurst, N.B, (Fip. 1) for the Matacil ®
(aminocarb) trecatment. Plots PT, PITT and PV served as
treatment plots and Plot C served as the control. The
conlifer and hardwood components of the plots are gpiven
in Table 1. Most of the trees in the plots showed evi-
dence of moderate—to—severe defoliation due to spruce
budworm outhreaks in past vcnrs7nnd the crowns were not
well developed. Twelve balsam fir, Abies balsamea (L.)

(M111) trees of nearly uniform size and shape( ca. 14 m
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in height anddgjﬂfﬁ adequate foliage comtENt were

selected randomly in each plot transecting 1t(€a;$4y—atrv3s o)
“Tho wele
the centre. &ach treeSwas ta ged with plastic ribbon

g i~ SLepestindiyy i loen

and numbered'(0 1 to 12y prefixed with the block numb T to
A Pkl Torad ol

identify the trees selected in each hlock. Layouwtgof trees

in the three spray plots are given in Fipgs. 2 to 4. Ground

e
vegetation and ggiﬂhﬂﬁﬁ?Hng trees surrounding each samplimg
backhe

tree were cleared pp to a radius of 5 m to enhance exposure

(N8
toAspray cloud.

Spray formulation and spray application

Air-milled particles of aminocarb (2-3 um diameter))(
suspended in a heavy oil (Sunspray® 6N) gagfprovided by
Chemagro Chemical Company (Mississaupa, Ontario), as a flow-
able concentrate (Matacil® 1.8F). This was diluted at the
spray site either as a water-based emulsion (180 FE), an
oil-based medium in }h@ insecticide diluent 585 (180 FO) or
an oil-based medium in Sunspray® 6N (180 D); these were
appli 3u%£ﬁ%:§za3&ray plot (PI, PIII and PV, respectively)
at 70 gA(Aﬂ/ha per application. The composition of each

tank mix (volume %), doeage-&f g Al/ha, volume application
rate and the plots sprnycd’yifﬁ’arn given in Table 2.
Aircraft/spray data, spray parameters and meteorological
conditions exisdﬁg during the spravstmy are glven in Tables
3 and 4, respectively,.

Formulation properties

Viscosity and droplet evaporation rates are known

to be the-mosttmportant properties of a spray formulation
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thathaffeet the sprav deposition efficiency (Hartley 1969;

Seymour 1969) . Therefnre)those two parameters were

measured for each spray mix. Viscosity was measured at 20°C

: TO waoascuie
using Ostwald's viscometer (Table 5).
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of evaporation of droplets aL—u#ﬁLabLe—s+%e Fanpgo-Ks0 to 200

um  ddameteHX,

rotary device designed by Rayner and Haliburton (1955), and

uniform“%ized dropiets were produced using the

were captured on plass fibre of known thickness 't'. The
short and long diameters 'a' and 'b' of the ellipsoid formed
on fibre were measured at various time intervals at 20°C%11n
still air. From the volume V of the ellipsoid, the spheri-
cal diameter 'd' was calculated using the equation:

Vo= (1/6)d? = (1/6)a’b - (1/4)ch

as a
The rate of evaporation was exnressed iar percentage of
droplet volume remaining after the elapse of.10 min. (Table
5) .
Folfar sampling and analysis by CLC
Field sampling, storage, transportation and final

sample preparation for GLC analysis were carried out
according to the procedure developed by Szeto and Sundaram
(1982). The onlv difference was in field sampling of
foltape: the bLuds of the current year were also included 1in
the collection of mature foliape of the previous season's
rrowth tor residue analysis.

by

necessitated due~to the severe defoliation of the trees;

This change in sampling was

cnnsequonrlv)fn1lnﬂn samples from the previous year's

nrowth alone were not adequate for the residue analysis.

the rates[_/
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thathaffeet the sprav deposition efficiency (Hartley 1969 :
Seymour 1969) . Thorofnro)those two parameters were
measured for each sprav mix. Viscositv was measured at 20°C

using Ostwald's viscometer (Table 5).

um  ddame-tedl, uniformisized droplets were produced using the
rotary device designed by Rayner and Haliburton (1955), and
were captured on glass fibre of known thickness 't'. The
short and lonp diameters 'a' and 'b' of the ellipsoid formed
on fibre were measurced at various time intervals at 20°Cxiin
still air. From the volume V of the ellipsoid, the spheri-
cal diameter '"d' was calculated using the equation:
Vo= (1/6)d? = (1/6)Ya’bh - (9/4)t%h
as a

The rate of evaporation was exnressed Jar percentage of
droplet volume remaining after the c¢lapse of 10 min. (Table
5) .
Follar sampling and analysis by GLC

Field sampling, storage, transportation and final
sample preparation for GLC analvsis were carried out
according to the procedure developed by Szeto and Sundaram
(1982). The only difference was in field sampling of
folfagpe: the buds of the eurrent yvear were also included in
the collectfon of mature foliape of the previous season's
srowth for residue analvsis., This change in sampling was
necessitated ﬂﬂgz%ﬂ the severe defoliation of the trees:

unnsequent]y)fnltago samples from the previous year's

prowth alone were not adequate for the residue analysis.

TO  wvaasace
4krr—mnras;;r£ng the ratesﬁf/
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of evaporation of droplets aL—¥;144b4e—3+ﬂe +anpe- K40 to 200



§ The extraction, column cleanup and GLC analysis of
ﬁ~ dminocarb residues were carried out according to the
}
lestabliqlled method developed by Szeto and Sundaram (1980).
Results are piven in Table 6.
R
Ground deposit assessment Nuﬂb
:roun wuw
V} Two plass slidos‘(;ncw17.5 cm x 5.0 c%) along with
1 K
@ v}'
Wﬂ ' Nﬁ\ a Kromekote ® card (10 cm x 10 cm)x mounted on a folding
M

hf%vw’a/ﬁﬂh{? aluminum plate (Randall 1980) were used as the coleZtgon

S g W =] 4
‘M- v 1nd¢9for droplet and deposit assessment. Thirty—six -

&ﬁugw tion units per plot were placed on aluminum stands ca. 15 cm
e

*ﬁ, above the ground level c¢a. 0.5 hr prior to application and
‘U/x Dol

.Y' were positioned as follows: 3 colleection units per tree for

a total of 12 trees per ploty one In the upwind direction
i

under the tree, one in the downtisd direction under the tree,

and one in the adjacent clearing in the upwind direction.

Care was taken to ensure that ground vepgetation did not

)ﬂﬁww obscure the surface of the collection units in any way.

£ . {//c"‘,b/ ?
3 b =S ‘o
NV vp P The qgllecﬁfin units were h1g»€/ied/y{ 1l hr after
.- lAy} 'ﬁ”‘{’[{/mﬁ’ ,
g\” &WJ spray npplicatxon./tranqp rted i1 coolers as—emwee to the

\\5 * }L\ . ] wa i
g w' field lahoratorv where the depositx on the plass plates were
PUM
p}f & removed by washing with 3 x 5 ml of pesticide—grade ethyl
# fhot

ncctateagpd’fho eluates wereAstorcd in tightly—sealed)amben-
coloured bottles away from heat and sunlight.
N In the laboratory, the eluates were first analysed
for the AT by CLC nnd}lntov were flnsh;evnpornted gently to
froen

dryness, amd The restdues were taken either in toluene

(Automate B Red) or methanol (Rhodamine B) for colorimetric
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analysis ef—the dye tracer. zpéﬁﬁepositﬁ were expressed 1in

g AI/ha and QE; presented in Tables 7 (GLC data) and 8
(colorimetric data).

The Kromekote® cards were examined under a magnifi-
cation of 40 or 100X using dissecting microséopes)and the

spray droplet stains were counted and sized. The resulting

____________ S diamwaton ¢ las5e8 3

data were grouped according to -suitabte—stze—ranpges—(Table wu’
”

loz)and)(the droplet number and volume distribution Uﬁkﬁ}'

precentages (Tables 10 and 11) were calculated using a

correction factor (spread factor, SF) for converting stain

)
sizes into drop\sizes. SF values were measured by

=D varciows diemaled clasrdes.

producing uniform droplets(bf variable size rangé)from 30
deserived

to 120 ym using the droplet penerator as—memrttoned above,
and_by” allowing them to impact on the Kromekote® card and
on glass fibres. A@ffao hours after impaction, the stain
diameter 'D' was read under magnifications of 40 and 100X.
The corresponding drop diameter 'd' was calculated from the
volume of the ellipsoid formed on glass fibre. SF values
were calculated using the relation SF = D/d and are
presented in Table 9. Drop /em? for individual sampléﬁ%—
stations are given in Tahle 12.

,A’gamplqsof the three tank mixes were analysed by
GLC prior to spray application for the actual aminocarb
content: results are presented in Tahle 13 along with the

summary of foliar and ground deposit data,
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" evaporates to a lesser depree (26% at 10 min) than 180F0 wﬁpwﬁtor
.\
G
(57% at 10 min). This is rather unexpected;: usually X \*°\@ p%&

—ty

RESULTS AND DISCUSS10N

Formulation properties

-

= From the viscosity data in Table 5, it is apparent

that the two formulations 180FFE and 180F0 are of low

viscosityi&fnr describing liquids of low and high viscosity

the terms 'lighﬁlmﬁgﬂ~'hoavy' are used throughout this

paper) o( whereas formulation 180D is of high visco;IEZED

Fey
The evaporation rates ofﬁdroplets indicate that IBOFE/

W .
‘ o P 1
droplets of water-based formulations are—kmewn—to < fgfg.”g
readily d‘}(‘;"‘ 0"
evaporate mor91than Lthe” oil-based ones (Seymour 1969). W, v
‘v

The observation with 180FF appears to be a special case:
it 1s sugpested thnt)as the droplet evaporates, the water
composition decreases gradually and)at a particular

rat{o of water to oil, the non-volatile Sunspray® 6N o1l
enpulfs the water portion of the droplet forming a
~—This—phenomeromT woudt

eof
explainmxhemp4@ﬁew&—ﬂbseF~n+¢nm_o4—lnwwevavUTuTTvn~1ﬂ$a.

protective film around it.

Such engulfing processes (either partial or complete
enpul fing) are known to oceur with ofl-in-water droplets

If the interfactal tension values are optimum (Torza and

Mason

1969).

Tt 1{s worth mentioning that the evaporation rates

of both formulatfons 180FE and 180F0 are much lower than

those of some tank mixes used at present in forestry

spray operations (unpublished data of the senior author).



0 The non-volatile formulation 180D had a high
1

\) ‘\L viscosity) suggesting a possible inverse relationship

between viscosity and volatilitv. /?
T N
oplet awatysis on K omekote ® cards (K-card) at ground level

Dyoplet densituy (drops/em?)

\5\'}‘99';‘),#9)\; ’l) Dogosit dus i

,)} D.rop,let.//.'ln:ll\'s:i:: data indicated a low walwe—feor nwnwha o-[\)

Ad}/dropq/cm (Table 12) for the emulsion formulation but higher W

e

ﬂ

f} values for 180F0 and 180D. This could mean one or both of “"'“o
,\w N Thon cen UG ags Wak | s IM:"/IU(( \8OFE|

the two thinpgs: "for 180FF, ’tthc droplet concentration in the

%,\ \(\ (Y X {hak

alr mass at ground level ceuld—be .1crually ]owx)or the

L@

droplet sizes ceuld hr so small (perhaps due to droplet

evaporation) that Inefficient deposftion -had occurred on&K- J

cards./ For the ofl-based formulations however, both droplet

e

concentrations and size ranges could be large enough to cause
raoe g o

D\/
mprocinhlo/\ drnpf/cm on the card%- Tn the absence of data
nn/a’)’ size spectra of the sprav clouds produced ‘f*t;q' the

on Tha
three tank mixes at the spray emission point)( and =& in-

flight evaporation rates of the descending spray droplets,
A in Unenesa '
the relative contrihutton of thesetvo factors to the low dﬂf!ﬁ-‘ dwfl{ "’(;

“A(u()r lg"> , 15 toanegatasane
Wr&’ ;‘"qun;\"/I‘m observed fop 180FF ﬂ*mnn( be well un(lerqtood\
~
AN
\\QQ"%L\}P i) Droplet srectra 0
't n ‘ :
.)’v A\ ;,))' A
; \
%you\\ )‘“\6\/ Tables 10 and 11 present data on the size ranpge
»y*‘ T T
(vyy ol’avsificntinn droplet frequencv and volumP distribution
\\’\. -ﬁ
pntturne, 'mg_! cumulative [rvqlnen(y .md Vvilume percentages.
,_J'
,,) T
\ }rom these, parameters describineg the droplet spectra Gﬁhe—.
Wy

/

& 6‘,,} W9 rt*p:! v r;.}mm b and
.Y“"‘MMJ%WM-“# WM

w“n’nllluu r—afd—alyme median diamet e e —NMP—rrod ',',", Yg '\\\)

S Nk

=
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Q&adh;ﬂﬂamufﬂlfﬂbQ —ué*’h%ll&7/ﬁﬂ°¢LMlﬂmil
MM&W@MMW o Jr C&zw evwe’ -9 -

Glett | 24 ool el o A2 —.2«&4:,0 , ~412‘4.
XU _cnTukls 13,
obhsexrved on card llmax. and nmin,/ !'Dc‘pnt‘rj__:;xn];to and—tha

as
number—mode) were calculated amt nresented in Table 13.

‘3”? Results clearlv demonstrate the influence qf viscosity of
\."M : ¢ hasagtnoled
yspray mixes on NMD, VMD and related parameters. The least

”JVQ;ﬁ}k vyw» scous formulationJIROFE)produced the smallest values for

all droplet parameters examined. Fhe—formulatiom—with-Fhe
Q'OI wulalion

medium—viqcosityleOngproduced intermediate values)whereas

Lhe heavy/oll based 180D produced the highest values among

'W’tho three spray mixes. -L-H-J-t-l-r—l-e-e-n broplet evaporation was
neglng;ble with 180D, \)mduaw{

ey T

drogi/cm and lange*ﬂ%kﬂ(

———

values for NMD, VMD and other parameters wwore observed at

¢he—ground level.

’UMJL$1 s 44“?ﬂrh+&hm0£mbhemdhopietusvecCT%LCHnWﬁTSO”be*feiﬁﬁed
A o !

oy 4ﬂ~ to formulation, properties. The liechter formulations 180FE
f M‘/ {rodue o

vﬁ&f&- and 180F0, each shew&éd a narrow droplet spectrumx<}—7zwand
-+

1809, a
16-85 Hm, respnctivelg) wherensﬁthe heavier formulation

18468 showed a wider spuctru%gé-lﬂsld) Thris—surpesto—that
'n\u/v nf;md»‘:? to

‘Viscositxqaffectq the width of the droplet spectra,E 4his

P

] add/t oval
arpeTt—however~requires fuwrther confirmation by repeated
speotd
aerialytrials under simflar weather conditions.

bDroplet analysis on glass plate at gpround level

D From deposit data presented in Tables 7 and 8, it 1is

\bao Y]
apparentathe plot mean values obtained by GLC or colorimetry

are approximately the same, although individual values d

appreciably between samples. This Is obviously due to

ecxperimental errors In colorimetry which were high because

) : in deteetin
of the low sensitivity of the technique S the
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extremely low quantities of deposjtf observed in some cases
(minimum detectable level was 0.4 g AI/ha), and also due to
the high background readings of the control glass plate

cluants. The reason for the latter needs to be investigated

with Aviaw Y
4er increasing the sensitivitv of the technique.

\
K;;ﬁﬁ& The deposit concentrations at the ground level
[t LV'Q
MM,,»

clearly demonstrate the effect of formulation properties on

fround depositiony RAmong the two volatile formulations, the fr
o v d oY
v ,n q j}) . E“__ . - T N l(uds ‘
)é%. yﬁ JU“J emulsion spray mix produced the lowest depoaitQAon glass @k ﬁﬂﬂr
VA o ﬁ 0
: \
m»ﬁ&ﬁkwwg plates. The 11ghte§)011~hased)sprny mix. 180F0 produced Utﬁ
' 4
(
wi/) Ot “higher dcpnvirs)wheroac the non»volatilq,heavy,s ray mix P’
N 5) T onwhx g /ooa pcbiﬂs
.@_ ™ produced the greatest amount{ of deposit g This is due to
' 'Wmi}¢»v g . prodiceadd oy
Jﬁ”t;gwj the high viscosity which eaused- coarser dropleti)andﬂﬂrgv'
- " .
J} ‘f'tla dwe to the non-volatile nature of Lho spray mix; w&e
)Md}‘ym ) . \\4,_,- J\
#y- o 1nrpe droplOts'werc)prodnced they tendvfo naye hlyh settlingﬁ

OO RIp =17 V.. %
. }/‘b’ ¢ C \~-\———//I§/_6?_T”cn~£n){‘ o
‘/,imf ve]oc1tie9 nnd conqequentlv descend apldly towards the
,'. M

‘n// " / S (U"‘M on renan 7T X
'-wﬂq yrnugl level: (e poc1411§)whon thnro iq no droplet .evapora- —
. e ! Ll bl e
Y ' ov2
aﬁﬁﬂﬁéhd#}' %ion (therc is little chnngc in drOplet sizes and all of the Pa&ﬁ'
. . ' ’ | ¢ e ) MmN LTRSS
f) N} MQuf{‘)larger ones produced descend downwardq resulting in high
— Ry
W T ———
}WJ‘*& values for drOps/cm and dcpoe1t in R AI/ha at the ground
» ‘0('» LR el
Q° ,lgxglfx With the 180F0 tank mix howovcr, the diluent I.D.585

is highly volartile resulting in appreciable droplet
evaporation in 1'light. This reduces the dropasizes during
descent, and decreases the impaction efficiency on glass

plates. The low viscosity of the liquid must have

resulted In finer atomfzation, yiclding_aaa*—&émoa—mn;a_g
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: um?t
a h(qktf‘ number of droplets peiﬂvolume of the tank mix. Therefore)

more droplets descend UHewnwards and are available for Qﬂfk
impaction at the ground level. Despite the decrease in
dropAsize and impaction efficiencv, the greater number of
droplets must have compensated for the low impaction effi-

ciency resulting in a droplet density value similar to that

of 180D. However, the fact that the deposit density 1is low
demonstrates clearly the low recovery efftciéncy of the
smaller‘droplets.ﬁ With the IBOFE)on the contrary, the
viscosfty is very low and this must have caused extremely
fine atomization. The droplets are perhaps too small to

descend rapidly to the ground level, and therefore must

have stayed airborne ahove or near the tree canopy level

j@{:: for a considerable length of time. This would explain the

/ qw; low droplet and deposit densities observed at the ground

}et deposition.g In Table 5, the relatively low evaporation

x of—draoplets of 180FE, as compared to 180F0, eaxe

. afp{hfes to
only #&er droplets sitting on glass fibre in still

X @}t is not known whether the engulfing phenomenon (1if
" A (;P’ applies
' ﬁy“ﬁﬂ any) .ean—be—extanded to droplets in motion:» It is highly
ﬂ' NS4 euafonax N
: likely that moving droplets w —r € at-gr=

20

T ,e¥4gn;aLiaa_and—aé—a—iasiﬂz_ﬁ?Lea ghug tME 180FE droplets
N il wadin Fld i
< mplrt evaporate moregthan those of‘;hﬁ 180F0, Ip—fi-add—

MIM .
-ﬁifzdﬂwiyr conditions. The present study only indicates the need for



further 1nvestinatlonf ev—er52£+e-the possible causes of

low ground deposition for water-based formulations.

Foliar deposit analvsis at the tree canopv level

S From—Table-6., It is apparent that foliar concentra-

tions of aminocarb varied appreciably between sampling

stations, but failed to show a relationship between

formulation properties and residue levels (Table 6). The

plgii%ean values were approximately the same. This
fndicates the role of target-specific drop sizes on foliar
deposition. It is known that target geometry has a
considerable infliluence on the collection efficiency of
.small tarpets for specifiec droﬁ%ﬁize ranpes (Himel 1969;

M:ﬁ¢% Uk 1977). It is hipghly 1ltkely that only certain droph}

sizes can impact efficiently on bhalsam fir needleﬁ) (;{

ﬂ}g »Lhu_LhLeﬁ.Lankumixeswpnoduﬁemeven.smalimamonn@smoé—those
) L
0 d;nﬁﬁ%+few7wbhe£n~#mpa@&i@nweffftfenCVT“ﬁﬁTﬁk SImITar for &m

}0&55 the similar drop sizes of.-the--three tank mixes.,. would
s ;

S| s
result in similar T611ar”EBHbéﬁtfatTGﬁ?"ﬁf“thE”A{?j)lf is
‘Q(MM w

known that droplets betwoen 15-50 quare the ones that

4%

are found on spruce needles

3

aerial applications (Barry

and Ekblad 1978: unpublished data of the senior author).
som2 dwplets jnThis |

Since all three tank mixes produced these—droprsize rangex
Eo—sonme_axbant , 2 similar foliar deposition patterngmight

be expected for the three formulations, despite the
differences noted in ground deposition patterns.

It must also be remembered that all the three tank

mixes containcd Some SunspravﬁfﬁN, a heavv,non-volatile 01l



V)‘

40'}/21()NC LUSTONS
]
/M
o

[

13, Ao “
ﬁ;?;izm;czzﬂ“ﬁresent in the aminocarb _efncentrate Zprovided by the
cavsed
company?. This obviously coatribyted—ta tha lewen #
o ba lower O/
evaporation rates of 180FE and IBOFQAthan those of tank mixes
ond ey

thrt—axe currently used in forestry spray operations( This
ateo 2¢pla‘nn
is also part of the rensod)why foliar concentrations were

higher than expected for the two lighter formulations.
In brief, it appears that there is no clear-cut
relationship hetween folfar and ground deposits. The amount

of chemical that reached the forest floor can however)be

) o

soan oA 4 Thott
related to the drop&&i«c spectrumy the larger the drop$
lover the impaction efficiencv on the target ¢ and,conse—
4ro
quently,the greater the concentration at the -forest—ftoom
ol quwd loue!
“Tovad. High paoomnet conccntrntinnAcnuld also mean low
thvou f,A

efficiency in sprav applicatfon awd wastage of pesticide

mntorials(fhecnuge~ﬂmehV“ﬂTﬂh“TﬁtP“n+”3eddmentation of

Jarger droplets due-to-pravititional pull on the larger
droplet mass, the droplets would not -he-readtly-—-anvailable
either to the fir needles or to the hudwor;:> This 1is clearly
demonstrated by the 180D formulation; in spite of the high

droplet and deposit densities obscrved at the ground level,

the foliar concentrations werae approximately the same as, or ,Owi’f' thau

thpse 4o the other two fnrmulntions,&p—+&—6nee—weee—snmanhag_~

1
i}ﬁiﬁ In summary, the present S tud v iedape—phe—eonrd-ttons
—
Py application and wewshor prrTmerters—neasured .

indicntgjthe following:
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1. A possible inverse relationship exists beween viscosity
of the formulation and droplet evaporation rates. The
heavy, oil-based formulation was completely non-volatile.

UJ}UAQ 2., The effect of formulation properties was somewhat

0/\} .\M ‘ +’_ ) ®
ot A evident on,droplet density observed on Kromekote® cards

gt A
" pe at +h% ground level: when viscosity increased, the fgdroph/
bd”1044ﬂ
vﬁM&) cm? increased and reached a maximum value for the heavy,
et od
X non-volatile, oil-based tank mix.
1}
“ﬂwwgh The effect of viscosity and evaporation rate}(was more
m w Rerms of T

) ‘Pd ,V} " clearly evident pw deposit density observed on glass
JWV"’ P

yﬂ”ww plates at th€ ground level; with increasing viscosity
values, there was a gradual increase in the deposit

densities from 180FE to 180D.

wwh*'ﬂamdbA o
4, The sjize spoctruWLJ-ﬁvupéﬁQUIICttcd acvihéﬂgrbund-level

. as
dqur* uiie also influenced by ukﬂ/formulation properties.
The lighter formulations produced finer droplet spectra

while the heavy taﬁztﬁik produced a coarser and wider

LisvantBroedeod
‘Mspectr-n:—n. l NMD, VMD, D__
v “dh ‘ valuens abao /

| (9#(N}M and number mode were—a-l-io—aftfo-ot-od—byif ottt R—
’)“ l)) A d s

e

ﬁ”‘ //fZZ/’ properties: thejz—vsatwes increased with increasing
b

aﬂ;*. viscosities.

5. It appears that both viscosity and droplet evaporation

ratek affected the rate of ground deposition. However,

the relative contribution of the two properties we—tho

gverallgeeamd—dTPOTtt+ten remains unclear. This aspect
requires further investigation with different

formulations.



The effect of formulation properties on foliar

6. “fe
P deposition is not cleaq%&—eﬁpaxanx4;all three
#7 ?&" producnad
@wﬁ . formulations shewed appraoximately similar foliar
The reason why—tewesr_foliar—regidens

i(vlqd\
concentrations.
the two volatile formulations

! \ &i‘sm“ llR
'}},,M
! Wit b G B DN Dl fOr
producad N%Nm mx‘sduw
* 180FE and ISOFQ/Fppeare to tiel¥ia the Sunspray® 6N o1l

aminocarb concentrate. this heavy,

" u”
wﬁyﬂﬁ present in the
non- volntilo oil contributed-&&—scmc_axeeﬁt to the

ok
low evaporation rates obee*ua&-ﬁor 180FFE and 180FO.

No direct relationship was observed between foliar

the tank mix 180D showed the

0¢y¢5\ and pround deposity:
highest deposit§ at the ground level, but 44+« foliar

\f’,
}V\ h&L&M’ éﬁ/////zysidues at the canopy level were about the same as gﬁr
the other two mixes. Thisg may be due to the
in Mddbau‘h_,
Because—
2

/M
coarser droplet spectrum observed with 180D
—of the high sedimentation rate dre—to—iritgh—eravieso—

less apt Yo iwmpad
AdPpear to—be—mot readidy

whiek ws bug
¢4eaﬁé—vv+f,Athe droplets
avadilable for—iwpaaetions on the balsam fir needles.
8. High pround depns{tf could also mean low pesticide
/
effliciency, wastage of pesticide materials and ground
\""—.

| contamination. droplet

it is imporv.nt rto increase

withia {~—””"W
deposition =t the tree crown, and this may’better be

achieved by delivering target-specific drop sizes,

Aaprpi-leat Lon

L l
'rA('\

d _{it.' "“',3.1‘\ oY
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