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ABSTRACT: The effect of Sta-Puta and Silweta L·7607 on physical
properties (viscosity. surface tension and volatility), droplet
spreading and drying rates, and foliar uptake and translocation of 
glyphosate waS studied using white birch seedlings and ~ranch 
tips. Three end-use mixtures were prepared using Vision • one 
in water alone and the other two with 0.051 of the adjuvants 
in water. Physical properties were measured to examine their 
roles on droplet spreading and drying rates. Follar uptake was 
investigated to study the effect of droplet spreading and dry
ing rates on foliar retention; and translocation was studied 
to examine the role of the two polymers on bioavailability of 
91yphosate. 

The adjuvants did not contribute to marked differences in 
the viscosities or volatilities of the three end-use mixtures, 
although the surface tensions were altered to some extent. Sil 
wet caused a marked increase in the droplet spread areas. along
with a simultaneous decrease in the droplet drying time. Sta
Put did not alter any of these parameters. No simple relation
ship could be found between surface tensions of the mixtures 
and droplet spreading or drying rates. Both adjuvants contribu
ted to an increase in the foliar uptake of 91yphosate, but 511
wet caused a much greater increase than Sta-Put, thus suggest
ing a relationship between droplet spreading and foliar uptake. 
Nevertheless, there was no significant difference tn the amount 
of glyphosate translocated bet.een the three end-use mixtures,
thus indicating no evidence of reduced bioavailability because 
of the presence of the two polymers at the concentration levels 
used in the study. 

Or, Alam Sundaram is a Research Scientist and Project Leader for 
Pesticide Formulations Project. at Forestry Canada, Forest Pest Manage
ment Institute, 1219 Queen Street East, P.O. Box 490, Sault Ste. Marie, 
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Polymers are used in herbicide formulations to provide beneficia1 
effects, such as, alteraHon of droplet size spectra for increasing 
deposits on target sites [1-3], and for reduclng off-target drift (4-8]. 
However, certain polymers can proytde adverse side effects, viz .• red
uce ~erbicidal activity via entrapment of ,the herbicide molecules into 
the polymerIc structure m. Polymers have also increased droplet spre
ading on fol fage, provided a greater area of contact and enhanced the 
rate of uptake C10I, On the other hand, pol)'!!ers can also accelerate 
droplet drying rates on foliage Cll] and reduce uptake, sinCe the loss 
of a liquid phase on foliage has been known to reduce cuticular pene
tration C121. 

Sta-Put~ is a polymeric adjuvant (Nalco Chemical Co., Illinois, 
USA) that can alter the droplet sIze spectra of the s~ral cloud IndI
cating its potent1£1 as a "drift retardant" adjuvant [13] for herbicide 
tank mixes. Silwet L-7607 is a non-ionic organosllicone copol)'!!er sur
factant (Union CarbIde, Montreal. Canada) which can increase droplet 
spreading on foliage by reducing the contact angle C10,111. However, 
da ta are spa rse in the 1itera ture on the ability of these pol )'!!ers to 
reduce the bioavailability of herbicides, and to alter the physical 
properties (viscosity, surface tension and volatll ity) [14J of the end
use mhes, thereby affecting droplet spreading/drying rates. foliar 
uptake and translocation. 

The purpose of the present study was to investIgate the effect of 
Sta-Put and Silwet pOI)'!!ers on physical properties, droplet spreading 
and drying rates, f.l iar uptake and translocation of glyphosate C~
(phosphonomethyl)glycine, Monsanto Agricultural Products Company, 
St. Louis. Missouri, USAI in the end-use mixtures of Visio"* formula
tion Ca formulation concentrate 9' glyphosate containing 356 g of active 
Ingredient (AI) per 11ter], us~g white birch, Betula papyr<f.~ (Marsh.) 
seedlings and branch tips. 

EXPERfMENTAL METHODS 

End-use Mixtures 

Glyphosate end-use mIxtures and other materials used in the study 
are listed in Table I, along with the percentage compositions of the 
ingredients used in preparing them. 

Physical Properties 

physical properties measured were viscosity, surface tension and 
volatility. Viscosity was measured relative to water (relative visco
sity) using Ostwald viscometer [151. Surface tension and volatility 
were measured as described by Sundaram and Leung C161. Volatility para
meters are expressed in rate of evaporation, R(Evap), half-life (i.e., 
T~, the time required for the volatile components to reach 50% of their 
initial concentrations), and the percent non-volatile componets (NVCt, 

• 
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t Table 1 _ Percentage composItions of IngredIents used In the glyphosate 
end-use mixtures 

Percentage composition (v/v) 

Fonnulatfon "htureIngredfents VWSt-0.05 aMixture OrW WSi.0.05 a 

Distilled water: 54.19 54.14 

Vision- fonnulation: 14.04 b 14.04 

14C_glyphosate: a 31.77 31.77 

Adjuvant: 0.05 

a:	 The formulation WSt-O.OS contafned the Sta-Put adjuvant whereas 
the WSi-O.OS formulation contained the Sflwet L-7607 adjuvant. 

b:	 At a concentration level of 14.04 ml of Vision In 100 ml of the 
end-use mf,ture the dosage rate Is equfvalent to O.S kg of active 
fngredlent fn 10 liter per ha. 

'"	 The radlolabeled product had a speclfle activity of 49 uCI per mg
of glyphosate in 13.7 ml of solutfon. It contafned the same fso
propylamlne salt of glyphosate as In Vision, along with the same 
surfactant In the same weight ratio. 

the residual amounts whfch were left unevaporated untfl at least 120 h). 
All measurements were carried out at room temperature (20 ! 2'C). The 
data are given fn Table 2. 

Droplet Spreading and Drying Rates 

To Investigate droplet spreading and drying rates, alfquots of the 
three mixtures, W, VWSt-O.OS oed WSi-O.OS (see Table 1 for the des
cription of these mixtures), were mixed with a water-soluble fluorescent 
dye (Erlo Acid Red, St. lawrence Anl'lne Company, Srockvllle, Ont., 
Canadal, at 0.2 g per 100 mI. This was Intended to facilitate ready 
vfsuallzatlon of the droplet under a microscope on different surfaces. 
The addition of this minute quantity of the dye was tested In a previous 
experiment, and was found not to alter the physfcal propertfes of the 
three mixtures under investigation. 

a. Equilfbrlum Spread Areas and the Associated Rates 

White birch seedlings (6 month old, hefght 44 t 7 em or 66 t 7 em 
with the potl, raised from seed under greenhouse conditions, were selec
ted	 for the study. The average number of leaves per seedling was 14 t 3. 
Prior to the start of the study, the seedlings were allowed to acclima
tize for one week In the treatment area. a part of the greenhouse main· 
tained at a. temperature of 20 t 2'C, relative humfdlty of 75 t Sf, and 
a photoperiod of 16 h lfght and 8 h darkness. The a.erage surface area 
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Table ~ • Physical properties of the three end-use mixtures used In • 
the study at ~O ± ~'C and 75 ± 5S relative humidity 

End-use mixtures used 
Physical 
properties VII VWSt-O.OS VWSi-O.OS 

Relative 
viscosity 1.38 1.68 3.63 

Surface ten
sion (mN/m) 31.5 37 .~ 27 .S 

Volatfl ity data: 
i. R(Evap) a 

11. TIl (min) b 

i i f. NVCS C 

3.95 
11.0 
13.0 

3.~3 

13.1 
15.3 

3.09 
13.4 
16.9 

a:	 Percentage weight decrease of the liquid film per min, as calcula
ted during the initial 10 min of evaporation. 

b:	 Half·lffe. TIl. refers to the time required for the volatile coml'O
nents of the mixtures to evaporate down to 50S of their initial 
values. 

c:	 The residual amounts which were left unevaporated until at le.. t 
120 h after the start of the experiment. 

of the leaves at t~e mid-crown level was 100 ± 5 cm~ per leaf at the 
time of the study. 

Droplets of 0 5 ~l in volume (or 1000 ~m in diameter) were produ
ced using a precision micro-applicator (Instrumentation Specialties 
Company, 4700 Superior lir:oln, NB 68504, USA). These were collected 
on the adaxial surface of a mid-crown leaf at the rate of 8 droplets 
per 6 cm2• The droplets were observed under a microscope uSing dim illu
mination to avoid undue heating of the droplet (which would increase 
the rate of evaporation): and the degree of spreading was examined. 
When the diameter of tho spread area attained a constant value (the 
equilibrium state of spreading), the diameter was measured, and the 
time to reach the equilibrtum state was noted. These procedures were 
replicated several time~ (Minimym number of leaves used for each mix
ture was 10, equiv.lont to 80 droplets; maximum was 20 or 160 droplets).
and the mean ± SO values of the spread areas were calculated for the 
three mixtures descrt~ tn Table 1. In addition, two artificial sur
'aces, glass plate and an .cet.te transparency sheet (each 2.5 em x 2.5 
em) (the transparency sheot was obtained from General Photography Ltd •• 
1350 81rchmont Road, Sc.rborough, Ontario. Canada) wero used for the 
sake of comparison. The spread factor data (SF) were ca1culahd using 
the equation: 
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Diameter of the spread area on a surface
 
SF •
 

Diameter of the spherical droplet that would be airborne
 

The data on SF values and the time required for equilibrium spreading 
are given 1n Table 3. 

Table 3 - Spread factor data for the three end-use mixtures on diffe
rent surfaces and the time required for complete spreadin9 
of dropleta • temperature 20 ± 2'C and reI. humidity 75 ± 5~ 

End-use mixtures	 used 
Surface type 

VII VIISt-0.05 Vl/Si-0.05 

a'	 The size of the droplet used was 0.5 ~1 in volume or 1000 ~m in 
diameter. 

b'	 The data represent the mean ± SO of at least 80 replicate droplet 
measurements • 

• ,	 Calculated as: 
"'/4 (diam. of spread area for VII with adjuvant)

2 

RSA	 = 
IT/... (dhm. of spread area for VII without adjuvant)2 

1.	 Birch leaf 

Relative spre
ad area (RSA) C 

2.	 Glass plate 

Relative spre
ad area (RSA) C 

3. Acetate sheet 

Relative spre- C 

ad area (RSA) 

1.	 Birch leaf 

2.	 Glass plate 

3.	 Acetate sheet 

2.03 
(± 0.13) 

2.63
 
(t 0.11)
 

1 

1.54
 
(± 0.04)
 

Time (min) required for completE spread; n9 b 

1S.3 
(± 0.60) 

16.9 
(± 0.70) 

B.OO 
(± 0.651 

7.03 
(± 0.45) 

9.07 
(± 0.53), 

4.59 
(± 0.37) 

10.2 
(t 0.45) 

12.0 
(t 0.53) 

7.05 
(± 0.37) 

Spread factor va1uesb 

2.02 
(to.ll) 

1 

2.42 
(± 0.09) 

1.54 
(t 0.03) 

4.55
 
(± 0.13)
 

4.93
 

5.20
 
(±0.14)
 

4.33
 

3.60
 
(± 0.04)
 

5.46
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In some Instances, the spread area of the droplet fafled to fonn a ~ 
circular stain on the foliar surface. In these cases, the total area of 
the stain was determined microscopically, and the diameter of the circle 
that would have the same area as the non-circular stain on foliage ~as 
calculated for computing the spread factor. 

b. Droplet Drying Rates 

For droplet drying rates. a method ~as developed based on the prln. 
clple that liquids can be sheared by applIcation of pressure much mOre 
easily than solids. If a liquid droplet ~"' collected on a leaf surface 
the droplet would spread, evaporate and penetrate Into leaf cuticle at 
the same time. If the initial Ingredients of the droplet were non-vola
tile and volatile liquids. the evaporated droplet would leave a liquid 
resIdue of diameter 01 on the leaf surface. Upon application of pressure, 
the diameter of the droplet would noticeably increase to 02. In contrast. 
if the Initial Ingredients were sol ids and volatile liquids. the evapo
rated droplet would leave a solid residue (wIth a diameter 01). but when 
pressure was applied the diameter would not Increase noticeably. These 
princfples were used to develop a method for determining the time re
quired for complete drying of droplets on surfaces. 

Droplets of 0.5 ~l in volume ~ere generated as described above. and 
were collected on a 6-cm2 area of a mid-crown birch leaf. The drying 
process was observed with respect to time. visually during the fnttial 
stages. i.e•• until the shiny appearance (due to reflect fan of light) 
of the droplet surface had lasted. The droplets were then left to dry 
for another Z min, and the diameter (01) of the spread area was measured 
microscopically. The time lapse (Tl), I.e., from the time of droplet 
collection on the leaf unttl diameter measurement. was noted. Since 
this stage may not represent a completely evaporated droplet, further 
testln9 for droplet dryness was carried out by placing a clean acetate 
sheet (6 002 area) over the birch leaf. A force of 100 g-weight was ap
plfed gently onto the top acetate sheet without causing any lateral move
ment of the assembly. After 2 min. the weight was removed and the asse
mbly was placed under a microscope for diameter (02) measurement of the 
droplet spread area. If 02 was the same as 01, then the droplets were 
completely dry and consisted of a solid phase. and the time Tl was taken 
as that required for complete drying of the droplet. If 02 was greater 
than 01, this indicated a liquid droplet (either a partlally evaporated
droplet or a droplet consisting of a non-volatile liquid phase). There
fore. the experiment was repeated using a fresh birch leaf. This time, 
the drying process was observed for a period (T2) whfch was 15 min lon
ger than Tl (I.e., TZ • Tl + 15). and the entire process was carried 
out. After a lapse of TZ min, the diameter 03 was measured and another 
acetate sheet was placed. followed by the 100 g-welght. Two min later 
the diameter D4 was measured, If 04 was equal to 03, then the droplets 
were dry. and the time T2 was taken as required for complete drying of 
droplets. This procedure was repeated 'n' times until On became equal 
to On-I. The time that was needed to attain the constant On-I value 
waS taken as that required for the complete (or maximal) drying of 
the droplet. Following this procedure, the droplet drying times 
were determined for the three end-use mixtures listed In Table 1, and 
the data are given in Table 4. 
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In addition to the birch leaf. glass plate and acetate sheet sur
faces were also used for the investigation in the same manner (Table 4). 

Table 4 - Time required for dropleta drying on birch leaf, glass plate 
and acetate sheet for the three end-use mixtures used in the 
study - temperature 20·C. rel. humIdity 75 • 51 

End-use mixtures studied 
Surface type 

VW VWSt-O.OS VWSi-0.05 

8irch leaf > 360" > 360 240 
Glass plate > 360 > 360 180 
Aceta te sheet > 360 > 360 180 

a, The size of the spherIcal droplet was 1000 ~m in diameter. 
", The data represent the mean of at least 10 replicates. 

Foliar Uptake and Translocation 

Foliar uptake and translocation were investigated using two types
of studies, viz •• using 6-month old birch seedlings and branch tips 
cut out from the 6-month old seedlings. 

a. Study I· - Using Birch Seedlings 

Twenty-six seedlings (description same as that under "Equil ibrium 
Spread Areas and the Associated Rates') were selected for Study I. The 
seedlings were divided into four groups. A, B. C and D. Groups A to C 
consisted of 8 seedlings each. and group 0, of 2 seedlings. Group Are· 
ceived the VW mixture: group B. VWSt-O,OS; and group C, VWSI-O.OS. Group 
D served as the control. for measuring the background radioactivity In 
the plants. 

A 40 ul volume (containing 101000 dfslnte~ration per min (dpm] of 
radioactivity) of the three end-use mixtures (Table I) was applled to 
each seedling in BO x 0.5 01 droplets (each 1000 ""' in diameter) to the 
adaxial surface of four aid-crown leaves, at the rate of 20 drOplets 
per leaf (or 0.2 droplet per cm2), using the micro-applicator described 
earlier. This dosage regl .... provided an application rate of 0.5 kg Al 
in 10 liter per hi irea of the treated leaves. 

Out of the eIght ,Hell ings used for each formulation. two were har
vested at each of the four post-treatment periods, i.e .. 8. 24. 48 and 
72 h respectively. Each plant was divided into four seg....nts. viz .• 
leaves above treated le.vt~, stem, leaves below treated leaves and root. 
The adaxial surface of the treated leaves were individually rinsed with 
2 x 20 al of dIstilled .. ter Into a graduated cylinder (the time dura
tion for each rinsIng Wi' 10 ,). This procedure was repeated for the 
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other three treated leaves and the total rinsings were pooled. Exactly 
3 ml volume of the rinse solution (described as the treated-leaf wash) 
was transferred into a scintillation vtal containing 17 ml of a liquid 
scintillant (Sclnti Verse™ il. SO-X-12, Fisher Scientific Company,
New Jersey, USA) for 14C-assay. All plant parts [Including the washed 
treated leaves (described as the treated-leaf residue)] were then oven
dried for 4 h at 60'C, weighed and combusted in a biological oxidizer 
(Packard Oxidizer, Hodel 306, United Technologies Packard, Packard ins
trument Company, Illinois, USA). The evolved 14C02 was absorbed in 
vials containing Carbosor~ (an aqueous scfntill~nt for absorbing 14C02, 
United Technologies Packard, Illinois, USA) for 14C-assay. 

The soil in the pot was not assayed for radioactivity because in a 
previous study soil samples showed little 14C-content, indicating neg
ligible exudation of glyphosate via root (unpublished data). The radio
activity of all plant samples ana-reaf extracts was determined by a 
Seckman LS9000 liquid scintillation counter with a built-in automatic 
external standardization to determine counting efficiency. The range of 
counting efficiency was 93 to 97t, and the data in Table 5 were correc
ted for these factors. Secause few glyphosate metabel ites have been . 
reported in plants within 72 h affer treatment [17,18] the radioactivity 
recovered will be referred to as 4C-glyphosate. 

b. Study II - Using Birch Branch Tips 

Because only two seedlings were used at each sampling time for each 
end-use mixture, only a preliminary estimate of 14C-distribution in 
plant sections can be made at different time intervals (Table 5). To 
obtain more meaningful information on differences in foliar uptake 
and bioavailability between the three end-use mixtures, several seed
lings would be required per mixture. However, the use of a large number 
of seedlings would involve extensive labour, time and cost of the mate
rials. To overcome this problem. small branch tips were used in Study II. 

Twenty-six branch tips (each 20 em long containing three fully deve
loped young leaves) were clipped from the tQP portion of the 6-month old 
seedlings (one branch tip from each seedling). The under-developed young
leaves, except the shoots, were removed and discarded, leaving only the 
three fully-developed leaves and shoots in the branch tip. The stem of 
each branch was placed at once in a 50 ml capacity plastIc vial contai
ning tap water, and the branch was supported upriqht by a tubing and a 
lid with a hole. Similar branch clippings were tested for their survi
val rate and growth patterns for a period up to 72 h in a preliminary 
investigation prior to the actual study; and it was observed that the 
branches remained quite healthy and showed small but significant amount 
of weight gatn during this period. 

Twenty-four branches were equally divided into 3 groups, G, Hand 
J. Group G received VW mixture, group H, VWSt-0.05 and group J, VWSi-0.05. 
The remaining two branches (group K) served as the control for measuring . 
the background radioactivity in the plants. A 10-~1 volume (containing 
25250 dpm of radioactivity) of the mixture was applied to one leaf (sur
face area 100 cm2). For relevant details see under 'Study I'. 

The eight branches used for each formulation were harvested at 48 h 
post-treatment: This time period was considered as adequate for detectin9 
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this lies in the very high values of droplet spread areas observed for 
YWSi-0.05. The higher the droplet spreadIng, the faster the evapora
tion of volatile components, and therefore, less amount of time would 
be required for complete spreading of the droplet. In summary. the pre
sent data emphasize the complexity of the interactions between surface 
tension, volatilIty and the physicochemical nature of the collection 
surfaces on the spreading capability of the different liquids. 

fnfluence of Physical Properties of the End-use Mixtures on Oroplet
Oryi ng Times 

The data in Table 4 indicate markedly lower drying times for the 
droplets of VWSi-0.05 than for VW or VWSt-0.05. Regardless of the na
ture of the surfaces used, VWSi·0.05 dried the fastest, i.e., in about 
3 to 4 h after treatment. whereas, VW and VWSt-0.05 did not show com
plete drying even after 6 h. The reason for this behavior was the for
mation of a thick waxy crust over the droplets of VW or VWSt-0.05 (this
layer was visible when viewed under a microscope). This layer must have 
slowed down the rate of evaporation of water molecules escaping into 
the ambient air. Consequently, the inner core of the droplet remained 
as liquid. and the droplets failed to dry completely even after 6 h, 
Such a crusty layer was not visible in the case of VWSi-O,05, probably
because of excesstve spreading, and that is perhaps why the droplets 
were dried out completely in 3 to 4 h after treatment, 

Foliar Uptake and Translocation of Glyphosate 

a. Study I - Using Birch Seedlings 

The data in Table 5 indicate that foliar uptake of glyphosate is 
relatively a slow process since more than SOl was washed off into the 
leaf rinse at 8 h after treatment, irrespective of the end-use mixture 
tested. However, as the exposure duration increased, the uptake gradu
ally increased to 44 to 641 depending on the adjuvant, and only about 
10 to 351 was washed off at 72 h. 

Similar Co the foliar uptake, the translocation of glyphosate from 
the treated leaf into other parts of the plants is also shown to be 
slow because only about 61 of the applied amount was translocated at 8 h 
after treatment, and about 941 remained in the treated leaf. However, 
with the increased exposure, translocation increased gradually and rea
ched 21 to 251 at 72 h (Table 5). Nevertheless, the treated leaf still 
contained about 75 to 791 of the applied amount. thus indicating incom
plete translocation even after 72 h. The amount of radioactivity detec
ted In the stem and root sections increased gradually from the 8 h va
lue to about 4 to 5 times higher at 72 h. The present findings are in 
agreement with those reported in the literature [211, although the 
amount absorbed and translocated was higher in the present stUdy than 
in those reported. 

Regarding the influence of the two polymeric adjuvants on the bio
availability of glyphosate, the present data indicate no evidence of 
glyphosate entrapment into the polymeric chain, thereby making it less 
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bioavailable. On the contrary, the two adjuvants contributed to a sig
nificant Increase fn fol1ar uptake. as indicated by analysts of vari. 
ance test (ANOVA P < 0.05). but yet the translocated amount seemed to 
be similar for all three end·use mixtures (Table 5). 

b. Study II • Using Birch Branch Tips 

The results obtained from the eight branch tips used in Study II 
for each mixture were subjected to statistical treatment using the 
Studen-Ne"""an Keuls test (S-N-K) (22). The data indicated that on ave
rage, ca. 60~ of the applied amount was washed off at 48 h from the leaf 
treated with VW, as opposed to 54t with YWSt-0.05 and 46t with YWSi-0.05 
(Table 6). thus indicating a significant increase (S-N-K test, error 
rate'" <0.05) in the 'apparent foliar uptake' because of the presence 
of the two adjuvants. The amount translocated into the remaining parts 
of the branch tip was low and ranged from 1.31 (for VW) to 2.01 (for 
VWSi-0.05). No significant difference was noted in the translocated 
amount between VW and VWSt-O.05, or between VWSt·0.05 and VWSi-0.05; but 
a significantly higher amount was translocated due to the presence of 
the Silwet adjuvant in YWSi-O.05. compared to the VW mixture. 

little radioactivity was detected in the tap water in vial. thus 
indicating negligible movement of glyphosate ~ stem into water. 

The significant increase in the 'apparent foliar uptake' of glypho
sate arising from the presence of the Sta·Put and Silwet polymers. does 
not necessarily indicate an increase in penetration of glyphosate thr
ough the leaf cuticle, since the adjuvants could have simply provided 
a protective hyer over the droplets. thus reducing the amount being
washed off during rinsing. Without detailed investigations using e,trac
ted plant cuticle (23), it would not be possible to conclude whether 
the two polymers actually increased the foliar uptake of glyphosate, or 
simply provided a protective film over the droplets. Nevertheless, the 
present study indicated no evidence of reduced bioavailability of gly
phosate via adsorption or entrapment into the polymeric structure of 
Sto-Put orSflwet l-7607 at the concentration levels used in the study. 

Influence of Droplet Spreading and Orying on Foliar Uptake and Trans
lncatlon of GIYDnos,te 

The droplet spreading patterns and drying times were very similar 
for VW and VWSt-0.05, indicating that the Sta-Put adjuvant did not con
tribute to any changes in these parameters. However, the adjuvants cau
sed a significant increase (by ca. 41) in the apparent foliar uptake.
In contrast, Sllwet l-7607 contributed to a marked increase in droplet 
spreading compared to Sta-Put, and therefore is e,pected to enhance 
foliar uptake markedly. The observed data are in agreement with this, 
since the 'apparent foliar uptake' was 81 higher for VWSi-0.05 than for 
VWSt·O.05. and 121 higher than for VW alone (Table 6). The present stu
dy suggests the possible advantages of adding Sil..t l·7607 adjuvant 
to herbicide mixtures, because it enhanced droplet spreading on target
foliage, decreased the amount of glyphosate being wa ed off, and in
treased foli,r retention, although the chemical nature of Silwet l·7607 
could have contributed to the higher foliar uptake. Without detailed 
fnvestlgations on fol iar uptake using several St1wete adjuvants whIch 
would cause different degrees of droplet spreading, It is not possible 
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to conclude that enhanced droplet spreading would likely Increase foli 

ar "ptake of herbIcides.
 

The fact that the droplet of VWSi-O.05 drIed sooner than those of
 
YW or YWSt-O.05 did not seem to affect foliar uptake and translocation
 
(Tables 4 and 6), an observation in contrast with that reported [12],
 
The reason for this deviatIon Is not clear and requIres further inves

tigations.
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