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Summary

The influence of four linseed oil ethoxy-
late adjuvants (LSO 10, LSO 0903, LSO 30,
LSO 3003) on the rain-induced wash-off
and biological efficacy of glyphosate was
studied using lambsquarter (Chenopodi-
um album L.), velvetleaf (Abutilon theo-
phrasti Medik.), and green foxtail (Setar-
ia viridis L.). In addition, the adaxial leaf
surface of weed species was characterized
by means of scanning electron micros-
copy (SEM) and contact angle (CA) of so-
lution droplets. Micro-roughness of leaf
surface was quantitatively characterized
by measuring the CA of water/acetone
solution droplets; results show, leaves of
velvetleaf (CA = 65°) were easily wetted
while lambsquarter (CA =118°) and green
foxtail (CA = 118°) were difficult to wet,
indicating a pronounced micromorphol-
ogy. These differences arise from surface
characteristics such as cell size, presence
or absence of trichomes, glands or wax
structures, as visualized by SEM. Evalua-
tion of biological efficacy as a function of
treatment solutions (RUM®; unformulat-
ed isopropylamine salt (glyphosate IPA)
and isopropylamine salt plus adjuvants)
and rain intensity (0.5, 5 and 48 mm h™)
in a bi-factorial experiment for each spe-
cies showed no significant interaction
between the evaluated factors. In lamb-
squarter, heavy (5 mm h™) and torrential
(48 mm h) rain events reduced, while
light rain (0.5 mm h™) raised the biologi-
cal efficacy to some extent. Further, ad-
dition of LSO adjuvants to glyphosate
IPA resulted in the same dry matter level
as achieved with the commercial for-
mulation RUME®. In velvetleaf, all rain
intensities reduced efficacy of the herbi-
cidal treatments significantly. Compari-
sons showed that all LSOs when added
to glyphosate IPA achieved at least the
same level as RUM?® reference, whereas
the best result was obtained by adding
LSO 0903. In the case of green foxtail, all
rain intensities significantly reduced the
efficacy of treatment solutions, whereas
highest reduction was observed when
plants were exposed to heavy (5 mm
h7) or torrential (48 mm h”) rain. Com-
parisons among treatments showed a

significantly lower dry matter for glypho-
sate IPA plus LSO 30, whilst the other
LSO ethoxylates had the same dry matter
level as unformulated glyphosate IPA.

Introduction

Glyphosate is the largest-selling herbicide
in the world with total estimated sales of
about $3 billion (Knowles 2001). It has
been the subject of many trials which aim
to reduce drift losses and optimize deposit
formation (Scherhag et al. 2005, Leung and
Webster 1994), enhance uptake and trans-
location (Miiller et al. 2001, Sharma and
Singh 2000, Bariuan et al. 1999, Feng et al.
1998, Laerke and Streibig 1995, Zabkiewicz
et al. 1993, Gaskin and Holloway 1992,
Cranmer and Linscott 1991), and ultimate-
ly improve its biological efficacy (Haefs
2001, Kogan 2001, Sandbrink et al. 1993,
Reddy and Singh 1992). Since glyphosate
is highly soluble in water and therefore
prone to dilution and removal from plant
foliage by rainfall (Leung 1994, Reddy and
Singh 1992), studies were carried out to
characterize and/or enhance its rainfast-
ness on glass slides (Leung 1994), hard
surfaces (Spanoghe et al. 2005) and several
weed species (Scherhag 2005, Monquero et
al. 2004, Martini et al. 2003, Werlang ef al.
2003, Kogan 2001, Combellack et al. 2001,
Coble and Brumbaugh 1993, Sundaram
1991, Clay and Lawrie 1990, Wells 1989,
Bryson 1987).

Adjuvants are useful tools for users to
improve agrochemicals application and
in this way achieve more cost-effective,
better-targeted, and more environmen-
tally acceptable pest control (Green 2001,
Green 2000). In addition, the rainfastness
of active ingredients can be enhanced by
adjuvants (e.g. sticker-adjuvants), which
form a protective water-repellent layer,
preventing or reducing wash-off (Hazen
2000, Roggenbuck ef al. 1993). When add-
ed to systemic active ingredients, adju-
vants can enhance the initial penetration
rate, thus limiting the wash-off potential
(Roggenbuck et al. 1993, Field and Bishop
1988). Furthermore, penetration and rain-
fastness of a given active ingredient de-
pends also on other factors such as species,
surface structure, and physicochemical

characteristics of the leaf surface (Leung
and Webster 1994, Reddy and Singh 1992),
and adjuvant properties (Kogan 2001).

Recently, several environmental and
consumer friendly adjuvants have been
developed to replace non-environmental
friendly adjuvants such as alkyl-phenol-
ethoxylates (Haefs 2001, Abribat 2001,
Green 2000). In particular, oil ethoxylates
derived from rapeseed were developed
(Abribat 2001) and their effectiveness in
enhancing biological efficacy and rainfast-
ness of glyphosate proven (Scherhag 2005,
Haefs 2001). Other ethoxylates based on
seed oils such as linseed and soybean were
developed and evaluated for their efficacy
in enhancing the rainfastness of contact
fungicides (Hunsche et al. 2005, Ditzer
2002), but were not evaluated with sys-
temic herbicides. Glyphosate was chosen
for our experiments because its biological
efficacy greatly depends on the adjuvant
type (Green 2000). In addition, an adju-
vant system that would maintain the ef-
ficacy of glyphosate, avoiding the tallow
amine ethoxylate surfactants and their as-
sociated plant, eye and fish toxicity would
have immediate potential (Green 2001).

The objective of our study was to inves-
tigate the effect of four linseed oil ethoxy-
lates on rain-induced wash-off and bio-
logical efficacy of glyphosate, evaluated
on lambsquarter (Chenopodium album),
velvetleaf (Abutilon theophrasti), and green
foxtail (Setaria viridis).

Materials and methods

Plant material and growth conditions
Experiments were conducted with the
dicotyledonous weeds lambsquarter
(Chenopodium album L.) and velvetleaf
(Abutilon theophrasti Medik.), and the
monocotyledonous weed green foxtail
(Setaria viridis L.). Weeds were raised from
seed in individual pots placed in a green-
house, with a 12 h photoperiod, a daily
temperature of 20 + 4°C and relative hu-
midity of 55 + 10%.

Characterization of the adaxial leaf
surface

Surface micro-roughness and contact an-
gle of treatment solution droplets Leaf
micro-roughness was characterized quan-
titatively by measuring the contact angle
of water /acetone solution droplets (80/20
v/v), as proposed by Forster and Zabkie-
wicz (2001). Contact angles were measured
optically with a Contact Angle Measuring
System (G10; Kriiss GmbH, Hamburg,
Germany) by applying single 1 pL droplets
with a microsyringe (Hamilton-Bonaduz,
Switzerland) on the adaxial leaf surface. In
order to facilitate the measurements, discs
were punched from the leaf centre (first
completely developed leaf from the top)
and fixed on a double sided adhesive tape
(Tesa® double face, Beiersdorf, Hamburg),
previously mounted on a glass slide.
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Tangents were measured for both visible
sides of each droplet, and readings of the
angles were taken on 50 droplets for each
plant species.

Determination of contact angle of the
spray solutions on the leaf surfaces was
carried by adopting the same measuring
procedure.

Surface micromorphology (SEM) Micro-
morphology of the adaxial leaf surface was
investigated by using a scanning electron
microscope (XL 30 ESEM, FEI-Phillips,
Kassel; Microsoft control software, version
5.90). Leaf discs (0.8 cm?) were punched
and mounted on aluminium stubs, placed
into the microscope analysis chamber,
and scanned in the low vacuum mode (0.8
Torr). Wax crystalloids on the leaf surface
were classified according to Barthlott et al.
(1998) and Baker (1982).

Chemicals Glyphosate (Gly) solutions
were prepared at a concentration of 43
mmol L' with isopropylamine salt 62%
(Monsanto Europe S.A., Antwerp, Bel-
gium). Linseed oil ethoxylates (LSO, Cog-
nis® AgroSolution, Diisseldorf, Germany)
with an average of 10 and 30 ethylene ox-
ide (EO) units (LSO 10 and LSO 30, respec-
tively) as well as LSO with ethylene oxide
and propylene oxide (PO) blocs [LSO 0903
(09EO/03PO)and LSO 3003 (30EO/03PO)]
in the hydrophilic chain were added to
the spray solution at 1 g L. Plants treated
with the commercial glyphosate formula-
tion Roundup® Ultra Max (RUM®, Mon-
santo Agrar Deutschland GmbH, Diissel-
dorf, Germany) as well as untreated plants
served as control.

Application of treatment solutions
Treatment solutions were applied with
a laboratory pesticide sprayer (B-PSA-
1; Institute of Agricultural Engineering,
University of Bonn, Germany), equipped
with an air-induction nozzle (AI 11004 VS,
Teejet Co., Germany). Treatment solutions
were applied at a speed of 6 km h™ and
a pressure of 3 x 10° Pa, equivalent to an
application rate of 190 L ha™. Five minutes
after pesticide application plants were re-
turned into the greenhouse for 2 h before
onset of rainfall simulation.

Rainfall simulation

Tap water was used to simulate a natural
rainfall by using a laboratory rain simula-
tor (B-LRS-2; Institute of Agricultural Engi-
neering, University of Bonn, Germany), as
described elsewhere (Ditzer 2002, Kromer
et al. 1996). Five millimetres of rain at three
intensities were applied: light rain (0.5 mm
h), heavy rain (5 mm h') and torrential
rain (48 mm h?), with a volume medium
diameter (VMD) of 377 um, 1075 pm and
2043 pm, respectively. The applied rain
intensity and quantity were programmed
in the rain simulator and checked with a

rain gauge. Plants were returned to the
greenhouse 20 minutes after rain simula-
tion. Not rain-exposed plants served as
reference.

Biological efficacy

Dry mass was the parameter used to
evaluate biological efficacy of treatment
solutions and the effect of rainfall on weed
control. Plants (shoots and leaves) were
harvested at the soil level eight days after
herbicide application, placed in paper-
bags, and dried at 105°C until constant
weight.

Experimental design and statistical
analysis

Results were analyzed with the software
SPSS 12.0 (SPSS Inc., Chicago, USA) and
graphs designed with the software Sigma
Plot 7.101 (Systat Software GmbH, Er-
krath, Germany). Experiments on biologi-
cal efficacy were conducted in a bi-facto-
rial arrangement (treatment solutions vs.
precipitation) for each weed species, with
12 replicates per treatment. After ascer-
taining normal distribution, data was sub-
jected to analysis of variance (ANOVA). In
the cases of statistical significances, results
were compared by Duncan’s test P <0.05.

Results

Micro roughness

Measurements of the contact angle of ac-
etone/water solution droplets revealed
that adaxial leaf surfaces of the evaluated
weed species differ significantly in their
micro roughness. These differences were
more evident when comparing dicotyle-
donous weeds: contact angle on C. album
leaves was 118.7° while A. theophrasti had
a contact angle of only 65° (Figure 1). The
monocotyledonous S. viridis had a rough-
er surface and correspondingly potentially
poor wetability, with a contact angle of
118.3°.

Contact angle of the treatment solutions
Addition of LSO-ethoxylates to the un-
formulated glyphosate IPA significantly

influenced contact angle on the adaxial
leaf surface of all weed species (Table 1).
On C. album, contact angle of glyphosate
IPA (92.5°) was reduced with addition of
the more hydrophobic adjuvants LSO 10
(81.4°) and LSO 0903 (73.1°). In contrast,
glyphosate IPA formulated with the more
hydrophilic adjuvants LSO 30 (106°) and
LSO 3003 (108.3°) had a contact angle
comparable to water (109.2°) or RUM®
(108.1°).

In case of A. theophrasti, lowest contact
angles were obtained when formulating
glyphosate IPA with LSO 0903 (53.1°) and
LSO 3003 (51.2°). Water droplets had a
contact angle of 78.6°, while droplets of
RUM® had a contact angle of 57.1°. The
adjuvants LSO 10 and LSO 30 reduced the
contact angle of glyphosate solution to a
lower extent (contact angles of 58.9° and
57.2°).

On S. viridis leaves, the more hydro-
phobic adjuvants LSO 10 and LSO 0903
reduced the contact angle of glyphosate
IPA (100.9°) to 95° and 80.2° respectively.
Water droplets and RUM® droplets had
a higher contact angle, 118.3° and 105.7°
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Figure 1. Micro-roughness of
adaxial leaf surface of C. album,

A. theophrasti and S. viridis, as
characterized by measuring the
contact angle of water/acetone (80/20
v/v) solution droplets (1 uL). Vertical
bars represent the standard error.

Table 1. Contact angle of glyphosate solutions on adaxial leaf surfaces of C.
album, A. theophrasti and S. viridis. Water was used as reference.

Contact angle (degrees; Mean + SE)*

Spray solution

Chenopodium album Abutilon theophrasti

Setaria viridis

Water 109217 a
RUM®® 108.1+19a
Glyphosate IPA© 925+22Db
Glyphosate IPA + LSO 10 814+09c
Glyphosate IPA + LSO 0903 73.1+23d
Glyphosate IPA + LSO 30 106.0 £39 a
Glyphosate IPA + LSO 3003 108.3 +4.1a

786+15a 1183 +2.0a
57.1x27c 105.7 +1.7b
679 +49Db 100.9 = 4.6 bc
589+26¢ 95.0=+3.1c
53.1+09d 80.2+4.1d
572+25¢c 103.8+39b
51.2+1.3d 108.0+2.3b

A Means in the column followed by the same letter are not different by Duncan P <0.05.

B Roundup® Ultra Max.
€ Glyphosate isopropylamine salt.



respectively. Addition of the more hy-
drophilic adjuvants LSO 30 and LSO 3003
to the spray solution did not reduce the
contact angle in comparison to the other
glyphosate treatments.

SEM investigations

Epidermal layer of the adaxial leaf surface
of C. album presented little polygonal cells
and numerous glands varying in size and
forming a three-dimensional structure
(Figure 2A). Cell surfaces were completely
covered with little, almost imperceptible
wax structures (Figure 2B), which became
apparent as vertical platelets at higher
magnification (Figure 2C). The platelets
were generally arranged in localized
groups of 4-5 (Figure 2D).

The A. theophrasti leaf surface was char-
acterized with little polygonal cells with
many glandular trichomes on the surface
(Figure 3A). These soft trichomes were
simple or complex, some of them with
globular appendices on the top (Figure
3B). Cell surfaces had no detectable wax
structures (Figure 3C), but there was a ru-
dimental indication of a thin amorphous
wax layer covering the epidermal cell
layer (Figure 3D).

Setaria viridis exhibited longitudinal cells
arranged in parallel, with many little stoma-
ta in the cell lines along the veins; cell lines
over the veins had trichomes resembling
thorns (Figure 4A). Cell surface presented
a densely arranged wax structure (Figure
4B), e.g. little vertical platelets (Figure 4C)
organized as rosettes (Figure 4D).

Influence of treatment solutions and rain
intensity on biological efficacy

Statistical evaluations showed no signifi-
cant interactions between treatment solu-
tions and precipitations over all evaluated
weed species (Table 2); hence only data for
the main effects (precipitations and treat-
ment solutions) are presented.

In C. album, simulation of 5 mm of tor-
rential rain 2 h after application of treat-
ment solutions significantly reduced the
biological efficacy of glyphosate (Figure
5a). Heavy rain showed no influence,
while light rain slightly enhanced biologi-
cal efficacy when compared to non-rained
plants. As expected, plants sprayed with
water had higher dry matter than plants
treated with glyphosate solutions (Figure
5b). Addition of LSO adjuvants to glypho-
sate IPA resulted in the same dry matter
level as plants treated with the commercial
formulation RUM® (Figure 5b).

Irrespective of rain intensity, rainfall sig-
nificantly reduced the efficacy of herbicid-
al treatments in A. theophrasti (Figure 6a).
Comparisons on the efficacy of treatment
solutions revealed that all combinations
of glyphosate IPA plus LSOs achieved at
least the same level as RUM® reference,
whereas the best result was obtained by
adding LSO 0903 (Figure 6b).
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Figure 2. Adaxial leaf surface of C. album: (A) little polygonal cells and
numerous glands varying in size and forming a three-dimensional
structure; (B) leaf surface completely covered with little, almost
imperceptible wax structures; (C) wax crystalloids organized as vertical
platelets become apparent at higher magnification; (D) organization
pattern of the wax crystalloids: 4-5 locally parallel grouped platelets
(encircled).

Figure 3. Adaxial leaf surface of A. theophrasti: (A) little polygonal
cells with numerous glandular trichomes on the surface; (B) simple and
complex soft trichomes, some of them with globular appendices on the
top; (C) absence of detectable wax structures, but presence of stomata;
(D) indications for an amorphous wax film covering the cell surface.

ey 10 um 3 = v ; if =4 -_'.
Figure 4. Adaxial leaf surface of S. viridis: (A) longitudinal cells arranged
in parallel, with many little stomata in the cell lines along the veins; cell
lines over the veins had trichomes resembling thorns; (B) cell surface
presented a densely arranged wax structure; (C) wax structure as little
platelets; (D) platelets organized as rosettes.
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In the case of S. viridis, all rain intensi-
ties significantly reduced efficacy of the
treatment solutions (Figure 7A). Highest
reduction was observed when the plants
were exposed to heavy or torrential rain
events. Comparisons among treatment
solutions revealed the lowest dry matter
due to addition of LSO 30 (Figure 7B).
However, the observed differences in dry
matter were small.

Discussion

Micro roughness and contact angle of
treatment solutions

SEM evaluations revealed significant dif-
ferences among adaxial surfaces of the
examined weed species (Figure 2—4). Leaf
surfaces are very diverse and range from
simple and smooth to very complex and
rough surfaces (Green 2001). This diver-
sity may be responsible for the established
differences in micro-roughness (Figure 1).
Roughness is determined by factors such
as leaf surface topography, wax crystal
structure and chemical composition (For-
ster and Zabkiewicz 2001) as well as cell
surface contours, leaf venation and pres-
ence of trichomes (Chachalis et al. 2001,
Kirkwood 1999, Barthlott and Neinhuis
1997, Brewer et al. 1991, Holloway 1970).
Surfaces presenting contact angles greater
than 110° (measured with water droplets)
are usually characterized both by hydro-
phobic properties originating from the
wax deposits and pronounced roughness
(Holloway 1970). Contact angle measure-
ments of water/acetone solution droplets
provide a quantitative estimate for the
roughness factor (Forster and Zabkiewicz
2001).

Roughness primarily affects formation
of the pesticide deposit (Chachalis et al.
2001, Green 2001) and its distribution on
the leaf surface (Hess and Falk 1990). In
our studies, enhanced contact between
solution droplets and leaf surface was ac-
complished by glyphosate IPA formulated
with LSO ethoxylates; however, the effect
of the added adjuvants differed among
weed species (Table 1). In case of the diffi-
cult-to-wet leaves (C. album and S. viridis),
lower contact angles were achieved with
the more hydrophobic adjuvants LSO 10
and LSO 0903. In the case of A. theophrasti,
all LSOs reduced contact angle in com-
parison to unformulated glyphosate IPA.
An even lower contact angle was achieved
when three propylene oxide units (PO)
were included in the hydrophilic chain of
the adjuvant molecule.

The contact angle of liquids on plant
surfaces reflect their spreading behav-
iour and wetability (Foy and Smith 1965),
which is governed mainly by the nature
of the exposed chemical groups, surface
roughness and leaf orientation (Juniper
and Jeffree 1983). Fortunately, the use of
adjuvants can diminish adverse effects
of leaf topography, epicuticular wax, and

trichomes (Hess and Falk 1990), mainly by
reducing surface tension of the spray solu-
tion (Hess and Foy 2000). An enhanced
surface wetability may contribute to an in-
creased uptake rate of active ingredients
into the plant tissue (Sun 1996, Leung and
Webster 1994) and thereby also improve
rainfastness of some pesticides (Green and
Hazen 1998, Reddy and Singh 1992).

Influence of rain intensity

It is known that rainfall soon after agro-
chemical application results in partial or
complete loss of glyphosate activity (Red-
dy and Singh 1992), because the active
ingredient needs at least a 6 h rain-free
period for penetration and effective weed
control (Martini et al. 2003, Werlang et al.
2003, Chow 1993; Sundaram 1991, Wells

Table 2. Dry matter of C. album, A. theophrasti and S. viridis as influenced
by treatment solutions and precipitation (factorial analysis).

Significance level

Weed species Source of variation (Dry matter)
Chenopodium album L. Precipitation 0.000
Treatment solutions 0.000
Precipitation vs. Treatment solutions 0.217
Abutilon theophrasti Medik. Precipitation 0.001
Treatment solutions 0.000
Precipitation vs. Treatment solutions 0.361
Setaria viridis L. Precipitation 0.000
Treatment solutions 0.002
Precipitation vs. Treatment solutions 0.229
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Figure 5. Influence of rainfall and rain intensity (A) and treatment solutions
(B) on dry matter of C. album. Vertical bars represent the standard error.
Means of dry mass followed by the same letter are not different by

Duncan’s test P <0.05.



1989). Enhancement of rainfastness and
reduction of rain-induced wash-off can be
reached in two ways, namely by water-
repellency of the deposit and/or by en-
hanced penetration rate (Green 2001, Le-
ung and Webster 1994, Roggenbuck et al.
1993). Therefore, adjuvants preferentially
designed to enhance rainfastness of the
deposits of systemic compounds can bet-
ter show their beneficial influence when it
rains shortly after application. For these
reasons we chose a rain-free period of only
two hours.

Our results clearly demonstrate that
occurrence of a light rain was sufficient
to remove the greatest part of the active
ingredient deposit from adaxial leaves of
A. theophrasti while no increase in wash-off
was observed by increasing rain intensity.
In S. viridis, a light rain significantly re-
duced deposit of active ingredient. How-
ever, when leaves were exposed to heavy
or torrential rain, respectively, higher her-
bicide losses occurred.
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In C. album lowest dry matter was meas-
ured for no rain or when light rainfall (0.5
mm h™) impacted 2 h after glyphosate ap-
plication. Scherhag (2005) evaluated the ef-
fect of rapeseed oil ethoxylates on rainfast-
ness and biological activity of glyphosate
and also observed that light rain increased
efficacy of the active ingredient in C. album.
Kirkwood (1999) noted that penetration of
hydrophilic compounds may be enhanced
by hydration of the leaf cuticle. Other au-
thors (Schonherr 2000, 2002, Schonherr
and Baur 1994) showed that an environ-
ment with high relative humidity may
cause a swelling of the cuticle, induce for-
mation of water pores, and solubilize the
isopropylamine salt. The above-mentioned
events, associated with the fact that low-
intensity rain is characterized by droplets
with a low VMD, which probably do not
have the necessary kinetic force to remove
herbicide deposits from the surface, may
have contributed indirectly for a greater ac-
tive ingredient penetration into the leaves.

In contrast, torrential rain (48 mm h)
washed-off a great part of the active in-
gredient as demonstrated by a high level
of dry matter. It is assumed that rain event
with this intensity removes the major part
of the herbicide deposit on the leaves.

Our results show that glyphosate effica-
cy on weeds with rough surfaces (C. album
and S. viridis) was not negatively affected
due to light rain as compared to the weed
species with a relative smooth surface (A.
theophrasti). Considering A. theophrasti as
a unique species that did not have crys-
talline wax structures on its surface, we
therefore hypothesize that the wax fine
structure must have played an important
role in preventing glyphosate wash-off,
especially under light rain conditions. Le-
ung (1994) showed that a film of cuticular
wax reconstituted on a glass slide could
not protect glyphosate deposits against
rain-washing. However, the author did
not give any information on the presence
of wax fine structure elements.
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Figure 6. Influence of rainfall and rain intensity (A) and
treatment solutions (B) on dry matter of A. theophrasti.
Vertical bars represent the standard error. Means of dry
matter followed by the same letter are not different by

Duncan’s test P <0.05.

Figure 7. Influence of rainfall and rain intensity (A)
and treatment solutions (B) on dry matter of S. viridis.
Vertical bars represent the standard error. Means of dry
mass followed by the same letter are not different by

Duncan’s test P <0.05.
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Influence of treatment solutions

Because of the obvious differences in phys-
ical characteristics of the leaf surfaces (Fig-
ure 1-4), different responses to treatment
solutions for the evaluated weed species
were expected. While in C. album addi-
tion of LSO ethoxylates to unformulated
glyphosate IPA yielded about the same dry
matter level as with RUM®, in A. theophras-
tiand S. viridis better results were obtained
when formulating glyphosate IPA with
LSO 0903 or LSO 30, respectively. A clear
relation between biological efficacy, rough-
ness, contact angle of spray solution drop-
lets, and EO units in the hydrophilic chain
of the adjuvant could not be established. A
critical factor which may have influenced
our results is the mass and composition of
surface waxes. Studies have shown that
hydrophilic herbicides have lower efficacy
in weeds with more lipophilic compounds
in the epicuticular wax (Monquero et al.
2004, Chachalis ef al. 2001).

It is known that adjuvant oils act main-
ly by enhancing penetration of herbicides,
but the precise mechanisms involved are
poorly understood (Sharma and Singh
2000, Gauvrit and Cabanne 1993). It was
also postulated that hydrophilic herbi-
cides often work better with hydrophilic
adjuvants, because they contribute to
hydration of the cuticle and in this way
enhance permeation of the active ingredi-
ent (Hess and Foy 2000, Green and Hazen
1998). According to Abribat (2001), rape-
seed oil ethoxylates have solvency proper-
ties that can increase cuticle permeability,
enhancing penetration rate and rainfast-
ness of hydrophilic compounds. Sharma
and Singh (2000) showed that methylated
seed oils enhance glyphosate efficacy in
Bidens pilosa and Panicum maximum due
to its solubilizing and humectant nature.
We suppose that LSO ethoxylates influ-
ence glyphosate efficacy in a similar way;
however, further research on this topic is
needed.
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