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surfaces (particularly on narrow, upright leaves of small grasses)
is improved since the impact energy of droplets is lowered.
Decreased surface tension and increased spreading does
not always equate to improved herbicide performance. The
opposite trend (improved weed control with reduced droplet
spreading) has been demonstrated with glyphosate, imazethapyr
(Spinnaker®), nicosulfuron (Accent), primisulfuron-methyl and
thifensulfuron-methyl (Harmony® M).

iii. Modifying how a product moves into the target pest
Uptake of pesticides across a target surface is a complex
process, often involving more than one pathway. With the
herbicide glyphosate, some movement of the active ingredient
is due to a simple process of diffusion across the leaf cuticle.
Uptake in this situation appears to be improved when the spray
deposit is retained in a semi-liquid state increasing the continuity
of uptake.
With some plants, glyphosate may also enter the plant
through the stomata. This is enhanced by some surfactants
which reduce dynamic surface tension to a sufficiently low level.
Uptake across the cell wall and plasmalemma (cell membrane)
may also be facilitated by an electrochemical transport system.
Adjuvants may also affect the uptake of pesticides across
a plant or insect cuticle, physically disrupting the surface by
dissolving waxy deposits. This cuticle-disrupting property of
some adjuvants may cause the pesticide to be less effective or it
may heighten the injury to the target crop directly or indirectly by
reducing the selectivity of the applied pesticide.
Certain crop oils, when exposed to heat or ultra-violet light
on leaf surfaces, cause disruption to cell membranes resulting in
phytotoxicity to crop plants.

Figure 1c: Cross section of a leaf surface with spray droplet on
surface. The waxy surface acts as a barrier to water
droplets

(Source: Rochecouste, 2004)

To sum up
■■ Adjuvants are products added to a spray solution that
enhance or modify the action of a pesticide.
■■ Adjuvants can be classified according to their function or
chemical grouping.
■■ Adjuvants can have a variety of functions such as spreading,
wetting and/or modifying droplet formation and behaviour.
■■ While there are many types and functions of spray adjuvants,
they can be conveniently categorised as surfactants, oils,
acidifiers/buffers and fertiliser adjuvants.
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2.  Major adjuvant groups
Surfactants
Surfactants make up by far the largest group of spray
adjuvants. In agricultural applications, non-ionic (having no
net electrical charge) surfactants (NIS) make up the majority
of products although a number of formulations utilise anionic
surfactants to assist in dispersibility of formulations in a dry form.
Another group occasionally represented as agricultural
surfactants include the cationics (with a net positive electrical
charge).
Surfactants act as wetting or spreading agents and their main
role is to act on the surface of a droplet to reduce the surface
tension. This allows the droplet to spread over the leaf surface.

Field experiments from 2002–06 demonstrated a more
reliable control of diamondback moth (DBM) in brassicas when
surfactants are added to the insecticide mix. The non-ionic
surfactant Agral®, when added to Altacor® and Couragen®
insecticides, gave consistently better control of DBM than when
these insecticides were applied without the surfactant.
Table 2a lists a number of common agricultural surfactants by
chemical type.
Surfactants are made up of two functional parts – a
hydrophilic or ‘water loving’ structure attached to a lipophilic or
‘fat loving’ component (see Figure 2b).
The hydrophilic-lipophilic balance (HLB) of a surfactant is
a measure of the relative contribution of the hydrophilic and

Table 2a: Common agricultural surfactants by chemical types
Alcohol alkoxylates
Agri-Wet 1000

Octyl phenol

Fatty amine
ethoxylates

Organo-silicones

Nonyl phenol

Alkylaryl ethoxylates

Other products with more than one
active constituent

Agral®

Grass-Wett

Gly Wetter Plus

Break-Thru® Gold

Sonar (blend with alcohol
ethoxylate)

Break-Thru®

Activator®, Miller-Wett, Drive®r (alkyl
polyoxyethylene ether + free fatty acids)

All-Wett 1000

Agri-wet 377

Reactor 1040

Auswet 1000

Auswet 600

Silver-wet

Bettawet

Cropwett 1000

Blairs Bowa 200

Cropwett 600

Spalding 1040
Surfactant

BS1000

Dynawet 1000

Chemwet 1000
Deltawet 1000

EconA-wett
1000 (blend
with alcohol
ethoxylate)

Deploy 1000

Foliwet 600

Horti-wet 370

Power 1000

Kenwet 1000

Reactor Wetter
600

Country Wetter 1000

Lo-foam Wetting
Agent

Shirwet® 600

Maxiwet 1000

Spreadwet 600

Penetrate Wetter

Wetspray 600

Pro Wet 1000

Wetter 600

Smart Wet 1000

Wetting Agent
600

Spraywet
Spreadwet 1000
Turfwett
Typhoon
Wetdrop Wetter
Wetout
Wetspray 1000
Wetter 1000
1000 Wetting Agent

Zest (blend with alcohol
ethoxylate)

Penetrant

Broadspred
Organosilicone
Brushwet Organosilicone

Spray-Sure
Wetter

Maxx Organosilcone
Surfactant

Trilogy

Organowett

Viti-wet

PCT Reactor® Penetrant

Wetter TX

Prosil 1000

Wettox 1040

Pulse®
Spalding Penetrant
Spray-Sure Penatra

Bond (synthetic latex + alcohol ethoxylate)
Bonza® (nonoxynol + fatty acids +
paraffinic oil)
Designer® (organosilicone + synthetic latex)
di-1–p menthene (e.g. Nu-Film-P®,
Hyper-Stik, Sprayfast, Flextend, Shur-Stik,
Flexstic, Hygro-Stic)
Envoy (vegetable oil + surfactant + buffer)
Hot-up (blend of non-ionic surfactants
ammonium sulphate and petroleum oil)
Kondemn (surfactant + ammonium sulphate
+ vegetable oil ester)

Sprinta Superwetter

LI 700 (soyal phospholipids)

Takein II Organosilicone
Surfactant

Tap® 700
Miller Spray-Aide®, Steadfast (alkylaryl
polyoxyethylene glycol phosphate ester)
Opal Tandem (ammonium sulphate +
surfactant)
Oxiwet®, Kendeen 20, Pomade Wetting
Agent (Polyoxyethylene sorbitan
monolaurate
Primabuff®, Bladbuff, Aquabuff, Quatrabuff
(nonyl phenol ethoxylate + phosphoric acid
derivatives)
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lipophilic component. It can have a distinct influence on the
performance of adjuvants with different pesticides. Both the type
and size of the hydrophilic and lipophilic portions of a surfactant
may influence droplet spread, droplet bounce, evaporation and
pesticide absorption.

Figure 2a: Interaction of hydrophilic and lipophilic parts of a
surfactant to reduce surface tension and spread the
droplet

Lipophilic (‘fat loving’) groups are derived from natural or
petrochemical feedstocks and include:
■■ Alkylbenzenes
■■ Linear alkyls
■■ Branched alkyls
■■ Linear alkyls e.g. Derived from plant and animal fats
■■ Alkylphenyls e.g. Nonylphenol
■■ Polyoxypropylenes
■■ Polysiloxanes
Traditionally, most agricultural surfactants are non-ionic with a
hydrocarbon base comprising the lipophilic component of fatty
alcohols, alkylphenols, fatty amine or sorbitan esters attached
to an ethylene oxide chain of varying length. In recent years,
surfactants based on silicone (organosilicones) e.g. Pulse®, have
been developed with agricultural applications.

(Source: Hall et al, 1999)

Surfactants are classified on the basis of the electrical
charge carried by the hydrophilic group. Surfactants are anionic
(negative charge), cationic (positive charge), amphoteric (carry
both positive and negative charge) or non-ionic (no charge).
Examples of various hydrophilic groups utilised in various
surfactant groups is summarised in Table 2b.

Table 2b: Surfactant types according to electrical charge on the
hydrophilic group
Surfactant
type

Charge on hydrophilic
group

Hydrophilic group
examples
Sulphate
Sulphonate
Ether sulphate

Anionic

Negative

Ether phosphate
Ether sulfosuccinate
Ether carboxylate
Carboxylate
Primary ammonium

Cationic

Positive

Secondary ammonium
Tertiary ammonium
Quaternary ammonium
Amine oxide

Amphoteric

Positive and negative

Betaine
Amino carboxylate
Polyoxyethylene (ethoxylate)
Acetylenic

Non ionic

No charge

Monoethanolamine
Diethanolamine
Polyglucoside

Alternatively, anionic (negatively charged compounds) may be
attached to the lipophilic part or directly to the hydrophilic part of
the molecule to provide a specialised function, either as part of a
formulation (to provide emulsification or dispersion of the active
ingredient) or as adjuvants in their own right.
Anionic compounds are mainly phosphate esters (used in
buffering agents), sulfates, sulfonates and carboxylates.
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Oils (Table 2c)
Oils were used for insect and weed control as well as antimicrobial agents before the development of synthetic pesticides.
As adjuvants, oils are used to:
■■ Enhance the penetration of systemic pesticides into plants
and insects;
■■ Reduce evaporation of spray droplets after they leave the
sprayer; and,
■■ Extend the active life of certain herbicides, insecticides and
fungicides on plant surfaces.
In ultra low volume (ULV) spray applications, petroleum oils
are used as bulking agents. Oils can be categorised on the basis
of their origin (vegetable or petroleum base) and their formulation.
Petroleum based oils can be subdivided into those with
low (1–3%), medium (5%) and high (>15%) levels of added
surfactant/emulsifier (petroleum spray oils, petroleum oil/
surfactant blends and petroleum spray oil concentrate).
The type and amount of surfactant used in a petroleum spray
oil product can have a major effect on performance.

Petroleum oils vary in base oil composition, paraffin content
and the amount of unsulfonatable residue. These properties
influence viscosity and phytotoxicity. Some petroleum spray oils,
e.g. Canopy®, contain additional UV stabilisers which provide a
degree of UV protection for pesticides.
Vegetable oils are usually emulsified and may be categorised
according to their crop origin. In addition, plant-based oils
may be esterified as well as emulsified (see Table 2c) to give a
much lower viscosity than the parent oil. As with petroleum oils,
the types of emulsifiers used can affect the properties of the
formulated product and its toxicity.
Herbicides vary significantly in their response to various oil
adjuvants depending on their relative solubility in water or oil.
Glyphosate is highly water soluble and the addition of crop
oils sometimes reduces its effectiveness. In contrast, herbicides
such as atrazine have low water solubility and are generally
enhanced by the addition of oil adjuvants.
Table 2c illustrates a range of oil adjuvants used in agricultural
applications.

Table 2c: Oil adjuvants commonly used in agricultural applications by the amount and type of emulsifier added
Petroleum spray oils
(1–3% emulsifier)

Petroleum spray oil plus
surfactant
(5% emulsifier)

Petroleum spray oil
concentrates
(>15% emulsifier)

Vegetable oils
(emulsified)

Vegetable oils
(esterified and emulsified)

Ad-Here™ [970 mL/L]

Bolster [838 g/L]

Adjuvator [582 g/L]

Biotrol oil

Activoil

Broadcoat® [846 g/L]

D-C-Trate® [839 g/L]

Agridex® [730 g/L]

Chemag Extend

Adigor® (plus liquid hydrocarbons)

Empower [861 g/L]

D-C-Tron®

Amplify®

Chemtrol

Bolster (blend with buffering agent)

SACOA AntiEvap 
[859 g/L]

Rulvapron [838 g/L]

Codacide®

Dasher

Ecotrol

Effectivoil

Endorse

Fastup™

SACOA CottOil [859 g/L]

Cotton [827 g/L]

[432 g/L]

Austec Spraying Oil [582 g/L]

SACOA Crop Shield [838 g/L] AW Power Tek [432 g/L]
Trump™ [830 g/L]

Bonza®

[411 g/L]

Canopy® [792 g/L]
D-C-Trate® Advance [653 g/L]
Enhance™ [598 g/L]
Genboost [426 g/L]
Hot-Up [190 g/L]
Hotwire® [598 g/L]
Hustle [582 g/L]
In-bound® [653 g/L]
Magnify [426 g/L]
PCT Reactor® [582 g/L
Powersurge [598 g/L]
Propel [432 g/L]
Supercharge® [411 g/L]
T-oil [432 g/L]
Tribute [666 g/L]
TurboOil [426 g/L]
Uptake™ [582 g/L]
Vibral® [432 g/L]
Voltage [432 g/L]

Envoy (blend with buffer and Glysarin 704
surfactants)
Hasten®
Intac
Impel
Miller Exit
Infiltrator
Nexus™ Spray Adjuvant
Kwickin®
Nuturf® Driftex
Phase Dispersant Penetrant (soy)
ProCanOil Spray Oil
Plantocrop
Protec® oil
Promax
Rutec Control Oil
Pronto
Sacoa Xseed
Protec® Plus
Simplot Oilon
Racer Ultra
Smart Crop Spray Oil
Rapid Oil
Spalding canola oil spray
Rocket®
oil conc.
Swift
Spraytech oil
Synertrol® Excel
Stoller Natur’l Oil
Trio Sterycon oil 700
Supa Stik
4–Farmers Speedy
Synertrol®
Xtend Plant Oil

Yakka [426 g/L]
Oil adjuvants grouped in the various categories in the Table may not be necessarily identical in their composition or performance. Differences in qualities of the feedstock used
(e.g. hydrocarbon chain length); types of emulsifiers used and combination with other minor ingredients for example, can give rise to differences in performance.
Where pesticide labels specify a particular brand of adjuvant for use, it is wise to establish equivalency of similar products before substituting an alternative branded product.
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Acidifiers and buffers (Table 2d)
Acidifiers include proprietary mixes of organic acids with
surfactants (e.g. Spraymate LI 700) and inorganic acids such as
hydrochloric, sulphuric and phosphoric acids. Buffering agents
are often based on various salts of inorganic or organic acids and
sometimes include non-ionic surfactants (e.g. Primabuff®).
Various pH modifiers have been used with both herbicides
and fungicides. Certain herbicides present in salt form are
believed to be less active compared to the form that carries a
positive charge in the presence of low pH.
These products are known as weak acid herbicides. The
absorption and translocation of 2,4–D was greatly increased in
some experimental studies (Ashton & Crafts, 1973) when applied
at a pH below 6.
Effectiveness of glyphosate has also been enhanced by low
pH but the benefit of this was more related to the associated
anions forming calcium compounds which precipitated in
solution before forming calcium glyphosate on droplet drying.
Alkaline hydrolysis of certain insecticides, particularly
organophosphates, has provided the basis for the use of
acidifiers and buffers with these products. But much of the data
showing extremely short half-lives for active ingredients is for the
technical material rather than for the formulated product.

Table 2d: Commercial acidifiers and buffers used in Australia
Acidifier/buffer trade name Active ingredients
Acidowet 700
Catalyst 700
ChemAg Pro700
Companion
Cohort
Ecobuff 700
Farmpro 700
Lipro 700
LI 700
Pro 700
Probuffer 700
Probuff 700
Reactor® Surfactant 700
SP700
Tap® 700
Wilt 700

Soyal phospholipids + propionic acid

Advanced Buffa
Triad

Alcohol ethoxylate + phosphate ester of
alcohol ethoxylate

Agri-buffa®

Phosphoric ester of polyalkylene oxide
derivative + polyalkylene oxide

Ag-Buffer 550
Lig-Buffer®

Glycolic acid + non-ionic surfactants

Aquabuff
Bladbuff
Primabuff®
Quatrabuff

Nonyl phenol ethoxylate + phosphoric acid
derivatives

Bolster

Dioctyl sodium sulfosuccinate + vegetable oil
ester + buffering agent

Buff-It

Propionic acid + non-ionic fatty acid
ethoxylates + triethanolamine

Hygrobuff®

Sodium acetate + acetic acid + alkylaryl
polyoxyethylene phosphate ester

Miller Spray-Aide®
Compatibility-AcidifyingSurfactant
Steadfast CompatibilityAcidifying Surfactant Agent

Alkylaryl polyoxyethylene glycol phosphate
ester

Buffering capacity built in to formulated products may
significantly reduce the effects of alkaline hydrolysis.
Currently, no insecticide product labels specify use of
buffering or acidifying agents to ensure product efficacy, although
recommendations for buffering spray solution to pH 7 or below
are found on US product labels for dimethoate and carbaryl.
Acidification of spray solutions may not always be helpful to
the activity of pesticides. Some products, for example 2,4–D,
may ‘salt out’ or gel at low pH.
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Fertiliser adjuvants (Table 2e)

Others

Some fertiliser products have been investigated as adjuvants
with various herbicides. Rates are generally 2% volume to
volume (v/v) for liquid products or 1–2% weight to volume (w/v)
for solid materials.

The addition of an organic acid such as food grade citric acid
will effectively remove hard water ions from solution. Organic
acids are effective because the conjugate base (negative portion)
of the acid binds to and removes positively charged cations from
solution. Some use of citric acid has been made to ‘condition’
water used for application of glyphosate products.

Ammonium sulphate has been shown to enhance
effectiveness of salt-based formulations of herbicides (glyphosate,
2,4–D, MCPA, dichlorprop, picloram, bentazone, mecoprop and
imazethapyr). Only glyphosate, imazethapyr and pyrasulfotole
(Precept®) have recommendations for the addition of ammonium
sulphate on manufacturers’ product labels. But ammonium
sulphate is used with imidazolinone herbicides more generally.
Prilled ammonium sulphate is unsuitable as an adjuvant with
glyphosate products because of the use of aluminium in the
prilling process which is antagonistic to glyphosate.
US research has shown that reduction in efficacy of clethodim
by sodium bicarbonate in spray solution is effectively overcome
by the addition of a crop oil concentrate plus ammonium
sulphate (McMullan, 1994).
Other fertiliser products claimed to be of benefit as adjuvants
with glyphosate include urea and certain liquid fertiliser
preparations containing nitrogen in the ammonium form.
Table 2e includes products listed as including ammonium
sulphate as an active ingredient.

Table 2e: Fertiliser products and products with fertiliser
components used as adjuvants
Fertiliser adjuvant trade name Active ingredient/s
Ammend
Ammosol
Amsul 417
Assert
Blanket AMS
Concert
Crown ammonium sulphate
Ecokem Partner
Genfarm ammonium sulphate
Liase
Liquid Assist
Liquid Boost
Spalding Sulpham

417 g/litre ammonium sulphate

Benefit
Enhanzar
Farmoz Liquid 
National Response
Wilchem Liquid

425 g/litre ammonium sulphate

Conquest Dissolve
Diamond Brand
Genfarm Quickflow
Imtrade Ammonium Sulphate
Melpat Spray Grade
Sacoa Spray Grade
Titan Spray Grade
Wilchem Spray Grade

980 g/kg ammonium sulphate

Hot-up

140 g/litre ammonium sulphate + nonionic surfactant + mineral oil

Nipro Charger
Nufarm

Bonus®

720 g/litre ammonium thiosulphate
114 g/L alkylethoxyphosphate trolamine
salt

Opal Tandem

891 g/kg ammonium sulphate +
alkoxylated alcohol

Pro Ammonium Sulphate 
Trio AmmonSulf

420 g/litre ammonium sulphate

Wet-as spray adjuvant

410 g/litre ammonium sulphate + nonionic surfactant

Other spray adjuvants include products that modify the
feeding behaviour of insects such as milk powder and a
proprietary product ‘Aminofeed’ with NPV (Gemstar®, Vivus®)
and other biological insecticides.
Dyes are sometimes used to assist spray operators to identify
treated areas and aid in the assessment of spray coverage. Of
the coloured dye materials red and blue are probably the most
common.
In certain herbicide applications, e.g. sprinkler sprayer and
gas-gun application of glyphosate, dyes based on titanium
dioxide have been used to assist in the uniform application of
spray. These white dyes are highly visible and are retained on the
treated surfaces for several months.
UV dyes have been used primarily as a research tool to
aid the investigation of spray deposits on natural and artificial
targets. Target surfaces are examined under darkness with a
UV light, allowing the extent and nature of spray deposits to be
readily identified.
Activators include any substance that increases the biological
effectiveness of a pesticide. These may include a variety of
substances including surfactants, spray oils and fertilisers such
as ammonium sulphate.
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To sum up
■■ Surfactants and oils make up the two largest groups of spray
adjuvants.
■■ Surfactants (surface acting agents) are made up of ‘water
loving’ (hydrophilic) and ‘fat loving’ (lipophilic) parts.
■■ Surfactants may be cationic (having a positive charge),
anionic (having a negative charge) or non-ionic (having no
charge). Surfactants recommended as spray adjuvants are
most commonly non-ionic.
■■ The most common surfactant types include alcohol
alkoxylates e.g. BS1000; alkylaryl ethoxylates e.g. Agral®,
Wetter TX; fatty amine ethoxylates e.g. organosilicones and
Pulse®.
■■ Other surfactants include various blends e.g. LI 700, Hot-up
and specialised sticking and ‘filming’ agents e.g. Bond,
Nu-Film®-17.
■■ Spray oils are petroleum (mineral) or vegetable (plant) based.
■■ Many oils (particularly petroleum based) have pesticidal
properties in their own right.
■■ Petroleum based oils vary according to the base oil
composition and amount and type of surfactant/emulsifier
used in the formulation.
■■ Vegetable oils vary according to the plant oil source, method
and degree of processing.
■■ New generation vegetable oils include those that are
esterified (reacted with short chain alcohols) to produce
products of lower viscosity than the parent oil.
■■ Most vegetable oil adjuvants contain emulsifiers/surfactants
to allow them to mix readily in water.
■■ Acidifiers and buffers are used to reduce pH of alkaline
solutions to reduce the effects of alkaline hydrolysis that
occurs with certain pesticides.
■■ Formulated acidifying and buffering agents usually contain a
surfactant component to provide a dual purpose role.
■■ Acidification of spray solutions may not always be helpful to
the activity of pesticides. Some products may ‘salt out’ or gel
at low pH.
■■ Fertiliser adjuvants are most widely used with the herbicide
glyphosate and are usually based on ammonium sulphate.
Some other products that contain free ammonium ions may
also have a beneficial effect.
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3.  Adjuvants for herbicides
Group A herbicides (Tables 3a to 3e)
Group A herbicides include products belonging to a group
known as phenoxypropionate (or ‘fops’) and cyclohexanediones
(or ‘dims’) that inhibit the enzyme, acetyl CoA carboxylase. These
include almost all of the grass selective post-emergence herbicides
used in cereals and most of those used in broadleaf crops.

Use of adjuvants with Group As
The use of adjuvants with these products has been extensive.
For example, Hoegrass® (diclofop-methyl) has had a range of
surfactants (used principally non-ionics such as the ethoxylated
alkyl alcohol types including BS1000) and petroleum spray oils
(such as D-C-Tron® Cotton and D-C-Trate®). As more Group A
herbicides were developed, crop oil concentrates (including a
much higher proportion of surfactants than the original petroleum
spray oils) and esterified vegetable oil adjuvants became more
widely recommended with Group A herbicides.
Tables 3a, 3b and 3c show the range of adjuvants currently
recommended with Group A herbicides for winter cereals and
broadleaf crops. Recommendations for branded herbicides

having the same active ingredient generally mirror the label of the
original proprietary brand.
Adjuvants of four broad groups are incorporated in
recommendations:
iii) Petroleum spray oils e.g. D-C-Tron® Cotton, D-C-Trate®,
Sacoa Cropshield.
iii) Petroleum spray oil concentrates e.g. Uptake™ Spraying
Oil, Supercharge®, Enhance™, D-C-Trate® Advance
(incorporating a relatively high loading of surfactant in addition
to a refined petroleum oil)
iii) Non ionic surfactants (NIS) – generally either linear alcohol
ethoxylates or alkoxylated alcohol types
iv) Esterified vegetable oils e.g. Hasten®, Kwickin® that include a
surfactant to facilitate emulsification with aqueous solutions
and enhance uptake.
Spray oils in particular will improve the performance of
Group A herbicides. Results from other adjuvant studies
indicate little difference in herbicide performance at label rates
under favourable growing conditions. Differences may become
apparent when below label rates are used or when label rates
are applied under conditions where performance is marginal.

Table 3a: Group A ‘fop’ herbicides and their recommended adjuvant
Herbicide

Active

Adjuvant

Rate (% v/v)

Asset™

Haloxyfop-R-methyl

Impel™ Spray Adjuvant or
Petroleum spray oil + Chemwet 1000 or
Chemwet 1000

0.5
1.0 + 0.2
0.2

Barnstorm™

Cyhalafop

Uptake™

1.0

Correct®

Propaquizafop

BS1000 or
Hasten® or
Kwickin®

0.2
0.5
0.5

Di-Grass

Diclofop-methyl

NIS

0.25

Fusilade WG

Fluazifop-P

Supercharge®
D-C-Trate® or

Hoegrass®
Nugrass®

or

BS1000 + Ulvapron

1.0
2.0
0.2 + 2.0

Diclofop-methyl

BS1000

0.25

Diclofop-methyl

Activator®

0.15

Rhino®

Diclofop-methyl

Wetspray 1000

0.25

Shogun®

Propaquizafop

BS1000 or
Hasten® or
Kwickin®

0.2
0.5
0.5

Targa®

Quizalofop-P-ethyl

NIS or
NIS + mineral oil 1

0.2
0.1 + 1.0

Targa® Bolt

Quizalofop-P-ethyl

NIS or
Methylated seed oil e.g. Hasten®

0.2
1.0

Topik® 240 EC

Clodinafop-propargyl

D-C-Trate® Advance or
D-C-Trate® or
Hasten® or
Adigor® or
Uptake™ Spraying Oil

1.0
0.5
0.5
0.5
0.5

Tristar® Advance

Diclofop-methyl + Fenoxaprop-p-ethyl

BS1000 
(for control of certain weeds)

0.25

Verdict® 520

Haloxyfop-R-methyl

Uptake™ Spraying Oil or
Petroleum spray oil + 
BS1000 or BS1000

0.5
1.0 + 0.2
0.2

Wildcat®

Fenoxaprop-p-ethyl

BS1000

0.25

NOTES: NIS = non-ionic surfactant; % v/v = Per cent of adjuvant, in terms of volume (e.g. ml/L), in the final spray mix; 1 Not for application to vegetables (use surfactant only)
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It is clear that performance of individual products may vary with
the addition of adjuvants under these conditions (see Table 3d).
In the case of Syngenta’s Group A chemical Axial®, the use
of the adjuvant Adigor® is essential and as such they are sold
together in a combi-pack (see Table 3e).

Table 3b: Group A ‘dim’ herbicides and their recommended
adjuvant
Herbicide

Active

Adjuvant(s)

Rate
(% v/v)

Achieve®

Tralkoxydim

Supercharge®

0.75–1.0

Aramo®

Tepraloxydim

Hasten® or Kwickin® or
Uptake™

1.0
0.5

Aura®

Profoxydim

Supercharge®

1.0

Factor™

Butroxydim

Supercharge®

1.0

Clethodim

D-C-Trate® or
Hasten® or
Kwiken or
Uptake™ Spraying Oil

2.0
1.0
1.0
0.5

Sethoxydim

Crop oil e.g. D-C-Trate®
or
Rulvapron or 
D-C-Trate® + BS1000 or
Rulvapron + BS1000 1

1.0 to 2.0
1.0 to 2.0
2.0 + 0.2
2.0 + 0.2

Select®

Sertin®

186 EC

1 Use

only BS1000 for application with diflufenican to lupins (0.1%) or with
propaquizafop to canola, chickpeas, faba beans, field peas, lentils, linseed and
lupins (0.2%).
% v/v = Per cent of adjuvant, in terms of volume (e.g. ml/L), in the final spray mix.

Table 3c: Group A ‘combination’ herbicides and their
recommended adjuvant
Herbicide

Active

Adjuvant(s)

Rate
(% v/v)

Arvesta
Motsa

Haloxyfop +
clethodim

Hasten® or Kwickin® or
Uptake™

1.0
1.0

Decision®

BS1000 or
Diclofop-methyl + Uptake™ 1 or
Sethoxydim
D-C-Trate® 1 or
Hasten® 1,2

Fusion® WG

Fluazifop +
Butroxydim

Supercharge® or
D-C-Trate®

1.0
2.0

Tristar® Advance

Diclofop-methyl
+ Fenoxaprop-pethyl

BS1000 (for control of
certain weeds)

0.25

0.25
0.5
1.0
1.0

1 When applied alone. Use BS1000 0.25% when tank mixing with Tigrex® or Giant;
use Hasten® 1% when tank mixing with MCPA LVE.
2 Where Hasten® is used, add a zinc oxide product as recommended.
% v/v = Per cent of adjuvant, in terms of volume (e.g. ml/L), in the final spray mix.

Table 3d: Ranking of adjuvant performance when combined
with Group A herbicides at marginal use rates
Active

Ranking

Clethodim

Hasten® > Uptake™

Fluazifop

Uptake™ > D-C-Trate®

Fluazifop + butoxydim

Uptake™ = Supercharge®

Haloxyfop-R

Uptake™ > D-C-Tron® Cotton >
BS1000

Quizalafop-p-ethyl

Uptake™ = D-C-Trate® = BS1000

Source: Chris Love, Dow AgroSciences (per comm 2003, unpublished trials)

Table 3e: Adjuvant requirement for Axial herbicide
Herbicide Active

Adjuvant Rate
(% v/v)

Axial®

Adigor®

Pinoxaden plus Cloquintocet-mexyl

0.5

% v/v = Per cent of adjuvant, in terms of volume (e.g. ml/L), in the final spray mix.

Group B herbicides (Table 3f, page 15)
Group B herbicides include sulfonylureas (chlorsulfuron,
metsulfuron, triasulfuron, bensulfuron-methyl [Londax®],
thifensulfuron + metsulfuron [Harmony® M], sulfosulfuron
[Monza®], sulfometuron-methyl), imidazolinones [Spinnaker®,
Flame®, OnDuty®, Raptor, and Arsenal®], benzoates and
sulfonamides [Eclipse®, Broadstrike™].
These products control weeds by inhibiting the acetolactate
synthase enzyme, thus preventing the formation of certain plant
proteins resulting in eventual plant death.

Use of adjuvants with Group Bs
Sulfonylureas, benzoates and sulfonamides are generally
formulated as dry flowables which contain surfactant to aid
in the binding and/or dispersibility of the active ingredient.
Imidazolinone formulations are produced as both aqueous
concentrates (e.g. Spinnaker®) and water-soluble granules (e.g.
OnDuty®).
Efficacy of most Group B herbicides applied as postemergence treatments is usually enhanced by the addition
of non-ionic surfactants (Table 3f). Of the formulated
products listed, only Arsenal® and Londax® do not include a
recommendation for the addition of a spray adjuvant.
The most common surfactant recommended is an alkoxylated
alcohol type, for example BS1000. Organosilicone surfactants
are indicated for control of certain woody weeds when using
metsulfuron.
Petroleum spray oil concentrates (or paraffin oil plus
surfactant products) are preferentially recommended for some
specific uses and products e.g. Monza®.
An esterified vegetable oil adjuvant is specifically
recommended for addition to OnDuty® herbicide.
Acidifying agents should not be used in combination with
sulfonylurea herbicides due to the effect of low pH increasing
acid hydrolysis.
Only Spinnaker® (imazethapyr) and Raptor (imazamox) identify
the use of ammonium sulphate as being beneficial, particularly
under adverse growing conditions. Addition of NH4 ions in the
form of ammonium sulphate or a UAN (urea ammonium nitrate)
solution has been shown to enhance the activity of imidazolinone
herbicides, including imazethapyr, on certain species of
Ipomoea.
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Table 3f: Adjuvants recommended with Group B herbicides
Product

Surfactant (v/v)

Oil (v/v)

Other

Azimsulfuron e.g. Gulliver®

NIS 0.1%

No

No

Bensulfuron e.g. Londax®

None required

None required

Chlorsulfuron e.g. Glean®
Ethoxysulfuron e.g. Hero®

NIS 0.1% 5
NIS 0.1%

No

Florasulam + Clopyralid e.g. 
Torpedo™

BS1000 0.1–0.25% 9

Florasulam + Isoxaben e.g. 
X-Pand
Florasulam + MCPA e.g. 
NIS 0.2%
Conclude™
Flumetsulam e.g. Broadstrike™ BS1000 0.2%
Halosulfuron methyl e.g. 
NIS 0.2%
Sempra®

Comment
Direct Dry Application: Do not mix with any
surfactant or crop oil
5 When used alone POST.

Uptake™ or Adigor® 0.5% 9

9 Always use except with metsulfuron or
Wildcat® tank mixes.
Use Uptake™ or Adigor® 0.5% with Axial®
tank mixes
9 Use BS1000 0.1% with metsulfuron and
Wildcat® tank mixes

Uptake™ 0.5%

Always use Uptake™

Uptake™ 0.5%

Only in tank mixes with metsulfuron.

Uptake™ 0.5%

Refer to label for detail by crop.

No

Must use NIS
Always apply non-ionic surfactant or
Hasten® even in tank mixes with other
products.

Iodosulfuron e.g. Hussar®,
Destiny®

NIS 0.25%

Hasten® 1%

Imazethapyr e.g. Spinnaker®

NIS 0.2%

Hasten® 8 Kwickin® 0.5%

No

Hasten® or Kwickin® 1%

Must be mixed with Hasten® or Kwickin®

Hasten®, Kwickin® 0.5%

When mixing with Aramo®, add Hasten®
or Kwickin® at 1%

Imazethapyr + Imazapyr e.g. 
Lightning
Imazapic + Imazapyr e.g. 
OnDuty®
Imazamox e.g. Raptor

BS1000 or equivalent
0.2%

Imazamox + Imazapyr e.g. 
Intervix®
Imazapic e.g. Flame®
Imazapic + Imazapyr + MCPA
e.g. Midas®
Imazapyr e.g. Arsenal®

No for CLEARFIELD
wheat
None required

Mesosulfuron e.g. Atlantis®

BS1000 0.25%

Metsulfuron e.g. Brush-off®

NIS 0.1% (except as
indicated)

Hasten® 7 0.5%
Kwickin® 0.5%
Supercharge® 0.5% Also
compatible with Hasten®,
Kwickin® and Bonza®
Hasten® Kwickin® 4 (Peanuts
only)
Hasten® or Kwickin® 0.5%
Bonza® 0.5%
No
Hasten® (suppression of
Brome Grass or Barley Grass
only)
Petroleum spray oil 1%
(when applied without
glyphosate to blackberries
only)
BS1000 0.1–0.2% Uptake™ 2
or D-C-Trate® Advance 0.5%
or D-C-Trate® 2 1%
No

Metosulam e.g. Eclipse®
Metsulfuron e.g. Ally®
Metsulfuron + Glyphosate e.g. 
Trounce® Brush-Pack™
Pyroxsulam + Cloquintocet e.g. 
Crusader™
Rimsulfuron e.g. Titus®

NIS 0.1% 1
NIS 0.1% (for blackberry
No
control)
BS1000 0.25%
Chemwet 1000 0.25%
NIS 0.25%
No

Sulfometuron e.g. Oust®

NIS e.g. BS1000 0.25%

Sulfosulfuron e.g. Monza®

No

Thifensulfuron + Metsulfuron 
e.g. Harmony® M

NIS 0.1%

Trifloxysulfuron e.g. Envoke®

Agral® or BS1000 0.25% No

Tribenuron

e.g. Express®

Ammonium sulphate
(Spraymate Liase) 2%8

Ammonium sulphate
(Spraymate Liase) 2%7

Petroleum spray oil

Triasulfuron e.g. Logran®

NIS at recommended
label rates6

Crop oil 6 1%

Triasulfuron + Butafenacil 
e.g. Logran® B-Power

NIS at recommended
label rates

Hasten®

Hasten® label only

7 Not

all uses. Check Raptor label.

Always add Supercharge®
4 When

used alone POST.

No

Recommended that a surfactant is always
applied.

Organosilicone 0.2%
(Gorse, Sweet Briar,
Privet, Bitou bush,
Bellyache bush,
Eucalypts, Great Mullein)

Always add a surfactant/wetting agent
2 Not

See Brush-off®
Pulse® 0.1–0.2%
(0.5% for blackberries)

lupins
**when tank mixed with metsulfuron (0.1%)
or glyphosate (0.2%)
1 Not in tank mixtures with diuron or Igran®.
NIS or Pulse® for blackberries

Non buffering type surfactant
Surfactant required when product used
alone.
Always add Bonza®. May be mixed with
D-C-Trate®
DO NOT add wetter in mixtures with
fertiliser or where included with or not
recommended with companion product.

D-C-Trate® 2%
Bonza® 1–2%

NIS 0.1%

8 On

No
3 1%

NOTES: NIS = non-ionic surfactant; % v/v = Per cent of adjuvant, in terms of volume (e.g. ml/L), in the final spray mix.

3 Use

in addition to NIS, when applied
alone by air.
6 When used alone POST for control of
wild radish
At recommended label rates use Hasten®
in preference to NIS in sub-optimal
situations or where large weeds are present
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Group C herbicides (Table 3g, page 17)

Group F herbicides

Group C herbicides include a diverse group of products that
share the mode of action of ‘the inhibition of photosynthesis at
photosystem II’.

The herbicides diflufenican [Brodal®, Jaguar®, Tigrex®]
and picolinafen [Sniper, Paragon®], are products that inhibit
carotenoid biosynthesis at the phytoene desaturase step (PDS
inhibitors) causing characteristic bleaching and yellowing of leaf
tissue.

Products include the:
■■ Triazines – ametryn, atrazine, cyanazine [Bladex®], prometryn
[Gesagard®], simazine, terbuthylazine [Terbyne], terbutryn
[Igran®]);
■■ Triazinones – hexazinone [Velpar®] and metribuzin [Sencor®];
■■ Uracils – bromacil [Hyvar®] and terbacil [Sinbar®];
■■ Ureas – diuron, methabenzthiazuron [Tribunil®], fluometuron,
linuron;
■■ Nitriles – bromoxynil, ioxynil;

Use of adjuvants with Group Fs
Diflufenican applied as Brodal® should not be applied with
spray adjuvants. But when applied as Jaguar® or Tigrex®, a
surfactant may be added in tank mixes where this is required
for the companion product, except in the case of mixtures of
Tigrex® and Ally® where NO surfactant should be added.
Spray oils should NOT be added to products containing
diflufenican.
Spray adjuvants should NOT be added to products containing
piclolinafen (Sniper, Paragon®) as these may increase crop
sensitivity.

■■ Acetamides – propanil; and,
■■ Benzothiadiazoles – bentazone [Basagran®].

Use of adjuvants with Group Cs
See Table 3g for a list of adjuvants recommended for use with
the broad range of Group C herbicides.
Trials conducted in Young, NSW in 2007 showed good
responses to the addition of Hasten® (an esterified seed oil
adjuvant) to the Group C herbicide,Terbyne, for wild radish
control in TT canola (Figure 3a).

Figure 3a: Effect of addition of Hasten® spray adjuvant on post
emergent activity of Terbyne (terbuthylazine) on 4–8
leaf wild radish in TT canola
% of wild radish control
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0

Terbyne
0.7kg

Terbyne
0.7kg +
Hasten

Terbyne
1.4kg

Terbyne
1.4kg +
Hasten

Atrazine 900
2.2kg +
Hasten

Spray mixture and rate per hectare
Source: Sipcam Pacific Australia Pty Ltd. Trials conducted Young, NSW 2007.

Figure 3b: The images below show how two adjuvants with the
same nozzle set-up and environmental conditions
can result in completely different characteristics of
the spray solution. Droplet size is changed causing
drift and less product reaching its target. The top
image is a spray solution with the surfactant LI 700 at
250ml/100L while the bottom image is Chemwet 1000
at 200ml/100L
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Table 3g: Adjuvants recommended with Group C herbicides
Product

Surfactant

Oil

Other

Comments

NIS at recommended label
rates 1

No

1 For

Ammonium
sulphate with
glyphosate

2 All POST applications when
3 Maize and sweet corn only.

Triazines
Ametryn e.g. Primatol Z

Petroleum spray oil3

sugarcane and industrial situations.
applied alone.

Atrazine

NIS 0.75% 2

Cyanazine e.g.Bladex®

No

No

Ammonium
sulphate 2% with
glyphosate

Adjuvants may increase crop phytotoxicity.

Prometryn e.g. Gesagard®

NIS 4

No

No

4 Post-directed

Simazine

No

No

Ammonium
sulphate with
glyphosate

Not used for POST applications.

No

Hasten® 1% *

No

No

No

BS1000 0.12% or Agral®
0.2% **

No

DO NOT add wetting agent or spray oil for
use in cereals and pasture.
** Always add in sugarcane only.

Terbuthylazine e.g. Terbyne
Terbutryn

e.g. Igran®

Terbutryn + MCPA 
e.g. Agtryne MA

application in cotton only.

* Only in early post emergence canola.

Triazinone
Hexazinone e.g. Velpar® L

NIS 0.25–0.5%

No

No

For foliar applications only by ground
equipment.

Metribuzin e.g. Sencor®

No

No

No

Use of crop oils may cause severe damage

Bromacil e.g. Hyvar®

NIS 0.1% 5

No

No

5 Where

weeds emerged.

Bromacil + Diuron e.g. Krovar®

NIS at recommended label
rates 6

No

No

6 Where

weeds emerged.

Uracils

Terbacil e.g. Sinbar®

NIS 7

7 DO NOT use

surfactant in lucerne as crop
injury may result. Use for perennial weeds
in apples and peaches at least 8 years old.

No

No

NIS e.g. Wetspray 600 0.25% 8 No

No

8 Not

NIS 9

No

No

9 Post-directed

Linuron

No

No

No

Methabenzthiazuron e.g. Tribunil®

No

No

No

Bromoxynil e.g. Bromicide®

NIS 10

No

No

Ioxynil e.g. Totril®

No

No

No

Ioxynil + 2,4–D ester
e.g. Actril® DS

No

No

No

No

No

No

Ureas
Diuron
Fluometuron

e.g. Cotoran®

all uses. Check diuron label.
application in cotton.

Do Not add any wetting agent for
application to onions.

Nitriles
10 For

control of selected weeds in grain
sorghum.

Acetamide
Propanil

Benzothiadiazole
Bentazone e.g. Basagran®

NIS e.g. BS1000 0.125% 11

D-C-Trate® 12

No

11 Tasmania only and where stated – check
Basagran® label.
12 Control of Bathurst burrs and blackberry

nightshade in soybeans.

NOTES: NIS = non-ionic surfactant; % v/v = Per cent of adjuvant, in terms of volume (e.g. ml/L), in the final spray mix.
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Group G herbicides (aryl triazolinones)

Aryl triazolinone (e.g. Affinity®) and diphenyl-ether [e.g.
Goal™] herbicides control weeds through a process of
membrane disruption that is initiated by inhibiting the enzyme
protoporphrinogen oxidase (PPO). This inhibition interferes with
the chlorophyll biosynthetic pathway.
Herbicides with this mode of action include Goal™
(oxyfluorfen), Blazer® (acifluorfen), Affinity®, Hammer®
(carfentrazone), Ecopar® (pyraflufen) and Pledge® (flumioxazin).

Use of adjuvants with Group Gs
Affinity® is not suitable for application with petroleum spray oils
or petroleum spray oil concentrates (e.g. Uptake™, Supercharge®)
due to unacceptable levels of crop phytotoxicity. But the same
active ingredient applied as Hammer® in pre-cropping or fallow
situations may benefit from the inclusion of Supercharge® or
Bonza® adjuvant when used in combination with glyphosate.
Where volunteer cotton is to be controlled (both Roundup
Ready Flex and conventional varieties), the addition of either
Hasten® or Supercharge® is recommended. Where volunteers of
conventional cotton are being controlled, a non-ionic surfactant
may be used with glyphosate to maximise control.

Group H herbicides
Group H herbicides include the pyrazole family including
benzofenap [Taipan®, Viper®] and pyrasulfotole [Precept®,
Velocity®] with the HPPD bleacher mode of action. The isoxazole
family includes isoxaflutole [Balance®] which has pre-emergence
action.

Use of adjuvants with Group Hs
The adjuvant Hasten® is recommended for use with Velocity®
and Precept® where these products are applied alone. But
adjuvant recommendations vary when grass herbicides are
combined with Velocity and Precept® (Table 3h). Note that the
only time a NIS is recommended is when Velocity® or Precept®
are tank mixed with Wildcat® 110. With all other tank mixes, the
use of a NIS will result in reduced weed control.

Table 3h: Adjuvant recommendations where Velocity® and
Precept® are combined with grass herbicides
Tank mix partner

Adjuvant (v/v)
Velocity®

Precept®

Achieve®

#

Supercharge® 0.75%

Atlantis® OD

Hasten®

1%

Axial®

Adigor®

0.5%

Cheetah® Gold

#

Hasten® 1%

Decision®

Uptake™ 0.5% or 
Hasten® 1%

Uptake™ 0.5% or 
Hasten® 1%

Hasten® is however recommended in combination with
Blazer® at the low rate for applications in mungbean only.

Hoegrass® 500

#

Hasten® 1%

Hussar®

#

Hasten® 1%

Goal™ is not frequently used alone as a post-emergence
herbicide. In combinations with glyphosate or paraquat, the
companion herbicide should provide ample surfactant to ensure
efficacy of post-emergence control of weeds.

Nil

Hasten® 1%

Ammonium sulphate 500
gai/ha or Hasten® 1%

Tristar® Advance

Hasten® 1%

Hasten® 1%

Topik®

#

Hasten® 0.5%

Wildcat® 110

BS1000 0.25%

BS1000 0.25%

Addition of a non-ionic, low foaming surfactant is
recommended for applications of Blazer® to ensure optimum
weed control. Inclusion of a mineral oil, crop oil concentrate,
vegetable oil or refined vegetable oil may increase crop
phytotoxicity, so these combinations are generally not
recommended.

In some cases where Goal™ is used alone (e.g. Duboisia), a
non-ionic surfactant is recommended to provide optimum weed
control.
But where Goal™ is used for selective weed control in onions,
adjuvants including surfactants must NOT be used since these
may compromise crop selectivity.
Adjuvants should not be used with Ecopar® as unacceptable
crop phytotoxicity will result.
Where Pledge® is applied alone, the inclusion of Hasten® – or
equivalent methylated seed oil adjuvant – is recommended at a
rate of 1% v/v.

# Physically

Hasten® 1%

compatible but biological activity not tested with Velocity®
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■■ 2,4–D, MCPA – An acidifying surfactant is recommended in
situations where certain insecticides (e.g. dimethoate) are
included as a tank mix to avoid the possibility of alkaline
hydrolysis which results in the degradation of the insecticide
in the spray tank.

Group I herbicides (Table 3i)
Group I herbicides include a wide range of products with auxin
like activity including phenoxies (2,4–D, MCPA), benzoic acids
(dicamba) and pyridines (picloram, triclopyr, fluroxypyr, clopyralid).
These all act by the disruption of plant cell growth with accumulation
in the growing point of the plant, leading to plant death.

■■ Garlon™ 600 – A petroleum spray oil concentrate (e.g.
Uptake™) or petroleum spray oil/surfactant blend (e.g.
D-C-Trate®) is recommended for inclusion where the product
is used alone for control of melons in fallow and pasture.
Petroleum spray oils are not recommended where treatments
are made in combination with glyphosate products.
In high volume applications, the addition of a non-ionic
surfactant is recommended for treatments made to gorse.

Use of adjuvants with Group Is
In selective in-crop applications, adjuvants are seldom
recommended (and often specifically excluded in label directions)
chiefly because of the possibility of increased phytotoxicity to the
crop. But there are some herbicides and situations where the
addition of spray adjuvants is specifically recommended. These
include:

■■ Grazon™ Extra – The addition of a non-ionic (e.g. alkoxylated
alcohol) surfactant is recommended for high volume
treatments applied to biddy bush, Chinese apple, common
sensitive plant, giant bramble, gorse, lions tail, mesquite,
mother-of-millions, siam weed, sicklepod and tobacco weed.

Table 3i: Adjuvants recommended with Group I herbicides
Product

Surfactant (v/v)

Oil (v/v)

Other

Comments
3 Addition

Organosilicone 0.2% 4
AntiEvaporative oil 5

Clopyralid e.g. Lontrel

NIS 3

Dicamba e.g. Camquesta 500

NIS 6

No

Dicamba-Na e.g. Cadence®
Dichlorprop e.g. Lantana 600

BS1000 (or other NIS)
0.1% 7
No

Fluroxypyr e.g. Starane™

BS1000 0.1% 9

Uptake™ 0.5% or 
D-C-Tron® 1% 8
No
Uptake™ only
0.5%

Fluroxypyr + Aminopyralid 
e.g. Hotshot™

BS1000, Spreadwet
1000 or Chemwet 1000 Uptake™ (when
0.1% (when mixed with mixed with Topik®)
metsulfuron)

9 Not

Mecoprop

No

Picloram + MCPA K salt 
e.g. Tordon™ 242

NIS 0.1% 11

Picloram + 2,4–D 
e.g. Tordon™ 75D

NIS 0.1% 12

Uptake™ 0.5% 12

Quinclorac e.g. Drive®

No

Yes

Triclopyr ester 
e.g. Garlon™ 600

NIS 0.1–0.125% 13

Uptake™ 0.5% or 
D-C-Trate® 1% 14

Triclopyr ester + Picloram +
Aminopyralid 
e.g. Grazon™ Extra

NIS e.g. BS1000,
Chemwet 1000,
Spreadwet 1000
0.1%15

Uptake™ 0.5% 15

Triclopyr amine + Picloram 
e.g. Tordon™ DSH

BS1000 17

Uptake™ or
Supercharge® or
Hasten® 0.5% 18

2,4–D
Surfactant 0.65% *

all uses. Check Starane™ label.

No
LI 700 or other
acidifying surfactant 10

MCPA

2,4–DB

No

of a wetting agent at recommended label rates
for control of hardhead thistle in pastures and fallow.
organosilicone with handgun applications.
antievaporative oil where aerial application made to
silver wattle in pastures and Pinus radiata plantations.
6 For control of certain weeds in combination with 2,4–D in
pastures only.
7 When applied alone or in mixtures with Ally®.
8 In mixtures with Eclipse®.
No
4 Use
5 Use

No
Uptake™ 0.5%
(when mixed with
Topik®)

10 In

mixtures with Imidan®, Le-Mat® or dimethoate to
prevent alkaline hydrolysis.
No

11 When

mixed with metsulfuron.

12 Control

Pulse® 0.1–0.2% 16

Bonza® 1 1%

LI 700 or other
acidifying surfactant 2

No

No

of Sicklepod in sugarcane only.

Addition of crop oil adjuvant may improve weed control in
unfavourable weather conditions.
13 For control of gorse (0.125% v/v) and
Eucalyptus (0.1% v/v).
14 For control of camel melon, prickly paddy melon (not
NSW, Qld) but not in tank mixes with glyphosate.
15 For control of biddy bush (0.125%), chinese apple,
common sensitive plant, giant bramble, gorse, lion’s tail,
mesquite, mother-of-millions, siam weed, sicklepod and
tobacco weed.
16 Control of lantana (up to 1 m tall, summer, 0.1%) and
manuka.
16 Control of lantana (up to 1 m tall, summer) and
Parkinsonia.
17 For control of Acacia, Casuarina and Lophostemon spp. 
If cut surface is oily, add BS1000 for penetration
18 For control of blackberry.
1 For use with amine formulations in some non-crop
situations only. Refer to label.
2 With certain mixtures. Refer to label.
* For difficult-to-wet, hairy or very thick weed populations.

NOTES: NIS = non-ionic surfactant; % v/v = Per cent of adjuvant, in terms of volume (e.g. ml/L), in the final spray mix.
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Uptake™ spraying oil (petroleum spray oil concentrate) is
recommended to assist control of lantana (where low rates of
herbicide are used) and Parkinsonia.
Pulse® (organosilicone surfactant) is included for enhanced
control of lantana (at low rate of herbicide) and Manuka.
Acidifying agents should not be used as these may lead to
the precipitation of picloram at low pH.
■■ Tordon™ 75–D – Addition of adjuvants is generally not
recommended except where applications are made to
sicklepod in sugarcane. Here the inclusion of a non-ionic
surfactant (alkoxylated alcohol type) or mineral oil/surfactant
blend (Uptake™ spraying oil) is specifically recommended.
Acidifying agents should not be used as these may lead to
the precipitation of picloram at low pH.
■■ Tordon™ 242 – Tordon™ 242 is compatible with BS1000
(alkoxylated alcohol) and Uptake™ spraying oil where these
are recommended in tank mixes with Ally® and Topik®
respectively. Some experimental work also suggests that the
addition of Uptake™ may assist with the control of weeds
such as New Zealand spinach and milk thistle in cereals in
mixtures with Lontrel. Acidifying agents should not be used
as these may lead to the precipitation (insolubility) of picloram
at low pH.

Group L herbicides (Table 3j)
Paraquat [e.g. Gramoxone® 250] and diquat [e.g. Reglone®]
are bipyridylium herbicides that cause the inhibition of
photosynthesis.
These products are absorbed by leaf tissue causing rapid
destruction of plant cells adjacent to the point of contact.

Use of adjuvants with Group Ls
As the bipyridylium herbicides rely strongly on contact in
their foliar activity, good coverage of leaf surfaces is essential for
optimum performance. Formulated products include non-ionic
surfactants to optimise droplet spread and retention for most
situations.
But there are occasions when the inclusion of a
supplementary surfactant is recommended to ensure optimum
herbicide activity. These are summarised in Table 3j.

Table 3j: Adjuvants recommended with Group L herbicides
Product

Adjuvant (v/v)

Situation

Alliance®

BS1000 0.06%, 
Shirwet® 600 0.1%

When product dilution is less
than 400 mL/100 L.

Gramoxone® 250

BS1000 0.06%, 
Agral® 0.1%

1. When product dilution is <400
mL/100 L.
2. For control of Chenopodium
and Portulaca in orchards
and vineyards where product
dilution is less than 
800 mL/100 L (double rate).
3. For control of Yorkshire fog in
pastures (double rate).
4. For applications in sugarcane
(double rate) and peanuts
(single rate).

Spray.Seed® 250

1. For control of Vulpia spp.
(silvergrass), BS1000 0.1% v/v,
BS1000 0.1–0.12%, 
Agral® 0.16% v/v.
®
Agral 0.16–0.2%
2. For applications in sugarcane,
BS1000 0.12% v/v, 
Agral® 0.2% v/v.

Reglone®

BS1000 0.16%, 
Agral® 0.2%

Group J herbicides
Group J herbicides have the inhibitor of fat synthesis
mode of action. These are divided into the chemical
families, chlorocarbonic acids (2,2–DPA and flupropanate),
thiocarbamates (EPTC, molinate, pebulate, prosulfocarb [Boxer®
Gold], thiobencarb, triallate and vernolate), phosphorodithioates
(bensulide) and benzofurans (ethofumesate).
With the exception of 2,2–DPA, all herbicides in this mode of
action group are utilised as pre-emergence herbicides.

Use of adjuvants with Group Js
Only 2,2–DPA has a recommendation for the addition of a
non-ionic surfactant. No rate is specified.

Always add BS1000 or Agral®
unless otherwise specified on
the label.

% v/v = Per cent of adjuvant, in terms of volume (e.g. ml/L), in the final spray mix.

In addition, petroleum oils are used as ‘anti-evaporants’ under
hot and dry conditions. This use appears to be supported by trial
data particularly for control of summer broadleaf weeds such as
white heliotrope.
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Group M herbicide – glyphosate (Table 3k)
Glyphosate is a member of the glycines group of herbicides
and works in the plant by inhibiting the EPSP enzyme in the
shikimic acid pathway, preventing the production of amino acids
essential for the production of proteins.
Under favourable conditions, glyphosate is rapidly absorbed
by plant foliage. Initial fast entry is followed by a longer phase of
slower uptake.
Glyphosate is a highly polar molecule with low lipophilic
character while the leaf cuticle is negatively charged. Diffusion is
the most likely process for transport across the leaf cuticle.
Plant cuticles vary in their permeability to glyphosate. The
mode and extent of glyphosate uptake depends on several
factors, including:

Herbicide uptake may be aided by:

■■ Cationic interchange between weakly cationic aliphatic amine
(am) surfactants;
■■ Hygroscopic properties of surfactants with high ethylene
oxide (eo) content;
■■ Maintenance of herbicide deposit in semi-solid state
(humectants);
■■ Alteration of resistance to diffusion movement across the
plasmalemma; and,
■■ Enhancement of stomatal uptake e.g. organosilicones.
Effectiveness of surfactants is influenced by:

■■ Surfactant type (ethoxylated amine types generally better);
■■ Degree of ethoxylation (more eo better efficacy);
■■ Hlb (hydrophile-lipophile balance);

■■ Properties of leaf cuticle;

■■ Concentration (0.1 to 0.3% v/v optimum for amine types);

■■ Species;

■■ Interaction with other adjuvants;

■■ Plant age;

■■ Glyphosate concentration in spray solution; and,

■■ Moisture status of the plant;

■■ Plant species

■■ Light;

A number of surfactant types are included in commercial
formulations. Early formulations and many existing products
include a tallow amine ethoxylate product (tertiary amine).

■■ Temperature;
■■ Concentration of glyphosate;
■■ Adjuvants; and,
■■ Method of application.
After passing through the leaf cuticle, glyphosate is taken
up by the mesophyll cells. Negative charges in the cell wall
and plasmalemma (plasma membrane of a cell) may slow the
penetration of the anionic glyphosate. Electrical potential across
cell membrane may also counteract glyphosate entry. The
movement of glyphosate across the plasmalemma involves a
phosphate transporter though some movement involves diffusion.

Use of adjuvants with glyphosate

Over time, the need to utilise surfactants that have lower
toxicity, improved environmental profile and the push toward
higher glyphosate loadings has lead to the introduction of
alternate surfactants and blends.
These include quaternary amines (utilised in formulations with
aquatic use approvals), betaines and polyglucosides.
Most formulation adjuvants are not used as proprietary
products for inclusion by end-users.
Surfactants are recommended for specific applications as
summarised in Table 3k.
Petroleum oil adjuvants

Effect of surfactants on absorption

At low concentrations (0.01 to 0.1% v/v), surfactants improve
wetting and spreading. At much higher concentrations some
surfactants may aid foliar entry.

Petroleum spray oil adjuvants, including the petroleum spray
oil concentrate products such as Uptake™, are not routinely
used with glyphosate. But oils are widely used in southern and
Western Australia during the hotter months as anti-evaporants

Table 3k: Adjuvants recommended with Group M herbicide – glyphosate
Adjuvant

Ammonium sulphate e.g. Liase

Rate (% v/v) Label
Comments
endorsed
2%

Buffer plus surfactant e.g. Primabuff®

Yes

To alleviate the adverse effects of high levels of calcium, magnesium and
bicarbonate ions in water; to minimise antagonism to tank mixes
with flowable herbicides; and to improve performance under adverse
environmental conditions.

No

Buffer plus surfactant – may improve performance in water high in
bicarbonate, calcium etc.

Non-ionic surfactant (alkoxylated alcohol, ethoxylated
alcohol, nonyl phenol ethoxylate, tallow amine
ethoxylate, alkyl polyoxyethylene ether) e.g. Activator®

0.07–0.2

Yes

Check individual product labels for guidance as recommendations may vary.

Nonyl phenol ethoxylate e.g. Wetter TX

0.2

Yes

Add for annual ryegrass control in spring and improved control of Vulpia spp. 
and certain cool season perennial grasses.

Organosilicone e.g. Pulse®

0.05–0.2

Yes

For control of bracken (boom), eucalypt seedlings, lantana, gorse with 
360 gai/L and 450 gai/L products and certain dry products e.g. Trounce.

Equal to rate
Soyal phospholipids + ammonium sulphate +
alkylethoxyphosphate + ammonium propionate (Bonus®) of Credit®

Yes

Specifically formulated for inclusion with Credit®.

Soyal phospholipids + propionic acid
e.g. Spraymate LI 700

Yes

May improve weed control e.g. couch.

0.25–0.5

% v/v = Per cent of adjuvant, in terms of volume (e.g. ml/L), in the final spray mix.
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where summer weeds (generally broadleaf) require control
following unseasonal rainfall.
In summer rainfall areas, responses to the addition of oils
are inconsistent sometimes leading to reduced performance
(particularly on awnless barnyard grass) during summer.
Vegetable oil adjuvants

Vegetable oil products (including esterified canola oils such as
Hasten® and Kwickin®) are used occasionally with glyphosate.
In some trials it would appear these products are comparable
in their effectiveness to surfactants though this has not been
demonstrated in a wide range of situations.
Buffers and acidifiers

Glyphosate performance is not strongly affected by pH. But
high levels of antagonistic ions such as calcium, magnesium and
bicarbonate are often associated with alkaline waters. Buffers
and some acids, while reducing pH, may also sequester metal
cations.
Some acids such as hydrochloric (pool acid), nitric and acetic
acid are not particularly effective in overcoming the effects of
calcium, magnesium and sodium bicarbonate. These cannot be
expected to assist in potential loss of performance of glyphosate
where ‘hard’ water is used.
Many of the buffering agents are based on derivatives of
phosphoric acid which is effective in sequestering calcium and
magnesium. It should be noted that the addition of glyphosate
products to water can dramatically reduce solution pH without
the addition of acidifying adjuvants.
Ammonium sulphate

Ammonium sulphate has a range of potential benefits in
combination with glyphosate. In the presence of hard water
it appears to overcome antagonistic effects of calcium,
magnesium and bicarbonate ions, although at normal rates of
addition, pH is not reduced significantly. Ammonium ions are
thought to prevent the combination of antagonistic ions with the
glyphosate molecule. In addition, sulphate ions effectively chelate
some metal cations including calcium and magnesium.
In water relatively free of antagonistic ions, ammonium
sulphate appears to enhance uptake and control on a number
of annual grasses (but not ryegrass or barnyard grass), some
broadleaf weeds (e.g. climbing buckwheat) and perennials such
as couch and nutgrass.
The mechanism for this effect is unclear though it is
suggested ammonium sulphate modifies the permeability of
the leaf cuticle and cell membranes facilitating more rapid
and complete uptake of glyphosate. Other researchers have
suggested that ammonium salts affect the pH of the apoplast
(intercellular spaces) which results in faster and greater
penetration of weak acid herbicides into the cells.
Ammonium sulphate is specifically recommended as a
‘compatibility agent’ where glyphosate is combined with
triazine herbicides, especially atrazine, to reduce the potential
for antagonism. But the addition of ammonium sulphate does
not necessarily restore performance completely particularly on
perennial grasses and certain annual grasses and broadleaf
weeds including barnyard grass and milk thistle.

Others

■■ Foliar fertilisers – a number of proprietary foliar fertilisers have
been suggested as useful adjuvants for combination with
glyphosate. Claimed improvements in performance, while
possible, have not been extensively investigated. The cost of
the inclusion of foliar fertiliser adjuvants can be greater than
the herbicide product itself so the incentive for pursuing this
area of research is no longer as great as it may have once
been.
■■ Drift control agents – these adjuvants are designed to reduce
droplet break-up on atomisation and therefore reduce the
number of ‘driftable’ fines produced during application
(relative to glyphosate alone). Products with these properties
include Spraymate LI 700, Hasten® (esterified canola oil).
■■ Anti-transpirants e.g. Di-1–p-menthene, bond (synthetic
latex). Menthene is used in horticultural applications to reduce
transpiration losses in certain tree crops. The potential as an
adjuvant was investigated to evaluate any improved rainfastness. This was thought to be due to the formation of a film
that protects the spray deposit from wash-off. Rain-fastness
was improved in some experiments but not in others, so this
application has not been adopted extensively.

Group N herbicides
The glycine herbicide glufosinate is classified by a mode of
action that involves the inhibition of glutamine synthetase. It is
a non-selective (except in genetically modified crops), watersoluble concentrate product that has broad-spectrum activity.

Use of adjuvants with Group Ns
Glufosinate (e.g. Basta®) is formulated with surfactant and in
most situations no adjuvants are recommended. However the
product label advises that an adjuvant can assist in the control
of Pinus spp. and that benefit may be obtained when a wetting
agent is added for the control of hard-to-wet plants.

Group Q herbicides
Group Q herbicides include the triazoles [Amitrole,
Illico®, Alliance®] with the active ingredient amitrole and the
isoxazolidinones [Command®, Viper®] and have the inhibitor of
carotenoid biosynthesis at an unknown target mode of action.
These products were previously classified in Group F.

Use of adjuvants with Group Qs
Applications of Amitrole (ammonium thiocyanate) using power
spraying, knapsack or misting equipment are recommended
with the addition of a non-ionic (e.g. nonylphenol ethoxylate)
surfactant. No wetting agents are required if spraying Illico®.
Wetter should only be applied with Alliance® when product
dilution falls below 400 mL/100 L of solution. In this case the
addition of either 60 mL/100 L BS1000 or 100 mL/100 L
Shirwet® 600 is recommended.
Products containing clomazone as the active ingredient are
shoot or root absorbed and adjuvants are not required.
Applications of the rice herbicides Viper® and Magister® by
fixed wing aircraft are to include 41–A drift retardant at a rate of
60g per 100 litres of spray.
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Group R herbicides

Table 3m: Spray.Seed® adjuvant addition

Group R herbicides include the carbamates group (Asulox®
active ingredient asulam) with the inhibitor of dihydropteroate
synthase (DHP) mode of action.

Adjuvant type

Asulox® was previously classified as a Group K herbicide.

Use of adjuvants with Group Rs
Adjuvants are generally not recommended with asulam in crop.
But for applications in sugarcane a non-ionic surfactant is recommended at a rate of 0.25% v/v. Applications for control of bracken
should include Rulvapron applied at a rate of 2% v/v.

Group Z herbicides (Table 3l)
Group Z herbicides have unknown and probably diverse sites
of action. Herbicides include those classified as arylaminopropionic
acids (flamprop methyl e.g. Mataven® L), dicarboxylic acids
(endothal) and organoarsenicals (DSMA, MSMA).

Use of adjuvants with Group Zs
Post-emergence products of the Group Z herbicides vary in
their requirements for the addition of adjuvants. For the inorganic,
arsenical products DSMA and MSMA, addition of a non-ionic
surfactant is suggested in turf and non-crop applications.

Benefit

Rate per 100 L of spray volume

No
Ammonium sulphate

—
– Spray.Seed®

is highly compatible
No advantage
with trifluralin without ammonium sulphate.

Buffering agents
e.g. LI 700, 
Agri-Buffa®

No

Compatibility agents,
e.g. Flowright

No

—
No advantage
—
Spray.Seed®

Sometimes
Non-ionic surfactant
e.g. BS1000, Agral®

Organosilicone
surfactant e.g. 
Pulse®*
Spray oils, 
e.g. Hasten®,
D-C-Trate®

Wetter TX

is highly compatible.

120 mL BS1000 or 200 mL Agral®.

Use if concentration of product is less than 1.2L/100
L of spray volume or if the weeds silvergrass, fat hen
or Portulaca are present. 
Refer to Figures 1 and 2 this section.
No

—

No
advantage
Sometimes

Generally used at 500 mL – 1000 mL. 
Refer to manufacturers’ label for 
specific rate.

Maybe of benefit to prevent droplet evaporation in
warm temperatures and/ or low relative humidity.
No

—
No advantage

Table 3l: Adjuvants recommended with Group Z herbicides

Table 3n: Touchdown® Hi-Tech adjuvant additions

Product

Adjuvant (v/v) Comments

Betanal®

Adjuvant type

MSMA

No
Bonza® 0.5%
Uptake™
0.5%1
NIS

Tramat®

No

Mataven®

Benefit

Rate/100 L of spray volume

Sometimes

Generally 2 L Liquid Boost or Liase (if
using Touchdown HiTech®) and Boost,
you can alter the rate of Boost in relation
to your own water hardness situation. 
Refer to Figure 5 this section.

Do not add surfactant.
1Use

for spray-topping application only.

For use in sugarcane only.
Do not add surfactant to in-crop applications
to onions, oilseed poppy and established turf.

Special notes on non-selective
herbicides and adjuvants
The most common questions raised in relation to nonselective herbicides surround the need or use of additional
adjuvants/surfactants to improve the efficacy of the nonselective. There are two major non-selective herbicide categories
– bipyridyls which contain paraquat and diquat [Spray.Seed®,
Gramoxone® and Reglone®] and glycines which contain
glyphosate [Touchdown HiTech®].
In most cases adjuvants/surfactants perform quite differently
when used with Spray.Seed®, as they do when used with
Touchdown HiTech®. This is not surprising given both groups
of non-selective herbicides have very different modes of action.
What may work well for one product may not work at all with the
other.
Generally if adjuvants are critical to the performance of the
product, they appear on the product label. Do not add adjuvants
that are not recommended as they can actually be antagonistic
to product performance and reduce efficacy.
To improve clarity and market understanding, Syngenta has
compiled the Tables below for the major non-selective herbicides
(Spray.Seed® and Touchdown HiTech®) and the relative benefit (if
any) or the reason for using an adjuvant type.

Ammonium
sulphate
e.g. Liquid Boost*,
Liase*

Used to alleviate the adverse affects of Ca, Mg and
bicarbonate ions in water (hard water) or on plant
surfaces. Refer to Figure 5. Also beneficial under adverse
environmental conditions, eg. cool, cloudy weather. 
*Beneficial when mixing with trifluralin.

Buffering agents,
e.g. LI 700, 
Agri-Buffa®

No

Compatibility
agents
e.g. Flowright*

No

—

Sometimes

200 mL BS1000 or 300 mL Agral®

Non-ionic
surfactant
e.g. BS1000,
Agral®
Non-ionic
surfactant
e.g. Wetter TX
Organosilicone
surfactant
eg. Pulse®
Spray oils
e.g. Hasten®,
D-C-Trate®

—
No advantage

No advantage
Use if concentration of product is less than 500 mL/100
L of spray volume or if silvergrass is present. Refer to
Figures 3 and 4 this section.
Restricted

200 mL Wetter TX

Use only for annual ryegrass, silvergrass and serrated
tussock control in late winter/spring. Do not use in other
situations. Do not use for spraytopping.
Restricted

200 mL Pulse®

Use only to improve control of bracken, eucalypts, gorse
and lantana. Do not use in other situations as it may be
antagonistic.
No

–
May be antagonistic

*There are use situations where it is suggested that some glyphosates can be
mixed with trifluralin without the addition of ammonium sulphate. Our experience
in trial work is that the addition of ammonium sulphate improves the efficacy of
glyphosate based herbicides when mixed with trifluralin.
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Water quality and effective 
herbicide applications
Good quality water is important when mixing and spraying
herbicides. It should be clean and of good irrigation quality. Poor
quality water can reduce the effectiveness of some herbicides
and damage spray equipment. Some poor results with
herbicides could possibly be due to water quality problems.

Effects of water quality
Water quality depends on the source of the water (rain-fed
tank, dam, river, bore or aquifer) and the season (e.g. heavy rain,
drought). There are several characteristics of water quality which
affect chemical performance.
Dirt: Dirty water has very small soil particles (clay and silt)
suspended in it. These soil particles can absorb and bind the
chemical’s active ingredient and reduce its effectiveness. This
applies especially to glyphosate, paraquat and diquat.
Dirt can also block nozzles, lines and filters and reduce
the sprayer’s overall performance and life. As a guide, water
is considered dirty when it is difficult to see a 10¢ coin in the
bottom of a household bucket of water.
Water hardness: Water is termed hard when it has a high
percentage of calcium and magnesium. Hard water won’t
lather with soap and can cause some chemicals to precipitate.
Susceptible chemicals often have agents added to overcome
this problem.
Formulations of 2,4–DB are particularly sensitive to hard
water (> 400ppm CaCO3 equivalent). Other herbicides such
as glyphosate, 2,4–D amine and MCPA amine, Lontrel™ and
Tigrex® can also be affected.
Hard water can also affect the balance of the surfactant
system and affect properties such as wetting, emulsification and
dispersion. Very hard water can also reduce the efficiency of
agents used to clear dirty water.
Water pH: pH is a measure of acidity and alkalinity scaled
on a range between 1 and 14. A pH of 7 is neutral, less than 7
acid and more than 7 alkaline. Most natural waters have a pH
between 6.5 and 8.
In highly alkaline water (pH>8) some chemicals undergo
a process called alkaline hydrolysis. This process causes the
breakdown of the active ingredient into other compounds which
can reduce the effectiveness of the pesticide over time. This is
one reason why spray mixes should not be left overnight.
Very acid water can also affect the stability and physical
properties of some chemical formulations.
Dissolved salts: The total amount of mineral salts dissolved
in water is usually measured by the electrical conductivity (EC) of
the water.
The EC of bores and dams depends largely on the salt levels
in the rock and soil that surrounds them. During a drought the
salinity of water increases. Very salty water can cause blockages
in equipment and is more resistant to pH changes.
Organic matter: Water containing a lot of organic matter,
such as leaves or algae can block nozzles, lines and filters. Algae
can also react with some chemicals, reducing their effectiveness.
Temperature: Very hot or cold water can affect the
performance of some chemicals.

Improving water quality
Water needs to be tested to see whether it will affect chemical
performance. There are commercial products available to reduce
pH [e.g. Primabuff® and LI 700 and Hot-up®], soften hard water
and clear dirty water. To reduce the effects of very salty water,
you may need to mix water from several sources.
Table 3o summarises the effect of water quality on some
herbicides.
Acknowledgements: From NSW DPI Weed Control in Winter Crops, 2011 with extracts from
SPRAY SENSE Bulletin No.12 T. Burfitt, S. Hardy and T. Somers (1996).

Table 3o: Herbicide tolerances to water qualities
Water quality
Herbicide

Muddy Saline

Hard

Alkaline Acidic
(> pH 8) (< pH 5)

Affinity®

4

4

4

X

NR

Ally®

4

4

4

Marginal

X

Brodal®

4

4

X

Dicamba

4

4

Diuron

4

Test

NR
4

NR
4

Diuron + 2,4–D amine

4

Test

X

NR

Diuron + MCPA amine

4
4

X
4

NR

Fusilade Forte

Test
4

NR

X

Glean®

4

4

4

4

Hoegrass®

X
4

4

X
4

Marginal
4

X

Glyphosate

NR

4

Logran®

4

4

4

Marginal

X

Lontrel™

4

4

Sertin®

4

4

X
4

X
4

4

Simazine

4

Spray.Seed®

X

X
4

4
4

NR
4

4

Targa®

4

4

4

4

4

Tigrex®

4

Trifluralin

4

X
4

X
4

NR
4

Verdict®

4

4

4

NR

4

4

X
4

NR

2,4–D or MCPA amine
2,4–D or MCPA ester

4

Test

Test

NR
4

4

2,4–DB

X

Key: 4 = OK.
X = Do not use.
NR = Not recommended but use quickly if there is no alternative.
Test = Mix herbicides and water in proportion and observe any instability.
Marginal = Not ideal, but acceptable.
Source: Weed Control in Winter Crops, 2011 – NSW DPI
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Ready reckoners
Figure 1 demonstrates situations where an additional
surfactant may be required. This would occur if using high
spray volumes and low herbicide rates with Spray.Seed® in a
broadacre situation, resulting in reduced efficacy.

Figure 1: Spray.Seed® surfactant ready reckoner for broadacre

Figure 2 demonstrates situations where additional surfactant
may be required if using high spray volumes and low herbicide
rates with Spray.Seed® in a horticultural, viticultural or sugarcane
situation.

Figure 2: Spray.Seed® surfactant ready reckoner for the
horticultural, viticultural or sugarcane industries

Figure 4 demonstrates situations where an additional
surfactant may be required if using high spray volumes and low
herbicide rates with Touchdown HiTech® in the horticultural,
viticultural or sugarcane industries.

Figure 4: Touchdown HiTech® surfactant ready reckoner for the
horticultural, viticultural or sugarcane industries

Figure 5 demonstrates the minimum quantity of ammonium
sulphate (Boost) which can be added to Touchdown HiTech® to
alleviate the effects of hard water and antagonistic metal ions
located on the plant surface.

Figure 5: Touchdown HiTech®/Liquid Boost (ammonium sulphate)
ready reckoner to alleviate the affects of hard water
and antagonistic metal ions located on the plant
surface

For further information please contact the Syngenta Technical Advice Line
Freecall 1800 067 108 or visit www.syngenta.com.au

Figure 3 demonstrates situations where an additional
surfactant may be required if using high spray volumes and low
herbicide rates with Touchdown HiTech® in a broadacre situation.

Figure 3: Touchdown HiTech® surfactant ready reckoner for
broadacre
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4.  Adjuvants for insecticides
The main adjuvants used with insecticides are petroleum spray
oils. Plant derived oils and surfactants are used to a lesser extent.
Ultra low volume (ULV) applications often utilise oils as carriers
at less than 5L/ha. High boiling point petroleum spray oils or
vegetable oils as carriers generally improve target retention of ULV
sprays. Oils used in this application do not need emulsifiers in
contrast to those used as adjuvants where a water carrier is used.
It is important to realise that some spray adjuvants, particularly
the phytobland oils and derivatives, have insecticidal activity in
their own right. Pests controlled by petroleum spray oils include
scale insects, two-spotted mites, Helicoverpa spp., thrips, mirids
and aphids in both horticultural and field crop applications.
Oils such as high viscosity petroleum oils are ideal as contact
insecticides since these do not spread or penetrate the plant
cuticle. The active ingredient in spray deposits formed has higher
potential for contact with the insect.
Petroleum spray oils may be phytotoxic to plants due to
the effects of heat and UV radiation causing cell wall damage
so their indiscriminate use as pesticides or adjuvants is not
recommended unless crop safety is assured.

Use of adjuvants with organophosphates (Table 4b)
The tendency for some organophosphate insecticides to
undergo rapid hydrolysis under alkaline conditions is used as a
justification for the addition of acidifying or buffering agents when
these products are used with alkaline waters.
Dimethoate is subject to rapid hydrolysis at a pH of 9 though
it is likely that the formulated product is not hydrolysed to the
same degree as the technical material.
On US product labels the addition of a buffering or acidifying
agent is indicated but not for dimethoate products marketed in
Australia. But the use of acidifying agents such as LI 700 has
been widely adopted with dimethoate.

Table 4b: Adjuvant recommendations with organophosphate
insecticides
Product

Use of adjuvants

Azinphos–methyl
e.g. Gusathion®

Use wetting agent with high volume sprays.

Chlorpyrifos
e.g. Lorsban® 500

Use non-ionic surfactant for control of caterpillar
pests in brassica vegetables. Add winter oil for
control of scale insect in citrus and grapevines (1%
v/v), and in apples, pears and stone fruit (2% v/v);
and for control of woolly aphid in apples and pears
(2% v/v).

Diazinon

Use NIS for control of scale in pineapples. Add
winter or summer oils for control of various pests in
various crops. check diazinon label.

Dimethoate e.g. Rogor

None required.

Use of adjuvants with carbamates (Table 4a)

Fenitrothion

None required.

Organophosphate insecticides 
(Group 1B)

Maldison e.g. Maldison

Use Activator® surfactant for control of eucalypt
pests and substitute LI 700 with application using
alkaline water.

Methamidophos
e.g. Nitofol®

Use wetting agent for control of caterpillar pests in
brassica vegetables.

Methidathion
e.g. Supracide®

Use non-ionic surfactant for applications to control
certain pests in citrus, custard apple, macadamia
nuts and passionfruit. Use 1% v/v white oil for control
of mealybug in coffee, 1% v/v spray oil for control of
various pests of mango and 3% v/v dormant spray
oil for control of scale in apples, pears and stone fruit
(WA only). Do NOT mix with oils for applications in
citrus and in mangoes after fruit set.

Mevinphos e.g. Phosdrin®

Add wetting agent last.

Surfactants are also used in combination with some insecticides
but on a far more limited scale than petroleum spray oils.

Carbamates (Group 1A)
Carbamate insecticides include the nerve poisons carbaryl,
methomyl, thiodicarb and the miticide, pirimicarb. Fenoxycarb
(Insegar) is a non-neurotoxic insect growth regulator with contact
and stomach action.

Organophosphate insecticides represent a large group of
compounds with contact and/or stomach action that have a mode
of action as cholinesterase inhibitors. Most are stable in water but
are hydrolysed to a varying degree under alkaline conditions.

Table 4a: Adjuvants recommended for use with carbamate
insecticides
Product

Use of adjuvants

Carbaryl 
e.g. Bugmaster®

Compatible with summer oil

Methomyl 
e.g. Lannate®-L

Always add non-ionic surfactant 0.025%, particularly
important for control of Helicoverpa in cotton

Pirimicarb 
e.g. Pirimor

Add Agral® 0.018% for control of woolly aphid in apples,
green peach aphid in beetroot and cabbage aphid and
green peach aphid in brassica vegetables. Add summer
spray oil 1% for ground application or summer spray
oil (D-C-Tron® or Caltex) 10% for aerial application for
control of aphids in lupins (NSW, Vic, WA only) and cereals
(WA only) if applying under conditions of low relative
humidity

Thiodicarb 
e.g. Larvin®

Use non-ionic surfactants at recommended rates for
control of caterpillar pests in brassica vegetables. Not
compatible with vegetable oils

Omethoate e.g.

Folimat®

Use wetting agent for control of thrips and lucerne
flea in onions. Use 1% v/v spray oil for control of scale
in citrus, and 20% v/v Ulvapron (change to Rulvapron)
in ULV application for control of aphids in lupins.

Parathion-methyl
e.g. Parashoot

Add 3% v/v superior winter oil for control of scale
insects in pome and stone fruits (not with Penncap
formulation).

Phosmet e.g. Imidan®

Compatible with non-ionic surfactants.

Profenofos e.g. Curacron

Compatible with petroleum spray oils.

Prothiofos e.g. Tokuthion®

Add a wetting agent for control of various pests in
brassicas. Add a semi-dormant oil for control of
mealybugs in pears..

Trichlorfon e.g. Dipterex®

None required.

% v/v = Per cent of adjuvant, in terms of volume (e.g. ml/L), in the final spray mix.
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In general, product labels for organophosphate insecticides
do not specifically identify the need to reduce solution pH
although the addition of LI 700 is recommended on the label
for Maldison for applications to various pests of eucalypts when
using alkaline water.

Phenyl pyrazoles (Group 2B)
Fipronil [e.g. Regent®] acts as a blocker of the GABA
(gamma-aminobutyric acid) regulated chloride channel. It has a
wide spectrum of activity but is particularly useful for control of
sucking and certain chewing pests.

Use of adjuvants with Group 2bs
A non-ionic surfactant is recommended for foliar applications
made for the control of caterpillar pests in brassicas and for
weevil borer in sugarcane.

Synthetic pyrethroids and pyrethrins
(Group 3A)
Synthetic pyrethroids act as contact and ingested toxins.
They bind to the sodium channel protein in the nervous system,
resulting in continuous nerve stimulation.

Use of adjuvants with Group 3As (Table 4c)
A number of adjuvants enhance the activity of synthetic
pyrethroid products such as alpha-cypermethrin, lambdacyhalothrin, beta-cyfluthrin and deltamethrin. Enhanced activity
may be attributed to improved distribution (spreading), improved

Table 4c: Adjuvant recommendations with synthetic pyrethroid
insecticides
Product

Use of adjuvants

Add NIS e.g. Shirwet® 600 at label rates for control
Alpha-cypermethrin 
of caterpillar pests in brassica. Add surfactant for all
®
®
e.g. Fastac , Dominex
applications with Dominex®.
Beta-cyfluthrin 
e.g. Bulldock®

Add wetting agent for control of caterpillar pests in
brassica.

Formulation contains surfactant. Use surfactant
Bifenthrin e.g. Talstar®® only on hard-to-wet plants and in high volume
applications.
Cypermethrin
e.g. Sonic

Add Chemwet 600 0.005–0.015% v/v for control of
caterpillar pests in brassica.

Deltamethrin
e.g. Decis

Add wetting agent for control of caterpillar pests in
brassica. D-C-Tron® Cotton spray oil, D-C-Trate® or
Rulvapron may be used as bulking agent with some
formulations (Decis Options®) in ULV applications.

Esfenvalerate 
e.g. Sumi-Alpha®

Add BS1000 or equivalent NIS at 0.03% v/v just
before spray tank is filled. Add BS1000 at 0.1% v/v
for control of cowpea aphid in lentils.

Gamma-cyhalothrin 
e.g. Trojan®

Add 6% v/v non-ionic surfactant for applications
to brassica vegetables and forage brassica. May
be bulked with D-C-Tron® Cotton oil for ULV 
applications

Lambda-cyhalothrin 
e.g. Karate®

Add Agral® surfactant for applications to pests in
brassica vegetables and forage brassica. May be
bulked with various mineral spraying oils. Refer to
Karate® label.

Permethrin
e.g. Ambush®

Add 0.01% v/v Agral® for control of caterpillar pests
in brassica and celery.

Tau-fluvalinate e.g. 
Mavrik® ULV, Mavrik®
Aquaflow

Use surfactant with Mavrik® Aquaflow on
ornamentals where foliage may be difficult to wet
and where mite control is required

cuticular penetration (where applied directly to the target insect)
or increased transfer from treated surfaces to the target insect.
Recommendations for the use of adjuvants with synthetic
pyrethroid insecticides are quite limited (Table 4c). But the
addition of wetting agent is recommended where applications
are made for the control of caterpillar pests in a variety of
brassica crops. Wetting agents improve coverage and retention
of spray deposits on the water repellent leaves of brassica crops.
Some reference is made to the adverse effects of extremely
high pH with instructions provided to use spray mixtures
promptly under these conditions. In some instances, the addition
of a buffering agent is recommended for use with a number of
permethrin products where water with extremely high pH is used
as a carrier.
The control of first instar black field crickets (Teleogryllus
conmodus) was improved when spray adjuvants were added to
a range of insecticides. Table 4d shows the results when crickets
were fed a bioassay of cabbage leaf treated with a range of
insecticides and the esterified canola oil adjuvant, emulsified in
non-ionic surfactant Hasten®.

Table 4d: Insecticide dose and Hasten® required to kill at least
half the tested population (LC50) of black field crickets
Insecticide

EOP concentration % of v/v
0

0.5%

2.0%

Beta-cyfluthrin

110 ppm

70 ppm

50 ppm

Deltamethrin

130 ppm

70 ppm

40 ppm  

% v/v = Per cent of adjuvant, in terms of volume (e.g. ml/L), in the final spray mix.

Increase in activity of pyrethroids may be attributed to the
ability of EOP to maintain the active ingredient in a liquid state on
the leaf surface for an extended period. This would increase the
transfer of the pyrethroid to the target insect following contact
with the residual deposits on the leaf surface.
This is supported by studies of droplet aging on glass slides
where after 24 hours, deposits of alpha-cypermethrin remained
liquid. Studies with mustard beetles suggest that the adjuvants
make little difference to the permeability of the cuticle.
Adjuvants such as Hasten® may also assist in increasing
toxicity to insects by increasing dose transfer. This has been
demonstrated in a study conducted with mustard beetles with
the insecticide, alpha-cypermethrin.
Adjuvants may also be toxic to insects. Canopy® is a
proprietary petroleum spray oil product containing paraffinic oil,
emulsifiers and a UV absorber that effectively suffocates soft
bodied insects such as Helicoverpa, aphids and mirids.

28  |   ADJUVANTS – Oils, surfactants and other additives for farm chemicals

Nicotinyls (Group 4A)

Use of adjuvants with Group 4As

Confidor® (imadocloprid) is a systemic insecticide with
contact and stomach action that acts on the central nervous
system of susceptible insects by causing irreversible blockage of
acetylcholine receptors.

The addition of a wetting agent to Confidor® is recommended
for the control of aphids in brassica vegetables and the control of
long-tailed mealy bugs in ornamentals.

Confidor®

is recommended for the control of green peach
aphid, grey cabbage aphid, turnip aphid and other insect pests
in various fruit and vegetable crops and ornamentals.
Actara®

Intruder®

(thiamethoxam) and
(acetamiprid) have
a similar mode of action and are registered for the control of
aphids in cotton. Supreme™ (acetamiprid) is registered for control
of cotton aphid in cotton and green peach aphid in potatoes.
Meridian® (thiamethoxam) is approved for use in turf to control
African black beetle, Argentinian scarab and billbug. Calypso®
(thiacloprid) is recommended for control of apple dimpling bug
in apples, codling moth and oriental fruit moth in pome fruit and
oriental fruit moth in stone fruit.
Shield™ (clothianidin) is a systemic insecticide that is applied
to cotton foliage to control aphids, mirids and other sucking
pests. It is also a soil-applied or stem-injected treatment in
bananas to control weevil borer and rust thrip and a soil-applied
treatment to control leaf eating insects in young eucalypts and
cane grubs in sugarcane.

The organosilicone surfactant Pulse® at 0.2% is
recommended for application with Confidor®, Actara® and
Intruder™ in cotton.
MAXX organosilicone surfactant at 2% is recommended for
applications of Shield™ in cotton.
A non-ionic surfactant is required at a rate of 0.01% v/v with
applications of Calypso® for the control of oriental fruit moth in
stone fruit.

Spinosyns (Group 5)
Spinosads [Entrust, Success®] and spinetoram [Delegate™]
are spinosyn insecticides.
These have a unique mode of action that affects acetylcholine
receptors on target insects, specifically caterpillar pests.

Use of adjuvants with Group 5s
The addition of a non-ionic wetting agent is recommended
with Success® and Entrust for applications in brassica
vegetables, culinary herbs, root and tuber vegetables (potato
moth control), avocados, citrus fruit, coffee, mango, stone fruit
(unless there are less than ideal application conditions), tropical
and sub-tropical fruit crops (particularly those with difficult to wet
foliage and fruit), eucalypts and tea tree.
A wetting agent such as Agral® 0.01% is recommended for
inclusion with Delegate™ for applications to pome and stone fruit
for control of codling moth, light brown apple moth and oriental
fruit moth.

Avermectins (Group 6)
Emamectin [Proclaim®, Affirm®] and Abamectin [Agrimec]
are compounds that act as chloride channel activators on
susceptible insects and mites. Abamectin is quickly absorbed by
leaves but is not systemic; providing control of mites on pears,
apples, tomatoes, strawberries, ornamentals and cotton and
control of Helicoverpa in cotton.

Use of adjuvants with Group 6s
Addition of Citowett™ or Agral® is recommended for
control of caterpillar pests in brassica vegetables when using
Proclaim®. A non-inoic surfactant at recommended label rates
is recommended for the control of Heliothis, and suppression of
mites and green mirids in cotton using Affirm®.
No wetting agent is required for use with abamectin products.
The addition of summer oil is recommended for the control
of mites in apples, pears and citrus, though it has occasionally
caused fruit russetting in susceptible cultivars of pears under
certain conditions.
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Non specific mode of action – 
Selective feeding blockers (Group 9B)
Pymetrozine [Chess®] is a pyridine-azomethine insecticide
with activity against aphids. Registered uses include control of
aphids in brassica vegetables, potatoes and stone fruit.

Table 4e: Mortality of Helicoverpa larvae with Bt alone and
in mixtures with petroleum spray oil (Caltex) near Gunnedah
1999–2000
Percent mortalities1

Treatment
Day 1

Day 2

Day 3

Day 4

Bt

50.0

12.5

3.0

0.0

Use of adjuvants with Group 9Bs

Bt + PSO 5399

61.1

42.9

21.4

4.4

A suitable wetting agent (at label rates) is recommended
for use with Group 9B insecticide applications to brassica
vegetables.

NPV

41.7

14.3

4.4

0.0

NPV + PSO 5399

58.2

32.0

21.1

4.4

Mite growth inhibitors (Group 10A & 10B)
Clofentezine [Apollo®], hexythiazox [Calibre®], and etoxazole
[ParaMite®] are mite growth inhibitors that are used specifically to
control European red mite and two-spotted mites in pome and
stone fruit.

Use of adjuvants with Group 10As and 10Bs
No adjuvants are required with the use of Apollo® and
ParaMite®. Apollo® is compatible with mixtures containing
D-C-Tron® Cotton or winter dormant spray oils.
The addition of non-ionic surfactant is recommended with
Calibre® for applications of this product alone to control mite
pests in pome and stone fruit, strawberries and ornamentals.

Biological insecticides (Group 11)
Biological insecticides include various Bt (Bacillus
thuringensis), Metarhizium, and NPV (nuclear polyhedrosis virus)
products.

Use of adjuvants with Group 11s (Table 4f)
Certain formulated UV protected petroleum spray oils can be
used in mixtures with conventional Bt and NPV to protect these
products from degradation by UV light and so increase their
efficacy (Table 4e).
In such applications, petroleum spray oils are particularly
useful as most beneficial insects are not adversely affected. This
creates improved efficacy while retaining the benefits of natural
predators in cotton.

1Treatments

applied to cotton plants. Leaves collected were fed to neonate larvae
for 24 hours which were then removed and placed on artificial diets. Percent
mortality was measured for four days following placement on artificial diets.
(Source Mensah et al., 2002).

The interaction between spray volume and performance
of spray adjuvants with Bt formulations is an important
consideration in horticultural applications.
For example, inclusion of a range of wetters and stickers such
as Citowett™ (polyglycol ether) with Bt [DiPel® Forte] applied
in grapevines increased control of light brown apple moth
(Epiphyas postvittana Walker) when applied as low volume (200
L/ha) but not as a high volume treatment (1000 L/ha) in both
laboratory assay and field tests.

Table 4f: Adjuvants recommended for use with biological
insecticides
Product

Use of adjuvants

CoStar OF

Spreaders, wetters and adhesives are compatible but not
required.

DiPel® SC

Add a buffering agent when using water with a pH greater
than 8.5. Apply D-C-Tron® Cotton when using product
alone after start of cotton squaring and to bulk up ULV 
applications.

DiPel® DF

Addition of spreader-sticker such as Agral® (0.01%) may
improve coverage of hard-to-wet crops.

Delfin® WG

Addition of a non-ionic wetting agent will improve
coverage on hard to wet surfaces.

Full-Bac® WDG

It is recommended to use Wetspray 600 or similar nonionic wetting agent when applying.

Xentari®

Addition of a non-ionic wetting agent assists coverage
particularly on waxy surfaces. (Cole crops)

Metarhizium (Chafer Guard®) is used for cockchafer control in
lawns and pastures. No adjuvant is recommended for use with
this product.
Gemstar® and Vivus® (Nuclear Polyhedrosis Virus or NPV)
are being increasingly used for the control of caterpillar pests
in various crops. A non-ionic wetting agent is recommended
for application to lettuce and horticultural crops, and to linseed
with Vivus® Max and Vivus® Gold only. For ULV application, add
Canopy®, D-C-Tron®+ or equivalent at recommended label rates.
Feeding attractants such as milk powder are useful additives
when using NPV.
Milk powder is recommended with Vivus® products (NPV) at a
rate of 1 kg/ha for treatments applied in chickpea.

30  |   ADJUVANTS – Oils, surfactants and other additives for farm chemicals

Disruptors of ATP formation (Group 12)
[Torque®],

Fenbutatin oxide
tetradifon, propargite [e.g.
Comite®] and diafenthiuron [Pegasus®] are miticides/insecticides
that provide control through contact and stomach action.
Torque® is used for control of mites in fruits, hops and
ornamentals, Pegasus® is recommended for control of two-spotted
mite and cotton aphid and suppresses silverleaf whitefly in cotton.

Propargite is used for control of mites in various fruit,
vegetable and ornamental crops in addition to cotton.

Use of Adjuvants with Group 12s

Moulting accelerators (Group 18)
Moult accelerators bind to ecdysone receptor proteins leading
to the lethal acceleration of the moulting process.
Products in this class include tebufenozide [Mimic®] and
methoxyfenozide [Prodigy® 240 SC].

Use of adjuvants with Group 18s
Addition of a wetting agent at 0.01% v/v is recommended for
applications made to grape vines and citrus with Mimic®, and to
citrus with Prodigy®, for the control of Light Brown Apple moth.
Prodigy® is not compatible with petroleum spray oils.

No adjuvants are recommended for use with Pegasus®.
A wetting agent such as Shirwet® 600 at 0.015% is
recommended for addition to Torque® when the product is
applied at low volumes in bananas and strawberries.
Do not add surfactants or crop oils with propargite in fruit,
ornamental or vegetable crops as crop injury may occur.

Pyrroles (Group 13)

Oxadiazines (Group 22A)
Indoxacarb [Steward®, Avatar®] is primarily a larvicide
recommended for control of Helicoverpa in cotton, chickpea, faba
beans, azuki beans, mungbeans, soybeans; mirids in cotton,
azuki beans, mung beans and soybeans; and soybean looper
in soybean (Steward®). It is also recommended for the control of
caterpillar pests in certain fruits and vegetables (Avatar®).

Chlorfenapyr [Intrepid, Secure®] is an insecticide/acaricide
that acts on arthropod pests through ingestion with some
contact action. The compound disrupts the electrochemical
gradient in mitochondria uncoupling the process of oxidative
phosphorylation.

The addition of a non-ionic surfactant is recommended
with Avatar®. Use 0.125% v/v Agral® or Citowett™ 0.075% for
applications to brassica vegetables.

These products control a number of insects and mites
resistant to carbamate, organophosphate and pyrethroid
insecticides in cotton, vegetable crops and fruits.

For treatment of fruits and non-Brassica vegetables use
0.025% v/v Agral® or 0.015% Citowett™. Do not use BS1000 or
Activator® 90 as they may cause phytotoxicity.

Use of adjuvants with Group 13s

A surfactant is not recommended for combinations with a
foliar fertiliser product or where a tank mix product contains a
built-in surfactant.

The addition of a non-ionic surfactant is recommended when
Secure® is applied to brassica vegetables for the control of
caterpillar pests.

Use of adjuvants with Group 22As

No adjuvants are recommended in combination with
Steward®.

The main adjuvants used with insectides are petroleum spray oils. These oils may be phytotoxic to plants due to the effects of heat and UV
radiation causing cell wall damage. Crop safety must be assured before using petroleum oils as adjuvants or pesticides.
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Ryanodine receptor modulators (Group 28)

Others

Chlorantraniliprole

A number of other insecticides in common agricultural uses
do not require the use of adjuvants and do not belong to any of
the groups above.

Chlorantraniliprole is a diamide larvicide with nerve and
muscle action used against various caterpillar (Lepidopteran)
pests in fruit crops [Altacor®], vegetables [Coragen®] and cotton
[Altacor® Cotton].
The addition of a non-ionic surfactant is recommended with
Altacor® and Coragen® (unless in mixtures with a product that
contains a surfactant or recommends against use of surfactant
or where liquid fertilisers are mixed). For Coragen®, add Agral® at
0.025–0.125%.
DO NOT use BS1000 or Activator® 900 as crop phytotoxicity
may occur.
For Altacor®, BS1000 is recommended at a rate of 0.125% v/v.

Flubendiamide
Flubendiamide [Belt® 480 SC] is an insecticide with potent
activity against Lepidopteran pests and is utilised in vegetable
crops. The use of a surfactant such as Agral® at 0.01% must be
used for applications to brassica crops.
Wetters and penetrant type adjuvants may enhance the
performance of Belt® 480 SC more generally.

Insecticides of unknown mode of action
Azadirachtin
Azadirachtins include compounds derived from the neem
tree. Addition of a botanical oil concentrate adjuvant is
recommended for control of two spotted mites, whiteflyand
aphids in floraculture and ornamentals.

Bifenazate
Bifenazate [e.g. Acramite®] is a carbazate miticide used for
control of two-spotted mite, European mite and Bryobia mite in
pome and stone fruit.
Bifenazate has been shown to breakdown under alkaline
conditions. Where alkaline water is used as a carrier it is
recommended to use promptly or to add a commercially available
buffering agent to reduce pH to a neutral to acidic range.

Dicofol
Dicofol [e.g. Kelthane®] is a miticide with contact action.
When using Kelthane® MF, the addition of 0.016% Agral® is
recommended to improve spray coverage.

These include amitraz [Ovasyn®], buprofezin [e.g. Applaud®],
pyridaben [Sanmite®], rotenone, tebufenapryad [Pyranica®] and
fumigants (including methyl bromide and phosphine generating
compounds).
But Ovasyn® ULV (and other ULV formulations of amitraz)
are compatible with certain petroleum spray oils when used as
bulking agents.
Other insecticides/acaricides belonging to the categories
above – when applied as seed dressings or soil drenches – do
not require adjuvants.
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5.  Adjuvants for fungicides
The activity of contact protectant fungicides is influenced by
coverage of the active ingredient on the leaf and stem surface,
as these provide a barrier to the establishment of the fungal
pathogen on the host plant. Adjuvants that provide wetting,
spreading and adhesion play an important role, together with the
application method and environmental factors, in affecting the
development of fungal infections.
The activity of systemic foliar fungicides can be improved by
the correct choice of adjuvants. Several studies have shown
that improvements result from changes to factors such as
droplet formation, surface contact and behaviour of spray
deposit, penetration into the leaf, transport within the plant and
interaction within the fungal cell itself.
But the performance of adjuvants under controlled conditions
is often not consistent with the performance in field conditions
due to a complex of fungicide/crop/pathogen/adjuvant factors
that vary from situation to situation. In addition, there remain
unresolved problems associated with the use of adjuvants such
as the loss of selectivity and the occurrence of phytotoxic sideeffects on the crop.
For these reasons, the careful selection of adjuvants and
adherence to label directions is very important under field
conditions.

Group 1 fungicides (benzimidazoles)
Group 1 fungicides (benzimidazoles) are systemic fungicides
with curative and protectant action.

Use of adjuvants with benzimidazoles (Table 5a)
Addition of non-ionic surfactants is recommended in certain
situations to improve spray coverage on target surfaces for
carbendazim [Bavistin®, Spin Flo®] and thiabendazole [Tecto].

Table 5a: Adjuvants recommended for use with benzimidazole
fungicides
Product

Use of adjuvants

Carbendazim
e.g. Bavistin®, Spin Flo®

Carbendazim is currently under review by the
APVMA so check label before use.

Thiabendazole
e.g. Tecto Flowable

Add wetting agent except for applications to
potatoes and mushrooms

Group 2 fungicides (dicarboximides)
Iprodione [Rovral®] and procymidone [Sumisclex®, Fortress®]
are fungicides that provide both protective and curative control
for a range of fungal pathogens in various crops.
Rovral® is contact in action while Sumisclex® and Fortress®
are systemic. Sumisclex® and Fortress® can be applied as a
foliar spray, seed treatment, in-furrow application, soil spray or
transplant dip.

Use of adjuvants with dicarboximides (Table 5b)
Rovral® is unstable in solutions of alkaline pH and adjustment
of pH to below 7 may be required with a suitable buffering or
acidifying agent. Similarly, Fortress® should not be mixed with
alkaline water. A non-ionic surfactant may be required in addition
to Fortress® and Sumisclex® in certain applications (Table 5b).

Table 5b: Adjuvants recommended for use with dicarboximide
fungicides
Product

Use of adjuvants

Iprodione
e.g. Rovral®

Use buffering agent to reduce pH to below 7 if
using alkaline water. The use of a surfactant or
spray oil is not recommended as it may result in
crop damage to sensitive plants.

Procymidone
e.g. Sumisclex®, Fortress®

Use wetting agent Shirwet® 600 or Agral® at
0.01–0.02%.
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Group 3 fungicides (demethylation
inhibitors – DMI: imidazoles, azoles,
piperazine and pyrimidines)

Table 5c: Adjuvants recommended for use with DMI fungicides
Product

Use of adjuvants

Bitertanol e.g. Baycor® 300

None required. A non-ionic wetting agent may
be added if required to ensure effective wetting
of foliage.

Cyproconazole
e.g. Alto® + Chlorothalonil
(Alto® Plus) + Iodocarb
(Garrison®)

None required.

Difenoconazole e.g. Score®

Use water miscible oil for control of diseases
in bananas. Add Agral® (0.01%) for control of
husk spot in macadamia nuts.

Epoxiconazole e.g. Opus®

Some products with foliar applications such as
difenoconazole, epoxyconazole, fenamirol, flutriafol,
propiconazole and tebuconazole (Folicur®) require the addition of
a spray adjuvant in certain applications.

Addition of Chemwet 1000 or other
recommended surfactant may assist in
providing better coverage under certain
environmental conditions and lower application
volumes.

Fenamirol e.g. Rubigan

Addition of wetting agent will improve coverage
on fruit and foliage.
None required (seed treatment only).

Tebuconazole products used for the control of foliar diseases
in peanuts generally require the addition of petroleum oils to
ensure disease control (see Table 5c).

Fluquinconazole 
e.g. Jockey®
Flutriafol e.g. Impact®

Add 0.2% v/v BS1000 for control of diseases in
wheat and barley (when using Impact®).

Hexaconazole e.g. Viva®

None required.

Imazalil
e.g. Deccozil®, Fungaflor™

None required (post-harvest dip or spray).

Myclobutanil 
e.g. Systhane

None required.

Penconazole e.g. Topas®

None required.

Group 3 fungicides are a diverse group of products that have
the same mode of action as demethylation inhibitors (DMI).
DMI fungicides generally have foliar activity with protective,
curative and/or eradicant action. Products including
difenoconazole [Score®], fluquinconazole [Jockey®], flutriafol
[Impact®, Armour®] also have applications as seed dressings
while imazalil [Fungaflor™, Deccozil®] and prochloraz [Sportak®]
are applied as post-harvest dips.

Use of adjuvants with Group 3 fungicides (Table 5c)

Surfactants (wetting agents) should not be used with triforine.

Prochloraz

e.g. Sportak®

None required (post-harvest treatment).

Propiconazole e.g. Tilt®

Use miscible oil for control of diseases in
bananas.

Prothioconazole 
e.g. Redigo

None required.

Tebuconazole e.g. Folicur®

Never use adjuvants other than water miscible
oils for control of diseases in bananas. Addition
of Agridex® is recommended for the control of
foliar diseases in peanuts. Addition of 
D-C-Tron® Cotton may improve control of foliar
diseases in winter cereals. Add a non-ionic
wetting agent at 0.01% for control of powdery
mildew in grapevines.

Tebuconazole +
Prothioconazole
e.g. Prosaro®

Hasten®, Rocket®, Kwickin®, D-C-Trate®
Advance, D-C-Trate® (each at 1%) or Uptake™
0.5% (none of these to be used for aerial
application) when using low rates for control of
net blotch, leaf scald and leaf rust in barley, and
stripe rust, stem rust, leaf rust, powdery mildew
and glume blotch in wheat.

Tetraconazole 
e.g. Domark®

None required.

Triadimefon

None required.

Triadimenol e.g. Bayfidan®

Compatible with Agridex®, white oil, misting oil,
water miscible oil.

Triforine

DO NOT use a wetting agent.

Triticonazole e.g. Premis®

None required

% v/v = Per cent of adjuvant, in terms of volume (e.g. ml/L), in the final spray mix.
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Table 5d shows the improved control of leaf disease in wheat
when the acidifier LI 700 was added to flutriafol.

Table 5d: Effect of surfactant addition on activity of foliar
application of flutriafol (250 g/L) against septoria leaf spot in
wheat
Flutriafol rate/ha

% control
No adjuvant

+ LI 700 0.5% v/v

200 mL

10

26

400 mL

30

41

700 mL

41

70

1000 mL

62

78

1500 mL

66

81

2000 mL

79

88

Source: Nufarm.
% v/v = Per cent of adjuvant, in terms of volume (e.g. ml/L), in the final spray mix.

Group 4 fungicides (acylalanines,
oxazolidinones)

Group 9 fungicides (anilinopyrimidines)
The anilinopyrimidine fungicides include the systemic products
cyprodinil [Chorus®], cyprodinil plus fludioxonil [Switch®],
pyrimethanil [Scala® 400], pyrimethanil plus chlorothalonil [Walabi
SC] and pyrimethanil plus fluquinconazole [Vision® 250 SC].
Chorus® is used for the control of apple and pear scab, and
blossom blight and brown rot of apricots, peaches, plums and
nectarines. Scala® and Switch® are applied to provide control of
grey mould in grape vines, and Scala® also controls grey mould
in ornamentals and strawberries.

Use of adjuvants with Group 9 fungicides
The addition of 25 mL of a 100% non-ionic surfactant per
100 L spray solution is recommended for addition to Chorus®
for apple and pear scab control. Scala® 400 may be used with
a non-ionic surfactant although there is no requirement to do
so and its use on ornamentals is subject to a tolerance test.
Switch® should be applied with 0.02% non-ionic surfactant.

Group 11 fungicides (strobilurins)

Acylalanines and oxazolidinones are systemic fungicides that
are absorbed by roots, stems and leaves providing protectant
and curative action for a range of soil-borne diseases and downy
mildews.

Azoxystrobin [Amistar®], pyraclostrobin [Cabrio®], kresoximmethyl [Stroby® WG] and trifloxystrobin [Flint®] are strobilurin
fungicides for control of various foliar diseases in fruit, vegetable
and vine crops. No adjuvants are recommended with Amistar®.

Formulated products sometimes include combinations with
contact fungicides such as mancozeb e.g. Galben 3 M, Ridomil®
Gold MZ. Some products are used as soil drenches [Fongarid®]
and seed treatments [Apron® XL] although all the products listed
below also have foliar applications.

Azoxystrobin plus cyproconazole [Amistar® Xtra] applied with
2% v/v Adigor® will provide improved control of leaf rust and net
blotch in barley, particularly when used at lower rates.

Use of adjuvants with Group 4 fungicides (Table 5e)
Addition of surfactants (wetting agents) is recommended for
certain applications when using Galben 3 M, Ridomil® Gold, and
Ridomil® Gold MZ (see Table 5e).

Table 5e: Adjuvants recommended for use with acylamine and
oxazolidinone fungicides
Product

Use of adjuvants

Benalaxyl + Mancozeb
e.g. Galben M

Add a non-ionic surfactant for control of
diseases in onions and cucurbits.

Furalaxyl e.g. Fongarid®

None required.

Metalaxyl-M
+Copper oxy (Ridomil® Gold
Plus)

Add a non-ionic surfactant to the spray mix
for brassica vegetables, radishes, swedes,
turnips, cucumbers, leeks, ornamentals.

Metalaxyl-M + Mancozeb
(Ridomil® Gold MZ)

Compatible with non-ionic surfactants. 
Add non-ionic surfactants for control
of diseases in onion, potato, lettuce,
ornamentals, poppies, cucurbits and
rhubarb.

Oxadixyl (+Propineb) 
e.g. Rebound®

Add wetting agent for high volume
application in onions

Non-ionic surfactants may be used with Stroby® WG at
recommended rates. Application of Cabrio® in bananas requires
the addition of water miscible oil for the control of leaf speckle,
black sigatoka and leaf spot. No adjuvants should be used
with Flint® fungicide except when used in bananas, for high
quality narrow range water-miscible mineral crop oils. The use of
surfactants can damage flowers and cause russetting of fruit on
apples, pears and grapevines.

Group 33 fungicides (phosphonates)
Phosphonate fungicides include fosetyl-aluminium (Aliette®)
and Phosphorous acid. Phosphorous acid is used as a stem
injection or foliar treatment in various horticultural crops.
The addition of a non-ionic wetting agent according to its
label directions is recommended for application of Aliette® to
avocados. However, excessive use of a wetting agent may
result is some leaf burn. For Phosphorous acid, the addition
of a sticker e.g. Nu-Film®-17 (di-1-p menthene) or non-ionic
surfactant is recommended for applications to citrus.

ADJUVANTS – Oils, surfactants and other additives for farm chemicals   |   35

Group 40 fungicides 
(carboxylic acid amides)

Group M fungicides 
(Multi-site activity group)

Dimethomorph e.g. Acrobat® and Acrobat® MZ (in
combination with mancozeb) is a systemic fungicide with
protectant and antisporulant activity against various moulds in
cucurbits, grapevines, lettuce, oilseed poppies, potatoes and
onions. Important diseases controlled include downy mildew,
anthracnose, alternaria, septoria and phytophthora.

Group M fungicides are classified as a group having
multiple sites for activity. These comprise a wide range of
chemical groupings including inorganics, hydroxyquinoline,
dithiocarbamate, phthalimide, chloronitriles, sulfamide, guanidine
and quinones. This group represents predominantly protectant
fungicides with contact activity.

Various adjuvants have been evaluated on the performance
of suspension concentrate and wettable powder formulations
of dimethomorph. In a study using an assay with downy mildew
(Plamopara viticola. Berl. & deToni) on vines cv. Cabernet
Sauvignon, activity was increased by addition of either
emulsifiable canola oil or paraffinic oil at a concentration of 0.6 g/
litre (Grayson et al. 1996).

Some products of this group are applied directly to
propagative material or seed e.g. hydroxyquinoline [Staehler
Grafting Wax with Fungicide] and mercury [Shirtan®].

But increases were greater when various alcohol ethoxylate
surfactants were used at a rate of 3 g/litre.
Other surfactants – including nonylphenol, alkylamine and
organsilicone surfactants – were no more effective than alcohol
ethoxylate types.
The Acrobat® SC label has a recommendation for the use of
a non-ionic surfactant for applications to control downy mildew
and other diseases in curcubits, downy mildew in grapevines
and poppies, downy mildew and other diseases in lettuce,
downy mildew and purple blotch in onions and late blight and
early blight in potatoes.
Oil based adjuvants improve fungicide activity against downy
mildew in glasshouse grown onion seedlings (Figure 5a).

Figure 5a: Effect of spray adjuvants on Acrobat® MZ to control
downy mildew in onions

(Source: QDPI, O’Brien R.G.) Adapted from MacManus et al (1998).

Requirements for adjuvants vary considerably in this group
(Table 5f). Adjuvants should not be combined with Captan® or
chlorothalonil [Staehler], while crop oils should generally not be
applied with dithianon [Delan®] and wettable sulfur.
The synthetic latex adjuvant Spraymate™ Bond is used
commercially in combinations with chlorothalonil as a rain-fast
agent.
Horticultural mineral oils (petroleum spray oils) should be applied
with copper hydroxide and mancozeb in some applications. White
oil is included with propineb [Antracol®] for control of black spot
and citrus rust mite in citrus. Bond® is also used with mancozeb to
protect applications from post-treatment rainfall.
Petroleum spray oils are compatible with copper oxychloride,
cuprous oxide, thiram (water dispersible formulations), zineb plus
copper oxychloride.
Generally, non-ionic surfactants are required for addition to
Ziram while these are also required in specific applications for
copper hydroxide, dithianon [Delan®], mancozeb, metiram, sulfur,
thiram and zineb.
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Table 5f: Adjuvants recommended for use with multi-site activity fungicides
Product

Use of adjuvants

Captan (M4)
Chlorothalonil

Do not combine, precede or follow application (within 14 days) with spraying oils.
e.g. Bravo®

(M5)

Do not mix with spray oils or wetting agents.

Copper as cupric hydroxide
e.g. Kocide® Blue Xtra™ (M1)

Add polyphase or miscible summer oil for control of Cercospora in bananas, certain diseases in citrus. Add wetting agent
for control of parasitic algae in lychee. The addition of a wetting agent at label rates is required when applied to Brassica,
faba beans, peas and onion, irrespective of the method of application. The addition of a wetting agent is also required
when applied as a concentrate spray or by aircraft.

Copper oxychloride e.g. Oxydul® (M1)

Compatible with spray oils. Apply with 0.175% summer oil for control of walnut blight.

Cuprous oxide e.g. Oxyshield (M1)

Compatible with spray oils. Apply with 0.175% summer oil for control of walnut blight.

Copper as tribasic copper sulfate
e.g. Tri-base Blue® (M1)

Addition of Spraymate Activator® required for applications to brassicas, faba beans, peas and onions, irrespective of
method of application. Addition of wetting agent is also required when applied as a concentrate spray or by aircraft.

Dithianon e.g. Delan® (M9)

Add non-ionic surfactant for applications to stone fruit. If required for addition with other companion products, only a nonionic surfactant should be used.

Dodine e.g. Syllit® (M7)

Before mixing with other products, particularly emulsifiable concentrates, and with some types of water, it may be desirable
to add a non-ionic wetting agent to the water before adding Dodine or other products.

Guazatine e.g. Panoctine (M7)

Add a non-ionic surfactant to post-harvest dip for rockmelon and tomatoes.

Mancozeb e.g. Dithane™,
Penncozeb®, Manzate® (M3)

For Dithane™, add miscible spray oil for control of diseases in bananas and anthracnose of passionfruit. Add miscible
summer oil plus spreader/sticker for control of black spot in citrus (on light soil).
For Penncozeb®, add surfactant such as Bond or Chemwet 1000 for diseases of peanuts and for improved coverage and
spray retention on beans and broad beans; add Chemwet 1000 for soybean rust, diseases of cole crops, for improved
coverage and spray retention on cucurbits, for diseases of spinach, silverbeet, beetroot, for anthracnose of mangoes. 
For control of black spot of citrus, add 0.25% (0.6% in Qld) white oil; and in light soil, add 0.1–0.14% Bond adjuvant may
improve spray coverage and rainfastness. Add at 100–140 mL/100 L (for Penncozeb® DF in pulse crops). Add at 10–20
mL/100 L for Manzate® DF.

Metiram e.g. Polyram® (M3)

Add a non-ionic surfactant at label rates. For improved coverage, add a registered surfactant at 10–20 mL/100 L of spray
when applying to broad beans, faba beans, chickpeas, field peas, lentils and vetch. Apply with a spray oil (according to its
label directions) to control diseases of bagged bananas.

Propineb e.g. Antracol® (M3)

Add white oil (0.25–0.6%) for control of black spot in citrus. Add wetting agent for control of downy mildew in onions.

Sulfur (wettable) (M2)

Do not mix with spray oils. Add non-ionic surfactant at recommended rates if leaves and fruit are hairy or waxy or if water
is hard.

Thiram (M3)

Add 16 mL/100 L Shirwet® 600 (if using Thiragranz).

Tolylfluanid e.g. Euparen Multi (M6)

Do not add wetting or sticking agents.

Zineb (M3)

Add Barmac Maxwet for control of diseases in carrots, cabbages, cauliflower, celery and onions (to improve coverage). 
Add 25 mL of white oil per 10 L of water for control of diseases in citrus, and 50 mL for rust in stone fruits.

Ziram e.g. Fulasin (M3)

Add non-ionic wetting agent.
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Fungicide groups with no requirement for
adjuvants
Several fungicide groups including those used as foliar
products, soil drenches, in-furrow sprays, seed and wound
dressings do not require the use of adjuvants (Table 5g).

Table 5g: Fungicide groups with no requirement for adjuvants
Group Chemical family
5

Active
constituent

Trade
name

Product type

Spiroxamine

Prosper®

Foliar fungicide

Carboxin

Vitavax®

Seed dressing

Oxycarboxin

Plantvax®

Foliar fungicide/
Soil treatment

Phenyl benzamide

Flutolanil

Moncut

Seed dressing

Pyridine
carboxamide

Boscalid

Filan®

Foliar fungicide

Spiroketalamine
Oxathin
carboxamide

7

8

Hydroxy (2–amino-)
Bupirimate
pyrimidine

Nimrod®

Foliar fungicide

12

Phenylpyrroles

Fludioxonil

Maxim®

Seed dressing

13

Quinolines

Quinoxyfen

Legend

Foliar fungicide

Quintozene

Terraclor

Tolclofos
methyl

Rizolex®

Heteroaromatics

Etridiazole

Terrazole®

17

Hydroxyanilide

Fenhexamid

Teldor®

20

Phenylureas

Pencycuron

Monceren® Seed treatment

Iodocarb

Various

Wound dressing

28

Carbamate

Propamocarb

Previcur®

Dip/soil
treatment

Chlorine
dioxide
Hydrogen
peroxide +
Peroxyacetic
acid
Iodine
Mercury
Sodium
metabisulphite

Vibrex
Peratec






Shirtan®
Osku-vid

14

M

Aromatic
hydrocarbon

Inorganic

Seed dressing/
Soil treatment
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Top 10 tips for effective
fungicide spraying
By BILL GORDON, BILL GORDON CONSULTING
Bill specialises in application technology
and he has formulated a set of guidelines
to help growers optimise the timing and
execution of fungicide spraying.
Bill also recommends growers focus
on the volume, method and speed of
fungicide applications when following the
guidelines.

Top 10 tips for successful fungicide
spraying are:
1. Ensure the spray unit is thoroughly decontaminated,
particularly if the product previously used was a herbicide.
2. Understand how the fungicide works on the plant. Most
systemic fungicides protect new growth, which means the
sprayer may need to be adjusted for precise application on
the lower part of the plant.

10. Check that the Delta T value is above 2 and less than 10
when using medium spray, as although small droplets can
provide improved coverage, there is also potential for drift
and evaporation. Determine that wind speeds are above 3 to
4kmh and less than 20kmh for in-crop spraying, unless the
label specifies otherwise.

Best practice spraying
Growers who use best practice management when spraying
fungicides are keeping themselves, their farms and their
neighbours as safe as possible.
Practices like not spraying when the wind is blowing towards
sensitive areas or when the wind speed is too low or excessive
will minimise impacts on the environment outside the target crop.
The GRDC is supporting new spray-drift reduction research
through the National Working Party on Pesticide Applications,
which is expected to improve knowledge of drift-reduction
technologies for growers and this knowledge will be delivered to
the Australian Pesticides and Veterinary Medicines Authority.
Other best management practices include:

3. Check that the volume of fungicide is adequate. Suggested
rates are 70 to 100 litres per hectare for cereals and 100 to
150L/ha for pulses.

■■ Spraying in desirable weather conditions

4. Aim to limit application speeds to less than 20 kilometres per
hour, as a faster speed may result in fungicide droplets on
one side of the plant.

■■ Avoiding spraying using volatile products and when there is
excessive wind speed.

5. Select the most appropriate surfactant, either oil-based or
non-ionic, to improve the plant’s contact with and uptake of
fungicide.
6. Select a nozzle to provide medium spray coverage. Fine
droplets are less likely to penetrate dense crop canopies and
coarse droplets may not adhere to waxy surfaces or when
using an oil-based wetter. Use nozzle sizes and volumes that
allow the nozzle to spray with sufficient pressure. More than
2.5 bar is suggested for fan type and low drift, whereas more
than 3.5 bar is needed for low-pressure air induction. Avoid
using air induction with oil-based products.
7. Consider using a narrow nozzle spacing, such as 25
centimetres, where possible. Twin jets or twin caps can help
growers using wider nozzle spacing (such as 50cm) improve
coverage, but only at speeds up to 16kmh.
8. Use the minimum hold setting on the controller to maintain
pressure and reduce the dose or increase droplet size when
slowing down at the end of rows.
9. Run the controller using total flow (litres per minute for the
whole boom) on the display when spraying and be mindful
of the pressure and flow for the number of litres per hectare
being applied. This approach can be used to detect a
blockage if the pressure increases and flow remains the
same. And if the flow reduces and the pressure remains
constant, all sections of the sprayer may not be engaged.

■■ A consistent crosswind, appropriate temperature and no
inversions; and,

More information: Bill Gordon, 0429 976 565, bill.gordon@bigpond.com
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6.  Adjuvants for defoliants and 
conditioners
Defoliants and conditioners are used in cotton to remove
unwanted vegetative material from the plant in preparation for
harvest. Products have either a growth regulator mode of action
e.g. thidiazuron [Dropp®] or desiccant activity (e.g. sodium
chlorate).

Table 6b: Adjuvants used with foliar plant growth regulators
Product

Adjuvant

Chlormequat chloride Non-ionic
e.g. Cycocel®
surfactant

Comments
0.1%

Plant growth regulators include chlormequat chloride
[Cycocel®], ethephon [Ethrel®, Prep®], gibberellic acid and
mepiquat chloride [Pix®].

Ethephon 
e.g. Ethrel®

Non-ionic
surfactant

Use of adjuvants with defoliants/conditioners
(Tables 6a and 6b)

E.g. Kendeen 20 Surfactant of Chemwet
1000 applied at recommended rates. 
Required in applications to apples,
grapes, macadamias and peaches. Do
not add surfactants or wetting agents to
mandarins and oranges as leaf fall may
be increased.

Gibberellic acid

Use of adjuvants with defoliants/conditioners and plant
growth regulators is summarised below.

Non-ionic
surfactant

Application to grapes 100 ppm
maximum.

Mepiquat chloride 
e.g. Pix®

No

Trinexapac-ethyl 
e.g. Moddus®,
Primo Maxx®

Non-ionic
surfactant 1

Cotton] are required for
Petroleum spray oils [e.g.
use with Dropp®, Dropp® Ultra and Resource® while a non-ionic
surfactant [Catapult] is recommended for addition to Harvade.
Petroleum spray oils are compatible with ethephon [Prep®].
D-C-Tron®

Table 6a: Adjuvants used with defoliants/conditioners in cotton
Product

Adjuvant

Comments

Dimethipin 
e.g. Harvade

Catapult (alcohol
ethoxylate)

Ethephon e.g. Prep®

Use with D-C-Tron® Cotton
Petroleum spray oil when tank mixing with Dropp®
Ultra or Dropp® Liquid.

Ethephon + cyclanilide

Use with D-C-Tron® Cotton
Petroleum spray oil when tank mixing with Dropp®
Ultra or Dropp® Liquid.

Ethephon + AMADS 
e.g. CottonQuik®

Use with crop oil concentrate
(e.g D-C-Tron® Cotton) when
Petroleum spray oil
tank mixing with thiadiazuron
plus diuron based product.

Flumiclorac 
e.g. Resource®

Use with D-C-Tron® Cotton. 
Compatible with Pulse®
Petroleum spray oil
Penetrant when applied with
Intruder

Sodium chlorate

None required

Thidiazuron e.g. Dropp®

Petroleum spray oil Use with D-C-Tron® Cotton

Thidiazuron + Diuron
e.g. Dropp® Ultra

Petroleum spray oil Use with D-C-Tron® Cotton

Non-ionic surfactants are recommended with the plant
growth regulator products, chlormequat chloride, ethephon and
gibberellic acid. No adjuvant is required with mepiquat chloride
[e.g. Pix®].

CCS enhancement in sugarcane.

non-ionic surfactant (e.g. 0.25–0.42% Agral®) with Primo Maxx® tank
mixed with Monument herbicide for Bahia grass suppression and seedhead control

1 Include
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7.  Adjuvants for foliar 
nutrients
The application of foliar nutrients to horticultural crops has been
common place for some years and is becoming regular practice
in some broadacre cropping regions.
Nutrients that are applied as foliar sprays include manganese,
zinc, potassium, iron, nitrogen, sulfur, calcium, boron and
copper. The use of foliar nutrients allows farmers to supplement
the use of soil applied nutrients on an ‘as needs’ basis as well as
to respond to deficiencies later in the crop.

Table 7a: Effect of foliar nutrient and adjuvant on wheat (Janz)
yield – Naracoorte SA 1999
Treatment

Rate

Yield – t/ha

Manganese Sulphate

2.5 kg/ha

1.30

Manganese Sulphate + LI 700

2.5 kg/ha + 0.3% v/v

2.01

Zinc Sulphate + Manganese Sulphate 1.5 + 2.5 kg/ha

1.49

Zinc Sulphate + Manganese Sulphate 1.5 + 2.5 kg/ha +
+ LI 700
0.3% v/v

1.89

Foliar nutrients need to pass through the cuticle and enter the
plant to be effective. Spray adjuvants therefore have potential to
enhance spread and uptake of foliar nutrients.

% v/v = Per cent of adjuvant, in terms of volume (e.g. ml/L), in the final spray mix.
Source: Nufarm.

Formulations of foliar fertilisers vary greatly. Some
manufacturers include surfactants in the formulation e.g. Phosyn
Zintrac, and sometimes the addition of a non-ionic surfactant is
recommended to improve uptake, particularly on hard-to-wet
leaf surfaces.

Treatment

Rate

Yield – t/ha

Nil

–

3.16

Zinctrac + Super N-32

350 mL/ha + 2% v/v

3.30

Zinctrac + Super N-32 + LI 700

350 mL/ha + 2% v/v +
3.48
0.2% v/v

Use of adjuvants with foliar nutrients
Trials in the UK, US and Australia have indicated that buffering
surfactants such as LI 700 and Penetrator Plus (containing
petroleum spray oil) may improve uptake of foliar-applied
nutrients and this often leads to improvements in yield and
quality.
Trials have been conducted on a wide range of crops
including wheat (see Tables 7a and 7b), cotton, soybeans,
onions, apples and sugarbeet.
Responses to adjuvants have been most marked with foliar
manganese, zinc, nitrogen, potassium and calcium.
The organosilicone surfactant Du-Wett® is recommended for
application of foliar nutrients in horticultural and arable crops.
Du-Wett® will not give unwanted stomatal infiltration when used
at recommended rates.
Some foliar fertilisers can be phytotoxic (damaging plants)
if the solution becomes alkaline (e.g. potassium nitrate). The
addition of an acidifying or buffering adjuvant may reduce the
potential for phytotoxic effects on foliage.

Table 7b: Effect of foliar nutrient and adjuvant on wheat
(Hartog) yield – Pittsworth Qld 1999

% v/v = Per cent of adjuvant, in terms of volume (e.g. ml/L), in the final spray mix.
Source: Nufarm.
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8.  Water quality and YOUR SPRAY
PRODUCT
By GRAHAM BETTS, ASK gb
Weed scientists and agronomists are
increasingly highlighting the difficulties of field
weed control. This chapter discusses some
of the practicalities and tips in managing the
application of chemicals and its importance
to the conundrum of managing weeds in the
farming system.
Water quality is important because of the
effect it may have on the products we are
mixing with the water. Simple tests can be done using test strips.
Bore water should be tested by a laboratory familiar with the
issues of water quality in relation to agricultural chemicals.

What is the water like and can product
performance be affected by water quality?
The quality of the water used can adversely affect the
performance of certain pesticides. Ideally, water should be clean
and free from excessive levels of dissolved salts particularly
calcium and magnesium – and particularly when using
glyphosate and 2,4–D.
For some pesticides, extremes of pH are undesirable
and suspended solids may contribute to a reduction in the
effectiveness of products based on the active ingredients.
Water high in calcium or magnesium salts (hard water) may
also cause problems with mixing as the stability of suspensions
and emulsions is reduced e.g. Starane™ 200 plus atrazine
(granular formulations).
Activity of glyphosate may be reduced in the presence of
high levels of calcium and magnesium salts as well as sodium
bicarbonate. This effect may be overcome by the addition of
products containing liquid or crystalline sulphate of ammonia and
certain acids, including those used in some buffering agents.
Water which is either acid or alkaline in pH may break
down or hydrolyse certain products e.g. dimethoate. If the
water is known to be alkaline, a buffering agent can be added
to the water to reduce its pH or spraying should commence
immediately after mixing.
Rowe Scientific Pty Ltd is a reputable supplier of water test
strips and has branches in all capital cities. The pH strips they
stock have a scale of 4.5 to 10.0 (Rowe part number FI1250 –
Manufacturer part number 921 20).
Most other pH test strips have a scale of 6 to 10 which may
not be low enough.
The total hardness strips that Rowe Scientific sell are
on a scale of 0 to 425 ppm (Rowe part number KH1009 –
Manufacturer part number 27452–50).
While test strips – or the simple jar test (page 42) – are only a
guide, they are far better than doing nothing.

Water pH
Check chemical labels and other sources for the specific
detail of the product that is going to be used. If the water
pH is too high the active ingredient of some insecticides and
herbicides can be broken down.
Commerical products such as LI 700 and Hot-up can reduce pH.

Dirty water
Dirty water, clay or vegetable matter can bind to the active of
some chemicals and may deactivate the product and/or block
the sprayer nozzles.

Water hardness
Hardness is the level of calcium, magnesium, sodium and/or
bi-carbonates (total hardness) in the water.
As a general rule of thumb, any spray water that has a total
hardness of (CaCO3) 250 to 350 ppm will need to be treated,
depending on the chemical being used (Table 8a).
Ammonium sulphate can be supplied as a liquid [e.g.
Ammend, Liase], crystalline [e.g. Melpat] or granular product.
The crystalline form dissolves readily in water.
Ammonium sulphate (AMS) liquid is approximately 417 grams
per litre and crystalline around 980 grams per kg.
It is a good idea to treat hard water in a nurse tank before
pumping treated water into the spray cart. The longer the AMS
can be left to do its job the better. Add enough AMS to treat the
water and then add extra for plant stimulation.

Table 8a: Water hardness levels and recommended treatment
with AMS to alleviate the effects of hard water
Syngenta
Water hardness Water hardness Water hardness
level
Boost (AMS)
level
level
WHO
recommendation
Ca++ ppm
CaCO3 ppm
mL/100 L
80

200

0.69

250

120

300

0.89

375

160

400

1.18

500

200

500

1.48

625

240

600

1.78

750

280

700

2.07

875

320

800

2.37

1,000

360

900

2.66

1,125

400

1,000

2.96

1,250

500

1,250

3.70

1,565

750

1,875

5.55

2,345

1000

2500

7.40

3,125

Calcium
carbonate

1 WHO = 342
parts per million
(ppm)

Calcium

Source: Syngenta Technotes TN08-379 Non-Selective Herbicides and Adjuvants
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Salinity of the water

Basic chemical mixing guidelines

Water with high electrical conductivity (EC) readings can
cause settling of some chemical products. As a general guide,
less than 5000 EC is acceptable.

Mixing Water – chemical – additives
order

Example of product

1

Water conditioners, acidifiers etc e.g. Bonus®, Liase, LI 700

2

Wettable, dispersible powders

e.g. Lusta®, Nugran®,
Associate®

Mixing water from various sources can also help to reduce
salinity levels.

3

Dry flowable granules (WDG)

e.g. Diuron DF, Simazine DF

4

Flowables (suspension
concentrates)

e.g. Simazine, Diuron flowable

Temperature of the water

5

*1 Wetter if using ECs

Very warm or cold water (<16°C) can affect the performance
of some chemicals.

e.g. Activator® 90, Chemwet
1000

6

Emulsifiable concentrate (EC)

e.g. Triflur® Xcel™, Avadex®
Xtra, Estercide®

7

Water soluble concentrates

e.g. Amicide®, Credit®,
glyphosate CT, Amicide®

8

Adjuvants

e.g. Chemwet 1000, Oils *2,
LI 700 *3

9

Liquid UAN

Easy N

If buffers are needed they must be added to the spray water
before adding chemicals.

Nozzles
Adjuvants can have both a detrimental or desirable effect on
the spray quality and droplet size produced by different spray
nozzles. For example, the addition of a wetter may produce a
smaller than intended droplet size when following the pesticide
manufacturer’s nozzle and pressure recommendations. This is
particularly the case with air induction/venturi nozzles.
Oils may reduce the ability of air induction/venturi nozzles
to produce air filled droplets. But oils with a good surfactant
package tend to avoid this problem.

Compatibility
Compatibility can be an issue when using different brands of
similar products. Manufacturers develop their own formulations
which may not be compatible with other brands – always check
the label for mixing partner information. The result of poor
compatibility could be gelling, blocked filters or residue settling in
the spray tank etc.
Water is the cheapest and generally the largest single item
added to a boom spray tank. But it is often given the least
consideration – water is a chemical and can be quite complex
depending on the source.

*1 Wetter to be added at stage 4 if using ECs
*2 Oils must be added last to all mixes
*3 If added at stage 1, do not add at stage 4 or 7
When adding water conditioner, fill spray tank as full as practical while
adding water conditioner.
Add water conditioners before adding any chemicals.
There are some exceptions to these basic guidelines:
■■ Glyphosate and some 2,4–D products (such as, Surpass® 475 –
see extract from the Surpass® 475 label):
1. Clean water
2. Add water conditioners
3. Add other herbicides, insecticides etc. Mix thoroughly
4. Add 2,4–D product
5. Fill the tank to around 95%
6. Add glyphosate
7. Add other adjuvants
8. Add remaining water
■■ Glyphosate and Starane™ Advanced Herbicide. Refer to the
Starane™ Advanced label. Glyphosate is put in the spray tank before
Starane™ Advanced.
Source: Nufarm and ASK GB.

Mixing order
Mixing order is very important and is generally dependent on
the formulation type of the products to be used. The chemical
mixing person is in effect, a chemist. So all products have a
sequence of how and when to be mixed (see mixing order
guidelines opposite). Adding some products into the spray
tank in small quantities of water can change the pH and water
temperature.
The shortest time to fill a sprayer is not the goal.
Compromising the mixing order also compromises chemical
efficacy leading to an ineffective weed kill.

A simple jar test
A guide to the suitability of water for spray applications
can be quickly obtained using the following procedure:
■■ Mix-up 500 mL of correctly diluted spray in a
clear glass sealed container according to the
manufacturer’s instructions. 
■■ Mix thoroughly and allow to stand for 30 minutes. 
■■ If creaming (where the spray or spray droplets
tends to ‘layer’ at the top of the jar), sedimentation
or separation into layers occurs, the water may be
unsuitable for mixing sprays. 
■■ If suspected of being unsuitable, a sample of this
water should be chemically analysed for salt and
hardness levels. 
■■ Different brands of the same chemical may react
differently because of different additives in each
formulation.
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Examples of products affected by water quality
Active/products

Hardness

Bicarbonates

Salinity

Muddiness

Alkalinity

Alpha Cypermethrin C (Fastac® Duo)
Atrazine WG

Liase

Chlorsulfuron (Lusta®)

Liase

Clethodim (Sequence®)

Avoid
Liase

Clopyralid (Archer®)

Liase

LI 700

Chlorpyrifos EC

LI 700

Cypermethrin EC
Dicamba Amine

LI 700

(Kamba®

M)

Liase

LI 700

Diclofop-methyl (Nugrass®)
Diflufenican (Agility®)
Diflufenican/MCPA

LI 700

(Nugrex®)

Liase

LI 700

Dimethoate

LI 700

Diquat/Paraquat (Revolver®)

Avoid

Diuron

Liase

Diuron + 2,4–D amine

Liase

Avoid

LI 700

Diuron + MCPA amine(Agritone® 750)

Liase

Avoid

LI 700

Glyphosate

Liase

Avoid

LI 700

RoundupDST

Liase

Avoid

LI 700

Avoid

LI 700

Glyphosate (Credit® + Bonus®)

Avoid

Glyphosate (Roundup™ PowerMAX)

Liase

Avoid

Imazamox/Imazapyr (Intervix®)
Imazamox (Raptor)

Liase

MCPA amine

Liase

MCPA ester

Liase

Avoid

Phosmet (Iimidan)

Liase

Avoid

Simazine 900 DF

Liase

Tepraloxydim (Aramo®)

Avoid
Liase

2,4–D ester (LV Estercide® Xtra)
2,4–D amine

LI 700

Liase

Tralkoxydim (Achieve®)
(Surpass®

LI 700

Liase

475)

Liase

Avoid
Avoid

Chart legend:
Managing water quality – recommendations depend on the severity of problem
Can be managed with Liase

Liase

Generally no problem

Can be managed with LI 700

LI 700

Water should be avoided

Source: Nufarm Nozzle Charts 2009 and Nufarm Spraywise Spray Log.

MIXING INSTRUCTIONS FOR SURPASS® 475

Nufarm Surpass® 475 mixes readily with water.
Ensure the spray tank is free of any residue of previous spray
materials.
1. Fill the spray tank with clean water to one half of the required
amount and start agitation. Mechanical agitation may cause
excessive foaming when adding herbicides.
2. Bonus® or LI 700 is recommended at either 100 mL or 300
mL/100 L, add to tank through top mesh screen.
3. Add recommended herbicide additive/insecticide to the spray
tank and mix thoroughly.
4. Add Nufarm Surpass® and mix thoroughly.
5. Top up tank to 95% of desired capacity then add the
glyphosate product and remaining water.
6. When Spraymate Activator® surfactant is used, add near the
end of the filling process to minimise foaming.
7. Always maintain adequate agitation and use the mix promptly.
(Extract from the 2007 Nufarm Surpass® 475 label)

Avoid

LI 700
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Frequently asked questions…
Q: Legally, can I use a spray adjuvant that is not
approved for use with a pesticide?
A spray adjuvant must be approved for use by the Australian
Pesticides and Veterinary Medicines Authority (APVMA) before it
can be sold or used.
Where a pesticide label recommends the use of an adjuvant
without nominating a specific tradename (e.g., ‘wetting agent’
or ‘non-ionic surfactant’), the user is free to choose any product
that conforms to this description.
The situation is less clear where a specific product is
recommended for use and several other alternative and
equivalent products exist. In this instance, the use of an
alternative equivalent may not conflict with label directions
but it may place the user in a difficult situation if a product
performance issue arises.
When an adjuvant type (e.g. buffering agent) is not specifically
recommended with a particular pesticide, but is widely used (e.g.
with certain insecticides and herbicides such as glyphosate), the
absence of a reciprocal registration on a pesticide label may also
place the user in a difficult situation if a product performance
issue arises.
If in doubt about the use of a particular spray adjuvant, refer
to the respective product labels first and then the manufacturer
of the pesticide or their representative.

Q: Are all surfactants the same?
No. Surfactants vary widely in their chemical structure and
function. But they all have in common water loving ‘hydrophilic’
and fat loving ‘lipophilic’ parts.
Surfactants can be broadly classified according to their
structural type on the basis of whether they carry a net positive
(cationic), negative (anionic), amphoteric or neutral (non-ionic)
electrical charge. But there are a number of other variations to
this where molecules include parts which provide an acidifying or
buffering function or are blended with other components to give
special properties (e.g. buffering capacity, compatibility agents).
If a specific surfactant brand product is specified on a
pesticide label it is important to heed this, as it is possible that an
alternative product may not give the desired effect or reduce the
effectiveness of the product.

Q: Are all oils the same?
No. Oils may be either petroleum or plant based. Within
these groups they also vary according to the type and amount
of emulsifiers used in the formulation. In addition, certain plant
based oils are ‘esterified’ when they are combined with an
alcohol to form a fatty acid ester.
Within the petroleum spray oil group, features may vary
according to the properties of the base oil from which they are
refined, the degree of refinement and the presence or absence
of other additives e.g. UV stabilisers or specialised surfactants.

Q: When should I not use a surfactant?
Certain selective herbicide labels specifically recommend
not to add surfactants or crop oils because it may reduce the
selectivity of the product in the crop. These recommendations
should be heeded even if the addition of a spray adjuvant
apparently enhances control of the weed, pest or disease.
In relation to fallow applications, addition of surfactant is less
likely to have a downside. But at very high rates of adjuvant
addition there may be a reduced response compared with
addition at a lower rate. In this case the main downside will be
an unnecessary increase in cost of a treatment and perhaps
excessive foaming, increased production of fines or air filled
droplets prone to drift.
Some surfactants and spray adjuvants may be antagonistic,
particularly to glyphosate. Examples include the organosilicone
surfactants such as Pulse® that when added to glyphosate, may
reduce weed control of many annual grasses.
A similar effect may be observed with the addition of petroleum
spray oil to glyphosate leading to reduced control of some summer
grasses such as awnless barnyard grass.

Q: If spray adjuvants are so important, why don’t the
chemical manufacturers include them with their
products?
Pesticide products are generally formulated in order to allow
the consistent and effective application of one or more active
ingredients to the pest or weed target. Many formulations
contain components such as emulsifiers (surfactants) and other
agents that enable the product to ‘hold together’ in storage
and be dispersed effectively in a water carrier when mixed in
preparation for spraying. This is particularly important for active
ingredients that are not readily soluble in water.
Some adjuvants are specifically included to facilitate the
spread of spray droplets and uptake of active ingredient.
Unfortunately, it is very difficult to optimise this for the widest
possible range of situations, varying as it does with the rate of
product being used, the volume of spray carrier and the nature
of the spray target. For some products it would be physically
very difficult to incorporate some adjuvants into a formulation
that maintains a sufficiently high concentration of active
ingredient to make it cost effective. A glyphosate formulation
containing ammonium sulphate for example may have to have a
third to a half of the concentration of active ingredient compared
to a regular formulation containing surfactant only. The relative
cost and effectiveness of a finished product may affect its market
acceptability even if it were to be a superior product in respect of
its performance.
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Q: What effect do spray adjuvants have on nozzle
performance?
Relative to water, many conventional surfactant products
will increase the proportion of small droplets produced by
a hydraulic nozzle. This is because the reduction in surface
tension produced by the addition of a surfactant leads to greater
disintegration of a spray sheet as it emerges from a spray nozzle.
But there can be big differences in this effect depending on
the type of surfactant, the concentration of surfactant and the
type of nozzle.
Some surfactants have a tendency to spread the droplet
range (for example more variation in droplet sizes or more large
droplets, moving the average towards coarser, but still with a lot
of fines).
For example, LI 700 can increase the volume mean diameter
of droplets when added to Roundup whereas a tallow amine can
increase the number of fines when added at the same rate.
Adding oils at high rates (around 20 per cent or more of the
sprayable volume) may also lead to reduced evaporation of
droplets after they are released from the atomiser.

Q: Are different surfactants compatible?
Surfactants vary widely in their properties but have in
common water loving (hydrophilic) and fat loving (lipophilic)
components. In practice it is not particularly common for
surfactants to be physically incompatible. But an example of
incompatibility may occur with the mixing of certain dry water
dispersible granule formulations containing anionic surfactants
and emulsifiable concentrate herbicides.
In these instances it is usually a lack of compatibility between
the surfactant ‘systems’ of product formulations rather than the
effect of introducing an additional product to the final spray mix.
But there may be more subtle interactions that affect product
performance when two or more surfactants are included
together in a spray formulation.
The activity of certain surfactants with glyphosate may
be influenced by the type and amount of surfactant used in
the formulation. Some surfactants added to a formulation of
glyphosate containing no surfactant may produce very poor
results but when added to a regular product containing a base
level of another surfactant, produce a significant benefit.
Certain surfactants when added to glyphosate formulations
e.g., Wetter TX or Pulse® may reduce effectiveness on some
weeds.

Q: How toxic are surfactants?
Relative to the active constituents of some pesticide
formulations, toxicity of surfactants is not particularly high. This is
not surprising considering the universal application of surfactant
technology to many household items including cleaning agents,
foods, cosmetics and pharmaceuticals.
But by their nature surfactants reduce surface tension of water
and may lead (in particular individuals) to skin or eye irritation.
Surfactant products are regulated in the same way as
pesticides and data must be submitted as to the acute effects of
surfactants, either as components of a spray formulation or as
products for use as spray adjuvants.
Long term effects of many surfactants is not so well known
and this has led to speculation and some evidence that some
may be detrimental in the environment e.g. in waste streams
from urban and industrial areas.

Surfactants do not generally persist in the environment and
in normal agricultural applications are rarely present in sufficient
concentration to be detrimental.

Q: I seem to have too many surfactant products on
hand. Can we rationalise our use of products?
While there will always be specialised spray adjuvant products
available, it is possible to rationalise the use of surfactants.
In relation to surfactants, many pesticide products simply call
for the addition of a non-ionic surfactant (nearly all agricultural
surfactants are non-ionic) or a spreader or wetter (all surfactants
perform this function to a greater or lesser extent).
Of the base line products, the choice comes down to either
an alkoxylated alcohol e.g. BS1000 or an alkyl phenol ethoxylate
e.g. Agral®.
Beyond this there are a range of more specialised products
including buffers (Primabuff®, LI 700 etc), specialised surfactants
such as the organosilicones (Pulse® etc), octyl phenol ethoxylate
(Wetter TX etc), tallow amine ethoxylate (Gly Wetter Plus etc) and
blends (Bonus®, Hot-up etc).
Some products specifically require the use of a petroleum
spray oil such as Crop Shield, petroleum spray oil concentrate
(Uptake™ etc), vegetable oil (Codacide® etc) or an esterified
vegetable oil such as Hasten®.

Q: How do I compare value for money in surfactants?
When comparing value for money for surfactants – or any
spray adjuvants – you need to look at both sides of the ledger
and not just the cost of addition.
For routine addition of a non-ionic surfactant (spreader or
wetter) it may be as simple as looking at the relative cost per 100
litres of spray mix as either wetting or spreading is the primary
reason for adding the adjuvant.
But when it comes to situations where the adjuvant is being
used as an ‘activator’ – and the primary function of the product
goes beyond simply wetting and spreading of spray droplets –
the task is more difficult.
Very often the real cost of not adding a particular product is
the pesticide failing to adequately control the pest. This can lead
to a costly re-spray or loss of productivity.
If a product is cheap, but never delivers any benefit, it is
always a poor investment.
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Glossary of terms…
Acidifier: A material that can be added to spray mixtures to
lower the pH. These may include synthesised products
such as phosphoric, sulphuric, nitric or hydrochloric acids or
formulated products such as LI 700 or buffering agents such
as Agri-buffa® (see buffering agents below). Acidifiers will
reduce solution pH progressively as solution concentration is
increased.

Compatibility agent: A surface active agent that facilitates
simultaneous application of liquid fertiliser and pesticide, or two
or more pesticide formulations as a homogenous mixture. An
example of this is the Flowright compatibility agent that, when
added to certain glyphosate formulations, will facilitate the
spraying of a homogenous mixture of the herbicide oxyfluorfen
(e.g. Goal™) when cold water conditions prevail.

Activator: A term to include any substance that increases the
biological effectiveness of a pesticide. These may include a
variety of substances including surfactants, spray oils and
fertilisers such as ammonium sulphate.

Crop oil concentrate: An emulsifiable petroleum oil-based product
containing 15 to 20% w/w surfactant and a minimum of 80%
w/w phytobland oil.

Anionic surfactant: A surface active agent (surfactant) in which
the active portion of the molecule containing the lipophilic
(‘fat loving’) segment forms a negative ion (anion) when in a
solution with water.
Antifoaming agent: A material used to inhibit or prevent the
formation of foam. Foaming characteristics of adjuvants may
be modified by the incorporation of a small quantity of an antifoaming agent in the formulation.
Attractant: A material that attracts specific pests. These
may include substances such as pheromones or feeding
stimulants.
Buffering agent: A compound or mixture that, when contained in
solution, causes the solution to resist changes in pH. Each
buffer has a characteristic limited range of pH over which it is
effective. Buffering agents differ from acidifiers to the extent
that pH is adjusted over a specific range even when the
concentration of the buffer is progressively increased beyond
a certain point. Acidifiers will reduce solution pH progressively
as solution concentration is increased to eventually approach
that of the acidifying agent itself, when the concentration of
the acidifier approaches 100% in solution.
Cationic surfactant: A surface active agent (surfactant) in which
the active portion of the molecule containing the lipophilic
(‘fat loving’) segment forms a positive ion (cation) when in a
solution with water.

Crop oil: An emulsifiable petroleum-oil based product containing
up to 5% w/w surfactant and the remainder being a
phytobland oil.
Extender: A material that increases the effective life of a pesticide
after application. This is a claimed function for the product
di-1-p-menthene (e.g. Nu-Film®-17).
Humectant: A material that increases the water content of a spray
deposit and increases the drying time of an aqueous spray
deposit.
Modified vegetable oil: Oil extracted from seeds that have been
chemically modified (for example, ethylated).
Non-ionic surfactant: A surface active agent that has no ionisable
polar end-groups but is made up of hydrophilic (‘water loving’)
and lipophilic (‘fat loving’) segments.
Penetrant: A material that enhances the ability of a pesticide to
penetrate the surface of a plant or animal target.
Pesticide: Pesticide is a broad term that comprises all chemical
substances used to control insects, diseases, weeds, fungi
and other ‘pests’ on plants, fruits, vegetables, animals
and in buildings. Fungicides, herbicides, sanitizers, growth
regulators, rodenticides, soil fumigants and insecticides fall
under the category of pesticides or crop protection chemicals.
Petroleum oil: Oil derived from petroleum that contains a mixture
of hydrocarbons broadly classified as paraffins, napthenes,
aromatics or other unsaturates.
Phytobland oil: A highly refined paraffinic material with a minimum
unsulphonated residue of 92% v/v.
Surface active agent: A material that, when added to a liquid,
modifies the properties of the liquid – such as spray droplets –
at the surface.
Spreader: A material that increases the area that a droplet of a
given volume of spray mixture will cover on a target.
Sticker: A material that assists a spray deposit to adhere or stick
to a target and resist removal by wind, water, mechanical or
chemical action.
Vegetable oil: Oil extracted from seeds, including canola, corn,
cotton, soybean or sunflower.
Vegetable oil concentrate: An emulsifiable vegetable oil product
containing 5 to 20% w/w surfactant and a minimum of 80%
w/w vegetable oil.
% v/v (% Volume by Volume): Per cent of adjuvant, in terms of
volume (e.g. ml/L), in the final spray mix.
Wetting agent: See spreader.
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Adjuvants quick guide
I want to spray…

Answer

Page

Herbicide (Groups A, B, C, G, M)

Adjuvants frequently recommended for most
products in these groups

13

Herbicide (Groups F, H, I, J, L, N, Q, R, Z)

Some adjuvants required for some products

16

Herbicide (Groups D, E, K, O, P)

No adjuvants recommended

—

Insecticide (Groups 1A, 1B, 2B, 3A, 5, 6, 7, 10, 11, 12, 13, 18, 22A, 28)

Adjuvants required for some products in some
applications

26

Insecticide (Groups 2A, 7, 8, 15, 16, 17, 19, 20, 21 24, UN)

No adjuvants recommended

—

Insecticide (Group 4A, 9B)

Adjuvants mostly recommended

28

Fungicides (Group 1, 2, 4, 9, 11, 33, M1, M2, M7, M9)

Adjuvants required for some products in some
applications

32

Fungicides (Groups 3, 40, M3)

Adjuvants recommended in many situations

33

Fungicides (Groups 5, 7, 8, 12, 13, 14, 17, 20, 28, 29, M, M6, M7)

No adjuvants recommended

—

Plant growth regulators

Adjuvants recommended in many situations

39

Harvest aid products

Adjuvants recommended in many situations

39

Foliar nutrients

Adjuvants sometimes recommended

40
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Links to associated information:
http://www.syngenta.com.au
http://search.nufarm.com.au/tt/nufarm/2410783903.pdf
http://www.nufarm.com/Assets/175/1/2002_July_AdjuvantsGuideJul02.pdf
http://www.bcg.org.au/members/download_trial.php?trial_id=603
http://www.dpi.nsw.gov.au/agriculture/field/field-crops/protection/weed-control-winter-crops
http://www.pestgenie.com.au
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