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ABSTRACT 

Greenhouse and field experiments were conducted on the tolerance 

of wheat (Tritiaum aestivum L.), barley (Hordeum sativum Jess.), rapeseed 

(Brassiaa napus L.) and flax (Linum usitatissimum L.) to selected 

nonionic surfactants (Triton XA, Wex and Renex 36) when applied with 

herbicideso 

In the greenhouse there were no significant differences in dry 

matter yield between plants treated with a herbicide plus additional 

nonionic surfactant in a tank-mix, and those treated with the herbicide 

alone for all cases where the herbicide already contained surfactants in 

its formulation. The effect of additional surfactant in a tank-mix with 

selected herbicides applied to flax and rapeseed was similar whether the 

plants were irrigated or were kept under water stress. 

Under field conditions there were no decreases in seed yield of 

barley, wheat, rapeseed and flax, when additional surfactants were 

included in a tank-mix with several different herbicides applied post

emergence. There were no deleterious effects on wheat tolerance in 

situations where there was an overlapping of herbicide sprays to which 

Wex and Renex 36 had been added. Triton XA in a tank-mix with glyphosate 

[N-(phosphonomethyl)glycine] significantly reduced the herbicide activity 

on wheat plants. 

Ammonium sulphate significantly increased the activity of 

glyphosate in a number of greenhouse and field experiments. This 

activation occurred in distilled, Saskatoon city supply and Dundurn well 
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water. In a greenhouse experiment glyphosate was significantly more 

effective when sprayed in distilled water than in city water. Glyphosate 

activity was considerably reduced in well water of very high mineral 

content but the activity could be restored and even enhanced with the 

addition of ammonium sulphate at the rate of 2.8.kg/ha. Agral 90 did 

not enhance the activity of glyphosate in this hard water, showing that 

the reduction of glyphosate activity in hard water was not due to 

reduced wettability. Activation of glyphosate by ammonium sulphate 

also occurred when the two compounds were applied sequentially, with 

ammonium sulphate being applied either 24 hours before or after the 

glyphosate treatment. 
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1. INTRODUCTION 

A spray adjuvant is the term applied to any additive to a spray 

solution to enhance the activity or alter the selectivity of a known 

toxicant. The additive or adjuvant has no pesticidal activity. Present 

adjuvants include surfactants and inorganic salts normally added to the 

tank-mix. 

In recent years, many adjuvants have appeared on the market 

accompanied by claims to the effect that their addition to the spray 

solution will improve herbicide efficacy under field conditions. This 

increased efficacy with the addition of adjuvants to the spray solution 

has been attributed to such things as: improved spray coverage of the 

target plant; increased weatherability of the spray after application 

to the plant by formation of a non-volatile film; and better entry of 

the herbicide into the target plant. Any of these factors which increase 

the activity of a herbicide will decrease the amount of product required 

and reduce the cost. Additional benefits attributable to use of 

adjuvants are reduced spray drift and a reduction in the amount of 

foaming of the solution in the spray tank. 

This study will examine the use of both surfactants and inorganic 

salts. The objectives of the surfactant study were: (a) to determine 

whether the tolerance of crops such as wheat, barley, rapeseed and flax 

are affected when sprayed with registered herbicides tank-mixed with 

surfactants such as Triton XA, Renex 36 and Wex; (b) to study the 

effects of surfactants on crop tolerance under water stress conditions; 
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(c) to study the effects of surfactants on crop tolerance in the 

situation where there is overlapping of sprays. Experiments with in

organic salt included tests (a) to consider the feasibility of using 

low rates of glyphosate and ammonium sulphate mixtures to control 

volunteer wheat in a zero-tillage and (b) to studr the reasons for 

glyphosate activation with addition of ammonium sulphate with some 

investigation of the possibility that water quality is involved. 
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2. LITERATURE REVIEW 

2.1 GENERAL REMARKS ABOUT SPRAY ADJUVANTS 

The term spray adjuvant, as used in this study, describes any 

spray tank additive which lacks herbicidal activity alone, but which 

enhances the activity or alters the selectivity of a herbicide. 

Additives already present in the commercial formulations of herbicides 

are not considered. 

Two classes of chemicals, surfactants and inorganic salts, have 

been widely tested for their effects in tank mixes with herbicides. One 

purpose for using spray adjuvants is to improve the efficacy of herbi

cides under field conditions. This permits a reduction in the amount 

of the herbicide needed, which is desirable from the economic and 

environmental points of view. However, the enhancement of activity is 

desirable only if the inclusion of a spray adjuvant in a tank mix gives 

better weed control without altering the selectivity of the herbicide 

to the crop. Holly (19) states that there are many instances where 

addition of a surface-active agent to a herbicide reduces the dose 

needed to give weed control, without impairing of the selectivity in 

the crop. Equally, there are many instances where such an addition is 

impracticable because it increases crop damage more than it increases 

the kill of weeds, giving a reduced selectivity. 

The use of spray adjuvants with a non-selective herbicide poses 

little problem because the only objective is to control weeds, but in 

3 



the case of a postemergence spray a very important consideration is 

that the herbicide and spray.adjuvant tank-mixes should have maximum 

effect on weed control and minimum effect on the cropo The only 

instances, where the use of a spray adjuvant is warranted in post

emergence sprays, are when the herbicide and adjuvant mixture gives 

better weed control than the herbicide alone and when crop tolerance 

is not adversely affected. 

2.2 GENERAL EFFECTS OF SURFACTANTS ON HERBICIDES 

2.2.1 What is a surfactant 

4 

A surfactant is defined as a material which favours or improves 

the emulsifying, dispersing, spreading, wetting, or other surface 

modifying properties of liquids (1). The term surfactant, a coined word 

from the designation surface active agent, includes such materials as 

emulsifiers, detergents and wetting agents. The practical applications 

of surfactants are due to their tendency to be adsorbed at interfaces 

between the solution and the adjuvant liquid, solid or gaseous phase. 

Surfactants are perhaps the most universal constituents of herbicides 

(20). They are commonly used in herbicide formulations to impart or 

enhance desired properties of the formulation and the ultimate spray 

mixture. In addition to their use in formulations, surfactants are also 

used in tank-mixes with commercial herbicides to improve weed control. 
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2.2.2 Physical and chemical nature of surfactants 

All surfactants possess the common feature of a water-soluble 

(hydrophilic) group attached to a long, oil-soluble (lipophilic) hydro

carbon chain (l)o The combination of these two characteristics within 

one molecule, makes such material compatible with both oily materials 

and water and is responsible for the surface active nature or ability 

to accumulate at an interface (3). The hydrophilic and lipophilic 

groups may be linked directly or they may be linked indirectly by an 

intervening group. There are more than 3000 chemicals available as 

surfactants, and many of the patented novel features of these chemicals 

lie with the intervening connecting groups (1). Small differences in 

the structure of surfactants often greatly affect their behaviour. By 

regulating the size and intensity of the hydrophilic and lipophilic 

groups, a wide variation of properties can be achieved in the final 

molecule (3). Since an individual surfactant may behave differently 

with different herbicides (20), judicious selection of surfactants and 

concentrations for increased efficiency of herbicides for better weed 

control, without adversely affecting crop tolerance, has to be done on 

a trial and error basis. 

2.2.3 Classification of surfactants 

In the agricultural chemical business, surfactants are classi

fied as nonionic, cationic and anionic and members of these classes are 

used either alone or in combination. Anionic and cationic surfactants 

ionize when mixed with water and they owe their surface-active properties 



to their anions and cations, respectively. The degree of ionization 

regulates overall behaviour and the depressing influence of hard water 

or ionic chemicals often becomes a significant factor in their use. 

Nonionic surfactants do not ionize in aqueous solutions. The molecule 

relies on ether linkage and hydroxyl groups for its hydrophilic 

properties and hydrocarbon groups for the lipophilic nature. This 

nonionic character endows this class of surfactant with desirable 

properties including chemical compatibility with many chemicals and 

considerable insensitivity to the presence of hard water. 

6 

Blends of nonionic and ionic types will exhibit some advantages 

of each of the components in a manner that cannot be achieved by either 

used separately (3). The balance of the hydrophilic and lipophilic 

tendencies controls the character of the surfactant (3). This is 

referred to as the hydrophilic/lipophilic balance (HLB). Materials 

with a predominantly lipophilic character have a low HLB and, conversely, 

those with stronger hydrophilic character have a high HLB. Behrens (3) 

related surfactant HLB, which can range from 0 for lipophilic molecules 

to above 20 for hydrophilic molecules, to the ability of specific 

surfactants to improve herbicidal effectiveness. 

Wyrill and Burnside (41), in a greenhouse study on the ability 

of surfactants to enhance glyphosate toxicity to common milkweed 

(Asclepias syriaca L.) and hemp dogbane (Apocynum cannabinum L.), 

reported ethoxylated stearyl ether and amine surfactants as giving 

optimum effectiveness at HLB values of 15 to 16 and 19 to 20, respec

tively. Surfactants with a low HLB were usually less effective. 



2.2.4 Effect of surfactants on herbicidal 
effectiveness 

7 

The addition of surfactant to herbicide spray solution may have 

no effect on the herbicide's phytotoxicity, or it may enhance or suppress 

its phytotoxicity (20). Corns and Dai (6) found that saplings of 

PopuLus tremuLoides Michx. and P. baLsamifera L. could be controlled as 

readily with sprays containing 500 ppm of picloram (4-amino-3,5,6-

trichloropicolinic acid) plus 1% Atlox 20, a nonionic blended surfactant, 

as they could with 2000 ppm of picloram without the surfactant. 

McWhorter (25) reported that a number of ethoxylated nonionic surfact

ants enhanced the phytotoxicity of an aqueous spray of diuron 

[3-(3,4-dichlorophenyl)-1,1-dimethylurea] to crabgrass (Digitaria 

sanguinaLis (L.) Scop.) . Phytotoxicity of sprays, made from commercially 

formulated diuron, was greater than when technical diuron was used. 

Addition of surfactant (a polyoxyethylene thioether) to solutions 

of dalapon increased the activity of both technical and formulated 

grades of dalapon on Johnson grass (Sorghum haLepense (L.) Pers.) (24). 

In a spray applicationof2,4-D [(2,4-dichlorophenoxy)acetic acid] at 

0.14 kg/ha to soybean (GLycine max L.) and amitrole (3-amino-1,2,4-

triazole) to corn (Zea mays), surfactants increased the activity of the 

herbicides (21). Application of 2,4-D without a surfactant caused only 

slight stem curvature, leaf malformation and basal stem callus in 10-14 

days. The addition of polyoxyethylene sorbitan monolaurate _(S-145) in 

increasing amounts up to 1.0% (w/v) in the spray solution, however, 

resulted in progressive increase in the activity of 2,4-D. The 
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surfactant alone had no detrimental effect on soybean. Similarly, the 

action of amitrole on corn was progressively increased from essentially 

no effect to severe damage as the surfactant concentration increased. 

Both herbicides used in this study were technical grade. 

Delage et aZ. (10) reported that the surfactants, Triton XA, 

Triton XlOO and Renex 36 enhanced the activity of diclofop 

{2-~-(2,4-dichlorophenoxy)phenoxy]propanoic acid) for wild oat (Avena 

fatua L.) control in a barley crop. The treatment diclofop + Renex 36 

(0.56 kg/ha + 0.5% v/v) was equal to diclofop at 1.12 kg/ha. O'Sullivan 

et aZ. (27) reported that a reduced rate of diclofop in combination with 

such surfactants as Triton X-363, CD 189, Renex 36, Triton XA, Triton 

XlOO and Artplus 411F, provided as effective wild oat control as the 

recommended 1976 field rate (1.12 kg/ha). 

A surfactant can behave differently with different herbicides. 

As an example, Jansen et aZ. (20) reported that a cationic surfactant 

(ethenolated guanidine-amine complex) enhanced the activity of dalapon 

on both corn and soybean and 2,4-D and amitrol on soybean. The activity 

of DNBP (4,6-dinitro-o-sec-butylphenol) on corn was suppressed as the 

concentration of the surfactant increased from 0.001 to 0.1%. It also 

suppressed the activity of amitrol on corn. However, it failed to 

affect the activity of DNBP on soybean. 

Agral 90, a nonionic surfactant, enhances the activity of 

glyphosate (13, 28). Triton Ag 98 was antagonistic to the activity of 

glyphosate (16). Wyrill and Burnside (41) in an evaluation of surfact

ants for their ability to enhance glyphosate toxicity to common milkweed 

and hemp dogbane reported that ethoxylated amines were among the most 



effective group of surfactants. Nonionic ether and ester ethoxylates, 

combined with a dimethyl amine or a quaternary ammonium salt, were 

more effective than any of these surfactants alone. Cationic surfact

ants tended to be more effective than nonionic surfactants when added 

to glyphosate. 

2.2.5 Selectivity in relationship to surfactants 

9 

Different studies, as reported by Jansen et aZ. (20) have 

demonstrated that selective phytotoxicity is partly a function of differ

ential spray retention by leaves of readily wettable and non-wettable 

species. In a study to determine the basis of differential phytotoxicity 

of ioxynil (4-hydroxy-3,5-diiodobenzonitrile) to mustard, peas and barley, 

Davies et al. (9) showed that retention of the, spray solution was a major 

factor in the selectivity of the herbicide. Retention was high on 

mustard plants with or without surfactant. Very little ioxynil was 

retained by barley and pea plants when no surfactant was used in the 

spray, but inclusion of 0.1 or 1.0% Tween 20 increased retention. With 

1.0% Tween 20 the retention on pea plants approached that of mustard and 

there was little differential toxicity. With no surfactant in the spray, 

mustard plants retained 26 times more ioxynil than barley plants. 

Addition of 0.1 or 1.0% surfactant increased retention by barley and 

reduced differential retention to 11 and 8 times for mustard and pea 

plants, respectively. 
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2.2.6 Mode of action of surfactants 

Surfactants lower surface tension of a solution and hence, 

increase its wetting ability. The wettability of the plant surface as 

measured by the contact angle of discrete drops is an important factor 

in determining the effectiveness of herbicide solutions (12). However, 

it has also been shown that herbicide solutions with equal surface 

tensions, but containing different surfactants, can show quite marked 

differences in the penetration of herbicide solutions (15). Staniforth 

and Loomis (30) observed that major effects of surfactants upon 

herbicidal activity were found in the concentration range beyond which 

the greatest changes in surface and interfacial tension occur. This 

finding was confirmed by Jansen et aZ. (20). Weintraub et aZ. (35) found 

that the addition of Tween 20 markedly enhanced the phytotoxic activity 

of alcoholic solutions of 2,4-D, although there was little or no effect 

on surface tension. 

Smith and Foy (29) examined the ability of 10 surfactants of 

different ionic classes to enhance the activity of paraquat (1,1'

dimethyl-4,4'-bipyridinium ion) on corn. Although the solutions of the 

individual surfactants differed considerably in their surface tension, 

this property showed no correlation with paraquat-enhancing capabilities 

of the surfactants. Foy and Smith (14) showed that seven surfactants 

markedly enhanced the activity of dalapon on corn in proportion to their 

concentration. Minimum surface tension and contact angles occurred at 

0.1 to 0.5% concentrations, but maximum herbicide activity occurred at 

10 times these levels or greater. 
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The above-mentioned works ~uggest that surface tension reduction 

of water is not in itself sufficient to explain the beneficial action 

of surfactants in herbicidal solutions. According to Curier and Dybing 

(8) and Temple and Hilton (32), in addition to lowering of surface 

tension the surfactant might: 

(1) improve coverage 

(2) remove air films between spray and leaf surface 

(3) reduce interfacial tension between relatively polar and apolar 

submicroscopic regions of the leaf cuticle 

(4) induce stomatal entry 

(5) increase permeability of leaf cuticle and plasma membranes 

(6) facilitate movement along the cell wall in the region of the 

wall cytoplasm interface 

(7) act as a co-solvent 

(8) react or complex directly with the herbicide in some manner, 

thus a-lowing a more ready penetration of electrically charged 

cuticles and membranes 

(9) act as humectant to prevent drying of the spray, thereby 

extending the penetration time. 

As these workers pointed out, many variables affect the phyto

toxicity of surfactant-herbicide mixtures but it has usually been 

assumed that surfactants increase the amount of herbicide absorbed 

following foliar application. Smith and Foy, as reported by Anderson 

(1), proposed the following hypothesis for the mode of action of 

surfactants in aiding the entry of herbicides into plants: "Molecules 

of a surfactant diffuse from the spray droplet into the cuticle of the 
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leaves, perhaps via imperfections and cracks, and then align themselves 

in monolayers with their nonpolar ends oriented in the cutin and wax. 

The polar ends will thus form a layer whose size depends on the length 

of the hydrophilic chain of the surfactant molecules. The layers, or 

'hydrophilic channels,' will presumably attract water, causing swelling 

of the cuticle. Thus, channels or pores are formed along which herbicide 

molecules can diffuse according to their various chemical properties, 

such as solubility, residual chemical charge, polar properties, etc." 

2.3 INORGANIC SALTS USED AS SPRAY ADJUVANTS 

Inorganic salts, used as adjuvants, have markedly increased the 

activity of a number of herbicides (5, 7, 22, 27, 33, 40). Ammonium 

salts have been more widely tested than other inorganic salts and have 

increased the herbicidal activity of 2,4-D on a variety of weed species 

(5, 22, 40). Ammonium salts have also increased the activity of MSMA 

(monosodium methane-arsenate) (26), and dalapon (2,2-dichloropropionic 

acid) on purple nutsedge (Cyperus rotundus L.) and Johnson grass 

(Sorghum halepense (L.) Pers.) (26), the activity of glyphosate 

on purple nutsedge (37) and the activity of MCPA 

{[(4-chloro-o-tolyl)oxy]acetic acid) on willow (Salix fragilis L.) and 

poplar (Populus gelriaa Ait.) (34). Increased phytotoxicity following 

the addition of ammoniwn ions to foliage applied herbicide sprays has 

been reported with DNOC (3,5-dinitro-o-cresol) (7), endothall 

(7-oxabicyclo[2,2,l]heptane-2,3-dicarboxylic acid) (33) and 2,4,5-T 

(2,4,5-trichlorophenoxyacetic acid) (4). 
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In one experiment as little as 1 kg/ha of ammonium nitrate 

reduced the regrowth of picl~ram treated guava (Psidium guajava L.) by 

over 60% compared with the same rate (0.5 kg/ha) of picloram alone (34). 

Ammonium sulphate and ammonium citrate were more active than either 

ammonium nitrate or ammonium chloride in mixture with 0.5 kg/ha picloram. 

With 1 kg/ha picloram all ammonium salts had similar effects. The 

interaction of ammonium salts with picloram was only slightly affected 

by the relative proportions of the two compounds. For instance, in 

guava there were only small differences in the effects of mixtures 

containing from a minimum of 1 to a maximum of 20 kg/ha of ammonium 

nitrate. However, a small dose of picloram with a large amount of 

ammonium salt was sometimes less phytotoxic than the same dose of 

picloram with a lower rate of the adjuvant (34). 

In another study (38) the enhancement of picloram activity by 

ammonium sulphate on guava, strawberry guava (Psidium cattteianum 

Sabine) and dwarf beans (PhaseoZus vuZgaris L.) was reported. Ammonium 

sulphate greatly increased phytotoxicity at a low picloram rate (0.25 

kg/ha) whereas at a high picloram rate (0.75 kg/ha) the enhancement was 

only minimally evident. 

2.3.1 Effect of ammonium sulphate on glyphosate activity 

Ammonium sulphate was shown to be synergistic with glyphosate 

when sprayed on nutsedge at various growth stages in numerous pot 

experiments under varied conditions of light and temperature (31). The 

increased activity was reflected by a more rapid yellowing and senescence 
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of nutsedge treated foliage but there was also greater translocated 

effect when glyphosate was applied in the presence of ammonium sulphate 

as shown by reduced regrowth after cutting. 

In a field experiment to evaluate the effects of 0.28 and 0.56 

kg/ha of glyphosate and various additives for the control of volunteer 

barley, it was found that ammonium sulphate enhanced the activity of 

only the low rate of glyphosate (18). 

2.3.2 Mode of action of ammonium sulphate in 
enhancing herbicidal activity 

In a study to determine the manner in which an inorganic salt 

successfully increased herbicidal activity, Donnalley, as reported by 

Wilson and Nishimoto (38) concluded that the increased phytotoxic effect 

brought about by the addition of ammonium thiocyanate to amitrole, to 

increased amitrole translocation. 

Wilson and Nishimoto (39) attributed the increase of picloram 

activity, by addition of ammonium sulphate, to an increase in picloram 

absorption by guava, dwarf bean and strawberry guava and also in straw-

berry guava due to an increase in the amount of picloram translocated 

out of the treated leaves. Increased picloram absorption resulted from 

adding the ammonium salts of sulphate, nitrate, chloride or dibasic 

phosphate but not with carbonate and molybdate (39). Ammonium sulphate 

was the only one of six sulphates (lithium, sodium, potassium, magnesium, 

aluminum and ammonium) to increase picloram absorption. Suwunnamek and 

Parker (31) reported that 2.5 kg/ha diammonium hydrogen phosphate had an 

activating effect on glyphosate almost as great as ammonium sulphate, 



15 

but ammonium thiocynate, ammonium nitrate, ammonium chloride, ammonium 

hydrochloride, aqueous ammonium hydroxide and potassium nitrate did not. 

These results indicate that the ammonium ion is primarily 

responsible for the enhancement effect, although the action is modified 

by the anion present. They suggest that ammonium sulphate has a direct 

and immediate effect in the absorption pathway. 

In an attempt to elucidate a synergistic mechanism of ammonium 

sulphate with glyphosate, Suwunnamek and Parker (31) showed that separate 

applications of the two substances (ammonium sulphate being applied 

either 24 hours before or 24 hours after glyphosate application) had 

o less long-term activity than simultaneous applications, but significantly 

more than glyphosate alone. This suggests that there is some activation 

inside the plant. 



3. MATERIALS AND METHODS 

Experiments were conducted in the greenhouse and in the field. 

The greenhouse experiments were numbered 1 to 9 inclusive, while the 

field experiments were numbered 10 to 18 inclusive. The greenhouse 

experiments were conducted during the fall and winter of 1976-1977 and 

1977-1978 while the field experiments were conducted during the spring 

and summer of 1977 and 1978. 

Experiments 1-5 were designed as preliminary studies of the 

tolerance of rapeseed, flax and wheat to registered herbicides in the 

presence and absence of nonionic surfactants, Triton XA, Wex and Renex 

36 in the spray solution. Experiments 6 and 7 were to determine the 

tolerance of rapeseed and flax to registered herbicides with and without 

additional surfactants in the spray solution under irrigated and water 

stress conditions. 

The objective of Experiment 8 was to determine whether there 

was a difference in the activation of glyphosate by ammonium sulphate 

when distilled water and water from the city of Saskatoon supply are 

used as carriers. Experiment 9 was to compare the simultaneous applica

tion of glyphosate and ammonium sulphate with the sequential application 

of the two chemicals. 

Field experiments 10 to 13 inclusive were designed to determine 

the effects of nonionic surfactants on the tolerance of wheat, flax, 

rapeseed and barley to registered herbicides for the respective crops. 

Experiment 14 was to determine the effects of surfactants Wex and 

16 



Renex 36 on the tolerance of wheat to a translocated herbicide, 2,4-D 

amine, and a contact herbicide, bromoxynil, in situations where there 

is an overlapping of sprays. 
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Experiments 15 to 18 were to determine the feasibility of using 

low rates of glyphosate tank-mixed with ammonium sulphate and the 

surfactant Triton XA, for the control of volunteer wheat in a zero 

tillage situation. Another objective was to investigate whether the 

water quality was involved in ammonium sulphate's enhancement of 

glyphosate activity. 

All the data presented are in metric units. In all experiments 

cited the concentrations of herbicides are reported in terms of kg/ha 

of active ingredient. 

3.1 SOURCE AND TYPE OF PLANT MATERIAL 

Seed of rapeseed cv. Tower was obtained from the Agriculture 

Canada Research Station, Saskatoon. All other seeds were obtained from 

the Crop Science Department, Saskatoon. The cultivar, common name and 

scientific name for the plant species used in each experiment are 

presented in Table 3.1. 

3.2 GREENHOUSE EXPERIMENTS 

3.2.1 General experimental procedures 

3. 2 .1.1 ChemiaaZ.s used and method of appl-ication 

Information on the herbicides, surfactants and inorganic salt 

used in the greenhouse experiments is presented in Appendix A. The 
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Table 3.1 Identification of plant material used in the study 

Expt. no. Common name Scientific name Cultivar 

1, 6, 12 Rapeseed Brassiaa napus L. Tower 

2, 7, 11 Flax Linum usitatissimum L. Redwood 

3-5, 8-10, 
14-18 Wheat Triticum aestivum L. Neepawa 

13 Barley Hordeum sativum Jess. Bonanza 

treatments were applied with a pot sprayer comprised of a chain-driven 

nozzle powered by an electric motor. The fixed speed of the nozzle was 

1.86 km/hr. The nozzle was connected by means of a plastic tube to a 

pressurized solution tank. Pressure to the solution tank was supplied 

by a compressed air tank. All the treatments except barban were applied 

using a TeeJet tip 650067 which delivered 158 1/ha at 259 kPa. In case 

of barban a TeeJet tip 730039 was used which delivered 76 1/ha at 310 

kPa pressure. 

3 • 2 • 1 • 2 Soi Zs used 

The description of the soil used in the greenhouse experiments 

is outlined in Appendix B. The soil properties except for field capacity, 

were determined by the Saskatchewan Soil Testing Laboratory. Field 

capacity was determined by thoroughly wetting soil samples which had 

been placed in plastic tubes, 4.5 em in diameter by 18.0 em in height. 

The samples were allowed 24 hr for loss of excess water. After weighing 

the samples were oven dried, reweighed and field capacity calculated 
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from the resultant loss-in weight. All soil used in greenhouse experi

ments was seived through a 5-mm screen. Half a gram of ammonium 

phosphate fertilizer (11-48-0) was thoroughly mixed with each kilogram 

of soil used. 

3. 2., 1. 3 General, growing aonditions 

For Experiments 1-5 plastic pots measuring 15 em in diameter 

were filled with 1500 gm of air-dry soil. For Experiments 6-9 plastic 

pots with a diameter of 12.5 em were filled with 1 kg of air-dry so~l. 

Pregerminated seeds of each species were planted 2.5 em deep. In every 

case twice the number of seedlings required for the test was established 

per pot. One week after emergence the pots were thinned to the required 

number of seedlings. At the start of each experiment soil mpisture was 

brought to field capacity by surface watering. For the duration of the 

experiments (unless otherwise stated) the pots were weighed periodically 

and soil moisture returned to field capacity, when it was found to have 

fallen to 75 to 80% of this level. At the time of spraying, vermiculite 

was placed on the soil surface to prevent the herbicide spray from 

reaching the soil. The vermiculite was removed after spraying. The 

greenhouse experiments were conducted during the fall and winter months 

when temperatures could be maintained in the 15-25°C range. Supplem

ental lighting with white fluorescent tubes was provided to supply a 

16 h photoperiod. 
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3 . 2 • 1 . 4 Observations reaorded 

In the course of the experiments visual observations were made 

on the phytotoxic effects of the treatments on the plants under study. 

In Experiments 1-7, the tolerance of the crop species was rated on a 

0-9 scale (0 =no tolerance, 9 = complete tolerance) . In Experiments 8 

and 9 the visual rating of weed control was on a 0-9 scale (0 =no 

control, 9 = complete control) . Experiments 1-7 were terminated at the 

flowering stage. Experiments 8 and 9 were terminated 17 and 16 days, 

respectively, after application of treatments. At the termination of 

each experiment the plants in each pot were harvested by severing the 

shoots at the soil surface and the shoot dry matter was determined by 

drying for 24 h at 70°C. 

3.2.2 Details of individual experiments 

3 • 2 • 2 '· 1 E:cperimen ts 1-&. To Z.ePance of arops to 
herbiaide/sUPfaatant tank mW:es 

All 5 experiments were two-way factorials, with herbicides 

forming one factor and surfactants forming the second factor. The pots 

were arranged in a randomized complete block design with each treatment 

replicated four times. A summary of the treatments and growth stage of 

each crop at the time of treatment is shown in Table 3.2. 

3. 2. 2. 2 Ea:pe'Piments 8 and ? • ToZ.erance of Papeseed and f'Laz to 
hePbiaide/surfaatant mixtuPes undeP water stress conditions 

Experiments 6 and 7 were designed as a three-way factorial 

arrangement of treatments in a randomized complete block design. Each 



Table 3.2 Summary of treatments and growth stage at time of treatment in Experiments 1 to 5, 

Herbicides Surfactants Plants 
Expt. Common Rates Trade Rates Growth stage per 

No. Crop name (kg/ha) name (% v/v) at spraying pot 

1 Rapeseed Dalapon 1.12 Triton XA 0.0, 1.0 3-leaf 3 
Niclofen 1.34 It " " " 

2 Flax Barb an 0.35 Triton XA 0.0,0.5,1.0 7. 5 em tall 6 
Bromoxynil 0.35 " tl " " 

3 Wheat 2,4-D amine 0.56 Triton XA 0.0, 0.5 4-leaf 4 
Barb an 0.35 " " 2-3 .leaf " 
Bromoxynil 0.35 " " 4-leaf " 

4 Wheat 2,4-D amine 0.56 Wex 0.0, 1.0 4-5 leaf 5 
Benzoylpropethyl 1.40 " " " " 
Bromoxynil 0.35 " " 81 " 

5 Wheat 2,4-D amine 0.56 Renex 36 0.0, 1.0 4-5 leaf 5 
Benzoylpropethyl 1.40 " " 91 " 
Bromoxynil 0.35 " " " " 

N .,_. 
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treatment was replicated four times. Presence and absence of water 

stress constituted one factor, herbicides were the second factor and 

surfactants formed the third factor. There were two seedlings per pot 

in the rapeseed experiment, and six seedlings per pot in the flax 

experiment. 

Water stress was induced in both experiments by withholding 

irrigation water for three days prior to spraying. Twenty-four hours 

after spraying all pots were watered to field capacity and thereafter 

maintained at the 75-100% field capacity range. At the time of spraying 

soil moisture content in the water-stressed treatments ranged from 48% 

to 56% of field capacity and the plants showed definite signs of wilting. 

The rapeseed plants were in the 4-leaf stage while the flax plants were 

7.5 em tall. The herbicides used were dalapon at 1.12 kg/ha and niclofen 

(a formulation containing no surfactant) at 1.34 kg/ha on rapeseed while 

dalapon at 1.12 kg/ha and bromoxynil at 0.35 kg/ha were used on flax. 

Triton XA and Wex, both at 1.0% were the surfactants used in both 

experiments. 

3.2.2.3 Experiment 8. GZyphosate aativation by ammonium suZphate 
in distiZZed wateP and wateP fPom the Saskatoon aity suppZy 

This experiment was designed as a three-way factorial arrange-

ment of treatments in a randomized complete block design. Each treatment 

was replicated four times. Water quality, distilled and city supply, 

formed one factor. Glyphosate rates at 0.0, 0.11 and 0.14 kg/ha formed 

the second factor, while the presence or absence of ammonium sulphate at 

2.8 kg/ha applied in tank mixture formed the third factor. The treatments 



23 

were applied when the wheat seedlings were in the 4-leaf stage and there 

were eight seedlings per pot. The analysis of the water from the city 

supply is given in Appendix C. 

ExpePiment 9. Comparison of simuZtaneous appZioation of 
gZyphosate and ammonium suZphate with sequentiat 
apptioation of the two ahemiaats 

A randomized complete block design was used for the experiment 

and all treatments were replicated five times. The treatments were 

check, glyphosate alone, ammonium sulp~ate applied in tank mixture with 

glyphosate, ammonium sulphate applied 24 hours before glyphosate, 

ammonium sulphate applied 24 hours after glyphosate and ammonium sulphate 

alone. Glyphosate at 0.14 kg/ha and ammonium sulphate at 2.8 kg/ha were 

used in all treatments. In t~e case of sequential applications plants 

treated with the first chemical were washed off with water one hour 

before the second chemical was sprayed. In the case of all treatments 

the chemicals were washed from the plant surfaces 24 hours after the 

final spray application. Water was sprayed over the complete shoot 

surface of the plants to the point of excess run-off using a small hand 

sprayer. Care was taken to see that the washings did not fall on the 

soil in the pots. The treatments were applied when the wheat seedlings 

were in the 4-leaf stage and there were eight seedlings per pot. 
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3.3 fiELD EXPERIMENTS 

3.3.1 General experimental procedures 

Field experiments were conducted on the Seed Farm and the Kernen 

Crop Research Farm, University of Saskatchewan, Saskatoon, Saskatchewan 

in 1977 and 1978. Experiments 10, 14, 15 and 16 were conducted on a 

fine, sandy loam (sand 57%, silt 23%, clay 20% and organic matter 4%), 

and Experiments 11, 12, 13 and 17 were located on a clay loam (sand 24%, 

silt 32%, clay 44% and organic matter 4%). Experiment 18 was situated 

out at the Kernen Crop Research Farm on a clay loam. Barley and wheat 

in Experiments 13 and 17, respectively, were irrigated when barley was 

at the 2-leaf stage and wheat was emerging. Water was applied by 

sprinklers on 3 consecutive days at the rate of 1.3 em daily. Climatic 

data for 1977 and 1978 crop seasons at Saskatoon are presented in 

Appendix D. 

3 • 3 . 1 . 1 Seeding operation 

In all field experiments the crop was seeded with a double-disc 

drill. A summary of the crop cultivar, seed rate, depth of seeding, 

fertilizer and rate in each experiment is presented in Table 3.3. The 

plot size was 6.1 x 2.4 m for all field experiments. 

3$3 .1. 2 ChemiaaZs used and methods of appZiaation 

Information on the herbicides and adjuvants used in the field 

experiments is presented in Appendix D. In Experiments 10-14 the 
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Table 3.3 Summary of seeding operations in field experiments 

Seeding Seeding Fertilizer 
Expt. rate depth rate 

No. Crop (kg/ha) (em) Fertilizer (kg/ha) 

10 Wheat 
.cv. Neepawa 68 7.5 11-48-0 45 

11 Flax 
cv. Redwood 62 3.7 

12 Rapeseed 
cv. Tower 2.8 2.5 11-48-0 57 

13 Barley 
cv. Bonanza 70 6.4 11-48-0 64 

14 Wheat 
cv. Neepawa 68 6.4 11-48-0 56 

15 Wheat 
cv. Neepawa 68 7.0 11-48-0 45 

16 Wheat 
cv. Neepawa 68 6.4 11-48-0 56 

17 Wheat 
cv. Neepawa 68 6.4 11-48-0 56 

18 Wheat 
cv. Neepawa 68 7.0 23-23-0 67 
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treatments were applied using a bicycle-wheel type plot sprayer. The 

sprayer had two 1.22 m booms, one fitted with 80015 and the other with 

800067 TeeJet flat fan spray tips. A~l treatments in Experiments 10-14, 

except barban and benzoylprop ethyl, were applied with 80015 nozzle tips 

at an air pressure of 276 kPa. Barban and benzoy1prop ethyl were applied 

with 800067 nozzle tips at an air pressure of 310 kPa. The operation 

speed was 4.83 km/h. The tips were mounted on 45 em centres on the boom 

which was 45 em above the plant canopy during spraying operation. 

The treatments in Experiments 15 to 18 were applied with a track 

sprayer fitted with 8001 TeeJet flat fan spray tips. The nozzle tips 

were mounted at 45 em centres on a 1.22 m boom which was operated at a 

speed of 3.2 km/h on the track. The boom height above the canopy during 

the spraying operation was 45 em. Where two or more chemicals comprised 

a treatment, they were tank-mixed prior to spraying. 

3 • 3 • 1 • 3 Obse!'Vations reaorded 

In all experiments plant numbers were determined by counting the 

number of crop plants in a 0.09 m2 quadrat at three randomly selected 

sites within each plot. Throughout the experiments visual observations 

were made at periodic intervals on crop tolerance or vegetation control. 

Only the first and last ratings are shown in the tables. Additional 

ratings are shown in Appendix E. In Experiments 10-14 crop tolerance 

was rated on a 0-9 scale (0 =no tolerance, 9 = complete tolerance). In 

Experiments 15-18 the degree of control of vegetation was rated on a 0-9 

scale (0 =no control, 9 = complete control) . 
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An area of 6 m2 in Experiments 10, 11 and 14 and 3 m2 in 

Experiments 12 and 13 was harvested from the centre of each plot. The 

samples were air dried and the yield per m2 determined from total seed 

weight following cleaning. 

In Experiments 15, 16 and 18 dry matter was determined by 

clipping the shoots at ground level in 0.25 m2 quadrats at four randomly 

selected sites within each plot and drying the samples for 24 hours at 

89°C. In Experiment 15 all the plant species in a given quadrat were 

clipped whereas in Experiments 16 and 18 only the wheat shoots were 

harvested. 

3 • 3 .. 1 .. 4 Weed and ins eat aontPo l 

Broadleaf weeds were controlled in Experiment 10 by an overall 

application of MCPA amine at 0.42 kg/ha, 12 days after emergence of the 

wheat. In Experiment 11 broadleaf weeds were controlled by an overall 

spray of MCPA amine at 0.35 kg/ha, one month after crop emergence. 

Subsequently, weeds were controlled by hand weeding. In Experiment 14 

green foxtail (Setaria viPidis (L.) Beauv.) was controlled with an 

overall spray of diclofop at 0.7 kg/ha in 122 1/ha of water when they 

were in the 2-3 leaf stage. A small number of broadleaf weeds was hand

pulled in the check plots. In Experiments 12 and 13 weeds were pulled 

by hand. The rapeseed crop in Experiment 12 was sprayed with malathion 

at 0.56 kg/ha of active ingredient 3 and 4 weeks after crop emergence 

for control of flea beetles. 



3.3.2 Details of individual field experiments 

3. 3 .. 2 .. 1 Ezperiments 10-13. ToZ.eraance of araops to herbiaide/ 
surfaatant tank mixes 

The crops used in the experiments were wheat, rapeseed, flax 

and barley. There was one experiment for each crop. The herbicides 
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and rates, surfactants and rates, and spray volume and growth stage of 

the crop in each experiment are presented in Table 3.4. A split-plot 

arrangement of treatments was replicated four times in a randomized 

complete block design. The herbicides used formed the main plots and 

surfactants formed the subplots. 

3. 3. 2. 2 Ezperaiment 14. ToZ.eraance of wheat to herabiaide/surfaatant 
tank ~es in spray overaZ.ap situations 

The herbicides used were 2,4-D amine at 0.56 and 1.12 kg/ha and 

bromoxynil at 0.35 and 0.70 kg/ha. The double-rate treatments were 

applied by spraying the plots twice with the same solution as that used 

for the single rate. The surfactants used were Renex 36 and Wex, each 

at 1.0% v/v. 

A split-plot arrange.ment of treatments in a randomized complete 

block design was used with the treatments replicated four times. The 

herbicides and rates formed the main plots and the surfactants formed 

the subplots. All treatments were applied at the 4-leaf stage of the 

wheat plant using a spray volume of 122 1/ha. 



Table 3.4 

Expt. 
No. 

10 

11 

12 

13 

Summary of treatments and growth stage at time of treatment in Experiments 10-13 

Herbicides Surfactants Spray 
Common Rate Trade Rate volume 

Crop name (kg/ha) name (% v/v) (1/ha) Growth stage 

Wheat Bromoxynil 0.35 Triton XA 0.0,0.5,1.0 135 4-leaf 
2,4-D amine 0.56 " " 135 
Benzoyl prop 

ethyl 1.40 " " 60 

Flax Dalapon 1.12 Triton XA 0.0,0.5,1.0 135 5 em high 
Barb an 0.35 " " 46 
Bromoxynil 0.35 " " 135 

Rapeseed Niclofen 1.34 Triton XA 0.0,0.5,1.0 135 3-4 leaf 
Da1apon 1.12 " " 135 
Benzoyl prop 

ethyl 1.40 " " 60 

Barley Linuron 0.28 Wex 0.0, 1.0 122 5-leaf 
Propanil 0.98 Renex 0.0, 1.0 122 
Linuron/MCPA 0.28 + 0.28 122 

N 
\0 



3.3.2.3 Ezperiment 15. Glyphosate-adjuvant tank m~es 
foP aontPol of wheat plants 

A split-split plot arrangement of treatments in a randomized 

complete block design was used for the experiments and the treatments 
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were replicated four times. Rates of glyphosate at 0.0, 0.14, 0.28 and 

0.42 kg/ha formed the main treatments. The sub-treatments were rates of 

ammonium sulphate at 0.0, 2.8 and 11.2 kg/ha. The sub-subtreatments 

were the presence and absence of Triton XA at 1% v/v of spray solution. 

The treatments were applied when the wheat plants were in the 4-leaf 

stage. The spray volume was 135 1/ha and the pressure was maintained at 

276 kPa. 

3. 3. 2. 4 EzpePiment 18. Aativation of glyphosate by ammonium 
sulphate in different types of water 

A split-split plot arrangement of a randomized complete block 

design was used for the experiment. Rates of glyphosate at 0.0, 0.18, 

0.21 and 0.25 kg/ha formed the main treatments. The subtreatments were 

three types of water--distilled water, water from Saskatoon city supply 

and water from a well in Dundurn, Saskatchewan. The analysis of the 

water from the city supply and from the well is presented in Appendix C. 

The sub-subtreatments were the presence and absence of ammonium sulphate 

at the rate of 2.8 kg/ha in the spray solution. The treatments were 

applied when the wheat plants were in the 4-5 leaf stage. The spray 

volume was 127 1/ha and the pressure was maintained at 276 kPa. 



3 • 3 • 2 o 5 Ezperiment 1 '?. Activation of gZ.yphosate by 
different adjuvants 

Experiment 17 was conducted to determine the effects on the 
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activation of glyphosate of ammonium sulphate, the surfactants Wex and 

Agral 90 when applied individually in tank mixture with glyphosate or 

when the ammonium sulphate was applied in combination with Wex and 

Agral 90 in tank mixture with glyphosate. A randomized complete block 

design was used for the experiment with each treatment being replicated 

five times. The treatments were: check, glyphosate alone, glyphosate 

plus Wex, glyphosate plus Agral 90, glyphosate plus ammonium sulphate, 

glyphosate plus Wex plus ammonium sulphate. Glyphosate and ammonium 

sulphate were used at 0.14 and 2.8 kg/ha, respectively. Surfactants 

were used at 1% v/v of spray volume. The treatments were applied when 

the wheat plants were in the 4-5 leaf stage. The volume of dilution was 

127 1/ha and the pressure 276 kPa. The water used as carrier was from 

the Saskatoon city supply. 

3. 3. 2. 6 Experiment 18. Activity of gZ.yphosate-adjuvant tank 
mixes in hard water 

Experiment 18 was conducted to determine the effects of ammonium 

sulphate and the surfactant Agral 90 on glyphosate activity when the 

carrier was hard water. A split-split arrangement of the treatments in 

a randomized complete block design was used for the experiment. Rates 

of glyphosate at 0.0, 0.21, 0.42 and 0.63 kg/ha formed the main treat-

ments and the subtreatments were: check, ammonium sulphate at 2.8 kg/ha 

and Agral 90 at 1% v/v of spray solution. The treatments were applied 



when the wheat plants were in the flag leaf stage. The spray volume 

was 127 }/ha and the pressure was 276 kPa. The water used as carrier 

was obtained from a well in Dundurn, Saskatchewan. 
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4. RESULTS 

4el GREENHOUSE EXPERIMENTS 

4elol Experiment 1. Effect of Triton XA on rapeseed 

tolerance to herbicides 

Two days after the treatments were applied there was considerably 

more phytotoxic effect as shown by scorching and crisping of leaves in 

the treatment where Triton XA was included in the niclofen spray as 

compared to niclofen alone (Table 4.1). With time, however, the differ

ence between the two treatments became less pronounced. No notable 

difference was observed between the treatment where Triton XA was 

included in the dalapon spray as compared to dalapon alone. There was 

no significant difference in shoot dry matter between treatments 

containing Triton XA and those without Triton XA. The interaction 

between herbicide and Triton XA was not significant. 

4.1e2 Experiment 2. Effect of Triton XA on flax 
tolerance to herbicide 

There were only slight differences in phytotoxic effects on 

flax between treatments where Triton XA was included in the spray and 

where the herbicides were applied alone (Table 4.2). Slight differences 

tended to become minimal with time. There was no significant difference 

in shoot dry matter due to herbicide or Triton XA or the interaction of 

herbicide and Triton XA. 

33 



Table 4.1 

Herbicides 

Check 

Dalapon 

Niclofen 

Mean (g/pot) 

S.E. = 0.28 

Effect of Triton XA on rapeseed tolerance to herbicides, Experiment 1 

Rates 
(kg/ha) 

0.00 

1.12 

1.34 

0.0 

Crop tolerance# 
2 23 

9.0 9.0 

9.0 9.0 

6.8 6.8 

Triton XA (% v/v) 

Dry matter 
(g/pot) 

3.6 

4.4 

3.2 

3.7 

1.0 

Crop tolerance# 
2 23 

6.3 8.7 

8.8 9.0 

2.0 5.8 

Dry matter 
(g/pot) 

3.8 

3.7 

2.3 

3.3 

Mean* 
dry matter 

(g/pot) 

3.7 ab 

4.1 a 

2.8 b 

S .E. = 0. 34 

# Crop tolerance rated 2 and 23 days after spraying where 9 =complete tolerance, 0 =no tolerance. 

* Means within a column followed by the same letter are not significantly different at the 5% level, 
according to Duncan's Multiple Range Test. 

~ 
~ 



Table 4.2 Effect of Triton XA on flax tolerance to herbicides, Experiment 2 

Triton XA (% v/v) 

0.0 0.5 1.0 
Mean 

Herbicides Rates Crop tolerance# Dry matter Crop tolerance# Dry matter Crop tolerance# Dry matter Dry matter 
(g/pot) (kg/ha) 2 25 (g/pot) 2 25 (g/pot) 2 25 (g/pot) 

Check 0.00 9.0 9.0 6.3 9.0 9.0 6.1 7.5 9.0 6.3 

Barban 0.35 8.5 7.3 6.1 7.8 7.0 6.4 5.0 7.8 6.0 

Bromoxynil 0.35 6.0 7.3 5.8 5.0 7.8 6.3 5.5 8.0 6.0 

Mean 6.1 6.3 6.1 

S.E. = 0.24 

# Crop tolerance rated 2 and 25 days after spraying, where 9 =complete tolerance, 0 =no tolerance. 

6.2 

6.2 

6.0 

S .E. = 0. 34 

(.N 
VI 



4.1.3 Experiment 3. Effect of Triton XA on wheat 
tolerance to herbicides 
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No phytotoxic effects were observed on the wheat plants prior to 

heading. The 2,4-D amine treatments showed some head curvature and 

tweaked head symptoms, but there was no difference between the treatment 

where Triton XA was included in the spray and that where the herbicide 

was applied alone (Table 4.3). There was a significant increase in 

shoot dry matter in the barban and bromoxynil and a significant decrease 

in 2,4-D amine treatments as compared to the untreated check. There was 

no significant difference in shoot dry matter due to Triton XA and the 

interaction between herbicides and Triton XA was not significant. 

4.1.4 Experiment 4. Effect of Wex on wheat 

tolerance to herbicides 

No phytotoxic effect was observed on the wheat plants in any of 

the treatments during the experiment. There was no significant differ

ence in shoot dry matter due to herbicide or Triton XA. The interaction 

of herbicide and Wex was not significant (Table 4.4). 

4.1.5 Experiment 5. Effect of Renex 36 on 
wheat tolerance to herbicides 

No phytotoxic effect was observed on the wheat plants in any 

treatment during the experiment (Table 4.5). There was no significant 

difference on wheat dry matter due to herbicides or Renex 36. The inter-

action between herbicides and Renex 36 was not significant. 



Table 4.3 Effect of Triton XA on wheat tolerance to herbicides, Experiment 3 

Herbicides Rates 
(kg/ha) 

-

Check 0.00 

Bromoxynil 0.35 

Barb an 0.35 

2,4-D amine 0.56 

0.0 

Crop tolerance# 
at heading 

9.0 

9.0 

8.0 

6.5 

Triton XA (% v/v) 

Dry matter 
(g/pot) 

4.1 

5,7 

5.6 

2.6 

0.5 

Crop tolerance# 
at heading 

9.0 

9.0 

8.0 

6.3 

Dry matter 
(g/pot) 

3.4 

5.2 

4.7 

2.7 

Meaq* 
Dry matter 

(g/pot) 

3.8 b 

5.5 a 

5.2 a 

2.7 c 

S.E. = 0.38 

Mean 4.5 4.0 

S.E. = 0.27 

# Crop tolerance, where 9 = complete tolerance, 0 =no tolerance. 

* Means followed by the same letter within a column are not significantly different at the 5% 
level according to Duncan's Multiple Range Test. 

~ 
......... 
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Table 4.4 Effect of Wex on wheat tolerance to herbicides, Experiment 4 

Herbicides 

Check 
Bromoxynil 
Benzoyl prop 

ethyl 
2,4-D amine 

Mean 

S.E. = 0.16 

Table 4.5 

Herbicides 

Check 
Bromoxynil 
2,4-D amine 
Benzoyl prop 

ethyl 

Mean 

S.E. = 0.12 

Rates 
(kg/ha) 

0.00 
0.35 

1.40 
0.56 

Effect of Renex 

Experiment 5 

Rates 
(kg/ha) 

0.00 
0.35 
0.56 

1.40 

Wex (% v/v) 

0.0 1.0 
Mean 

Dry matter Dry matter dry matter 
(g/pot) (g/pot) (g/pot) 

4.6 4.8 4.7 
4.8 4.4 4.6 

4.4 5.2 4.8 
4.9 4.2 4.6 

S.E. = 0.19 

4.7 4.7 

36 on wheat tolerance to herbicides, 

Renex 36 (% v/v) 

0.0 1.0 
Mean 

Dry matter Dry matter dry matter 
(g/pot) (g/pot) (g/pot) 

5.3 5.0 5.2 
4.6 4.6 4.6 
4.8 4.6 4.7 

5.0 4.6 4.8 

S.E. = 0.17 

4.9 4.7 



4.1.6 Experiment 6. Effect of Triton XA and Wex on the 

tolerance of rapeseed to herbicides under 
water stress conditions 

There was a highly significant difference in shoot dry matter 
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between the two water regimes but the interaction of water regimes with 

the other factors (herbicides and surfactants) was not significant 

(Table 4.6). The interaction of herbicides and surfactants was signifi-

cant. The inclusion of Wex in the niclofen spray significantly reduced 

the shoot dry matter compared to niclofen sprayed without any surfactant. 

Except for the niclofen and Wex mix there was no s_ignificant difference 

between treatments containing surfactant and those without. The 

minor differences in phytotoxic effect between treatments with surfactant 

and those without surfactant tended to decrease with time. 

4.1.7 Experiment 7. Effect of Triton XA and Wex on flax 

tolerance to herbicides under water stress 
conditions 

There was a highly significant difference in shoot dry matter 

between the two water regimes (Table 4.7). There was no significant 

effect due to herbicides or surfactant, and none of the interactions was 

significant. Minor differences in the amount of leaf scorch between 

treatments with surfactant and those without surfactant tended to 

decrease with time. 
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Table 4.6 Effect of Wex and Triton XA on rapeseed tolerance to 

herbicides under water stress conditions, Experiment 6 

Herbi- Rates 
cides(H) (kg/ha) 

Check 
Check 
Check 
Dalapon 
Dalapon 
Dalapon 
Niclofen 
Niclofen 
Niclofen 

Check 
Dalapon 
Niclofen 

Mean 
S.E. = 0.06 

0.00 
0.00 
0.00 
1.12 
1.12 
1.12 
1.34 
1.34 
1.34 

0.00 
1.12 
1.34 

Surfactants 
(S) 

Nil 
Triton XA 
Wex 
Nil 
Triton XA 
Wex 
Nil 
Triton XA 
Wex 

Nil 
Triton XA 
Wex 

Water regime (W) 

Irrigated Water stress 

Crop# 
tolerance 

3 9 

9.0 9.0 
9.0 9.0 
9.0 9.0 
9.0 8 .. 8 
6.5 6.9 
8.0 6.8 
8.8 8.8 
5.8 6.8 
3.8 5.5 

Dry 
matter 
(g/pot) 

Crop# 
tolerance 

3 9 

(W X H X S) 

1.8 
1.8 
2.0 
1.8 
1.6 
1.7 
J.. 9 
1.6 
1.1 

1.9 
1.7 
1.5 

1.8 
1.7 
1.6 

1.7 

9.0 9.0 
9.0 9.0 
9.0 9.0 
7.8 7.8 
6.8 6.8 
7.8 7.8 
7.8 7.8 
6.8 6.8 
6.5 6.5 

(H X W) 

(S X W) 

(W)t 

Mean* 
Dry dry 

matter matter 
(g/pot) (g/pot) 

(H X S) 

1.3 1.6 a 
1.3 1.6 a 
1.1 1.6 a 
1.1 1.5 a 
1.2 1.4 a 
1.1 1.4 a 
1.3 1.6 a 
0.8 1.2 ab 
0.7 0.9 b 

S.E. = 0.12 

1.2 
1.1 
0.9 

(H)* 

1.6 a 
1.4 ab 
1.2 b 

S.E. = 0.07 

1.2 
1.1 
1.0 

(S) * 

1.5 a 
1.4 ab 
1.3 b 

S.E. = 0.07 

1.1 

# Crop tolerance 3 and 9 days after spraying, where 9 =complete tolerance, 
0 =no tolerance. 

* Means followed by the same letter (within each group of means within the 
column) are not significantly different at the 5% level according to 
Duncan's Multiple Range Test. 

t The difference between the two water regime means was significant (p =0.01), 
according to an F-test. 
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Table 4.7 Effect of Wex and Triton XA on flax tolerance to herbicides 

under water stress conditions, Experiment 7 

Water regime (W) 

Irrigated Water stress 
Mean 

Crop# Dry Crop# Dry dry 
Herbi- Rates Surfactants tolerance matter tolerance matter matter 
cides(H) (kg/ha) (S) 3 13 (g/pot) 3 13 (g/pot) (g/pot) 

(W X H X S) (H X S) 

Check 0.00 Nil 9.0 9.0 4.9 9.0 9.0 3.4 4.2 
Check 0.00 Triton XA 8.5 8.8 4.8 8.8 9.0 3.3 4.1 
Check 0.00 Wex 9.0 9.0 4.8 8.5 9.0 3.4 4.1 
Dalapon 1.12 Nil 9.0 7.5 4.7 8.5 6.8 3.1 3.9 
Dalapon 1.12 Triton XA 7.5 7.0 4.8 8.0 7.0 3.1 3.9 
Dalapon 1.12 Wex 6.3 6.8 4.6 7.8 6.5 3.0 3.8 
Bromoxynil 0.35 Nil 7.5 8.0 4.6 8.3 8.5 3.0 3.8 
Bromoxynil 0.35 Triton XA 5.8 6.8 4.5 7.3 7.3 2.8 3.7 
Bromoxynil 0.35 Wex 5.8 7.0 4.6 7.0 7.0 2.5 3.6 

S.E. = 0.25 

(W X H) (H) 

Check 0.00 4.8 3.4 4.1 
Dalapon 1.12 4.7 3.1 3.9 
Bromoxynil 0.35 4.6 2.8 3.7 

S .E. = 0.14 

(W X S) (S) 

Nil 4.7 3.2 4.0 
Triton XA 4.7 3.1 3.9 
Wex 4.7 3.0 3.9 

S.E. = 0.14 

(W)* 

Mean 4.7 3.1 
S.E. = 0.12 

# Crop tolerance 3 and 13 days after spraying, where 9 =complete tolerance, 
0 =no tolerance. 

* The difference between the means of the two water regimes was significant 
(p = 0. 01) , according to an F-test. 



4 .. 1.8 Experiment 8. Effect of distilled water and 
Saskatoon city water on activity of various 
combinations of ammonium sulphate and 
glyphosate when sprayed on wheat 

Glyphosate was significantly more effective in reducing shoot 
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dry matter of wheat when sprayed in distilled water rather than in water 

from the city supply (Table 4.8). The activity of glyphosate, as shown 

by shoot dry matter, significantly increased as the rate of glyphosate 

increased from 0.00 to 0.11 to 0.14 kg/ha. Ammonium sulphate signifi

cantly increased the activity of glyphosate both at 0.11 and 0.14 kg/ha. 

None of the interactions was sig~ificant. 

4.1.9 Experiment 9. Comparison of simultaneous applica
tion of glyphosate and ammonium sulphate with 

sequential application of the two chemicals 
to wheat seedlings 

The greatest activationof glyphosate occurred in the simul-

taneous application of glyphosate and ammonium sulphate (Table 4.9). 

Shoot dry matter of wheat was significantly less following simultaneous 

application than from separate applications although there was activation 

of glyphosate even when the two components were applied separately. 
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Table 4.8 Effect of ammonium sulphate on glyphosate activity in 

distilled and Saskatoon city supply water for wheat control 

Water quality (W) 

City water Distilled water 
Glyphos
ate (G) 
(kg/ha) 

Ammonium 
sulphate(A) 

(kg/ha) 
Control 
rating# 

Dry matter 
(g/pot) 

Control 
rating# 

Dry matter 
(g/pot) 

Mean 
dry matter 

(g/pot) 

(W X G X A) (G X A) 

0.00 
0.00 
0.11 
0.11 
0.14 
0.14 

0.00 
0.11 
0.14 

Mean 
S.E. = 0.05 

0.0 
2.8 
0.0 
2.8 
0.0 
2.8 

0.0 2.8 
0.0 3.1 
2.5 1.9 
3.9 1.6 
3.4 1.7 
6.0 1.0 

2.9 
1.8 
1.3 

2.1 
1.9 

2.0 

0.0 
0.0 
3.4 
4.6 
5.1 
7.0 

(W X G) 

(W X A) 

(W)t 

3.0 
2.9 
1.7 
1.3 
1.4 
0.8 

2.9 
1.5 
1.1 

1.8 

S.E. 

S.E. 

S.E. 

# Control rating 15 days after spraying, where 9 =complete control, 
0 =no control. 

= 

= 

= 

* Means followed by the same letter (within each group of means within 
the column) are not significantly different at the 5% level according 
to Duncan's Multiple Range Test. 

t The difference between the two (W) means was found to be significant 
( = 0. OS) according to the F~test. 

2.9 a 
3.0 a 
1.9 b 
1.5 c 
1.5 c 
0.9 d 
0.08 

(G) 

2.9 a 
1.7 b 
1.2 c 
0.05 

(A) 

2.1 a 
1.8 b 
0.05 
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Table 4.9 Effect of simultaneous (sim) and sequential (seq) applica-

tion of glyphosate and ammonium sulphate on glyphosate 

activity for control of wheat, Experiment 9 

Treatments Rates Control 
(kg/ha) rating# 

Check 0.00 0.0 

Ammonium sulphate 2.80 0.0 

Glyphosate 0.14 5.0 

Glyphosate + ammonium sulphate (seq) 0.14 + 2.80 6.0 

Ammonium sulphate+ glyphosate (seq) 2. 80 + 0.14 6.5 

Glyphosate +ammonium sulphate (sim) 0.14 + 2. 80 7.5 

S.E. 

# Control rating 15 days after spraying, where 9 =complete control, 
0 = no control. 

* Means within a column followed by the same letter are not 
significantly different at the 5% level, according to Duncan's 
Multiple Range Test. 

Dry* 
matter 

(g/pot) 

2.2 a 

2.1 a 

1.2 b 

1.0 c 

0.9 c 

0.4 d 

= 0.05 



4o2 FIELD EXPERIMENTS 

Experiment lOo Effect of Triton XA on wheat 
tolerance to herbicides 

The only phytotoxic effect observed on wheat was slight head 

curvature in the 2,4-D amine treatments, but there_was no difference 
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between treatments where Triton XA was included in the 2,4-D amine spray 

and where the herbicide was applied alone (Table 4.10). There were no 

significant differences in head count or yield due to herbicide or to 

Triton XA, and the interaction between herbicide and Triton XA also 

lacked significance. 

4.2.2 Experiment 11. Effect of Triton XA on flax 
tolerance to herbicides 

There were only slight differences in phytotoxic effect between 

herbicide spray with and without Triton XA (Table 4.11). These differ

ences tended to decrease with time. Phytotoxic effects included slight 

leaf burn with bromoxynil, leaf deformities with dalapon, and swelling 

of the stem portion above the crown with barban. There were no 

significant differences in yield of flax due to herbicide or Triton XA, 

and the interaction between herbicide and Triton XA was not 

significant. 



Table 4.10 Effect of Triton XA on wheat tolerance to herbicides, Experiment 10 

0.0 

Herbicides Rates 
Crop 

tolerance# 
(H) (kg/ha) at heading 

Check 0.00 9.0 

Bromoxynil 0.35 9.0 

Benzoyl prop 
ethyl 1.40 9.0 

2,4-D amine 0.56 7.3 

Means 

S.E. of H means (yield) = 15.3 

S.E. of H means (head count) = 7.1 

S.E. ofT means (yield) = 6.1 

S.E. ofT means (head count) = 6.3 

Heads 
(m2) 

218 

212 

219 

199 

212 

Triton XA (T) 

0.5 
-

Yield Crop Heads 
(g/m2) tolerance# (m2) 

at heading 

281 9.0 199 

252 9.0 220 

304 9.0 214 

291 6.8 187 

282 204 

# Crop tolerance, where 9 = complete tolerance, 0 =no tolerance. 

= 

(% v/v) 

1.0 

Yield Crop Heads 
(g/m2) tolerance# (m2) 

at heading 

253 9.0 205 

257 9.0 209 

257 8.8 205 

293 7.0 213 

265 208 

Yield 
(g/m2) 

278 

274 

294 

284 

282 

Heads 
(m2) 

207 

214 

209 

200 

Yield 
(g/m2) 

271 

266 

285 

289 

+:
(J'\ 



Table 4.11 Effect of Triton XA on flax tolerance to herbicides, Experiment 11 

= 
Triton XA (T) (% v/v) 

0.0 0.5 1.0 

Herbicides Rates Crop tolerance# Yield Crop tolerance# Yield Crop tolerance# Yield 
(H) (kg/ha) 4 88 (g/m2) 4 88 (g/m2) 4 88 (g/m2) 

Check 0.00 9.0 9.0 88 9.0 9.0 97 9.0 9.0 89 

Barb an 0.35 6.8 7.9 90 7.0 7.3 95 6.5 7.1 80 

Bromoxynil 0.35 6.8 9.0 88 6.5 8.5 88 6.1 9.0 83 

Dalapon 1.12 8.8 8.8 78 9.0 8.8 78 9.0 8.3 90 

Means 86 88 85 

S.E. = 2.4 

# Crop tolerance 4 and 88 days after spraying, where 9 =complete tolerance, 0 =no tolerance. 

Mean 
Yield 

(g/m2) 

91 

88 

85 

82 

S.E. = 5.4 

..,!::>. 
-....J 



4.2.3 Experiment 12. Effect of Triton XA on rapeseed 
tolerance to herbicides 
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The only notable difference in phytotoxic effect between treat-

ments was a slight increase in the crisping of leaves in the treatment 

where Triton XA was included at 1.0% v/v in the niclofen spray as 

compared to the herbicide spray by itself (Table 4.12). This difference 

disappeared with time. There was no significant difference in plant 

count or yield due to herbicide or Triton XA and the herbicide and 

Triton XA interaction was not significant. 

4.2.4 Experiment 13. Effect of Wex and Renex 36 

on barley tolerance to herbicides 

Three days after spraying there was more yellowing of barley 

plants in treatments where Wex or Renex 36 had been included in the 

propani1 spray as compared to the propanil sprayed alone (Table 4.13). 

The yellowing in all propanil treatments, however, disappeared after 

10 days. The linuron which included surfactant gave the plants a wilted 

appearance three days after spraying compared to the linuron treatment 

without surfactant. This difference decreased with time. 

No significant difference was recorded in the head count or 

yield of barley due to herbicide or surfactant, and the interaction was 

not significant. 



Table 4.12 Effect of Triton XA on rapeseed tolerance to herbicides, Experiment 12 

0.0 

Crop Plants Yield 
Herbicides Rates tolerance# (m2) (g/m2) 

(H) (kg/ha) 5 52 

Check 0.00 9.0 9.0 118 178 

Dalapon 1.12 8.1 8.9 105 175 

Benzoyl prop 
ethyl 1.40 8.1 9.0 119 169 

Niclofen 1.34 7.0 8.1 106 166 

Mean 112 172 

S.E. of H means (yield) = 18.8 

S.E. of H means {plant count) = 1.9 

S.E. ofT means (yield) = 5.7 

S.E. ofT means (plant count) = 2.2 

Triton XA (T) (% v/v) 

0.5 

Crop Plants Yield Crop 
tolerance# (m2) (g/m2) tolerance# 

5 52 5 52 

8.5 9.0 117 181 8.5 9.0 

8.0 9.0 116 163 8.4 8.8 

8.3 9.0 117 174 8.0 8.9 

6.8 8.4 119 174 6.1 8.5 

117 173 

0.1 

Plants Yield 
(m2) (g/m2) 

120 177 

120 179 

115 185 

118 160 

119 175 

# Crop tolerance 5 and 52 days after spraying, where 9 =complete tolerance, 0 =no tolerance. 

Plants 
(m2) 

119 

114 

117 

114 

Yield 
(g/m2) 

179 

172 

176 

166 

~ 
1.0 



Table 4.13 Effect of surfactants on barley tolerance to herbicides, Experiment 13 

Nil 

Crop Heads Yield 
Herbicides Rates tolerance# (m2) (g/m2) 

(H) (kg/ha) 5 51 
I 

Check 0.00 9.0 9.0 211 236 

Linuron 0.28 8.0 8.8 238 254 

Propanil 0.98 7.0 9.0 210 277 

Linuron/ 0.28 
MCPA + 0.28 8.0 8.8 237 201 

Means 224 242 

S.E. of H means (yield) = 10.7 

S.E. of H means (head count) = 9.8 

S.E. of S means (yield) = 10.1 

S.E. of S means (head count) = 7.4 

# Crop tolerance 5 and 51 days after spraying, 

Surfactants (S) 

Wex Renex 36 

Crop Heads Yield Crop Heads Yield 
tolerance# (m2) (g/m2) tolerance# (m2) (g/m2) 

5 51 5 51 

9.0 9.0 216 246 9.0 9.0 186 210 

6.8 7.8 216 234 6.0 7.4 228 211 

6.2 9.0 218 232 6.5 9.0 231 219 

9.0 9.0 228 167 8.5 8.5 213 196 

219 220 215 209 

where 9 = complete control, 0 = no control. 

Heads 
(m2) 

205 

228 

219 

226 

Yield 
(g/m2) 

231 

233 

243 

188 

Vl 
0 



4.2.5 Experiment 14. Effect of Wex and Renex 36 on 

wheat tolerance to herbicide in a spray 
overlap situation 

Two days after spraying the 2X herbicide rates exhibited more 

phytotoxic effects than the single rate (Table 4.14). The 2X rate of 
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2,4-D amine treated wheat in which Wex or Renex 36 had been included in 

the spray had a more wilted appearance than the plants which had 

received the herbicides without surfactants. There was no marked 

difference in the single rate bromoxynil treatments with and without 

surfactants but at the 2X rate, the inclusion of Wex caused more 

scorching of the leaves than the.herbicide by itself or the herbicide 

sprayed with Renex 36. The differences between treatments with sur-

factants and those without surfactants gradually diminished with time. 

No significant difference was recorded on the yield of the 

wheat crop due to herbicide or different rates of herbicides or 

surfactants and the interaction between surfactant and herbicide was 

not significant. 

4.2.6 Experiment 15. Effect of ammonium sulphate and 
Triton XA on glyphosate activity for volunteer 
wheat control 

The phytotoxicity of glyphosate at 0.14 kg/ha on wheat was 

significantly increased by the addition of ammonium sulphate to the 

herbicide solution when assessed in terms of loss of dry matter yield 

(Tables 4.15 and 4.16). Glyphosate at 0.28 kg/ha alone controlled 95% 

of wheat vegetation and the addition of ammonium sulphate increased the 



Table 4.14 Effect of surfactants on wheat tolerance to herbicides in spray overlap situation, Experiment 14 

Surfactants (S) 

Nil Wex Renex 36 

Herbicides Rates Crop tolerance# Yield Crop tolerance# Yield Crop tolerance# 
(H) (kg/ha) 3 60 (g/m2) 3 60 (g/m2) 3 60 

Check 0.00 9.0 9.0 235 9.0 9.0 229 9.0 9.0 

2,4-D amine 0.56 8.5 8.8 205 7.0 8.8 214 7.0 8.8 

2,4-D amine 1.12 7.6 9.0 228 7.3 9.0 218 7.3 9.0 

Bromoxynil 0.35 8.5 9.0 247 8.8 9.0 265 8.1 9.0 

Bromoxynil 0.70 7.5 8.8 233 6.4 8.8 269 7.0 8.8 

Means 229 239 

S.E. = 5.2 

# Crop tolerance 3 and 60 days after spraying, where 9 =complete tolerance, 0 =no tolerance. 

Mean 
Yield Yield 
(g/m2) (g/m2) 

230 231 

205 208 

209 218 

285 266 

270 258 

S.E. = 15.3 

240 

(J1 

N 
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Table 4.15 Effect of ammonium sulphate and Triton XA on glyphosate 

activity, Experiment 15 

Treatments 

Ammonium 
Glyphosate sulphate Triton XA Control rating# Dry matter 

(kg/ha) (kg/ha) (% v/v) 8 19 (g/m2) 

0.00 0.0 0.0 0.5 0.2 370 

0.00 0.0 0.5 0.0 0.0 366 

0.00 2.8 0.0 0.0 0.0 376 

0.00 2.8 0.5 0.0 0.0 405 

0.00 11.2 0.0 0.0 0.0 402 

0.00 11.2 0.5 0.0 0.0 392 

0.14 0.0 0 .. 0 3.8 3.4 72 

0.14 0.0 0.5 3.9 3.3 80 

0.14 2.8 0.0 6.3 6.3 34 

0.14 2.8 0.5 5.5 5.9 46 

0.14 11.2 0.0 4.6 4.9 45 

0.14 11.2 0.5 4.3 4.8· 62 

0.28 0.0 0.0 7.0 6.8 17 

0.28 0.0 0.5 6.5 6.5 22 

0.28 2.8 0.0 8.0 6.5 0 

0.28 2.8 0.5 8.1 8.4 0 

0.28 11.2 0.0 6.4 7.5 0 

0.28 11.2 0.5 6.8 7.6 0 

0.42 0.0 0.0 8.5 8.6 0 

0.42 0.0 0.5 8.5 8.4 3 

0.42 2.8 0.0 8.8 8.7 0 

0.42 2.8 0.5 8.5 8.7 0 

0.42 11.2 0.0 7.8 8.3 0 

0.42 11.2 0.5 8.3 8.4 0 

# Control rating 8 and 19 days after spraying, where 9 =complete 
control, 0 = no control. 



Table 4.16 Effect of ammonium sulphate and Triton XA on glyphosate 

for control of wheat plants, Experiment 15 

(Rate of glyphosate = 0.14 kg/ha) 

Ammonium sulphate 
(kg/ha) 

0.0 

2.8 

11.2 

Meant 

S.E. = 4.1 

Triton XA (% v/v) 

0.0 
Dry matter 

(g/m2) 

72 

34 

45 

so 

0.5 
Dry matter 

(g/m2) 

80 

46 

62 

S.E. 

63 

= 

Mean* 
Dry matter 

(g/m2) 

76 a 

40 b 

54 b 

6.6 

* Means followed by the same letter within a column were not 
significantly different at the 5% level according to Duncan's 
Multiple Range Test. 

t The two means were significantly different at the 5% level 
according to the F-test. 
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level of control to 100%. At the rate of 0.42 g1yphosate alone 

controlled 100% of wheat vegetation and the addition of ammonium 

sulphate was of no advantage. There was no advantage in increasing 

the rate of ammonium sulphate from 2.8 to 11.2 kg/ha. Triton XA 

significantly reduced the activity of glyphosate. 

4.2.7 Experiment 16. Effect of ammonium sulphate on 

glyphosate activity in water of different 

types for wheat control 
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The phytotoxicity of glyphosate on wheat increased with higher 

rates (Table 4.17). The phytotoxicity of glyphosate, measured as 

increased dry matter, was significantly reduced in the well water as 

compared to either the city water supply or the distilled water. There 

was no significant difference in glyphosate phytotoxicity in distilled 

and city water. Ammonium sulphate significantly increased the activity 

of glyphosate (A effect) at all glyphosate levels (AxG interaction), 

and in all water types (AxW interaction). There was no significant 

difference in the phytotoxicity of glyphosate among the three water 

types when ammonium sulphate was included in the herbicide solution. 

4.2.8 Experiment 17. Effect of different adjuvants 

on glyphosate activity 

Eight days after spraying there were some notable differences 

between the glyphosate treatment without adjuvants and the treatments 

containing the adjuvants although there were only limited differences 
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Table 4.17 Effect of ammonium sulphate and different water types on 
-

glyphosate activity for wheat plant contr~l, Experiment 16 

Ammonium sulphate (A) (kg/ha) 

0.0 2.8 
Mean* 

G1yphosate Control Dry Control Dry dry 
(G) Water rating# matter rating# matter matter 

(kg/ha) Type (W) 8 18 (g/m2) 8 18 (g/m2) (g/m2) 

(A X w X G) (G X W) 

0.00 Distilled 0.0 0.0 370 0.0 0.0 360 365 a 
0.00 City 0.0 0.0 342 0.0 0.0 362 352 a 
0.00 Well 0.0 0.0 356 0.0 0.0 351 354 a 
0.18 Distilled 2.0 1.8 282 4.3 4.5 252 266 b 
0.18 City 3.8 2.5 297 4.0 3.8 165 232 bed 
0.18 Well 0.9 0.0 335 4.0 3.5 191 263 b 
0.21 Distilled 2.5 2.3 209 4.4 4.9 135 171 efg 
0.21 City 3.8 3.3 248 4.8 5.1 136 192 def 
0.21 Well 1.0 0.0 356 4.5 4.6 150 253 be 
0.25 Distilled 3.9 3.5 212 5.5 6.8 112 162 fg 
0.25 City 3.5 4.0 193 5.3 5.8 94 144 g 
0.25 Well 1.5 0.3 321 5.8 5.9 102 212 cde 

S.E. = 13.5 

(A X G)* (G)* 

0.00 356 a 357 a 357 a 
0.18 304 a 203 c 254 b 
0.21 271 b 140 d 206 cd 
0.25 242 b 102 e 172 d 

S .E. = 11.5 S.E. = 13.5 

(A X W) * (W)* 

Distilled 268 b 214 c 242 b 
City 269 b 189 c 229 b 
Well 342 a 198 c 270 a 

S .E. = 9.9 S.E. =6.9 

(A)t 

Mean dry matter 293 201 
S.E. = 5.8 

# Control rating 8 and 18 days after spraying, where 9 = complete control, 
0 =no control. 

* Means in same row or column (within each group of means) followed by the 
same letter were not significantly different at the 5% level, according 
to Duncan's Multiple Range Test. 

t The (A) means were significantly different at the 5% level according to 
the F-test. 



among the adjuvant treatments (Table 4.18). Eighteen days after the 

date of spraying all the treatments excluding the check were equally 

effective in completely controlling the wheat. 

Experiment 18. Effect of ammonium sulphate and 

Agral 90 in hard water on glyphosate activity 

for wheat plant control 

The activity of glyphosate was increased by the inclusion of 

ammonium sulphate in the tank mixture but not so by Agral 90 (Table 
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4.19). The activity of glyphosate increased significantly with 

increase of the herbicide rate from 0.21 kg/ha to 0.63 kg/ha but there 

was no significant interaction between glyphosate and adjuvants. 
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Table 4.18 Effect of different adjuvants on glyphosate for control of 

wheat plants, Experiment 17 

(The same rates of glyphosate and ammonium sulphate at 0.21 

kg/ha and 2.8 kg/ha, respectively, were used throughout the 

experiment. Both Wex and Agral 90 were used at 1% (v/v).) 

Control rating# 
Treatments 8 18 

Check 0.0 0.0 

Glyphosate 4.7 9.0 

Glyphosate + ammonium sulphate 6.5 9.0 

Glyphosate + Wex 6.3 9.0 

Glyphosate + Agral 90 6.7 9.0 

Glyphosate + ammonium sulphate + Wex 7.3 9.0 

Glyphosate + ammonium sulphate + Agral 90 7.6 9.0 

# Control rating 8 and 18 days after spraying, where 9 =complete 
control, 0 = no control. 



Table 4.19 Effect of ammonium sulphate and Agral 90 on glyphosate for control of wheat plants 

when hard water is used as the carrier, Experiment 18 

Adjuvants (A) 

Nil Ammonium sulphate Agral 90 

Control Dry Control Dry Control Dry 
Giyphosate (G) rating# matter rating# matter rating# matter 

1 (kg/ha) 8 24 (g/m2) 8 24 (g/m2) 8 24 (g/m2) 

0.00 0.0 0.0 87 0.0 0.0 89 0.0 0.0 82 

0.21 0.3 0.0 67 2.7 3.0 44 1.3 0.8 69 

0.42 1.3 1.0 44 4.3 7.3 9 2.8 3.5 41 

0.63 2.8 4.8 21 5.8 9.0 0 5.0 8.1 13 

Mean* 
Dry 

matter 
(g/m2) 

86 a 

60 b 

32 c 

11 d 

S.E. = 6.1 

Mean* 55 a 36 b 51 a 

S.E. = 3.6 

# Control rating 8 and 24 days after spraying, where 9 =complete control, 0 =no control. 

* Means in the same row or column followed by the same letter are not significantly different 
at the 5% level according to Duncan's Multiple Range Test. 

c.n 
f.O 



5. DISCUSSION 

Sol SURFACTANT EFFECTS ON CROP TOLERANCE 

In all greenhouse and field experiments there was no significant 

difference in shoot dry matter or yield when a herbicide was sprayed 

together with a nonionic surfactant in a tank-mix as compared to the 

same herbicide sprayed without any additional surfactant, except in 

Experiment 6 where Wex included in the niclofen (TOK E-25) spray 

significantly reduced the rapeseed shoot dry matter as compared to the . 
niclofen sprayed without any additional surfactant. A notable increase 

in phytotoxic effect occurred two days after spraying in Experiment 1 

(greenhouse), when T-riton XA was included in the niclofen (TOK/RM) spray 

as compared to the niclofen without any additional surfactant. This did 

not occur in Experiment 12 (field) with the same crop, herbicide and 

surfactant. This may be due to ·the fact that the rapeseed plants in the 

greenhouse were more tender than the plants in the field. 

In Experiment 3, significant increase in wheat shoot dry matter 

due to bromoxynil and barban treatments as compared to the untreated 

check which cannot be accounted for. In the same experiment the 2,4-D 

amine treatments significantly decreased the shoot dry matter as 

compared to the untreated control. This may be due to the fact that 

the wheat plants were just at the 4-leaf stage and the herbicide caused 

some injury to the developing spike. 

60 



61 

In Experiment 6 there was a significant increase in rapeseed 

shoot dry matter in the irrigated treatments as compared to the water

stressed, but the interactions between the water regime and the other 

factors (either herbicides or surfactant or both) were not significant. 

This indicates that the effect of additional surfactant in tank-mix is 

the same whether the plants are under water stress or not at the time 

of spraying. Similar results were obtained in Experiment 7 with flax. 

The results of Experiment 14 show no significant difference in 

wheat yield due to the inclusion of Wex or Renex 36 either in the single 

or the double rates of bromoxynil and 2,4-D amine, as compared to the 

herbicides sprayed without any additional surfactant in the tank-mix. 

These results indicate that the nonionic surfactants, Wex and Renex 36 

have no deleterious effect on wheat tolerance in situations where there 

is an overlapping of herbicide spray. 

Formulations of herbicides are usually evaluated for their 

maximum effects on weeds and minimum effects on crop plants (20). The 

reason that the tested nonionic surfactants did not affect the crop 

tolerance may be due to the fact that all the herbicides used in the 

test except for niclofen (TOK E-25) contained surfactants in their 

formulation in such quantities that the additional surfactant used in 

the tank-mixes did not bring about any change in the physical or chemical 

properties of the spray solution that could affect the tolerance of the 

crop. The only instance where Wex significantly decreased the rapeseed 

shoot dry matter was when it was included with niclofen (TOK E-25) spray 

and may be due to the fact that the TOK E-25 formulation of niclofen 

contains no surfactant. As a result, Wex either increased the retention 



or penetration or both of the herbicide, which resulted in injury to 

the plants. 
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In May 1977, the precipitation and temperature were higher than 

the long-term average and this ensured good soil moisture and climatic 

conditions for the rapid growth of crops at the time the herbicide 

treatments were applied. In May and June 1978 the precipitation was 

lower than the long-term average and the soil moisture was not favour

able for rapid growth of crops. Despite this difference in the two 

years there was no instance where the addition of nonionic surfactants 

in tank-mix with herbicide caused an unacceptable level of damage to 

crops in the field. This fact tends to be in accordance with the 

results of Experiments 6 and 7 (greenhouse), where it was found that 

nonionic surfactants in tank-mixes behave similarly under irrigated 

and water stress conditions. 

It has been reported (9, 20) that selective phytotoxicity is 

partly a function of differential spray retention by leaves of different 

species. The assumption that additional surfactants in tank-mix with a 

herbicide would increase the amount of herbicide retained on crop leaves 

and thereby cause damage to the crop was not justified by the results 

of this study. However, there may be cases where a crop has only a 

limited tolerance to a given herbicide and any additional surfactant in 

the tank-mix may offset the selectivity by increasing the retention or 

penetration or both, resulting in injury to the crop. 

The results indicate that if the addition of the tested sur

factants increase weed control when added in tank-mixes to the tested 

herbicides, they can be used safely without fear of injury to the crop. 
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Since an individual surfactant may behave differently with different 

herbicides (20), it is not possible to generalize the results obtained. 

The results of this study only show that certain nonionic surfactants 

did not affect crop tolerance when used in tank-mix with certain 

herbicides. Systematic evaluation of a large number of surfactants on 

crop tolerance and weed control of various herbicides is needed and only 

when a given herbicide/surfactant tank-mix meets the two requirements 

of (1) better weed control and (2) high crop tolerance, as compared to 

the herbicide sprayed without additional surfactant, should a surfactant 

be used in tank-mix. 

5.2 EFFECT OF SURFACTANTS ON GLYPHOSATE ACTIVITY 

The results of Experiment 15 show that Triton XA reduces the 

efficacy of glyphosate for wheat plant control, and consequently should 

not be used in tank-mix with glyphosate. This is similar to the finding 

of Gallagher (16) who reported that Triton Ag 98 was antagonistic to 

glyphosate activity. Though Agral 90 has been shown to enhance the 

activity of glyphosate (13, 28), no such enhancement was obtained in 

Experiment 18 when the surfactant was added in tank-mix with glyphosate 

using hard water as the carrier. This indicates that the deactivation 

of glyphosate in hard water is not due to poor retention or wetting of 

the herbicide. 



5~3 ENHANCEMENT OF GLYPHOSATE ACTIVITY WITH 
AMMONIUM SULPHATE 
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The results of Experiments 8, 9, 15, 16 and 18 clearly show that 

ammonium sulphate enhances the activity of glyphosate for the control of 

wheat plants. Ammonium sulphate by itself did not have a significant 

effect on plant growth as compared to untreated check. The results of 

the different experiments indicate that the capacity of glyphosate to 

control wheat plants varies according to the water quality and the 

climatic conditions prevailing after the spraying operation. When water 

from the Saskatoon city supply, which is of low hardiness (Ca++ 15 ppm, 

Mg++ 10 ppm) was used the following results were obtained. In Experiment 

15, when there was no rainfall for 24 hours after spraying the low rates 

of glyphosate at 0.14 and 0.28 kg/ha controlled 81% and 95% of vegeta

tion, respectively (as shown by the shoot dry matter yields). The 

addition of 2.8 kg/ha of ammonium sulphate in the spray solution 

increased the vegetation control to 95% and 100%, respectively. In 

Experiment 16, when there was 27 mm of rainfall 2 hours after spraying 

glyphosate at the rates of 0.18, 0.21 and 0.25 kg/ha controlled 13%, 

28% and 44% of the wheat vegetation, respectively. The inclusion of 

ammonium sulphate at 2.8 kg/ha increased the control figures to 52%, 

60% and 72%, respectively. In Experiment 17, when there was no rainfall 

for at least one week after spraying, glyphosate at 0.21 kg/ha controlled 

100% of the wheat vegetation. The effect of adjuvants in this experi

ment was only apparent one week after spraying where the treatments 

containing adjuvants (Wex, Agral 90, ammonium sulphate, Wex + ammonium 

sulphate, Agral 90 + ammonium sulphate) showed better control than the 
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glyphosate treatment alone (Table 4.18). After two weeks there was no 

difference in control between the glyphosate treatment without adjuvants 

and the treatments that included adjuvants. 

So4 EFFECT OF AMMONIUM SULPHATE ON GLYPHOSATE 
ACTIVITY IN HARD WATER 

The results of Experiments 8, 16 and 18 indicate that the 

activity of glyphosate is greatly influenced by the quality of water 

used as carrier. In Experiment 8 (greenhouse), glyphosate was signifi

cantly more effective when sprayed in distilled water of water from the 

Saskatoon city supply (Ca++ 10 ppm, Mg++ 10 ppm). These results are in 

agreement with the finding of Groft and Haman (17). In Experiment 16 

the activity of glyphosate at 0.21 and 0.25 kg/ha was significantly 

decreased in well water (Ca++ 245 ppm, Mg++ 320 ppm) as compared to 

when either distilled water or city water (Ca++ 15 ppm, Mg++ 10 ppm) was 

used as carrier. The addition of ammonium sulphate at 2.8 kg/ha restored 

the activity of glyphosate in well water to the same level as in city or 

distilled water when the same amount of ammonium sulphate was used in 

either case. 

In Experiment 18 glyphosate at 0.21, 0.42 and 0.63 kg/ha applied 

in well water controlled only 23%, 49% and 76% of the wheat vegetation 

whereas the inclusion of 2.8 kg/ha of ammonium sulphate in the spray 

solution of each of the rates increased control to 49%, 90% and 100%, 

respectively. These results .indicate that glyphosate is deactivated in 

hard water even at the relatively high rate of 0.63 kg/ha. The failure 

of 0.21 kg/ha of glyphosate to control wheat plants even with the 
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addition of ammonium sulphate may be due to the fact that the wheat 

plants were treated in the flag leaf stage and because very dry condi

tions prevailed after spraying which reduced the rate of translocation 

of the herbicide to areas of active growth~ 

5oS MODE OF ACTION OF AMMONIUM SULPHATE IN THE 
ENHANCEMENT OF GLYPHOSATE ACTIVITY 

In Expeximent 9 the simultaneous application of ammonium 

sulphate and glyphosate gave significantly better control of wheat 

vegetation as compared to sequential application of the two compounds 

but the sequential applications were significantly better than the 

glyphosate alone. This suggests that there is some activation within 

the plant itself. This result is in agreement with the findings of 

Suwunnamek and Parker (31) who reported similar results on nutsedge. 

The reason for glyphosate inactivation in hard water is not 

quite clear. The results of Experiment 18 indicate that the failure of 

glyphosate to control wheat plants is not due to the degree of leaf 

wetting, or spreading of the glyphosate on the leaf surface, because 

Agral 90 failed to increase the effectiveness of glyphosate signifi

cantly. It is probable that the high levels of divalent cations in the 

hard water react with the phosphono group of the glyphosate molecule in 

a manner that reduces its herbicidal capacity, and the ammonium ions in 

the ammonium sulphate displace the divalent cations, resulting in a 

molecular arrangement that restores or possibly enhances the activity 

of the glyphosate. The fact that glyphosate activity is enhanced even 
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in distilled water, where there is no divalent cation suggests that the 

ammonium ion reacts with the glyphosate resulting in an association 

that has greater herbicidal property than the glyphosate by itself. 

This association may either penetrate into or translocate within the 

plant, o~ both, more efficiently than the glyphosate molecule, thus 

accounting for the greater activityo 

5o6 PRACTICAL IMPLICATIONS OF THE PRESENT STUDY 

5.6.1 Use of surfactants 

According to the results reported in this study, the addition 

of nonionic surfactants such as Triton XA, Wex and Renex 36 in tank-mix 

with registered herbicides did·not affect the tolerance of crops such as 

wheat, barley, flax and rapeseed when they are used in tank-mix with 

registered herbicides for the given crops. If research shows that the 

inclusion of these surfactants can result in better weed control, then 

they can be used without fear of injury to the crop. As a given 

surfactant may act differently with different herbicides, this conclusion 

only applies to the herbicides and surfactants that have been used in 

this study. Each herbicide-surfactant combination, intended for a 

postemergence spray in a given crop, should be evaluated individually. 

Additional surfactants should not be used in a tank-mix unless a given 

herbicide-surfactant tank-mix results in better weed control and high 

crop tolerance than the herbicide sprayed without additional surfactant. 

In the case of a non-selective herbicide such as glyphosate, 

indiscriminate use of a surfactant can result in reduction of herbicidal 



activity. Consequently, only those surfactants that enhance the 

herbicide's activity such as Agral 90 should be used. If the carrier 

used is hard water, Agral 90 may not be effective in enhancing 

glyphosate's activity. 

5.,6 .. 2 Use of ammonium sulphate to activate glyphosate 

for volunteer wheat control 
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Due to variation of glyphosate activity under different climatic 

conditions, it is difficult to predict a minimum level of glyphosate 

that will control volunteer wheat in a given situation. The results 

of this study show that in a situation where: 

(1) the wheat plants are in the 4-5 leaf stage, 

(2) soil moisture conditions and temperature are conducive to 

active growth, 

(3) no rain is forecast for at least six hours after the spraying, 

(4) water of low hardness is used as a carrier, 

then glyphosate at 0.14 kg/ha plus ammonium sulphate at 0.28 kg/ha can 

control about 95% of the wheat vegetation, whereas glyphosate at 0.21 

kg/ha without any adjuvant can control 100% of the wheat vegetation. 

This means that a rate of glyphosate anywhere between 0.14 and 0.21 

kg/ha plus ammonium sulphate at 2.8 kg/ha could control 100% of the 

wheat vegetation. If glyphosate at 0.18 kg/ha plus ammonium sulphate 

at 2.8 kg/ha can be assumed to give complete wheat vegetation control, 

then the economic implications are as shown below: 



Treatments 

Glyphosate @ 0.14 kg/ha + ammonium sulphate @ 2.8 kg/ha 

Glyphosate @ 0.18 kg/ha + ammonium sulphate @ 2.8 kg/ha 

Glyphosate @ 0.21 kg/ha 

* Based on 1978 prices: glyphosate--$63/U.S. gallon 
and ammonium sulphate--$5.60/45 kg bag 
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Cost* 
($/ha) 

7.00 

8.70 

10.00 

This means that the reduction of the glyphosate rate from 0.21 

kg/ha to 0.18 kg/ha and the addition of ammonium sulphate at 2.8 kg/ha 

would result in a saving of $1.30 per hectare. 

The results of Experiment 16 show that addition of ammonium 

sulphate at 2.8 kg/ha can increase the activity of glyphosate in hard 

water to the same level as achieved by the addition of the same amount 

of ammonium sulphate to water of low hardness, such as Saskatoon city 

water. Thus, the same economic considerations would apply in cases 

where hard water is used as the carrier. 



This study was conducted to determine the effect of spray 

adjuvants on herbicidal phytotoxicity. It consisted of two parts. 

The objective of the first part of this study was to determine whether 

the inclusion of nonionic surfactants such as Triton XA, Wex and Renex 

36 in tank-mix with registered herbicides affected the tolerance of 

the crop. The results of greenhouse and field experiments indicate 

that provided a herbicide already contains surfactants in its formula

tion, the inclusion of additional surfactant in the tank-mix did not 

affect the tolerance of crops to the herbicide. There was no difference 

in response of rapeseed and flax to additional surfactant in tank-mix 

with herbicides whether plants were irrigated or under water stress at 

the time of herbicide application. Nonionic surfactants when included 

in a tank-mix with a herbicide did not cause crop damage in wheat where 

overlapping of spray occurred. As a given surfactant can behave differ

ently with different herbicides, it is not possible to draw a general 

conclusion. The results obtained apply only to the herbicides and 

surfactants tested. 

The second part of this study dealt with the activation of 

glyphosate by ammonium sulphate. Ammonium sulphate was found to enhance 

the activity of glyphosate in a number of greenhouse and field experi

ments. Activation occurred in distilled water, Saskatoon city water 

(low hardness) and well water (high hardness). Glyphosate activity was 
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considerably reduced when well water was used as the carrier but this 

reduction could be offset by the addition of ammonium sulphate at the 

rate of 2.8 kg/ha in tank-mix with the glyphosate. When .soil and 

climatic conditions are conducive to active growth, volunteer wheat can 

be controlled with glyphosate at the rate of 0.21 kg/ha in tank-mix 

with ammonium sulphate at the rate of 2.8 kg/ha. This treatment will 

cost $8.70 at present-day prices. 
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APPENDIX A 

Soil used for greenhouse experiments 

pH 

Salinity 

Sand 

Silt 

Clay 

Available nutrients (kg/ha) 

N03-N 

p 

K 

Organic matter 

Water at field capacity 

76 

6.8 

0.4 nunhos/cm 

79.4% 

10.5% 

10.1% 

43.7 

20.2 

588.5 

1.5% 

24% 



APPENDIX B 

Water used for glyphosate experiments 

Saskatoon city Dun durn 
supply water well water 

Experiment number 8,9 16 16,18 

Per cent saturation 100.0 100.0 100.0 

pH 7.7 8.1 7.2 

Conductivity (mmhos/cm) 0.3 0.3 5.4 

Water soluble ions (ppm) 

Na+ 27.0 23.0 735 

ca++ 10.0 15.0 245 

Mg++ 10.0 10.0 320 

K+ 3.0 2.0 17.0 

c1- 40.0 8.0 107.0 

so4-- 75.0 80.0 2900.0 

Sodium absorption ratio 1.4 1.1 7.3 

Total dissolved solids 192 192 3456 
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APPENDIX C 

Climatic data for 1977 and 1978 crop seasons at Saskatoona 

Mean air temperature, °C Precipitation, mm 

Month 1977 1978 Averageb 1977 1978 Averageb 

May 13.9 12.5 10.7 145.3 34.5 36.3 

June 16.4 17.0 15.6 19.3 38.4 66.3 

July 17.8 17.9 19.6 36.1 67.1 62.2 

August 13.4 16.0 17.7 26.1 36.8 43.7 

September 10.7 11.3 44.9 34.6 

a As reported by the Saskatchewan Research Council, Saskatoon, 
Saskatchewan. 

b Average based on data from 1941-1970. 
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APPENDIX D 

Herbicides and adjuvants used in this study 

A. Herbicides 

Common name 

Niclofen 

Barb an 
Bromoxynil 
Benzoylprop methyl 
Propanil 
Dichlorfop methyl 
Glyphosate 
Linuron 
Dalapon 
2,4-D amine 
MCPA amine 

B. Surfactants 

Trade name 

Triton XA 
Wex 

Renex 36 
Agral 90 

C. Inorganic sale 

Common name 

Ammonium sulphate 

Trade name Activity% 

TOK/RM, TOK E-25 24 

Carbyne 
Torch 
Endaven 
Stampede 
Hoe grass 
Roundup 
Lorex 
Dowpon 
2,4-D amine 
MCPA amine 

Active ingredient 

12 
23 
20 
24 
19 
35.9 
50.0 
74.0 
50.0 
50.0 

Alkyaryl polyether alcohol 
Alcohol ethoxylates 
Propylene glycol 
Polyoxyethylene tridecyl ether 
Nonylphenol-ethylene oxide condensate 

Formulation % Nitrogen 

21-0-0 21 
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Formulation 

Emulsifiable 
concentrate 

" 
" 
" 
" 
" 
" 

Wettable powder 
" 

Amine salt 

" 

Activity% 

100.0 
21.6 
8.8 

100.0 
90.0 

N form 

Anunonium 



APPENDIX E 

Additional ratings other than those sho.wn in the tables were 

taken on crop tolerance in both the greenhouse and field studies. A 

summary of these ratings on a 0-9 scale, where 9 = complete tolerance 

and 0 =no tolerance, is shown here. 

Experiment 1 (see page 34) 

Triton XA (% v/v) 

Herbicides Rates 
(kg/ha 

Check 0.00 
Dalapon 1.12 
Niclofen 1.34 

Experiment 2 (see page 35) 

Herbicides 

Check 
Barb an 
Bromoxynil 

Rates 
(kg/ha) 

0.00 
0.35 
0.35 

Crop 
7* 

9.0 
9.0 
5.3 

* Number of days after spraying. 

0.0 

tolerance 
12* 

9.0 
9.0 
6.0 

0.0 

Crop 
tolerance 

7* 

9.0 
7.0 
7.0 
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1.0 

Crop tolerance 
7* 12* 

6.8 7.8 
8.8 9.0 
2.$ 5.3 

Triton XA (% v/v) 

0.5 1.0 

Crop Crop 
tolerance tolerance 

7* 7* 

9.0 8.5 
7.5 6.0 
6.0 7.5 
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Experiment 11 (see page 47) 

Triton XA (% v/v) 

0.0 0.5 1.0 

Herbicides Rates Crop Crop Crop 
(kg/ha) tolerance tolerance tolerance 

11* 11* 11* 

Check 0.00 9.0 9.0 9.0 
Barb an 0.35 7.3 6.8 7.1 
Bromoxynil 0.35 6.8 6.4 6.9 
Dalapon 1.12 8.8 8.8 9.0 

Experiment 12 (see page 49) 

Triton XA (% v/v) 

0.0 0.5 1.0 

Herbicides Rates Crop Crop Crop 
(kg/ha) tolerance tolerance tolerance 

35* 35* 35* 

Check 0.00 8.9 8.5 8.8 
Dalapon 1.12 8.5 8.8 8.8 
Benzoyl prop ethyl 1.40 8.8 8.1 8.5 
Niclofen 1.34 8.1 7.9 8.5 

Experiment 13 (see page 50) 

Surfactants 

Nil Wex Renex 36 

Herbicides Rates 
(kg/ha) 

Crop tolerance Crop tolerance Crop tolerance 

Check 0.00 
Linuron 0.28 
Propanil 0.98 
Linuron/MCPA 0. 28 + 0. 28 

21* 21* 21* 

9.0 
8.5 
9.0 
8.0 

9.0 
8.0 
9.0 
9.0 

* Number of days after spraying. 
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Experiment 14 (see page 52) 

Surfactants 

Nil Wex Renex 36 

Herbicides Rates Crop tolerance Crop tolerance Crop tolerance 
(kg/ha) 30* 30* 30* 

Check 0.00 9.0 9.0 9.0 2,4-D amine 0.56 8.8 7.5 7.5 2,4-D amine 1.12 8.0 8.0 8.0 Bromoxynil 0.35 9.0 9.0 9.0 Bromoxynil 0.70 8.0 8.3 8.3 

* Number of days after spraying. 
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