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The efficacy of new adjuvants was examined in a series of pot trials. The experiments were conducted 
outdoors and included different combinations of herbicides and weed species. Glyphosate (Glyfonova 
Plus) and MCPA (Metaxon) were tested on Centaurea cyanus (CENCY), metsulfuron (Ally SX) on Viola 
arvensis (VIOAR), pyroxsulam+ florasulam (Broadway) and fenoxaprop-P (Primera Super) on Alope-
curus myosuroides (ALOMY) and sulfosufuron (Monitor) on Bromus sterilis (BROST). A list of the 
tested adjuvants is shown in Table 1. 

The spray solutions were prepared as recommended on the adjuvant labels, specifically for the pH ad-
justers by preparing the water and adjuvant solution before adding the herbicide. All spray solutions 
were prepared in tap water with a hardness of 18 and a pH of 7.8. The herbicides were applied at 4 to 5 
doses in a spray volume of 150 L/ha.  Fresh and dry weights were recorded 3 to 4 weeks after application. 
A dose response model was fitted to data and ED90 values were estimated (Table 2). 

Results and discussion
NovaBalance and Ph Fix 5 are pH adjusters that reduce the pH of the spray solution. With glyphosate 
the pH decreased from 5.1 without adjuvant to 4.4 in mixture with NovaBalance and 4.5 in mixture with 
Ph Fix 5. Similarly, the pH of the MCPA solution decreased from 6.8 to 4.4 in mixture with NovaBalance 
and 5 in mixture with Ph Fix 5. In general, differences in the pH values of mixtures with NovaBalance 
and Ph Fix 5 were small and in most cases their effects on herbicide performances were similar. Nova-
Balance and Ph Fix 5 significantly improved the activity of glyphosate by a factor from 1.6 to 1.8 and of 
MCPA by a factor from 1.6 to 2.3 (Table 2). They had no significant effect on the activity of metsulfuron 
and fenoxaprop-P and in mixture with sulfosulfuron the activity was 6 to 8 times lower with NovaBal- 
ance and Ph Fix 5 compared to the recommended non-ionic surfactant.  Interestingly, the activity of 
pyroxsulam + florasulam was 14 times lower in mixture with NovaBalance compared to PG 26N, while 
Ph Fix 5 provided an effect similar to PG 26N. 

Table 1. Adjuvants included in the experiments 
Trade name Adjuvant type Dose Recommended use
Contact Non-ionic surfactant 0.2% ALS inhibitors, ACCase inhibitors, diquat
Ammonium sulphate 
(AMS) + Contact

Non-ionic surfactant 2 kg/ha + 0.2% Glyphosate

Renol Vegetable oil 0.5 L/ha Phenmedipham, clodinafop 
Dash Non-ionic surfactant 0.5 L/ha Cycloxydim, tepraloxydim
PG 26N Non-ionic surfactant 0.5 L/ha Pyroxsulam+ florasulam, 

clopyralid+ picloram, 
florasulam+ aminopyralid+ pyroxsulam

Silwet Gold Super surfactant 0.15 L/ha Herbicides, fungicides, insecticides
NovaBalance pH adjusting surfactant 0.2% Glyphosate, phenmedipham
pH Fix 5 pH adjusting surfactant 0.2% Herbicides, fungicides, insecticides 
Squall* Polymer 1 L/ha Herbicides, fungicides, insecticides
Fieldor Max* Penetration oil 0.15% Herbicides, fungicides, insecticides 
*not marketed in Denmark
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The pH of the spray solution affects several processes. It can change the chemical composition and sta-
bility of the active ingredient and affect the solubility and degradation of the active ingredient. For ex-
ample, the solubility of sulfonylurea herbicides increases at high pH, while the uptake of most herbicides 
is improved at low pH.  Furthermore, at low pH the negative effect of interaction between active ingredi-
ents and cations like Ca++ in the water is prevented. Water with a hardness of 18 contains approximately 
3.3 mmol Ca++ per L. With a spray volume of 150 L/ha the content of calcium can theoretically inactivate 
84 g glyphosate and as the maximum dose of glyphosate in the experiment was 360 g/ha this amounts 
to 23% reduction in available glyphosate. Actually the ED90 doses of glyphosate with NovaBalance and 
pH Fix 5 reflected an even higher improvement of activity.

Squall is a polymer which is marketed in the Netherlands. It is claimed to improve the efficacy of all pes-
ticides. Squall increases the deposition on plants, narrows the drop size distribution to efficiently reduce 
the drift and improves rainfastness. Squall did not improve the efficacy of any herbicide-weed combina-
tion in our experiments (Table 2). In contrast, results from the Netherlands report that Squall improved 
herbicide performance in 8 of 15 combinations of herbicides and weeds in pot experiments. Improved 
efficacy was specifically observed with rimsulfuron (Titus), mesosulfuron + iodosulfuron (Atlantis OD) 
and mesotrion + terbuthylazin (Calaris) in the Dutch experiments, whereas no significant effects were 
found in mixture with glyphosate in field trials.

Fieldor Max is a penetration oil imported from France. It is claimed to increase the uptake and translo-
cation of the active ingredient in plants.  No significant effects on the herbicide activity of Fieldor Max 
were observed for any of the tested herbicide/weed combinations (Table 2). Fieldor Max has, however, 
been tested in mixture with iodosulfuron + mesosulfuron (Cossack) in the National Field Trials (Lands-
forsøgene) in which the performance was equal to Renol. 
 

Table 2. Efficacy of different herbicides in mixture with adjuvants. Figures show ED90 in L/ha or g/
ha. ED90 is the dose required to obtain 90% reduction in weed biomass. Not applied treatments are 
marked n.a. Significant responses in comparison to the recommended adjuvant are illustrated by bold 
(improved efficacy) or red (reduced efficacy) font.

No or 
recommend-
ed adjuvant 

AMS + 
Contact 

Nova- 
Balance

Ph Fix 5 Squall Silwet 
Gold

Dash Fieldor 
Max

Renol

Glyphosate/CENCY 0.160 0.013 0.085 0.099 0.147 0.010 0.057 0.132 0.038
MCPA/CENCY 0.100 0.048 0.043 0.061 0.101 0.393 0.411 0.093 0.053
Metsulfuron/VIOAR 2.424 n.a. 2.213 1.173 1.617 0.228 0.513 1.560 0.564
Pyroxsulam +
florasulam/ALOMY

1.01
(PG 26N)

n.a. 14.39 1.45 10.12 3.78 0.58 5.16 4.23

Fenoxaprop-P/ALOMY 0.280 n.a. 0.447 0.278 0.296 0.285 0.438 0.390 0.366
Sulfosulfuron/
BROST

2.50 n.a. 19.93 15.31 n.a. n.a. n.a. n.a. n.a.

Efficacy of glyphosate in mixture with adjuvants. Back row: 0.123 L/ha, front row: 0.25 L/ha.
From left to right: Control, no adjuvant, AMS + Contact, NovaBalance, Ph Fix 5, Squall, Silwet Gold, 
Dash, Fieldor Max and Renol.  
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Silwet Gold is a super wetter that decreases the surface tension of the spray solution considerably more 
than common surfactants. This effect is easily detectable as the leaves are fully covered by the spray 
liquid and look as if they have been painted. The high surface coverage is expected to promote herbicide 
uptake. Silwet Gold is marketed in Denmark as an adjuvant for all pesticides. Our results show positive 
effects in mixture with glyphosate, MCPA and metsulfuron. Silwet Gold did not affect the activity of 
fenoxaprop-P and it gave lower effects in mixture with pyroxsulam+ florasulam than the recommended 
adjuvant (PG 26N) (Table 2). Silwet Gold was not tested with sulfosulfuron.

Overall the results show that it is difficult to select the optimum adjuvant. Several adjuvants improved 
the efficacy of glyphosate (AMS + Contact, NovaBalance, Ph Fix 5, Silwet Gold, Dash and Renol), where-
as for pyroxsulam+florasulam, fenoxaprop-P and sulfosulfuron no adjuvant was superior to the recom-
mended ones.  Herbicide efficacy is influenced by several factors including climatic conditions, spraying 
technique and weed species. Adjuvants affect specifically the drop distribution, deposition and uptake 
in the weeds and their effects interact with the application conditions. Previous reports have concluded 
that adjuvants often have no or low influence on herbicide activity under optimum conditions, while 
they can overcome unfavourable application conditions. Ideally, the effect of adjuvants should be tested 
under contrasting conditions to fully explore their potential. 

This work was carried out as commercial sector-funded activities.

Growth stage of Centaurea cyanus at spraying.




