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Abstract. The pot experiments concerning the response of dif-
ferent weed species to two formulations of iodosulfuron methyl 
sodium and amidosulfuron mixture applied at different air tem-
perature, relative humidity and soil moisture conditions were in-
vestigated in a controlled environment chamber. The response of 
Anthemis arvensis L., Galium aparine L. and Thlaspi arvense L. 
was examined. Two levels of each climate factors were inves-
tigated: for temperature – 24/12 and 12/6oC, for humidity – 40 
and 70%, for soil moisture – 30 and 60%. The herbicide was ap-
plied at a recommended dose of 3.75 g ha-1 iodosulfuron methyl 
sodium + 15 g ha-1 amidosulfuron and at two herbicide formula-
tions – water dispersible granules (WG) and oil dispersion (OD). 
Response of the weed species to herbicide formulation was de-
termined based on plant biomass reduction. T. arvense control 
did not depend on herbicide formulation, but it was affected by 
soil moisture, whereas G. aparine was strongly affected by rela-
tive humidity, soil moisture and herbicide formulation. Among 
the examined species, only A. arvensis response to herbicide was 
related to temperature. Efficacy of the WG formulation was more 
influenced by climate conditions, especially relative humidity and 
soil moisture. Plants of G. aparine and A. arvensis were more 
sensitive to OD than WG formulation, regardless of the climate 
factor.
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INTRODUCTION

	 Diversification in efficacy of foliar-applied herbicides 
under various climate and soil conditions may be closely 
related to environmentally-induced differences in herbi-
cide uptake, translocation and metabolism in plants. In 
addition, the relationship between the final effect of indi-

vidual herbicide and environment conditions also depends 
on its mechanism of action and on the controlled weed 
species. Weather conditions around the time of spraying 
influenced degree of weed control by changing plant mor-
phology and spray solution action on the treated surface. It 
was reported previously that under conditions conducive to 
both plants growth and development as well as to herbicide 
activity, weed control could be kept at a satisfactory level, 
whereas unfavourable conditions decreased its efficacy 
(Kudsk, 2001). 
	 Iodosulfuron methyl sodium and amidosulfuron are 
sulfonylurea herbicides to control broad-leaved weeds in 
cereals. The mechanism of action of that herbicide is based 
on inhibition of the enzyme ALS (acetolactate synthase) 
which is responsible for biosynthesis of free branched-
chain amino acids: valine, leucine and isoleucine (Tan et 
al., 2006; Marczewska et al., 2007). 
	 In weed control, herbicide formulation is an important 
determinant of its active ingredient activity by building 
up its physicochemical properties. Herbicide formulation 
determines persistence of spray solution on leaf surface 
before its entrance into plant tissues. It was reported previ-
ously that liquid rather than solid herbicide formulations 
are more efficient in weed control (Jordan et al., 1997). 
Current research aims at production of herbicide formu-
lations characterized by better solution retention, droplet 
spreading on the leaves surface and uptake on the plant 
tissue which finally affects herbicide efficacy.
	 The aim of the present study was to evaluate the reaction 
of three weed species to iodosulfuron methyl sodium and to 
amidosulfuron mixture applied as water dispersible granules 
(WG) and as oil dispersion (OD), under different air tem-
perature, relative humidity and soil moisture conditions.

MATERIALS AND METHOD

Three series of pot experiments were carried out in con-
trolled environment chambers as a completely randomised 
design with three replications.
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Anthemis arvensis L., Galium aparine L. and 
Thlaspi arvense L. were sown into pots filled 
with a mixture of sand and peat (2:1 v/v). In 
the soil moisture study, brown soil originated 
from a field in the vicinity of Wrocław was 
used. Suitable water and soil volume was 
measured out for each pot and accurately 
mixed afterwards, to obtain moisture levels 
of 30 and 60%. Directly after sowing, the 
pots were placed to controlled environment 
chambers and kept under conditions de-
scribed in Table 1.
	 Plants were watered daily. In the soil 
moisture study water was added to obtain  
a total weight of pot that was determined at 
the moment of the experiment setup. Just be-
fore herbicide treatment, number of plants 
was reduced to 4 per pot. At the time of 
spraying plants of G. aparine reached the 
stage of 1–2 whorls (BBCH=11-12), whilst 
those of A. arvensis and T. arvensis had 2– 
4 leaves (BBCH=12-14). 
	 Herbicide treatment was carried out us-
ing a laboratory sprayer fitted with a beam 
equipped with TeeJet XR 11003-VS flat fan 
nozzles. The nozzles were operated at a pres-
sure of 200 kPa and a speed of 2.5 km h-1 
producing a spray volume of 250 l ha-1. The 
herbicide was applied in two formulations – 
as water dispersible granules (WG) and as 
oil dispersion (OD). Each formulation was 
used at the recommended dose – 3.75 g ha-1 
of iodosulfuron methyl sodium and 15 g ha-1 
amidosulfuron. 
	 Reaction of particular weed species to 
herbicide was determined based on fresh 
weight reduction brought about  by the herbi-
cide. Plants were harvested three weeks after 
spraying and fresh weight in each pot was de-
termined. The fresh weight values were sub-
jected to analysis of variance, mean values 
were calculated, and compared by Tukey’s 
test at a level of significance of 0.05.

RESULTS

Temperature study
	 Among the tested weed species, dif-
ferences in biomass quantity for untreated 
plants were observed, irrespective of temper-
ature level. All species produced more fresh 
weight under 24/12oC compared to 12/6oC, 
but the smallest differences were noted for  
A. arvensis (Table 2).

Table 1. Climate conditions for the study of individual parameters. 

Type of study Temperature Relative 
humidity

Light  
intensity

Photope-
riod

Air temperature 
study

24oC day/12oC night
70%

400 
µmol.m-2s-1 14/10 h

12oC day/6oC night
Relative humi-
dity study 20oC day/10oC night

40%
70%

Soil moisture 
study 20oC day/10oC night 70%

Table 2. Fresh weight of weeds in relation to herbicide formulation and air tem-
perature.

Herbicide 
formulation

Fresh weight (g)
Anthemis arvensis Galium aparine Thlaspi arvense
24/12oC 12/6oC 24/12oC 12/6oC 24/12oC 12/6oC

Check 5.75 4.65 8.79 5.32 4.52 2.80
WG 0.27 0.64 0.77 0.75 0.56 0.40
OD 0.14 0.72 0.38 0.41 0.21 0.25
LSD (0.05) 0.359 0.358 n.s.

n.s. – non significant differences

Table 3. Fresh weight of weeds in relation to herbicide formulation and relative 
humidity.

Herbicide 
formulation

Fresh weight (g)
Anthemis arvensis Galium aparine  Thlaspi arvense

40% 70% 40% 70% 40% 70%
Check 2.94 4.48 5.38 4.08 2.94 4.42
WG 0.40 0.55 1.64 0.74 0.40 0.19
OD 0.27 0.21 0.50 0.37 0.27 0.10
LSD (0.05) 0.346 0.454 n.s.

n.s. – non significant differences

	 All weed species were susceptible to the herbicide, regardless of for-
mulation and temperature level. Plants of A. arvensis were considerably 
more susceptible to the herbicide, when they grew at 24/12oC in com-
parison to 12/6oC, regardless of herbicide formulation. In contrast, fresh 
weight reduction of G. aparine was not related to temperature, but was 
markedly related to herbicide formulation. Under warmer conditions, oil 
dispersion reduced weed biomass with considerably higher effect than 
did water dispersible granules. Response of T. arvense to herbicide was 
not affected by air temperature or formulation (Table 2).

Relative humidity study
	 The influence of relative humidity on fresh weight of weeds was sim-
ilar for A. arvensis and T. arvense. Both species produced more biomass, 
when they were kept under high relative humidity as compared with low 
humidity conditions. Similar effect was not observed for G. aparine (Ta-
ble 3).
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Table 4. Fresh weight of weeds in relation to herbicide formulation and soil 
moisture.

Herbicide 
formulation

Fresh weight (g)
Anthemis arvensis Galium aparine Thlaspi arvense

30% 60% 30% 60% 30% 60%
Check 3.27 4.54 3.88 5.69 2.54 3.86
WG 0.99 0.55 1.40 1.01 0.42 0.37
OD 0.47 0.29 0.80 0.65 0.30 0.14
LSD (0.05) 0.287 0.383 0.216

	 Biomass of the weed species was significantly limited using iodosul-
furon methyl sodium and amidosulfuron mixture under the two relative 
humidity regimes. The weed species gave different reactions to herbi-
cide, depending on herbicide formulation and investigated climate pa-
rameter. The susceptibility of A. arvensis and T. arvense to the examined 
herbicide was affected neither by relative humidity nor by herbicide for-
mulation. The fresh weight of G. aparine was considerably better limited 
by OD than WG formulation, at 40% relative humidity. The efficacy of 
WG formulation was considerably dependent on relative humidity, re-
sulting in higher weed control at 70% (Table 3).

Soil moisture study
	 Similarly to the relative humidity study, fresh weight of A. arvensis 
and T. arvense reached comparable levels and was higher for G. aparine. 
Growth of all species was greater when wetter soil was kept under plants, 
but the difference in biomass productivity was the most visible for G. 
aparine (Table 4).
	 The weed species under study responded differently to the iodosulfu-
ron methyl sodium and amidosulfuron mixture, depending on soil mois-
ture. A. arvensis was the most sensitive to the examined herbicide and 
its control depended on herbicide formulation as well as on soil mois-
ture level. When plants grew in dry soil, they were more sensitive to 
herbicide oil dispersion, but in the wet soil responded similarly to both 
herbicide formulations. Taking into consideration herbicide formula-
tion, the activity of water dispersible granules against A. arvensis and  
G. aparine was more related to water status than to oil dispersion, provid-
ing significantly greater efficacy under high compared to low soil moisture  
(Table 4).

	 Biomass reduction of G. aparine was considerably affected by herbi-
cide formulation and soil moisture. The weed was better controlled when 
both formulations were used at 60% of soil moisture. Soil moisture con-
siderably influenced susceptibility of G. aparine to the herbicide, when 
plants were sprayed with the WG formulation, resulting in weaker fresh 
weight reduction under water deficit conditions. The reaction of T. ar-
vense did not depend on herbicide formulation, but it was influenced by 
soil moisture conditions. Plants on the wet soil were more susceptible 
to the herbicide when it was used as oil formulation compared to water 
dispersible granules (Table 4). 

DISCUSSION

Herbicide performance is not only derived 
from the chemical and physical properties of 
its active ingredient, but it is determined by 
the sum of numerous biotic and abiotic fac-
tors as well as by cultivation technology. The 
efficacy of a herbicide greatly depends on the 
rate at which its active ingredient gets into 
the plant’s tissue, therefore conditions that 
are responsible for herbicide retention and 
penetration play an important role in its fi-
nal effect. Weather conditions around the 
time of spraying can modify herbicide action 
on leaf surface by prolongation or reduction 
of droplet drying period i.e. spray solution 
evaporates faster under low than high humid-
ity regime (Coetzer et al., 2001; Petersen and 
Hurle, 2001). It has been reported previously 
that high air temperature and relative humid-
ity as well as higher soil moisture favour ab-
sorption and translocation of herbicides and 
thereby enhance its efficacy (Olson et al., 
1999; Riethmuller-Haage et al., 2007). These 
findings partly correspond to results obtained 
in this study, better effect of iodosulfuron 
methyl sodium and amidosulfuron mixture 
being found when it was applied at high air 
temperature and humidity as well as high soil 
moisture conditions.

Many papers report air temperature as one 
of the dominant climate parameters affecting 
herbicide activity (Kudsk and Kristensen, 
1992; Fausey and Renner, 2001). Present in-
vestigation shows that only one weed species 
– A. arvensis was considerably more sensi-
tive to herbicide under higher temperature, 
whereas the two other species did not differ 
in their reaction to herbicide applied under 
various temperature conditions. These results 
are partly in agreement with those described 
in the previous paper concerning the effi-
cacy of another sulfonylurea herbicide – the 
mixture of iodosulfuron methyl sodium with 
mesosulfuron methyl. It was reported that 
Apera spica-venti L. showed similar sensitiv-
ity to herbicide at both cold and warm con-
ditions whereas Alopecurus myosuroides L.  
was less sensitive at lower temperatures 
(Kieloch and Domaradzki, 2009). Variable 
response of weeds to the examined herbicide 
was also observed for other climate param-
eters such as relative humidity and soil mois-
ture. Among the tested weed species, reaction 
of T. arvense was the least related to climate 
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conditions, probably due to its inherent susceptibility to 
herbicides. From a practical point of view, T. arvense is 
very easy to control using majority of herbicides, there-
fore it can be satisfactorily controlled even under adverse 
conditions. In contrast, G. aparine is the least sensitive to 
iodosulfuron methyl sodium and amidosulfuron mixture 
and therefore its response is strongly subjected to climate 
conditions. Variation in the response of weed species to 
herbicides applied under different environmental condi-
tions has also been reported by others (Petersen and Hurle, 
2001; Johnson and Young, 2002). That variation in reac-
tion of particular weed species to herbicide is related to 
specific interaction between weed species/herbicide and 
herbicide/climate factor. Generally, the influence of cli-
mate conditions on the efficacy of a specific herbicide is 
more pronounced when a weed species is less susceptible 
to its active ingredient.
	 According to the pattern described above and results 
obtained from this research, there is a similar relationship 
between the susceptibility of G. aparine and herbicide for-
mulation. A visible impact of herbicide formulation, mani-
festing itself in a greater plant susceptibility to oil disper-
sion in comparison to water dispersible granules, was even 
stronger than the influence of water status parameters.
	 The OD is a new formulation that combines the advan-
tages of solid and liquid formulations. This formulation 
improves retention of spray solution and its spreading on 
the surface of the leaves. It keeps the leaf surface moist 
longer than do water dispersible granules, lengthening the 
period of the herbicide penetration, thus increasing the 
amount of the active ingredient that will enter the plant. 
Therefore its action is less dependent on air and soil water 
status. The use of OD formulation is especially advanta-
geous under critical weather conditions or in the case of  
a relatively late application, when weeds are older and 
therefore less sensitive to herbicide. Water dispersible 
granules tend to be more affected by climate conditions, 
especially those that are water status-related, like air hu-
midity and soil moisture (Kieloch and Domaradzki, 2009). 
The efficacy of oil dispersion herbicide has also been re-
ported for the mixture mesosulfuron methyl sodium + 
iodosulfuron methyl sodium, giving better OD than WG 
formulation effect (Kerlen and Brink, 2006). For a change, 
according to results of other researchers for other sulfo-
nylurea herbicides (Miklaszewska, 2006; Paradowski and 
Jakubiak, 2006), both formulations proved similar efficacy.
	 Results of this research indicate that the knowledge 
concerning the reaction of individual weed species to her-
bicides applied under specific environmental conditions is 
very useful from a practical point of view. Such informa-
tion enables to choose an optimal date of herbicide treat-
ment, in regard to weather conditions, that ensures satisfac-
tory control of the least susceptible weeds. Similarly, it is 

more evident that the efficacy of a herbicide formulation 
should not be significantly dependent on weather condi-
tions, especially if we intend to control a poorly sensitive 
weed species.

CONCLUSIONS

	 1.	 Control of T. arvense was not dependent on her-
bicide formulation, but it was affected by soil moisture, 
whereas G. aparine was strongly affected by relative hu-
midity, soil moisture and herbicide formulation. Among 
the examined species, only A. arvensis showed a response 
to the herbicide that was related to temperature.
	 2.	 Efficacy of WG formulation of iodosulfuron methyl 
sodium and amidosulfuron mixture was more influenced 
by climate conditions, especially relative humidity and soil 
moisture. Plants of G. aparine and A. arvensis were more 
sensitive to OD than WG formulation, regardless of cli-
mate factor.
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