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ABSTRACT
Environmental risks resulting from the increasing application of chemical herbicides have raised
many concerns about human health and the safety of agro ecosystems and environment. Hence, it
is very important to find practical and effective methods for reducing the use of pesticides in
environment as well as the increasing the efficiency of these compounds. Addition of adjuvants to
spray solutions could be considered as one of these methods. Greenhouse studies were
conducted using a complete randomized design with a factorial arrangement during 2015-2016
to evaluate the impact of different adjuvants (citogate, canola oil, and castor oil) at concentrations
of 0.1 and 0.2 (%v/v) with 5, 10, 20, 30 and 40 g a.i. ha-1 of tribenuron methyl herbicide to control
common lambsquarters. Results showed that all applied adjuvants enhanced the efficacy of
tribenuron methyl in decreasing the biomass of common lambsquarters. Efficacy of this herbicide
increased with enhancing its concentrations. The required dose of herbicide to give 50 per cent
common lambsquarters control (ED50) for no adjuvant, citogate, castor oil, and canola oil
application (0.2 (%v/v)) was 21.24, 11.48, 11.65, and 11.81 g a.i. ha-1, respectively. Totally the
application of citogate and canola oil had the highest and the lowest impact on tribenuron methyl
performance to control of common lambsquarters respectively. Also, the Relative Potency values
were significantly increased when adjuvants were added to this herbicide. The results revealed
that the use of citogate and vegetable oils can increase the efficiency tribenuron methyl, and
reduce the application rate of this herbicide in agro ecosystems.
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Introduction
Herbicides is one of the most important methods for weed management in agricultural
production systems (Powles and Yu, 2010; Widayat et al., 2019). Tribenuron methyl is belongs to
sulfonylureas herbicides, known as a selective post emergence herbicide rapidly absorbed and
translocated through the plants and inhibit the biosynthesis of the essential amino acids
including valine, leucine, and isoleucine (Lian et al., 2019). This classes of herbicides are one of
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the most important and effective herbicides for weed management in many countries (Kraehmer
et al., 2014). High selective pressure imposed by sulfonylureas herbicides might lead to the
induction of resistance in different weeds (Khammassi et al., 2018). However the environmental
issues and negative effects of these herbicides on non-target plants could be considered
(Mehdizadeh, 2016; Mehdizadeh et al., 2016; Mehdizadeh and Gholami-Abadan, 2018).
Therefore, finding the effective methods such as non-chemical weed management strategies
(Asad et al., 2019), the use of bioherbicides (Singh and Pandey, 2019), as well as the application of
different surfactants to reduce the negative effects of these chemical compounds should be
considered. The use of adjuvants and specially vegetable oils adjuvants is a practical method to
enhance the efficiency of a mixture of metsulfuron methyl and sulfosulfuron herbicide to control
little seed canary grass (Mehdizadeh and Izadi Darbandi, 2015). The proper application of
adjuvants to herbicides tank mixture can improve the biological activity of herbicide molecules,
the efficiency of the spray solution, the economic aspects of herbicide application, and also
decrease the application rates of herbicides (Sharma and Singh, 2000; Underwood, 2000).
However, there are many different types of adjuvants and based on some factors including
herbicide classes, plant species, and environmental conditions, the response to the presence of
adjuvants in spray solution could be evaluated. Reduction of surface tension of spray solution, the
bioavailability of the herbicide molecules and improve the distribution pattern and contact angle
of herbicides, as well as the increase of droplets spread on plant surface and enhance the foliar
activity of post-emergence herbicides could be achieved by addition of adjuvants to herbicides
solution (Rashed-Mohassel et al., 2009; Calore et al., 2015; Kočárek et al., 2018; Niedobová et al.,
2019). However the adjuvant efficiency depends on the herbicide, adjuvant and target plant
relationships (Bunting et al., 2004). (Marcinkowska et al., 2018) found that the addition of bioionic liquids as adjuvants to the spray solution significantly reduced the surface tension and
contact angle of spray droplets and increased the area of sulfonylurea herbicide deposit on the
leaf surface. (Rizwan et al., 2018) reported an increased efficacy of isoproturon+tribenuron for
control of little seed canary grass and field bindweed by addition of minerals and vegetable oil
adjuvants. One of the most frequent dicotyledonous weeds with the great economic importance
is common lambsquarters (Chenopodium album L.) (Keller et al., 2014). Therefore, this study was
conducted to evaluate the ability of three different adjuvants on increasing the performance of
tribenuron methyl against this weed.
Materials and methods
The seeds of common lambsquarters (Chenopodium album L.) were collected from plants in the
fields and preserved at 4 °C. To increase seed germination, the seeds were placed in petri dishes
on a single layer of Whatman filter paper No. 1 containing 100 mg/L-1 of ethylene for breaking
dormancy (Saini et al., 1986). After germination, ten healthy seedlings were selected and planted
at proper depth in 1.5 L plastic pots (12 cm diameter) that were filled with an equal mixture of
sand, clay loam soil and vermiculate. The pots were placed in a greenhouse with a light/dark
period of 16/8 hours at 25/15 °C. A lamp was used to supply additional light and extend the day
length. The plants were irrigated every two days and thinned to five plants per pot at two-leaf
stage.
Experiment was laid out in complete randomized design with a factorial arrangement of
treatments and three replications during 2015-2016. Factor A was different tribenuron methyl
concentrations including 5, 10, 20, 30 and 40 g a.i ha-1 applied to common lambsquarters control.
Factor B was included castor oil (Ricinus communis L.), canola oil (Brassica napus L.) and
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emulsifiable oil citogate (a non-ionic surfactant, 100% alkyl aryl polyglycol ether) at 0.1 and 0.2%
(v/v). Herbicide was sprayed at 3-4 leaf stages by using a sprayer equipped with a Flat-fan nozzle,
delivering 300 L/ha-1 spray solution at 250 kPa. Thirty days after spraying, the number of
survived plants per pot and dry biomass (dried at 70 °C for 48 hours) was recorded. The
response of dry biomass (U) to herbicides dose (z) was assumed by a log-logistic model
(Equation 1) that was described by (Nielsen et al., 2004):
(Eq. 1)
Where Uij denotes the fresh or dry biomass at the j th dose of the i th herbicide preparation; D
and C denote the upper and lower limit of the fresh or dry biomass at zero and at infinite doses;
ED50i denotes the required dose of herbicide, i, to give 50% common lambsquarters control; and
bi is proportional to the slope of the curve around the ED50i. The logistic response-dose model
was fitted to the experimental data. Theoretically, whether the response curves are parallel or
not, horizontal displacement between curves described by relative potency (Equation 2):
(Eq. 2)

Where ED50f denotes the ED50 of herbicide formulation alone; and ED50f+v denotes the ED50 of
herbicide formulation along with each adjuvant. If R = 1, addition of adjuvants would not have
any effect on herbicide response. But if R was higher or lower than 1, the herbicide accompanied
by adjuvant would be more or less potent than herbicide alone, respectively. The data was
subjected to analysis of variance using the MSTAT-C software. Mean comparisons were
performed using Duncan Multiple Range Test (DMRT) at 0.05.
Results
The results showed that increasing in tribenuron methyl concentration up to 40 g a.i ha-1
enhanced its efficacy (Table 1). This herbicide controlled weed effectively at higher doses
(40 g a.i ha-1). When tribenuron methyl was combined with citogate and vegetable oils,
common lambsquarters control was considerably increased consequently. All adjuvantadded to herbicide showed superior performance in reducing the dry weight of common
lambsquarters (Table 1). Citogate was the most effective adjuvant as its addition to
tribenuron methyl at 40 g a.i ha-1 led to the highest control of common lambsquarters.
Table 1. Effects of tribenuron methyl with and without adjuvants on common lambsquarters dry
weight (g/pot-1)
Herbicide Rate
Citogate
Canola oil
Castor oil
No Adjuvants
(g a.i ha-1)
0.1
0.2
0.1
0.2
0.1
0.2
5
2.55a*
2.15a
1.80a
2.35a
2.05a
2.25a
1.95a
10
2.30b
1.50b
1.15b
1.80b
1.31b
1.72b
1.23b
20
1.90c
0.84c
0.38c
1.05c
0.60c
0.95c
0.51c
30
1.30d
0.11de
0d
0.28d
0d
0.22d
0d
e
e
d
e
d
e
40
0.6
0
0
0
0
0
0d
* Treatment means within each column followed by the same letter do not differ significantly at the
5% level
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The ED50 and ED90 values of tribenuron methyl were significantly reduced and the Relative
Potency (RP) values were significantly increased when citogate and vegetable oils were
added to this herbicide (Table 2). These results showed that the adjuvants enhanced the
efficacy of tribenuron methyl. The ED50 and ED90 measured parameters estimated by doseresponse model based on common lambsquarters dry weight for tribenuron methyl
without adjuvant were 21.24 and 79.86 g a.i ha-1, respectively (Table 2). Based on the ED50
and ED90 values given in Table 2, all three adjuvants considerably improved the efficiency of
tribenuron methyl. Based on ED50 values, the lowest effect was observed in Canola oil and
the highest was obtained from citogate.
Table 2. Measured ED50 and ED90 doses of tribenuron methyl alone and with the presence of
adjuvants in the control dry weight of common lambsquarters
Experimental Treatments

ED50 (g a.i ha-1)

ED90 (g a.i ha-1)

tribenuron methyl alone
tribenuron methyl + citogate (% 0.1)
tribenuron methyl + citogate (% 0.2)
tribenuron methyl + canola oil (% 0.1)
tribenuron methyl + canola oil (% 0.2)
tribenuron methyl + castor oil (% 0.1)
tribenuron methyl + castor oil (% 0.2)

21.24
15.25
11.48
17.17
11.81
16.50
11.65

79.86
22.90
23.79
35.10
26.74
33.80
25.50

Relative Potency
(RP)
1
1.39
1.85
1.23
1.80
1.28
1.82

Discussion
It was clearly indicated that tribenuron methyl has a vigorous receptivity for surfactants
which might be related to weaker penetration of this herbicide into common lambsquarters
leaf when applied without adjuvants. In an experiment conducted by (Hunsche and Noga,
2008) it was proved that linseed oils adjuvants showed an increase in efficiency of fungicide
mancozeb. With this study, it was shown that the application rate of tribenuron methyl
could be reduced when an adjuvant was added. Furthermore, it can be concluded that a
higher content of adjuvants affected the herbicidal efficacy in a positive way. Only with an
appropriate adjuvant, herbicides can develop their maximum efficacy even at lower than
recommended doses.
The fact that modified vegetable oils improve herbicide efficacy is already known and was
reviewed by (Gauvarit and Cabanne, 1993). (Giysopoulos et al., 2014) showed that the use
of vegetable oil mixtures with Diquat herbicide indicating significant enhancement of
Diquat efficacy on grasses. An increased spreading of spray droplets on target plants and an
enhanced penetration of active ingredients into leaves seem to be the reasons for the
herbicide enhancing action of vegetable oils (Liu, 2004). Since many oil-based adjuvants act
well as penetration enhancers, it can be assumed that the addition of these adjuvants can
enhance herbicide efficiency (Stock and Briggs, 2000). (Pannacci et al., 2010) reported that
the activity of tribenuron methyl was significantly enhanced by three surfactants (Non-ionic
surfactant, rapeseed oil and an anionic surfactant). Since it is known that the efficacy of
sulfonylureas can be reduced by precipitation within a few hours after application (Russell
et al., 2002), an increased performance of those herbicides might have been achieved by the
addition of the adjuvants. In this study, the addition of citogate and vegetable oils increased
the efficacy of tribenuron methyl in reducing common lambsquarters biomass. The
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improvement on efficacy of tribenuron methyl by these adjuvants may be due to solubilizing,
softening or disordering nature of cuticular waxes by the methylated seed oils (Hazen, 2000).
Also this is proved that the application of adjuvants could improve the permeability of the
herbicide active ingredient (Johnson et al., 2002) which provides an opportunity to reduce
herbicide application dose (Zabkiewicz, 2000). It seems that the tested adjuvants led to more
cuticular penetration and stomata infiltration and subsequently, allowed better tribenuron
methyl absorption and translocation.
All three adjuvants increased considerably the efficiency of tribenuron methyl compared with
herbicide alone. (Mehdizadeh and Alebrahim, 2015) found the increased efficacy of
sulfosulfuron herbicide to control Phalaris minor by using citogate and different vegetable oil
adjuvants. (Rashed-Mohassel et al., 2011) reported that reduction in the surface tension of
herbicide solution by the vegetable oils. Therefore, this is an important factor to atomize
herbicide droplets and allow remaining it on foliage (Ejim et al., 2007). Also an increase in the
penetration dose of active ingredient via disordering of the cuticular waxes is a more important
factor in improving the efficiency of herbicides (Rashed-Mohassel et al., 2011). Other
researchers have demonstrated that the vegetable oils improved weed control by 2,4-D,
phenmedipham (Muller et al., 2002), glyphosate (Gauvrit et al., 2007), metoxuron, sethoxydim,
and quizalofop (Ruiter et al., 1997). Vegetable oils such as castor and canola oil probably
disrupt and solubilize cuticular waxes (Zabkiewicz, 2000) and consequently, facilitate the
penetration of the active ingredient (McMullan and Chow, 1993). The benefits of using these
oils (e.g., castor and canola) in enhancing the foliage activity of herbicides have been well
documented (Bunting et al., 2004). (Sharma and Singh, 2000) have shown that an increase in
the permeability of the herbicide through disordering the cuticular waxes is a more important
factor than reduction the surface tension of herbicide droplets in improving the foliar activity of
glyphosate on Bidens frondosa and Panicum maximum. Therefore, these results emphasize the
dependency of adjuvant performance on herbicide properties and plant species. Selecting
proper adjuvants for each herbicide is a key factor in chemical weed management because this
factor reduces herbicide rate which is a main research priority. Citogate and vegetable oils
compared to mineral oils have any phytotoxic effect on plants and decomposed rapidly in the
environment rather than (Cabanne et al., 1999).
Conclusion
According to our results it could be concluded that the application of these adjuvants could
be an efficient method for optimizing herbicide performance on contorting of common
lambsquarters. Citogate was the most effective adjuvant as its addition to tribenuron
methyl at 40 g a.i ha-1 led to the highest control of common lambsquarters. So, the use of
citogate and vegetable oils seems to be an efficient alternative to other commonly used
synthetic adjuvants. This research showed the most performance when vegetable oil based
adjuvants was mixed with the tribenuron methyl herbicide.
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