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The efficiency of adjuvant AGNS 1056-X joint application with herbicide formu-
lations from a group of graminicides Fusilade Forte and Agil, the active substances
of which are aryloxyphenoxy propionic acid (AOPPA) derivatives, was investigated
in pot and field experiments. In pot experiment winter wheat (Triticum aestivum L.)
plants were used as a model of annual grass weeds. To determine the effect of
moisture on the phytotoxic effect of graminicides, in pot experiment artificial
drought was created by stopping plants watering. In field experiments, the effi-
ciency of certain grass weed species control, in particular yellow foxtail (Setaria
glauca (L.) Pal. Beauv.) and barnyardgrass (Echinochloa crus-galli (L.) Pal.
Beauv.), was determined. Estimation of fresh or dry weigth of plants aboveground
part and in some experiments the total content of chlorophyll in the leaves was
used for evaluation of the phytotoxic effects of herbicides or the efficiency of weeds
control. Studies have shown that the addition of adjuvant AGNS 1056-X accele-
rates the development of the phytotoxic effect of graminicides Fusilade Forte and
Agil. The development of graminicides phytotoxic effect accelerated more by addi-
tion of adjuvant AGNS 1056-X in drought conditions when grass weeds were in a
state of water stress. Although in some cases, joint application with adjuvant AGNS
1056-X led to increase of grass weeds control by graminicides, the addition of the
adjuvant does not guarantee increased protection efficiency. In this regard, the
joint use of graminicides with adjuvant AGNS 1056-X does not allow to reduce
the rate of graminicides. To achieve high crop protection efficiency, the gramini-
cides rate should be chosen taking into account the level of weed infestation, stage
of weed development and environmental conditions, regardless of whether or not
graminicides will be used in conjunction with the adjuvant.

Key words: herbicides, graminicides, adjuvants, phytotoxic action, weed control,
drought.

Effective crop protection against weeds is an important prerequisite for
consistently high yields. Last years due to the dominance of cereal crops in
crop rotations in all soil and climatic zones of Ukraine and, consequently,
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due to systematic application of herbicides for dicotyledonous weeds con-
trol there is a tendency to increase of crop infestation by grass weeds [1].
The global climate changes, which cause the gradual shift from south to
north the boundaries of natural and climatic zones characterized by the
dominance of grass weeds [2], is a second factor contributing to the
increased infestation of crops by these weeds. 

The acetyl-CoA-carboxylase (ACC) inhibiting herbicides widely use
for grass weeds control in different dicotyledonous crops. These herbicides
affect only grasses and are selective for plants from all other families, due
to the characteristics of ACC in the plastids of plants from
Poaceae/Gramineae family. In this regard, these herbicides are combined
into a group of so-called graminicides. The graminicides includes herbicide
formulations, the active ingredients of which belong to two classes of
chemical compounds: aryloxyphenoxypropionic acid (AOPPA) derivatives
and cyclohexanedione. Herbicide formulations based on both classes of
these substances have a relatively low content of active ingredients, from 5 to
25 %, and accordingly, the formulation of these herbicides includes a sig-
nificant number of auxiliary substances, the composition of which is the
producers know-how. The difference of the formulations based on AOPPA
derivatives from cyclohexanedione is that the latter usually need join appli-
cation with adjuvants, whereas AOPPA derivatives, which are esters of this
acid, usually do not require additional use of adjuvants.

The joint use of herbicides with adjuvants that reduce the surface ten-
sion of the working solution, increase the humidity of the leaves during
spraying and thereby contribute to the uptake of active ingredients of her-
bicides into plants, is a fairly common method of increasing the efficiency
of weed control by herbicides [3—6]. Recently, innovative multicomponent
adjuvants have emerged in the market, which are complex compositions of
various surfactants and special co-formulants (moisturizers, emulsifiers,
etc.) [7]. In particular, there is the information on the efficacy of adjuvant
AGNS 1056-X addition to different herbicides, including AOPPA deriva-
tives graminicides [8]. AGNS 1056-X is a soluble formulation for use as a
wetting and spreading agent with approved plant protection products.
AGNS 1056-X also contains pH buffer and water conditioners and is
specifically formulated to improve the performance of plant protection
products affected by hard water or susceptible to alkaline hydrolysis. 

Graminicides are one of the most effective groups of modern herbi-
cides, however, the possibility of increasing the efficiency of their applica-
tion is certainly worth considering. One of the factors that makes it neces-
sary to find ways to improve the efficiency of graminicides is the
dependence of their phytotoxic effects on environmental conditions. In
particular, from the very beginning of the introduction of graminicides into
practice, it had been found that their phytotoxic effects on grass weeds are
substantially reduced in drought conditions [9, 10]. An increase in the
activity of the antioxidant protection system caused by the adaptive
response of plants to the stressor impact, which in this case is drought, has
been found to be a factor in increasing the resistance of weeds to the action
of graminicides [11]. Since this reaction is nonspecific, it is possible to
overcome the loss of phytotoxic effects on weeds by increasing the rate of
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herbicide application. However, this path is undesirable for both economic
and environmental reasons. Considering the fact that global climate
changes has led to a sharp increase in the probability of droughts during
the crop sowing period [12], it is of considerable interest to increase the
efficiency of grass weeds control by adding an adjuvant to the graminicides
working solution. Primarily this concerns the graminicides on the base of
AOPPA derivatives, since in the known to us scientific literature there are
no evidence on the efficiency of adjuvants joint application with these her-
bicides.

Thus, the aim of this investigation is to study the efficacy, in particu-
lar in drought conditions, of adjuvant AGNS 1056-X adding to the AOPPA
derivatives herbicides.

Materials and methods

As far as the efficiency of adjuvant addition may vary diametrically depen-
ding on the features of herbicide formulations [13—15], two different her-
bicide formulations Fusilade Forte 150 EC, e.c. (emulsion concentrate)
(fluazifop-P-butyl, 150 g/l) and Agil, e.c. (propaquizafop, 100 g/l), the
active ingredients of which belong to AOPPA derivatives, were selected for
studying. 

Green house and field experiments were conducted for three years in
2017—2019. In the green house experiments winter wheat (Triticum aes-
tivum L.) plants were used as an object as a model of annual grass weeds.
The choice of winter wheat plants as an object was also due to the fact that
in many cases dicotyledonous crops are infested with self-sown wheat,
which is their forecrop.

In the green house experiments winter wheat plants were grown in
plastic pots (1 kg of soil) with 16 pots in each variant. Herbicide treatment
was carried out by spraying the plants at the stage of second leaf (BBCH 12)
with a fixed volume of studied herbicides solution alone or by adding adju-
vant AGNS 1056-X in the rate 0.25 l/ha. 

To study the effects of drought on the phytotoxic action of herbicides,
soil moisture in some pots was maintained at 60 % field capacity (FC)
(optimal moisture conditions) and in other pots at 40 % FC (drought) by
cessation of watering. Spraying of plants by herbicides was carried out on
the second day after cessation of watering.

Field experiments were carried out in winter oilseed rape, mustard and
sunflower crops on the fields of experimental agricultural farm of the
Institute of Plant Physiology and Genetics of National Academy of
Sciences of Ukraine (Glevakha village, Vasylkiv district, Kyiv region). The
area of the experimental plot was 15 m2 (3 m × 5 m), the experiments were
arranged using a randomized complete block design with four replicates.
Herbicides were applied by continuous treatment using a backpack
sprayer with compressed air (4 kPa), the bar width of 3 m, a number of noz-
zles — 6, a distance to the target object — 0.5 m, the speed of move-
ment — 5 km/h, the flow rate of the working solution — 300 l/ha.

The inhibitory effects of herbicides or the effectiveness of weeds con-
trol was determided by the reduction of fresh or dry weight of the above-
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ground part of treated plants, and in some experiments by the reduction of
total chlorophyll content in the leaves of plants, in comparison with the
untreated plants, and calculated in percentage using the following formula:

E (%) = 100 — (100 . Mi/Mk)

where E (%) is an inhibitory effect of herbicides or the effectiveness of a
certain species of weeds control, Mi is the the average fresh or dry weight
of one plant, or chlorophyll content in the leaves, in the herbicide-treated
variant, Mk is the value of the corresponding criterion in the untreated
variant.

The determination of photosynthetic pigment content in plant leaves
was performed by the Welburn method [15]. Chlorophyll content was cal-
culated per unit of fresh weigth.

To determine the fresh and dry weight of plants and the chlorophyll
content in the leaves in the pot experiments, each sampling was performed
in 4 replications: above-ground part of plants was cut away from 4 pots in
each variant of the experiment. In field experiments, plants from 4 count-
ing areas of 0.25 m2 from each plot were cut off.

Statistical analysis of the results was performed by analysis of variance
using a standard Microsoft Excel computer package.

Results and discussion

Influence of the adjuvant AGNS 1056-X on the inhibition of wheat plants
fresh matter accumulation by graminicides Fusilade Forte and Agil depend-
ing on herbicide application rates was studied in the pot experiment.

As can be seen from Fig. 1, the addition of adjuvant AGNS 1056-X
increased the Fusilade Forte inhibitory effect on the accumulation of wheat
plants fresh matter under all rates of the herbicide application. At the same
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Fig. 1. Inhibitory effect (%) of herbicide Fusilade Forte with the addition of adjuvant AGNS
1056-X on the winter wheat plants fresh weight accumulation (grass weed model) in 7, 14,
21 and 28 days after treatment:

1—3 — Fusilade Forte (0.2, 0.4, 0.5 l/ha); 4—6 — Fusilade Forte (0.2, 0.4, 0.5 l/ha) + AGNS 1056-X
(0.25 l/ha) 



time, the increase of inhibitory effect at application rates of herbicide 0.2
and 0.3 l/ha was greater than at the maximum rate of 0.5 l/ha. Thus,
Fusilade Forte at the minimum application rate of 0.2 l/ha practically did
not affect the growth of wheat plants, but with the addition of the adju-
vant, the inhibitory effect at 28 days after treatment increased to 33 %. In
combined application with the adjuvant the inhibitory effect of Fusilade
Forte at the rate of 0.2 l/ha did not differed significantly from the action
of herbicide applied alone at the maximum application rate of 0.5 l/ha. At
the same time, with the Fusilade Forte application rate of 0.5 l/ha, adju-
vant addition increased the inhibitory effect only by 22 %.

The phytotoxic effect of Agil on wheat plants growth was greater than
that of Fusilade Forte (Fig. 2). While at the rate of application of 0.2 l/ha
Fusilade Forte practically did not affect the growth of wheat, Agil at the
same rate slightly, but significantly suppressed the plants growth. The
inhibitory effect of Fusilade Forte alone at 0.5 l/ha reached a maximum of
30 % at 21 days after treatment and did not increase to 28th day. While,
Agil’s effect at rates exceeding 0.2 l/ha continued to increase after 21 days
and to 28th day reached levels of 42, 52 and 65 % at the application rate
of 0.3 l/ha, 0.4 l/ha and 0.5 l/ha, respectively. The addition of adjuvant
AGNS 1056-X increased the value of Agil inhibitory activity at all rates of
application during the entire observation period. The greater effect from
the addition of adjuvant observed at lower rates of Agil application, simi-
lar to Fusilade Forte. Thus, on the 28th day after treatment with the addi-
tion of adjuvant, the inhibitory effect at the application rates of Agil 0.2 l/ha,
0.3 l/ha, 0.4 l/ha and 0.5 l/ha increased by 46, 29, 24 and 15 % respec-
tively.

Summarizing the data, we can conclude that the addition of adjuvant
AGNS 1056-X enhanced the effect of graminicide Fusilade Forte at appli-
cation rates from 0.2 to 0.5 l/ha. The same conclusion can be drawn
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Fig. 2. Inhibitory effect (%) of herbicide Agil  with the addition of adjuvant AGNS 1056-X
on the winter wheat plants fresh weight accumulation (grass weed model)  in 7, 14, 21 and
28 days after treatment:

1—4 — Agil (0.2; 0.3; 0.4; 0.5 l/ha); 5—8 — Agil (0.2; 0.3; 0.4; 0.5 l/ha) + AGNS 1056-X (0.25 l/ha)



regarding the effect of adjuvant AGNS 1056-X adding to graminicide Agil
at the rate of 0.2 l/ha. At the same time, since unlike Fusilade Forte, the
effect of Agil at application rates from 0.3 to 0.5 l/ha during the period
from 21 to 28 days after treatment did not reach saturation and continued
to increase. So it can be stated only that the addition of adjuvant AGNS
1056-X accelerated the development of the phytotoxic action of Agil at
application rates from 0.3 to 0.5 l/ha.

In drought conditions, the dry weight of plants was used in addition
to fresh weight to correctly determine the phytotoxic effect of herbicides,
as the change in the water supply level may affect the water content of the
plants. To evaluate the rate of development of phytotoxic action the effect
of herbicides on the chlorophyll content in the leaves of wheat was also
determined. 

On the 9th day after treatment by herbicides and, accordingly, on the
11th day after the cessation of watering, the fresh and dry weight of the
above-ground part of untreated plants with reduced moisture supply was,
respectively, 28 % and 13 % lower than that of the untreated plants with
the optimum moisture supply level. On the contrary, the total chlorophyll
content in untreated plants at 40 % of FC was by 31 % higher than the
chlorophyll content in untreated plants at 60 % of FC. These data indicate
that the drought was moderate and the decrease in moisture supply did
not lead to losses in the total chlorophyll content, and inhibition of the
dry mass accumulation caused an increase of specific pigments content.
At the same time, the influence of herbicides led to a significant decrease
in the  chlorophyll content in the leaves of plants. In this case, drought
conditions significantly reduced the phytotoxic action of Agil herbicide,
while the Fusilade Forte inhibitory effect at 40 % FC was not signifi-
cantly different from its effect at 60 % FC. The addition of adjuvant
AGNS 1056-X significantly increased the inhibition of chlorophyll accu-
mulation in wheat leaves by both herbicides at both optimal and reduced
moisture levels (Fig. 3).
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Fig. 3. Inhibitory effect (%) of herbicides Fusilade Forte and Agil  with the addition of adju-
vant AGNS 1056-X on the chlorophyll accumulation in the leaves of winter wheat plants
(grass weed model) depending on soil moisture levels (9 days after treatment):

1, 5 — Fusilade Forte (0.5 l/ha); 2, 6 — Fusilade Forte (0.5 l/ha) + AGNS 1056-X (0.25 l/ha); 3, 7 —
Agil (0.4 l/ha); 4, 8 — Agil (0.4 l/ha) + AGNS 1056-X (0.25 l/ha); 1—4 — 60 % FC; 5—8 — 40 % FC



At 14 days after treatment, the inhibitory effect of Fusilade Forte on
the fresh mass accumulation of wheat plants at 40 % FC was significantly
less than at 60 % FC (Fig. 4). Agil’s effect by this criterion also tended to
decrease in drought conditions, but did not differ significantly from its
effect under optimal water supply. The addition of adjuvant AGNS 1056-X
did not significantly affect the inhibitory effect of Fusilade Forte at 60 %
FC, but significantly increased it at 40 % FC. The inhibitory effect of Agil
on the wheat plants fresh mass accumulation at both moisture levels did
not change with the addition of adjuvant AGNS 1056-X.

The evaluation of phytotoxic action of herbicides by plant dry mass
accumulation has yielded somewhat different results. The effect of Fusilade
Forte practically did not differ at both levels of moisture supply, and the
effect of Agil significantly decreased in drought conditions (Fig. 5). The
addition of adjuvant AGNS 1056-X did not affect the inhibition of wheat
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Fig. 4. Inhibitory effect (%) of herbicides Fusilade Forte and Agil with the addition of adju-
vant AGNS 1056-X on the winter wheat plants fresh weight accumulation (grass weed
model) depending on the soil moisture levels (14 days after treatment):

1, 5 — Fusilade Forte (0.5 l/ha); 2, 6 — Fusilade Forte (0.5 l/ha) + AGNS 1056-X (0.25 l/ha); 3, 7 —
Agil (0.4 l/ha); 4, 8 — Agil (0.4 l/ha) + AGNS 1056-X (0.25 l/ha); 1—4 — 60 % FC; 5—8 — 40 % FC

Fig. 5. Inhibitory effect (%) of herbicides Fusilade Forte and Agil with the addition of adju-
vant AGNS 1056-X on the dry weight accumulation of winter wheat plants (grass weed
model) (14 days after treatment):

1, 5 — Fusilade Forte (0.5 l/ha); 2, 6 — Fusilade Forte (0.5 l/ha) + AGNS 1056-X (0.25 l/ha); 3, 7 —
Agil (0.4 l/ha); 4, 8 — Agil (0.4 l/ha) + AGNS 1056-X (0.25 l/ha); 1—4 — 60 % FC; 5—8 — 40 % FC



plants dry mass accumulation by both herbicides under optimal moisture
supply, but when the moisture content of the soil was reduced to 40 % FC,
the inhibitory effect of both graminicides increased by more than twice
when adjuvant was added.

The differences in the effect of moisture supply on the impact of herbi-
cides Fusilade Forte and Agil are probably associated with differences in the
speed of the development of their phytotoxic action. Perhaps Fusilade Forte
primarily caused moisture loss in plants at the early stages of phytotoxicity
and had little effect on the growth of wheat plants, while Agil already sup-
pressed the growth processes in plants at the same time. Therefore, at the
background of a significant decrease in the water level of the untreated plants
caused by the cessation of soil watering, the inhibitory effect of Fusilade Forte
on the fresh mass accumulation was significantly reduced.

At the same time the absence of Fusilade Forte significant influence
on the growth processes caused that the stress response of plants to
drought, which can reduce the phytotoxic effect of graminicides [11], had
no significant effect on impact of Fusilade Forte on inhibition of chloro-
phyll and dry mass accumulation, which characterize the rate of growth
processes. On the other hand, the Agil’s impact on these indices was sig-
nificantly reduced in drought conditions.

However, the data, obtained in pot experiments, indicates that the
addition of adjuvant AGNS 1056-X accelerates the development of the
both herbicides phytotoxic action. Of particular importance is the fact, that
in drought conditions the addition of adjuvant increased the inhibitory
effect of Fusilade Forte and Agil on the chlorophyll and dry mass accu-
mulation, since these indices are the most reliable criteria for evaluating
the phytotoxic effects of herbicides. Thus, the data obtained are evidence
of the feasibility of adjuvant AGNS 1056-X using to accelerate the deve-
lopment of phytotoxic action and prevent the loss of efficacy of gramini-
cides in drought conditions.

In the field experiment in the crops of white mustard (Sinapis alba L.)
the control of grass weeds by Fusilade Forte and Agil at rates of 0.5 and
0.4 l/ha, respectively, was determined with the addition of adjuvant AGNS
1056-X at the rate 0.25 l/ha. Herbicide treatment was carried out on
17.05.2018, when the mustard plants were in the phase of stem elongation.
At the time of treatment, there was a variable cloudiness, air temperature
20 oC, wind 3 m/s. The nature of weed infestation of the crops at the time
of treatment is given in Table 1.

Determination of the total chlorophyll content in the leaves of the yel-
low foxtail plants at 7th day after treatment of mustard crop by gramini-
cides showed that the addition of adjuvant AGNS 1056-X significantly
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TABLE 1. Mustard crops infestation by certain grass weed species and stage of their development at
the time of herbicides application

Weed species Number
(specimens/m2)

Stage of develop-
ment (BBCH)

Plant height
(cm)

Yellow foxtail (Setaria glauca (L.)
Pal. Beauv.) 14—22 30 8—10

Barnyard grass (Echinochloa crus-
galli (L.) Pal. Beauv.) 16—20 5 10—12



accelerated the development of the phytotoxic action of Fusilade Forte and
practically did not affect Agil’s action (Fig. 6).

Determination of weed control efficacy at 28th day after treatment
showed that barnyard grass was more sensitive to Fusilade Forte action
than yellow foxtail, and yellow foxtail control by Agil exceeded Fusilade
Forte effect (Table 2). Despite the fact that at 7th day after treatment, the
addition of adjuvant AGNS 1056-X accelerated the development of
Fusilade Forte phytotoxic action on yellow foxtail (Fig. 6), at the 28th day
after treatment, there was no significant difference in the efficiency of this
weed control by Fusilade Forte alone and with the adjuvant. Adding of
adjuvant also did not affect the efficiency of both weeds species control by
Agil (Table 2).

The pot experiment has shown that the greatest effect of adjuvant
addition is achieved with lower rates of herbicide application. However, in
the field experiment at the time of treatment a significant part of grass
weeds had reached the tillering phase so the use of Fusilade Forte and Agil
at rates less than the minimum recommended made no sense. To test the
expediency of adjuvant AGNS 1056-X use with graminicides at the mini-
mum recommended rates of application, an experiment was carried out in
winter rapeseed crops, infested by self-sown winter wheat. The treatment
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Fig. 6. Inhibitory effect (%) of herbicides Fusilade Forte and Agil  with the addition of adju-
vant AGNS 1056-X on the chlorophyll accumulation in the leaves of yellow foxtail in 7 days
after treatment of mustard crops:

1 — Fusilade Forte (0.5 l/ha); 2 — Fusilade Forte (0.5 l/ha) + AGNS 1056-X (0.25 l/ha); 3 — Agil
(0.4 l/ha); 4 — Agil (0.4 l/ha) + AGNS 1056-X (0.25 l/ha)

TABLE 2. The efficacy (%) of yellow foxtail and barnyardgrass control in 28 days after treatment of
mustard crops by herbicides Fusilade Forte and Agil with the addition of adjuvant AGNS 1056-X

¹ Treatment Yellow foxtail Barnyardgrass

1 Fusilade Forte (0.5 l/ha) 58 74

2 Fusilade Forte (0.5 l/ha) + AGNS 1056-X (0.25 l/ha) 64 78

3 Agil (0.4 l/ha) 81 86

4 Agil (0.4 l/ha) + AGNS 1056-X (0.25 l/ha) 86 89

LSD 05 10 8



of crops with herbicides was carried out on 01.10.2018, when the rapeseed
plants reached the phase of 2—4 leaves. At the time of the treatment there
was sunny weather, air temperature 13 οC, wind 3 m/s. The winter wheat
plants reached the phase of 3 leaves and a height of 8—10 cm, the degree
of weed infestation was 10 specimens/m2.

The efficacy of self-sown winter wheat control by graminicides is
shown in (Table 3). At 15th day after treatment the addition of adjuvant
AGNS 1056-X did not affect the action of Agil, but accelerated the devel-
opment of the phytotoxic action of Fusilade Forte. However, 30 days after
treatment, significant difference did not observed in the efficiency of self-
sown winter wheat control between variants using herbicides alone and
with adjuvant. Perhaps the absence of a positive effect of adjuvant in this
experiment is associated with high efficiency of self-sown winter wheat
control by both herbicides. 

It should be noted, that during both of these field experiments crops
spraying was carried out shortly after considerable rainfall. The results of
the pot experiment showed that the efficiency of the adjuvant addition to
graminicides depends on the state of the plants and increases in drought
conditions. It can be concluded that the absence of significant effect of
adjuvant AGNS 1056-X on the effectiveness of both graminicides in the
field experiments was due to the weather conditions. In order to conclude
on the efficacy of adjuvant AGNS 1056-X joint use with graminicides, it
is necessary to carry out crop treatment at a time when weed plants will be
exposed to water stress.

In this regard, the following field experiments were carried out in sun-
flower crops during the summer, which was characterized by long periods of
drought. On sunflower (Karamba hybrid, soybean forecrop) after sowing,
prior to emergence of seedlings, herbicide Primextra was applied. Due to the
drying of the topsoil, the efficiency of the grass weeds control by herbicide
Primextra has proven to be very low. The treatment by Fusilade Forte and
Agil with the addition of adjuvant AGNS 1056-X was carried out on
08.07.2018, when the sunflower plants reached the asterisk phase (BBCH 51).
At this time, the grass weeds reached significant sizes, so the rate of Fusilade
Forte and Agil was increased, respectively, to 1.0 and 0.8 l/ha. At the time of
treatment there was sunny weather, air temperature 20 οC, wind 2 m/s. The
nature of the sunflower sowing infestation is given in Table 4.

The beginning of summer 2018 was characterized by prolonged peri-
ods of drought and high temperatures. Therefore, there is every reason to
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TABLE 3. The efficacy (%) of self-sown winter wheat control in 15 and 30 days after treatment
(DAT) of winter oilseed rape crops by herbicides Fusilade Forte and Agil with the addition of
adjuvant AGNS 1056-X

¹ Treatment 15 DAT 30 DAT

1 Fusilade Forte (0.5 l/ha) 40 81

2 Fusilade Forte (0.5 l/ha) + AGNS 1056-X (0.25 l/ha) 53 80

3 Agil (0.4 l/ha) 53 84

4 Agil (0.4 l/ha) + AGNS 1056-X (0.25 l/ha) 58 86

LSD 05 10 8



believe that weed plants were in a state of water stress at the time of
graminicide treatment. Under high air temperature, the phytotoxic action
of graminicides developed quite rapidly and by the 18th day after treat-
ment, a considerable necrosis of the leaves was observed. The efficacy of
herbicide application are shown in Table 5. The efficacy of barnyard
grass control by both graminicides was higher than that of yellow fox-
tail, and Agil’s action was slightly higher than that of Fusilade Forte.
The addition of adjuvant AGNS 1056-X significantly increased the effi-
cacy of the barnyard grass and the more resistant yellow foxtail control
by both graminicides. 

In order to verify the obtained results, a second experiment with the
same herbicide application rates was made in the sunflower crops at the
summer of 2019. Treatment was carried out on 13.06.2019, when the sun-
flower plants were at the stage of 4—6 leaves. At the time of treatment
there was a variable cloudiness (50 %), air temperature 25 οC, wind 2 m/s.
The sunflower crop was infested mainly by the yellow foxtail (30 speci-
mens/m2). Up to half of the yellow foxtail plants were at the stage of 4
leaves (BBCH 14), the others were at the tillering stage (BBCH 22), the
height of the plants ranged from 8 to 15 cm. Barnyard grass was found only
in some areas, so it was impossible to properly assess the effects of herbi-
cides on this weed species.

At 7th day after treatment the both graminicides impact led to the
significant decrease of total chlorophyll content in the leaves of yellow
foxtail plants. Under the action of Fusilade Forte and Agil applied alone
the inhibitory effects on chlorophyll accumulation were, respectively, 35 %
and 46 %. The addition of adjuvant significantly increased the inhibito-
ry effect of both herbicides by more than 10 %. Thus, we can conclude
that the addition of adjuvant AGNS 1056-X accelerated the develop-
ment of phytotoxic action of both graminicides on yellow foxtail.
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TABLE 4. Infestation of sunflower crops by grass weed species and stage of their development at the
time of herbicides application

Weed species Number
(specimens/m2)

Stage of development
(BBCH)

Plant height
(cm)

Yellow foxtail (Setaria glauca (L.)
Pal. Beauv.) 22—24 10 20—30

Barnyard grass (Echinochloa crus-galli
(L.) Pal. Beauv.) 24—26 5 15—25

TABLE 5. The efficacy (%) of yellow foxtail and barnyard grass control in 18 days after sunflower
crops treatment by herbicides Fusilade Forte and Agil with the addition of  adjuvant AGNS 1056-X

¹ Treatment Yellow foxtail Barnyard grass

1 Fusilade Forte (1.0 l/ha) 53 61

2 Fusilade Forte (1.0 l/ha) + AGNS 1056-X (0.25 l/ha) 68 83

3 Agil (0.8 l/ha) 58 70

4 Agil (0.8 l/ha) + AGNS 1056-X (0.25 l/ha) 76 85

LSD 05 11 9



Determination of the efficacy of yellow foxtail control by herbicides,
judging by suppressing in the plants fresh weight accumulation, showed
that at 7th day after treatment the efficiency of yellow foxtail control by
Agil is slightly (by 12 %), but significantly higher than the effect of Fusilade
Forte, coinciding with the results obtained when determining the content
of chlorophyll. At 28th day after treatment, the efficacy of Fusilade Forte
increased slightly, and Agil’s activity increased significantly, which con-
firms Agil’s greater efficacy compared to Fusilade Forte, which also coin-
cides with data on the influence of herbicides on chlorophyll content.
However, in contrast to the previous experiment, no significant difference
was observed between the efficacy of yellow foxtail control when herbicides
were applied alone or with adjuvant AGNS 1056-X (Table 6).

Summarizing the results of the conducted pot and field experiments
we can draw the following conclusions. The addition of adjuvant AGNS
1056-X accelerates the development of phytotoxic action of graminicides
Fusilade Forte and Agil belonging to the group of AOPPA derivatives. The
most significant acceleration in the development of the phytotoxic action
of graminicides by the addition of adjuvant AGNS 1056-X was observed
under drought conditions when grass weeds were in a state of water stress.
Although, in some cases joint application with adjuvant AGNS 1056-X led
to increase of grass weeds control by graminicides, the addition of the adju-
vant does not guarantee increased protection efficiency. In this regard, the
joint use of graminicides with adjuvant AGNS 1056-X does not allow to
reduce the rate of graminicides application. To achieve high crop protec-
tion efficiency, the graminicides rate should be chosen taking into account
the level of weed infestation, stage of weed development and environmen-
tal conditions, regardless of whether or not graminicides will be used in
conjunction with the adjuvant.
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Ó âåãåòàö³éíèõ òà ïîëüîâèõ äîñë³äàõ äîñë³äæóâàëè åôåêòèâí³ñòü ñóì³ñíîãî çàñòîñóâàí-
íÿ àä’þâàíòà AGNS 1056-X ç ãåðá³öèäíèìè ïðåïàðàòàìè ôþçèëàä ôîðòå òà àã³ë ç êëà-
ñó ãðàì³í³öèä³â, ä³þ÷³ ðå÷îâèíè ÿêèõ º ïîõ³äíèìè àðèëîêñèôåíîêñèïðîï³îíîâî¿ êèñ-
ëîòè (ÀÎÔÏÊ). Ó âåãåòàö³éíèõ äîñë³äàõ â ÿêîñò³ îá’ºêòó âèêîðèñòîâóâàëè ðîñëèíè
ïøåíèö³ îçèìî¿ (Triticum aestivum L.) ÿê ìîäåëü îäíîð³÷íèõ çëàêîâèõ áóð’ÿí³â. Äëÿ
âèçíà÷åííÿ âïëèâó óìîâ âîëîãîçàáåçïå÷åííÿ íà ô³òîòîêñè÷íó ä³þ ãðàì³í³öèä³â ó âå-
ãåòàö³éíîìó äîñë³ä³ ñòâîðþâàëè øòó÷íó ïîñóõó øëÿõîì ïðèïèíåííÿ ïîëèâó ðîñëèí.
Ó ïîëüîâèõ äîñë³äàõ âèçíà÷àëè åôåêòèâí³ñòü êîíòðîëþâàííÿ îêðåìèõ âèä³â çëàêîâèõ
áóð’ÿí³â, çîêðåìà ìèø³þ ñèçîãî (Setaria glauca (L.) Pal. Beauv.) òà ïðîñà êóðÿ÷îãî
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(Echinochloa crus-galli (L.) Pal. Beauv.). Äëÿ îö³íêè ô³òîòîêñè÷íî¿ ä³¿ ãåðá³öèä³â, àáî
åôåêòèâíîñò³ êîíòðîëþâàííÿ ïåâíîãî âèäó áóð’ÿí³â, â ÿêîñò³ êðèòåð³¿â âèêîðèñòîâó-
âàëè ïðèãí³÷åííÿ íàðîñòàííÿ ìàñè ñèðî¿ àáî ñóõî¿ ðå÷îâèíè íàäçåìíî¿ ìàñè ðîñëèí,
à â îêðåìèõ äîñë³äàõ — ñóìàðíèé âì³ñò õëîðîô³ëó ó ëèñòêàõ ðîñëèí. Ïðîâåäåíèìè
äîñë³äæåííÿìè âñòàíîâëåíî, ùî äîäàâàííÿ àä’þâàíòó AGNS 1056-X ïðèñêîðþº ðîç-
âèòîê ô³òîòîêñè÷íî¿ ä³¿ ãðàì³í³öèä³â ôþçèëàä ôîðòå òà àã³ë. Íàé³ñòîòí³øå ïðèñêîðåí-
íÿ ðîçâèòêó ô³òîòîêñè÷íî¿ ä³¿ ãðàì³í³öèä³â çà ðàõóíîê äîäàâàííÿ àä’þâàíòó AGNS
1056-X ñïîñòåð³ãàëîñÿ â óìîâàõ ïîñóõè, êîëè çëàêîâ³ áóð’ÿíè ïåðåáóâàëè â ñòàí³ âîä-
íîãî ñòðåñó. Õî÷à â îêðåìèõ âèïàäêàõ ïðè ñóì³ñíîìó çàñòîñóâàíí³ ç àä’þâàíòîì
AGNS 1056-X åôåêòèâí³ñòü êîíòðîëþâàííÿ ãðàì³í³öèäàìè çëàêîâèõ áóð’ÿí³â çðîñòà-
ëà, äîäàâàííÿ àä’þâàíòó íå ãàðàíòóº ï³äâèùåííÿ åôåêòèâíîñò³ çàõèñòó. Ó çâ’ÿçêó ç
öèì ñóì³ñíå çàñòîñóâàííÿ ãðàì³í³öèä³â ç àä’þâàíòîì AGNS 1056-X íå äàº çìîãè
çìåíøóâàòè íîðìó âíåñåííÿ ãðàì³í³öèä³â ³ äëÿ äîñÿãíåííÿ âèñîêî¿ åôåêòèâíîñò³ çà-
õèñòó ïîñ³â³â íîðìó âíåñåííÿ íåîáõ³äíî îáèðàòè ç óðàõóâàííÿì ð³âíÿ çàáóð’ÿíåííÿ,
ñòàíó ðîçâèòêó áóð’ÿí³â òà óìîâ íàâêîëèøíüîãî ñåðåäîâèùà. 

Êëþ÷îâ³ ñëîâà: ãåðá³öèäè, ãðàì³í³öèäè, àä’þâàíòè, ô³òîòîêñè÷íà ä³ÿ, êîíòðîëþâàííÿ
áóð’ÿí³â, ïîñóõà.
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