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Summary   Weed infestations are one of the major 
factors infl uencing the level of maize productivity in 
the Ukraine. The soil-applied herbicides, dominated 
by the chloracetamides, are widely used. The same 
herbicides are used in sunfl ower and soybean crops. 
In order to work out a strategy to preclude resistance 
development in the most widespread weeds, for 
example Echinochloa crus-galli (L.) P.Beauv and 
Chenopodium album L., the biological effi cacy of 
Harness® (active ingredient acetochlor) was studied 
together with the most widespread herbicides used 
in maize. This was done in fi elds with different his-
tories, contrasted by the character and level of weed 
infestation. The fi eld results with the maize-soybean 
rotation, where acetochlor has been used since 1995, 
showed certain changes in the weed community and its 
sensitivity to this herbicide in comparison with other 
results obtained in the fi elds where acetochlor has not 
been used before. 

The use of ammonium nitrate as an adjuvant 
contributes to improved penetration and enhanced 
phytotoxicity of nicosulfuron by 5–14%, the rate of 
application of the herbicide being reduced by 25%.
Keywords    Herbicides,  acetochlor,  weed control, 
 resistance.

INTRODUCTION
Maize is one of the most important grain fodder and 
forage crops in the Ukraine. In the forest–steppe zone 
alone it occupies an area of 1.6–1.9 million hectares 
and is grown principally for grain and silage. Weed 
infestations are one of the major factors infl uencing 
the productivity level of this crop. 

The weed component from a maize agrocensus 
in the forest-steppe zone of Ukraine comprised 8–10 
annual and perennial species. In the arable layer there 
were as many as 469–887 million seeds of weeds per 
hectare (Borona et al. 2002). Thus, under these condi-
tions, maize growing is not possible without effective 
weed control (Barkazi 2004, Zadorozhny 2004). In 
the near future, the use of herbicides will remain an 
indispensable part of an integrated system approach in 
major crop production (Jensen 2004). In world lead-
ing countries, maize producers use herbicides exten-
sively (Smith and Sankula (2002). In the Ukraine, the 
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soil-applied herbicides in the chloracetamides family 
are widely used for weed control in maize, sunfl ower 
and soybean (Sevchenko and Rybka 2003). Among 
the post-emergence herbicides, the sulfonylureas are 
most widely used. In many countries of the world, the 
addition of adjuvants to tank mixtures of herbicides, 
including oils and nitrogen fertilisers, is becoming 
more and more widespread (Dogan et al. 2002, Sh-
vartay 2002).

The possibility of the appearance of herbicide re-
sistant biotypes should not be overlooked. To date, 282 
biotypes of weeds are resistant to various herbicides 
in the world, 101 of which are monocotyledonous and 
69 dicotyledonous plants (Heap 2003).

The aim of our research was to study the effi cacy 
of different herbicides used in maize and to work out 
a strategy of prevention and suppression of the forma-
tion of resistance for the most common weeds in the 
forest-steppe zone of the Ukraine. 

MATERIALS AND METHODS
Field trials were conducted at the Feed Research 
Institute of the Ukrainian Academy of Agricultural 
Sciences (UAAS) in 2002–2003. The soil was a grey 
wooded type with 2.2–2.4% organic matter content and 
pH 5.2–5.5. Maize (cv. Monumental) was sown on 24 
April 2002 and 10 May 2003. The trials were carried 
out on plots with a size of 25.2 m2 (4.2 m × 6 m) and 
with four random replications. In the trials on the fi elds 
with various fi eld histories, the following herbicides 
were used: pre-emergence Harness® (acetochlor, 900 
a.i. L-1, Monsanto), Merlin® (isoxafl utole, 750 g a.i. 
kg-1, Bayer), Prim extra gold® (S-metolachlor, 400 g a.i. 
L-1 + atrazine 320 g a.i. L-1, Syngenta), and post-emer-
gence Milagro® (nicosulfuron, 40 g a.i. L-1, Syngenta), 
Bazis® (rimsulfuron 50% + thifensulfuron-methyl, 
25%, Du Pont) and Esteron® (2 ethyl-hexyl ester 2,4-D, 
600 g a.i. L-1, Dow AgroScience). The pre-emergence 
treatments were carried out on the day after sowing. 
The post-emergence application of herbicides took 
place when crop and grass weeds were at the four to 
fi ve leaf stage and broad-leaved weeds at the fi rst true 
leaf stage. Herbicides were applied with a knapsack 
sprayer. The spray volume in both experiments was 
250 L ha-1. The effi cacy of the herbicides was assessed 
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30 days after treatment (DAT) by counting weeds in 
a 0.25 m2 quadrat in four different randomly selected 
spots for each plot and at crop harvest by measuring 
the above-ground fresh weight of the weeds. 

Maize yield data were subjected to analysis of 
variance. Means were compared using the Least Sig-
nifi cant Difference test (LSD) at the 5% level.

RESULTS AND DISCUSSION
The meteorological conditions of the 2002 vegetative 
period were characterised by higher than average 
precipitation and air temperatures. In May, June and 
August the rainfall exceeded the long-term mean by 
22–95%. The average daily temperatures in April, May 
and July were 8.7, 15.9 and 21.9°C, respectively, and 
were above the long-term mean by 1.8–5.3°C. The 
temperature in June was close to normal. By contrast, 
weather conditions of 2003 were characterised by a 
lack of rain from April to June with only 27–50% of 
the long-term mean. In July the amount of precipitation 
was twice the norm resulting in a new wave of weeds 
in the maize crop. Temperatures were 7.9°C above 
the average value accompanied by insuffi cient level 
of moisture in May.

The fi rst fi eld trial was conducted on a fi eld with 
a maize-soybean rotation, where acetochlor had been 
used since 1995 with intensive mechanical control. 
Due to a significant depletion of the seed bank, 
especially of annual grass weeds, the level of weed 
infestation in maize at the four to fi ve leaf stage did not 
exceed 17 plants m-2 in 2002, among which the number 
of dicotyledons was 16 plants m-2 including 12 plants 
m-2 of Chenopodium album. However, a sharp increase 
in C. album density was recorded in 2003, as compared 

with previous years, when the number of plants was 
as high as 310 out of the total of 326 plants m-2 on 
the untreated control plot. In this case, soil-applied 
herbicides alone were not suffi ciently effective. Under 
these conditions, a combination of acetochlor (1.35 
kg ha-1) and rimsulfuron + thifensulfuron-methyl and 
2,4-D applied at the four to fi ve leaf-stage proved to be 
the most effective with a control effi cacy of 84–92%. 
Acetochlor controlled 51–67% of the weeds. The tank 
mixture of acetochlor + metolachlor + atrazine was 
found to be most effi cient among the soil-applied 
herbicides (Table 1).

The results of the second fi eld trial were different. 
In this fi eld, weed control had been less intensive and 
acetochlor-based herbicides had never been applied. 
Test plots were characterised by mixed weed infesta-
tions of: Agropyron repens (L.) P.Beauv., Amaranthus 
retrofl exus L., Galinsoga parvifl ora Cav., Capsella 
bursa-pastoris (L.) Medicus, Chenopodium album L., 
Cirsium arvense (L.) Scop, Echinochloa crus-galli (L.) 
P.Beauv, Sonchus arvensis L., Convolvulus arvense 
L., Matricaria inodora L., Polygonum convolvulus L., 
Polygonum persicaria L., Setaria glauca (L.) P.Beauv., 
Stellaria media (L.) Vill., Thlaspi arvense L. and Viola 
arvensis Murr.

The weed density ranged from 108–252 plants m-2 
depending on the year of observation. The percentage 
of Echinochloa crus-galli and Setaria glauca was ap-
proximately 80–86%. The most effi cient combinations 
found were acetochlor (2.7 kg ha-1) and acetochlor + 
nicosulfuron and acetochlor + rimsulfuron + thifen-
sulfuron-methyl. In this case the level of control was 
91–97%. The effi cacy of the tank mixture of acetochlor 
+ metolachlor + atrazine amounted to 91%.

Table 1.   Effi cacy of acetochlor and acetochlor combinations and maize yield in 2002 and 2003. 

Treatment
Rate 

(kg a.i. ha-1)

Weed control 30 DAT (%) Maize yield (t ha-1)

Field trial 1 Field trial 2 Field trial 1 Field trial 2

Untreated – 0 0 2.95 4.20

Acetochlor 1.35 51 84 4.21 6.74

Acetochlor 1.80 64 91 4.25 7.00

Acetochlor 2.70 67 97 4.34 7.72

Acetochlor + isoxafl utole 1.35 + 0.056 73 93 4.39 7.28

Acetochlor + metolachlor + 
atrazine

1.35 + 1.0 + 0.8 79 91 4.73 7.35

Acetochlor + nicosulfuron 1.35 + 0.04 73 97 4.52 7.35

Acetochlor + rimsulfuron + 
thifensulfuron-methyl

1.35 + 0.01 + 0.005 84 95 4.79 7.91

Acetochlor + 2,4-D 1.35 + 0.42 92 87 4.94 7.17
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Annual grass weeds were most sensitive to ac-
etochlor at the rate of 2.7 kg ha-1. The combination of 
acetochlor + nicosulfuron and acetochlor + rimsul-
furon + thifensulfuron-methyl controlled both annual 
grass weeds and Agropyron repens with an effi cacy of 
90–95%. Chenopodium album was controlled 100% 
by acetochlor + metolachlor + atrazine and acetochlor 
+ 2,4-D combinations.

During the vegetative period, the least infested 
plots were those where maximum rates of acetochlor 
were applied and where its application was com-
bined with sulfonylurea herbicides. This resulted in 
a reduction of the fresh weight of weeds of 92–95% 
when compared with the control plots. The combined 
application of acetochlor + 2,4-D was found to be 
ineffi cient. 

The effi cacy of herbicides against Chenopodium 
album varied greatly in the two fi eld trials. A reduc-
tion of the effi cacy of acetochlor was observed in the 
fi rst trial compared with the identical variants of trial 
2 (Table 2). This difference can be explained by the 
development of resistance in Chenopodium album but 

this fact needs to be confi rmed with bioassays in the 
future. Under these conditions a combined applica-
tion of acetochlor + metolachlor + atrazine, or an 
additional treatment with 2,4-D or rimsulfuron and 
thifensulfuron-methyl are recommended. The sen-
sitivity of annual grass weeds such as Echinochloa 
crus-galli and Setaria glauca to acetochlor at 2.70 kg 
ha-1 was high in both trials. 

The effi cacy of weed control was the main factor 
infl uencing the yield of maize in the two trials. The 
economically most effi cient combination proved to 
be acetochlor + 2,4-D in the fi rst fi eld trial, and the 
application of 2.7 kg ha-1 of acetochlor in the second 
fi eld trial.

The possibility of increasing the effect of nico-
sulfuron by adding ammonium nitrate was studied in 
2002 and 2003. Observations at 30 DAT showed that 
nicosulfuron alone controlled 46–82% of weeds. The 
1.0% ammonium nitrate addition to the nicosulfuron at 
20–40 g a.i. ha-1 increased the activity of the herbicide 
by 8–22% (Table 3).

Table 2.   Effi cacy of acetochlor and acetochlor combinations on Chenopodium album 30 DAT. 

Treatment
Rate 

(kg a.i. ha-1)

Weed control (%)

Field trial 1 Field trial 2

Untreated – 0 0

Acetochlor 1.35 51 50

Acetochlor 1.80 62 83

Acetochlor 2.70 69 87

Acetochlor + isoxafl utole 1.35 + 0.056 75 87

Acetochlor + metolachlor + atrazine 1.35 + 1.0 + 0.8 84 100

Acetochlor + nicosulfuron 1.35 + 0.04 59 96

Acetochlor + rimsulfuron + thifensulfuron-methyl 1.35 + 0.01 + 0.005 72 92

Acetochlor + 2,4-D 1.35 + 0.42 66 92

Table 3.   The infl uence of ammoniac saltpetre on the effi cacy of nicosulfuron 30 DAT in 2002 and 2003.

Treatment
Rate 

(g a.i. ha-1)

Weed control (%)
Maize yield 

(t ha-1)SETPF CHEAL

Untreated – 0 0 4.16

Nicosulfuron 40 89 60 6.71

Nicosulfuron 30 65 55 6.20

Nicosulfuron 20 46 28 5.16

Nicosulfuron + AN 40 + 1.0% 93 73 7.19

Nicosulfuron + AN 30 + 1.0% 78 73 6.86

Nicosulfuron + AN 20 + 1.0% 60 37 6.13
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The use of ammonium nitrate as an additive con-
tributed to improved and enhanced phytotoxicity of 
nicosulfuron by 4–14% on Setaria glauca and 13–18% 
on Chenopodium album. No phytotoxic effect of this 
mixture was observed on maize. 

Thus, in order to prevent the development of 
resistant populations, the application of herbicides 
with different mechanisms of action is recommended. 
Under the conditions of insuffi cient moisture, and 
many years’ application of acetochlor based herbicides, 
Chenopodium album has become the dominating weed 
in maize. A combined application of acetochlor + 2,4-
D is the economically most effi cient way of control-
ling broad-leaved weeds, in particular Chenopodium 
album, due to enhanced phytotoxic action. The applica-
tion of 2.7 kg ha-1 of acetochlor is recommended when 
a high infestation of annual grass weeds is expected. 
The application of acetochlor should be combined 
with nicosulfuron or rimsulfuron + thifensulfuron-
methyl on the fi elds infested with Agropyron repens. 
Inclusion of ammonium nitrate to the spray solution of 
nicosulfuron allows for a reduction in the application 
rate of 25% without any loss of effi cacy.
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