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ABSTRACT

Six field experiments were conducted in 2006 in Iran to investigate the efficacy of
different herbicide options for weed control in maize. Treatments consisted of
entire weed-infested control, pre-and post-emergence applications of amicarbazone
at 350, 525, and 700 g ai ha', post-emergence applications of nicosulfuron at 60 g
ai ha™!, foramsulfuron at 450 g ai ha™, rimsulfuron at 10, 11.25, and 12.5 g ai ha™
plus non-ionic surfactant at 0.2% (v/v), nicosulfuron plus rimsulfuron at 26.25, 30
and 33.75 g ai ha” plus non-ionic surfactant at 0.5% (v/v), 2,4-D plus MCPA at
1080 g ai ha™, pre-plant applications of atrazine plus alachlor at 800+ 2400 g ai ha”
' respectively, and EPTC at 4920 g ai ha’. Post-emergence herbicides were

applied at three-to-six leaf stage of maize. The results indicated
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that nicosulfuron, and rimsulfuron at the two highest doses were the most efficient
herbicides for weed control. Foramsulfuron and EPTC also acted well in this
respect. Application of these herbicides also led to high grain yield of maize.
Amicarbazone when applied as pre- and post-emergence did not show a consistent
response at different locations.

Key words: Agrochemicals; broadleaved weed; dual- purpose herbicide; grass

weed.
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INTRODUCTION
Herbicides consist nearly half the agrochemicals currently applied in cropping
systems in Iran. Therefore, reducing herbicides in crop production programs is an

important challenge to be addressed. A solution to this concern is to use an
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integrated weed management (IWM) system. Rotational application of herbicides,
introduction of low-dose herbicides, and application of weed killers with less
environmental risk are among the important components of IWM in mitigating the
negative environmental impacts of current high-input agriculture.

Amicarbazone is a newly released triazolinone herbicide which is used for
weed control in maize. It can be applied both as pre- and post-emergence. It
selectively inhibits Acetolactate Synthase (ALS) and some enzymes involved in
photo system II of plants. This herbicide could be taken up by roots and leaves of
emerging weeds and is of low hazard to the environment (USEPA, 2005).
Nicosulfuron plus rimsulfuron (2:1 ratio) controls several grass and broad-leaved
weeds in maize (Zea mays L.). Mixture of these two sulfonylureas enhances the
control of several broad-leaved and grass weeds and therefore provides a broader
spectrum of weed control (Tomlin, 2003; Vencill, 2002). Bruce and Kells (1997)
found that smooth crabgrass (Digitaria ischaemum Schreb. ex Muhl.) was not
controlled by nicosulfuron while Reidy and Swanton (1994) reported adequate
control of this species using nicosulfuron plus rimsulfuron. These findings indicate
that sulfonylureas differ greatly in their ability to control grass weeds. So, mixing
them with each other may enhance the spectrum of weed control.

Rimsulfuron, nicosulfuron and foramsulfuron are among the newly registered
sulfonylurea herbicides in Iran to control weeds in maize (Baghestani et al., 2007).
These herbicides have been reported to be very effective on grasses, broadleaved
weeds and rhizomatous perennial temperate weeds (Bruce & kells, 1997; Koeppe
et al., 2000; Lum et al., 2006). Baghestani ef al. (2007) found that nicosulfuron at
80 g ai ha™ could control some broadleaved and grass weeds in maize. These
researchers also reported weak control of johnsongrass (Sorghum halepense (L.)
Pers.), yellow nutsedge (Cyperus esculentus L.), large crabgrass (Digitaria
sanguinalis (L.) Scop.) and redroot pigweed (Amaranthus retroflexus L.) by
applying this herbicide. Sikkema et al. (2007) found that post-emergence
application of foramsulfuron can be used for wirestem muhly (Muhlenbergia

frondosa) control in maize.
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The objective of the present study was to determine the efficiency of weed
control in maize with different newly released sulfonylurea herbicides compared to

some current ones.

MATERIALS AND METHODS

A set of experiments was conducted at Research Fields of Plant Protection
Research Institute at six locations in Iran during 2006 growing season. For climate
variability, sites with different climatic conditions were selected. Soil texture and
planting date of maize at each location are presented in Table 1. All experiments
were established in a randomized complete block design with four replications.
Maize cultivar SC 704 was planted at all locations. Plots consisted of four 10-m
rows, with rows spaced 0.75m apart. Seedbed was prepared and fertilized
following standard agricultural practices. Naturally occurring weed populations
were used in the experiments. Weed composition at each location is presented in
Table 2.

Herbicide treatments consisted of an entire weed-infested control, pre- and
post-emergence applications of amicarbazone WG 70% at 350, 525, and 700 g ai
ha”, post-emergence applications of nicosulfuron SC 4% at 60 g ai ha,
foramsulfuron OD 22.5% at 450 g ai ha™', rimsulfuron DF 25% at 10, 11.25, and
12.5 g ai ha" plus non-ionic surfactant (Citogate) at 0.2% (v/v), nicosulfuron plus
rimsulfuron WG 75% at 26.25, 30 and 33.75 g ai ha" plus non- ionic surfactant
(Citogate) at 0.5% (v/v), 2,4-D plus MCPA SL 72% at 1080 g ai ha, and pre-plant
applications of atrazine WP 80% plus alachlor EC 48% at 800 + 2400 g ai ha™,
respectively, and EPTC EC 82% at 4920 g ai ha™'. Post-emergence herbicides were
applied at three- to six-leaf stage of maize. All herbicides were sprayed with an
Elegance 18 electric knapsack sprayer equipped with flooding nozzle and
calibrated to deliver 300 L ha™ of spray solution at a pressure of 2.5 bar. Herbicides

were applied in one-half of each plot and
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Table 1. Soil texture and maize planting dates at different locations in 2006.

Location Soil texture Planting date
Ahvaz Silty clay loam 16 July 2006
Karaj Clay loam 22 May 2006
Kermanshah Silty clay 14 May 2006
Varamin Sandy clay 12 May 2006
Isfehan Clay loam 31 May 2006
Shiraz Clay loam 8 July 2006

Table 2. Weed composition of the experimental fields at each location in 2006 (+

indicates the weed species present at each location).

Weed species

Location

Ahvaz

Karaj

Kermanshah

Varamin Esfehan  Shiraz

Corchorus olitorius L.
Cleome viscosa L.

Physalis alkekengi L.
Cardaria draba (L.) Desv.
Echinochloa colonum (L.) Link
Solanum nigrum L.
Hibiscus trionum L.
Datura stramonium L.
Chenopodium album L.
Setaria viridis (L.) Beauv.
Sorghum halepense (L.) Pers.
Amaranthus retroflexus L.
Glycyrrhiza glabra L.
Cyperus esculentus L.
Amaranthus blitoides S. Wats.
Convolvulus arvensis L.

Portulaca oleracea L.

+ 4+ o+ o+ o+

- +

the other half was kept as its control (Zand ef al., 2007; Baghestani et al., 2007).
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Since amicarbazone, atrazine plus alachlor and EPTC were applied as pre-
emergence and pre-plant, counting the number of weeds was not possible prior to
herbicide applications.  Percent weed population reduction was measured
separately for each weed species by counting the number of weeds 30 days after
treatment (DAT) within two fixed 1.5m” quadrates that were dropped in the treated
and untreated halves of each plot. Newly emerged weeds between herbicide
applications and weed counting were hand weeded. Percent weed biomass
reduction was measured 30 DAT using two 0.375m* quadrates that were dropped
in the treated and untreated halves of each plot. All weeds were cut at the ground
level, separated by species and oven dried at 75°C for 48-72h. Percent weed
reduction population and biomass were calculated by subtracting weed
population/biomass in the treated half from weed population/biomass in the
untreated half, dividing the product by weed population/biomass in the untreated
half and multiplying by 100. Weed control was considered satisfactory if
population or biomass of weeds were reduced by at least 85%. At maturity, grain
yield was determined.

All data were analyzed statistically using PROC GLM procedure in SAS
statistical software (SAS Institute, 2000). The assumptions of variance analysis
were tested by insuring that the residuals were random, homogenous, with a normal
distribution about a mean of zero. If the assumptions of variance were not
adequately met, percent weed biomass and population reductions were subjected to
an arcsine square root transformation. Maize yield data were subjected to a
log(x+1) transformation when required. The Duncan multiple range test (DMRT)
set at 0.05 was used to determine the significance of the difference between
treatment means. Since weather conditions, soil texture, planting dates and weed
species were different at each location, therefore, data for each location were

analyzed separately.
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RESULTS AND DISCUSSION

Weed Control

Statistical analysis showed significant differences between treatments in case of
weed population in Ahvaz (Table 3). The highest reduction in jazmin de rio
(Cleome viscosa L.) population (88.13%) was obtained by rimsulfuron at 11.25 g ai
ha™. Atrazine plus alachlor, and pre-emergence applications of amicarbazone at the
two highest doses failed to control this weed. Chinese lantern plant (Physalis
alkekengi L.) was controlled well by nicosulfuron, while the lowest effect was
achieved by amicarbazone at 350 g ai ha” applied pre-emergence. None of the
treatments resulted in satisfactory control of hoary cress (Cardaria draba (L.)
Desv.) and tussa jute (Corchorus olitorius L.). Maximum reduction of weed
population was 76.78% when treated with nicosulfuron. Jungle rice (Echinochloa
colonum (L.) Link) population was reduced remarkably by all treatments except for
pre- and post-emergence applications of amicarbazone at 350 g ai ha™.

Percent biomass weed production in Ahvaz is presented in Table 3. All
treatments but 1) pre-emergence applications of amicarbazone at all doses, 2) post-
emergence application of amicarbazone at the two highest doses (525 and 700 g ai
ha™), and 3) foramsulfuron reduced jazmin de rio biomass more than 91%. Similar
results were observed in the case of Chinese lantern plant and tussa jute. The
highest reductions in hoary cress biomass, 95.03% and 94.15%, were obtained in
plots treated by post-emergence application of amicarbazone at 1000 g ai ha” and
2,4-D plus MCPA, respectively. Other treatments resulted in less than 85.52%
reduction in biomass. Pre- and post-emergence applications of amicarbazone did
not control jungle rice satisfactorily. In general, in each location, pre-emergence
application of amicarbazone did not control weeds good enough even by two-fold
increase in dose.

Better control of weeds was obtained in Karaj (Table 4) compared to Ahvaz,
regardless of the time of application. Weed control greatly differed according to
weed species. The best control by amicarbazone was observed for jimsonweed
(Datura stramonium L.), common lambsquarters (Chenopodium album L.) and

green foxtail (Setaria viridis (L.) Beauv.). Nicosulfuron completely controlled
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black nightshade (Solanum nigrum L.), venice mallow (Hibiscus trionum L.) and
jimsonweed, but poorly controlled green foxtail. Rimsulfuron at 11.25 and 12.5 g
ai ha™ did not result an acceptable control of black nightshade. Rimsulfuron at the
lowest dose was also inefficient in controlling venice mallow and common
lambsquarters. Mixture of nicosulfuron with rimsulfuron did not show any
additional advantage over nicosulfuron. This herbicide (mixture of nicosulfuron
plus rimsulfuron) at all doses failed to control black nightshade. Application of
atrazine plus alachlor resulted in 93.75% reduction in weed populations at this
location. Efficacy of EPTC and 2,4-D plus MCPA differed with respect to weed
species.

The efficacy of herbicides in reducing weed biomass in Karaj was almost
similar to the pattern observed for percent weed population reduction (Table 4).
Pre- and post-emergence applications of amicarbazone to control black nightshade,
venice mallow, jimsonweed, common lambsquarters and green foxtail were
acceptable.

Dominant weed species in Kermanshah consisted of johnsongrass, green
foxtail, redroot pigweed and licorice (Glycyrrhiza glabra L.) (Table 5). Herbicides
efficacy were poor in this location. Nicosulfuron controlled johnsongrass
satisfactorily, caused 91.25% reduction in weed population. EPTC was ranked
second after this. Green foxtail population was reduced 94% and 93.66% when
EPTC and nicosulfuron were applied, respectively. The highest reductions (80.60,
82.48 and 81.06%) in redroot pigweed population were achieved where EPTC, 2 ,4-
D plus MCPA, and nicosulfuron were applied, respectively. Other treatments
caused about 74.43% reduction in redroot pigweed population. Population
reduction of licorice ranged between 27.92% and 85% in plots sprayed with
nicosulfuron plus rimsulfuron at 33.75 g ai ha' and 24-D plus MCPA,
respectively.

Percent of weed biomass reduction in Kermanshah were almost the same as
weed population (Table 5). The biomass of johnsongrass and green foxtail were

reduced beyond 83% by nicosulfuron and EPTC. Percent of reduction in redroot
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pigweed biomass differed from 9.7 to 82.53% (atrazine plus alachlor and 2,4-D
plus MCPA, respectively).

Neither amicarbazone nor nicosulfuron plus rimsulfuron could control weeds
satisfactorily. Presenting nicosulfuron and rimsulfuron as one formulation resulted
in significant reduction in the efficacy of nicosulfuron to control weeds, while
nicosulfuron alone was among the best choices for weed control. EPTC also
controlled weeds well and was better than triazolinone and sulfonylurea herbicides.

In Varamin, significant differences between treatments were observed (Table
6). Johnsongrass was completely controlled by rimsulfuron (11.25 g ai ha™) and
EPTC. Nicosulfuron plus rimsulfuron at the lowest dose also reduced the
population (91.67%). The control level of johnsongrass in Varamin was more than
in Kermanshah, which reflects the effects of environmental conditions on herbicide
efficacy. Percent of reduction in jungle rice population ranged between 93.65 and
100% where maize was treated with EPTC, nicosulfuron, rimsulfuron (10 g ai ha’
", foramsulfuron, and nicosulfuron plus rimsulfuron (26.25 and 30 g ai ha™).
Yellow nutsedge was completely controlled by pre- and post-emergence
applications of amicarbazone (525 and 350 g ai ha™), nicosulfuron plus rimsulfuron
(30 and 33.75 g ai ha'), atrazine plus alachlor and EPTC. Nicosulfuron and
rimsulfuron at the lowest dose reduced yellow nutsedge population by 90.48% and
90.91%. Except for some minor treatments (pre- and post-emergence applications
of amicarbazone at 525 and 350 g ai ha™, respectively, and rimsulfuron at the two
highest doses), the rest reduced mat amaranth (Amaranthus blitoides S. Wats.)
population by 91.59%. On the other hand, redroot pigweed was satisfactorily
controlled by all herbicide treatments, therefore the percent of reduction in weed
population varied between 90.64% and 100%. The results showed that herbicides
tested at this location had a good potential to suppress weeds belonging to
Amaranthus genus. In the case of common lambsquarters, pre-emergence
application of amicarbazone (525 g ai ha™), nicosulfuron, rimsulfuron (11.25 g ai
ha™) and 2,4- plus MCPA reduced common lambsquarters population by 100%.

Amicarbazone at 350 and 525 g ai ha' applied pre- and post-emergence
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respectively, and rimsulfuron (12.5 g ai ha') could also reduce common
lambsquarters population between 96% and 90%.

Yellow nutsedge biomass was reduced (100%) when maize was sprayed with
1) pre-emergence application of amicarbazone at all doses, 2) post-emergence
application of amicarbazone at the lowest dose, 3) nicosulfuron, 4) nicosulfuron
plus rimsulfuron at 26.25 and 33.75 g ai ha”, and EPTC (Table 6). The results
showed that nicosulfuron plus rimsulfuron (26.25 g ai ha™) and EPTC could be
used for chemical weed control management. Generally, where broadleaved weeds
are dominant, 2,4-D plus MCPA is still an efficient herbicide.

In Isfahan, none of the herbicide treatments controlled jungle rice and redroot
pigweed well (Table 7). The highest and lowest population reductions of the grass
weeds were obtained when amicarbazone (350 g ai ha™) and rimsulfuron (10 g ai
ha™) were applied. Atrazine plus alachlor, EPTC and 2,4-D plus MCPA did not act
efficiently. Redroot pigweed biomass was reduced when nicosulfuron plus
rimsulfuron (26.25 g ai ha™) was applied, which did not follow the results of
population reduction (Table 7). This shows that the herbicide stunted growth of
weed, but not injured it completely. No measurement was made in the case of
jungle rice.

Weed control was unsatisfactory in the case of all herbicide treatments in
Shiraz (Table 8). Percent of population and biomass reductions of weed species

never exceeded 89.98 and 66.93%, respectively.

Maize Grain Yield

In Ahvaz, maize yield was highest (> 5300 kg ha™) in plots treated by rimsulfuron
(12.5 g ai ha™), nicosulfuron plus rimsulfuron (33.75 g ai ha™), nicosulfuron and
the full season weedy check, respectively (Table 9). These results, however, did not
exactly correspond with those of percent of weed population reduction. Reduction
in weed biomass could be attributed to stunting growth of weeds by herbicides,
although this did not lead to complete death. Nonetheless, it considerably reduced

the competitive ability of weeds with maize.
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In Karaj, highest grain yield was produced in plots treated with foramsulfuron;
i.e. 16643 kg ha' (Table 9). Rimsulfuron (11.25 g ai ha™) was ranked second in
this respect. The lowest yielding plot belonged to EPTC. Higher grain yield
obtained at this location compared with Ahvaz which could be attributed to much
better control of weeds in this location. In fact, the lowest yielding plot in Karaj
still produced 920 kg ha” more of that in Ahvaz. This indicates again the
importance of environmental effects on the efficacy of herbicides.

In Kermanshah, the results of grain yield completely agreed with those
expected from weed control levels (Table 9). In other words, nicosulfuron and
EPTC which caused maximum reduction in weed populations and biomass, also
produced the highest grain yield (9300 and 9177.8 kg ha™, respectively) and caused
significant differences with other treatments except for foramsulfuron. The full
season weedy check was ranked among the lowest yielding plots. These results
showed that rotational applications of nicosulfuron, foramsulfuron, and EPTC
could be considered as good options for weed control in this location.

Grain yield ranged between 6300 and 14325 kg ha” in Varamin (Table 9).
Foramsulfuron, and nicosulfuron plus rimsulfuron at the lowest dose, nicosulfuron
and EPTC led to highest grain yield compared with other treatments (14325,
14133, 14013 and 13917 kg ha™, respectively,) while the lowest grain yield was
achieved where maize was sprayed with amicarbazone (350 g ai ha™") applied post-
emergence. Applications of atrazine plus alachlor and 2,4-D plus MCPA caused
yield loss. This might be attributed to their lower efficacy in reducing weed
biomass.

In Isfahan, grain yield of plots treated by amicarbazone (350 g ai ha™) applied
pre-emergence ranked first among treatments (Table 9). 2,4-D plus MCPA and the
full season weedy check had the lowest grain yields, respectively. None of the
herbicide treatments in this location controlled weeds satisfactorily. So, we suggest
the low yield in this location might be addressed to possible damage of herbicide
treatments (except for pre-emergence application of amicarbazone at 350 g ai ha™)

on maize.
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Neither weed population nor weed biomass were reduced by herbicide
treatments in Shiraz. The highest yield at this location was achieved in plots treated
by foramsulfuron followed by rimsulfuron at the highest dose, which were
significantly different from other treatments (Table 9).

In conclusion, the results obtained in this study differed according to the
location of the experiments. Taking all aspects into consideration, nicosulfuron and
rimsulfuron at 11.25 and 12.5 g ai ha™, respectively, could be regarded as better
options for weed control in maize. Amicarbazone (applied as pre- or post-
emergence) could also be supposed as a herbicide option which could be used
rotationally with above mentioned herbicides. Further investigations are necessary
to completely prove the efficacy of amicarbazone. Among traditionally applied

herbicides, EPTC is still a reliable option for weed control in maize.
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