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Efficacies of Reduced Herbicide Rates for Weed Control in
Maize (Zea mays 1..) During Critical Period
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Abstract: The sensitivities of Amaranthus retroflexus L., Chenopodium album L., Xanthium strumarium L. and
Portulaca oleraceae L. at different growth stages were compared against two commoen herbicides used in
maize (nicosulfuron and 2.4-D-amine). The sensitivities of weeds at 2-4 leaves growth stages were higher than
at 5-8 leaves; they could be controlled by 90% with about 30-40% lower rates. Based on the results of pot
experiments the performances of reduced rates were evaluated under naturally weed-infested conditions in the
field experiments conducted in 2002 and 2003. Results from the experiment conducted i 2002 suggested that
none of the herbicide alone provided acceptable weed control under practical growing conditions, even at the
recommended rates, but the mixture of reduced rates was highly efficient against weeds. Therefore the efficacy
of this herbicide mixture alone; in combination with ammomum-sulphate additive or with hand hoeing was
evaluated in two field experiments under practical maize growing conditions in 2003. Results showed that low
rate herbicide mixture provided acceptable weed control during critical period, provided highest grain yield and

it’s efficacy against difficult to control weeds was improved by ammonium-sulphate addition.
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INTRODUCTION

Weed control 1s important in maize production and 1s
carried out by mechamcal and/or chemical measurements.
Although both methods are effective in controlling
weeds, intensive use of weed control is closely associated
with higher production costs and/or some side effects. As
the weed control systems based solely on herbicides has
lost their popularity due to some problems, such as water
I and selection of herbicide
resistant weed biotypes'”, attempt is being put on
Integrated Weed Management (IWM) strategies in maize,
in which the herbicide use is being reduced.

Optimization of herbicide use can be achieved at
three steps: non-chemical preventive measures to reduce
the 1mitial density of weeds, assessment of the need for
weed control after crop establishment and finally the
choice of herbicide rates to be applied”. Although each
step 18 important n developing an optimum weed control
strategy, the second and third steps should be considered
jointly in the case of post emergence weed control.

Critical Period for Weed Control (CPWC) is an
important concept for Integrated Weed Management
(IWM) in maize, which should be considered for
assessing the need for and timing of weed control.
Considering CPWC it is possible to develop an efficient

and air contammation!'

herbicide strategy with reduced herbicide rates'l.
Since the previous CPWC studies conducted in maize
suggest that in general a short term weed control is
enough (2-3 weeks) to provide maximum maize grain
yield®® use of herbicides at reduced rates could be an
integral control strategy within the frame of TWM.

In some previous studies concermng weed control
with reduced herbicide rates, it was shown that the
herbicide rates could be reduced by considering weed
species, weed growth stages and envirormmental
conditions and the mfluences of these factors on
herbicide efficacy can be quantified with conducting
dose-response experiments™"®!. Considering these factors
it is possible to provide information about the reduction
rate of herbicide dose 1 a given field situation.

Since weed control 1s important in maize production,
an integrated weed management strategy should be
developed in Turkey. With this aim, critical period for
weed control was determmed as the first step in previous
studies conducted mm 2001 and 2002, Results of these
studies  suggested that the weed control should be
carried out between 3- and 7-10- leaf stages of maize in
order to provide an acceptable grain yield™. The cbjective
of the present experiments was to develop a weed
control strategy with minimum herbicide input during
critical period.
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MATERIALS AND METHODS

Dose-response experiments: Dose-response experiments
were conducted m 2001 to determine the effective
minimum rates of two common maize herbicides
nicosulfuron and 2.4-D-amine. Amaranthus retroflexus L.
Portulaca oleracea 1., Chenopodium album 1. and
Xanthivm strumarium L. were used m the studies as
model weed species, which are the most common broad
leaved-weeds of maize fields i the region.

Weeds were collected from maize fields at cotyledon
stage and transferred to pots contaiming a mixture of
soil-sand-turf (1/1/1 ratios) two times with one-week
mterval m order to obtain plants in two different growth
stages at application date. Weeds were then treated with
different rate series of each herbicide at 2-4 and 5-8 leaf
stages. Untreated weeds from each growth stage were
used for the comparison. Herbicides were applied
through portable plot spray equipment (Solo), with
Teelet nozzle under 2.5 bar pressure with a water volume
of 300 1 ha™". Nicosulfuron was applied as formulated
herbicide (Sanson ™ 40 g a.1. /1) in 8rates (5, 10, 15, 20, 25,
30, 40 and 50 g ai ha™). 2.4-D-amine was applied as
formulated herbicide (Di Amin™ 500 g a.i/l) in 9 rates
(50, 100, 200, 300, 400, 500, 600, 800 and 1000 g a.iha™).

To asses the efficacies of different herbicide rates, as
well as to describe dose-response relationships, weeds
were harvested from pots 2 weeks after treatments. After
determining fresh biomass per plant, dose-response
curves were fitted to data and ED,, values were
determined for each weed growth stage by the following
nen-linear equation! via Sigma Plot package:

Y=100/[1+9 (x/ED,, "] (1)
Inthis Eq. 1 Y denotes the response of weeds agamst rate
x; EDy, denotes the herbicide rate providing 90% biomass
reduction and b denotes slope of the dose-response
curve.

Field experiments: In order to evaluate the field
performance of the reduced herbicide rates determined
via dose-response experiments, three experiments were
carried out in 2002 and 2003 on sandy loam soil at the
research station of Agricultural Faculty of Adnan
Menderes Umversity, Turkey. The experimental design
was the Randomized Complete Blocks with four
replications for each treatment. Each plot was 21 m™ in
size (4 maize rows X 10 m length).

Experiment in 2002: A standard grown variety of maize
(Cv. pioneer) was planted on 29th April, 2002. Common
cultural practices were applied during whole growing
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season except for the weed control. Main weed species on
experimental plots were 4. retroflexus and C. album.
Based on the results of pot experiments nicosulfuron and
2.4-D-amine were applied at about 30 and 40% reduced
rates, respectively (nicosulfuron: 35 g a.i ha™ and 2.4-D-
amine: 600 g ai. ha™'). Recommended rates of both
herbicides (Nicosulfuron: 50 g ai ha™ and 2.4-D-amine:
1000 g ai. ha™) were also applied for the efficacy
comparison. Since the results from pot experiments
suggested that both herbicides have complementary
effects in terms of broad-spectrum weed control, a mixture
of herbicides mn reduced rates was also mcluded in the
experiment. A weedy plot was left on each block as
control treatment. Plots were treated at 3-4-leaf stages of
maize (starting times of critical period), when weeds were
at 0-4-leaf stages. Corresponding weed ground cover at
the application date was about 25%. Herbicide treatments
were done as described for pot experiments.

Experiments in 2003: Since the low rate mixture of
both herbicides (36 g a.i ha™ nicosulfuront 600 g a.iha™
2.4-D-amine as formulated herbicides) provided
acceptable weed control efficacy in the previous field
experiment, it was aimed to evaluate the performance of
this mixture under practical conditions in two field
experiments 1n 2003. The first experiment was conducted
in main crop maize, which was sown on 2nd May, 2003
(Cv. Terehia) and the second experiment was conducted
in second crop maize sown on 30th Tune, 2003 after wheat
harvest (Cv. Dekalp 585). In both experiments, plots were
naturally infested with 4. retroflexus, P. oleracea and
X. strumarium. In addition to these broad-leaved weed
species, Cyperus rotundus 1. was also observed
homogenously on all experimental plots.

Low rate herbicide mixture was applied alone, in
mixture with ammonium-sulphate additive (at 1% v/v) or
in combination with hand hoeing (two weeks after
treatment). For the comparison of weed control efficacy,
a mixture of both herbicides in recommended rates was
also included m the experiment. Whole season weedy,
whole season weed free and during critical period weed
free plots (achieved by hand hoeing) were mcluded in
experiments for yield comparison.

All weed control treatments were applied at 3-5 leaf
stages of maize. During the treatments weeds were in 0- 6
leaf stages and average weed ground cover on the plots
were about 35 and 20% in the experiments conducted in
main and second crop maize, respectively.

Evaluation of field experiments: In all field experiments
efficacies of herbicide treatments were visually evaluated
2 weeks after treatments (data not shown). At 10 leaf
stage of maize (the end of critical period) weeds were
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harvested from 4 sites (each in 0.25 m ™~ areas) of each plot
to determine the weed biomass m . Plots were harvested
by hand at the end of 2003 growing season and grain
vield was determined for each plot. Experimental data was
subjected to analysis of variance and means were
compared by Duncan test by using SPSS 10.0 package.

RESULTS

Dose-response experiments: There were differences
among herbicide sensitivities of weed species. Both
weeds, for which dose-response curves coud be
determined, were more sensitive to herbicides at their
early growth stages. From the ED,, values it can be seen
29 and 40% reduced rates of herbicides could be applied
m the case of early growth stages of sensitive weeds
(Table 1).

In the case of mnicosulfuron a dose-response
relationship could be described only for 4. retroflexus,
because other weeds could not be controlled
satisfactorily with below labeled rates. P. oleracea
was controlled only with the recommended rate
of nicosulfuron, whereas an acceptable control of
X. strumariywm and C. album could not be achieved even
with the recommended rate. In the case of 2.4-D amine,
a dose-response relationship was determined only for
X. strumarium, whereas the efficacy of this herbicide on
other weed species was not acceptable, even at the
recommended rate.

Field experiments: In the experiment conducted in 2002,
1t was observed that all treatments sigmficantly reduced
the biomass of A. retroflexus, but the reduction by
nicosulfuron treatment was significantly higher than by
2.4-D-amine treatment. The efficacies of reduced rates of
both herbicides were comparable with the efficacies of
their recommended rates. Although none of the herbicides
alone controlled C. album satisfactorily, the low rate
herbicide mixture controlled this weed effectively, causing
a biomass reduction by 95% (Table 2).

Also in the experiments conducted in 2003,
biomass of all weed species was sigmficantly reduced
by all treatments (Table 3 and 4). 4. retroflexus and
X. strumarium were controlled by all herbicide treatments
adequately (over 90% weight reduction) in both
experiments. The efficacies of treatments on P. oleracea
were variable depending on the experiment. In the first
experiment, none of the treatments provided acceptable
control of P. oleracea (over 90%). The highest efficacy on
this weed was obtained with low rate mixture treatment
with ammonium-sulfate addition (about 80% biomass
reduction), which was sigmficantly  higher from the
efficacy of low rate mixture without ammonium-sulfate
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Table 1: Parameter for dose-response relationships between nicosulfuron
and A retroffexus and between 2,4-D amine and at different growth
stages

Amaranthus Xarithivm
retroffexus L. strumarium L.
Nicosulfuron 2.4-D-amine

Parameter 24 leat 5-8Bleaf 2-4leaf 5-8 leaf’

EDy; (g a.iha™) 32.4+3.8 456573 350.0£53.0 580.00£112

b 1.7£0.2  2.8£0.6  3.5%06 2612065

Relative rate reduction (%) 29 - 40

+ Standard errors of estimated parameters

Table 2: Efficacies of different nicosulfiron and 2.4-D-amine rates on
A. retroflexus and C. album under field conditions in 2002
Weed biomass (g/plant)

Reduc- Reduc-
Treatments A. retroflexys tion (%0) C. album  tion (%)
Untreated 7.6+1.9d ()] 5.6£13bec (O)
Nicosulfiron 35 ga.iha™! 0.5+0.2a o4 8.3+1.9d (o
Nicosulfuron 50 g a.i ha™! 0.1+0.2a (98) 5.8t0.6bc ()
2.4-D-amine 600 g a.i ha™! 2.4+0.6¢ (69) 4.1£0.9b (27
2.4-D-amine 1000 ga.iha™'  2.0+0.4bc (€5)] 34103 (39
L.ow rate mixture™ 0.3+0.2a (965) 0.240.2a  (95)*

Nicosulfuron 35 g a.i. ha™! + 2.4-D-amine 600 g a.i. ha™'; + Standard errors
of means; Means with different letters are significant at 0.05

(about 50% biomass reduction). In the second experiment,
all treatments gave over 90% effects on P. oleracea.
However recommended rate mixture treatment reduced
the biomass of P. oleracea (by 99%) significantly higher
than low rate mixture treatments (by 90%). An acceptable
control of C. rotundus could not be achieved in both
experiments, but the efficacy of treatments on this weed
was higher m the second experiment than in the first.
In both experiments efficacy of low rate mixture on
C. rotundus was increased generally by AS addition to
spray solution.

As far as the effect of treatments on total weeds is
concerned,
treatments were higher in the second experiment than in
the first experiment. Highest weed control efficacy was
obtained with the AS addition to low rate mixture in the
first and with recommended rate mixture in the second
experiment, which can be attributed to the higher efficacy
of treatments on P. oleracea and C. rotundus.

Yield values showed that leaving weeds on plots

it was observed that the efficacies of

whole season resulted in about 65% lower yield in the
main crop maize and 49% 1n the second crop maize, as
compared with whole season weed free plots. All
treatments provided significantly higher yield (2-3 fold
higher yield) than the control treatment left weedy whole
season (Table 5). The low rate herbicide mixture provided
similar grain yield as with the whole season weed free
conditions showing that recommended rate mixture and/or
additional hand hoeing was not necessarry to obtain
maximum yield.
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Table 3: Biomass of weed species as affected by different treatments in the experiment conducted in main crop maize in 2003

Fresh biomass (g m™2)

Treatments A. retroflexus X strumarium P. oleracea C. rotundhis Total

Untreated 249+£77.0b 685+149.0b 613£204.0c¢ 239431.2¢ 1786+291.0¢

Low rate mixture 14+2.4a 25+3.6a 294+24.4b 223+5.2bc 555+25.2b
(E] (96) (52) @) (85)

T.ow rate mixtire + AS 22+2.0a 20+6.8a 120+22.4a 180+06.0a 342+27.1a
o1 o7 (80) (25) (81)

Recommended rate mixture 11+3.8a 15+5.4a 178+35.0ab 200+15.0ab 403+48.0ab
(98 (98) (€Y)] (16) (77

+ Standard error of means, Means with different letter are significant at 0.05; Values in parentheses are % biomass reduction in relation to untreated plots

Table 4: Biomass of weed species as affected by different treatments in the experiment conducted in second crop maize in 2003

Fresh biomass (g m™2)

Treatments A. retroflexus X strumarium P. oleracea C. rotundhis Total

Untreated 548+290.0b 99.0+58.0b 1061.0£197.0¢ 345.0+136.0b 20069.0+371.0b

Low rate mixture 1.5£0.7a 0.3+0.3a 106.0=49.0b 173.0+41.0a 283.0+£76.0a
{100) {100) (©0) (50) (86)

Low rate mixture + AS 3.4+1.6a 0.1+0.1a 109.0+36.0b 129.0£24.0a 251.0+£30.0a
(9% {100) (©0) (62) (88)

Recommended rate mixture 5.0+£2.8a 1.0+ 0.5a 10.0+2.8a 144.0+41.0a 162+40.0a
(9% (100) (100) (58) ©2)

+ Standard error of means, Means with different letter are significant at 0.05; Values in parentheses are % biomass reduction in relation to untreated plots

Table 5: Influences of different weed control treatments on maize grain yield
in main and second crop maize in 2003
Yield (ton/ha)

Treatments Main crop maize Second crop maize
Low rate mixture 8.54+0.51a 6.19+0.40a
L.ow rate mixture + hand hoeing®* 8.90+0.63a 6.21+0.40a
Low rate mixture + AS 10.46+0.62a 6.29+0.47a
Recommended rate mixture 9.57+0.78a 6.23+0.44a
Hand hoeing during critical period 9.49+0.59a 6.13+0.40a
Weed free (whole season) 10.06+0.27a 6.06+0.57a
Weedy (whole season) 3.57+0.82b 3.11+0.66b

* Applied two weeks after treatments, + Standard error of means, Means with
ditferent letter are significant at 0.05

DISCUSSION

Results from the present studies showed that a weed
control strategy with reduced herbicide rates can be
realized by considering the sensitivities of different
common weed species of a particular field, as also stated
by Mekki and Lerowx!", as well as by Kudsk and
Streibigt. In the cases, when very sensitive weed species
dominate on the field, such as A. retroflexus against
nicosulfuron or X. strumarium against 2.4-D-amine, weed
control can be achieved by the reduced rates of these
herbicides, which serves to save the costs and reduce the
possible risks of chemical weed control. However,
dose-response experiments, as well as the field experiment
from 2002 showed that none of these herbicides would
provide acceptable broad-spectrum weed control under
practical growing conditions, because at least two or more
weed species occur as dominating weed flora on most of
the growing areas i the region. Therefore, it 15 important
to use herbicide mixtures to achive broad-spectrum weed
control. Use of low rate herbicide mixtures to extend the
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weed control spectrum 1s an important issue in integrated
weed management strategies". This statement was also
confirmed with the results of this study, so that the
reduced rate herbicide mixture provided in most instances
broad-spectrum weed control, which was not achieved by
either herbicides applied alone. The ammonium -sulphate
(AS) addition to low rate herbicide mixture increased
the efficacy, especially on the less semsitive species,
such as P. oleracea and C. rotundus, consequently on
total weeds. The mcreased efficacy of nicosulfuron on
these weed species was also demonstrated m previous
studies conducted under field conditions and under
controlled conditions!**,

Results of this study confirmed also the critical
period finding obtained from previous studies, so that a
weed control duration between 3-4 and 7-10-1eaf stages of
maize provided acceptable grain yield. This weed free
period could be achieved by all weed control treatments
investigated in field experiments in 2003. However, the low
rate herbicide mixture treatment supplemented with
ammorumn-sulfate additive can be considered as the most
promusing method to achieve an economical feasible weed
control with least side effects.

Nicosulfuron is widely used for the control of weeds
in maize n Tukey, but its efficacy 15 limited with grass
weeds and a few broad-leaved weeds. In order to achieve
broad-spectrum weed control, especially of broad-leaved
weeds, growers apply usually 2.4-D amine alone or in
mixture with nicosulfuron. Although this mixture is
effective in controlling weeds, 2.4-D cause important
damages to the broad-leaved crops grown on the fields
around (especially on cotton) and sulfonylurea herbicides
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(nicosulfuron) increase the costs of weed control.
Therefore, it 15 important to develop an herbicide rate
reduction strategy in maize to reduce the costs and risks
of chemical weed control in Turkey.

Results of these studies suggest that the herbicide
use in maize production can be reduced within the frame
of integrated weed management strategy by considering
the critical periods for weed control and by determining
the appropriate herbicide rate or rate mixtures via dose-
response experiments that provide acceptable weed
control under any field situation.
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