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SUMMARY

The phytotoxic effect of herbicides applied post-emergence was investigated in a herbicide sensitivity experiment set up on parental
maize genotypes in Martonvasar. A total of 48 Martonvasar inbred lines and 12 single line crosses were included in small-plot experiments
set up in two replications. Ten herbicides were applied at the normal authorised rate and at twice this quantity. Compounds intended for pre-
emergence application were applied when maize was in the 3-4-leaf stage and post-emergence herbicides in the 7-8-leaf stage of
development. The extent of phytotoxicity was scored two weeks after treatment. Some of the herbicides tested are not authorised for use in
seed production fields, but it is important to know how the parental genotypes respond to all types of herbicides. Phytotoxic symptoms of
varying intensity were only observed on a third of the 60 parental genotypes examined; the majority of the lines exhibited no reaction to any
of the herbicides. Averaged over the 60 genotypes the level of phytotoxic damage was less than 10% for the single dose. When the double
dose was applied somewhat more severe damage was induced by products containing Mesotrione + Nicosulfuron or Foramsulfuron +
Isoxadifen-ethyl, but this was still below 15%. The herbicide dose had a three times stronger influence on the intensity of the symptoms than
the type of herbicide. With the exception of Topramezone, there was a significant difference between the effects of the normal and double
doses. The greatest dose effect differences, in decreasing order, were observed for Mesotrione + Nicosulfuron, Foramsulfuron + Isoxadifen-
ethyl. Nicosulfuron and Mesotrione + Terbutylazine. The Mesotrione + Terbutylazine active ingredient combination only caused mild
(<10%) symptoms on a total of 11 genotypes, while the Mesotrione + Nicosulfuron combination induced more severe phytotoxic symptoms
on 26 lines. When Nicosulfuron was applied alone it caused milder symptoms on fewer genotypes than in combination with Mesotrione.
Among compounds of the sulphonyl-urea type, the least severe symptoms on the fewest genotypes were recorded in the case of Prosulfuron.
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INTRODUCTION

Chemical weed control has a key importance for large-scale maize production. Only a few of the many
herbicides available to maize growers can be safely used for weed control of inbred lines. Numerous studies
have demonstrated the diverse levels of herbicide tolerance of maize lines (Shimabukuro et al., 1971, Eberlein et
al., 1989; Harms et al., 1990; Kang, 1993; Widstrom and Dowler, 1995; Green and Ulrich, 1993, 1994; Green,
1998; Bonis et al., 2004, 2013). The interaction between herbicide and crop is influenced not only by the active
ingredient - genotype relationship but also by the year and by other environmental factors (Berzsenyi et al.,
1997; Bonis et al., 2011).

MATERIALS AND METHODS

A small-plot field experiment was set up in two replications in Martonvasar on chernozem soil with forest
residues to investigate the herbicide tolerance of maize genotypes bred in Martonvasar.

The phytotoxic effects of ten herbicides (Table 1), applied post-emergence with a plot sprayer at the
authorised dose and at twice this quantity, were examined for 48 Martonvasar inbred lines and 12 single line
crosses. For experimental purposes, compounds intended for pre-emergence use were also applied post-
emergence when the maize plants were in the 3—4-leaf stage (Treatments 1 and 2).

The post-emergence herbicides were applied when the maize was in the 7-8-leaf stage and the level of
phytotoxicity was evaluated on a 0-100 scale 14 days after treatment. Each herbicide had its own untreated
control. The treatments are listed in Table 1. Some of the herbicides tested are not authorised for use in seed
production fields. These were the following: Isoxaflutole + Cyprosulfamide (Treatment 2), Nicosulfuron (7),
though this active ingredient is authorised in some combinations, Topramezone + Dicamba (9) and
Foramsulfuron + Isoxadifen-ethyl (10). It is important, however, to study the reactions of parental genotypes to
all types of herbicides in order to prepare for the possibility of extreme cases where the level of weed infestation
makes it imperative to apply them.
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Table 1
Treatments applied in the herbicide tolerance experiment, Martonvasar 2015
Treatment Dose (ml, g a.i. ha-!)
Normal Double
Control - -
1 Mesotrione + S-metolachlor + Terbutylazine 187.5 +1875 +625 375 +3750 + 1250
2 Isoxaflutole + Cyprosulfamide 105.6 + 105.6 211.2+211.2
3 Topramezone 50.4 100.8
4 Mesotrione + Terbutylazine 115 + 749.8 230 + 1499.6
5 Tembotrione + Isoxidifen-ethyl 99 +47.5 198 +99
6 Mesotrione + Nicosulfuron 150 + 60 300 + 120
7 Nicosulfuron 48 96
8 Prosulfuron 15 30
9 Topramezone + Dicamba 50 + 160 100 + 320
10 Foramsulfuron + Isoxadifen-ethyl 56.25 + 56.25 1125 +1125

The weather in the 2015 growing season was characterised by rainfall deficiency. Up to the end of August,
almost 100 mm less rain fell during the growing season than the 30-year mean. In June there was only 29 mm
rainfall, which was less than half the 30-year mean (73 mm). The most important weather data for the spraying
period are illustrated in Figure 1.

On June 3", when the pre-emergence herbicides were applied to maize plants in the 3-4-leaf stage, the daily
mean temperature was close to 25°C, with a maximum of over 30°C. The 23 mm rain that fell within a week of
the treatment facilitated the uptake of the herbicides through the roots. When the post-emergence herbicides
were sprayed on June 16™ and on the following days the daily mean temperature was less than 20°C and even the
maximum temperatures were below 25°C (Figure 1).

Figure 1: Major weather parameters at spraying and over the following days. Martonvasar, June 2015

(Y]
un

L]
=

(o]
h

PaYa

(o]
=

°C, mm

—
un

o
(=

L

19 21. 23 25

L. 3 &5 7 9 1L 13 15 17
Day

2l 23

1 Precipitation —=—Mean temperature —-—Maximum temperature

Scoring results were evaluated using two-factor analysis of variance (ANOVA).

RESULTS

Averaged over the 60 genotypes the extent of phytotoxic damage did not exceed 10% for the single doses,
while the double doses of Treatments 6 and 10 (Mesotrione + Nicosulfuron and Foramsulfuron + Isoxadifen-
ethyl) caused more severe damage, but still below 15% (Figure 2). Analysis of variance revealed highly
significant differences (at the F=0.1% level) between both the herbicide and dose effects. Based on the MQ
values (not shown) the herbicide dose influenced the intensity of the symptoms three times more than the type of
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herbicide (MQ=121.2 and MQ=40.71, respectively). Among the treatments, only for Treatment 3
(Topramezone) was there no significant difference between the normal and double doses (Table 2). The greatest
differences in the dose effects were found in decreasing order for Treatments 6 (Mesotrione + Nicosulfuron,
8.81%), 10 (Foramsulfuron + Isoxadifen-ethyl, 8.80%), 7 (Nicosulfuron, 5.97%) and 4 (Mesotrione +
Terbutylazine, 4.28%). Averaged over the genotypes, phytotoxic damage of below 1% was observed for the
single doses of Treatments 1 (Mesotrione + S-metolachlor + Terbutylazine), 2 (Isoxaflutole + Cyprosulfamide),
3 (Topramezone), 8 (Prosulfuron) and 9 (Topramezone + Dicamba). The level of phytotoxicity was between 1
and 3% for Treatments 4 (Mesotrione + Terbutylazine), 5 (Tembotrione + Isoxadifen-ethyl) and 7
(Nicosulfuron), and above 3% for Treatments 6 (Mesotrione + Nicosulfuron) and 10 (Foramsulfuron +
Isoxadifen-ethyl).

Figure 2: Visible phytotoxic effects (%) of normal and double doses of herbicides two weeks after treatment in a maize herbicide
tolerance experiment, averaged over 60 genotypes. Martonvésar, 2015
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Table 2
Variance table for the herbicide tolerance experiment, Martonvasar, 2015
. Dose
Herbicide Mean LSDsy,
1x 2X
1 0.60 231 1.46
2 0.56 2.27 141
3 0.00 0.55 0.28
4 1.48 5.76 3.62
5 1.27 2.33 1.80
6 5.00 13.81 9.41 039
7 2.75 8.73 5.74
8 0.97 2.92 1.95
9 0.25 2.22 1.24
10 4.83 11.62 8.23
Mean 1.77 5.25 3.51 0.23
LSDS% between any treatments 0.58

The genotypes on which the normal herbicide doses exerted phytotoxic effects are shown in Figures 3-9. As
can be seen in Figures 3 and 4, the two pre-emergence herbicides (Mesotrione + S-metolachlor + Terbutylazine
and Isoxaflutole + Cyprosulfamide), applied when maize was in the 3—-4-leaf stage, both caused mild yellowing
symptoms on five different genotypes, but these disappeared later as the maize plants developed.
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Figure 3: Effect of treatment with the normal dose of the pre-emergence herbicide Mesotrione + S-metolachlor + Terbutylazine
in the 3—4-leaf stage of maize, averaged over 60 parental genotypes from Martonvasar
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Figure 4: Effect of treatment with the normal dose of the pre-emergence herbicide Isoxaflutole + Cyprosulfamide in the 3—-4-leaf
stage of maize, averaged over 60 parental genotypes from Martonvasar
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Among the post-emergence herbicides sprayed in the 7-8-leaf stage, Topramezone (Treatment 3) caused no
symptoms on any of the lines, while Topramezone + Dicamba (Treatment 9) only led to very mild initial damage
on two genotypes and Tembotrione + Isoxadifen-ethyl (Treatment 5) only produced intensive symptoms (around
40%) on two extremely herbicide-sensitive lines. (These results are not presented in separate figures.)

The active ingredient Mesotrione, a component in one of the pre-emergence herbicides, was also included in
the experiment in two post-emergence combinations, the results of which are illustrated in Figures 5 and 6.

Figure 5: Effect of the normal dose of Mesotrione + Terbutylazine applied in the 7-8-leaf stage of maize, averaged over 60
parental genotypes from Martonvasar
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Figure 6: Effect of the normal dose of Mesotrione + Nicosulfuron applied in the 7-8-leaf stage of maize, averaged over 60
parental genotypes from Martonvasar
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The Mesotrione + Terbutylazine combination only caused mild symptoms on a total of 11 genotypes, while
the effect of the Mesotrione + Nicosulfuron could be observed as more severe phytotoxic symptoms on 26 of the
lines. When Nicosulfuron was applied alone (Treatment 7) it produced milder symptoms on fewer genotypes
than when combined with Mesotrione (Figure 6 and 7).

Figure 7: Effect of the normal dose of Nicosulfuron applied in the 7-8-leaf stage of maize, averaged over 60 parental genotypes
from Martonvasar
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Among the compounds of the sulphonamide-urea type (Nicosulfuron, Prosulfuron, Foramsulfuron +
Isoxadifen-ethyl), Prosulfuron produced the least damage on the lowest number of genotypes. Altogether,
Foramsulfuron + Isoxadifen-ethyl caused visible phytotoxic symptoms of varying intensity on 23 genotypes,
Nicosulfuron on 11 and Prosulfuron on four (Figure 7-9).

Figure 8: Effect of the normal dose of Prosulfuron applied in the 7-8-leaf stage of maize, averaged over 60 parental genotypes
from Martonvasar
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Figure 9: Effect of the normal dose of Foramsulfuron + Isoxadifen-ethyl applied in the 7-8-leaf stage of maize, averaged over 60
parental genotypes from Martonvasar
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DISCUSSION

Only a third of the 60 parental genotypes from Martonvasar exhibited symptoms of varying intensity, while the majority did not react to
any of the herbicide treatments. Averaged over the 60 genotypes, the phytotoxic damage did not exceed 10% in the case of the single dose,
while the double quantity only caused more severe symptoms in the case of Mesotrione + Nicosulfuron and Foramsulfuron + Isoxadifen-
ethyl, but even then the damage level was below 15%.

Analysis of variance indicated that the herbicide dose had three times as strong an influence on the severity of the symptoms as the type
of herbicide. Among the treatments, only for Treatment 3 (Topramezone) was there no significant difference between the effects of the
normal and double doses. The greatest dose effect differences were recorded in decreasing order for Mesotrione + Nicosulfuron,
Foramsulfuron + Isoxadifen-ethyl, Nicosulfuron and Mesotrione + Terbutylazine.

The Mesotrione + Terbutylazine combination only caused mild (<10%) symptoms on a total of 11 genotypes, while the Mesotrione +
Nicosulfuron combination caused more severe phytotoxicity on 26 lines. When applied alone, Nicosulfuron induced milder symptoms on
fewer genotypes than in combination with Mesotrione.

Among the compounds of the sulphonamide-urea type, Prosulfuron caused the least damage on the lowest number of genotypes.
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