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Abstract: The evaluation of effect of the grass and broadleaf weed control of different mixture rates 
of mesotrione plus pethoxamid and terbuthylazine applied postemergence in maize was conducted 
in the field experiments during the 2005 and 2006 growing seasons. There was no phytotoxicity ob-
served on maize after herbicide treatments. Herbicide mixture provided higher levels of Echinochloa 
crus-galii (L.) Beauv. control than mesotrione used alone. In the postemergence trials, the broadleaf 
weeds, except Chenopodium album L., were not well controlled by the mesotrione-alone treatment. 
The addition of pethoxamid plus terbuthylazine to mesotrione significantly improved the control 
of broadleaf weeds. Mesotrione and mesotrione plus pethoxamid and terbuthylazine treated plots 
were always among the highest yielding as compared to untreated plots. Any reductions in cob and 
grain yield were always associated with high weed fresh matter yields indicating that it was the weed 
competition that led to reduced yield and not herbicide phytotoxicity.
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INTRODUCTION
Weeds are one of the most important limiting factors in maize (Zea mays L.) pro-

duction. Therefore, weed control is an important management practice for maize pro-
duction that should be carried out to ensure optimum grain yield (Adamczewski et 
al. 1997; Skrzypczak et al. 1995, 2005; Skrzypczak and Pudełko 1993). Mesotrione is 
a new callistemone herbicide that inhibits the HPPD enzyme (p-hydroxyphenylpyru-
vate dioxygenase), a component of the biochemical pathway that converts tyrosine to 
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plastoquinone and α-tocopherol (Cornes 2005; Lee et al. 1988). Following treatment, 
in sensitive plants carotenoid biosynthesis is disrupted in the chlorophyll pathway, 
resulting in a bleaching effect (Wichert et al. 1999). It is a member of the benzoylcyclo-
hexane-1,3-dione family of herbicides, which are chemically derived from a natural 
phytotoxin obtained from the Callistemon citrinus (Curtis) Skeels plants. Mesotrione 
has been shown to be effective for both pre- and postemergence control of weeds in 
maize (Armel et al. 2003b; Gołębiowska and Rola 2003, 2005; Paradowski and Praczyk 
2005; Sutton et al. 1999). However, as it is a weak acid, mesotrione has been found to 
be highly adsorbed by soil organic matter in acid soils, thus requiring higher rates 
when applied preemergence in these environments (Wichert et al. 1999). It can be 
used in both conventional and no-till maize as well as to control glyphosate tolerant 
weeds in glyphosate-resistant maize (Armel et al. 2003a, 2003c).

Mesotrione provides control of the major broad-leaved weeds, and it can be used 
in integrated weed management programmes depending on the grower’s preferred 
weed control strategy. At postemergence rates mesotrione provides naturally selec-
tive control of key species that may show triazine resistance e.g. C. album, Amaranthus 
spp., Solanum nigrum L., as well as species of weed that show resistance to aceto-
lactase synthase (ALS) inhibitors e.g. Xanthium strumarium L., and Sonchus spp. and 
introduces a new naturally selective tool into weed management programmes for use 
in maize (Mitchell et al. 2001; Sutton et al. 2002). Maize is tolerant to mesotrione as 
a consequence of slower uptake and selective metabolism by the crop plant. In all 
cases, a grass herbicide is still needed.

Pethoxamid, a new chloroacetamide compound appears to inhibit the biosynthe-
sis of fatty acids, and terbuthylazine well known chlorotriazine herbicide compatible 
with most herbicide formulations except very strong acid/alkaline formulations, can 
be used for grass and broadleaf weed control in maize (Dhareesank et al. 2005; Kidd 
2001; Okamoto et al. 1991). Up to now according to regulations of UE in some cases 
both herbicides may replace the use of atrazine.

The objective of this research was to determine the effect of the grass and broad-
leaf weed control by different mixture rates of mesotrione and pethoxamid plus ter-
buthylazine applied postemergence in maize.

MATERIALS AND METHODS
Field trials were conducted using maize (cv. Fido) grown at the Brody Research 

and Education Station of Agricultural University of Poznań, during the 2005 and 2006 
growing seasons. The soil type was luvisoil with pH range from 5.8 to 6.1. Fertiliser 
and agronomic practices were applied according to State Soil Testing Laboratory rec-
ommendations. The trials were set up as complete, randomised block design with 
four replicates and individual plot size of 2.8 m x 10 m. Each plot contained four 
rows of maize planted at 70 cm row spacing. Mesotrione (Callisto 100 SC – Syngenta) 
and pethoxamid + terbuthylazine (Successor T, 550 SE (300+250 g/l) – supplied by Ar-
ysta LifeScience) as the tank-mix were used at different rates (150+1650, 100+1650, 
100+1375 g/ha and 150 g/ha mesotrione only). Treatments were applied at 4–6 leaves 
(BBCH 14–16) of the maize growth with bicycle mounted sprayer equipped with fan 
nozzles type Lurmark 02 110 delivering 230 l/ha of spray solution at 220 kPa pres-
sure.
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Grass and broadleaf weed control as well as selectivity assessment to maize were 
done 2 weeks after postemergence treatments using visual estimations. Every year at 
the beginning of July (8–10 weeks after planting) the analysis of fresh matter of weeds 
was done and weed control efficacy was calculated. Weed fresh matter was deter-
mined by cutting and collecting weeds at ground level in two middle rows, randomly 
selected from 0.5 m2 frame placed on each plot. The collected weeds were separated 
into grass and broadleaf species and weighed. Cobs as well as grain yield were taken 
each year from the two central rows of plots. Maize grain from each plot was weighed 
and seed moisture was determined using grain moisture tester. Yield was adjusted to 
15.5% moisture. Data of weed control and yield of maize were subjected to the analy-
sis of variance and treatment means were compared with a least significant difference 
test at 5% of probability.

RESULTS AND DISCUSSION
Maize plants in all the trials showed good tolerance to mesotrione. There was no 

phytotoxicity observed on maize after herbicide treatments. Also papers presented 
by James et al. (2006), Gołębiowska and Rola (2003, 2005); Paradowski and Praczyk 
(2005) as well as Sulewska et al. (2005) indicated that maize plants in all the con-
ducted trials showed good tolerance to mesotrione. No phytotoxic symptoms were 
observed in any of the mesotrione alone or combination treatments. The study done 
by Waligóra and Duhr (2004) showed no phytotoxicity to sweet maize in case of the 
tank mixture of mesotrione and atrazine. 

The main weeds present in the untreated plots in all trials included E. cruss-galli,  
C. album, Viola arvensis Murray, Geranium pusillum L., Polygonum aviculare L., Polygo-
num convolvulus L. and Veronica hederifolia L. Herbicide mixture provided higher lev-
els of E. crus-galli control (98–100%) than mesotrione used alone (86%). According to 
works of James et al. (2006) and Armel et al. (2003a, 2003b) the grass weeds were not 
well controlled by the mesotrione-alone treatments. The addition of e.g. primisulfu-
ron, acetochlor or s-metolachlor gave better both grass and broadleaf weed control. 
James et. al. (2006) also indicated that in the postemergence trials the grass weeds 
present were not well controlled by the mesotrione-alone treatments. The addition 
of atrazine to mesotrione significantly improved the control of grass weeds. Digitaria 
sanquinalis (L.) Scop. and Eleusine indica (L.) Gaertn. were more susceptible to mesot-
rione than Panicum dichotomiflorum Michx. Presented data of grass weed control were 
analysed and no significant difference was found between 100+1375 or 1650 g/ha rates 
of mesotrione plus pethoxamid and terbuthylazine (Table 1).

In the postemergence trials, the broadleaf weeds, except C. album, were not well 
controlled by the mesotrione-alone treatment. The addition of pethoxamid and ter-
buthylazine to mesotrione significantly improved the control of broadleaf weeds. Con-
trol of G. pusillum was effective with lower rates of mesotrione plus pethoxamid and 
terbuthylazine (100+1 375 g/ha). Also Sulewska et al. (2005) reported that mesotrione 
needs a partner herbicide to be more effective against G. pusillum control. Mesotrione 
applied alone was less effective on P. arvensis and P. convolvulus (50 and 63% control, 
respectively). Understandably, herbicide mixtures provided higher levels of both spe-
cies control than mesotrione used alone. Results indicated 88–90% control of P. arvensis 
and 98–100% control of P. convolvulus when mesotrione and pethoxamid plus therbuth-
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ylazine ware applied at the rate 100+1 375 g/ha only. V. arvensis was more effectively 
controlled when mesotrione and pethoxamid plus therbuthylazine tank mixture were 
used at higher rates e.g. 150+1 650 g/ha, respectively (Table 1).
Table 1. Weed control efficacy in applied treatments (2005–2006)

Treatment
Rate

[g/ha]

Weed control efficacy [%]

ECHCG CHEAL VIOAR GERPU POLAV POLCO VERHE

Mesotrione 150 86 100 80 60 50 63 70

Mesotrione 
+ pethoxamid and 
terbuthylazine

150 
+ 1650 100 100 100 100 88 100 100

Mesotrione 
+ pethoxamid and 
terbuthylazine

100 +

1650
98 100 90 100 90 98 88

Mesotrione 
+ pethoxamid and 
terbuthylazine

100 +

1375
98 100 91 100 90 98 88

Untreated control

(weeds g/m2)
– 223 1547 320 105 80 15 15

LSD (0.05) – 10.6 n.s. 8.8 15.2 9.8 5.9 5.9

ECHCG – Echinochloa crus-galli, CHEAL – Chenopodium album, VIOAR – Viola arvensis,  
GERPU – Geranium pusillum, POLAV – Polygonum aviculare, POLCO – Polygonum convolvulus,  
VERHE – Veronica hederifolia 
n.s. – not significant difference

Table 2. Cob and grain yield of maize as influenced by herbicide treatments (2005–2006)

Treatment Rate 
[g/ha]

Yield [t/ha]

cobs grain

Mesotrione 150 11.7 8.70

Mesotrione + pethoxamid and terbuthylazine 150 + 1650 11.1 8.80

Mesotrione + pethoxamid and terbuthylazine 100 + 1650 11.7 8.63

Mesotrione + pethoxamid and terbuthylazine 100 + 1375 13.0 9.38

Untreated control 0 4.7 3.32

LSD (0.05) – 2.79 1.17

Sulewska and Koziara (2006) also obtained better results of broadleaf weeds control 
when mesotrione was applied as tank-mix with atrazine. They observed complete weed 
control of such species as: C. album, V. arvensis, Capsella bursa-pastoris L., Lamium purpu-
reum L. as well as P. convolvulus. James et. al. (2006) reported that all the broadleaf weeds 
present were significantly reduced by mesotrione, with the exception of Portulaca oleracea L. 
Portulaca was well controlled by atrazine, dicamba and nicosulfuron. The work of Lin-
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genfelter et al. (2002) has shown that mesotrione applied postemergence provided > 90% 
control of C. album, Abutilon theophrasti Medik. and Amaranthus hybridus L. but Ambrosia 
artemisiifolia L. and P. convolvulus control was improved by the addition of atrazine.

Mesotrione and mesotrione plus pethoxamid and terbuthylazine treated plots 
were always among the highest yielding as compared to untreated plots. Any reduc-
tions in cob and grain yield were always associated with high weed fresh matter 
yields indicating that it was the weed competition that led to reduced yield and not 
herbicide phytotoxicity (Table 2).

CONCLUSIONS
Results presented here demonstrate mesotrione to be an effective herbicide for 

post-emergence control of weeds in maize especially broadleaf weeds. Therefore, to 
ensure effective control of all weeds, mesotrione should be used in combination with 
an herbicide that has more activity on grass weeds. Using a combination of poste-
mergence herbicides overcomes many of potential problems and also provides the 
best strategy for avoiding herbicide resistance. Selection will mainly depend on weed 
spectrum, cost, and use of restrictions.
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POLISH SUMMARY

OCENA SKUTECZNOŚCI CHWASTOBÓJCZEJ HERBICYDU MEZOTRION 
W MIESZANCE Z PETHOXAMIDEM I TERBUTYLOAZYNĄ W UPRAWIE 
KUKURYDZY (ZEA MAYS L.)

W latach 2005–2006 wykonano badania, których celem było określenie skuteczno-
ści chwastobójczej różnych dawek herbicydu Callisto 100 SC (mezotrion) stosowanego 
w mieszance z herbicydem Successor T 550 SE (pethoxamid + terbutyloazyna) w upra-
wie kukurydzy na ziarno. Doświadczenia przeprowadzono w ZDD Brody należącym 
do Akademii Rolniczej w Poznaniu na glebie płowej o pH 5,8–6,1. Kukurydzę odmia-
ny Fido wysiewano w rozstawie 19x70 cm na poletkach o wymiarach 2,8 m x 10 m.  
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Badania założono jako jednoczynnikowe w 4 powtórzeniach. Kombinacje herbicy-
dowe stosowano po wschodach kukurydzy w fazie 4–6 liści (BBCH 14–16) używając 
opryskiwacza rowerowego o wydatku cieczy roboczej 230 l/ha.

Ocenę fitotoksyczności wykonano 2 tygodnie po zabiegu, a ocenę skuteczności 
chwastobójczej przedstawiono jako procent zniszczenia występujących gatunków 
chwastów wyrażoną obniżeniem ich świeżej masy na jednostce powierzchni.

Nie stwierdzono fitotoksycznego działania na rośliny kukurydzy żadnej z zasto-
sowanych kombinacji herbicydowych. Głównymi gatunkami chwastów występują-
cymi na obiektach kontrolnych były: Echinochloa cruss-galli (ECHCG), Chenopodium 
album (CHEAL), Viola arvensis (VIOAR), Geranium pusillum (GERPU), Polygonum 
aviculare (POLAV), Polygonum convolvulus (POLCO) i Veronica hederifolia (VERHE). 
Mieszanki herbicydowe skuteczniej zwalczały chwasty jednoliścienne w tym domi-
nujący gatunek ECHCG w porównaniu do stosowania samego mezotrionu. Również 
mieszanki okazały się skuteczniejsze w zwalczaniu CHEAL oraz rdestów (POLSP). 
Pozostałe gatunki dwuliścienne, poza VIOAR, dobrze były niszczone po zastosowa-
niu niższych dawek herbicydów stosowanych w mieszankach. Wyższe dawki wy-
magane były do skutecznego zwalczania gatunku VIOAR. Wszystkie kombinacje 
herbicydowe poprzez wysoką skuteczność chwastobójczą przyczyniły się do istotne-
go zwiększenia plonów zarówno kolb jak i ziarna kukurydzy.




