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Summary   Australian rice (Oryza sativa L.) weed 
management will become more challenging with po-
tential loss of two key grass herbicides. Molinate may 
be voluntarily removed from 2005 and fenoxaprop has 
been withdrawn for technical reasons from the existing 
permitted use. With these potential changes, an effec-
tive herbicide with unique mode-of-action is required 
to enable ongoing grass weed management in rice.

Cyhalofop will be registered in Australia as 
Barnstorm* Herbicide and sold as a 285 g a.i. L-1 
emulsifi able concentrate formulation. It is a group 
A mode-of-action herbicide that is selective to rice 
and effective on the key grass weeds barnyard grass 
( Echinochloa crus-galli (L.) P.Beauv.) and silvertop 
grass ( Leptochloa fusca (L.) Kunth ssp. fusca). It is 
registered for selective control of grass weeds in rice 
in over 30 countries worldwide. It gives no residual 
weed control.

In Australia, 33 trials have been conducted since 
1992, to confi rm required rates for control of grass 
weeds, rice selectivity and sensitivity of companion 
crops. 

Weed effi cacy trials showed that cyhalofop gave 
excellent control of barnyard grass and silvertop grass 
at 142.5–213.8 g a.i. ha-1 for pre-tillered weeds and 
213.8–285 g a.i. ha-1 for tillered grasses. 

Rice injury was not evident in any fi eld trial at 
cyhalofop rates up to 427.5 g a.i. ha-1. 

Companion crop safety trials showed cyhalofop 
was selective to zucchini (Cucurbita pepo L.), grapes 
(Vitis vinifera L.), navel orange (Citrus sinensis (L.) 
Osbeck) and white clover (Trifolium repens L.), but 
at normal use rates in rice caused injury to paspalum 
(Paspalum dilatatum Poir.), maize (Zea mays L.) and 
peach (Prunus persica (L.) Batsch).

A registration submission has been made and 
this paper summarises fi eld research trials to justify 
proposed use rates, rice selectivity and companion 
crop safety. 
Keywords    Cyhalofop,  efficacy,  selectivity,  crop 
rotation safety,  companion crop safety,  rice,  barnyard 
grass,  silvertop grass.

INTRODUCTION
Australian rice (Oryza sativa L.) weed management 
will become more challenging with potential loss of 
two key grass herbicides. Molinate may be voluntarily 

removed from 2005 and fenoxaprop has been with-
drawn for technical reasons from the existing permitted 
use. With these potential changes, an effective herbi-
cide with unique mode-of-action is required to enable 
ongoing grass weed management in rice.

Cyhalofop will be registered in Australia as 
Barnstorm Herbicide and sold as a 285 g a.i. L-1 
emulsifi able concentrate formulation. It is a group 
A mode-of-action herbicide that is selective to rice 
and effective on the key grass weeds barnyard grass 
(Echinochloa crus-galli (L.) P.Beauv.) and silvertop 
grass (Leptochloa fusca (L.) Kunth ssp. fusca). It is 
registered for selective control of grass weeds in rice 
in over 30 countries worldwide. It gives no residual 
weed control.

Cyhalofop was fi rst formally introduced to the 
Australian rice industry in 1993, when Ray et al. 
(1993) and Matsumoto et al. (1993) gave a general 
overview of product characteristics and fi eld perform-
ance in Japan. Ray et al. introduced the chemistry, 
toxicology, environmental fate, mode-of-action, plant 
metabolism, weed sensitivity, rotational crop safety 
and behaviour in soil. They listed the GR80 (rate for 
80% growth reduction) for foliar treatment of 1–3 leaf 
Echinochloa spp. at 87–170 g a.i. ha-1 with GR5 for rice 
injury at >800 g a.i. ha-1. 

Matsumoto et al. (1993) detailed both fi eld and 
pot studies to show effi cacy, residual activity, effect 
of leaching and water depth on activity and rice toler-
ance. They showed 100% control of 1–3 leaf barnyard 
grass in a fi eld trial treated with 180 g a.i. ha-1 and 
100% control of 2–5 leaf barnyard grass with a 30% 
active ingredient emulsifi able concentrate applied at 
240–600 g a.i. ha-1. In this paper only slight visual 
injury to rice was reported from applications up to 
2160 g a.i. ha-1 cyhalofop. This is about 8–10 times 
the proposed use rates.

This paper summarises Australian fi eld research 
trials and compares results from Asia and the United 
States that have lead to registrations in those re-
gions.

MATERIALS AND METHODS
Dow AgroSciences, in conjunction with contract re-
searchers, conducted 27 fi eld trials to determine the ef-
fi cacy and rice selectivity of cyhalofop. Six fi eld trials 
were completed to determine companion crop safety 
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due to drift. Trials were conducted in the major rice 
growing areas of Victoria and New South Wales.

In all trials, treatments were applied with a hand-
held precision LPG (liquefi ed petroleum gas) gas 
powered sprayer fi tted with three metre boom and 
six fl at fan nozzles at 50 cm spacing, to deliver 110 
L ha-1 spray volume in a single pass. Plot size was 
generally three by 10 metres (or similar). Trial design 
was a randomised complete block with three or four 
replications.

Assessments were conducted using a subjective 
linear visual rating system where 100 = complete rice 
or weed kill and zero = no rice injury or weed kill. 
Trials were generally assessed for rice injury in the 
fi rst month after application and weed control from 
then, to just before harvest time. Panicle counts of 
surviving grass weeds were sometimes taken just 
prior to harvest.

In companion crop safety trials, crops were treat-
ed at stages that would be expected in the October 
– November period, which would coincide with the 
normal post-emergence spray season. Zucchini was 
2–5 leaf, grapes 10–15 cm shoots, maize 3–4 leaf, 
orange fl owering to petal fall, clover in permanent 
pasture and peach full leaf to 3–4 cm fruit. In these 
trials crop injury was assessed as for effi cacy trials, 
apart from peach, where fruit yield was measured at 
normal harvest.

RESULTS AND DISCUSSION
Table 1 summarises weed effi cacy across trials and 
years. Cyhalofop at 142.5–213.8 g a.i. ha-1 gave excel-
lent control of pre-tillered barnyard and silvertop grass. 

Higher rates of 213.8–285 g a.i. ha-1 gave excellent 
control of weeds at the 1–4 tiller stage. These results 
are similar to those reported in Taiwan, the United 
States and Japan. Chen et al. (1995) showed rates of 
120–360 g a.i. ha-1 cyhalofop gave >97% barnyard 
grass control, with no rice injury (Japonica type) at 
any rate in Taiwan. Mann et al. (2001) stated 210 g 
a.i. ha-1 cyhalofop was required for 1–6 leaf weeds and 
280 g a.i. ha-1 for tillered weeds in California. Imai 
(1995) similarly reported rates of 240–960 g a.i. ha-1 

cyhalofop gave 95–100% control of up to three leaf 
barnyard grass, whilst rates up to 4 kg a.i. ha-1 had no 
effect on either Indica or Japonica rice types.

Weed control was poor in Australian trials where 
weeds were too small to emerge from water (<two 
leaf), tillers were covered by water, soil was drying out 
at application time or the density of weeds was such 
that shading occurred at application time. 

No rice injury by cyhalofop was reported in any of 
these trials (data not shown). Table 2 shows that there 
was no injury from direct application of cyhalofop at 
up to 300 g a.i. ha-1 to zucchini, grape, orange or white 
clover. (Numbers with different letters are signifi cantly 
different statistically using analysis of variance and 
least signifi cant difference test for means separation 
at the 95% confi dence level). However, it was very 
damaging to peach, paspalum and maize at the highest 
two or three rates. This has lead to substantial buffer 
zones being proposed for the label, to help avoid drift 
from rice fi elds to nearby sensitive crops. These are 
similar to those already in place in the United States 
of America.

Table 1.   Average barnyard grass and silvertop grass control summary, 1992–2003 trials, Australia.

Cyhalofop rate 
(g a.i. ha-1)

Barnyard grass Silvertop grass

3–5 leaf 1–4 tiller 3–5 leaf 1–4 tiller

142.5 92.2 86.6 98.4 86.7

[14.5]A [10.1] [1.2] [13.6] 

(14)B (14) (4) (2)

213.8 89 90 98.3 94.4 

[17.4] [9.3] – [9.7]

(7) (18) (1) (4)

285 – 93.5 – 99.3 

[7.2]  [1.2]

(12) (3)

A Standard deviation. 
B Number of trials.
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CONCLUSIONS
Cyhalofop is highly selective to rice. It is highly effec-
tive for control of barnyard grass and silvertop grass 
at rates of 142.5–285 g a.i. ha-1. It is safe for cucur-
bits, grapes, oranges and clover, but very damaging to 
peaches, paspalum and maize. Drift or overspray on 
peaches, grass crops and pastures must be avoided. 
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FOOTNOTE
* Barnstorm Herbicide is a registered trademark of 

Dow AgroSciences LLC.

Table 2.    Cyhalofop injury (%or fruit counts) to companion crops, 1995–1996 trials, Australia.

Cyhalofop rate 
(g a.i. ha-1)

Zucchini Grape Orange White clover Peach 
(fruit count)A

Paspalum Maize

300 0 0 0 0 0.5 b 78.8 a 98.8 a

150 0 0 0 0 0 b 55 b 78.8 a

30 0 0 0 0 1.8 b 0 c 7.5 c

3 0 0 0 0 19 a 0 c 0 c

0 0 0 0 0 15 ab 0 c 0 c

LSD (P = 0.05) – – – – 14.3 7.9 9.9

A Treatments in a column followed by a different letter are signifi cantly different.




