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Evaluation of Carfentrazone-ethyl Alone and in Combination
with Glyphosate or Glufosinate for Weed Control in Orchards
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ABSTRACT

Effect of a new postemergence herbicide carfentrazone-ethyl on controlling weeds in pear or-
chards was examined and compared with that of glyphosate and glufosinate. Herbicides tested were
applied in mid June when weeds had reached at an average height of 15 to 20cm. The expeti-
mented orchards were infested mainly by dicots of Artemisia princeps, Chenopodium album, Poly-
gonum hydropiper, Erigeron canadensis, Commelina cummunis, Calystegia japonica, and Amaran-
thus ascendens, and monocots of Echinochlor crus-galli, Digitaria sangunalis, Setaria viridis, and
several sedges, Carfentrazone-ethyl alone effectively controlled dicot weeds in the orchards, but not
monocot weeds. Especially, sedges were not adequately controlled by carfentrazone-ethyl alone at
any application rates examined. Glyphosate or glufosinate was more effective to control monocot
weeds than carfentrazone-ethyl, whereas carfentrazone-ethyl exhibited higher effect on dicot weeds
than glyphosate or glufosinate. Carfentrazone-ethyl mixed with glyphosate of the half recommended
rate exhibited a higher degree of weed control, especially of E. crus-galli, as compared to the
herbicide mixture of carfentrazone-ethyl with glufosinate of the half recommended rate. However,
no phytotocixity of the herbicides to pear trees was observed. Our results demonstrate that carfent-
razone-ethyl is useful to reduce the application rates and to accelerate the weed controlling effect
of glyphosate or glufosinate. Thus, carfentrazone-ethyl in combination with glyphosate or glufosinate
can successfully be used to control the most important weeds in orchards.
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INTRODUCTION

In Korea, several herbicides such as paraquat,
glyphosate, and glufosinate have routinely been
used as postemergence herbicides for controlling
weeds in orchards™”. However, multiple applica-
tions are often needed to maintain an acceptable
weed control level in orchards, since a single
application of the individual herbicides does not
provide complete weed control>>®. Furthermore,
a few weed species, which are difficult to con-
trol with the above herbicides, continue to be a
problem”.

Carfentrazone-ethyl(F8426), a new postemergence
herbicide discovered” and being developed by
FMC Corporation, is a low dosage, nonresidual,
contact herbicide that effectively controls many
important weeds in cereal culture'”. Carfentrazone-
ethyl can be used as an effective postemergence
herbicide to control weeds in orchards. Since
carfentrazone-ethyl is a rapid acting herbicide'",
the new herbicide might substitute for paraquat
of which use is now banned in some countries
and becoming increasingly limited in others due
to its high toxicity to mammals.

In the present study, we examined the effect
of carfentrazone-ethyl on controlling weeds in or-
chards and compared with that of glyphosate and
glufosinate if the new herbicide would success-
fully be used to control many problem weeds in

orchards. We also examined the effect of herbi-
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Fig. 1. Chemical structure of carfentrazone-ethyl.

cide mixtures of carfentrazone-ethyl plus glypho-
sate or glufosinate if the herbicide mixtures would
provide a higher and longer period of weed con-
trol than the herbicides applied alone in the or-
chards, and if lower herbicide rates could be used

in the herbicide mixtures.

MATERIALS AND METHODS

Field experiments were conducted in the or-
chards at three different locations of Korea. Ten-
to fifteen-year-old pear trees(Pyrus pyrifolia cv.
Niitaka) were growing in the orchards. Each ex-
perimental plot was 4 X4m and contained at least
one pear tree to examine if herbicides cause any
phytotoxicity to the trees. Just prior to herbicide
treatments, weed distribution in the orchards was
examined with respect to emergence frequency of
individual weed species and its coverage rate.

Herbicides tested were applied in mid June
when weeds had reached at an average height of
15 to 20cm. Carfentrazone-ethyl [ethyl 2-chloro-3
{2-chloro-4-fluoro-5-(4-difluoromethyl-4,5-dihydro-
3-methyl-5-oxo-1H-1,2 4-triazol-1-yl)phenyl } propio
nate] depicted in Fig. 1 was applied at various
rates alone or in combination with glyphosate or
glufosinate at a half of the recommended rate
using a laboratory belt sprayer delivering 1,000
L/ha spray volume. For comparison, glyphosate
or glufosinate at the recommended rate was also
applied to the orchards. Emulsifiable concentrate
of carfentrazone-ethyl(24% ai) was used, whereas
soluble concentrates of glyphosate(41% ai) and
glufosinate ammonium(18% ai) were used. The
rates for all treatments were given in Table 1.
After the herbicide application, visual herbicide
efficacy ratings were made at various time inter-
vals using a 0~100 scale with 0 equal to no
control and 100 being equivalent to complete
control. On this scale, acceptable weed control is

a rating of greater than 80%. At 30 days after
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Table 1. Rates for herbicide treatments used in the study.

Treatment Herbicide Rate (g ai/ha)
1 Untreated -
2 Carfentrazone-ethyl 12.5
3 Carfentrazone-ethyl 25
4 Carfentrazone-ethyl 50
5 Glyphosate 1230
6 Glufosinate 540
7 Carfentrazone-ethyl + Glyphosate 12.5 + 615
8 Carfentrazone-cthyl + Glyphosate 25 + 615
9 Carfentrazone-ethyl + Glyphosate 50 + 615
10 Carfentrazone-ethyl + Glufosinate 12.5 + 270
11 Carfentrazone-ethyl + Glufosinate 25 + 270
12 Carfentrazone-ethyl + Glufosinate 50 + 270

Table 2. Weed distribution in the experimented orchards in mid June.

Weed species Emergence frequency Biomass Relative biomass
% g/n? %
Dicots Artemisia princeps 100 216.5 28
Chenopodium album 62.5 106.6 14
Erigeron canadensis 100 84.5 11
Commelina communis 62.5 42.75 6
Polygonum hydropiper 35 40.5 5
Acalypha australis 375 27.75 4
Calystegia japonica 75 22.5 3
Stellaria media 50 17.5 2
Amaranthus ascendens 50 10.75 1.4
Trifolium repens 25 3 04
) Sonchus oleraceus 50 25 0.3
’ Humulus japonicus 37.5 0.75 0.1
Plantago asiatica 38.5 0.75 0.1
Galium spurium 25 0.75 0.1
Monocots Digitaria. sangunalis 100 90.5 12
Setaria viridis 100 64.75 9
Echinochlor crus-galli 75 20.5 3
Cyperus spp. 30 10.75 14

application(DAA), fresh weights of each survival
weed species were measured to calculate weed
control value. The experimental design was a ran-

domized complete block with three replications.

RESULTS AND DISCUSSION

The experimented orchards in mid June were

infested mainly by dicots of Artemisia princeps,

Chenopodium album, Polygonum hydropiper, Eri-
geron canadensis, Commelina communis, Calyste-
gia japonica, and Amaranthus ascendens, and
monocots of Echinochlor crus-galli, Digitaria san-
gunalis, Setaria viridis, and several sedges(Table
2). Dicots of Acalypha australis, Stellaria media,
Trifolium repens, Sonchus oleraceus, Humulus ja-
ponicus, Plantago asiatica, and Galium spurium

were also found in the orchards.
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Table 3. Effect of carfentrazone-ethyl alone and in combination with glyphosate or glufosinate on the bio-

mass of major weed species in orchards.

. Weed species’ . Weed species’ Monocots
Treatment Dicots
a Ap Ca Ph Ec Cc Cj cg Ds Sv  Sedges

-------------------- biomass(g/m’)’ —-reoreeeeeees (%) coeeeee biomass(g/m’)’ - (%)*
1 823 277 985 625 127 293 63.8 0 235 937 865 698 0
2 176 72 213 146 336 143 266 73 177 106 563 463 18
3 0 586 O 0 113 0 0 91 184 72 486 406 27
4 0 133 © 0 0 0 0 98 135 556 356 216 46
5 0 13 0 0 9 0 0 97 206 103 14 0 87
6 0 0 0 0 93 O 0 99 423 16 18.6 0 82
7 0 216 O 0 96 0 0 96 703 42 253 0 67
8 0 0 0 0 0 0 0 100 31 223 123 0 84
9 0 0 0 0 0 0 0 100 226 156 8.6 0 89
10 126 283 O 103 146 33 14 89 115 49 33 0 53
11 0 0 0 0 0 0 0 100 62 303 176 0 74
12 0 0 0 0 0 0 0 100 453 21 12.6 0 81

' Treatment numbers are the same as in Table 1.

2 Major weed species examined were Aa, Amaranthus ascendens ; Ap, Artemisia princeps ; Ca, Chenopodium
album ; Ph, Polygonum hydropiper ; Ec, Erigeron canadensis ; Cc, Commelina communis ; Cj, Calystegia
Japonica ; Ecg, Echinochlor crus-galli ; Ds, Digitaria sangunalis ; Sv, Setaria viridis ; and sedges.

* At 30 DAA, fresh weights of each survival weed species were measured.

* Weed control value compared to untreated control.
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Fig. 2. Effect of carfentrazone-ethyl alone and in
combination with glyphosate or glufosinate
for the control of dicot weeds (A, B) and
monocot weeds (C, D) in orchards. Treat-
ment numbers are the same as in Table 1.
A rating of 0 represents no weed control
and 100 indicates complete control. Effects
of the individual herbicides are the unfilied
symbols, whereas effects of the herbicide
mixtures are presented in the filled symbols.

Carfentrazone-ethyl alone effectively controlled
most dicot weeds in the orchards, but not mono-
cot weeds(Table 3, Fig. 2). This result might be
due to the fact that carfentrazone-ethyl is a con-
tact herbicide'” and thus does not kill the pro-
tected growing point of monocot weeds. Carfent-
razone-ethyl has been reported to control a wide
range of dicot weeds, particularly of Abutilon
theophrasti, Salsola kali, Amarathus spp., Ipomea
spp., C. album, Solanum nigrum, and several
important mustard species, with good tolerance to
wheat, barley, and rice'". Glyphosate or glufosi-
nate was more effective to control monocot
weeds than carfentrazone-ethyl, whereas carfentra-
zone-ethyl at 50g ai/ha application rate exhibited
higher effect on dicot weeds than glyphosate or
glufosinate(Table 3, Fig. 2). Although glyphosate
or glufosinate alone completely controlled sedges
in the orchards, the sedges were not adequately
controlled by carfentrazone-ethyl alone at any ap-

plication rates examined(Table 3).
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Effect of carfentrazone-ethyl on controlling di-
cot weeds was found to be much faster than that
of glyphosate or glufosinate(Fig. 2). Acceptable
of 80% on dicot weeds was
achieved at 8 DAA by carfentrazone-ethyl at 50g
ai/ha application rate, but glufosinate and glypho-

weed control

sate of the recommended rates provided the accep-
table weed control at 11 and 15 DAA, respec-
tively(Fig. 2). Carfentrazone-ethyl is a fast acting
herbicide which is known to exert its herbicidal
effect by causing rapid membrane disruption'”.
Carfentrazone-ethyl is also known to have the
same mechansim of action as the diphenyl ethers
and as sulfentrazone(F6285) in which membrane
disruption is due to the inhibition of protopor-
phyrinogen oxidase, the last common enzyme in
the biosynthesis of both heme and chlorophylls,
leading to the accumulation of abnormally high
level of phytotoxic intermediate, protoporphyrin
X LS68ID.

Carfentrazone-ethyl is a low dosage herbicide
at field application rates between 4 and 35g ai/
ha'’, and the recommended rates of glyphosate
and glufosinate are at least 35- and 15-fold high-
er than that of carfentrazone-ethyl, respectively.
If the herbicide mixtures of carfentrazone-ethyl
plus glyphosate or glufosinate at half the recom-
mended rate can control the weeds in the or-
chards as effectively as glyphosate or glufosinate
alone applied at their full recommended rates,
carfentrazone-ethyl might be useful to reduce the
application rates of glyphosate or glufosinate. Car-
fentrazone-ethyl mixed with glyphosate or glufo-
sinate of the half recommended rate controlled
monocot weeds as well as dicot weeds more ef-
fectively than the herbicides applied alone(Table
3). Carfentrazone-ethyl
had higher effect on controlling weeds, especially

mixed with glyphosate

on E. crus-galli, as compared to the mixture of
carfentrazone-ethyl with glufosinate(Table 3). Al-

though reason for this observation is not known,

carfentrazone-ethyl might increase leaf penetration
of glyphosate and thereby enhance the herbicidal
effect of glyphosate on monocot weeds. Similarly,
it has been reported that the herbicide mixture
of glyphosate with oxyfluorfen, a well-known
protoporphyrinogen oxidase-inhibiting herbicide”,
greatly increased glyphosate injury to junipers
apparently due to the increased leaf penetration”.

Along with the fact that carfentrazone-ethyl
could be used to reduce the application rates of

glyphosate or glufosinate, carfentrazone-ethyl was

~ found to accelerate the weed controlling effect of

glyphosate or glufosinate. Acceptable weed con-
trol of 80% on dicot and monocot weeds was
achieved at 4 and 8 DAA, respectively, by the
herbicide mixtures of carfentrazone-ethyl at 50g
aitha plus glyphosate or glufosinate of the half
recommended rate(Fig. 2). For example, the
acceptable weed control on dicot and monocot
weeds was attained 11 and 5 days earlier, respec-
tively, by the herbicide mixture of carfentrazone-
ethyl plus glyphosate than by glyphosate applied
alone. During the experiments, however, no phy-
totocixity of the herbicides to pear trees was ob-
served(data not shown).

Weed control is often higher and longer from
herbi-

cide*'”. By using herbicide mixtures, the buildup

herbicide mixtures than from a single

of resistant weed species and the development of
herbicide resistant weed biotypes could also be
prevented or slowed. In addition, application cost
could considerably be reduced. Based on our
results, it can be concluded that carfentrazone-
ethyl in combination with glyphosate can success-
fully be used to control the most important

weeds in orchards.
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