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Abstract   The recent occurrence, in Belgian nurser-
ies, of an annual bluegrass biotype with a remarkable
“dark green” foliage, underlines the potential of this
species to adapt to intensive cultivation. Selection of
such colour variants may complicate weeding, espe-
cially on a dark background.

Multiple experiences with several herbicide resistant
biotypes of annual bluegrass show the need for reli-
able detection methods, including those simulating
field conditions.

A quick germination test with paraquat revealed an only
3.1 times higher ED

50
 for the paraquat-resistant bio-

type ‘Poperinge’ when compared to the sensitive stand-
ard ‘Oosterzele’, whereas an outdoor pot experiment
with foliar application in the full tillering stage resulted
in a higher resistance ratio (5.3), and showed that even
at 6.4 kg ha-1, paraquat failed to achieve complete kill
of the resistant ‘Poperinge’.

When subjected to the ACCase inhibitors haloxyfop
and clethodim preplant incorporated into a sandy loam
soil, the triazine-resistant biotype ‘Melle’ responded
as clearly less sensitive to any of these herbicides when
compared to ‘Oosterzele’. However, this differential
response could not be confirmed with POST applica-
tion of these herbicides.

Finally, international cooperation can greatly increase
our efficiency. In a recent test with haloxyfop POST
on an ethofumesate- and diuron-resistant biotype
from Oregon (US) and on a population from The

Netherlands alleged to be resistant, no (cross) resist-
ance to this graminicide could be detected.

INTRODUCTION

Annual bluegrass (Poa annua L.) is a cosmopolite
weed, with a high genotypic and phenotypic variabil-
ity, present in countless crops, but most noxious in
horticultural environments. Both annual and perennial
types exist within the species. The strictly annual type
[P. annua ssp. annua (L.) Timm] has usually an erect
growth form, tillers early and flowers within 44 to 55
days after germination, whereas the perennial type [P.
annua ssp. reptans (Hausskn.) Timm] displays a pros-
trate growth form, is semi-stoloniferous and slower to
flower (Timm 1965). In Belgian nurseries an annual
biotype with a striking “dark green” foliage, which
complicates weeding and detection on a dark back-
ground, appeared recently (Debussche 1997). The high
plasticity of P. annua is also reflected in the existence
of numerous herbicide-resistant biotypes (Heap 1999).
Depending on the environment, P. annua may be con-
trolled with the non-selective paraquat or selectively
with the graminicides haloxyfop and clethodim. In the
present study selected P. annua subspecies and biotypes
have been compared with respect to their response to
paraquat and both ACCase inhibitors.

MATERIALS AND METHODS

Biotypes   P. annua biotypes from various, mostly hor-
ticultural, environments and with differing background
of herbicide treatments were used in the experiments
(Table 1).
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Table 1. Survey of P. annua biotypes.

Location Environment Resistance

Oosterzele (B) vegetable garden -
Poperinge (B) hop garden paraquat
Melle (B) apple orchard triazines
Waregem (B) container nursery -
Nagele (NL) grass seed haloxyfop1

Oregon (US) grass seed -
Oregon (US) grass seed diuron and ethofumesate

1 Alleged to be resistant.
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Biotype ‘Oosterzele’ never received any herbicide treat-
ment and was used as sensitive reference. Resistances
of ‘Poperinge’, ‘Melle’ and ‘Oregon R’ were confirmed
in lab- and fieldtests (Bulcke et al. 1984, Debussche
1997, Heap 1999). ‘Waregem’ belongs, unlike the other
biotypes, to ssp. annua and is referred to as “dark”
because of the dark green colour of its leaves. No in-
formation about its responses to herbicides was avail-
able. ‘Nagele’ originates from a Festuca rubra field in
which poor control with haloxyfop at high rates was
reported.

Germination assay    Seeds were spread evenly on
filter paper in petridishes and 10 mL of paraquat (0.005
to 0.64 mg l-1 in a 0.2% KNO

3
 solution) was added to

saturate the paper. Petridishes were kept at room tem-
perature under lamps for a 12-h photoperiod. Survival
and foliage fresh weight were recorded at 20 days from
the start. Data were subjected to ANOVA. Dose-
response curves were calculated (Streibig and Kudsk
1993).

Post-emergence pot experiment   Seeds were
pregerminated, transplanted in pots filled with sandy
loam soil, and sprayed with an air-pressurized knap-
sack sprayer delivering 300 L ha-1 water at 300 kPa
pressure, in the full tillering stage. For the paraquat-
experiment doses ranged from 25 to 400 g ha-1 paraquat
for the sensitive ‘Oosterzele’ and from 200 to 6400 g
ha-1 paraquat for the paraquat-resistant ‘Poperinge’. For
the graminicide-experiment applications were: 60 and
120 g ha-1 haloxyfop-R-methyl, 120 and 240 g ha-1

haloxyfop-ethoxyethyl and 120 and 240 g ha-1

clethodim. Resistance to haloxyfop was tested with 54,
108 and 216 g ha-1 haloxyfop-R-methyl. Pots were
placed in a randomized block and subirrigated during
the test period. Foliage fresh weight and eventually
number of panicles were recorded. Data were subjected
to ANOVA; dose-response curves were determined
(Streibig and Kudsk 1993).

Small pot bioassay A small pot assay was used to
evaluate the soil-activity of haloxyfop-ethoxyethyl,
haloxyfop-R-methyl and clethodim. Soil characteris-
tics were as follows: 2% organic matter, 47.9% sand
(>50 µm), 43.6% silt (2-50 µm) and 8.5% clay (0-2
µm) with a pH of 6.00 and a cation exchange capacity
of 5.90 meq./100 g. Concentrations ranged from 0.005
to 1.28 mg kg-1 for haloxyfop-ethoxyethyl and from
0.0025 to 0.64 mg kg-1 for haloxyfop-R-methyl and
clethodim. The herbicides were applied in 100 mL of
water to 1000 g air-dry soil and thoroughly mixed by
hand. Controls were mixed with water. P. annua was
sown at 60 seeds per pot for biotypes ‘Oosterzele’,

‘Melle’ and ‘Waregem’; and at 80 seeds per pot for
biotype ‘Poperinge’. Pots were placed in a randomized
block design and subirrigated. Survival and foliage
fresh weight were recorded at 4 weeks after seeding.
Data were expressed as percentage of the correspond-
ing control and subjected to ANOVA; dose-response
curves were determined (Streibig and Kudsk 1993).

RESULTS AND DISCUSSION

a. Paraquat

Germination assay   Though a foliar herbicide,
paraquat was highly active at the root level in germi-
nating P. annua seeds. With the sensitive biotypes,
shoots developed typical paraquat symptoms: chloro-
sis, followed by necrosis and death. Foliage fresh
weight as well as survival are useful response vari-
ables, however, foliage fresh weight results in lower
ED

50
-values but resistance ratios are comparable with

the ones found for survival (Table 2).

Table 2. Foliage fresh weight response of four P. annua
biotypes to paraquat in a germination assay.

Biotype ED
50

-value Resistance
(µg L-1) ratio

Oosterzele 14 1.0
Poperinge 42 3.1
Melle 17 1.2
Waregem 12 0.8

The ED
50

-value for the paraquat-resistant biotype
‘Poperinge’ is definitely higher than the values for the
other biotypes. This results in a resistance ratio of 3.1.
The resistance ratios of the other biotypes all fluctuate
around 1 and do not reveal any (cross)-resistances of
these biotypes to paraquat. At neither concentration
level the “dark” biotype ‘Waregem’ is significant dif-
ferent from the sensitive biotype ‘Oosterzele’, so no
differential response to paraquat can be detected be-
tween these P. annua ssp. annua and P. annua ssp.
reptans.

The quick germination test is appropriate to determine
resistance to paraquat. Survival of the paraquat-resist-
ant biotype was only affected from a concentration of
0.08 mg L1 paraquat onwards. Even at the highest con-
centration of 0.64 mg L-1 paraquat some seedlings of
‘Poperinge’ did survive. Herewith, survival is an ex-
cellent criterium to assess resistance in a germination
assay, and even more useful than foliage fresh weight,
which was already reduced from 0.02 mg L-1 onwards
for the paraquat-resistant biotype.
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Post-emergence pot experiment   In a pot experiment
with POST application, both the sensitive ‘Oosterzele’
and the paraquat-resistant ‘Poperinge’ were affected
severely by paraquat but, while ‘Poperinge’ recovered
soon from early injury, ‘Oosterzele’ died completely.
This resulted in an ED

50
 of 494 g ha-1 for the resistant

biotype, and of only 87 g ha-1 for the sensitive biotype.
The resulting resistance ratio of 5.7 is not very high
compared with ratios found in other species with
paraquat resistances (Preston, 1994), but almost twice
as high as the one found in the germination assay (3.1),
and comparable to the resistance level of P. annua in
the UK (Clay 1989).

b. ACCase inhibiting graminicides

Small pot bioassay   A clear soil activity could be
demonstrated for both herbicides, although they are
normally foliar applied (Table 3). Clethodim has the
most pronounced activity on bluegrass; its ED

50
 for

the sensitive biotype ‘Oosterzele’ being substantially
lower than the values for haloxyfop-ethoxyethyl and
haloxyfop-R-methyl. For the other biotypes, differ-
ences are less pronounced but in the same order.

Concerning the soil activity of haloxyfop-ethoxyethyl
and haloxyfop-R-methyl, the ED

50
-values reveal that

the biological activity of haloxyfop-ethoxyethyl is rela-
tively stronger than that of haloxyfop-R-methyl, at the
same concentration of R-isomer. Racemization reac-
tions in the soil can transform the inactive S-isomer
into the active R-isomer; this transformation favors the
R-isomer (Gerwick et al. 1988). Finally, more R-
isomer is available for uptake by the plant than ap-
plied, resulting in a more pronounced soil activity of

haloxyfop-ethoxyethyl. The transformation seems to
be more complete in the lower concentration range than
at higher concentrations. The sensitive biotype
‘Oosterzele’ displays for both haloxyfop forms almost
the same ED

50
, which suggests a total transformation

of the S- into R-isomer. The ED
50

 of the less sensitive
‘Melle’ for haloxyfop-ethoxyethyl, however, exceeds
1.45 times the value for haloxyfop-R-methyl, which
implies that less than one third of the inactive S-
isomer is transformed into R-isomer.

Clearly differential responses to the herbicidal appli-
cations could be recorded among the four biotypes.
For both herbicides this resulted in the same ranking
of the biotypes according to sensitivity: the triazine-
resistant biotype ‘Melle’ displayed a systematically
lower sensitivity when compared to the sensitive stand-
ard ‘Oosterzele’. The responses of the “dark” biotype
‘Waregem’ and the paraquat-resistant ‘Poperinge’ were
comparable to each other and intermediate to those of
‘Melle’ and ‘Oosterzele’. The differences seem not very
big, but the ratios of ED

50
-values of the least sensitive

to the most sensitive biotype are 3.0; 2.2 and 4.4 for
haloxyfop-ethoxyethyl, haloxyfop-R-methyl and
clethodim respectively. This is likely to result in dif-
ferences in control under practical conditions.

Post-emergence pot experiment   Following foliar
application, differences in response between the
biotypes could also be recorded, but the ranking ac-
cording to sensitivity changed: the “dark” biotype
‘Waregem’, representing ssp. annua, responded far less
sensitive to the herbicidal treatments than the three
biotypes belonging to ssp. reptans. (Table 4).

Table 3. Response of P. annua biotypes to ACCase
inhibitors in a small pot bioassay.

Biotype ED
50

 (µg kg-1) (foliage fresh weight)
haloxyfop- haloxyfop- clethodim
ethoxyethyl R-methyl

Oosterzele 32 31 14
Poperinge 69 40 30
Waregem 70 52 33
Melle 100 69 63
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Within the reptans biotypes significant differences
could only be noticed for the treatments with 240 g
ha-1 haloxyfop-ethoxyethyl and 60 g ha-1 haloxyfop-
R-methyl. The paraquat-resistant biotype ‘Poperinge’
responded as less sensitive compared to the sensitive
standard ‘Oosterzele’, whereas the triazine-resistant
‘Melle’ displayed a higher sensitivity, for both foliage
fresh weight and number of panicles.

The different growth characteristics of the ssp. annua
‘Waregem’, with less tillering and faster flowering,
resulting in a significantly shorter life-cycle, may con-
tribute to this lower sensitivity: although sown at the
same time, this biotype (already flowering) was physi-
ologically elder at the time of application. ACCase-
inhibitors interfere in lipid biosynthesis, and this proc-
ess is particularly important in actively growing plant
tissues. As vegetative growth slows down when the
plant enters the reproductive phase, the impact of a
treatment with an ACCase-inhibitor decreases.

The ranking of the reptans biotypes, being different
for the “small” and the “post-emergence” pot experi-
ments, is not likely to be caused by the resistances to
other herbicide modes of action of the respective
biotypes. Growth and plant characteristics could have
influenced the foliar activity of these herbicides, and
the soil activity could have been affected by seed and
germination characteristics.

c. (Cross) resistance to haloxyfop

The post-emergence pot experiment to evaluate possible
resistance to haloxyfop revealed no differences in response
to the treatments between the suspected biotype ‘Nagele’
and the sensitive standard ‘Oosterzele’. Differences in
response between the sensitive ‘Oregon S’ and the
ethofumesate- and diuron-resistant ‘Oregon R’ were lim-
ited to only one rate: 108 g ha-1. So, no (cross) resistance
of these biotypes to this graminicide could be detected.

CONCLUSION

The germination assay can be useful to determine
quickly resistances to paraquat, but post-emergence pot
experiments are required to determine agriculturally
relevant resistance levels, as the resistance ratio found
in a germination assay is usually lower than the one
found with POST application. Concerning the ACCase
inhibiting graminicides, both with soil and post-emer-
gence applications, differential responses of the P.
annua biotypes can be recorded, but, as rankings are
varying, there are no evidences that these differences
can be related to the respective resistances to other
herbicide modes of action. More likely, germination
and growth characteristics influence the activity of
these herbicides. Further, no resistance to haloxyfop-
R-methyl could be detected in a post-emergence pot
experiment with selected biotypes from The Nether-
lands and the U.S.

Responses of the recently occurring “dark” P. annua
ssp. annua, are not differing from those of P. annua
ssp. reptans in “germination” and “small pot” experi-
ments, but its specific growth characteristics and short
life-cycle are likely to influence the responses in post-
emergence pot experiments.
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Biotype haloxyfop-R-methyl
60 g a.i. ha-1 120 g a.i. ha-1

FFW panicles FFW panicles

Waregem 111 a1 77 b 40 cd 26 cd
Poperinge 56 c 32 de 11 f 2 fg
Oosterzele 34 de 12 efg 12 f 0 g
Melle 19 ef 7 fg 7 f 0 g

1 Means followed by the same letter are not significantly different according to Duncan’s
multiple range test (p=0.05).

Table 4. Response of four P. annua biotypes to foliage-applied haloxyfop-R-methyl in % of
respective control (FFW=foliage fresh weight).
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