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ability to propagate both asexually
and sexually. Liverwort spread asex-
ually via splashing of gemmae or
sexually via dissemination of airborne
spores. Gemmae cups are circular
projections that cover the thallus
surface. Within gemmae cups are
asexually produced diaspores called
gemmae. Gemmae can be splashed
up to 1.6 m from the mother
plant when hit with rain or irrigation
(England and Jeger, 2006).

Liverwort is a unisexual plant—
that is, each plant is either male or
female. Female reproductive stalks,
called archegoniophores, only occur
on female plants and are deeply lobed
with finger-like projections. Male
reproductive stalks, called antheridio-
phores, occur only on male plants and
appear more disk shaped and flat on
top. In nurseries where liverwort has
been a problem, we have observed
both sexes to be present in most
containers (personal observation).
Each archegoniophore contains ap-
proximately seven million viable
spores (O'Hanlon, 1926), and there
can be as many as 50 to 75 archego-
niophores in a typical 1-gal container
(personal observation). Spores are

viable for 1 year after release from
the mother plant (O'Hanlon, 1926).

Limited research has addressed
pre-emergence liverwort control. Pre-
ventive liverwort control is preferable
to hand removal. Rhizoids that grow
along the ventral surface of the thallus
make hand removal difficult. It is
often necessary to remove the surface
1-inch layer of the substrate to
remove liverwort from containers
(personal observation). This necessi-
tates adding new substrate to fill the
pot, further increasing costs of hand
removal. Svenson et al. (1997) listed
products that provide pre-emergence
liverwort control in summary form
(no data). They (Svenson et al.,
1997) described pre-emergence con-
trol with oxyfluorfen, oryzalin, iso-
xaben, and oxadiazon as fair, fair to
good, fair to good, and fair to very
good respectively. Svenson (1998)
later documented slightly better pre-
emergence liverwort control with
oxadiazon compared with oryzalin in
both low- and high-frequency irriga-
tion settings. Wilson and Hughes
(1985) reported that oryzalin applied
at 9-week intervals provided 99%
liverwort control compared with 76%
control with oxadiazon applied at
a similar frequency. Fausey (2003)
reported that flumioxazin sprayed as
a 50% water dispersible granule pro-
vided 100% pre-emergence liverwort
control 35 d after treatment (DAT)
and 74% pre-emergence control 60
DAT. In a separate experiment, the
same product provided 98% pre-
emergence control 60 DAT, whereas
flumioxazin applied as a 0.17% gran-
ular provided 95% pre-emergence
control 60 DAT (Fausey, 2003). How-
ever, none of the aforementioned
herbicides are labeled for use in
enclosed structures where liverwort
pressure is greatest.

Quinoclamine (Gentry, 25%
wettable powder; Chemtura Corp.,
Middlebury, CT) is labeled for liver-
wort control in nursery crops in parts
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itive spore-bearing plant in the class
Hepaticae. Liverwort thrives in con-
ditions with high light (O'Hanlon,
1926), low ultraviolet radiation (True
et al., 2006), high humidity or soil
moisture (Svenson, 1998), and high
fertility. These conditions are typical
of many propagation and container
production environments.

Ross and Puritch (1981) docu-
mented the introduction and spread
of liverwort, mosses, and algae in
greenhouses. They (Ross and Puritch,
1981) reported that liverwort was not
introduced into greenhouses from
water supplies or peatmoss, but
instead was introduced from pre-
existing colonies within the green-
house, or airborne spores infiltrating
the greenhouse through the ventila-
tion system. Ross and Puritch (1981)
also attributed the spread of the most
abundant cryptogams in green-
houses, liverwort and silvery thread
moss (Bryum argenteum), to their
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iverwort is a common weed in
nursery containers throughout
the United States. It is a prim-
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of Europe. The mode of action for
this compound is light-induced radi-
cal formation, which leads to deteri-
oration of the photosynthetic system
and rapid pigment bleaching (Chem-
tura Corp., unpublished). The prod-
uct is marketed as Mogeton in other
parts of the world, and has been
researched in the United States under
the same name. Chemtura Corp. is
currently seeking a section 3 registra-
tion for Gentry in nursery and green-
house crops in the United States
(submitted to the U.S. Environmen-
tal Protection Agency on 26 Feb.
2006). Extensive evaluation through
the IR-4 program has demonstrated
that a broad spectrum of nursery
crops are tolerant of applications
made over the top in outdoor or
greenhouse production sites (Vea
and Palmer, 2006). Research has
demonstrated effective postemer-
gence liverwort control with quinocl-
amine, with reduced recolonization
of treated containers after application
to existing colonies. Newby et al.
(2005) documented reduced liver-
wort recolonization with increasing
quinoclamine rates despite similar
levels of postemergence  control, indi-
cating some residual activity. Svenson
et al. (1997) stated that quinoclamine
is best used for pre-emergence con-,
trol, but offered no justification.
Wilson and Hughes (1985) reported
that oryzalin + quinoclamine applied
at 9-week intervals provided 99% to
100% liverwort control over a 2-year
study; however, in the same study
oryzalin applied alone provided 99%
control, so it is not clear whether
quinoclamine provided any addi-
tional control. Senesac (2005) re-
ported a slight, but significant, level
of residual control on new liverwort
infestation over a 5-week period when
quinoclamine was applied to initially
weed-free containers.

There is increasing liverwort
pressure in nurseries throughout
the United States, and a lack of
information providing control rec-
ommendations with products cur-
rently labeled. This, coupled with
the pending registration of quinocl-
amine in the United States, highlights
a need for research on preventive
liverwort control. The objective of
this study was to evaluate granular
herbicides and spray-applied quinocl-
amine for pre-emergence liverwort
control in container crops.

Materials and methods
GENERAL INFORMATION.    Seven

experiments were conducted in either
Auburn, AL, or in Aurora, OR.
Experiments conducted in Alabama
were in 1-gal containers filled with
aged 6 pine bark (Pines taeda) : 1
sand (v/v) substrate amended with
14 lb/yard³ 18N-2.6P-10K (18-6-
12; Pursell Technologies, Sylacauga,
AL), 5 lb/yard³ dolomitic lime, and
1.5 lb/yard³ Micromax (Scotts Co.,
Marysville, OH). Experiments in
Oregon were conducted with 1-gal
containers filled with aged Douglas
Fir (Psuedotsuga menziesii) bark
amended 16 lb/yard ³ 18N-2.6P-
10K (Scotts Co.) and 1.5 lb/yard ³

Micromax micronutrients (Scotts
Co.). In Alabama, quinoclamine was
applied in a spray chamber equipped
with a single 8005 flat fan nozzle
(Spraying Systems Co., Wheaton,
IL) pressurized to 35 psi and cali-
brated to deliver 1 qt/100 ft ². In
Oregon, quinoclamine was applied
with a CO2-pressurized backpack
sprayer at the same spray volume and
pressure, but using a three-nozzle
boom and 8008 flat fan nozzles
(Spraying Systems Co.). Granular
herbicides at both locations were
applied with a handheld shaker. Data
within each experiment were sub-
jected to repeated-measures analysis
of variance, and means were separated
with Duncan's multiple range test
(a = 0.05). Contrast analyses were
used when appropriate.
EXPT. 1: AUBURN, AL.        Ten
granular herbicides were applied at
their labeled rate on 6 July 2004.
Treatments included flumioxazin
(BroadStar, 0.25% granular; Valent
U.S.A. Corp., Walnut Creek, CA) at
0.35 lb/acre a.i., oxadiazon + pendi-
methalin (Kansel+, 3.25% granular;
The Scotts Co.) at 3 lb/acre a.i.,
oxyfluorfen + pendimethalin (OH2,
3% granular; The Scotts Co.) at 3 lb/
acre a.i., pendimethalin (Pendulum,
2% granular; BASF Corp., Florham
Park, NJ) at 4 lb/acre a.i., oxyfluorfen
+ oxadiazon. (Regal 0-0, 3% granu-
lar; Regal Chemical Co., Alpharetta,
GA) at 3 lb/acre a.i., prodiamine
(RegalKade, 0.5% granular; Regal
Chemical Co.) at 1 lb/acre a.i., oxa-
diazon + prodiamine (RegalStar, 1.2%
granular; Regal Chemical Co.) at
2.4 lb/acre a.i., oxadiazon (Ronstar,
2% granular; Aventis, Montvale, NJ) at

4 lb/acre a.i., oxyfluorfen + oryzalin
(Rout, 3% granular; The Scotts Co.)
at 3 lb/acre a.i., and isoxaben +
trifluralin (Snapshot, 2.5% granular;
Dow AgroSciences, Indianapolis) at
5 lb/acre a.i. All treatments, including
a nontreated control, were applied to
four replications with four containers
per replication. After application, all
containers from a common replica-
tion were placed around a 1-gal con-
tainer infested with mature liverwort
to provide a constant source of inoc-
ulation from splashing gemmae and
airborne spores. A completely ran-
domized design was used. The experi-
ment was conducted outdoors under
47% shade. Overhead irrigation was
applied at one-quarter inch/d split
into two cycles. Percent liverwort
control, measured as percent of the
substrate surface not covered with
liverwort, was recorded 6, 11, and
17 weeks after treatment (WAT).

A second repetition of this experi-
ment was initiated on 18 Oct. 2005
with a reduced number of herbicide
treatments including oxyfluorfen +
oryzalin, oxyfluorfen + oxadiazon, flu-
mioxazin, oxadiazon, and a nontreated
control, all applied at the same rates as
listed earlier. Liverwort control was
recorded 12, 18, and 21 WAT.
EXPT. 1: AURORA, OR         This
experiment was conducted concom-
itantly with the first repetition of
Expt. 1 in Auburn, and was con-
ducted similarly except that oxadia-
zon + napropamide (Pre Pair, 6%
granular; UAP Professional Products,
Greeley, CO) also was applied at 9 lb/
acre a.i. The experiment was not
repeated in Aurora.
EXPT. 2: AUBURN, AL.         Treat-
ments were applied to containers on
23 Sept. 2004. Quinoclamine was
applied at 1.7, 3.4, and 6.8 lb/acre
a.i. Granular herbicide treatments
were flumioxazin, oxadiazon, and oxy-
fluorfen + oryzalin at the same rates
used in Expt. 1. Each treatment con-
sisted of four replications with four
containers per replication. Containers
were randomized and arranged sim-
ilarly to Expt. 1. Overhead irrigation
was applied at one-quarter inch/d
split into three cycles. Percent liver-
wort control was recorded 6, 10, and
18 WAT.

A second repetition of this
experiment was initiated on 21 Oct.
2005. Liverwort control was
recorded 12, 18, and 21 WAT.
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EXPT. 2: AURORA, OR           This
experiment was conducted similarly
to that described for Alabama. Treat-
ments were applied 28 Sept. 2004
and data were collected 9, 14, and
18 WAT. A second repetition of the
experiment was initiated on 18 Apr.
2005. The lowest rates of quinocl-
amine and oxyfluorfen + oryzalin
were dropped from the second repe-
tition. Liverwort control was
recorded 4, 6, and 10 WAT.

Results and discussion
EXPT. 1: AUBURN, AL.           All her-
bicides provided at least 82% liver-
wort control 6 WAT (Table 1). Only
flumioxazin and oxadiazon provided
100% control, although five other
treatments provided statistically sim-
ilar control. By 11 WAT, liverwort
control was still good (>80%) in con-
tainers treated with flumioxazin, oxy-
fluorfen + oxadiazon, and oxadiazon.
Ten to 12 weeks of control is gener-
ally the assumed maximum longevity
of efficacy for pre-emergence herbi-
cides in container crops. Isoxaben +
trifluralin, prodiamine, and pendime-
thalin did not improve control above
what was observed in nontreated con-
tainers. By 17 WAT, only flumioxazin
provided effective (>80%) control.
Oxyfluorfen + oxadiazon and oxadia-
zon alone reduced liverwort growth
compared with nontreated con-
trols, but provided only 45% and
68% control respectively. No other
herbicide reduced liverwort growth
below that observed in nontreated
containers.

In a second repetition of the
study in Auburn, liverwort was slower
to colonize and infest containers
(Table 1). Other research has docu-
mented that liverwort vigor responds
to seasonal temperature and ultravio-
let light levels (Newby et al., 2006).
By 18 WAT, most products still pro-
vided effective control. However, by
21 WAT, only flumioxazin and oxa-
diazon remained effective. Across
both repetitions of the experiment,
oxadiazon outperformed oxyfluorfen
+ oryzalin, which is contrary to other
research (Wilson and Hughes, 1985)
that reported better control with ory-
zalin. One explanation for this is that
the combination product of oxyfluor-
fen + oryzalin only provided 1 lb/acre
a.i. oryzalin, which is only 25% of the
oryzalin rate used by Wilson and
Hughes (1985).
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EXPT.1: AURORA, OR        All prod-
ucts provided effective control
through 6 WAT (Table 1). By 11
WAT, oxyfluorfen + oryzalin, prodi-
amine, and oxyfluorfen + pendimeth-
alin provided the most effective
control (>80%), although three other
products provided statistically similar
control. By 17 WAT, oxyfluorfen +
oryzalin and prodiamine provided the
most effective control in Oregon,
although neither compound pro-
vided effective control this late in
Alabama. In addition, although flu-
mioxazin and oxadiazon were the
most effective in Alabama, they were
among the least effective in Oregon.
Environmental conditions, container
substrates, and irrigation systems dif-
fered between the two sites. Although
environmental and cultural practices
might be used to explain differences
in efficacy across all treatments, they
do not explain the seemingly opposite
responses of flumioxazin, oxadiazon,
prodiamine, and oxyfluorfen + oryza-
lin at the two locations.

EXPT. 2: AUBURN, AL.      All prod-
ucts provided nearly complete control
through 6 WAT (Table 2). By 10
WAT, the granular pre-emergence
herbicides still provided complete
control. Control with quinoclamine
10 WAT was slightly reduced with all
rates, but still greater than nontreated
containers (contrast analyses, Table
2). By 18 WAT, control was still
acceptable with granular pre-emer-
gence herbicides. Quinoclamine pro-
vided little or no control by this time.

Liverwort was generally slower
to colonize in the second repetition of
this study compared with the first
(not compared statistically). By 12
WAT, control from quinoclamine
had already begun to decline to less
than that provided by granular pre-
emergence herbicides, although it
was slightly better than nontreated
controls. Similar to the first repeti-
tion, liverwort control with quino-
clamine was completely lost 18 WAT,
but control provided by granular her-
bicides was still effective. By 21 WAT,
flumioxazin and oxyfluorfen + oryza-
lin still provided effective control
(>80%) whereas oxadiazon control
declined to 68%. Similar to Expt. 1,
flumioxazin and oxadiazon provided
effective control through 18 weeks.
Oxyfluorfen + oryzalin, which pro-
vided poor liverwort control at 18
weeks in both repetitions of Expt. 1



in Alabama, was more effective in this
experiment.

EXPT. 2: AURORA, OR   At 9
WAT, all herbicides provided some
level of control, with granular pre-
emergence herbicides providing bet-
ter control (96%) compared with
quinoclamine (88%). By 14 WAT,
liverwort control from quinoclamine
averaged just 49% across three rates
whereas flumioxazin and oxyfluorfen
+ oryzalin continued to provide excel-
lent control (greater than or equal to 96%). By 18 
WAT, quinoclamine and oxadiazon pro-
vided no control, whereas oxyfluorfen
+ oryzalin provided the most control,
with slightly reduced control from
flumioxazin. These results concur
with Expt. 1 in Oregon, where oxy-
fluorfen + oryzalin provided effective
control and oxadiazon provided poor
control.

Repetition 2 of this Expt. in
Oregon provided similar results. Liv-
erwort growth in containers treated
with quinoclamine and oxadiazon
was similar to nontreated controls.
Flumioxazin provided the most effec-
tive control, although it was reduced
to 66% in 10 weeks. This experiment
was initiated in April when temper-
atures and light levels are ideal for
liverwort growth in Oregon. Liver-
wort control across treatments may
have been reduced compared with
other similar experiments because of
greater liverwort vigor (experiments
were not compared statistically).

Across both regions and all ex-
perimental repetitions, no herbicide
treatment consistently provided effec-
tive control. In Alabama, flumioxazin
and oxadiazon were most effective,
whereas oxyfluorfen + oryzalin was
not consistently effective. In Oregon,
oxyfluorfen + oryzalin was the most
consistent and effective treatment.

Discrepancy in efficacy between
the two regions might be explained
by differences in liverwort popula-
tions. Although it is possible that
Alabama and Oregon have similar
populations introduced from com-
mon nursery crops, it is also possible
that populations are distinct. Under-
wood (1895) described liverwort (M.

polymorpha) as almost universally dis-
tributed throughout the United
States and the world. This description

of the plants' range predates inter-
state nursery trade. Thus, locally
adapted liverwort populations may
dominate containers in both Alabama
and Oregon, and respond differently
to herbicides. Liverwort populations
between Oregon and Alabama are not
isolated by oceans or other natural
barriers, and thus interstate nursery
trade might preclude some from con-
sidering this explanation. However,
Oregon exports only 3% of its crop
annually to the Gulf States region
(including Oklahoma, Texas, Arkan-
sas, Louisiana, Tennessee, Missis-
sippi, and Alabama) (Mertz et al.,
2005). Because of limited trade
between Alabama and. Oregon, it
seems plausible that genetically differ-
ent populations of liverwort could
predominate in the two regions.

Quinoclamine provided some
pre-emergence liverwort control,
although for a shorter period of time
than the most effective granular pre-
emergence herbicides. Senesac
(2005) also reported slight residual
activity by quinoclamine, but did not
compare it with other granular pre-
emergence herbicides. Similarly,
Newby et al. (2005) reported reduced
liverwort recolonization after making
postemergence applications of qui-
noclamine. Considering the effective-
ness of quinoclamine in postemergence
liverwort control as documented pre-
viously (Newby et al., 2006), we con-
clude that quinoclamine be viewed
primarily as a postemergence tool
for controlling small liverwort infes-
tations. The benefit of some residual
activity will be realized with periodic
applications. Upon registration, qui-
noclamine will be labeled for use in-
side greenhouses and other enclosed
structures where other residual pre-
emergence herbicides are prohibited
(not labeled).
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