trial data show reduction of waterhyacinth stand by over
50% from control levels, the treatment regime necessary
for maintenance of such levels over a long period is yet to
be worked out. This can be expected to vary according to
the type of waterhyacinth plant as evidenced by the higher
effectiveness of the treatment regime on free floating
plants when compared to rooted plants.
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Control of Common Cattail with
Postemergence Herbicides'

R. D. COMES AND A. D. KELLEY?®

ABSTRACT

Field studies were conducted to determine the effect of
herbicide rate, spray volume, and plant growth stage on
the control of common cattail (Typha latifolia L.) with
glyphosate. Control was best when the 3.3 kg ae’ha was
applied to mature cattail about 1 week before the first au-
tumn frost (96% stand reduction). Control of common cat-
tail was equal when glyphosate at 3.3 kg/ha was applied in
280, 560, or 1120 L/ha (30, 60, 120 gpa) water plus 0.5%
v/v surfactant. Treatments applied when common cattail
was in mid to full bloom (early July) were much less effec-
tive than when applied later in the season (August-Sep-
tember). A single application of dalapon at 22 kg ae/ha was
much less effective than glyphosate at 3.3 kg/ha, whereas
control with amitrole plus ammonium thiocyanate at 8.8
+ 7.3 kg ai/ha (92% stand reduction) was similar to glypho-
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sate. The year following treatment, redtop (Agrostis alba L.)
and horsetail rush (Equisetum spp.) dominated many plots
that had been treated with amitrole plus ammonium
thiocyanate and glyphosate, respectively.

Key words: Typha latifolia, glyphosate, dalapon, amitrole,
plant-succession.

INTRODUCTION

Common cattail grows throughout most of the United
States and northward to Alaska in drainage ditches, slug-
gish irrigation canals, shallow bays and marshes, and in the
margins of ponds, lakes, and streams (6). Common cattail
is the principal emersed species that interferes with the
flow of water in irrigation canals and drainage ditches in
the west (16). It is a nuisance in waterfowl management
areas in many parts of the country, because stands of cattail
encroach upon shallow water marshes and eliminate plants
that provide food and cover for wildlife (1).

One goal of irrigation district personnel is to control all
or most of the cattail in drainage and delivery channels to
facilitate water movement, whereas wildlife managers de-
sire to manage cattail populations at specific ratios to open

J- Aquat. Plant Manage. 27: 1989.



water and to other species. Weller (20) recommends a 1:1
ratio of open water to cover for optimum bird use and
production.

Control of common cattail with herbicides applied post-
emergence was researched thoroughly in the western U.S.
about three decades ago (17, 18). Methods of control de-
veloped during that era were based on the proper use of
dalapon (2,2-dichloropropanoic acid), amitrole (14-1,2,4-
triazol-3-amine), and 2,4-D (2,4-dichlorophenoxy)acetic
acid). Dalapon at 22 kg/ha and amitrole at 8.8 to 13.2 kg/ha
were most effective when applied in late summer or early
fall when cattail plants were fully headed to nearly mature.
A single application of 2,4-D at 4.4 to 6.6 kg/ha in an oil-
water emulsion was ineffective, especially when applied
after cartail had bloomed, but two or three repeated appli-
cations at the late boot to early flower stage were very effec-
uve.

Glyphosate [N-(phosphonomethyl)glycine], a translo-
cated herbicide, was evaluated for the control of numerous
emersed species during the 1970s and was registered for
aquatic weed control in the early 1980s. However, litera-
ture concerning the control of cattail with glyphosate is
scarce and inconclusive. Mueller and Lembi (11) reported
40 to 60% control of cattail when treated at flowering with
glyphosate at 3.3 and 6.6 kg/ha, respectively. Apparently
these rates were completely ineffective when applied be-
fore cattail had flowered. In later studies, Lembi (8) re-
ported 100% control of common cattail with glyphosate at
1.5 kg/ha, but the time of application was not specified.

The objectives of this study were a) to compare the
efficacy of glyphosate, dalapon, and amitrole plus am-
monium thiocynate for control of common cattail; b) to
determine the effect of growth stage at the time of treat-
ment on susceptibility of cattail to glyphosate; and ¢) to
determine the effect of spray volume on the phytotoxicity
of glyphosate to cattail.

MATERIALS AND METHODS

A natural, dense (44 shoots/m?) infestation of common
cattail growing in a shallow drainage ditch on the
Washington State University research farm near Othello,
Washington, was used for the study. Cattail was well estab-
lished and attained heights up to 3 m. Water flowed
through the drainage ditch from late March until
November, and the soil remained saturated throughout
the remainder of the year.

Plots 15 m by 3.6 m were arranged end-to-end in the
drainage ditch in a randomized block design with four re-
plications. Two sets of plots were established; one set was
treated in 1983 and the other was treated in 1984.

Glyphosate (Rodeo** formulation) at 2.2, 3.3, and 4.4
kg ae/ha was applied in 280 1/ha (30 gpa) water at 207 kPa
(30 psi) at three stages of cattail growth as follows: (a) mid

"Tradename of Monsanto Agricultural Products Co., 800 N.
Lindbergh Blvd., St. Louis, MO 63166.

*Mention of a trademark, proprietary product, or vendor does not
constitute a guarantee of the product by the U.S. Dep. of Agric., or
Washington State Univ., and does not imply their approval to the exclu-
sion of other products or vendors that may also be suitable.
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to full bloom (early July); (b) post anthesis, spikes up to 3
cm in diam. (mid August); and (c) seed mature, leaf tips
yellow (mid September). The 3.3 kg/ha rate also was
applied in a volume of 560 and 1120 1/ha (60 and 120 gpa)
in mid September. On the mid-August treatment date,
dalapon at 22 kg ae/ha and amitrole plus ammonium
thiocyanate (hereafter referred to as amitrole+T) at 8.8
+ 7.3 kg ai’ha were applied in a volume of 1120 1/ha (120
gpa). The surfactant X-77+* (mixture of alkylarylpolyoxy-
ethylene glycol, fatty acids, and isopropanol) was added to
all herbicide solutions at a concentration of 0.5% (v/v).
Herbicides were broadcast with a CO, pressurized sprayer
equipped with seven flat fan nozzles spaced 51 cm apart.
The sprayer was mounted on an amphibious tracked vehi-
cle whose speed was calibrated and maintained with an
engine tachometer and locking hand throttle (3).

Injury, based on the percent necrosis and chlorosis of
the leaves and sterms, was estimated visually in mid- to late
September of the treatment year. Stand reduction, as a
percent of the untreated plots, was estimated by two inde-
pendent observers in mid June and mid August of the
year following treatment. Estimates were averaged before
the data were subjected to analysis of variance. Results
were similar both years and all data are averages of two
years. Means were separated using Fishers’ Protected LSD
Test at the 5% level of significance.

RESULTS AND DISCUSSION

Glyphosate injury to common cattail was only slight to
moderate on plants treated in July or August, and was
never perceptible on plants treated in September. The first
frost of the season occurred 7 to 10 days after the Sep-
tember treatments in both years and masked any herbicide
symptoms. In mid September of the treatment year, nec-
rosis/chlorosis was similar on plants treated with glyphosate
in July and August and averaged 10, 18, and 30% for 2.2,
3.3, and 4.4 kg/ha, respectively. Dalapon at 22 kg/ha and
amitrole+T at 8.8 + 7.3 kg/ha caused 70 and 22% nec-
rosis/chlorosis, respectively. No herbicide symptoms were
evident the year after treatment with the exception that
about 20% of the cattails growing above the waterline on
plots treated with amitrole + T had bleached shoots, which
is typical of amitrole injury.

Data collected in mid June of the year following treat-
ment was not a reliable estimate of the eftect of glyphosate
on the control of common cattail, Figure 1. At that time all
treatments except 2.2 and 3.3 kg/ha applied in July had
reduced the stand of cattail at least 96%. However, by Au-
gust the stand had increased significantly on all plots ex-
cept those treated with 3.3 kg/ha in September and 4.4
kg/ha in either August or September. Stand density in-
creased most dramatically on plots that had been treated
with 3.3 kg/ha in July and 2.2 kg/ha in August of the pre-
vious year (from 17 to 80% and from 3 to 75%, respec-
tively). These data suggest that glyphosate inhibits the
emergence of cattail in the spring or early summer of the
year after treatment when applied at less than the op-
timum rate and stage of plant development.

“Tradename of Chevron Chemical Company, 575 Market Street, San
Francisco, CA 94105.
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Figure 1. Stand reduction of cattail in June (---*--*--) and August (--A---A)
of the year after three rates of glyphosate were applied to cattail at three
different stages of growth. Vertical bars represent the standard error of
the mean for each rate and date of application.

The differential response of cattail to the treatments
was much more pronounced when data were collected in
mid-August of the year after treatment. In general, the
stand of cattail decreased as the rate of glyphosate in-
creased and as the stage of cattail maturity at time of treat-
ment advanced, Figure 1.

None of the tretments applied in July or at 2.2 kg/ha
on any application date controlled cattail sufficiently to be
commercially acceptable. There was no difference between
the 3.3 and 4.4 kg/ha rates applied in August and Sep-
tember at the 5% level of probability, but the difference
between these rates applied in August was significant at
the 10% level of probability. The 2.2 kg/ha rate was much
more effective when applied in September than when
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applied in August. Thus, under the conditions of central
Washington, the 3.3 kg/ha rate applied in the fall (mid-
September) is optimum for control of common catrail.

Because glyphosate is a phloem-mobile or ambimobile
herbicide, its distribution in plants closely follows that of
the photoassimilates (5, 21, 22). Total nonstructural car-
bohydrates in the rhizomes of common cattail growing in
temperate climates (Utah and Wisconsin) reached a sea-
sonal low in late June to early July when the plants were
beginning to flower (9, 17). The rhizomes became a strong
sink for photoassimilates during July and August, based
on the accumulation of carbohydrates in rhizomes and the
growth of rhizomes. These characteristics of glyphosate
and common cattail suggest that applications in July and
August should have been most effective if equal quantities
of glyphosate were absorbed by common cattail at the dif-
ferent stages of growth. We could find no reference to
absorption of glyphosate by common cattail, but our data
suggest that uptake and/or translocation may increase with
plant maturity. The effect of plant age or maturity on the
uptake of glyphosate by different species of perennial
plants is extremely variable (4, 10, 14).

Spray volumes ranging from 280 to 1120 1/ha (30 to
120 gpa) did not affect the phytotoxicity of 3.3 kg/ha
glyphosate applied to common cattail in mid September;
all volumes provided >90% control. Many workers have
reported that the phytotoxicity of glyphosate is reduced as
the carrier volume is increased (2, 7, 13, 15). This relation-
ship is especially evident with low or marginal rates of
glyphosate. Such reduced phytotoxicity has been attri-
buted to quality of the water used in the spray solution (2,
13, 15) and to differences in the dispersion pattern of the
solution on leaf surfaces (19). Often the addition of surfac-
tant to the Roundup** formulation of glyphosate increases
the activity and masks the effect of spray volume, especially
at low rates of glyphosate application (12, 19). This might
be expected because the concentration of surfactant in a
solution of Roundup is directly proportional to the rate of
glyphosate and inversely proportional to the volume of
diluent. In our studies the concentration of surfactant in
Rodeo solutions was always 0.5% v/v. Perhaps spray vol-
ume, within the range tested in these studies, would impact
control of common cattail if treatments were applied ear-
lier in the season or at a rate of glyphosate less than 3.3
kg/ha.

Single applications of amitrole+T at 8.8 + 7.3 kg/ha
and dalapon at 22 kg/ha controlled common cattail simi-
larly to that reported by Timmons et al. (17). These treat-
ments had reduced the stand of cattail 92 and 34 percent,
respectively, in August of the year following treatment
(Table 1). Dalapon was inferior to amitrole+T and to 3.3
kg/ha glyphosate applied in August or September, whereas
there was no difference between amitrole +T and glypho-
sate applied on these dates.

Redtop, a desirable grass for stabilizing ditchbanks in
temperate climates, and horsetail rush were present in and
along the shallow drain. Redtop grew abundantly in sev-
eral of the plots following treatment with amitrole + T,
whereas glyphosate completely eliminated the redtop.
Conversely, horsetail rush survived and became dominant
where glyphosate had been applied. We have observed
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TABLE 1. CONTROL OF COMMON CATTAIL IN A DRAINAGE DITCH WITH
AMITROLE+T, DALAPON, AND GLYPHOSATE, OTHELLO,
WASHINGTON.

Stand reduction®

Applic.
Treatment® Rate Date June Aug
(kg/ha) (--mmmmmeee Gpp--mmmmmmnm )
Amitrole +T 8.8+ 73 Aug 99 92
Dalapon 22 Aug 87 34
Glyphosate 3.3 Aug 98 87
Glyphosate 3.3 Sept 99 96
LSD (0.05) 2.3 15.9

?Amitrole+T and dalapon applied in 1120 1/ha; glyphosate applied in
280 1/ha; all solutions contained 0.5% v/v surfactant.

"Data recorded the year after application and are averages from two
separate experiments conducted in 1983 and 1984,

these same trends following experimental and commercial
applications of these herbicides to noncrop areas in the
Pacific Northwest. The succession following application of
amitrole + T is very desirable, but unfortunately this her-
bicide is no longer registered for control of cattail.

Although glyphosate applied at 4.4 kg/ha in August
and September and at 3.3 kg/ha in September reduced the
stand of cattail 95 to 98% one year after treatment, it is
probable that the stand would increase significantly during
the second year after treatment. Cattail has a tremendous
capacity to reproduce vegetatively through rhizomes. Yeo
{23) reported a single cattail seed produced a plant that
had 129 emerged shoots and occupied an area 3 m in dia
when cultured for 6 months in a fertile soil. Thus, two or
more annual repeated applications of glyphosate would
probably be necessary to prevent cattail from dominating
a site within 2 to 3 years after a single treatment at 4.4
kg/ha or less.

These results show that glyphosate at 3.3 kg/ha controls
cattail as well as or better than dalapon and amitrole +T,
two widely used herbicides for control of cattail in the past.
Treatments applied in the fall when seed was mature and
leaf tips were starting to turn yellow from senescence were
most efficacious, but higher rates of application earlier in
the season wholly or partially compensated for more pre-
cise timing of the application. The data also emphasize the
need to report dates of application and the time that data
were collected in relation to the application in order to
compare results from different experiments.
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