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ABSTRACT

After the World Health Organization International A gency for Research on Cancer (IARC) determined thathe herbicide glyphosate is 4
probable carcinogen, many public agencies have eihrestricted or suspended its use. The City of Safirancisco, for example, has
limited its use within the city limits to more critical suchas of and habitats, where alternatives
are not available. Furthermore, the City has requeted that its departments develop a plan to reducer@liminate the use of this
herbicide inthe future.

Several studies have indicated that with cut the rate of of be reduced without losing
efficacy. This study is a test of the efficacy ofeduced rates of glyphosate for the control of threson-native invasive plants: blue gum

yptus globulus), (Cortaderiajubata) and French broom (Genista monspessulana). Reduced rates of
glyphosate were also tested for the management afyote brush @accharispilularis), a native plant that invades serpentine grasslandit
was found that 5%, 10% and 20% of glypl produc( ). eq 10 2.7%, 5.4% and 10.8%ctive ingredient, may be
as effective as the conventional rate of 50% prodtior 26.9% active ingredient. The results of thisidy suggest that it may be possible
to substantially reduce the amount of glyphosate aied and the associated worker exposure risks withut entirely losing the use of this
valuable tool for the management of invasive plants

INTRODUCTION

The herbicide is the active Roundup Promax, Roundup Custom and mangeneric products. Its mode
of actionis the inhibition of the enzyme involvedn the synthesis of the three aromatic amino acidsyptophan, tyrosine and
phenylalanine through the shikimic acid pathway. Beause this biosynthetic pathway is only presentiniants, glyphosate has been
considered to have relatively low toxicity for humas (Williams et al. 2000)

However, the recent determination by the Internatimal Agency for Research on Cancer (IARC) that the érbicide should be classified ag
a probable carcinogen, based on animal studies, effts on DNA and links to Hodgkin's lymphoma in humas, has resultedina
reconsideration of its use by many public agenciemd non-profit organizations. For example, the Caliornia EPA issued a notice of
intent to list glyphosate as a Proposition 65 carabgen. Some organizations, such as the San Franmgresidio Trust, have decided to
suspend the use of glyphosate. Others, such as tiiational Park Service, have been waiting for a risiessessment to be concluded by the
U.S. EPA before changing their policies of glyphosate. On 12, 2016 the EPALse a report concluding that
glyphosate is not likely to cause cancer in human&J.S. EPA 2016).

The City of San Francisco has pursued an intermedte approach. The City Department of Environment adgted a policy of allowing use]
of glyphosate and other Tier | herbicides on City poperty only with additional conditions and restrictions, such as no use for purely
cosmetic purposes (SF Environment 2016), and reséng it for uses where there are no other practicalternatives. However, City
departments have been instructed to develop planerfreducing and possibly suspending the use of glipsate in the future.

This study is a preliminary small scale test of of applying glyp at in cut-stump withthe|
objective of lowering the amount applied and the amesponding human and animal exposure. The standardut-stump method involves
the application of concentrated herbicide, usually 50-100% solution, to the ring of cambial tissuenithe outer part of a freshly cut stem
(see Monsanto label in section is then througtthe vascular tissue to the roots,
resulting in the eventual death of the plant due t@rotein starvation.

Anumber of studies have found that it may be posble to reduce the rate of application of glyphosatén cut-stump applications without
losing efficacy. Kegley and Toy (2012) summarized éfvesults of a number of studies employing reducedtes of glyphosate, including
several listedina report published by the OntarioMinistry of Natural Resources (Mallik et. al. 1997. For example the University of
California, Berkeley, reported successfully using educed rates (5-20% of product) in cut-stump ina fire fuel

program (Klatt 2004). AUC IPM Pest Notes publicatio (UC d Pest Prograi2008) recommends use of
products with 8-10% active ingredient at full strergth for cut-stump treatment of woody plants.

In this study | evaluated the efficacy of three redced rates of glyphosate for cut-stump treatment: @, 10% and 20% by volume of
glyphosate herbicide product (Monsanto Aquamaster oRoundup Custom). These are equivalent to 2.7%, S/ and 10.8% active
ingredient, respectively. This was tested on threi@vasive plant species: blue gum eucalyptus(calyptus globulus), jubatagrass
(Cortaderiajubata), French broom (Genistamonspessulana) and also on a native plant, coyote brush, that irades serpentine grassland
and other sensitive habitats (Barbellaet al. 2014homas 2015). These species were selected forphepose of including in the test
different plant families and plant growth forms. All tests were performed inthe Crystal Springs wateshed of the San Francisco Public
Utilities Commission.
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F|gure l Appearanoe of repreeentatlve examples of the cut stumps Sof the four teﬁ
species treated with reduced rates of glyphosate. Blue flags indicate 20%, orange
flags indicate 10% and red flags indicate 5% of glyphosate product. Top row:
coyote brush stumps. Second row: eucal yptusstumps. Third row: French broom
stumps. Bottomrow: cut stems of jubatagrass

METHODS

Three different rates of glyphosate, 5%, 10% and 28 of product by volume, were tested in this studyThe three rates were tested on fouf
different species (blue gum eucalyptus, jubatagrassrench broom and coyote brush).

The reduced rates of glyphosate were tested usiriget cut-stump method (Kyser et al.). The glyphosateokution was applied to the surface
of the cut stump immediately after cutting. Treatedplants were marked with colored flags. Plants treted with the 20% rate were marked
with blue flags, those treated with the 10% rate wth orange flags and those treated with the 5% rateith red flags (Figure 1). Treatments
were randomly assignedto plants for each of the The were made to in November 2015, to
eucalyptus and jubata grass in December 2015 and tmyote brush in February 2016.

These treatments were evaluated for effectivenessAugust 2016. Cut stumps were exammed for resprasioriginating from the cut stump
o, in the case of jubatagrass, withinthe same ciup. Absence of resprouting was 0 be ofeffective control.
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RESULTS AND DISCUSSION

The results of the test of reduced rates of glyphate are presented in Figure 2. Because of the smatimple sizes involved, results are stil
preliminary, but they appear to indicate that the 2% glyphosate rate provided complete control for dlof the test species. Furthermore,
the 5% rate appears to have resulted in complete ppression of resprouting for French broom and eucalptus. Figure 1 presents
representative examples of cuts stumps of the fowpecies treated at the three reduced rates, showitiiem as they appeared in August
2016. These illustrate the overall effectiveness e reduced rates of glyphosate in suppressing fesuting.

There was, however, some recovery of coyote brushitivthe 5% rate and of jubatagrass with the 5% and D% rates. This suggests that
withthese lower rates some retreatment may be regued. For coyote brush, though there was some resputing with the 5% treatment,
this seems to have been delayed and reduced in vidy the treatment compared to the untreated cut-simp control (Figure 3).

Though regrowth was observed for some clumps of juttagrass, this amount may be no more than normallyccurs with jubatagrass
plants treated with the standard rate of 50% produ. Some resprouting is usually observed for treatefiibatagrass plants, perhaps for
as much as 15-20% of plants (DiTomaso 2008). Thereta lower rates of glyphosate may be as effective the standard rate. However,
additional tests with larger sample sizes comparinglants treated with reduced rates to plants treatd with the standard rate would be
required to determine whether there is no statistially significant difference in efficacy.

The results of this study are in agreement with théndings of other studies that found, for a variey of species, that glyphosate can be
reduced to a rate of 5-25% of herbicide product (160% of the standard label rate) without losing eficacy in cut-stump treatments. For
example, itwas found that 5% glypl product atp resprouting of in pine in
southwest Australia (Fremlinand Jones 1984). Aspeand birch were ful with 25%g (Expert Committee
on Weeds 1982) and with 20% glyphosate product (Bsrited in Mallik et al. 1997). For hardwoods it wasound that 5% glyphosate
product gave complete control when applied in wintewhile 10% product provided complete control wherapplied in spring and
summer (Marrs 1985).

The results of this preliminary test of reduced raes of glyphosate seem to indicate that for cut-stum the rate of

of glyphosate can be reduced substantially withoubss of efficacy. This would significantly reduce arker exposure risk (Kegley and Toy
2012) without losing this valuable tool for the maagement of invasive plants. Before use of reducedtes is adopted as a general
practice, however, it may be necessary to performdaitional tests to confirm efficacy for additional species, employing larger samples
sizes of treated plants compared with both untreatand standard rate controls.

One potential problem with using reduced rates of kyphosate is that, withincomplete control, theres the risk of selecting for genetic
resistance. At present, at least 35 weeds have bewresistant to glyphosate (Heap 2016). However geiit resistance can be delayed by
having a resistance management program. This invoés alternating the use of glyphosate with an herbide with a different mode of
action, such as an auxin analog or a branched chaimino acid synthesis inhibitor. Alternatively, gyphosate could be combined in a
tank mix with an herbicide with a different mode ofaction, such as is done for the recommended treatmt for cape ivy (Broussard et al.
2000).

Species:  Eucalyptus French broom Jubatagrass Coyote brush
Samplesizz Number Samplesizz Number Samplesizz Number  Samplesizz  Number
resprouting resprouting resprouting resprouting
Treatment Flag Color
5% Red 5 0 12 0 6 2 17 5
10% Orange 6 0 13 0 7 2 6 0
20% Blue 9 0 15 0 7 0 3 0

Figure 2. Numbers of replicate plantstreated with reduced rates of glyphosate and numbers of these resprouting
after treatment.

F|gure 3. Examplesof pI antsresproutmg after treatment Left: coyote brush pI ant treated W|th
5% glyphosate product. Center: untreated cut-back coyote brush control. Right: jubatagrass plant
treated with 10% glyphosate product.
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