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INTRODUCTION
Lynn M. Sosnoskie
Assistant Project Scientist and editor CWSS Research Updates and News
UC Davis
It is a new year, one that is likely to be fraught with challenges as the continuing drought is poised to impact crop
production in many regions of the state. This may place an additional burden on the agricultural/horticultural
communities who will also be dealing with the effects of insects, pathogens, and weeds in their systems. With
respect to pest plants, weed science experts from around California have provided several, short “state of the state”
reports documenting current and future weed concerns in urban landscapes, agronomic crops, cool-season
vegetables, rangeland, and tree and vine crops for this issue of the CWSS Research Update. The final article
focuses on a different, but certainly related, issue: career opportunities in agriculture and weed science for students.
Given the matters described in the first five editorials, the training of the next generation of weed scientists is a
definite priority.
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ONGOING CHALLENGES AND SOME RECENT ADVANCEMENTS IN WEED MANAGEMENT IN CALIFORNIA’S URBAN
LANDSCAPES

Travis M. Bean
Cooperative Extension Assistant Weed Science Specialist
UC Riverside
In early February, I informally asked several Farm Advisors and PCAs who worked in, and adjacent to, urban
landscapes about their impressions of the most salient problems they faced as weed managers. As a recent
transplant to California, this was a helpful exercise for me to establish some baseline information about the issues
weed managers in urban systems, and their interfaces, were most concerned about. Several related topics were
consistently echoed among those who responded, and after checking some readily available sources (cont. page 2)
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like the UC Weed Science Blog and the back issues of the California Weed Science Society’s Research Updates, it
quickly became apparent that these are not entirely new problems, although some may have been trending to
increase in scale or severity in recent years.
Challenges:
MSMA
Among PCAs, one of the most commonly listed challenges to weed management in urban systems was the loss of
MSMA (monosodium methanearsonate) registration and a dissatisfaction with other products available for
controlling grassy weeds in turf. In a UC Weed Blog post titled “Life after MSMA,” link below), Area IPM
Advisor Cheryl Wilen describes the uses of the MSMA, why it’s no longer used, and lists some MSMA
“replacements” registered for use in California.
Public opinion and herbicides
Another commonly listed issue was the challenge of increased negative public opinion
against herbicides in general and increased restrictions on commonly used herbicides
like glyphosate in certain municipalities in California. Many shared the sentiment that
while the overall reduction in pesticide use is to be applauded, sometimes herbicides
are a critical component of integrated weed management and care should be taken to
educate the public and policy makers on the issue. Directly related to losses of
herbicide registrations, negative public opinion about herbicides and more restrictions
from municipalities was an interest among weed managers in effective organic
herbicides. Most PCAs were not satisfied with available selection, but were receiving
pressure from clientele to utilize those products instead of more effective materials.
Other commonly voiced challenges (and opportunities for Extension?)
Other challenges frequently mentioned included concerns about herbicides being
improperly applied, i.e applications not occurring during a phenologically susceptible
growth stage for systemics, contact herbicides being used to kill established
perennials, pre emergence herbicides being applied after weed emergence or not being
incorporated correctly, and a reliance on ineffective organic herbicides leading to
large weed source populations. Related issues are whether pre emergence herbicides
used in groundcovers are actually reaching the ground, and the degree to which
systemic herbicides are having non-target impacts when used near shallow-rooted
landscaping trees. Some managers noted weed problems being neglected on large
adjacent properties and their potential to serve as source populations. Farm Advisors
and PCAs alike stated concerns about increased use of xeriscape species in landscaping that may lead to more
ornamental invasive plants, and a lack of data on performance of common ornamentals under conditions of drought
stress or reclaimed water. Herbicide runoff issues were also discussed, especially with regard to the use of
herbicides on impermeable surfaces or near drains, and also some of the high KOC herbicides being bound to
sediment and erodes from a site through activities such as poor irrigation management. Finally, it was mentioned
that there is a widespread perception among landscapers that fertilizer and herbicide combinations are economical
because of the reduced labor time involved, although it’s likely that the much of the efficacy (of both products) is
lost by not applying each component at the proper time.
Figure 1. Travis Bean's research
focuses on improving treatment
efficacy and reducing
unintended consequences of
invasive and weedy plant control
efforts and determining
predictors to identify
opportunities for management.
Photo: UC Riverside

Some new registrations:
Along with, and related to, these challenges, I was also told of some new product registrations. Among these are
Specticle ® Total from Bayer (06/24/2014, 0.89% diquat dibromide, 0.089% indazaflam, and (cont.page3)
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20.46% glyphosate) and Mirimichi Green.Concentrate (9/2/2014, 40% ammonium nonanoate). Heather Palmer of
Westbridge Agricultural Products informed me of the CDPR registration (2/14/2015) of Suppress ® EC Herbicide,
with active ingredients caprylic (47%) and capric acids (32%). Farm Advisor Richard Smith of Monterey County
reported this pending registration in January on the UC Weed Science Blog along with some promising results on
young weeds from trials to screen materials for automatic lettuce thinners. More details are linked in his blog post.
New research:
Farm Advisors Chuck Ingels of Sacramento County and John Roncoroni of Napa County recently published the
results of their research “Weed control in dune sedge transplants” in HortTecnology (link below). Dune sedge
(Carex pansa) can be used as a groundcover or mowed turf and is planted as plugs or small pots. However, at 9inch spacing, it may take over 1 year to completely fill in as turf, allowing weeds to grow between plants. Their
results detailed an integrated strategy for management of annual weeds during the establishment of dune sedge
using pre- and postemergent herbicides, mulch, and hand weeding. For organic or reduced-risk management, their
results suggested bark or wood chip mulch followed by hand weeding would be the best approach.
Links:
“Life after MSMA” http://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=9603
“New organic herbicide registration for California” http://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=16597
“Weed control in dune sedge transplants” http://horttech.ashspublications.org/content/24/2/166.abstract

THE STATE OF WEED MANAGEMENT IN COOL SEASON VEGETABLE CROPS
Steven Fennimore
Cooperative Extension Weed Science Specialist
UC Davis (Salinas)
There are few new herbicide active ingredients in the pipeline, now, for any crop. In the 1970s and 1980s several
new active ingredients were introduced every year. However, we are now in the middle of the second decade of the
21st century and new herbicide active ingredients might cost a corporation $300 million from discovery to launch.
Using lettuce as an example, the value of the herbicide market in this crop might be worth $23 million per year –
which is not enough to pay for herbicide discovery or the risks associated with such a sensitive crop. Not
surprisingly, there are few new active ingredients in the pipeline for vegetable crops and crops like lettuce are never
a primary target for herbicides. Insufficient herbicide availability for vegetable crops is why hand weeding is still so
important in these systems.
Hand weeding, undoubtedly the oldest method of weed control, remains a very important tool in vegetable crops.
The weed uprooted by hand pulling or with a hoe dies from desiccation. Hand weeding is an effective method of
weed control and, in normal commercial practices, weed control of over 90% can be achieved. If two trips are made
through the field, near 100% of the weeds can be managed. However, hand weeding is expensive – in organic
lettuce, hand weeding costs exceed $160 per acre, with many fields much higher than this. There are instances in
high density baby lettuce systems of hand weeding costs of >$500 per acre. Hand weeding is not a pleasant task; it
is tedious, dirty, and involves long hot days in the field. If better paying or easier work is available than hand
weeding, then the alternative work will be chosen. People work in a hand weeding crew because they need a job,
not because they want to hoe. (cont. page 4)
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Weed control in California vegetable crops production systems
is accomplished with a series of cultural, chemical, and physical
weed control tactics that are integrated to reduce weed
competition on the crop and minimize weed seed return to the
weed seedbank in the soil. In areas with valuable crops and
highly skilled growers, like the Salinas Valley, it is possible to
nearly deplete the weed seedbank and keep the field clean for
years. However, to deplete weed seedbanks, it is necessary to
have a very effective weed control program that is consistently
practiced, and for vegetables this means hand weeding. A
reduction in hand weeding means that more weeds will escape
control and reseed the field resulting weedier fields.
Figure 2. Steve Fennimore's research and extension

There are changes afoot in the farm labor pool and the
interests are in the development of integrated strategies
for weed management in vegetable crops and
California agricultural industry needs to be prepared for this
strawberries. Photo: WRIR4
change. Hand weeding involves many workers and takes a great
deal of time. If one looks at the vegetable and strawberry portion
of the industry, there is need for laborers for many tasks including hand weeding, transplanting, runner trimming
(strawberry), irrigation, equipment operation, transportation and harvesting. If there are enough laborers, and
growers can afford them, then the system works. However, in the case of a worker shortage, as we face now, then
things will change and we will need to adapt.
Most of our farm workers have traditionally come from Mexico. However, with increased border security and a
developing economy in Mexico, as well as many other factors, net migration from Mexico has be zero for the past 4
years. Younger people in Mexico are more educated than their parents, making it likely they will seek higher wage
careers than previous generations. Current farm workers are aging, are leaving the workforce, and are not being
replaced by younger workers. The end result is that there will be fewer workers available for hand weeding in the
future.

Figure 3. The Central Coast is a beautiful region of California. It is also an
agricultural powerhouse. Combined, strawberry and lettuce production are
worth almost $4 billion. Photo: Lynn Sosnoskie

There is a clear need to be prepared for future
labor shortages by developing alternatives to
hand weeding. Most vegetable herbicides are
more than 40 years old, relics from an earlier
time of lower costs and more permissive
pesticide regulations. The best alternative
available in 2015 is to mechanize the tasks of
weed removal. There are good options in this
area such as machine guided cultivators
developed in Europe, which selectively
remove weeds from the intra-row space. The
trend towards mechanization is not new, with
the processing tomato harvester as a prime
example. A more recent example is the
development of the automatic lettuce thinner
described below.

Lettuce has traditionally been seeded and thinned to desired stands by a hand weeding crew with hoes. However,
decreasing labor availability and increasing costs for lettuce hand thinning has resulted in need (cont. page 5)
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for labor saving technologies. Recently, commercial robotic machines capable of lettuce thinning have been
developed to machine-thin lettuce to the desired final crop density, helping growers reduce the ~$40 million/year
costs spent to hand thin the crop. These systems typically utilize machine vision technology to detect plant location
and accurately direct herbicidal sprays, such as carfentrazone to thin crops to desired stands. The lettuce thinners
typically treat 13% of the surface area of a lettuce field spraying an intermittent band 4 inches wide with two plant
lines per 40 inch bed wide raised bed.
The question is who should pay for this increasing mechanization of weed control in California? Major US
machinery manufacturers and agricultural chemical companies focus on major crops such as corn, cotton, soybeans,
and wheat where the market opportunities are huge compared to crops like broccoli and lettuce. Because of the high
cost of farm labor in Europe, machinery companies there are developing automatic cultivators for weed removal.
However, those companies have little presence in the US, due to logistics, different cropping systems, and uncertain
demand.
There is a clear need for investment in automated weed removal systems for California vegetable crops. The
question remains – who will finance the development of these systems among private and public sectors? There are
public agencies, like IR-4, that facilitate the registration of pesticides on minor crops. However, no such agency,
like IR-4, exists to facilitate pest management solutions that do not involve pesticides. I suggest that we need to
develop strategies in California and the US for dealing with our mounting weed management challenges in
vegetable crops.

AGRONOMIC CROP WEED CONTROL UPDATE
Steve Orloff
County Director/Farm Advisor
Siskiyou County
Steven D. Wright
Farm Advisor
Tulare and Kings Counties
As a whole, weed control in agronomic crops is probably less challenging than in vegetable or tree and vine crops.
There is a significant acreage of most agronomic crops in other states resulting in a larger nationwide market and
thus more interest on the part of agricultural chemical companies in terms of herbicide development. Additionally,
glyphosate-tolerant cultivars comprise a significant proportion of the total acreage for most of the predominant
agronomic crops. Initially considered a panacea, glyphosate-tolerant crops have come with some new weed
challenges, namely weed shifts and tolerant weeds. The lesson to be learned is that weeds are extremely resilient
and that we shouldn’t completely throw out the old in favor of the new. In the long run, integrated weed
management systems are the most effective, and moving forward it may be important to resurrect some of the older
tools that, out of necessity, we were previously more adept at using, in order to compliment the newer technology
and achieve the level of weed control needed for economic and environmentally sustainable production. (cont.
page 6)
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Alfalfa:
Most weed problems in alfalfa are adequately
controlled using herbicide programs developed over the
years through university and private industry
collaborations. Some weed management challenges
remain but, by and large, there are effective control
measures for most alfalfa weed problems. A major
breakthrough in alfalfa weed control was the advent of
Roundup Ready (RR) alfalfa, which was developed in
1997 and commercialized in 2005. It was reintroduced
in 2011 after the technology was temporarily removed
from the market following an injunction by the court
while an Environmental Impact Statement (EIS) was
completed and eventually granted. The RR technology
Figure 4. Roundup Ready corn volunteers in alfalfa.
has enabled growers to control nearly all common
Photo: Steve Orloff
annual broadleaf and grassy weeds, as well as many of
the weeds that have been traditionally difficult-to-control with conventional weed management systems including:
dodder and a host of perennial weeds such as nutsedge, Johnsongrass, bermudagrass, quackgrass, dandelion,
Canada thistle, etc. While the adoption rate of RR alfalfa in California is not currently known, it is presumed that at
least 50 percent of the newly planted acres of alfalfa in California are RR. However, RR alfalfa is not for everyone,
especially as many export markets (China, in particular) currently do not allow its importation. It is becoming
increasingly obvious that RR alfalfa growers should take note and learn from the painful lessons taught to growers
of other RR crops (i.e. cotton in the SE US) and rotate herbicides to prevent the evolution of glyphosate-tolerant
weeds. When it comes to conventional alfalfa, it has been over 15 years since a new active ingredient has been
registered. The weeds mentioned above as being difficult to control remain so with most conventional herbicide
programs. Another prevalent weed, common groundsel, has also become increasingly difficult for growers to
completely control. The dearth of new herbicide mode of actions in alfalfa may fortunately be coming to an end, as
there appears to be renewed interest on the part of some Ag chemical companies to register new products for this
market.
Small Grains:
There has been significant progress in weed control in small grains in recent years. Compared with most other
commodities, quite a few new herbicide registrations have occurred - perhaps a reflection of the prominence of
small grain crops nationwide. Oftentimes, these herbicides are registered first in other grain-producing states but
eventually are commercialized in California.

Figure 5. Steve Orloff (L) conducts research & educational program
with alfalfa, small grains, irrigated pasture, and noncrop weed
control with emphasis on variety adaptation, pest management,
irrigation, and general production practices. Photo: UC ANR

Many of the historically difficult to control weeds in
small grains can now be adequately managed. For
example, burning nettle (Urtica urens), chickweed
(Stellaria media), cheeseweed or malva (Malva
parviflora) were difficult to control because dicamba was
only marginally effective. The registration of the
herbicide Shark (carfentrazone), and ET (pyroflufenethyl) have been a boon to the system. More recently, the
herbicide Express (tribenuron methyl) was registered in
wheat and barley and controls a broad spectrum of
broadleaf weeds including fiddleneck, (cont. page 7)
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Burning nettle and chickweed with excellent crop safety. Growers now have other options for fiddleneck control
including: bromoxynil, dicamba, Shark, Express and Simplicity.
Grassy weeds have historically been difficult to control in cereal crops, partly due to plant-back restrictions of
certain herbicides. Registration of the herbicide Axial (pinoxaden) has significantly improved grass control in
small grains - it is effective for the control of several weed species including wild oat, annual ryegrass and
canarygrass. In addition, it has excellent tank-mixing options with MCPA and Express. The most recent herbicide
addition for wheat in California is Simplicity (pyroxsulam), which was just registered in 2014. It controls many of
the commonly encountered broadleaf and grassy weeds in wheat using a single product.
Most weeds commonly encountered in small grains are adequately controlled with the suite of herbicides available
for use. The main exceptions are some grassy weeds such as hare barley (commonly called foxtail) and cereal rye.
One of the main issues with weed control in small grains is the risk of off-target movement of herbicides to
adjacent crops, resulting in injury. Another issue that arose this year was the significant injury to wheat fields
throughout the Central Valley that occurred when herbicides were applied shortly before a freeze. Small grains are
primarily grown over the winter, in most areas, when weather conditions are harsher and more erratic. When
herbicide applications coincide with a hard frost significant crop injury can result. Even without extreme cold
temperatures, herbicide applications containing Shark or ET can cause temporary foliar injury, although the crop
typically recovers and attains full yield. Another challenge in cereal cropping systems is that many producers,
especially in dairy systems, seem to be moving away from the tried-and-true principles of sound weed
management. Many fields are not rotated and receive large quantities of un-composted manure resulting in
incredibly high and diverse weed populations. Herbicides are not a silver bullet, and oftentimes we expect too
much from them trusting they will control high populations that have matured past the optimum growth stage for
control.
Cotton and Corn:
Weed management provides the foundation for the production
of the corn and cotton crops and presents the greatest pest
management challenge growers face. Weed shifts are becoming
an increasing problem due to less use of residual herbicides,
failure to rotate postemergent herbicides, and reduced tillage.
Weeds oftentimes not adequately controlled with glyphosate,
such as pigweeds (Amaranthus sp.), junglerice (Echinochloa
colona), lambsquarters (Chenopodium album), sprangletop
(Leptochloa fascicularis), and volunteer glyphosate-tolerant
corn, alfalfa and cotton are becoming increasingly problematic.
In some cases, weed shifts have occurred due to continual use of
RR crops, such as RR cotton rotated to RR corn, and more
recently
RR alfalfa.
Figure 6. Palmer amaranth in cotton. Photo: Lynn Sosnoskie

Early-season weed competition (first eight weeks of the crop’s life) causes the greatest yield reduction in cotton,
while late-season infestations interfere with cotton defoliation and harvest and may lower lint grades. During harvest,
leaves and stems of weeds not desiccated by defoliants can cause significant green staining of cotton lint and increase
trash content. Weeds, including those growing outside the crop, may affect the crop indirectly by serving as alternate
hosts for lygus, mites, and pathogens. In corn, late-season weeds mostly affect silage quality and impede harvest. End
of crop weed infestations also add to the soil seed bank, thus affecting subsequent crops. (cont. page 8)
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Aside from the actual yield loss, weeds increase the cost of production. Weed
control costs vary depending on weed species and density but, historically, weed
control has amounted up to 60 percent of total pest control costs. Glyphosatetolerant systems have been effective often reducing costs and improving weed
control; however, limitations still remain, especially in the fields that have a
population of a glyphosate-resistant weeds. With the wide-scale adoption of
glyphosate-tolerant cropping systems, concerns have already surfaced in California
regarding reduced control of many weeds such as barnyardgrass, sprangletop,
junglerice, and lambsquarters. Amaranth species (pigweed) are becoming more
difficult to control and are now present in many RR corn and some RR cotton fields.
As such, resistance management become a greater part of our production systems.
An alternative approach that may reduce the amount of glyphosate applied and
improve long-term weed control is the application of well proven pre-emergent soil
residual herbicides prior to the initial application of glyphosate. Currently, the
majority of corn is glyphosate tolerant and up to 85% of California cotton is
glyphosate tolerant. As a consequence of RR trait adoption, corn growers discarded
Figure 7. Steve Wright's research
residual herbicides years ago and an increasing number of cotton growers are
focuses
on weed control in corn, small
eliminating pre-emergence dinitroaniline (yellow) herbicides from their weedgrains and cotton. Photo: UC ANR
management program. A return to pre-emergence soil residual herbicides should be
considered, otherwise California could face weed control issues similar to other
areas of the United States.
Other challenges include more intense weed problems when un-composted dairy manure is spread on corn fields.
Rotating into cotton from reduced tillage corn systems brings new weed control problems, especially with
junglerice and small-seeded broadleaves like Palmer amaranth. Fortunately, corn growers can apply Matrix
(rimsulfuron) or Laudis (tembotrione) for control of small junglerice; in cotton, the graminicides still give good
control of this species. Tillage is still one of the most effective tools growers have to keep difficult-to-control weeds
at bay - weeds have yet to evolve resistance to iron.

AGGRESSIVE INVASIVE PLANT SPECIES IN NATURAL AND WORKING LANDSCAPES
Elise S. Gornish
Cooperative Extension Assistant Restoration Ecology Specialist
UC Davis
Joseph M. DiTomaso
Cooperative Extension Specialist and Director of the Weed Research and Information Center
UC Davis
Rangelands and natural terrestrial areas in California represent over 80% of the surface of the state. While there
monetary value is difficult to calculate in terms of ecological benefits, the cattle and calves industry is the fifth
largest commodity in California, with values exceeding $2.2 billion.
As with other areas of the state, the effects of environmental change become more rampant in California’s natural
areas. As a result, the extent and magnitude to which plant invaders affect rangelands and natural landscapes across
California is increasing. (cont. page 9)
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The number of invasive plant species in the state are too numerous to describe here. Therefore, we will focus this
overview on a subset of long-lived winter annuals. These include medusahead (Taeniatherum caput-medusae),
barbed goatgrass (Aegilops triuncialis), and yellow starthistle (Centaurea solstitialis). This group of invasives is
particularly aggressive, in part, due to their prolific ability to establish and survive under California’s climatic
conditions. Furthermore, these species require multiple years of management to achieve effective long-term control.
Medusahead is one of the dominant invasive range species in the western US. It has currently invaded over a
million acres of California grasslands, woodlands, and chaparral communities, and is adapted to a variety of climate
conditions and soil types. Medusahead is a particularly noxious invader due to its high silica content, which makes
it less palatable than other forage grasses. Once medusahead invades a habitat, plant diversity declines and forage
production decreases.
A variety of methods have been tested to control this noxious weed, including grazing, herbicides, and controlled
burning. The continued aggressive spread of medusahead, however, suggests that current control efforts, even in the
presence of an initial decline in weed density, are unsuccessful if multiple year strategies and follow-up programs
are not in place. Several factors have been identified as being particularly important for medusahead dominance and
control, including the timing of application and habitat characteristics. For example, as little as 5% tree cover can
significantly reduce medusahead cover. Recent research suggests that mowing or grazing an invaded site several
times within the same season might hold particular utility for controlling medusahead because individuals at
different phonological ages are less likely to ‘escape’ control efforts. Other reports indicate successful in-season
control with proper timing of low rates of glyphosate. Within the past year, a review of medusahead management,
led by Guy Kyser, was published on the UC Weed Research and Information Center website at
http://wric.ucdavis.edu/publications/MedusaheadManagementGuide_pub_2014.pdf.
Barbed goatgrass is one of the three goatgrass species found in California. It is considered by many managers as
the worst rangeland weed. It is well adapted to a variety of environmental conditions, and is found in relatively low
elevation rangelands, grasslands, and oak woodlands in 23 counties in California. In the past decade, barbed
goatgrass has become more common on foothill grasslands in the center of the state. Unlike other invasive annual
grasses, this species is also tolerant to low nutrient serpentine soils. Similar to medusahead, the thatch of barbed
goatgrass can choke out native species, resulting in large stands of this unpalatable species. (cont. page 10)
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Efforts to control barbed goatgrass include multi-year burning,
early season grazing and herbicides. All of these have varying
degrees of success. Grass herbicides, including clethodim and
fluazifop have proven particularly successful in serpentine
soils where the predominant vegetation is native broadleaf
species and even some native grasses. Reseeding, however,
has not yet demonstrated a useful role in management for
barbed goatgrass. Burning has shown particular promise, but
barbed goatgrass seeds appear to be particularly resilient to
heat stress associated with prescribed fire, thus the intensity of
the fire must be high. In addition, timing of prescribed fire is
particularly important for eradication of this species.
Opportunities for research into novel control approaches
include modifying the soil microbiome, as this species have
been shown to be strongly mediated by soil fungi.
Figure 8. Elise Gornish's research focuses on using integrated
approaches to develop and deploy effective restoration and
land management strategies in grassland systems. Photo: Lab
of Elise Gornish

Yellow starthistle is a deep-rooted, late maturing, self-incompatible forb. It is found in almost every county in
California, and currently infests about 12 – 15 million acres in the state. The adaptive capacity of this species in so
many regions of the state appears to be related to its high genetic variation across populations in California.
There are several methods that have been shown to be
partially or very successful for the control of yellow
starthistle, included insect biocontrol agents, prescribed
burning, mowing, herbicides, and high intensity grazing
management by sheep and goats. However, the species
continues to expand its range both within and external to
California. Long-term control efforts are often confounded
by prolific seed production and a relatively long viable soil
seedbank (3-6 years). The primary reason why yellow
starthistle continues to dominate California rangelands is due
to the lack of control efforts on most infested areas. Such
efforts are implemented in only a small fraction of infested
lands. This is likely related to the cost of control vs the
economic return for the investment. More recent research
has suggested that one of the best ways to reduce novel
infestations is to maintain high functional plant diversity
Figure 9. Yellow starthistle. Photo: Lynn Sosnoskie
with deep-rooted perennial grasses. Current biocontrol
agents have not provided sufficient biomass or seed
reduction to be considered successful and a new biological control agent is currently being tested for yellow
starthistle control, though it has not yet been approved. (cont. page 11)
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One new developments is the registration of the
herbicide aminocyclopyrachlor. This compound
was developed by DuPont, and along with all their
wildland vegetation management products, in now
being marketed by Bayer. For California,
aminocyclopyrachlor is formulated in combination
with chlorsulfuron and sold as Perspective® and is
also sold as a stand-alone product under the trade
name Method®. This product is similar in its
spectrum of control and efficacy to aminopyralid
(Milestone®) but appears to have a larger spectrum
of species it controls, particularly woody species. It
is particularly effective on yellow starthistle. It will
take time to determine how it will fit into the
control toolkit for other invasive broadleaf species.
Figure 10. Joe Ditomaso's research focuses on the biology, ecology, and
management of non-crop weeds in rangelands and wildlands. Photo: UC
Davis

TREE AND VINE WEED CONTROL UPDATE
Bradley D. Hanson
Cooperative Extension Weed Specialist
UC Davis
John Roncoroni
Farm Advisor
Napa County
The orchard and vineyard cropping systems of California produce many of the
fruit and nut crops for which the state is known. This crop group is diverse,
including tree nuts, tree fruits, and grapevines. It is also geographically broad,
ranging from production in the north coast region and the northern Sacramento
Valley, to the southern San Joaquin Valley and central coast, to the desert and
coastal regions in southern California. In round (2011) numbers, there were
about 230,000 acres of stone fruit and pome fruit, 1.2 million acres of tree nuts,
270,000 acres of citrus, and 800,000 acres of grapes with a combine value of
around $15 billion.
Growers manage weeds to reduce competition for resources, to reduce frost
risk, to minimize physical disruption of harvest or other horticultural
operations, and to reduce problems with other insect, pathogen, or vertebrate
Figure 11. John Roncoroni’s research
pests. An important difference between weed control in perennial tree and
focuses on the management of weeds in
one of California's most profitable crops - vine crops compared to agronomic and vegetable crops is the relatively long
wine grapes. Photo: UC ANR
life of the crop. Weed management strategies and needs can vary during the
lifespan of the crop which can range from less than 15 years (cont. page 12)
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in stonefruit orchards to many decades in the case of grape, walnut, citrus, and avocado. Weed management
decisions made in the early years of a new orchard or vineyard can have long-term impact on weed problems and
crop productivity.

Weed management in these crops is fairly diverse as well and not easily
summarized in this brief write-up. Most growers utilize herbicides in their
weed control programs but the intensity of use varies considerably among
crops and regions. Some crops such as grapes and almonds have quite a
few herbicides registered for use while others like figs and kiwifruit are
much more limited due to their small acreage and limited market potential
for herbicide registrants. The most widely used herbicide active ingredient
used in all these crops is glyphosate. Other important herbicide classes
include the PPO inhibitors (e.g. oxyfluorfen, flumioxazin, carfentrazone,
saflufenacil, etc), dinitronalines (pendimethalin and oryzalin), and ALS
inhibitors (e.g. rimsulfuron, penoxsulam, flazasulfuron), and CBI inhibitors
(indaziflam and isoxaben) plus a few individual herbicides like glufosinate,
simazine, and 2,4-D.
The major weed management challenges in these systems are not
necessarily unique to these crops but do continue to challenge growers and
advisors and provide opportunities for weed science research and
extension.

Figure 12. Populations of hairy fleabane in
California have been found to be resistant to
more than one herbicide mechanism of
action. Photo: Lynn Sosnoskie

1. Reduced tillage. There has been an increasing trend towards less or no
tillage in orchard and vineyard systems for both economic and
environmental reasons. Tillage is relatively slow, especially in narrowly
spaced plantings which require narrow equipment and many passes per acre. It also requires heavier equipment and
more fuel than non-tillage weed control operations. From the environmental standpoint, reduced tillage is preferred
in some areas because of soil erosion due to runoff and in other areas because of atmospheric quality concerns and
regulations related to dust (PM10). However, reductions in tillage for weed control have led to greater reliance on
chemical weed control.
2. Relatively few registered herbicides. Compared to agronomic crops like corn, soybean and wheat, orchard and
vineyard crops are all small acreage markets and are not likely to see huge changes the number of registered
herbicides. However, in recent years there have been a few new herbicides introduced, including several with
modes of action not commonly used in these crops. Research and demonstration of new herbicides, tankmixes,
adjuvants, and application techniques provides on-the-ground information for growers, advisors, and the pest
control industry.
3. Even fewer herbicide options for young orchards and vineyards. Typically these crops are more sensitive to
herbicide injury (from foliar or green bark exposure or root uptake) in the first few years after transplanting.
Because of crop injury concerns, many herbicide labels have special restrictions or limits on how, or if, the product
can be used in the first 1-3 years after transplanting. Unfortunately, this is when trees and vines are most sensitive
to weed competition and are the least competitive because of their small root systems and small canopies.
4. Perennial weeds. Perennial species like field bindweed, Johnsongrass, and yellow nutsedge are recurring
problems in these crops and are especially difficult to manage in young plantings. Growers are often very cautious
about using translocated herbicides that could cause significant damage to young trees or vines if leaves or green
bark are inadvertently treated. (cont. page 13)
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5. Herbicide-resistant weeds. Like many conventional crop productions systems in which herbicides form the
backbone of weed management programs, reliance on relatively few herbicide modes of action has selected for
resistant weed populations in orchards and vineyard systems of California. The most challenging problems in
recent years have been related to glyphosate resistance in several annual grass and broadleaf weeds. A recent
review of herbicide resistant weeds in California was published in the journal California Agriculture (see Hanson et
al. at http://californiaagriculture.ucanr.org/issue.cfm?volume=68&issue=4 ). The most widespread glyphosateresistant weeds in orchards and vineyards are: hairy fleabane, horseweed, ryegrasses, and junglerice. However,
several other species are also suspected to have resistance to glyphosate; the problem does not seem to be
decreasing at this point and is an ongoing area of both basic and applied research.
6. Crop safety concerns. Orchard and vineyard crops in California
encompass a huge range of species, cultivars (both rootstocks and scions),
soil types, irrigation systems, and horticultural practices (berms, trellising,
pruning, etc), and application timing and techniques. Each of these factors
can impact the potential for crop safety and taken together can sometimes
lead to unexpected crop injury issues that need to be addressed by university
and industry researchers.
In the short term, the economics and production intensity of the orchard and
vineyard systems of California will keep the focus on conventional
(herbicide-based) weed management programs. Thus, short term research
needs are likely to remain focused on safe and effective use of herbicides and
management and mitigation of herbicide-resistant species. There is a still
relatively small but growing interest in organic production systems; these
grower need weed control solutions because weeds and the cost of weed
control are limiting factors for them. Importantly, any longer-term weed
management solutions that are less herbicide-dependent will also benefit the
larger segment of the industry that seeks economically and environmentally
sustainable production systems.

Figure 13. Brad Hanson's program
focuses on using field-based research to
reduce the impact of weeds on cropping
system productivity, primarily orchards
and vineyards. Photo: Hanson Lab

CAREER PROSPECTS FOR FUTURE WEED SCIENTISTS: OPPORTUNITIES?
Anil Shrestha
Associate Professor
California State University Fresno
Scott Steinmaus
Professor & Interim Head of Horticulture and Crop Science Department
Cal Poly San Luis Obispo
Choosing a program of study is one of life’s most significant challenges for undergraduates because it impacts
future employment prospects. Even within a major, students face a dilemma when it comes to choosing the types of
courses or options that will help them prepare for a prosperous, adaptable, and rewarding career. In this article, we
present a short commentary on our views of the future career prospects in the field of plant science in general and
weed science specifically. (cont. page 14)
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Data from the Bureau of Labor Statistics (U.S. Department of Labor, Feb. 2012)
have shown that, employment in manufacturing and agriculture will decrease by
6.1 and 1.2%, respectively, within the next decade. Essentially, the U.S.
economy will become a ‘services’ based economy and no longer the ‘goods’
economy of the past. These projected decreases in agricultural sector jobs,
however, do not accurately reflect the true nature of jobs available to college
graduates from plant and weed science related disciplines. In our opinion, the
jobs available today and that will continue to increase in the future are, indeed,
agricultural ‘services’ jobs. The agricultural employment statistics being
reported reflect the manufacturing, goods-based nature of agriculture from the
last century and earlier, where most farm labor was dedicated to planting,
cultivating, harvesting, manual pest management, and subsequent field
maintenance. Technological advances in agriculture have greatly reduced the
intensive work by human labor required of our forefathers, with mechanical,
chemical,
and biotechnology tools now allowing less than 1% of the U.S.
Figure 14. Anil Shrestha is a weed
scientist and professor at CSU - Fresno. workforce to be directly involved with agricultural production based on statistics
Photo: CSU Fresno. His interests
from the U.S. Census (2000). These technologies must be delivered as services
include weed biology and ecology.
by a college educated workforce that not only understands how to use these
technologies, but one which is also capable of maximizing their effectiveness.

Agriculture may seem like a relatively straightforward system which begins with clearing the soil of unwanted
vegetation followed by tillage, planting, irrigation, fertilization, pest management, and harvesting the crop.
However, modern agriculture is more sophisticated and requires a workforce that is knowledgeable in Sciences,
Technology, Engineering and Mathematics and is therefore a (STEM) discipline. We believe it important that we
resist the impetus by some to create the acronym STEAM which attempts to add ‘Agriculture’ to STEM in higher
education. Agriculture is already a STEM discipline and the STEAM acronym would only further stigmatize
agriculture as something different. Throughout history, agriculture has contributed to some of the most advanced
technologies and scientific discoveries which has sustained human civilization. Further, global population is
projected to increase to 9 billion by 2050 which will require a concomitant increase in agricultural productivity of
70%. Almost all arable land on earth is currently being farmed. Therefore, meeting the challenge of feeding nearly
50% more people with little new farmable land will require that farmers be much more productive without
diminishing the quality of land, water, or air.

This will not be met by farmers working harder, but smarter, and it is where science
and technology will play key roles. Feeding the growing world population will
require massive training and education of the next generation of agriculturalists. Plant
scientists will be needed to inform and guide all aspects of food production, from
grower to consumer. The technologies adopted will have to be sustainable. However,
a recent analysis by the STEM Food and Ag Council showed a huge gap between the
number of professional level jobs that industry will offer and the projected supply of
graduating students from STEM-trained agriculturally-related disciplines in the next
decade and the projected supply of graduating students from those same disciplines
(STEM Food and Ag Council, 2014). In fact, this STEM report projects a 6.5%
increase in the workforce in the Plant and Soil Science sector (Fig. 1). These numbers
reveal that there are thousands of positions to be filled either by (cont. page 15)

Figure 15. Scott Steinmaus'
research interests include
invasive plant biology, plant
ecophysiology, and plant
biotechnology. Photo: Cal Poly
San Luis Obispo
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current workers or future graduates. The situation in California mirrors national trends: an aging workforce soon
due for retirement will create enormous opportunities for a new generation of Plant and Soil Scientists. As such,
enrolment in this field has increased in recent years.

Figure 16. Projected growth in employment in Soil and Plant Sciences (Source: The First Annual Report of the
STEM Food and Ag Council, October 2014).

Within the context of plant and soil science, crop devastation by pests including weeds must be solved quickly,
otherwise severe food shortages can result leading to global economic impacts and conflicts, as has occurred
frequently in history. Among the pests, weeds have always been a major problem in agricultural and other
managed ecosystems such as roadsides, rights-of-way, parks and recreation areas, and aquatic systems to name a
few. In the US alone, billions of dollars are spent on combating weeds in these systems both by chemical and nonchemical means. In terms of cost and energy required for pest protection, weeds are usually the leading category
among all pests depending on the cropping system. Although successful control of weeds has been achieved by the
use of chemicals, evolution of herbicide-resistant weeds, lack of labor, and the ever-increasing demand to reduce
the use of chemicals has made weed management a serious challenge for growers and land managers. Furthermore,
California has more stringent laws and regulations with regard to pesticide use than most states. Hence, those
writing recommendations for any pesticide use must obtain a Pest Control Advisor (PCA) license and must
additionally have a Qualified Applicators License/Certificate in order to apply the pesticide.
A relatively small fraction of the UC and CSU campuses have undergraduate and graduate programs geared
towards preparation of a trained work force that can lead to careers in weed science and can offer counseling to
students interested in taking up weed science as a profession. Given the gap between supply of graduates and
demand for trained pest management professionals, all of us associated with these campuses are in a unique and
special position in time and place to provide training to the next generation of plant scientist for a rewarding,
flexible, and immensely significant career in weed science. One trend we must view with caution is the shifting
promotion process for faculty on all these campuses toward a “publish or perish” model regardless of the original
intent of the institution. This has been more of a significant problem in the UC system including UC Extension but
the CSU is close behind as we rewrite our mission statements to include higher level research implying less of a
practical nature. State funding support for all campuses has dwindled and drives our campuses to further chase the
lucrative research funding potential.
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