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Introduction
Steve Orloff, Editor

The last issue of the CWSS Research Update and News was a special edition
focusing on a single topic, preventing and managing herbicide resistant weeds in
different cropping seasons. In contrast, this issue is broad focused and hopefully
contains something for everyone. In coming issues we plan to have an article on
weed biology (including such topics as weed growth and development, seedbanks, vegetative structures, reproduction, etc.). This issue contains two articles
related to weed biology. One article covers a new invasive weed, stinkwort,
which is quickly spreading through California. Another article is an in-depth
look at Palmer amaranth, a weed that is quickly becoming a huge problem in the
San Joaquin Valley. The article describes the growth rate, competiveness, seed
production, and seed longevity characteristics of this aggressive weed and how
that influences control strategies. This edition of the CWSS Research Update
and News has two vegetable-related articles discussing dinitroaniline herbicides. One research article is an update on the potential for the use of Prowl H2O
on transplanted lettuce. The second article discusses dinitroaniline herbicide carryover and the potential impact on tomato with current production systems that
have low soil surface moisture and reduced soil mixing (typically the case when
using buried drip irrigation and only shallow tillage). Medusahead is a serious
weed problem in California rangeland and was featured as one of the stops during the pre-conference Tour at the CWSS meeting in January. The findings of
that Medusahead research are presented in this edition.
Interested CWSS members are encouraged to submit articles or ideas for articles
for future editions of this publication. Submit your ideas to Non-conference Education Director Steve Orloff at sborloff@ucanr.edu.

Invasive stinkwort (Dittrichia graveolens) is
quickly spreading in California
Joseph M. DiTomaso(jmditomaso@ucdavis.edu) and Rachel Brownsey

Dittrichia graveolens, commonly known as stinkwort, is a member of the
Asteraceae (sunflower family). It is native to the Mediterranean region of Europe and occurs as far east as Turkey, Afghanistan, and Pakistan. Stinkwort is
(Continued on page 2)
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similar in many respects to tarweeds (Centromadia, Hemizonia and Holocarpha), though it is more closely related to Conyza and Heterotheca. From a distance, however, it can resemble Russian-thistle (Salsola tragus),
also called tumbleweed. Like the tarweeds, it is an erect winter annual to about 2.5 feet tall, with sticky glandular-hairy and strongly aromatic foliage. The flowerheads consist of short yellow ray flowers and yellow to
reddish disk flowers. Stinkwort is an unusual winter annual because it does not begin to grow rapidly until
about July. Unlike most late season winter annuals, or even summer annuals, stinkwort flowers do not produce
seed until September and continue to flower until December. At this time, most annuals have already completed their life cycle.
Outside its native range, stinkwort has also been reported as an invasive species in Australia and South Africa.
It was first reported in California in 1984 near Alviso in Santa Clara County. Over the past 15 years it has been
expanding at an exponential rate and has now been reported in 36 of the 58 California counties. The pattern of
spread is likely through long distance wind dispersal of seed, animal dispersal when the pappus of the seed
clings to the hair and feathers of animals, and movement along transportation corridors when seeds attach to
vehicles and equipment.
While it is known to occur in riparian woodlands, margins of tidal marshes, vernal pools, and alluvial floodplains in its native range, in California it is primarily found along roadsides. It biology, however, suggests that
it could also invasive open riparian areas and overgrazed rangelands. Since stinkwort is not palatable to animals, it would not be a welcome component of grazed systems. In addition, it has even been reported to cause
contact allergic dermatitis in humans.
From greenhouse studies, we have shown that stinkwort is dramatically suppressed when grown under shaded
conditions. Thus, like yellow starthistle, stinkwort will not be expected to be competitive in understory communities of woodland and forest ecosystems. In addition, its roots grow much slower compared to native tarweeds and yellow starthistle, suggesting that it may not be very competitive in most grassland systems, except
in years where there is significant late season rainfall or when competitive winter annual species are removed
by overgrazing. Thus, for now, it seems that the ideal location for its growth is along highways and in open
disturbed areas, which is where it is most
often found. However, there is some concern that stinkwort can become invasive
A
B
and establish in open riparian or wetland
systems, where water is not a limiting factor and a slow growing shallow root system will not limit its competitive ability.
Only time will tell, but in the meantime, it
is prudent to remove any new infestations
before they test that theory.

C

Dittrichia graveolens A) whole plant,
B) flowers, and C) fruit (including
pappus) and flowers.
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Research Brief on Medusahead (Taeniantherum caput-medusae)
Control
Scott Oneto, (sconeto@ucanr.edu) Farm Advisor, UCCE Central Sierra and Rick Miller, Dow AgroSciences

Medusahead (Taeniantherum caput-medusae) is an aggressive exotic annual grass that has become widely
established throughout much of California and the Great Basin. Native to the Mediterranean region of Europe,
medusahead is well adapted to the semi-arid climate predominant in California and throughout the western
United States. Medusahead was first introduced into the U.S. in 1887 (George 1992, Young 1992) and rapidly spread throughout much of the Pacific Northwest and Great Basin. By the 1950’s medusahead had become
established in California. Today it is estimated that medusahead infests over 1 million acres in California and
over 5 million acres throughout the Great Basin.
Medusahead is a winter annual that dominates annual grasslands, oak woodlands, and chaparral communities.
It consists of very high silica content (Bovey et al. 1961) making it a non-desirable forage for most livestock
and wildlife animals. The high silica also slows the annual decomposition process resulting in an accumulation of thatch that can reach levels of 3-6 inches. The thatch acts as a weed barrier for desirable grasses and
forbs, inhibiting their germination and establishment; however medusahead has no problem growing through
the thick thatch layer. Overtime, medusahead creates a monotypic stand outcompeting and suppressing all other vegetation.
When it comes to controlling medusahead, much of the work over the past three decades has been on using
well-timed grazing, burning, mechanical removal of thatch, and the use of herbicides (Ditomaso 2005). One
of the challenges with using herbicides has been selectivity. Because of the taxonomic similarity to other more
desirable grasses, achieving selective control of an exotic annual grass like medusahead in a predominantly
exotic annual grassland has proven challenging.
Over the past few years, a number of researchers have examined the efficacy of aminopyralid (Milestone™)
for medusahead control. Aminopyralid is a new pyridine carboxylic acid herbicide from Dow AgroSciences
designed and developed specifically for use on rangeland and pastures to control noxious and invasive broadleaf species and other problem weeds. Although it is considered a broadleaf herbicide, recent efforts have
shown it to be efficacious as a pre-emergent and early post-emergent herbicide for medusahead control.

Figure 1. Medusahead cover on day of Milestone treatment. Oct 19, 2009.

Figure 2. Scott Oneto (left), UCCE; Rick Miller
(right), Dow AgroSciences in the 7 oz/acre Milestone
treatment. April 27, 2010.
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In 2009 we put in a demonstration plot in Calaveras County to test aminopyralid for medusahead control. The
site (Figure 1) was dominated by medusahead (cover >80%) with considerable thatch buildup from previous
years. Two rates were tested, 7 oz and 14 oz/acre. Although we had planned to apply as a pre-emergent application, the El Nino weather pattern and increased rain events set the application timing back. As a result, medusahead had already germinated and was approximately 1” tall on the day of application. Both the 7 oz and
14 oz/acre treatments showed significant reductions in medusahead compared to the untreated check. While
we could find medusahead fairly easily in the untreated areas, the abundant rainfall seemed to shift the competitive balance away from medusahead and more to other desirable grasses and forbs. Italian ryegrass was
extremely abundant in both treated plots and to a lesser extent the untreated check. The Italian ryegrass in the
treated plots had considerably more biomass then the untreated check. In drier years, medusahead seems to
have a competitive advantage for limited resources and takes advantage of its earlier germination and rapid
root development. While we don’t have any data to support these claims, more research will need to examine
the impact of rainfall, temperature and germination timing on weed prevalence.
As a follow up to the 2009 demonstration plot,
we decided to further examine the efficacy of
aminopyralid for medusahead control. For
those that attended the 2013 California Weed
Science Society annual meeting in Sacramento
this past January and took the pre-conference
tour, you may remember visiting a medusahead research plot before arriving at the winery. Yes, there was a reason for putting this
stop before the winery. Although there wasn’t
a whole lot to show in the midst of winter, the
past few months have been much more telling.
To refresh your memory, this replicated trial
tested the efficacy of aminopyralid on medusahead control using a number of different
rates and multiple applications. Typically tested as a pre-emergent or early post-emergent,
Figure 3. Medusahead on day of Milestone treatment. Nov. 1, 2012.
applications in the Central Valley of California
are usually made in October before the first
fall rains. Although medusahead has a tendency to germinate with the first rains, the question of whether aminopyralid will continue to provide adequate
control through the winter and spring has to be tested. One of the elements of this trial was to examine whether a split treatment, aminopyralid applied in the fall (November 1, 2012) and an additional treatment applied as
a “booster” in the winter (January 10, 2013) would be more or less effective than a single treatment applied in
the fall. The treatments consisted of 14 oz/ac, 7 oz/ac and 4 oz/ac applied as a single treatment in the fall, versus a split treatment 14 oz/ac (split into two, 7 oz treatments), 9 oz/ac (split into a 7 oz fall and 2 oz winter
treatment) and an 8 oz/ac (split into two, 4 oz treatments). On the day of the fall application (November 1,
2012), medusahead had germinated and was about 1” tall (Figure 3). As mentioned, before, ideally the treatment should be made pre-emergent. Due to some logistical site problems we were not able to make the treatment any sooner. However, because we have seen good results as an early post-emergent we decided to proceed with the trial. Another important aspect of this trial was to determine whether a split application would
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show increased efficacy over a single treatment. From our initial results (Table 1), there was no increase in
control for the split treatments. The 7 oz/ac and 14 oz/ac treatments applied in the fall provided the best control with the least amount of medusahead cover 30% and 35% respectively. As with previous years, weather
conditions continue to raise new questions. This year was one of the driest winters on record and as a result
even the 7 oz/ac and 14 oz/ac gave less control then observed at other sites in other years. In addition, we observed what appear to be three separate germination events during the 2012/13 winter. One with the first fall
rains (October), another in early January, and another very late flush in late spring. Although we have seen
considerable increases in desirable forage after an aminopyralid application at other sites in other years, we
didn’t get a similar response in this trial. This could be a result of the extremely dry winter, and/or the lack of
desirable forage seed in the seedbank.
Table 1

Treatment
14 oz / acre Milestone
7 oz / acre Milestone
14 oz / acre Milestone split into two 7 oz treatments
9 oz / acre Milestone split into two treatments; 7 oz fall, 2 oz winter
8 oz / acre Milestone split into two 4 oz treatments
4 oz / acre Milestone
Untreated Control

% Cover
30%
35%
35%
45%
40%
40%
80%

Bovey, R.W., D. LeTourneau and L.C. Erickson. 1961. The chemical composition of medusahead and
downy brome. Weeds 9:307-311.
DiTomaso, J.M., G. B. Kyser, N.K. McDougald, et. al. 2005. Medusahead Control. California Weed Science
Society Proceedings. 4 pp.
George, M.R. 1992. Ecology and management of medusahead. Range Science Report. Dept. Agronomy and

Concerns of Increased Dinitroaniline Herbicide Carryover in Buried
Drip Tomatoes
Kurt Hembree (kjhembree@ucanr.edu) and Tom Turini (taturini@ucanr.edu)

For decades, dinitroaniline herbicides (DNH) were used pre-plant in tomatoes and crops rotated with tomatoes
with few negative issues reported. However, reports of DNH-related damage of processing tomatoes recently
increased in Fresno County. Fifteen years ago processing tomatoes were primarily sprinkler irrigated early,
furrow irrigated once established, and the field was annually tilled deeply. Since about five years ago, most
processing tomatoes have been irrigated with drip irrigation throughout the season and tillage is limited to the
upper four to six inches of the soil profile. This shift was triggered by increasing costs of labor to move sprinkler pipe, fuel and equipment for land preparation, and water, as well as the much higher yields achieved with
drip irrigated systems. An added benefit of using buried drip irrigation is that the bed surface remains dry during the growing season, resulting in less in-season weed emergence. A few growers use overhead sprinkler
PAGE 5

Volume 9, Number 2

(Continued from page 5)

irrigation to establish tomatoes before switching to drip irrigation in-season. To reduce cost of replacing drip
tape every time a new crop is planted, the tape is buried 10 to 12” deep and left in-place for three to five
years. After harvest, the beds are tilled shallow to destroy crop residues, maintaining bed integrity in preparation for the next crop planting.
Crop rotation options are somewhat limited under this approach, including tomatoes, cotton, dry beans, and
melons, all of which DNHs are routinely used. Processing tomatoes are commonly planted in the same field
for three consecutive years. In 2010, about 2/3 of the processing tomato acreage in the county was treated
with pre-plant DNHs; ½ each with trifluralin (Treflan) and pendimethalin (Prowl H2O). Treflan has been
used for decades in processing tomatoes, while Prowl H2O has only been registered since 2008. In tomatoes,
DNHs are applied to preformed beds and mechanically incorporated two to three inches deep. Tomatoes are
then mechanically transplanted so their root plugs are placed deeper than the herbicide layer. Planting too
shallow can affect tomato root development, reducing stand, growth, and yield. Trifluralin and pendimethalin are moderately persistent in the soil with a fairly short half-life (about 45 days), which aids their use
among annual crop rotations.
DNH-like damage increased substantially in 2009. That year, stunted plants (fig. 1) with substantial reduction in root development (fig. 2) were observed in nine commercial fields in western Fresno County. Several
factors were common to nearly all of the fields where injury was observed: 1) pendimethalin (Prowl H 2O)
was used pre-plant and/or in prior crops, 2) beds had remained in place for 1-3 years, 3) buried drip irrigation was used, 4) shallow (<6” deep) tillage was used, 5) a shallow planting depth (top of root plug ±3”
deep) with some fields deeper than 4”, and 6) below-normal rainfall preceding planting (2009/10 and
2011/12).

Figure 1. Varied tomato growth in an affected
field

Figure 2. Root growth of DNA herbicideinjured plants

To evaluate the contribution of shallow planting to observed damage, we conducted a field trial in 2012. The
trial was conducted at the UC West Side Research and Extension Center in Five Points, California in a Panoche clay loam soil. The experimental design was a four replication split-plot. Six pre-plant herbicides
(including Treflan and Prowl H2O) at labeled rates were main plot treatments and two planting depths (<1”
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and 4-5”) were sub-plot treatments. Wheat was grown in the trial site the previous year and no DNHs were
used in over 12 months.
Sixty-inch beds were prepared and drip tape was placed 10” deep in the center of the beds with one drip line
per bed. Herbicides were applied with a pressurized back-pack sprayer, and then incorporated three inches
deep with a three-row bed shaper. Tomato transplants were planted with a hand trowel, placing the top of root
plugs in treated soil (<1” deep) or below the treated zone (4-5” deep). Sprinkler irrigation was used to apply
three inches of water after planting to establish the crop, and then irrigated with buried drip the rest of the season. Effects on tomato growth were measured by visually rating aboveground growth and determining shoot
and root dry weights (DW). To determine shoot and root DW, two plants per plot were removed with a shovel,
the soil cleaned from the roots, and plants clipped at the top of each root plug. Shoot and root portions were
oven-dried at 110 °F for seven days then weighed. Crop yield was not determined.
Results from the study showed that plant growth and shoot/root DWs were greatest when pre-plant herbicides
were not used (table 1). While plots treated with DNHs had significantly lower root DWs than untreated plots,
shoot DWs were not different. All other herbicide treatments had significantly lower shoot and root DWs and
aboveground growth.
Planting depth had a significant impact on growth and DWs (table 2). Planting shallow resulted in a 12%,
37%, and 24% reduction in visual plant growth, shoot DW, and root DW, respectively, regardless of herbicide
used. Results were similar when comparisons were made between herbicide treatments without including untreated plots (data not shown).
In considering herbicide and planting depth effects, herbicide use resulted in a reduction in root DW, regardless of planting depth (table 3). However, shoot DW of trifluralin- and pendimethalin-treated plots were similar to that of no herbicide plots, except where tomatoes were planted shallow in pendimethalin-treated plots, in
which case shoot DW was less. Plots treated with s-metolachlor, pendimethalin + s-metolachlor, and sulfentrazone had lower shoot DWs when tomatoes were planted shallow. Figure 3 shows root development of the different treatments 35 days after transplanting (DAT).
Table 1. Effect of herbicide treatment on aboveground growth and dry weights
Growth1

Growth1

Shoot DW2

Root DW3

Root DW3

trifluralin

21 DAT
8.8 ab

35 DAT
9.4 a

21 DAT
11.80 a

35 DAT
113.86 a

21 DAT
2.32 b

35 DAT
5.93 b

pendimethalin

8.3 b

8.6 b

10.60 a

92.06 ab

2.28 b

4.29 cd

s-metolachlor

6.8 c

8.0 bc

6.98 b

73.63 bc

1.20 c

5.17 bc

pendimethalin+ s-metolachlor

5.5 c

7.5 c

4.88 c

77.78 b

0.76 d

3.44 de

sulfentrazone

5.7 c

6.8 d

5.24 c

49.83 c

1.14 c

2.60 e

no herbicide

9.8 a

9.9 a

12.15 a

113.08 a

2.67 a

8.39 a

Herbicide

P=0.05

17.77

17.42

LSD
1.35
0.68
1.70
24.74
0.34
Growth rating based on a visual rating of 0 to 10; 0 = plants dead and 10 = vigorous, healthy plants
2
Shoot (g); includes plant portion above root plug
3
Root (g); includes plant plug and roots

1.82

1
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CV (%)

7.13

9.47

16.07

Shoot DW2

24.26
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Table 2. Effect of planting depth on aboveground growth and dry weights
Growth1
21 DAT

Growth1
35 DAT

Shoot DW2
21 DAT

Shoot DW2
35 DAT

Root DW3
21 DAT

Root DW3
35 DAT

Normal (4-5” deep)

8.2 a

8.9 a

10.06 a

106.17 a

2.05 a

5.64 a

Shallow (<1” deep)

6.8 b

7.8 b

7.16 b

67.24 b

1.41 b

4.30 b

7.13

9.47

16.07

24.26

17.77

17.42

Planting depth
(top of root plug)

P=0.05

CV(%)

1

Growth rating based on a visual rating of 0 to 10; 0 = plants dead and 10 = vigorous, healthy plants

2

Shoot (g); includes plant portion above root plug

3

Root (g); includes plant plug and roots

Table 3. Effect of herbicide and planting depth on aboveground growth and dry weights
Herbicide

Planting
depth

Growth1
21 DAT

Growth1
35 DAT

Shoot DW2
21 DAT

Shoot DW2
35 DAT

Root DW3
21 DAT

Root DW3
35 DAT

trifluralin

4 to 5”

9.8 a

9.8 ab

14.02 a

134.97 a

2.59 ab

7.01 bc

trifluralin

<1”

7.7 b

8.9 abc

9.57 bc

92.75 a-d

2.05 bc

4.85 de

pendimethalin

4 to 5”

9.7 a

9.5 ab

11.83 ab

111.18 ab

2.83 a

4.92 de

pendimethalin

<1”

7.0 bc

7.7 cd

9.37 bcd

72.95 b-e

1.72 c

3.67 efg

s-metolachlor

4 to 5”

8.0 b

8.2 bcd

8.91 cde

94.48 a-d

1.43 cd

5.77 cd

s-metolachlor

<1”

5.7 de

7.8 cd

5.04 fg

52.78 de

0.97 de

4.58 def

pendimethalin +
s-metolachlor

4 to 5”

5.7 de

8.3 bcd

6.57 def

101.13 a-c

1.00 de

4.40 def

pendimethalin +
s-metolachlor

<1”

5.3 de

6.7 de

3.19 g

54.43 de

0.52 e

2.48 g

sulfentrazone

4 to 5”

6.3 cd

7.5 cde

6.20 ef

60.16 c-e

1.57 cd

2.91 fg

sulfentrazone

<1”

5.0 e

6.0 e

4.27 fg

39.50 e

0.70 e

2.29 g

no herbicide

4 to 5”

9.8 a

10.0 a

12.80 a

135.12 a

2.86 a

8.85 a

no herbicide

<1”

9.8 a

9.8 ab

11.50 abc

91.04 a-d

2.47 ab

7.98 ab

P=0.05

CV(%)

7.13
9.47
16.07
24.26
17.77
1.12
1.66
2.90
44.15
0.64
LSD
1
Growth rating based on a visual rating of 0 to 10; 0 = plants dead and 10 = vigorous, healthy plants
2

Shoot (gm); includes plant portion above root plug

3

Root (gm); includes plant plug and roots

17.42
1.82
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Figure 3. Tomato root growth 35 days after transplanting at a normal and shallow depth

This study confirms the fact that growers need to make sure tomato transplant root plugs are placed below pre-plant herbicide-treated soil or shoot and root DW and aboveground growth will likely be reduced.
While this helps explain what we are seeing in commercial tomato fields planted too shallow, it also appears
from this study that pendimethalin negatively affected shoot and root growth more than trifluralin when tomatoes were planted deeper. Perhaps it is no coincidence that we began observing crop injury in years immediately following the registration of Prowl H2O. While DNHs are thought to have low mobility in the soil, downward movement of pendimethalin through the soil profile may have occurred with the use of sprinkler irrigation water in our trial as was also observed in some commercial fields. A similar argument could be made
where s-metolachlor and sulfentrazone were used. In this study, tomato roots were clearly affected even
though the root plugs were planted below the herbicide-treated zone. Although DNHs are fairly tightly bound
to soil colloids, perhaps the microencapsulated formulation of Prowl H2O is more sensitive to leaching than the
EC formulation of Treflan, as some literature suggests.
The results of this trial do not explain why we saw reduced root DWs where Treflan was used, even when root
plugs were placed below the herbicide zone. Using buried drip irrigation alone is not thought to contribute to
downward movement of preemergent herbicides like Treflan. A possible explanation is that some of the treated soil was mixed deeper during the hand transplanting, although this same process was used across the entire
trial area, so other plots would have been affected in the same manner.
Data generated to support the registration and use of DNHs and other preemergent herbicides in annual cropping systems in California has been conducted almost exclusively under conditions where surface water and
deep tillage are/were used. Herbicide use under these conditions enables relatively short re-cropping intervals
with good crop safety. Therefore, in 2013, we began a three-year tomato rotation field study to determine the
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extent to which conditions of low soil surface moisture and reduced soil mixing (as is the case with using buried drip irrigation and shallow tillage) may contribute to potential increased DNH carryover and potential impact on tomato growth and yield. If herbicide residual carryover is increased as a result of these newer farming
practices we’ve adopted, we will have to re-think how we use and manage dinitroaniline and other herbicides
to ensure adequate weed control and crop safety.

Prowl H2O a potential new herbicide for transplanted lettuce
Steve Fennimore (safennimore@ucdavis.edu), Extension Specialist, University of California, Davis

The lettuce herbicides available for California producers have not changed much since the 1970s. The last
significant lettuce herbicide registration was Kerb, registered in 1972 – 41 years ago. Much of course has
changed since 1972 – the higher costs of fuel, labor and land just to name a few. Additionally the costs and
risks for registration of new herbicide active ingredients are much higher now than they were 41 years ago.
Consumer preferences have changed too in the past 41 years. In 1972 head lettuce was the dominant lettuce
type, now romaine lettuce is the more popular lettuce type. In 2009, a major setback occurred when the
Kerb registration was lost on leaf lettuce. From 2009 until the present Kerb is only registered for use on head
lettuce and is no longer labeled for use on leaf lettuce. As an aside the Kerb registrant is attempting to register that product on leaf lettuce, but that issue remains unresolved.
In 2012 pendimethalin (Prowl H2O) was granted a food use tolerance for lettuce. Prowl H2O does not have a
lettuce label yet and it will be up to the registrant to make a final decision on whether to label or not. However, we have quite a bit of support data for Prowl H2O use on lettuce and the purpose of this article is to review what we know.
Kerb is applied post plant preemergence where lettuce is planted by seed and then Kerb is spray applied to
the soil surface. The unique aspect of Kerb is that it is very safe to seeded lettuce. In contrast, Prowl H2O
(pendimethalin) applied post plant preemergence (PRE) is very injurious to emerging lettuce seedlings. In
2005 we screened Prowl H2O at 0.75 lb ai/A PRE on head and romaine lettuce at Salinas, CA. The results
were very clear; Prowl H2O is very injurious to seeded lettuce PRE (Table 1).
Table 1. Evaluation of Prowl H2O applied on seeded head and leaf lettuce, August to September 2005 at Salinas,
CA. Note: lettuce was harvested prior to commercial maturity.

Treatment

Rate lb ai/A

Head

Leaf

Head

Leaf

Injury estimates (0=safe, 10=dead)

Yield (1,000 lbs./ Acre)

Hand weeded

0.0

0b

0b

9.5 a

19.7 a

Prowl H2O

0.75

10 a

10 a

0.006 b

0b

Most lettuce grown in California is direct-seeded. In fact, Salinas Valley growers overwhelmingly plant lettuce by direct-seeding. However, there is about 10% of the acreage that is transplanted. In Santa Maria and
(Continued on page 11)
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Oxnard, higher percentages of the lettuce plantings are from transplants than in Salinas. Transplanted lettuce
is more tolerant of several herbicides, such as Prowl H2O, than seeded lettuce.
The proposed use rate for Prowl H2O on transplanted lettuce is 2.1 pints/A (1.0 lb ai/A). We have evaluated
Prowl H2O at rates of 0.5 to 6.0 lb ai/A to verify the tolerance of transplanted lettuce (Table 2). These data
show that transplanted leaf lettuce is very tolerant to Prowl H2O, even at an excessively high rate of 6 lb ai/A
- 6 fold higher than the proposed labeled rate.
Table 2. Evaluation of Prowl H2O at a range of rates in transplanted head and leaf lettuce for injury, and yield
June to August 2005 at Salinas, CA.
Treatment

Rate lb ai/A

Head

Leaf

Head

Leaf

Injury estimates (0=safe, 10=dead)

Yield (1,000 lbs./Acre)

Hand weeded

0.0

0

0

28.5

40.3

Prowl H2O

0.5

0.1

0.9

26.4

39.2

Prowl H2O

1.0

0.3

1.4

33.5

37.7

Prowl H2O

2.0

0.3

0.8

27.9

42.6

Prowl H2O

4.0

0.3

1.4

31.6

38.4

Prowl H2O

6.0

0.1

1.3

28.9

36.6

Kerb

1.2

0.3

1.2

31.1

40.9

NS

0.94

NS

NS

LSD

In an evaluation of Prowl H2O at 0.5 and 1.0 lb ai/A (1 and 2. 1 pints/A) on transplanted romaine lettuce in
2008, we found that control of pigweed with Prowl H2O was better than Kerb, and that transplanted lettuce
was not injured by Prowl H2O nor were the number or weight of lettuce heads per acre reduced (Table 3).
Table 3. Evaluation of Prowl H2O in transplanted romaine lettuce for pigweed control, injury, number of marketable heads and yield June to August 2008 at Salinas, CA.
Treatment

Rate lb ai/A

Pigweed

Leaf lettuce

Hand weeded

0.0

100

Injury estimates
(0=safe,
10=dead)
0

Prowl H2O

0.5

60

0

29.6

40.5

Prowl H2O

1.0

75

0

30.1

42.9

Kerb

1.2

0

0

28.2

33.6

38

NS

NS

NS

Control (%)

LSD

Marketable
heads (No.
1,000/Acre)
26.1

Yield (1,000
lbs./Acre)
32.7

Summary. While the data reported above indicate that the potential for Prowl H2O on transplanted lettuce is
promising, these trials were all conducted on a field station. Our recommendation is that Prowl H2O should
be evaluated on commercial plantings of leaf lettuce to determine if it should be labeled for commercial use.

PAGE 11

CWSS RESEARCH UPDATE & NEWS

An introduction to glyphosate-resistant Palmer amaranth and the role
of seed longevity in weed management
Lynn Sosnoskie1 (lmsosnoskie@ucdavis.edu), A. Stanley Culpepper2 and Ted Webster3
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2

Department of Crop and Soil Sciences, University of Georgia, Tifton
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USDA-ARS, Crop Protection and Management Research, Tifton

An introduction to Palmer amaranth
Palmer amaranth (Amaranthus palmeri) is a summer annual weed that is native to the Mexican states of Sonora and Baja California, as well as parts of southern Arizona and California (Erhlinger 1983). The earliest recorded descriptions of Palmer amaranth in the US were made by Sereno Watson working from specimens collected by Edward Palmer in San Diego County, California, and Jean Louis Berlandier along the banks of the
Rio Grande River. Herbaria records documenting the earliest confirmed occurrences of Palmer amaranth in
the following states suggest an easterly and northerly movement of the species: Texas (1834), Arizona (1865),
California (1875), New Mexico (1881), Utah (1888), Kansas (1895), Illinois (1896), Missouri (1897), Oklahoma (1926), Louisiana (1929), Mississippi (1971), Tennessee (1975), Arkansas (1976), and Colorado (1980).
Palmer amaranth is tall often exceeding 8 ft in height and erect, and may be frequently branched (Mosyakin
and Robertson 2008). The leaves, which are obovate or elliptic in shape, are arranged in an alternate pattern on
the stems (Mosyakin and Robertson 2008). Leaves may or may not exhibit a white chevron. Petioles are often
as long, or longer, than the leaf blades (Mosyakin and Robertson 2008).

Figure 1. Leaves of young Palmer amaranth plants (note the chevron and the long petioles) and a male plant
with inflorescences. Image credits: T. Webster, L. Sosnoskie.
(Continued on page 13)
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Palmer amaranth is a dioecious species, meaning that male and female flowers are held on separate plants.
The terminal flower spikes (thryses) are 20 in long and sometimes greater and often branched (Mosyakin and
Robertson 2008). Female flowers possess sharply pointed bracts that make the inflorescences sharp to the
touch; in contrast, the flower spikes of male plants are significantly smoother (Mosyakin and Robertson
2008). Flowering occurs mainly during the summer and autumn. The seed of Palmer amaranth are small (1 to
2 mm), smooth, shiny and dark purple to black at maturity. Although ideal emergence temperatures may
range from 85 to 95˚ F, Palmer amaranth seedlings have been known to emerge when soil temperatures
reached 65˚ F in the field (Guo and Al-Khatib 2003; Keeley et al. 1987; Steckel et al. 2004).
Palmer amaranth and crop competition
Although the species can be found in at least 30 states and one Canadian province, Palmer amaranth has been,
most significantly, a pest of corn, cotton, peanut and soybean production systems in the Southeastern and Mid
-Southern US (Bensch et al. 2003; Burke et al. 2007; Klingaman and Oliver 1994; Massinga et al. 2001; Morgan et al. 2001; Rowland et al. 1999). Season-long interference by Palmer amaranth can result in significant
crop yield losses. For example, when Palmer amaranth emerged with corn, crop yield losses ranged from 11
to 91% for weed densities of 0.5 to 8 plants per meter (3.3 ft) of row (Massinga et al. 2001). Similarly, Morgan et al. (2001) reported Palmer amaranth densities between 1 and 10 plants per 30 ft row of cotton reduced
cotton lint yield between 13 and 54%. Full-season interference from Palmer amaranth (at a density of 5.5
plants per meter of row reduced peanut yield 68% (Burke et al. 2007). According to Klingaman and Oliver
(1994), densities of 1, 2 and 10 Palmer amaranth plants per meter reduced soybean yields 32, 48 and 68%,
respectively.
Figure 2. A County extension
agent in Georgia stands in a
cotton field that is infested with
glyphosate-resistant Palmer
amaranth. Palmer amaranth is a
tall (>8 ft) summer annual weed
native to the Sonoran desert. A
single female plant can produce
>500,000 seed.

Image credit: A. S. Culpepper.

Palmer amaranth's competitiveness is likely a function of its rapid growth rate. Horak and Loughin (2000)
determined that Palmer amaranth plants grew at rates of 0.18 to 0.21 cm (approx. 0.07 to 0.08 inches) per
GDD (growing degree days, 10 C or 50˚ F base temperature), which are 30 to 160% greater than the rates of
growth observed for other pigweed species including: common waterhemp (A. rudis), redroot pigweed (A.
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retroflexus) and tumble pigweed (A. albus). In Georgia, Palmer amaranth plants have been observed to grow
more than an inch in a single day (Culpepper, personal observation). The ability of Palmer amaranth to outcompete most other plants may also be due, in part, to its rooting structure. Palmer amaranth plants had 3.7times more roots that were 5-times longer than those of soybean with a similar root fresh weight (Wright et
al. 1999). Additionally, Place et al. (2008) determined that Palmer amaranth roots were better able to grow
through compacted soil layers, as compared to soybean, providing the weed with greater access to water and
nutrients. Reproductive output, too, may play a role in the species’ competitiveness. Female Palmer amaranth
can produce significant amounts of seed (up to and exceeding 500,000 per plant); this, in turn, permits the
development of extremely large in-field populations (Jha et al. 2008; Keeley et al. 1987; Sellers et al. 2003).
Research conducted at the University of Georgia indicated that Palmer amaranth seed densities exceeded
3,000 seed per ft2 (35,000 seeds per m2) in a cotton field where the species had been ineffectively managed
(Sosnoskie, personal observation).
Palmer amaranth and glyphosate-resistance
The development and spread of glyphosate-resistance in Palmer amaranth has been facilitated by the widespread adoption of glyphosate-resistant crops and associated changes in herbicide use. In 2004, the existence
of glyphosate-resistant Palmer amaranth was confirmed at a single field site occupying 620 acres (250 ha) in
Macon County, Georgia. Production at this site had been a monoculture of glyphosate-resistant cotton where
glyphosate, often applied at reduced rates, was used singly for at least seven years. According to the International Survey of Herbicide Resistant Weeds (Heap 2013), at least 15 states have populations of Palmer amaranth with confirmed resistance to glyphosate; currently, the total infestation is estimated to occupy millions
of hectares of farmland. With respect to California, reports of glyphosate-resistant Palmer amaranth occurring
in the Southern San Joaquin Valley (in cotton fields and in orchards) are currently being investigated.
Managing Palmer amaranth with deep-tillage
Conventional weed management programs in cotton have traditionally relied on preplant tillage and the use
of a diverse suite of preplant, PRE, POST and post-directed herbicides to suppress weed emergence and development. The adoption of glyphosate-resistant crop technology allowed growers to safely apply glyphosate
directly over the crop to control a broad spectrum of competitive species. This, in turn, enabled many cotton
growers to transition to conservation tillage systems and postemergence-dominated weed management programs (Givens et al. 2009a; Givens et al. 2009b; Shaner 2000; Young 2006).
In recent years, growers in Georgia have resumed using deep-tillage (soil inversion up to 16 inches in depth)
in order to manage fields with high densities of glyphosate-resistant Palmer amaranth. Disturbance activities
that redistribute Palmer amaranth seed from the soil surface to deeper depths have been shown to reduce the
size of the germinable seedbank between 40 and 60% (Culpepper et al. 2009). Because Palmer amaranth seed
are extremely small, they generally don’t possess enough energy reserves to foster seedling emergence from
depths greater than 1 to 2 inches. Reductions in the size of the Palmer amaranth seedbank have been correlated with reductions in the number of emerged Palmer amaranth that are capable of competing with the current
crop (Culpepper et al. 2009). In order to implement management strategies that specifically target the seedbank (like deep tillage), it is necessary to understand the factors that regulate seed persistence.
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Palmer amaranth seed longevity
Sosnoskie et al. (2013) recently published a study evaluating the longevity of Palmer amaranth seed that had
been buried at depths ranging from 0.2 to 16 inches. Seeds were exhumed at 3 to 6 month intervals for 36
months and seed viability determined using germination assays. Results indicated that seed survival was affected by both burial duration (viability decreased the longer seeds remained in the soil) and burial depth
(seeds that were buried more deeply remained viable for a longer period of time). After 12 months, seed buried at (0.5, 2.5, 10 and 41 cm) were 44, 48, 53 and 61% viable, respectively. After 24 months of burial, Palmer amaranth viability was 19, 24, 28, and 37% at the 0.2, 1, 4, and 16 inch burial depths. By 36
months, Palmer amaranth seed viability at 16 inches (22%) was more than double that at 0.2 in (9%), with 12
and 15% seed viability at 1 and 4 inches, respectively. Results suggest that seeds near the soil surface will not
be as persistent as those that are buried more deeply. In this instance, deep-tillage events (such as those conducted using a moldboard plow), should be separated by more than 36 months to prevent the return of viable
seed to the soil surface.

Figure 3. The influence of burial duration and depth on the longevity of Palmer amaranth seeds in a Georgia soil (Tifton loamy). Image credit: T. Webster

PAGE 15

CWSS RESEARCH UPDATE & NEWS

(Continued from page 15)

Conclusion
Glyphosate-resistant Palmer amaranth is a significant threat to cropping systems throughout the United States.
To prevent its further spread, growers in production systems that rely heavily on glyphosate are advised to diversify their herbicide programs. Proper herbicide selection is critical, though, as Palmer amaranth biotypes in
the US have also developed resistance to the dinitroanilines, photosystem II-inhibitors, ALS-inhibitors and the
4-HPPD-inhibitors (Heap 2013). Additionally, populations with multiple-herbicide resistance (i.e. that are resistant to more than one herbicide mechanism of action) in Georgia, Kansas, Mississippi and Tennessee have
been confirmed. Other approaches (i.e. cultivation, crop rotation, cover crops, hand-weeding) should be used
in conjunction with herbicides in order to control the species and further reduce herbicide selection pressure.
One proposed method of reducing Palmer amaranth population size is to reposition weed seeds that are near
the soil surface to depths that are below the optimal emergence zone through soil inversion. While this strategy
has proven to be useful for some growers with severely infested fields in the Southeastern US, care must be
taken to ensure that previously buried seeds are allowed to fully decompose before another deep tillage event.
Following seed burial, it is important that growers prevent future Palmer amaranth plants from becoming established and setting seed in order to prevent the re-establishment of the soil seedbank.
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