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2020 Research Results 
 

Weed control and cost-benefit analysis of automated cultivators to control within-row weeds in 
processing tomatoes  

Key Takeaways:  

 High interest for within-row mechanical cultivators 

 Robovator provided very good weed control in Colusa field 

 Finger weeder provided excellent weed control in both fields, 
except for one plot in Colusa field with heavy bindweed 

 Matrix and both cultivators reduced costs and time for hand 
weeding 

 
The main objective was to evaluate crop safety, weed control, 
time, and costs associated with using mechanical cultivators as 
part of a conventional weed management program in processing 
tomatoes. While both robotic cultivators and finger weeders have 
been used and evaluated in many vegetable crops, there has 
been little research evaluating these tools in processing tomatoes 
and how well they may complement or replace a traditional 
herbicide program or reduce hand weeding costs. We conducted 
replicated trials at two sites (Colusa and Merced counties). Scott 
Stoddard, UCCE Vegetable Crops Advisor in Merced and Madera 
Counties worked with me on this project and led efforts at the 
Merced trial site. We compared the Robovator (automated 
weeder), finger weeder (mechanical), and Matrix application to 
control plots where there was no in-row cultivation and no Matrix 
application. Matrix was part of the grower standard herbicide 
program at the Colusa site. 
 

Vegetable Crops Newsletter March 
2021 

PLEASE BE ADVISED: 
In 2021, crown rots, southern blight, root-knot nematodes, tomato spotted wilt virus, and alfalfa 
mosaic virus plant samples are of special interest. If you think you have any of these diseases in your 
field, please let me know so I can collect samples for diagnosis.  
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Plant stands were assessed before and after cultivator passes. Weeds were counted before treatment, 24 
hours, 2 weeks and 4 weeks after treatment in the center bed of each plot. Cultivators and hand-weeding 
crews were timed as they moved through the field. Hand weeding times were determined by measuring 
the time for one person to hand weed the entire length of each plot. Plots were hand-harvested in Colusa.  
 

In Colusa, the Robovator and finger 
weeder did an excellent job of weed 
control on all plots. Because of the 
uniform spacing of plants, the 
Robovator worked very well with very 
little crop injury (~4% in one plot). On 
average, the Robovator provided up 
to 85% control two weeks and 4 
weeks after it was run in mid-April 
(Figure 1). The finger weeder provided 
71% control on average 4 weeks post-
treatment (Figure 1). It is worth noting 
that the finger weeder provided over 
90% control at 2 and 4 weeks post-
treatment in two of the plots. The 
third plot showed poor control due to 

heavy bindweed pressure. There was no significant difference between the cultivator treatments and the 
grower standard (Matrix) for weed control.   
 
In Colusa, hand weeding times and costs were not significantly different between the Matrix (grower 
standard in Colusa), finger weeder or Robovator treatments. However, all treatments decreased time and 
costs compared  to the control plots. Note these cost estimates are based on hand weeding times only, 
and do not include equipment or herbicide costs. Costs were calculated based on $13.50/hour for 4 people 
to hoe one acre.  

Treatment Colusa 

Hand hoe 
hours/A 

cost $/A 
 

1 Matrix 2oz/A 0:27 $24.30  b 

2 Robovator 0:36 $32.40  b 

3 Finger weeder 0:41 $36.90  b 

4 No Matrix or cultivation 
(control) 

1:51 $99.90  a 

 
There were no significant yield differences between the control (50 tons/acre), Robovator(71 tons/acre) 
and finger weeder (66 tons/acre) plots at the Colusa site, but there were numeric differences. The field 
average was significantly lower than the treatment area, at only 37.5 tons/acre. The reason for this is 
unknown. The lack of yield differences between treatments at both sites were probably a result of all plots 
being hand weeded one month before harvest. 

 
In Colusa, field variation and weed species influenced weed control and pressure, and impacted plot 
yields. There was poor bindweed control from cultivators and hand-weeding crews. Both in-row 
cultivators provided long-term control, especially 4 weeks post cultivator pass. The finger weeder was 
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able to cover 5 beds and moved quickly through the field compared to the Robovator. All treatments 
reduced hand weeding costs and time compared to the control.  
 
We will repeat this trial in 2021 to gain a better understanding of the Robovator and finger weeder and 
how they perform in different field conditions compared to post-emergent herbicides. For the 2021 trial, 
we will also be adding an automated transplanter component and comparing it to standard transplanters.  
 
Acknowledgements: Many thanks to our grower cooperators in Colusa and Merced counties; Steve 
Fennimore, Weed Management Specialist with UC ANR in Salinas for use of Robovator; and CTRI for their 
help and support.  
 
 

Multisite demonstration of conservation management 
practices for soil health and greenhouse gas emissions 
reduction  

UCCE Agronomy Advisor, Sarah Light, and myself have 
finished our 3-year statewide Healthy Soils Demonstration 
Project supported by CDFA. This project included a cover 
crop demonstration and research site on a farm in Sutter 
County in addition to two other sites statewide (San 
Joaquin and Merced County). We evaluated the impact of 
cover crops to soil health and annual production in the 
region. Our plots consisted of a control (no cover crop), a 

low seed rate of vetch, and a high seed rate of vetch. Unfortunately, we cancelled our March 2020 field 
day due to COVID-19 precautions but the information we were planning to showcase can be found in the 
October 2020 Vegetable Crops Newsletter. The newsletter issue includes data on cover crop biomass, 
residue cover and yields from the trial site. We also planted a demonstration plot showcasing 24 cover 
crop varieties to see how they grow in Sutter County. Pictures and details of each of these small cover 
crop plots as well as information on cover crop equipment can also be found in the October issue. We will 
be sharing greenhouse gas and soil data in 2021.  
 
This project was a collaborative effort between UC Davis and UCCE. Michelle Leinfelder-Miles and Brenna 
Aegerter, UCCE Advisors in San Joaquin County, conducted a similar trial in the Delta looking at summer 
cover crops in annual rotations. Scott Stoddard, UCCE Advisor in Merced and Madera Counties, looked at 
municipal compost applications to a tomato-cotton rotation. Jeff Mitchell--UCCE Conservation Tillage 
Specialist, was the lead on this project, coordinating the group effort with three field sites. Will Horwath 
with the UC Davis Department of Land, Air and Water Resources and his PhD student, Veronica Suarez 
Romero, conducted the greenhouse gas and soil sample analyses for the three sites.  
 
Acknowledgements: Many thanks to our grower cooperators in Sutter, San Joaquin and Merced counties, 
especially Vincent Andreotti, Oryza Partnership, for the Sutter field site.  
 
 

http://cecolusa.ucanr.edu/newsletters/Vegetable_Crops86978.pdf
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From left: Residue cover from wheat (2019), Vetch cover crop plot (2020). 

 
 
The 2017 Healthy Soils Demonstration Project is funded by Greenhouse Gas Reduction Funds and 
is part of California Climate Investments, a statewide program that puts billions of Cap-and-Trade 
dollars to work reducing GHG emissions, strengthening the economy, and improving public health 
and the environment. 

 
 

Management of western spotted and striped cucumber beetle in melon production 

Some results from our cucumber beetle research can be found in the October 2020 issue of the CAPCA 
Adviser Magazine, in the article “Cucumber beetle management in fresh-market melons”, pages 60-68.  
 

Because we currently have a poor understanding of where 
western striped cucumber beetle overwinters before moving 
into melon fields, we are identifying likely overwintering 
locations (weedy vegetation around fields) and monitored 
these locations during the late winter/early spring 2020 for 
both western spotted and striped cucumber beetles. Trap 
locations were chosen based on locations of possible 
overwintering hosts such as mustard, wild radish, alfalfa, and 
bindweed and placed around two organic cucurbit fields. Traps 
were checked weekly and the vegetation surrounding the traps 
was visually inspected. Weed abundance was also measured 
using percent cover to associate weed species with beetle 
abundance from visual counts. Milk thistle and wall barley were 
some of the most abundant weed species at the two organic 
field sites, along with little mallow. Beetles appeared to have a 
strong preference for broadleaf weeds over grasses. Western 
striped cucumber beetles were found most frequently on little 
mallow and milk thistle, but these were also the most abundant 

weeds at the sampling sites. None of the weed species appeared to be especially attractive to cucumber 
beetles, although we did find the most beetles at locations where these weeds were abundant. They could 
either be drawn to these patches because of preference or were on these plants because they were most 
abundant. In 2021, we hope to build on our understanding of what types of non-crop habitat cucumber 
beetles reside in, and whether they feed on weeds when melons are not available. We will also be testing 

https://capca.com/publication/adviser-magazine-october-2020/
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the beetles’ preference for specific weeds. We hope this will aid growers and pest control advisers in 
controlling nearby vegetation to prevent high populations of beetles from moving into fields during the 
crop season. (Photo credit: M. Koivunen). 
 
We also tested the addition of an aggregation pheromone to a clear sticky trap to enhance capture of 

western striped cucumber beetles. An aggregation pheromone is not available for our western beetles, 

though one has been identified and tested for the closely related striped cucumber beetle found in the 

eastern U.S. (Weber 2018). We tested this pheromone in an organic melon field known to have high beetle 

pressure to determine if it is also attractive to our western species. Our results showed that both western 

cucumber beetle species respond to the (eastern) striped cucumber beetle pheromone. Another 

preliminary trial from the end of the 2019 season also indicated the pheromone is attractive. The 

pheromone lures attracted both striped and spotted cucumber beetles throughout much of the season. 

When crops were present and trap locations were near fields, we did catch a fair number of beetles on 

the unbaited (no pheromone) traps. Preliminary observations from Fall 2020 showed significantly 

enhanced capture of cucumber beetles when we added a floral lure to the pheromone trap. We will be 

testing this relationship further in 2021. If the pheromone enhances capture of western striped cucumber 

beetles by itself or in combination with a floral lure, it could be useful as a monitoring tool or as a 

component of an attract-and-kill strategy. 

 

The photos above show results from our pheromone trial where we combined the pheromone with a 

floral lure compared to a pheromone alone and an unbaited sticky card. (Photo credits: J. Ramirez Bonilla).  

Ian Grettenberger, Field and Vegetable Crops Entomology Extension Specialist, is a principal investigator 
on this project. UC Davis Masters student, Jasmin Ramirez Bonilla, is very involved with both aspects of 
this project and conducted all of the field research trials in 2020. Rachael Long and Margaret Lloyd, UCCE 
Yolo Farm Advisors are collaborators. Don Weber, USDA-ARS, provided the pheromone and collaborated 
on this project as well. This research is funded by the California Melon Research Board. 
 
Weber, D. C. (2018). Field attraction of striped cucumber beetles to a synthetic vittatalactone mixture. Journal of 
Economic Entomology. 
_____________________________________________________________________________________________  
  

Pheromone + Floral Lure Control Pheromone
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Fusarium wilt of tomato, caused by Fusarium oxysporum f. sp. lycopersici race 3 – a soil-borne killer 
Kelley Paugh and Cassandra Swett, Vegetable Crop Pathology, Department of Plant Pathology, UC Davis 
 
Disease Profile 
Fusarium oxysporum f. sp. lycopersici (Fol) race 3 causes Fusarium wilt, a disease currently affecting most 
tomato-producing counties in California. Fol is divided into groups called races, based on the ability to 
overcome genetic host resistance. Fol race 3 is the most recent race, which overcame genetic resistance 
to race 2. Fol race 3 was long restricted to the Sutter Basin but began spreading in the early 2000s and is 
now present in every county with large-scale tomato production – making this one of the greatest 
economic threats to the industry. 
 
Growers are seeking solutions for this damaging soil-borne disease. In this article, we provide an issue 
overview as well as the latest information on Fusarium wilt race 3 spread, control, and prevention. The 
focus is on current research that is shining a light on new prospects for management of Fusarium wilt in 
tomato. This research is ongoing, and updates may be available from your local farm advisor. 
 
Key characteristics of disease. Bright yellow foliage on one or several shoots on an otherwise normal plant 
are the earliest symptoms, typically starting at about 60 days after planting. The one-sided yellowing of a 
branch or whole plant can help distinguish this disease from other wilt pathogens (e.g. Verticillium wilt) 
and other causes of chlorotic conditions (e.g. nutrient disorders) (Figure 1A). From time of initial 
symptoms to harvest, disease symptoms progress from shoot yellowing to branch death. Disease 
progression may include decline of multiple branches, leading to partial or entire canopy collapse (Figure 
1B). Fruits in this exposed canopy typically develop sunburn and may rot. Another important diagnostic 
feature of Fusarium wilt of tomato is the presence of chocolate-brown vascular discoloration in the plant 

stem (Figure 1C). Vascular discoloration 
is also a symptom of Verticillium wilt, 
which can lead to misdiagnosis, though 
usually tan in color instead. At advanced 
stages of Fusarium wilt, the general 
canopy collapse is similar to other 
tomato diseases, such as southern blight, 
bacterial canker, and Fusarium crown 
rots. Because of the potential for 
misdiagnosis of Fusarium wilt even by 
experienced scouters, it is prudent to 
submit plant samples to a diagnostics 
laboratory prior to making management 
decisions. 
 
Figure 1. Symptoms of Fusarium wilt in 
tomato plants, shown here as a shoot 
with bright yellow and dying foliage 
(also known as “yellow flagging”) on an 
otherwise healthy plant (A), collapse of 
the vine (B), and chocolate-brown 
discoloration inside a stem (C). Photos 
taken by Kelley Paugh. 
 

A 
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Survival and spread. Fusarium wilt race 3 
occurs across Central Valley counties from 
the Sacramento Valley region (Colusa, Sutter, 
Yolo, Sacramento, and Solano) to the central 
San Joaquin Valley (San Joaquin, Stanislaus, 
Merced, Fresno, and Kings) and, most 
recently, to the southern end of the San 
Joaquin Valley (Kern) (Figure 2). The 
pathogen is thought to move within a field 
and locally from field to field by hitching a 
ride on farm equipment that is contaminated 
with plant debris and soil. Hence, the 
increased movement of farm equipment 
across processing tomato regions may have 
facilitated spread of this disease. There is also 
speculation that the pathogen could move 
between fields or within a field in pathogen-
laden irrigation water. For example, furrow 
irrigation may disperse the pathogen down 
planting rows with the flow of water. At 
present, there are no studies to substantiate 
this means of spread. 
 
Figure 2. California counties with 
documented cases of Fusarium wilt race 3, as 
highlighted in red. 
 

Once present in the field, this pathogen can persist for several years in soil. Although Fol can only cause 
disease in tomatoes, it can infect many different non-tomato crops, including melons, pepper, and 
sunflower and without causing any symptoms, and persist in both tomato and non-tomato crop residue 
in soil. Thus, Fol can feasibly be introduced into a field that has never had tomato, propagate on these 
silently-infected crops, and cause severe losses in the first year the field is planted to tomato. These 
“silent” hosts may be the reason that Fusarium wilt has historically been considered extremely long-lived 
in the field, especially in cases where rotation out of tomato was ineffective. Of note, there are also many 
Fusarium wilt diseases of rotation crops (e.g., Fusarium wilt of cotton, garbanzo, melon, lettuce), but these 
Fusarium wilts are all caused by completely different pathogens. Therefore, the pathogen causing 
Fusarium wilt in these other crops will not cause Fusarium wilt in tomato. 
 
Management 
Overview of IPM for Fusarium wilt. The most effective tool for Fusarium wilt management is preventing 
pathogen introduction. If introduced into a field, then the disease can usually be successfully managed 
with resistant cultivars (F3 cultivars), although there are some caveats in F3 efficacy. If F3 cultivars are not 
available for management, pathogen-tolerant cultivars and early season chemical management options 
are also available. Crop rotation can help reduce pathogen pressure and reduce the risk that an F3 
resistance-breaking race will emerge (race 4).  At present, Fol race 4 has not been detected anywhere in 
the world, but UC Cooperative Extension advisors and specialists continue to monitor for its emergence 
annually. If you see Fusarium wilt symptoms in your F3 field, contact your local farm advisor to submit 
samples for testing.  
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Effective management of Fusarium wilt requires accurate diagnosis. As noted above, there are many 
diseases that look like Fusarium wilt, and at present, it is challenging to differentiate these diseases in the 
field. Before developing a Fusarium wilt management plan, it is critical to submit samples for analysis by 
a diagnostic lab. Soil testing tools for Fol race 3 are also under development at UC Davis (contact C. Swett 
for more information). 
 
Management with host (genetic) resistance. Fol race 3 resistant cultivars, called F3 cultivars, typically 
develop no disease and are an excellent management tool. The tomato industry has worked hard to 
overcome challenges in F3 cultivar quality, yield, and seed availability. In addition, certain F2 cultivars are 
“tolerant” of Fusarium wilt race 3 – in that their yield does not appear to be significantly impacted in 
mildly infested fields. Fusarium wilt tolerance is not a listed trait for existing commercial cultivars, but this 
information is often available through seed dealers. 
 
In some cases, F3 cultivars develop Fusarium wilt due to Fol race 3. This is typically attributed to either 
the presence of off-type plants which did not get the resistance gene (when incidence is below 2%) or 
environmental stresses (when incidence is higher). Abiotic and biotic stresses appear to play a role in 
influencing stability of resistance. Recent studies have demonstrated that salt stress can compromise F3 
resistance and lead to Fusarium wilt development in up to 30% of F3 plants in a field. Likewise, root knot 
nematode and herbicide damage have both been associated with higher incidence of Fusarium wilt in F3 
plants; previous studies have shown that root knot nematode could compromise genetic resistance to Fol 
race 1. While the role of various stresses in mediating Fol race 3 resistance is not well characterized, 
research in this area is ongoing. Management of these stresses may help maintain the efficacy of host 
resistance against Fol race 3. 
 

Chemical control pre- and post-planting. Fol race 
3 is notoriously difficult to control once 
established in soil. Although host resistance is the 
gold standard for management, F3 cultivars are 
not always an option. Chemical management may 
function as a short-term alternative. Recent 
studies have shown promising results for pre-
plant fumigation as chemigation via buried drip 
irrigation with K-Pam HL (AMVAC Corporation) at 
30 gal/A or higher (maximum rate of 60 gal/A) for 
optimal efficacy (Figure 3). Further work is needed 
to understand the cost-benefit aspects of using K-
Pam HL to increase yield in infested fields. 
 

Figure 3. Results for a 2019 small plot trial at the UC Davis Plant Pathology research farm on the efficacy 
of the drip-applied fumigant, K-Pam HL, against Fusarium wilt of tomato. The experimental plot was too 
highly infested with the pathogen to observe a significant effect on yield; accordingly, K-Pam HL may be 
unsuitable for use in fields with high disease pressure. 
 
Crop rotation. Rotation with non-host crops can reduce pathogen build up and survival in soils. However, 
the efficacy of this method relies on the inability of the pathogen to infect rotation crops. In multi-year 
studies we have found that several rotation crops are poor hosts and/or suppressive to pathogen build 
up in soils; these include cotton, bean crops (i.e., garbanzo, fava, lima, and green bean), grass crops, 
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including wheat and potentially corn and rice (poor hosts, not field tested), as well as onion (Figure 4). 
These appear to be good crops to grow either right after tomato or the year before planting to tomato. 
Some crops, such as pepper, melons, pumpkins, and sunflower, are extensively colonized by Fol race 3 – 
even though these crops do not develop symptoms. Rotation with these heavily colonized crops can result 
in Fusarium wilt losses similar to what occurs with a repeat planting of tomato. Therefore, rotation with 
these crops should be avoided when possible, especially within a year before or after planting to tomato. 
Ongoing studies will further clarify the minimum duration that is needed for crop rotation to suppress 
disease. 
 

 
Figure 4. Results for small plot trials on the effect of rotation crop on development of Fusarium wilt in 
tomato. Plots at the UC Davis Plant Pathology research farm were previously planted to either a summer 
or winter rotation crop or tomato or left in chemical fallow (i.e. maintained vegetation-free through 
herbicide applications) or unmanaged fallow (=“weeds”; weed species were not catalogued) in summer 
2019 (A) or winter 2019-2020 (B), respectively. Plots were artificially infested with pathogen propagules 
during summer and winter rotation crop plantings. Yield impacts were not assessed in these experiments. 
 
No free rides for pathogens. The most effective tool for Fusarium wilt management is preventing 
pathogen introduction. This is best achieved through sanitation of equipment between fields. There is 
limited information on which equipment is the most important to target for sanitation, but Fusarium has 
been found at high levels on harvesters which retain large amounts of plant debris (Figure 5). Only using 
equipment that remains within the farm and avoiding use of shared equipment can help reduce the 
chances of pathogen infection and spread. However, this option is not available for many producers and 
is ineffective for preventing pathogen spread within a grower-controlled farm. There may be potential to 
minimize spread using an effective sanitation regime – perhaps including chemical disinfection or steam 
sterilization and using scrapers for physical removal of the bulk of plant debris and soil. There is a strong 
need for further study of the relative efficacy and logistics involved in implementing effective 
disinfestation practices. 
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Figure 5. A tomato harvester (A) and soil and plant debris 
buildup on parts (B). Photos taken by Cassandra Swett. 
 
Further management options under study. Compost 
amendments are commonly used for soil fertility 
management, and our recent studies suggest that 
composts may also suppress pathogen survival in soil. 
Pathogen-infested tomato residue decomposes more 
rapidly in soil with long-term inputs of poultry manure 
compost. Similarly, cover crops such as hairy vetch and 
broccoli are reported to suppress other Fusarium wilts, 
and these are being examined for Fusarium wilt of tomato 
in ongoing work. 
 
Where to go next? 
There are no documented cases of Fol race 4 in California 
– but, given the history of this pathogen, it is almost 
inevitable that a new race (race 4) will emerge that 
overcomes the genetic resistance that is effective against 
Fol race 3. As a result, race 4 monitoring continues to be a 
top priority across the state. Another concern is that Fol 
race 3 has been documented as causing disease in multiple 
F3 tomato fields, with indication that F3 resistance is compromised by stress. Understanding how biotic 
and abiotic plant stresses affects host resistance can help growers prioritize management strategies. In 
addition, long term studies of pathogen survival in soil are important for establishing both the optimal 
duration for rotating out of tomato and best choices for rotation crop. There are still several common 
rotation crops with unknown risk status, including corn, rice, safflower, alfalfa, and potato. To improve 
decision support, more accurate and rapid diagnosis and detection tools are needed for Fol race 3; the UC 
Davis Vegetable Pathology program is working to improve molecular tools for both soil detection and 
diagnosis in plants.  
 
Industry innovations in effective sanitation of farm equipment could also provide a breakthrough in 
slowing spread of Fusarium wilt and other soil-borne pathogens. Developing comprehensive strategies 
that minimize damage wrought by this disease will be critical for achieving healthy tomato production in 
California.  
 
For more information, please contact: Cassandra Swett, clswett@ucdavis.edu. 
 
 
Please feel free to contact me with any vegetable crop issues in the field, questions or comments, or to 
subscribe to this newsletter electronically.  
 
Amber can be contacted at the Colusa UCCE office at 530-458-0575, by cell phone at 508-254-4490, or 
at acvinchesi@ucanr.edu. 
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