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Meet the New Farm Advisor...

I would like to introduce myself- I am the new
vegetable crops Farm Advisor for San Joaquin
County. I have recently relocated to the San
Joaquin Valley from that “other” valley to the
north and I am very excited to be here and
working with the vegetable crop industry!

At UC Davis, I worked in the Department of Plant
Pathology with Mike Davis and Tom Gordon. I t’.
conducted field and laboratory research and .
participated in the diagnosis of problems in field and vegetable crops from
samples submitted from across the state. Among the types of problems we saw
were viral, bacterial, and fungal diseases, insect injury, nutrient problems and
other abiotic disorders. Although I am a plant pathologist by training, I am
anticipating the challenge of tackling whatever crop production problems are
faced in this area.

This season I will be participating in the statewide variety evaluation projects for
both processing and fresh market tomatoes and I'll be launching some pest
management projects, including the evaluation of a powdery mildew model that
might help growers predict disease in the San Joaquin Valley. And there will be
another bell pepper variety trial in San Joaquin County this year. I look forward
to meeting you and working with you! --- Brenna Aegerter

Announcement

38th California Nematology Workshop
Tuesday, March 28, 2003, 8 AM - 4:30 PM
University of California Extension Center
1200 University Ave, Riverside, CA

This annual workshop offers pest management professionals and growers the
latest information on problems caused by plant-parasitic nematodes and on their
potential solutions. Target audience for this program includes pest control
advisors and operators, growers, pesticide and biocontrol industry representatives,
landscapers, municipal and state employees, parks and recreation personnel,
educators and consultants. A superb lineup of speakers and workshop presenters
will share their expertise concerning nematode-related issues. Posters will inform
about the latest Nematology research activities at the University of California,
CDFA, USDA and industry. Breakout session will give the audience an
opportunity to sharpen their skill in nematode and identification, disease
diagnostics, and sampling procedures. For information and registration: go to
www.nematology.ucr.edu or contact antoon.ploeg@ucr.edu, 951-827-3192.
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North American Greenhouse Tomatoes Emerge as a Major Market Force
Linda Calvin, Economic Research Service and Roberta Cook, UCCE Marketing Economist, UC Davis

The rapidly growing greenhouse
tomato industry has become an
important part of the North American
fresh tomato industry. Greenhouse
tomatoes now represent an estimated
17 percent of U.S. fresh tomato
supply. Even though greenhouse
tomatoes still constitute a minority
share of the U.S. fresh tomato market,
their influence is concentrated and
growing in retail channels, which
represent about half of U.S. tomato
consumption. Around 37% of all fresh
tomatoes sold in U.S. retail stores are
now  greenhouse, compared Wwith
negligible amounts in the early 1990s.

Greenhouse tomatoes are just one
more development in a trend toward
more differentiated fresh tomato
offerings, including more variety in
fieldgrown tomatoes. New types of
tomatoes, improved varieties and
handling, and positive health benefits
associated with eating tomatoes have
all contributed to a 30% rise in U.S.
consumption of fresh tomatoes since
1985, with estimated 2003 annual per
capita consumption levels around 19.4
pounds.

Growth in the greenhouse industry
has challenged growers of fresh field
tomatoes. With rising consumption of
all tomatoes, field tomato sales in the
U.S. retail market increased through
2001, in part due to new fresh field
products, such as grape tomatoes. But
in 2002, the combined retail sales
volume of all field tomato types began
to slip. Field tomatoes still dominate
the growing foodservice market
(restaurants, schools, hospitals, etc.)
where greenhouse tomatoes are scarce.
Foodservice sales are increasingly
essential to the health of the field
tomato industry.

While greenhouse tomatoes have
higher per unit costs of production and
generally higher retail prices than field
tomatoes, several other characteristics
have contributed to the growth in this
sector. Since they are protected from
weather and other conditions affecting
open field production, greenhouse
tomatoes generally have a much more
uniform  appearance than field

tomatoes. They are also less prone to
swings in production volumes. These
factors lead to greater consistency in
quality, volumes, and pricing—issues of
particular concern to the retail and
foodservice industries.

The United States, Canada, and Mexico
have all developed major greenhouse
industries. The U.S. is the largest North
American market for greenhouse
tomatoes, and U.S. imports from
Canada and Mexico are larger than
domestic production. In recent years, the
growth in U.S. imports has exceeded the
growth in U.S. production. In 2003,
Canada accounted for an estimated 46%
of U.S. imports of greenhouse tomatoes.
Mexico’s share was 45%. Mexico is the
primary foreign winter supplier to the
U.S. market and Canada is the primary
summer foreign supplier. As the
greenhouse  tomato  industry  has
transitioned from niche to mainstream
status, it has become part of a more
integrated North American market,
following the pattern established by the
field tomato industry.

The greenhouse industry is facing
growing pains. With rapid growth in
Canada and the United States during the
1990s, greenhouse tomato prices
declined, causing financial problems for
some growers. More recently, as the
industry has expanded in Mexico,
heterogeneity in production methods has
increased. Growers in the United States
and Canada, and some Mexican
growers, have high-technology and
high-cost greenhouses. Many of these
growers view the growth of lower
technology greenhouses and shade
houses in Mexico with some alarm.
Higher expected year-round production
volumes in Mexico portend greater
competition in all seasons, and
continued downward pressure on price.

Seasonality Drives Market

Much of the U.S. greenhouse tomato
industry began in the northeast in the
early 1990s, with production in the same
months as  Canadian  producers.
Eventually, several producers moved
west and south, lured by the prospect of
producing tomatoes year-round and
capturing a slice of the high-priced
winter market. The four largest
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greenhouse tomato firms in the U.S. are
located in Arizona, Texas, Colorado and
coastal southern California, and represent
67% of domestic production.

Expanding winter production in Mexico
will likely reduce greenhouse tomato prices
and increase competitive pressure on year-
round U.S. growers. Mexico’s greenhouse
tomato industry is the fastest growing in
North America and the most varied. In
Mexico, large field tomato grower-
exporters in Sinaloa on the northwest coast
and Baja California peninsula are
experimenting with protected culture, either
shade houses or greenhouses, near their
field operations. In contrast, U.S. field
tomato  growers  usually  have  no
connections to the greenhouse industry.

Several clusters of greenhouses are also
emerging in temperate, higher altitude areas
in central and north central Mexico, and in
Imuris in northern Sonora, near the U.S.
border. As greenhouse production in these
areas expands, Mexico will become more of
a competitive force in all seasons.

Greenhouse Tomato Prices Fall
Despite rising demand for greenhouse
tomatoes, the industry is facing downward
price pressures, as demand growth has
sometimes been outpaced by expanding
supply. Production of the leading
greenhouse tomato products -beefsteak and
cluster- has now grown to the point where
they are becoming mainstream
commodities. As the industry matures,
greenhouse tomato growers strive for
continual product innovation as a strategy
for adding value, stimulating consumer
interest, and maintaining margins and
profitability. The expanding product line
currently consists of smaller cluster
tomatoes (cocktail tomatoes, including
Campari), roma and mini roma cluster
tomatoes, heirloom, and different-colored
tomatoes. Greenhouse tomato producers
tend to be closer to the pulse of consumers
because they market a retail- and
consumer-ready  product.  Also,  they
increasingly market directly to retailers,
and not through intermediaries, such as
repackers and wholesalers, as most field
tomato shippers do.

Impacts on Field Tomatoes

Competition from greenhouse tomatoes has
brought major changes in the quantity and
composition of field tomato sales. While



Canada leads North American greenhouse tomato production in 2003

United North
Item States Canada Mexico America
Greenhouse tomato production (1,000 metric tons) 160 220 148 528
Greenhouse tomato area (hectares) 330 446 950 1,726
Average greenhouse tomato yield {meftric tons/hectare) 484 494 156 378
Fresh field tomato production, excluding processing 1,594 27 1,804 3,425
(1,000 metric tons)
Average fresh field tomato yield (metric tons/hectare) 32 15 28 25
Greenhouse share of total fresh production, by country (percent) 9 89 8 13
Estimated greenhouse exports to U.S. (1,000 metric tons)’ NA 130 126 256

houses.
NA=Noct applicable.

10fficial imports of greenhouse tomatoes are thought to be underreported for Mexico due to tariff code misclassification; 58,357 metric tons of green-
heouse tomato imports from Mexico were reported by the U.S. Department of Commerce in 2003. The figure shown here includes estimated addition-
al miscoded imports, based on information from industry sources obtained by Cook and Calvin. This figure may include some production from shade

Sources: Statistics Canada, Ontario Greenhouse Vegetable Producers’ Marketing Board, British Columbia Vegetable Marketing Commission, U.S.
Department of Commerce, interviews by Cook and Calvin, USDA’s National Agricultural Statistics Service, USDA’s Foreign Agricultural Service.

total retail quantity sold of all fresh
tomatoes increased from 1999 to
2003, the volume of field tomatoes
declined after 2001, with the share
falling from 69 to 63%. Over the same
years, the share of all round tomatoes
(mature green and vine ripe) declined
from 43 to 31%. The roma share fell
from 23 to 19%, but the grape and
cherry category grew from 3 to 13%.
Most grape and cherry tomatoes are
field grown, mitigating the impact of
greenhouse tomatoes on the field-
grown category. Within the declining
round category, the share of mature
green tomatoes fell from 78 to 39%,
with vine ripe tomatoes benefiting.

While mature green tomatoes are
being forced out of the retail market
by competition from both greenhouse
and other field tomato types, they still
dominate the expanding foodservice
market, which represents about half of
U.S. tomato consumption. With
declining retail sales, the mature green
industry is increasingly dependent on
the foodservice market, where
greenhouse tomatoes have not yet
made significant inroads. However,
this could change. Some greenhouse
firms have begun to experiment with
developing acceptable products for
foodservice use. If foodservice
demand falters, mature green tomato
growers would need to consider other
alternatives, with serious industry
structural adjustments likely. Growers
could continue to attempt to reposition
field tomatoes through new varieties,

products, and packaging with more
commercial appeal. Alternatively, the
industry could diversify into the
greenhouse industry, either through
alliances with existing producers or
through direct investment. However,
greenhouse tomato production is very
capital- and  technology-intensive,
creating barriers to entry. In addition,
the rapid greenhouse expansion in the
United States was accompanied by
mixed profitability results; thus, most
field tomato growers did not consider
the greenhouse industry an attractive
alternative. But recent profitability in
the California field industry caused by
weather-induced high prices may
provide the financial where-withal for
some field growers to explore
greenhouse production. If they were to
invest, they would be new entrants in a
maturing industry.

Greenhouse and Field Tomato
Market Interactions Increase

In the early days of the evolution of
greenhouse tomatoes, the greenhouse
and field tomato sectors operated on a
relatively independent basis. Now that
they are a major market force,
greenhouse tomatoes are increasingly
influenced by supply and demand trends
in the fresh field tomato industry, and
vice versa. In fall 2004, a weather-
induced period of short supplies of fresh
field tomatoes enabled greenhouse
producers to benefit from a brief period
of extraordinarily high prices as buyers
substituted  greenhouse  for  field
tomatoes, where possible. In contrast,
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earlier in summer 2004, a record-high
supply of greenhouse tomatoes caused
greenhouse prices to decline, making them
even more attractive to retail buyers, and
placing a damper on demand for fresh field
tomatoes. With greater supply has come an
increased willingness on the part of
consumers, retailers, and foodservice users
to experiment with tomato types.

Mexico Will Shape the Future
Notwithstanding ~ brief  periods  of
abnormally high prices, average grower
prices for greenhouse tomatoes have been
trending downward. If this trend continues,
some parts of the North American
greenhouse tomato industry may become
less viable. Growers will continue to seek
the lowest cost production regions and form
marketing alliances to build year round
supply. Greater competition means that
new entrants have less room for error; the
learning curve is shorter than in the 1990s,
when the industry was in its infancy and
average prices were higher. The greatest
source of uncertainty for the future of the
North  American  greenhouse  tomato
industry will be the changing structure of
the Mexican industry, which is still seeking
out the best locations, technology packages,
and management practices. U.S. and
Canadian growers will be following
developments in Mexico closely when
making their future investment and
marketing decisions.

This article is drawn from . ..

Greenhouse Tomatoes Change the Dynamics of the
North American Fresh Tomato Industry, by Roberta
Cook & Linda Calvin, ERR-2, USDA/ERS, Apr. 2005,
available at: www.ers.usda.gov/publications/err2/



Statewide Fresh Market Tomato Variety Field Evaluations for 2005
Scott Stoddard, Michelle Le Strange, Bob Mullen (Emeritus) and Jan Mickler, UCCE
Farm Advisors, Merced & Madera, Tulare & Kings, San Joaquin, and Stanislaus Counties

Introduction

UCCE conducts fresh market tomato variety trials in three
areas in the San Joaquin Valley to evaluate the performance
of new varieties and breeding lies from commercial plant
breeders for the mature green market. These variety trials
evaluate and compare fruit quality characteristics and yield
in commercial production fields with different types of soil,
management, and growing conditions.  This market
includes both round and “roma” type tomatoes.

Procedure

Trials are laid out as randomized complete block designs
with 4 replications (observation lines are not replicated but
are planted adjacent to the replicated plots). Plots are
transplanted and managed concurrently as the commercial
field in which they are located. Harvest is done by hand at
the same time as the rest of the field, picking from a 10 foot
section from the center of the plot. At harvest, fruit are
sorted by culls, color, and size. Small fruit (2 — 2.25”) are
picked but are not included in the total market yield.

Results

Replicated Lines: Results for marketable yield and
fruit size for Fresno, Merced, and San Joaquin Counties are
shown in Figure 1. Shady Lady and Quali T-21 are the
standards to which the other varieties are compared. In
Fresno, BHN 580 was the clear standout with regard to
yield, with a mean yield over 2400 boxes/A. This was
largely a result of an over-production of jumbo sized fruit.

Merced also had a clear winner with AT-37, at over 2500
boxes per acre. Overall, the production of XL fruit was
much lower in Merced compared to the other locations.

There was no variety in San Joaquin County that was so
markedly higher yielding than the rest. AT-37, Q-21,
Catalyst, and RFT 500-311 all yielded similar to each other
at around 2000 boxes per acre.

The LSD’s for Fresno, Merced, and San Joaquin Counties
were 211, 424, and 360 boxes per acre, respectively.
Additional information about this trial can be found in the
full report posted on the Merced County website at
http://cemerced.ucdavis.edu.

Observed Lines: The combined market yields for each
county are shown in Figure 2. Because there is no
replication in the observed lines, statistical analysis could
be performed only on the combined data set. SRT 6784 did
particularly well in Fresno, while BHN 525 and PX 2942
yielded well in Merced and San Joaquin locations.
Combining locations, no significant differences among
varieties were found for yield or size, mainly because of the
large amount of variability in the data

Romas: A replicated roma trial was conducted in San
Joaquin County. At that location, Miroma performed better
than the other lines. Contact Jan Mickler or Bob Mullen
for more information. Six roma varieties were observed in
Fresno (visit http://cetulare.ucdavis.edu/Vegetable Crops/)

Figure 1. Yield by size class for all three locations. Stacked
bars show medium fruit on top, large in middle, and extra-
large on bottom. Error bars are standard error of the mean for

each variety. Total height of the bar is the total market yield.
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Figure 2. Total market yield results. Error bars represent
one standard error of the mean. Variety yields are not
significantly different.



2005 Bell Pepper Variety Evaluation Trial
Benny Fouche and Bob Mullen (Emeritus), Farm Advisors, UCCE San Joaquin County

Now that there are a number of new pepper cultivars available to producers, information on yield and fruit quality, as well as
disease resistance or tolerance is desirable for the local industry. This year’s trial at Biglieri Farms on the Borden Ranch near
Dry Creek, east of Galt, California was transplanted on June 10™. The soil type at the trial site was a Wyman silt loam and the
trial field was alternate-row furrow-irrigated throughout the season. The resulting crop stand was excellent with vigorous early
plant growth. A very hot July and August caused some plant stress, loss of fruit set and a subsequent delay in fruit maturity.
Hand harvest of the trial was on September 10th.

The trial included fifteen replicated varieties arranged in a randomized complete block design. In addition to marketable red and
green yield figures, data on crop maturity and fruit size were taken (Table 1). Best quality fruit, including blocky shape and
good fruit color and size was led by Double Up, Encore, Mercado, Red Bell, RPP 9650, Affinity, RPP 16900, and Baron. Fruit
size for most of the lines evaluated was predominately jumbo and extra-large. Other than some fruit sunburn and blossom end
rot and some cat-faced fruit, there were no other fruit defect problems. There was virtually no worm damage in the trial and
none of the fruit had Pepper Spot (STIP).

The same varieties were evaluated in Morgan Hill by Aziz Baameur. His report is available at UCCE Santa Clara Co. website
(http.//cesantaclara.ucdavis.edu/).

Table 1. Yield, maturity, and fruit size percent for 15 bell pepper varieties — Galt, CA 2005

Marketable Total
(rgidel:_:l/ga;r:n) Crop maturity at harvest (%) Fruit size (%) yaii:g/

Variety Tons' 2

ons Boxes Red Green Culls Jumbo large Large | Med Small | Tons
Red Bell 16.0 1,281 1.5 58.5 40.0 34.2 25.9 23.6 9.9 6.4 26.8
Double Up 15.9 1,272 9.8 56.0 342 30.3 20.1 28.5 10.5 10.6 243
Encore 146 1,167 9.1 55.2 35.7 55.8 18.8 10.6 74 74 22.6
RPP16900 13.8 1,103 14.4 49.1 36.5 3.3 19.6 28.9 227 255 21.7
Mercado 13.5 1,080 4.3 57.2 38.5 66.3 17.3 9.7 29 3.8 221
RPP9650 13.4 1,074 8.4 471 44.5 64.5 21.8 10.9 1.1 1.7 23.7
RPP9661 13.4 1,071 5.3 57.3 374 53.1 14.4 8.9 9.7 13.9 21.3
Baron 13.4 1,068 12.1 48.7 39.2 4.1 27.7 327 21.7 13.8 22.1
Wizard 13.1 1,049 47 54.7 40.6 47.0 23.3 10.3 6.1 13.3 21.9
Affinity 12.7 1,016 11.3 46.0 42.7 51.0 21.9 14.8 3.6 8.7 229
Stiletto 12.1 967 34 50.2 46.4 9.5 31.7 27.2 19.1 12.5 22.1
Crusader 10.7 857 2.7 52.3 45.0 344 25.8 12.8 13.6 13.4 19.2
Excel 10.1 804 3.0 47.7 49.3 24.9 19.9 324 7.0 15.8 19.8
Jupiter 9.7 778 1.6 42.1 56.3 51.1 23.3 14.9 3.7 7.0 22.1
Escarlata 74 590 6.4 29.3 64.3 20.0 10.2 20.0 245 253 214
Average 12.7 1,012
LsD® 4.2 336
C.V. 23.3% | 23.3%

'Values represent the average of four replications
Pepper fruit sizing data: Jumbo: >8.5 oz; Extra-large: 7 — 8.5 oz; Large: 6 — 7 oz; Medium: 5.3 — 6 oz; Small: <5.3 oz
*Least significant difference at 5% significance level

Many thanks to the cooperators and to the participating seed companies for their support of this work!




Water Requirements of Irrigated Bell Peppers
Tom Trout and James Ayars, USDA/ARS, Water Management Research Laboratory, Parlier

Introduction

There has been a shift in cropping from long season high
water requirement crops (tomato, cotton) to short season
vegetable crops (lettuce, pepper, broccoli, onion) on the
west side of the San Joaquin Valley (SJV). There has also
been in a shift in irrigation systems from surface irrigation
to pressurized systems i.e. sprinkler and microirrigation.
There is very little information describing the crop water
requirements for vegetable crops grown in this region using
sprinkler and microirrigation. This is a report of the results
of a field study that determined the crop water requirements
for a bell pepper crop grown on the westside of the SIV
using drip and furrow irrigation.

Materials and Methods
Three different irrigation systems were installed at the West
Side Research and Extension Center to evaluate and
compare irrigation methods commonly used to grow
vegetable crops on the west side. These include:

1) a furrow irrigation system,

2) asurface drip irrigation system, and

3) asubsurface drip irrigation system with drip

laterals installed 12 inches deep.

Water was applied with each system at four different
irrigation levels in order to determine the application
amount needed to obtain maximum yield. Amounts of
applied water were equal to 50, 75, 100 or 125% of the
crop evapotranspiration rate determined from water use in a
well watered crop lysimeter. (Lysimeter is a device for
measuring the percolation of water through soils.)

The 12 irrigation treatments were arranged in a split-plot
experimental design with four replicate plots per treatment.
Each plot was 300 feet long and consisted of four crop beds
spaced 40 inches from center to center; outside beds served
as borders between treatments.

An irrigation control system applied all drip irrigations
automatically in response to crop lysimeter water use. The
lysimeter (which has drip tubing installed 12 inches deep)
and all drip irrigation treatments in the field were watered
after 0.08 inch of crop evapotranspiration was measured by
the lysimeter. This resulted in several applications each day
to match peak water use. Furrow irrigated plots were
watered weekly based on the accumulated water use over
the previous 7 days.

Bell peppers (var Baron) were planted on April 25, 2005 as
transplants with a planting density of 17,000 plants/ac (10-
inch in row spacing by 40-inch row spacing). Harvest was
in July and early August. Plants were grown following

normal cultural practices, which included pre-plant and
irrigation applied nutrients. Sprinkler irrigation was used
to establish seedlings.

Water applied to each treatment was recorded
automatically using electronic flow meters installed in the
irrigation manifold. Crop evapotranspiration was measured
with a lysimeter and with a Bowen Ratio system installed
in the pepper field. A second Bowen Ratio system was
installed in the grass field next to the pepper field. Crop ET
measured by the Bowen Ratio system in the peppers was
divided by the grass ET measured by the Bowen Ratio
system in the grass field to calculate daily crop coefficient
Kc values.

Peppers were harvested 3 times from a 30 foot section of
the center 2 rows of each treatment. The peppers were
sorted into green and red market peppers and culls.

Results and Discussion

The applied water for each of the treatments is summarized
in Table 1. The ET measured by the crop lysimeter was 20-
inches and the data show that the target ET levels were met
for the drip systems and approximately 5% higher in the
furrow systems.

The daily evapotranspiration for the crop and the grass
reference are plotted in Figure 1. The data show that there
was approximately 0.3-0.4 inch of water lost per day in the
grass and pepper crop during July and August with the
pepper crop ET being higher than the grass. These data
were used to calculate the bell pepper crop coefficient
shown in Figure 2. The K. in July and August was
between 1 and 1.2 for the pepper crop and was an average
across all the treatments.

The yield results for the 2005 experiment are summarized
in Table 2. The data show that the two drip treatments had
the similar yields at three of the irrigation levels. Furrow
irrigation yields were less than either of the drip treatments
at both 100% and 125% irrigation levels. At the 50% level
there was no significant difference across the system type.
Comparing the mean values of the water treatments, the
data show that the yields for the 50% treatments are less
and the mean yield for the 125% water treatment was
statistically greater than the intermediate treatments.

The water use efficiency data (Table 3) were generally
lowest for the furrow treatments and highest for the
subsurface drip treatments with the exception being the
125% treatment.




Table 1. Applied irrigation water (inches) on bell pepper irrigation trial at WSREC in 2005.

Irrigation levels
Irrigation Methods 50% ET 75% ET 100% ET 125% ET
Furrow 10.7 15.7 20.8 26.0
Surface Drip 10.0 14.9 19.9 24.7
Sub Surface Drip 9.9 14.9 19.7 24.7

Table 2. Pepper market yield (Tons/acre) at WSREC experimental sited during 2005 growing season.

Irrigation levels
Irrigation Methods 50% ET 75% ET 100% ET 125% ET Mean
Furrow 9.5 ef 11.7df 10.1 def 11.9d 10.8 b
Surface Drip 85f 11.9d 154c¢ 199 a 13.9 ab
Sub Surface Drip 10.1 def 155¢ 17.5 be 18.0 ab 153 a
Mean 94 c 13.1b 143 b 16.6 a 13.6

LSD(0.05) for irrigation methods = 3.4 T/A LSD (0.05) for irrigation levels = 2.2 T/A LSD (0.05) for interaction (M x L) =2.3 T/A

Table 3. Water use efficiency in Tons/Acre/inch of applied water

Irrigation levels
Irrigation Methods 50% ET 75% ET 100% ET 125% ET
Furrow 0.89 0.75 0.49 0.46
Surface Drip 0.85 0.80 0.77 0.81
Sub Surface Drip 0.95 1.04 0.89 0.73
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Figure 1. Daily evapotranspiration of grass (ET,) and Day of year
pepper (ET,) at the West Side Research and Extension
Center in July 1 to August 17, 2005 measured by the Figure 2. Pepper crop coefficient calculated using Bowen
Bowen Ratio technique. Ratio data from July 1 to August 17, 2005.




Pepper Virus Diseases: A Review
Steven Koike, Richard Smith, and Aziz Baameur, UCCE Farm Advisors, Monterey and Santa Clara Counties

Introduction and Significance: Pepper is susceptible to a
large number of virus pathogens. Worldwide, over 70 such
agents have been documented to some degree, and other virus-
like diseases have yet to be fully characterized. Some of these
virus diseases are economically important throughout the
world, while others are significant in only specific, limited
areas. For pepper growers in California, perhaps ten viruses
are of regular or periodic concern (see Table 1). The particular
set of viruses that might be of economic importance can
change over time. In the early to mid-1990s, cucumber
mosaic, pepper mottle, and tobacco etch viruses were perhaps
the most commonly encountered pepper virus problems. Now
in the 2000s, that situation may have changed significantly.

Symptoms and Diagnostic Features: For any particular
pepper virus, the incidence and expression of disease
symptoms will vary greatly depending on the strain and
virulence of the virus, pepper species and cultivar, age of
pepper plant when infected, means of inoculation (e.g.
whether the virus entered the plant by mechanical abrasion or
was initially in the pepper seed), vector type and strain,
population of the vector, and environmental conditions. With
few exceptions, symptoms caused by different viruses often
resemble each other, thereby making field diagnosis difficult
and ill advised. Virus disease diagnosis is further complicated
when more than one viral agent infects the pepper plant.
Clinical tests are required to positively identify viral agents in
plants.

Disease Cycle: Disease cycles of the various pepper
viruses are similar. Primary inoculum mostly comes from
infected weed hosts, volunteer Solanaceous plants, or existing
pepper plantings. However, for the few pepper seedborne
viruses, the germinating seedling or infected transplant will be
the inoculum source. Insect or nematode vectors then move
the viruses from infected plants to healthy plants. Vector
movement generally dictates pathogen distribution for most of
these diseases. Some of these pepper viruses can be readily
transmitted by mechanical means such as handling by workers
and pruning tools.

Control: Virus diseases tend to be difficult to control. The
use of resistant cultivars would be the best option for growers;
however, for the California pepper industry we do not yet have
suitably resistant peppers that have the necessary horticultural
features. Remove reservoirs of virus pathogens by controlling
weeds, volunteer peppers, and other Solanaceous volunteers
near fields. Plow under old pepper fields soon after harvest is
completed. Carefully inspect and remove any transplants that
show virus symptoms and vector activity. Crop rotation is a
good practice in general, though such rotation usually does not
assist in virus disease management unless the vectors are
soilborne nematodes. For seedborne pepper viruses, use seed
that has been tested and found to not have detectable levels of
the pathogen, or that has a pathogen level below significant
thresholds.Controlling the vector does not prevent virus

infections from taking place. However, management of insect
vectors is important and should be attempted by applying
insecticides and other insect control materials, planting crops
on reflective mulches to repel vectors, or planting crops under
netting, fabric, or plastic tunnels to exclude vectors. Soilborne
nematode vectors can be managed by using soil-applied
fumigants, rotating crops, and cultivating regularly to reduce
the growth of host weeds and volunteers.

Pepper Virus Survey: Because of severe crop losses in
2004 due to pepper viruses, we conducted field surveys in
coastal California pepper growing regions to identify pepper
virus incidence. Symptomatic pepper plants were randomly
collected from fields in the Gilroy, Hollister, and King City
areas. Various pepper types (Anaheim, ancho, bell, jalapeno)
were collected and tested using serological assays. The survey
was conducted in 2004 and 2005. Results were similar for
both years. The great majority of samples were infected by
either cucumber mosaic virus (CMV) or tomato spotted wilt
virus (TSWV). Many samples were co-infected with CMV
and TSWV. Other pepper viruses were found but were very
low in incidence and clearly were not important factors. Such
incidental finds included the following: alfalfa mosaic virus,
potato virus Y, tobacco etch virus, tobacco mosaic virus.

Summary: Pepper viruses will continue to be a long-term
concern for pepper growers. In some seasons, such as 2004,
virus diseases will cause significant crop losses. In other
seasons the viruses will be less important and disease
incidence will be low. Continued research efforts will be
warranted to further understand and define the causes of such
virus problems and to develop suitable resistant cultivars.
With the worldwide movement of plant materials, it will be
certain that sometime in the future new virus pathogens will
make their way into California. Growers, field personnel, and
extension researchers should therefore monitor pepper virus
situations and be aware of such new developments. Contact
the Farm Advisor in your region, if you see outbreaks of virus
Symptoms on peppers.

Table 1. Summary of some pepper viruses found in CA

Pathogen Acronym | Virus group :'rairr:]si?i,ssion
alfalfa mosaic virus AMV alfamovirus Aphid

cucumber mosaic virus CMV cucumovirus Aphid

pepper mottle virus PepMoV potyvirus Aphid

potato virus Y PVY potyvirus Aphid

tobacco etch virus TEV potyvirus Aphid

pepper mild mottle virus | PMMoV tobamovirus seed, mechanical
tobacco mosaic virus ™V tobamovirus seed, mechanical
tomato mosaic virus ToMV tobamovirus seed, mechanical
tomato spotted wilt virus | TSWV tospovirus Thrips

beet curly top virus BCTV geminivirus Leathopper




Tomato Spotted Wilt Virus (TSWV)
Bryce Falk and Mike Davis, Plant Pathology, UC Davis, Michelle Le Strange and Scott Stoddard, Farm Advisors

TSWYV is a relatively recent and non-uniform problem in CA
tomatoes and peppers. It is transmitted from plant to plant by
at least 10 specific thrips vectors, including the western flower
thrips (Frankliniella occidentalis), which is the most
widespread and important vector for TSWV worldwide.

The TSWV:Thrips Vector Transmission relationship is
different than most insect-transmitted plant viruses, and must
be considered for any disease control strategy. Only the 1% or
2" instar larvae (first stages after egg hatch) can acquire the
virus from infected plants and then as adults transmit the virus
to plant hosts. Adult thrips cannot acquire the virus; they can
only spread it along IF they acquired it when young. Another
fact is that the virus is not passed along from the adult to the
egg. Thus, the eggs giving rise to the young nymphs must be
on plants that are already TSWV infected. Inoculum sources
must be hosts for both the thrips vector and the TSWV.

Knowing these facts we presume that important sources of
TSWV inoculum are host plants that also support thrips
populations. Unfortunately TSWYV has one of the widest host
ranges of any plant virus, infecting at least 168 plant species in
29 families. Economic hosts include tomatoes, peppers, celery,
legumes, lettuce and many ornamentals; whereas weed hosts
include nightshade, tree tobacco and jimson weed. Research is
underway to determine the TSWV/thrips inoculum sources in
some areas of the SJV. Please call a farm advisor, if you see
significant incidence of this disease this season.

Symptoms of the disease vary, but young leaves tend to turn
bronze, develop necrotic spots and streaks, and eventually,
young shoots dieback and entire parts of the plant collapse and
seem to wilt. One of the most diagnostic characteristics is the
development of chlorotic or yellow ringspots on fruit; these
rings are most obvious on red fruit, but also occur on green.

Pepper Stip
Joe Nusiez, UCCE Farm Advisor, Kern County

What is Stip?

Pepper stip, or color spotting, has become a serious problem
for many bell pepper growers the past few seasons. There has
been a lot of confusion as to what stip is and what it looks like.
Pepper stip causes greenish-brown spots that are about 1/4
inch in diameter, slightly sunken below the surface on the
fruit. They are most commonly seen on the mature red fruit
but occasionally occur on green fruit as well. The spots
appear just as the fruit begins to turn red.

Here in the southern San Joaquin Valley, stip has been
prevalent on hybrid elongated red bell types or the so called
“Maccabi” types. It also seemed to occur in early summer
after a warm spring. This is contradictory to the report of stip
in other pepper growing regions of the state. Along the coast
and in Northern California, pepper stip is described as
occurring after a cool period during the short days of fall on
blocky open pollinated green bell types. Stip is apparently a
mysterious disease of which very little is known.

Some things can be said about pepper stip. It is a physiological
disorder that seems to be dependent on the environment for it
to occur. Here the warm spring weather may have triggered it;
in other parts of the state short, cool days are required before
stip appears. It also appears to be a calcium imbalance,
similar to blossom end rot. However, some reports say it is
due to lack of calcium in the fruit while others report too much
calcium in the fruit. There is also a difference in varietal
susceptibility. In the southern San Joaquin Valley and in the
southern deserts we know that the elongated Maccabi types
are very susceptible to stip while blocky types are resistant.
Other parts of the state report that it is on the blocky types that
stip is found.

Earlier trials

Stip research trials conducted in San Benito and San Joaquin
Counties by Farm Advisors Richard Smith and Bob Mullen, in
1998 showed some interesting results. They learned two
important things that may be beneficial to pepper growers
here. First, that there are differences in susceptibility to stip
between varieties and secondly that the incidence of stip could
be reduced in the most susceptible varieties with calcium
applications.

A variety trial evaluating open pollinated varieties for
tolerance to pepper stip was conducted in San Benito County.
The cultivar Gusto was nearly completely resistant and it was
followed by varieties that were intermediated in susceptibility
to pepper stip: Taurus and Cal Wonder 300. The remainder of
the varieties tested (Yolo Wonder A and B, Jupiter, Keystone
Resistant Giant, Grande Rio 66, Mercury, Pimlico, Loribelle,
Capistrano, Merced, Emerald Giant, D-93, and Pip) were
susceptible to stip. Foliar calcium applications beginning at
first flower and continuing weekly until fruit began to turn red
did not affect the incidence of pepper stip in San Benito
County. However foliar applications did reduce the incidence
of pepper stip in San Joaquin County. Five applications of
foliar calcium at 0.5 gallon per acre of Cal Max reduced the
incidence of pepper stip on Grande Rio and Yolo A by 85 and
60%, respectively.

Because so little is known about stip it is difficult to make
management recommendations. Right now the only
recommendations can be made are to plant varieties that are
less susceptible to the disorder and maintain adequate but not
excessive amounts of calcium.




Beware of Psyllids:

Tomatoes, Peppers, Eggplant, & Potatoes at Risk
John Trumble, Entomologist, UC Riverside and Eric T. Natwick, UCCE Farm Advisor, Imperial County

The tomato psyllid, Paratrioza cockerelli, also known as the potato psyllid has been showing up in pepper fields throughout |
southern California. PCAs and growers should be aware that nymphs have been found infesting peppers and other crops in the |
family: Solanaceae, such as tomato, potato and eggplant are at risk of becoming infested.

Tomato psyllids resemble tiny cicadas with clear wings that rest roof-like over the back and are about 2 mm long. Adults are |
mostly dark brown or black with white markings and they jump when disturbed. Psyllids are related to whiteflies, aphids and |
leathoppers. Eggs are deposited on the underside of the leaf along the edge and in the upper plant canopy. They are football- |
shaped and very small, a 10X hand lens is required to see them, and on a short stalk. Psyllid nymphs are flat, shades of light |
green to greenish-yellow, and fringed with short spines around the edge. They resemble immature soft scale, but unlike insects, |
they move when disturbed. The nymphs develop through five instars in as little as two weeks.

Damage is caused only by psyllid nymphs. They inject a salivary toxin that causes a plant response known as psyllid |
yellows. Symptoms include yellowing and an upward curling of leaflets nearest the stem on the top part of the plant. However, |
yellowing is the most common symptom, initially found on the leaf edges. Other symptoms include an overall yellowing with |
enlarged nodes, shortened internodes, and development of clusters of small leaves in the axillary buds that appear rosetted. If the |
nymphs are removed from the plant, the progression of the disease will stop.

There are no specific treatment thresholds established for tomato psyllids on tomatoes or peppers. Insecticides used for aphid
control, such as pyrethroids, and Provado, also control psyllids.

Stink Bug Research in Tomatoes
Frank Zalom and Corin Peas, Dept of Entomology, UC Davis

CONSERVATION BIOLOGICAL CONTROL A field, and placed individually into small perforated zip lock
study was conducted to assess feasibility of enhancing bags. The bags were kept at room temperature and observed
biological control of stink bugs by introduction and for parasitism. Once signs of parasitism (black eggs) were
management of a nectar resource for parasitoids. Three sites observed parasitized egg masses were transferred to individual
were identified in March, 2003, on fresh market tomato farms glass scintillation vials with a ventilated cap and held for
that had a history of stink bug problems. Each site was parasitoid emergence.

planted with mixed heirloom tomato varieties and managed

organically. Buckwheat, the nectar source we had intended to Parasitism of consperse stink bug egg masses was observed in
use, was broadcast seeded during the week of April 18-25 at all treatment and control replicates (Table 1). Average
the row ends of treatment plots, but two sites on silty soil parasitism rates ranged from approximately 4% to 50%.
failed to establish. Because of the time needed to re-establish Significant differences in parasitism were detected in 2 of
buckwheat at other sites or to re-seed buckwheat at the two three sample periods. ~Sentinel egg mass parasitism was
sites which failed to establish, alyssum was substituted. significantly higher (p < 0.05) 1ft from alyssum borders than
Alyssum had been studied previously with respect to its ability Ift from the control in the second and third sample periods
to provide a nectar source for biological control agents in (Jul 31-Aug 6, Sept 5-12). Parasitism was also significantly
other crops. One alyssum and one control plot were randomly higher (p < 0.05) 20 ft from alyssum borders than in the
placed along each selected border. Alyssum was transplanted control. No significant differences in parasitism were detected
at all three sites on May 20 and 21. Five alyssum plants further than 20 ft from the border and during the first sample
spaced at 6 inches were planted on the row end of 15 rows in period. However, all dates and distances with the exception of
each treatment plot. two showed higher mean parasitism adjacent to alyssum than

in the control, although not significant (p >0.05).
Sentinel egg masses were used to evaluate stink bug egg

parasitism in treatment and control plots. The egg masses This study shows promise for the use of in-field nectar sources
were from colonies established from stink bug adults captured for the enhancement of stink bug egg parasitoids. We suspect
in tomato fields earlier in the season. Paper towels within that actual parasitism could be even higher than we measured
each colony served as an oviposition substrate. On July 3 and due to the artificial nature of our egg placement and other
July 31, 8 sentinel egg masses were placed at 0, 20 and 50 feet factors, and the affect of the nectar source in enhancing other
from the alyssum and control borders of each study field. On parasitoids and generalist predators. However, the effect of
Sept 5, 10 egg masses were deployed at each distance. The field scale application of this technique on actual parasitism,
egg masses were retrieved a week after they were placed in the fruit quality and other insects is not known.
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Table 1. Stink bug egg parasitism measured by sentinel
masses placed in fresh market tomatoes at 3 distances
from borders during 3 sampling periods, 2003.

*Significantly different from control by t-test

PERCENT (%) of eggs parasitized

Dist. July 3-9 July 31 - Aug 6 Sept 5-12
Treatment Ft % SE % SE % SE
Alyssum 1 14 * 57533 * 20*|433 + 35*
Control 1 76 ¥ 76456 * 20 | 217 + 70
Alyssum 20 99 * 16(391 * 66 |498 + 82*
Control 20 41 * 21464 * 44 |177 £ 18
Alyssum 50 43 * 37 (492 * 26 |275 =+ 75
Control 50 48 * 48288 * 119|225 + 95
Alyssum Al 85 ¥ 19 |472 * 32 |402 + 56
Control All 55 *¥ 290402 * 45 207 + 6.0

CULTURAL CONTROL RESEARCH

A study was conducted to assess the role of springtime weeds
which host stink bugs on the stink bug densities later observed
in adjacent tomato fields. Eight processing tomato fields that
were scouted during March and April, 2003, were selected for
this study. Each field had one adjacent border area that was
comprised of greater than 50% weedy hosts (cheeseweed, wild
radish and mustard) of stink bugs and an opposing border
where the weeds had been controlled early in the spring.

Each border replicate was sampled using tray shake samples to
determine stink bug densities in July and again in August or
early September.  Fruit damage estimates were made
following the second sampling date. Five tray shake samples
were taken at 8 monitoring sites along both treatment borders
of each field. These in-field monitoring sites were within 60
feet (12 rows) of both opposing field margins, and nearer to
the center of the border to avoid edge effects from other
borders. At harvest, 200 fruit were sampled from each border
area, and individual fruit scored for fruit damage by stink
bugs. The 200 fruit were a composite of 25 fruit collected at
each in-field monitoring site where the stink bugs were also
sampled. Treatments were analyzed by one-way ANOV of
treatments using each field as a replicate.

Stink bugs were detected in all 8 fields and fruit damage in the
border areas sampled ranged from 9.5% to 67% (Table 2).
The majority (81%) of the stink bugs found at all sites were
the consperse stink bug. Most of the others captured were the
red shouldered stink bug, Thyanta pallidovirens, however the
data presented here is solely for the consperse stink bug. Four
of the fields were treated with insecticides for stink bugs
between the first and second sampling periods and these are
noted in Table 2. Stink bugs were significantly higher (p <
0.05) in tomatoes adjacent to weedy host borders than in
tomatoes adjacent to a non-host borders during the first sample
period (Table 3). Average number of bugs per tray shake
during the second sampling period and percent damage were
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higher in the host border treatment than in the non-host border
treatment, but the differences were not significant (p>0.05).
The results of this study demonstrate the importance of spring
weed hosts nearby tomato fields to the incidence of stink bugs
in tomatoes. Stink bugs were not precluded from colonizing
tomatoes near borders without weed hosts, yet the tomatoes
adjacent to these borders had lower incidence early season. It
seems clear that control of weeds nearby future tomato fields
and on a greater landscape scale can be expected to reduce
damaging populations in tomatoes. These weed hosts must be
removed prior to tomato seedling establishment or
transplanting of the fields. The results of this study suggests
that management of weed hosts that may function as a trap
crop for stink bugs could be beneficial for growers. However,
there are certainly confounding factors that could play a role
in the success of such an approach. Location of additional
overwintering habitat outside of the immediate field borders
that is beyond the grower's control, such as riparian areas and
orchard floor vegetation, may also play a role.

Table 2. Number of stink bugs per tray shake and
percent stink bug damage at field borders in relation to
availability of an adjacent host.

# of bugs/ shake
%
Field Treat. July Aug/Sept damage |
7 Host 0.075 0.225 38.0
7 No host 0 0.100 25.5
11A Host 0.075 1.950 58.5
11A No host 0.025 0.875 51.5
1A Host 0.150 0.100* 61.0
1A No host 0.025 0.050* 40.5
1B Host 0.050 0 * 32.5
1B No host 0 0 * 23.5
B14 Host 0.200 0.025* 36.0
B14 No host 0.025 0 * 42.6
B2 Host 0.025 0.025* 455
B2 No host 0 0.125* 67.0
LT Host 0.500 0.900 62.0
LT No host 0.075 1.075 56.0
R1 Host 0.350 0.600 38.0
R1 No host 0.025 0.025 9.5
* fields treated with insecticide for stink bugs

Table 3. ANOV statistics for stink bugs per tray shake
and percent stink bug damage at field borders in relation
to availability of an adjacent host.

Treatment df F= p=
Host vs Non Host (1* Sample Period) 1,14 6.84 0.02
Host vs Non Host (2" Sample Period) 1,14 0.48 0.50
Host vs Non Host (% Fruit Damage)* 1,14 0.67 0.43




CHEMICAL CONTROL STUDIES

For the past several years, we have been evaluating
alternative pesticides which could serve as a replacement for
the organophosphates methamidophos (Monitor) and
dimethoate for control of stink bugs. Insecticides tested
include pyrethroids, neonicotinoids, insect growth regulators,
and various tank mixes of products.

FIELD PLOTS

Stink bug populations were established in the tomato plots by
artificial infestation using methods we developed for several
years. The source of the stink bugs was a colony we
established in spring from adults collected at several sites. For
our field infestation, egg masses from the colony were
collected during a 4 day period and taken to the field where
the paper towel strips containing the egg masses were attached
to the undersides of leaves within the plant canopy. One egg
mass was placed for each 10 foot length of tomato row in the
experimental planting between July 22 and July 25 which
approximated the predicted harvest date for stink bugs in the
Davis area using the degree-day phenology model developed
by Cullen and Zalom. The model can be found at UCIPM
(http://www.ipm.ucdavis.edu).

The insecticides tested were applied on July 12 (Fulfill and
Platinum, only) or August 1. All treatments but Platinum
were applied using an Echo Duster/Mister air assist sprayer at
a volume equivalent to 50 gal/acre. Platinum was applied by
spraying the product on the soil at the base of each plant in
4.25 oz. of water per plant using a Hudson pump sprayer. The
plots were furrow irrigated the day after the soil application
was made. Treatments were assigned to plots in a completely
randomized design, with three replicates per treatment and six
replicates of the untreated control. Stink bug treatment
efficacy was evaluated by shake sampling and determining

damage at harvest. Five shake samples were taken from each
replicate on August 11, ten days following the application of
most treatments. Fruit damage was evaluated on September
10, by scoring 100 red fruit that were randomly sampled from
each replicate for stink bug feeding. One of the 6 untreated
plots could not be evaluated because damage and secondary
fungal infections were so high that only a few of the fruit
maintained sufficient integrity to allow scoring to proceed.

RESULTS

Differences between treatments were confirmed by 1-way
ANOV for both number of stink bugs per tray shake sample
and damage at harvest (Table 4). Significant treatment
differences in number of stink bugs per tray shake relative to
the untreated control were found for Dibrom, Warrior +
Actara, Warrior + Platinum, F1785 (flonicamid, an
unregistered product from FMC), MustangMax + F1785,
Warrior + Assail, Lannate + Danitol, and Knack + Danitol.
Significant treatment differences in damage at harvest relative
to the untreated control were found for Warrior + Actara,
MustangMax, MustangMax + F1785, Warrior + Assail, and
Lannate + Danitol. That the combination of Lannate and
Danitol was significant is interesting given that in field tests in
1986 and 1987 we showed that the combination of Lannate
and Asana (a pyrethroid as is Danitol) also provided
significant control of stink bugs. In those trials, neither
Lannate nor Asana provided significant control of stink bugs
when applied alone.

SUMMARY

These results confirm for the most part our previous
observations that combinations of certain pyrethroid
insecticides such as Warrior with a neonicotinoid pesticide
afford better control of stink bug than do other alternatives.

Table 4. Number of stink bugs per 5 tray shake

samples on August 11, percent damage at harvest
(September 10) UC Davis, 2003.

de IPH Project

J
o003, LAFVRPIITY S CANME RIS

Treatments applied on August 1, except as indicated.
1-way ANOV results:
F=1.719, df=21,38, p=0.0327 for tray shake samples;
F=2.150, df=18,40, p=0.0220 for damage at harvest.

! Application date for this product: July 12.

Not registered for use on tomatoes.

*Formulated rate/acre

**Means are significantly different (p<0.05)

from untreated by t-test following log(x+1) transformation

No. of bugs % Damage
Treatment Rate (a.i./ac) 5 tras);ls il akes at h;;;zest
Untreated NA 23 +0.6 73 + 9
Dibrom 8 1 pt* 09 +0.2* 57 + 9
Fulfill' 2.75 oz* 1.4 +04 70 + 16
Activol 3.00% 21 +05 65 + 26
Warrior 3.84 oz* 1.7 +06 52 + 5
Actara 4.0 oz* 1.3 +04 66 + 18
Warrior + Actara 3.84 oz* + 4.0 oz* 1.0 +04* 30 + 18*
Platinum' 8.0 oz* 12 +04 69 + 13
Warrior + Platinum' 3.84 oz* + 8.0 oz* 0.5 +0.2* 49 + 23
MustangMAX (L) 0.018 Ib 1.6 +0.9 51 + 22
MustangMAX (H) 0.025 Ib 1.5 +0.5 46 +19**
F1785 (L)* 0.054 Ib 0.8 +0.3* 62 + 21
F1785 (H)? 0.071 Ib 1.2 +0.3 58 +18
MustangMAX (H) + F1785 (H)>  0.025 Ib + 0.071 |b 0.6 +0.3* 35 + 06**
Assail 70WP 2.39 oz* 1.8 +0.5 65 + 23
Warrior + Assail 3.84 oz* + 2.39 oz* 0.7 +04* 31 + 09*
Dimethoate 4EC 1.5 pts* 1.8 +04 76 + 11
Lannate + Danitol 091b+0.21b 0.0 +0.0* 36 + 04*
Knack 0.86 EC + Danitol 0.0541b+0.2 b 0.6 +0.2* 48 + 28
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Root-knot Nematode Resistant Tomatoes not always Resistant.
Antoon Ploeg, Nematology Specialist, UC Riverside

Root-knot nematodes (Meloidogyne species) are the most
important nematode parasites of tomato, and although a
large number of root-knot nematode species exist, only a
few species are important. Warm-loving species such as M.
incognita and M. javanica are usually found in greenhouse
production in Northern California and in the field in
Central and Southern California. Another common species,
M. hapla, prefers cooler conditions and is more widely
distributed in the Northern part of the state.

Nematodes multiply rapidly on their hosts when
temperatures are favorable, and populations can increase
from hardly detectable to very high levels (>10,000 per pint
of soil) within one growing season. The nematodes are
closely associated with the host roots, which they modify to
produce typical galling. The developing nematodes initially
occur within these galls, but later deposit numerous egg
masses, containing up to 400 eggs, that are “glued” to the
outside of the roots.

Nematodes take nutrients away from the plant, and the
damaged roots become an easier target for infection by
fungal and bacterial pathogens. In other crops (e.g. melon)
it has been shown that nematode infection in the early
stages of plant growth is particularly damaging, whereas
established healthy plants can tolerate a certain level of
nematode infection without plant growth becoming
affected. However, even plants that initially escape
nematode infection and show no obvious above-ground
symptoms may still exhibit severe galling and harbor large
nematode numbers at harvest time.

The use of fumigant nematicides has long been an
important tool in nematode management, but fewer
products are available, and costs may be prohibitive.
Alternatively, nematode-resistant cultivars can be grown
and fortunately, tomato is one of a few crops where
nematode-resistant varieties are available.

Nematode resistance: In all nematode-resistant tomato

varieties the resistance is based on one gene (Mi-gene). As

a management strategy the use of nematode-resistant

varieties has several advantages:

e it requires no major changes in farming practices,

e it reduces the need for chemical control,

e itis reliable, and

e it has a positive effect on a following nematode-
susceptible crop because it lowers the nematode
populations.

There are however a few drawbacks:
1) Although nematode-resistant tomato varieties are
resistant to three very important warm-climate root-
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knot nematode species (M. javanica, M. incognita, M.
arenaria), they are not resistant to M. hapla.

2) Resistance is specifically against root-knot nematodes,
and not against other types of nematodes.

3) Resistance breaks down when soil temperatures reach
82°F, and thus may not be useful in hot desert-type
conditions.

4) There are a limited number of resistant varieties, and
thus for certain desired tomato types resistant varieties
may not be available.

Grafting tomatoes? To circumvent this last limitation,
susceptible tomato with the desired fruit type can be grafted
onto nematode-resistant rootstocks. This practice is very
common in high value greenhouse tomato production in
Asian and European countries. Recently we studied the
effect of grafting on fruit production and nematode
population levels using a California root-knot nematode
population (M. incognita), greenhouse tomato variety Blitz,
and nematode-resistant rootstock variety Beaufort. As
expected, on the non-grafted susceptible controls, fruit
yields decreased, galling increased, and nematode
populations were higher at harvest as nematode inoculum
levels increased. The grafted tomatoes did not exhibit yield
loss, even at high inoculum levels, but surprisingly, root
galling and nematode levels were only slightly lower than
on the susceptible controls. Soil temperature had remained
below the critical level of 82F, the Mi-gene was present in
the rootstocks, and the root-knot nematodes had not
previously been exposed to resistant tomato. Therefore,
high-temperature resistance breaking, a seed mix-up (the
rootstock did not really contain the resistance gene), or the
use of a highly virulent resistance-breaking population as
reasons for the unexpected results were excluded.

In a second experiment, another nematode-resistant tomato
variety (Hypeel45) was included as a rootstock, as well as
another root-knot nematode population. Results from this
experiment showed that both resistant rootstocks prevented
yield loss at increasing inoculum densities, but that
rootstock Beaufort again showed severe galling and
allowed nematode multiplication. Rootstock Hypeel45
however only had very minor galling and only few
nematodes were recovered from this rootstock, even at very
high nematode inoculum densities.

Summary: We conclude that one of the “resistant”
rootstocks (Beaufort) was tolerant rather than resistant,
leaving a high nematode population behind at harvest. This
may have important consequences for the performance of a
following susceptible crop. At this moment we do not have
an explanation for the difference in galling and nematode
levels between the two “resistant” rootstocks both
containing the nematode resistance Mi-gene.



U.S. Per Capita Utilization of Fresh Bell Peppers and Tomatoes, 1985-2003
(with and without U.S. Greenhouse tomato production added to field grown as of 1998)

—&— Bell Peppers, Excl. US GH Production
B Tomatoes, Incl. US GH Production
Tomatoes, Excl. US GH Production

Source USDA/ERS July 2004, Vegetable Yearbook
Roberta Cook and Linda Calvin estimated 98-03 tomato consumption to reflect unaccounted for Greenhouse tomato production.

Trials with Preemergence Herbicides in Transplanted Bell Peppers
Richard Smith and Michelle Le Strange, UCCE Farm Advisors, Monterey and Tulare & Kings Counties

INTRODUCTION

Peppers are long-season vegetables that have several weed
control challenges: They compete weakly with weeds for the
first 40 to 60 days following transplanting. They are a long-
season crop in many production districts that can be subject to
flushes of both winter and summer weeds over the course of
their growing cycle.

The preemergence herbicides registered for peppers have gaps
in the spectrum of weeds that they control. As a result,
growers may spend from $200 to $350/acre on weed
management. Field selection, field sanitation, cultivation and
the use of plastic mulches are cultural practices that reduce
weed pressure in production fields. Fumigation provides
substantial weed control and is frequently used in conjunction
with plastic mulches which improves the level of weed control
provided by both techniques.

Goal Tender was registered in California in 2004 for use with
plastic mulch and provides control of Little Mallow (Malva
parviflora) which is only partially controlled by fumigants and
other preemergence herbicides registered for use on peppers.
However, many acres of peppers are not grown with plastic
mulch, and weed control is a challenge. Devrinol, Prefar and
Treflan are registered preemergence herbicides in peppers.
Dual Magnum is registered under a 24C and provides good
control of hairy nightshade (Solanum sarrachoides) and
yellow nutsedge (Cyperus esculentus) which are not controlled
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by the other preemergence materials. Late season weed control
is also an important issue in this crop.

The objective of these studies was to examine at transplant
and layby herbicide combinations for peppers that can provide
long-term and economical weed control for peppers grown
without plastic mulch. The herbicides tested included: Dual
Magnum 7.62 (s-metolachlor), Goal Tender 4F (oxyfluorfen),
Outlook 6.0 (dimethenamid), flumioxazin (Chateau)
impregnated on fertilizer, and Dacthal 75W (DCPA).

METHODS

Field trials were conducted on the Central Coast (Monterey
and Santa Clara Counties) and Fresno County in 2005 to
provide an evaluation of the test herbicides over a wider range
of growing conditions and weed spectra.

Central Coast Trial: The trial was conducted with a
cooperating grower in Gilroy. Goal Tender treatments were
applied onto shaped beds two weeks prior to transplanting the
peppers on April 28. The field was transplanted on May 13.
The at-planting treatments were applied over-the-top of the
plants immediately following transplanting. Sprinkler
irrigation was started 5 hours following transplanting applying
0.38 inch of water. Layby applications were made on June 16
and the material was incorporated with the last sprinkler
irrigation before the field was switched to drip irrigation. The



plots were hand weeded on June 3 and the July 1 weed
evaluations reflect newly sprouted weeds following the layby
application. The plots were not cultivated prior to the July 1
weed evaluation. Each plot was one 40-inch bed wide by 25
feet long and replicated four times in a randomized complete
block design (RCBD). All sprayed treatments were applied to
the entire bed in 74 gallons of water per acre with two passes
of a one nozzle wand with an 8008E teejet nozzle at 30 psi.
Flumioxazin on fertilizer granules was spread by hand on the
bed top immediately following transplanting. Soil type was
Pacheco silt loam and the variety was Baron.

Fresno County Trial: The field trial was conducted on a
Panoche clay loam soil at the UC West Side Research and
Extension Center (WSREC) near Five Points. On June 7 the
bell pepper variety “Jupiter” was transplanted in single rows
into 40” beds. Within row plant spacing was 10”. Plot size was
two 40-inch beds x 70 feet of row length and replicated 4
times in a RCBD.

Preplant applications of Goal Tender were made onto shaped
beds on May 10, 28 days prior to transplanting the peppers
and incorporated with 0.50 inches of rainfall. The at-planting
treatments of Dual Magnum, Outlook and flumioxazin were
applied over the top of the plants and the field was sprinkler
irrigated applying 0.50 inches of water immediately following
transplanting. Sprinkler irrigation continued as needed for a
few weeks and then switched to furrow irrigation. On July 25
the field was machine cultivated before layby applications of
the herbicides were made as a directed spray to the base of the
plants. These applications were incorporated by sprinkler
irrigation.

All sprayed treatments were applied to the entire plot in 30
gallons of water per acre using a CO, backpack sprayer @30
psi and a 2 nozzle boom with 8003evs tips. Flumioxazin on
fertilizer granules was hand broadcast over the top of the
peppers. There were two untreated checks: one was
handweeded twice in addition to layby cultivation and the
other was allowed to grow weedy all season.

Plots were evaluated for phytotoxicity to the peppers and weed
control on July 1, July 22, and August 12. Pepper stand counts
were made on July 13. A portion of each plot (25’ row) was
hand harvested on August 23 (west bed) and on September 8
(east bed) and the yields were combined for total yield. Tables
2 & 3 list treatments and evaluations.

RESULTS AND DISCUSSION

Central Coast: Hairy Nightshade was the dominant weed at
this site. The best weed control was provided by Outlook, then
by Dual Magnum and Goal Tender on the 21 days after
treatment (DAT) (Table 1). Flumioxazin impregnated on
fertilizer provided good weed control in two treatments, but
not on one. This may be due to problems with obtaining an
even distribution of this dry granular material on the top of the
bed. Devrinol was at a distinct disadvantage at this site
because Hairy Nightshade was the main weed at this site and it
did not control it. Outlook caused stunting of the plants 21
DAT, and while the stunting was reduced 28 DAT, it was still
quite noticeable. There was no difference in the stand among
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treatments, but there were some instances of burned pepper
plants in the flumioxazin treatment, presumably where a prill
of the material lodged against the stem of a plant. All
herbicides except Devrinol reduce time to weed the plots, but
Goal and flumioxazin on fertilizer tended to take more time
than Dual Magnum and Outlook. There were no differences
in weed control among the layby applications (data not shown)
and this test did not provide a good opportunity to evaluate the
long-term weed control system for peppers. There were no
significant differences in yield among the treatments (data not
shown) which indicates that the initial phytotoxicity observed
on the Outlook treatments did not translate to reduced yield.

T X i

Fresno: June 1, 2005 - Goal Tender provided very good
weed control prior to transplanting peppers.

Fresno County: Because of excessive rainfall many weed
seeds germinated in the untreated area of the field after the
preplant treatments of Goal Tender but before the peppers
were transplanted. Goal Tender was extremely effective in
controlling all of the weeds (see photo). However, prior to
transplanting it was necessary to cultivate and reshape the
beds, thus destroying the herbicide layer and the effectiveness
of Goal Tender. Weed control ratings on July 1 and July 22 (a
few days before layby) showed how Goal Tender was no
longer effective (Table 3).

Weeds were vigorous and abundant throughout the season and
included several broadleaf species and virtually no grasses
except for occasional jungle rice (Echinochloa colonum). The
major broadleaf weeds were prostrate, tumble, and redroot
pigweeds (Amaranthus blitoides, A. albus, and A. retroflexus);
primarily black nightshade (Solanum nigrum), but also some
hairy nightshade (S. sarrachoides) and lanceleaf groundcherry
(Physalis lanceifolia); common lambsquarters (Chenopodium
album); and purslane (Portulaca oleracea).  Mustards,
shepherds-purse (Capsella bursa-pastoris) and London rocket
(Sisymbrium irio), were initially present prior to layby, but
were taken out with the layby cultivation and were not serious
competitors.  Puncturevine (Tribulus terrestris) was also
scattered throughout the experimental site but was not
included in the weed counts because its populations were too
random.

At planting applications: Although weed control was
initially excellent, Outlook really hurt the peppers with an
over the top application and many plants remained stunted for
the entire season. Pepper yields were extremely reduced. As




the season progressed weeds germinated and the small pepper
plants offered little competition. Flumioxazin provided good
weed control and only slight pepper phytotoxicity was
observed using the dry granular formulation, although some
care was given to try to keep the prills off of the pepper plants
during the broadcast application. Weed control is probably
compromised by this method of application due to the
difficulty of obtaining uniform coverage. Dual Magnum
provided the best weed control. A little damage was seen on
the peppers, but yields were not affected.

Layby applications: After layby there was not a lot of new
weeds that germinated however, weeds that were missed by
cultivations continued to grow. Dual, Outlook, and Dacthal
all provided good to excellent weed control when applied at
layby. All of the Goal Tender preplant plots and the
flumioxaxin at planting plots were improved with the layby
applications. Dual, Outlook, and flumioxazin were effective
on nightshades, and reduced pigweeds, purslane, and
lambsquarters populations to varying degrees, although none
of these products provided complete control of these weeds in
this experiment. Still a hand weeding crew would have been
able to clean up the field in a relatively short time, if the
pepper field had been treated with almost any of these
combinations.

Table 1. Central Coast Trial.

CONCLUSION

The Central Coast trial provided evidence that Goal Tender
applied to shaped beds prior to transplanting (and
subsequently not worked prior to transplanting) provided
acceptable safety to the peppers and good weed control. This
use pattern could provide an alternative “at planting”
treatment and can provide weed control for the first 30 days
following transplanting. Outlook was applied over-the-top in
both trials, but was more damaging to the peppers in the
Fresno trial. This material did not reduce yields in the Central
Coast trial and should be further examined as a pretransplant
application. Both trials showed that flumioxazin impregnated
on fertilizer has promise as a post transplant application on
peppers. The Fresno Trial showed that Dual Magnum,
Outlook and Dacthal all provided good layby weed control.
Dacthal is already registered for this use, but the Dual
Magnum label would need to be adjusted to allow this use.

In summary, these trials showed promise for developing a
weed control system to provide early and late season weed
control for peppers grown without plastic.

Post transplant evaluations

Lbs Night- Total Phyto Phyto Plants Time to weed
Code Applications aiJA Material/A shade Weeds per plot (hrs/A)
o 21 DAT 21 DAT 21 DAT 28 DAT 21 DAT 21 DAT
Dual Magnum 7.62 1.43 1.50 pts
1 Fb* Dual Magnum 7.62 143 1.50 pts 0.5 0.5 0.3 0.0 36.8 1.6
Dual Magnum 7.62 1.43 1.50 pts
2 Fb Outlook 6.0 0.60 0.80 pt 0.8 0.8 0.8 0.3 35.5 1.3
Dual Magnum 7.62 1.43 1.50 pts
3 Fb Dacthal 75W 7.00 9.3 Ibs 1.3 1.3 0.3 0.1 36.0 1.3
Goal Tender 4F' 0.50 1.00 pt
“ Fb Dual Magnum 7.62 1.43 1.50 pts 2.3 &3 0.8 0.4 35.3 3.6
Goal Tender 4F' 0.50 1.00 pt
5 Fb Outlook 6.0 0.60 0.80 pt 2.5 2.8 0.3 0.0 35.0 3.3
Goal Tender 4F' 0.50 1.00 pt
6 Fb Dacthal 75W 200 9.3 Ibs 2.3 2.3 0.5 0.0 35.8 2.8
Outlook 6.0 0.60 0.80 pt
7 Fb Dual Magnum 7.62 143 1.50 pts 0.3 0.3 1.0 1.3 34.8 1.2
Outlook 6.0 0.60 0.80 pt
8 Fb Outlook 6.0 0.60 0.80 pt 0.3 0.3 1.5 0.8 35.3 1.2
Outlook 6.0 0.60 0.80 pt
9 Fb Dacthal 75W 700 9.3 Ibs 0.5 0.5 1.3 0.8 36.5 1.1
Flumioxazin
10 impregnated on fertilizer 0.094 188 Ibs 1.0 1.3 1.3 1.0 35.0 2.2
Fb Dual Magnum 7.62 1.43 1.50 pts
Flumioxazin
1 impregnated on fertilizer 0.094 188 Ibs 1.0 1.0 1.5 1.0 355 2.2
Fb Outlook 6.0 0.60 0.80 pt
Flumioxazin
12 impregnated on fertilizer 0.094 188 Ibs 4.0 4.0 0.8 0.5 36.5 3.4
Fb Dacthal 75W 7.00 9.3 Ibs
Devrinol 1.50 3.0 Ibs
13 Fb Dacthal 75W 7.00 9.3 Ibs 11.8 12.0 0.0 0.0 35.8 8.4
14 Untreated --- - 11.8 13.3 0.0 0.0 36.3 7.7
LSD (0.05) 3.8 3.7 1.4 1.0 NS 2.5

1 — applied 16 days prior to transplanting. * Fb = Followed by
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Table 2. Fresno Trial. Weed control ratings and Weed counts

Applications Weed CONTROL Ratings * Weed Counts per plot
Preemergence Lbs a.i. Material ----- _all broadleaf weeds ----- August 12, 2005* (67 DAT) TOTAL
per
Herbicides Acre per Acre 24 DAT 45 DAT 67 DAT Pig Night Purs Lamb Brdivs

Dual Magnum 7.62 1.43 1.5 pt

1 Fb Dual Magnum 143 1.5pt 98 a 92 a 9.6 ab 10.7 0.0 6.7 2.0 19.3 ab
Dual Magnum 1.43 1.5 pt

2 Fb Outlook 0.60 75 pt 100 a 95 a 8.5 bc 15.0 0.3 3.7 3.0 220 ab
Dual Magnum 1.43 1.5 pt

3 Fb Decthal 7.00 9.51b 100 a 95 a 9.7 a 13.0 0.3 3.7 0.0 170 a
Goal Tender 4F! 0.50 1 pt

4 Fb Dual Magnum 1.43 1.5 pt 13 ¢ 40 ¢ 8.7 abc 13.7 7.0 2.3 0.7 23.7 ab
Goal Tender' 0.50 1 pt

5 Fb Outlook 0.60 75 pt 15 ¢ 6.2 b 9.3 abc 6.0 2.3 2.7 1.7 12.7 a
Goal Tender” 0.50 1 pt

6 Fb Dacthal 7.00 9.5Ib 1.0 ¢ 40 ¢ 8.8 abc 13.7 2.7 2.0 0.3 18.7 ab
Outlook 6.0 0.60 .75 pt

7 Fb Dual Magnum 1.43 1.5pt 100 a 90 a 83 ¢ 32.3 0.0 5.3 4.0 41.7 be
Outlook 0.60 .75 pt

8 Fb Outlook 0.60 75 pt 100 a 96 a 8.5 bc 21.7 0.0 3.7 5.7 31.0 ab
Outlook 0.60 .75 pt

9 Fb Dacthal 7.00 9.51b 9.7 a 95 a 70 d 37.0 1.0 9.7 8.3 56.0 ¢
Flumioxazin

10 | impregnated on fertilizer 0.094 150 Ibs 77 b 83 a 9.0 abc 15.0 0.0 3.0 4.7 227 ab

Fb Dual Magnum 1.43 1.5 pt

Flumioxazin 0.094 150 Ibs

11 Fb Outlook 0.60 75 pt 9.7 a 87 a 8.8 abc 20.7 0.0 3.3 5.0 29.0 ab
Flumioxazin 0.094 150 Ibs

12 Fb Dacthal 700 9.5 b 82 b 83 a 8.8 abc 18.3 1.3 4.7 2.0 26.3 ab

13 | Untreated - weeded 0.7 ¢ 83 a 6.7 d 32.3 19.7 3.3 1.7 57.0 ¢

14 | Untreated - weedy 1.0 ¢ 1.7 d 0.7 e 64.3 24.0 24.7 17.0 130.0 d

LSD (0.05) 1.0 1.5 1.2 20.5 4.0 5.3 6.5 24.4

1- Applied 28 days before transplanting.

* July 1=24 DAT;

July 22=45 DAT;

Aug 12=67 DAT.

Aug 12 =18 days post layby application.

Table 3. Fresno Trial. Pepper yield, Stand counts, and Phytotoxicity ratings*

Applications Lbs a.i. Material Pepper Yield Ibs/plot Peppers/plot Phytotoxicity
per Sun-
Acre per Acre Good Small __ burn Total 36 DAT 24 DAT 67 DAT*
Dual Magnum 7.62 1.43 1.5 pt
1 Fb Dual Magnum 1.43 1.5 pt 77.6 ab 18.7 159 | 1122 ab 186.0 bed 13 b 00 d
Dual Magnum 1.43 1.5 pt
2 Fb Outlook 0.60 75 pt 71.3 ab 18.4 13.9 | 103.5 ab 1845 cd 15 b 3.5 bcd
Dual Magnum 1.43 1.5 pt
3 Fb Dacthal 700 951b 61.0 ab 16.9 11.7 89.5 ab 194.5 abcd 10 b 00 «cd
Goal Tender 4F' 0.50 1 pt
4 Fb Dual Magnum 143 1.5 pt 62.6 ab 20.7 14.3 97.6 ab 186.5 bced 02 b 03 d
Goal Tender’ 0.50 1 pt
5 Fb Outlook 0.60 75 pt 916 a 12.6 1.8 | 116.0 a 196.5 abc 05 b 00 d
Goal Tender" 0.50 1 pt
6 Fb Dacthal 700 9.51b 66.0 ab 12.9 10.2 89.1 ab 200.0 ab 02 b 00 d
Outlook 6.0 0.60 .75 pt
7 Fb Dual Magnum 143 1.5pt 47.2 be 8.9 9.5 65.5 bc 190.5 abcd 37 a 6.0 ab
Outlook 0.60 .75 pt
8 Fb Outlook 0.60 75 pt 41.8 be 10.7 13.7 66.2 bc 187.0 bed 37 a 2.0 abc
Outlook 0.60 .75 pt
9 Fb Dacthal 700 951b 210 ¢ 7.1 3.7 319 ¢ 188.0 bed 52 a 65 a
Flumioxazin
10 impregnated on fertilizer 0.094 150lbs | 57.5 abc | 15.5 11.3 844 ab 182.0 «cd 10 b 1.0 cd
Fb Dual Magnum 1.43 1.5 pt
Flumioxazin 0.094 150 lbs
1 Fb Outlook 0.60 75pt 794 ab 15.4 176 | 1123 ab 194.0 abcd 05 b 05 d
Flumioxazin 0.094 150 lbs
12 Fb Dacthal 700 9.51b 65.3 ab 16.3 7.3 89.0 ab 2035 a 15 b 2.0 bcd
13 Untreated — weeded 784 ab 19.2 10.0 | 107.5 ab 1815 d 03 b 03 d
14 Untreated — weedy 209 ¢ 6.2 4.5 315 ¢ 1825 «cd 00 b 00 d
LSD (0.05) 39.8 8.8 9.1 47.4 14.6 1.9 2.8

1- Applied 28 days before transplanting.

* July 1=24 DAT;

July 13=36 DAT;

July 22=45 DAT;
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Aug 12=67 DAT. Aug 12 = 18 days post layby.




Postharvest Handling Considerations for Grape Tomatoes
Marita Cantwell, UCCE Postharvest Vegetable Specialist, Mann Laboratory, UC Davis

During 2003 and 2004 postharvest research was conducted
on grape tomatoes. These small grape-size tomatoes have
high flavor potential and are now popular among
consumers. As in other tomatoes, stage of maturity at
harvest is critical to maximize eating quality. Table 1
shows the difference in composition when the fruit were
harvested at different maturity stages (3, 4, and 5) and
ripened to full red color (table-ripe stage). Although the %
soluble solids (°Brix) differed considerably among the 3
maturity stages, the actual sugar concentrations were much
less different. As expected, sugars are correlated to %
soluble solids. The fruit harvested at higher maturity stage
had higher % titratable acidity in Test 1 but not Test 2. No
significant differences were noted in Ascorbic acid (Vit. C)
concentration among fruit ripened from different stages of
maturity. There were no significant differences at the
table-ripe stage in fruit weight, red color or firmness in
relation to the 3 stages of harvest (data not shown).

Storage temperature will be a critical factor in maintaining
the postharvest quality of fruit.  Changes in visual
appearance, color (objective color value, the lower the hue
value, the redder the fruit), firmness (the lower the value,
the softer the fruit) and % weight loss of stage 4 fruit
packaged in clamshells in relation to storage at 4
temperatures is shown in Figure 1.  As with all tomatoes,
a storage temperature of 41°F is too low as evidenced by
the lack of color development. Storing at 50°F retarded
color development. Firmness changes were similar among
the fruit stored at 41, 50 and 59°F. In other tests, we stored
fruit at 55°F and consider this the best storage temperature
(slow softening and color change but not prevent eventual
normal color development).  Shrivel and firmness loss is
closely correlated with % weight loss (data not shown).

A complete report is available at the Postharvest Website)
http://postharvest.ucdavis.edu

Table 1. Composition of table-ripe grape tomatoes (cv Amsterdam) harvested at different stages of maturity and ripened at 69°F.

Initial color % Soluble Sugars % Titratable SS:TA Vitamin C
stage solids mg/ml juice pH acidity ratio mg/100ml
Test 1
Stage 3 55 30.1 437 0.51 10.8 92.6
Stage 4 6.0 30.7 4.36 0.53 11.3 90.4
Stage 5 7.5 33.6 4.49 0.57 13.2 85.8
LSD.05 0.8 2.8 0.12 0.05 -- ns
Test 2
Stage 4 7.0 30.9 4.28 0.65 10.8 57.4
Stage 5 7.6 343 448 0.53 143 63.4
LSD.05 0.5 34 0.07 0.06 -- ns

Figure 1:
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SOURCES OF INFORMATION
PUBLICATIONS FROM UC

Many items are available at no cost from local UCCE
offices or the World Wide Web.

UC Vegetable Research & Information Center
(UC VRIC) www.vric.ucdavis.edu

UC IPM (homepage)
www.ipm.ucdavis.edu

UC Weed Research & Information Center:
(UC WRIC) www.wric.ucdavis.edu

UC Postharvest Technology:
http://postharvest.ucdavis.edu
(be sure to browse the Produce Facts)

UC Ag Economics: Cost of Production Guidelines
http://coststudies.ucdavis.edu or (530) 752-1515

UC Ag & Natural Resources Catalogue
http://anrcatalog.ucdavis.edu

IPM Tomato Manual, #3274

IPM Tomato Pest Management Guidelines #3470
Identification & Management of Complex Tomato
Diseases (available through UC VRIC)

Fresh Market Tomato Publication in CA, #8017
Processing Tomato Production in CA, #7228
Bell Pepper Production in CA, #7217

IPM Pepper Pest Management Guidelines #3460
Scheduling Irrigation: When & How Much, #3396

— TOMATOES & PEPPERS

INDUSTRY ORGANIZATIONS

California Tomato Commission
www.tomato.org
Fresh Market Tomato Industry
1625 E. Shaw Avenue, Suite 106
Fresno, CA 93710
(559) 230-0116

California Pepper Commission
531-D North Alta Avenue
Dinuba, CA 93618
(559) 591-3925

WEATHER & IRRIGATION

CIMIS - CA Irrigation Management & Info System
CA Dept Water Resources - www.cimis.water.ca.gov

GOVERNMENT

CDFA - www.cdfa.ca.gov

CDPR - www.cdpr.ca.gov
CA AG Statistics Services - http://www.nass.usda.gov/ca

Curly Top Virus Control Program - (559) 445-5472

PESTICIDE LABELS

CDMS — Ag Chemical Information Services
http://www.cdms.net/pfa/LUpdate.Msg.asp
GREENBOOK - http//www.greenbook.net/

MARKET NEWS

http://www.produceforsale.com/producemarkets.htm

Mark Your Calendars
May 21-23, 2006
Renaissance Esmeralda Resort
Palm Springs, CA

www.internationalpepper.com
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The Vegetable Notes Newsletter is
available ONLINE.

To download this or previous editions go to
UCCE Tulare County website:
http://cetulare.ucdavis.edu/Vegetable Crops/
You can also sign up to receive this newsletter online.
We welcome your comments. Send to newsletter editor:
mlestrange@ucdavis.edu

Other UCCE county websites in the SJV:

Fresno County: http://cefresno.ucdavis.edu
Kern County: http://cekern.ucdavis.edu
Kings County: http://cekings.ucdavis.edu
Merced County: http://cemerced.ucdavis.edu
San Joaquin County: http://cesanjoaquin.ucdavis.edu
Stanislaus County: http://cestanislaus.ucdavis.edu
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