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Introduction 

With a value of over $1.8 billion in 2012, tomatoes are the second most valuable vegetable produced in 

the U.S., after potatoes and followed closely by lettuce [1].  Fresh market tomatoes accounted for $864 

million in total crop value, and processed tomato production accounted for $1,011 million in crop value 

2012 [1].  Processed tomatoes were the second most valuable vegetable for processing in 2012 after 

potatoes, followed by sweet corn.  Fresh tomatoes were the fourth most valuable fresh market 

vegetable in 2012, after potatoes, lettuce and onions and followed by sweet corn and broccoli [1].   

Tomatoes are the second highest consumed vegetable in the U.S. after potatoes [1]. 

The U.S. is the world’s third largest tomato producer, after China and India, accounting for 8% of global 

production in 2011 [2].  The US exported $612 million worth of processed tomatoes and $152 million in 

fresh market tomatoes in 2012 [1].  Canada is the largest US export market for both fresh and processed 

tomatoes, with 74% of total fresh tomato exports and 38% of processed tomato exports, followed by 

Mexico with 21% and 12% of fresh and processed tomato exports, respectively.  Mexico provides the 

largest share of fresh market tomato imports, worth $1.8 billion in 2012 the equivalent of 84% of total 

value of imported fresh market tomatoes in 2012 [1]. 

The fresh and processed tomato industries target distinct markets and are characterized by different 

production practices and marketing schemes.  Varieties are bred specifically for either the fresh or 

processed market.  For example processing tomatoes must have a higher proportion of soluble solids 

than fresh market varieties.  Processing tomatoes are machine harvested while fresh market tomatoes 

are harvested by hand.  Most Fresh market tomatoes are sold on the open market and receive higher 

prices, although prices are more variable.  Processing tomatoes are generally grown under contract 

between the grower and the processor [6]. 

California and Florida are the leading fresh market tomato producing states, with 31,500 acres and 

30,000 acres planted respectively and each accounting for 35% of total US production in 2012 [4].  

Virginia, North Carolina and Tennessee are the next largest fresh market tomato producing states, 

accounting for 7%, 4% and 3% of total US production in 2012 respectively [4].  Florida accounts for a 

higher proportion of total value of production (31% compared to 26% for California) due higher prices 

received for winter production [4].  California dominates the processed tomato market, with 96% of 

total US production in 2012 [4].  Other states with significant processed tomato production include 

Indiana (2% of US total), Ohio and Michigan (1% each) [4].  Worth $1.3 billion in 2012, tomatoes are the 

second most valuable vegetable crop in California, following lettuce, and the tenth most valuable 

agricultural product in California overall [5]. 

In recent years, the fresh tomato market has seen the growing importance of production in protected 

culture, which refers to a range of systems from low-tech shade houses to high-tech environmentally 

controlled greenhouses.  It is estimated that in 2011, protected culture tomatoes made up 40% of the 

US fresh tomato supply [3].  Field grown fresh market tomato production in Florida and California has 

been in decline in recent years as a result of the increased competition from the protected production 

industry.  While protected agriculture fresh tomato shipments have increased in the U.S., Mexico and 
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Canada, shipments from Mexico have increased dramatically and now dominate the US market [3].  US 

fresh tomato acreage and production figures do not include production from protected agriculture 

systems [3]. 

 

California Production Areas 

Fresh market tomatoes are grown in most counties of California.  However, the top nine counties 

account for over 80% of total harvested acreage [7].  (See Table 1.)  In 2007, the counties with the most 

fresh market tomato harvested acreage were San Joaquin (23% of total), Merced (21%) and Fresno 

(15%) [7].  In the Central Valley, fields are planted from March through July for harvest from June 

through October.  In the southern coastal counties, spring production fields are planted from mid-

January to mid-March for harvest from May through July, and fall production fields are planted from 

June to early August for harvest from September through January [8]. 

Processing tomatoes are grown in the San Joaquin and Sacramento Valleys.  The counties with the most 

processing tomato harvested acreage in 2011 were Fresno (38% of state total), Yolo (14%), Kings (11%), 

San Joaquin (8%), Kern, Merced and Colusa (5% each) [5].  Significant production also comes from 

Stanislaus, Solano and Sutter Counties [5].  (See Table 2.)   Fields are planted from late January through 

early June for continuous harvest from late June into October [9]. 

 

Cultural Practices 

Due to the importance of meeting high value market windows, fresh market tomato planting is carefully 

planned.  The first step before planting it preparing the land.  Nearly all tomatoes in California are 

planted on raised beds, which facilitates cultivation and irrigation and improves drainage to minimize 

root diseases.  Land preparation is often done in the fall for spring planting in order to avoid 

complications related to the use of heavy equipment in wet spring conditions, and may involve grading, 

subsoiling to break up compacted layers, listing, final bed preparation and the use of fallow bed 

herbicide treatments [10].  About 90% of fresh market tomatoes are transplanted, which gives the 

plants a competitive advantage over weeds and reduces stand establishment problems.  Growers who 

direct seed frequently use a high seeding rate to ensure a good stand and thin several weeks after 

emergence [10]. 

Two distinct growing methods are used in California fresh market tomato production.  Pole production is 

traditionally used in Southern California coastal counties, with stakes placed between every two or three 

plants to support a lattice that the growing plants are tied to with twine.  This practice extends the 

harvest and increases yields but increases costs [8].  Bush production is common in the Central Valley, 

where determinate, bush-type, hybrid varieties are used.  Transplants are preferred due to the higher 

cost of hybrid seed, earliness and weed control advantages [10].  All fresh-market tomatoes are irrigated 

with either drip, sprinkler and/or furrow irrigation [10]. 
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Major Target Pests 

Soil fumigants are used to control a range of soilborne diseases and weeds in California fresh and 

processing tomato production.   

Fusarium Wilt 

Fusarium wilt is a fungal disease caused by Fusarium oxysporum f.sp. lycopersici.  The Fusarium wilt 

fungus infects plants through the rootlets, invading the xylem and eventually extending tthroughout the 

plant.  Individual branches and associated leaves on plants infected with Fusarium become yellow and 

wilt.  Symptoms often first appear during fruit sizing.  A dark brown vascular discoloration extends far up 

the stem, with sometimes only one branch or one side of the plant affected.  Diseased plants usually die.  

Fusarium wilt can greatly reduce yields in fields with a high incidence of Fusarium.  Fungal spores can 

overwinter and survivie many years.  The disease may be spread over long distances by movement of 

seed, transplants and soil on farm machinery.  The fungus only infects tomato, but there are three races:    

Race 1 is widespread;  Race 2 is common in the Sacramento Valley and in the northern San Joaquin 

Valley;  and Racd 3 is in the Sacramento Valley and spreading into the San Joaquin Valley [11] [12]. 

Verticillium Wilt 

Verticillium wilt is caused by the fungus Verticillium dahlia.  Older leaves on tomato plants infected with 

Verticillium appear as yellow, V-shaped areas that narrow from the market, with the leaf turning 

progressively from yellow to brown and eventually dying.  Older and lower leaves are the most affected.  

Sun-related fruit damage is increased because of the loss of foliage.  A light tan discoloration develops in 

the vascular tissue, especially near the base of the plant, extending a short distance up the plant, 

sometimes in patches.  Symptoms are most noticeable during later stages of plant development when 

fruit begin to size.  The fungus survives as microsclerotia in the soil.  Once established in a field, it 

persists indefinitely and can cause disease whenever a susceptible host is planted.  As large number of 

crops and weeds serve as hosts.  The disease is favored by cool soil and air temperatures.  Verticillium 

wilt rarely kills tomato plants, but reduces vigor and yield.  There are two races of Verticillium wilt [11] 

[12]. 

Damping-Off 

“Damping-off” is a general term for the death of seedings, either before or after emergence under damp 

conditions.  It is mainly an early season problem, causing the greatest losses in cool, wet soils.  Fungi 

that cause damping-off (Phytophthora, Pythium and Rhizoctonia spp.) occur in all soils where tomatoes 

are grown, and they infect tomatoes when the soil is wet.  Once tomato seedlings reach the 2- or 3- leaf 

stage, they are no longer susceptible to infection by Pythium or Rhizoctonia, but Phytophthora can infect 

tomato plants at any stage [11][14]. 
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Root Knot Nematode 

Plant parasitic nematodes are microscopic roundworms that feed on plant roots of most plants.  They 

live in soil or within the cortical tissues of the roots.  The extent of the damage caused by nematodes 

depends largely on the density of the nematode populations, soil conditions and variety selection.  Root 

knot nematode (Meloidogyne spp.) is the most common plant parasitic nematode worldwide and is 

most damaging in sandier soils.  Root-knot nematodes penetrate roots, causing a gall.  An adult female 

can produce hundreds to more than a thousand eggs.  The galls interfere with the flow of water and 

nutrients to the plant.  Infected plants appear less vigorous than healthy plants, may turn yellow, are 

prone to wilt in hot weather and respond poorly to fertilizer [11] [12]. 

Pythium 

Water mold (fruit rot) is caused by the fungal pathogen Pythium ultimum and other species.  Water 

soaked lesions develop on ripe fruit in contact with wet soil.  Within several days, the entire infected 

fruit turns into a water bag [11] [12]. 

Corky Root Rot  

Corky root rot is caused by the fungus Pyrenochaeta lycopersici and also infects cucurbits, peppers, 

safflower and solanaceous weeds such as nightshades.  Infected roots express extensive brown lesions.  

The tips of infected older roots are pinched off and small feeder roots may be completely decayed.  

Corky root rot causes stunting and slow growth, and may result in die back of branches on mature 

plants.  The fungus can survive for long periods as microsclerotia.  Corky root is generally a problem in 

early plantings under cool conditions [11].  Yield losses are estimated to reach 70% if not controlled.  

Although corky root can be severe in individual fields, its importance in the processing tomato industry 

is small because of its sporadic distribution.  Corky root may be a more serious problem in areas where 

there is little flexibility in planting time and less opportunity for rotation [16]. 

Weeds 

Weeds reduce yields by competing with crop plants for space, light, water and nutrients, weakening 

crop stand and reducing harvest efficiency.  In addition, some weed species can increase pest problems 

by serving as hosts for insects, diseases, or nematodes.  Weeds are most competitive if they emerge 

early in the season, from before or at planting until about 6 to 8 weeks after crop emergence (or less if 

using transplants).  After that time, tomatoes are more competitive and are usually less affected by 

weeds emerging later in the season, though late season weed control is necessary to prevent escaped 

weeds from producing seed [9] [11][12]. 

 

Fumigant Use and Restrictions 

The potential of soil fumigation to benefit California fresh market and processing tomato production 

was recognized as early at the mid-1950’s.  Experiments conducted in 1953-55 in the major tomato-
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growing areas of California, compared the fumigants D-D (1,3-dichloropropene and 1,2-

dichloropropane), formulations of ethylene dibromide, 1,2-dibromo-3-chloropropane and metam 

sodium, finding that the fumigants were about equal in effectiveness against root-knot nematode based 

on yields and root scores [17]. 

Currently, fumigants are used to varying degrees in California fresh market and processing tomato 

production.  In 2011, chloropicrin and metam sodium were each used on approximately 2% of fresh 

tomato planted acreage, followed by 1,3-D, which was used on 1% of planted acres.  For processing 

tomatoes, metam sodium is the most commonly used fumigant, used on 8% of planted acres in 2011, 

followed by 1,3-D, which was used on less than 1% of planted acres.  Table 3 shows fumigant use in 

California fresh and processing tomato production in 2011.  Figures 1 and 2 show fumigant use in 

California fresh and processing tomato production for 2000-2011. 

 

Alternatives to Fumigants 

Resistant varieties 

Tomato varieties are available with resistance to root knot nematode species M. incognita, M. javanica 

and M. arenaria, but not to M. hapla.  Rotation with resistant varieties and nonhost crops is as effective 

as fumigation [11], however, few resistant varieties are available [22].  Tomato varieties are also 

available with resistance to Fusarium wilt.  Resistant varieties are common for Race 1 and many are also 

resistant to Race 2.  A few varieties are resistant to all three.  However, resistance to Fusarium wilt can 

be overcome by root knot nematode feeding [11].  Varieties are available with resistance to Verticillium 

Race 1, but not to Race 2 [11]. 

Solarization 

Soil solarization is a nonpesticidal method of controlling soilborne pests by placing plastic sheets on 

moist soil during periods of high ambient temperature.  The plastic sheets allow the sun’s radiant energy 

to be trapped in the soil, heating the upper levels.  Solarization during the hot summer months can 

increase soil temperature to levels that kill many disease-causing organisms (pathogens), nematodes, 

and weed seed and seedlings.  Soil solarization is most effective in warm, sunny locations such as the 

Central Valley and desert valleys of California [15]. 

Biofumigation 

Most research on biofumigation has focused on using brassicaceous crops which release volatile 

compounds with pesticidal properties when the crop is shredded and incorporated into the soil.  

Biofumigation with brassicas has been shown to be suppressive to soil-borne pathogens, weeds and 

plant parasitic nematodes.  Researchers concluded that cultivation followed by soil incorporation of 

broccoli reduced root-knot nematode (M. incognita) damage to tomato in Southern California, despite a 

lack of reduction in soil population levels [22]. 
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Steam 

Steam has been used since the 1880’s to kill soilborne pests including fungi, weeds, nematodes, and 

insects [18].  Steam soil treatments that raise the temperature to 70⁰ C for 20 minutes kills most soil 

pathogens and weed propagules.  Trials have yet to be conducted for California tomato production.  

However, several years of trials in strawberry production areas of California have found that steam kills 

weed seeds and pathogens as effectively as soil fumigants, and strawberry yields are comparable to 

those achieved with fumigation [19].  Due to the very slow and energy intensive nature of traditional 

steam application methods, researchers have developed a prototype single bed automatic steam 

applicator [19].  Operations costs for this prototype have been calculated at $5500 per acre, including 

fuel, labor and machine costs [19].   

Further improvements to steam soil treatment application strategies are being pursued to increase fuel 

and labor efficiencies, including physical soil mixing to reduce treatment time, the use of exothermic 

compounds to improve pest control and the potential complementarities between steam and the use of 

biofumigants such as mustard seed meal [18][19][20].  Additional research needs have been identified 

including the design of steam generators to adopt technology that allows the use of hard or soft water, 

the design and building of a steam applicator that treats several acres per day, and the determination of 

the optimal soil depth of treatment [20].  A prototype propane-powered steam rig with downhole steam 

generation using hard or soft water that can treat 2 beds at a time at a rate of between 4 and 8 hours 

per acre is currently under development and is expected to be ready for trials in 2014.  Preliminary cost 

estimates for this type of steam treatment system indicate a per acre cost of $3700.  Further 

refinements of the steam treatment system may reduce costs even further [21]. 

 

Estimated Benefits of Soil Fumigants 

There is very little research on alternatives to fumigants for California tomato production on which to 

base estimates of the benefits of soil fumigation.  While steam may be an option for tomato growers, no 

research has been done to demonstrate efficacy against the target pests of fumigation in tomato 

production.  Rigs are still under development to increase efficiency and speed and reduce costs.  

Further, the steam rigs that are being developed are tailored for use in strawberry production.  

Therefore, we do not consider steam to be a readily available alternative for tomato growers.  While 

solarization may be an effective treatment for many target pests, the treatment period conflicts with 

the growing season for tomatoes in most areas.  Additional research would likely be needed to 

demonstrate efficacy against the range of pests that are currently controlled in tomato production with 

fumigation.  Given the lack of identified alternatives, we make a conservative estimate of the losses that 

tomato growers would sustain if fumigants were no long available, based on an estimated yield loss of 

50% for acreage that is currently fumigated.  Table 4 shows the estimated benefits of soil fumigants for 

California fresh and processing tomatoes. 
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Cover photos:  Root knot nematode and Fusarium wilt on tomato from [11]. 
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Table 1.  California Fresh Market Tomato Acreage Harvested by County 2007 

County Acres Harvested for Fresh 

Market 

Contra Costa 64 

Fresno 5,623 

Kern 1,074 

Merced 7,824 

San Benito 397 

San Diego 1,528 

San Joaquin 8,733 

Santa Barbara 322 

Solano 83 

Sonoma 162 

Stanislaus 1,303 

Ventura 1,678 

Yolo 2,416 

Total 37,776 

Source:  [7] 
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Table 2.  California Processing Tomato Production 2011 

County Acres Planted Acres Harvested Yield Per Acre (Tons) 

Colusa 12,000 12,000 44.42 

Fresno 96,000 95,000 53.61 

Kern 13,000 13,000 50.23 

Kings 29,000 28,000 51.86 

Merced 14,000 13,000 52.08 

Sacramento 2,000 2,000 46.50 

San Benito 3,000 3,000 45.67 

San Joaquin 21,000 20,000 44.35 

Solano 9,000 9,000 34.44 

Stanislaus 10,000 10,000 43.10 

Sutter 6,000 6,000 37.17 

Yolo 35,000 34,000 35.65 

Total 255,000 250,000 47.76 

Source:  [5] 
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Table 3.  Fumigant Use in California Tomato Production 2011 

Fresh Tomatoes Acres Treated Pounds Lbs/Acre 

1,3-Dichloropropene 364 26,212 72 

Chloropicrin 792 89,170 113 

Metam Sodium 746 97,505 131 

    

Processing Tomatoes Acres Treated Pounds Lbs/Acre 

1,3-Dichloropropene 1,416 172,577 122 

Metam Sodium 20,830 2,020,081 97 

Source:  [13] 

 

 

Table 4.  Estimated Benefits of Soil Fumigants in California Tomato Production 

 Acres Value of Yield 

Losses ($/acre) 

Cost Savings 

($/Acre) 

Total  

Fresh Tomatoes 1,110 $1774 $200 $1,747,140 

Processing 

Tomatoes 

22,246 $5396 $150 $116,702,510 

Totals 23,356   $118,449,650 

Notes:  Fresh tomato acreage does not include acreage treated with chloropicrin, as it is 

commonly used in combination with other fumigants, to avoid double counting. 

Costs based on 4.26 lbs ai/gallon for metam sodium and $5.10/gallon price. 

Value of yield losses based on 2011 yields and prices from [5]. 
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Figure 1.  Fumigant Use in California Fresh Market Tomatoes 2000-11 

 

Source:  [13] 

 

Figure 2.  Fumigant Use in California Processing Tomatoes 2000-11 

 

Source:  [13] 
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