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Introduction 

With a value of $643 million in 2012, carrots are among the major vegetable crops in the U.S. [1].  Fresh 

market carrots accounted for $610 million in total crop value, and carrots for the processing market 

accounted for $33 million in crop value in 2012 [1].  Carrots are one of the most popular vegetables in 

the U.S., with annual per capita consumption at 9.7 lbs. in 2012 [1].  While consumption rates have 

settled in recent years, the market was transformed in the 1990’s by the introduction of baby carrots, 

which is credited with broadening the fresh carrot market [2].  Per capita consumption reached a high of 

18.2 lbs per year in 1997 [1]. 

The U.S. is the world’s third largest producer of carrots and turnips, just behind Russia.  Both distantly 

followed China, which produced 45% of the global total in 2011 [3].  The U.S. exported $120 million 

worth of fresh market carrots and $507,000 worth of frozen carrots in 2012 [1].  Canada is the largest US 

export market for both fresh and frozen carrots with 92% of fresh carrot exports and 49% of frozen 

carrot exports in 2012 [1].  Canada also provides the largest share of fresh carrot imports, worth $30 

million in 2012, or 44% of total imports, followed by Mexico with 37% of total imports [1].  U.S. imports 

of frozen carrots were valued at $4.6 million in 2012, led by Mexico (46%), Israel (23%) and France (7%) 

[1].  

California is the leading fresh carrot producing state, with 62,000 acres planted in 2012 (86% of US total 

acres planted), and accounting for 81% of total US production [4].  Michigan and Texas are the next 

largest fresh carrot producing states, accounting for 1.8% and 1.4% of total US production, respectively 

[4].  Wisconsin is the leading producer of carrots for processing, with 4,300 acres planted in 2012 (34% 

of US total acres planted), and accounting for 37% of total US production [4].  Washington is the next 

largest producer of carrots for processing, with 3,100 acres planted in 2012 and accounting for 31% of 

total US production [4].  Minnesota and California are also leading processing carrot producing states, 

however, statistics for 2011 and 2012 for these two states are unavailable to avoid disclosing data for 

individual operations [4].  

The carrot industry in the U.S. is highly mechanized and concentrated.  Carrots for both the fresh and 

processing markets are harvested mechanically, though the varieties used for each market differ.  The 

shipping side of the fresh carrot market is highly concentrated, with the two largest California firms 

accounting for the majority of the products sold [5]. 

 

Production Areas 

California has four main production areas for carrots:  the southern San Joaquin Valley and the Cuyama 

Valley (Kern and Santa Barbara Counties);  the southern desert (Imperial and Riverside Counties);  the 

high desert (Los Angeles County);  and the central coast (Monterey County) [6].  Table 1 shows California 

carrot acreage by county in 2007.  Carrots are grown year-round in California.  In the San Joaquin and 

Cuyama Valleys, carrots are planted from December to March for harvest from May to July, and from 

July to September for harvest from November to February.  In the southern desert, they are planted 

from August to February for harvest from December to June.  In the high desert, they are planted from 

April to July for harvest from August to December.  On the central coast, they are planted from 

December to August for harvest from April to January [6]. 
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Cultural Practices 

Carrots are always direct seeded, using either raw or pelleted seed.  Seeds are most commonly sown in 

six or eight lines in beds 40 inches wide with three or four rows on each bed shoulder.  Carrots are 

usually irrigated by solid-set sprinklers.  In the Imperial Valley, carrots are germinated using solid-set 

sprinklers, then switched to furrow irrigation at the first cultivation.  A limited acreage has been 

converted to center pivot irrigation.  Results using drip irrigation have been poor [6]. 

 

Major Target Pests 

Metam sodium is commonly used in carrot production in California to control soilborne fungal diseases, 

nematodes and weeds.   

Cavity Spot 

Cavity spot is a severe disease of carrots that can result in complete crop loss [8].  Cavity spot is caused 

by the soilborne pathogens Pythium violae and P. sulcatum, which cause small, brown, water-soaked 

lesions to develop on the root surface that may enlarge and open into dry, sunken lesions as the carrot 

matures.  The fungus is more prevalent in cool soils.  Incidence is believed to be related to the number 

of overwintering spores in the soil.  All carrot varieties are susceptible to cavity spot.  Pythium sulcatum 

and P. violae also infect alfalfa, celery, blackeyed peas, wheat, cucumber, beets and other plants, 

including weeds [9].   

Root Dieback 

Root dieback may be caused by the fungi Pythium ultimum, P. irregulare, Rhizoctonia solani and 

Macrophomina spp.  The fungus kills young taproots beginning as soon as two weeks after seed 

germination, reducing root length and/or stimulating multiple root formation (forking).  Forking and 

stubbing can also be caused by hardpans, nematodes, and excessive water, among other factors.  The 

severity of the disease may depend on the density of overwintering spores or the structures that 

enclose spores in field soils, and are spread in water and soil.  Very wet soil conditions favor the disease 

[9].  Occasionally, the majority of carrots in a field are malformed and unsuitable for the fresh market 

[10]. 

Seedling Damping Off 

Damping-off disease results in the failure of seedlings to emerge, or in seedlings that fall over and die 

soon after emerging.  Damping-off can be the result of Pythium spp., Rhizoctonia solani and other 

soilborne fungal pathogens (Alternaria radicina and Alternaria dauci).  Seed treatments and soil 

fumigation to control nematodes and/or weeds can reduced damping-off pathogens [9]. 

Nematodes 

Nematodes are microscopic roundworms that live in diverse habitats.  Plant-parasitic nematodes live in 

soil and plant tissues and feed on plants by puncturing cell walls and sucking the cell contents with a 

needlelike mouthpart called a stylet.  Nearly 90 species of nematodes have been reported in association 
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with carrots.  However, root knot nematodes are the most important and are widely distributed 

throughout California.  Needle nematode is important is the Imperial Valley, whereas stubby root 

nematode is found statewide.  Both of these nematodes are migrating ectoparasites, meaning they feed 

on roots without penetrating them, and lay eggs singly in the soil [9].   

Root knot nematodes can cause substantial damage and are of major concern in California.  Their 

parasitic activity can damage the growing root tip and result in a forked, distorted, or stunted taproot.  

In addition to reduced marketability, deformed roots tend to pick up excess soil, increasing the tare 

transported to the shed.  Removal of excess soil increases cost.  Furthermore, root knot nematodes may 

cause stand and yield reduction.  Heavy infestations of stubby root and needle nematodes can produce 

similar field symptoms [9]. 

Weeds 

Carrot is a slow-growing crop that suffers severe yield loss from weed competition.  Its thin, feathery 

leaves do not shade out competing plants and its long growing season creates an opportunity for 

successive flushes of weeds throughout the growing season.  The first 4 weeks of crop growth is an 

especially critical period for weed control.  At harvest, weeds also present problems when they become 

entangled in the equipment and in the crop [9].  Nutsedges, both yellow and purple, are the worst weed 

pests in carrots [6].  Russian knapweed, field bindweed, sprangletop and some of the Russian thistle and 

common groundsel can also cause economic injury during certain conditions.  Volunteer wheat, 

potatoes, onions and alfalfa may cause trouble if not removed [20]. 

 

Fumigant Use and Restrictions 

Fumigants are commonly used in carrot production areas of California.  Table 2 shows fumigant use in 

California carrot production in 2011.  Figure 1 shows acres treated with fumigants in California carrot 

production for 2000-11.  Metam sodium is the most widely used fumigant, with over 20,000 acres 

treated in 2011, followed by 1,3-dichloropropene, which was used on 3,758 acres.  Typical metam 

sodium application is through solid-set sprinklers or by flood irrigation, although flood application is not 

common.  1,3-dichloropropene is shank injected.   

 

Alternatives to Fumigants 

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 [12]. 

In field experiments comparing pesticidal and plant growth effects of soil solarization, alone and in 

combination, with overall applications of several nematicides, significant reductions of Meloidogyne 
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incognita were observed in plots treated with solarization, 1,3-D, ethoprop, metam sodium, 

formaldehyde and by solarization-nematicide combinations.  Control of Pythium ultimum also was 

observd in all treatments.  Yield of carrot was sometimes increased by solarization and/or chemical 

treatments [13]. 

Soil solarization can temporarily reduce many soilborne diseases, including those caused by plant-

parasitic nematodes, and weeds.  In order to achieve adequate pest control, treatment must last from 4 

to 6 weeks during the hottest time of the year.  Efficacy against plant-parasitic nematodes is limited to 

the top 12 inches of the soil at most [9]. 

Flaming 

Flaming is a nonchemical option for weed control and a USDA approved organic weed removal method.  

Flame weeding is used for pre-emergent and post-emergent weeding.  A wide range of human and 

tractor powered flame-weeders.  The costs of flame weeding are directly impacted by fluctuations in the 

price of propane [14].  Carrots have a long germination period and flaming must be performed after the 

weeds have emerged but before the carrots emerge [9]. 

Crop Rotation 

A three year rotation to crops other than carrot or alfalfa is recommended for fields with a history of 

cavity spot [9].  Trials of carrots following alfalfa, barley, carrots, cotton, onions or fallow found that 

populations of Pythium spp. were greater following alfalfa and barley in one of two study years.  

Populations of R. solani were generally greater following alfalfa and cotton than other crops in both 

years.  Yields of marketable carrots were reduced following alfalfa.  The incidence of root dieback was 

generally greater following alfalfa and barley than other crops in one year and greater following alfalfa 

and cotton in the other year [10]. 

Crop rotation is usually not very effective for control of root knot nematodes because of the occurrence 

of several species and their wide host range [9]. 

Clean Fallowing 

Clean fallowing requires land to be kept out of production and weed free.  Clean fallowing is effective in 

reducing root knot nematode populations [9].  Clean fallowing may take a full year and several 

cultivations to reduce nematodes below threshold levels.   

Fungicides 

Five fungicides are available for control of cavity spot and root dieback on carrots:  mefenoxam, 

fenamidone, cyazofamid, fluopicolide and phosphorous acid.  When applied up to three times in a 

growing season, mefenoxam had been observed to result in adequate disease control.  However, 

observations of a lack of control led researchers to investigate possible causes of reduced efficacy, 

revealing that repeated applications could increase the activity of microorganisms that degrade the 

fungicide, potentially reducing its efficacy [15].  The emergence of resistant pathogen populations has 

also been observed [16]. 

Resistant Varieties 
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Scientists and seed breeders have been working for over 20 years to develop nematode-resistant carrot 

cultivars.  Nematode resistant varieties from countries such as Brazil, China and Syria have been found 

to have resistance to nematodes, but are not suitable for growing conditions in California, as they tend 

to bolt too early, producing short, fat roots, instead of the thin carrots with rounded shoulders that are 

preferred by American consumers.  While breeding efforts have made progress, researchers see a fairly 

long process to achieve resistant varieties that are well suited for production in California [17]. 

Good resistance to root knot nematode damage (forking and galling) is available in new carrot cultivars, 

however, these varieties are not yet commercially available [9]. 

Trap Cropping 

Trap cropping for nematode management has been tested periodically since the late 1800’s.  A 

susceptible host is planted and larvae of a sedentary parasitic nematode such as root-knot are induced 

to enter and establish a feeding site.  Females are unable to leave the root once they begin to mature.  

The plants are then destroyed before the life cycle is completed, trapping nematodes within the root.  

Researchers have explored the use of trap cropping in combination with other nematode control 

strategies such as fallow, herbicide treatment, tillage and/or biological nematicide (DiTera) compared to 

fumigation with 1,3-dichloropropene.  At one trial site, only the 1,3-D treatment provided statistically 

significant increases in yield over the untreated control.  At the other site, several treatments had 

statistically significant increases in yields compared to the untreated control.  The combination of DiTera 

and trap cropping resulted in statistically significant increases in weight and number of marketable 

carrots.  The wet fallow treatment in combination with DiTera produced a statistically greater yield of 

marketable carrots than the untreated.  Researchers concluded that a pre-irrigation to germinate 

weeds, followed by treatment with glyphosate or tillage two weeks after irrigation could provide a 

degree of nematode control [18]. 

 

Estimated Benefits of Soil Fumigants 

In trials of metam sodium for control of Meloidogyne incognita and M. javanica and Phythium ultimum 

and Fusarium spp. on carrot, metam sodium treatment resulted in marketable yields that were nearly 

50% higher than the untreated control [24].  We assume that on the carrot acreage currently treated 

with either metam sodium or 1,3-dichloropropene, growers would experience a 50% yield loss.  The 

total estimated benefits of soil fumigation in California carrots is almost $96 million (Table 3). 

 

 

  



7 
 

References 

1. USDA Economic Research Service, 2013, Vegetables and Pulses Yearbook Data, 

http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=1858. 

2. Lucier, Gary and Biing-Hwan Lin, 2007, Factors Affecting Carrot Consumption in the United 

States, USDA Economic Research Service, Outlook Report #VGS319-01, 

http://www.ers.usda.gov/publications/vgs-vegetables-and-pulses-outlook/vgs-

31901.aspx#.UmFRslA_uK8. 

3. Food and Agriculture Organization of the United Nations, 2013, 

http://faostat.fao.org/site/567/default.aspx#ancor. 

4. USDA NASS, 2013, Vegetables 2012 Summary, 

http://usda01.library.cornell.edu/usda/current/VegeSumm/VegeSumm-01-29-2013.pdf. 

5. Lucier, Gary and Charles Plummer, 2003, Vegetables and Melons Outlook, USDA Economic 

Research Service, Outlook Report #VGS-300, 

http://usda01.library.cornell.edu/usda/ers/VGS//2000s/2003/VGS-12-18-2003.pdf. 

6. Nunez, Joe, Tim Hartz, Trevor Suslow, Milt McGiffen, Eric T. Natwick, 2008, Carrot Production in 

California, University of California, Division of Agriculture and Natural Resources, Publication 

7226, http://anrcatalog.ucdavis.edu/pdf/7226.pdf 

7. USDA NASS, 2009, 2007 Census of Agriculture, 

http://www.agcensus.usda.gov/Publications/2007/Full_Report/. 

8. Davis, R. Michael, Joe J. Nunez, John P. Guerard, Elisabetta Vivoda, 1991, “If registered, 

fungicide could reduce cavity spot of carrots,” California Agriculture, March-April, pp. 29-30. 

9. Natwick, E.T., et al., 2013, UC IPM Pest Management Guidelines:  Carrot, University of California 

Agriculture and Natural Resources, Publication 3438, 

http://www.ipm.ucdavis.edu/PDF/PMG/pmgcarrot.pdf 

10. Davis, R.M. and J.J. Nunez, 1999, “Influence of crop rotation on the incidence of Pythium- and 

Rhizoctonia-induced carrot root dieback,” Plant Disease, vol. 82, no. 2, pp. 146-48. 

11. California Department of Pesticide Regulation, 2013, Pesticide Use Annual Summaries, 

http://www.cdpr.ca.gov/docs/pur/purmain.htm 

12. Elmore, Clyde L., James J. Stapleton, Carl E. Bell, James E. Devay, 1997, Soil Solarization:  A 

Nonpesticidal Method for Controlling Diseases, Nematodes, and Weeds, University of California 

Divisino of Agriculture and Natural Resources, Pulication 21377, 

http://vric.ucdavis.edu/pdf/soil_solarization.pdf. 

13. Stapleton, James J., Bert Lear and James E. DeVay, 1987, “Effect of combining soil solarization 

with certain nematicides on target and nontarget organisms and plant growth,” Annals of 

Applied Nematology, vol. 1, pp. 107-112. 

14. McDonald, K., 2012, “Is mechanical flame weeding for crops growing in popularity?” 

http://www.bigpictureagriculture.com/2012/12/flame-weeding-crops-growing-304.html. 

15. Farrar, James J., J. Joseph Nunez and R. Michael Davis, 2002, “Repeated soil applications of 

fungicide reduce activity against cavity spot in carrots,” California Agriculture, March-April, pp. 

76-9. 

http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=1858
http://www.ers.usda.gov/publications/vgs-vegetables-and-pulses-outlook/vgs-31901.aspx#.UmFRslA_uK8
http://www.ers.usda.gov/publications/vgs-vegetables-and-pulses-outlook/vgs-31901.aspx#.UmFRslA_uK8
http://faostat.fao.org/site/567/default.aspx#ancor
http://usda01.library.cornell.edu/usda/current/VegeSumm/VegeSumm-01-29-2013.pdf
http://usda01.library.cornell.edu/usda/ers/VGS/2000s/2003/VGS-12-18-2003.pdf
http://anrcatalog.ucdavis.edu/pdf/7226.pdf
http://www.agcensus.usda.gov/Publications/2007/Full_Report/
http://www.ipm.ucdavis.edu/PDF/PMG/pmgcarrot.pdf
http://www.cdpr.ca.gov/docs/pur/purmain.htm
http://vric.ucdavis.edu/pdf/soil_solarization.pdf
http://www.bigpictureagriculture.com/2012/12/flame-weeding-crops-growing-304.html


8 
 

16. Lu, Xiao Hong, R. Michael Davis, S. Livingston, J. Nunez, Jianjun J. Hao, 2011, “Fungicide 

Sensitivity of Pythium spp. associated with cavity spot of carrot in California and Michigan,” 

Plant Disease, vol. 96, no. 3, pp. 384-88. 

17. Lieberman, Lisa, 2012, “Carrots show promise for keeping nematodes in check,” Ag Alert, June 

20, pp. 9-10. 

18. Westerdahl, Becky B., Joe Nunez and John D. Radewald, 2008, “Trap cropping for managing 

nematodes on carrots in California,” Methyl Bromide Alternatives Outreach. 

19. Roberts, P.A., A.C. Magyarosy, W.C. Matthews, D.M. May, 1988, “Effects of metam-sodium 

applied by drip irrigation on root-knot nematodes, Pythium ultimum, and Fusarium, sp. in soil 

and on carrot and tomato roots,” Plant Disease, vol. 72, no. 3, pp. 213-217. 

20. Schramm, Bob, 2013, Schramm, Williams & Associates, Inc., personal communication. 

21. Meister, Herman S., 2004, Sample Cost to Establish and Produce Market Carrots:  Imperial 

County 2004, UC Cooperative Extension. 

22. Roberts, P.A. and J. Nunez, no date, “The potential of nematode-resistant carrots to reduce soil 

fumigation and VOC emissions,” 

http://www.cdpr.ca.gov/docs/emon/vocs/vocproj/poten_nematode_resist.pdf. 

23. Westerdahl, Becky B., 2013, “New Products for Nematode Management on Annual Crops in 

California,” Methyl Bromide Alternatives Outreach, 

http://www.mbao.org/2013/Presentations/PP%202/Westerdahl.pdf. 

24. Roberts, P.A., A.C. Magyarosy, W.C. Matthews, D.M May, 1988, “Effects of metam-sodium 

applied by drip irrigation on root-knot nematodes, Phytium ultimum, and Fusarium sp. in soil 

and on carrot and tomato roots,” Plant Disease, vol. 72, pp. 213-217. 

 

 

Cover Photos: 

Carrots infected with cavity spot, from [15];  fibrous root galling on susceptible carrot from [22];  carrots 
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Table 1.  California Carrot Acreage by County 2007 

County Acres Harvested for 
Fresh Market 

Acres Harvested for 
Processing 

Total Acres Harvested  

Imperial 11,013 1,716 12,729 

Kern 24,791 2,207 26,997 

Los Angeles 5,943  5,943 

Monterey D D 1,642 

San Luis Obispo 1,217  1,217 

State Total 51,669 4,594 56,263 

D-Withheld to avoid disclosing data for individual operations. 

Source:  [7] 

 

 

Table 2.  Fumigant Use in California Carrots 2011 

Fumigant Acres Treated Total Pounds Pounds/Acre 

1,3-Dichloropropene 3,758 400,840 107 

Chloropicrin 53 2,177 41 

Metam sodium 20,737 3,854,028 186 

Source:  [11] 

 

Table 3.  Estimated Benefits of Fumigants 

 Acres Value of Yield 
Increase Per Acre 

Cost Per Acre Total 

Carrots 24,495 $4,057 $145 $95,824,440 

Notes:  Total area fumigated with metam sodium or 1,3-dichloropropene.  Per acre value of production 

from [4].  Cost of metam sodium treatment from [21]. 
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Figure 1.  Fumigant Use in California Carrots 2000-11 

 

Source:  [11] 
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