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Black Rot  
Black rot of carrot is caused by the fungus Alternaria radicina, which can be present in the seeds.  

This pathogen can survive in crop debris or in soil for up to 8 years as spores (Fig. 1A).  These spores can 
be spread via water and wind.  A. radicina infects carrots at any stage of growth during periods of warm 
temperatures (>68ºF) and extended leaf wetness.  
Seedling infection results in preemergence and 
postemergence damping-off.  Older senescing 
petioles on mature plants are particularly 
susceptible to infection and provide an avenue 
for infection of the carrot crown, which appears 
as a black ring of decay where the petioles attach 
to the root (black crown).  Decay of  petioles and 
crowns can interfere with mechanical harvest.  
Carrots infected later in the growing season may 
not develop visible lesions until after harvest.  In 
storage, disease development is favored by high relative humidity (>92%) and warm storage 
temperatures.  Symptoms on stored carrots appear as dry, black, sunken lesions (Fig. 1B) which can decay 
the entire root and spread to adjacent carrots.  

In the field, black rot symptoms on the carrot crown often become apparent only after the canopy 
closes, making detection difficult and reducing the effectiveness of fungicide applications.  However, 
fungicides such as chlorothalonil, iprodione and strobilurins can be applied to reduce the damaging effect 
of A. radicina.   Carrots should be washed and culled prior to storage, with wounding and breakage kept 
to a minimum.  Maintaining proper temperature and humidity (32ºF and 95% relative humidity) in storage 
will prevent carrot deterioration and reduce the opportunity for disease spread.  A. radicina was first 
isolated on stored carrots and on field carrots in two counties in Michigan.  
 
Phytophthora Root Rot or Rubbery Brown Rot  
 Phytophthora root 
rot of carrot is caused by a 
Phytophthora sp., which 
can infect carrots in the 
field near harvest, with 
infection continuing in 
storage.  Infected portions 
of the root become dark 
brown to black, water-
soaked and rubbery in 
consistency.  Lesions may 

Fig. 2.  Phytophthora sp.: Sporangium (A), oospore (C) and infected carrot (B). 
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Fig. 1.  Spores of A. radicina (A), black rot (B).
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occur in one or more bands anywhere on the carrot root (Fig. 2).  White mycelia may be present on 
lesions, which facilitates the spread of the fungus to adjacent roots.  
 As lesions expand and age, a watery soft rot may develop allowing other organisms to invade the 
root.  Phytophthora sp. is associated with relatively wet soil conditions from excessive rain/irrigation and 
temperatures between 70-75ºF.  In Michigan, the pathogen was found in carrot samples from fields 
located in three Michigan counties in September 2005.  Still in the identification process, the 
Phytophthora sp. isolated is a soilborne, self-fertile organism that requires only one mating type to 
produce oospores which are long term survival structures (Fig 2).  Phytophthora sp. also produces 
zoospores (swimming spores) which are easily spread through water.   

Managing soil waters, maintaining adequate soil drainage and avoiding prolonged periods of 
water saturation are means of control for this pathogen.  Also, maintaining adequate storage conditions, 
temperature at 32º F and relative humidity <95%, and sanitation is crucial to the control of  Phytophthora 
sp. after harvest. 

 
Root Dieback (Pythium Brown Rot and Forking) 

Root dieback is caused by Pythium spp. and occurs wherever carrots are grown.   Root dieback of 
carrots produces excessively branched or stubbed roots. The fungus kills young tap roots after seed 
germination, reducing root length and/or stimulating forking.  Forking and stubbing occur, but these 
symptoms can also be caused by soil compaction, nematodes and excessive water.  The severity of the 
disease may be dependent on the density of Pythium spores in fields, in addition to other factors such as 
wet soil conditions and large amounts of fresh residues.  Pythium spp. produce sporangia and 
overwintering spores (oospores).  Spores and mycelia are responsible for the spread of the fungus in the 
field, which is facilitated by wet soil conditions.   Disease control can be achieved by avoiding excessive 
watering, by providing good field drainage and by planting carrots in deep, friable and well drained soils. 
Postemergent fungicides containing the active ingredient mefenoxam can be applied to control damping-
off.  Rotations with small grains may  reduce soil populations of some Pythium spp.  
 
Black Root Rot   

Black root rot of carrot is caused by Chalara elegans (Thielaviopsis basicola), a soilborne plant 
pathogenic fungus commonly found in cultivated and uncultivated soils.  The fungus infects a variety of 
crops including carrots and beans.  Generally considered a postharvest 
pathogen, C. elegans can infect seedlings and mature carrots in fields under 
high humidity and temperatures (>75ºF).  Infected carrots develop patches 
of superficial black lesions on the surface and in cracks and wounds (Fig. 3).  
Large amounts of dark thick-walled melanized spores (chlamydospores), as 
well as single-celled, rectangular-shaped spores (endoconidia) can be 
isolated from these lesions (Fig. 3).  Chlamydospores are the pathogen 
survival structures and may remain in soils for years.  Acidic soils 
containing high levels of organic matter favor high levels of C. elegans.  
Contamination of healthy roots by C. elegans occurs during mechanized 
harvest and grading.  The pathogen develops rapidly on wounded carrots 
that have been washed, graded, packed and stored at temperatures >77ºF and 
high relative humidity.  Careful harvest handling, dipping carrots in 
chlorinated, hydrocooled water and storage temperatures between 32 and 
50ºF minimize pathogen growth.  Good disease control is achieved when 
harvested carrots are dipped in solutions of potassium sorbate and propionic 
acid.  C. elegans was first isolated on carrots from Michigan fields in 2005. 
 
Crown Rot  

Crown rot of carrots is caused by Rhizoctonia solani, a soilborne fungus with a wide host range.  
The fungus infects carrot roots near maturity, but it can cause damping-off of carrot seedlings.  Found in 

Fig.3.  Chlamydospores of C. 
elegans (A) and infected 
carrot ( B). 
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many carrot production areas, crown rot is more severe on muck-grown carrots and in areas with warm 
temperatures and wet conditions, especially when these environmental conditions occur near harvest.  
Field symptoms include premature senescence and death of foliage.  On carrot roots, symptoms include 
dark brown sunken lesions or cankers near the crown or in other parts of the root.   In general, crown rot 
is a dry rot, but occasional invasion by soil bacteria and other fungi may induce soft rot.  R. solani 
overwinters in soils as mycelia on plant debris and as dark brown sclerotia that remain in soil for long 
periods.  Infection of the crown from overwintering mycelia and germinating sclerotia may occur any 
time during the growing season under high moisture and temperatures >64º F.  R.  solani can spread from 
plant to plant in closely spaced carrots when the canopy is fully formed.  Infection may continue in 
storage.  Cultural practices that reduce crown injury and enhance soil drainage and air circulation within 
the canopy are recommended.  Plant debris from previous crops should be removed before planting 
carrots, and carrots should not follow perennial crops such as alfalfa.  Rotation of fields with small grains 
may reduce inoculum levels.  The pathogen was isolated in carrot samples from three Michigan counties 
in September 2005. 
 
Fusarium Dry Rot 

Fusarium dry rot of carrot roots is caused by Fusarium spp., soilborne fungi that occur wherever 
carrots are grown.  Fusarium dry rot is commonly a carrot root disease, but the fungi can also be 
associated with seeds.  Disease is severe on carrots held in fields after maturity and it can develop in 
storage.  Fusarium spp. spores survive in soil, plant debris and crop residues and the spread of the 
pathogen occurs through mycelia and airborne spores.  Moisture, warm temperatures and wounds caused 
by equipment, insects and other fungi facilitate the growth and spread of Fusarium spp.  Symptoms of the 
disease include brown, leathery lesions, side cankers and crown decay.  In storage, rapid growth of the 
fungi is favored by free moisture and temperatures between 45 and 70ºF, and contamination of adjacent 
roots can occur quickly.  Fusarium dry rot can be reduced by avoiding wounding of carrots, providing 
adequate storage conditions (32º F and RH< 95%) and drying the carrots before storage. 
 
Sour Rot  

Sour rot of carrot is caused by the fungus, Geotrichum candidum, a common soil inhabitant that 
infects carrots through wounds.  Infection begins in the field and continues during storage.  Sour rot 
symptoms include soft, watery, colorless decay on carrot roots (Fig. 4).  Often the surface of the decayed 
area is covered with dull, white spores of the pathogen and a vinegar-like odor may develop.  In storage, 

sour rot development is enhanced when 
storage facilities are warmer than 
recommended (>32°F) and improperly 
ventilated.  In the field, control of G. 
candidum is achieved with good field drainage 
and by minimizing wounding of carrots.  In 
storage, good sanitation  (use of new or 
disinfected storage  containers), precooling 
and storing carrots at 32º F is essential.  G. 
candidum was isolated on samples from stored 
carrots in March 2005 and in a carrot field in 
September 2005 in Mason County.  

 
The diseases described are all caused by soilborne fungi with well developed means of survival in 

soils (chlamydospores, oospores, conidia). These structures allow the pathogens to remain in soils for 
many years, and fumigation of soils plays a major role in reducing pathogens inocula in soils. 
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Fig. 4.  G. candicum on stored carrots, external (A) and 
internal (B) symptoms. 



 
 
 
 
 

Seed-Borne Diseases of Carrot 
 

Lindsey J. du Toit, Washington State University - Mount Vernon NWREC, 
Email: dutoit@wsu.edu; Tel: 360-848-6140 

 
Four seed-borne pathogens are important to the carrot/carrot seed industries in the USA: 
1) Bacterial leaf blight caused by Xanthomonas campestris pv. carotae, 
2) Alternaria leaf blight caused by Alternaria dauci, 
3) Black rot caused by Alternaria radicina (formerly Stemphylium radicinum), and 
4) Cercospora leaf spot caused by Cercospora carotae. 
 
Symptoms: 

Bacterial leaf blight: Infection can occur on foliage, stems, umbels, and seed of carrot or carrot 
seed crops. Leaf symptoms start as small, irregular, chlorotic areas (particularly at the tips of leaflets 
which may curl laterally as they expand). As lesions expand they become irregular and water-soaked. 
Lesions often appear greasy green-black in color, but may become tan colored, and are surrounded by an 
irregular yellow halo. Dark brown, linear lesions form on stems and petioles. A gummy bacterial exudate 
may develop, which is characteristic of bacterial blight and differentiates bacterial blight from Cercospora 
leaf spot and Alternaria leaf blight. If flowers on a seed plant are attacked when young, entire umbels may 
be blighted. If infection occurs after umbel formation, umbels are typically partially blighted. Seed yield 
(quality and quantity) may be affected, with internal infection or surface contamination of the seed. 

Alternaria leaf blight: Symptoms develop on foliage, stems, umbels, and seed of infected carrot or 
carrot seed crops. Older foliage is more susceptible than younger foliage (unlike Cercospora leaf spot), 
and the disease is more prevalent later in the season. Carrot tops may be destroyed by Alternaria leaf 
blight, interfering with mechanical harvest as the roots remain in the ground when the harvester grips the 
tops. Early infection of seedlings can cause damping-off. Lesions generally develop along leaf margins 
and are dark brown (darker than Cercospora leaf spot) to black with a yellow border. Lesions are less 
irregular than those caused by bacterial blight, but not as circular as lesions caused by Cercospora leaf 
spot. If lesions coalesce and girdle the petiole, the leaf is killed. Spores and mycelium of the fungus may 
form as a velvety layer during cool and humid conditions. Seed yield (quality and quantity) may be 
affected, with internal infection or surface contamination of the seed. 

Black rot: Foliage, stems, umbels, seed, and roots of carrot or carrot seed plants are susceptible to 
infection. Black rot typically develops in late winter or early spring on over-wintered carrots or carrot 
seed crops. The disease may occur on stored carrots, but does not spread among carrots in storage. 
Infected seed may develop a black weft of mycelium and may decay. Infected seedlings develop 
damping-off, blackened hypocotyls, and/or deformed roots (if the end of the taproot is killed). Planting 
infected seed or planting seed into infested soil may result in pre-emergent or post-emergent damping-off. 
Seedlings develop a tan-brown to black lesion constricting the stem, which may extend onto the 
cotyledons. The most severe damage occurs on roots. Shallow, shiny, black lesions develop at the petiole 
base, spreading into the crown and down the sides of the root. Crown infection can extend into the core, 
while infection on the side of the root is shallow. Infected root tissue may be green-black from 
development of spores along the surface. Secondary lesions develop as a result of nutritional stress. In 
storage, black rot is soft and watery under high humidity, but may be a dry, mealy rot without odor. Foliar 
symptoms are typically less severe than those associated with Alternaria leaf blight, and are common on 



  

older, outer leaves. Irregular black lesions form on the edge of leaflets. Lesions on petioles may extend 
into the vascular tissue, causing chlorosis, wilting, and eventually death of leaves. Seed yield (quality and 
quantity) may be affected, with internal infection or surface contamination of the seed. 

Cercospora leaf spot: Foliage, stems, umbels, and seed of carrot or carrot seed crops may be 
infected. Younger foliage is more susceptible than older foliage, and symptoms usually develop earlier in 
the season than symptoms of Alternaria leaf blight. Lesions are most common on leaflet margins, often 
causing leaflets to curl. Lesions along the margins are elongated. Lesions within the blade are more 
circular. Lesions first appear as small, chlorotic specks that enlarge into tan spots with a dead (necrotic) 
center surrounded by a yellow halo. Lesions may develop a dark margin. Leaflets may die as lesions 
expand and coalesce. Lesions on petioles and stems are elliptical and brown with a pale center. In humid 
conditions, lesions develop a silvery/light gray appearance on the lower surface from development of 
masses of conidia. Lesions girdling the stem cause leaves to collapse and die. Infected carrot tops may 
break off when mechanical harvesters grip blighted carrots, leaving the roots in the ground. Seed yield 
(quality and quantity) may be affected, with internal infection or surface contamination of the seed. 

 
Host range: 

Xanthomonas campestris pv. carotae: Cultivated carrot is the only known host, but recent 
research suggests other members of the Apiaceae may serve as asymptomatic hosts. 

Alternaria dauci: Carrot, parsley, and various Umbelliferous weeds are hosts. 
Alternaria radicina: Carrot, celery, parsley, parsnip, and dill are known hosts. 
Cercospora carotae: Carrot and several other Daucus species are known hosts. 

 
Survival, spread, and favorable conditions for disease development:  
All four pathogens can survive on/in carrot seed and spread by movement of infested/infected seed. 

Bacterial leaf blight: X. campestris pv. carotae persists in infested carrot residues in the soil for 
up to 1 year. Bacteria are dispersed by splashing water and insects. The presence of water is necessary for 
infection to occur. The pathogen reproduces most rapidly under warm (77–86oF) and wet conditions. 
Symptoms appear 10-12 days after inoculation. The disease develops rapidly in warm and wet conditions. 

Alternaria leaf blight:  Alternaria dauci survives winters on infested residues in the soil, on carrot 
tops discarded after storage in the spring, and on related weed hosts. The fungus is dispersed by wind, 
running and splashing water, farm machinery, and workers moving through infected fields. Dispersal 
peaks in the early morning. Moisture (dew, rain, or irrigation) is essential for spore germination and 
penetration of carrot tissues. Disease development is favored around 84oF, but infection can occur at 57–
95oF. Symptoms appear 8-16 days after inoculation, with cool and humid weather most favorable for the 
disease. In contrast to Cercospora leaf spot, Alternaria leaf blight normally occurs later in the season. 

Black rot: Alternaria radicina is soilborne, but survives longer on carrot residues on the soil 
surface (at least 8 years in muck soils) than on buried residues. Although primary infections may occur on 
foliage, root infections can occur through wounded or non-wounded rootlets. Roots may also be 
contaminated from contact with infected foliage during harvest. The fungus is dispersed through 
movement of infested soil, infected roots, and in running or splashing water. Movement of infected 
stecklings may introduce inoculum into seed crops. The pathogen can tolerate temperatures from 31-93oF, 
with an optimum temperature of 84oF. Relative humidity >92% in storage promotes rapid root rot. 

Cercospora leaf spot: Cercospora carotae survives in infested carrot residues and on wild carrot 
and other related species. Conidia are dispersed by wind, splashing rain or irrigation, farm machinery, and 
workers moving through infected crops. Conidia germinate and penetrate carrot foliage over a wide range 
of temperatures and durations of leaf wetness, but disease develops rapidly at 68-86oF after 12 hours of 
leaf wetness. Symptoms appear in about 10 days, depending on weather conditions and the cultivar. 
Younger leaves are most susceptible (unlike Alternaria leaf blight), and the disease is most severe in early 
stages of plant growth. In areas of intensive carrot production, epidemics develop more rapidly on later-
seeded crops because of movement of inoculum from fields seeded earlier. 
 



  

Causal organism: 
The following brief descriptions of these carrot pathogens are for diagnostic purposes, with the aid of 
microscopes and agar media for culturing the organisms. 

Xanthomonas campestris pv. carotae: Bacterial cells are cylindrical rods (1.4–2.8 µm x 0.4–0.9 
µm) with rounded ends and a single polar flagellum (7 µm long). The bacterium is aerobic, does not form 
spores, is Gram negative, occurs singly or in pairs, and grows well on potato dextrose agar (straw-yellow 
colonies). Optimum temperature for growth is 25–30oC. 

Alternaria dauci: Conidiophores develop singly or in small groups; are straight, flexuous, or 
geniculate; olive-brown to brown; ~80 µm long and 6–10 µm thick. Conidia are usually borne singly, are 
brown, straight or curved, obclavate or rostrate, with a long beak (up to 3x the length of the spore), often 
branched or flexuous, measure 100–450 µm long x 16–25 µm thick at the widest section, and have 7-11 
transverse septa and one to a few longitudinal or oblique septa. The fungus grows well on potato dextrose 
agar and V-8 agar, particularly at 24oC for 16 hours under cool, white, fluorescent light. Alternaria 
alternata is often isolated from blighted lesions with or without A. dauci.  A. alternarta has a shorter beak 
than A. dauci, forms conidia in long chains, and is an opportunistic pathogen, unlike A. dauci. 

Alternaria radicina: The fungus grows rapidly on potato dextrose agar, producing dark brown to 
black colonies. Conidiophores are simple, straight or flexuous, usually unbranched, pale to mid-brown, 
septate, smooth, up to 200 µm long x 3–9 µm wide, with one or more conidial scars. Conidia are solitary 
or in short chains of two, or rarely three, spores. Conidia are variable in shape, often elliptical, the 
broadest end attached to the conidiophore, range from 27–57 µm long x 9–27 µm wide (broadest part), 
with 3-7 transverse septa and 1 to several longitudinal or oblique septa. Conidia of A. radicina differ from 
those of A. dauci by the absence of a long beak and their small size, and differ from A. alternata by the 
absence of chains of spores. 

Cercospora carotae: Colonies of this fungus are gray with scattered tufts of conidiophores. The 
fungus grows best on carrot-leaf infusion agar at 19–28oC, with conidia produced in 6-12 days. On leaves, 
conidiophores emerge through stomata. Conidiophores are unbranched, straight or flexuous, sometimes 
geniculate with 2 or 3 conidial scars near the tip, olive-brown, 2–3 µm thick, and not enlarged at the base. 
Conidia are borne successively at the tip as the conidiophore matures. Conidia are cylindrical, filiform, 
truncate at the base, hyaline to slightly dark, 2- to 7-celled, and 40-11 µm long x 2.2–2.5 µm wide. 
 
Management: 

Planting healthy seed or treated seed is an important first step in management of the pathogens for 
all four seedborne diseases of carrot. 

Bacterial leaf blight: Use 2- to 3-year crop rotations. Incorporate infested residues into the soil 
promptly after harvest to reduce survival of the pathogen. Overhead (sprinkler) irrigation creates 
favorable conditions for bacterial leaf blight and increases dispersal of the bacterium relative to furrow or 
drip irrigation. Under semi-arid conditions in central California, a seedborne threshold of 104 to 105 cfu/g 
seed was necessary for bacterial blight to develop, but the threshold is probably lower in more humid 
regions. Seed can be disinfested in hot water heated to 122oF for 30 minutes. Some resistance to bacterial 
leaf blight occurs in cultivars like ‘Waltham Hi-Color’ and ‘Danvers’. 

Alternaria leaf blight: Rotate out of carrots for >1 year (2-3 years). If possible, irrigate so that 
carrots are dry by nightfall. Plow under crop residues soon after harvest. Cultivars such as ‘Orlando 
Gold’, ‘Hi-Color 9’, and ‘Waltham Hi-Color’ are resistant. Spraying fungicides may be necessary if the 
disease is common. A forecast system for timing fungicide applications has been developed in Canada, 
but may not be applicable to all regions of carrot production (forecast system for muck soils in Canada is 
not applicable to carrot production in Israel). Application of gibberellic acid to carrot foliage reduced 
severity of Alternaria leaf blight, although high rates of gibberellic acid also reduced root weight and 
caused slight alteration in some root characteristics. Fungicides effective against Alternaria leaf blight 
include, for example, various copper products, chlorothalonil (e.g., Bravo Ultrex, Terranil), strobilurins 
like azoxystrobin (Quadris) and pyraclostrobin (Cabrio), and iprodione (Rovral 4F). For carrot seed crops, 



  

a single fall application and 1-2 spring applications are recommended. Hot water seed treatment (122oF 
for 20-30 minutes) can eradicate A. dauci from carrot seed. 

Black rot: If possible, rotate out of carrots for 8+ years, avoiding dill, parsley, parsnip, and celery 
during this time. Incorporate infested residues into the soil to minimize development and spread of spores. 
If possible, irrigate so carrots are dry by nightfall. Discard infected roots before storage. Storing roots 
near 32oF and 92% relative humidity minimizes development of storage rot. This is below the 
recommended humidity for optimum storage, so avoid storing infected roots for more than 3-4 months. 
Clean and disinfect storage areas and containers before re-use.  Placing seed in hot water (122oF) or hot 
sodium hypochlorite (0.1% or 1.0% at 122oF) for 30 minutes eradicates A. radicina from infested carrot 
seed with minimal reduction in germination. Fungicides effective against black rot include, for example, 
copper fungicides (e.g., Kocide, C-O-C-S), iprodione (Rovral), and fludioxonil (Maxim). Some cultivars 
are relatively resistant to black rot, e.g., Improved Half Life Chantenay and K-2043. 

Cercospora leaf spot: Rotate out of carrots for 2-3 years. Plow under crop residues soon after 
harvest. If possible, irrigate crops so foliage is dry by nightfall. Fungicides effective against Cercospora 
leaf spot include, for example, copper fungicides, chlorothalonil, and strobilurins such as azoxystrobin or 
pyraclostrobin. A forecast system has been developed for timing fungicide applications in carrot crops in 
Canada, but may not be applicable to all regions of carrot production (e.g., semi-arid conditions). For seed 
crops, a single fall application and one or two spring applications are recommended. Spartan cultivars are 
resistant to C. carotae (e.g, Delite, Delux, Fancy, Bonus, Classic, Winner, and Premium). 

 
Some additional seed-borne diseases of carrot (see Neergaard, 1979): 
Some pathogens reported to be seed-borne in carrot but currently of little economic concern:  
1) Phoma root rot - caused by Phoma rostrupii (= P. sanguinolenta), this disease was of economic 

importance in Europe in the early 1900s, when it was common to overwinter stecklings in pits for 
seed crops. The disease was a problem in seed crops in the former USSR. 

2) Sclerotia of the white mold fungus, Sclerotinia sclerotiorum, caused problems when mixed with 
carrot seed. Contamination of seed lots is no longer of concern since development of seed cleaning 
equipment that separates sclerotia from carrot seed. 

3) Drechslera sorokoniana (= Helminthosporium sativum), causal agent of foot rot or seedling blight of 
cereals, has occasionally been found in carrot seed and can be seed transmitted. 

4) Carrot red leaf virus was reported in the 1960s to be seed transmitted in carrot. 
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Aster Leafhopper Infectivity Testing Program in 2005 
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Aster yellows affects many different crops, including carrots.  Symptoms of the disease in carrots 

include distorted growth and yellowing of foliage, and “hairy” roots that have a bitter taste.  If infected 
young, plants simply die.  
 Aster yellows are spread by aster leafhoppers, a pest of many different plants.  Aster leafhoppers 
acquire aster yellows after feeding on an infected plant.  For the first several weeks thereafter, the 
pathogen multiplies in the leafhopper’s body. After this initial period the leafhopper, when feeding, is 
able to infect other plants.  A leafhopper with aster yellows remains infected for the rest of its short life.   
 Adult aster leafhoppers are not able to survive Michigan winters.  Some aster leafhoppers may 
overwinter as eggs in the Great Lakes region. Since they hatch uninfected, these “native” leafhoppers 
acquire the disease though feeding. Many more leafhoppers migrate into the area in the spring of each 
year.  Migrants may or may be infected, depending on their feeding history before migrating. Thus, the 
proportion of aster leafhoppers carrying aster yellows can vary considerably from year-to-year, location-
to-location, and over the season.   

The proportion of aster leafhoppers carrying aster yellows (% infectivity) directly affects the risk 
of disease and, thus, the threshold at which insecticide treatment is required. A formula developed by 
researchers at the University of Wisconsin is commonly used to estimate treatment threshold:   
 
 ‘Aster Yellows Index’  = (number of leafhoppers/100 sweeps) x (% infectivity) 

Or:   Treatment Threshold (leafhoppers/100 sweeps) = 

AY Index divided by %infectivity 

Treatment thresholds are determined in carrots using an aster yellows index of 50 for susceptible 
varieties and 100 for resistance varieties. For example, at 1% infectivity the treatment threshold is 50-100 
aster leafhoppers per 100 sweeps.  At 2% infectivity, it is 25 to 50 and at 5% it is 10-20 leafhoppers per 
100 sweeps.   
 
Crop Aster Yellows  

Index 
Treatment Threshold 

(leafhoppers/100 sweeps) 
 Percent Infectivity  2% 3% 5% 7% 10% 
Lettuce 25 12.5 8.5 5 3.5 2.5 
Celery 35 17.5 12 7 5 3.5 
Carrots  
(susceptible) 

50 25 17 10 7 5 

Carrots  
(resistant) 

100 50 33 20 14.5 10 

 



Since the percent infectivity influences treatment threshold so strongly, having an accurate 
estimate is crucial to adequate aster yellows control.  Since 2001 we have been testing aster leafhoppers to 
determine infectivity rates.  Besides informing growers so they can make treatment decisions, our results 
provide a base of information about how the infectivity rate varies. In 2005 Diagnostic Services began 
testing aster leafhoppers.  Leafhoppers from 18 different locations in Michigan were collected by crop 
consultants and extension personnel, and were sent to Diagnostic Services. Leafhoppers from each site 
were collected on multiple dates—from two to 17, depending on the site.  Results were provided to 
growers, scouts and consultants.   
 There was large variation in percent infectivity between different geographic areas.  Early in the 
season (June) leafhoppers collected from carrot fields in multiple locations in west central Michigan had a 
relatively high infectivity rate (10 to 15%).  During that same time, leafhoppers collected from celery 
fields in southwest Michigan had extremely low infectivity rates (less than 0.5%).   
 Infectivity rates also varied between locations in the same geographical area.  For example, 
infectivity rates of leafhoppers collected from carrot fields in west central Michigan during the last part of 
June varied from 0% to 12 %, depending on location.   
 The infectivity rate of leafhoppers collected from a single location varied considerably over the 
season. The seasonal pattern in infectivity rate was different in different locations.   
 Results of aster leafhopper testing in 2005 agree with previous years.  Since the infectivity rate is 
dependent on so many factors (how many infected plants are available for leafhoppers to feed on, how 
many leafhoppers are present, how many migrating leafhoppers are already infected, etc.) this crucial 
piece of information can change over the season and differ between locations and years. Testing aster 
leafhoppers to determine aster yellows infectivity rate provides useful information to growers making 
treatment decisions. 
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Fungal leaf blight diseases caused by Alternaria dauci and Cercospora carotae; bacterial blight 
caused by Xanthomonas campestris pv. carotae; the root-knot nematode (Meloidogyne hapla); and aster 
yellows caused by a phytoplasma vectored by the aster leafhopper (Macrosteles fascifrons) are the major 
diseases impacting carrot production in New York. Crown and crater rots caused by Rhizoctonia solani 
and Thanatephorus cucumeris; cavity spot caused by Pythium spp.; and white mold caused by Sclerotinia 
sclerotiorum or S. minor occur less frequently but can cause significant yield losses in individual fields. 
In 2005, powdery mildew caused by Erysiphe heraclei was observed on carrots for the first time in New 
York, probably the result of the dry and hot weather conditions that prevailed throughout the growing 
season. The biology, symptoms and damage to carrots of these diseases will be illustrated and briefly 
discussed during the presentation.  

The major diseases listed above can cause significant yield losses annually, and therefore require 
regular scouting/monitoring and implementation of effective management programs. Rotating fields out 
of carrots for a minimum of two years, especially with grain crops, is effective in reducing the damage of 
many of these diseases of carrots. Also, the use of soil management practices that improve soil quality 
and health by increasing active organic matter content, improving soil aggregation, reducing soil 
compaction, increasing water infiltration and others will directly or indirectly reduce the pathogen 
population and symptoms of carrot diseases and improve yield and quality. 
 
Management of Fungal Leaf Blights: 

As a part of the collaborative USDA/RAMP carrot funded project (PI, Mary Hausbeck at MSU), 
an IPM program for the management of Alternaria- and Cercospora- leaf blights was developed and 
validated in New York. It is based primarily on the use of disease tolerant cultivars (when possible), crop 
rotation, the initiation of fungicide applications when disease incidence reaches the 25% threshold level, 
and then followed with weekly monitoring for the increase in disease severity, as well as the forecasted 
rainfall and temperature. Several low risk fungicides and biological control products have been evaluated 
singly or in various combinations for the effective management of leaf blight diseases. Bravo 
Weatherstik, Amistar, and Cabrio EG are effective and registered for use on carrots to manage these 
fungal diseases in New York. Penncozeb alone, and Kocide, Tanos and Actigard in combination with 
Bravo Weatherstik also gave relatively promising results in 2005. 
 
Management of the Root-Knot Nematode: 

Carrots are highly susceptible to infections and damage by the root-knot nematode. The damage 
threshold density of M. hapla to carrots is <1 egg/cc soil. Infected carrots become forked, stubby, hairy, 
and develop galls on the fibrous roots and the carrots themselves. Without effective control, a greater than 
40% reduction in the marketable yield of carrots has been observed in commercial fields. In addition, all 
commercial carrot cultivars evaluated were found to be highly susceptible to this nematode. Rotation with 
grain crops for >2 years is highly effective against the northern root-knot nematode, assuming that weeds 



are also effectively controlled. All grain crops that we have evaluated were found to be non-hosts to root-
knot nematode. The incorporation of green manures of sudangrass (cv. Trudan), rapeseed (cv. Jupiter), 
marigolds (cv. Polynema and cv. Nema-Gone) and several accessions of white clover and flax were also 
effective against this nematode. Pre-plant soil fumigation with Telone-C and Vapam is available and 
effective in controlling the nematode, but these products are not widely used in New York. The 
application of Vydate at planting time is widely used at the present and was found to be cost-effective in 
controlling the root-knot nematode and its damage to carrots in experimental and commercial fields.  We 
have also validated a simple and visual soil bioassay with lettuce to assess the soil infestation level of 
root-knot nematode and to determine the need for control, if any.  Currently, we are providing 
participatory training to interested growers and consultants in conducting this on-farm bioassay. This 
procedure will aid in controlling his nematode on an as needed basis, thus reducing nematicide use and 
increasing profitability and environmental sustainability. 
 
Management of Other Diseases:        

Currently, only copper-based products are available for the management of bacterial blight, a 
disease that has become more severe and damaging in recent years. The planting of vigorous, healthy and 
treated seed is critical in management of bacterial blight. In New York, to manage the aster leafhoppers 
which transmit the aster yellows phytoplasma, three or more applications of an effective insecticide, 
typically Ansana are made during the season. Rhizoctonia infections are reduced by avoiding excessive 
hilling, encouraging better drainage (raised ridges), and the application of an effective fungicide if 
symptoms develop in the field. Pythium infections (cavity spot) have been observed in sections of fields 
where the soil is compacted and poorly drained. Thus, reducing soil compaction and improving soil 
drainage and tilth will reduce the occurrence and damage of diseases caused by Rhizoctonia, Pythium and 
Sclerotinia.  
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Carrot: Managing Deer Browsing in Vegetable Crops
S. Middlemas (269-349-1556 ext.3327, smiddlemas@kalsec.com

Kalsec Inc., Kalamazoo, MI

Deer reduce vegetable crop potential yields by browsing. Browsing may occur at any and all
stages of crop development and maturity. This may necessitate an active deer browsing abatement
program at several key times during crop development or all season long, depending on deer browsing
habits to the crops being grown. Additional food sources available to the deer will also influence
browsing levels and timing to your crops.

BROWSEBAN animal repellent treatment is both a taste and odor aversion deer browsing
repellent. It is a natural active ingredient, spray applied, animal repellent proven to effectively and
economically reduce animal browsing to labeled crops. While BROWSEBAN has been proven effective
under a wide range of numbers of deer present testing has shown the importance of starting treatment
early, before browsing has started and maintaining a regular spray treatment program.

BROWSEBAN was field tested on labeled crops, first in large block research plots, followed by
full scale commercial field trials. BROWSEBAN can be applied following crop emergence or over the
top after transplant up to seven (7) days before harvest. It can be applied alone or in tank mix
combinations on most labeled crops. See the BROWSEBAN label for more detailed timing and use
instructions.


