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Factors affecting carrot cracking 

T.K. Hartz 
Department of Vegetable Crops 

University of California 
Davis, CA  95616 

An in-depth examination of the factors controlling cracking sensitivity of carrot roots was conducted from 
2000-2002.  More than 30 commercial fields of ‘Sugar Snax’ carrot (a popular variety for cut and peel 
use) were sampled, and the roots evaluated for cracking sensitivity in several standardized tests.  
Information was compiled on soil, environmental, and management factors.  In a number of these fields 
replicated tests were also conducted evaluating the effects of nitrogen fertilizer rate on cracking.  The 
following summarizes the results of this project. 

1) Excessive N fertilization increases cracking sensitivity.   

 Averaged across 10 field trials, applying 80-100 lb N/acre above that necessary to produce 
optimum yield increased root cracking approximately 30%.  Current tissue N sufficiency 
recommendations used in the California industry are higher than required, and may induce growers to use 
excessive N rates.   

2) Irrigation management and root water status appear to play a minor role in cracking sensitivity. 

 This was a surprise, given the central role of water relations in the cracking of other horticultural 
commodities (tomatoes and tree fruit, for example).   

3)  Heavier textured soils tend to produce roots more prone to cracking. 

 More than 80% of fields with soil cation exchange capacity (CEC, a characteristic closely linked 
to soil texture) greater than 10 meq/100g had a high cracking percentage in the standardized tests, 
compared to less than 40% of fields with lighter soil texture. 

4)  Warm weather appears to increase cracking sensitivity. 

 When mean air temperature over the final month before harvest was < 60o F the average 
incidence of cracking was only half that of fields growing at higher temperatures. 

5)  The strength of the periderm tissue (the ‘skin’) controls cracking sensitivity. 

 The periderm, which is only a few cell layers thick, has relatively little flexibility, and does not 
deform as readily as the parenchyma tissue underneath it to impacts during harvesting and handling.  
When the periderm ruptures, the crack propagates readily through the parenchyma tissue.  However, if the 
periderm is peeled off, the parenchyma tissue deforms easily to absorb impacts; peeled roots are highly 
crack resistant. 

6)  Varieties vary widely in their cracking sensitivity 

 Among horticulturally acceptable varieties there is a wide range in the incidence of cracking 
observed in the standardized tests.  However, once the carrots were peeled the varietal differences 
completely disappeared.  This emphasizes the overwhelming importance of periderm structure and 
strength.     



Weed control in carrot 

Bernard H. Zandstra and Juan J. Cisneros 
Department of Horticulture, Michigan State University 

Carrot weed control trials were conducted at Hart and Fremont on mineral soil and at Laingsburg (MSU 
Muck Farm) on muck soil.  The objective of the experiments was to identify herbicides with sufficient 
safety for use on carrot.  Herbicides that have some selectivity are tested at various rates and on different 
soil types over several years to determine their potential for use in carrot. 

Lorox has good preemergence safety on carrot at rates of 0.25 to 0.5 lb ai/acre on mineral soil, and up to 1 
lb on muck soil.  Lorox is also a very effective postemergence herbicide, with good postemergence safety 
on carrot at 1 lb per acre.  Sencor is the only other herbicide registered for postemergence broadleaf 
control in carrot. 

Herbicides that appear to have sufficient crop selectivity on carrot include Command (clomazone), Goal 
(oxyfluorfen), Valor (flumioxazin), Dual Magnum (s-metolachlor), and Define (flufenacet).  If suitable 
use rates and timings can be determined we will pursue a tolerance for carrot through IR-4.  Dual 
Magnum should be registered for carrot use sometime in 2004.  Prowl and Nortron also are IR-4 projects 
but may not receive registration for several years.   
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2003 MSU Research Results and 2004 Recommendations:  Insects 

Beth A Bishop, Liyang Zhou, Ed Grafius, 
Department of Entomology, and Mary Hausbeck, Department of Plant Psthology,    

Michigan State University* 

Aster leafhoppers (Macrosteles quadrilineatus) are the most serious insect pest of carrots in the 
Great Lakes Region.  While feeding, they can transmit aster yellows, a serious disease that causes 
stunting, abnormal growth and bitter-tasting carrots.  A healthy carrot becomes diseased after an infected 
leafhopper feeds on it. In turn, aster leafhoppers acquire the disease by feeding on infected plants; many 
different crops and wild plants may harbor aster yellows.  The only way to prevent aster yellows is to 
control the aster leafhopper.  If sufficient risk of aster yellows exists, then insecticide treatment of aster 
leafhoppers is warranted.

The risk of aster yellows is dependent on the absolute number of infected  aster leafhoppers, 
which in turn depends on aster leafhopper abundance and availability of sources of infection (host plants).  
This proportion presumably varies from year-to-year, location-to-location, and changes over a single 
growing season.  Early in the season aster leafhoppers migrate into the Great Lakes Region from southern 
states (Oklahoma, Texas, etc.).  Migrant leafhoppers enter an area already infected or not.  Non-migratory 
leafhoppers hatch from overwintered eggs.  These may acquire aster yellows if they feed on infected 
plants as nymphs.  Later in the season, the proportion of aster leafhoppers infected with aster yellows may 
change depending on changes in leafhopper numbers, leafhopper movement and number of infected host 
plants.

Although it is relatively easy to estimate the total number of aster leafhoppers in a location (by 
sweep net sampling or other means), estimating the proportion of leafhoppers that carry aster yellows 
disease has, until recently, been costly and time-intensive.  For the past three years, we have used a 
molecular assay (PCR) to estimate this proportion.  Because it is less costly and provides results quickly, 
this technique allows us to determine the proportion of infected leafhoppers multiple times during the 
season and at multiple locations.  Results are delivered to growers in a timely manner to help them make 
treatment decisions.

Estimating Aster Yellows Infectivity
During 2001, 2002 and 2003 aster leafhoppers from various locations in Michigan were collected, 

counted and subjected to PCR analysis to estimate the proportion infected with aster yellows disease 
(Tables 1 and 2).  The results highlight the variability, both year-to-year (Table 1) and location-to-
location (Table 2), in the proportion of leafhoppers carrying aster yellows.  In general, this proportion was 
lowest earlier in the season.  The variability between locations in the proportion of infected leafhoppers 
was lowest early in the season, and increased with time.  This increase probably reflects differences in 
local availability of aster yellows infected plants for leafhoppers to feed on.   

Evaluating thresholds for insecticide treatments
The proportion of infected leafhoppers is used to determine when insecticide treatment is 

warranted.  Researchers at the University of Wisconsin developed an ‘aster yellows index’ that is based 
on the number of leafhoppers present and their infectivity: 
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‘Aster Yellows Index’  = (number of leafhoppers/100 sweeps) x (percent infectivity) 

Treatment thresholds are reached at an aster yellows index of 50 for susceptible carrot varieties, 75 for 
intermediate carrot varieties, or 100 for resistant carrot varieties. 

Table 1.  Proportion of aster leafhoppers testing positive for aster yellows by PCR analysis on different 
dates in 2001 through 2003.  All leafhoppers were collected (on date in parentheses) from carrot fields in 
Oceana County, MI

Date Oceana Co 2001 Oceana Co 2002 Oceana Co. 2003 

May

0%  (May 30) 
2.9% (May 17)  

June

1.9% (Jun 15) 

2.7% (Jun 28) 

3.0% (Jun 15) 

1.3% (Jun 28) 

3.3% (Jun 17) 
3.2% (Jun 24) 
2.0 % (Jun 27) 

July 0% (Jul 16) 0% (Jul 15) 
11.2% (Jul 25) 
13.1% (Jul 30) 

6.6% (Jul 4) 
4.2% (Jul 17) 

2.0% (Jul 31) 

August 20.8% (Aug 14) 
9.4% (Aug 6) 
19.7% (Aug 16) 
20.0% (Aug 21) 

Table 2.  Proportion of aster leafhoppers testing positive for aster yellows by PCR analysis on different 
dates in 2002 and 2003.  Aster leafhoppers collected (on date in parentheses) from carrot and celery fields 
in Oceana County, Clinton County and other locations in Michigan.   

Date Oceana County Clinton County Southwestern 

Michigan

Freemont, 

Michigan

May 2002 2.9% (May 17) 0% (May 15)   

June 2002 3.0% (Jun 15) 
1.3% (Jun 28) 

2.8% (Jun 15) 
1.3% (Jun 28) 

July 2002 0% (Jul 15) 
13.1% (Jul 30) 

0% (Jul 15) 
5.8% (Jul 30) 

Aug 2002 20.8% (Aug 14) 11.2% (Aug 14)   

June 2003 3.3% (Jun 17) 
3.2% (Jun 24) 
2.0 % (Jun 27) 

3.2% (Jun 24) 
2.0% (Jul 30) 

July 2003 6.6% (Jul 4) 
4.2% (Jul 17) 

2.0% (Jul 31) 

2.0% (Jul 16) 
2.0% (Jul 22) 

3.5% (Jul 9) 2.0% (Jul 14) 

August

2003

9.4% (Aug 6) 
19.7% (Aug 16) 
20.0% (Aug 21) 

12.9% (Aug 5) 
11.8% (Aug 11) 
35.6% (Aug 25) 20.0% (Aug 21) 

During 2003 we tested the reliability of using the aster yellows index for insecticide treatment 
decisions.  Carrots, cv “Fontana”. were treated with insecticides (cyfluthrin, Baythroid, @ 2.2 fl oz/acre)  
for control of aster leafhoppers according to one of  the following four treatment schedules:  1) Weekly 
applications, 2) Upon reaching an aster yellows index of 50, 3) Upon reaching an aster yellows index of 
100, and 4) not at all (untreated control). The infectivity rate was determined weekly using PCR on 
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leafhoppers collected from the plots .  Insecticide applications were made from 0 to 10 times (depending 
on treatment).   

A higher proportion of carrots that were not treated (0 applications) and those that were treated 
when an aster yellows index of 100 was reached (1 application made) showed aster yellows foliar and/or 
root symptoms than those treated weekly (10 applications made) or treated when an aster yellows index 
of 50 was reached (2 applications made). There was no significant difference in symptoms between the 
latter two treatments (Figure 1). 

These results support the use of the aster leafhopper index for controlling aster 
leafhoppers,  preventing aster yellows while reducing insecticide application.  For the variety 
‘Fontana’ an aster yellows index of 50 provided control similar to that of weekly sprays while 
saving a total of eight insecticide applications (this translates into a cost savings of ca $44 /A and 
a reduction in the amount of insecticide applied of 123 g ai/A).  
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Figure 1.  Proportion of carrots treated with insecticides according to different thresholds with 
aster yellows symptoms. 

Insecticide Evaluations
Aster leafhoppers are controlled with insecticides, in particular pyrethroids insecticides.  A 

number of new, reduced-risk insecticides have recently been available for insect control.  During the past 
three years, we conducted field and laboratory evaluations of the neonicitinoid insecticides Actara ® 
(thiamethoxam) and Provado ® (imidacloprid) (not registered on carrots)  and the  pyrethroids 
(Baythroid® [cyfluthrin] and Asana ® [esfenvalerate]) (registered  for aster leafhopper control on 
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carrots).    The two pyrethroids and thiamethoxam resulted in rapid, significant mortality of aster 
leafhoppers and reduction of aster yellows symptoms in all tests conducted..  Imidacloprid did not result 
in adequate leafhopper mortality.  

Carrot Varieties:  Aster Leafhopper Preference and Aster Yellows Tolerance
Carrot varieties were tested for both leafhopper preference and inherent resistance to aster 

yellows in field tests in 2000 to 2003.  Aster leafhoppers showed definite preference (as indicated by 
higher  leafhopper numbers) for some varieties.  Comparison of results between years show consistent 
preferences (or lack of) in some carrot varieties.  However, in other varieties relative preference varied 
from year-to-year.  This indicates that some other factor (e.g., color, stand density, height, etc.), possibly 
influenced by environmental conditions, may be determining preference.   

Carrot varieties also exhibited differences in inherent resistance to aster yellows.  That is, when 
equal numbers of infected leafhoppers fed on different varieties, the proportion showing aster yellows 
symptoms varied significantly between some varieties.  In addition, the proportion of carrots with aster 
yellows symptoms in different varieties did not mirror leafhopper preference.   

These results support the idea that the susceptibility of a carrot variety to aster yellows is a 
complex interaction between aster leafhopper preference (itself dependent on variety or other, unknown 
factors) and inherent resistance of the plant itself.   

*  This research has been supported by USDA CSREES and MSU Project GREEEN.  Many thanks to 
Rick and Tom Ooman, Oceana County, for hosting the carrot variety trials and to the Vegetable 
Pathology Group for the help and direction with the research.  For questions or for more information, 
please contact Beth A. Bishop, Department of Entomology, MSU.  
Phone:  517) 355-5154 (office) email:  bishopb@msu.edu 
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Disease Research Results for 2003 and 2004 Recommendations

Dr. Mary Hausbeck, Brian Cortright, and Ryan Bounds

 Michigan State University

Office: 517-355-4534, email: hausbec1@msu.edu

Carrot disease pressure began early this year as Cercospora leaf blight was found in several

commercial carrot fields in late June.  Predicting disease outbreaks across the state was difficult as

different areas of the state experienced uneven rain patterns with moderate to severe drought conditions 

occurring in most of the carrot growing regions.  Cercospora development was favored by periods of high

humidity and the frequent irrigation needed to produce the crop.   When foliar disease developed early,

applications of fungicides using the high label rates and short intervals kept most epidemics under control. 

Scouting and use of the disease forecaster Tom-Cast, helped many growers stay ahead of disease

development.  Several research plots were established across the state and at the MSU Muck Soils

Research Farm in Bath, MI to determine the effectiveness of registered and experimental fungicides in

controlling foliar blight and to further validate the Tom-Cast disease forecaster (Table 1.).  

Table 1.  Fungicides tested for the control of foliar blights of carrot, 2003.

Product Active ingredient Manufacturer

Bravo Weather Stik 6SC chlorothalonil Syngenta

Cabrio 20WG pyraclostrobin BASF

Quadris 2.08SC azoxystrobin Syngenta

KP 481 50WG famoxate/cymoxanil DuPont

Rovral 50WG iprodione Bayer

Cuprofix Disperss copper sulfate Cerexagri

710-145F Bacillus lichenformis Novozymes

Endorse polyoxin D zinc salt Arvesta

EXP 702010 experimental

In early June, a foliar disease spray trial in a commercial carrot field near Fremont, MI was

conducted to test registered and experimental compounds.  The field was planted to the a cut and peel

variety (Sugar Snax) at a density of 900M seed per acre.  Plots were staked out in a randomized complete

block pattern with four replicates.  Each treatment section was comprised of a three row bed (18 in. row

spacing) 20 ft long with a buffer of 5 ft between treatment sections within the row.  The bed spacing was

68 in. wide and the seed population at planting was 900M per acre.  One buffer bed was left between each

treatment row to provide equal disease pressure to all treatments and avoid drift contamination of

treatments.  Total plot dimensions were 12 beds wide by 300 ft long.  Fungicide sprays were applied with a

CO2 backpack boom sprayer equipped with three 8002 nozzles spaced 19 in. apart, operating at 50 psi, and

delivering 50 gal/A.  Eleven spray applications were applied to treatments on a 7- 10 day schedule on 20
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and 27 Jun; 3, 10, 22, and Jul; 5, 12, 20, and 27 Aug; and 3 Sep.  Visual foliar disease assessments were

taken on 27 Aug and 10 Sep utilizing a disease scale of 1 to 10 (1=no disease to trace, 10=complete

defoliation).  On 10 Sep diseased petiole incidence and infection severity were taken by evaluating each

carrot in the inner 5 ft of the center row.  Petiole infection rates were determined by counting the number of

plants with at least one infected petiole.  A petiole infection severity rating was given to the carrot tops and

was based on a 1 to 5 scale (0= no lesions, 1=1-5 lesions per petiole, 2=5-10, 3=10-25, 4=25-50, and

5=>50 lesions per petiole).   Carrots were then topped by a mechanical roller bed and then weighed on a

platform scale.

Disease was observed in the untreated sections of the plot seven days after the first application in

Jun.  Disease progressed steadily even during severe drought conditions with the untreated plots having

84.6% petiole infection (Table 2.) and disease severity of 3.0 at harvest.   Cercospora was the main disease

of the infected  petioles and also was observed on the carrot leaves.  Alternaria pressure was only evident

on the carrot leaves.  For both foliar ratings, all treatments except EXP 702010 8.33EC provided

significant control of foliar diseases.  Treatments that were very effective (ratings below 1.5) included both

rates of  Cabrio 20WG  alternated with Bravo Weather Stik (1.5 pt/A), both rates of  Quadris 2.08SC

alternated with Bravo Weather Stik (1.5 pt/A), Pristine 38WG alternated with Bravo Weather Stik (1.5

pt/A), and both treatments of Bravo Weather Stik (1.5 pt/A, 7 & 14 day).  Only the treatments of Cabrio

20WG or Quadris 2.08SC alternated with Bravo Weather Stik (1.5 pt/A) and Pristine 38WG alternated

with Bravo Weather Stik (1.5 pt/A) provided significant reductions in the amount of infected petioles.  Both

rates of Cabrio alternated with Bravo Weather Stik held petiole infection severity below a rating of 1.8

(0=no disease, 5= complete defoliation).  Significant yield differences were noted among the different

treatments.  Treatments that effectively controlled disease on the foliage had higher yields compared to the

untreated control.  Yields from treatments of  KP 481 50WG (8.0 oz/A) tank mixed with Rovral 50WG

and alternated with Bravo Weather Stik, Cuprofix Disperss 20DF (2.5 lb/A) alternated with Bravo

Weather Stik, Endorse 2.5WP (1.4 lb/A), and EXP 702010 8.33EC (12.8 fl oz/A) had significantly similar

yields to the untreated plots.

Another study was conducted at the Michigan State University Muck Soils Research Farm in

Laingsburg, MI on a Houghton muck field previously planted to carrot.  The objective of this study was to

determine the effectiveness of the Tom-Cast Disease forecasting system on different varieties of carrots that

have different levels of disease resistance.  ‘Bolero’ (resistant)  and ‘Fontana’ (susceptible) carrot seeds

were planted in separate plots at a density of 22.8 seeds/ft of row on 19 May in three seed lines per row

with rows centered 18 in. apart on three-row beds centered 64 in. apart.  Treatment plots consisted of one

row 22.5 ft long with 2.5 ft of unsprayed buffer between plots in the same row.  One bed was left

unsprayed between every two treatment beds.  Seven treatments were replicated four times in a randomized

complete block design for each variety.   Fungicides were applied with a CO2 backpack sprayer equipped

with three XR8003 flat fan nozzles spaced 18 in. apart and calibrated to deliver 50 gal/A at a nozzle

pressure of 52 psi.  The initial application for all fungicide treatments was applied when disease symptoms

were observed in the field.  Subsequent applications were applied on a weekly schedule or according to

Tom-Cast using a spray threshold of 15 Disease Severity Values (DSV).  Ten applications were made

according to the 7-day spray schedule on 15, 22, and 30 Jul; 5, 13, 19, and 26 Aug; and 2, 9, and 16 Sep. 

The Tom-Cast 15 DSV schedule resulted in 5 sprays with applications prompted on 15 Jul; 4, 13, and 26

Aug; and 16 Sep.  Disease assessments were recorded 22 and 28 Aug; 5, 12, and 18 Sep from plants in the

center 10 ft of the middle row of each plot.  Carrots in the center 10 ft of the middle row were hand-

harvested, the foliage was removed with a mechanical topper, and root yields were recorded on 26 Sep. 
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Table 2.  New product testing for the control of foliar blights of carrot, Fremont, MI, 2003.

Treatment (Application schedule)

Foliar blight

 ratings

Infected petioles

(%) Severityx

Yield

(lbs/5 row ft)

Untreated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.0         fy 84.6    c 3.0      d 9.1           gh

Bravo Weather Stik 6SC 1.5 pt (1-11) . . . . . . . . . . . . . 1.5 ab 73.4    c 2.0 ab 12.8   bcde

Cabrio 20WG 8.0 oz (1, 3, 5, 7, 9, & 11)

Bravo Weather Stik 6SC 1.5 pt (2, 4, 6, 8, & 10) . . . . 1.0 a 1.5 a 1.8 a 13.4 abcde

Cabrio 20WG 12.0 oz (1, 3, 5, 7, 9, & 11)

Bravo Weather Stik 6SC 1.5 pt (2, 4, 6, 8, & 10) . . . . 1.0 a 3.1 a 1.8 a 13.6 abcd

Quadris 2.08 SC 6.0 fl oz (1, 3, 5, 7, 9, & 11)

Bravo Weather Stik 6SC 1.5 pt (2, 4, 6, 8, & 10) . . . . 1.0 a 13.1 ab 2.0 ab 14.9 ab

Quadris 2.08 SC 12.0 fl oz (1, 3, 5, 7, 9, & 11)

Bravo Weather Stik 6SC 1.5 pt (2, 4, 6, 8, & 10) . . . . 1.3 a 20.0 ab 2.0 ab 15.4 a

KP 481 50WG 8.0 oz 

+Bravo Weather Stik 6 SC 1.5 pt (1, 3, 5, 7, 9, & 11)

Rovral 50WG 1.0 lb (2, 4, 6, 8, & 10) . . . . . . . . . . . . . 2.5  bcde 87.1    c 2.3 abc 11.5    cdef

KP 481 50WG 8.0 oz 

+Rovral 50WG 1.0 lb (1, 3, 5, 7, 9, & 11)

Bravo Weather Stik 6SC 1.5 pt (2, 4, 6, 8, & 10) . . . . 2.8    cde 78.3    c 2.3 abc 10.4         fg

Bravo Weather Stik 6 SC 1.0 pt

+Rovral 50WG 1.0 lb (1-11) . . . . . . . . . . . . . . . . . . . . 2.0 abcd 75.0     c 2.3 abc 11.8    cdef

Cuprofix Disperss 20DF 2.5 lb (1, 3, 5, 7, 9, & 11)

Bravo Ultrex 82.5WDG 1.4 lb (2, 4, 6, 8, & 10) . . . . . 2.5  bcde 75.5     c 2.1 ab 11.3      defg

Pristine 38WG 10.5 oz (1, 3, 5, 7, 9, & 11)

Bravo Ultrex 82.5WDG 1.4 lb (2, 4, 6, 8, & 10) . . . . . 1.8 abc 8.6 ab 2.3 abc 12.9  bcde

710-145f 5.7 pt (1, 3, 5, 7, 9, & 11)

Bravo Weather Stik 6SC 1.5 pt (2, 4, 6, 8, & 10) . . . . 3.0      de 86.1    c 2.9    cd 11.6    cde

Endorse 2.5WP 1.4 lb (1-11) . . . . . . . . . . . . . . . . . . . . 3.5        e 80.6    c 2.5  bcd 11.2        efg

Bravo Weather Stik 6SC 1.5 pt (1, 3, 5, 7, 9, & 11) 1.5 ab 81.1    c 2.0 ab 13.7 abc

EXP 702010 8.33EC 12.8 fl oz (1-11) . . . . . . . . . . . . . 5.5          f 87.5    c 3.1      d 7.9             h
zFoliar ratings based on visual estimation utilizing a 1 to 10 scale (1=no sign of foliar infection, 10=complete defoliation).
yColumn values with a common letter are not significant different, Fisher LSD, P=0.05.
xSeverity of petiole infection based on visual estimation utilizing a 0 to 5 scale (0=no lesions, 5=>50 lesions per petiole).

Cercospora and Alternaria blight symptoms were detected on both cultivars during mid-Jul and

mid-Aug, respectively.  Disease on untreated ‘Bolero’ plants was severe but did not have an effect on the

hand-harvested yield of plots (Fig 1.).  All fungicide treatments significantly improved disease control

compared with the untreated.  Using Tom-Cast was comparable to a 7-day application schedule and

reduced fungicide use by 50 %.  

Petiole blight of untreated ‘Fontana’ plants was severe with each plant having > 50 lesions (Fig 2). 

All fungicide treatments were effective in reducing disease compared with the untreated, except Bravo

Ultrex 82.5WDG applied according to Tom-Cast 15 DSV.  When Cabrio 20WG alternated with Bravo

Ultrex 82.5WDG was used the yield was significantly higher than the untreated for both the 7-day and

Tom-Cast programs.
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Figure 1. Foliar blight control comparison of Tom-Cast versus 7-day

calendar sprays on Bolero (resistant) carrots.
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Figure 2. Comparison of the Tom-Cast disease forecaster and a 7-day

calendar spray program for the control of foliar blights of ‘Fontana’

(susceptible) carrots.


