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Got N? Nitrogen Management in Carrots 
 

Laura L. Van Eerd 
Land Resource Science 

University of Guelph Ridgetown Campus, Ontario, Canada 
519-674-1644   lvaneerd@ridgetownc.uoguelph.ca  

 
New legislation in Ontario and proposed laws in the United States on nutrient management and source 
water protection, along with the rising cost of fertilizer and fuel has renewed interest in optimizing nitrogen 
use efficiency.  The question becomes ‘Can I cut my fertilizer input costs? And by how much?’.  With this 
in mind, research trials at six sites over 2 years were established on mineral soil typical of carrot production 
in Ontario (Table 1) to determine the optimal rate of nitrogen and to assess the value of split applying N 
fertilizer or using products such as UMAXX® that alter the release of nitrate over the season.  In addition, it 
was important to determine the fate of applied N fertilizer to assess if the fertilizer N was taken up by the 
crop or lost from the field.   
 
Table 1.  Site soil characteristics. 

Site number 
Characteristic   1 2 3 4 5 6 

Soil texture loam loamy sand loam sandy loam sandy loam loamy sand 
% sand:silt:clay  51:33:16 77:16:07 45:47:08 77:13:10 72:22:06 85:08:07 

% OM  4.8 3.7 2.0 3.0 2.1 3.2 
pH 7.3 5.2 7.8 7.9 6.2 7.6 

CEC (MEQ/100g) 23 14 18 21 10.1 20.3 
Nutrients (ppm):       NO3-N 9.0 3.0 7.3 15.8 17.5 10.2 

P  22 66 23 21 85 60 
K  109 166 107 298 238 171 

Ca  3928 545 3032 3589 145 3557 
Mg  167 29 149 96 1420 110 

 
YIELD   
Based on six site-years of data, there was no difference in carrot yield between all N treatments in 4 of the 6 
sites (Table 2).  Average yields at sites #3 to #6 were 20.2, 25.6, 14.2, and 27.9 ton/ac, respectively, which 
is representative of Ontario carrot production on mineral soil.  Site #5 had lower yields mainly due to poor 
weed control.  At sites #1 and #2, there was a significant carrot yield response to N (Figure 1).  Based on 
the carrot contract price of $95/ton and fertilizer at 50¢/lb, the most economical rate of N (MERN) was 96 
and 102 lb N/ac (Figure 1).  The MERN is the rate where applying more nitrogen will not produce enough 
additional yield to pay for the additional nitrogen applied.  With the relatively high price given for carrots 
compared to fertilizer, the MERN is the point where yields were highest.  Therefore, in 2 out of 6 times 
approximately 100 lb N/ac was the most economical but in 4 of 6 times zero fertilizer N was the most 
economical.  These results do not make carrot N management easy because it is difficult to predict when to 
apply and when to cut fertilizer rates.  Further analysis and research are aimed at resolving this issue. 
 
ALTERNATIVE N APPLICATIONS 
Split-application of N fertilizer  There was no yield advantages of split applying N (Table 2).  As well, 
there were no differences in crop nitrogen uptake or removal between the split-application compared to 
the same amount applied pre-plant (Table 3; see sections below).  Therefore, there was little to no benefit 



to split N application of the same amount of N fertilizer because split applications do not consistently 1) 
provide a yield or quality benefit, 2) improve nitrogen use efficiency, or 3) reduce soil nitrate quantities at 
harvest.  From a best management practices perspective, the main potential environmental benefit of split 
applications would be if the second application was not applied, thereby reducing total fertilizer 
application. 
 
Table 2.  Yield response of carrots to ammonium nitrate applied preplant*.   

 
 
 
 
 
 
 
 
 
 

*Data are means pooled from sites #3-#6.  ** UMAXX is a product that slows the release of nitrate from urea fertilizer.  ***The split application 
was 70 lb N/ac ammonium nitrate applied preplant and 40 lb N/ac when the plants were approximately 4” high.  
 
Slow release fertilizers - UMAXX®  UMAXX® is a urea-based fertilizer containing a urease inhibitor and 
a nitrification inhibitor, which slows the conversion of urea to nitrate.  The principle is that nitrate is 
released when the crop is rapidly growing and taking up N, thereby reducing N losses.  Results from our 
research indicate that no carrot yield advantage of using UMAXX® (Table 2) and is not recommended 
because of the additional costs.   
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Figure 1.  Carrot yield response to ammonium nitrate applied pre-plant at sites #1 and #2. 
 
 

N applied (lb/ac) 
Yield 
(ton/ac) 

0 22.8 
63 22.4 

100 21.7 
150 20.4 
200 21.4 

UMAXX® 100** 21.7 
Split 70+40*** 22.7 



SOIL AND CROP NITROGEN 
Clearly, plants need N for growth.  In the sites where the no fertilizer control yielded as high as the 
fertilized treatments, the mineral N came from the soil.  Mainly, from the breakdown of organic N, which is 
found in the soil as crop residues, soil organic matter (OM), dead microbes, proteins, etc.  Soil organisms 
convert organic N to ammonium (NH4), which is converted to nitrite (NO2), which is converted to nitrate 
(NO3

-) in a process called nitrification.  Nitrate is the mobile form of N that is readily taken up by plants, 
but it is also susceptible to leaching.   
 
Thus, there is nitrate available to the crop from the soil and from fertilizer.  Based on N inputs and outputs, 
it is possible to estimate a nitrogen budget for carrots (Table 3).  Inputs include fertilizer applied, soil nitrate 
at planting and the amount of N in the zero fertilizer control plants.  Plant N from the zero fertilizer control 
is used as an estimate of soil mineral N available to the plant over the growing season because the N had to 
come from the soil.  On average from the 6 sites tested, there was approximately 60 lb nitrate/ac at planting 
to the 3 foot depth and 118 lb N/ac taken up by the zero N control plants (Table 3).    
 
Table 3.  Nitrogen budget for carrots*. 
N Inputs  lb N/ac 
Fertilizer N applied 0  100  200  100 split  
Soil nitrate at planting        (0-3ft) 60  60  60  60  
Plant N from 0N control 118  118  118  118  

TOTAL 178  278  378  278  
         
N Outputs at harvest         
Shoots    tops                (N uptake) 35 a** 48 b 52 b 45 b
Roots     carrots          (N removal) 83 a 109 b 113 b 115 b
Soil nitrate                          (0-3ft) 22 a 36 a 89 b 37 a 

TOTAL 140 a 192 a 253 b 197 a
         
N Balance          
Input - Output† 38 a 86 b 125 c 81 b
Fertilizer – shoot – root‡ -118 a -56 b 35 c -60 b
Fertilizer - root‡ -83 a -9 b 87 c -15 a

*Data pooled over 6 sites.  **With in a row, different letters indicates a statistically difference between fertilizer treatments.  †A positive number 
indicated more N inputs than output.  ‡A negative number indicates that the plant took up more N than fertilizer applied.   
 
 
Crop N uptake is the amount of nitrogen in the leaves and shoots, and crop removal is the quantity of 
nitrogen in the harvested carrot root.  At harvest, the zero N fertilizer plants absorbed lower N in shoot 
and roots compared to fertilized plants (Table 3).  There was no difference in shoot and root N content on 
a lb N/ac bases between 100 or 200 lb N/ac fertilizer treatments and split applying (70+40 lb N/ac).  With 
fertilizer, the average quantity of N in the carrot root (crop N removal) was 112 lb N/ac and in the plant 
shoots 48 lb N/ac, which is left in the field after harvest.  On average total N in the crop was 
approximately 160 lb N/ac, regardless of if 100 or 200 lb N/ac were applied preplant or split (Table 3).  
Thus, if you apply twice as much N fertilizer, the plant does not take up twice as much N and yields do 
not increase.  Therefore it would be an advantage to reduce fertilizer applications to the most economical 
rate of N of approximately 100 lb N/ac in 2 out of 6 cases and to no fertilizer in 4 out of 6 cases. 
   
As expected, the highest fertilizer treatment had the most residual soil nitrate 89 lb N/ac to the three foot 
depth, at harvest (Table 3).  This is a concern not only for leaching, but 89 lb N/ac is a lot of wasted N and 
works out to $45/ac.  Nitrate, especially after crop harvest, is susceptible to leaching over the fall and 



winter.  Surprisingly, there was no difference in the amount of residual soil nitrate to the 3 foot depth 
between the 0 and 100 lb N/ac.       
 
A component of Ontario’s nutrient management legislation is the nitrogen index.  The N index is a tool 
designed to identify management practices and soil conditions that pose a significant risk of nitrate leaching 
to groundwater.  Part of the N index is determining how much N is removed from the field (i.e. N in root) 
compared to N fertilizer applied. A positive number indicated more fertilizer N input than N removed from 
the field in the harvested root.  A negative number indicates that the plant took up more N than fertilizer 
applied and thus minimal risk of leaching.  Thus based on the N index applying 100 lb N/ac (pre-plant or 
split) would pose little risk of leaching (i.e. fertilizer – root N = -9 or -15).  However, at 200 lb N/ac, there 
was 89 lb N/ac difference between fertilizer applied and N in the carrot root and therefore, based on the N 
index there is a significant risk of nitrate leaching.  Thus, alternative management practices, such as 
reducing N rates and/or planting a cover crop is recommended.   
 
Further research is underway at 3 more sites.  But based on results to date, 4 out of 6 sites fertilizing did not 
provide increased yields, because the soil provided enough mineral N over the growing season to feed the 
crop.  This ‘free’ N doesn’t necessarily come cheap, it requires good soil management practices to maintain 
and or improve soil OM and healthy soil organisms.  It is important to not that the percent OM at the six 
sites were between 2.1% and 4.8%.  Research from Dr. Bev Kay at the University of Guelph indicates that 
over the growing season, on average, approximately 100 lbs/ac of plant available N per ac is produced for 
every percent OM content in the soil.  So a field with 3% OM will have approximately 300 lb N/ac 
produced over the growing season.  Now this doesn’t mean that no N fertilizer is needed, but it might give 
some confidence on soil with good OM to reduce N fertilizer or at least put in a strip trial with reduced N 
fertilizer rates.   
 
 
Acknowledgements: Funding for this project was provided in part by Ontario Ministry of Agriculture, Food and 
Rural Affairs as well as in-kind analysis from Agri-Food Laboratories Ltd., and A&L Laboratories Inc..  Other 
sources of funding include the Fresh Vegetable Growers of Ontario, Ontario Processing Vegetable Growers, Ontario 
Food Processors Association, Agriculture and Agri-Food Canada through the Agricultural Adaptation Council 
CORD IV program. The small plot yields presented in this report are for comparative purposes only and may not 
accurately reflect commercial yields.  We welcome any questions, comments, concerns on this report, particularly 
suggestions on how to improve or make the trials more meaningful. 



 
 
 
 
 

Enhancing Your Carrot Rotation Systems with Biofumigants and 
Other Cover Crops 

 
M. Ngouajio (ngouajio@msu.edu)  J. Breinling, and J. W. Counts 

Dept of Horticulture Dept of Crop and Soil Sciences 
Michigan State University, East Lansing, Michigan, USA 48824 

 
Summary 
An on-farm trial was established in Newaygo County MI, in 2006 to test the effects of cover crops on 
carrot rotation systems with special focus on management of root lesion nematodes.  Herbicide programs 
used in carrots affected sorghum sudangrass and arugula cover crops established after carrot harvest.  
Sorghum sudangrass totally failed to establish and arugula growth was slower than expected.  Lorox® 
might be implicated; however, this has not been confirmed.  Root lesion nematode populations were 
reduced in all plots the spring following the cover crops.  However, it was not possible to attribute the 
effect to a specific cover crop as the trend was similar in all plots including the control.  Root lesion 
nematode population bounced back in soil samples collected after harvest of the winter squash crop used 
in rotation with carrot.  However the level was generally low compared to 2006 and this time the brassica 
cover crop plots seemed to have lower levels than wheat. 
 
Introduction and rationale 
Michigan is among the largest producers of fresh market and processing carrots (Daucus carota L.) in the 
U.S.  In 2006 for example, about 4,200 acres of carrots were harvested in Michigan and contributed about 
$17.29 million to the state economy (USDA, 2007).  Most of the production is under intensive systems, 
characterized by short-term crop rotation and high inputs for nutrient, weed, pest, and disease 
management.  Nematodes constitute a serious threat to Michigan carrot production.  Appropriate crop 
rotation can help manage nematode in cropping systems.  Benefits of long-term crop rotations are well 
known to growers.  However, market demand for high quality produce and lack of adequate land 
represent serious limitations to the use of long-term crop rotations.  Growers are willing to embrace any 
strategy that can help improve their production systems with minimum change on their current rotation 
systems.  Integrating cover crops into short-term crop rotations could help enhance plant biodiversity and 
improve the production system. 
 
Objectives 
The goal of this on-farm study is to improve current carrot rotation systems with biofumigants (Brassicas) 
and other cover crops.  The study also pays special attention to the evolution of root lesion nematode 
populations over time. 
 
Methodology 
A large-scale trial (25 acres) was established on a grower cooperator’s farm in Newaygo County, MI.  
The trial was set up in the fall of 2006 after carrots harvest.  The rotation system is carrot (2006) followed 
by butternut squash in 2007, snap bean or soybean in 2008 and finally carrot in 2009.  Windows that are 
targets for the enhancement of plant biodiversity have been identified (Figure 1).   Dairy manure was 
applied on 14 and 15 Aug 2006 at the rate of 7000 gal/A. The nutrient content was 23.0, 6.0, and 21.3 
lb/1000 gal N, P, K, respectively. The nutrient contribution to the cover crop (assuming 50% availability) 



was 80.5, 21.0, and 74.5 lb/acre N, P, K, respectively.  Sorghum sudangrass (60 lb/A), Oilseed radish 
‘Diakon’ (19 lb/A), and Oriental Mustard ‘Forge’ (10 lb/A) were planted on 17 Aug 2006 with Oilseed 
radish ‘Defender’ (19 lb/A) and Arugula (6 lb/A) planted on 24 Aug 2006 using a Brillion Sure-Stand SS 
series seeder (Brillion; Brillion, WI).  The cover crops were allowed to grow until weather forecast of first 
frost.  Biomass was sampled in each plot on 20 Oct 2006 using two 0.5 x 5 m areas (total of 5 m2 per 
plot).  Fresh cover crop residue was incorporated on 26 Oct 2006 using a rotovator (Howard Rotovator 
Model M130 MK2 X).  After incorporation wheat was broadcast on 3 Nov 2006 at 1 bushel/A (50% 
normal rate) in the entire plot for wind erosion protection.  An extra 1 bushel/A was broadcast in the 
sorghum sudangrass plot because sorghum sudangrass failed to germinate and establish.  Wheat biomass 
was estimated (as indicated above) on 11 May 2007 followed by glyphosate application.  Butternut winter 
squash ‘Ultra’ was sown on 25 May 2007 after soil preparation.  Row spacing was 36 inches, in-row 
spacing 36 inches.  Normal production practices were used by the grower for nutrient, weed, disease and 
water management.  Four subsamples (5 by 25 ft each) were harvested from each plot on 25 Sept 2007.  
Soil samples were taken on 17 Aug 2006 and 11 May 2007 and 22 June 2007 for nutrient and nematode 
analysis.  Additional plots with similar initial nematode counts in 2006 were sampled on 23 Oct 2007 to 
determine nematode populations in the soil profile (0, 1, and 2 feet).  All nematode analyses were 
conducted at the MSU Plant Diagnostic Clinic. 
 
Figure 1. Crop rotation system and potential windows for 
integration of cover crops.  

1 = Brassica cover crops (oilseed radish, arugula, 
oriental mustard) and sorghum sudangrass 

2 = wheat;   
3 = Barley used for protection against wind erosion  

 

RESULTS 
Cover crop growth and development 
Herbicide programs used in carrot affected the cover crops.  
Sorghum sudangrass totally failed to establish after carrot 
harvest.  The seed was tested and viability was not a 
problem.  Such a total failure could only be due to factors 
such as residual herbicide activity.  Lorox® was suspected 
to be implicated; however, that has not been confirmed. Greenhouse studies are underway to understand 
the causes of sorghum sudangrass lack of germination after carrots.  Most brassica cover crops emerged 
and established successfully after carrot harvest.  However, arugula growth and development was 
seriously limited, probably due to residual herbicide injury.  Oilseed radish ‘Defender’ produced the most 
biomass while the Arugula had the smallest amount of biomass (Table 1). 
 
Results of this study stress the importance of testing cover crops in commercial fields prior to their 
recommendation to growers. 

 
Nematode populations 
Root lesion nematode populations were reduced in all plots the spring following the cover crops.  
However, it was not possible to attribute this to a specific cover crop as the trend was similar in all 
treatments including the control with no cover crop and wheat plots used as standard practice.  This initial 
observation from soil samples collected on 11 May 2007 was confirmed by another sample collect on 22 
June 2007.  While the lack of presence of the nematodes in the soil was good news, there were some 
serious questions whether they have moved deeper in the soil profile since root lesion nematodes are 
migratory nematodes. Their population bounced back in soil samples collected after harvest of the winter 
squash crop used in rotation with carrot.  However, levels were generally low compared to 2006.  This 
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suggests that rotating with winter squash should not exacerbate root lesion nematode in carrot production 
systems.  To further test the hypothesis of nematode migration in deep soil and study their population 
over time, 4 plots with similar initial nematode counts were monitored more closely.  In October 2007 
soil samples were collected at various depths (up to 2 feet).  We found that from fall 2006 to fall 2007 the 
level of nematodes declined in all cover crop systems except wheat (Figure 1).  Furthermore few 
nematodes were recovered at 1 foot depth and no nematode at 2 feet.  This confirmed that nematode 
suppression observed early in the season was real and that both the brassica cover crops and winter 
squash used in the rotation could serve as potential management tools.   
 
Squash growth and yield 
In 2007, winter squash was the cash crop for the rotation system.  Measurements taking on 22 June 2007 
showed higher leaf chlorophyll content of squash in the brassica cover crops compared to wheat.  That 
was probably due to improved nutrient recycling in the brassica cover crops (Table 2).  Soil tests show the 
lowest nitrogen content in wheat plots (Table 1).   For the 2007 growing season winter squash planted 
following ‘Diakon’ oilseed radish had significantly more harvestable fruit than all other cover crops and 
had higher yield than the oriental mustard (Table 3).  While differences in total squash yield among 
treatments were marginal, weed infestation was a serious problem in the wheat plots compared with the 
brassicas.  Supplemental weed control is usually achieved with a hand weeding, representing a significant 
input cost to the growers.  Therefore, using brassica cover crops may be a more cost effective alternative 
to wheat. 
 
Conclusions 
This study demonstrates that brassicas cover crops can successfully be fitted into carrot rotation systems.  
They were planted after carrot harvest and reach flowering stage prior to first frost.  Both the cover crops 
and the rotation crop (squash in 2007) could be used to improve carrot rotation systems and potentially 
held reduce nematode problems. 
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Table 1. Brassica cover crop dried biomass prior to residue incorporation in the soil in Fremont MI 
in October 2006 and soil nitrogen content in May 2007. 

Cover crop evaluation in October 2006 Soil Nitrogen Treatment 
Biomass (g/ 5 ft2) Count (plants/ 5 ft2) (lb/acre) 

Oilseed Radish ‘Diakon’ 321.02   b   64.60 b   68.73 bc 
Oilseed Radish ‘Defender’ 418.67   a   69.20 b   89.63 ab 
Oriental Mustard 369.27 ab   84.05 b   51.20 cd 
Arugula 315.44   b 199.40 a 109.43  a 
Wheat NA NA   35.47  d 
LSD (0.05) 66.39 20.37 24.25 
 
 
 
Table 2. Butternut winter squash ‘Ultra’ leaf chlorophyll content and yield in Fremont MI in 2007 
as affected by various cover crops planted after carrots harvest in a rotation system. 

Treatment Leaf chlorophyll content 
 

Yield for 500 ft2 area 

 (SPAD value*) Fruit count Weight (kg) 
Oilseed Radish ‘Diakon’ 38.60 ab 32.56 a 63.92   a 
Oilseed Radish ‘Defender’ 40.15   a 27.50 b 56.93 ab 
Oriental Mustard 38.87 ab 27.37 b 52.90   b 
Arugula 38.52   b 27.25 b 61.21 ab 
Wheat 36.70   c 26.75 b 56.93 ab 
LSD (0.05) 1.57 3.52 8.42 
* Higher SPAD values indicate higher chlorophyll content 
 
 
 
Table 3. Effect of cover crop on root lesion nematodes and beneficial microorganisms populations 
over time.   
 

Root lesion nematodes 
(#/100 cm3 soil) 

Beneficial microorganisms 
(#/100 cm3 soil) 

Cover crop 

8/17/2006 5/11/2007 6/22/2007 8/17/2006 5/11/2007 6/22/2007 
Oilseed Radish ‘Diakon’ 16 0 0 450 ab 490 312 a 
Oilseed Radish ‘Defender’ 13 0 0 437 ab 473 190 b 
Oriental Mustard 16 0 0 622 a 435 280 a 
Arugula 6 0 1 717 a 400 275 ab 
Wheat 13 0 1 282 b 290 265 ab 
CC P-value NS NS NS 0.09 NS 0.09 
LSD (0.05) - - - 327 - 86 
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Figure 1.  Effect of cover crops on root lesion nematode and beneficial microorganisms populations 
in a carrot rotation system in Fremont MI.  The cover crops were planted in fall 2006 after carrot 
harvest and Butternut winter squash ‘Ultra’ was grown in 2007. The three plot selected had similar 
initial nematode counts (23, 27, 24 nematodes/100 cm3 soil for oriental mustard, oilseed radish, and 
wheat, respectively). 



Using Skybit for Blight Management in Carrots 
 

Dr. Mary K. Hausbeck (517-355-4534), Brian Cortright, and Stevie Glaspie 
Michigan State University, Department of Plant Pathology 

 
 
Carrot Weather Forecasting Project for Alternaria and Cercospora Control 

The Carrot Weather Forecasting Project’s purpose is to test the TOM-CAST system using either 
on-site weather data or weather data received via a satellite.  The satellite weather information was sent 
by email each morning from Skybit, Inc.©.  In each set of information sent, there were the weather data 
that were collected for the past twenty-four hours as it was observed through the satellite.  A global 
positioning system (GPS) was used to determine exact locations of our experimental sites to obtain the 
most accurate weather data.  The emailed weather data were copied into a program which formatted and 
summarized the data, and predicted TOM-CAST spray dates.  The on-site weather data comparison was 
collected using Spectrum Technologies© leaf wetness sensors and spray application dates predicted using 
TOM-CAST.   

The Carrot Weather Forecasting Project had two experimental locations.  Large scale trials were 
located on the Michigan State University Muck Farm and on a grower cooperator’s farm in Mason 
County.   

 
Mason County Trial 

This study was conducted on a grower cooperator’s farm located in Mason County, MI near the 
town of Hart.  The soil type in the field was a fine sandy loam that was previously planted to zucchini 
squash.  ‘Recoleta’ carrot seeds were planted at a density of 8 seeds/ft of row (200M/A) on 19 Apr into 
three-row beds centered 64 in. apart.  Treatment plots consisted of one block of carrots 5 beds wide by 
100 ft long.  An untreated buffer area consisting of 2 beds 100 ft long were left between forecasting 
treatment blocks.   Fungicide treatments were applied using a CO2 backpack boom sprayer equipped with 
8003XR nozzles and calibrated to deliver 50 GPA.  On-site and satellite weather data was used with the 
TOM-CAST disease forecaster (15 disease severity values) to schedule fungicide sprays.  Global 
positioning system (GPS) technology was used to locate the trial site and to obtain local satellite weather 
data from SkyBit Inc.  Satellite data from the previous 24 hours, used for scheduling hindcast sprays (D-1 
corrected), was corrected using a model developed by Iowa State University (Kim, Gleason and Taylor, 
2004, Plant Dis. 90:650-656) to reduce errors in leaf wetness duration.  Initial applications for all 
treatments were applied when there was a trace of disease on 5 Jul. Six sprays prompted by the 15 DSV 
D-1 corrected program were applied 5 and 19 Jul, 2, 13, and 23 Aug, and 4 Sep.  On-site weather data, 
collected using a Spectrum WatchDog data logger, was used to schedule six sprays (Spectrum) and were 
applied 5, 19 and 31 Jul and 8, 21, and 30 Aug.  Carrots were harvested 17 Sep by hand from the center 
10 ft of the middle row and assessed for disease.  Foliar disease and petiole infection severity assessments 
were taken using a foliar disease percent estimation and severity rating based on a 1 to 5 scale (1= no 
lesions, 2=1-10 lesions per petiole, 3=11-20, 4= 21-50 and 5= >50 lesions per petiole).  Petiole infection 
was determined by counting the number of plants with at least one infected petiole.  Overall petiole health 
of remaining plants was rated on a 1 to 10 scale (1= no disease to trace, 10= complete defoliation).  After 
foliar evaluation, the carrot tops were removed and root weights were recorded.  Data were analyzed 
using Sigma Stat version 3.1 (Systat Software Inc.) and treatments were compared using the Fisher LSD 
multiple comparison test.  Average monthly minimum and maximum air temperatures (°F) were: May  



(49.1 and 72.1); Jun (56.8 and 79.4); Jul (59.9 and 79.2); and Aug (61.5 and 79.2).  Rainfall totals (in.) 
were 1.82, 1.19, 1.65 and 4.94 for the same respective months.  

Both forecasting systems provided significant disease control compared to the untreated control 
(Fig. 1).  The fungicide treatment blocks had significantly better ratings for petiole health, blight severity, 
and percentage of infected petioles than the untreated block of carrots.  
 

 
Muck Farm Trial 
 This study was conducted at the Michigan State University Muck Soils Research Farm located 
near Lainsgburg, MI on a Houghton muck field.  ‘Fontana’ carrot seeds were planted at a density of 10 
seeds/ft of row (250 M/A) on 8 May in two seed lines per row with rows centered 16 in. apart on three-
row raised beds centered 64 in. apart.  Treatment plots consisted of one block of carrots 50 ft long by 100 
ft wide.  An untreated buffer area consisting of 2 beds 50 ft long were left between forecasting treatment 
blocks.  Fungicide treatments were applied using by a tractor mounted boom sprayer equipped with 
8003XR nozzles and calibrated to deliver 30 GPA.  Weather data were used with the TOM-CAST disease 
forecaster, 15 disease severity values, to schedule fungicide sprays.  Global positioning system (GPS) 
technology was used to locate the trial site and to obtain local satellite weather data from SkyBit Inc.  
Satellite data from the previous 24 hours, used for scheduling hindcast sprays (D-1 corrected), was 
corrected using a model developed by Iowa State University (Kim, Gleason and Taylor, 2004, Plant Dis. 
90:650-656) to reduce errors in leaf wetness duration.  Initial applications for all treatments were applied 
when there was a trace of disease on 5 Jul. Five sprays were prompted by the 15 DSV D-1 corrected 
program were applied on 6 and 23 Jul and 8, 21, and 29 Aug.  On-site weather data, collected using a 
Spectrum WatchDog data logger, were used to schedule six sprays (Spectrum) and were applied 6 and 19 
Jul and 2, 10, 21, and 20 Aug.  Carrots were harvested 9 Sep by hand from the center 10 ft of the middle 
row and assessed for disease.  Foliar disease and petiole infection severity assessments were taken using a 
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foliar disease percent estimation and severity rating based on a 1 to 5 scale (1= no lesions, 2=1-10 lesions 
per petiole, 3=11-20, 4= 21-50 and 5= >50 lesions per petiole).  Petiole infection was determined by 
counting the number of plants with at least one infected petiole.  Overall petiole health of remaining 
plants was rated on 1 to 10 scale (1= no disease to trace, 10= complete defoliation).  After foliar 
evaluation, the carrot tops were removed and root weights were recorded.  Data were analyzed using 
Sigma Stat version 3.1 (Systat Software Inc.) and treatments were compared using the Fisher LSD 
multiple comparison test.  Average monthly minimum and maximum air temperatures (°F) were: May 
(48.6 and 72.4); Jun (57.1 and 80.7); Jul (58.4 and 82.2); and Aug (61.6 and 81.2).  Rainfall totals (in.) 
were 3.5, 3.1, 0.7, and 6.4 for the same respective months.  

Both forecasting systems provided significantly better disease control than the untreated (Fig. 2).  
The fungicide application scheduled by the Spectrum for on-site weather data had significantly better 
ratings in all areas of disease assessment compared with the block of carrots sprayed using the corrected 
satellite weather data. 
 
 

 
 
 This research has been funded by the USDA RAMP Award No. 2005-51101-02384 and the 
Michigan Carrot Committee. 
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Infectivity Rate Treatment 
Threshold 

(leafhoppers per 
100 sweeps) 

1% 50 
2% 25 
5% 10 

10% 5 
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Aster yellows is a serious disease of carrots and other vegetable crops.  Affected plants have distorted, 
discolored foliage and hairy, bitter-tasting roots.  Plants become infected with aster yellows after being 
fed upon by an aster leafhopper that carries the disease.  Once plants are infected, nothing can be done; 
the only way to prevent aster yellows is to control the aster leafhoppers that spread it.   
 
The risk of aster yellows depends on the inherent susceptibility of the crop to the disease and on the 
proportion of leafhoppers that carry aster yellows (infectivity rate).  Some years ago researchers at the 
University of Wisconsin developed an “Aster Yellows Index”, which measures crop susceptibility, as 
means of determining if treatment for aster leafhoppers is required to prevent aster yellows infection. 
Treatment threshold (the number of aster leafhoppers caught in 100 sweep samples) is determined by 
dividing the Aster Yellows Index for the crop by the proportion of aster leafhoppers that are infected with 
asters yellows.  For most carrot varieties grown in Michigan, the Aster Yellows Index is 50.  The table 
below shows how dramatically the treatment threshold changes with small changes in infectivity rate.   

 
Knowing this rate is crucial for preventing significant aster 
yellows infection and preventing unnecessary insecticide 
applications.  During the past seven years we have tested aster 
leafhoppers collected from a variety of Michigan carrot and 
celery fields to determine infectivity rate. We have found that 
the infectivity rates vary from year to year and that both 
location and time of year influence them. As a result of this 
testing we are able to provide growers with treatment 
thresholds that are specific to their local area and particular 
time of the season.   

 
Aster leafhopper populations in northwestern Michigan carrot fields were low early in the season and we 
did not receive leafhopper samples test until July.  During July and August we submitted six leafhopper 
samples to Diagnostic Services for testing.  Five samples were from Mason County and one sample was 
from Oceana County.  All leafhopper populations except one tested positive for aster yellows.   
 
In July, the infectivity rate varied from 1 to 4%.  In August, the infectivity rate was higher, between 5 and 
20%.  We have seen the same pattern in previous years—infectivity increases as the season progresses.   
 
Prior to 2000 when faster, less expensive methods to test aster leafhoppers for infection with aster yellows 
became available, a single treatment threshold was established for the entire state and the entire season.  
This treatment threshold depended on a presumed infectivity rate, or one that was determined very early 
in the season.  Usually that infectivity rate was around 1 to 3%.   
 



We compared treatment thresholds and resultant insecticide application recommendations between those 
that would have resulted from the older method (using a constant infectivity rate of 2.5%) and those 
generated by current methods of testing leafhoppers (using the most recent infectivity rate).  Of the six 
aster leafhopper samples tested, aster leafhopper populations at that site on that date exceeded the “new” 
treatment threshold 3 times. For the same dates and sites, the older treatment threshold would have been 
exceeded four times.  However, use of the “old” treatment threshold would have resulted in one 
unnecessary insecticide application (Mason Co., July 15), and two necessary applications would have 
been missed (two sites in Mason Co., Aug 7).   
 

Number of leafhoppers/100 sweeps 
Application 
Decision? 

County Date 
Infectivity 

Rate 
"Old" 

Threshold 

New 
Treatment 
Threshold 

Actual 
leafhopper 
Numbers "old" "New" 

Percent of 
Plants infected 

with Aster 
Yellows 
22-Aug 

Mason 15-Jul 1.8% 20 27 20.0 yes no 3% 
Mason 25-Jul 1.2% 20 43 48.5 yes yes NA 
Mason 7-Aug 0.0% 20 50 4.8 no no 1% 
Mason 7-Aug 8.4% 20 6 19.5 no yes NA 
Mason 7-Aug 23.7% 20 2 7.3 no yes 0.50% 
Oceana 30-Jul 3.7% 20 14 31.0 yes yes NA 
 
 
The infectivity rate of aster leafhoppers collected from celery fields, in contrast, was very low again in 
2007.  OF 19 leafhopper samples collected from celery fields, aster yellows was detected in only 4 of 
those samples.  Few aster yellows-infected celery plants were observed in the field.  Aster leafhopper 
infectivity testing remains crucial to helping growers make informed insecticide application decisions.   
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Aster Yellows 2007
Beth Bishop

Department of Entomology
Michigan State University

Aster Yellows

Disease affects many vegetables

Causes Discolored Foliage
Causes Excess, Distorted Growth

Causes Hairy, Bitter-Tasting Roots Spread by Aster
Leafhoppers
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Leafhopper acquires the pathogen afterLeafhopper acquires the pathogen after
prolonged feeding on infected plantsprolonged feeding on infected plants

The pathogen multiplies in the leafhopper’s The pathogen multiplies in the leafhopper’s 
body for 2 to 3 weeksbody for 2 to 3 weeks

The leafhopper is then able to spread the The leafhopper is then able to spread the 
disease by feeding on uninfected plantsdisease by feeding on uninfected plants

Pathogen grows in plant, symptoms 
begin to appear 2 wk after infection

Controlling Aster Yellows

Control the leafhopper

Is Leafhopper Control Necessary?
Aster Yellows Risk

Depends on the crop species and cultivar
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Aster Yellows Risk
Depends on the crop species and cultivar
Depends on number of leafhoppers present

Number of Leafhoppers/ 100 Sweeps

Aster Yellows Risk
Depends on the crop species and cultivar
Depends on number of leafhoppers present
Depends on the proportion of aster 
leafhoppers that are infective (able to 
spread aster yellows)

Infectivity Rate Variable

Two sources of ALH

Migratory

come into state already infected

Local

become infected by feeding on
diseased plants

Infectivity rate changes during season

Treatment Threshold (#ALH per 100 sweeps) = 
Aster Yellows Index*/Infectivity Rate

Lettuce 25

Celery 35

Carrots (resistant cultivars) 100

Carrots (intermediate
cultivars)

75

Carrots (susceptible cultivars) 50

*developed at University of Wisconsin by Mahr, Wyman and Chapman

AY Index

Treatment Threshold
(# ALH per 100 sweeps) 

% of infective ALH

Carrot Cultivar 1% 2% 5%

Resistant 100 50 20

Intermediate 75 37 15

Susceptible 50 25 10

*developed at University of Wisconsin by Mahr, Wyman and 
Chapman



4

Aster Yellows Project

Beginning in  2001 molecular methods 
used to test leafhoppers for infection 
with aster yellows
Quicker, cheaper than previous 
methods
Able to test more populations

Proportion of ALH infected 
with AY---Oceana Co.
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How have the new leafhopper 
testing methods influenced 
treatment decisions?

Treatment Threshold
(# ALH per 100 sweeps) 

% of infective ALH

Carrot Cultivar 1% 2% 5%

Resistant 100 50 20

Intermediate 75 37 15

Susceptible 50 25 10

*developed at University of Wisconsin by Mahr, Wyman and 
Chapman
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% of Carrots with Aster Yello
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Bottom Line:

•Accurate, timely measurement of infectivity 
rate:

•Accurate treatment thresholds
•Save unnecessary insecticide applications
•Identify crucial insecticide applications
•Minimize impact of aster yellows

THANKS TO:

E.B. Boulett, West Michigan Crop Management Association

Norm Myers, MSUE

Jim Breinling, MSUE

Kristin Ooman

The Carrot Growers of Michigan

MSU Extension

Project GREEEN



 

 

Research on Diseases and Insect Pests of Carrots in Ontario 

 Mary Ruth McDonald,  Kevin Vander Kooi, Catarina Saude and Greg Boland 
Dept. of Plant Agriculture, University of Guelph, Guelph, Ontario, Canada N1G 2W1   

email: mrmcdona@uoguelph.ca Telephone: (519) 824-4120.  

Carrots are the fourth most valuable field vegetable in Ontario.  In 2006, the crop was worth $19 
million and there were 8,250 acres of carrots in the province, 40 % of the total production in 
Canada.  Approximately half of the production is on muck soil.   
 
The major carrot diseases in Ontario are leaf blights (both Alternaria leaf blight and Cercospora 
leaf spot) Sclerotinia rot and cavity spot.  Forking caused by Pythium species can cause major 
losses in some years.  Aster yellows is a bigger problem on carrots grown on mineral soil, but was 
high on all carrots in 2007.   Sclerotinia rot is the most important disease on carrots in storage, but 
botrytis gray mold and Rhizoctonia can also be problems in some years.  Nematodes are 
controlled through crop rotation, late plowing and fumigation.   
 
Carrot weevils are a persistent insect pest in carrot production.  Carrot rust flies cause economic 
losses only in the Bradford/Holland Marsh area of the province.  Insecticides are applied every 
year in an effort to control aster leafhoppers and reduce aster yellows. Much of the research on 
diseases and insect pests of carrots is conducted at the Muck Crops Research Station by 
researchers at the University of Guelph., in cooperation with researchers in other areas of Canada 
and the United States.   
  
 The results of the major research trials in the past few years are summarized below.  More details 
are available in the Muck Vegetable Cultivar Trial and Research Report which is published by the 
Muck Crops Research Station each year.   
  
Carrot leaf blight in Ontario is caused by two fungi, Alternaria dauci (Alternaria leaf blight) and 
Cercospora carotae (Cercospora leaf blight). Both leaf blights can weaken carrot tops, which can 
lead to an inability to pull the carrots out of the ground using a mechanical harvester.  Trials were 
conducted in 2006 and 2007m on mineral soil to determine the relative importance of applied 
nitrogen and fungicide application on the control of leaf blights and on carrot yield.  In 2006 there 
was a significant effect of fungicide on leaf blight and yield, but no effect of nitrogen on leaf 
blight or yield.  In 2007, nitrogen rate had an effect on disease but no on yield, while fungicide 
application increased yield and reduced disease (Table 1).  The amount of Alternaria blight that 
developed over the season was the same on carrots that received 200% of the recommended rate 
of N and no fungicide, as it was on carrots that received no N, but 3 or 5 fungicide sprays.  The 
effects o N on  Cercopsora leaf spot were only seen at the high ( 200%)  rate where carrots that 
received 200% of the N rate and 3 sprays had the lower levels of Cercoposra leaf spot than carrots 
with no N or the recommended rate that received 5 sprays.  When looking at marketable yield, 
carrots receiving 5 fungicide sprays had higher yield than carrots that were not sprayed, 
regardless of the N rate.  However, the highest yield occurred in carrots that received 5 fungicide 
sprays and no nitrogen.  Fungicide application decreased disease and resulted in higher yields.  
Nitrogen application did not affect yields, but high N rates did reduce disease in the 2007 trial.   



 
 
Table 1. Effects of nitrogen and fungicides on the severity of Alternaria and Cercospora leaf 
blights as determined by area under disease progress curve (AUDPC) over the season and disease 
severity index (DSI) at harvest for carrots grown on mineral soil. 
              Treatment 
 

   

N Rate (% of 
recommended)z 

# of Fungicide 
Applicationsw 

Alternaria Leaf 
Blight AUDPC y 

Cercospora 
Leaf Blight 
AUDPC y 

Marketable 
Yield(t/ha) x 

0         0    487.5   a 376.9  a 39.9     c 
0     3    421.2     bc 363.8  a 44.8   bc 
0      5    420.0     bc 350.6  a        55.4  a 

100      0    451.9   ab 360.0  a 44.3    bc 
100    3 406.9       cd 354.4  a 46.1  abc 
100    5 408.8       cd 345.0  a        51.0  ab 
200    0    429.4    bc 352.5  a        38.3      c 
200   3    343.1            e     298.1      b        45.0    bc 
200    5    352.5            e       273.8       b 46.9  abc 
200   5 @1/2 rate    378.8          de       290.6       b        48.9  ab 

z  Recommended Nitrogen rate  for mineral soils= 110 kg/ha split 2/3 preplant, 1/3 side dress. N 
source was ammonium nitrate.  

y  Numbers in a column followed by the same letter are not significantly different at P=0.05, 
Fisher’s Protected LSD test. 

W Fungicides were Lance, followed by 1 or 3 Bravo sprays, then Cabrio.   
 
Cavity spot of carrot occurs every year in the muck soil regions of Ontario, but the severity can 
vary from year to year.  There is a growing interest in carrots with different pigments.  Pigments 
in carrots may provide some protection from cavity spot, or may be unrelated to disease 
development.  Carrot breeding lines were obtained from Dr. Phil Simon, ARS, USDA, at the 
Univ. of Wisconsin and were tested for 3 years.  In 2006, carrots from different seed companies 
were included (Table 2). 
 
Carrot lines with red pigments (lycopene) tended to be the most susceptible to cavity spot, while 
several with purple pigments (anthocyanins) had low susceptibility.  However, pigmentation was 
not directly related to cavity spot incidence or severity. The influence of rainfall and temperature 
on cavity spot at harvest was greatest during the months of July and August, 2 and 3 months after 
seeding. Disease incidence in all the lines increased with increasing rainfall in August (r = 0.73), 
which ranged from 0.75 to 4 inches over the  5 years of study.  High mean maximum air 
temperatures in August were correlated with low incidence of cavity spot (r = -0.88), over a range 
of 70 to 75 oF.  
 
 
 
 



Table 2. Disease incidence and disease severity index (DSI) of cavity spot in different coloured 
carrots, grown at the Muck Crops Research Station, Holland Marsh, Ontario, 2006. 
 

Disease Incidence (%) DSI3 
Cultivar Source1 Colour2 

16 Aug 27 Nov 16 Aug 27 Nov 

Purple Haze Bejo P 11.3 a4 5.0 a 4.5 a 1.6 a 

Cellobunch Sem O 27.7 abcd 22.0 ab 11.4 abc 8.8 ab 

Belgian White BG W 39.8 cd 34.4 bc 13.0 abc 14.4 abc 

YaYa  Bejo O 37.8 bcd 30.0 b 10.2 ab 15.4 bc 

Amarillo Yellow BG Y 26.3 abcd 38.0 bc 8.5 a 18.9 bcd 

Rainbow Bejo M 37.8 bcd 40.0 cde 15.4 abc 19.5 bcd 

Yellowstone GCS Y 31.3abcd 51.2 cde 9.0 a 21.3 bcd 

Purple UW P 12.4 ab 39.2 bc 3.2 a 21.6 bcd 

Cosmic Purple JSS P 13.3 ab 37.0 bc 6.2 a 23.0 cd 

White UW W 68.0 e 53.5 cdef 29.9 d 26.5 cd 

Yellow UW Y 48.8 de 66.8 ef 22.3 bcd 30.8 d 

Mellow Yello  Bejo Y 68.6 e 69.4 ef 24.4 cd 31.1 d 

Dark Orange UW DO 18.3 abc 59.5 def 8.4 a 31.8 d 

Dragon GCS P 14.7 abc 62.4 ef 7.0 a 32.0 d 

Atomic Red JSS R 20.3 abc 68.2 ef 10.4 ab 50.2 e 

Red UW R 17.8 abc 72.7 f 10.1 ab 51.2 e 
 
1  Sources UW = University of Wisconsin (breeding lines), Bejo = Bejo Seeds Inc,  
  BG =  Bountiful Gardens, CGS = Garden City Seeds, JSS = Johnny’s Selected Seeds,  

Sem= Seminis Vegetable Seed. 
2 Colour = O = Orange, DO = Dark Orange, M = Mixed colours, P = Purple, R = Red,  

W = White, Y = Yellow. 
3  Disease severity index (DSI) was determined using the following equation: 

j [(class no.)(no. of carrots in each class)] DSI = 
(total no. carrots per sample)(no. classes -1) 

x 100 

4 Numbers in a column followed by the same letter were not significantly different at P=0.05, Fisher’s 
Protected LSD Test. 

 
 



Sclerotinia on carrot, also called cottony soft rot, can cause major losses in storage.  Trimming of 
the carrot leaves, at the time the leaves close over the row, has been shown to reduce the 
development of Sclerotinia in the field.  Additional research in Prince Edward Island, by Kevin 
Sanderson and Rick Peters has shown that trimming also results in a reduction of disease in 
storage.  Trials in Ontario over 3 years looked at  trimming the carrot leaves twice and whether 
this reduced the  development of carrot leaf blight or improved the effectiveness of fungicides. 
Trimming twice further reduced apothecia production and hence the risk of Sclerotinia.  
Trimming reduced the severity of leaf blight in 1 of the 3 years, when disease pressure was low.  
Fungicide sprays reduced leaf blight but trimming did not improve the effectiveness of the 
fungicide.   
 
Insecticide seed treatments can be a very effective method of insect control.  Trials were started 
in 2007 to determine if seed treatments could provide control of carrot weevil or carrot rust fly 
(Table 3). The levels of damage from both insects were low in the trials, however, some of the 
insecticides look promising for carrot weevil control.  Entrust (spinosad) at 0.6 mg/seed was the 
most effective.  A new insecticide combination, ( L1778-A) also had very low weevil damage.  
These trials will be repeated in 2008 to confirm the results.   
 
Table 3. Effects of seed treatments for the control of carrot rust fly and carrot weevil in carrots 
grown at Holland Marsh, Ontario 2007. 

Treatment Rate 
mg ai/seed 

% Carrot Rust 
Fly Damage  

% Carrot 
Weevil Damage 

Marketable Yield 
(t/ha) 

Check ---- 5.6 nsz 3.4 by 86.5 ns 

Entrust 0.04 7.9 3.0 b 80.0 

Entrust 0.06 7.2 0.1 a 84.8 

Entrust 0.12 4.6 1.5 ab 93.2 

Cruiser 0.04 4.3 1.5 ab 72.4 

Cruiser 0.06 7.8 1.5 ab 88.8 

L1778-A 0.09 8.0 0.8 a 78.3 

L1778-A 0.12 5.4 0.4 a 86.3 
z Not significantly different, P=0.05 Fisher’s Protected LSD Test. 
y Numbers in a column followed by the same letter are not significantly different at P=0.05, Fisher’s 

Protected LSD test 
 
Seed catalogues for home gardeners often advertise carrots that are resistant to carrot rust flies.  
We tested 3 of these “resistant” carrot varieties, Resistafly, Sytan and Fly away in comparison to 
Cellobunch. Cellobunch had 6% rust fly damage, while damage to the other varieties ranged from 
3 – 10%, and there were no statistical differences.  Carrot weevil damage in Cellobunch was 3 %  
and ranged from 0.7 – 3% in the other carrots, but again , there were no differences.   


