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Aster Yellows and Insect Management in Celery 
 

Beth A Bishop 
Department of Entomology, Michigan State Univeristy 

December 2006. 
(517) 355-5154 bishopb@msu.edu 

 
Aster yellows is a serious disease of celery and other vegetable crops.  Infection causes stunted, distorted 
and discolored foliage and death of younger plants.  Aster yellows is transmitted through feeding by aster 
leafhoppers that carry the disease.  No treatment is effective once plants are infected; the only way to 
control the disease is to control the leafhopper vectors.   
 
The risk of aster yellows to celery is dependent on both the number of aster leafhoppers and the 
prevalence of aster yellows in the leafhopper population.  The proportion of aster leafhoppers carrying 
aster yellows varies from year-to-year, location-to-location, and over the season.  To assess the risk of 
aster yellows one must know this proportion. 
 
We tested aster leafhoppers from several different carrot and celery fields in Michigan throughout the 
season. The infectivity rate (proportion of aster leafhoppers infected with aster yellows) varied over the 
growing season.  As in 2005, the infectivity rates in aster leafhoppers collected from celery fields were 
low throughout most of the season and lower than the infectivity rates of aster leafhoppers collected from 
carrot fields in Oceana and Mason Counties.  .   
 
We also conducted insecticide efficacy tests for control of tarnished plant bug, aphids and spider mites in 
celery.  Tarnished plant bugs are mobile insects that feed on a variety of crops.  Winged adults can move 
into a celery field, feed for a few hours, and fly out again leaving only their feeding damage behind.  We 
tested the effect of at-plant treatments of neonicitinoid insecticides (imidacloprid, which is registered for 
use at-plant on celery, and thiamethoxam, which is not yet registered on celery) on tarnished plant bug 
control in celery.   All treatments increased tarnished plant bug mortality and reduced feeding damage 
(“stings”) as compared with untreated plants.   
 
Aphids are critical pests of celery, especially close to harvest.  Aphid populations can build very quickly 
in the hot, dry days of late summer.  Many insecticides only exacerbate aphid populations by killing the 
natural enemies that keep them in control.  We tested the same at-plant treatments of neonicitinoid 
insecticides for control of aphids on celery.  All treatments had significantly fewer aphids than untreated 
controls.   
 
Spider mites are growing problem in celery.  Spider mites are also more of a problem in hot, dry weather, 
but may appear at any time.  Like aphids, spider mite populations can explode due to  overuse of broad-
spectrum insecticides that kill natural enemies.  We tested the following insecticides for efficacy against 
spider mites on celery:  Agri-Mek® 0.15 EC (Syngenta) (registered for use against spider mites on 
celery), Oberon® 2SC (Bayer CropScience), Dannitol® 2.4 EC and Zeal® (Valent) (not currently 
registered on celery) and compared these treatments to untreated celery and to celery treated with Pounce 
(a pyrethroid inseciticide which can kill the natural enemies of mites).  The number of spider mite was 
lower on celery treated with Agri-Mek, Oberon and Zeal compared with plants treated with Pounce, 
Dannitol or untreated celery plants.   



Disease Management Begins in the Greenhouse 
 

Dr. Mary K. Hausbeck (517-355-4534) 
Michigan State University, Department of Plant Pathology 

 
Damping-off (caused by Pythium spp., Phytophthora spp. and Rhizoctonia sp.) affects all vegetable 
seedlings and is also common among flowering bedding plants.  Damping-off results in collapse of the 
plant at the soil surface.  To prevent damping-off, avoid over-watering because some fungi that cause 
damping-off prefer wet conditions. 
 
Good sanitation is the key and ensures that root rot problems from one crop are not carried over to 
another crop.  Root rot pathogens survive in the greenhouse in soil particles or plant parts clinging to 
containers, benches, walkways, and equipment.  If root rot occurs, remove and destroy the diseased 
plants.  Also, remove healthy-appearing plants that are immediately adjacent to the dead plants because 
the disease may have already spread to them although they are not yet showing symptoms.  Plug sheets 
containing diseased transplants should not be reused. 
 
Greenhouse Fungicide Trial – Rhizoctonia 
A greenhouse trial was conducted using registered and nonregistered products (Table 1).  Inoculum was 
prepared by growing R. solani on potato dextrose agar for four weeks.  Flasks filled with two parts millet 
and one part water were sterilized.  Four 1.5-in. plugs of the infested agar were then placed into the flasks.  
The infested millet was allowed to grow for three weeks before being mixed (8 oz/1 ft3) into a soilless 
media (Baccto Professional Planting Mix, Michigan Peat Company, Houston TX).  Three weeks after 
seeding into a 288-cell tray, healthy celery ‘Dutchess’ seedlings were planted into 3-in. pots containing 
the infested soilless media.  Plants were watered as needed and fertilized twice weekly with 200 ppm of 
Peter’s 20-20-20 water soluble fertilizer (The Scotts Company, Marysville, OH).  Eight plants per 
treatment were placed into a completely randomized design.  Immediately after transplanting the seedling 
into the infested soil, fungicides were applied as a drench in sufficient volume to displace 10% of the 
water in the pots on 1 and 15 of February.  A plant health rating (1 to 5; 1=healthy, 2=chlorosis/minor 
wilting, 3=moderate wilting, 4=severe wilting, 5=plant death) and death (%) were assessed on 7, 14 and 
23 February. 
 
Disease pressure was severe in this trial with 100% of the untreated inoculated plants dead just 7 days 
after inoculation (Table 2).  All treatments had significantly better plant health ratings and lower plant 
death (%) than the untreated control throughout the trial.  Terraclor 75WP, Moncut 70DF, and Scholar 
50WP were the only treatments that completely prevented plant death in this trial.  Kocide 2000 54DF, 
although statistically better than the untreated, did not offer acceptable disease control.  No phytotoxicity 
was noted on any of the treated plants in this trial.  
 
 
 
 
 
 
 



Table 1.  Products used in trials. 
Product Active ingredient Labeled 

Aliette 80WDG fosetyl-al no 

Banol EC propamocarb no 

Endorse 11.3DF polyoxin D zinc salt no 

Heritage 50WG azoxystrobin yes* 

Kocide 2000 54DF copper hydroxide yes** 

Moncut 70DF flutolanil no 

Scholar 50WP fludioxonil no 

Subdue MAXX EC mefenoxam no 

Terraclor 75WP PCNB no 

ZeroTol hydrogen dioxide no 
*Labeled for celery nurseries, applications in greenhouse not prohibited. 
**Labeled for field and greenhouse use. 
 
Table 2.  Control of Rhizoctonia root rot of celery seedlings with fungicide drenches. 

Treatment and rate/100 gal Plant health* 
23 Feb 

Plant death (%) 
23 Feb 

Untreated inoculated ............................................... 5.0      d** 100      c 

Terraclor 75WP 8 oz............................................... 1.4 ab 0.0 a 

Moncut 70DF 1.1 lb................................................ 1.0 a 0.0 a 

Endorse 11.3DF 8 oz............................................... 2.0   bc 12.5 ab 

Scholar 50WP 4 oz.................................................. 1.3 ab 0.0 a 

Heritage 50WG 8 oz ............................................... 2.0   bc 12.5 ab 

Kocide 2000 54DF 1 lb........................................... 2.7     c 25.0   b 
*Plant health rated on a 1 to 5 scale; 1=healthy, 2=chlorosis/minor wilting, 3=moderate wilting, 4=severe 
wilting, 5=plant death. 
**Column means with a letter in common are not significantly different (Fisher’s LSD; P=0.05). 
 
Greenhouse Fungicide Trial – Pythium 
A fungicide trial was conducted to test various products against Pythium damping-off in the greenhouse 
(Table 1).  Inoculum was prepared by growing several Pythium spp. on dilute V8 agar for 2 weeks.  
Flasks filled with two parts millet and one part water were sterilized.  Six 4-cm plugs of the infested agar 
were then placed into the flasks.  The infested millet was allowed to grow for four weeks before being 
mixed (8 oz/1 ft3) into a sterilized soilless media. Several 288-cell flats were cut into sections of 48 cells 
and filled with the infested soil. Celery ‘Dutchess’ seeds were planted into each cell on 29 Sep.   Six 48-
cell flat sections were used per treatment and placed into a completely randomized design.  Fungicides 
were applied as a drench.  The percentage of emerging celery seedlings was noted on 20 Sep and 5 Oct. 
 
 



 
Table 3.  Control of Pythium root rot of celery seedlings with fungicide drenches. 

Germinated seedlings (ave.) Treatment and rate/100 gal, applied at  

14-day intervals 20 Sep 5 Oct 

Untreated healthy control............................... 40.8 a* 64.8 a 

Untreated inoculated ...................................... 20.8   b 18.8       d 

Kocide 2000 54DF 1.5 lb............................... 21.5   b 21.0       d 

ZeroTol 10 fl oz ............................................. 20.3   b 16.3       d 

Banrot 40WP 12 oz........................................ 38.3 a 32.0     c 

Aliette 80WDG 4 lb ....................................... 37.5 a 45.5   b 

Subdue MAXX EC 1 fl oz ............................. 21.5   b 18.3       d 

Banol EC 3 fl oz............................................. 14.8   b 13.5       d 
*Column means with a letter in common are not significantly different (Fisher’s LSD; P=0.05). 
 
Disease pressure was severe in this trial with the untreated inoculated flats averaging just 18.8 emerged 
seedlings compared to the untreated healthy control with 64.8 on 5 Oct (Table 3).  On the final rating 
date, Aliette WDG and Banrot WP were the only treatments that had statistically more emerged seedlings 
than the untreated inoculated control according to our statistical tests.  Due to the resistance of the 
Pythium spp., Subdue MAXX was statistically similar to the untreated inoculated control and did not limit 
disease.  No phytotoxicity was observed on any of the treated plant in this trial. 
 



 
 
 
 
 

Can Slow Release Nitrogen Fertilizers  
Increase Celery Profits? 

 
Darryl Warncke 

Department of Crop and Soil Sciences 
Michigan State University 

 
Celery growth and yield is very dependent on adequate amounts of nitrogen (N) being available to the 
plant roots for uptake.  With a dense fibrous root system celery can effectively utilize N mineralized from 
soil organic matter or applied as fertilizer N.  Celery accumulates 170 to 210 pounds of N per acre in the 
above ground biomass.  The roots may accumulate an additional 25 to 40 pounds of N per acre.  During 
the first 4 to 5 weeks after transplanting celery accumulates biomass rather slowly.  At this point celery 
enters into period of rapid growth.  It is during this 6 to 7 week period that about 85 per cent of the total N 
requirement is accumulated (Fig.1).   
 
When N fertilizer is added to the soil, it has several possible fates.  Most desirably it will be taken up by 
the growing celery plants.  However, when more N is present than is being taken up, some of the N is 
subject to loss by leaching (with water moving downward through the soil) or denitrification (conversion 
to gaseous nitrous oxides).   To minimize the risk of N loss, celery growers apply N several times during 
the growing period.  This enables matching the amount of N supplied to the need of the crop.   However, 
this requires additional time and energy (fuel) to topdress the additional N.   
 
 
 
 
 
             lbs N 
 per acre 
 
 
 
 
 
 
     Days after Transplanting 

Figure 1.  Nitrogen accumulation in celery top biomass over time. 
 
Several new controlled release N carriers are being developed and researched to match the N release 
pattern more closely to the need pattern of various crops.  There are a number of mechanisms for 
controlling or altering the N release rate.  These include different chemistries to reduce the solubility of N 
containing materials and physical coatings to reduce of dissolution in the soil.  Urea-formaldehyde (UF), 
methylene urea (MU) and isobutylidene diurea (IBDU) are examples of slow release chemistries.  
Various materials are being used to coat urea granules to provide slow or controlled release of N.  Sulfur, 
waxes and starches are coatings that gradually breakdown allowing gradually dissolution of the urea.  
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New polymer materials are being used to coat urea granules and provide controlled release rates.  The 
idea is to be able to apply all of the needed N at one time with only small amounts being released during 
the early stages of plant growth.  Once the crop reaches the rapid growth stage, the rate of N release will 
also increase.   
 
Early studies with sulfur coated urea (SCU) indicated that when broadcast and incorporated just prior to 
transplanting, celery yields were equal or better than where urea was applied in three split applications 
(Table 1).   In a 2005 study, three controlled release N materials were broadcast and incorporated just 
prior to transplanting celery.  Urea application was split between preplant and two topdress applications.  
Yields with  the controlled release materials were equal or slightly better than with the urea program 
(Table 2).     
 
 
Table 1.  Total celery yield with urea and         Table 2.  Celery yield with urea and three 
   sulfur-coated urea.                                 controlled release N materials.   
Material Year 1         2          3                     Material           Total     Trimmed   
             -   -   -  tons/acre  -   -   -            -   -  tons/acre  -   - 
No N   31.1      54.9       59.1                Urea (60+70+70)* 54.0        34.2 
Urea   63.4      62.0       62.1                     ESN (200)  58.0        35.8 
SCU       62.9      64.3       59.6                    Nitamin (200) 56.2        35.3 
Applied to supply 160 lbs N per acre.                      Multicote N (200)  56.3             33.8  
Grown on Houghton muck.           * lbs N/acre 
               Grown on Houghton muck.  2005 
 
 
Even though sulfur coated urea was quite effective in supplying N for celery and minimizing potential for 
N loss, it was not profitable because the cost was more than twice that of regular urea.  The cost of current 
controlled release (CR) N materials is about 10 cents per pound of N more than from regular urea and 
Urea-ammonium nitrate, and may actually be less than for ammonium nitrate and calcium nitrate.  At an 
application rate of 200 pounds N per acre, the additional per acre cost for using a CR N material is $20.  If 
the cumulative cost to topdress nitrogen as urea is more than $20 per acre then using a CR N material will 
reduce the cost of production and improve the profit margin.   



 
 
 
 
 
 

Brassica Biofumigants for Celery Production 
 

M. Ngouajio (ngouajio@msu.edu)  and Guangyao Wang 
Dept of Horticulture Dept of Crop and Soil Sciences 

Michigan State University 
East Lansing, Michigan, USA 48824 

 
Summary 
On-farm experiments were conducted in Hamilton MI from 2004 to 2006 and Decatur in 2006 to (1) 
evaluate the potential for integrating Brassica cover crops into celery production systems, (2) assess the 
performance of fall seeded vs spring seeded Brassica cover crops, and (3) evaluate celery yield as affected 
by the cover crops. The cover crops evaluated included: oilseed radish, oriental mustard, yellow mustard, 
and cereal rye (non Brassica species). Cereal rye caused injury to celery in 2004 and 2005, probably due 
to its allelopathic effects. Yield in the rye plots was significantly lower compare to that in the Brassica 
cover crop plots.  The Brassica cover crops showed the greatest potential for use in celery rotation in 
terms of practical fit in the cropping system and yield enhancement. Celery yield improved significantly 
in the Brassica cover crop systems, with oilseed radish showing the greatest increase.  Both fall and 
spring seeding of the cover crops were practical and beneficial.  Spring seeding of the cover crops was 
tested in two different locations and results were similar.  We recommend using fall seeding of the 
Brassica cover crops for early celery fields and spring seeding of the cover crops for celery fields that are 
not planted until July.  Cereal rye should be avoided unless there is enough time to allow its residue to 
breakdown prior to celery transplanting. 
 
Introduction and rationale 
Michigan is among the top three largest producers of fresh market and processing celery (Apium 
graveolens L.).  In 2005 for example, 2,200 acres of celery were harvested in Michigan and the total value 
of the production was estimated at about $18.2 million (MDA, 2006).  About 40 and 60% of the 
production was for processing and for fresh market, respectively.  In order to be competitive, Michigan 
celery growers rely on intensive production systems. Most of the production is conducted on muck soils 
with short-term rotations.  Currently many growers are interested in adopting practices that improve the 
long sustainability of their production systems.  Among these practices is the use of cover crops. Cover 
crops have shown potentials to improve cropping systems in situations where long term crop rotations are 
not viable options to the growers.  Because of the high susceptibility of muck soils (high organic matter 
soils) to wind erosion, most growers have been experimenting with a wide range of cover crops, 
including, cereal rye, oats, and wheat.  However, the short growing season in Michigan makes selection 
and timing of cover crop planting challenging.  Early plantings of celery are usually harvested around mid 
July, giving growers a window to grow short cycle cool season cover crops like Brassica species in 
addition to the commonly used winter hardy species, such as cereal rye.  Also most fields are not planted 
to celery until July, which allows to grow a cover crop in early spring.  Because of their cold tolerance, 
Brassica cover crops could fit both niches.  Brassica species are known for their ability to release 
chemicals called glucosinolates in their tissue.  Glucosinolates can be hydrolyzed by thioglucosidase 
(myrosinase) enzymes to produce a number of volatile chemicals. This breakdown of Glucosinolates is 
triggered by tissue damage when Brassicas are chopped down and incorporated into the soil.  These 
chemicals are known to suppress phytophagous insects, nematodes, weeds, and fungi. Therefore, Brassica 



species are also called biofumigants.  However, before incorporating those cover crops into the 
production system, growers are interested in knowing how they affect celery growth and yield as well as 
soil factors. 
 
Objectives 
The objectives of this study are to: 
1. Evaluate the potential for integrating Brassica cover crops into celery production systems. 
2. Measure effects of cover crop seeding time (fall vs spring) on biomass production and celery growth 
3. Quantify celery yield under different Brassica cover crops and their seeding time. 
 
Methodology 
All studies were conducted in commercial celery farms.  Fall planted Brassica cover crops were tested 
from 2004 to 2005 in Hamilton and spring-planted cover crops were tested in 2006 at two locations 
(Decatur and Hamilton).   
 
The experiments were randomized complete block designs with three to four replications. The treatments 
included four Brassica cover crops (brown mustard, oilseed radish, oriental mustard, and yellow mustard), 
a cereal rye cover crop (fall-planted), and a bare soil control with no cover crop.  
 
For studies on fall-planting, the cover crops were seeded in mid August, winter killed in October, and 
celery was planted the following spring-summer after soil preparation.  For Spring-planting studies, 
Brassica cover crops were planted in April and incorporated into the soil in June, 2006 at flowering stage. 
Celery was transplanted in early July and harvested in late September at both sites. 
 
Celery was planted on beds with double rows and irrigated.  Nutrient, pest and disease management 
followed recommendations for commercial celery production on muck soils and normal producer 
practices.  During the growing season, celery plants were sampled every two to three weeks for growth 
analyses and yield measured at harvest. Celery yield was estimated by sampling 20 plants at random in 
each plot. 
 

RESULTS 
Fall planting of the cover crops 
All cover crops produced more biomass in 2004 than in 2005.  Cereal rye produced the greatest biomass 
in both years, with 14,231 and 8,314 lb/acres in 2004 and 2005, respectively. Unlike the brassicas (oilseed 
radish, oriental mustard and yellow mustard) that were killed by frost in late fall, cereal rye continued 
growth until spring-killed with glyphosate. The large biomass of rye represented a serious problem for 
land preparation and interfered with celery transplanting especially when the residue was not allow 
enough time to decompose. 
 
The different cover crops affected celery total and marketable yields in both 2004 and 2005 (Table 2).  
Cereal rye showed the lowest marketable yield.  Plants from the rye plots were shorter and smaller 
compare to the other cover crops.  There was no yield benefit for using rye compare to the system with no 
cover crop.   
 
The Brassica cover crops consistently improved celery yield in both 2004 and 2005 compared to other 
systems. 
 
 
 



Table 1. Cover crop seeding rate and dry biomass production in 2004 and 2005 in Hamilton. x 
Biomass Cover crops speciesx Seeding rate 

2004 2005 
 -------------------------------  Lb/acre  ------------------------ 
Cereale rye 100 14,263 a x 8,314 a 
Oilseed radish 25 6,160 b 3,755 b 
Oriental mustard 12 6,373 b 3,349 b 
Yellow mustard 20 7,334 b 3,230 b 
No cover crop NA NA NA 
x Biomass of oilseed radish, yellow mustard, and oriental mustard  was evaluated in October of the year preceding the growing 

season (before they were kill by frost).  Cereal rye and hairy vetch biomass was estimated in May prior to land preparation.  
y All numbers within a column followed by the same letter are not statistically different  
(α = 0.05). 
 
Table 2.  Effects of cover crop on celery yield (weight and stalk number) in Hamilton during 2004 and 
2005. x 

After trimming 
Marketable  Non-marketable Cover Crops Untrimmed 

weight (lbs) 
Weight (lbs) Number   Weight (lbs) Number  

Total weight 
(lbs) 

Rye    51.3 b y 25.2 b  13.3 b  7.5 a  6.7 a   32.7 bc 
Oilseed radish 57.2 a 33.4 a 16.0 a  4.4 b 4.0 b 37.8 a 
Oriental mustard 56.0 a 32.3 a 16.2 a  4.1 b 3.8 b   36.4 ab 
Yellow mustard 57.6 a 32.7 a   15.3 ab    5.3 ab    4.7 ab 38.0 a 
Control 52.1 b  27.5 b   14.2 ab    6.9 ab    5.8 ab 34.4 c 

x The two years data was combined.  20 plants were sampled in each plot.  There are about 39,700 plants/A. 
y All numbers followed by the same letter are not statistically different (α = 0.05).   
 
Spring planting of the cover crops 
Oriental mustard and yellow mustard produced more biomass than brown mustard and oilseed radish in 
Decatur. The biomass production in Hamilton was much lower compared to Decatur.  The cover crops 
were planted later in Hamilton, resulting in shorter vegetative growth period.  
 
All cover crops increased celery fresh weight before trimming (Table 4). After trimming, all cover crop 
treatments in Hamilton and oilseed radish and mustard mix had significantly higher celery fresh weight 
than control. While Brassica cover crops increased celery marketable stalk number and yield and reduced 
non-marketable stalk number and yield, oilseed radish had the best effects on celery production. 
Compared to control plots, oilseed radish increased marketable stalk number and yield by 22-24% and 13-
17% and reduced unmarketable stalk number and yield by 2.6-3.2 and 2.8-3.0 times depending on the 
experimental site. 
 
Conclusions 
Brassica cover crops increased celery growth, thus increased marketable yield and reduced non-
marketable yield. Oilseed radish had the greatest effects on celery production among cover crops studied.  
Planting Brassica cover crops in the fall or in spring produced acceptable results.  For spring planting 
however, it seems essential to plant in early to mid-April is preferred for large biomass production since 
Brassica species are sensitive to photoperiod and start to flower in early June. The biggest challenge for 
spring planting is frost damage. Temperature below 26 F injured the Brassica cover crops in our 
experiment especially when they were at the cotyledon stage.  After that stage they became highly 
susceptible to frost damage again at flowering stage. 
 
 



Table 3. Cover crop seeding rate and dry biomass production in Hamilton and Decatur in 2006. x 
Seeding rate Biomass Cover crops speciesx 

Hamilton Decatur 
 

Hamilton Decatur 
 -------------------------------  Lb/acre  ------------------------ 
Brown mustard 12 10    2,544 ab 5,073 b 
Oilseed radish “Diakon” 25 16  3,104 a 6,722 a 
Oriental mustard 12 10    2,580 ab 5,005 b 
Yellow mustard 20 11  1,800 b 6,753 a 
Oilseed radish “Defender” X 16  X   5,446 ab 
Mustard mix X 10  X   5,949 ab 
No cover crop NA NA  NA NA 
x Brassica cover crops were planted in Decatur in early April using commercial drill (John Deere 450) and in Hamilton using a 
hand spreader in late April.  Cover crops were flail mowed (Decatur) and incorporated into the soil as green manure in June, 2006 
at the flowering stage.  
 
Table 4. Celery yield of Decatur and Hamilton in 2006 x 

After trimming 
Marketable  Non-marketable Site Cover Crops Untrimmed 

weight (lbs)
Weight (lbs) Number  Weight (lbs) Number 

Total 
weight 
(lbs) 

Brown mustard 44.5 a 30.0 a 19.0 a  0.7 c 1.0 b 30.8 a 
Oriental mustard 44.2 ab 28.4 a 17.4 ab  2.3 ab 2.6 ab 30.6 a 
Oilseed radish 43.5 ab 30.3 a 19.0 a  0.7 c 1.0 b 31.0 a 

Yellow mustard 43.6 ab 29.5 a 18.8 a  1.2 bc 1.3 b 30.7 a 
Hamilton  

Control 39.7 b 24.4 b 16.2 b  2.9 a 3.8 a 27.3 b 
         

Brown mustard 29.6 a 23.2 ab 18.8 a  0.8 ab 1.3 b 24.0 ab 
Oriental mustard 30.3 a 22.7 ab 18.5 ab  1.2 ab 1.5 ab 23.9 ab 
Oilseed radish 31.2 a 24.4 a 19.3 a  0.5 b 0.8 b 24.9 a 

Yellow mustard 29.5 a 22.7 ab 18.5 ab  1.1 ab 1.5 ab 23.8 ab 
Defender 30.3 a 22.3 ab 17.8 ab  1.7 ab 2.3 ab  24.0 ab 

Decatur 
 

Mustard mix 30.1 a 23.7 a 19.0 a  0.8 ab 1.0 b 24.5ab 
 Control 27.7 a 20.1 b 17.0 b  1.7 a 3.0 a 21.8 b 

x 20 plants were sampled randomly in each treatment. There was about 39,700 plants/A in Hamilton and 36,000 plants/A in 
Decatur.   
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Black Streaking in Celery: A new problem with significant losses 
Mathieu Ngouajio and Bernard Zandstra 

Horticulture Department 
Michigan State University 

 
In 2005 and 2006, celery growers reported symptoms of internal stem discoloration in celery.  To our 
knowledge, this was the first report of black streaking in celery.  As in 2005, the cultivar ‘Dutchess’ 
was more affected than other cultivars.  The losses to growers were important due to an unmarketable 
finished product, with most celery producing regions being affected. 
 
 
Symptoms 
 
Celery plants with the defect look perfectly healthy 
in the field; however, when cut, some petioles 
show “Black Streaks” in the lower half of the 
petiole or throughout the entire petiole.  Large 
plants seemed to show more symptoms than 
smaller ones.  The petioles affected were mainly 
located in the internal rings (old leaves and newly 
formed ones do not show the symptoms), 
suggesting that the damage was probably caused at 
a specific stage (or time) in the celery growth 
cycle. 

 
M. Ngouajio 

 
Cause 
 
It was initially thought that “Black Streaking” was similar to “Brown Stem” previously reported in 
Florida.  Now it is clear that the two problems are different for the following reasons.  (1) In Florida, a 
bacterium (Pseudomonas cichorii) was identified as the causal agent of celery Brown Stem.  (2) In 
2005, no pathogen was identified by Dr. Hausbeck (MSU, plant pathologist) as the cause of Black 
Streaking in Michigan.  (3) In 2006 samples sent to the MSU diagnostic clinic came back negative for 
plant pathogens.  (4) We have observed both brown stem (with bacteria infection) and black streaking 
in samples collected in 2006.  (5) Growers have not observed any rotting of the stalks (with black 
streaking symptoms) during storage as would be the case with Brown Stem and many other diseases 
caused by plant pathogens.  (6) Finally samples examined using Scanning Electron Microscopy 
showed that the cells in the black area of the petiole were not damaged.  These observations strongly 
suggest that a physiological disorder may be involved.   
 
 

 1



As in 2005, Black Streaking 
occurred on celery plantings that 
were at their exponential growth 
phase (active growth) during the 
month of July.  Both 2005 and 
2006 weather data indicate that 
during that time air temperatures 
exceeded 90 oF for a couple of 
days (see graph), unlike the 
cooler July temperatures in 2002-
2004.  In an article published in 
the Cat Alert on July 19, 
2006(http://www.ipm.msu.edu/ca
t06veg/v07-19-06.htm) the 
possibility of observing Black 
Streak again this year was raised 
based on the hot weather 
patterns.   
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Preliminary studies on 
the effect of 
temperature 
 
Studies using small greenhouses to 
cover celery plants in the field and 
raise air temperature allowed us to 
trigger the disorder.  As 
temperature increased, the number 
of petioles with Black Streaking 
symptoms also increased (Figure 
2).  The cultivar Dutchess showed 
more symptoms than Greenbay.  
Therefore, it is likely that high 
temperatures are the cause of 
Black Streaking in celery.  
However, high temperatures may 
act indirectly by triggering other 
processes within the plant. 
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New hypothesis 
 
We know that high temperatures may play a role in the occurrence of Black Streaking in celery.  
However, the ultimate cause is yet to be discovered.  Development of a long term solution would 
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depend on our ability to pin point the exact cause of this problem.  This would require efforts from the 
celery industry, Seed Company, and University. 
Discussions with Dr. Nair (chemist, MSU) suggest that furanocoumarins are likely implicated in the 
Black Streaking disorder of celery.  Furanocoumarins are secondary plant metabolites that are 
produced by many plant families including the Rutaceae, Apiaceae (celery family), Asteraceae, 
Fabaceae, Moraceae, Pittosporaceae, Solanaceae, Brassicaceae, Amaranthaceae, Rosaceae, 
Cyperaceae, and Thymeleaceae.  Celery and other plants produce furanocoumarins for protection 
against insect attack, plant pathogens, or adverse environmental conditions.  Furanocoumarins are 
activated by light especially UV light.   It is therefore possible that high temperatures promote the 
synthesis of furanocoumarins in celery (especially Dutchess).  The high levels of the furanocoumarins 
further react with light to form Black streaks.  Cultivar differences in furanocoumarins production 
were shown in 1997 (Nigg et al.).  Unfortunately the variety Dutchess was not included in that study. 
 
 
Table 1. Furanocoumarins in Florida Celery Cultivar  
Cultivar Total Furanocoumarins content(µg/g) 
Florida 296 49.55 ± 9.35 a 
Florimart 17.64 ± 3.30 b 
M9(1) 16.02 ±3.67 b 
M9(2) 15.17 ± 3.69 b 
Florida 2-14 14.52 ± 3.52 b 
M68 13.11 ± 3.23 b 
Junebelle 11.66 ± 4.34 b 
Adapted from Nigg et al. (1997) J. Agric Food Chem. 45:1430–1436  
 
Short Term Solutions: 
There are no published reports on Black Streaking in celery.  This is a new “physiological disorder” 
that we still have a lot to learn about.  Currently we have observed that high incidence of Black 
Streaking seems to be limited to the variety ‘Dutchess’ and that hot weather might promote its 
occurrence.  There does not seem to be a difference in the occurrence of the problem in fields with 
different fertilization programs.  Due to the extent of losses (more than 10 acres for some growers) we 
recommend that growers in Michigan avoid planting ‘Dutchess’ around the first half of June.  A few 
observation plots at that period could help better understand the conditions that promote the defect in 
the future. 
 
Currently several questions remain unanswered:  What is the exact cause of the problem? Can the 
symptoms be reproduced in a controlled environment like a growth chamber?  Is celery susceptible at 
all stages? Is celery chemical composition affected? Can agronomic practices like irrigation, 
fertilization, plant population, pesticide programs, be used to mitigate the problem? 
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