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Weed Control in Cole Crops 
 

Robin Bellinder, Department of Horticulture, Cornell University, Ithaca, NY 14853 
 

Cole crops compromise about 28% of total fresh market vegetable acreage in the U.S. (USDA, NASS 
2006).  A large portion of production costs are for weed control, and herbicides plus cultivation are still 
the major strategies used by farmers.  Four herbicide registrations are either in process or under 
consideration:  Prowl and Chateau registrations are pending; there is a potential for label expansions for 
Spartan; and with the new formulation of Goal, GoalTender there is the possibility of using this herbicide 
postemergence in addition to pre-transplant applications.  However, there are possible problems 
associated with these uses.  After multiple years of research and EPA reviews under FQPA, Prowl will be 
registered for use in cole crops.  Currently the suggested application timing is to be postemergence/post-
transplant.  However, research has shown that while cole crops are extremely tolerant of Prowl when it is 
applied preplant-incorporated or pretransplant, post applications can cause serious injury and reduce 
yields.  Field and greenhouse trials conducted over a four-year period evaluated cabbage response to post-
transplant applications of Prowl EC.  Variety responses were similar and applications above 1.2 pts/A 
caused severe, persistent crop injury and reduced yields.  Injury was greatest in small plug transplants and 
lessened with large and bareroot transplants.  The recently registered new formulation of Prowl, called 
Prowl H2O has proven to have greater crop safety postemergence than the EC formulation.  A 2002 trial 
that compared the formulations revealed that up to 4 pts/A of the H2O formulation could be applied post-
transplant with out significant injury or negative effects on yields.  The EC formulation could not be 
applied at any rate at that timing without causing serious injury.  In general, combinations with Dual 
Magnum caused unacceptable injury.  Spartan, a broadleaf herbicide, is currently registered on processing 
cabbage only.  It can be applied pre-plant, pre-plant incorporated, pre-emergence, or over the top of 
transplanted crops within 72 hours.  The manufacturer would like to see additional research in other cole 
crops before expanding labeled uses.  Results collected from trials conducted in 1998 and 2001 indicate 
good tolerance in Chinese cabbage, broccoli and cauliflower when Spartan was applied pretransplant.  
Chinese cabbage is potentially more sensitive than the other crops when it is applied post-transplant. Goal 
XL has been registered for pretransplant applications for many years in cabbage.  There has been interest 
in using it post-transplant for late emerging weeds but even low rates have caused unacceptable injury. 
Thus, with the recent registration of a new formulation called GoalTender, which causes less injury when 
applied post-transplant, there is renewed interest in this use.  Arizona has obtained a SLN 24C registration 
for this use in broccoli and cauliflower.  A recent greenhouse trial evaluated the tolerance of Napa, 
Chinese, and head cabbage and also kale, mustard, collards, and turnip greens to GoalTender and Spartan 
postemergence at four rates.  Chinese cabbage showed no tolerance to either herbicide at any rate.  
Turnip, head cabbage, and mustards exhibited no tolerance to GoalTender, but were tolerant to low rates 
of Spartan.  Napa, collards, and kale were tolerant to low (0.3 pts/A) rates of GoalTender.  These same 
crops were tolerant to low-med (<0.2 lb/A) rates of Spartan.  Chateau is a new broadleaf herbicide that 
has shown promise in transplanted cabbage, however, there have been reports of occasional injury.  Due 
to this, multiple trials in the US and Canada have been conducted to evaluate the possibility of delaying 
transplanting following Chateau applications.  Initially, this appeared to be successful but in 2006, under 
the heavy rainfall that occurred , Chateau in several areas was washed into the root zone of cabbage that 
was planted 1, 3, and 7 days after the herbicide was applied.  Despite the delay, severe injury and crop 
mortality occurred with both 1 and 3 day plantings and at the 2x rate applied 7 days before planting.  As a 
result, if this registration is to go forward it will be limited to row middle applications.    



The use of an inter-seeded crop to compete for light, water, and nutrients with weed species while not 
reducing yields was tested over a series of years in cabbage, broccoli, and kale.  In cabbage, inter-seeded 
hairy and lana vetch did not reduce yield when seeded 20 or 30 days after transplanting (DAT), whereas 
spring oats reduced yields even at 30 DAT.  Seeding any crop 10 DAT reduced yields.  Data did not 
suggest that inter-seeding provided additional in-season weed suppression as compared to cultivating, but 
added organic matter and nitrogen, improving soil quality.  Trials evaluating winter rye inter-seeded with 
broccoli 10 or 20 DAT did not reduce yields within a cultivation system, but did not compete with weeds 
significantly.  Results suggested that rye would be more successful if: 1.) it was sown at higher rates, 2.) 
seeded during cooler periods, and 3.) were combined with other management tools.  In fall kale 
production, results suggested that combining two cultivation events with interseeded winter rye or winter 
rye + hairy vetch 20 DAT will reduce crop yield or weed control.                      
 



 
 
 
 
 
 

Nutrient Management for Cole Crops, Leafy Greens and 
Related Species 

 
Darryl Warncke 

Department of Crop and Soil Sciences 
Michigan State University 

 
Good nutrient management for vegetable production is based on knowledge of the nutrient requirements 
of the crops grown and the availability of essential nutrients in the soil.  A maintenance nutrient 
management program can be based on the amount of nutrients removed from the field in the harvested 
portion of the crop.  For this to be successful in the long term, the soil must contain adequate levels of the 
essential nutrients, especially nitrogen, phosphorus and potassium.  And, the physical and biological 
condition of the soil must be favorable for good root growth.  Inclusion of cover crops and/or compost 
can contribute to nutrient availability and good physical soil conditions.  Timely tillage when soil 
moisture conditions are favorable can provide a favorable rooting environment.   Soil testing provides 
knowledge about the fertility status of the soil and provides a good base for nutrient management.  On a 
soil test report the first value to look at is soil pH.  It provides an indication of the soil acidity or 
alkalinity.  Soil pH influences the overall health of the soil; nutrient availability, microbial activity and 
ability for roots to grow.  For cole crops and leafy green vegetables maintain the pH between 6.0 and 6.5 
in mineral soils and between 5.5 and 6.5 in muck soils.  Over time soils tend to become acidic, so at some 
point in time lime application will be necessary.  When lime is needed, it is best to apply it at least 6 
months prior to planting the next crops.  Soil sampling and testing frequently enables track of pH and 
nutrient levels.   
 
Table 1.  Approximate nutrient content of harvested portion of  
    selected vegetable crops.      
   Crop      N   P2O5  K2O  
               -     -     - lbs per 100 cwt -     -     -      
  Broccoli    20     6   55 
  Brussels Sprouts   47   16   47 
  Cabbage    35     8   34 
  Chinese Cabbage   35     8   34 
  Cauliflower    33   13   33 
  Collards    24   10   30 
  Kale     24   10   30 
  Endive/Escarole   24     6   37 
  Lettuce, leaf    24   10   45 
  Romaine lettuce   24   10   45 
  Mustard Greens   24   10   30 
  Parsley    24     9   64  
20 cwt = 1 ton, therefore 100 cwt = 5 tons.   
 
 



Phosphorus (P) and potassium (K) recommendations provide by the MSU Soil and Plant Nutrient Lab are 
based building up soil with low P and K values and maintaining the optimum level once it is reached. (see 
Tables 2 and 3).  Phosphorus and potassium requirements are best met by preplant broadcast application 
and/or application in a band near the row at planting time.  Broadcast application of phosphorus is good 
for building up low soil levels whereas band application is of more immediate benefit for developing a 
good early root system.  The adequate range of soil P test values for cole crops is 40 to 70 ppm and is 35 
to 60 ppm for the leafy green vegetables.  Fertilizer placed 2 inches below the depth of the seed or 
transplant and 2 inches to the side generally supplies 40 pounds of nitrogen (N), up to 100 lbs phosphate 
(P2O5) and up to 60 lbs potassium (K2O) per acre.  Many times all of the potash is broadcast preplant with 
none applied in the starter fertilizer band.   
 
Table 2.  P buildup recommendations based on soil test 

values for cole crops and leafy green vegetables. 
        
  Soil Test  Cole Crops Leafy Green  
     ppm      -     -  lbs P2O5/ acre  -     -      
 
      10       150      125          
      15       125      100 
      20       100        75 
      25         75        50 
      30         50        25 
      35         25         0 
      40          0         0   
P2O5 recommendation = buildup + crop removal (table 1).  
 
 
Table 3 .  K buildup recommendations based on soil test 

values for cole crops and leafy green vegetables. 
        

 Cation Exchange Capacity  
  Soil Test  4  8 12 16  
     ppm      -     -  lbs K2O/ acre  -     -      
 
      50   42 63 88 117          
      60   30 49 72   99 
      70   18 35 56   81 
      80     6 21 40   63 
      85     0 14 32   54 
      95     0   0 16   36 
    105     0   0   0   18  
 K2O recommendation = buildup + crop removal (table 1).   
 
 
Cole crops and leafy green vegetables are very responsive to N application, although applying to much 
can adversely affect quality.  Cole crops benefit from 40 to 60 lbs N per acre at planting whereas 25 to 40 
lbs N per acre is adequate for the leafy green vegetables.  Table 4 shows the total nitrogen requirements 
for these crops.  Nitrogen materials in the soil are converted to the nitrate form, which is subject to loss 
from the root zone by leaching or denitrification (conversion to nitrous oxide).  It is desirable to minimize 
these losses for good economic benefit and to minimize the impact on water and air quality.  To 
accomplish this requires splitting the total N need between one or two topdress applications and the 



preplant or planting time application.  A soil nitrogen test prior to a scheduled topdress N application can 
help determine the appropriate amount based on how much is already available in the soil.  This can be 
particularly useful when compost or a cover crop has been incorporated prior to planting.  Too much N 
can cause splitting of cabbage heads and soft leaf tissue of leafy green vegetables that reduces shelf life.  
Too little N or any other stress may cause buttoning of broccoli and cauliflower.   
 
Table 4.  Suggested total nitrogen amounts for cole crops and leafy  

  green vegetables on mineral soils. 
          
  Crop   Total N Amount   Crop   Total N Amount 
        lbs /acre           lbs /acre 
 
Broccoli          140  Collards          100 
Brussels Sprouts        140  Endive, Escarole        100 
Cabbage, common     140  Lettuce, leaf               100 
Cabbage, Chinese      120  Lettuce, Romaine       140 
Cauliflower          140  Mustard greens           100 
Pak Choi          120  Parsley            100  
 
Quality of both cole crops and leafy green vegetables can be influenced by calcium accumulation in the 
plants since calcium is a key component of cell walls.  Leaf tipburn is the most common sign of 
insufficient calcium getting into the affected leaves.  Sandy soils are most likely to have limited available 
calcium levels, but calcium uptake can also be affected by soil pH and soil moisture conditions.  Calcium 
uptake tends to be less in acid soils (pH < 5.6) and under low soil moisture conditions.  Maintaining the 
soil pH above 6 and good soil moisture (but not excess) will minimize the potential for tip burn.  Even 
under favorable soil conditions for calcium uptake tipburn may occur on interior leaves because calcium 
moves preferentially to the outer leaves that have high rates of transpiration.  Some varieties are more 
sensitive than others.  Inclusion of calcium in the starter fertilizer, topdressing with calcium nitrate or use 
of foliar calcium sprays may reduce the incidence of tipburn, but is not always effective.   
 
Magnesium (Mg) should be applied when the soil test value is below 40 ppm on sandy soils and below 50 
ppm on loam or clayey soils.  Include 10 to 20 lbs per acre in the band fertilizer or at least 50 lbs Mg per 
acre in the broadcast fertilizer.   
 
Cole crops general benefit from boron application, especially on sandy soils where boron tends to leach 
out from one year to the next.  Apply, in the broadcast or band fertilizer, 3 lbs B per acre for broccoli and 
cauliflower and 2 lbs per acre for the other cole crops.  As a foliar spray, apply only 0.25 B per acre per 
application.  Repeat applications may be made without injury.  Over 0.5 lb B per acre in one application 
may cause leaf injury.  Cauliflower benefits from foliar application of molybdenum at 1 ounce per acre 
per application.  Repeat applications every two weeks are beneficial for some varieties that are more 
molybdenum sensitive.   
 
The leafy green vegetables are more likely to benefit from foliar application of manganese (Mn), 1 lb per 
acre, especially when the soil pH is near or above 6.5 on mineral soils or above 6.0 on muck soils.  Spray 
about 3 weeks after emergence or transplanting.  Sometimes a second application 2 weeks later is 
necessary.  Soil application of Mn is not effective.  On muck soils soil copper application (2 lbs per acre) 
may be beneficial for these crops.  A soil test is a good guide for determining where copper is needed.  
Copper is not needed on mineral soils.   
 
 
 



For more information see the following MSU bulletins. 
 
E-0471. Lime for Michigan soils. 
E-0486. Secondary and Micronutrients for vegetables and field crops. 
E-0498. Sampling soils for fertilizer and lime recommendations.   
E 2934.  Nutrient recommendations for vegetable crops in Michigan.   



 
 
 
 
 
 

 
 

Creeper, Crawler and Butterfly Control 
 

Beth A Bishop 
Department of Entomology, Michigan State Univeristy 

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

 
Several kinds of insects, from maggots to aphids to caterpillars, feed on and are pests of Cole crops.  
Because the days of broad-spectrum insecticides are gone we need to understand pest biology, including 
lifecycles and vulnerable periods, to achieve adequate control.  I will discuss the most important insect 
pests of Cole crops.  Pests will be introduced in a seasonal order beginning with those species seen in 
early spring.  For each pest, biology, lifecycle and control methods will be addressed.    
 
Cabbage Maggots 
Cabbage maggots are the immature stage of a fly.  Cabbage maggots spend the winter as pupae, complete 
development in early spring, and emerge as adult flies. Female flies lay their eggs in the soil at the base of 
plants and, upon hatching, the maggots burrow into and feed on plant roots.  Their feeding disrupts water 
intake, serves as a site for disease entry, and results in plant wilting and death 
 
Cabbage maggot flies are well-suited for the cool weather of early spring and are active at temperatures in 
the low 40’s.  The first eggs are laid about 300 Degree Days base 43F (approximately when yellow rocket is 
blooming). These eggs hatch the larvae mature and produce flies, which lay eggs at about 1500 Degree 
Days base 43F (when day lilies bloom).  Cabbage maggot problems are worse in cool, wet weather and 
young plants and seedlings are most vulnerable.  Damage can be minimized by not planting during peak 
egg laying periods. A number of insecticides, applied at planting or transplanting, are registered for and 
effective against cabbage maggot.   Foliar-applied sprays directed against adult flies are not effective.   
 
Flea Beetles 
There are many species of flea beetles that attack cole crops.  Early in spring as the weather warms adult 
flea beetles become active and begin feeding.  As their name indicates, flea beetles move by jumping (like 
a flea) and are very mobile. Usually flea beetle control is most crucial in the spring, when large numbers 
of adults can emerge from ditch banks and hedge rows and damage or even kill seedlings.  Female beetles 
lay eggs in the soil and larvae feed on roots.  Because the larvae are so small this causes little or no 
damage in most cases.  Exceptions are very young plants with high beetle pressure and for root crops, 
such as radish and turnip.  Flea beetles can sometimes be a problem at harvest in brassica greens (kale, 
collards, mustard greens, etc.). Most insecticides registered for flea beetle control work very well.   
However, because of their mobility flea beetles can move in quickly from other areas and re-infest fields.  
When this occurs at the same time that rapid growth produces new, unprotected foliage, it can appear that 
an insecticide was not effective.   
 
 
 
 
 
 



 “Worms”   
Three different caterpillar species are major pests of cole crops:  cabbageworms, cabbage loopers, and 
diamondback moths.  Cabbageworms are the immature stage of white butterflies that emerge from 
overwintering in spring.  The caterpillars are green and velvety and up to 1 1/4 inches long with a thin 
yellow strip down the back (only visible in larger caterpillars). Cabbageworms are easily controlled.  It is 
best to use an insecticide that will not impact natural enemies.  
 
Diamondback moths are small brown moths.  Some overwinter in the Great Lakes region, but some 
migrate into the region and caterpillars can also be carried into the area on transplants. Diamondback 
moth larvae are small (less than 1/3 of an inch), are whitish green, and dangle on a silken thread when 
disturbed. There is a high degree of biological control; most diamondback caterpillars are parasitized and 
do not develop into an adult. Diamondback moths easily develop insecticide resistance.  It is imperative to 
use insecticides wisely and to use those that will be least disruptive to natural enemies. 
 
Cabbage Loopers are medium brown moths.  The caterpillar is large (up to 1 ½ inches), green with white 
stripes, and moves in a “looping” or “inch-worm” movement (thus it’s name).  Cabbage loopers cannot 
survive Michigan winters; they migrate into the state each year.  Pheromone traps will alert growers to the 
presence of adult cabbage looper moths nearby.  It is important to control cabbage loopers when small as 
large larvae are more difficult to control.   
 
Other pests 
Several different species of  aphid can infest on cole crops..  Aphids are usually contained by natural 
enemies, which limit population buildup.  However, both overuse of broad-spectrum insecticides, 
especially organophosphates and pyrethroids (which kill natural enemies) and extended periods of hot dry 
weather (which speed up aphid life cycles) can lead to aphid outbreaks.  Cole crops are also more 
sensitive to aphid damage after heading.  If insecticide applications are required to control aphids, a 
selective, effective insecticide that does not disrupt natural enemies should be used.   
 
Onion thrips can be a problem on cabbage and cauliflower. Feeding causes cosmetic damage and thrips 
can be a contaminant at harvest.  The same weather conditions that favor aphid populations (hot and dry) 
also favor thrips.  Thrips may move out of other crops that dry down (such as onions, grasses, etc.) and 
infest cole crop fields.  When this occurs in nearby fields, examine vulnerable crops for thrips.  Thrips are 
much easier to control prior to heading. .  Since thrips prefer tight spaces they can be found several layers 
deep in the wrapper leaves of cabbage.  Thrips also can develop resistance to insecticides, so rotating 
insecticide classes is advised.   
  




