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General Production Information 
• Tennessee ranking in U.S. – 5th 
• Tennessee's contribution to total U.S. Production (%) - 42%  
• Acres grown: 2,669 
• Acres harvested – 2,665 

o 2,200 acres for processing 
o  465 acres for local fresh markets 

• Estimated cash value of leafy greens production– approximately $ 3.16 million.  
• Production costs (for 2007) not including pesticide application: was estimated at 

approximately $998 per acre for processing, and production cost for fresh market 
was estimated to be approximately $2,258 per acre due to cost of shipping 
containers, cooling, and additional labor expenses. 

Commercial leafy green production in Tennessee consists of spinach, turnip greens, 
mustard greens, collards and kale.  In general, mustard greens and turnip greens are 
harvested for local fresh markets and spinach, turnip greens, kale, and collards are 
harvested for processing purposes. 

Leafy greens are cool-season vegetables that grow rapidly and develop the highest quality 
at temperatures of 55° to 60°F and medium day lengths. The seed germinates between 
32° and 60°F, and young plants withstand temperatures as low as 15° to 20°F. Seeding in 
the field can start as soon as the soil is tillable in the fall or spring. Rarely is spinach 
planted for a fall/winter harvest in Tennessee, however for fresh market of mustard green 
or turnip greens planting for fall harvest occasionally occurs. Seeding of mustard or 
turnip greens for fall harvest is done mainly in early September. Harvest is generally 
conducted by hand, it may continue through late November to late December, depending 
on weather conditions.   

Leafy greens are often harvested from March through May for spring harvests and 
November through December for fall harvests. Spinach is occasionally planted for an 
early spring harvest and these plantings are routinely over-wintered with seeding dates 
beginning around mid-October.  

Usually mustard and turnip greens may receive a second hand harvest if fall planted, and 
often depends on plant health and intended method of harvest.  Large scale operations 
located in West Tennessee harvest by machine, where other smaller scale operations, 
harvest by hand for the local fresh markets.  Mechanical harvest is generally done once, 
where hand harvests may extend to three pickings per field. 

The Crop Profile/PMSP database, including this document, is supported by USDA NIFA.



Crop destination (%): 

• fresh market -  ~16.6% 
• processing – ~ 83.4%  

Production Regions 
The majority of leafy green production occurs in the western half of the state, although 
production is scattered throughout Tennessee. Primary production regions include the 
western and north central part of the state. Approximately 2,200 acres were produced for 
processing and 465 acres were produced for fresh market.  Product sold for fresh market, 
was sold by road side markets or in local convenience stores. 

Primary production counties include; Dyer, Haywood, Lawrence, Maury, Robertson, 
Sumner, Johnson and Hancock counties.  In 2007, Dyer County had the greatest acreage 
in commercial leafy green production. 

Cultural Practices and Worker Activities 
Leafy greens are produced on a wide range of soils including loamy sand to silt loam soil 
types. Most fall production plantings occur beginning in early September to mid October. 
All land prepared for leafy greens must be limed to a pH of between 6.0 to 6.5 (slightly 
higher for spinach). Planting sites are deep turned and bedded. Preplant fertilizers, 
usually about 25-33% of total nitrogen and potassium and all phosphorous and minor 
nutrients are incorporated prior to planting. Remaining nutrients are applied with 
sidedress applications. A total of 175-250 pounds of nitrogen per acre are used per crop. 
Potassium and phosphorous are applied per acre depending on soil test results.  If 
irrigated, overhead irrigation is supplied as needed with the highest demand prior to 
harvest. Foliar applications of calcium, boron and magnesium are commonly applied to 
enhance plant growth and reduce the chance of nutrient deficiency.  
 
 
Planting: 
Seeds of leafy greens are planted 0.25 to 0.5 inches deep and for both fresh and 
processing markets, the most common arrangement is 2 rows on 40 inch raised beds. 
Spinach is particularly sensitive to soil acidity, so soil pH is maintained around 6.5 to 6.8.  
Lime is applied by enclosed cab spreader.  Seeding rates for leafy greens vary depending 
on specific crops.  For instance, spinach is seeded at 8 lbs./acre, collards at 2.8lbs./acre, 
mustard or turnip greens at 2lbs./acre.  Yields for each crop also varies and growers can 
expect approximately 5 tons per acre for spinach (non-irrigated), 8 tons per acre for 
collards and 10 to 12 tons per acre for mustard or turnip greens. Varieties planted vary 
depending on season and often due to availability from seed sources. Very little hand 
contact is made with seed. 
 



Mustard and turnips are almost exclusively direct-seeded. Collards and kale may be 
either direct-seeded or transplanted. Plant spacing averages from 3.3 feet between rows 
with 9 to12 inches between plants within the row for collards and kale and 3 to 6 inches 
between plants for turnips and mustard greens.  
 
Harvesting: 
 
Spinach is harvested by machine where other leafy greens on large scale are harvested by 
machine, however smaller scale operations harvest by hand.  Generally, workers wear 
cotton gloves when harvesting leafy greens intended for the fresh market.  Fresh market 
greens are often boxed in the field, top iced and shipped to local markets.  
 
Pesticide Applications: 

• Herbicides: all commercial crops have a pre-plant incorporated herbicide applied.  
These are applied no more than one to two weeks prior to planting.  Post emergent 
applications of grass control products may be applied as a spot treatment or 
broadcast over the rows two to three weeks after planting.   

• Insecticides: are applied on an as needed basis.  Products may be applied from the 
time of planting up to the day of harvest depending on post-harvest intervals 
(PHIs) listed on the product label.  

• Fungicides: depending on environmental conditions, products are often applied in 
anticipation of disease outbreaks.  Often fungicide applications are made after 
disease has been observed. 

 
NOTE: The majority of pesticide applications are made by tractor with a boom type 

sprayer.   
 

HARVESTING AND POST-HARVEST HANDLING 
 
Leafy greens (including, collards, mustard and turnips) harvested for the fresh market are 
cut by hand and packed directly in the field. Yellowed, brownish or damaged leaves are 
removed as the plants are picked, and before they are tied into bunches and placed into 
containers. Field labor must be adequately trained and supervised to harvest only 
optimum maturity and/or sized leaves or rooted plants to meet potential buyer's quality 
standards.  Individuals harvesting greens generally were cotton gloves during harvest. 
The majority of Tennessee’s leafy green production includes turnip, mustard greens and 
spinach.  Mustard, turnip and collards are harvested by hand where leaves are selected for 
desired size and quality. Fresh market mustard and turnip greens may be harvested 2 to 3 
times.  Spinach and kale are harvested by machine and each field is only harvested once. 

When harvesting leafy greens, field crews attempt to minimize bruising or damaging and 
avoiding leaf punctures. Leaves of leafy greens are crushed if they are over packed into 
field boxes. Improperly used cutting tools will puncture leaves. Cuts or breaks in the 
leaves or heads will cause excessive wilting and provide avenues for decay pathogens.  



Leafy greens are generally harvested during the coolest part of the day to minimize 
shriveling and field heat accumulation. If delays occur during packing, greens are shaded 
from direct sunlight. 

Occasionally, fresh market leafy greens are cleaned before marketing. Bunches of 
collards and leaves of mustard, turnip are tied in 1/2 dozen bundles are laid on a flatbed 
trailer and hauled from the field station. A straight line packing belt conveys bunches 
beneath spray washers where greens are cleaned to remove sand and dirt, and leaves are 
refreshed to improve their appearance. Workers place bundles coming off the end of the 
belt onto racks and placed into a storage cooler. Direct field packing of boxed leaves is 
also done without washing at the request of the buyer. Leafy greens are generally pre-
cooled before shipping. In addition, most buyers require icing for greens to provide 
needed moisture for freshness and crispness. Following the field boxing of leaves, the 
greens may be taken to the shipping location where a shovel of ice is added to each box. 

Packaging 

Collards and mustard greens that are harvested for the fresh market are bulk loaded into 
trucks or packed into wirebound boxes. Depending on market demand, bunches are 
packed 12 to 24 bunches per box (priced ~ $10.50 per 24, U.S. avg.) or sold by the dozen 
bunches. Collards are top iced for sale. Both may be sold in bunches of two or three 
plants for the retail market.  However, most of the commercially produced collards grown 
in 2007 were produced for processing had an estimated value of $1,040 per acre. Mustard 
greens harvested for processing would bring slightly more per acre with an estimated 
value of $1,430 per acre due to higher yields.  Turnip greens harvested for processing 
would bring similar returns as mustards. 

Kale leaves are usually stripped from the plant and tied into bunches and iced for 
marketing. However, kale produced in Tennessee was limited and the small acreage 
produced was used for processing purposes. Kale sold for fresh market had a reported 
value of $11.50 per 24 for 2007 for U.S. 

Fresh market mustard greens and turnip greens both may be marketed as bundled leaves. 
Freshness and lack of wilt are important marketing factors. Bundles of 12 to 24 leaves are 
packed into wirebound or waxed cartons (18 to 20 pounds, excluding ice) depending on 
market demand. Leaves are generally iced prior to sale. 

 

Insect Pests 
Insect infestation varies depending on the type of leafy green planted.  The primary pest 
for spinach includes various worms (imported cabbage looper, loopers, fall armyworm, 
other armyworms, etc.).  For turnip greens; worms, aphids and grasshoppers are the 
primary pests. In mustard green production; worms and grasshoppers are the primary 



pests.  For collards, diamondback moths and stink bugs are the most common pests and 
for kale, worms and stink bugs are the most common pests observed.  Insecticides applied 
depend on scouting of crops and presence of the pests.  Generally, the most commonly 
used products for leafy green insect control include; permethrin, Baythroid, Mustang 
Maxx and/or Lannate. However, products may be limited to a specific crop (see the 
insecticide section). Table 1 lists several products and the specific leafy green in which 
they are labeled for use and Table 2 lists insecticides and their estimated use patterns for 
2007. 

 
Aphids (various species) 

Aphids are most problematic in the fall plantings because populations have had several 
months to develop. Several species of aphids may attack leafy greens. The most common 
and serious is the green peach aphid, Myzus persicae. Turnip aphids (Lipaphis erysimi) 
feed on turnip and mustards. By the time aphids have been exposed to insecticides in 
other cropping systems and clonal reproduction of females is prevalent resistance 
problems may begin. Aphids reproduce at alarming rates and give birth to living young.  
Leafy green foliage provides a canopy that makes it difficult to obtain thorough coverage. 
Leafy greens are produced for both the fresh market and processing industry. Leafy 
greens bound for fresh markets have no official threshold for aphid contamination, 
therefore, rejections for aphids is based on supply and demand levels at the moment. On 
the other hand, processors have relatively low thresholds for insect contamination and 
may have difficulty suppressing aphid populations.  Also aphids may serve as vector of 
various viruses of leafy greens and currently Tennessee has no estimated losses from 
mosaic virus infections transmitted by aphids. 
Chemical Controls: 

• Endosulfan (Thionex 3E, 50WP): may only be used once per season. 
• Dimethoate (Dimethoate 4E): applied to foliage when aphids appear. 
• Thiamethoxam (Actara 25WDG):  
• Imidacloprid (Admire, Admire Pro): soil application only. 
• Pymetrozine (Fulfill 50WDG): no more than 5.5 oz per acre per season allowed. 

May only be used on foliage of greens only, not labeled for turnips used for roots. 
• Assail (Aceptamiprid 30SG): not labeled for use on turnip tops. 
• Naled (Dibrom 8EC): for use on kale, collards, spinach and has a 24C registration 

of turnip tops for forage only. 
• Malathion (malathion 57EC): has a 7-day PHI. 
• Bifenthrin (Capture 2EC): RUP, 40-day PHI or spinach, 7-day PHI for other 

greens. 
• Permethrin (various): RUP, 0-day PHI, for spinach, turnips and collards. 
• Zeta-cypermethrin (Mustang Max): RUP, 1-day PHI, spinach and mustard greens. 
• Potassium salts of fatty acids (M-Pede): for spinach. 

Alternative Controls: 
• None 

Cultural Controls: 
• Scouting for the presence of aphids. 

 



Biological Controls: 
• Various predators (lady bugs) and parasites of aphids. 

Post Harvest Controls: 
• None 

Other Issues: 
• Possible development of resistance within the population if products are not 

rotated. 
 
 

Diamondback Moth (Plutella xylostella)  
The diamondback moth (DBM), and the cabbage looper, are the two most destructive 
lepidopteran pests of leafy greens. The DBM caterpillar, is the single most destructive 
pest to cabbage and leafy greens worldwide. Insecticide resistance has been documented 
in the DBM. By definition, a key pest is the species whose presence triggers the initial, 
often early, insecticide applications. These early applications often destroy the natural 
enemies of both the key pest and secondary pests. Secondary pests may then become 
economically important. Several secondary pests of leafy greens are listed at the end of 
the insect section. 
 
Except for the adult stage, DBM completes its whole life cycle on the plant. DMB moths 
lay eggs singly on the underside of leaves. The larvae hatch in a day or so and feed on the 
underside. The larvae grow as large as 5/8 inch. The larvae is green and hangs by a silken 
thread when disturbed. They are very active when disturbed. Initial damage is small 
incomplete holes caused by young larvae and larger complete holes caused by mature 
larvae. The holes become larger as the leaf develops. The entire plant may become 
riddled with holes under moderate to heavy populations. Larvae also feed in the 
developing heads of cabbage, causing deformed heads and encouraging soft rots. The 
pupae of DBM is green and encased in a netlike cocoon that is attached to the foliage. 
Pupae reduce quality as a contaminant. 
 
DBM attacks all types of leafy greens and cole crops during all parts of the growing 
season. DBM is a cold-hardy species, so it can survive cold temperatures in the caterpillar 
stage. During temperatures below approximately 50F, larvae cease to feed. As the 
temperature rises above this mark, feeding resumes. The life cycle is retarded during 
cooler temperatures. In contrast to this, DBM populations may increase dramatically at 
temperatures above approximately 80F. The life cycle may be as long as 50 days at low 
temperatures and as short as 15 to 20 days during warmer temperatures. There may be 10 
or more generations during warm years.  Most commonly a pest of kale, collards, turnip 
and mustard greens, but not a pest of spinach. 
Chemical Controls: 

• Methomyl (Lannate): 10-days for mustard, turnips and collards and a 7-day PHI 
for spinach. 

• Thiodicarb (Larvin): for spinach, has 14-day PHI. 
• Permethrin (Ambush, Pounce): 0-day PHI for spinach, 1-day PHI for turnips and 

collards. This is a Restricted Use Pesticide (RUP). 
• Spinosad (SpinTor) also for cabbage loopers and armyworms. 



• Indoxacarb (Avaunt): may be used on kale, collards, mustard and turnip tops.  It is 
used for control of cabbage loopers and armyworms. 

• Emamectin benzoate (Proclaim 5WDG): also for cabbage loopers and 
armyworms. 

• Zeta-Cypermethrin (Mustang Max 0.8EC): this is a Restricted Use Pesticide and 
is labeled for spinach, kale, collards and mustard. 

• Bifenthrin (Confirm 2EC, Fanfare 2E): is a RUP, has a 40-day PHI for spinach 
and 7-day PHI for mustard greens, kale and collards. 

• Beta-cyfluthrin (Baythroid): used for spinach, kale, collards, mustard and turnip 
greens. 

Alternative Controls: 
• Methoxyfenozide (Intrepid 2F): provides some diamondback moth suppression 

but may not be used on turnip tops. 
Cultural Controls: 

• Keep production areas free of weeds (e.g., wild mustards) that serve as hosts to 
diamondback moths. 

• Intermittent overhead irrigation can disrupt oviposition by diamondback moth. 
• Pheromone traps to determine presence of adults. 

Biological Controls: 
• Bacillus thuringiensis (various commercially available formulations) 
• Wasp and tachinid parasitoids. 
• Nuclear polyhedrosis virus (NPV).  
• Copidosoma truncatellum oviposits in cabbage looper eggs, emerging from and 

killing the mature larvae or prepupae. 
• Voria ruralis (Diptera: Tachinidae), a solitary or gregarious endoparasite of the 

larvae. 
• A parasitoid, Diadegma insulare (Family: Ichneumonidae is a parasitic wasp) has 

been reported in some Midwestern states. Not certain if present in Tennessee at 
levels sufficient enough to provide control. 

Post Harvest Controls: 
• None. 

Other Issues: 
 
 

Cabbage Looper (Trichoplusia ni) 
The cabbage looper (CL), is the second most destructive pest to cabbage and leafy 
greens, and at times is the primary pest in Tennessee. The cabbage looper is most 
destructive in late summer and fall. The cabbage looper feeds on a wide variety of 
cultivated plants and weeds. The larvae are large worms (up to 1 ½ inches) that eat away 
large holes in the leaves. Larvae are sluggish and hold on to the plants tenaciously when 
attempts are made to remove them. This is the only caterpillar pest that has only three 
pairs of fleshy prolegs near the rear. Except for the adult, the cabbage looper is like the 
DBM, spending its entire life cycle on the plant. The eggs are laid on the underside of the 
leaves and larvae hatch and feed on the underside, with the pupae attached to the 



underside in a protective cocoon. The pupae is green and two to three times as large as 
DBM pupae. They are most commonly a pest of spinach. 
Chemical Controls: 

• Methomyl (Lannate): has a 10-day PHI for mustard, turnips and collards and a 7-
day PHI for spinach. 

• Thiodicarb (Larvin): used for spinach only, has 14-day PHI. 
• Permethrin (Ambush, Pounce): 0-day PHI for spinach, 1-day PHI for turnips and 

collards. 
• Methyoxyfenozide (Intrepid): used for kale, collards, spinach and mustard greens. 
• Spinosad (SpinTor) for cabbage looper and armyworms. 
• Indoxacarb (Avaunt): for kale, collards, mustard and turnip greens. 
• Emamectin benzoate(Proclaim 5WDG): used for kale, collards, mustard greens 

and turnip tops. 
• Zeta-Cypermethrin (Mustang Max 0.8EC): used for kale, collards, mustard and 

spinach. 
Alternative Controls: 

• None 
Cultural Controls: 

• Plant crop for a spring harvest. 
Biological Controls: 

• Bacillus thuringiensis (various formulations): Biological insecticides are 
moderately effective and often, other insecticides are needed for adequate control. 

• Wasp and tachinid parasitoids. 
•  Nuclear polyhedrosis virus (NPV).  
• Copidosoma truncatellum oviposits in cabbage looper eggs, emerging from and 

killing the mature larvae or prepupae. 
• Voria ruralis (Diptera: Tachinidae), a solitary or gregarious endoparasite of the 

larvae. 
• A parasitoid, Diadegma insulare (Family: Ichneumonidae) has been reported in 

some Midwestern states. Not certain if present in Tennessee. 
Post Harvest Controls: 

• Intensive cultivation after harvest may aid in reducing overwintering populations. 
Other Issues: 

• Insecticide resistance has become a problem in cabbage looper control, so 
chemical rotation is critical for continued effective control. 

 
 

Beet armyworm (Spodoptera exigua) 
The beet armyworm is an occasional pest of fall plantings of collard, kale, mustard and 
turnip. Heavy populations that have increased on other crops may move to greens when 
food sources become scarce. Parasites during this period often suppress populations 
below an economic level, but occasionally the beet armyworm can devastate a crop. The 
beet armyworm is one of the most difficult caterpillars to control. It is naturally resistant 
to most commonly used insecticides. If it develops into very large populations, control 
might not be regained. The moth lays masses of eggs on the undersides of leaves. The 



mass may have up to 150 eggs and is covered with scales off the moth's body, giving the 
mass a cottony appearance. The larvae are light green to dark olive green and sometimes 
have stripes of these colors down the back. Above the second pair of legs near the head 
end is a black spot. Larvae generally grow to be 1 1/4 inches long. 
Chemical Controls: 

• Methyoxyfenozide (Intrepid): not labeled on turnips. 
• Bifenthrin (Capture): not labeled on turnips. 
• Permethrin (Pounce): not labeled on kale or mustard. 
• Methomyl (Lannate): not labeled on kale. 
• Tebufenozide (Confirm 2F): see Table 1. 
• Spinosad (SpinTor, Success): product is expensive. 
• Methoxyfenozide (Intrepid 2F): not labeled on turnips. 
• Emamectin benzoate (Proclaim 5%): see Table 1. 
• Indoxacarb (Avaunt): Not labeled for spinach see Table 1. 
• Beta-Cyfluthrin (Baythroid):  

Alternative Controls: 
• Carbaryl (Sevin): the label states armyworm and fall armyworm control, however 

does not specify beet armyworm control. 
• Zeta-cypermethrin (Mustang Max 0.8): the label includes armyworm control for 

other crops and beet armyworm control in two western states. 
• Malathion (Malathion 5E): includes armyworms on the label for several crops, 

however does not specify beet armyworm control. 
• Naled (Dibrom): includes armyworms on the label, however does not specify beet 

armyworm control. 
• Endosulfan (Thionex 3EC, 50WP): includes armyworm and fall armyworm, 

however does not specify beet armyworm control. 
Cultural Controls: 

• Plant for a spring harvest. 
Biological Controls: 

• Bacillus thuringiensis (Dipel): the label includes armyworms. 
• Bacillus thuringiensis (Xentari): the label includes armyworms. 

Post Harvest Controls: 
• None 

Other Issues: 
• Insecticide resistance has become a problem in beet armyworm control, so 

chemical rotation is critical for continued effective control of this pest. 
 
 

Cabbage webworm (Hellula rogatalis) 
The cabbage webworm is occasionally a serious pest of collards and kale. When it 
occurs, growers are usually caught off guard. Because it has a habit of feeding in the bud 
area, producing moderate to heavy webbing, therefore growers have difficulty controlling 
it.  It may become a pest of fall planted kale, collards, mustard or turnip greens. 
Chemical Controls: 

• Zeta-Cypermethrin (Mustang Max 0.8EC): not labeled for turnips. 



• Emamectin benzoate (Proclaim 5WDG): see Table 1. 
• Indoxacarb (Avaunt): not labeled for spinach, see Table 1. 
• Tebufenozide (Confirm 2F): see Table 1, labeled for turnip tops. 
• Methoxyfenozide (Intrepid 2E): not labeled for turnips. 

Alternative Controls: 
• Carbaryl (Sevin various formulations): the product label includes webworms 

however does not specify cabbage webworms. 
Cultural Controls: 

• Plant greens for spring harvest.  Damage generally occurs in fall planted leafy 
greens. 

Biological Controls: 
• None 

Post Harvest Controls: 
• None 

Other Issues: 
• None 

 
 

Imported cabbageworm (Pieris rapae) 
The imported cabbageworm is rarely an economic pest on leafy greens if controls for 
other worms are being applied. The adult is a common butterfly that lays eggs simply on 
the leaf surface. The larvae are green and have a velvety appearance. Larvae have a 
narrow, light yellow stripe down the back. Imported cabbageworms are commonly found 
on the undersides of leaves. Like cabbage loopers, young caterpillars feed superficially, 
leaving the upper surface intact. Larger larvae leave holes in the leaves and are more 
likely to eat through small veins than are loopers. In contrast to cabbage loopers, 
imported cabbageworms bore into the center of the head thereby doing more damage to 
the edible portion of the plant. The presence of masses of wet, greenish-brown excrement 
deep among leaves is indicative of this pest. Imported cabbageworms overwinter as 
pupae attached to host plant debris. 
Chemical Controls: 

• Carbaryl (Sevin): not labeled for turnips. 
• Naled (Dibrom): not labeled for mustards or turnip root crops.  Has a SLN label 

for turnip tops used as a forage. 
• Bifenthrin (Capture): not labeled for turnips. 
• Zeta-cypermethrin (Mustang Max): not labeled for turnips. 
• Beta-Cyfluthrin (Baythroid):  
• Endosulfan (Thionex): not labeled for turnips. 
• Emamectin Benzoate (Proclaim 5%): See Table 1. 
• Indoxacarb (Avaunt): not labeled for spinach, see Table 1. 
• Tebufenozide (Confirm 2F): see Table 1. 
• Spinosad (SpinTor):  
• Methoxyfenozide (Intrepid 2F):not labeled for turnips. 

Alternative Controls: 
• None 



Cultural Controls: 
• Early planted spring crops generally have less damage than fall planted crops. 
• Destroying remaining crop residue will help reduce following year’s populations. 
• Plowing deep after harvest. 
• Rotation. 

Biological Controls: 
• A granulosis virus may infect this pest and aid in reducing its population. 
• Cotesia rubecula a parasitic wasp may provide control. 

Post Harvest Controls: 
• Plowing under or destroying plant residues at this time eliminates an important 

food source for the overwintering generation of cabbageworms. 
Other Issues: 
 
 

Cross-striped cabbageworm (Evergestis rimosalis) 
The cross-striped cabbageworm is occasionally a pest. It is usually not too difficult to 
control if the crop is being monitored and timely controls are initiated.  The larvae may 
be slightly longer than 3/4 inch and have black and white transverse stripes down the 
back. Below the transverse stripes on each side is a black and yellow stripe along the 
length of the body. Controls are initiated when larvae are observed.  Because eggs are 
deposited in masses, individual plants may be infested with large numbers of cross-
striped cabbageworms. These caterpillars feed on all tender plant parts but prefer terminal 
buds. Young leaves and buds are often riddled with holes. 
Chemical Controls: 

• Products used for other cabbageworms should provide adequate control. 
Alternative Controls: 

• None 
Cultural Controls: 

• Plant for spring harvest. 
Biological Controls: 

• Cotesia orobenae a parasitic wasp may aid in controlling this pest. 
Post Harvest Controls: 

• Destroy remaining crop residues. 
Other Issues: 
 
 

Harlequin Bug (Murgantia histrionica) 
Harlequin bugs attack nearly all crucifers, including common weeds of the mustard 
family such as wild mustard, shepherdspurse, peppergrass, bittercress, and watercress. If 
infestations are heavy and food becomes scarce, harlequin bugs will also feed on many 
other plants. Adults and nymphs pierce stalks, leaves, and veins with their needle-like 
mouthparts and extract plant juices. Stems and leaves injured in this manner develop 
irregular cloudy spots around the puncture wound. Young plants are likely to wilt, turn 
brown, and eventually die; while older plants are only stunted. Harlequin bugs overwinter 
as adults throughout most of their range. They remain active throughout the mild winters, 
but hibernate among plant debris during the harsh winters. Adults emerge early in spring. 



Approximately 2 weeks after resuming activity, females begin depositing eggs on the 
undersides of leaves. Eggs are laid in double-row clusters of 10 to 13 until each female 
has deposited approximately 155 eggs. In early spring, eggs hatch in about 20 days. Eggs 
hatch in 4 to 5 days as the weather becomes warmer. Nymphs feed for 6 to 8 weeks and 
develop through 5 instars before becoming adults. Two to 4 generations occur each year 
in Tennessee. 
Chemical Controls: 

• Carbaryl (Sevin 4, XLR, 80): not labeled for use on turnips. 
• Potassium salts of fatty acids (M-Pede): not labeled for use on turnips. 
• Endosulfan (Thionex 3E, 50WP): not labeled for use on turnips. 

Alternative Controls: 
• Several of the pyrethroid, organophosphate and/or carbamate insecticides may 

provide control of this pest.  However, harlequin bugs are not specified on the 
label. 

Cultural Controls: 
• Destruction of weeds within fields and along fence rows also limits overwintering 

sites. 
• Some varieties have shown partial resistance. 
• Spring planted crops usually do not have as much infestation. 

Biological Controls: 
• There are several predators of the harlequin bug. 
• Trisolcus murgantiae is a parasitic wasp which may aid in control. 

Post Harvest Controls: 
• Destruction of weeds within fields and along fence rows also limits overwintering 

sites. 
Other Issues: 
 
 

Striped Flea Beetle (Phyllotreta striolata)  
Although larvae feed on the roots of host plants, the primary damage is caused by adult 
beetles feeding on foliage. Beetles make small pits in leaves. The remaining thin layers of 
tissue eventually dry up and fall away leaving small "shot holes" in the foliage. This type 
of injury is capable of killing young plants. In addition, beetles may act as vectors of 
plant disease. Striped flea beetles overwinter among debris in and around fields. 
Emerging early in spring, they attack seedlings and young plants. Eggs are deposited in 
tiny crevices gnawed out of the base of host plant stems. About 10 days later, grubs hatch 
from the eggs and move into the soil to attack roots. After feeding for 3 or 4 weeks, the 
larvae pupate for 7 to 10 days. A new generation of beetles then emerges. There are at 
least two generations each year in Tennessee.  They are most commonly a pest of turnip 
and mustard greens. 
Chemical Controls: 

• Carbaryl (Sevin 4, XLR, 80): not labeled for use on turnips. 
• Bifenthrin (Capture, Fanfare): not labeled for use on turnips. 
• Zeta-cypermethrin (Mustang Max): not labeled for use on turnips. 
• Beta-cyfluthrin (Baythroid):  
• Endosulfan (Thionex 3E, 50WP): not labeled for use on turnips. 



• Thiomethoxam (Actara): not labeled for use on turnips. 
• Malathion (Malathion 5E):  

Alternative Controls: 
• None 

Cultural Controls: 
• Weed control 
• Destroy crop residues. 
• Generally, more of a problem on spring harvested crops. 

Biological Controls: 
• Microctonus vittatae is a native braconid wasp found more commonly in the 

eastern half of the U.S., however no data is available on distribution of this 
predator in Tennesseee. 

Post Harvest Controls: 
• Thorough tillage of the soil after harvest. 

Other Issues: 
• None. 

 

Secondary pests: 

Secondary pest are listed below. A few secondary pests were previously described 
because of their frequency of occurrence. 

• Beet armyworm 
• cabbage webworm 
• imported cabbageworm  
• cross-striped cabbageworm 
• false chinch bug (Nysius raphanus) 
• silverleaf whitefly (Bemisia argentifolii) 
• vegetable weevil (Listroderes costirostris) 
• yellowmargined leaf beetle (Microtheca ochroloma) 
• cabbage aphid 
• seedcorn maggot 
• turnip root aphid 
• thrips 
• stink bugs 
• chinch bug 
• corn earworm 

 
Insecticides 
 
Organophosphate insecticides: 
 
Malathion (Malathion 5EC): has Warning listed as the signal word. 
Crop use: mustard greens, collards, kale, spinach, and turnips. 



Targeted pest: aphids, cabbage looper, imported cabbage worm and flea beetles. 
Frequency and rate: 2 pints or 1.25 lbs ai per acre for spinach and 1.5 (0.937 lbs ai) to 2 
(1.25 lbs ai) pints in mustard greens. 
REI: 12-hours 
PHI: 7-days. 
Comments: 
Estimated cost: $6.88 per acre 
 
Dimethoate (dimethoate 4E): has Danger listed as the signal word. 
Crop use: kale, mustard and turnip greens. 
Target pest: aphids, leafhoppers, leaf miners 
Frequency and application rate: 0.5 pints per acre when pest is present. 
REI: 48-hrs. 
PHI: 14-days 
Estimated cost: $2.46 per acre. 
 
Naled (Dibrom 7.5): has Danger listed as the signal word and is a Restricted Use 
Pesticide. 
Crop use: collards, kale, spinach and turnip tops for forage. 
Target pest: imported cabbageworm, diamondback moth, loopers, and aphids. 
Frequency and application rate: No more than 5 applications per season.  Applied at 7 
day or greater intervals.  Applied at the formulation rate of 1 to 2 pints per acre. 
REI: 48-hours 
PHI: 1-day 
Comments: may not be applied within 25 feet of lakes, rivers, or streams. 
Estimated cost: ranges from $16.46 to $31.99 per acre depending on rated used. 
 
 
Carbamate insecticides: 
 
Carbaryl (Sevin 4F, 80S): has Caution listed as the signal word on the 4F formulation 
and Warning on the 80S formulation. 
Crop use: spinach, collards, kale, and mustard greens. 
Target pests: flea beetles, leafhoppers, stink bugs, spittlebugs, tarnished plant but, fall 
armyworm, imported cabbageworm, armyworms. 
Frequency and rate: for the 4F formulation use1 to 2 quarts or 1 to 2 lbs ai per acre. Not 
to exceed 6 lbs ai per acre per season. 
REI: 12-hours. 
PHI: 14-days. 
Estimated cost: ranges from $8.60 to $17.5 depending on rate and formulation. 
 
Methomyl (Lannate 2.4LV, SP): has Danger listed as the signal word and is a Restricted 
Use Pesticide. 
Crop use: spinach, turnip greens, mustard greens and collards. 
Target pests: loopers, armyworms, cutworms and diamondback moth. 



Frequency and rate: 1.5 to 3 pints of the 2.4LV or 0.45 to 0.9 lbs ai per acre. No more 
than 8 applications per crop season. 
REI: 48-hours 
PHI: 10-days for mustard, turnips and collards and a 7-day PHI for spinach. 
Estimated cost: ranges from $3.76 to $20.97 per acre depending on rate or formulation 
used. 
 
Thiodicarb (Larvin 3.2): has Warning listed as the signal word and is a Restricted Use 
Pesticide. 
Crop use: spinach. 
Target pests: cabbage looper, armyworms, alfalfa looper and corn earworm. 
Frequency and rate: applied at the rate of 16 to 30 fl.oz. or 0.4 to 0.75 lbss ai per acre. No 
more than 1.5 lbs ai per acre per season. 
REI: 48-hours 
PHI: 14-days. 
Estimated cost: ranges from $7.75 to $15.5 per acre depending on rate used. 
 
 
Pyrethroid insecticides: 
 
Bifenthrin (Capture 2EC, Fanfare 2E): has Warning listed as the signal word and is a 
Restricted Use Pesticide. 
Crop use: spinach, mustard greens, collards, kale 
Targeted pest: aphids on spinach. aphids, cabbage looper, imported cabbage worm, 
diamondback moth and flea beetles for mustard greens.  
Frequency and rate: 2.1 to 6.4 fl.oz. or 0.033 to 0.10 lbs ai per acre. No more than 0.4 lbs 
ai per acre per season. 
REI: 12-hours 
PHI: 40-days for spinach and 7-days for mustard greens, kale, and collards. 
Comments: possible resistance development in various pest populations if used on a 
continual basis.  
Estimated cost: ranges from $4.23 to $12.90 per acre depending on rate used. 
 
Permethrin (Pounce 25WP, 3.2EC): has Warning listed as the signal word and is a 
Restricted Use Pesticide. 
Crop use: spinach, turnips, and collards. 
Target pest: aphids, cutworms, cabbage looper, leafhoppers, green cloverworm, fall 
armyworm, beet armyworm. 
Frequency and rate: 6.4 to 12.8 ounces or 0.1 to 0.2 lbs ai per acre, not to exceed 1 lb ai 
per season. 
REI: 12-hours 
PHI: 0-day for spinach and 1-day for turnips and collards. 
Comments: possible resistance development in various pest populations if used on a 
continual basis.  
Estimated cost:  $2.01 to $4.02 per acre depending on rate used. 
 



Zeta-cypermethrin (Mustang Max 0.8) has Warning listed as the signal word and is a 
Restricted Use Pesticide. 
Crop use: Spinach, kale, collards, and mustard greens. 
Targeted pest: cutworms, diamondback moth, cabbage worm, flea beetles, leaf miners, 
stinkbugs, aphids, loopers, imported cabbageworm and grasshoppers.  
Frequency and application rate: 2.2 to 4 fl.oz or 0.014 to 0.025 lbs ai per acre.  No more 
than 0.15 lbs ai per acre per season.  Repeat applications should not be made less than 7 
days apart. 
REI: 12-hours. 
PHI: 1-day. 
Comments: possible resistance development in various pest populations if used on a 
continual basis.  
Estimated cost: ranges from $3.78 to $6.88 per acre depending on rate used. 
 
Beta-Cyfluthrin (Baythroid 1 XL): has Warning listed as the signal word and is a 
Restricted Use Pesticide. 
Crop use: spinach, kale, collards, turnip and mustard greens. 
Target pest: cutworms, thrips, imported cabbageworm, loopers, grasshoppers, stinkbugs, 
diamondback moth larvae, flea beetles, armyworms. 
Frequency and application rate: 0.8 to 3.2 floz formulation to 0.007 to 0.025 lbs ai/ acre 
on a 7-day interval and not toe exceed 12.8 fl.oz. per crop season. 
REI: 12-hours. 
PHI: 0-day. 
Comments: should not be applied to crops grown for seed due to potential toxicity to 
bees.  Product should be rotated with other products due to possible resistance with 
diamondback moths, and tarnished plant bugs. 
Estimated cost: ranges from $2.22 to $8.55 depending on rate used. 
 
 
Cyclodiene organochlorine insecticide: 
 
Endosulfan (Thionex 3E, 50WP): has Danger listed as the signal word.  
Crop use: spinach, kale, collards and mustard greens. 
Target pest: armyworms, imported cabbageworm, aphids, whiteflies, flea beetles, 
leafhoppers, cabbage looper, harlequin bug. 
Frequency and application rate: applied at the rate range of 1 to 1.3 quarts per acre and 
not to exceed one application per crop per year. 
REI: 24-hours. 
PHI: 21-days. 
Comments: 
Estimated cost: $6.87 to $8.94 per acre depending on rate used. 
 
 
 
 
 



Non-organophosphate, non-carbamate, non-pyrethroid insecticides: 
 
Imidacloprid (Admire, Admire Pro 4.6, Alias 2F, Pasada 1.6F, Provado): has Caution 
listed as the signal word. 
Crop use: spinach, collards, kale, turnips, and mustard greens. 
Target pests: aphids, leafhoppers, thrips and whiteflies. 
Frequency and rate: Admire Pro applied at 4.4 to 10.5 fl.oz.(0.38 lbs ai) per acre. Applied 
to the soil as a drench or narrow banned row. 
REI: 12-hours 
PHI: 21-days. 
Comments: to avoid resistance only one application per season.  Should not be used on 
crops grown for seed. 
Estimated cost: ranges from $38.06 to $86.5 per acre depending on rate used. 
 
Emamectin benzoate (Proclaim 5%): has Caution listed as a signal word and is a 
Restricted Use Pesticide. 
Crop use: spinach, kale, collards, turnip and mustard greens. 
Target pest: armyworms, diamondback moth, imported cabbageworm, loopers, and 
leafminers. 
Frequency and application rate: 2.4 to 4.8 oz.  No more than 28.8 oz per season. Allow a 
minimum of 7 days between applications. 
REI: 48-hours. 
PHI: 14-days. 
Comments: for turnip greens for use on top leaves only.  Not to be used on turnips for 
roots. Do not allow livestock to graze in treated areas. 
Estimated cost: ranges from $24 to $48 per acre depending on rate used. 
 
Indoxacarb (Avaunt): has Caution listed as the signal word. 
Crop use: kale, collards, mustard greens, turnip tops only. 
Target pest: diamond back moth, cabbage looper, imported cabbageworm, beet 
armyworm. 
Frequency and application rate: 2.5 to 6 oz (0.065 to 0.11 lbs ai) per acre. Not to exceed 
0.44 lbs ai per acre per crop.  Minimum interval between sprays is 3 days. 
REI: 12-hours. 
PHI: 3-days. 
Comments: not labeled for spinach usage.  Should not apply more than twice to any 
generation of diamond back moth caterpillar. 
Estimated cost: ranges from $12.75 to  $30.60 per acre depending on rate used. 
 
Tebufenozide (Confirm 2F): has Caution listed as the signal word. 
Crop use: spinach, turnip tops, kale, collards, and mustard greens. 
Target pests: armyworms, imported cabbageworm, cabbage looper. 
Frequency and rate: 6 to 8 fl.oz or 0.09 to 0.12 lb ai per acre. Do not exceed 56 fl.oz. 
formulation per acre per year.   
REI: 4-hours 
PHI: 7-days. 



Estimated cost: ranges from $8.63 to $11.50 per acre depending on rate used. 
 
Aceptamiprid (Assail 30SG): has Caution listed as the signal word. 
Crop use: spinach, kale, collards, and mustard greens. 
Target pest: aphids, thrips, whiteflies and diamondback moth suppression. 
Frequency and application rate: 2 to 4 oz.(0.038 to 0.075 lbs ia) per acre.  No more than 5 
application per acre per season and applied on a 7 day spray schedule. 
REI: 12-hours. 
PHI: 7-days 
Estimated cost: ranges from $25.62 to  $53.00 per acre depending on rate used. 
 
Thiomethoxam (Actara 25WDG): has Caution listed as the signal word. 
Crop use: spinach, kale, collards, mustard greens. 
Targeted pest: aphids, fleabeetles, thrips and whiteflies. 
Frequency and application rate: 1.5 to 5.5 oz. (0.023 to 0.086 lbs ai) per acre.  Wait 7 
days between applications and no more than 11oz (0.172 lbs ai) per acre per year. 
REI: 12-hours. 
PHI: 7-days. 
Comments: if using multiple pesticide applications rotate to another class, if insect 
populations continue to persist. 
Estimated cost: ranges from $9.45 to $34.65 depending on rate used. 
 
Cyromazine (Trigard 75%) has Caution listed as the signal word. 
Crop use: kale, collards, spinach, mustard greens, turnip greens top leaves only. 
Target pest: leafminers. 
Frequency and application rate: use 2.66 oz formulation per acre with no more than 0.75 
lbs ai per acre per season. 
REI: 12-hours. 
PHI: 7-days. 
Comments: Turnip greens top leaves only.  Do not use on turnip greens used for roots. 
Some rotational crops have a 300 day minimum plant back. 
Estimated cost: pricing was not available. 
 
Spinosad (Success 2E, SpinTor 2SC): has Caution listed as the signal word. 
Crop use: mustard greens, turnip greens, kale, collards, and spinach. 
Targeted pest: diamondback moth, cabbage looper, imported cabbageworm, armyworms, 
leafminers and thrips.  
Frequency and application rate: applied at the formulation rate of 1.5 to 10 floz per acre. 
REI: 4-hours 
PHI: 1-day 
Comments: The addition of adjuvants improve the control of leafminers and thrips.  For 
resistance management, no more than three applications should be made within 30 days.  
It should not be applied to successive generations of insects. 
Estimated cost: ranges from $7.85 to $52.38 per acre depending on rate used. 
 
 



Methoxyfenozide (Intrepid 2F): has Caution listed as the signal word. 
Crop use: mustard greens, kale, collards, and spinach. 
Target pest:armyworms, cabbage looper, fall armyworm, imported cabbageworm, garden 
webworm, cabbage webworm, and diamondback moth (suppression). 
Frequency and application rate: 4 to 16 fl.oz or 0.06 to 0.25 lbs ai per acre. 
REI: 4-hours 
PHI: 1 - day 
Comments: for resistance management avoid consecutive applications. 
Estimated cost: ranges from $7.21 to $28.84 depending on rate used. 
 
Spiromesifen (Oberon 2SC): has Caution listed as the signal word. 
Crop use: spinach and mustard. 
Target pest: whiteflies 
Frequency and application rate: 7 to 8.5 fl.oz. per acre. 
REI: 12-hours. 
PHI: 7-days. 
Estimated cost: ranges from $33.77 to $41.02 per acre depending on rate used. 
 
Pymetrozine (Fulfill 50WP): has Caution listed as the signal word. 
Crop use: collards, kale, spinach, mustard and turnip greens. 
Target pest: aphids and aids in suppression of whiteflies. 
Frequency and application rate: 2.75 oz per acre. Allow 7-days between treatments.  Do 
not exceed 5.5 oz. per acre per season. 
REI: 12-hours 
PHI: 7- days. 
Estimated cost: pricing not available. 
 
Bacillus thuringiensis subsp. aizawai (XenTari): has Caution listed as the signal word. 
Crop use: mustard greens, kale, collards, and spinach. 
Target pest: loopers and armyworms.  
Frequency and application rate: 0.5 to 2 lbs per acre. 
REI: 4-hours. 
PHI: 0-days. 
Comments: 
Estimated cost: ranges from $6.25 to $25.00 per acre depending on rate used. 
 
Bacillus thuringiensis subsp. kurstaki (Dipel DF): has Caution listed as the signal word. 
Crop use: mustard greens, kale, collards, and spinach. 
Target pest: loopers and armyworms.  
Frequency and application rate: 0.5 to 2 lbs per acre. 
REI: 4-hours. 
PHI: 0-days. 
Comments: 
Estimated cost: ranges from $0.19 to $0.74 per acre depending on rate used. 
 
 



Potassium salts of fatty acids (M-Pede): has Warning listed as the signal word. 
Crop use: spinach, mustard, kale, collards. 
Targeted pest: aphids, thrips, leafhoppers, whiteflies, plant bugs, and powdery mildew 
Frequency and application rate: 1 to 2% v/v solution. 
REI: 12-hours. 
PHI: NA 
Comments: 
Estimated cost: $18 per acre per application. 
 
 
Table 1.  Labeled Crop Usage for Several Insecticides. 
 

Crop  
Active Ingredient Collards Kale Mustard Turnip Spinach 
Malathion X X X X X 
Carbaryl X X X  X 
Methomyl X  X X X 
Thiodicarb     X 
Endosulfan X X X  X 
Bifenthrin X X X  X 
Permethrin X   X X 
Zeta-cypermethrin X X X  X 
Beta-cyfluthrin X X X X X 
Imidacloprid X X X X1 X 
Emamectin 
benzoate X X X X1 X 

Tebufenozide X X X X1 X 
Cyromazine X X X X1 X 
Spinosad X X X X X 
Naled X X  X1 X 
Dimethoate  X X X  
Potassium salts X X X  X 
Mycrothecium 
verrucaria     X 

Bacillus 
thuringiensis X X X  X 

Spiromesifen   X  X 
Methoxyfenozide X X X  X 
Pymetrozine X X X X X 
Aceptamiprid X X X  X 
Thiomethoxam X X X  X 
Indoxacarb X X X X1  
 

1 Labeled for turnip tops only. 
 



Table 2. Estimated Insecticide Usage for 2007. 
 
 Crop  
Active Ingredient Collards Kale Mustard Turnip Spinach 
Malathion 2a 0 2 4 0 
Carbaryl 0 0 0  0 
Methomyl 1  1 1 0 
Thiodicarb     0 
Bifenthrin 2 5 10  5 
Permethrin 10   5 20 
Zeta-cypermethrin 8 5 10  5 
Beta-cyfluthrin 1 1 10 1 20 
Imidacloprid 0 0 1 0 0 
Emamectin 
benzoate 0 0 0 0 0 

Tebufenozide 0 0 0 0 0 
Cyromazine 0 0 0 0 0 
Spinosad 0 0 0 0 0 
Naled 0 0  0 0 
Dimethoate  1 1 1  
Potassium salts 0 0 0  0 
Mycrothecium 
verrucaria     0 

Bacillus 
thuringiensis 0 0 0  0 

Spiromesifen   0  0 
Methoxyfenozide 0 0 0  0 
Aceptamiprid 0 0 0  0 
Endosulfan 1 0 1 0 0 
Thiomethoxam 0 0 0  0 
Indoxacarb 0 0 0 0  
a  Estimated percent acreage treated with product. 
 
 
Soil Fumigation 
 
Soil fumigation is rarely utilized by Tennessee leafy green producers, due to labor cost 
and the cost of additional materials (plastic coverings) and product expense.  However, if 
producers select this method of pest control, today’s selection of fumigants would help 
reduce, but not eliminate, fungi, bacteria, and nematode populations in the soil when 
applied prior to planting.  Also, some fumigants may provide weed and soilborne insect 
control.  Currently, the only products available for soil fumigation are metam sodium, 
Telone II and Telone C-17. 
 
 



Weeds 
Weed control in leafy green production involves the management of several grasses and 
broadleaf species. Particularly troublesome weeds include yellow nutsedge, larger-seeded 
broadleaves and various grasses. Commonly used herbicides for leafy green production 
include; trifluralin (for processing greens, collards, kale), Phenmedipham (spinach only), 
glyphosate (fall applications), and clethodim. 

Henbit (Lamium spp.), various pigweeds, common lambsquarters, carpetweed, annual 
grasses, purslane, nightshades, and sedges infest most production fields in Tennessee, 
making weed control essential for harvesting a quality crop. Currently available 
herbicides registered for use in leafy green production are listed below. 

 
Herbicides 
 
Preplant Herbicides: 
 
Thiocarbamate Classification: 
Cycloate (Ro-Neet 6E): has Caution listed as the signal word. 
Crop use: spinach. 
Target weeds: annual grasses (foxtail), annual broadleaf weeds (pigweeds) and sedges. 
Frequency and use: soil applied herbicide prior to planting at the formulation rate of 0.5 
gallons formulation or 3 lbs ai per acre. 
REI: 12- hours. 
PHI: NA 
Comments: for use in sandy mineral soils only.  Use would be limited to western 
Tennessee or low lying river bottom areas of production. 
Estimated cost: NA 
 
Dinitroaniline Classification: 
Trifluralin (Treflan 4): has Caution listed as the signal word. 
Crop use: collards, kale, turnip and mustard greens grown for processing. 
Target pest: selective herbicide for annual grasses and broadleaf weeds. 
Frequency and application rate: used as a preplant soil incorporated treatment.  Use 
ranges from 1 to 1.5 pints (0.5 to 0.75 lbs ai) per acre in soils containing 2% to 10% 
organic matter. 
REI: 12-hours 
PHI: NA 
Comments: Should not be used on spinach.  Use in soils with 2 to 10% organic matter. 
Efficacy rating: Excellent. 
Estimated cost: ranges from $2.15 to $3.23 per acre depending on rate used.. 
 



Benzoic Acid Classification: 
DCPA (Dacthal 75W): has Caution listed as the signal word  
Crop use: spinach, kale, collards, mustard and turnip greens. 
Target weeds: annual grasses and certain broadleaf weeds. 
Application rate and frequency:  applied at seeding at the rate of 6 to 14lbs formulation 
per acre as a broadcast or may be reduced depending on row spacing. 
REI: 12-hours. 
PHI: NA 
Comments: product is sensitive to drift during temperature inversion and low humidity.  
Sprayer may need to be adjusted when weather conditions are optimum for drift. 
Estimated cost: ranges from $81.42 to $189.98 per acre depending on rate used. 
 
Phosphorodithioate Classification: 
Bensulide (Prefar 4E): has Caution listed as the Signal Word. 
Crop use: collard, kale and mustards. 
Target weeds: Annual grasses and small-seeded broadleaf species. 
Average rate and frequency of application: Prefar 4EC- 5.0-6.0lb a.i./A (5.0-6.0 qt/A), 
once preplant. No more than 6 lbs ai per acre per season.  Applied as a broadcast at 5 to 6 
quarts per acre rate. 
REI: 12-hours 
PHI: NA 
Comments: should not be used on spinach due to phytotoxicity. 
Efficacy rating: Fair to excellent. 
Estimated cost: ranges from $61.73 to $74.08 per acre depending on rate used. 
 
Soil Fumigant: 
Metam sodium (Metam CLR 4.25): has Danger listed as the signal word. 
Crop use: all leafy vegetables. 
Target pest: various diseases, insects and weeds. 
Frequency and application rate: ranges from 15 to 74.5 gallons per acre depending on 
specific crop and targeted pest.  Applied to well worked soil as a fumigant.  
REI: 48-hours after application. 
PHI: NA 
Comments: Effectiveness is greatly dependent on soil properties (texture and organic 
matter), soil moisture.  Rarely used in leafy green production. 
Estimated cost: ranges from $52.50 to 260.75 depending on method (banned or 
broadcast) of application and rate used. 
 
 
Burn Down Herbicides: 
 
Glycine Classification: 
Glyphosate (Various 4, 5, 5.4): most have Caution listed as the signal word. 
Crop use: mustard, kale, turnip, spinach. 
Target weeds: all, non-selective. 



Frequency and rate of application: Used as a burn down prior to planting.  Usually 
applied in the fall on to two weeks prior to planting for over wintering spinach or fall 
planted mustard or turnip greens.  Rate of 1 to 2.5 quarts per acre. 
REI: 4- hour. 
PHI: NA 
Comments: Some weeds are resistant to glyphosate. 
Estimated cost: ranges from $5.28 to $13.19 per acre depending on formulation and rate 
used. 
 
Pelargonic Acid (Scythe 4.2) has Warning listed as the signal word. 
USE: mustard, turnip, kale and spinach. 
Target weeds: various annuals. 
Average rate and frequency of application: may be applied as a burndown or directed 
shielded spray.  Applied at the formulation rate of 2 quarts to on gallon per acre. 
REI: 12-hours 
PHI: NA 
Estimated cost: $28.50 per acre. 
 
 
Post Emergence Herbicides: 
 
Clycohexanedione Classification: 
Clethodim (Select Max 0.97): has Caution listed as the signal word. 
USE: mustard greens, mustard spinach, collards, kale, spinach. 
Target weeds: annual and perennial grasses. 
Frequency and rate:  applied at the rate of 9 to 16 fl.oz. per acre. 
REI: 24-hours. 
PHI: 14-days. 
Comments: avoid consecutive applications as well as other Group 1 herbicides.  An 
adjuvant is recommended with this product. 
Estimated cost: ranges from $9.09 to $16.18 per acre depending on rate used. 
 
Sethoxydim (Poast 1.5EC): has Warning listed as the signal word. 
Crop use: collards, kale, spinach and mustard. 
Target weeds: Annual and perennial grasses. 
Average rate and frequency of application:  applied at the formulation rate range of 1.5 to 
3 pints or 0.28 to 0.56 lbs ai per acre. One post emergence application. 
REI: 12-hours 
PHI: 15-days for spinach, and 30-days for collards, kale and mustard greens. 
Comments: Livestock are not allowed to graze or feed in treated areas. 
Efficacy rating: good to excellent. 
Estimated cost: ranges from $14.29 to $28.58 per acre, depending on rate used. 
 
Pyridine Carboxylic Acid Classification: 
Clopyralid (Stinger 3EC): has Caution listed as the signal word. 
Crop use: spinach and turnip greens. 



Targeted weeds: broad leaf weed control. 
Frequency and rate: one postemergent application. Applied at the formulation rate of 2.66 
fl.oz. to 5.33 fl.oz. or 0.06 to 0.12 lbs ai per acre for spinach and 0.06 to 0.1875 lbs ai per 
acre for turnip greens.  
REI: 12-hours. 
PHI: NA 
Comments: Do not release livestock which have been fed from treated areas to sensitive 
crop areas without first allowing 7-days of grazing on an untreated pasture. This product 
has a 10.5 month plant back timing. 
Estimated cost: ranges from $9.46 to $18.95 per acre depending on rate used. 
 
Phenylcarbamate Classification: 
Phenmedipham (Spin-Aid 1.3): has Warning listed as the signal word. 
Crop use: spinach. 
Target weeds: broadleaf weeds, common lambsquarter, purslan, common ragweed, 
Shepherd’s purse, ground cherry, wild mustard. 
Average rate and frequency of application: 2.5 to 3 pints (0.40 to 0.48 lbs ai) per acre per 
application not to exceed 6 pints formulation per acre per season.  Generally, only one 
application is needed per year and used as a post emergence product. 
REI: 24-hours. 
PHI: 40-days. 
Comments: must be used when temperatures are 75F or below.  Used on spinach used for 
processing or seed. 
Efficacy rating: good to excellent. 
Estimated cost: NA 
 
 
Alternative Weed Controls: 

• Preparing a stale seedbed involves allowing weeds to germinate and then killing 
them with a contact herbicide in the absence of the crop.  This is one possible 
alternative of control. This method is rarely used due to inadequate control for a 
sufficient time period.  

• Soil solarization has proven to be an inefficient alternative.  
• Reduced tillage practices generally produce lower quality produce and are not 

acceptable in leafy greens production at this time. 
• Mechanical control through cultivation is used during the early growing period. 

Hand hoeing is possible but not an efficient method. Labor cost would 
dramatically increase.   

• Crop rotation is an important aspect of controlling some persistent weed species 
and problem weeds such as sicklepod, nutsedge and cocklebur. 

 
 
Possible Alternative Chemical Weed Controls: 
 

• Linuron (Lorox 50DF): has Caution listed as the signal word. 
Crop use: spinach  



Targeted Pests: broad leaf weeds and grasses. 
Application rate and frequency: 2 to 4 lbs formulation or 1 to 2 lbs ai per acre. 
REI: 24 hours. 
PHI: NA. 
Comments: currently, not labeled for leafy greens. 
 

• Dimethenamid (Frontier 6EC): 
Crop use:NA 
Targeted weeds: grasses 
Comments: currently, not labeled within the U.S. for leafy green production. 

Biological Controls: 
• No effective biological controls exist at this time. 

Post Harvest Control Practices: 
• Not applicable. 

Other Issues: 
• The primary reason for a deficiency in effective herbicide options, is the small 

market for which these materials are used. The labeling of chemical controls for 
weed control in leafy greens is simply more expensive than the returns from the 
sale of such products. Therefore there is little interest in the industry to pursue 
new materials and new labels for this group of crops. 

 
 
Table 3. Estimated Herbicide Usage for Leafy green Production for 2007. 
 
 Crop 
Active Ingredient Kale Collards Mustard Turnip Spinach 
Clopyralid 0 0 0 0 0 
DCPA 0 0 0 0 0 
Metam sodium 0 0 0 0 0 
Glyphosate 15 45 55 55 45 
Pelargonic acid 0 0 0 0 0 
Clethodim 30 35 50 45 35 
Bensulide 0 1 1 0 0 
Sethoxydim 0 2 2 8 0 
Phenmedipham 0 0 55 85 100 
Cycloate 0 0 0 0 30 
Trifluralin 100 85 85 95 0 
      
 
 

Diseases 
Leafy green crops are susceptible to several diseases which are capable of causing severe 
losses in quality and yield. Disease prevention through cultural practices and timely 



fungicide applications must be implemented and integrated for successful production of 
leafy greens. As with most pests, proper identification and knowledge of the biology of 
the pest are essential to implementing any disease management strategies.  Minimal 
disease infection can be devastating to growers, because consumers usually do not accept 
greens which have leaf spots.  Many strategies help prevent diseases from becoming 
established.  These strategies include: crop rotation, site selection and preparation, seed 
health, sanitation, irrigation, weed control, scouting and residue management.  
 
Field sanitation is very important to reduce the spread of disease among plants. Cutting 
tools can be a primary source of bacterial disease carryover for crops intended for 
multiple cuttings. Knives should be routinely sanitized to keep disease inoculum from 
building on their surfaces and infecting other plants. Workers' knives are often collected 
at the end of a harvest day and placed in a bucket of sanitizer (generally household 
bleach) to aid in reducing spread of diseases.  
 
 

White Rust (Albugo spp.) 
White rust is a commonly observed in spinach production but usually is not a serious 
disease. It is characterized by both local and systemic symptom expression. Local 
infection appears as pustules or "blisters" filled with sporangia on leaves, smaller stems, 
and floral parts. Pustules measure approximately 1 to 2 mm in diameter and are white or 
creamy yellow. Systemic infections result in abnormal growth, distortion, and sterility of 
flowers or inflorescences. These abnormalities (or hypertrophy) are known as stagheads 
and consist mostly of thick-walled oospores.  Infected leaves are generally not 
marketable so control is critical. 
Chemical Controls: 

• Acibenzolar-S-Methyl (Actigard 50WG): for spinach only. 
• Azoxystrobin (Quadris 2.08, Amistar 0.8): 
• Mefenoxam (Ridomil Gold): 
• Copper hydroxide(various): labeled for use on spinach, collards, mustard and 

turnip greens. 
• Sulfur and copper (Tribasic copper sulfate): labeled for use on spinach, kale, 

collards, and mustard greens. 
Alternative Controls: 

• None 
Cultural Controls: 

• Remove weeds within and surrounding the field. 
Biological Controls: 

• Currently, no effective controls. 
Post Harvest Controls: 

• None 
Other Issues: 

• None 
 
 
 



Damping-off (Pythium, Rhizoctonia) 
Damping-off is caused by several soilborne diseases which attack leafy greens in the 
seedling stage. Significant stand losses due to Pythium can occur during periods of cool, 
wet weather. Losses to Rhizoctonia are more prevalent during warmer periods.  
Symptoms usually occur as sunken, water-soaked or reddish brown lesions at or near the 
soil line. Young plants generally collapse and die very rapidly. Plants that do survive will 
be stunted and less vigorous than healthy plants. 
Chemical Controls: 

• Mefenoxam (Ridomil Gold): applied at 0.5 lb. ai/acre may be incorporated into 
the soil prior to planting to aid in suppressing damping-off due to Pythium.  

• Seed treatments containing 
o Mefenoxam (Apron): applied by seed supplier. 
o Thiram (Thiram): applied by seed suppliers. 

Alternative Controls: 
• Terraclor (0.85-1.15 lb. ai/1000 row ft.) may be used for Rhizoctonia control in 

other states, however is not labeled in Tennessee.  
Cultural Controls: 

• Deep turning or plowing of soil. 
• Frequent irrigation during periods of hot, dry weather will reduce the incidence 

of damping-off caused by Rhizoctonia. 
• Rotation behind grain or pasture crops can reduce inoculum levels of both 

Pythium and Rhizoctonia root rots. 
Biological Controls: 

• Several fungi and bacteria may inhibit damping-off pathogens. 
Post Harvest Controls: 

• Rotation 
• Deep turning of soil 

Other Issues: 
• None 

 
 

Black Rot (Xanthomonas campestris pv. campestris) 
Black rot is one of the most serious diseases of leafy greens. This disease is caused by a 
bacterium which can contaminate seed or transplants. This disease spread and severity is 
more evident during warm moist conditions. Dry, cool conditions seem to greatly inhibit 
the spread of the disease.  The most typical symptom associated with black rot infection 
is a large V-shaped necrotic lesion which extends back towards the midrib of the leaf. 
The necrotic area is usually surrounded by a chlorotic halo. Veins within and leading 
from lesions are typically dark brown to black. Infected plants generally deteriorate and 
collapse. 
Chemical Controls: 

• Tribasic copper sulfate (various): 
• Copper hydroxide (various): 

Alternative Controls: 
• None 

 



Cultural Controls: 
• Rotation 
• Deep tillage 
• Use disease free seed and transplants is the major line of defense against black rot 

infestations. 
• Avoid introducing contaminated equipment or irrigation water to non-

contaminated fields. 
Biological Controls: 

• No current effective controls. 
Post Harvest Controls: 

• Removal of remaining crop residue. 
• Deep turning of soil. 

Other Issues: 
 
 

Leaf Spot Diseases (Alternaria brassicae, Colletotrichum higginsianum,  
Cercospora brassicola, and Cercosporella brassicae) 

Fungal leaf spots are a major problem on leafy greens and can cause serious losses if left 
uncontrolled. As with most diseases, cool, moist conditions are favorable for the 
development of disease. Initial symptoms of Alternaria infections appear as small, dark 
spots on the leaf surface. Spots enlarge to form irregular shaped lesions in which can be 
found a concentric ring pattern which is indicative of diseases caused by Alternaria spp. 
Spots continue to expand during periods of favorable weather and can defoliate plants if 
left uncontrolled. Colletotrichum or anthracnose is characterized by small, pale gray, 
desiccated circular spots. Spots will develop spores which later fall to turnip roots where 
they cause sunken, dry spots. Cercospora causes a necrotic, "frogeye" leafspot which is 
surrounded by a yellow halo. Cercosporella causes an angular pale green to grayish white 
lesion which may or may not have a yellowish brown halo or border. 
Chemical Controls: 

• Azoxystrobin (Quadris): kale, collards, spinach, turnip and mustard greens. 
• Maneb (1.12-1.6 lbs. ai/Acre and with maximum of 3.6 lbs. ai/Acre/season) is 

used for mustard, turnips, and collards.  
• Several copper containing fungicides are also used at various rates but have 

limited efficacy on this disease.  
Alternative Controls: 

• Benomyl (Benlate (0.75 lb. ai/Acre) was issued a label for turnip tops only 
several years back, but is no longer available. 

Cultural Controls: 
• Since spores and fruiting bodies of these fungi may overwinter on infected crop 

debris, deep turning is important cultural control strategies in managing these 
diseases.  

• Rotation. 
Biological Controls: 

• None. 
Post Harvest Controls: 

• Deep turning of soil after harvest. 



Other Issues: 
 

Downy Mildew (Peronospora parasitica) 
Downy mildew can be a serious problem on leafy greens during periods of wet, cool 
weather and overcast conditions.  This disease produces small necrotic specks surrounded 
by yellow areas on the upper side of diseased leaves. The underside of the leaves may 
show a pale, whitish-gray mold during cool, moist periods. The diseased spots may 
enlarge rapidly during warm, moist weather, causing the leaves to wither and die. 
Chemical Controls: 

• Acibenzolar-S-Methyl (Actigard 50WG): only for spinach. 
• Aliette (1.6-4.0 lb. ai/acre) tank mixed with Maneb (1.12-1.6 lbs. ai/acre) is a 

very effective fungicide option for downy mildew suppression. For use on kale, 
collards, spinach, and mustard greens. 

• Several copper containing compounds (TopCop) are used at various rates but 
have limited efficacy on this disease. 

• Maneb (Maneb 75, 80): for use on collards, mustard greens, turnip tops only, and 
kale. 

• Mefenoxam (Ridomil Gold): for use on spinach only. 
• Potassium salts of phosphorous acid (Fosphite): labeled for kale, collards, 

spinach, and mustard greens. 
• Tribasic copper sulfate (various): for use on spinach, kale, collards, and mustard 

greens. 
Alternative Controls: 

• None 
Cultural Controls: 

• Sanitation by removing or destroying infected green tops is a good way to prevent 
spread both temporally and spatially. 

Biological Controls: 
• Resistant genes have been discovered in canola, which may someday be available 

for other leafy greens. 
Post Harvest Controls: 

• None 
Other Issues: 
 
 
Virus Diseases [Turnip Mosaic Virus (TuMV), Cauliflower Mosaic Virus (CaMV)] 

Plant viruses may cause sporadic losses to leafy green crops each year. Losses are usually 
attributed to the time of infection with more loss being associated with earlier infection. 
TuMV causes primarily mottling, stunting and leaf distortion. CaMV symptoms are 
expressed as a mosaic pattern and vein clearing.  Virus incidence is much greater in late 
summer and fall planting because the aphid populations are much higher and virus 
carrying hosts plants are more available.  
Chemical Controls: 

• Insecticides used to control aphids may provide control of these diseases. 
Alternative Controls: 

• None 



Cultural Controls: 
• Mowing weeds in surrounding areas. 
• Plant early in the season to avoid high levels of aphids. 

Biological Controls: 
• None 

Post Harvest Controls: 
• None 

Other Issues: 
• None 

 

Root Knot Nematode (Meloidogyne spp.) 

Nematodes are small, slender, microscopic round worms which live in the soil. The root-
knot nematode is the most common type that has the potential to effect leafy green 
production in Tennessee. If not managed, this pest can cause serious damage, especially 
in light, sandy-textured soils. 

Root-knot nematodes enter young feeder roots during their common feeding process, 
causing the roots to swell. The most common below-ground symptom is the formation of 
galls or knots on the roots. Nematode injury interferes with the uptake of water and 
nutrients, thus giving the top portion of the plants an appearance which resembles a lack 
of moisture or a fertilizer deficiency. Stunting, yellow, irregular growth of plants in the 
field and rapid decline are also above ground symptoms of nematode injury. 

Chemical Controls: 
• Telone II (95 lb./Acre): 9.85 lbs of 1,3-dichloropropene  per gallon. 
• Telone C-17 (80 lbs. 1,3-dichloropropene and 17 lbs. chloropicrin/Acre), 

chloropicrin (300-500 lb./acre)  
• Metam sodium (Vapam or Sectagon) at 159-318 lb./acre.  
• NOTES: Depending on weather conditions, nematicidal fumigants must be 

applied 10 days to 3 weeks prior to planting to avoid phytotoxicity to young 
plants.  Generally, fumigants are applied in late summer or fall prior to fall 
plantings or spring plantings.  These products are generally not used due to 
expense. 

• Mycrothecium verrucaria (DiTera DF): product is fairly safe to applicator.  
http://www.ars.usda.gov/is/np/mba/jan97/ditera.htm. 

Alternative Controls: 
• Methyl bromide (180-240 lb./Acre).  This product is no longer labeled for use in 

leafy green production.  
Cultural Controls: 

• Rotating leafy greens with a grass crop, such as rye, is somewhat beneficial in 
controlling root-knot, but this practice is no substitute for nematicidal fumigants if 
nematode levels are high.  

Biological Controls 
• Several species of fungi and bacteria are antagonistic to nematodes: 

http://www.ars.usda.gov/is/np/mba/jan97/ditera.htm


Post Harvest Controls: 
• Plow up roots allowing plant residues to dry. 

Other Issues: 
• Currently, no fumigants are being used in leafy green production, mainly due to 

material cost and labor expense. 
 
 
Fungicides: 
 
Benzo-thiadiazole Classification: 
Acibenzolar-S-Methyl (Actigard 50WG): has Caution listed as the signal word 
Crop use: spinach only. 
Target pest: white rust, downy mildew. 
Frequency and application rate: 0.75 oz per acre. No more than three consecutive 
applications per crop.  Applied after first to second true leaves form or after thinning. 
REI: 12-hours 
PHI: NA 
Comments: do not apply more than 2.25 oz per acre per season. Should not be applied 
when weather conditions are not conducive to active growth or when extremely cold 
temperature exists or if plants are drought stressed.   
Estimated cost: $45.38 per acre. 
 
Qol-Fungicide Classification: 
Azoxystrobin (Quadris 2.08, Amistar 0.8): has Caution listed as the signal word. 
Crop use: kale, spinach, collards, turnip and mustard greens 
Target pest: white rust, black spot, Cercospora leaf spot, Rhizoctonia root and crown rot. 
Frequency and application rate: for the 2.08 formulation 0.4 to 0.8 fl.oz per 1000 row feet 
for seedling disease control and 6 to 15.5 floz or 0.1 to 0.25 lbs ai per acre for foliar 
disease control. No more than 0.75 lbs ai per acre per season. 
REI: 4-hours. 
PHI: 0-day. 
Comments: Do not apply more than one application of azoxystrobin containing products 
before rotating to another group not of group 11.  
Estimated cost: ranges from $0.90 to $1.80 per acre depending on rate used. 
 
Phosphonate Classification: 
Aluminum tris (Aliette 80WDG): has Caution listed as the signal word. 
Crop use: kale, collards, spinach, mustard greens. 
Target pest: downy mildew. 
Frequency and application rate: 2 to 5 lbs per acre at a 7 to 21-day interval.  No more 
than seven applications per season.  
REI: 12-hour. 
PHI: 3-days. 
Comments: should not be mixed with copper compounds.  
Estimated cost: ranges from $52.34 to $130.86 per acre depending on rate used. 
 



Dithiocarbamate Classification: 
Thiram (Thiram 4): has Caution listed as the signal word. 
Crop use: spinach, kale, collards, mustard and turnip. 
Target pest: various damping off pathogens. 
Frequency and application rate: applied by the seed supplier as a seed treatment 8 fl.oz. 
per 100 lbs seed. 
REI: 24-hours. 
PHI: NA 
Comments: seed are normally treated by seed supplier. 
Estimated cost: $2.60 per 100 lbs of seed. 
 
Maneb (Maneb 80DF, 75DF): has Caution listed as the signal word. 
Crop use: collards, mustard greens, turnip tops only, and kale. 
Target pest: Alternaria leaf spot, Cercospora leaf spot and downy mildew. 
Frequency and application rate: for the 80DF formulation use 1.5 lbs per acre.  No more 
than 4.5 lbs per acre per season. Applied on a 14 day application interval.  No more than 
2 lbs formulation per acre for kale. 
REI: 24-hours. 
PHI: 14-days, 10-days for kale. 
Estimated cost: $9.60 per acre. 
 
PhenylAmide Classification: 
Mefenoxam (Ridomil Gold 4SL, Apron XL): has Caution listed as the signal word. 
Crop use: spinach only for Ridomil Gold. Apron XL (3 lb/gallon) may be used on 
spinach, kale, collard and mustard green seed. 
Target pest: Phytophthora basal rot, Pythium damping off for soil applications and white 
rust and downy mildews for foliar applications.. 
Frequency and application rate: 0.25 to 2 pints or 0.125 to 1 lb ai per acre.  Soil 
applications are normally banned on the row and incorporated into the soil approximately 
2 inches in depth.  Foliar applications are applied over the rows at 0.25 pints or 0.125 lbs 
ai per acre.  Apron XL is applied at the rate of 0.085 to 0.64floz per 100 lbs of seed. 
REI: 48-hours for foliar applications,  
PHI: 21-days for spinach and 7 days for other leafy greens. 
Comments:  Do not exceed more than 1 lb ai per acre soil applied or 0.5 lbs ai per acre 
foliar applied. 
Estimated cost: ranges from $26.95 to $215.60 per acre, depend on rate used. 
 
Unknown Classification: 
Potassium salts of phosphorous acid (Fosphite): has Caution listed as the signal word. 
Crop use: kale, collards, spinach, mustard greens. 
Target pest:  downy mildew, Phytophthora, Pythium, Rhizoctonia, Fusarium. 
Frequency and application rate: 1 to 3 quarts per acre in 2 to 3 week intervals.  
REI: 4-hours. 
PHI: 3-days. 
Comments:  
Estimated cost: pricing not available. 



Inorganic Classification: 
Copper Hydroxide (Kocide 2000, 101, 3000): depending on formulation has signal 
words Caution to Danger.  The 101 is a 77% formulation, the 3000 is a 46.1% 
formulation.  The 2000 is a 53.8% formulation. 
Crop use: spinach, collard, mustard and turnip greens 
Target pest: anthracnose, Cercospora leaf spot, white rust, black rot and downy mildew. 
Frequency and application rate: for the 101 (77%) formulation 2 to 3 lbs per acre for 
spinach and 1 to  2 lbs for other leafy greens.  Sprayed on a 7 to 10 day schedule when 
environmental conditions are favorable for disease development. 
REI: 24-hours. 
PHI: NA 
Comments: flecking may occur on spinach leaves. 
Estimated cost: ranges from $4.00 to $9.00 per acre depending on rate and formulation 
used.  
 
Sulfur and Tribasic copper sulfate (TopCop w/sulfur): has Caution listed as the signal 
word. It contains 6.25 lbs sulfur and 1 lb of tribasic copper sulfate per gallon of 
formulation. 
Crop use: spinach, kale, collards and mustard greens. 
Target pest: downy mildew, white rust, Cercospora leaf spot. 
Frequency and application rate: 2 to 4 quarts per acre. 
REI: 24-hours. 
PHI: NA. 
Estimated cost: ranges from $3.12 to $6.24 per  acre depending on rate used. 
 
Biologicals: 
Mycrothecium verrucaria (DiTera DF): has Caution listed as the signal word. 
Crop use: spinach. 
Target pest: various nematodes, would be targeted at the root-knot nematode. 
Frequency and application rate: 13 to 100 lbs per acre broadcast. 
REI: 4- hours. 
PHI: NA. 
Comments: product is a fungus which is labeled as a nematicide. 
Estimated cost: pricing was not available. 



Table 4. Estimated Fungicide Use in 2007 Leafy Green Production. 
 

Crop Active 
ingredient Kale Collards Mustard Turnip Spinach 
Sulfur/copper 0 5a 5 5 0 
Copper 
hydroxide 0 10 5 5 5 
Mefenoxam 0 0 0 0 0 
Mefenoxam seed 
treatments 0 0 0 0 0 
Potassium salts 0 0 0 0 0 
Thiram seed 
treatments 15 10 10 20 15 
Maneb 45 45 70 60 0 
Acibenzolar-S-
Methyl 0 0 0 0 35 
Azoxystrobin 10 25 55 55 45 
Aluminum-tris 0 0 0 0 0 
      
a Estimated percent acreage treated with fungicide. 
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