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General Production Information

●     In 1997, 19,440,000 acres of spinach were harvested for processing and 15,100,000 acres 
were harvested for fresh market in the United States (1). 

●     National production has increased from 1,776,000 Cwt in 1995 to 1,903,000 Cwt in 1997 
(1). 

●     The value of national production in 1996 and 1997 was $48,029,000 and $58,682,000, 
respectively (1). 

●     Approximately 450 acres are planted and harvested in Delaware each year (2). 
●     From 1995 to 1997, Delaware production averaged 62 Cwt./A for a total of 27,666 Cwt. 

(2) 
●     The cash farm income to spinach producers in Delaware in the years 1995 to 1997 was 

$1,260,000, $253,000, and $288,000 respectively (2). 
●     In Delaware most spinach is grown for freezing, although some is clipped, washed and 

packed in plastic-film bags for fresh market shipment (3). 
 
 

Production Regions

Most spinach in the state is grown in Sussex County.

 

Cultural Practices

Spinach (Spinacia oleracea) is a crop that is grown in Delaware for fresh-market and processing 
use. It is a low-growing, fleshy-leafed annual that forms a heavy rosette of broad, crinkly, tender 
leaves. Spinach is classified as a very hardy cool-season crop. It grows best at a mean 
temperature of 50 to 60 degrees Fahrenheit. It does not germinate well in hot weather, and if 
planted in the late spring when hot weather is approaching, the plant will quickly throw up a 
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flower stalk and go to seed after the development of only a few leaves.

Spinach for processing in Delaware can be planted for 3 different harvest periods. Spring crops 
are planted between March12 and April 20 and are harvested between May 20 and June 7. Fall 
Crops are planted between August 10 and September 2 and are harvested between September 20 
and October 28. Overwinter crops are planted between October 1 and October 15 and are 
harvested in the Spring. 

Spinach for processing can be planted in narrow rows, ranging from 10 inches to 12 inches apart. 
This is often a function of the harvesting equipment and the width of the cutter on the harvester. 
It is usually planted in 6- to 8-row beds. Final stands should be 7 to 8 plants per foot, although 10 
plants per foot is acceptable. Thinner populations will enhance control of foliar diseases because 
of better air circulation. The plants will also be thicker and blockier. 

Spinach responds to lime. It is important to keep pH at 6.5 to 6.8. A University of Delaware soil 
test can evaluate the nutrient status of the soil and will indicate the proper fertilizer 
recommendations. At a medium soil test level, 150 lbs./acre is required for both phosphorus and 
potassium.

While many nitrogen recommendations call for 125-150 lbs. of actual nitrogen, extensive grower 
experience indicates that as much as 200 lbs. is necessary for yield, color and quality. This should 
be divided so that 1/2 is applied broadcast before planting, 1/4 spun on or sidedressed, and the 
remaining 1/4 applied in a final application that either is spun on or sidedressed. It is usually 
applied after each cutting.

Ammonium nitrate is the preferred nitrogen source because it does not drive down the pH as 
quickly as ammonium sulfate. To avoid burning foliage, it is critical to make topdressed 
applications when the spinach plants are dry. Good quality granules of ammonium nitrate should 
also be used to avoid burning of the foliage from dust that can concentrate right behind the 
opening of the fertilizer applicator.

Soil compaction is a major problem in spinach production. One cause is irrigation using large 
droplets and a high application rate. To avoid this situation it is advisable to use smaller droplet 
size with a lower application rate. Heavy equipment and multiple harvest in the spring and fall 
when the soil is wet are also causes of soil compaction. A number of practices can reduce the 
impacts of soil compaction. To minimize soil compaction:

1.  Select well drained fields 
2.  Practice crop rotation, with summer cover crops, alfalfa and winter small grains 
3.  Use the lightest equipment that will do the job 



4.  Avoid field work when the soil is wet 
5.  Subsoil before and after spinach production, especially headland areas. Subsoil when soil 

is dry 
6.  Use on-land plows in combination with subsoiling 
7.  Use dual tires, large tread area, low tire pressures 

 

Insect Pests

In the Mid-Atlantic Region, there are several insect pests known to attack spinach including seed 
corn maggot, spinach flea beetle, green peach aphid, leafminers, beet armyworm, garden 
webworm and grasshoppers. All of these pests can attack both fresh market and processing 
spinach.

 
Seed Corn Maggot

This insect can be a problem in overwintered, spring and fall planted spinach. In the spring crop, 
it is primarily a problem during cool, wet growing seasons. Only a few maggots per seed or plant 
can significantly reduce stands. Maggots overwinter as puparium in the soil with flies emerging 
as early as late February. Eggs are laid in freshly plowed fields as well as at the base of 
overwintered spinach plants. Outbreaks are favored by planting into freshly plowed ground that is 
high in organic matter; freshly manured fields; and/or heavy crop residues (e.g. small grain 
covers) where tillage is delayed and/or surface residue is visible after tillage operations.

Monitoring: Scouting and applying rescue treatments after the damage is observed are 
ineffective. Management options must be applied to high-risk fields prior to planting.

Controls:

Biological: None Available

Cultural: The use of cultural management practices before planting is critical to reduce the 
potential for economic problems. A combination of the following cultural strategies can be used: 
(1) plow down cover crops at least 3-4 weeks before planting or transplanting, (2) completely 
bury cover crops or previous crop residue to reduce fly attraction to rotting organic matter on the 
soil surface, and (3) avoid the use of heavy manure applications close to planting. 



Chemical: Currently available seed treatments and soil insecticides provide only fair control, 
especially under heavy seed corn maggot pressure. The use of a diazinon seed treatment can help 
to reduce damage; however, a combination of a seed treatment and soil insecticide is needed if 
population pressure is heavy. The only labeled chemical control option is the use of a broadcast 
application of diazinon incorporated just prior to planting or transplanting. Control with Diazinon 
has been fair to good because it must be incorporated 3-4 inches immediately before planting to 
achieve the best control. 

●     Diazinon AG500: At planting; 2-4 qt/A; Labeled for crop but not pest. Must be broadcast 
and shallow incorporated in top 3-4 inches immediately before planting to be effective. 
One application per season. Used on 20% of the acreage. 

 
 

Spinach Flea Beetle

This insect eats small holes in spinach leaves resulting in reduced market value. Unlike other flea 
beetles, larvae can also cause leaf-feeding damage by skeletonizing the undersides of the leaves. 
When disturbed, larvae and adults drop to the ground and play dead. 

Monitoring: Monitor newly emerged plants two to three times per week for adults and larval 
damage including pitting or irregularly shaped holes. Pay particular attention to outside rows. 
Although no thresholds are available, spot treatment of outside rows may be needed if damage 
increases at each sampling date. 

Controls:

Biological: None

Cultural: None

Chemical: 

●     Sevin 80S - 0.67 - 1.25 lb/acre; One application per season; Applied to 2% of the acreage. 
 
 

Green Peach Aphid

This insect is known to infest a wide variety of crops including spinach. Adults overwinter on 
cultivated greens and weeds. Eggs overwinter on fruit trees such as peach, plum and cherries. In 
the Mid-Atlantic region, multiple generations occur throughout the season with peak populations 



occurring in May through June and again in mid-September through October. Aphids remove sap 
from the undersides of the leaves resulting in curled leaves and stunted plants. In addition to plant 
damage, they can also vector viruses including lettuce and spinach mosaic. Aphids as well as 
beneficial insects can be considered contamination problems in spinach grown for processing 
resulting in rejection of an entire crop. 

Monitoring: Sampling for aphids should begin in the spring, by checking the undersurface of 
leaves on 5 to 10 plants in 10 locations throughout the field. Treatments should be applied if you 
find one aphid per plant on seedling plants or 4-10 aphids per plant on established plants. When 
making a treatment decision, beneficial insects such as ladybeetles, syrphid fly larvae, and 
lacewings should also be taken into consideration

Controls: 

Biological: Although biological controls may eventually help to reduce populations, it often does 
not happen soon enough to prevent contamination problems in a fresh market or processing crop. 
Diseased or parasitized aphids will turn brown and remain stuck to leaves resulting in potential 
quality problems. 

Cultural: None

Chemical: 

●     Admire 2FS - 10-24 oz/acre; Applied at planting; Not practical to apply at planting so 
currently used on 0% of the acreage 

●     Provado 1.6FS - 3.75 oz/acre; One to two applications per season; 20% of the acreage 
treated. 

 
 

Spinach and Vegetable Leafminers

These insects emerge from April through May depositing eggs on the undersides of leaves. 
Initially, larvae produce light colored, irregularly winding mines. As the maggots increase in size, 
the mine widens at one end to form an irregular blotch. Severe infestations cause the foliage to 
turn brown or white. Infested spinach becomes unmarketable. Four to five generations can occur 
each year; however, the first generation causes the most damage.

Monitoring: As soon as plants emerge, fields should be sampled on a weekly basis for the 
presence of mines and larvae. Randomly examine 10 plants in 10 locations for larval damage. 
Treatment is recommend if 50% of the plants have eggs or mines or you find 1 or more mines per 



leaf. As you approach harvest, the treatment threshold increases to 4% of leaves with mines. 

Controls:

Biological: None

Cultural: None

Chemical:

●     Permethrin 3.2EC - 4 - 8 oz/acre; One application per season; Only fair control; Less than 
2 % of the acreage treated in outbreak years. 

●     Spintor 2SC - 6 - 10 oz/acre; One applications per season; New label in 1998; Since 
leafminers were not a problem in 1998, none has been used in Delaware at this point; Data 
shows it will provide good control, however one consultant reports that when it was used 
in the fall of '98 it gave no control.. 

●     Trigard 75WSP - 0.167 lb/acre; One application per season; Good control; 5% acreage 
treated in outbreak years. 

 
 

Beet Armyworm

This insect is a migratory pest arriving in the Mid-Atlantic region in mid-July and is generally a 
problem in fall plantings. Female moths lay their eggs in the hearts of the plants, with larvae 
feeding on the buds and terminal growth of the plants. In spinach, webbing may be produced on 
the leaf surface but should not be confused with garden webworm, which generally feeds in the 
heart of the plant. Feeding damage generally peaks in late August to early September. 

Monitoring: Fields should be sampled twice a week to determine the number of larvae per plant. 
Randomly sample 10 plants in 10 locations throughout a field. A treatment is recommended on 
Seedling plants if you find one larva per 10 plants. On established plants, the treatment threshold 
is one larvae per 2 plants. 

Controls:

Biological: None

Cultural: None

Chemical: 



●     Permethrin 3.2EC – 4 - 8 oz/acre; Poor control of resistant beet armyworm; used on less 
than 5% of the acreage for this insect. 

●     Bt Insecticides - multiple formulations; Agree, Mattch and Xentari most commonly used; 
Good control on small larvae only; Only part of a management program in years of beet 
armyworm outbreaks (fall of the 1996 season was a severe outbreak year); used on 10% of 
the acreage treated. 

●     Lannate LV - 1.5 - 3 pt/acre; Can not be used until spinach plants are at least 3 inches in 
diameter. Poor to fair control of beet armyworm, especially in outbreak years; One - two 
applications used on 30% of the acreage as part of a total management program. 

●     Larvin 3.2F - 24 - 30 oz/acre; Good control; Two applications applied in out break years; 
Used on 30% of the acreage. 

●     SpinTor 2SC - 4-8 fl oz/acre; Excellent beet armyworm control; One - two applications; 
Labeled in 1998 and used on 20% of the fall spinach crop. One consultant reports that 
before SpinTor, multiple applications of lannate was used with limited success. This 
consultant reports that SpinTor provides good control. 

 
 

Garden Webworm

Overwintering moths begin laying eggs in fall planted spinach soon after plant emergence in mid-
August. Larvae immediately move into the growing point ("heart") of the plants resulting in 
stunted plants and distorted plant growth. As their name implies, webworms quickly produce silk 
often tying all of the "heart" leaves together.

Monitoring: Examine 10 plants in 10 locations and look for infested leaves and buds on small 
plants. Treatment should be applied when 5% of the plants are infested with small larvae. 
Controls must be applied before larvae are found deep in the growing point and before significant 
amounts of webbing are produced. 

Controls:

Biological: None

Cultural: None

Chemical:

●     Bt Insecticides - multiple formulations; Agree, Mattch and Xentari most commonly used; 
Good control on small larvae only; Only part of a management program for early 



infestations; One - two applications used on 5% of the acreage for this pest. 
●     Lannate LV - 1.5 - 3 pt/acre; Can not be used until spinach plants are at least 3 inches in 

diameter; Fair to Good control if applied before webbing occurs; One - two applications on 
30% of the acreage. 

●     SpinTor 2SC - 4-8 fl oz/acre; Excellent garden webworm control; One - two applications; 
Labeled in 1998 and used on 20% of the fall spinach crop. 

One consultant reports that they use Permethrin first for webworm, before plants can take 
Lannate. They usually do not use Bt for this problem.

 
 

Grasshoppers

Grasshoppers are primarily a problem with processing spinach grown in the fall. Although 
grasshoppers do not cause feeding damage on the leaves, they are a major contamination problem 
during harvest of fall spinach. Grasshoppers are a major problem especially when spinach is 
harvested at night or in cold weather (which it usually is) because the grasshoppers hold on and 
won't shake off. In the fall, spinach is often the only green crop left and it can get full of 
grasshoppers in a bad year. Movement from surrounding grassy areas and soybeans can result in 
high population levels.

Monitoring: No precise sampling methods or treatment thresholds have been developed for 
grasshoppers in spinach. In fall planted spinach, fields should be watched within a month from 
harvest for movement of grasshoppers into the main field. Early controls can help to reduce the 
problem at harvest. In addition, treatment around field edges to reduce movement into the main 
field has helped reduce the problem. Unfortunately, even with the use of these methods, 
economic levels can often occur. 

Controls:

Biological: 

Cultural: The use of mechanical shakers on the harvesting equipment has helped to greatly 
eliminate the problem in other areas of the country. Grasshoppers are shaken from the plant just 
before cutting; therefore, reducing the contamination problem. Although not currently used in 
Delaware, the effectiveness and cost of this method are being investigated. 

Chemicals: The use of labeled insecticides has provided poor to fair control. Materials like Sevin 
are labeled for grasshopper control in spinach but it has a 14-day wait until harvest. Since the 



problem generally occurs right before harvest, the use of Sevin is not practical.

 

Diseases

All Plantings

Disease Sampling Frequency Threshold Notes
Downy Mildew, 
Blue Mold

Begin scouting after 
emergence. Random 
sample 10 plants in 10 
locations.

weekly presence Downy mildew is not a 
problem when 
temperatures exceed 90oF.

White Rust Random sample 10 
plants in 10 locations 
looking for white 
blister-like pustules on 
underside of leaves. 
Tissue next to pustules 
may turn brown.

weekly presence Disease development 
favored by clear, relatively 
warm (about 72oF), dry 
days followed by cool 
nights with free moisture 
on leaves. This is the main 
problem in fall spinach 
and is almost always 
treated. Spring spinach is 
usually treated.

Leaf Spots Random sample 10 
plants in 10 locations.

weekly presence Treatment: apply controls 
when disease is first 
noticed. Disease favored 
by long periods of 90-
100% relative humidity, 
night time leaf wetting & 
temperature of 77-86oF.

 
 
 
 

Weeds

Common weeds in Delaware spinach are Canada thistle, morningglory, common milkweed, 
hemp dogbane, pigweed, ragweed, lambsquarters, common cocklbur, chickweed, henbit, field 



pansy, annual bluegrass, volunteer small grains, redstem filaree, wild geraniums, and wild 
mustard. No organophosphates are used to control these weeds. Other FQPA listed pesticides, 
such as carbamates and B2 carcinogens, will be addressed at a later date.

Pre-harvest of Current Crop

Weeds Sampling Threshold
Canada Thistle, Common Milkweed, 
Hemp Dogbane 

Horsenettle (most important weed)

Scout field in a zigzag pattern. Sample 
10 random locations 1 square yard in 
size or 10 ft. of row, whichever pattern 
best suits existing conditions. Map the 
location of these weeds.

Presence

Notes 
Select control measures to eradicate these perennials for the next cropping season. See "Postharvest Perennial Weed 
Control" for treatment options.

 
 
Pre-harvest of Current Crop

Weeds Sampling Threshold
Common Cocklebur Scout as outlined above for the 

presence of existing weeds. Potential 
weed problems are best identified by a 
non treated weedy check. Identify the 
weeds, count # of each species. Note 
whether specific weeds are scattered 
throughout the field or predominate in 
one area of the field.

Number of weeds per 10 ft. of 
row or 1 sq. yd. 

< 1 weed = very light 
1-4 weed = light 
4-10 weeds = medium 
10-100 weeds = heavy 
> 100 weeds = very heavy

Notes 
Untreated check provides most reliable information for planning the weed control strategy for the coming season.

 
 
Spring Planted Spinach:



Three Weeks After Planting

Weeds How to Sample When
Zero Tolerance Weeds:

Horsenettle 
Canada Thistle, Common 
Milkweed, Hemp Dogbane

In a zigzag pattern, scout 1 sq. 
yd. in 5 random locations and 10 
ft. of row in another 5 random 
locations. Identify species, count 
# of each weed species. Map 
location of zero tolerance weeds. 
Determine whether weeds are 
predominantly within the row or 
between rows. 

Once approximately 3 wks. after 
planting.

Threshold
# weeds/10 ft. row or 1 sq. yd. 

Zero Tolerance Weeds: Presence 
Summer annuals: < 0.25 weed 
Winter annuals: 
0.25 - 1 weed 
> 1 weed 

Action 

Control required. 
None 
 
Control may be required. 
Control required

Whether weeds are within the row or between the row determines if cultivation will be an 
effective control. Horsenettle is the most important weed in Delaware. Spinach with horsenettle 
is un-harvestable. Generally do not plant where it is a possibility. In spring plantings, summer 
annuals are not much of a problem. Winter annuals are henbit, primarily, and chickweed.

 
 
Five to Six Weeks after Planting

Weeds Sampling Frequency
Horsenettle, 
Canada Thistle, 
Common Milkweed, 
Dogbane

Scout one square yard in 5 random locations and 
10 ft. of row in another 5 random locations in the 
field. Map location of perennial weeds.

Once prior to harvest.

Notes: 
Use this scouting information to determine if there are weeds present which will interfere with harvest. Use the 
information about perennial weeds to plan a cleanup program after spinach harvest.



 
 
Fall Planted and Overwintered Spinach:

Three to Four True Leaves (3-5 weeks after seeding)

Weeds How to Sample When
Perennial & Zero Tolerance Weeds: 
Nightshades, Horsenettle, Canada 
Thistle, Common Milkweed, Hemp 
Dogbane

In a zigzag pattern, scout 1 sq. yd. in 5 
random locations and 10 ft. of row in 
another 5 random locations. Identify 
species, count # of each weed species. Map 
location of zero tolerance weeds. Determine 
whether weeds are predominantly within the 
row or between rows.

Weekly.

Threshold
# weeds/10 ft. row or 1 sq. yd.

Zero Tolerance Weeds: Presence  
Summer annuals: 
< 0.25 weed  
0.25 - 1 weed 
> 1 weed

Action

Control required. 
 
None 
Control may be required. 
Control required

Whether weeds are within the row or between the row determines if cultivation will be an 
effective control. The two most common annual weed problems in fall planted spinach are 
morningglory and jimsonweed. Cockleburr and lambs quarters are also problems.

 
 
Week of October 20

Weeds How to Sample
Perennial & Zero Tolerance Weeds: 
Nightshades, Horsenettle, Canada Thistle, Common 
Milkweed, Hemp Dogbane, Winter Annuals

Sample in the same manner as outlined 
above for the three to four true leaves 
scouting. The purpose of this scouting is 
to determine if controls from the 
previous scouting worked and if further 
controls are needed.



Threshold
# weeds/10 ft. row or 1 sq. yd. 

Zero Tolerance Weeds: Presence

Summer annuals: 
< 0.25 weed  
0.25 - 1 weed  
> 1 weed 

Action 

Control required.

 
None 
Control may be required. 
Control required 

Whether weeds are within or between row determines if cultivation will be effective. Summer 
annuals are not much of a problem by this time of year. Morningglory is a summer annual. 

 
 
Late November-Early December

Weeds How to Sample When
Winter Annuals In a zigzag pattern, scout 1 sq. yd. in 5 

random locations and 10 ft. of row in 
another 5 random locations. Identify 
species, count # of each weed species.

Once around Thanksgiving time.

Threshold
# weeds/10 ft. row or 1 sq. yd. 

Winter annuals: 
< 0.25 weed 
0.25 - 1 weed 
> 1 weed

Action 
 
None 
Control may be required. 
Control required

 
 
Late Winter (March)

Weeds How to Sample When



Winter Annuals 

Perennials

In a zigzag pattern, scout 1 sq. yd. in 
5 random locations and 10 ft. of row 
in another 5 random locations. 
Identify species, count # of each weed 
species. Map location of perennials. 
Determine whether weeds are within 
the row or between. 

Once about the time that a nitrogen 
fertilizer application would be made.

Threshold
# weeds/10 ft. row or 1 sq. yd. 

Perennial Weeds: Presence

Winter annuals: 
< 0.25 weed  
0.25 - 1 weed  
> 1 weed 

Action 
Control required. 
 
None 
Control may be required. 
Control required 

Whether weeds are within the row or between the row determines if cultivation will be an 
effective control. 

 
 
Pre-harvest

Weeds Sampling Frequency Threshold
Perennial or Zero Tolerance 
Weeds (see list above) 

Annuals

Scout one square yard in 5 
random locations and 10 ft. 
of row in another 5 random 
locations in the field. Map 
location of perennial weeds.

Once prior to harvest. Presence

Notes: 
Use this scouting information to determine if there are weeds present which will interfere with harvest. Use the 
information about perennial weeds to plan a cleanup program after spinach harvest.
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[1] FOOTNOTES: 

Dimethoate has been cancelled.  Use for control of green peach aphid and grasshoppers on 
spinach has been deleted from this profile.

Ambush 2EC and Pounce 3.2 EC have been changed to Permethrin 3.2EC for use against 
Spinach and Vegetable Leafminers (4-8 oz/acre) and Beet Armyworm (4-8 oz/acre).

 


