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General Production Information

●     California accounts for 48% of the nation’s spinach production and is the leading producer of 
spinach in the United States. (1)

●     The processing crop accounts for about 74% of all spinach grown in California. It is used for 
canning, freezing, and pureed for baby food. (1)

●     California is the leading producer of fresh market spinach in the United States, producing 69 % in 
1996. (1)

●     In California, 6,900 acres of fresh market spinach was harvested, 671,300 short tons of spinach 
were produced at a value of $ 42.8 million. (1) 

●     The average price per Cwt. of fresh market spinach in 1997 was $30.50. (1)
●     The average yield/acre in 1997 was 175 Cwt./acre. (5)

 

Production Regions

Spinach is produced in four major areas: the southern and desert valleys (Imperial and Riverside 
Counties); the south central coast (Santa Barbara and Ventura Counties); the north central coast 
(Monterey, San Benito, Santa Clara, and Santa Cruz Counties); and the central San Joaquin Valley 
(Stanislaus and Tulare Counties). Almost half of California’s spinach acreage and production is in 
Monterey County. Some of the spinach in the Salinas Valley is harvested twice, once for fresh market 
and a second time for processing. Most of the spinach produced in the San Joaquin Valley is used for 
processing because of the lower production costs for that area. The south central coast and the San 
Joaquin Valley each produce about one-fourth of the state’s spinach and a limited amount is produced in 
the Coachella Valley in Riverside County. (8)

Processed Spinach:

Location Planting Harvest Period

North Central Coast November – March February – June

July – August September–November

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



South Central Coast All year All year

San Joaquin Valley November – February March – May

 August October – November

 

Fresh Market Spinach: 

Location Planting Harvest Period

North Central Coast All year All year

South Central Coast All year All year

Coachella Valley October – December November to March

San Joaquin Valley October – January February to April

(8)

 

 

 

Cultural Practices

There are many spinach varieties grown in California. Spinach varieties are classified by leaf type: savoy 
(wrinkled), semi-savoy, and smooth (flat). Savoy types are mainly used for fresh market purposes, while 
smooth types are desirable for processing. Semi-savoy types are grown for either market. Spinach can 
also be classified by seed type: prickly or smooth. Most commercial varieties are smooth-seeded, for ease 
of planting. Spinach can also be classified by plant growth characteristic: prostrate, semi-erect, or upright. 
All California spinach varieties are hybrids with disease and bolting resistance. Resistance to downy 
mildew strains 1 through 4 has been bred into varieties and breeders are currently working to build 
resistance for races 5 and 6 of the disease. A seventh race of downy mildew has been found in Europe, 



but not in California yet. Processors sometimes breed their own varieties for their contracted growers. 
(8,9)

Spinach seed costs typically range from $250 to $1000 per acre. The most popular processing varieties 
grown are Bolero and Nordic. Popular fresh market varieties are Bossanova and St. Helens. Springfield, 
Nordic, Polka and Shasta are grown for either market. The most popular varieties for the winter are 
Springfield (90% of the total crop), and Bolero. Springfield and Nordic 4 are used in the spring and fall, 
as most of the same varieties are used for both the spring and fall seasons. Space, Unipak 12, and 
Spinnaker are used in the summer season. Long-day, slow-to-mature varieties are used during the 
summer to avoid bolting problems. (8,9)

Spinach is a cool-season crop that does best at temperatures of 60° F to 65° F. It withstands subfreezing 
temperatures for about a week, however growth is depressed below 35° F. The plant is intolerant of 
temperatures above 77ºF. A typical fresh market variety can be grown in 30 to 55 days. A processing 
variety takes 55 to 130 days because more time must be allowed to develop greater plant size and large, 
smooth leaves. (8,9)

Spinach can be grown on many soil types; however, well-drained, light loam soils with higher moisture 
capacity produce more consistent yields and quality. Sandy soils are preferred for winter and early spring 
crops. The crop grows slowly in acidic conditions, but is tolerant of alkaline soils, so soil pH should 
range from 6.0 to 7.0, but pH may be as high 8.0. It is extremely susceptible to air pollution, which causes 
speckling and marginal necrosis on leaves. (8,9) 

Spinach is typically planted in four to eight rows on raised beds 38 to 40 inches wide, although it is also 
grown on beds 30 and 60 inches wide. All spinach is direct seeded and the seeding rates range from 9 to 
25 pounds per acre. Coastal producers may sow as many as 1.3 million seeds per acre in a six or eight 
row configuration for fresh market bunches. The seed is planted 1/2 to 3/4 inch deep. Fresh market 
spinach is planted up to twice the rates of processed spinach because the crop is harvested at a younger 
stage, when leaves are small and vertical. Plant density is a result of seeding since fields are very seldom 
thinned. Method of harvest also influences planting density. Dense plantings result in more upright 
foliage that is desirable for machine harvest but this contributes to bolting during longer days and warmer 
weather. Lower plant densities are more suited for hand cutting. (8,9) 

In California, a fresh market crop of spinach requires approximately 9 to 12 inches of water and a 
processing type requires 18 to 24 acre-inches of water for the growing season. The first irrigation is 
usually applied immediately after planting to encourage germination and the soil is kept moist throughout 
the growing season. Inadequate water supplies or waterlogged soil are equally detrimental to spinach. 
Almost all growers use sprinkler irrigation to germinate the seed. Several short sprinkler applications are 
often necessary to prevent soil crusting. Most growers switch to furrow irrigation after a uniform stand is 
established, but some grow the entire crop with sprinklers. However, continued use of sprinkler irrigation 
encourages infection and spread of leaf spotting diseases. It is important to avoid saturated field 
conditions to prevent rotting of the lower leaves and crowns. (8,9)



In the last third of the growing period, spinach increases in size by about 66%; thus, properly fertilizing 
spinach crops is very important. Petiole sampling midway through the season can determine if the 
fertilizer program is complete. Nitrogen amounts range from 80 to 200 pounds per acre, depending on the 
length of the growing season and market destination. A long-season processing type rather than a short-
season fresh market type of spinach may need twice as much fertilizer. Crops may require more nitrogen 
fertilization during the winter months because of the natural nitrification process is slowed in cooler soils. 
Some growers may broadcast fertilizer, while others apply it in a 2- to 3-inch band on the side and below 
the seed row after beds are listed and before planting. Problems with nutrient balance may result in tip 
burn; spinach leaf tips turn brown and wither. This condition is caused by imbalance of available calcium 
in the plant that results from fast plant growth, warm temperatures and high nitrogen levels. Damaged 
leaves may also be susceptible to secondary pathogens. (8,9)

It is becoming increasingly important to control weeds because of machine-harvesting methods. Weeds 
complicate harvest operations, and the presence of weeds in processing spinach may cause rejection of 
the crop. Most weed problems are with large-seeded broadleaf weeds for which there is limited chemical 
control. Because the number of available herbicides is limited, it is important to control weeds with 
timely cultivation and crop rotation. Most growers cultivate two to four times in the growing period. Due 
to the dense planting configuration on the bed-top it is only possible to cultivate the furrow. Processed 
spinach is mechanically harvested and can be cut one to three times depending on its health and general 
condition of the field. The crop is often cut twice to generate enough tonnage to account for increased 
production costs, while maintaining quality of the heads. (8,9)

Spinach crops are harvested most frequently in the late afternoon when plant turgidity is low. Dry and 
slightly wilted foliage will prevent petiole breakage. Plants with five to eight mature leaves, 3 to 6 inches 
long are either hand or mechanically harvested. Commonly fresh market spinach is hand harvested. This 
method involves either cutting the plants below the stems or pulling them out of the ground. Processed 
spinach and some fresh market spinach is mechanically harvested. Stems are cut about 4 to 6 inches 
above the growing point to reduce damage to the petiole tissue allowing for regrowth. The second harvest 
will be about three to four weeks later. (8,9)

Packing fresh market plants can be done in the field at time of harvest. It involves trimming plants, tying 
eight to 12 plants in a bunch, then two dozen bunches are packed into a 20 to 22 pound carton. One acre 
yields an average of 900 to 1,000 cartons. Spinach can also be packed into 20 to 25 pound bushel crates at 
the time of harvest. Fresh market spinach is often packed in 10-ounce perforated plastic bags. Twelve 
small bags are packaged into cartons weighing 7.5 to 8 pounds. Processed spinach is transported back to 
processing plants to be triple rinsed, then canned or frozen. (8,9) 

Spinach is highly perishable after harvest. Immediate and rapid cooling is necessary to prevent wilting. 
Three methods are used to cool harvested spinach: crushed ice is immediately placed in each package of 
spinach, vacuum cooling which takes 10 minutes, or forced air cooling which takes 4 hours. Once cooled, 
storage conditions should be maintained at 32° F and 95 to 100% relative humidity. Occasional light 
water misting will help maintain a high relative humidity. During transport and storage spinach should 
not be frozen or exposed to ethylene gas that is emitted from propane powered lift trucks and other 



produce such as apples or pears. Ethylene gas will produce a bitter taste in spinach. Under optimal 
conditions, spinach will keep for ten to 14 days. (8,9)

 

 

Insect Pests

Leafminers, bulb mites, and aphids are the most significant insect pests of spinach crops in California. 
Other occasional insect pests include lygus, beet leafhopper, cucumber beetle, seedcorn maggot, cabbage 
maggot, wireworm and lepidopterous pests such as beet armyworm, corn earworm, cabbage looper, 
alfalfa looper, diamondback moth, cutworm, and webworm. (8,9)

Cultural Practices: General cultural practices to help reduce insect populations include removing weeds 
from borders, disking fields as soon as possible after harvesting and good field and equipment sanitation 
practices. (7) 

 

Pea Leafminer (Liriomyza huidobrensis) 
Adult leafminers are small black to gray flies with yellow triangular markings on the upper thorax. 
Larvae can be detected by the distinctive whitish tunnels (mines) that they make by feeding between the 
upper and lower surfaces of leaves. (7,8) 

Pea leafminers exist in all spinach producing areas of California, and with the exception of December and 
January, leafminers are present throughout the year. However, leafminer populations are highest and 
cause the greatest harm during the late summer and fall. (7,8)

Many generations occur each year and the entire life cycle can be completed in three to six weeks. Adult 
females can lay up to 250 eggs. White oval eggs are laid within the leaf. Once eggs hatch, larvae emerge 
and feed on leaf tissue. At the end of the larval stages, the pre-pupae drop from leaves, pupate in the 
ground and later emerge as small flies. (7,8)

Damage to plant tissue results when larvae feed on the mesophyll between the outer layers of leaf 
surfaces. Photosynthetic capacity is reduced and affected leaves are rendered unmarketable. Damage can 
also result from small punctures in the leaf tissue. The adult flies produce these stippling marks as they 
feed on plant sap and lay eggs. The small punctures and the mines also allow the entry of opportunistic 
pathogens. (7,8)

The critical time to monitor for leafminers is at the young seedling stage. The most damaging mines 
occur at the cotyledons and first true leaves stages. Some mines are most obvious from the underside of 



the leaf. (7,8)

CULTURAL CONTROL: Maintaining distance between fields with susceptible crops and disking 
immediately after harvest will help minimize leafminer populations. (7)

BIOLOGICAL CONTROL: Natural enemies are primarily parasitic wasps such as Diglyphus spp. and 
Halticoptera spp. Leafminer outbreaks are common when pesticides kill parasites. For small-scale 
production, insect netting/floating row cover is effective. Whitefly traps can be used to attract adults. Soil 
cultivation and plastic mulch can interfere with pupation. (4,7)

CHEMICAL CONTROL: Chemical control may be necessary if populations build to high levels after 
seedlings reach the four to five leaf stage and there is more than one mine per leaf. It is reported that 
leafminers have become highly resistant to many chemicals. Presently abamectin and cyromazine are the 
only chemicals effective against leafminers. However cyromazine is not commonly used because of 
plantback restrictions for cole crops. (7)

●     Permethrin was applied to 47% of California’s spinach acreage in 1997. Treatments can be made 
by ground or air. The median rate of application was 0.50 lb. a.i. per acre. Subsequent applications 
can be made at three to five day intervals as needed, not to exceed 2.0 lbs. a.i. per acre per season. 
The label PHI is one day but the typical PHI is four days. Some have reported the development of 
permethrin resistant leafminers. (2,4,5)

●     Azinphos-methyl was applied to less than 1% of the spinach acreage in 1997. Treatments can be 
made by ground or air. The median rate of application was 0.50 lb. a.i. per acre. Subsequent 
applications can be made as needed, not to exceed three treatments per season. The label PHI is 14 
days. It can also be used to control aphids. (2,4,6)

●     Azadirachtin was applied to 14% of California’s spinach acreage in 1997. To kill larvae and 
adults, ground and aerial applications were made at a median application rate of 0.01 lb. a.i. per 
acre. Subsequent applications are made at seven-day intervals but the cumulative total cannot 
exceed 0.7 oz. a.i. per acre per crop. Azadirachtin can be applied up until the day of harvest. It can 
also be used to control aphids and lepidopterous pests. (2,4,5)

●     Diazinon was applied to 22% of California’s spinach acreage in 1997. It was applied at a median 
rate of 2.0 lbs. a.i. per acre to control adult leafminers. The initial application of diazinon is 
preplant incorporated. Subsequent applications are made at seven day intervals as needed, not to 
exceed five applications per season. The label PHI is 14 days but the typical PHI is 16 days. It can 
also be used to control aphids. This chemical can also be used to control cutworms and 
wireworms. Diazinon will not control organophosphate-resistant leafminers. A permit from the 
county is required for purchase and use in California. (2,4,5)

●     Pyrethrins were applied to 11% of California’s spinach acreage in 1997. Applications can be 
made by ground or air. The median application rate was 0.01 lb. a.i. per acre and repeated as 



needed. Pyrethrins have no PHI specified on the label. In addition to adult leafminers, this product 
also controls aphids, cucumber beetle, beet leafhopper, cabbage looper and corn earworm. (2,4,5)

●     Dimethoate was applied to 7% of California’s spinach acreage in 1997. Chemigation, aerial or 
ground applications are made. The median rate of application was 0.25 lb. a.i. per acre. The label 
PHI is 14 days but the typical PHI is 16 days. For resistance management, this chemical is used in 
rotation with other leafminer control materials. Dimethoate can also be used to control green 
peach aphids. (2,5)

●     Rotenone was applied to 9% of California’s spinach crops in 1997. The median rate of application 
was 0.004 lb. a.i. per acre. Rotenone can be tank-mixed with pyrethrins. No PHI is specified on 
the label. Rotenone can also be used to control aphids. (2,4,5)

●     Abamectin is primarily used to control larval leafminers in California. In 1997, 7% of California’s 
spinach acreage was treated with abamectin. Applications can be made by ground, air or 
chemigation. The median application rate was 0.01 lb. a.i. per acre, not to exceed two applications 
per growing season. A second application can not be made within 21 days of the first application. 
The label PHI is 21 days. (2,4,5)

●     Cyromazine can be used to control larval leafminers when they first appear. In 1997, 3% of the 
spinach acreage was treated. Treatments by ground or air can be applied. The median application 
rate was 0.13 lb. a.i. per acre. Subsequent applications can be made as needed at seven day 
intervals, not to exceed five applications per year. The label PHI is seven days. Cyromazine is not 
commonly used because of plantback restrictions for cole crops. (2,4)

●     Spinosad was applied to 6% of California’s spinach acreage in 1997. Treatments are made by 
ground or air at rates of 0.062 to 0.125 lbs. a.i. per acre. Subsequent applications can be made as 
needed, not to exceed 0.45 lbs. a.i. per acre per crop. Applications should be targeted for eggs just 
hatching and early larval instars. The PHI is one day. Spinosad can also be used to control cabbage 
looper infestations in spinach crops.

 

Green peach aphid (Myzus persicae), Melon/cotton aphid (Aphis gossypii), and Bean aphid (Aphis 
fabae). 
Green peach aphids are typically dark green to yellow in color. Melon/cotton aphids are small to medium 
size and highly variable in color ranging from lemon yellow to very dark green. Bean aphids are dark 
olive green to black in color. Aphids are generally more problematic in the Spring. (7,8)

Up to 50 generations may be produced each year. Aphid reproduction in California is simple: aphids stay 
on their hosts as parthenogenetic, viviparous females. After the first two to three generations, winged 
females are produced, and they migrate to new resources where they continue to reproduce. (7)



Populations start on lower leaves, moving up the plant until evenly dispersed. Aphids are particularly 
harmful to seedling plants and cause stunted growth. Aphids may damage spinach plants directly by 
feeding on plant tissue or by transmitting microorganisms through their salvia, especially plant viruses. 
Aphids vector at least 100 different viruses. (7)

MONITORING: To monitor for aphids check all areas of the field twice per week. Be sure to check 
border areas, which are the first areas to become infested. Since green peach aphid infestations are 
clumped, sample 25 plants per quadrant of a 40- to 80-acre field. (7) 

BIOLOGICAL CONTROL: Entomphthora aphidis, Beauveria bassiana, and Aphidius spp. is a beneficial 
fungus that may help control aphids. Other natural enemies include green lacewing larvae, lady beetles, 
syrphid fly larvae, pink ladybird beetles, minute pirate bugs, Cryptolaemus montrouziere, and 
Diaretieella rapae. These natural enemies may provide some control of aphids, but rarely provide 
adequate control of high spring and fall populations. Eugenol (an essential oil) can also be used to control 
aphids.(4,7)

CHEMICAL CONTROL: When aphids exceed 20 per plant, chemical applications become necessary. 
However, treatments to specifically kill aphids are not common. Populations are kept under control by 
natural enemies or by insecticide applications targeted at other insect pests. Due to high intensity 
cropping, some populations are resistant to certain insecticides. (7) 

●     Endosulfan was applied to less than 1% of the spinach acres in 1997. Applications can be made 
by ground or air. The median application rate was 0.50 lb. a.i. per acre, not to exceed 1 lb a.i. per 
acre per year. The label PHI is 21 days. Endosulfan can also be used to control beet leafhopper, 
beet armyworm and corn earworm. (2,4,6)

●     Methyl parathion was applied to less than 1% of the spinach acreage in 1997. Treatments can be 
made by ground, air or chemigation. The median application rate was 0.5 lb. a.i. per acre. The 
label PHI is 15 to 21 days depending on rates used. Higher rates should allow for a longer PHI. 
Methyl parathion can also be used to control seedcorn maggot, beet leafhopper, beet armyworm 
and corn earworm. (2,4,6) 

●     Malathion was applied to 3% of California’s spinach acreage in 1997.. Applications are made by 
ground, air or chemigation. The median application rate was 1.6 lbs. a.i. per acre and repeated as 
needed. The label PHI is seven days. (2,4,5)

●     Imidacloprid was applied to 21% of the spinach acreage in 1997. Applications can be made by 
ground, air or chemigation. The median application rate was 0.05 lb. a.i. per acre. Total material 
applied must not to exceed 0.5 lb. a.i. per acre per year. The label PHI is 7 to 21 days, and higher 
rates must allow for the longer PHI. (7) 

●     Azadirachtin – see leafminer.



●     Azinphos-methyl – see leafminer. 

●     Diazinon – see leafminer.

●     Dimethoate – see leafminer.

●     Fatty acid salts – see leafminer.

●     Pyrethrins - see leafminer.

●     Rotenone – see leafminer.

 

Bulb mite (Rhizoglyphus spp.). 
Also known as spinach crown mites, bulb mites are shiny, creamy white and about 0.02 to 0.04 inch long. 
This pest feeds on developing leaves causing distorted plant growth. The most severe damage occurs in 
the spring when plant growth is slow. Mites prefer cool wet climates and can survive on organic matter in 
fields until it is completely decomposed. No specific monitoring method has been developed for bulb 
mites except to examine foliage under a microscope. (7,8)

CULTURAL CONTROL: Fallow fields to allow complete decomposition of vegetation. Rapid crop 
rotation should be avoided since it will allow bulb mites to survive. (7)

BIOLOGICAL CONTROL: There is no biological control for bulb mites in spinach.

CHEMICAL CONTROL: Mites must be controlled before the damage is done. (7)

●     Endosulfan – see aphids.

 

Seedcorn maggot (Delia platura, also known as Hylemyia platura, H. cilicrura). 
Seedcorn maggots are occasionally a problem in the central coast areas. They are 0.25 inch long, legless, 
whitish maggots found in wet soil rich in organic matter. They are more prevalent in the coastal region 
during cool, moist, spring conditions. Populations subside in the summer. These maggots attack only 
germinating seeds and very small seedlings. (7) 

Seedcorn maggots produce many generations per year. It takes approximately 45 to 65 days to complete 
one reproductive cycle. The adult female lays about 200 eggs individually or in clusters over a period of 
several days. These eggs are deposited in the soil near the plant stems. It takes seven to ten days for eggs 



to hatch. After emergence, maggots feed for seven to 21 days then pupate in the soil. (7)

CULTURAL CONTROL: Since seedcorn maggots prefer rich organic soils. Growers that use manure 
must let it age and then incorporate it well before planting. Disk under cover crops at least two weeks 
before planting. Attach drag chains behind the planter during seeding to reduce egglaying in the seed row. 
In fields with histories of seedcorn maggot infestations, rotate to nonhost crops. (7)

BIOLOGICAL CONTROL: No biological controls exist for seedcorn maggots

CHEMICAL CONTROL: Treatments for seedcorn maggot are not common, particularly in the coastal 
areas of California. However, in the Central Valley, spring populations can be high. Treatments for 
seedcorn maggot are also effective for cabbage maggot. (7)

●     Methyl parathion – see aphids.

 

Cabbage maggot (Delia radicum). 
Cabbage maggot larvae are legless, white and 0.33 inch long when full grown. The head end of the larva 
is pointed and the rear end is blunt with a dozen short, pointed fleshy processes arranged in a circle 
around two brown button-like spiracles. Adults are dark gray flies about half the size of common 
houseflies. (7,9)

Cabbage maggots produce two to three generations during the cool, moist spring weather. Each cycle 
takes five to eight weeks to complete. Adult females lay eggs in cracks in soil near plant stems. Hatching 
larvae burrow below the soil surface to invade roots. After feeding three to five weeks, larvae pupate in 
roots or in the surrounding soil. Adults emerge from pupae within two to three weeks, although pupae 
may overwinter if conditions are unfavorable for development. (7)

Cabbage maggots damage spinach plants by eating feeder roots or boring into the taproot. They destroy 
root systems by riddling roots with tunnels when infestations are heavy. Tunnels can also provide entry 
for pathogens. The youngest plants are the most susceptible, and healthy plants can usually tolerate 
moderate infestations. (7)

MONITORING: To monitor for cabbage maggots watch for wilting, lighter green plants or reduced 
growth. Pull up plants suspected of infestation and check roots and soil to confirm maggots. If roots are 
tunneled, but no maggots present, maggots have left roots to pupate and insecticide treatments will be of 
little value. (7) 

CULTURAL CONTROL: When seeding, attach a set of drag chains behind planter to eliminate excess 
moisture in seed row. Maintain a careful irrigation schedule to provide sufficient water yet avoid 
overwatering. Always disk under crop residues immediately after harvest. Avoid following a susceptible 



crop with another susceptible crop. (7) 

BIOLOGICAL CONTROL: Steinernema spp. can be used to control cabbage maggots. (2,4)

CHEMICAL CONTROL: Treat spring-planted crops every year with a band of insecticide at the time of 
planting. Sprays cannot be relied upon later to provide effective control. (7)

 

Lygus (Lygus spp.). 
Adult lygus bugs are about 3/16 inch long. They are typically light yellow in color and have a ‘V’ on the 
back. Damage occurs when lygus attack seedlings and suck on plant fluids. (7,9)

CULTURAL CONTROL: Remove weeds surrounding field margins. (7)

BIOLOGICAL CONTROL: Beauveria bassiana (a fungus) can be used to control lygus bugs. (4,7)

CHEMICAL CONTROL:

●     Carbaryl was applied to less than 1% of California’s spinach crops in 1997. Applications can be 
made by ground or air. The median application rate was 1.2 lbs. a.i. per acre, not to exceed five 
applications or 6 lbs. a.i. per acre per crop. Subsequent applications are made at seven day 
intervals. The label PHI is 14 days. A permit from the county is required for the purchase and use 
of this chemical. Carbaryl can also be used to control beet leafhopper, beet armyworm, corn 
earworm and cutworms. (2,4,6)

●     Rotenone – see leafminer.

●     Pyrethrins – see leafminer.

 

Western spotted cucumber beetle (Diabrotica undecimpunctata). 
Cucumber beetles occur throughout California. They are about 0.36-inch long yellowish with black spots. 
Cucumber beetles like moisture and dislike heat. Beetles cause damage by chewing holes in leaves. (7,9) 

CULTURAL CONTROL: Remove weeds surrounding field margins. (7)

BIOLOGICAL CONTROL: Cucumber beetles have many natural enemies, the most important of which 
is a parasitic tachinid fly, Celatoria diabtroticae. Other control agents include beneficial nematodes, 
Heterohabditis spp. and Steinernema spp., a fungus, Beauveria bassiana and essential oil, eugenol. These 
biological controls may not be highly effective, however, they may reduce populations below economic 



damage thresholds. (4,7) 

CHEMICAL CONTROL:

●     Pyrethrins – see leafminer.

●     Rotenone – see leafminer.

 

Beet leafhopper (Circulifer tenellus). 
Adult beet leafhoppers are approximately 0.125-inch long, wedge-shaped and pale green to gray or brown 
in color. The upper body surface may have dark markings. Nymphs are white to pale green in color. 
Typically in the late spring when the vegetation dries up leafhoppers move from the hills into spinach 
fields. (7,9)

Damage to plants occurs when leafhoppers suck on plant sap. This may result in yellowing or browning 
of leaves. Also, leafhoppers act as a vector for beet curly top virus. To monitor for infestation, sample 
spinach plants particularly along field margins. (7)

CULTURAL CONTROL: Control weeds in and around the field, particularly in the late spring. (7)

BIOLOGICAL CONTROL: Tenodera aridifolia sinensis, praying mantis, can be used to control beet 
leafhoppers. (4,7)

CHEMICAL CONTROL: Applications are not usually made to treat for leafhoppers. However, 
treatments for other insect pests may keep leafhopper populations under control. (7) 

●     Azadirachtin – see leafminer.

●     Carbaryl – see lygus.

●     Endosulfan – see aphids. 

●     Methyl parathion – see aphids.

●     Permethrin – see leafminer.

●     Rotenone – see leafminer.

●     Pyrethrins – see leafminer.



●     Fatty acid salts – see leafminer.

 

Beet armyworm (Spodoptera exigna). 
Beet armyworms are more problematic in the central coast regions than in other spinach producing areas 
of California. Newly hatched worms are small, green, and often feed in groups. Older worms are hairless 
and vary in color. Additionally, they have many fine, light-colored stripes down the back and a broader 
stripe down each side. (7,9) 

Beet armyworms produce many generations per year. Each reproductive cycle takes 24 to 36 days to 
complete. Eggs are laid in distinctive cottony masses on foliage. Larval stages will feed on plant tissue 
and later drop to the soil where they pupate. Adults emerge and mate to continue the reproductive cycle. 
(7)

Damage occurs when larvae feed on plant tissue, resulting in severe stunting or death. Fall populations in 
the Central Valley can be much more damaging than spring populations. (7) 

MONITORING: To monitor for beet armyworms check for egg masses and young larvae in surrounding 
weeds before seedlings emerge. Also check for egg masses and young larvae twice a week on seedlings. 
(7) 

CULTURAL CONTROL: Disk fields immediately following harvest to kill larvae and pupae. Destroy 
weeds along field borders. (7)

BIOLOGICAL CONTROL: Bacillus thuringiensis (B.t.) was applied to 24% of California’s spinach in 
1997. Applications can be made by ground or air at rates of 0.5 to 1.5 lbs. per acre. Subsequent 
applications can be made as needed. B.t. is not harmful to natural enemies. Other lepidopterous pests can 
also be controlled with B.t.. (2,4,7)

Other natural enemies that can be used to control beet armyworms include minute pirate bugs, lady 
beetles, pink ladybird beetles, green lacewing larvae, Trichogramma spp., Cotesia spp., Steinernema spp., 
and an essential oil, eugenol.(4,7)

CHEMICAL CONTROL: Most insecticides are more useful on larvae than eggs so wait for majority of 
eggs to hatch. Treatments are made if larvae exceed one per two plants. (7) 

●     Methomyl was applied to 19% of California’s spinach acreage in 1997. The median application 
rate was 0.90 lb. a.i. per acre. Subsequent applications can be made at five to seven day intervals 
as needed, not to exceed 3.6 lbs. a.i. per acre per crop or eight applications. The label PHI is seven 
days, but the typical PHI is ten days. To purchase or use this chemical a permit from the county is 
required. Methomyl will also control cabbage loopers.(2,4,5)



●     Thiodicarb was applied to 10% of California’s spinach acreage in 1997. Applications can be 
made by air, ground and chemigation. The median application rate was 0.60 lb. a.i. per acre, not to 
exceed 1.5 lbs. a.i. per acre per season. The label PHI is 14 days. Thiodicarb can also be used to 
control corn earworm and alfalfa looper. (2,4,5)

●     Carbaryl – see lygus.

●     Azadirachtin – see leafminer.

●     Endosulfan –see aphids.

●     Methyl parathion – see aphids.

●     Permethrin – see leafminer. 

●     Pyrethrins– see leafminer.

 

Corn Earworm (Heliothis (Helicoverpa) zea). 
Adult corn earworms have light tan to reddish-brown wings. Larvae have discrete rows of tubercles with 
one or two protruding hairs along their back. Mature larvae develop distinct stripes but overall color is 
variable. Eggs are white when first laid, but soon develop dark red or brown rings around the top. Eggs 
darken as larvae develop. (7,9) 

Corn earworm is very similar to beet armyworm with respect to their life cycle and the damage they 
inflict. Damage occurs when larvae feed on plant tissue severely stunting or killing seedlings. (7)

MONITORING: To monitor for corn earworms check for egg masses and young larvae as soon as 
seedlings emerge. Determine if they are parasitized, hatched, or about to hatch. Treatments can be made 
after eggs hatch if significant numbers of eggs and caterpillars exist. (7)

CULTURAL CONTROL: Disk fields immediately following harvest to kill larvae and pupae. Destroy 
weeds along field borders. (7)

BIOLOGICAL CONTROL: Green lacewing larvae, minute pirate bugs, pink ladybird beetle, 
Trichogramma spp., Steinernema spp., Bacillus thuringiensis and eugenol (essential oil) can be used to 
control corn earworm. (4,7)

CHEMICAL CONTROL: Treatments may be necessary if there is more than one larvae per two plants. 
(7)



●     Azadirachtin – see leafminer.

●     Carbaryl – see beet armyworm.

●     Endosulfan – see aphids.

●     Methyl parathion - see aphids. 

●     Permethrin – see leafminer.

●     Pyrethrins – see leafminer.

●     Thiodicarb – see beet armyworm.

 

Black cutworm (Agrotis ipsilon), Variegated cutworm (Peridroma saucia), Granulate cutworm 
(Feltia subterranea). 
When disturbed in the soil, cutworms will roll into a C-shape. These larvae cause damage by 
cutting the seedling off just below the soil. Cutworms are not seen during the day since they feed at 
night, although stunted plant growth or severed plants at or below the soil line may indicate their 
presence. Digging in the soil around injured plants may reveal cutworms. (7,9) 

CULTURAL CONTROL: The soil should be checked for cutworms before planting. (7)

BIOLOGICAL CONTROL: Minute pirate bugs, pink ladybird beetle, green lacewing larvae, 
Cotesia spp., Trichogramma spp., Steinernema spp., nuclear polyhedrosis virus (NPV) and eugenol 
(essential oil) may be used to control cutworms. (4,7)

CHEMICAL CONTROL: Treatments are made at the first sign of cutworms in or around the 
field. (7)

●     Methomyl – see beet armyworm.

●     Permethrin – see leafminer.

●     Pyrethrins – see leafminer.

●     Azadirachtin – see leafminer.

●     Carbaryl – see lygus.



●     Diazinon – see leafminer.

 

Diamondback moth (Plutella xylostella). 
Mature diamondback moth larvae, at 0.33 inches long, are smaller than most caterpillars. 
Diamondback moth larvae have distinct body shapes, the middle section is wider and both ends 
taper. On the last segment, larvae have two prolegs that form a V-shape at the rear end. Higher 
populations may occur in the spring and early summer and increase again in the fall but 
diamondback moths are present all year around. (7,9)

Diamondback moths can seriously stunt the growth of young plants. However, larvae typically 
chew small holes on leaves of older plants. The injury to the crop is not usually serious. (7) 

CULTURAL CONTROL: Disc immediately following harvest to kill larvae and pupae. Destroy 
weeds along field borders.

CHEMICAL CONTROL: There are no chemicals registered in California for diamondback moth 
control in spinach.

BIOLOGICAL CONTROL: Natural enemies of diamondback moth in California such as 
ichneumonid wasp (Diadegna isnularis) and the egg parasite (Trichogramma pretiosum) provide 
adequate control. Other natural enemies include minute pirate bugs, pink ladybird beetles, green 
lacewing larvae, Cotesia spp., Bacillus thuringiensis, Steinernema spp., Beauveria bassiana, 
pheromones. Eugenol, an essential oil, can be used to control diamondback moth. (4,7)

 

Cabbage looper (Trichoplusia ni) and Alfalfa looper (Autographa californica). 
A distinctive trait of loopers is the way larvae move by arching their backs as they crawl. Cabbage 
loopers usually have narrow, white stripes along each side and several narrow lines down their 
backs. Adults have brown, mottled forewings marked in the center with a small, silver figure-eight. 
Dome-shaped eggs are laid on the undersides of older leaves. (7,9) 

Loopers are present all year in California but higher populations occur in the fall. Damage is 
visible on the underside of the leaves where feeding occurs. High cabbage looper populations may 
stunt or kill seedlings. (7)

To monitor fields for cabbage loopers, watch for signs of feeding: plants with holes in outer leaves 
and feces. Check fields twice a week after crop emergence. (7)



CULTURAL CONTROL: Disk fields immediately following harvest to kill larvae and pupae. 
Destroy weeds along field borders. (7)

BIOLOGICAL CONTROL: Loopers have many natural enemies and biocontrol agents. These 
include green lacewing larvae, minute pirate bugs, pink ladybird beetles, Podisus maculiventris, 
Cotesia spp., Steinernema spp., Trichogramma pretiosum, Hyposoter exiguae, Copidosoma 
truncatellum, Microplitis brassicae, Voria ruralis, nuclear polyhedrosis virus, Bacilllus thuringiensis 
and eugenol (essential oil). (4,7)

CHEMICAL CONTROL: Treat seedlings if larvae are medium-sized or larger. Treat well-
established plants if more than one larva per two plants is found. (7)

●     Azadirachtin – see leafminer.

●     Permethrin – see leafminer.

●     Methomyl – see beet armyworm.

●     Methoxychlor – see beet armyworm.

●     Methyl parathion – see aphids.

●     Pyrethrins – see leafminer.

●     Thiodicarb - see beet armyworm.

●     Spinosad - see leafminer.

 

Webworms (various species). Webworms are dark green caterpillars with two stripes and black 
spots on their backs. They are often found within webbed leaves. The larval stage feeds inside of 
webbed leaves on the upper parts of the plant in the summer and fall. (7.9)

CULTURAL CONTROL: Disc fields immediately after harvest and destroy weeds along field 
borders. (7)

BIOLOGICAL CONTROL: Natural enemies of webworms include pink ladybird beetles, minute 
pirate bugs, green lacewing larvae, and Trichogramma spp.. Bacillus thuringiensis can also be 
sprayed to control webworms. (4,7)

CHEMICAL CONTROL: Treatment is rarely justified in California. (7)



●     Azadirachtin – see leafminer.

 

Wireworms (various species in the Elaterid family). 
Wireworms are slender, cylindrical, jointed and usually yellow to brown in color. They are the 
larvae of click beetles. Wireworms kill young seedling plants by feeding on roots and boring into 
stems. The greatest potential for damage is associated with spring plantings in fields with high 
organic matter. (7,9)

CULTURAL CONTROL: Avoid planting spinach in fields high in organic matter. 

BIOLOGICAL CONTROL: Heterohabditis spp. (beneficial nematodes) can be used to control 
wireworms. (4)

CHEMICAL CONTROL: Treatments for wireworms are seldomly made. (7)

●     Diazinon – see leafminer.

 

 

Diseases

Diseases are problematic for California spinach producers. Downy mildew poses the most serious 
threat. Other diseases include Fusarium, anthracnose, damping-off, Heterosporium leaf spot. 
Occasionally viruses such as beet western yellows, cucumber mosaic virus, beet curly top virus, and 
tobacco rattle virus are present in spinach. (7,8,9)

Cultural controls that will reduce pathogen infestations include planting disease-resistant cultivars, 
properly rotating crops, proper irrigation, and fertility management. (7)

 

Downy mildew (Peronospora farinosa f. sp. spinaciae). 
This fungal disease causes serious losses during cool, wet weather. Initial symptoms include 
irregular patches of grayish mycelia on the undersides of older leaves. Then the upper surfaces of 
the leaves develop irregular, chlorotic lesions. In later stages of infection lesions turn brown and 
leaves become curled, distorted and later die. Entire spinach fields can be ruined with this rapidly 



spreading disease. (7,8,9)

CULTURAL CONTROL: Planting resistant cultivators and applying fertilizer can also provide 
some suppression of downy mildew. (7,8)

CHEMICAL CONTROL: Fungicides are generally applied as preventative treatments for downy 
mildew. (7,8)

●     Mefenoxam was applied to 17% of the spinach acreage in 1997. The median application rate 
was 0.27 lb. a.i. per are. Two subsequent applications of 0.125 lb. a.i. per acre can be made at 
21 day intervals, not to exceed 1.375 lbs. a.i. per acre per season. The label PHI is 21 days. 
Only crops registered for mefenoxam use can be planted as rotational crops within the 
following 12 months. This chemical can also be tank-mixed with copper hydroxide. 
Mefenoxam can also be used to control damping-off and white rust. (2,4)

●     Fosetyl-aluminum was applied to 8% of the spinach crop in 1997. Applications can be made 
by air or ground. When conditions favor disease development, the median application rate is 
2.4 lbs. a.i. per acre. Subsequent applications are made at 7 to 21-day intervals, not to exceed 
seven applications per season. Fosetyl-aluminum has a label PHI of three days. This 
chemical can also be used to control white rust. (2,4,6) 

●     Copper compounds were applied to 2% of the spinach acreage in 1997. Copper hydroxide is 
the most frequently used compound. Applications are made by ground or air when the 
disease first appears at rates of 1 to 2 lbs. a.i. per acre. Subsequent applications can be made 
at seven to ten day intervals to protect new growth. No PHI has been established for copper 
compounds. They can also be used on organic crops. However, copper compounds have been 
found to be marginally effective against downy mildew. Copper compounds can also be 
applied to control anthracnose, white rust, and leaf spot. (2,4,6) 

●     Sulfur applications can be made at the first sign of the disease. In 1997 there was virtually no 
usage reported. This is due to sulfur being ineffective at controlling downy mildew. 
Application rates vary from 8 to 30 lbs. a.i. per acre, and subsequent applications can be 
made at seven to 14 day intervals. Applications should be made at temperatures of less than 
90° F. There is no PHI for sulfur and it can be tank-mixed with copper compounds. Sulfur 
can be used on organic spinach crops. (2,4,6) 

●     Maneb was applied to 9% of the spinach acreage in 1997. However, Maneb no longer has 
registration for use in spinach crops. 

 

Fusarium wilt (Fusarium solani). 



Fusarium wilt is a fungal disease that develops rapidly in temperatures above 70° F and can live in 
the soil for several years. The fungus can spread on contaminated seed or infected plant parts and 
infected soil. Growth of younger plants is stunted and turns yellow, while infected older plants tend 
to wilt. This disease is not considered a major problem in the central coast. (7,8,9) 

CULTURAL CONTROL: Fusarium wilt is best controlled by growing spinach in cool weather and 
using crop rotation. Avoid planting in infected fields. The disease is primarily spread to other areas 
by infected plant debris and soil, thus sanitary practices can prevent its spread. (7)

CHEMICAL CONTROL: There is no chemical control for Fusarium wilt.

 

Anthracnose (Collectotrichum dematium f. sp. spinaciae). 
Initial symptoms of this disease are small circular, water-soaked lesions on both young and old 
leaves. Lesions often enlarge and become chlorotic or necrotic. Eventually leaves are completely 
infected as legions coalesce. Anthracnose epidemics are sporadic and are favored by wet conditions. 
This pathogen can survive in the soil for up to four years. (7,8,9)

CULTURAL CONTROL: Avoid planting spinach crops in fields with a history of anthracnose. Do 
not work wet fields. Reduce or avoid sprinkler irrigation. No other control measures are 
recommended. (7)

CHEMICAL CONTROL: There are no chemical controls available.

 

Damping-off (Pythrium, Fusarium. and Rhizoctonia spp.). 
Damping-off is caused by a soil fungus. Warm, moist soils favor disease development and can kill 
seedlings. Symptoms include decayed roots and brown lesions on the stem. The stem tissue will 
collapse, and the plants will die. Infections may be worsened by opportunistic pathogens that cause 
soft rots. These pathogens can survive in the soil for indefinite periods of time. (7,8,9) 

CULTURAL CONTROL: Planting beds should be high and well-drained. To decrease possibility 
of infection, plant when soil temperatures are at 65 to 70ºF, and avoid overwatering. (7)

CHEMICAL CONTROL: To manage damping-off in spinach crops fungicide-treated seed are 
used.

●     Captan is a seed treatment. It can be applied at rates of 4 to 6 fl. oz. per 100 lbs. of seed. 

●     Metalaxyl is a seed treatment. It is applied at rates of 0.75 fl. oz. per 100 lbs. of seed.



●     Mefenoxam – see downy mildew.

 

Heterosporium leaf spot (Heterosporium variabile). 
This disease appears often in California, particularly during wet spring weather. Small, circular 
yellow lesions become apparent on infected leaves. (7,9)

CHEMICAL CONTROL: No fungicides are recommended, however copper compounds are 
registered for leaf spot in California. (7)

●     Copper compounds – see downy mildew.

 

Beet western yellows (BWYV). 
This virus has a very broad host range that includes several important vegetable crops such as 
broccoli, cauliflower, lettuce, pea, potato, and radish, but it is rarely a problem in spinach. Many 
weed hosts, particularly those in the mustard family, can serve as reservoirs of innoculum. This 
virus is vectored by aphids in a persistent or circulative manner and can persist in aphids for four 
to six weeks. (7,9)

CULTURAL CONTROL: Control weeds in and around spinach fields.(7)

CHEMICAL CONTROL: No chemical control exists for beet western yellows at this time.

 

Cucumber Mosaic Virus (CMV). 
Cucumber mosaic virus symptoms are: retarded plant growth, irregular markings on leaves and 
dark green sectors alternating with light green to yellow sectors. The virus has a wide host range 
and is vectored by aphids. (7,9)

CULTURAL CONTROL: Silver reflective plastic mulch can be applied at planting to reduce aphid 
populations while the plants are young. As plants grow, foliage covers the plastic mulch and thus 
becomes less effective. (7)

CHEMICAL CONTROL: No chemical control exists for cucumber mosaic virus at this time.

 



Beet Curly Top Virus (BCTV). 
This virus is transmitted by beet leafhoppers. Once the leafhopper contracts the virus, it is 
transmitted for the entire life of the leafhopper. Symptoms include severe stunting, darker than 
normal leaf color. Infected seedlings will have rolled-up and crinkled leaves whereas older plants 
turn yellow, but both will die. (7,9)

CULTURAL CONTROL: No control is practiced for beet curly top virus in spinach.

CHEMICAL CONTROL: No chemical control exists for beet curly top virus.

 

 

Nematodes

Nematodes can be a major pest in the southern coastal area of California. Cyst nematode is the 
principal type than can infect spinach. (7,9)

 

Cyst nematode (Heterodera spp.). 
These plant parasitic nematodes are microscopic roundworms found in the soil that feed on plant 
roots. Symptoms of cyst nematode infestations include patches of stunted or dying plants, and 
yellowing of foliage. White, pinhead size, lemon-shaped females and brown cysts can be seen on the 
root surface. Heavy infestations can reduce yield and/or delay crop maturity. (7)

CULTURAL CONTROL: Plow under infested plants after harvest. Proper fertilization and 
irrigation will minimize stress on plants. Thoroughly clean equipment. Rotate with nonhost crops. 
(7)

BIOLOGICAL CONTROL: A nematode parasitic fungus is used to control nematodes

CHEMICAL CONTROL: Treat whenever nematodes are found in the soil. (7)

●     Metam sodium was applied in 45 treatments for a total of 42,754 lbs. a.i. in 1995. Metam 
sodium is injected into soil at rates of 50 to 100 gal per acre. (6)

 

 



Weeds

Spinach seedling vigor and uniformity are reduced with high weed populations. Weeds impact crop 
quality since loads can be rejected at the processing plant if weed contamination is present. Weed 
management is important in spinach production because dense weed populations can cause 100% 
yield loss if the grower decides that the cost of hand weeding will result in an unprofitable crop. 
Common weeds in spinach are: annual bluegrass (Poa annua), annual sowthistle (Sonchus 
oleraceus), burning nettle (Urtica urens), common groundsel (Senecio vulgaris), common chickweed 
(Stellaria media), common lambsquarter (Chenopodium album), little mallow (Malva parviflora), 
London rocket (Sisymbrium irio), nettleleaf goosefoot (Chenopodium murale), pigweeds 
(Amaranthus spp.), prickly lettuce (Lactuca serriola) and shepherdspurse (Capsella bursa-pastoris). 
(7,8)

CULTURAL CONTROL. Cultivation of the bed-tops is not always possible due to the high density 
of the plantings. It is generally possible to only cultivate the furrow. In mature spinach fields, weeds 
interfere with harvesting since weeds and spinach are difficult to separate. (7) 

It is difficult to hand weed spinach due to the high planting densities. The practice of hand weeding 
is limited in spinach due to the high cost and because of the damage to the spinach crop that can 
result from hand weeding.

BIOLOGICAL CONTROL. No biological controls exist for weeds in spinach crops.

CHEMICAL CONTROL. Herbicide options are limited due to cancellations of registrations in the 
past ten years. Almost all fields are treated with preplant and/or preemergence herbicides due to 
difficulty of cultivation. (7) 

●     Cycloate is a herbicide that can be applied and mechanically incorporated before planting, 
or immediately postplant, followed by sprinkler incorporation. In 1997, cycloate was applied 
to 20% of the spinach acreage. Treatments can be made by chemigation, aerial or ground 
applications. The median application rate was 1.9 lbs. a.i. per acre. It is the only 
preemergent herbicide registered for California, but it is not always effective. It will not 
control nettleleaf goosefoot and is minimally effective on burning nettle. This herbicide often 
causes crop injury during warm weather. (2,6,10) 

●     Phenmedipham is a postemergence material that was applied to 3% of the spinach acreage 
in California in 1997. Applications can be made by ground or by air. The median application 
rate was 0.41 lb. a.i. per acre. Treatments can be made in one of two ways: single or split 
applications. Single applications are made when plants are in the four to six leaf stage and 
the weeds are in the two to three leaf stage. Split applications are made first when plants are 
at the two-leaf stage and the subsequent application is made four to six days later. 
Treatments cannot exceed 1 lb. a.i. per year. Phenmedipham often results in severe spinach 



leaf burn. To minimize this effect applications can be made at sunset when temperatures do 
not exceed 75ºF. The label PHI is 40 days. Phenmedipham has some drawbacks. Often times, 
when spinach is at the appropriate size for treatment weeds are too large for effective 
control. This chemical has no soil activity; therefore, it will only control emerged weeds. 
Phenmedipham use is limited to the period from September to May, and thus its use in fresh 
market spinach is limited. (2,6,10)

●     Glyphosate is a preplant or preemergence herbicide. In 1997, less than 1% of the spinach 
acreage was treated. Treatments can be made by ground or air. The median application rate 
was 0.75 lbs. a.i. per acre. It has a broad range of control. Use is limited to preemergence 
applications. (2,6,10) 

●     Sethoxydim is a postemergence herbicide. In 1997, there was virtually no use reported on 
spinach in California. This is attributed to the fact that the most common grass weed in 
major spinach production zones is annual bluegrass. Sethoxydim is not active on this weed. 
Applications are made by ground or air. The median application rate was 0.26 lb. a.i. per 
acre. Sethoxydim is effective against many annual and perennial grasses, with the exception 
of annual bluegrass. The label PHI is 15 days. (2,6,10) 

 

AREAS OF RESEARCH

●     Metolachlor is not currently registered in California. Attempts are being made to acquire a 
Section 18 exemption for the use of metolachlor in spinach. At this time a Section 18 is 
available in Arizona. Arizona labeling allows aerial or ground applications of metolachlor 
postplant preemergence at rates of 0.75 to 1.0 lb. a.i. per acre. The label PHI is 45 days. (3)

●     Richard Smith and Steve Fennimore are testing the efficacy of the herbicide s-metolachlor in 
spinach crops.

●     Steve Koike is testing a new chemical to control downy mildew, "Actiguard". This chemical 
stimulates the plant’s immune system. 

●     The Spinach Growers Research Fund has undertaken a three-year study to identify the 
active downy mildew races in California.

●     Seed companies continue to develop downy mildew resistant cultivars.
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