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General Production Information

●     California produces 38% of the bell peppers grown in the United States (2).
●     In 1998 the bell pepper acreage in California was 22,000. The total value of the crop was 

$133,383,500 (7).
●     It costs $5,880 to produce an acre of bell peppers (1).
●     In 1998, San Joaquin County produced the most bell peppers in the state. Kern, San Benito, and 

Ventura Counties were also top producers (7). 

 

Cultural Practices

California has four main bell pepper production areas: the southern desert valleys, the southern coast, the 
central coast, and the Central Valley. Most bell peppers grown in California are open-pollinated 
varieties, with Jupiter, Capistrano, Grande Rio66, Yolo Wonder, California Wonder 300, and Keystone 
Resistant Giant Strains accounting for most of the acreage. Hybrid varieties include Indra, Bell Star, 
Excalibur, Galaxy, and King Arthur (3).

Bell pepper is a warm season crop that grows best at 75 to 85°F (5). Bell peppers are grown on a wide 
range of soil types depending on location. Well-drained soils are preferred (1).

Bell pepper is among the most heavily fertilized crops grown in California. Preplant phosphorus (P) 
application of 80 to 200 pounds per acre of P2 O5 is common. Nitrogen fertilization rates tend to be very 

high, with many growers using more than 300 pounds per acre seasonally (1).

Statewide, at least 30 percent of bell pepper acreage is drip-irrigated, and the use of drip is increasing 
rapidly. Most drip systems employ lines buried 2 to 10 inches deep, with either one or two lines per bed 
(1). 

The remainder of California pepper acreage is predominately furrow-irrigated. Sprinkler irrigation is 
sometimes employed for seedling establishment and early-season watering but is seldom used for the 
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entire production season. The frequency of furrow or sprinkler irrigation varies widely, depending on 
soil type, environmental conditions, and crop growth stage. Although peppers are moderately deep-
rooted, they are quite sensitive to moisture stress. Stress during bloom can cause substantial reduction in 
fruit set, while stress during early fruit growth can induce blossom end rot. Soil moisture stress can also 
minimize foliage cover, increasing sunburning of fruit (5).

 

Insect Pests

Leafminer: Liriomyza trifolii

Liriomyzid leafminer adults are small, shiny, black flies with a bright yellow, triangular spot on the 
upper thorax. Eggs are white and oval and laid within the leaf. There can be many generations a year. 
Larvae mine between the upper and lower leaf surfaces, creating winding, whitish tunnels that are 
initially narrow, but then widen as the larvae grow. Leafminer is not usually a serious pest in pepper. 
High populations of leafminers can build when heavy use of broad-spectrum insecticides destroy the 
complex of beneficial insects that usually keep leafminer populations in check (3). 

Monitoring: Peppers are regularly checked as they near maturity for leafmines. Most mines occur on 
older bottom leaves. Some mines are most obvious from the underside of the leaf. If leafminer 
populations build to high levels, a chemical treatment may be necessary. Growers avoid early season 
applications for other insects.

Controls

Biological: 
Natural enemies, primarily parasitic wasps in the Diglyphus genus, often control leafminers. 

Chemical:

●     Azinphos-methyl (Guthion) – 21 days pre-harvest interval (PHI). Not used in 1998. Azinphos-
methyl was applied aerially 90% of the time. Potential alternative chemicals include 
esfenvalerate, methomyl, permethrin, and imidacloprid. Alternative insecticides can be used in 
between applications to prevent resistance buildup. 

●     Disulfoton (Di-Syston)– 90 days PHI (granular); 60 days PHI (liquid). In 1998, 3,369 lb a.i. 
were applied to 5.1% of California’s bell pepper acreage in a median of one application per field. 
The median application rate was 2.03 lb a.i. per acre. Disulfoton is applied by ground once during 
the season. Potential alternative chemicals are imidacloprid, oxamyl, oxydemeton-methyl, and 
malathion. 



●     Oxamyl (Vydate)– 1 day PHI. In 1998, 2,660 lb a.i. were applied to 9.9% of California’s bell 
pepper acreage in a median of one application per field. The median application rate was 0.5 lb a.
i. per acre. One to four applications per seasons are needed. Eighty percent of the applications are 
done by ground and 20% by aerial application. Potential alternative chemicals include 
esfenvalerate, cyromazine, M-Pede, and Naled. 

●     Permethrin (Ambush or Pounce) – Label specifies 3 days PHI, but growers typically allow a 
14-21 day PHI. In 1998, 762 lb a.i. were applied to 8.5% of California’s bell pepper acreage in a 
median of one application per field. The median application rate was 0.19 lb a.i. per acre. One to 
four applications per seasons are needed. Eighty percent of the applications are Two to six 
applications per season are applied. Applications are 80% by ground and 20% by air. Potential 
alternative chemicals are carbaryl, esfenvalerate, endosulfan, and methomyl. 

Wireworms: Elateridae

Wireworms are not commonly a problem. Wireworms feed on young root systems during stand 
establishment, resulting in poor stands. Wireworms can be a problem following pasture or alfalfa (3). 

Controls

Cultural: 
A dry fallow period between crops will help to lower the population of wireworms in the soil. 

Chemical:

●     Fonofos (Dyfonate) – Label specifies preplant PHI, but growers typically allow 180 days PHI. In 
1998, 3,815 lb a.i. were applied to 6.4% of California’s bell pepper acreage in a median of one 
application per field. The median application rate was 2.0 lb a.i. per acre. One to two applications 
per season are needed. Applications are 80% by ground and 20% by aerial application. Potential 
alternative chemicals are carbaryl, diazinon, and lindane.

Flea beetle, Chrysomelidae

Flea beetle adults are small (about 0.125 inch long), shiny, hard beetles with enlarged hind legs that 
allow them to jump. Larvae live primarily in the soil, although larvae in a few of the species may mine 
leaves or plant stems. Larvae are pale yellow to white with short legs and dark, hard heads. Older larvae 
may resemble small wireworms.

Adult flea beetles feed on the undersides of leaves leaving small pits or irregularly shaped holes on the 
leaves. Large populations can kill or stunt seedlings. Older plants rarely suffer economic damage 
although their older, lower leaves may be damaged. Most flea beetle larvae feed on roots, but this 



activity is not usually of economic concern in peppers. 

Monitoring: Growers check newly emerged seedlings for flea beetle damage at least twice weekly until 
plants are well established. Relatively low populations can cause economic damage when plants are in 
the cotyledon or first-leaf stages. Once plants have five leaves they can tolerate several beetles per plant 
without damage. Older plants are even more tolerant. Growers treat if several severely damaged plants 
are found in more than one area of the field; spot treatment of outside rows or borders may be sufficient. 
Baits are not effective. One insecticide treatment is usually all that is required.

Controls

Cultural: 
Weeds along field margins are removed and plant residue in infested fields is deeply disked after 
harvest. Transplanting peppers usually avoids the problem unless beetle populations are extremely high.

Chemical:

●     Carbaryl (Sevin) – Dust only - The label specifies 0 days PHI but growers typically allow 60 
days PHI. Foliar - The label specifies 3 days PHI but growers typically allow 14 days PHI. In 
1998, 8,942 lb a.i. were applied to 10.9% of California’s bell pepper acreage in a median of one 
application per field. The median application rate was 1.53 lb a.i. per acre. One to three 
applications per season are needed. Applications are done 60% by ground and 40% by aerial 
application. Potential alternative chemicals include esfenvalerate, permethrin, endosulfan, and 
pyrethrins. 

●     Diazinon – For bait – The label specifies pre plant only PHI but growers typically allow 180 
days PHI. For foliar-The label specifies 5 days PHI but growers typically allow 14 days PHI. In 
1998, 1,470 lb a.i. were applied to 6.7% of California’s bell pepper acreage in a median of one 
application per field. The median application rate was 0.5 lb a.i. per acre. One application is 
broadcasted as needed. Potential alternative chemicals include dimethoate, Naled, and M-Pede. 

●     Permethrin (Ambush or Pounce) – The label specifies 3 days PHI but growers typically allow 
14-21 days PHI. In 1998, 762 lb a.i. were applied to 8.5% of California’s bell pepper acreage in a 
median of one application per field. The median application rate was 0.19 lb a.i. per acre. 2-6 
applications per season are needed. Applications are 80% by ground and 20% by air. Potential 
alternative chemicals include carbaryl, esfenvalerate, endosulfan and methomyl. 

Beet armyworm, Spodoptera exigua

Beet armyworms are small, mottled gray or dusky winged moths. Females lay eggs in clusters on leaves; 
the clusters are covered with fluffy, dirty white scales. Eggs hatch in a few days and tiny caterpillars 
begin feeding while still clustered together on the plant. In 2 to 3 weeks beet armyworm larvae are full 



grown and about 1 inch long. The body is smooth with few hairs and predominantly green with mottled 
dark lines along the back. Just above the spiracle, lengthwise along the body, is a dark green to black 
line edged on each side with white. There is usually a small dark spot above the spiracle on the second 
pair of true legs (3). 

In addition to peppers, beet armyworm feeds on sugarbeet, alfalfa, beans, tomato, and a variety of weeds 
such as lambsquarter, redroot pigweed, and nettleleaf goosefoot. During winter and spring, the 
population is concentrated on weeds, but in late spring moths begin laying eggs in the pepper field when 
the plants are young.

Beet armyworm is a serious pest of peppers. It feeds on both leaves and fruit. As the fruit forms, beet 
armyworm bores into the calyx end. Both defoliation and fruit loss result from the feeding. Unlike many 
caterpillar pests, the feeding is quite messy with webbing and excrement present. 

Monitoring: Sampling guidelines for beet armyworm in peppers have not been developed. Growers 
look for the cream-colored egg mass or, later, for the feeding on the seedlings and leaves to determine if 
beet armyworms are present. Treatment is recommended if beet armyworms are on the fruit.

Controls

Biological: 
Many natural enemies attack beet armyworms. Among the most common parasites are the wasps 
Hyposoter exiguae and Chelonus insularis, and the tachinid fly Lespesia archippivora. Viral diseases 
may also be important; however, none of these organisms provide reliable control of armyworms when 
they feed on the fruit. 

Chemical:

●     Azinphos-methyl (Guthion) – 21 days PHI. Not used in 1998. Applications were 90% aerial and 
10% by ground. Potential alternative chemicals include esfenvalerate, methomyl, permethrin, and 
imidacloprid. The potential chemical alternatives are used in between applications to prevent 
resistance buildup. 

●     Endosulfan (Thiodan) – 1 day PHI for rates up to 0.5 lb ai/ac, 4 days for rates greater than 0.5 lb 
ai/ac. In 1998, 628 lb a.i. were applied to 2.2% of California’s bell pepper acreage in a median of 
one application per field. The median application rate was 0.78 lb a.i. per acre. No more that 2.0 
lbs. a.i. per acre should be applied. Aerial applications are made 25% of the time. Endosulfan is a 
California Restricted Use pesticide and has additional restrictions in certain counties to prevent 
runoff into waterways. Potential alternative chemicals include carbaryl, permethrin, 
esfenvalerate, and imidacloprid

●     Methomyl (Lannate) – 1 day PHI for applications up to 0.45 lb a.i./acre and 3 day PHI for 



applications over 0.45 lb a.i./acre. In 1998, 8,350 lb a.i. were applied to 19.6% of California’s 
bell pepper acreage in a median of one application per field. The median application rate was 
0.45 lb a.i. per acre. Three to five applications are used. Applications are done 60% of the time 
by ground and 40% by aerial applications. Potential alternative chemicals include permethrin, 
esfenvalerate, carbaryl, Bacillus thuringiensis, and endosulfan.

Green Peach Aphid: Myzus persicae

Green peach aphid is among the most common aphid species found on peppers. It may be present at any 
time throughout the year but is most common from March through May and September through 
November. Generally its color is pale green, although at times individuals may be present that are 
pinkish. During cool weather, individuals are usually more deeply pigmented. Both winged and wingless 
forms of the green peach aphid have prominent cornicles on the abdomen that are markedly swollen and 
club-like in appearance. The frontal tubercles at the base of the antennae are very prominent and are 
convergent. Winged forms of the green peach aphid have a distinct dark patch near the tip of the 
abdomen; wingless forms lack this dark patch.

Damage. The green peach aphid transmits a number of destructive viruses. In addition, it can also 
damage the plant by sucking plant sap. Damaging levels are characterized by large numbers of aphids on 
the underside of leaves. Extensive feeding causes plants to turn yellow and the leaves to curl downward 
and inward from the edges. Honeydew produced by the aphids can be a problem, especially on fresh 
market peppers. Aphid damage is most prominent on newer, younger leaves in the center of the plant. 

Controls

Cultural: 
An important factor in reducing virus spread is good field sanitation, especially removal of infected crop 
debris immediately after harvest and destruction of alternate host plants. While field sanitation helps 
control the incidence and spread of viruses transmitted by green peach aphid, it does little to control the 
aphid itself. If peppers are planted near large areas of rangeland, it may not be possible to prevent the 
influx of green peach aphid. Studies have shown, however, that aluminum foil or silver reflective plastic 
mulches are effective in repelling aphids from plants. These mulches are removed when summer 
temperatures get high to prevent overheating plants. 

Biological: 
The green peach aphid is attacked by a number of common predators, including lacewings, lady beetles, 
syrphid flies, and parasites, including the parasitic wasps Lysiphlebus testaceipes, Aphidius matricariae, 
Aphelinus semiflavus, and Diaeretiella rapae; and is susceptible to entomopathic fungi in the genus 
Entomophthora. Aphid sampling should always include an evaluation of the presence and activity of 
natural enemies. 

When to treat: 



Treatment of aphids to prevent or reduce the incidence of viruses is of little value and is not 
recommended. Treatment thresholds for green peach aphid are not well established. Heavy populations 
can do extensive damage, particularly on seedlings or young plants. 

Chemical:

●     Acephate (Orthene)- 7 days PHI. Applied 1-5 applications per season (depending on insect 
population). In 1998, 6,955 lb a.i. were applied to 17.3% of California’s bell pepper acreage in a 
median of one application per field. The median application rate was 0.75 lb a.i. per acre. 
Applications are done 70% by ground and 30% by air. Potential alternative chemicals include 
esfenvalerate, malathion, methomyl, pyrethrin, and endosulfan. This chemical is highly toxic to 
bees.

●     Azinphos-methyl (Guthion)– 21 days PHI. Not used in 1998. Applications were done 90% of 
the time by aerial application and 10% by ground. Potential alternative chemicals include 
esfenvalerate, methomyl, permethrin, and imidacloprid. The potential chemical alternatives are 
used in between applications to prevent resistance buildup

●     Diazinon – 7 day PHI. In 1998, 1,470 lb a.i. were applied to 6.7% of California’s bell pepper 
acreage in a median of one application per field. The median application rate was 0.5 lb a.i. per 
acre. One application broadcasted is needed. Potential alternative chemicals include dimethoate, 
Naled, and M-Pede.

●     Dimethoate – 0 day PHI. In 1998, 888 lb a.i. were applied to 6.6% of California’s bell pepper 
acreage in a median of one application per field. The median application rate was 0.33 lb a.i. per 
acre. Applications are done 70% by ground and 30% by air and there are no restrictions on the 
number of applications. Potential alternative chemicals are esfenvalerate, permethrin, and 
oxydemeton-methyl.

●     Disulfoton (Di-Syston) – 90 days PHI (granular); 60 days PHI (liquid). In 1998, 3,369 lb a.i. 
were applied to 5% of California’s bell pepper acreage in a median of one application per field. 
The median application rate was 2.03 lb a.i. per acre. One ground application is needed. Potential 
alternative chemicals are imidacloprid, oxamyl, oxydemeton-methyl, and malathion. 

●     Endosulfan (Thiodan) -1 day PHI for rates up to 0.5 lb ai/ac, 4 days for rates greater than 0.5 lb 
ai/ac. In 1998, 628 lb a.i. were applied to 2.2% of California’s bell pepper acreage in a median of 
one application per field. The median application rate was 0.78 lb a.i. per acre. No more that 2.0 
lbs. a.i. per acre should be applied. Aerial applications are made 25% of the time. Endosulfan is a 
California Restricted Use pesticide and has additional restrictions in certain counties to prevent 
runoff into waterways. Potential alternative chemicals include carbaryl, permethrin, 
esfenvalerate, and imidacloprid.



●     Malathion – The label specifies 3 days PHI but growers typically allow 10 days PHI. In 1998, 
1,554 lb a.i. were applied to 3.1% of California’s bell pepper acreage in a median of two 
applications per field. The median application rate was 1.44 lb a.i. per acre. Applications are 
made 80% by ground and 20% by air. There are no restrictions on the number of applications 
used. Potential alternative chemicals include diazinon, imidacloprid, and oxydemeton-methyl.

●     Naled (Dibrom) – The label specifies 1 day PHI but growers typically allow 14 days PHI. In 
1998, 754 lb a.i. were applied to 1.3% of California’s bell pepper acreage in a median of one 
application per field. The median application rate was 1.5 lb a.i. per acre. Applied one to three 
times per season. Applications are done 60% by air and 40% by ground. Potential alternative 
chemicals include malathion, diazinon, and acephate. 

●     Oxamyl (Vydate) – 1 day PHI. In 1998, 2,660 lb a.i. were applied to 9.9% of California’s bell 
pepper acreage in a median of one application per field. The median application rate was 0.5 lb a.
i. per acre. Applications are done 80% by ground and 20% by air. Potential alternative chemicals 
include esfenvalerate, cyromazine, M-Pede, and Naled. 

Omnivorous Leafroller: Platynota stultana

Omnivorous leafroller adults are small brown moths, about 0.4 inch (10 mm) long, with a snout-like 
projection (palpae) that protrudes forward from the head. The portion of the wings nearest the body is a 
dark rusty brown color; the outer half is light tan. A small rusty brown spot occurs on the front edge of 
the wing. When at rest the wings form a bell-shaped pattern. Females lay the small, elliptical eggs in 
clusters on the smooth surfaces of leaves and stems, overlapping them like fish scales. At hatching, 
larvae are about 0.06 inch (1.5 mm) long and white with light tan head capsules and thoracic shields. 
Middle instars are cream colored and possess dark brownish black heads. Mature larvae are about 0.5 
inch (12 mm) long and vary in color from cream to a dark brownish green depending on their diet. They 
have few setae (bristle-like hairs) scattered over the body and possess whitish oval spots along either 
side of a dark line running down the middle of the dorsum. The head capsule and thoracic shield of 
mature larvae is brown. When disturbed, larvae retreat into their nests or wiggle vigorously and drop to 
the ground on a silk thread (3).

Damage. This insect feeds on a wide variety of weeds and crops. The larvae build a nest by tying leaves 
together with silk webbing and remain inside this capsule while feeding on the surface of the leaves. 
When leaves lay over a fruit or if two fruit are touching, the larva will nest between the surfaces and 
feed on the fruit, causing substantial scarring. Larvae do not burrow into the fruit. 

Monitoring. Plants are inspected periodically during the growing season in several areas of the field for 
signs of leaves webbed together. Growers pay particular attention to weedy areas or locations near other 
susceptible crops. If nearby alfalfa or beets are harvested, the intensity of the inspection is increased. No 
treatment thresholds have been established. 



Controls

Cultural: 
Early weed control in the area can help to reduce the population; however, the moths can fly for several 
miles. Growers avoid planting peppers near alfalfa or sugarbeet as these are good hosts. 

Good spray coverage is critical for control because the larvae are difficult to reach in their webbed nests. 

Chemical:

●     Methomyl (Lannate) – 1 day PHI for applications up to 0.45 lb a.i./acre and 3 day PHI for 
applications over 0.45 lb a.i./acre. In 1998, 10,854 lb a.i. were applied to 28.9% of California’s 
bell pepper acreage in a median of two applications per field. The median application rate was 
0.46 lb a.i. per acre. Three to five applications are used. Applications are done 60% of the time 
by ground and 40% by air. Potential alternative chemicals include permethrin, esfenvalerate, 
carbaryl, Bacillus thuringiensis, and endosulfan. 

●     Esfenvalerate (Asana XL) – In 1998, 321 lb a.i. were applied to 15.9% of California’s bell 
pepper acreage in a median of one application per field. The median application rate was 0.04 lb 
a.i. per acre. This pesticide is extremely toxic to fish and aquatic invertebrates. This product is 
highly toxic to bees exposed to direct treatment or residues on blooming crops or weeds.

Whiteflies

Several species of whiteflies may infest peppers. Use a hand lens to distinguish silverleaf whitefly from 
other whiteflies by examining both immatures and adults. Silverleaf whitefly adults are tiny (0.06 inch, 
1.5 mm long), yellow insects with white wings. Their wings are held somewhat vertically tilted, or roof-
like, over the body and generally do not meet over the back but have a small space separating them. 
Greenhouse whitefly (Trialeurodes vaporariorum) adults, the species that is most similar in appearance 
to silverleaf whitefly, hold their wings flatter over the back and there is no space where the two wings 
meet in the center of the back. 

Whiteflies colonize the underside of leaves; adults and eggs are commonly found on the lower surface of 
younger leaves and the scale-like nymphal stages on somewhat older leaves. The tiny, oval eggs hatch 
into a first larval stage that has legs and antennae and is mobile. The legs and antennae are lost after the 
first molt and subsequent stages remain fixed to the leaf surface. The last nymphal stage, often called the 
pupa or the red-eye nymph, is the stage that is easiest to identify. Silverleaf whitefly pupae are oval, 
whitish, and soft. The edge of the pupa tapers down to the leaf surface and has few to no long waxy 
filaments around the edge. In contrast, greenhouse whitefly pupae have many long waxy filaments 
around the edge and the edge is somewhat vertical where it contacts the leaf surface. 

Damage. Whiteflies damage peppers by sucking enormous quantities of sap and covering plants with a 



sticky sooty mold that grows over their honeydew, lowering the photosynthetic capacity of the plant. 
Feeding by high populations may result in stunting, poor growth, defoliation, and reduced yields. 

Monitoring. Growers routinely check field margins for whiteflies; these areas are usually infested first. 
During the critical periods, when nearby host crops are in decline, pepper fields are checked twice 
weekly. Sticky traps may be useful in detecting initial whitefly migrations into fields. Beneficials are 
allowed an opportunity to control light whitefly infestations. If higher populations are present at the field 
margins than the field centers, then only the field margins are treated. This approach will reduce 
treatment costs and help preserve beneficials in the field. Thresholds are not available for silverleaf 
whitefly in peppers. 

Controls

Biological: 
Several wasps, including species in the Encarsia and Eretmocerus genera, parasitize whiteflies. Whitefly 
nymphs are also preyed upon by bigeyed bugs, lacewing larvae, and lady beetles. Silverleaf whitefly is 
an introduced pest that has escaped its natural enemies. Some indigenous native parasites and predators 
do attack it, but do not keep it below damaging numbers. The lady beetle Delphastus pusillus is being 
introduced into southern California to assist in biological control. 

Cultural: 
Populations peak in late summer and begin to decrease by November. Delaying planting or using host-
free periods may decrease severity of attack. Host-free periods are valuable for controlling several of the 
whitefly species. When possible, peppers are planted at least one-half mile upwind from key whitefly 
hosts such as melons, cole crops, and cotton. Good sanitation is maintained in winter/spring host plants 
and weeds. Growers remove field bindweed and other weeds in and adjacent to the crop field as well as 
crop residues. Crops are produced in the shortest season possible; proper management of irrigation and 
nitrogen will assist in this. 

Insecticidal soaps and oils are not as effective as the other materials and require frequent application and 
good coverage. 

Chemical:

●     Dimethoate – 0 day PHI. In 1998, 888 lb a.i. were applied to 6.6% of California’s bell pepper 
acreage in a median of one application per field. The median application rate was 0.33 lb a.i. per 
acre. Seventy percent of the applications are by ground and 30% by air and there are no 
restrictions on the number of applications per season. Potential alternative chemicals are 
esfenvalerate, permethrin, and oxydemeton-methyl.

●     Endosulfan (Thiodan) – 1 day PHI for rates up to 0.5 lb ai/ac, 4 days for rates greater than 0.5 lb 
ai/ac. In 1998, 628 lb a.i. were applied to 2.2% of California’s bell pepper acreage in a median of 



one application per field. The median application rate was 0.78 lb a.i. per acre. No more that 2.0 
lbs. a.i. per acre should be applied in a season. Aerial applications are used 25% of the time. 
Endosulfan is a California Restricted Use pesticide and has additional restrictions in certain 
counties to prevent runoff into waterways. Potential alternative chemicals include carbaryl, 
permethrin, esfenvalerate, and imidacloprid

●     Naled (Dibrom) – 1 day PHI. Applied one to three times per season. In 1998, 754 lb a.i. were 
applied to 1.3% of California’s bell pepper acreage in a median of one application per field. The 
median application rate was 1.5 lb a.i. per acre. Applications are done 60% by air and 40% by 
ground. Potential alternative chemicals include malathion, diazinon, and acephate. 

●     Oxamyl (Vydate) – 1 day PHI. In 1998, 2,660 lb a.i. were applied to 9.9% of California’s bell 
pepper acreage in a median of one application per field. The median application rate was 0.5 lb a.
i. per acre. Applications are done 80% by ground and 20% by air. Potential alternative chemicals 
include esfenvalerate, cyromazine, M-Pede, and Naled. 

Tomato fruitworm: Heliocoverpa armigera

Tomato fruitworm adults are medium-sized moths with a wingspan of about 1-1.3 inch (25-35 mm). 
They are pale tan to medium brown colored or sometimes have a slight greenish tinge. The front wings 
are variously marked and usually have an obscure dark spot in the center and a lighter band inside a dark 
band around the tip. The hind wings are drab white and have a dark gray band around their tip. A diffuse 
light spot is in the center of the dark band. 

At hatching, tomato fruitworm larvae are creamy white caterpillars with a black head and conspicuous 
black tubercles and hairs. Larger larvae vary in color from yellowish green to nearly black and develop 
fine white lines along the body but retain the black spots at the base of bristle-like hairs. Older larvae 
also have patches of stubby spines on their body segments that are much shorter than the bristles and can 
be seen best with the use of a hand lens. 

Eggs are tiny, hemispherical, and slightly flattened on top with coarse striations or ribs running from 
base to tip. They are easy to confuse with looper eggs, but looper eggs have fine striations. Fruitworm 
eggs are laid singly on both upper and lower surfaces of the leaves usually in the upper part of the plant. 
When first laid they are creamy white, but develop a reddish brown ring after 24 hours. 

Damage. Soon after hatching, the larvae burrow into the fruit, usually near the calyx, and remain inside 
feeding on the flesh. Infested fruit decay, turn red, and fall off the plant early, reducing yield. 

Monitoring and when to treat: Growers inspect the upper part of the plants for fruitworm eggs. Eggs 
are closely examined with a hand lens to determine the stage of development of the larvae and check for 
parasitism. If necessary, growers treat within 2 to 3 days after the head capsule has formed (see UC/
DANR Publication 3274, IPM for Tomatoes, for illustrations). Pheromone trapping is useful in 



determining the start of moth flights and determining when to look for eggs. The large fishnet type 
pheromone traps are most effective and will begin to catch moths about 10 days before eggs are found. 
There are no treatment thresholds based on moth catches or egg numbers. 

Controls

Cultural: 
These insects have a wide host range. Weed control in the area can help to reduce the population; 
however, the moths can fly great distances. Growers avoid planting peppers near field corn. 

Biological: 
Tomato fruitworm eggs can be heavily parasitized by Trichogramma pretiosum. Experimental releases 
of Trichogramma have resulted in control of fruitworm on pole tomatoes. Parasitized eggs are 
completely black. When any eggs are found they should be held in vials for several days to determine 
the level of parasitism. The parasitic wasp, Hyposoter exiguae, attacks fruitworm larvae and can reduce 
fruitworm populations considerably; however, often the worm will die inside the fruit and the parasite 
cocoon remains in the fruit as a contaminant. 

Timing of sprays is critical because the worms enter the fruit shortly after hatching and are thus 
susceptible to the pesticide for only a brief period.

Chemical:

●     Endosulfan (Thiodan) – 1 day PHI for rates up to 0.5 lb ai/ac, 4 days for rates greater than 0.5 lb 
ai/ac. In 1998, 628 lb a.i. were applied to 2.2% of California’s bell pepper acreage in a median of 
one application per field. The median application rate was 0.78 lb a.i. per acre. No more that 2.0 
lbs. a.i. per acre should be applied. Aerial applications are made 25% of the time. Endosulfan is a 
California Restricted Use pesticide and has additional restrictions in certain counties to prevent 
runoff into waterways. Potential alternative chemicals include carbaryl, permethrin, 
esfenvalerate, and imidacloprid.

●     Methomyl (Lannate) – 1 day PHI for applications up to 0.45 lb a.i./acre and 3 day PHI for 
applications over 0.45 lb a.i./acre. In 1998, 8,350 lb a.i. were applied to 19.6% of California’s 
bell pepper acreage in a median of one application per field. The median application rate was 
0.46 lb a.i. per acre. 3-5 applications are used. Applications are done 60% of the time by ground 
and 40% by aerial applications. Potential alternative chemicals include permethrin, esfenvalerate, 
carbaryl, Bacillus thuringiensis, and endosulfan. 

Thrips

Thrips are very small, slender insects that are best seen with a hand lens. Mature western flower thrips 
are 0.06 inch (1.5 mm) long, while onion thrips are slightly smaller at 0.05 inch (1.3 mm) long. The 



most distinctive characteristic of thrips are two pairs of wings that are fringed with long hairs. Adults are 
pale yellow to light brown in color. Immature stages have the same body shape as adults but are lighter 
in color and are wingless. Western flower thrips adults have red-colored pigment in their eyes and onion 
thrips eyes are gray. 

Thrips have a very extensive host range, including cereals, onions, garlic, and broadleaved crops. 

Damage: The primary damage caused by thrips to peppers is the vectoring of tomato spotted wilt virus. 
Once the thrips nymphs acquire the virus by feeding on infected plants, they retain the ability to transmit 
it for the remainder of their lives and it can be passed from one generation of thrips to the next through 
the eggs.

Controls

Cultural: 
If possible, growers avoid planting peppers next to onions, garlic, or cereals because thrips often build 
up to large numbers on these crops. Also, fields near greenhouses where ornamentals (cut flowers) are 
grown are avoided as these plants serve as hosts for the virus and thrips. 

When to treat: Treatment for thrips is not recommended on peppers and is not effective in preventing 
virus transmission.

Twospotted Spider Mite: Tetranychus urticae

Eggs of the twospotted spider mite are round, clear, and colorless when laid but become pearly white 
when ready to hatch. Nymphs and adults are egg shaped and generally yellow or greenish in color. On 
each side of their bodies are one or more dark spots; the top of the abdomen is free of spots. Twospotted 
mites are generally found in small colonies on the underside of mature pepper leaves in late summer. 

Damage: Twospotted mites are seldom damaging to peppers in California. They seem to prefer other 
solanaceous crops, such as eggplant, to peppers. 

Controls

Mites are not a major problem on peppers and treatments are generally not required.

Western Yellowstriped Armyworm: Spodoptera praefica

Adult moths of the western yellowstriped armyworm are difficult to distinguish from other nocturnal 
moths. They lay eggs in clusters covered with a gray, cottony material. Larvae of the western 
yellowstriped armyworm are caterpillars that measure about 1.5 inches (3.8 cm) long when fully grown. 
The caterpillar is usually black with one prominent stripe over many narrow bright ones on each side of 



its body. The head is a brown color with a netted pattern. There is also a large black spot above the first 
abdominal spiracle. 

Damage: Problems caused by the western yellowstriped armyworm may occur if peppers are planted 
near alfalfa fields. This pest primarily feeds on leaves. 

Monitoring and when to treat: If larvae are migrating to peppers from nearby fields and a trench 
cannot be dug, treatment may be warranted. Treating only the field border may be effective. 

Controls

Cultural: 
A deep trench can be plowed with the steep side toward the peppers. This will often prevent movement 
of armyworm larvae into the crop. 

Diseases

ALFALFA MOSAIC VIRUS: Alfalfa mosaic virus

Symptoms: Pepper leaves with distinctly yellow, mosaic discoloration.

Comments on the disease: Alfalfa mosaic virus infections of peppers generally occur when peppers are 
grown near alfalfa fields. Alfalfa mosaic virus is seedborne in alfalfa and essentially all alfalfa fields can 
be considered infected. Alfalfa mosaic virus is transmitted by several species of aphids. Mosaic virus 
spread from alfalfa to surrounding crops via aphids is common. Aphids transmit alfalfa mosaic virus 
only while probing the leaf tissues. Once an aphid acquires alfalfa mosaic virus, it retains the ability to 
transmit the virus for only a short period of time (minutes to hours) and spread is local and can be very 
rapid within fields. In general, field spread is related to overall aphid activity, not to the presence of 
colonizing aphids. 

Alfalfa mosaic virus has a wide host range among weed and crop plants.

Controls

Cultural: 
In general, alfalfa mosaic virus is not a major problem in California peppers, although local alfalfa 
mosaic virus infections occur each year. The best way to control alfalfa mosaic virus is to avoid planting 
peppers near alfalfa fields. No resistance to alfalfa mosaic virus is currently available in commercial 
pepper cultivars. 

Chemical: 



No effective chemical control strategies are currently available. Insecticides aimed at controlling the 
aphid vectors are ineffective. They will not kill aphids before aphids transmit the virus to plants.

CUCUMOVIRUS MOSAIC DISEASES: Cucumber mosaic cucumovirus

Symptoms: Symptoms on plants affected with cucumovirus mosaic diseases can vary, but in general, 
plants show an overall lighter color along with mosaic patterns (alternating light and dark green areas) 
on at least some leaves, especially on the younger leaves. Often, the main leaf vein is distorted and 
somewhat zigzag in appearance. Plants generally show stunting, leaf curling, mosaic, and oak leaf 
patterns. It can be difficult to accurately differentiate plants affected by cucumber mosaic cucumovirus 
from those affected by the pepper polyviruses. In general, cucumber mosaic cucumovirus infections are 
more severe than infections by the pepper polyviruses. However, mixed infections are very common, 
and plants can be infected by cucumber mosaic cucumovirus and one or more of the pepper polyviruses. 

Comments on the disease: Cucumber mosaic cucumovirus is spread from plant to plant by many 
species. Once an aphid acquires cucumber mosaic cucumovirus, it retains the ability to transmit the virus 
for few minutes to a few hours, and the spread of the virus is thus local and very rapid within fields. In 
general, field spread is related to overall aphid activity, not to the presence of colonizing aphids. 

Several strains or pathogenic variants of cucumber mosaic cucumovirus exist. This virus has a 
tremendously wide host range among broadleaf crop and weed species.

Controls

Cultural: 
No good sources of cucumber mosaic cucumovirus resistance in peppers are currently available. Efforts 
are underway to develop resistant cultivars, both through traditional plant breeding and with 
biotechnology. 

Chemical: 
Chemical pesticide strategies are not effective. Insecticides directed at controlling the aphid vectors are 
ineffective because they cannot kill the aphids before transmission occurs. Stylet oil formulations have 
proven effective in preventing aphid transmission of cucumber mosaic cucumovirus in other locations, 
but have not been adequately tested in California.

CURLY TOP: Beet curly top geminivirus

Symptoms: The internodes of infected plants shorten, resulting in extremely stunted plants. The upper 
portion of infected plants resembles a rosette or small flower bouquet. Leaves turn yellow or light green 
and may roll upward. Fruit are small and remain upright instead of drooping. Plants infected at an early 
age may die. 



Comments on the disease: The virus has a very large host range that includes many vegetables, field 
crops, and weeds. It is transmitted by the sugarbeet leafhopper, Circulifer tennelus, from susceptible 
host plants such as Russian thistle. Russian thistle thrives in the coastal ranges and desert areas. Curly 
top usually appears on scattered plants in pepper fields. 

Controls

None practiced by the grower. Resistant varieties are available for beans and sugarbeet, but not for 
pepper or tomato. A statewide program to control the leafhopper vector with insecticide sprays on its 
breeding grounds limits the number of leafhoppers that move to agricultural areas.

PEPPER POLYVIRUS MOSAIC DISEASES

Pathogens: Pepper mottle polyvirus, Tobacco etch polyvirus, and Potato Y polyvirus

Symptoms: Symptoms on plants affected with pepper polyvirus mosaic diseases can vary, but in 
general, plants show an overall lighter color along with mosaic patterns (alternating light and dark green 
areas) on at least some leaves, especially on the younger leaves. Plants will often show stunting, leaf 
curling, and fruit distortion and mosaics. Symptoms may be similar to those caused by cucumber mosaic 
virus. 

Comments on the disease: All of the pepper polyviruses are transmitted from plant to plant by aphid 
vectors; many aphid species are competent vectors of these viruses. Aphids are able to transmit these 
viruses for very short periods of time (minutes to a few hours). The type of aphid activity that promotes 
virus spread occurs when aphids are actively moving through the pepper crop and are probing the plant 
tissues before they begin feeding. Once aphids colonize plants, settling down to feed, virus transmission 
is greatly reduced. Thus, spread is often very rapid. In general, field spread of pepper polyviruses occurs 
when aphid activity in fields is high. 

All of the pepper polyviruses have wide host ranges that include other crops and many weed species, 
particularly those within the Solanaceae family (tomato, potato, eggplant, nightshades). Various strains 
of the pepper polyviruses exist, some of which differ in their specific pathogenicities. It is very common 
to find plants simultaneously infected by more than one of the pepper polyviruses, and also by cucumber 
mosaic virus.

Controls

Cultural: 
Some resistance is currently available. In general, sources of genetic resistance in bell types is greater 
for potato Y polyvirus, followed by tobacco etch polyvirus, followed by pepper mottle polyvirus. 

Chemical: 



No effective chemical control practices have been developed for pepper polyvirus mosaic diseases in 
California. The incidence of these viruses is unpredictable between years and locations. Insecticides are 
not effective in controlling the spread of these viruses. Stylet oil formulations have proven effective in 
preventing aphid transmission of pepper potyviruses in other regions, but have not been adequately 
tested in California.

PHYTOPHTHORA ROOT AND CROWN ROT

Pathogens: Phytophthora capsici, P. parasitica

Symptoms: Aboveground symptoms of Phytophthora root and crown rot include rapid wilting and death 
of affected pepper plants. The disease can develop at any stage of pepper plant growth. Tap roots and 
smaller lateral roots show watersoaked, very dark brown discoloration of cortical and xylem tissue. 
Very few lateral roots remain on diseased plants and the taproots may also be shorter compared to 
those of healthy plants. Diseased plants have much less root tissue than healthy plants. Stems are 
usually infected at the soil line. Stem lesions are first dark green and watersoaked, then dry and turn 
brown. The lesions may girdle the stem and result in wilting of plants above the lesions and subsequent 
death. 

Comments on the disease: The fungus can survive on and in seed and in soil. The fungus also produces 
thick-walled oospores that can survive prolonged periods of adverse conditions. Contaminated seed and 
transplants, or soilborne inoculum, are sources of primary infections. Irrigation water often 
disseminates fungal propagules from infested areas to other parts of the field. Increased frequency and 
duration of irrigation favor disease development. 

Water, temperature, and soil texture are the major factors affecting the development of root and crown 
rot. The presence of water is mandatory; soil saturation for as little as 5 to 6 hours can result in 
infection, and susceptible varieties can become severely diseased in as little as 5 days. Optimum 
temperature for plant infection is 75° to 92°F (24° to 33°C). Symptoms usually appear following a 
warm, wet period. The disease is severe in fine- textured (clay) soils that drain slowly and in highly 
compacted soils. 

Infections that occur late in the season may reduce vigor and yield of plants without killing them. 
However, the foliage wilts during the hottest time of day, exposing fruit to sunburn. 

Controls

Comments on control: 
The fungus survives in the soil as oospores for several years. Factors that influence the development of 
root and crown rot in peppers in a given season include varietal susceptibility, amount and frequency of 
irrigation, and soil compaction and drainage. 



Cultural: 
An integrated control program that includes rotating to non-host crops for at least two years, irrigation 
management, and clean seed and transplants can effectively prevent the disease. In heavy soils that are 
poorly drained, irrigating every second furrow at one irrigation and the alternate furrows at the next 
may reduce root and crown rot. Carefully managed drip irrigation also reduces Phytophora 
populations. Practices that reduce or alleviate soil compaction, growing plants on raised beds, may also 
improve control. Commercial cultivars with acceptable levels of resistance to the disease are available. 

Chemical: 
Fungicides are sometimes used in fields with histories of root rot or problems with drainage, and 
include: 

●     Metalaxyl (Ridomil Gold) – 7 days PHI. In 1998, 332 lb a.i. were applied to 3.3% of California’s 
bell pepper acreage in a median of one application per field. The median application rate was 
0.1 lb a.i. per acre. Apply at planting and make 2 subsequent post-directed applications at 30 day 
intervals. Do not exceed 3 pt/acre/crop season. Mechanically incorporate or sprinkler irrigate to 
move the material into the root zone. Do not use for peppers grown in greenhouses. Restrictive 
entry interval (REI) is 12 hours.

●     Mefenoxam (formerly metalaxyl) – In 1998, 1,848 lb a.i. were applied to 18.5% of California’s 
bell pepper acreage in a median of one application per field. The median application rate was 
0.21 lb a.i. per acre.

POWDERY MILDEW: Leveillula taurica, Oidiopsis taurica

Symptoms: Powdery mildew primarily affects leaves, but is occasionally seen on other parts of the 
pepper plant. Although the disease commonly occurs on older leaves just before or at fruit set, it can 
develop at any stage of crop development. Symptoms include patchy, white, powdery growth that 
enlarges and coalesces to cover the entire lower leaf surface. At times the powdery growth is present on 
the upper leaf surface as well. Leaves with mildew growing on the undersurface may show a patchy 
yellowish or brownish discoloration on the upper surface. The edges of infected leaves may roll upwards 
exposing the white, powdery fungal growth. Diseased leaves drop from the plants and leave the fruit 
exposed to the sun, which may result in sunburning.

Comments on the disease: Powdery mildew can be severe during the warmest part of summer and can 
cause heavy yield losses. The pathogen has a very wide host range and inoculum from one host plant 
species can cross infect other host plants. In California, powdery mildew inoculum can come from crops 
such as onion, cotton, tomato, all varieties of pepper, and weeds such as annual sowthistle and 
groundcherry.

Powdery mildew spores (conidia) are disseminated by wind. In general, high humidity favors 
germination of conidia. Infection of plants can occur over a wide temperature range (64° to 91°F or 18° 



to 33°C) under both high and low humidity. Under favorable conditions, secondary infections occur 
every 7 to 10 days and disease can spread rapidly.

Controls

Comments on control: 
The fungus survives between crop seasons on other crops and on weed species. The degree of survival 
depends on environmental conditions. Because of the wide host range of the fungus, it is difficult to 
control the amount of inoculum that overwinters in California. Thus, simple sanitation methods in and 
around pepper fields may not provide a sufficient reduction in the primary inoculum to provide disease 
control.

Cultural: 
Most pepper cultivars used in California do not possess acceptable levels of resistance to powdery 
mildew. Currently, there are no breeding programs aimed at developing resistant cultivars to pepper 
powdery mildew.

Chemical: 
Fungicides can provide satisfactory control and prevent economic loss if applied during the early stages 
of the epidemic. Effective control requires spraying with high pressure and high volume for optimum 
penetration of the crop canopy by the fungicide. Good coverage is necessary for satisfactory control; 
ground applications give better coverage than air. 

●     Myclobutanil (Rally) – 0 days PHI. Available under a Section 18 registration. In 1998, 1,329 lb 
a.i. were applied to 28.1% of California’s bell pepper acreage in a median of one application per 
field. The median application rate was 0.1 lb a.i. per acre. No more than 4 applications/year 
should be applied. REI is 24 hours.

●     Sulfur – In 1998, 31,002 lb a.i. were applied to 21% of California’s bell pepper acreage in a 
median of one application per field. The median application rate was 3.2 lb a.i. per acre. 
Provides only partial control even when applied early.

SPOT: Xanthomonas campestris pv. vesicatoria

Symptoms: Spots form on leaves, stems, and fruit. Leaf spots first appear as small, circular, raised spots 
on the undersurface of the leaf. The spots, which are about 0.25 inch in diameter, are initially 
watersoaked and later turn brown. Elongated raised cankers form on the stems. Fruit spots are circular, 
brown, and raised with a cracked, roughened, and wart-like surface. 

Comments on disease: The bacterium is seedborne and can occur within the seed and/or on the seed 
surface. The pathogen is disseminated with seed or on transplants. Bacterial spot is a relatively minor 
disease that is favored by high relative humidity and free moisture on the surface of the plant. Symptoms 



develop 5 to 15 days after inoculation and develop most rapidly at temperatures of 68°F or above. The 
bacteria do not survive in soil after the infected plant residue decomposes. Some strains of the bacteria 
favor pepper, others favor tomato, and others are equally pathogenic on both tomato and pepper. 

Controls

Cultural: 
Growers use indexed pathogen-negative seed or disease-free transplants. Rotating out of peppers for at 
least one year and using furrow or drip irrigation instead of overhead irrigation may also reduced 
disease.

TOBACCO MOSAIC VIRUS

Pathogens: Various Tobacco mosaic viruses (and in some cases synonyms) including Tobacco mosaic 
virus, Bell pepper mottle virus, Tobacco mild green mosaic virus, Dulcamara yellow fleck virus, Pepper 
mild mottle virus, and Capsicum mosaic virus

Symptoms: Symptoms on plants infected with tobacco mosaic tobamoviruses vary among cultivars and 
with specific viruses or strains. Symptoms can include necrosis on any plant part, defoliation, and/or 
mosaic symptoms on leaves, stems, and fruit. 

Comments on disease: An important source of primary inoculum is contaminated seed. The virus is 
carried on the seed coat, and thus can be removed from contaminated seeds by washing seed with dilute 
solutions of tri sodium phosphate. The pepper tobamoviruses are readily spread mechanically within the 
field by handling and mechanical damage to plants, but not by insect, nematode, or fungal vectors. 

The tobamoviruses are very stable viruses. They can survive in plant debris for many years. 

Controls

Cultural: 
The best control is to use seed that has been treated to eliminate seedborne inoculum. Minimizing plant 
handling and damage also is important for reducing field spread of tobacco mosaic virus. Good sources 
of plant resistance genes (L1-L4 genes) to various pepper tobamoviruses also exist and are present in 
commercially available cultivars. 

Chemical: 
No chemical strategies are effective. 

TOMATO SPOTTED WILT VIRUS: Tomato spotted wilt tospovirus

Symptoms: Symptoms on plants infected with tomato spotted wilt virus include overall yellowing 



(chlorosis), dead (necrotic) spots on leaves or terminal shoots, and general stunting. Fruits show 
chlorotic spots, red and/or green areas surrounded by yellow halos, and concentric rings that may 
become necrotic. 

Comments on disease: Tomato spotted wilt tospovirus is transmitted by various species of thrips, 
including western flower thrips (Franklinella occidentalis), onion thrips (Thrips tabaci), and chili thrips 
(Scirtothrips dorsalis). Tomato spotted wilt tospovirus also infects the thrips vector. If nymphs acquire 
tomato spotted wilt tospovirus by feeding on infected plants, they will retain the ability to transmit the 
virus for the remainder of their lives. Tomato spotted wilt tospovirus can be passed from infected 
females through the eggs to her offspring. In addition to infecting its insect vectors, tomato spotted wilt 
tospovirus has an extremely wide host range among plants, including many weeds as well as crop hosts. 
It is one of the few plant viruses whose host range includes broadleaf and grassy plants (including 
onions). Although tomato spotted wilt tospovirus is extremely widespread and is very important in 
California greenhouse grown ornamentals, it generally causes few losses in field grown crops. 

Controls

Cultural: 
No effective control strategies are currently practiced in California as tomato spotted wilt tospovirus 
has been infrequent in the crop fields in recent years. No resistant cultivars are available, but sources of 
resistance have been identified. 

Chemical: 
No chemical control strategies are presently available.

VERTICILLIUM WILT: Verticillium dahliae

Symptoms: Leaves wilt and eventually the margins and tips of leaves become dry and turn brown. The 
vascular system of the roots, stem, and branches show light brown discoloration. 

Comments on the disease: Verticillium survives in the soil as microsclerotia that germinate in the 
vicinity of roots. The fungus can persist in soil indefinitely. Verticillium wilt is favored by cool air and 
soil temperatures.

Controls

Cultural: 
Peppers are rotated with non-hosts such as broccoli, corn, wheat, barley, sorghum, safflower, or rice for 
a period of at least 2 years. The fungus has an extremely wide host range, including many common 
weeds.

 



Nematodes

Root knot nematodes: Meloidogyne incognita and M. javanica 
Stubby root nematode: Paratrichodorus minor

Plant parasitic nematodes are microscopic roundworms that feed on plant roots. They survive in soil 
and plant tissues, and several species may occur in a field. They have a wide host range and vary in 
their environmental requirements and in the symptoms they cause. 

Damage: Root knot and stubby root nematodes are known to be parasitic on bell peppers in California. 
Heavy infestations of root knot nematodes can cause significant reduction in crop stand, and growth and 
yield of plants. Damage caused by root knot nematode infestations are more severe in light-textured 
soils. Stubby root nematode can reduce growth and yield of plants. 

Symptoms: The symptoms described below are indicative of a nematode problem, but are not diagnostic 
as they could result from other causes as well. Infestations may occur without causing any aboveground 
symptoms. 

Aboveground symptoms of severe root knot and stubby root nematode infestations include patches of 
chlorotic, stunted, necrotic, or wilted plants. Nematode-infested plants are more susceptible to moisture 
or temperature stress and exhibit stress symptoms earlier than other plants. Feeding by root knot 
nematodes results in characteristic galls on roots. Severely galled roots may appear malformed and the 
root system shortened and thickened. Roots of plants infested with stubby root nematode are likely to be 
numerous, poorly developed, and stubby. 

Field Evaluation: To make management decisions, it is important to know the nematode species 
present. If a previous crop had problems caused by nematodes that are also listed as pests of bell pepper 
or other solanaceous vegetables, population levels may be high enough to cause damage to subsequent 
crops. If nematode species have not previously been identified, growers take soil samples and send them 
to a diagnostic laboratory for identification. 

Management: In fields infested with root knot nematodes, crop rotation may not be feasible because of 
their extensive host range. Also, soil solarization is not recommended because it only kills nematodes in 
the top few inches where the soil gets hot. Currently there are no resistant varieties available. 

Sanitation. Growers clean soil from equipment with water before moving from infested to noninfested 
fields. 

Fallow. Weed-free fallow reduces most nematode populations. Fallowing is more effective if soil is 
plowed and exposed to sun. Irrigation during the dry period stimulates egg hatch and so further reduces 



nematode populations if proper weed control is maintained. 

When to treat. Damage thresholds for root knot and stubby root nematodes on peppers have not been 
developed. If present, damage may occur and treatment is warranted. 

Controls

Chemical:

Preplant

Metam Sodium (Vapam) - The rate for Vapam is 50-100 gal/acre of the product. Vapam contains 3.18 
lbs. a.i. per gallon. The REI is 12 hours. In 1998, 216,619 lb a.i. were applied to 6.2% of California’s 
bell pepper acreage in a median of one application per field. The median application rate was 100.37 lb 
a.i. per acre. This product is toxic to fish. Before applying Vapam, always cultivate thoroughly area to 
be treated, breaking up clods and loosening soil deeply and thoroughly. A week before treatment, 
moisten soil after cultivation to the desired depth; sprinkle or flood irrigate. Contact your farm advisor 
for advice on the most effective application method for a particular situation (7).

Methyl Bromide – Methyl bromide is a broad-spectrum fumigant when used at rates over 200 lbs. per 
acre. In 1998, 403,080 lb a.i. were applied to 6.1% of California’s bell pepper acreage in a median of 
one application per field. The median application rate was 196 lb a.i. per acre. Applied at 100 lbs. per 
acre if nematodes are the only target pest. Can be applied with shanks without tarping. If tarped, can be 
applied through tubes at ambient temperature or heated to increase efficacy as a hot gas treatment.

Dichloropropene (Telone ll) – Telone II is a liquid fumigant for preplant treatment of soil to control 
plant parasitic nematodes and certain other soil pests in plant diseases in cropland. In 1998, 36,184 lb a.
i. were applied to 1.5% of California’s bell pepper acreage in a median of one application per field. The 
median application rate was 67.68 lb a.i. per acre. Telone II will control pests that are present in the 
soil treatment zone at time of fumigation. It will not control pests that are introduced into soil after 
fumigation. To avoid infestation of treated soil do not use irrigation water, transplants, seed pieces, or 
equipment that could carry soil borne pests from infested land (7). 

 

Weeds

Weeds reduce pepper yields by competing for light, water, and nutrients; delaying maturity; and by 
reducing the efficiency of harvest. 

Peppers, whether transplanted or direct-seeded, are very poor competitors with weeds early in the 



season when temperatures are low. Not only do pepper plants emerge slowly from the soil, but the 
seedlings grow slowly as well. As a result, weeds germinating during the first 6 to 8 weeks after crop 
emergence can have serious consequences. After 8 to 10 weeks, the yield of peppers is less affected by 
late emerging weeds. Weeds can interfere with harvest and produce weed seeds that infest subsequent 
crops. 

Effective weed management in peppers begins with proper field selection and identification of potential 
weed problems. It involves pre-irrigation and cultivation, proper land and seedbed preparation, 
sanitation, and proper selection of herbicides. 

When combined with good cultural practices, available herbicides can control many weed species. 
Herbicide selection depends upon the weed species present and the cultural practices of the grower. 

Herbicides work best if they are applied when soil moisture is adequate for plant growth. Preemergent 
herbicides are effective against germinating seeds, not dry seeds. Do not apply these materials to wet 
soils, however, as compaction can occur. Postemergent herbicides work best on non-stressed plants, 
which absorb and translocate the material more readily than stressed plants. 

In pepper production, many growers establish their beds in the fall. To keep beds weed-free during 
winter, rolling cultivators are used on rough beds or oxyfluorfen is applied before weeds germinate. 
After weed seedlings emerge, glyphosate or paraquat can be used. In spring the beds can be worked and 
then fumigated with metam sodium. Alternately, shaped beds may be flamed or treated with preemergent 
herbicides; both methods require subsequent hand weeding. 

Herbicides may also be applied after planting but before crop emergence. After peppers emerge, 
growers generally rely on hand hoeing to remove weeds from the seedline and cultivation to keep the 
rest of the bed tops and furrows weed free. Herbicides may be needed for grass weed problems after 
pepper transplanting or the crop emerges. 

In the low desert region some fields are broadcast fumigated with methyl bromide to control root 
diseases. The fumigation also controls most of the weed problems and, in this case, no herbicide 
applications are necessary. 

Monitoring: To plan a weed management program, it is essential to know which weed species are 
present and the relative abundance of each. Weed surveys of each field are conducted at least twice a 
year: the first after planting but before weeding and the second just before harvest. Records from 
previous crops will indicate what weeds escaped control and will likely infest the pepper crop. 
Fencerows and ditch banks are also examined, as these are other sources for weed invasion. Growers 
pay special attention to where perennial weeds such as field bindweed occur so that follow-up control 
measures can be taken. 

BEFORE PLANTING:



Field selection and preparation. Avoiding fields that are severely infested with weeds such as 
nightshade, cheeseweed, field bindweed, nutsedge, and parasitic dodder, which compete effectively with 
peppers, can reduce many major weed problems. Irrigation water can also be a source of weeds; keep 
canal banks free of weeds or install a weed screen on the inlets from canals. Avoid moving weed seed 
into fields on equipment. When equipment has been used in a weedy field, clean it before entering other 
fields. 

Deep plowing (9 to 10 inches) with a moldboard plow before listing the beds can bury nutgrass tubers to 
reduce their emergence. Pre-irrigation coupled with light cultivation or flaming can also greatly reduce 
weed problems by helping to reduce the initial flush of weeds such as nightshades. 

A soil cap (2 to 4 inch mound of soil) over the seed line at planting can reduce the first flush of weeds 
competing with the crop seedlings. The dirt mound also reduces soil moisture loss and precludes soil 
crusting after periods of rainfall. Disks or other implements form the soil cap just after planting. The 
cap is removed just after pepper seedlings germinate and before rapid elongation of the hypocotyl. 
Rains could delay cap removal, leading to potential pepper stand loss. High temperatures during cap 
removal can lead to scalding of the emerging pepper seedlings, leading to stand loss. However, under 
good conditions, weed seeds that germinate in the soil cap are destroyed when the cap is removed and 
fast-growing weeds that germinate in the original bed are often scraped off by the cap removal 
operation. 

Proper land and seedbed preparation allow for more rapid and uniform germination of pepper seeds or 
for more rapid growth of transplants. 

Crop rotations. Crop rotations help reduce weed problems, as well as disease such as Phytophthora 
root rot. Corn is a good rotational crop for peppers because: 1)corn is very competitive with weeds, 2) 
corn herbicides control nightshade and field bindweed, and 3) corn is not a host for dodder. Alfalfa is a 
good choice for a rotational crop because the frequent cutting cycle reduces many weeds and available 
herbicides eliminate most other weeds. Other crops considered to be useful rotational crops with 
peppers include beans, cereals, cotton, garlic, rice, onions, carrots, lettuce, cole crops and safflower. 
Avoid crops such as tomatoes, potatoes and eggplant; they are in the same family as peppers 
(Solanaceae) and similar herbicides resulting in similar uncontrolled weeds. 

Cultivation and hand weeding. Close cultivation effectively controls many weeds in a pepper field with 
the exception of dodder and those growing in the seed line. Dodder does not require connection with the 
soil once it has attached to the pepper plant; therefore cultivation will not destroy it after attachment 
has occurred. Weeds that can act as alternate hosts for dodder are controlled and any pepper plants 
that have dodder attached are removed to reduce dodder problems. Hand weeding can control most 
weeds missed by cultivation, but some, such as nightshades, might be missed because they closely 
resemble peppers. 

Herbicides. Oxyfluorfen (Goal), paraquat (Gramoxone Extra) and glyphosate (Roundup) can be used 



before planting peppers to control weeds on preformed beds. They are used to control the first flush of 
weeds and help keep the beds weed free during winter. These applications made to fall or winter beds 
allow some fields to be planted earlier than otherwise possible because of wet soil conditions. 

In the spring, preemergent herbicides are applied just before planting. Most are mechanically 
incorporated into the soil. The entire bed top may be treated or band treatments applied over the 
seedling row. Band treatments proportionally reduce the herbicide cost and may reduce the risk of 
herbicide carryover into the next crop. If weeds have already emerged, a postemergent treatment may 
also be necessary. When band treatments are used, the area between crop rows requires cultivation or 
some other method of weed control. 

For direct-seeded peppers, soil-applied preemergent herbicides such as napropamide (Devrinol) and 
bensulide (Prefar) can be applied before planting to control grasses and some broadleaf weed species; 
however, neither controls nightshade. For transplanted peppers, trifluralin (Treflan) may be 
incorporated into the bed before transplanting. 

In some areas growers may choose to fumigate the soil with metam sodium, which greatly reduces 
weeds as well as disease and nematodes. 

AFTER PLANTING:

Cultivation and hand-weeding. After crop emergence, mechanical cultivation close to the seed line 
removes all the weeds on the bed top, except for those in the seed line. Also cultivate the furrows. To 
avoid excessive competition with the peppers and to make removal easier, weeds are cultivated when 
small. Using transplants may allow earlier cultivation than with direct-seeded peppers. Removing weeds 
in the seedling stage permits a shallow cultivator setting, which helps to avoid bringing more weed 
seeds near the surface where they might germinate. 

If fields with high potential weed populations are planted to peppers, transplanting the peppers provides 
the crop an initial growth advantage over the weeds. Subsequent cultivations can further reduce weed 
populations along the sides of the planted row. Within the crop row, soil can be directed toward the 
base of the peppers, creating a dust mulch as described below. 

When pepper seedlings are about 5 inches tall, cultivation tools can be arranged to develop a dry layer 
of soil (dust mulch) on the seed line to help prevent weed seeds from germinating and to smother small, 
emerged weeds. Escaped weeds in the seed line can be hand hoed at thinning. The expense of hand 
hoeing, however, is reduced by close cultivation before thinning, which allows the hand crew to move 
more quickly through the field. Hand cultivation is performed when weeds are small. Generally, one to 
three hand cultivations are needed to maintain peppers free of weeds through harvest. 

Flaming. The slow emergence of peppers can be used as an advantage for weed control purposes. 
Weeds generally germinate earlier than peppers and these weeds can be controlled by flaming the beds 



with propane burners. In order to kill the maximum amount of emerged weeds, flame when 1 to 5% of 
the pepper plants begin to emerge. Timing is critical. Only a 1- or 2-day window exists for flaming once 
the pepper seedlings are ready to emerge, because only emerged seedlings are killed by the process. 
Flaming will control most broadleaf weeds when they are in the two to four true leaf stage; but often 
many grasses and volunteer cereals will not be effectively controlled. Pepper seed that has been primed 
germinates too quickly to be flamed safely.

After peppers emerge a directed application of flame (heat) can be made using a shield, e.g. a piece of 
stovepipe. But hand-held flamers will have to be used that allow flaming close to the crop row without 
injuring the peppers. Flaming is more rapid than hand weeding and does not disturb the soil or cause 
new weed seeds to be brought to the surface. The amount of propane that is necessary to flame a pepper 
field can vary from 7 to 15 or more gallons per acre depending upon the efficiency of the flamer and the 
percent of the bed that is flamed. Disadvantages of flaming include the high cost of fuel and the inability 
to control large weeds, especially grasses, without injuring the peppers. 

Cultural practices. Preventing weeds from setting seed helps reduce the population of weeds in the 
following crop; this also applies to areas adjacent to cropped fields. A program of rouging out 
nightshade plants late in the season can dramatically reduce the amount of seed that is deposited in the 
field at the end of the cropping cycle. 

Buried drip irrigation can help reduce weed problems by keeping the tops of the beds dry. If peppers are 
direct-seeded, a second irrigation system (furrow or sprinkler) is needed to germinate the pepper seed. 
This process also favors germination of weed seeds, which can be flamed once they have emerged. The 
crop should be well established and free of emerged weeds before the subsurface drip irrigation is used. 
If conditions permit and water from the buried drip tape is sufficient to meet the needs of the crop but 
not ample enough to wet the bed tops, weed control can be satisfactory. However, if it is necessary to 
sprinkler irrigate after peppers have emerged, subsequent weed growth will occur and require hand 
weeding. Perennial weeds are likely to remain a problem with this system. 

With furrow irrigation systems, maintaining deep furrows keeps the bed tops from becoming overly wet 
while providing adequate moisture for the crop. By keeping the bed tops drier, less weeds are likely to 
germinate in the soil surface. 

The use of black or infrared-transmitting plastic mulch can inhibit weed growth on pepper beds. 
However, immediately around the pepper plant, where it emerges through the plastic, weeds can also 
emerge and they will need to be removed. The cost of the use of plastics needs to be carefully considered 
because it can be relatively expensive. 

Herbicides. Paraquat can be applied after planting peppers, but before seedlings emerge, similar to the 
way flaming is used. There are no foliar-applied herbicides that selectively control broadleaf weeds in 
peppers, but sethoxydim (Poast) can be applied to control most annual and perennial grasses. 
Sethoxydim has good selectivity on peppers; however, it may cause some phytotoxic symptoms if the 



temperatures are above 85° to 90°F. DCPA (Dacthal) can be applied to peppers after transplanting or 
after direct-seeded peppers are 4 to 6 inches tall. DCPA does not control established weeds and 
therefore must be applied after cultivation or weeding. Trifluralin (Treflan) is only labeled for use on 
transplanted peppers. It must be incorporated into the soil and does not control nightshade. 
Napropamide (Devrinol) can be applied over the top of transplants and then immediately sprinkler 
irrigated into the soil. 

At layby when the plants are 5- to 7-inches tall, treatments are usually applied as directed or shielded 
sprays on each side of the plant row and immediately incorporated with a power tiller.

Field bindweed. Bindweed is a deep-rooted perennial that is difficult to control once it becomes 
established. Herbicides are not effective against established plants. Seedlings can be easily identified 
from established plants by the presence of cotyledons. Established plants require cultivation for control. 
Field bindweed is best controlled after a cereal crop when actively growing bindweed can be treated in 
the fall with glyphosate (Roundup) or a similar material. Rotation with cotton, corn, or lettuce has 
helped reduce field bindweed in some areas. The frequent cultivations used in lettuce help control 
bindweed. In cotton, glyphosate can be applied with hooded sprayers. In corn, both cultivation and 
selective herbicides can be used to control field bindweed. 

Nightshades. The nightshade family includes black nightshade, hairy nightshade, cutleaf nightshade, 
groundcherry, and several others. These annual weeds are related to peppers and are resistant to many 
of the herbicides commonly used in pepper production. Soil fumigation with metam sodium can be very 
effective if it is done properly. Cultivation is also effective. Rotating to crops where available herbicides 
control nightshade helps to avoid seed buildup. Rouging nightshades from the field to reduce seed 
deposition is effective if the weeds can be distinguished from the crop plants.

Nutsedge. Nutsedge is a perennial that reproduces primarily through abundantly produced tubers. 
Tubers can remain viable in the soil for several years until conditions are favorable for growth. The 
tubers contain four to seven buds, each capable of producing a plant. Generally only one bud will 
germinate on any tuber; however, if the top is removed by cultivation or herbicide treatment, another 
bud will form a new plant. Fields infested with nutsedge should not be planted to peppers. If this is not 
possible, deep plowing to a depth of 10 to 12 inches with a moldboard plow has provided 95% control. 
The soil has to be thoroughly inverted to obtain good control. 

Metam sodium applied before planting only delays emergence of nutsedge, especially on sandy soil, but 
does not provide effective control. 

Little mallow (cheeseweed). This aggressive biennial plant produces seeds that remain viable in the soil 
for many years. It is only marginally controlled by napropamide and, as a result, is a common weed in 
pepper fields. It can be removed in hand weeding and thinning operations although the deep taproot 
makes this job difficult. Cheeseweed that escapes control can make harvest operations difficult. 



Bermudagrass and Johnsongrass. Bermudagrass and johnsongrass are perennial grasses that have 
extensive underground stems called rhizomes. The plants reproduce from rhizome segments and from 
seeds, which are abundantly produced. 

Preplant herbicides such as bensulide (Prefar), napropamide (Devrinol), or trifluralin (Treflan) 
effectively control these perennials growing from seed but they will not control growth from established 
rhizomes. 

Fields infested with bermudagrass and johnsongrass plants are disked several times to cut the rhizomes 
into short segments. This will significantly enhance the effectiveness of sethoxydim (Poast), which can 
be used to selectively control these two weeds in all varieties of peppers. The grasses should be growing 
vigorously at the time of treatment and an oil or paraffin-based adjuvant should be added to sethoxydim. 
If regrowth occurs, a second application will be required. 

Organic growers may want to try weeder geese, which prefer to eat grasses over broadleaf plants. 
Geese have been reported to root out rhizomes and consume them, helping to eliminate johnsongrass. 

Chemical:

●     Oxyfluorfen (Goal 1.6EC) - In 1998, 353 lb a.i. were applied to 2.8% of California’s bell pepper 
acreage in a median of one application per field. The median application rate was 0.26 lb a.i. per 
acre. Goal provides both preemergence and postemergence control of broadleaf annuals. Rate 
depends on the size of weeds; it also affects the treatment-to-planting interval on direct-seeded 
peppers, which varies from 90 days at the low rate to 120 days at the higher rate. Work the beds 
with a rolling cultivator or similar tool to a depth of 2.5 inches before planting to avoid crop 
injury, which can result if beds are not thoroughly worked before planting or if seedling peppers 
are stressed. Once the beds have been worked, the effectiveness of the material is greatly 
diminished and will no longer provide weed control. This herbicide lasts 4-8 weeks in the soil 
and has a 10-month plant back restriction for non-labeled crops. Restrictive entry interval is 24 
hours.

●     Paraquat (Gramoxone Extra) – In 1998, 3,238 lb a.i. were applied to 9.8% of California’s bell 
pepper acreage in a median of one application per field. The median application rate was 0.87 lb 
a.i. per acre. Paraquat is nonselective and controls only emerged plants. Paraquat has no 
residual activity. Paraquat is applied in a band over the crop row or as a broadcast spray before 
seeding the peppers; or after seeding but before peppers emerge. Any peppers that have emerged 
at the time of application will be killed along with the weeds. Paraquat controls annual weeds 
and provides some suppression of perennials. Cheeseweed control is notably poor. Apply when 
weeds are succulent and from 1-6 inches high; larger weeds are more difficult to control. Apply 
in 20-60 gal of water/acre (10 gal by air) with a nonionic surfactant added at the rate of 8-32 
oz/100 gal. Use the high surfactant rate with cereals and heavy weed infestations. Late afternoon 
applications increase activity. Do not apply when weather conditions favor drift.



●     Glyphosate (Roundup Ultra) – In 1998, 2,214 lb a.i. were applied to 6.7% of California’s bell 
pepper acreage in a median of one application per field. The median application rate was 0.87 lb 
a.i. per acre. A nonselective foliar herbicide with slight residual activity that can be used up to 3 
days before direct seeding takes place. The rate depends upon the weed species present and to 
some extent on weed size; control is poor when weeds exceed the maximum size indicated on the 
label. Cheeseweed and burning nettle require the higher rate, as do perennials. Annual weeds 
are best controlled when small. Apply in 3-20 gal of water. Glyphosate provides good annual 
weed control and some suppression of perennial weeds. Control of perennials improves with 
summer or fall applications during noncrop periods when perennials are actively growing.

●     Metam sodium - Soil fumigant. In 1998, 216,619 lb a.i. were applied to 6% of California’s bell 
pepper acreage in a median of one application per field. The median application rate was 100.37 
lb a.i. per acre. Beds must be free of clods and moist (50-60% field capacity). Weed seeds must 
be imbibed with water and ready to germinate for best results. Soil temperatures should be 
between 40°-90°F at a 3-inch depth. Broadcast rate is 50-75 gal/acre, but typically a 6-inch band 
is treated using 5-7.5 gal/crop acre (single row planting of peppers). Applications are made 
using a spray blade cutting 2-3 inches below the soil surface, depending on soil moisture. Disk 
hillers follow directly behind the spray blade and form a 3- to 5-inch dirt cap over the treated 
area. Dirt caps are removed and allowed to air before planting. The label requires a 14-day 
preplant interval between application and planting. Avoid moving untreated soil into the banded 
area. This treatment is effective against nightshade and many other weeds. Other methods of 
application include incorporation with a power driven rotary tiller to a depth of 3 inches and 
rolled to obtain a good seal; application by 2 fertilizer shanks adapted to treat the soil profile to 
12-inch depth and a soil cap to seal; or application with a 3-tiered blade injector to a depth of 10-
14 inches and the use of a soil cap to seal. Deep placement is not necessary for weed control, but 
does control other pests such as nematodes and disease. It can also be applied through drip 
systems and by a soil drench.

●     Bensulide (Prefar) - In 1998, 1,660 lb a.i. were applied to 2.6% of California’s bell pepper 
acreage in a median of one application per field. The median application rate was 1.85 lb a.i. per 
acre. A preplant incorporated herbicide that controls annual grasses, but not wild oats or 
volunteer cereals, and certain broadleaf weeds such as purslane and pigweed. Apply in 10-50 gal 
water/acre and incorporate to a depth of 1-3 inches; bensulide can also be applied by 
chemigation. This material has a long residual (6 months or more in some soils) and 18 month 
plantback restriction for nonlabeled crops.

●     Napropamide (Devrinol) – In 1998, 4,594 lb a.i. were applied to 10.9% of California’s bell 
pepper acreage in a median of one application per field. The median application rate was 1.19 lb 
a.i. per acre. Napropamide is a preplant incorporated herbicide. The rate of application of this 
material depends on soil type. Incorporate to a depth of 1-3 inches soon after application to 
prevent loss. Band applications are frequently used to reduce cost. Controls most annual grasses 
and broadleaves, but not nightshades, mustards, horseweed, or flaxleaf fleabane. It has a long 



residual and can cause carryover problems on crops such as lettuce, sugarbeet, and cereals 
planted in rotation.

●     Trifluralin (Treflan) - In 1998, 2,489 lb a.i. were applied to 11.3% of California’s bell pepper 
acreage in a median of one application per field. The median application rate was 0.62 lb a.i. per 
acre. Trifluralin is labeled for transplanted peppers only. Rate depends on soil type. It is volatile 
and must be immediately incorporated to avoid loss. It provides good season long control of 
many annual grasses and broadleaves as well as partial control of seedling field bindweed. 
Apply in 5-40 gal water/acre and incorporate into the top 2-3 inches of the bed before 
transplanting. Keep treated soil above the roots.

POSTPLANT:

●     Sethoxydim (Poast) - In 1998, 76 lb a.i. were applied to 1.2% of California’s bell pepper 
acreage in a median of one application per field. The median application rate was 0.26 lb a.i. per 
acre. Sethoxydim is a systemic herbicide that controls most annual and perennial grasses. Apply 
in 10-20 gal of water; add a crop oil concentrate at the rate of 1 qt/acre. Grasses must be at the 
proper size, well watered, and actively growing for good control. This treatment can be repeated 
up to 3 times/season with a preharvest interval of 20 days. Read label for restrictions regarding 
tank mixes. 

●     DCPA (Dacthal) - In 1998, 958 lb a.i. were applied to 0.6% of California’s bell pepper acreage 
in a median of one application per field. The median application rate was 5.69 lb a.i. per acre. 
DCPA is labeled for use on peppers 4-6 weeks after transplanting or when direct-seeded peppers 
are well established and 4-6 inches tall. The rate used depends upon the soil type and the weeds 
to be controlled. Apply after cultivation. It can be incorporated into the soil or applied on the 
surface and sprinkler irrigated with 1.5-2 inches of water. Effective on late germinating hairy 
nightshade and lambsquarters.
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