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Soft Alternatives Biopesticides

• Horticultural Oil
• Insecticidal Soap
• Neem
• Diatomaceous Earth
• Kaolin Clay

• Bacillus thuringiensis
• Spinosad
• Entomopathogenic Nematodes
• Entomopathogenic Fungi
• Predatory Mites & Insects
• Pheromones & Attractants



Horticultural Oil
1. Non-selective
2. Contact Pesticide (100% 

coverage)
3. Insects -Suffocates, disrupts cell 

membrane
4. Fungi – Disrupts hyphal 

membrane
5. Resistance highly unlikely
6. Effective against eggs
7. Used to control:

aphids, mites, scale insects, 
leafhoppers, adelgids, spider 
mites, whiteflies, thrips, mealy 
bugs, fungus gnats, lace bug, 
young caterpillars, leaf miners, 
powdery mildew, some rusts

Notes:
• Possible phytotoxicity on tender 

tissue
• Possible phytotoxicity at high 

temperatures (> 90oF) or high 
humidity (>90%)

• Ineffective at low temperatures
• Do not mix with S containing 

compounds or following S sprays 
(phytotoxicity)

• Small droplet size best
• Irritant to mucous membranes
• Avoid use near bodies of water



Insecticidal Soap
1. Potassium salts of long-chain fatty 

acids (10-18 C). Short chains phytotoxic
2. Non-selective
3. Contact Pesticide (100% coverage)
4. Fatty acids disrupt cell membrane 

structure and permeability
5. Suffocation
6. Removes waxy protective coating
7. Resistance highly unlikely
8. Not effective against eggs
9. Used to control:

soft-bodied insects such as aphids, 
adelgids, lacebugs, leafhoppers, 
mealybugs, thrips, sawfly larvae, scale 
insects (particularly scale crawlers), 
plant bugs, psyllids, spider mites and 
whiteflies

Notes:
• Longer stay wet the better
• Mix with soft water – hard water 

may lead to precipitants or 
phytotoxic compounds

• Possible phytotoxicity at high 
temperatures (> 90oF)

• Zero residual activity – leads to 
effectiveness errors

• Irritant to mucous membranes
• Avoid use near bodies of water



Neem

1. Neem Oil - 70% clarified hydrophobic 
extract of neem oil 

2. Azadirachtin – alcohol extracted 
compounds (25 related compounds)

3. Neither are persistent (UV and 
microbe breakdown)

4. Slightly to moderately toxic to fish 
and aquatic organisms

• Neem oil
• Forms a coating on the insect 

body blocking the breathing 
openings (spiracles) and 
suffocating the insects. 

• Repellant effect against certain 
insects and mites

• Prevents germination and 
penetration of some fungal 
spores such as powdery 
mildew. 

• Neem oil is a contact pesticide
• Mucous membrane irritant

Azadirachta indica
Melia azedarach



• Azadirachtin effects insects in several 
ways
• antifeedant 
• insect growth regulator
• sterilant 
• repellant 
• oviposition inhibitor 

• Azadirachtin - weak systemic properties 
and sometimes sold as a root drench with 
activity against chewing and piercing-
sucking insects. Azadirachtin has no 
fungicidal activity.

Azadirachtin

*Neem oil and azadirachtin 
have shown activity against 
over 60 different insect 
pests and more than a 
dozen fungal diseases. See 
product label.



Diatomaceous Earth
• The skeletons of diatoms
• Amorphous silicon dioxide
• Causes insects to dry out and 

die by absorbing the oils and 
fats from the cuticle of the 
insect's exoskeleton

• DE used as insecticide is milled 
or micronized to 10 μm to 50 
μm (very fine)

• Abrasive, sharp edges speed 
up the process. 

• Remains effective as long as it 
is kept dry and undisturbed. 

• Easily removed from harvested 
produce with water.

• Can be ocular and respiratory 
irritant

Diatoms

Electron micrograph of DE

• Diatomaceous earth
products are registered for 
use against: 
bed bugs, cockroaches, 
crickets, fleas, ticks, spiders, 
and many other pests



Kaolin Clay
• Kaolinite - clay mineral with the chemical 

composition Al2Si2O5(OH)4
• Used in pottery and porcelain production 

for centuries
• A super-magnetic centrifuge is used to 

refine the impurities out of raw kaolin 
and then filter the clay particles to a 
critical 1.4 microns in size

• Forms a barrier film -acts as a broad-
spectrum agricultural crop protectant 
for controlling damage from various 
insect and disease pests, a growth 
enhancer, and as a protectant against 
sunburn and heat stress

• Total plant coverage important

SEM of raw kaolinite

• Non-soluble and is applied as a slurry making surfaces 
look as though they’ve been painted white

• No negative effects on plant photosynthesis or 
respiration have been noted

• Can delay fruit maturation time because it lowers the 
overall plant temperature

Treated Tomatoes



Biopesticides
“Biopesticides” are defined by the EPA as “certain types of pesticides derived from such natural 
materials as animals, plants, bacteria, and certain minerals.” 

Three Classes of Biopesticides
1. Biochemical pesticides are naturally occurring substances that control pests by non-toxic 

mechanisms. Conventional pesticides, by contrast, are generally synthetic materials that 
directly kill or inactivate the pest. Biochemical pesticides include substances that 
interfere with mating, such as insect sex pheromones, as well as various scented plant 
extracts that attract insect pests to traps. 

2. Microbial pesticides consist of a microorganism (e.g., a bacterium, fungus, virus or 
protozoan) as the active ingredient. Microbial pesticides can control many kinds of 
pests, although each separate active ingredient is relatively specific for its target pest[s]. 
The most widely used microbial pesticides are subspecies and strains of Bacillus 
thuringiensis, or Bt. 

3. Plant-Incorporated-Protectants (PIPs) are pesticidal substances that plants produce from 
genetic material that has been added to the plant. GMOs - genetically modified 
organisms.



Bacillus thuringiensis or Bt

• Common soil-dwelling bacterium that occurs 
naturally in the gut of caterpillars of moths and 
butterflies, as well as on leaf surfaces, in aquatic 
environments, in animal feces, in insect-rich 
environments, and in flour mills and grain-
storage facilities.

• Gram-positive, rod-shaped, flagellated bacterium

SEM of Bacillus thuringiensis



Bacillus thuringiensis or Bt
• Bt refers to the group of Bacillus thuringiensis 

subspecies and the spores they produce that 
contain delta-endotoxins. 

• There are at least four subspecies currently used 
for their insecticidal properties: 

1) B.t. subsp. kurstaki - many types of 
lepidopteran larvae

2) B.t. subsp. israelensis - larvae of mosquitoes, 
black flies, and other flies

3) B.t. subsp. tenebrionis – some coleopteran 
larvae

4) B.t. subsp. aizawa - for control of larvae of 
wax moths and other moth species

There are also multiple strains of these 
subspecies
* Some isolates are nematocidal.

Electron micrograph of Cry 1 protein

TEM Bt with spore and protein



Bacillus thuringiensis or Bt

Mode of Action - When insects ingest toxin crystals, their alkaline digestive tracts denature the insoluble 
crystals, making them soluble and thus amenable to being cut with proteases found in the insect gut. This 
cleavage activates the Cry toxin which is then inserted into the insect gut cell membrane, paralyzing the 
digestive tract and forming a pore. The insect stops eating and starves to death.  

• Most Bt formulations 
contain surfactants 
and stickers to help it 
spread and make it 
rain-fast.

• Most also contain 
agents to protect the 
spores and crystals 
from UV light 
degradation.



Bacillus subtilis
• When applied to seeds, 

colonizes the root system of 
developing plants.

• Controls
• Rhizoctonia
• Aspergillus
• Fusarium

• When applied to leaves 
controls multiple bacterial and 
fungal diseases

• Can be used as a drench

• Mode of action is direct 
competition with 
pathogens

• Bacterial lipopeptides 
disrupt cell membranes



Spinosad
• Spinosad is an insecticide based on chemical compounds produced by the bacterium 

Saccharopolyspora spinosa. 
• S. spinosa was isolated from soil collected inside a nonoperational rum distillery in the Virgin 

Islands in 1982. 
• In culture, Saccharopolyspora spinosa produces chemical compounds called spinosyns. 
• Spinosad is a mixture of two of these compounds called spinosyn A and spinosyn D. 



Spinosad
• Affects the nervous system of insects that eat or touch it. 
• Causes muscle hyperactivity – uncontrollable nervous twitch leads to paralysis and death within 1-2 days.
• Effective against pests including mites, and insects in Thysanoptera, Lepidoptera, Coleoptera, Diptera, Orthonoptera, 

Hemiptera and Hymenoptera (two-spotted spider mites, caterpillars, thrips, aphids, leafminers, leaf-footed bugs, stink 
bugs, flea beetles, Colorado potato beetles, cucumber beetles, grasshoppers, etc)

• Toxic to honeybees and other pollinators but only during the first 3 hours following application



Entomopathogenic Nematodes
• Entomopathogenic nematodes occur 

naturally in soil environments and locate 
their host in response to carbon dioxide, 
vibration and other chemical cues. 

• Non-toxic to humans, relatively specific to 
their target pests

• Exempted from the EPA pesticide 
registration, no personal protective 
equipment (PPE) requirements or re-entry 
restrictions and resistance development is 
unlikely.

• Only free-living stage of entomopathogenic 
nematodes is the infective juvenile stage



• Nematodes infect the host insect through 
natural openings or, in some species, through 
the soft membranes between body segments

• Two common entomopathogenic nematode 
genera are Heterorhabditis and Steinernema. 
Both have a mutualistically association with 
bacteria of the genera Photorhabdus and 
Xenorhabdus, respectively

• Upon entering host, bacteria are released
• Bacteria multiply and kill host (toxins)
• Nematodes mature and feed on bacteria and 

host tissue.
• Nematodes reproduce.
• Infective juveniles are released.

Entomopathogenic Nematodes



Entomopathogenic Nematodes
EPN species Major pest target as recommended by commercial producer 

Steinernema 
glaseri White grubs, banana root borers 

Steinernema 
kraussei Black vine weevil, Otiorhynchus sulcatus 

Steinernema 
carpocapsae 

Armyworm (Pseudaletia unipuncta), Artichoke Plume Moth, Bagworm, Beet 
Armyworm (Spodoptera exigua (Hubner)), Black Cutworm (Agrotis ipsilon (Hufnagel)), 
Black Vine Weevil (Otiorhynchus sulcatus), Bluegrass 
Weevil, Caterpillars, Cockroaches (American, Asian, German), Codling Moth (Cydia 
pomonella), Corn Earworm, Cotton Bollworm, Cranberry Girdler, Cucumber Beetle, 
Cutworm (Agrotis, Amathes, Peridroma, Prodenia spp), Fall Armyworm (Spodoptera 
frugiperda), Flea Larvae, Fly Larvae, Fruit Flies (Drasophylla), Greater Peach Tree 
Borer (Synanthedon exitiosa), Lesser Peach Tree Borer (Synanthedon pictipes), Large 
Pine Weevil, Leafminers, Mint Flea Beetle, Mint Root Borer, Mole Crickets, Navel 
Orangeworm, Strawberry Root Weevil (Otiorhynchus ovatus), Tobacco Budworm, 
Webworms, Wireworm, Wood Borers 

Steinernema 
feltiae 

Beet Armyworm, Black Cutworm, Cabbage Maggot, Codling Moth, Corn 
Earworm, Cucumber Beetle, Fruit Flies (Drasophylla), Fungus Gnats (Bradysia 
impatiens), Onion Maggots, Pill Worm, Raspberry Crown Borer, Root Maggots, 
Sclarids, Shore Flies, Subterranean Termites, Sweet Potato 
Weevil, Thrips (Franklinothrips sp), Ticks, Tobacco Cutworm 

Steinernema 
scapterisci Mole crickets (Scapteriscus spp.) 

Steinernema 
riobrave Citrus root weevils (Diaprepes spp.), mole crickets 

Heterorhabditis 
bacteriophora 

Ants (Queen), Asparagus Beetle (Crioceris asparagi; Crioceris duodecimpunctata), 
Bagworm, Banana Moth, Banana Weevil, Berry Root Weevil, Billbug, Black Vine 
Weevil, Borers (Iris, Tree, Vine), Carrot Weevil (Listronotus 
oregonensis), Chafers (European, Masked), Citrus Root Weevil, Colorado Potato 
Beetle (Leptinotarsa decemlineata), Corn Rootworm, Cranberry Root 
Weevil, Cucumber Beetle (Spotted) (Diabrotica undecimpunctata howardi), Flea 
Beetles, Fleas (Adults), Gall Midges, Grape Root Borer, Grubs, Humpbacked 
Flies, Japanese Beetle (Popillia japonica Newman), Leafminers, May/June 
Bugs (Phyllophaga sp.), Root Weevils, Scarabs, Sugarcane Stalk Borer, Sweet Potato 
Weevil, Ticks 

Heterorhabditis 
megidis Weevils 

Heterorhabditis 
indica Fungus gnats, root mealybugs, grubs 

Heterorhabditis 
marelatus White grubs (scarabs), cutworms, black vine weevils 

Heterorhabditis 
zealandica Scarab grubs 

 

Insects Controlled:
• Army worms
• Cut worms
• Vine weevils
• Corn earworm
• Cucumber Beetle
• Flea larvae
• Fruit flies
• Bollworm
• Strawberry root 

weevil
• Webworms
• Onion maggots
• Mole crickets
• Citrus root weevil
• Ants

• Bagworms
• Flea beetles
• Carrot weevil
• Sweet potato 

weevil
• Ticks
• Fungus gnats
• Mealybugs
• White grubs
• Thrips
• Budworms
• Peach borers


		EPN species

		Major pest target as recommended by commercial producer



		Steinernema glaseri

		White grubs, banana root borers



		Steinernema kraussei

		Black vine weevil, Otiorhynchus sulcatus



		Steinernema carpocapsae

		Armyworm (Pseudaletia unipuncta), Artichoke Plume Moth, Bagworm, Beet Armyworm (Spodoptera exigua (Hubner)), Black Cutworm (Agrotis ipsilon (Hufnagel)), Black Vine Weevil (Otiorhynchus sulcatus), Bluegrass Weevil, Caterpillars, Cockroaches (American, Asian, German), Codling Moth (Cydia pomonella), Corn Earworm, Cotton Bollworm, Cranberry Girdler, Cucumber Beetle, Cutworm (Agrotis, Amathes, Peridroma, Prodenia spp), Fall Armyworm (Spodoptera frugiperda), Flea Larvae, Fly Larvae, Fruit Flies (Drasophylla), Greater Peach Tree Borer (Synanthedon exitiosa), Lesser Peach Tree Borer (Synanthedon pictipes), Large Pine Weevil, Leafminers, Mint Flea Beetle, Mint Root Borer, Mole Crickets, Navel Orangeworm, Strawberry Root Weevil (Otiorhynchus ovatus), Tobacco Budworm, Webworms, Wireworm, Wood Borers



		Steinernema feltiae

		Beet Armyworm, Black Cutworm, Cabbage Maggot, Codling Moth, Corn Earworm, Cucumber Beetle, Fruit Flies (Drasophylla), Fungus Gnats (Bradysia impatiens), Onion Maggots, Pill Worm, Raspberry Crown Borer, Root Maggots, Sclarids, Shore Flies, Subterranean Termites, Sweet Potato Weevil, Thrips (Franklinothrips sp), Ticks, Tobacco Cutworm



		Steinernema scapterisci

		Mole crickets (Scapteriscus spp.)



		Steinernema riobrave

		Citrus root weevils (Diaprepes spp.), mole crickets



		Heterorhabditis bacteriophora

		Ants (Queen), Asparagus Beetle (Crioceris asparagi; Crioceris duodecimpunctata), Bagworm, Banana Moth, Banana Weevil, Berry Root Weevil, Billbug, Black Vine Weevil, Borers (Iris, Tree, Vine), Carrot Weevil (Listronotus oregonensis), Chafers (European, Masked), Citrus Root Weevil, Colorado Potato Beetle (Leptinotarsa decemlineata), Corn Rootworm, Cranberry Root Weevil, Cucumber Beetle (Spotted) (Diabrotica undecimpunctata howardi), Flea Beetles, Fleas (Adults), Gall Midges, Grape Root Borer, Grubs, Humpbacked Flies, Japanese Beetle (Popillia japonica Newman), Leafminers, May/June Bugs (Phyllophaga sp.), Root Weevils, Scarabs, Sugarcane Stalk Borer, Sweet Potato Weevil, Ticks



		Heterorhabditis megidis

		Weevils



		Heterorhabditis indica

		Fungus gnats, root mealybugs, grubs



		Heterorhabditis marelatus

		White grubs (scarabs), cutworms, black vine weevils



		Heterorhabditis zealandica

		Scarab grubs









Entomopathogenic Fungi
• Entomopathogenic fungi (EPF), fungi that feed on insects - parasites of insects 

that kill or seriously disables them 
• Fungal spores attach to the insect cuticle and germinate
• They produce hydrolytic enzymes that allow them to bore through the insect 

cuticle and enter the insect body cavity
• The fungus proliferates inside the insect body eventually killing the insect either 

by toxins or by destroying the internal organs
• The fungus also produces thousands of spores so will continue to invade and kill 

susceptible insects.



• Several fungal genera are being studied for use as 
biological insect control agents. These include 
Beauveria, Metarhizium, Hirsutella, Isaria and 
Cordyceps

• There are several products available in the U.S. that 
use various strains of Beauveria bassiana as the 
active ingredient. Different strains show different 
host ranges. Some brand names are: baLENCE, 
Mycotrol, BioCeres and BotaniGard. 

Entomopathogenic Fungi

Entomopathogenic fungi being used
to control whiteflies



Entomopathogenic Fungi

Some insects controlled by EPFs
• Whitefly
• Aphids
• Grasshoppers
• Eriophyid mites
• Vine weevils
• Spittle bugs

• Termites
• Mosquitos
• Bollworms
• Thrips
• European corn 

borer



Others Not Covered

Pheromone Traps

Attractant Traps

Predatory Mites & Insects
Just a few of the many available 
from Koppert and other companies

Sticky Cards



Questions ??
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