What are biological pests?



What are pesticides?

· Biological pests are organisms that reduce the availability, quality, or value of resources useful to humans

· chemicals that kill pests

History of pesticide use

· Sumerians controlled insects and mites with sulfer 5000 years ago

· Chinese controlled lice and insects with mercury and arsenic 2500 years ago

· Greeks and Romans used sprays, lime, ash and sulfur

· long history of using alcohol and spices (why food in low latitudes is spicy) for preservation

· more recently, use of synthetic chemicals

· Plants have highly evolved pesticides

What are the types of pesticides?

· Biocide = broad spectrum pesticide that kills all living organisms

· herbicide = kills plant pests

· insecticide = kills insects

· fungicide = kills fungi

· nematocide = kills nemotodes 

· rodenticide = kills rodents

etc...

Agricultural Pesticide use in U.S. in 1992

Classifications

· FIRST GENERATION PESTICIDES

· mostly natural compounds, taken from plants

· ex. sulfur

· SECOND GENERATION PESTICIDES

· created syynthetically, beginning in 1939

· ex. DDT, malathion

· Broad-spectrum = affecting many species

· Narrow-spectrum (selective)  = affect a target species

Major types of pesticides (

· Inorganic pesticides
· arsenic, copper, lead and mercury

· highly toxic

· indestructible, remain in environment, soil

· generally neurotoxins

Major types of pesticides

· Natural organic pesticides, botanicals

· extracted from plants

· nicotine, rotenone, pyrethrum, turpentine, phenols

· all are toxic to insects, some are toxic to humans (nicotine) or fish (rotenone)

Major types of pesticides

· Fumigants

· small molecules, evaporate quickly, penetrate

· carbontetrachloride, carbon disulfide, ethylene dibromide
· used to sterilize soil or prevent grain infestations

· dangerous for workers who apply, mostly banned

Major types of pesticides

· Chlorinated hydrocarbons

· synthetic organic insecticides

· DDT, chlordane, aldrin, paradichlorobenzene (mothballs)

· block nerve signal transmission

· fast acting, highly toxic to sensitive organisms

· persist in soil for 15 years, are concentrated in food chain

· are stored in the fatty acids of animals

Major types of pesticides

· Organophosphates

· came from nerve gas research in WWII

· parathion, malathion, DDVP, TEPP

· affect nervous system

· toxic to mammals, birds and fish (more poisonous than chlorinated hydrocarbons)

· a single drop of DEPP on your skin can be lethal

· quickly degraded, so don’t persist in env.

Major types of pesticides

· Carbamates, urethanes

· similar to organophosphates in action

· carbaryl (sevin), aldicarb (temik)

· extremely toxic to bees

Major types of pesticides

· Contact and systemic herbicides

· Atrazine, simazine

· Roundup, diruon

Major types of pesticides

· Biological controls (and microbial agents)

· living organisms used to fight pests

· wasps, ladybugs, etc.

Benefits of pesticides

· Disease control (saving human lives)

· insects are the vectors (carriers) of many diseases

· ex. malaria, sleeping sickness, yellow fever, encephalitis, typhoid

Benefits of pesticides

Benefits of pesticides

· Crop protection (increased food supplies and lower prices)

· 55% of world’s food harvest is lost to pests before (35%) or after (20%) harvest - could be worse

· farmers save $3 to $5 for every $1 spent on pesticides

Benefits of pesticides

· Pesticides work faster and better than alternatives

· pests are controlled quickly and cheaply

· long shelf-life, easily shipped

· many options

· most pesticides kill more than one pest (nonchemical methods tend to target one species)

Benefits of pesticides

· Health risks are low and getting lower

· benefits outweigh costs

· less harmful pesticides are being  developed

· new pesticides are used at lower concentrations than in the past

Pesticide Problems

· Genetic Resistance and resurgence

· pesticides almost never kill 100% of pests;

· those that survive have partial resistance

· through this selection, the population over time becomes resistant

· pest resurgence = quick rebound of a population with resistant individuals

Pesticide Problems

· Genetic Resistance and resurgence

Genetic Resistance and resurgence

Pesticide Problems

· Pesticide treadmill

· resistance of pests to pesticides means that a farmer must try increased doses, different pesticides or more toxic forms in order to keep ahead of the pests

· Although pesticide use has increased 33 fold, crop loss to pests has increased (37% today, 31% in 1940)

· pests are becoming resistant to pesticides they have never been exposed to  -- vector transmission

Pesticide Problems

· Effects on non-target species

· 98% of pesticides never make it to intended targets

· 20%-35% of all bee colonies in U.S. are destroyed by pesticide use on flowers

· train mishap- herbicide dumped into Sacramento river--entire ecosystem including 100,000 trout killed for 45km downstream

Pesticide Problems

Pesticide Problems

· Creation of new pests

· Removing natural predators can cause new pest species to break out and become a problem, causing other effects

· 100 of 300 most destructive pests in U.S. are species escalated to pest status because of insecticide use

· read cunningham 256

Creation of new pests

Pesticide Problems

· Persistence and Mobility in the environment

· this is the greatest problem for chlorinated hydrocarbons (DDT)

· high stability, solubility, toxicity, persistence in env, mobility through air, water and soil

· can move far away from point of first application

· all Americans have detectable amounts of DDT in body even though banned since 1972

· pesticide rain = movement of pesticides by air currents to places where no spraying has occurred

Pesticide Problems

· Threat to animals

· bioaccumulation and biomagnification 

Bioaccumulation

· Since chlorinated hydrocarbons are fat soluble, and stable, organisms build up these chemicals; they are not eliminated

· over time, the levels in a body increase

Biomagnification

· The chemicals are transferred from one animal to another up the food chain, each time the concentration increases

· The animals highest up in the food chain have the greatest concentrations and show the greatest effects

Example of bioaccumulation and biomagnification: DDT

Biomagnification

Example of bioaccumulation and biomagnification: DDT

· DDT builds up in the fatty tissues of birds and mammals

· before the ban in 1971, predatory birds (Bald eagles, peregrine falcons, pelicans, etc.) had very high levels

· DDT causes thinning of egg shells so birds crush their own eggs

· led to endangerment of above species

· will take a long time to get rid of in env.

Example of bioaccumulation and biomagnification: DDT

· Although DDT is banned in this country, it is still manufactured in this country for export in other countries

· birds do not see country boundaries

· migratory birds may be exposed to DDT in other areas of the world where it is still legal

· The good news is that finally, many endangered species are recovering from DDT exposure

Pesticide Problems

· Human health

· short term effects = acute poisoning and illness

· due to high dose exposure

· 1 million suffer poisoning and 220,000 die each year

· long term effects = cancer, birth defects, immunological problems

· due to low level, long term exposure

· non-Hodgkin’s lymphoma, muscle tumors, leukemia

Farm workers applying pesticides by hand

Alternatives to Pesticides

· Behavioral changes

· Biological Controls

· Genetic engineering of plants and crops

· Insect birth control, sex attractants and hormones

· Hot water

· Irradiation

· Integrated Pest Management (IPM)

Behavioral Changes

· crop rotation

· mechanical cultivation

· flooding fields

· burning crop residues

· adjusting planting times

· habitat restoration (encourage bird predators)

· polyculture instead of monoculture

· accepting food that isn’t quite perfect

Biological Controls

· Using predators, pathogens or parasites (or other plants, ex marigolds) to control pests

· focuses on target species, others aren’t harmed

· biological control is self-perpetuating

· resistance is not an issue because species evolve together

· example: prickly pair in Australia, moth

Biological Controls

Biological Controls

· Problems:

· can be useless against target species

· cane toad

· can kill other species

· biological control species are implicated in the extinction of 100 insect species worldwide

· slower acting 

· more difficult to apply

Genetic engineering of plants and crops

· Development of genetically engineered crops that are resistant to pests eliminates the need for pesticides

· However, some changes can affect other animals and humans

Insect birth control, sex attractants and hormones

· Bioengineering and release of sterile males (medfly, screwworm fly)

· low population sizes

· females only mate once

· Luring individuals into traps using pheromones

· Hormones can be used to disrupt the normal development of insects (ex. no maturity)

Hot water

· Spraying boiling water on crops to kill weeds and insects

· Cost is equal to chemical pesticides

Irradiation

· Exposure to gamma rays after harvest

· extends shelf life and kills pests (trichinosis, and salmonella)

· low doses seems to be safe - 37 countries allow it

· However, exposure may 

· destroy some nutrients

· cause long-term effects

· increase deaths by botulism - smell gone

· occupational hazards

· Much debate

Integrated Pest Management (IPM)

· Best way to manage pests

· flexible, ecologically based pest-control strategy that uses a combination of techniques applied at different times aimed a specific crops and pests

· goal is not eradication, only economically tolerable crop damage

Integrated Pest Management

Integrated Pest Management (IPM)

· Examples of methods

· trap crops: planted early, pesticide used

· vacuuming

· if chemical needed, single, heavy dose of nonpersistent pesticide

· Examples of use

· Indonesia: brown planthopper was resistant to almost all pesticide

· 56 of 57 pesticides banned, IPM adopted

· $1.2 billion has been saved

Pesticide Regulation

· Three agencies control pesticides

· EPA

· mandated by FIFRA (Federal Insecticide Fungicide Rodenticide ACT) to register all pesticides and determine

· tolerance levels: amount of residue that can legally remain on food at time of consumption

· reference doses: how much is safe to eat

· T>R
Pesticide Regulation

· Three agencies control pesticides: cont

· FDA and USDA

· responsible for enforcing tolerance levels and pesticide use

· Problems

· pesticides make it to market that are not properly tested on humans and animals

· inert ingredients may also have effects that are not known

· many loopholes (DDT ok in small amounts)

