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Overall Learning Objective:


This module is designed to give students an understanding of the environment around them and how humans are affecting it.  It uses current issues in science to show advancements in agriculture and it also incorporates knowledge that was once considered primitive by western culture and is just recently being developed by modern societies.  Case studies and historical references have been spaced throughout the module to broaden the students understanding of history and who was involved in shaping modern agriculture and genetics.

Learning objective of ecology module:


Using corn as a sample food I will provide information that contrasts different methods of farming throughout time and in two different cultures.  One is subsistence maize farming in Mexico and the other large scale farming in the US.  Also I will provide historical references on why it is important to understand and take care of the environment we live in.  It is important that students understand that every action has a consequence and people must weigh the cost versus benefit even in farming practices.  This module is meant to be integrated throughout a semester at different stages depending on what is being taught at that time.  It does not have to be presented in the same order that I present it in to be effective. 

Brief History of Maize (Zea mays)

· The grain we know today is most likely related to a wild grass called tesonite.

· Tesonite had no husks

· Seed propagation occurred naturally and quite easily

· It grew mainly in disturbed sites 

· Eroded stream banks

· Rocky ridges

· Areas that were nutrient poor 

· Cultivation of maize began over 7000 years ago.

· Most likely began in Tehuacan Valley of Puebla, south of current Mexico City

· Fossilized remains are no bigger then a mans thumb

· It is unclear whether dramatic mutation or selective breeding lead to the beginning of maize 

· By 2000 BC larger yielding varieties were developed

· Plants were still only a fraction of the size of corn as we see it today

· In the period between 300-900 AD maize cob sizes doubled through human selection techniques

· Success of modern maize is attributed to human intervention by seed collection, protection of the seeds and cultivation of the species

· Currently there are over 20,000 different varieties of maize

General information about maize

· Over 600 million metric tons of maize are grown globally every year
· That is more then any other crop on the planet, that is including rice, wheat and soybean
· It is harvested more then soybean, sweet potato, sorghum and barley combined 
· If kept dry it can be stored for long periods of time
What can maize be made into?
 
Over 1,000 different items that you could find in the supermarket are derived from maize.  This includes; tortillas, flours, thickeners, paste, syrups, sweeteners, grits, breakfast cereals, chips, cooking oil, beer and whiskey.  Also fuel known as ethanol is being manufactured.  It can be used by itself or added to gasoline for use in your automobile.  Plastics are now being developed from special maize but it is still to expensive to make on a regular basis. 
Structural comparison between tesonite and modern maize
Fig. 1 (tesonite)

Fig. 2 (modern maize)


Students will be asked to make a short list of differences in structure on their own.  I will then ask for people to share some of their answers.

Possible differences are:

                           tesonite                                                       maize
                           -no husk                                                     -large husk

                           -more overall mass                                     -many seeds (kernels)

                           -few seeds                                                  -large cob

                           -no cob                                                       - soft seeds         
                           -inedible                                                     -edible



   -hard seeds                                                        

More possibilities can be adapted if brought up by students

Nutritional Facts of Maize

· 1 ear of corn is approximately 65 calories
· One corn tortilla is approximately 58 calories
· In Zapotec farming village 
· Over 75 % of their daily intake of calories is some form of maize
· Either tortillas, corn of the cob or another form of corn
· They supplement their diet with beans, squash, chilies and other vegetables
· Very little meat is consumed
· When meat is eaten it is usually domesticated turkey, chicken, and on rare occasion beef
This section is meant to show that maize is a healthy dietary consumable that provides a lot of nutrition.

Monoculture versus an Intercropped Field

What is a monoculture in the context of farming?


It is a field in which one specific type of plant is being grown.  A great example is the growing of corn in the US.  (picture of corn field shown, fig 3)

Why would we want to plant a monoculture?

Ecology books would probably say that it maximizes the rate of food production because it allows farmers to control and to optimize:

· Population density

· Farmers would know exactly what kind of yield they should expect

· Plants are spaced out a uniform distance from each other

· This helps to prevent overcrowding and competition for resources

· Quantity and quality of resources

· Allows farmers to apply a single type of fertilizer to the entire field

· Farmers can apply same amount of water to entire field

· Assures that each plant will receive the proper amount of light

· Physical conditions

· Temperature

· Humidity

These methods produce very high yields of maize.  In the United States yields are approximately 4839 Kg/Ha.  Where a Ha is roughly 2.5 acres of land and Kg is Kilograms.

What is the cost of monoculture farming?

Monoculture farming grows one type of species within a very close proximity of each other.  In doing so they are more susceptible to transferring viruses and fungi to each other very quickly.  Their similar genetic make up makes them all particularly susceptible to the same diseases.  A good analogy in humans would be the flu virus.  When someone you know gets the flu you try to stay away from them so that they can not expose you to the illness and you won’t get sick.  The problem with plants though, is that they are all rooted in the ground and can not move away or avoid an illness.  If one plant gets sick the illness can transmit very quickly.  Entire food crops can be lost in a short amount of time leaving people without food.  Also chemical fertilizers and chemical pesticides are needed.

Examples of monoculture failures

In Ireland in the 1840’s a single species of potato was responsible for feeding the majority of the country.  It was brought over from the Americas and grew readily in Irish soils.  Potatoes are very nutritious and can be stored for extended amounts of time.  A fungus called Late Blight (Phytophthora infestas) struck because of climate change and increased temperatures.  Since only one species of potato was being used the fungus spread very quickly through the fields.  It even made its way into potato storage areas.  The blight caused almost total destruction of the potato crops and its reserves.  At the time of the epidemic the population of Ireland was 8 million, within one year over 1.1 million people had starved to death and another 1.5 million people had migrated to the US or England.  One third of the population of Ireland died or migrated out of the country within one year of the disease’s strike.   

You say,” that could never happen in America though?”

Wrong!!


In the early 1970’s the United States was witness to an epidemic in its own corn production.  A fungus called Southern Corn Blight (helminthosporium maydis) damaged crops in the southeast area of the US.  There was damage to over 1 billion dollars worth of corn.  Grain prices world wide were increased because of the severe loss.  Loss to life was not a factor in the US because we have other means of food production and other areas in which corn is produced, but it does show that even the US is susceptible to failures in the monoculture system.

Zapotec farmers use a different system of planting called intercropping

What is intercropping?


It is a practice in which farm fields are planted with at least two different types of plants.  The plants can be planted and harvested at different times during the year but they grow side by side, each occupying a specific niche in the field.  Three different plants are used by Zapotec farmers; maize, squash and beans of various types.

Why use intercropping?
· Intercropping is a very efficient use of the land

· You can grow two or more different plants at the same time

· You don’t have to use fertilizers or pesticides

Here is a list of the special functions that beans and squash have when grown simultaneously with maize.

Beans

· Beans fix nitrogen through rhizobium mutualism, nitrogen is a limiting factor in all leaving things and is essential for production of amino acids

· Nitrogen is the same element that is found in fertilizers but when it is produced by rhizobium fungi it is produced in smaller amounts

· Reduces pests like corn earthworm

· The roots and leaves make it harder for pests to penetrate into the corn

Squash
· Thick broad leaves inhibit weed growth

· They allow less sun to reach the ground

· Helps to retain soil moisture by blocking the sun from reaching the ground

· Creates less evaporation

· Exhibits alleopathy

· It distributes natural herbicides that inhibit weed growth

So what is the overall benefit if all three crops are grown simultaneously?

· The massive root structure minimizes soil erosion by tightly holding onto soil particles

· The multilayer structure of the stems and roots efficiently uses light, water and soil nutrients

· Each plant lives in a certain niche

· Niche = summary of the plants tolerances and requirements.  It is the specific area and conditions in which the plant can live and grow most efficiently  

· Shade is provided by the corn over the beans and squash, and the beans provide more shade for the squash

· The bean plants provide nitrogen for corn, squash and itself

· Nitrogen is essential for amino acid synthesis

· Squash provides resistance to pests for all three plants

· The three different root systems are spatially separated and do not compete directly for water and soil nutrients

· Each root system absorbs nutrients at different times of the day and the year

This system of farming does have a downfall though.  Its yields for maize are much lower then the yields that are produced in the United States.  Zapotec farmers produce about 1613 Kg/Ha of maze which is roughly 25 % the yield of US farmers.  There are many advantages to this system though.  You may get less maize yield but you do get two different crops along with maize, beans and squash.  Farmers will harvest approximately 284 liters/Ha of beans and 320 liters/Ha of squash.  Both beans and squash can be harvested numerous times throughout a growing season, producing constant food production.  American farmers will not receive any supplemental crop growth from their monocultures.  A major advantage that intercropped fields have over monocultures is that intercropped fields in Mexico usually do not use any fertilizers.  All of the nitrogen that the plants require is produced by the beans.  Also disease can not ravage an entire crop of food like in monocultures.  If disease does strike and the maize is destroyed you still have all of the squash and beans to eat.  

Wrap up of monoculture vs. intercropped fields 

Monoculture farming provides very large yields but is susceptible to disease which could cause massive losses economically and potential starvation to many people.  They are also reliant on chemical fertilizers and chemical pesticides.  Chemical fertilizers are needed because of the loss of soil nutrients from plant absorption that is not replaced by natural processes (fertilizers will be talked about in the next section).  Chemical pesticides are bad for the environment because they can hang around ecosystems for extended amounts of time and can be harmful to unintended plants and animals.  Intercropping provides different foods for consumption at the cost of lower yields.  It does insure that food will be harvested even if epidemic does strike and crops are lost.  Its biggest benefit is probably that it does not use any chemical fertilizers or chemical pesticides. 

Fertilizers

The Green Revolution

What is the Green Revolution?

In the 1960’s world organizations made efforts to meet the demands of a growing world population by raising yields and nutritional value of crops.  To do this, scientists used selective breeding techniques to optimize food production and nutritional value.  They also started wide scale use of chemical fertilizers and pesticides.  The Green Revolution doubled food production world wide in less than 35 years.  Norman Borlaug was a major contributor to the Green Revolution.

Norman Borlaug

· born on a farm in Iowa in1914
· Received a bachelors degree in forestry from the University of Minnesota in 1937
· Received his masters degree in plant pathology in 1939 and his doctors degree in 1942 from the University of Minnesota
· Worked as a plant pathologist and a microbiologist
·  In 1944 he directed and organized Cooperative Wheat Research and Production Program in Mexico
· It involved scientific research in genetics, plant breeding, plant pathology, entomology, agronomy, soil science, and cereal technology.
· Director of the International Maize and Wheat Improvement Center (CIMMYT)
· Received Nobel Peace prize in 1970
What are fertilizers?


Fertilizers are organic or chemical products that are designed to add essential nutrients to depleted soil.  A few of the nutrients needed by plants that are provided by fertilizers are nitrogen, phosphorus and …….  Fertilizers main purpose is to provide nitrates (a compound that has nitrogen in it) which are essential for amino acid production and plant growth. 

What is the difference between organic and chemical fertilizers?


Chemical fertilizers are made in factories and are usually applied as a liquid once or twice a year.  Since it is a liquid fertilizer that is not used often is leached out of the soil.  Organic fertilizers consist of decaying plant or animal material and are not altered through human processes.  Organic matter from plants is usually just recycled from the previous year’s crop; dead plants are plowed or tiled into the field, allowing nitrogen to be released gradually over a long period of time.  Animal manure is a very good source of organic fertilizer for two reasons; first it provides year round nitrogen and second it adds humus which can add water and nutrient retaining abilities to soil.

So what is the big deal about fertilizers isn’t nitrogen good for plants?


Yes, nitrogen is good for plants but an overabundance of it can be detrimental to the environment.  Chemical fertilizers harm the environment more then organic fertilizers.  The major problem is that chemical fertilizers are sprayed onto fields in a liquid form only once or twice a year in very large amounts.  Plants that are grown in monocultures can not use all of fertilizer that is applied when it is applied in large amounts.  The fertilizer has to go somewhere and it usually seeps into the ground or is evaporated with surface moisture into the air.  Fertilizers that seep into the ground can make their way into ground water, streams and rivers.  The US government says that nitrates in drinking water contributes to the formation of carcinogenic nitrosamines (it causes cancer).  Also fertilizers in the Mississippi River are believed to create dead zones in the Gulf of Mexico.  Excess amounts of airborne nitrates from fertilizer evaporation are bad for the nitrogen cycle also.

Here are some cases that show the damaging effects of chemical fertilizers on the environment that are not normally associated with fertilizer problems.

Dead Zone in the Gulf of Mexico:


In a paper written in 2001 scientists reveled that nitrogen input from the Mississippi River into the Gulf of Mexico was creating dead zones (areas of no life) in the Gulf of Mexico.  They believe that the main cause of the high amounts of nitrogen is from leeched fertilizer from farms in the Midwest.  Most of the corn farming in the US is done in the Midwest, especially Iowa.  The reason that fertilizer runoff from the Midwest makes it all the way down to the Gulf of Mexico is in the management of the river itself.  Man has transformed the Mississippi River using dikes and levees in such a way that nitrogen within the fertilizers doesn’t have any place along its voyage from the Midwest to the Gulf to leave the river system except the Gulf.  People need to understand that 80% of the freshwater intake into the Gulf is from the Mississippi River, so the substances that are making their way into the river system are going to constitute a large portion of water off the US coast in the Gulf.  The reason that dead zones are created is not because nitrogen directly kills plants and fish in the area, the reason is not that simple.  What happens is the increased amount of nitrogen in the water leads to increased amounts of algae blooms.  The algae proliferate very quickly and create large areas of algae.  As the algae die oxygen is consumed by bacteria that are degrading the algae.  Oxygen is consumed at such a large rate that a hypoxic environment is created.  This lack of oxygenated water causes large areas to develop in which fish and aquatic plants can not live, these areas are devoid of life.  Some scientists believe that this is the reason that the US shrimp industry has suffered so severely in recent years.  Shrimp habitat has been destroyed because there is not enough oxygen in the water to sustain life.  Do we care about excess nitrogen in the Gulf of Mexico?  Should we?  Can you think of any ways in which fertilizers could be contained to their own farm field?  

The introduction of large quantities of nitrogen into the nitrogen cycle.

(nitrogen cycle figure)


The nitrogen cycle is a cycle in which nitrogen is recycled in the environment through natural processes.  The problem right now is that man has altered the way the nitrogen cycle recycles nitrogen.  

Explanation of figure:

The earth’s atmosphere consists of about 75 % diatomic nitrogen, which is not harmful to humans.  Through the natural processes of lightning, bacteria and organic nitrogen waste, nitrogen is fixed into ammonia.  That ammonia can be used by plants for the process of growth.  The ammonia can also be converted into nitrates that can be used by plants.  Nitrates can be changed in a process called denitrification back into atmospheric nitrogen.  Animals can eat nitrogen rich plants and contribute ammonia back into the environment when they die and through animal wastes.  A balance of this cycle is necessary for ecosystems to work efficiently.  

The problem right now is that humans are adding nitrates and ammonia to the atmosphere.  Currently the application of fertilizers is adding 25 % more nitrogen compounds to the atmosphere.  

This increased nitrogen has to go somewhere right?  

Much of it comes back to the earth in rainwater and is spread to areas away from farming communities.  In Minnesota alone nitrogen content in rainwater has doubled since heavy use of fertilizers began in the 1960’s and 1970’s.

So what?  It doesn’t affect me!

Studies are showing that increased amounts of nitrogen are affecting the delicate balance that exists in Minnesota prairie land.  Prairie lands are rich in plant diversity and animal habitat.  Prairie land is usually very low in nitrogen content and plants that live there have adapted to this.  The plants live in well defined niches where they can optimize use of resources at hand.  Increased nitrogen is allowing invader species of plants that are not native to the area like crabgrass and Kentucky bluegrass to destroy prairie habitat.  Crabgrass and bluegrass are very effective at using nitrogen, especially when it is present in large amounts.  Early in the growing season these plants use the nitrogen to grow at a very rapid rate.  Often they grow so fast that they can out-compete native plants for sun and water, killing the prairie plants.  Many animals and insects rely on the prairie plants for food and habitat and if they are destroyed we will lose much more then just some prairie land, we could lose an entire ecosystem.

What are pesticides?

Pesticides are man made chemicals that are used to kill pests (usually insects and rodents), they are predominantly used in farm fields.  


Pesticides kill insects and rodents but they can also be harmful to humans.  Ever since 1962 when Rachel Carson wrote her book “Silent Spring” on the effects of DDT, people have realized the dangers associated with pesticides for animals and humans.  The main problem is the effect it has on unintended targets.  Plants sprayed with pesticides can be eaten by animals that are not supposed to be exposed to the poison.  Game animals like deer and bear can eat coated foods and die.  Problems like this can cause sharp decreases in animal populations near sprayed foods.  Another problem that was not realized until recently was the effects pesticides can have on organisms far from the plants that were sprayed.  


Dave Schindler, a professor and scientist at the University of Alberta wrote a paper on pesticides and the creation of toxic snow.  He was finding unexplained mutations in fish in remote regions of northern Canada.  The lakes that he was studying were hundreds of miles from any major urban areas that could release large enough toxins to do such severe damage to an ecosystem.  He found out that many pesticides contain volatile organic compounds that can be dissolved by water and evaporate into the atmosphere.  These organic compounds make their way up into the jet stream and flow towards higher latitudes.  When the chemicals reach higher latitudes the toxins are precipitated out in rain and snow because of the cold temperatures.  The toxins were then entering the water system and going into lakes and streams.  The chemicals are taken up by algae which in turn get eaten by zooplankton who get eaten by fish.  As each species of marine life gets bigger more and more toxins accumulate in their bodies.  This is why fish are exhibiting deformities; they are the top of the lakes food chain and receive the most toxins.  This process is called bioaccumulation.  This shows that pesticides that are released in one area can be harmful in a completely different area, one that is hundreds or even thousands of miles away.  Should we be worried about pesticide pollution in Canada?  How could pesticide pollution in Canada affect us?  What can we do to stop pesticide pollution?

Ethics section

This section is intended to welcome students to think critically of the processes that are currently being used in the agriculture industry.  I will raise questions and attempt to get a dialogue going between students on whether or not we as humans should take a look at our current farming techniques and whether they need to be modified.


In the next 50 years the population world wide is expected to go from 6 billion to 10 billion people.  To support this high amount of people we must increase our food production by double.  To double our food production it is estimated that we will have to increase fertilizer use by 7 times the current amount.  Increased fertilizer use will also cause a large increase in herbicide and pesticide use.  Is it wise to continue down our current agricultural path or should alternative methods like the ones that the Zapotec farmers of Mexico use be adopted?  Can we sustain life with farming techniques that produce lower yields but do not harm the earth as much?  Is the cost of food production at this time worth the environmental strain we are putting on the earth?  Can eating habits of Americans be changed to help lower food needs?  What would we do if we polluted the earth so much that crops would not grow in such high yields or in as many spots?


I hope that this has allowed students to think critically about the ecology of farming and that they understand that there are no cut and dry answers.  This is a very complicated topic that will not be solved anytime soon.

Learning objective of genetics module:


This section is meant to be introduced after students have gone through and understand the basic concepts of cell biology, including an understanding of DNA, chromosomes, cell division and cell cycles.  Using maize as a sample organism, students will learn about selective breeding techniques for plants, hybrid plants, basic genetic elements within maize and genetically modified plants.  After hearing all of the information they will be asked to form an opinion on whether or not they believe that the above techniques are wise and whether or not these practices should continue.  

Introduction to maize
· Maize has 20 chromosomes

· Maize has a double copy of almost all of it genes

· Almost the entire sequence of maize genome is known

· Maize has 4,500,000 kb of DNA

· Only about 10 % is believed to used for the manufacture of proteins

· Humans only have 3,000,000 kb of DNA

A brief introduction to maize physiology and reproduction
· Maize is considered a monocot plant 

· Its leaves exhibit parallel venation

· Its seeds only produce one cotyledon

· Maize plants are monecious

· Male parts (tassels) and female parts (cob) are found on the same plant

· Tassels are found at the top of the plant and release pollen

· The cob is located in the middle of the plant and contains ovaries 

Variance in kernel color

· Native American people developed many different colors of maize including red, blue, yellow, white and purple

· Different colors represent aesthetic and religious values

· Blue kernels are considered sacred

· Kernels with stripes and spots are signs of strength and vigor

So why can maize exhibit so many different colors?
Two answers:

 transposable elements and epistasis

Transposable Elements (jumping genes)

Barbara McClintock

· Born in England 1902

· Grew up in New York city 

· Attended Cornell University for her undergraduate and graduate degrees and returned there after receiving her PhD. 

· Won a Nobel Prize in Medicine in 1983

Barbara McClintock is known for her studies in genetics when genetics was still in its infancy.  She helped develop maize genetics into a rich and intellectual discipline where she identified all 10 of the maize chromosomes.  She also did pioneering work on the mechanism of crossing over which takes place in meiosis during cell division.  Crossing over is great mechanism for creating genetic diversity.  McClintock is most known for developing properties of transposable elements, which lead to the theory on transposon mediated mutation and chromosome breakage.  In 1948 she published her first paper on transposable elements and in 1951 she published a major paper; “Cold Spring Harbor Symposium on Quantitative Biology”.  It was not well received by her peers; it contradicted the established views that genes occupied fixed positions on chromosomes and because they were fixed could not move.  Her ideas were complex and were hard to understand.  This was especially difficult because she had a hard time communicating with her colleagues on the subject because of the complexity.  Scientists of the time did not believe that transposable elements were seen to be a general phenomenon in the cellular world and believed that maybe only maize exhibited it.  Transposable elements were not observed in other organisms until the 1960’s and 1970’s, they were observed in bacteria and in fruit flies.  Barbara McClintock was not recognized for her achievements on transposable elements until 35 years after her discovery.  In 1983 she received a Nobel Prize in medicine.  

How transposable elements in maize work (insert figure 4)


In the maize plant color is determined by a triploid endosperm.  It consists of 2 chromosomes from the female and 1 chromosome from the male plant.  Pigment is expressed in the outer separate layer of the kernel called the aleurone layer.  Chromosome number 9 is responsible for expression of color.  Yellow kernels are what are usually seen by people in the US.  They are yellow because the aleurone layer of the kernel is actually not exhibiting any color and the seed within that layer is yellow.  In yellow kernels a dominant gene is responsible for the clear kernels.  Even if only one of the three genes is dominant the other two genes will be masked and no color will be formed.  What McClintock did was fertilize maize that was colored with pollen from a homozygous colorless male.  Since the male plant was homozygous for the dominant gene all of the offspring should have seeds that are colorless.  What she found though was that most of the kernels were colorless but some had a brownish-purple mosaic pattern.  She hypothesized that the dominant inhibitory gene most have been lost during endosperm development and the tissue was able to develop pigment.  To prove this McClintock labeled the area of chromosome number 9 that was involved in pigment production.  What she found was that there was an area adjacent to some inhibitory genes where breakage of the chromosome was occurring.  She called it an area of dissociation (Ds).  More research revealed that the Ds gene alone could not cause the lose of the pigment gene.  Another factor called an activator (Ac) must be present for breakage to occur.  Not all of the number 9 chromosomes posses a Ds gene though.  That is why Ds is considered a transposable element.  It has a unique base pair combination at its ends that can force its way into other areas of a gene.  Early on in cell development these elements can become mobile.  It is often found near the inhibitory gene because it posses the correct base pair that is found at the inhibitory gene.  Since it is mobile it can be found all over the genome of maize.  When found in other areas of the genome it can cause mutations that can cause genes to stop working.  Ds genes do not always cause mutations most of the time they just sit there and lay dormant, plus the Ac gene also has to be present for it to function.

Epistasis is another way in which color variance can be observed in maize (insert figure 5)

Epistasis: A genetic condition in which tow genes combine to produce a trait.  A defect in either gene prevents expression of that trait.


In some maize plants purple kernels are observed because of the production of a pigment call anthocyanin.  Anthocyanin production is made possible by the expression of two dominant genes that form a metabolic pathway.  In a maize plant that is producing purple kernels the two dominant genes produce two enzymes that are essential in pigment production.  It is essential that at least one allele for both genes is dominant for anthocyanin production.  If a case arrives that only one of the two genes possesses the necessary dominant allele then the pathway is inhibited and production of anthocyanin is stopped.

That explains how colors are expressed but why are their so many different colors

The most probable explanation is that through the thousands of years of maize cultivation mutations had occurred that had caused different seed colors to develop.  These seed colors were propagated by the Native Americans because of their religious and superstitious beliefs.  

Inbreed maize
What is inbreed maize?


Inbreed maize refers to the process in which maize is allowed to self fertilize for many generations.  It is done to exemplify desired genetic characteristics that are deemed beneficial.  It also makes all of the inbreed maize almost genetically identical.  The longer that a plant is inbreeding, the more that you lose its vigor.  Vigor is a term used to describe how well a plant can reproduce and be successful.  As the vigor decreases its yield goes down, when its yield decreases its value as a crop does too.  Inbreed plants can be cross fertilized with other inbreed maize plants to create a plant that has increased vigor.  This type of reproduction is used to make one type of hybrid plant.

Hybrid maize
What is hybrid maize?


Hybrid maize is when maize is developed through selective breeding or recombinant DNA technologies.  These plants have been modified for the specific reasons to either amplify or to diminish a specific trait.  Hybrid plants are said to express hybrid vigor.  When recombinant DNA technologies are used to develop hybrid plants they are often referred to as Genetically Modified (GM) plants.

Types of hybrid maize
· Herbicide resistant

· This allows farmers to use herbicides designed to kill specific plants but it will not harm the maize

· Disease resistant

· Insect resistant

· Virus resistant

· Heat resistant

· Grow in climates where the average temperature is high

· Salt resistant

· Needed in areas where salt content in soil is high

· Maize that is more nutritious

· It can contain higher then normal levels of Beta-carotene and vitamins A, C and E

Varieties of maize that students may have heard of 

· Sweet

· Only 1% of maize produced in the world is sweet corn

· High oil

· Popcorn

· When heated; water that is held within the kernel turns into steam.  The steam builds up and causes the kernel to explode. 

· Baby corn

· Blue

· Used for making flour

· High protein 

· Silage maize

· This is a very storable corn that is used for animal feed

· 60% of all maize produced in the world is silage

· 80% in the US

What is the process of making hybrid corn through mating? (insert figure 6)


Hybrid maize is produced by crossing inbreed varieties together.  First you must detassle one variety of the plants, so that self-fertilization can not occur.  Next the tassles of the second plant are used to fertilize the detassled plant.  The same process is repeated in two different inbreed strains of maize.  The progeny of the two single cross plants are then fertilized in the same manner.  This produces a double cross seed that is ready to be sold.  The seeds from double crossed maize plants can not be replanted again.  The recombination will have made undesirable gene combinations.  Hybrid seed must be purchased every year from a distributor.  

Ethical discussion on whether or not it is wise for farmers to have to buy seed every year and why the Zapotec farmers of Mexico think this process is absurd.

The cost of hybrid seed in the US can be as high as 6% of the total cost to run a farm but currently farmers do not see this as a problem and continue to buy seed.  Are their any problems that can be associated with farmers relying on distributors for maize seed every year?  Do these problems out weigh the consequences of lower yields in crops?


For thousands of years maize farmers in Mexico have relied on themselves for obtaining quality seed that can be planted for next years crop.  They remove the very best seeds from their maize crop and save them to ensure that next years harvest will be just as plentiful as the previous years.  They look down at the idea of buying seeds from a distributor because you do not know where those seeds have come from or what has been done to them.  Should the Zapotec people be worried about planting hybrid seed that has been obtained from a distributor?  Could their maize be just as good as the hybrid seed?  Is hybrid seed really effective at producing quality food?

Genetically modified (GM) maize

Genetically modified maize is made using DNA recombination and gene-transfer techniques.  The main point that I will stress is that GM plants and animals are direct creations of man.  Humans manipulate the genetics of the plant and alter it to a desired specification.  I will not cover the details on how scientists make GM foods.  I will give a short list of some GM products that are currently being produced and some general concerns that people have expressed and some of the benefits.  I will finish up with a discussion on whether or not the students believe that GM products should be made.

A list of some GM products currently being manufactured
· Salmon

· By altering a gland that produces growth hormone scientists have created salmon that have shorter production cycles and grow to be 11 times heavier then normal salmon

· These salmon have only been allowed to be grown in fisheries and as of now none have been released into the wild

· Cows

· Cows have been produced that can make milk that contains Human Lactoferria (HLF).  HLF confers antibacterial and iron transport properties to humans when it is consumed.

· Flowers

· Flowers have been produced that take longer to wilt after they have been cut

· Peas

· Peas have been produced that express a gene that produces an enzyme that inhibits weevils from eating the peas.

· 40% of the worlds stored grains are lost to weevils

Current concerns and benefits of GM products


Many social and environmental groups have expressed concern about the effects that GM products could have on the environment.  They have affectionately referred to them as “Frankenstein food”, “gene pollution” and “mutant crops”. Scientists argue that they are safe and have high potential for helping mankind.

Potential risks

· Production of toxic or allergenic products

· Unexpected deleterious effects of “unnatural” products

· “escape” of transgenes by transfer to related species, with deleterious effects

· Pollination of “organic” crops, reducing their value

· Harmful effects on honey production by bees

· Harmful effects of transgene products on other species such as monarch butterflies

· Reduction in biodiversity

· Economic losses due to international boycotts of GM products

· Increased dependence of farmers on large agrochemical companies

Potential benefits
· Foods with enhanced nutritional quality, such as added vitamins and minerals

· Production of pharmaceuticals and edible vaccines

· Crops with built-in resistance to insects, herbicides and diseases

· Delayed fruit ripening, extending shelf life

· Production of biodegradable plastics in crops

· Biological control of weeds, resulting in decreased use of chemical herbicides and pesticides

· Synthesis of products that are valuable raw materials fro production of paper, detergents, lubricants and the like

· Genetic control of flowering time, seed content and other important traits of important crops

(lists were taken from Snustad and Simmons, principles of genetics)

A paper on GM products that pertains to maize

In 1999 a paper was published in Nature entitled “Transgenic Pollen Harms Monarch Larvae”.  John Losey and his colleagues fed monarch butterfly larvae milkweed leaves coated with pollen from maize plants that contained a gene encoding an insecticidal protein.  Many of the monarch larvae died, which raised concerns about the 26 million acres of maize growing in the United States that contained this special protein.  Soon after Losey’s publication subsequent studies showed that Losey’s experiment had many flaws.  Here is a list of complaints that were raised against Losey’s paper: (1) corn pollen does not adhere well to milkweed leaves; (2) the amount of corn pollen present on milkweed leaves near the GM maize is much lower than the amount used in Losey’s study; (3) the most widely grown lines of this maize have very low levels of the toxin in pollen and (4) in the field, most corn pollen is released before monarch butterflies lay their eggs.  This shows that students need to think critically about a paper or an article before they pass judgment on whether or not the views expressed should be considered fact or not.  Even scientists get excited about subjects and can let their own feelings get in the way of facts.  Do you think the author intentionally skewed his statistics to prove his view point?  Do you believe that his study platform was designed correctly?  Do you believe the counter claims brought against the authors? 

Ethics discussion

Genetically modified products are under heavy debate currently and many people believe that these products will lower genetic diversity and genetically pollute our environment.  What are some of the concerns that you have or have heard about GM products?  Do the benefits out weigh the potential costs of GM products or vice versa?  Are GM products safe for consumption and for release into the wild?  Are we playing god?  Should the government put restrictions on production of GM products?  Should GM products be forced to have labels identifying them at the supermarket?  Would you use GM products?  

A final example of what can happen to a society if it does not pay attention to what it is doing to its environment


In 1722 a European ship stumbled across an island that was 2300 miles west of the South America coast and 1400 miles away from any habitable island.  When first contact was made the island had 2000 inhabitants that consisted of warrior tribes that lived off of chickens and a few grasses that were present.  The island was mostly grasslands, there were no native land birds, bats, snails, lizards, trees, bushes, rope, firewood or sea faring water craft.  Yet the island had over 200 stone statues that stood up to 33 feet and were placed all over the island.  Some of the statues were over 85 tons and were 6 miles from the nearest rock quarry.  They also found over 700 more statues that hadn’t been moved from the quarries.  Some of those statures were 65 feet tall and weighed over 270 tons.  So how did a band of only 2000 people with no wood or tools live on an island in the middle of no where and make and move enormous stone statues.  The answer lies in the past, when a small band of Polynesian explorers found the island that is now referred to as Easter Island.  


Sometime between the years 400-700 AD an advanced group of people that had mastered sea travel and sea navigation came across the ocean and founded Easter Island.  These people brought with them knowledge of tool making, ocean fishing, canoe building and masonry skills.  When they arrived the island consisted of a large sub-tropical palm forest, had 25 species of sea birds, 6 species of land birds and a hardy seal breeding ground.  Trash and bone records tell us that at least 30% of the islander’s early food intake was from porpoises.  By approximately 800 AD the palm forest was starting to decline in size.  By the year 1300 AD the number of inhabitants could have been as high as 20,000.  By the year 1400 AD the last Palm tree on the island went extinct.  Within 100 years of the extinction of the Palm tree no more porpoise bones were found in trash records.  All of the wood on the island had been used up and sailors could not reach the porpoise hunting grounds any longer.  Rat bones started to appear in their diet and no more land birds were left for consumption.  The people on the island had managed to use all of their natural resources and were stuck.  Soon after society started to breakup, statue quarrying stops in mid stride and the inhabitants switch from living in buildings made of stone with roofs of leaves to living in caves.  Rival clans began to form and they started to topple the other clan’s statues.


This is a perfect example of how a society that is fairly advanced ignored all of the warning signs that they were destroying their environment.  A believe that they knew what they were doing but they did not think the harm they were inflicting would be permanent.  This should be a wake up call to all the scientist and everyday people that we need to start paying attention to what we are doing, or else someday we might wake up and all of our fields are to polluted for crops to grow, or that fish can not live in the waters that we have polluted.  
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