Lecture 10 – Wood, Cloth, and Paper

What is the function of xylem and where is this tissue located?
· Transport water and nutrients from roots to rest of plant – 
· mostly in roots

What is the function of phloem?
· Transport products of photosynthesis to whole plant

What are the functions of Sclerenchyma cels?
To strengthen and support parts that are no longer elongated such as thick secondary walls

What is the function of sclerids? 
– mechanical support and protection

What are fibres?
Long slender cells often in bundles, found in vasculer tissue of stems and leaves that  strengthen the secondary cell wall

What are three methods of extracting fibers?
Ginning, Retting, Decortication

What is Ginning?
The mechanical separation of fibers from plant material -  used on surface fibres – eg cotton gin being spun from high cellulose fibres from fruit “boll”.

What is Retting?
Microbial degradation of soft tissues used on bast fibres.

What is Decortication?
The scraping awau of unwanted tissues – used on leaf fibres

What are the negative effects of Cotton on the environment?
· Lots of chemical inputs re needed – more insecticides than any other single crop and defoliants are sprayed before the harvest
· Requires A LOT of fertilizr inputs
· These chemicals create run off and go into animal feed

What tyoe of fibre is linen made of? 
Bast fibre from the phloem in the stem of flax – retting is used to extract these fibres

What is Primary plant growth?
Vertical growth

What is secondary plant growth?
Lateral growth

What type of plant tissue is wood?
Secondary xylem that supplies secondary growth

What is the difference between springwood and summer wood?
· Springwood – more water in cells – cells appear larger and lighter
· Summerwood – Less water cells smaller and more compact
· These different types of wood create the “rings” in trees

Difference between heartwood and sapwood?
· Heartwood is the innermost wood 
· support for the tree, sealed dry
· used for lumber
· Sapwood is the outer wood
· Used for conducting and storage and is wet
· Susceptible to pathogens
· Used in plywood

What are the Different types of that angiosperm and conifer trees make?
· Angiosperm – hardwood
· More dense higher lignin
· Conifer – softwood
· Less dense

What is lumber?
· A tree in any stage from being felled to being ready for use as a structural material or wood pulp

How is paper made?
· A slurry of plant cells are separated and dispersed in water
· The cells are matted, combined with filler, pressed and dried
· Many plants can be used but wood pulp most common

What is wood pulp?
Watery suspension of pulverized wood – hard or soft








Lecture 11 – Wood Cloth Paper Cont’d

What are two major issues with wood pulp?
Deforestation and waste product disposal.
· Deforestation – harvesting faster than can be replenished
· Reforestation decreases biodiversity – typically only plant pine
· Cutting old-growth trees
· Waste Products
· Disposal of lignin and bleaches
· Exploring using fungus to rot away lignin waste

Name three alternatives to wood pulp
Any of:
· Inner bark of mulberry tree
· Cotton and linen scraps (e.g. levi strauss recommends)
· Inner bark (bast)
· Rice straw (by product of rice cultivation)
· Agrifibers – agricultural wastes used for particle board
· Hemp – used in chinese paper making – environmentally superior

Why is hemp environmentally superior to wood pulp paper,  or normal cotton?
· Fast growing
· Can grow in poor soils
· Few pesticides needed
· Bleaching not required
· Long shelf life

What is the controversy behind hemp?
· Used in drugs (tha mary jane lol) but male plant low in thc and best for fabric

What is the process of paper recycling?
Re-pulping paper, cleaning and de-inking, bleaching, matting and pressing into sheets

What part of the tree is cork made of? 
· Periderm – soft bark under “outer bark”









Lecture 12 – Agriculture and the Environment

What was the Haber-Bosch process?
· a chemical process that sparked the industrial production of ammonia (NH3)

What sis this process spark and why?
· Ppopulation boom
· Because it removed limits on yields
· It created relatively cheap fertilizers in a process depending on fossil fuels

What is the Green Revolution?
· Technologies sparked in the 60’s and 70’s 
· Dr. Normal Borlog crossbread current wheat with shorter wheat
· Seeds wouldn’t tip b/c bigger seads shorter stem
· Improved yield and created high-yield varieties
· Dwarf wheat and corn 
· Eliminatd lodging (fruit falling on ground)

Why is the H-B process and Green Revolution a 1-2 Punch?
· H-B Provided endless supply of N fertilizer
· The green revolution made it so the plants could handle it
· Population increased after HB, skyrocketed after GR

What are some problems incurred by the Green Revolution?
· Reliance on fossil fuels and N fertilizers in creased
· The reliance on inputs increased more than crop yield
· Algal booms  - N runoff goes to ground water, lakes rivrs coastal areas, N makes algae boom while thriving on excess N until the lake is completely covered – Algae dies, O2 taken from the lake in decomposition, and lake dies from anoxia – eutrophication
· Increased greenhouse gas emissions -  chemical reactions in thee soil make greenhouse gasses from the soil. Methane is a large problem in rice farming areas
· Mechanization
· Fossil fuels needed for machinery
· Monocultures – genetically identical crops harvested every year
· Special equipment for specific crops makes harvesting easier
· Fertilizers and pesticides mean no need for crop rotation or companion planting.
· No range in resistance because all genetically identical
· Irish potato famine
· Pesticide Use – Limited range in natural resistance. Single species, genetic monoculture; high application of pesticides.
· Pesticides affect non-target species – pesticide drift
· Decrease biodiversity
· Habitat destruction
· Affects wildlife and birds through biomagnification
· Pest resistance – pests always evolving more methods to over come plant resistance
· Irrigation
· The provision of water to crops beyond what is provided by local rainfall
· Many varieties need a lot of water
· Water is naturally replaced, but withdrawn faster than replaced
· E.g. Ogallala aquifer
· Saline Soils
· Irrigation water brings salts which remain once water evaporated/is used
· Salt build up in soils decreases productivity
· 40% of global soils have become saline
· it’s a vicious circle – the more saline the soils the less water uptake in the soils the more irrigation needed, and the soils become even more saline.


What is deforestation?
Destruction of native forests and woodlands

What are some reasons for deforestation?
· Logging
· Fires
· Land for farming/grazing/housing/sprawl
· Population growth

What are some of the problems with deforestation?
Trees can be regrown faster than ecosystems.
Forests harvested faster than replenished.

What is the problem with agriculture and population growth?
· With a larger population comes more necessity for resources
· More food, is needed, meaning an increase in high yield farming and an increase in environmental degradation
· Food production does not match population growth in developing countries

What is Malthus’s view on population increase and food production?
· Populations increase faster than food production/resources – population sizes are checked by famine/disease


What famous famine shows evidence of Malthus’ view? And why?
· Irish potato famine
· Monoculture – relied on one crop,  crops became infected, many starved or died of disease therefore the population was checked by famine. 

Lecture 13 – Food and Feed

What is the difference between food and feed?
· Feed – crops fed to the animals that are fed to humans
· Eg. Ground grain
· Food – Crops eaten by humans
· Direct – bread/corn
· Indirect – high fructose corn syrup

By what percentage is the energy lost at each trophic level (on average)
· 10% 

What resources are used by the feed industry?
· Land – forests for pasture and feed crops
· Water – Drinking/processing/servicing remains
· Greenhouse Gas Emissions – More emissions produced by the feed industry than the transport industry
· Burning forests
· Processing, refrigeration, fertilizers used/manure / Methane from enteric fermentation of cattle

What is one of the best ways to prevent/lower the strain that meat has on the environment?
· Eat lower on the foodchain
· Conserves food resources
· More energy on a lower trophic level and can feed a greater number of people with direct consumption of grains
· 9billion US livestock animals eat 7x the grain consumed directly by American people
· More food to go around
· Easier on the environment

What is a great source of sustainable protein?
· Legumes

What is an ecological footprint?
· A measure of human demand on the natural environment

What are some of the variables used when calculating an Ecological Footprint?
· Land and water use needed to supply food, goods, services used by humans and those used to absorb wastes/emissinos

What unit is used in an ecological footprint to make resource use more transparent?
· Number of earths required to maintain earths population if everyone had and maintained a certain lifestyle. 

What is biocapacity?
The amount of resources earth is able to produce

Global Hectares
Biocapacity                  = number of earths



Lecture 14 – Biofuels – get more detail

What are biofuels?
· Fuels derived from biological carbon fixation
· Biomass being converted into energy

What are two different chemical states of biomass? give examples for each.
· Solid – wood
· Liquid – Liquid fuels such as bioethanol

Compare Petroleum – based fuels to Biofuels
· Petrol-based
· Non renewable – Takes millions of years to produce
· High emissions
· Limited supply
· RELATIVELY cheap
· Biofuels
· Renewable
· Fewer emissions – also decrease CO2   in the atmosphere as they grow
· Some are relatively cheap
· And not a new concept – e.g. Brazil ince 1930

What are two forms of Biofuels? What are some sources of these biofuels?
· Ethanol (Bioethanol)
· Made from sugars and starches being fermented
· Corn/sugarcane/other grasses
· Biodiesel
· Made from vegetable oils and animal fats
· Fuels: Soybeans, algae
What are the four characteristics  that biofuels need to have to be a viable alternative fuel source to fossil fuels? (FFs)
1. It yields a net gain in energy
2. has environmental benefit over FFs
3. economically competitive with FFs
4. Producible in large quantities without reducing food supply


Lecture 15 – Biotechnology

What is the progression of plant breeding (e.g. how it was done thousands of years ago to now)
· Unintentional artificial selection (e.g. the wheat that didn’t fall was chosen and replanted)
· Intentional artificial selection
· Breedinf for crop improvement
· Mendelian inheritance
· Traditional plant breeding using statistics of genes
· Biotechnology

What is biotechnology?
· Biotechnology is the breeding of plants using molecular techniques such as genetic engineering, to generate plants with new useful traits

What is the (genetic) difference between biotechnology and artificial selection?
· Artificial selection relies on homozygosity to know which genes are passed on, it moves desired GAMETES
· Biotechnology can pick which genes they want to transfer to a new plant… it relies on moving desired genes

What are the steps of moleculer plant breedinf?
· Marker assisted selection
· Precision breeding
· Genetic engineering

Whats a tissue culture and what is its use in molecular plant breeding?
· A tissue culture is a mass of undifferentiated plant cells (callus)  that are used to develop plants (clones) from cells. Hormones help the cells differentiate into roots and shoots

What is marker assisted selection? 
· Markers are specific DNA sequences or genes for visible traits that are connected to genes for desired traits.


Give an example of marker assisted technology. (can vary)
· Linked disease-resistance gene with non-crinkled leaves gene – both are inherited together
· Where non-crinkled leaves are present so muct disease resistance… plants are tested.


What is Precision breeding?
· The transfer of specific genes form one variety to another 
· Used in same species or closely related species
· Desired trait is obtained faster because no back-crossing can choose which traits are passed on
· Genes moving WITHIN species
· These are Cisgenic plants

What is genetin Engineering?
· A method using the transfer of genes BETWEEN species
· A useful gee is transplanted from one species to a certain plant of interest
· Can come from unrelated species, even those that aren’t plants

What are some characteristics that are trying to be bred into plants to create these transgenic (GM) plants?
· Herbicide resistance
· Larger plants/seeds
· Salt tolerance

What is a vector?
· The agent used to transfer a desired gene into a target cell (organism)

What is a plasmid?
· Circular DNA strand found in bacteria

How are plasmids used in GMO’s?
Tumour inducing plasmids that can invade cells such as one that causes galls on plants

How are GM plants made?
· Desired gene is chosen, along with an appropriate vector
· A tumour inducing plasmid is allowed to enter a plants cells through soil bacterium – it is disarmed so it wont cause tumours
· The desired gene is inserted into that plasmid before putting it into the plant
· Plasmid invades cell nucleus, foreign dna combines with original DNA
· Plant is grown from tissue culture


Explain Herbicide resistance?
· Glyphosate – roudup- common broad spectrum herbicide
· GM plants – insert bacterial gene resistant to glyphosate  into crop, crop wont die – spray away!!!

Explain Insect Resistance?
· Bacillus thuringiensis (Bt)
· A common soil bacterium that produces insecticidal proteins
· The gene for the insecticidal  proteins transferred into crop plants 
· Bt plants – corn and cotton – toxins are produced in the plant continuously therefore less needs to be sprayed on the Bt crops

Lecture 16 - Biotechnology II – Plenty of Controversy

List some benefits that Genetically modified plants have in terms of human use
· Less food is lost to insects and diseases -  a decrease in world hunger
· Fewer pesticides are sprayed -  less cost for farmers and safer working environment
· Greater Access to vaccines – GM food crops to include weakened viruses to build immunity in humans
· Greater Yields and lower economic costs for herbicide resistant crops
· Increased nutrition
· Longer shelf life
· New types of products

List some benefits that genetically modified plants have in terms of environment.
· Fewer pesticides – less run off on fields, lexx affecting non-target species
· Less tillage for H-R crops – less runoff
· Water – Improved quality; less used – drought tolerant plants
· Less fuel used – fewer times driving over fields


What are the issues with GM plants?
· Bugs evolve resistance to the insecticides
· Other plants can evolve resistance to the herbicides
· Montsanto limits farmers rights – only owned by montsanto can be charged if pollen drifts 
· Consumers rights – consumers dont know what their buying no labels
· General uncertainty – 







Whats the pollen problem with GMO’s?
· Pollen=gametes>spread genes
· Genes from genetic engineering present in pollen
· Genes are spread to other fields 
· Monarch butterfly larvae fed milkweed leaves dusted with Bt corn pollen in field
· Some significant reductions in survival, larvae wt
· Percentage of population affected is very dependant on the population
· The percentage of population affected is VERY high in the corn belt
· Gene flow between domesticated and wild plants; GM crops just add new dimension
· GM Crops may hybridize with closely related non-GM crops is within pollen dispersal distance – most plants are outside the native range but there are some exceptions
· Canola in mustard family – lots of nearby wild relatives
· Wild hybridized Bt canola have competitive advantage over canola – greater insect resistance
· Potential for increased invasiveness in natural communities – ecological consequences
· Knowledge incomplete on this
· Genetically engineered a better weed?
· Potential fall outs – need more/new herbicides with new GM resistance

What is Volunteer Wheat? (Hint – a GM weed)
· Wheat you don’t plant and don’t want on your field at the time
· Herbicide resistant wheat fro prev yr grows current year during soybean crop (crop rotation)
· How do you kill those now?
· Discourage crop rotation
· More/different chemicals?

Describe evolved insect resistance to bt plants.
· Example 
· 2010 montsanto admits Bt cotton no longer effective against pink bollworm in india
· Suggested switching to Bollgard II

How can you prevent evolved resistance in insects?
· Plant refuges
· Areas with non-GM crops to discourage development of resistance
· Rare resistant insects mate with common non-resistant insects – non-resistant live nearby in refuges
· Keep rare alleles low in populations – slows population –level resistance
· “Dilutes” gene pool

Describe Farmer’s rights concerning GM plants
· Montsanto patented seeds
· No saving seeds – saving seeds is common practice in farming
· Hard work to produce  good seed, want to use it 
· Economical – reusing seed from crop before rather than buying new
· Patenting life makes farmers completely dependant on seed companies
· Pollen is dispersed by wint – it’s a vital part of agriculture – no pollination no fruit
· Presence of unpaid patented genes on field is violation on patent – bu famrers have no control over where their neighbours pollen goes – have to get rid of crop if its found to be pollinated by GMO crop



Describe the general Uncertainty pertaining to GMO’s.
· Non sure of extent of harm that may be caused by gmo’S
· ecological/economical/human/animal health
· potential for good – fewer chemicals, less fuel, increased human nutrition
· Lots of people to feed, need to cut back on chemicals, can’t increase arable land
· Uncertainty on both sides

Lecture 17 -  Agricultural Alternatives

Explain monocultures and some issues with them:
· Low biodiversity
· Haven for insects, pathogens
· Heavy competition
· Reliant on lots on inputs

Explain Annual Plants & some issues
· Plant grows, sets seed, dies in one yr
· Need to plant annually
· Hard on soil, expensive, lots of fuel

What’s a polyculture?
· A step away fom unnatural, unstable, annual-based onocultures
· Perrenial-based polycultures modeled after natural ecosystems
· Different plants provide different services, use resources differently
· Diverse crops use soil resources better, some have diverse needs, root depths, and some are natural Nitrogen fixers
· Increased ground cover – less evaporation, more plant litter, better habitat for insects and animals
· Encourages pollinators, predatory insects – pest control; biodiversity
· Eg.
· Strawberries used as income crop – many planted
· The rest planted b/w strawberries
· Borage – harbor insect pests, encourage predatory wasps – natural pest control
· Chives – structural diversity, attracts pollinators

Explain a plant-animal polyculture
· Cows eat forage – pasture grasses that grow naturally
· Chickens roam field next: eating short leftovers from cattle grazing, insects/larvae in cow dung – natural sanitation
· Birds follow herbivorous grazers in natural systems because of close-cropped grasses, easy access to insects
· Pigs love to dig  therefore they aerate the fermenting cow “bedding” (manure,hay) – this contributes to decomposition – compost/fertilizer

Describe perrenials part in polycultures.
· Many major crops are annuals – they have to be planted every year
· Perrenial crops – live longer than 2 yrs; most set seed many times – harvested annually
· Less plowing > less erosion, compaction of soil; less fuel; diverse fauna
· Larger root stocks=less erosion
· Longer growing season, more photosynthesis
· Deeper roots – use more water & nutritents (less leeching of nutrients) lower erosion, fewer passes with machinery needed – better soil, more soil fauna, less fuel used

What are some recent advances in breeding perenials?
· Breeding programs attempting to “perenialize” major crops
· overall more biomass, but what about the edible parts?
· Could be commercially viable in 20 yrs








Give a summary about the benefits of polycultures of perenials
· Imitate natural ecosystems – e.g. prairies
· Different plant with diff needs/ contributions
· many plant species Support many animal species
· perennials
· genetic and species diversity
· Fewer off-farm inputs
· More efficient systems, more efficient plants


What is Organic Farming?	
· Farming Prohibiting the use of:	
· Synthetic Pesticides
· Synthetic fertilizers
· GM Organisms
· Livestock farming:
· Use of organic feed
· No antibiotics, growth hormones
· Allow free-ranging
· Limit animal densities in buildings

Explain Organic Farming Methods.
· Soil quality
· Sources of N: Crop rotation with legumes (forage or harvest), green manure, animal manure
· Organic Fertilizers: seed meal, mineral fertilizers – potash
· More soil microbes, insects, fungi, - aerate soils, decomposition > return nurtients to soil
· Weed management
· Suppression – not elimination
· Encourage soil microbes – eet weeb seeds
· Grazing – Use animal’s preferences – animals that prefer weed but not crop
· Tilling and cultivating – turn over weeds, bury seeds – hard on soil
· Mulching – block weed emergence
· Insect Pests
· Biological Control
· Predatory insects eat pests
· Companion planting
· [bookmark: _GoBack]Plant species insects like OR that deter insects (marigolds+aphids)
· Natural pesticides
· Bacillus thuringiensis (Bt), Pytherum.

Describe the benefits of organic farming
· Fewer off-farm inputs
· 33% less Fossil Fuel consumption by not using synthetic fertilizers
· Far fewer chemicals
· Higher soil fertility
· Less runoff (pesticides and fertilizers)
· Greater biodiversity, good for pollinators

Explain the limitations with organic farming
· Greater loss of yield for farmer – no pesticides/herbicides – crops will die
· More labour intensive – 
· Products and Practice more expensive
· No regulations on transportation of goods
· Petroleum based fuels – emissions - still used
· No known indication of quality or nutrition difference

Lecture 18 – Ecosystems Services (Focus on forests and wetlands)








