GEOG 204: GLOBAL ENVIRONMENTAL ISSUES

WEEK 8: 07/03/14
Ch.13 FOOD PRODUCTION

10 000 years to the start of the Holocene: Origins of agriculture (crop & lifestock production).
Past 5000 years: world pop reliant on farmers and herders.

Global pop has grown -> area used for food production expanded + production techniques increasingly sophisticated.
Extensification & Intensification of food production -> numerous environmental issues (clearance of forests for farming, soil erosion on agricultural land,  irrigation impacts, fish farming…).

A) Agricultural change

Few societies w/ low pop densities still hunt/gather their food with no agricultural management.
Agricultural management enables more calories of food to be obtained from a given area of land over a more predictable period of time.

Agriculture invented in response to rising human pop or its development drove human pop growth?

Neolithic revolution: social, economic, technological, environmental factors contributed to transition from hunters/gatherers to herders/farmers.
Emergence of urban civilizations on world’s great rivers (Nile, Tigris-Euphrates, Indus, Huang Ho) between 3500-5500 years ago and in Meso-America and Central Andes 3000 years ago.

Started with domestication (selection and breeding of wild plants and animals leading to morphological or genetic change).
Continues today with more sophisticated techniques like tissue culture and genetic engineering.

Agriculture -> pop growth
5 million 10 000 years ago 
1978: 100 million in 500y 
1804: 1 billion
1974: 4 billion
1999: 6 billion
2023: 8 billion

Areas where 30% of landscape is in croplands, cultivation, livestock production, freshwater agriculture = ¼ of Earth’s surface.

Forests, grasslands and all the world’s major biomes (except polar ice caps) affected.

Increased crop yields through numerous improvements in agricultural efficiency:
- open field farming -> mixed farming -> mechanized mechanical farming
- adoption of modern mechanical farming techniques (Green revolution 1960-70s)
- more fertilizers (nitrogen, phosphorus, potassium), irrigation systems improved and expanded, synthetic chemicals to protect crops from diseases, pests, weeds, development of new varieties of crop plants…

Modern techniques require more inputs of energy than more traditional approaches.

Parallel intensification: livestock products provide 30% of calorie intake in industrialized world / 10% in LEDCs.
Animals fattened and raised faster and leaner with rising meat consumption.
Production and consumption of meat, milk, and eggs increase driven by growth in pop, income, and urbanization.
“Livestock revolution”, Delgado 2003.

Increasing environmental issues:
Pollution from farm wastes (water pollution, air pollution, soil pollution).
Specialization in livestock industry -> trend towards concentration in areas distant from centers of arable production.
Leakage of manure, nitrogen in manure…

B) Fertilizer use

Rapid increase in the use of manufactured chemical, synthetic, fertilizers to supply plant nutrients

World production of synthetic nitrogenous fertilizers increased rapidly.
1920: 150 000 tons
1950: 3.7 million
1975: 42 million
2000: 85 million.
Its manufacture absorbs 1% of world energy consumption.

Phosphates & potash fertilizers have rapidly increased too.

-> Key component of increase in average world cereal grain yields. Maintenance of cereal production present level per head will require a doubling of chemical nitrogen consumption.

Recent increase in fertilizer use & other human activities (fossil fuel burning, modification of natural ecosystems through land clearance and wetland drainage…) led to effects on the nitrogen cycle.
Human activities contribute to 210 m tons to the global supply of biologically available or “fixed” nitrogen (140 m tons are made available through natural processes).

Nitrogen use efficiency is typically less than 40% (wheat, rice, maize). Most applied fertilizer is washed out of the root zone or is lost to the atmosphere by denitrification before it is assimilated into the crop biomass.
Lost nutrients cause environmental impacts & health problems:
1. Excess nitrate & phosphate, lost by runoff and leaching, enter rivers, lakes, groundwater, coastal waters -> eurotriphication, nitrate: “blue baby syndrome”, reproductive risks, stomach cancer
2. Excess nitrate converted by denitrification into nitrous oxide, released into the atmosphere -> greenhouse gas contributing to stratospheric ozone depletion
3. Excess nitrogen converted by volatilization into ammonia, released into the atmosphere -> contribute to acid rains effects
4. Excess nitrogen -> declines in forest health, changes in species composition in many ecosystems & losses of biodiversity in temperate grasslands
5. Excess nitrogen and phosphorus can indirectly affect abundance of infectious and noninfectious pathogens -> disease epidemics (malaria, West Nile virus, cholera, schistosomiasis)

Expected result of fertilizer use (rise in crop yields) can have unexpected environmental effects. 
E.g. Increased use of nitrogen fertilizers in the USA -> more snow goose in the Canadian Arctic due to survival in response to US agricultural food subsidy -> loss of coastal vegetation & changes in soil properties.

C) Irrigation

Began in 8th millennium w/ 2 river basin civilizations (Tigris Euphrates of Lower Mesopotamia & Nile in Egypt).

Key tool in modern times to intensify agriculture. Neumann points out that 24% of all harvested cropland is under irrigation and >40% of the global cereal production takes place on irrigated land. Areas under cultivation would be smaller without irrigation (especially in dry land countries).

Poorly managed irrigation systems cause environmental pbs: 
· Excessive applications of surface water -> rising water tables -> salinization and waterlogging -> reduce crop yields on irrigation schemes & can accelerate weathering of buildings.
· Overpumping of ground water in coastal regions -> salinity pbs w/ fresh water aquifiers contaminated by sea water intrusion
-> deplete supplies
-> land subsidence pbs -> flooding of sunken land, damage to infrastucture (raising price of electricity can increase cost of irrigation water)
· Extension of irrigation schemes -> water associated diseases (“irrigation malaria” in India 1990s w/ breeding sites for malaria mosquitoes improved due to irrigation projects)
· Overexcessive use of pesticides on irrigation schemes -> health effects 
· Aral sea disaster, w/ altered quantity and quality of water flows, resulting in a catastrophic ecosystem regime shift.

D) Agricultural Pests

67000 pest species attack agricultural crops worldwide
35% of crop production is lost to them each year (Insects 13%, plant pathogens 12%, weeds 10%)

PESTICIDES
= insecticides, herbicides, fungicides 

First started in the 1860s for Colorado Beetle in the USA to protect potato crops and vine mildew in France.
Genrally used by the 1950s.

Spread of industrial agriculture & loss of natural habitat areas -> greater insect pest pressure on crops -> increased use of insecticides 
Proportion of harvested cropland treated by insecticides increased w/ proportion of cropland.

Most pesticides used in agriculture & 10% in public health campaigns (e.g. against Malaria moquitoes).

Pbs: 
· Increasing resistance to chemicals -> need stronger doses of chemicals or more frequent applications
· One pest elimination can lead to the rapid growth of secondary pests
· Large proportion, usually applied by aircraft w/ 50-75% not reaching target (natural predators of the problem pest can be destroyed, other useful creatures to farmer can be destroyed)
· Concentration of some compounds have accumulated up the food chain, damaging levels in higher species
· Pesticide residues in rivers/groundwaters -> effects on aquatic life and fish-eating wildlife
· Persistent nature of some compounds
· Agricultural workers at risk (seeds treated with pesticides eaten rather than planted, 1500 male banana plantation sterile workers in 1960s Costa Rica…)
26 m ppl worldwide may be affected by pesticide poisonings each year, w/ 220000 deaths

Govts have started introducing programmes to reduce their use in agriculture, mostly in developed countries (Denmark, Netherlands, Sweden…), or complete bans of most dangerous pesticides.

ALTERNATIVES

1/3 of total crop productions is still lost to insects, weeds, plant diseases.

5 main alternatives to chemical pest controls: 
1) Environmental control
2) Genetic and sterile male techniques
3) Behavioral control
4) Resistance breeding
5) Biological control
Combination of these approaches often employed as IPM (integrated pest management), acknowledging that crops and pests are part of dynamic agricultural ecosystem, and aiming to limit pest outbreaks by enhancing effects of natural biological checks on pest pop, only resorting to chemicals in extremes.

· Environmental control: all human alterations to environment 
· Special breeding: releasing large numbers of genetically altered, often sterile, individuals (decimate pest pop by preventing reproduction)
· Behavioral control techniques to control pests by use of sex pheromones and by attractant or repellent chemicals in the early stages of development
· Biological control uses living organisms as pest control agents (can also have negative effects).

E) BIOTECHNOLOGY

Manipulation of genetic make-up of crops and livestock (domestication), deliberate manipulation of organisms and their components to benefit society (bread, cheese, alcohol, yoghurt production), breeding/crossbreeding….

For the last 5 millennia, virtually every living thing that humankind exploits has been genetically modified in a major way (crops grown for food, animals raised to eat, pets, plants in our gardens…).

Genetic engineering conducts these procedures much more precisely, by transferring useful DNA material from one organism into the genetic make-up of another organism.
Genetically modified (GM): Food produced from plants or animals w/ genes changed by scientists in the laboratory.

Faster and more precise than conventional breeding.
DNA can be transferred to increase resistance to pests and diseases, to improve tolerance of herbicides for weed control, to modify timing of fruit ripening, to enhance nutritional value, to increase tolerance of altitude or temperature regimes. Most successful traits are those aimed at the farmer.

Once a new variety of plant has been created it can be mass-produced using cell or tissue culture (complete plant is regenerated in the laboratory from a single cell exposed to nutrients and hormones). Commonly used for clonal propagation, planted like conventional seedlings.

Consequences:
· Widespread commercial applications in a limited number of countries
· Significant economic contributions to farmers
· Continuing controversy over environmental impacts
· Proliferation of regulations (technology and property rights)
· Wide range of changing public reactions
· Small contribution to increasing food production, nutrition, farm incomes in LEDCs.

Potential environmental impacts:
· Knock-on effects of introducing a single gene to a plant
· No control over the expression of the new gene
· Genetically altered plants/micro-organisms might have competitive advantage, disturbing natural ecology if released into the wild
· Prickly pear in Australia, Ferussac snail in Moorea: unintended releases into environments where they have proliferated to the detriment of other species
· GM foods introduced too fast (precautionary principle)

“Terminator technology” could be used to reduce risk of GM genes escaping into the wild = genes expressed in embryos at a large state of development, allowing crops to develop normally but killing them when they are mature (sterile harvested seed).

Ethical implications protested.
-> would place company owning the GM crop in powerful position where the farmer has to buy a new batch each year -> stifle competition -> operate against common interests of crop producers and consumers;

Need to maintain reservoir of genetic diversity into the wild, to provide new genetic material for food production or pharmaceuticals.
Increasing reliance on small number of crops (75% of food comes from just 12 crops) -> limited genetic diversity.
Constant need for new genetic material.

Need to protect and maintain genetic diversity into the wild & regulate use of such material, enabling compensation to be paid to the countries of origin (developing countries in particular).

F) Food security

“Food insecurity”: when access to nutritious, safe foods is limited or uncertain.

Food security dependent on supply and demand.
Work of Sen (1981) and his entitlement theory: access to food by some sectors of society is diminished. E.g. failure of crops due to drought in subsistence agriculture, sudden change in market (rapid price increase) can both result in food insecurities for some groups of ppl.

Country level: 
· “chronic” food insecurity: average food availability is below required level (caused by economic poverty, poor endowment of natural resources like soils…)
· “transitory” food insecurity: short-term decline in food (due to drought, fluctuations in income or prices).

Recent examples: Ethiopia and Eritrea (drought, rural overpopulation, land degradation, warfare…)

We produce sufficient food to feed entire world’s pop at the global scale but more than 1 million still suffer from insecurity and malnutrition.

G) Sustainable agriculture

Estimation of need of producing 70-100% more food to meet future expected demand for food.

Reduction of waste in current production systems
Approximately 30-50% of all food produced is wasted.
Developing world: losses typically caused by lack of infrastructure for storage, processing and distribution
Developed world: in homes (low price of food, high expectations of food cosmetic standards, increasing disconnection between consumers and how food is produced).

Improving sustainability of agriculture should focus on more closely based on functioning of natural systems and use of ecological processes (as opposed to a large scale manipulation of nature and high inputs of energy).

· Organic farming aims to produce food w/ minimal harm to ecosystems, animals or humans. But tends to produce lower yields, thus needing more land to produce the same amount of food as intensive farming (can nearly match conventional yields under certain conditions)

Wide range of organisms (birds, mammals, invertebrates, flora) benefit from organic management through increases in abundance and/or species richness

Prohibition/reduced use of synthetic chemical pesticides and inorganic fertilizers, sympathetic management of non-cropped habitats, preservation of mixed farming.

· Life Cycle Assessment (LCA)
Can reveal where in the life cycle the impacts are greatest and how they can be reduced, by assessing the environmental impacts of a product of farming system.

- Assumption that small scale, local food systems use less energy than the ones dependent on global distribution network.
“Food miles”: weighted average distance travelled for a food product 

LCA indicates that transport is only a minor element in the overall food system energy use in industrialized countries (around 3% in US)

- “Livestock revolution” rapidly increasing demand for meat and dairy products in developing countries
Conversion efficiency of plant into animal matter is about 10% (more ppl could be supported if they were vegetarian). 

But a big proportion of livestock is grass-fed and much of this grassland is unsuitable for conversion to arable land.

H) AQUACULTURE

Fish farming, production of other aquatic organisms (seaweeds, frogs, turtles…)

Long history in parts of East/South Asia (5000BP in China) and in Europe (medieval times).

More and more sophisticated approaches to fish farming (ponds, cages for different levels of development, provision of feed and control of natural predators, competitors, diseases…
Advances in fish farming techniques have occurred in the past 50y: selective breeding, reproduction controlled by hormonal injection and disease by antibiotics.

Intensive aquaculture has several negative impacts on the environment:
· Destruction of natural habitats
· Displacement of native fish species
· Control of wildlife that might pray on farmed species
· Local contamination of water
· Salinality pbs due to sea-water intrusion in fish farms, like in West Taiwan, causing land subsidence (fish farms susceptible to greater coastal erosion and storm damage)
· Groundwater over pumping: groundwater poisoning (arsenic pollution) and high sea-water salinization 
· Mangrove destruction from conversion of natural habitats for fish and prawn farming. Loss of habitat has feedback effect on marine production

“Blue revolution” global production from aquaculture will continue rising

Cheaper, more ecologically friendly practices established in China for e.g. where carp are reared alongside pigs with reciprocal recycling of nutrients between land and water.
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