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• Research is now being conducted in many countries, including Canada and the United States, with the hopes of producing 
vaccine-containing foods. Studies carried out in animals over the past 10 years, and small tests in people, encourage hope 
that edible vaccines can work.  

• Innovations in biotechnology could transform that picture, making it possible to feed a growing population while reducing 
the environmental strain of agriculture. Some of the most important innovations are plants that draw nutrients from the soil 
more efficiently. As a result, they are able to grow in the poor conditions—such as drought, changing weather patterns, and 
depleted soil. Many can grow year-round regardless of the season, potentially relieving food shortages in tropical areas. 
Food biotechnology, for example, is already boosting production of legumes, a major dietary staple in the Philippines, Sri 
Lanka, and India. Projections say biotechnology could boost food productivity in the developing world by 25 percent, 
feeding more people while consuming fewer natural resources.  

• Biotechnology can also slow spoilage by allowing foods to ripen more slowly, a potentially life-saving innovation in 
developing nations that lack refrigeration.  

Researchers are even on the verge of developing a banana that would deliver the vaccine against Hepatitis B, replacing costly, 
often inaccessible inoculations with a locally grown, inexpensive piece of fruit.  
Helpful Web sites 
http://www.ers.usda.gov/publications/sb968/sb968f.pdf (requires Acrobat Reader) 
http://www.agbiotechnet.com/ 
http://www.nbif.org/ 

Section 15.3 Questions 

(Page 722) 

Understanding Concepts 
1.  (a) Technologies could include irrigation, tilling techniques, fertilizers, pesticides, greenhouses to extend growing seasons. 

The use of technology in any given area of the world tends to increase food production. 
  (b) Soil quality can be influenced by crop rotation, use of organic versus chemical fertilizers, irrigation, and drainage 

techniques. The quality of soil can be improved with fertilizers and improved drainage techniques. These can increase 
food production. Poor soil quality can decrease food production. Soil degradation occurs in areas where people rely on 
wood for fuel. Deforestation exposes the soil beneath trees. This can lead to leaching of nutrients from the soil, creating 
nutrient-poor soil that is not useful for crops. If crops are continuously planted and harvested on such soil, organic 
matter and more nutrients are stripped from the soil. The soil can also erode as it is exposed to wind and it can become 
waterlogged as well. In some situations, the soil can become excessively salinized.  

  (c) Climate can be used in warm, wet regions. Regions with warm, wet conditions have very little trouble producing foods. 
In dry, cold areas, however, food production is an issue. Many crops and animals cannot survive harsh weather, both 
hot and cold extremes, and they cannot live without ample water supplies. Irrigation, greenhouses, and plant genetics 
can overcome cooler or drier climates. 

2.  Student answers should include the different effects of a shortage of food and a shortage of the money needed to buy and 
transport food. A sample PMI chart, Venn diagram, and concept map are shown below. Please note that the “Interesting” 
column of the PMI chart is not filled in, as different students will find different things interesting. 

   
Food Production 

Plus Minus Interesting 
a food scarcity increases global 
food production, so more food will 
be available 

more land needed to grow food  

more available food means lower 
prices 

more energy needed  

 is costly due to fertilizers, 
pesticides, irrigation, and 
biotechnologies 

 

Agricultural Land Use 

Plus Minus Interesting 
clearing forest lands water loss  
irrigating desert lands degradation of water and soil 

quality 
 

livestock raised in marginal lands habitat loss  
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3.  Energy pyramids show the relative amounts of energy that could be transferred to humans from different food sources. 
From energy diagrams we can see that plants provide much more energy to humans than animals do. When humans 
consume plants, they receive 10% of the energy available from the plants. However, if humans consume animals that 
consume plants, they only receive 10% of the energy available from the animal, which is 10% of the energy available 
from the plant, or 1% of the energy available from the plants. 

4.  Many types of animals can graze on lands that are too dry, steep, or rocky for crop cultivation. Sheep, goats, and other 
domestic animals can thus increase the amount of food energy available to humans through meat and milk production. 

Applying Inquiry Skills  
5.  

Type of ecosystem Primary productivity 
(J/m2/year) 

Energy available to 
primary consumers 
(J/m2/year) 

Energy available to 
secondary consumers 
(J/m2/year) 

Tropical rainforest 38 000 38 000 !  10% = 3 800 3800 x 10% = 380 
Temperate grassland  9200  9200 !  10% = 920 920 !  10% = 92 
Open ocean  5000  5000 !  10% = 500 500 !  10% = 50 

Making Connections 
6. Student answers may include the following: 
  (a) Low-tillage methods of cultivation reduce soil erosion and the need for large machinery and encourage the 

development of beneficial microorganisms, worm populations, and rhizomal areas in the soil. 
  (b) Drip irrigation is the process of delivering precise amounts of water and nutrients directly to the plant’s root zone, drop 

by drop, offering growers exact irrigation control and efficient use of limited water resources.  
  (c) Crop rotation involves moving crops around every season so that no crop is grown on the same spot two years running. 

Growing the same plants in the same ground year after year results in a steady accumulation of soil-borne pests and 
diseases. Crop rotation is also beneficial because different plants require different soil conditions. When growing 
vegetables, you need to feed the soil, which is best done by growing crops that vary from year to year.  

7.  Student answers will vary depending on their points of view. Major points centre on several arguments. A few are listed 
below. 
(i) Only 10% of available energy is transferred between trophic levels. Therefore, it is better to eat only vegetables as this 

is the best way to acquire energy from lower trophic levels. 
(ii) Domestic animals are able to digest more types of plant foods then humans can. Domestic animals can also graze on 

marginal lands that cannot be used for crops.  
(iii) Not enough nutrients are available from a vegan diet. Humans need a source of protein. 
(iv) If we needed to grow more crops, less land would be available to build houses, create parks, and so on. Huge amounts 

of land would have to be converted to agricultural purposes. 
 

15.4 LIFE SUPPORT SYSTEMS: WATER AND AIR  

Section 15.4 Questions 
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Understanding Concepts 
1.  Stresses on global water supplies would include the following: 

• Reduction of aquifers, especially by irrigation. 
• Salt buildup, especially by agricultural runoff. 
• Pollution by organic and chemical wastes. 

2.  Flood irrigation covers the entire field with water. This method is relatively cheap and requires simple technologies. The 
evaporation rate and salt buildup are rapid. Drip irrigation is concentrated only on the crop plant. The technology is 
relatively complex and expensive but minimizes evaporation loss and salt buildup.  

3.  (a) Desalination is expensive, in terms of both money and energy. Desalination is only an option in coastal areas; dry 
interior sites could not make use of desalination.  

  (b) (i) Distillation heats seawater to cause evaporation of water. The water vapour is condensed back to liquid, which 
separates the salt. Distillation does not rely on a membrane that can fail. It also removes more of the contaminants than 
reverse osmosis does.  

   (ii) Reverse osmosis uses water under pressure and a membrane that is selectively permeable to water but not salt. An 
advantage of reverse osmosis is that no chemicals are used to treat the water. In both situations, huge amounts of waste 


