








Figure 12.

Fertilizing lawns
frequently at lower
doses can help
reduce nutrient
losses.

recently passed a bylaw banning the application of phosphorus fer-
tilizer?? The merit of such legislation is still under debate. However,
manufacturers are responding by offering lawn fertilizers with lower
amounts of phosphate, and the Canadian Food Inspection Agency
has introduced a low-P standard for lawn fertilizers. Will these
approaches be effective in improving water quality in our rivers, lakes,
and reservoirs? The principles of nutrient management that have
been developed for agricultural fertilizers also apply to lawn fertilizers.
With soil testing and wise application, such as more frequent applica-

tions at lower doses, nutrient losses can be reduced.

8.3 Land Use

Perhaps surprisingly, fertilizers can have a positive impact on the environment with regard to land use.

A discussion of land use priorities is important. Starting in the 1960s, farmers were able to increase food
production about 400 percent. The Green Revolution was made possible largely by three innovations: bet-
ter crop varieties, use of commercial fertilizers, and better water management practices. The economist
Indur Goklany calculated that if we needed to feed today’s population of over 6 billion people using the
organic methods in use before the 1960s, it would require devoting 82 percent of Earth’s land to farming."

Land is a finite resource, and human societies use it for a variety of purposes. We need land for residen-
tial living, for industries, for recreation, for wildlife habitats, and of course, for growing food and fibre. Land
cultivation worldwide has remained about the same for the past 50 years. Although subsistence farmers
in developing countries have brought some additional land into production, land has also been lost to
expanding cities in the developed countries.

If, as predicted, the world's population is expected to top 8 billion by 2040, food production will need to
keep pace. Without more available agricultural land, we will need to turn to other alternatives — like increas-

ing agricultural productivity - to feed our population.

9.0 Technology and Nutrient Management

learly, if we are going to produce adequate food for our growing population, then crop yields will need

to further increase. Strategies will have to be developed to meet the challenges of the future. Some
farmers are using technology in a variety of ways to increase crop yields. The utilization of these new tech-
nologies is growing. The rest of this section describes some of these technologies.

Geographic information systems (GIS) allow farmers to use map-based information about natural
resources, soils, water supplies, variability in crop conditions throughout the year, and crop yields to ensure
the that amount of nutrients being used matches crop needs. Even information about the amount of crop
residue (which still contains nutrients) left at the end of the year and the amounts of nutrients removed by
the crop can be “mapped”and stored in a GIS database. Once this information is gathered into one data-

base, it can be integrated with other GIS databases such as rainfall records (taken from Doppler radar).
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The global positioning system (GPS) is critical to the development
of GIS databases and is used to identify the locations of equipment and
people in the field. GPS is also useful in assessing general crop conditions
and for scouting fields for problems such as nutrient deficiencies. GPS
can help farmers return to the same field sites when problems are being
addressed.

Autoguidance is a feature of mechanized agriculture. It ties together
GPS, GIS, and robotics technologies, allowing a driver to sit and watch
as the machine does the work. This technology is being used in various
types of farm equipment such as tractors, combines, sprayers, and fertil-
izer applicators. For example, by using autoguidance systems, farmers can
ensure that applications of fertilizers do not overlap. The best of these sys-
tems can apply fertilizer to an accuracy of less than 1.5 centimetres.

Remote sensing uses satellite images of fields to help farmers know
what is happening to their crops. The satellite images can be analyzed
to detect variability in the reflection of visible, infrared, and other wave-

lengths of light. Some images show thermal (heat) radiation from the

ground below, which helps estimate soil moisture conditions. These

images and data, linked with the GIS data mentioned earlier, offer a

means of detecting problems developing in the field and comparing successive images over time. The rate Figure 13.
of change can be determined to illustrate how a problem is spreading. Farmers can use
Enhanced efficiency fertilizers help reduce nutrient losses and improve nutrient-use efficiency by autoguidance sys-
crops while improving crop yields. These products provide nutrients at levels that more closely match crop tems to ac.c.urately
demand leaving fewer nutrients exposed to the environment. Slow- and controlled-release fertilizers are apply fertlllzer§.
Such systems tie
designed to deliver extended, consistent supplies of nutrients to the crop. Stabilized nitrogen fertilizers together GPS, GIS,

incorporate nitrification inhibitors and nitrogen stabilizers, which extend the time that nitrogen remainsina  and robotics tech-

form available to plants and reduces losses to the environment. nologies.
Gene modification technology is another strategy with potential implications for the future. One

of the main factors that limit crop growth is the efficiency of nitrogen uptake and usage by the plant. If

crop plants can be made to more efficiently use nitrogen lower rates of fertilizer can be applied and with

improved crop use there is less potential that will run off into the environment.
The ultimate goal of this research is to give non-legume plants the ability to obtain their own nitrogen

from the atmosphere (i.e. to 'fix' nitrogen from the atmosphere) and not relying as heavily on added fertil-

izers. However, giving a corn plant the ability to fix nitrogen would involve adding a large number of genes,

not only from nitrogen-fixing bacteria, but also from an appropriate host plant. The prospect of achieving

this anytime soon is remote. Scientists have succeeded in helping plants better use nitrogen by increasing

the expression of a single gene. For example, plants that highly express the enzyme glutamate dehydro-

genase have been shown to grow larger than those that weren't modified to do so. Of course, genetic sci-

entists are limiting their efforts to nitrogen fixation. A wide variety of crop plants have been engineered to

grow faster, tolerate unfavourable environments, resist pests, and have increased nutritional value.

Teacher Backﬂ
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10.0 Conclusion

his module helps students better understand the challenge confronting their generation as they seek
to nourish the planet’s people in the 21st century. Such an ambitious task cannot be fully addressed in
the short time used to teach this material.

We have therefore focused our attention on some core scientific concepts that underlie the growth of
healthy crop plants and on land use and some downstream issues of pollution that have geographic, social,
economic, ecological, legal, political, and ethical implications.

The classroom lessons are designed to introduce students to the notion of essential elements and relate
them to the health of plants. Students will see that even though plants seem to be very different from us,
their cells work in much the same way as ours do. Just as we need to obtain nutrients from a balanced diet,
plants need to obtain a balance of nutrients from the air, water, and soil.

Students will learn to appreciate the soil as a precious natural resource that must be protected. They
are instructed to regard the soil as a bank of nutrients that plants use to grow. Nutrients in the soil become
dissolved in soil water and are taken up by the plant root system and distributed to the rest of the plant
through the xylem tissue. Nutrients enter the roots through the passive process of diffusion and the ener-
gy-requiring process of active transport. The exploration of soils reveals that they differ in their composition
and nutrient content. Physical properties of soils, such as the amount of air space and particle size, deter-
mine how much water a soil can hold and how easily the water moves through it.

The soil “"nutrient bank” can only hold a limited amount of nutrients. In non-agricultural ecosystems,
plants withdraw these nutrients then return them when they die and decompose. In agricultural ecosys-
tems, some of the nutrients a crop extracts are harvested and taken offsite, which can eventually deplete
the soil nutrient bank. As with people, when plants get too little (or too much) of a nutrient, their health
suffers. Each type of nutrient deficiency has specific symptoms that scientists and farmers use to diagnose
the problem. Fertilizer is ‘food' for plants. When a nutrient deficiency is diagnosed, supplemental nutrient
additions can be used to restore nutrient balance to the soil.

Students will discover that only a portion of Earth’s surface is used to grow the food we eat. They use
estimates of population growth and land use to calculate how much additional land will have to be farmed
to feed Earth's increasing population. The students will come to realize that growing enough food for every-
one involves making some difficult decisions. They are challenged to put themselves in the position of a
farmer and to consider the advantages and disadvantages of using organic or commercial fertilizers. At the
same time, they must strive to reduce negative impacts on the environment by minimizing contributions
to nutrient and other forms of pollution.

As mentioned previously, Nourishing the Planet in the 21st Century is not intended to provide a compre-
hensive look at all the issues associated with food production and population growth. Hopefully, you will

find that the module serves as an engaging introduction to some of the important science concepts and

Nourishing the Planet in the 21st Century



societal issues associated with feeding our increasing population. The classroom lessons make explicit con-

nections to the Ontario Grades 7 and 8 Science and Technology curriculum expectations and can serve as

the basis for a more detailed examination of agriculture and nutrition. You also may find that the module

can set the stage for exploring other topics such as global warming and gene modification technology. In

short, we hope that you find this module to be a valuable addition to your classroom.
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Glossary

active transport: the movement of substance across a biological membrane against its concentration
gradient; from a less-concentrated area to a more-concentrated area. Active transport requires the input of
energy and uses specific transport proteins.

ATP: adenosine triphosphate; a compound that has three phosphate groups and is used by cells to store
energy.

Commercial or mineral fertilizer: commercially prepared mixtures of plant nutrients from mineral or
atmospheric source. Nitrogen, phosphorus, and potassium are the most commonly produced and used.
Fertilizers are applied to the soil to restore fertility and increase crop yields. Another name for these types of
materials is inorganic fertilizers.

concentration gradient: a difference in the concentration of certain molecules over a distance.

cover crop: crops such as rye, alfalfa, or clover can be planted immediately after a crop harvest to hold the
soil in place, preventing erosion and nutrient loss. They also represent an important type of fertilizer because
they provide nutrient value when they are eventually plowed into the soil. These plant-based fertilizers are
used on a small scale in comparison to animal manure-based fertilizers.

crop: food crops, lawns, garden, and ornamental plants such as flowers.

diffusion: the movement of a substance down its concentration gradient from a more-concentrated area
to a less-concentrated area.

genetically modified food: a food product containing some quantity of a genetically modified organism
(GMO) as an ingredient. A GMO is any organism that has had a gene from another species added to it using
recombinant-DNA technology.

Green Revolution: a term used to describe the transformation of agriculture in some developing nations
between the 1940s and 1960s, developed by Nobel-winning scientist Dr. Norman Borlaug. During the Green
Revolution, already existing technologies such as pesticides, irrigation, and use of inorganic fertilizers spread
to developing countries resulting in increased crop yields.

infiltration: the process by which water penetrates into soil from the ground surface.
inorganic fertilizer: (see commercial or mineral fertilizer described above)

lignin: a non-carbohydrate polymer that binds cellulose fibres together. It adds strength and stiffness to
plant cell walls.

loam: a rich soil consisting of a mixture of sand and clay and decaying organic materials.

macronutrient: a nutrient that must be present in a relatively large amount to ensure the health of the
organism. Macronutrients are building blocks used to make essential biomolecules.

micronutrient: a nutrient required in small quantities to ensure the health of the organism. Micronutrients
are often used as cofactors for enzymatic reactions.

microorganism: an organism too small to be seen with the unaided human eye. Bacteria are an important
type of microorganism.

nitrogen fixation: a biological or chemical process by which elemental nitrogen, from the air, is converted
to organic or available nitrogen.

nonpoint source: nutrient pollution that results from runoff and enters surface, ground water, and the
oceans from widespread and distant activities. [t comes from a number of different sources, such as agri-
culture, urban development and automobiles. A non-point source is therefore much harder to trace and
quantify than a point-source of nutrient pollution.

nutrient: any of 17 essential mineral and nonmineral elements necessary for plant growth.

nutrient deficiency: a condition where the amount of a nutrient essential to the health of an organism is
lacking or present in an insufficient amount.
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nutrient pollution: the presence of excessive amounts of nutrients such as nitrogen and phosphorus in
waterways. These nutrients stimulate the growth of algae, thus robbing the waters of oxygen and suffocat-
ing some aquatic organisms. Nutrient pollution comes from both natural and human-induced sources.

nutrient toxicity: the presence of an excessive amount of a specific nutrient, which is harmful to the organisms.

organic fertilizer: a fertilizer that undergoes little or no processing and is derived from plant or animal
materials; also unprocessed mineral sources are sometimes referred to as an organic source.

percolation: the process by which water moves downward through openings in the soil.
permeability: the ability of soil to allow the passage of water.

phloem: a portion of the vascular system in plants, consisting of living cells arranged into tubes that trans-
port sugar and other organic nutrients throughout the plant.

point source: nutrient pollution that comes from a specific source that can be identified such as a factory
or a wastewater treatment plant.

porosity: the percentage of soil volume that is not occupied by solids.
transpiration: the loss of water to the atmosphere by a plant through the stomates in its leaves.

xylem: conducting tissue that transports water and dissolved nutrients in vascular plants.
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