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plant science 

Plant science has been around for thousands and thousands 
of years. Early societies began experimenting with plant 
breeding and artificial selection. These experiments resulted in 
domesticated plants and early agriculture. 

Plants — as well as animal species — are domesticated when they 
have been adapted or changed for use by people. 

  Early agriculture and artificial 
selection 

Modern food crops are descendants of wild 
plant species. Approximately 12 000 years ago, 
farmers began selecting plants with favorable 
characteristics and replanted the seeds from 
those plant types. 

These farmers were indeed early scientists 
who were exploring and understanding the 
natural world and beginning to manipulate 
heredity. Without realizing it, early farmers 
were selecting for a particular genetic 
makeup. Today, virtually all foods sold in 
markets are products of selective breeding by 
humans.

Ronald, P. Plant Genetics and the Future of Food. Explorers Guide to 
Biology: Online. https://explorebiology.org/collections/genetics/plant-
genetics-and-the-future-of-food

In what ways do you think people 
who grow plants in their gardens use 
selective breeding? 

How does plant science affect crop diversity?
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https://explorebiology.org/collections/genetics/plant-genetics-and-the-future-of-food
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What evidence do you see of the traits 
of the original brassica plant in the 
different varieties of vegetables shown 
in the above illustration? 

selective breeding

The crops we depend on today for food come 
from plant varieties that have been changed 
through selective breeding, which can also 
be called artificial selection. This involved 
selecting plants and animals with useful or 
valuable characteristics and breeding these for 
specific traits.  

For example, several foods came from an 
original brassica plant. These foods include 
cabbage, cauliflower, Brussels sprouts and 
more. Specific traits were selected in the 
brassica plant and bred until these traits were 
established in the new plants. 

Farmers in ancient Babylon managed to select 
for a hybrid of three cereal grasses to create 
wheat. 	Ancient farmers in what is now Mexico took an 	
unlikely wild grass called Teosinte and eventually selected 		
what we now call corn.

Farmers also learned how to “clone” the rare examples of 
desirable perennial crops by making rootings or grafting. They 
even sometimes created cross-species specimens as when the 
European wine grape industry was saved from an introduced pest 
by putting the vines of the species, Vitis vinifera, onto rootstocks 
of different grape species that were native to North America. This 
is called cross breeding.

Selective breeding can create new varieties of crops that have 
characteristics like the following:

	6 Higher resistance to disease and pests or conditions like 
drought

	6 Higher yield from harvested crops

	6 Different rates of growth, such as a shorter maturity time 
before plants can be harvested

	6 More tolerance for different types of soil and soil conditions

	6 Increased protein levels in harvested plants 

kohlrabi
Selected for stem

Brussels sprouts
Selected for lateral buds

cabbage
Selected for terminal 
buds

cauliflower
Selected for flower clusters

broccoli
Selected for stems and 
flowers

kale
Selected for leaves

VARIETIES THAT COME FROM THE BRASSICA PLANT  

Some information from Let’s Talk Biotech. Learn 
Canola: Online: https://learncanola.com/home/lets-
talk-biotech/

https://learncanola.com/home/lets-talk-biotech/
https://learncanola.com/home/lets-talk-biotech/
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Some challenges can also result from selective breeding. Selective 
breeding can reduce the genetic variation, or diversity, in a species 
of plants. This means that a plant population can be more vulnerable 
to changes in the environment. For example, a plant that does not 
tolerate excessive heat or drought can be vulnerable to new or 
different conditions that result from climate change. 

biotechnology and genetics 

Farmers and scientists continue to make improvements in the crops 
they grow, including:

	6 Finding ways to increase crop yields

	6 Improving the nutritional profile of the crop products 

	6 Decreasing the impact of agriculture on the environment

Farmers and scientists still use selective breeding but they also have 
a variety of other plant breeding tools. Biotechnology is one of these 
tools. Consider the following definition from the U.S. Department of 
Agriculture. 

  What is agricultural biotechnology? 

Agricultural biotechnology is a range of tools, including 	
traditional breeding techniques, that alter living organisms, or 
parts of organisms, to make or modify products; improve plants 
or animals; or develop microorganisms for specific agricultural 
uses. Modern biotechnology today includes the tools of genetic 
engineering. 

Biotechnology Frequently Asked Questions (FAQs). U.S. Department of Agriculture: Online. www.
usda.gov/topics/biotechnology/biotechnology-frequently-asked-questions-faqs

Modern biotechnology also includes practices such as direct 
tilling, pest management plans, crop rotation, genetically 
modified organisms, pesticides and the use of GPS to prevent 
waste water run-off. If you apply this definition, biotechnology 
includes brewing, baking, cheesemaking and the breeding 
of animals and plants. Canola is another example of a food 
product that has been developed through biotechnology. 

Canola was originally developed by Canadian plant breeders 
in the 1970s using traditional breeding methods, such as 
selective breeding and crossbreeding. 

Why do you think the genetic variation 
or diversity of a plant species can be 
reduced when selective breeding is 
used? 

https://www.usda.gov/topics/biotechnology/biotechnology-frequently-asked-questions-faqs
https://www.usda.gov/topics/biotechnology/biotechnology-frequently-asked-questions-faqs
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While crossbreeding and selective breeding may be more 
traditional ways of modifying plants and animals, they are still — 
strictly speaking — examples of biotechnology.

applying genetic science

Genetic engineering is another type of biotechnology. It 
produces genetically modified organisms – called GMOs. Genetic 
modification is often mentioned in media. However, you may be 
surprised to know that there are currently only eight genetically 
modified crops available in Canada and the United States. 

  The bottom line on GMOs and your health

In the more than 20 years that GMO crops have been grown in 
Canada, not a single case of illness has been attributed to them. 
Over 900 research studies from around the world have explored 
this topic, and these studies were analyzed by 15 scientific 
societies in 2016—with no evidence of risk to human health or the 
environment discovered. 	

CORN (FIELD AND SWEET)

The GM version of field corn protects the crop against 
corn rootworms and the Asian corn borer. Like GM 
field corn, GM sweet corn also protects the crop 
against destructive pests. The photo shows two ears 
of corn grown in the Philippines. The lower ear of corn 
shows fungal damage from the Asian corn borer. 

SOYBEANS

The GM soybean plant is resistant to pests and disease 
as well as being tolerant of herbicides that are most 
effective, allowing for less herbicide use overall. The 
photo shows a GMO soybean plant on the left and a 
non-GMO plant on the right. The soybean plants on the 
left are resistant to caterpillars. 

How many of the crops that follow are 
used in food or other products that you 
have seen or used? 

Quick Fact: Eating a genetically 
modified crop will NOT affect a 
person’s genes. The human body can’t 
absorb DNA through digestion.

Healthy and Safe Food: GMOs. The Real Dirt on Farming: 
Online. www.realdirtonfarming.ca/article/healthy-and-
safe-food/gmos

https://www.realdirtonfarming.ca/article/healthy-and-safe-food/gmos
https://www.realdirtonfarming.ca/article/healthy-and-safe-food/gmos
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COTTON

GM cotton needs fewer pesticides and protects 
against the cotton bollworm. The cotton boll in the 
front is genetically engineered to protect against this 
pest. The boll in the back was attacked by the cotton 
bollworm and will not produce cotton. 

CANOLA

Canola has been modified through biotechnology to 
make it tolerant to some herbicides. This means that 
less chemicals are needed for weed control. The modified plant 
also has resistance to pests and fungus. 

ALFALFA

The GM version of alfalfa is tolerant of some herbicides, meaning 
a reduced amount of chemicals are needed for weed control.

SUGAR BEETS

The GM sugar beet has increased tolerance to some herbicides, 
meaning that fewer chemicals are needed for weed control. GM 
sugar beets are also resistent to viruses and pests.

PAPAYA

Did you know that genetic engineering helped bring 
the papaya plant back from almost being extinct? The 
GM version of papaya makes the plant resistant to the 
prevalent Papaya Ringspot Virus. The photo shows 
13 month old plants engineered for resistance to the 
disease, while those on the left were not. 

SQUASH

GM squash has traits that improve the plant’s defense 
against viruses.

ARCTIC APPLE

Developed by Okanagan Specialty Fruits of British 
Columbia, Canada, this new fruit was developed by 
turning off the enzyme in apples that cause them to 
brown when cut, bruised or bitten. The photo shows 
Arctic Golden slices on the bottom compared to 
conventional Golden slices. 
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INNATE POTATO

This new potato that resists browning and has fewer 
unsightly wasteful bruises has been approved by 
the United States Department of Agriculture for 
commercial planting. The photo compares an Innate 
potato with a traditional potato 10 hours after cutting. 

AQUABOUNTY SALMON

This new salmon is genetically engineered to reach 
market size more quickly than non-GE farm-raised Atlantic 
salmon. It is available to consumers in Canada.

The photos on this and the previous pages 
show GMO plants compared to non-GMO 
plants with the disease or condition that 
the crop has been modified to be resistant 
to. What benefits do you see from the use 
of these genetically modified plants?   

What impact does the use of GMO plants 
have for the food system? What risks or 
challenges do you think their use might 
pose? 

Some information on genetic engineering from What Foods are Genetically Modified? Best Food 
Facts: Online. www.bestfoodfacts.org/what-foods-are-gmo/; Images provided by The Society for 
InVitro Biology at http://parrottlab.uga.edu/SIVB/HTML/, under a Creative Commons Attribution-
NonCommercial-NoDerivatives 3.0 Unported License.  Infographic from  Agricultural Biotechnology. 
U.S. Food and Drug Administration: Online. www.fda.gov/food/consumers/agricultural-biotechnology

GENETICALLY MODIFIED FOODS GROWN AND SOLD IN CANADA AND/OR THE UNITED STATES  

https://www.bestfoodfacts.org/what-foods-are-gmo/
http://parrottlab.uga.edu/SIVB/HTML/
https://www.fda.gov/food/consumers/agricultural-biotechnology
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plant systems, structures and functions  

An understanding of plant genetics allows scientists and farmers 
to select for traits that improve the way plants grow, including 
increased yields or their ability to grow in changing temperatures.  

Crop plants have the same plant processes as other plants. 
They are made of organs, including roots, leaves, the stem and 
reproductive organs. Each organ has its own functions.

Plants are made up of many cells. Groups of similar cells work 
together in a tissue. Each tissue has its job to do. For example, 
dermal tissue covers the leaves, flowers, roots and stems of 
plants. Dermal tissue has several functions, including preventing 
the plant from losing too much water.

Tissues work together in organs. Important plant organs include:

	6 Roots

	6 Leaves

	6 The stem

	6 Reproductive organs, such as male and female sex organs in 
flowers

In plants, each organ has several functions. Think about how the 
organs of the canola plant described below compare to those of 
other crop plants.  

Roots stabilize the plant and take in water and nutrients from the 
soil. 

	6 For example, canola 
plants have a tap root 
system, with secondary 
roots that grow out and 
down from the taproot. 

	6 The roots grow due to cell 
division at the tip of the 
root. Microorganisms in 
the soil provide nutrients 
that are captured by the 
roots and promote the 
growth of the canola 
plant. 

The process of osmosis allows plant 
roots to draw water from the soil. Where 
do you see evidence of osmosis in the 
growth process of the canola plant? 

Revisit the parts of plant crops in the 
WHAT ARE SOME OF THE CROPS THAT 
FEED THE WORLD? Learning Source, 
found at www.projectagriculture.ca/
topic-item/what-are-some-of-the-
crops-that-feed-the-world/.

https://www.projectagriculture.ca/topic-item/what-are-some-of-the-crops-that-feed-the-world/
https://www.projectagriculture.ca/topic-item/what-are-some-of-the-crops-that-feed-the-world/
https://www.projectagriculture.ca/topic-item/what-are-some-of-the-crops-that-feed-the-world/
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	6 The phloem is made up of living cells. It carries the product 
(sugar) produced during photosynthesis, from the leaves to 
other parts of the plant. As the roots grow, they use oxygen 
and release carbon dioxide. 

	6 The xylem carries water and minerals up through the rest of 
the plant. 

The stem supports the leaves and flowers. 

	6 The stem transports water and nutrients 
between the roots and the leaves. 

	6 Nutrients travel from cell to cell through 
tiny connecting tubes. 

Leaves are responsible for photosynthesis. 

	6 Leaves absorb sunlight to produce food 
for the plant. 

	6 The waste product of photosynthesis, 
oxygen, escapes through tiny holes or 
leaf pores, called stomata, in the leaves. 

	6 Some nutrients can be absorbed by the 
leaves of the canola plant. Nutrients in a 				  
gas form can enter leaves through the stomata. 

What evidence can you see of the role 
that the xylem has in the roots, stem 
and leaves of the canola plant? 
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In what ways does the cellular growth of 
the canola plant compare to what you 
have learned about other plants? How 
similar are their processes? 

Information and illustrations from Canola Encyclopedia. Canola Growth Stages and 
Basic Plant Nutrition. Canola Council of Canada: Online. www.canolacouncil.org/canola-
encyclopedia/growth-stages/

Reproductive organs allow a plant to 
produce new plants.

	6 Canola is self-pollinating. 

	6 Branches with flower clusters are 
called the inflorescences. 

	6 During flowering, the branches 
continue to grow longer as buds 
open into flowers and as flowers 
develop into pods.

https://www.canolacouncil.org/canola-encyclopedia/growth-stages/
https://www.canolacouncil.org/canola-encyclopedia/growth-stages/
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