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Arctic Plant Adaptations
OVERVIEW
Plants of the arctic region have developed unique strategies to survive in the harsh arctic environment. Many of the plants are small, growing close to the ground and very close together to avoid the wind and conserve heat. Some possess a light, fuzzy covering to insulate the buds so they can grow. Many are dark colors of blue and purple to absorb the heat from the sunlight even during the winter months. Because of the cold and short growing seasons, arctic plants grow very slowly. Some grow for ten years before they produce any buds for reproduction. These two activities are designed to highlight some of the adaptations that plants in the arctic have acquired over time in order to survive their extreme climate. The first activity, Willows in the (Arctic) Wind is suitable for grades K-8, the second activity, Macro Ecosystems is suitable for grades 6-8. 
BACKGROUND

Tundra plants are often dwarf relatives of similar plants from milder climates. Short plants can better avoid drying and abrasive winds and stay warmer in the near ground microclimate. Their small flowers save energy. Many tundra plants also wear adaptive coats – furry and waxy coatings on their leaves and stems. Fine hair or fuzz slows the wind, thus reducing drying and

preserving heat. Dense hairs around the flowers of the woolly lousewort also act like the glass of a greenhouse – trapping solar energy. This surrounds the flowers with relatively warm air, sometimes 34ºF (18ºC) warmer than the environment. This is important because cell division, necessary for seeds to form, cannot occur at cold temperatures. The waxy coating of many plants also reduces water loss and evaporative cooling by the wind. Many tundra plants retain, rather than shed, their dead leaves each year. The dead leaves insulate fragile new buds from the wind and cold. Grass tussocks provide a good example of this. Many of the tundra’s summer flowers are purple or blue because these colors absorb more heat than do white or light yellow. Indeed, the percentage of dark-colored flowers is greater in the tundra than in

warmer environments  Many tundra plants, such as the tundra grass, are able to photosynthesize at temperatures of 25°F (–4°C) because they produce antifreeze that

keeps their cell fluids liquid even at this low temperature. Plants need antifreeze not only to prevent freezing, but also so that they can make enough food to survive. Because the process of photosynthesis requires water, many plants cannot function if the temperature is less than 32°F (0°C), the freezing point of water. But air temperatures in tundra environments frequently drop below freezing in spring, fall, and even summer.
Many tundra producers beat the short growing season with long life cycles. As with an iceberg, there is more to tundra plants than what you see on the surface. Aerial parts are reduced in favor of root mass in the protective soil. This is also an adaptation used by many desert plants. Tundra plants tend to form clumps or cushions, which create milder microclimates (as much as 20 degrees warmer) to insulate growing tissues and preserve moisture. Keeping their dead leaves is such an adaptation. Arctic tundra plants can grow at lower temperatures than can similar plants in milder environments. The energy and minerals stored in their large roots allow the plants to start to grow instantly in the spring –  even under the snow. Tundra plants further make up for the short growing season by adopting long life cycles to accomplish reproduction. Many tundra plants grow for 10 years or more before saving enough energy to form flower buds. Even then a plant might form flower buds one year, bloom the next, and make seed a year later. The fragile flower buds develop underground or encased by dead leaves so they are well insulated. When spring comes, the tundra can literally burst into bloom because the flower buds were formed in previous years. Many plants reproduce by rootstocks or runners instead of, or in addition to, seeds. The tiny plants that sprout from rootstocks are identical to their parent plant. The parent plant nourishes the clone plants until the clones have many leaves of their own. Some plants, such as the alpine poa, produce seeds that germinate and begin to develop while still attached to the parent. This is an advantage, because when the young plants drop from the parent, they already have tiny leaves and can begin photosynthesis immediately. Alpine tundra plants can photosynthesize under widely fluctuating temperatures, in brilliant light, and in short periods of daylight. Arctic tundra plants can photosynthesize at low temperatures, at low light intensities, and for long periods of daylight. Most tundra plants are several years or decades old. The age of some woody tundra plants has been estimated at 200 to 300 years, based on counts of their annual rings.

TUNDRA ADAPTATIONS 
Activity: Willows in the (Arctic) Wind 
Tundra willow trees grow to only about 6” tall and hug the ground to escape the fierce Arctic winds, which would topple taller trees. In the winter, snow blankets these little trees and protects them from sharp tundra ice crystals. 
Procedure
Create models to demonstrate the effect of wind on trees of different sizes. 
Twist two pipe cleaners together to create a tree trunk, leaving about 1" loose at one end to represent the roots. Have them attach and shape pipe-cleaner branches that extend in several directions. Then ask students to shape another pair of pipe cleaners into a tiny, short tree with long, low limbs and roots. "Plant" both trees in a mound of clay "soil" and press firmly onto a tabletop. Position a fan to blow on the trees. How do the two trees respond? What happens when tall trees are exposed to strong, sustained wind? 
Experiment with both low and high wind and different materials
Extension - Try this: 
Collect a variety of plants or parts of plants that include, needles, broad leaves, narrow leaves, lichen, moss, succulent, etc and place them in the freezer. Check them over time to see how they react. If microscopes are available look at the samples before and after freezing.
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(Macro) Ecosystems and Climate
  Climate, which is average weather conditions over a period of time, is the primary environmental influence on ecosystems. Plants, animals, insects and microbes are adapted to small changes in climate. However, climatic conditions vary widely over the earth. Organisms adapted to your state might not do well in a desert or tropical climate. Even extremes in your climate can result in destruction of some members of the ecosystem.

The two most important climatic factors for ecosystems are sunlight and water.

Sunlight is necessary for plants to grow, and to provide energy to warm the earth's atmosphere. Light intensity controls plant growth. Light duration affects plant flowering and animal/insect habits.

All living organisms require some amount of water. Organisms in dry ecosystems are adapted to the conditions by storing water for use over long periods or becoming less active. At the other maximum, some plants and animals only survive by being submersed in water.

There are three activities within this lab. Each one is designed to illustrate a different climate affect on plants.
Activity 1 
Materials Needed: Potting soil, three large styrofoam cups or small clay pots, three small tomato plants, florescent light or sunlight if available.
Using the potting soil, plant the three tomato plants in containers. If using styrofoam cups, poke small holes in the bottom for water drainage.
Number each plant 1 through 3. Allow each plant to have the following amounts of light per day:
· Number 1- no light 

· Number 2- 6 hours 

· Number 3- continuous light 

Record the growth of each plant for 10 days. Give each plant equal amounts of water regularly, keeping the soil moist but not saturated.
This activity should show differences in plant growth with differences in light.









After 10 days you should be able to answer the following questions:

1. Which tomato plant grew the most?  
2. Which plant grew the least?  
3. How does sunlight affect plant growth? 
4. Are there ways that a location on earth would receive less sunlight
5. How would less sunlight affect an ecosystem? 

	

	
	

	
	

	
	

	
	



Activity 2
Materials Needed: Potting soil, two large styrofoam cups or clay pots, Kentucky Bluegrass seed.
Place potting soil in the cups or pots. If using styrofoam cups, poke small holes in the bottom for drainage.
Plant the bluegrass seed, and allow it to grow until it is three inches tall. While it is growing to this height, keep the soil moist, but not saturated. After the grass is three inches, try this experiment with Sample 1, do not water it. With Sample 2, water it enough to keep the grass growing vigorously. Complete this routine until Sample 1 is almost completely brown. Begin watering Sample 1 at this point until it is growing vigorously again.

	
	

	
	

	
	

	
	


After completing this experiment you should be able to answer the following questions:
1. Can bluegrass survive without water? 
2. Can all plants do this? 
3. How do other plants adapt to short droughts?).
4. How would more water affect an ecosystem that had adapted to periodic droughts? 
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