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This activity notebook is suggested for the fifth and sixth grade levels. 
It has been developed to promote conservation awareness and understanding for Ne­

braska elementary school children. This project was developed by a cooperative effort of the 
23 Nebraska Natural Resources Districts, U.S.D.A Soil Conservation Service, Nebraska 
Natural Resources Commission, Nebraska's Ag in the Classroom Program, Nebraska De­
partment of Education, Nebraska Department of Agriculture and the University of Nebraska­
Lincoln Institute of Agriculture and Natural Resources. 
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Introduction 

This activities notebook was developed to help teachers provide relevant conservation 
information for students in an easy and practical manner. 

These materials are designed for the teacher to adapt to hislher individual style and 
teaching needs. The materials can be taught in 5 units; activities can be pulled and use to 
enrich a core curriculum, or worksheets can be used in skill review. 

The Unit Guide lists unit concepts and daily lesson plans enabling a teacher to implement 
these materials in a unit form. 

Each activity lists objectives, subject area, background information (if needed), materials, 
additional activities, supplemental worksheets to reinforce concepts of each activity, and 
suggested procedures to provide your students with a hands on experience in conservation. 
Refer to the Activity Guide to identify topics and basic skills for each activity. 

The Worksheet Guide can be used to identify basic skills for each worksheet. 
The activities provide needed background information. If you would like more back­

ground information, contact one of the following resources in the appropriate area: 

Soil and Water 
Contact your local Soil Conservation Service or 
Natural Resources District offices. 

Wildlife 
National Wildlife Federation 
1412 Sixteenth Street N.W. 
Washington, D.C. 20036-2266 

Nebraska Game and Parks Commission 
2200 N. 33rd Street 
Lincoln, Nebraska 68683 
( 402)464-0641 

Forest, Trees 
Nebraska State Forest Service 
101 Plant Industry Building 
Lincoln, Nebraska 68583 
(402)472-2944 

USDA Forest Service 
Regional Forester 
11177 West 8th Avenue 
Box 25127 
Lakewood, Colorado 80225 
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There are a few slide/tape shows available on loan from: 
USDA Soil Conservation Service 
Nebraska Office 
100 Centennial Mall North 
lincoln, Nebraska 68508 
(402)437-5300 

Ask for: "Soil- We Can't Grow Without It" 
15 minutes, discusses the significance of soil to plants, animals and people. 
or: 
"Water - We Can't live Without It" 
14 minutes, shows how freshwater habitats support wildlife, what threatens 
our water supply, and how we can conserve this vital resource for future 
generations. 
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Unit Guide 

This unit guide list 6 units, the concepts for each unit and suggested daily activities. For 
example in Unit 1, Day 2 it is suggested to use "Soil Texture" activity 2 and Additional Activity 
1 to reinforce the objective. "Soil Texture" is the first activity found in the notebook. Addi­
tionalActivity 1 is found after the procedure of "Soil Texture", it is part of "Soil Texture" activity. 

Unit 1 Soil Conservation 
Concepts 

The student will 
- understand the soil formation process 
- understand that soil textures affect erosion and it's productive capability 
- understanp soil compaction and permeability and it's affects on plant growth 
- discover differences between topsoil and subsoil 
- recognize the small percentage of the earth's surface used for food production 
- examine soil conservation practices used to reduce soil erosion 
- evaluate the importance of planning land use 

Suggested Daily Lesson Plan (Activities 1-9) 
Day 1 

"Making Soil" Activity 1 
Day 2 

"Soil Texture" Activity 2 
Additional Activity 1, to reinforce the objective 

Day 3 
"Soil Compaction and Permeability" Activity 3 
Additional Activity 1, to show compaction and permeability with different 
soil types 

Day 4 
"Profile" Activity 4 

DayS 
"Eat the Earth" Activity S 
Additional Activity 1, to reinforce the concept 

Day 6 
"Slope" Activity 6 to introduce activity 7 on Day 7 

Day 7 
"Contouring" Activity 7 

Day 8 
"Soil Roots" Activity 8 

Day 9 
"Who's Responsible" Activity 9 
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Unit 2 Plants And Conservation 
Concepts 

The student will 
- examine the effects of plant populations in varying conditions 
- examine the process of photosynthesis 
- discover dominate and recessive genes 
- determine the importance of farmland and rangeland 
- examine the importance of leaves to plants 
- examine limiting factors of various populations 
- examine plant reproduction from perfect and imperfect flowers 
- use plant materials to create with 

Suggested Daily Lesson Plan (Activities 10 - 18) 
Some of these activities need to be started and will continue for several weeks 
with periodic observation and information collecting. 
Day 1 

'The Flower" Activity 10 to introduce activities 11 and 12 
Additional Activity 1 to reinforce the objective 

Day 2 
"Plant Crosses" Activity 11 

Day 3 
"Selfing" Activity 12 

Day 4 
"Propagation" Activity 13 

DayS 
"Photosynthesis and Transpiration" Activity 14 

Day 6 
"Productive Plants" Activity 15 

Day 7 
"Wise Acres" Activity 16 

Day 8 
'The Sky is not the limit" Activity 17 
Additional Activity 1, to reinforce the concept 

Day 9 
"Plant Dyes" Activity 18 

Unit 3 Tree Conservation 
Concepts 
The student will 
- research and discover Arbor Day, Nebraska National Forests, and important 

Nebraska "tree planters" 
- plant a tree 
- identify common Nebraska trees 
- realize the importance of recycling paper 
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- make recycled paper 
- examine causes of range and forest fires 
- examine efficient ways to use our natural resources 
- examine the age and size of trees 

Suggested Daily Lesson Plan (Activities 19 - 25) 
Day 1 

"Plant a Tree" Activity 19 
Day 2 

'Trees of Nebraska" Activity 20 
Day 3 

"Fire!" Activity 21 
Day 4 

"An Aluminum Pencil?" Activity 22 
Additional Activity 1 to reinforce the concept 

DayS 
. "Making Recycled Paper" Activity 23 
Additional Activities 2 and 3 to reinforce the concept 

Day 6 
"How Big" Activity 24 

Day 7 
'Tree Rings" Activity 25 

Unit 4 Water Conservation 
Concepts 
The student will 
- examine irrigation methods and purposes 
- realize the amount of water on the earth 
- realize how much water they use and how measured 
- realize the impurities in water 
- examine the importance of water in everyday life 
- examine underground water and the water table 
- discover the hydrologic cycle 

Suggested Daily Lesson Plan (Activities 26 - 34) 
Day 1 

"Wanted: Water" Activity 26 
Additional Activities 2 and 3 for a broader view on the concept 

Day 2 
"Water's Going On?!" Activity 27 

Day 3 
"Water Meter" Activity 28 
Additional Activity 2 to reinforce the concept 

Day 4 
"Life on Dune" Activity 29 
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DayS 
"Surface Water - Groundwater Quality" Activity 29a 

Day 6 
"Water and Agriculture" Activity 30 

Day 7 
"Simple Water Filter" Activity 31 

Day 8 
"Nature's Waterwheel" Activity 32 
Additional Activity 1 for a hands on experience 

Day 9 
"Illustrating the Water Table" Activity 33 

Day 10 
"Wells and Groundwater" Activity 34 

Unit 5 Wildlife Conservation 
Concepts 
The student will 
- identify ways litter can endanger wildlife 

examine the pro's and con's of hunting 
examine the varying values of people towards wildlife 

• 

be exposed to a variety of careers dealing with wildlife and natural resources 
examine wildlife populations and what affects theirnumbers (including carrying • 
capacity and predator/prey relationships) 

Suggested Daily Lesson Plan (Activities 35-43) 
Day 1 

!'Stormy Weather" Activity 35 
Day 2 

''The Value of Wildlife" Activity 36 
Day 3 

''The Hunter" Activity 37 
Additional Activity 1. to familiarize students with regulations in their 
immediate area 

Day 4 
"Oh Deer!" Activity 38 
Additional Activity 1. for more information about changing wildlife populations. 

DayS 
"Quick Frozen Critters" Activity 39 

Day 6 
"Manage a Moose" Activity 40 
Additional Activity 1. to reinforce the concept 

Day 7 
"Wildlife on the Farm" Activity 41 

~8 • 
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"Litter" Activity 42 
Day 9 

"Wildwork" Activity 43 
Additional Activity 1 

Unit 6 Conserving Our Energy 
Concepts 
The student will 
- learn about alternate energy sources 
- realize the value of solar energy 
- learn the history and uses of wind power 
- recognize the hydroelectric function 
- research and campaign the pro's and con's of nuclear energy 
- discover how nuclear energy is formed 

Suggested Daily Lesson Plan (Activities 44-46) 
Dayl 

"Nuclear Energy" Activity 44 
Day 2 

"Solar Energy" Activity 45 
Day 3 

"Energy of the Future" Activity 46 

xv 
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Activity Guide 
This activity guide lists each of 47 activities under the appropriate section of Science/So-

cial Studies, Language Arts, Math or Art. Some activities are listed under more than one 
section. This guide shows basic skills and the conservation topic found in each activity. 

Science/Social Studies 

Activity# Page# Skill Conservation TOQic 
infer, 

1 1 observation soil formation 
infer, 

2 7 observation soil texture 
infer, 

3 13 observation soil characteristics 
infer, 

4 15 observation soil Qrofile 

5 19 observation soil use 

6 23 infer soil erosion 
infer, 

7 25 observation soil erosion 
iDfer, 

8 29 . ohservation soil erosion 

9 31 role playing land use 

10 41 identification parts of a flower 
infer, 

11 45 observation plant reproduction 
infer, 

12 49 observation Qlant reQroduction 
infer, 

13 53 observation growing conditions 
infer, transpiration, 

14 55 observation Qhotosynthesis 
infer, 

15 57 observation plant vigor 

16 61 comQrehension vegetation tyJ?es 

17 63 problem solving limiting factors 

• 18 65 observation plant use 
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Science/Social Studies (con't) 

Activity# Page# Skill Conservation TOQic 
research, 

19 67 observation tree Qlant/histo!y 
identification, 

20 69 observation tree identification 
problem solving, 

21 73 infer forest fires 
recycling, 

22 79 research tree uses 
infer, recycling, 

23 83 observation tree conservation 
calculation, 

24 87 observation tree sizes 
infer, 

25 89 observation tree ages 

26 91 observation water conservation 
research, 

27 95 record keeQing daily water usage 

28 99 research water meters • 29 105 brainstorming water conservation 

30 111 categorizing water quality 

31 117 research irrigation 

32 123 infer! clean water 
observation 

33 125 observation water cycle 

34 131 observation water tables 

35 133 observation underground wells 
listening, wildlife 

36 135 imagining conservation 
research, 

37 141 categorizing wildlife value 

38 145 listening wildlife hunting 

• 
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• Science/Social Studies (con't) 

Activity# Page# Skill Conservation Topic 

39 155 role playing wildlife habitat 
wildlife adaptations, 
predator/prey 

40 161 role playing relationships 
wildlife 

41 165 role playing management 
wildlife 

42 177 listeningz infer management 
observation, 

43 185 critical thinking litter 

44 187 research careers 

45 189 observation nuclear energy 
application, 

46 195 observation solar energy 

47 201 problem solving energy conservation 

• 
Language Arts 

comprehension, 
1 1 vocabulaE,Y soil formation 

comprehension, 
listening for 

16 61 detail vegetation types 

17 63 problem solving limiting factors 

19 67 research tree history 
reading for 

20 69 information tree identification 

22 79 research recycling, tree uses 

26 91 observation water conservation 

29 105 creative writing water conservation 
listening, wildlife 

• 36 135 imagining conservation 
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Language Arts( can't) • Activitv#: Page#: Skill Conservation TOl!ic 
listening, 

38 145 creative writing wildlife hunting 

43 185 critical thinking litter 

44 187 letter writing careers 

45 189 I!ersuasive writing nuclear energy 

Math 

2 7 flow chart soil texture 

3 13 gral!hing soil characteristics 
graphing, 

5 19 . I!ercentages soil use 

6 23 determine slol!e soil erosiOn • 21 73 gral!hing forest fires 

24 87 diameter, height tree sizes 

25 89 circumference tree sizes 

27 95 record keel!ing daily water usage 

28 99 reading meters water meters 

31 117 graphing irrigation 

39 155 graphing wildlife habitat 

41 165 I!roblem solving wildlife management 

42 177 I!roblem solving wildlife management 

43 185 observation litter 

• 
xx 



• Art 

Activity# Page# Skill Conservation Topic 

16 61 sketching vegetation types 

18 65 colors plant use 

42 177 collage litter 

• 
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• VVorksheet<iuide 

This worksheet guide lists each worksheet under page number and activity number. For 
example, the first worksheet listed in Science is page 10, Activity 2. You can then discover the 
Skill used and Conservation topic covered on this worksheet by going across the page. Science, 
Language Arts and Math are the subjects used in this guide. 

Science 

Page# Activity# Skill Conservation Topic 

10 2 flow charts soil texture 

11 2 map reading Nebraska soils 

59 15 record keeping plant productivity 
infer, role 

64 17 visualizing limiting factors 

" 71 20 crossword puzzle trees of Nebraska 

85 23 comprehension re£Ycling 
reading water 

101 28 meters water conservation 
reading water 

102 28 meters water conservation 
reading water 

103 28 meters water conservation 

110 30 crossword puzzle water facts 
pollution rating surface water 

113 31 chart guality 
reading graphs 

119 31 for information irrigation 

120 31 graph reading irrigation 

121 31 map reading irrigation 
reading for 

128 33 information water £Ycle 
labeling a 

129 33 diagram water cycle 
wildlife 

• 138 36 crossword puzzle conservation 
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Science (con't) • Page# Activity# Skill Conservation To,Eic 
wildlife 

139 36 crossword ,Euzzle conservation 
labeling a 

199 46 diagram solar energy 
reading for 

202 47 information energy resources 

Language Arts 

6 1 symbol matching soil conservation 

64 17 creative writing limiting factors 

172 41 com,Erehension wildlife refuges 

173 41 reading! wildlife habitats 
decoding 

174 41 context meaning conservation 
endangered 

175 41 context meaning animals 
reading for 

191 45 detail nuclear energy 
viewpoint, 

192 45 decision making nuclear energy 

193 45 com,Erehension nuclear energy 

194 45 syllables nuclear energy 

197 46 com,Erehension solar energy 
listening 

198 46 for details solar energy 

203 47 com,Erehension energy resources 

204 47 com,Erehension energy conservation 

205 47 ,Eroblem solving energy conservation 

• 
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Math 

Page#" Activity#" Skill Conservation TOEic 
tables, 

59 15 measuring Elant Eroductivity 

86 23 word Eroblems recycling 

94 26 word Eroblems water conservation 
reading water 

101 28 meters water conservation 
reading water 

102 28 meters water conservation 
averages-

103 28 aEElication water conservation 
word problem 

183 42 matching shaEes carrying caEacity 

205 47 Eroblem solving energy conservation 

• 
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Activity 1 
Soil Conservation 
Making Soil 

Subject Area: Science, Language Arts 

Objectives: 

Suggested 

1. The students will understand the soil formation process through experi­
ments. 

2. The students will use new vocabulary to complete sentences in a letter. 

Grade Level: 5-6 

Background: Soil is formed from rocks very, very slowly. When you rub two rocks together, 
small particles rub off. It takes a long time to accumulate even a spoonful. 
When large sheets of ice (glaciers) moved over the land thousands of years 
ago, rocks were ground together,rubbing off tremendous quantities of rock 
particles of all sizes. Much of the North Central United States is made up of 
soils that were formed by the action of these glaciers. Changes in temperature 
also help to make soil. The sun warms the rocks during the day. At night the 
rocks cool. The expansion and contraction chips off particles of rock. Freezing 
water expands with tremendous force. Water that finds its way into cracks in 
the rocks freezes and breaks the rocks into smaller and smaller pieces. 

When you put limestone in the vinegar, you duplicate in a small way what 
plants do. Plant roots take in oxygen from the soil air and give off carbon 
dioxide gas. This gas is one of the important end products in the decay of 
organic matter. 

Carbon dioxide gas dissolves in the soil moisture, forming weak carbonic acid. 
This acid reacts just as acetic acid in vinegar does with limestone rock and will 
decompose limestone and marble. The dissolvmg effect of this carbonated 
water is several times that of pure water. Since the lime in limestone is soluble, 
it gradually washes away leaving only the other materials as soil. It takes 40 
to 50 feet of limestone to make only a few inches of soil. 

There are other physical and chemical factors that also aid in soil formation. 
For example, wind blows small rock particles agamst larger ones, wearing both 
down . 

n;;;;r~---.-I / 
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Materials: 

Procedure: 

Most of the soils we see today developed from rock material that was moved 
by water or wind.Soil is made up of many different things; worn rocks, decayed 
plant and animal life (organic matter), air and water. 

1. Pieces of limestone or fine sandstone 
2. Hotplate 
3. Ice water 
4. Tin pie plates 
5. Small discarded glass jar with lid 
6. Refrigerator freezer 
7. Vinegar 
8. Thermometer 
9. Attached letter 
to. Eye protection (for limestone dust) 

1. Rub two pieces oflimestone orfine sandstone together. If you do not have 
natural stone, pieces of building bricks or concrete will do. Notice how 
long it takes to rub off even a few fine particles. Discuss how soil is made 
by glaciers. 

, , 

e~3. 

Heat a small piece of limestone over a flame or on a hot plate. Drop it 
quickly into a pan of ice water. The rock should break or crack as it 
contracts after its expansion by heating. Discuss how change in tempera­
ture makes soil. 

Fill a small discarded glass jar with water and cap it tightly. Let it freeze 
outdoors or in the freezing compartment of a refrigerator. Discuss what 
happens to the jar. 

\ ' I / 
, -" 4. Put some small pieces of limestone in a little vinegar. Heat4he vinegar 

on a hot plate or over a burner and notice how bubbles form on the pieces 
of stone. These bubbles are carbon dioxide gas made from carbon and 
oxygen released from the limestone by a chemical change in the rock 
caused by the acid in the vinegar. If you continued this process long 
enough, all the limestone would gradually break down. Discuss. 

• 
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Additional 
Activities: 

Adapted 
From: 

5. Duplicate copies of the attached letter. Write these words on the board 
and have the students use them to complete the letter. 

ice water 
soil 
glaciers 
rocks 
tOO 
sun 
night 
soil conservation jar 
North Central United States 

four 
limestone 
particles 
heated 
break 
600 
freezer 
expanded 

water 
cracked 
lid 
vinegar 
bubbles 
heat 
conserve 

6. Pass out copies of "Weathering Away". Have students work indepen­
dently. 

1. Have students make enough soil to plant a seed in. You will have to add 
organic matter to your soil so the seed has enough nutrients to grow. 

1. Conservation Education 

2. Teacbim: Soil Water Conservation 



Dear Family; 

Today at school we experimented to see how s.ail is formed. We did fum: experiments. 
The first experiment required us to rub two pieces of limestone together. From that we got a 
few particles of s.ail. Thousands of years ago large sheets of ice called 2Jaciers moved over the 
land grinding raW together. Much of the soil in the North Central United States was made 
from the action of the 2laciers. 

In the second experiment we heated a small piece of limestone and then dropped it into 
a pan of ice water. The rock cracked because it contracted; it got smaller when it hit the ~ 
mwa: after being expanded by the ~. During the day the SllD. heats up the rocks. Then at 
ni2ht the rocks cool off. This expansion and contraction action causes pieces of rock to chip 
off from larger rocks. 

In the third experiment we filled a jar with mwa: and then put the lid on tight. We put 
the jar in the freezer. After awhile the jar cracked. This meant the water needed more space 
so it expanded. Since the llil wfS on, the water had no place to go so the jar broke open and 
the freezing water had more space. Water that gets into cracks in the ground and then freezes, 
causes the mck to hl:c.ak into smaller pieces. 

In the fourth experiment we heated limestone in some yjne2ar. Bubbles formed on the 
limestone. The vinegar was breaking down the limestone to represent how plant roots break 
down the soil. 

It takes about .lOO years to produce one inch of soil. This means it would take noo years 
to produce 6 inches of soil. Since it takes so long to make soil, s.ail conservation is really 
important. We don't want our soil eroding into our rivers and streams. We need to keep our 
soil in the fields where it belongs. It takes a long time for new soil to form so we need to 
conserve the s.ail we ha~. 

, 
Love, 

• 

• 

• 



Name --------------------------

Dear Family: 

Today at school we experimented to see how is formed. We did __ _ 
experiments. The first experiment required us to rub two pieces of ____ ~-:-----
together. From that we got a few of. Thousands of years ago 
large sheets of ice called moved over the land grinding to-
gether. Much of the soil in the was 
made up of the action of the ____________ .",--:-_' 

In the second experiment we a small piece of and then 
dropped it into a pan of . The rock broke/cracked because it contracted; 
it got smaller when it hit the after being expanded by the heat. During 
the day the __ heats up the rocks. Then at the rocks cool off. This expansion and 
contraction action causes pieces of rock to chip off form larger rocks. 

In the third experiment we filled a with and then put the lid on tight. 
We put the jar in the . After awhile the jar . This meant the water 
needed more space so it . Since the was on, the water had no place to 
go so the jar broke open and the freezing water had more space. Water that gets into cracks 

• in the ground and then freezes causes the to into smaller pieces . 
In the fourth experiment we heated in some vinegar. 

____ ,formed on the . The vinegar was breaking down the limestone 
to represent how plant roots break down the soil. 

It takes about years to produce one inch of soil. This means it would take 
____ ~years to produce 6 inches of soil. Since it takes so long to make soil. 
_________________ is really important. We don't want our ___ _ 
eroding into our rivers and streams. We need to keep our soil in the fields where it belongs. 
It takes a long time for new soil to form so we need to the we have. 

Love,, ______________ _ 

• 



Name _________ ---".~ 

Weathering Away 

In the coded message below, find out what helps make soil. Write the let­
ter of each picture under the same picture in the puzzle. 

Worksheet 1 

\)..cA-.~ ------

/~~~~ '!-~~~Q~ 

~Q~~~QL~~~. 

-----

--

~~!b. 
---~. 

Adapted from: I ,arnjngwitb Otjs 
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Activity 2 
Soil Conservation 
Soil Texture 

Subject Area: Science, Math 

Objectives: 1. The students will understand that soil has many different structures, which 
affect erosion and it's productive capability. 

2. The students will follow a flow chart to determine soil structure and type. 

Suggested 
Grade Level: 5-6 

Background: One soil characteristic is it's texture. Individual soil particles are grouped 
together to form larger pieces of soil called structural groups, known as "peds", 
"aggregates", or "clods". Soil texture is classified by the size of the soil particles 
measured in millimeters (mm). A soil's texture affects it's stability and suscep­
tibility to erosion and water absorbing and holding capabilities. 

To simplify the description of the mineral portion of the soil mixture, three 
sizes of particles have been defined. These are called (in order of decreasing 
size; sand, silt, and clay). All soils are mixtures, in one proportion or another, 
of these three types of particles. The proportion of each particle type in any 
particular soil can be estimated by rubbing the moist soil between the thumb 
and fingers to determine its "feel." Sandy soils are scratchy or gritty. Silty soils 
are smooth and slippery, but not sticky. Soils high in clay are both slippery 
and sticky. In addition to influencing the feel of the soil, each of the particle 
sizes contributes somewhat different properties to the total soil. The proper­
ties affected by particle size are: water seepage, water retention for plant 
roots, aeration, nutrient supply, and soil strength. In general, sandy soils have 
faster water percolation and better aeration than finer textured soils, but their 
ability to retain water and supply nutrients is lower. They also have less 
strength and are therefore easier to cultivate . 

n"'rjoc>----..J ./ 
::fi ~m:::~ ~Rrl9'----

flU; Ao..Q " aloo?------
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Materials: 

General Soil Structures 

Type 

Platy 

Prismatic 

Blocky 

* Granular 
or Crumb 

Gravel 
or Sand 

Heavy Soil 

,~ 
~ 

Iii 
~~ 
~Q ()Q~g 

Description 

Flat,thin plates lying horizontally in soil. 

Columns vertical in soil may be several 
inches long and 11/2 to 3" in diameter. 

Angular blocks 1/2 to 2" in diameter. 

Resembles crumbs or grains. Usually less 
than 1/4" in diameter. 

Soil particles do not stick together. Single 
grains. 

Soil in very large clods. No visible 
structure. Hard to break apart. 

* Best structure, will crumble easily to particles the size of wheat grains. This 
type of structure is most easily tilled and is best for plants. 

1. Microscopes 
2. Several large clumps of soil from different locations (must be different 

colors and textures of soil) Contact your local Natural Resources District, 
Soil Conservation Service, Extension Agent, or Vo-Ag Instructor for soil 
samples. 

3. Worksheet 1 

• 

• 

• 



• Procedure: 1. Break large lumps of moist soils apart with your hands and note the way 
the soil breaks up. 

2. Note type of structure such as blocky, prismatic, crumb or granular and 
platy. 

3. Soils that have large lumps, no visible structure and are hard to break apart 
are usually fine texture clay soils. Excessive tillage, working the soil too 
wet, or heavy traffic may also produce large lumps or a lack of visible 
structure. 

4. Look for the different soil structures first by just eyesight and then by using 
a microscope. 

5. Handout worksheet 1. Students should complete the experiment. 

Additional 
Activity: 1. Have students research their soil type, describing its characteristics and 

where it is found in Nebraska. (Refer to Worksheet 2). 

Adapted 
From: 1. Soils Unit lIB 

4-H Members Manual 

2. What OD Earth is Soil? 

• 



Soil Texture Name __________________ ~.~ 
,----, 

Place approximately 25 grams of soil 
in palm. Add water dropwise and Iln,,!nttl 

the soil to break down all aggregates. 
Soil is at the proper consistency when 
plastic and moldable, like moist putty. 

Does soil remain In a 
ball when squeezed? 

Add dry soil to 
soak up water. 

Place ball of soil between thumb and forefinger 
gently pushing the soil with the thumb, sqeezing 
it upwards into a ribbon. Form a ribbon of 
uniform thickness and width. Allow the ribbon 
to emerge and extend over the forefinger, 
breaking from its own weight. 

Soil is neither 
very gritty nor 
very smooth. 

Worksheet 1 

Does soil make a 
strong ribbon 
5 em or longer 
before breaking? 

pinch of soli In palm and rub with 

Soil is neither 
very gritty nor 
very smooth. 

Soil is neither 
very gritty nor 
very smooth. 

Taken from' A Flow Diagram for Teaching Texture-by·Peel 
Analysis' by Steve J. Thien, Journal of Agronomic Education, 
Vo\. 8, 1979, pp. 54-55. 

• 

• 
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Soils of Nebraska 

~_Ic: ~ ~L~ ______ _ 
r .... .... 

::e Directions: Using ten different colors, color the map. 

~ 1. Sandy and loamy upland soils formed in loess, 
~ eolian sand and alluvium. 
=" 2. Sandy and loamy upland soils and rock 
~ escarpments formed from sandstone. 
""" 3. Sandy, loamy and clayey bottom land soils 
N formed in alluvium. 

4. Silty and clayey upland soils formed from galacial 
till and loess. 

5. Loamy and silty upland soils formed from loess 
and sandstone. 

6. Sandy upland soils in the Sandhi lis. 
7. Silty upland soils formed from loess. 
8. Silty upland soils formed from siltstone. 
9. Clayey upland soils formed from shale. 

10. Loamy and clayey upland soils formed in loess, eolian 
material and shale. 

z = e 
tD 
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Activity 3 
Soil Conservation 

Soil Compaction and Permeability 

Subject Area: Math, Science 

Objective: 1. The students will understand how soil compaction and permeability af-
fects plant growth. 

Suggested 
Grade Level: 5-6 

Background: When soil is compacted too much it has several effects on plant growth. It 
hinders seedling emergence, leading to uneven plant stands, which may lead 
to losses at harvest time. Compaction in the soil also stunts root growth, 
reducing the plants ability to absorb water and nutrients. Another effect 
compaction of the soil has on plant growth is the reduced rate that water can 
infiltrate into the soil (permeability). More water soaking into the soil means 
less water running off. Excessive water running off can lead to erosion, which 
can carry away young plants or seeds and nutrients. The degree to which soil 
becomes compacted is based on several factors. These factors include the 
amount of sand, silt, and organic matter, in soil which increase permeability, 
and the amount of clay in the soil which reduces permeability. Also affecting 
soil compaction are moisture of soil when it is worked, the rate of rainfall, anp 
the number of times you drive over the land with a tractor. Greater soil 
compaction leads to decreased soil permeability. 

Materials: 1. A 1/4 inch diameter dowel, 10 inches long 
2. Large thread spool with a 1/4 inch diameter hole 
3. Heavy thumb tack 
4. Wide, heavy rubber band 
5. Wire 
6. Two No. 10 cans 
7. Ruler 
8. Graph paper 

Procedure: 1. Select at least four areas around the school ground--Iawn, path, field, 
woods, flower bed, etc. 

2. Sharpen one end of the dowel to a point. Measure and mark a line 1/2 
inch from the point. Measure and mark one inch from the top of the dowel 
and make 10 more marks, one-half inch apart going down. Number each 

= 



mark. Cut the rubber band and place the mid-section of the band over the • 
top of the dowel, fastening with the thumb tack. Attach the band to the 

Additional 
Activity: 

spool with the wire. Slip the spool over the dowel and adjust so the top of 
the spool is at the first line. Holding the spool, push the pointed end of 
the dowel into the soil until it reaches the line nearest the point. Record 
the number revealed at the top of the spool. Repeat the compaction test 
at each site selected. Make a graph to show the difference at the different 
sites. 

3. Cut both ends from a can. At one of the selected sites, drive the can into 
the ground about 2 inches. Place the rule inside the edge of the can. Fill 
the other can with a measured amount of water and pour it into the can in 
the ground. Record the number of seconds it takes for the soil to absorb 
the water. Repeat at each site and record the results on a graph. 

4. Discuss the following questions. How does soil compaction on the path 
compare with that on the lawn? What is the relationship between soil 
compaction and soil permeability? What effect might heavily compacted 
soil have upon plant growth? Which soil absorbs water at a faster rate? 
Why? 

1. Fill up a paper cup to an inch from the top with a sandy soil, one with silty 
soil, and one with a clay type soil. Pack lightly. Punch a hole in the bottom 
of the cups. Place something under the cups to catch water. Pour an even 
amount of water into each cup and time how long it takes for the first 20 
drops of water to come out. Record. Repeat above procedure,only pack 
the soil tightly into the cups this time. Discuss which soil is more suscep­
tible to compaction. 

Adapted From: 1 Soil Conservatjon Topics Educatjon Kit 
USDA Soil Conservation Service 

@ ..... 14 
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Activity 4 
Soil Conservation 

Profile 

Subject Area: Science 

Objectives: 1. The students will understand the differences in soil profiles, topsoil, and 

Suggested 

subsoil. 
2. They will understand the importance of conserving our valuable topsoil. 
3. The students will reinforce the concept that plants get nutrients from the 

soil by observing plants in different types of soils. 

Grade Level: 5-6 

Background: A soil profile is a slice of earth several feet deep. By studying soil profiles, 
scientists learn about the soil, its characteristics, and how to use and protect 
it. 

The primary kinds of soil are designated by layers called horizons. The 0 
horizon consists of leaf litter or other organic material lying on the soil's 
surface (such as in forests). This includes some decomposed organic matter. 
The next layer is the A horizon. This is considered the topsoil. It is accumu­
lated decomposed organic matter and mineral materials, usually dark in color. 

The B horizon is the next layer, also called subsoil. This horizon is finer in 
texture and is lighter in color than the topsoil. It is mineral materials which 
accumulate organic matter, clay, iron, aluminum, and others from the layer 
above. 

Nutrients needed by plants are usually in topsoil. Topsoil is the most fertile 
because it contains organic matter (decayed and decaying plants, animals, 
fungi and bacteria). Organic matter improves soil in many ways. It increases 
its water-holding capacity; it serves as a store- house for plant nutrients such 
as nitrogen; and it provides food for the countless bacteria and other living 
things in the soil. Some of these organisms produce acids that in tum help 
break down soil minerals. Plants take their nutrients from the soil. Mineral 
nutrients are made available for plant use through weathering and other soil 
forming processes. 

We need to use conservation practices to protect our important topsoil. Afew 
centimeters of topsoil taking a hundred years or more to form can be washed 



Materials: 

Procedure: 

away during a single rainfall on an unprotected, sloping field. Most of the soil 
that erodes away into streams, lakes, and oceans is topsoil. 

1. A soil profile (refer to procedure 1) 
2. Topsoil (Potting soil can be substituted for top soil). 
3. Subsoil, from a depth of three feet from a cut road bank, creek bank, or 

excavation area. 
4. Sand, from a beach or sandbox. 
5. Three small pots per group. 
6. 3-5 seeds per pot 

1. To obtain a soil profile contact your local Soil Conservation Service or 
Natural Resources District or you can make one. You will need white 
tagboard, glue, and a soil probe or a shovel. Fold a large piece of white 
tagboard in half. Open it and place a 6" band of glue down the middle. 
Take a core of soil using either a soil probe or shovel or post hole digger. 
Be careful not to disturb the layers. Carefully place the soil on the glue in 
the order of digging. Look at the soil for difference in color, texture, 
structure, and animal life. After the glue has dried throughly shake off the 
excess soil. On each side of the soil make labels for description. This will 
became a permanent profile. Stand it up in your classroom. 

2. Discuss the soil profile. What differences are there in the horizons? Have 
students point out color, texture, and appearance changes in the horizon 
depths. Measure horizon depths. Sketch the profiles studied. 

3. Discuss the importance of top soil and remind the students that plants take 
all their mineral nutrients from the soil. 

4. Di~e the students into small groups. Give each student or group 3 soil 
conliners and have them fill one with topsoil, one with subsoil, and one 
with sand. 

5. Plant 3-5 seeds in each container. (Soaking seeds overnight in water will 
speed up germination.) 

6. Keep the plants watered and in a warm, well- lighted place. 

7. Have students record growth, leaves, color changes, waterings, etc. They 
are to treat all 3 pots exactly the same. Eventually, they will see topsoil 
produces the best plant. This is why we need to protect our topsoil. Discuss 

(!J) ..... 16 
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Adapted 
From: 

the findings. Possible questions: What have you learned? How is topsoil 
different than subsoil? What do you think erosion does to topsoil? Who 
is responsible for protecting topsoil? 

1. Soil-Our Most valuable Resource 

2. Conservjn~ SoH 

3. Mjnnesota's A~-Strava~anza 
Protecting Agricultural Land 

(0 ...... 17 
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Soil Profile 
.?,. 

01 UndecomPClsed organic matter 
-~-------------------
02 Decomposed organic matter -----------------------
A Horizon 

Accumulated decomposed organic matter 
and mineral materials - usually dark in color. 

B Horizon 

:~E~~~\~ Mineral materials which accumulate organic 
;:;; .... matter, clay, iron, aluminum, etc. from layer 

li;h:;<I~:~?: above. 

Activity Sheet 1 

C Horizon 

Mineral material of weathered rock or other 
unconsolidated material. 

(0 ...... 18 . 
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Activity 5 
Soil Conservation 

Eat the Earth 

Subject Area: Science, Math 

Objective: 1. The student will recognize the percentages of the earth used for food 

Suggested 

production as compared to the amount of oceans, deserts, mountains, etc. 
on the earth. 

Grade Level: 5-6 

Backgro~nd: The most important natural resource is soil. All living things depend on it as 
a source of food. Our food producing land is a limited resource. In fact, we 
lose many acres each year through urban growth, industry, and erosion. Yet, 
the world's population continues to grow. Consequently, each person's food 
producing portion of land is becoming smaller and smaller. It is the respon­
sibility of all generations to use the soil wisely; to insure a bright future. 

Materials: 

Procedure: 

1. Large apple 
2. Paring knife 
3. Answer Key A 

1. Cut the apple into four equal parts. Three parts represent the oceans of 
the world. The fourth part represents the land area. 

2. Cut the land section in half lengthwise. Now you have two one-eighth 
pieces. One section represents land such as deserts, swamps, antarctic, 
arctic, and mountain regions. These regions are not suitable for humans 
to live. 

The other one-eighth section represents land where humans can live. Slice 
this one-eighth section lengthwise into four equal parts. Three of these 
one-thirty second sections represent the areas of the world which are too 
rocky, too wet, too hot, or where soils are too poor for food production, 
as well as areas developed by humans. People can live in these areas. 

Carefully peel the last one-thirty second section. This small bit of peeling 
represents the soil of our earth on which mankind depends for food 
production! 

(!J) 4. 19 
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Additional 
Activities: 

Adapted 
From: 

5. Discuss what this soil is used for. Possible questions: • 
- What if this valuable top soil upon which we depend should suddenly 

disappear? 
- What will happen if the world's population continues to grow while 

our earth's top soil remains the same? 
- What ways can you and your family help conserve precious soil in your 

own backyard? 

6. Have the students make a pie-graph depicting the portion of land used 
to grow our food versus all the other areas of the world such as water or 
land regions. (Refer to Answer Key A). 

1. Invite a local soil conservation person into your classroom to discuss what 
special things are being done to save the soil. 

1. Protectjn& AiIiculturaI I and Minnesota's Ag-Stravaganza 

2. The Growjn& Oassroom 

3. Nebraska's Ag in the Classroom 
Learning Activities Notebook 

(/)) 4..20 
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Getting to the Core 

Areas of the Earth's Surface 

Oceans 

Land not suitable 
for humans to live. 

Adapted from: Nebraska ., in the Qassroom 

I "miDI Activities NotC;book 
(iJ) 4.21 
~ 

Oceans 

Oceans 

Answer Key A 
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Activity 6 
Soil Conservation 

Slope 

Subject Area: Math 

Objective: 1. The student will determine slope of a hill side. 

Suggested 
Grade Level: 5-6 

Background: To conserve their soil, farmers figure the slope of their land. They then decide 
on a conservation practice to protect their soil from erosion. The greater the 
slope, the greater the chances of water erosion. This is because the degree of 
erosion caused by water is determined by how fast the water is traveling. The 
key to controlling water erosion is slowing it down. As water runs down the 
side of a hill, the faster it flows, the more soil it will take with it. Therefore, 
the greater the slope, the greater the potential for soil erosion. Terraces are 
often recommended as erosion control practice for fields with a slope over 
3%. 

Materials: 

Procedure: 

% Slope = vertical Drop in 100" x 100 
100 

*Example: T.,x 100 = 7% slope 
100 

* Usually done in feet. 

1. 2 small flags or stakes 
2. 100" piece of string 
3. Jar of water or a level 
4. Yardstick 

1. Select a place that represents the average slope of the land being studied 
or take several measurements and average them. 

2. Place one end of a 100" string on the slope you want to measure. Pull tight 
and hold outright to level. 



3. To be sure your string is level, hold a level or jar with some liquid in it on • 
the outright string. Raise or lower the string until level. 

4. Measure the number of inches the free end of the string is off the ground. 

5. The number of inches is the slope of the land in percent. (7" = 7%) If you· 
use a different length string, then correct by using the conversion table 
below. 

Length 

100" 
50" 
25" 

Conversion Table 
No. inches the end of the Multiply by converision 
string is above the ground factor = % slope 

X 1 = 
x 
X 

2 
4 

= 
= 

JAR OF WATER 

INCHES ABOVE 
GROUND 

100 INCHES 

~4.24 
~. 

SLOPE 
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Soil Conservation 

Contouring 

Subject Area: Science 

Objectives: 1. The students will demonstrate how contour farming reduces erosion and 

Suggested 

will be aware of other techniques used to conserve the soil. 
2. The students will realize and explore the value of terracing as a land-man­

agement technique. 

Grade Level: 5-6 

Background: Rainfall is dispersed in two ways: By absorption into the ground or by runoff 
on the surface. The amount of rain that soaks in or runs off is determined by 
the intensity of the rainfall, slope of the land, character of the local soils and 
rocks, and kind and amount of vegetation. Hard, severe rains produce much 
runoff. Steep slopes, especially those bare of vegetation, accelerate the runoff 
even more. 

~ 
Whenever rain falls faster than it can soak in, a sheet of water collects on the 
surface and moves downhill. The rain dislodges soil and keeps it suspended 
in the moving sheet of water or feeds it into little streams along crop rows. 

Ifwater in the little streams moves fast enough, it dislodges soil and carries it 
along with that splashed up by raindrops. This scouring action carves out 
channels that join farther down the slope. As channels become large, they are 
called gullies. Heavy rainfall, erodible soil, sloping land, soil that absorbs 
water slowly and poorly managed vegetative cover contribute to gully erosion. 

Erosion is slowed when soil is covered with grass and other plants. When 
farmers plow a field that has a gentle slope, erosion from running water may 
be 120 times greater than on the same slope covered with grass. Many farmers 
are discovering that they can plant a new crop without plowing the field first. 
They use a practice called conservation tillage. Seeds are planted in the soil 
under stubble and residue from the old crop. The old vegetation holds the 
soil in place even during heavy rains. 

If the farmer plants grass in places where gullies might form, water flows 
through these grassy paths, called waterways, without carrying the soil with it. 

.b!1oi:>------



Materials: 

Procedure: 

Erosion is of great concern to humans because it may remove the fertile topsoil 
and threaten production of our food supply. It is important that we recognize 
the erosion processes and have a knowledge of what is called conservation 
tillage. With this method, farmers leave the residue of last years crop on the 
field, instead of plowing it into the soil. The crop stubble helps hold soil in 
place and catches water, allowing it to soak into the ground instead of running 
off. Each year new seeds are planted in the past years stubble. Less tilling is 
needed saving the farmer fuel and money and helping to save the soil structure. 

Farmers avoid letting water concentrate and run directly downhill carrying 
soil with it. They construct terraces or hills that run around a hill, with gentle 
grades to carry the runoff water around the hill at slow speeds. These terraces 
should empty onto grassed waterways or on meadowland to prevent creation 
of gullies. The grades are gentle enough that a farmer can still plant on the 
terraces. The farmers also plant crops and till the soil along the contours or 
across hills, not up and down hills. 

1. Shoe boxes - trimmed to five centimeters deep, v-notched on one end, and 
lined with (plastic should extend several centimeters beyond notched end) 

2. Sprinklingcans . 
3. Measuring cups 
4. Soil 
5. Water 
6. Ruler 

1. Divide the class into three groups and distribute the materials. Each group 
will follow these instructions to prepare their box of soil: 
Group 1. Fill box with moist soil and using your finger make packed 
furrows across the slope (contouring); 
Group 2. Fill box with moist soil and using your finger make furrows up 
and down the slope; 
Group 3. Fill box with soil and using a ruler make ridges across the slope 
to simulate the terracing of a hill. 

2. tine up each group's box on an incline, and place measuring cups beneath 
the v-notches to catch the water that drains off (close enough to prevent 
splashing). 

3. Have one student from each group simultaneously sprinkle a measured 
amount of water from about thirty centimeters (twelve inches) above each 
box. Pour steadily for five seconds. 

• 

• 

• 
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Adapted 
From: 

4. Record how long water continues to flow out of the v-notch. Let the water 
in the jars settle and measure the sediment in each. 

5. Discuss which box lost the most soil. Which methods were most effective 
in controlling erosion in this experiment? What other methods might help 
conserve the soil? (i.e. strip cropping and conservation tillage) 

SoU; We Can't Grow Without It 

• 

(:$) 4.27 
~ 



• 

THIS PAGE INTENTIONALLY LEFT BLANK 

• 

• 



• Activity 8 
Soil Conservation 

Soil Roots 

Subject Area: Science 

Objectives: 1. The student will investigate the soil holding quality of roots. 
2. The student will understand how roots help fight erosion. 

Suggested 
Grade Level: 5-6 

Background: Organic matter, and plant roots, allows water to enter the soil rapidly and helps 
to hold the water, thereby decreasing the amount of water that runs off the 
surface. Organic matter improves aeration, especially in the finer textured 
soils, makes the soil easier to work and adds nutrients for plants such as 
nitrogen which is needed by growing plants. During heavy rains, the binding 
effect of organic matter and plant roots help hold the soil particles together 
so that they are not loosened and moved by water. 

Materials: 1. Clump of sod consisting of well-compacted grass roots and soil 
2. Clump of hard soil containing few or no roots 
3. Two large glass containers of water 
4. Two screen strainers or chicken wire 

Procedure: * Only one laboratory demonstration needs to be set up for the whole class 
to observe, although more can be set up if desired. It takes days to do the 
observing so other lessons can go on while the class glances from time to 
time at the experiment to see how the dissolving process is getting on. 

1. Set up two large-mouth glass containers (gallon jars or equivalent). 

2. Hang a large-mesh strainer from the rim into each jar. An alternative is 
to press a piece of chicken wire down into the jar to form a basket below 
the rim. 

3. Fill both jars with water to the brim. 

4. The most difficult part of this experiment is obtaining suitable clumps of 
soil. One must be a chunk of well-compacted lawn having roots of grass 
firmly knit into the sod. Select a size to fit in the top of the glass jar. The 
other must be a lump of soil containing few or no roots. Compacted 



playground clay is good. It should be dug up with a shovel to obtain one • 
small but whole, solid piece. Loose soil packed together by hand is not a 
natural clump and does not give a valid comparison. 

5. Lower the two clods very carefully, one into each jar, bringing them to rest 
on the screen cradles. Make sure water covers at least most of the clumps. 

DO NOT SHAKE OR DISTURB THE JARS AT ANY TIME 

6. Have students observe and record how long it takes soil from both clumps 
to dissolve in water. Rootless clay usually begins to disintegrate within ten 
minutes. Within hours, water under the rootless clump is usually opaque. 
The grass clod holds together much better and the water beneath remains 
relatively clear. A well-knit grass clod can hold together for days before 
gradually dissolving. Consider the effects in nature of the tendency of 
roots and soil particles. Besides ideas put forth by the students, discussion 
can be directed to include a consideration of roots, especially fibrous 
(grass) roots, as soil holders on hillsides. 

7. As a classtime excursion, take a walk around the schoolyard and look at 
areas at the bottoms of slopes or slanting ground. Is there evidence of soil 
being washed down to a lower level? Sometimes a "fan" of mud settles at 
the base of a hillside rivulet after a heavy rain. What kind of groundcover, 
if any, grows on such hillsides or slopes? Look for effects at the bottoms 
of both grassy and bare slopes. The washing downhill of top soil is called 
soil erosion. 

8. Ask the following questions: H you had a slope or hillside next to your 
house, would you cover the soil? H so, with what? Cement? Stone 
masonry? Grass? Bushes? Vines? What do most people seem to do? 

• 
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Activity 9 
Soil Conservation 

Who's Responsibility 

Subject Area: Social Studies, Language Arts, Science 

Objectives: 1. The students will understand how two communities operate and plan for 

Suggested 

their future, by role playing. 
2. The students will understand and demonstrate the importance of protect­

ing agricultural land, by giving a presentation on how they would use the 
given area of land. 

Grade Level: 5-6 

Background: In this simulation, students interact with each other in the decision-making 
process. 

Where there is a planning commission, land is designated for use through 
zoning. The zones include: agricultural, forestry, recreation, residential, 
lakeshore, industrial, commercial, flood plain, and special purpose (airports, 
parks, etc.). 

A planning commission, through public hearings, can recommend to a higher 
authority, usually a Board of County Commissioners or a City Council, to 
change or maintain a zoning ordinance for a specific piece of land. 

Work Plan of a Planning Commission: 
1. Identify problems. 
2. Listing the goals. 
3. Preparing work tasks. 

Since the function of a planning commission is to make recommendations, 
interested parties can meet with the planning comnnssion to present their case 
and try to influence a decision. A planning commission can recommend to 
change or maintain the zoning ordinance for a specific piece of land if they 
feel it is in the best interest of the community. 

Soil is basic to all life. Soil may be considered a factory where everything is 
made to feed plants, animals and human beings. It is our main source of food 
supply because it supports and nourishes the plants we eat. All animals, 
including ourselves, depend upon plants. Plants depend upon soil. Only lichen 



Materials: 

Procedure: 

and primitive plants such as silver sword in Hawaii, can get nutrition directly 
from rock without soil. 

Soil helps protect us from cold, heat and rain. Bricks and concrete for our 
homes are made from soil, and lumber is made from trees that grow in soil. 

Our clothing originates with the soil. Clothes come from wool, flax, cotton, 
silk, leather, or synthetics. Synthetics are made from petroleum. All these 
products depend in some way upon soil. Soil grows the plants that sheep eat; 
flax and cotton are plants; silk comes from silkworms and leather comes from 
livestock that live on plants; and our petroleum, which also originates from 
plants, comes from deep within the earth. 

Although soil has many uses, it's most important use is in helping plants grow. 
Plants mean food, shelter and clothing, a support system human beings cannot 
live without. But plants cannot contain adequate minerals if they aren't in the 
soil, and animals suffer from lack of minerals when fed such forage. 

Activity Sheets 4 and 5 provide some information on land use in Nebraska. 

1. Activity sheets 1-3 

1. Write LAND USE across the chalkboard and ask for a definition. 

2. Distribute Activity Sheet 1, "Centerplace City Land Use Problem." 

3. After they have read the case study, ask them to list the possible uses of 
the land on Activity Sheet 1. 

- Who would want this land? 
- What would they do with the land? 
- What might be some concerns the owner would have about the land? 

(good price, pollution, neighbors, zoning) 
- Who should be responsible for determining the best use of the land? 

( owner, buyer, government, neighbors, all tax payers) 

4. Using the background information, introduce the function of a planning 
commission. 

5. Bring in a member of your local planning commission to discuss the 
process the commission goes thru (optional). 

6. Prepare for role-playing by dividing the class into groups (4-6 students). 

~4.32 
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7. Designate one group as the planning commission. Tell them they will be 
responsible to hear presentations and decide upon the best one. The 
planning commission should first review the problems and goals of Cen­
terplace (as set up in class), and write up a list of questions to ask 
prospective land buyers. They should then: 
a. Develop the criteria they will use in evaluating the proposals. 
b. Develop a system to record and evaluate their assessment of each 

presentation. (Activity Sheet 2 "Planning Commission" will aid in 
these activities). 

8. Assign the other groups to one of the land use citizen's group. (One group 
could represent a nuclear power plant, one group could represent a 
farmer*, one group could represent a shopping mall owner, etc.) 

*The farmer would want to maintain the present zoning ordinance for 
agricultural use. 

9. To these groups, pass out Activity Sheet 3, "Presentation Preparation." 
Have the students list and analyze the advantages and disadvantages for 
their proposed land use. (Allow about 10 minutes.) 

10. After compiling a list, each groups task is to develop a three minute 
presentation for the planning commission. They should include: 
a. reasons for wanting the land 
b. how it would benefit the community 
c. the price they would pay 

(Remind them to consider such things as proper use of land, sewage, 
water, electricity, health, safety, taxes, economics, needs of the com­
munity, roads, etc.) More than one person in each group must partic­
ipate in making the presentation. 

11. When all groups are ready, have the planning commission sit at the front. 
Appoint a time- keeper. 

12. While the planning commission is meeting, the class could develop a list 
of criteria which they think should be used by the commission in making 
their decision. 

13. After deliberating, the planning commission should read their criteria 
aloud and announce their decision as to what recommendation will be 
given to the Board of County Commissioners. Their reasons for the 
decision should also be given. 

(0 4.,33 
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Follow-up Discussion Questions 

1. What additional information would you like to have had for planning your 
group's presentation? Ust on the board (e.g., topography, vegetation, 
economy of area, railroad, shopping center, adjacent land, climate, soil 
survey, historical information, flood plain, wildlife, interest of Board of 
County Commissioners, money available, educational needs, regulations 
by State, political climate). 

2. Where would you go to collect information on these topic? Point out to 
the group that this is one of the most important parts of the activity, 
because it emphasizes that we need a variety of information and data 
before we can intelligently make a land management or environmental 
decision to BEST meet the needs of people and their environment. 

Optional Follow-Up Discussion Questions 

1. Did new leadership emerge during this session? What factors enabled 
this to happen? 

2. Did your group work as a team? What did your group do to insure 
participation by all members of the group? 

3. Were you assigned to a group or interest you didn't want to represent? 
How did you feel? Point out that many times we overlook that other 
people have different needs and ideas and this might be a way to identify 
them. 

1. Protectjn& A&riclllturaI I JlDd 
Minnesota's Ag-Stravaganza 
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Case Study 

Centerplace City 
Land Use Problem 

160 acres of unused county farmland, four miles 
northeast of the city is expected to be sold soon. Some 
of the interested buyers have indicated their desire to 
use the land for a purpose other than agriculture. The 
land is presently zoned for agricultural use. The current 
price for prime farmland is $2,000.00 an acre. 

Background Information Sheet: Centerplace City 

The population is 250,000 and rapidly increasing. 

The city's boundaries are being extended, but the 
suburban fringe is expanding even more rapidly. 

The rapid population growth is accompanied by 
demands for more housing, more jobs, additional 
city services and recreational areas. 

The power for industrial uses, adequate public 
trasprotation and a skilled labor force are available. 

The city is located near forests, which are to the north. 

The land to the east is devoted mainly to farming. 

The Pipe River is unpolluted and is the source of 
irrigation water as well as the municipal water supply. 

The river is too small for freight transpqrtation, but logs 
could be floated on it. The gravel bed of the river is 
appropriate new material for concrete manufacture. 

The present sewage treatment plant and garbage 
disposal area are at maximum capacity. 

The citizens of Centerplace are concerned about the 
maintenance of a scenic regional environment. 

The board of County Commissioners is the authority for 
land zoning, and many citizen's groups are developing 
to influence zoning decisions. 

Ust possible uses of the land below: 

N ... 
11-'2. ,. , , 

Adapted from: Minnesota's Ar-Stravazanza 
Activity Sheet 1 



Planning Commission 
Case Study 

160 acres of unused county farmland, four miles northeast of the city is expected to be • 
sold soon. Some of the interested buyers have indicated their desire to use the land for a 
purpose other than agriculture. The land is presently zoned for agricultural use. The cur-
rent price for prime farmland is $2,000.00 an acre. 

Background Information Sheet: 
Centerplace City 

The population is 250,000 and 
rapidly increasing. 

The city's boundaries are being 
extended, but the suburban fringe 
is expanding even more rapidly. 

The rapid population growth is 
accompanied by demands for 
more housing, more jobs, addi­
tional city services and recrea­
tional areas. 

The power for industrial uses, 
adequate public trasprotation and 
a skilled labor force are available. 

The city is located near forests, 
which are to the north. 

The land to the east is devoted 
mainly to farming. 

Group making presentation 
(use category) 1 

The Pipe River is unpolluted and 
is the source of irrigation water as 
well as the municipal water sup­
ply. 

The river is too small for freight 
transportation, but logs could be _ 
floated on it. the gravel bed of the 
river is appropriate new material 
for concrete manufacture. 

The present sewage treatment 
plant and garbage Qisposal area 
are at maximum capacity. 

The citizens of Centerplace are 
concerned about the mainte­
nance of a scenic regional 
environment. 

The board of County Commis­
sioners is the authority for land 
zoning, and many citizen's 

Criteria to assess presentation ratil}g 
2 3 4 5 6 

Elect a chairperson to preside during the group presentaions and to run the meeting in an 
orderly manner. (5 minutes) 

Announcements to be made by the chairperson. 

-Because of time constraints there will be no rebuttal after presentations. 
-The Board may ask 2 or 3 clarifying questions of each group after the presentations. 
-You have 3 minutes to give your presentation. You will be given a warning when you 

have 1 minute left, by our time. 

Activity Sheet 2 @ .... 36 
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Presentation 
Preperation 

Learner Objective: 

lH tr 
.~ 

i I 

Students will be able to discover the need for trade-ofts in 
using land and identify the need for zoning procedures to 
protect agricultural land. 

Assigned Category of Land Use: 

Advantages to Land and Community Disadvantages to Land and Community 

Now, as a group, develop a 3 minute presentation to the Planning Commission. 

Include: 

1. Reasons for wanting the land. 
2. How it would benefit the community. 
3. What price you would pay. 

Consider such things as proper use of the land, sewage, water, electricty, health, 
safety, taxes, economics, community needs, roads etc., as you prepare your 

presentation. 

*More than one person in each group must participate in making the presentation . 

Adapted from: Minnesota's Ar-Stravapnza (0 .... 37 
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Nebraskans Use Their Land 

CropS 49% 

Activity Sheet 4 
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Activity 10 
Plant Conservation 

The Flower 

Subject Area: Science 

Objectives: 1. The students will identify the parts of a flower. 

Suggested 

2. The students will name the parts of the flower and their role in reproduc­
tion. 

Grade Level: 5-6 

Background: The parts of the flower and their roles are described in the procedure. 

Materials: 1. A variety of fresh flowers 
2. Activity Sheet 1 

Procedure: 1. Discuss with students the parts of the flower, pointing them out on the 
Activity Sheet. Parts of a flower are somewhat different from plant to 
plant. Many flowers consist of: 

a. Petals - that form the flower 
b. Filament - that supports the anther 
c. Anther - where pollen is produced 
d. Stigma - pollen is received by the stigma 
e. Style - pollen passes through the style to the ovary 
f. Ovary - where the seed develops 

Some plants have separate male and female flowers. Others have male 
and female flowers on different plants. Pollen is produced on the anther 
of the flower. This pollen is transferred to the stigma by wind, insects 
(bees) or close contact. It germinates and sends a tube down the style to 

,\\II'~~ the ovules (female). Here fertilization takes place and seeds develop in 
~Il\\~~ the ovary. 

. 2. In pairs, have students examine different fresh flowers to identify the parts 
discussed earlier. Look for pollen on the stamen. 

3. After all students have examined the flowers, cut open the pistil and 
observe the seeds that are forming. 

@ .... 41 
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Additional 
Activity: 

Adapted 
From: 

1. Press mount and label the different parts of one or more flowers . 

1. Explorjn& the World of Plants and Soils 
Plant and Soi14-H Members Manual 
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Activity 11 
Plant Conservation 

Plant Crosses 

Subject Area: Science 

Objective: 1. The students will be able to understand how plants reproduce from an 
imperfect flower. 

Suggested 
Grade Level: 5-6 

Background: Every plant has a group of features that make up its "personality". Some are 
desirable, some undesirable. These characteristics include yield capacity, 
disease and insect resistance, early or late maturity, tailor short stem, color 
of flower or fruit, and others. The plant breeder selects a plant with as many 
desirable characteristics as possible. He then fertilizes the female flower with 
pollen from another plant having a specific needed quality. This might be a 
high-yielding plant crossed with a disease resistant plant to combine the good 
features of both. 

Parts of a flower are somewhat different from plant to plant. Many flowers 
consist of: 

1. Petals - that form the flower 
2. Filament - that supports the anther 
3. Anther - where the pollen is produced 
4. Stigma - part that receives the pollen 
5. Style - pollen passes through the tube like style to the ovary 
6. Ovary - where the seed develops 

Plants differ with respect to their reproductive parts, such as: 

1. Male and female parts in the same flower (perfect flower). 
2. Male flowers and female flowers on the same plants (imperfect flow­

ers) 
3. Only male flowers on one plant and only femaie on another (imperfect 

flowers) 

How are seeds produced? Pollen (male) is produced in the anther and is 
transferred to the stigma (female) by wind, insects (bees) or contact. In 
controlled plant breeding, pollination is done by hand. The pollen germinates 

(!J) .... 45 
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Materials: 

Procedure: 

and sends a tube down the style to the ovules. Here fertilization takes place 
and seeds develop in the ovary. 

1. Two varieties of cucumber seeds; one white- spined fruit and one with 
black-spined fruit. Some suggestions are: 

Black-spined fruit 
Burpee Pickler 
Chicago Pickling 
National Pickling 
OhioMR 17 

White-spined fmit 
AandC 
Ashley 
Marketer 
Model 

2. Four containers for growing; 10" or 12" clay pots, gallon cans or boxes, (be 
sure it has drainage holes). 

3. Gravel 
4. Potting soil 
5. Fertilizer; 8-8-8 or 10-10-10 (1 tablespoon) 
6. Water 
7. Trays or plates 
8. Four jars 
9. Paper bags 
10. Knife 
11. Spoon 
12. Plastic glasses 
13. Twist ties or pipe cleaners 

1. Select two varieties of cucumber seeds, one with white-spined fruit and 
one with black- spined fruit as suggested in Materials. Label the black­
spined variety parent # 1 and the white-spined variety parent #2. 

2. Label two pots parent #1 and two pots parent #2. Add a layer of gravel 
in the bottom of each pot. 

3. In a large tray or box, mix one tablespoon fertilizer with enough soil for 
all four pots. Moisten the soil. 

4. Fill each pot with the moistened soil, 1/2" from the top. Press lightly with 
your hand. 

5. Make two furrows with your finger in a "X" shape, 1/4" deep. Plant the 
correct seeds in the correct pot, 1" apart. Cover with loose, damp soil and 
firm lightly. Store the leftover seeds in a sealed jar in a cool place. You 
can use them in the next activity "Selfing". 

PJ ..... 46 
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6. Set pots in trays or plates to catch drainage water. Slowly add water until 
it begins to drip from the bottom of the pot. 

7. To germinate the seeds, set pots in a place where the temperature holds 
near 70 to 75 degrees day and night. 

8. After the seeds sprout, set the pots in a south or west window, if possible. 
The ideal place is one with full sunlight, day temperature of 70-75 degrees 
and night temperature of 60-65 degrees. 

9. Check plants daily. Water as needed to keep soil damp but not wet. 

10. When the first pair of true leaves appear (after the cotyledons), thin to 
one strong plant per pot. 

11. Watch for flowers 6-8 weeks after planting. The first are usually the male 
flowers. Watch closely for the first female flowers. Remember the male 
flower has only the stamen and the female flower has only the pistil. 

12. To prevent unwanted crossing seal a few female flowers the day before 
they open, by holding the petals closed, near the tip, with "twist- em"or 
pipe cleaners. Be careful, do not damage the stigma. In the same manner 
seal several male flowers at the same stage of development. 

13. Pollinate the female flower the day it would normally have fully opened 
(expanded like a balloon), if it had not been held shut. To do this: 
a. Take a sealed male flower at the same stage from a plant chosen for 

the male parent from pot 2. 
b. Carefully pinch off the yellow petals of the male flower that surrounds 

the stamens. 
c. Expose the stigma by carefully removing the "twist-ems" of pipe 

cleaner from the female flower from pot 1. 
d. Brush the stigma of the female flower gently with the anthers leaving 

some pollen grains. 
e. Reseal the female flower using the "twist- ems"or pipe cleaner. Attach 

a small tag to its stern, showing the date and the parents thus: lx2 -
5/27. Always Jist the female parent first. 

14. Make crosses in both directions (1x2) and (2xl). Note: When the flower's 
petals dry, they will falloff with the "twist-ems" or pipe cleaner. 

15. Remove the tagged fruit (cucumber) when it has fully matured (turned 
deep orange or yellow - approximately 5 weeks). Place the fru it and the 



Adapted 
From: 

(REDUCED SIZE) 

tag in a paper bag. Keep each fruit in a separate bag. Note the color of the 
fruits and write it down. 

16. About 2 weeks after harvesting, cut the fruit lengthwise -one at a time -
and scoop out the seeds. Put seeds from each cucumber in a separate glass. 
Be sure to keep the label with the seeds - tape it to the glass. Fill the glass 
half full of water - allow to ferment for one day. Pour off the water and 
pulp. Place the seeds on a paper towel and allow to dry thoroughly. Put 
the seeds from each cucumber in a separate envelope and label it like the 
tag. You now have cucumber crosses. 

17. Discuss what has happened. 

1. Plant Reproduction 
4-H Members Manual 
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Activity 12 
Plant Conservation 

Selfing 

Subject Area: Science 

Objectives: 1. The students will be able to define "selfing". 
2. The students will be introduced to dominate and recessive genes. 

Suggested 
Grade Level: 5-6 

Background: Gene - The element that transmits characteristics of parent to offspring. In 
people, animals and plants, genes are present. Some genes are dominant and 
some are recessive. For example in people, brown eyes might be more 
dominant than green eyes. so when a parent with brown eyes and a parent 
with green eyes has an offspring together it is more probable the child will 
have brown eyes, because brown eye color is a trait with dominant genes and 
green eye color is a trait with recessive genes. In this activity, students will 
cross cucumber plants to discover what spine color is dominant. 

Materials: 1. Seeds from Activity "Plant Crosses" 
2. Four pots from Activity "Plant Crosses" with Parent 1 and Parent 2 plants 

still growing in them. Be sure they are labeled as such. 
3. Four pots, 10" or 12" clay pots, gallon cans or boxes. (Be sure it has 

drainage holes). 
4. Gravel 
5. Potting soil 
6. Fertilizer;8-8-8 or 10-10-10 (1 tablespoon) 

7. Water ~ ~ ~ 0,_ 
8. Trays or plates .JI- .... ~ 

Procedure: 1. Label the four empty pots. Two of the pots should be labeled Parent 1x2 
and two pots should be labeled Parent 2x1. Now you should have eight 
pots. Four pots should already have a plant growing in them. Two of these 
are labeled Parent 1 and two are labeled Parent 2. 

2. To prepare the four empty pots, place gravel in the bottom of each. 

3. In a large tray or box, mix one tablespoon fertilizer with enough soil for 
all four pots. Moisten the soil. 
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4. Fill each pot with the moistened soil, 1/2" from the top. Press lightly with 
your hand. 

5. Make two furrows with your finger in an "x" shape, 1/4" deep. Plant the 
correct seeds in the correct pot, I" apart. Cover with loose, damp soil. 

Set pots in trays or plates to catch drainage water. Slowly add water until 
it begins to drip from the bottom of the pot. 

To germinate the seeds, set pots in a place where the temperature holds 
near 70 to 75 degrees day and night. 

After the seeds sprout, set the pots in a south or west window, if possible. 
The ideal place is one with full sunlight, day temperature of70 - 75 degrees 
and night temperature of 60 to 65 degrees. 

9. Check plants daily. Water as needed to keep soil damp but not wet. 

10. When the first pair of true leaves appear (after the cotyledons), thin to 
one strong plant per pot. 

11. Watch for flowers 6-8 weeks after planting. The first are usually the male 
flowers. Watch closely for the first female flowers. Remember the male 
flower has only the stamen and the female flower has only the pistil. 

12. To prevent unwanted crossing seal a few female flowers the day before 
they open, by holding the petals closed, near the tip, with "twist- ems" or 
pieces of pipe cleaners. Be careful. Do not damage the stigma. In the 
same manner seal several male flowers at the same stage of development. 

13. Pollinate the female flower the day it would normally have fully opened 
(expanded like a balloon), if it had not been held shut. 

To do this: 
a. Take a sealed male flower at the same stage from a plant chosen for 

the male parent. 
b. Carefully pinch off the yellow petals of the male flower that surround 

the stamens. 
c. Expose the stigma by carefully removing the "twist-ems" or pipe 

cleaner from the female flower of the same plant. 
d. Brush the stigma of the female flower gently with the anthers leaving 

some pollen grains. 



Adapted 
From: 

e. Reseal the female flower using the "twist- ems" or pipe cleaner. Attach 
a small tag to its stem, showing the date and the parents thus: "1x2 -
5/27". Always list the female parent first. This is called selfing. 

14. Observe the plants (all eight pots together). When fruit appears record 
the following information: Record the pot number and the color of spines 
for each plant. Which color dominates? Note the color of the mature fruit. 
Were the color of the spines and color of the fruit related? 

15. Discuss what happened and what was observed. 

1. Plant Reproductjon 
4-H Members Manual 
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Activity 13 
Plant Conservation 
"Propagation" 

Subject Area: Science 

Objectives: 1. The students will discover the effects of plant populations by growing 

Suggested 

plants under different conditions. 
2. The students will determine if plants can adapt to their environment in a 

new situation. 

Grade Level: 5-6 

Materials: 1. Several small containers (paper cups work well) 
2. Potting soil 
3. Radish seeds 
4. Journal 

Procedure: 1. Assemble students in a close bunch. (sitting preferred) 

2. Read or explain the following: 

"How much room do you need to live? If you grew up in a room 3 feet high 
by 3 feet wide, do you think it would be easy for you to grow up to be a 
basketball player? Plants also need room to grow. Their roots need room to 
spread out and soak up nutrients and their leaves need room to spread out and 
soak up the sun. Let's learn how crowding affects their growth." 

3. Divide class into small groups. 

4. Have each group fillS containers with soil and number them 1 to 5. (can 
use more if desired) 

5. Have them plant the following number of seeds in each container, equally 
spaced, at about 3/4" deep. 

Pot 1: 2 seeds 
Pot 2: 4 seeds 
Pot 3: 8 seeds 
Pot 4: 16 seeds 
Pot 5: 32 seeds 



Adapted 
From: 

6. Place pots in a sunny place, water each pot with the same amount of water. 
Observe them to see if radishes are growing better in some pots. Note if 
some are tall and spindly, stunted, yellow, etc. Have students write down 
observations of each pot every few days in a journal. 

7. When radishes are fully grown, carefully pull them out of pots. Be sure to 
keep radishes with their original pot. Measure the length of each radish 
plant. Record information about which pot had the healthiest radishes. 

8. Decide if crowding seemed to affect their growth. 

9. Could these plants adapt to this situation? 

1. The Growjn~ Classroom .::: \8J.'~ / 'l -:..J­
~ ,'-.... 
II {\~~ 
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Activity 14 
Plant Conservation 

Photosynthesis And Transpiration 

Subject Area: Science 

Objectives: 1. The students will be able to observe the effect of light on plants (photo-

Suggested 

synthesis). 
2. The students will be able to illustrate the exchange of gases between the 

atmosphere and the plant. 

Grade Level: 5-6 

Background: Life of all organisms (including people) depends on the unique ability of green 
plants to convert the sun's energy in to food. Photosynthesis is one of the most 
important chemical reactions on earth. We are totally dependent on plants 
for our food. No other living organism can make the sun's energy available to 
us as chemical energy. Photosynthesis takes place within the chloroplasts of 
plant cells. There the raw materials, water and carbon dioxide, are combined 
chemically in the presence of sunlight and chlorophyll. Some of the resulting 
sugar is immediately transported to other parts of the plant. Some of the sugar 
is changed to starch and stored temporarily in leaves. Oxygen is released into 
the air as a by-product of this process. The release of this oxygen is called 
respiration. We could neither breathe nor eat without green plants. 

Materials: 1. Two or more six-inch pots with drainage holes 
2. 20 or more soybean seeds or pea seeds 
3. Potting soil 
4. Sprink1ing can or similar 
5. Dark area (a large cardboard box or a cabinet that can remain closed for 

one week) 
6. Glass bottle or jar 
7. Paper, pencil and crayons 

Procedure: 1. Divide the class into small groups. Each student will keep a log of their 
group's plant from germination of seedlings to the end of the experiment. 

2. Germinate the seeds by placing them between moist paper towels in a tray. 
Place in indirect sunlight. The seeds should germinate within a few days. 
As soon as a "hook" appears, the seedlings are ready to plant. 

-J .... 55 
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Adapted 
From: 

3. Place potting soil in each pot. Leave 2 1/2 inches at the top. Place six to 
ten seedlings carefully on top of the soil and cover with 1/4 to 1/2 inch of 
soil. 

4. Water the soil until well saturated (not flooded) . Place one pot in a well 
lit place (direct sunlight if possible). Place the other pot in a dark area 
and leave it in complete darkness for one week to ten days. 

5. After ten days, remove the pot from the dark area. Compare it with the 
seedlings that were grown in the light. 

6. Discuss your findings and relate them to the concept of photosynthesis. 
Have the class make a drawing to illustrate the differences between the 
two sets of seedlings. 

7. Place a glass jar over one of the pots and place it in the sunlight. 

8. Notice the condensation that occurs on the inside of the bottle. The 
condensation is water vapor being given offby the plant when it exchanges 
oxygen for carbon dioxide (respiration). 

1. The Growing Classroom 

2. Arizona Teachers Resource Guide for Environmental Education 



Activity 15 
Plant Conservation 

Productive Plants 

Subject Area: Science 

Objectives: 1. The students will discover how removing leaf area from the plant will 
affect the plant's vigor and strength. 

2. The students will recognize the importance of range management. 

Suggested 
Grade Level: 5-6 

Background: A productive rangeland has strong and vigorous plants which provide the 
greatest amount and best quality of forage possible for grazing. How range 
plants are used affect their strength and vigor. Plants which become weak are 
replaced by stronger plants. If the replacement plants are weeds or less 
desirable grasses, the rangeland becomes less productive. Plants make their 
own energy for growth through the process of photosynthesis. Sunlight is used 
by the plant in the green portion of the leaf to manufacture simple carbohy­
drates which can be stored and used the following year for regrowth. Plants 
low in reserve carbohydrates (stored foods) regrow slowly, yield less and may 
die if the plant is stressed. Low quality plants do not really "take over" a 
pasture. They replace more desirable plants that are weak or have died. 
Keeping desirable plants vigorous should be the aim of the range manager so 
as to have a productive range for the cattle and horses. 

Materials: This Activity Works Best If Done In The Spring. 

Procedure: 

1. Six large flower pots or 1-gallon coffee cans (Be sure there are drainage 
holes) 

2. Soil (a mixture of soil and sand) 
3. Sudan grass seed - available at garden centers, grain elevators, and coop 

feed stores. 
4. Scissors 
5. Worksheet 1 
6. Plant food 

1. Divide the class into six groups. 

2. Have each group manage one pot. 
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Adapted 
From: 

3. In each pot, plant the sudan grass. Label each pot according to the group 
number. 

4. After plants have started, thin plants to six plants per pot. Be sure each 
pot receives equal sunlight, water and plant food. 

5. After the plants reach six inches in height, make the following treatments 
for the next 12 weeks. 

Pot 1: clip to 2 inches - clip to this same height every two weeks. 
Pot 2: clip to 2 inches - clip to this same height every three weeks 
Pot 3: clip to 2 inches - clip to this same height every four weeks 
Pot 4: clip to the height of 6 inches every two weeks 
Pot 5: clip to the height of 6 inches every three weeks 
Pot 6: clip to the height of 6 inches every four weeks. 

Be sure the entire class is aware of the activities in the other groups. 

6. Save the harvested material from each pot and allow it to air dry and then 
weigh each. Record on worksheet 1. You can have one sheet for the 
entire class or give each student a worksheet to record information, so that 
each student is aware of the progress of the experiment. 

7. At the end of the 12 week period, clip all the plants at the surface, and 
compare the harvested material. Are there any differences at all? 

8. Remove the plants from the pot, being careful not to damage the root 
system. 

9. Gently wash the soil from the roots. Allow the roots to air dry and then 
weigh all the roots and measure the longest root from each pot. 

10. Record all data on worksheet 1 and answer the questions. Discuss the 
experiment and your results. Why would it be important to be a good 
range manager? 

1. Usjol: Nebraska's Raol:e 
4-H study guide 30 
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Name. __________ ~. 

PLANTS 

Be sure to keep material from each pot seperate. 

Treatment 
Top Growth 

Pot Number Height Frequency Total Yeild (oz. or g) Root Length (in or cm) 

1 

2 

3 

4 

5 

6 

Average 2 in. 

2 inches 2 weeks 

2 inches 3 weeks 

2 inches 4 weeks 

6 inches 2 weeks 

6 inches 3 weeks 

6 inches 4 weeks 

Top Growth 
Yield (oz or g) 

Root Length 
On or em) 

2 weeks 

Top Growth 
Yield (oz or g) 

----- ---- -------
6in. ____ _ 3 weeks ---- --------

4 weeks ---------
Questions: 

1. Which plants yielded the most and why? 

2. Which plants had teh greatest root length and weight and why? 

3. Which plants obviously had the greatest vigor? 

Root Lenght 
(in or cm) 

Adapted (rom: J [sinK" Nebraska's Rance 
Worksheet 1 
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Activity 16 
Plant Conservatior:t 

WiseAcres 

Subject Area: Art, Science, Social Studies, Language Arts 

Objectives: 

Materials: 

Procedure: 

1. The students will be able to visualize differences between two vegetation 
types. 

2. The students will be able to determine uses and benefits of each vegetation 
type. 

3. The students will write about a vegetation type discussing uses and bene­
fits. 

1. Drawing paper 
2. Crayons or markers 
3. Worksheets 

1. Have students pretend they each own 100 acres of land in Nebraska. 
a. The first fifty acres is grassland. It is a rolling plain covered with grass, 

wildflowers and a variety of weeds. There is a windmill that a rancher 
built many years ago. It pumps water out of the ground and stores it 
in a big tank. Animals can drink from this tank. As far as you can see 
is rolling plains and blue skies. Strong winds blow across the grassland. 
Snow falls in the winter, and it gets cold. 

b. The other fifty acres is farmland. You have planted com on the land 
this past spring. In the fall you will harvest your com. You apply 
herbicides and pesticides to keep insects and weeds from destroying 
your crop. Along the fence rows grow tall grasses and shrubs. 

2. After reading the two paragraphs to the students, have them divide their 
paper in half. On one half draw what they think the grassland looks like, 
on the other half draw what they think the farmland looks like. Remember 
specific details and think about what types of animals would live in each 
area. 

3. Have the students look at their pictures of just the grassland. What are 
you going to do with your fifty acres of grassland? What animals can live 
here? What is there in terms of water, food, and shelter? What could 
humans do here in terms of recreation? What usable products could be 
grown here? What do you like about this place (aesthetics)? What area of 
Nebraska would this fifty acres most likely be found in? (Western Ne-
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Adapted 
From: 

braska). Students might answer: raise cattle, sheep, horses, leave it for 
wildlife to use, let people use it to hunt in or ride horses, etc. 

4. Now look just at the farmland. What are you going to do with your fifty 
acres of fannland? What will you do with the corn you harvested? What 
animals can live here? (In fence rows). Could humans do anything here in 
terms of recreation? AIe the plants grown here usable? AIe there any 
other usable products grown here? What do you like about this place 
(aesthetics)? What area of Nebraska would this fifty acres most likely be 
found in ? (Eastern Nebraska). 

5. Have the students pick one of their fifty acres (grassland or farmland), and 
write about it, addressing the questions discussed earlier. Student could 
also compare the two areas addressing the topics discussed earlier. 

1. Renewable Resources Extensjon Act Report 
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Activity 17 
Plant Conservation 

The Sky is Not The Limit 

-----"»---'-

Subject Area: Science, Language Arts 

Objectives: 

Suggested 
Grade Level: 

Background: 

Materials: 

Procedure: 

Additional 
Activity: 

Adapted 
From: 

1. The students will be able to state three limiting factors affecting any given 
population. 

2. The students will be able to list three limiting factors for humans in a given 
situation of a sub-optimal environment. 

3. The students will be able to identify the importance of limiting factors to 
the distribution of certain animals. 

5-6 

Limiting factors are physical factors that limit the distribution of species; 
examples include temperature, type of vegetation, moisture and light inten­
sity. 

1. Worksheet 1 

1. Ask the students the following questions: 
a. Why does a cactus grow in the desert and not in a swamp? 
b. Why aren't there more people living in the desert? 
c. Why don't you find polar bears in prairies? 

2. All of the questions relate to the fact that plants and animals need a specific 
environment to survive. These are considered "UMIT1NG FACfORS". 

3. Divide the class into small groups. Give each student a worksheet. Have 
each group work through the worksheet. 

4. Have each group present their ideas to the rest of the class. 

1. Have the students list the limiting factors of their community. Have them 
discuss why certain plants and animals live in or near their community 
while others do not. Have them suggest things that would limit people 
from settling in a certain area. 

1. I .earnjng wjth Otjs 
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Name, _________ ~.~ 

The Sky is Not the Limit 

The year is 112,140 A.D. You live in Nebraska which has the following characteristics. 

Average Temperature 40° below zero 

Rainfall 100 inches 

"Soil" Type Concrete 

Natural Waters Lakes 

Plants Low growing; short growing season 

Animals Large elephant-type creatures; horses; dogs 

Light No sunlight 

Atmosphere No oxygen 

Homes Made of concrete 

Communitation Use of toes 

Design a human that could live in such an environment. Fill in the following squares. 

Adaptations: How will humans adapt to 
this limiting environment? How will plants 
and animals adapt? 

Dangers: What changes might you 
confront that will limit the size of the 
human population? 

Resources: What might be some of 
the resources that will help humans 
survive in this envoronment? 

Nebraska 
In 

112,124 A.D. Food: What will humans eat? What 
will the animals eat? Draw or write 
your ideas. 

On the back of the page draw your human and label the things that have changed to 
allow humans to live in this environment. 

Worksheet 1 ~
.; 
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Activity 18 
Plant Conservation 

Plant Dyes 

Subject Area: Art, Science 

Objectives: 1. The students will be able to use plant materials to create various colored 
dyes. 

2. The students will be able to use plant dyes they created to dye cloth. 

Suggested 
Grade Level: 5-6 

Materials: This Activity is Suggested for Early Fall or Late Spring When Temperatures 
are Warmer. 
1. Plant Materials (students may be able to find these around their home or 

in the schoolyard, check procedure step one for a list of possible materi­
als). 

2. Alum (found in a pharmacy, not cooking alum) 
3. Cream of tartar 
4. Water 
5. Pots 
6. Stove or hot plate 
7. Heavy art paper 
8. Cloth or white t-shirts (optional) 
9. Knife or blender 
10. Measuring spoons and cups 
11. Strainer 

Procedure: 1. Ask students to look around their home and neighborhood for plant 
materials listed in the chart. Gather materials around the school yard. 

Color 
Blue-violet 
Pu Ie 

Ie 

Blue 
Dark Brown 
Reddish Brown 

Plant Source 
Che roots 
Elderberries black ras berries 
Pokeweed berries 
Dandelion roots, cherries, strawberries, red 
raspberries, cardinal flowers, sorrel roots and bark, 
red oak bark 
Blueberries 
Black walnut husks 
Bucke e husks 
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Additional 
Activities 

Adapted 
From: 

Color Plant Source 
Yellow Goldenrod (boiled), willow leaves, March marigolds, 

ash (inner bark), St. 10hnswort flowers (boiled), 
onion skin, tulip tree leaves, ragweed, burdock, 
Osage orange roots and bark (boiled) 

Rose Tan Birck bark. willow bark sassafras roots 
Green Plaintain leaves and roots (boiled), lily of the valley 

leaves 
Yellow-orange Bloodroot (boiled) 
Salmon CherrY bark 
Black Black walnut husks Sumac leaves 

NOTE: WARN STUDENTS TO BE AWARE OF POISONOUS PLANTS 
AND NOT TO TASTE ANY PLANTS OR BERRIES THEY HAVE COL­
LECTED. Do not pick flowers or plants from other people's yards without 
permission. Also remember to use conservation practices in collecting. 
The materials collected should not noticeably change the environment of 
the area in which they were found. In some areas and in national parks, it 
is against the law to pick wild flowers and plants. Find out if this is the 
case in your area. Many of these dyes are of low quality and may fade or 
change color. Check with your local weaver's guild or museum to deter­
mine the best local plant materials for dyes. 

2. Chop all the materials. Boil each kind of material separately. Strain. 
3. Add alum -1/4 to 1/2 teaspoon (1 to 2rniJliliters) to 2 cups (473 milliliters) 

ofliquid plant material. (Alum helps to make the dye colorfast.) If curdling 
occurs, add cream of tartar in the same amount. 

4. Your fabric should be simmered in the dye for at least 30 minutes. 
Occasionally, stir gently. Then let it cool completely in the dye solution 
to room temperature or cooler. 

5. Wash repeatedly in baths of water the same temperature as the dye 
solution. (Check temperature with your hand). Repeat until the water is 
clear. Hang the fabric to dry. 

1. Have each student make a color wheel using dyed material and indicating 
the plant sources of the colors represented. 

2. Use this activity as part of a unit on early life in the United States. 

1. Project I.earnjn~ Tree 
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Activity 19 
Tree Conservation 
Plant a Tree 

Subject Area: Science, Language Arts, Social Studies 

Objectives: 1. The students will be able to research and gather information about Arbor 
Day and important "tree planters" in Nebraska. 

2. The students will be able to plant a tree and observe it grow. 

Suggested 
Grade Level: 5-6 

Background: When the settlers first arrived, Nebraska had few trees. Prairie grass fires 
started by lightning and pushed by strong Nebraska winds would burn for 
miles. Grass would grow again but trees could compete with grass only in wet 
places protected from fire. The only trees were found on the banks of creeks 
and rivers. Pioneer explorers, farmers, ranchers and railroad engineers 
needed wood for building, cooking or heating but found very little. As a result 
the early pioneers planted trees. This practice was continued by their children 
and their children's children. Since Nebraska people have such a strong 
tradition for planting trees, Nebraska has become known as the 'Tree Planter 
State". 

Materials: 

Procedure: 

1. Reference material; encyclopedias, dictionary, etc. 
2. One or more tree seedlings -from Natural Resources District, Arbor 

Lodge Foundation, or from seedlings already growing as volunteers 
3. Shovel 
4. Water and bucket 
5. A place to plant a tree 

1. To understand more about the history of trees in Nebraska have students 
research well known "tree planters" of Nebraska such a Jules Sandoz, Dr. 
Charles Edwin Bessey, J. Sterling Morton, and J. J. Lydick, Also have 
students research the history of Arbor Day, and the National Forests in 
Nebraska (especially Nebraska National Forest near Halsey, Nebraska). 
The National Arbor Day Foundation, 100 Arbor Avenue, Nebraska City, 
NE 68410 might have some information for you also. 

2. Give the students time to report their findings about the rich heritage of 
trees in Nebraska to the class. 

1fii • .v.f'./;;!.iI 
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3. To continue this heritage of tree planters in Nebraska, plant a class tree. • 

4. Choose a good spot to plant your tree, with permission from school 
officials. 

5. Dig a hole large enough to receive the entire root system without crowding 
or bending. A shallow hole that causes roots to be turned up at the bottom 
may result in the death of the tree. 

6. Keep the tree roots moist at all times, but do not leave them standing in 
water. 

7. Set the seedling in the hole and carefully put some soil around the roots. 
Make sure the tree stands straight. Fill the rest of the hole with more soil. 

8. Mulch around the tree with seasoned sawdust or ground corn cobs. 

9. Water the tree well. Remember to keep watering the rest of the year (even 
in the summer). 

10. Label the tree by attaching small signs to a wooden spike and sticking into 
the ground at the base of the tree. 

• 
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Activity 20 
Tree Conservation 

Trees of Nebraska 

Subject Area: Science, Language Arts 

Objectives: 

Suggested 
Grade Levels: 

1. 
2. 

3. 

5-6 

The students will be able to name at least ten trees common to Nebraska. 
The students will be able to identify five common trees of Nebraska by 
their leaf shape. 
The students will design a simple classification key. 

Background: Refer to 13.~illNebraska booklet. (Found at the back of this volume.) 

Materials: 1. Six sets (or more) of 5-6 different leaves. 

Procedure: 

2. 13. ~ ill Nebraska booklet. 
3. Worksheet 1. 

1. Divide the students into groups. Give each group a set of leaves. 

2. Have the students place the leaves into two piles based on a specific 
characteristic (e.g. shiny or not shiny, etc.). 

3. Have the group write the criteria used on the top of a horizontal piece of 
paper. 

4. Have the student continue to separate the piles based on specific charac­
teristics until each leaf is in a category by itself. 

5. Have the groups exchange leaves and classification keys. See if they can 
decipher the other group's classification scheme. 

6. Have student's return to their own classification scheme. Give each group 
a new leaf and see if they can fit it into their key without revising it (at least 
extensively). 

7. Have each student select one leaf from their group's pile. Write a descrip­
tion of the leaf in complete sentences using the words in their key. 
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Additional 
Activity: 

Adapted 
From: 

8. After each student has read their description to the class, explain that 
students have described the leaves in such a way that everyone knows 
which leaf they are talking about, however, this description is long. We 
give names to specific living things so we may identify them readily. 

9. Identify the trees these leaves came from using the 43. ~ of Nebraska 
booklet. 

10. Using the 43. II=s. of Nebraska booklet, identify the trees around your 
school. You could even take a walk to a nearby park and identify the trees 
you see on your way. 

11. Using information from 43. II=s. of Nebraska booklet, complete Work­
sheet 1. 

1. In order to preserve the leaves you find, you may laminate them on to 
posterboard. Make sure all of the air is out of the mount. You can iron 
the leaves to dry them before mounting. 

1. Leamim: with Otis 

leaves 

/~ 
shiny ;MShl\ 

rough 
edge 

smooth 
edge 
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~aDle ________________________ ~.~. 

Trees of Nebraska 

III 
1111111111111111111111 

- II II II III 
_1111111111_11111111 II 
II II II II 
II II _1111_____ - -
- II II II II II II II _ II II II II II __ 11111111_11 __ 
II II II II II II 
II II II II II III II II _111111 ________ _ 
- II II II II -II II II II II II 
- II II II _ II 
II II II II II 11_111111_11 __ _ 

Across Clues 
2.A very high valued hardwood, a native 

found near Nebraska rivers. 
5.Some people incorrectly call this tree 

Chinese Elm, what is its correct name. 
7. The wood of this tree is brittle and 

decays readily. 
10. Comprises 50% of the standing timber 

of western forests, not native to Nebraska. 
12. Slow growing but important lumber 

producing western pine. 
13.This tree fits its name, it is found along 

streams. (Hint: rivers and streams) 
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Down Clues 
1.This is the state tree, it fits its name because 

its fruit contains a cottony material. 
3.The fruit of this tree is about 5" long, narrow, 

stalked, with thin scales and unarmed. 
4.A prized ornamental, not native to Nebraska. 
6. The scintific name for this tree is Prunus 

Americana, what is its common name? 
8. This tree is noted for the maple syrup made 

from its sap. 
9. Similar in size and habit to the native 

ponderosa pine. 
11. This tree has beautiful flowers that bloom 

before leaves appear in April. 

Worksheet 1 
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Activity 21 
Tree Conservation 

Fire! remember. .. ONLY YOU CAN 
PREVE NT FOREST FIRES! 

Subject Area: Social Studies, Math, Science 

Objectives: 

Suggested 
Grade Level: 

Materials: 

Procedure: 

1. The students will be able to identify causes of range and forest fires in 
Nebraska. 

2. The students will be able to determine the potential environmental and 
economic costs of fires. 

3. The students will use given information to construct a variety of graphs. 

5-6 

1. Activity Sheets (The information is for Nebraska) 
2. Graph paper 
3. Calculators, if needed 

1. Discuss fires. What are some causes of fires? What kind of damage does 
it do, especially to farmland and forests? 

2. Using the Activity Sheets create graphs that can easily relay the informa­
tion, figure percentages from the information to create circle graphs, etc. 
This can be done in small groups or as a class project. (Answer Key A is 
a good example). 

3. From your graphs: 
* Determine which cause was responsible for the most large fires in each 

year; for the fewest. 
* Compare numbers of fires caused by each category in each year, noting 

increases or decreases. 
* Give reasons why these increases or decreases might have occurred. 
* Compare the number of fires in each county to the population in the 

county (you will have to get this information from the Census Bureau). 

4. Discuss your findings and how students feel about these . 

~~73 
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Additional 
Activity: 

Adapted 
From: 

1. The students can research the effects of fire on the environment, both 
detrimental and beneficial. They could find about: 

* 
* 
* 

* 

* 

Financial costs involved in the loss of natural resources. 
Other kinds of costs to humans and other living things. 
Whether there are, under any circumstances, benefits to humans or 
the environment from forest fires. 
How various government agencies and forest industries both use fire 
and handle fire prevention. 
What happens after a large fire - naturally and with human interven­
tion. 

1. Project Learnjoi Tree 
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• Average Annual Number of Fires per County 1980-1984 

County County 
Ucense Ucnese 
Number County POl:!ulatlon Fires Number County POl:!ulation Fires 

1 Douglas 397,038 54 48 Red Willow 12,615 17 
2 Lancaster 192,884 55 49 Howard 6,773 16 
3 Gage 24,456 22 50 Franklin 4,377 17 
4 Custer 13,877 49 51 Harlan 4,292 24 
5 Dodge 35,847 46 52 Kearney 7,053 14 
6 Saunders 18,716 41 53 Stanton 6,549 12 
7 Madison 31,382 31 54 Pawnee 3,937 6 
8 Hall 47,690 42 55 Thurston 7,186 17 
9 Buffalo 34,797 22 56 Sherman 4,226 8 

10 Platte 28,852 17 57 Johnson 5,285 6 
11 Otoe 15,183 35 58 Nance 4,740 5 
12 Knox 11,457 17 59 Sarpy 86,015 26 
13 Cedar 11,375 15 60 Frontier 3,647 6 
14 Adams 30,656 29 61 Sheridan 7,544 23 
15 Uncoln 36,455 45 62 Greeley 3,462 8 
16 Seward 15,789 29 63 Boyd 3,331 5 
17 York 14,798 25 64 Morrill 6,085 26 
18 Dawson 22,304 17 65 Box Butte 13,696 61 
19 Richardson 11,315 21 66 Cherry 6,758 29 
20 Cass 20,297 30 67 Hitchcock 4,079 19 
21 Scotts Bluff 38,344 51 68 Keith 9,364 41 
22 Saline 13,131 36 69 Dawes 9,609 8 
23 Boone 7,391 5 70 Dakota 16,573 13 
24 Cuming 11,664 13 71 Kimball 4,882 8 
25 Butler 9,330 12 72 Chase 4,758 18 
26 Antelope 8,675 10 73 Gosper 2,140 4 
27 Wayne 9,858 8 74 Perkins 3,637 5 
28 Hamilton 9,301 12 75 Brown 4,377 16 
29 Washington 15,508 26 76 Dundy 2,861 10 
30 Clay 8,106 19 77 Garden 2,802 16 
31 Burt 8,813 19 78 Deuel 2,462 6 
32 Thayer 7,582 13 79 Hayes 1,356 4 
33 Jefferson 9,817 30 80 Sioux 1,845 3 
34 Fillmore 7,920 17 81 Rock 2,383 14 
35 Dixon 7,137 12 82 Keya Paha 1,301 1 
36 Holt 13,552 21 83 Garfield 2,363 6 
37 Phelps 9,769 22 84 Wheeler 1,060 2 
38 Furnas 6,486 16 85 Banner 918 3 
39 Cheyenne 10,057 11 86 Blaine 867 13 
40 Pierce 8,481 23 87 Logan 983 2 
41 Polk 6,320 3 88 Loup 859 1 
42 Nuckolls 8,367 15 89 Thomas 973 5 
43 Colfax 9,890 8 90 McPherson 593 1 
44 Nemaha 8,367 15 91 Arthur 513 5 
45 Webster 4,858 16 92 Grant 877 1 
46 Merrick 8,945 8 93 Hooker 990 10 
47 Valley 5,633 10 

• 
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Total Acreage Burned I Number of Wildfires 
by Cause 

1980-1984 

1980 1981 1982 1983 1984 
Cause 

Railroads 

Burning Debris 

Equipment Use 

Ughtning 

Smoking 

Electric Fences 

Children 

Incendiary 

Campfires 

Miscellaneous 

Total 

Fires Acres Fires Acres Fires Acres Fires Acres 

581 6,599 411 3,957 221 2,224 317 3,139 

n2 7,265 874 9,355 392 13,265 309 2,295 

308 3,n4 222 2,138 173 11,304 174 3,121 

328 18,201 78 2,891 54 1,689 90 9,478 

150 4,272 185 706 59 118 64 208 

26 79 21 234 15 62 15 96 

61 64 51 198 18 8 28 18 

54 181 70 494 13 74 12 157 

11 55 8 5 3 6 0 0 

338 8,n5 407 3,698 171 2,569 175 1.069 

2,629 49,265 2,327 23,676 1,119 32,319 1,184 19,581 

Fires Burning 100 Acres or More 
Number of Fires, Acres Burned 

1980 -1984 

Cause 
Lightning 
Burning Debris 
Equipment Use 
Miscellaneous 
Railroads 
Smoking 
Electrice Fences 
Incendiary 
Children 

Number 
of Fires 

71 
43 
28 
36 
22 

6 
2 
1 
1 

Activity Sheet 2 

Fires 

287 

259 

126 

92 

47 

7 

14 

5 

0 

133 

970 

Acres 
Burned 
53,884 
24,930 
18,024 
13,870 
11,200 
5,300 

200 
150 
150 

Acres 

879 

2,032 

2,910 

26,331 

1,290 

152 

17 

42 

0 

1,536 

35,189 

• 
Average Year 

1980-1984 

Fires Acres 

363 3,360 

521 6,842 

201 4,649 

128 11,718 

101 1,319 

17 125 

34 61 

31 190 

4 13 

245 3,529 

1,645 31,806 

• 



• The greatest number of large fires are caused by lightning. In terms of number of 

• 

fires and acres burned, large fires caused by debris burning rank well ahead of all other 

types of man-caused fires. 

The average fire size is decreasing, but large fires still occur. Fires which reach 100 

acres in size are so difficult to control that they often grow to be very large. In the past 

five years, only 3% of Nebraska's fires have been larger than 100 acres, but these fires 

burned 80% of the acreage. Certain Nebraska counties tend to have more large fires 

due to their sparsity of settlement or the nature of the land use. As a result, fire suppres-

sion equipment is often not in close proximity to the fire scene. Long response times 

usually mean larger fires which are more difficult to suppress. 

The Cost of Wildfires - by Cause, 1984 

Damage Value of 
to Crops and Firefighters Equipment 

Cause Improvements Time Operation Total 

Debris Burning $ 100,588.00 $ 25,725.92 $ 136,300.06 $ 262,613.98 

Railroads 9,471.00 18,120.56 108,183.15 135,774.71 

Equipment Use 215,411.00 28,339.42 127,484.83 371,235.25 

Miscellaneous 40,652.00 12,816.47 74,316.05 127,784.52 

Ughtning 472,201.00 20,445.26 146,783.96 639,430.22 

Smoking 3,793.00 3,827.63 17,364.26 24,984.89 

Electric Fences 588.00 1,498.39 11,065.75 13,152.14 

Incendiary 400.00 237.38 1,497.22 3,134.60 

Children 2,280.00 1,236.06 5,692.37 9,208.43 

Campfires 0.00 0.00 0.00 0.00 

Total $845,384.00 $112,247.09 $628,687.65 $1,568,318.74 

~4.77 
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Percent of Total Wildfires 
in 1984 

9.1% 

9.5% 

13.0% 

~ Railroads 29.6% 

III Smoking 4.9% 

II Lightning 9.5% 

~Debris Burning 26.7% 

Answer Key A (:)) .... 78 
~. 

29.6% 

26.7% 

~ Miscellaneous 7.2% 

Ij] Unknown 9.1% 

[l]]] Equipment Use 13.0% 

Compiled by Don Westoyer 
Nebraska Forest Service 
101 Plant Industry, UN-L, (402) 472-5629 
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Activity 22 
Tree Conservation 

An Aluminum Pencil? 

- ANNOUNC I NG -

~ Ttle. 
A I utrlinUfrl 

Pc i 

Subject Area: Social Studies, Science, Language Arts 

Objectives: 

Suggested 

1. The students will describe the suitability of materials manufactured for 
certain consumer products. 

2. The students will identify recyclable items and ways to efficiently use 
materials to conserve our natural resources. 

Grade Level: 5-6 

Background: What do bee keepers, Maine lobstermen, chicken ranchers, photographers 
and Texas wildcatters all have in common? The work they do, the products 
they sell all depend on by-products from trees. 

Trees are renewable. There are no "dry holes", no "exhausted veins", no 
''bottom of the barrel" in a forest, if we practice good forest management. But 
for centuries people saw trees only as lumber, or firewood. In the process of 
making lumber, however, there was a tremendous amount of waste. Sawdust, 
bark, wood scraps all had to be hauled away or burned - and that created more 
complications. Finally, scientists came along and peered into the very struc­
ture of trees. They found a brew of chemicals, the stuff of energy, and new 
ways of taking a tree apart, and shaping it to human needs. They perceived, in 
short, that the molecular latticework of a tree had a potential beyond their 
wildest dreams. The lights burned late at research centers allover the country. 

The story of how the forest industry used this research to create new products, 
new markets, new ways of doing things and even new energy is too big a story 
to be told here. But we'll outline some of the products that depend on the 
exotic chemistry of a tree. We'll start with: 

Bark - Up to 21 percent of a cord of wood may be bark. Much of it is used 
as fuel in forest industry mills. It is also a source of chemicals, resins, waxes, 
vitamins, plywood adhesives, plastic fillers, lacquers and oil spill control 
agents. Bark is also used for mulches and soil conditioners. 

Wood Flour, Resins - Wood flour and melarmne resins using cellulose 
filler are principal components of dinnerware, electrical receptacles and 



Materials: 

parts, toys, handles for cooking utensils, telephone housings, camera cases 
and appliance housings. 

Cellulose - Ethyl cellulose and other chemical based cellulose are used in 
making tool handles, photographic films, sausage casings and football 
helmets. Acetate filament yarns make textile products such as clothing, 
drapes and rugs. Nitrocellulose is used in making solid rocket propellants 
and other explosives. 

Tortula Yeast - Tortula yeast is a high protein product made from wood 
sugars as a by- product of the pulping process in papermaking. Type S 
Tortula is used in baby food and cereals. Type F Tortula is used in feed 
supplements for cattle, fish and chickens. Type FP goes into pet foods. 
Tortula has been found to make bees and lobsters grow faster! 

Turpentine, Tall Oil - Turpentine and tall oil are resinous materials that 
are also reclaimed from the paper-pulping process. They are important 
ingredients in paint, varnish, adhesives, asphalt, printing inks, rubber 
products, soaps and polishes. Synthesized essential oils are used in chew­
ing gum, toothpaste, detergents and shampoos. 

Spent Pulping Liquids - Lignosulfonates from spent sulphite pulping 
liquor are used in cleaning compounds, insecticides, cement, ceramics, 
fertilizers, oil well drilling muds, cosmetics, gummed tape and certain 
pharmaceutical (Aldomet and Aldoril for hypertension and lrDopa for 
Parkinson's disease are examples). 

Energy - Bark, ground wood and spent pulping liquors provide an import­
ant source of the pulp and paper industry's total energy requirements. 
Nationally over half of the industry'S energy use is self-generated from 
these residues. 

Lobsters and bees grow faster, chickens prosper, photographers have film for 
their cameras, and mud additives make drilling easier for Texas oilmen. All 
because of chemicals and by products from trees. Now that you have a hint, 
you can make a list of tree prodUCts. Here's a suggestion that might help. 
Inventory just about everything in sight, in the next room and out on the street. 
That'll give you a good start - but remember, splinters don't count. 

1. Writing paper 
2. Reference materials 

(0 A. 80 
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• Procedure: 1. Divide students into five groups. 

2. Assign each group one of the following materials: wood, plastic, steel, 
aluminum and iron. 

3. Each group will create a list of products used in the school which are made 
from their assigned material. 

4. Combine the lists. Each student will pick two items (each made from 
differing materials; i.e. one from the wood list and one from the plastic 
list) and write reasons why each item was made from the material it is 
made of. Why wasn't it made from a different material? What properties 
do materials have that makes them suitable or non-suitable for certain 
uses? How plentiful is this material? Is it renewable? Is the item recycla-
ble? Are there other uses for the item? Is the item currently being 
wastefully used? Why? 

5. Have the students share their ideas with the class. 

Additional 
Activity: 1. Have students name 2500 products that come from trees. But don't count 

lumber, plywood, paper, or splinters. Refer to the Background informa-• tion to get you started . 

Adapted 
From: 1. Project Learning Tree 

2 . Green America #28 
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Activity 23 
Tree Conservation 

Making Recycled Paper 

Subject Area: Math, Science 

Objectives: 1. The students will recognize the importance of recycling. 
2. The students will recycle paper. 

Suggested 
Grade Level: 5-6 

Background: Making Paper: Trees are cut down, hauled to the mill and the wood chips are 
processed into paper. This process takes lots of energy. Paper can also be 
made from used or recycled paper. This process saves energy and our natural 
resources. 

Materials: 

Procedure: 

People make choices every day that affect our environment. We waste food 
and materials which deplete our natural resources. Only by learning to use 
our resources wisely will we be able to truly practice conservation . 

Other things that can be recycled--cans, glass, rubber, egg cartons, milk jugs, 
styrofoam cups and packing, old clothes, etc. 

1. Used paper (paper bags work well) 
2. A piece of flat screen, about six inches square. 
3. A flat pan that is a little larger than the screens 
4. 8 quarts of water 
5. Newspaper for blotting 
6. A bowl for mixing 
7. An egg beater or blender 
8. A rolling pin or wooden dowel 
9. Hotwater 
10. Worksheets 1 & 2 

1. Tear used paper into little pieces. Add two cups of hot water. Beat with 
beater or blender to make pulp. 

2. Pour pulp into the flat pan, Slide the screen into the bottom of the pan and 
move it around until it is evenly covered with pulp. Lift screen carefully. 
Hold it level above the pan and let it drain for a minute . 

@ .... 83 
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Additional 
Activities: 

Adapted 
From: 

3. Put the screen, pulp side up, on the newspaper. Move the screen with the 
pulp to some dry newspaper to let dry. When almost dry, peel your paper 
off the screen, gently. Let dry thoroughly. 

4. You have a piece of recycled paper. 

1. Have the students assess and compute the amount of paper they use 
everyday. Work out an average of paper per student per day. Multiply this 
by the number of students in school. Two thousand pounds of paper equal 
17 trees. Calculate the number of trees used by the students per year. 
Start a recycling program in the school. For help in this endeavor contact 
any of the environmental groups or the Game and Parks Commission. 

2. "Recycling Newspapers" Worksheet. 

3. Math Word Problems Worksheet. 

1. Agriculture In Montana Schools 

(04.84 
~. 
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Name ____________________ ~~ 

Recycling Newspapers 

Old newspapers can be recycled. That means they can 
be used again instead of being thrown away or burned. 
You should save your old newspapers and take them to 
a recycling center or a paper mill. They will pay you 
money for bringing in old newspapers. 

The paper mills have their own ways of making the old 
newspapers into new paper. They soak the newspapers 
with water and beat the pulp with paddles. Then the wet 
pulp is put through heated drying rollers. These rollers 
squeeze the water out of the pulp and dry it, making new~~ 
paper and cardboard 

When we use paper which has been recycled, we are 
saving trees. It takes about seventeen trees to make one 
ton (2,000 pounds) of paper. 

Directions: Answer the questions. 

1. What can you do with old newspapers besides throwing them away, making paper 
hats or burning them? 

2. What does recycle mean? 

3. When the paper mills make paper from trees, they use wood chips from trees and 
cook them with water to make pulp. To make recycled paper, what do the paper 
mills mix with water to get pulp? 

4. How many trees does it take to make one ton of paper? 

5. What do you think is one of the most important reasons for recycling newspapers? 

Adapted from: CnnsCootjoo for Childa;" (0 .Ao. 85 
~. Worksheet 1 



Directions: Do the word problems below. 

----------------~~ 

The National Wildlife Federation has 
started a paper recycling progam in their 
company offices. Each employee has a 
tray on their desk to hold used papers. 
The used papers go from the trays to 
boxes instead of into the wastebasket. 

Their goal is to save four tons of used 
paper for recycling. 

1. The NWF goal is to save four tons of used paper. Each box of used paper weighs 
50 pounds when it is full. How many boxes will they need to make four tons? 

2. Each 1000 pounds of paper that they collect will save 8.5 trees. If they reach their 
goal of four tons, how many trees will be saved? 

3. The four tons of used paper will be recycled and made into copier paper. Recycling 
one ton of waste paper uses 22,000 kilowatt hours of energy. Producing the same 
amount of paper from trees takes 67,000 kilowatt hours. How many kilowatt hours 
of energy will be saved by recycling four tons of waste paper? 

(This is enough to air condition and heat two average houses in Washington, D.C. 
for an entire year.) 

Worksheet 2 Adapted from: Cgnscmtjon for Childrc;n 
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Activity 24 
Tree Conservation 

How Big? 

Subject Area: Math, Science 

Objectives: 1. The students will be able to realize how extensive a tree's root system 

Suggested 

actually is. 
2. The students will measure a tree's diameter and height using a diameter 

tape and cruising stick. 

Grade Level: 5-6 

Materials: 1. A large tree to observe 
2. A strip of flexible paper or cardboard, 1/2 inch wide and 45 inches long 
3. Ruler 
4. Yardstick 
5. A strip of hard paper or cardboard the length of the yardstick 
6. Shovel 

Procedure: 1. Foresters use cruising sticks to measure a tree's diameter and height. 
These facts are essential in figuring the amount of wood in a tree. Take 
the flexible paper strip (1/2" X 45") and begm at one end of the strip and 
make ink marks 3.14 inches apart (do your best to estimate). 

~~~~~ 2. Number these marks consecutively starting with NO.1 on the left end of 
the tape. A measurement of3.14 actual inches on your tape is equal to 1 
inch in tree diameter. 

3. Wrap this strip around the tree at chest height, about 4 1/2 feet above the 
ground. The diameter of the tree in inches will be at the mark nearest 
where the tape overlaps the zero end. 

4. To measure tree height, glue a strip of hard paper on one side of a 
yardstick. 

5. Using black ink, begin at one end and make marks 6.15 inches apart. 

6. Label the first mark No.1, the second 2, etc . 

ni=rl'l>~ __ JI ./ 
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7. To measure the tree, stand 66 feet from the tree; hold your arm out • 
horizontally and the stick vertically at arm's reach. 

8. Slide stick up or down until the top of the stick is in line with the top of 
the tree. 

$ 
9. Without moving your head, sight the bottom of the tree (be sure stick is 

! "" still vertical), see the place on the stick where line of sight crosses it. The 
"'" nearest figure is the number of 16 foot lengths in the tree. If the figure is 

I· ~_~_~:m 2, there are two 16-foot lengths in the tree. The tree is 32 feet high (2 X 
- ~: ______ CA\ 16 feet). 

Adapted 
From: 

10. Now that we know how big the tree is above the ground let's find out how 
big the tree is below the ground. 

11. To see how extensive a tree's root system is, walk away from the tree trunk 
and stop at the crown spread's outer edge (the end ofthe outer branches). 

12. Dig a shallow hole or two, which you will fill again when you are finished. 
Look for tree roots as you dig. If you use a shovel, face the bough of the 
tree as you insert it so you can easily detect the roots as the soil is removed. 
If you find extensive roots, back up a few steps and check again. If you do 
not find any, move closer to the trunk of the tree and dig another hole. 
Once you discover the radius of the root system, you might consider the 
harmful consequences of digging a ditch under the canopy of a tree. 

13. If you think that a tree's root system is formed like its crown spread in 
reverse, you are mistaken. Even taking into account the fact that root 
systems do vary according to tree species and soil conditions, most "feeder 
roots" are actually near the soil surface, where there is more fertility, 
moisture and aeration. Roots used for anchoring the tree are larger and 
deeper, but not nearly as massive as the feeder root system. Visit a 
freshly-cut ditch near a tree. Observe the level of the roots. With some 
nails for anchor points and some string, stretch a line every six inches of 
depth and count all of the roots at each level. Find out what percentage 
of the roots are in the first six inches, the first foot, and so on. 

1. Urban Forestry 
4-H Member Manual 

@ ..... 88 
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Activity 25 
Tree Conservation 

Tree Rings 

Subject Area: Science, Math 

Objectives: 

Suggested 

1. The students will measure the circumference of a tree using a string or 
tape measure. 

2. The students will count the number of rings on a log or stump to determine 
its age. 

Grade Level: 5-6 

Background: Tree rings can tell us many things. You probably already know that you can 
tell how old a tree was by counting the rings in a cross section of the tree. This 
is because the tree grows new wood and makes a new ring each year. A tree 
with nine circles of sapwood (rings) is nine years old. You can also tell 
something about what the weather was like when the tree was alive. In a year 
when there is a lot of rain, the tree grows more. The tree rings are wider. 
When there is only a little rain, the tree does not grow as much and the tree 
rings are closer together. 

Materials: 

Procedure: 

The soft rings were formed in spring and early summer when the tree grew 
fast: the hard rings appeared late in the season when growth was slow. 
Therefore, the number of hard rings in the stump or lowermost log tells you 
the age of the tree. Rings in a limb indicate the age of that branch. 

Growth results from the multiplication and development of cells. We are 
more aware of growth occurring in buds, tips of branches and roots. This 
exercise with growth rings reminds us that the cambium is an area of active 
cell division and, hence, growth. 

1. Logs, stumps or a cross section of a tree to show all of it's rings 
2. String or tape measure 

1. Divide the class into small groups. 

2. Have each group measure the circumference of the tree samples with a 
string or a tape measure. If using a string, use a ruler to measure the length 
of the string . 

(04.89 
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Adapted 
From: 

3. Have each group guess the age of their trees. 

4. Tell students that the tree's growth rings are about 1/4" thick. Have them 
determine the age of their tree by counting the growth rings. See who has 
the oldest and the youngest tree. 

5. Next, have each group examine the face of a log or stump. 

6. Have them test the growth rings for hardness by sticking a pin in them. 

1. Plant Characteristics, Unit lID 4-H Members Manual 

2. Learnin~ With Otis 
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• Activity 26 
Water Conservation 
Wanted: Water! 

Subject Area: Science, Language Arts, Math 

Objectives: 1. The students will realize the amount of water on the earth. 

Suggested 

2. The students will compare and contrast the amount of water present on 
the earth with the amount of water usable by plants, animals and people. 

Grade Level: 5-6 

Materials: 1. Three glass jars 

Procedure: 

2. One teaspoon measuring spoon 
3. Liquid measuring cup 
4. Apple 
5. Paring knife 
6. 1/2 teaspoon measuring spoon 

1. Cut the apple into four equal parts. Three of the parts represents the area 
of the earth that oceans (or salt water bodies) cover. The fourth part 
represents the area of the earth that is land. 

2. Cut the land section in half lengthwise, creating two one-eighth pieces. 
One of these pieces represents land such as desert, swamp, antarctic, arctic 
and mountain areas that are not suitable for man to live. 

Take the other one-eighth section (which represents the areas that man 

I
ii, can live on, but may not grow food) and slice it lengthwise into four equal 

parts (they will be thin). Three of these one-thirty second sections repre­
sent the areas of the earth which are too rocky, too wet, or too hot, for the 
production of food or are occupied by cities, factories and highways. Man 
can live in these areas. 

Carefully peel the last one-thirty second section. This bit of peeling 
represents the amount of soil which is used for the production offood that 
feeds the world. 

5. Explain that first you are going to study the water. 99.4% of the worlds' 
water is in the oceans and polar ice caps, and the remaining 0.6% is the 
water on land. 

-J4.91 
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Additional 
Activities: 

6. Demonstrate by placing 100 teaspoons of water into a glass container • 
labeled "TOTAL WATER OF THE WORLD". Remove 1/2 teaspoon of 
water and put it into a second container labeled 'TOTAL LAND 
WATER". 

7. Demonstrate a similar situation by displaying the total amount of land 
water used by people: 
a. Pour all water in the 'TOTAL lAND WATER" container and remove 

the 'TOTAL WATER OF THE WORLD" container. 
b. Remove 1 teaspoon of water and put it into a third glass container 

labeled "FRESHWATER LAKES AND RIVERS". 
c. Mter the pupils compare the amounts, tell them that most of the 

people in the world get their water from rivers. Where is the rest of 
the total land water? (1 % in salt lakes, almost 98% in the water tables, 
the remainder in soil and air moisture and rain.) What happens if the 
rivers are polluted? 

./?-=::::;;1 

Have students write their reactions to the demonstrations. 

9. Discuss the following: 
a. Can all plants and animals live in salty water? (No, only those adapted 

to salt water.) 
b. Where do other wild animals and aquatic plants get their water? 

(Lakes, ponds, streams and other surface land water.) 
c. Where do plants on land get water? (Ground water, rain.) 
d. Does rain make new water? (No, recycles it.) 

1. Have students write and deliver a speech entitled "Can We Mford to 
Pollute Our Water?" 

2. Have students complete Worksheet #1. Discuss the answers in class. 
Focus on why people need water for health purposes, (prevent dehydra­
tion: perform many bodily functions). 

3. Have students bring news items about water shortages, dam building, 
water flooding, water pollution, etc. 

4. Have students do library research on how people, animals and plants need 
water for health and life. Have them report their findings using charts, 
maps, graphs, diagrams, posters or other audio/visual materials. 

• 



• Adapted 
From: 1. Leamini with Otis 

2. SoU Conservation Topics Education Kit 
United States Department of Agriculture, Soil Conservation Service 

3. Nebraska Ai in the Classroom Learnini Activities Notebook 
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Name __________ --',~ 

Wanted: Water! 

Calculate the answer of each of the following problems. Show your work. 

Background Information 

Babies weight = 3/4 water 
Grown person's weight = 1/2 water 
1 liter of water weighs 1 kilogram 

1. Charlie is Sally's baby brother. He weighs 8 kilograms. What percentage of his 
weight is water? _______ _ 
How many kilograms is water? 

2. Sally's father said, "My body has 40 liters of water according to my weight. n How 
much does he weigh? 

3. a. The school nurse told 11-year-old Sally that she weighs 30 kilograms, and that 
18 kilograms of that is water. How many kilograms are not water? 

b. Why isn't Sally's total number of kilograms in water, 18 kilograms? 

4. If Laura has 10 kilograms of water in her body, then ... 

a. What is her total weight if she is a baby? 

b. What is her total weight if she is a full grown woman? 

Worksheet 1 
Adapted from: Soil Cnpscmtjoo Thlljcs Fn,,:atjoo Kit 
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Activity 27 
Water Conservation 

Water's Going On?! 

Subject Area: Math, Science, Health, 

Objectives: 1. The students will record and calculate how much water they use in a day 

Suggested 

at school. 
2. The students will make recommendations how they can save a significant 

percentage of that water. 

Grade Level: 5-6 

Background: Every molecule of water that was present when the earth's oceans were 
formed is still present today in one of water's three forms--as a gas, a liquid, 
or solid ice. In the United States, approximately half of the water used is drawn 
from groundwater sources. This amounts to approximately 82 billion gallons 
a day of groundwater. This causes an ever-increasing drain on the groundwater 
supply. As groundwater dries up, stream flows are reduced. Ponds and 
marshes dry up and plant species die out. The groundwater remaining may 
also become contaminated by saltwater intrusion or by pollution, rendering it 
unfit to drink. All these results have obvious effects on wildlife, people, and 
the environment. Some of the world's fresh water is also used for irrigation, 
but if a majority of Americans practiced personal water conservation and 
water quality practices, it would make a real difference. 

Materials: 1. Chalkboard 
2. Paper 
3. Pencils 

Procedure: 1. Ask the students to estimate how much water each student uses each day 
in school. Have containers of different volumes for students to use for 
reference. Write their estimates on the chalkboard or on a chart. A chart 
may be made showing the class's estimates as follows: 

Gallons 2 4 6 8 10 12 
X X XXX XXX XXX XXX 

X XXX XXX XX 
X XXX 

~4.95 
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2. Ask the students to monitor their use of water for a day. They can record • their drinks of water. Ask them to do the same for handwashing. They 
should also record the number of times they use the restroom, etc. 

3. As a class, calculate the amount of water used: e.g., run water from the 
fountain to a container for ten seconds and see how much water was used. 

~ 
Use this amount to calculate the amount in seconds. Do the same for the 
sink faucets. Multiply the number of gallons used per flush by the number 
of trips to the restroom. Have each student come up with an individual 
number of gallons used. 

, 4. Compare the estimates of water use to the actual water used. 

5. Add all the individual gallons of water used to arrive at a total for the entire 
class. Divide this amount by the number of students in the class. In this 
way, individual students can compare their individual usage against a class 
average to see if they are above or below average in their water use. 

~ 
6. Ask the students if it would be possible to reduce the amount of water 

used, and if so, how? For example, cups could be used at the drinking 
fountain to reduce the amount of water that goes down the drain. The 
trade-off here would be more paper trash waste in exchange for conser-
vation of water. • 7. Put the students' suggestions into practice for a day or two. Then ask the 
students how water conservation practices changed what they did. What 
materials did they use or buy? Did their attitude change? How? Which 
changes in their behavior will they keep, as part of their personal lifestyles? 

8. Ask the following: Where does our water come from? How does it get 
here? Does our finding, transporting, and using water affect wildlife in 
any way? If so, how? After a discussion of the effects of water depletion 
and conservation on wildlife, ask students to draw two murals--one show-
ing the effects of depletion and another the effects of conservation. 

Additional 
Activities: 1. Monitor water use at home (showers, dishes, clothes washing, lawn water-

ing, etc). 

2. Use this activity for paper and energy use and conservation. 

3. Incorporate use of elementary statistics in this activity. 

-JA.96 • 
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Adapted 
From: 

4. Estimate what activity of yours requires the most water per year? 

5. Describe and explain three ways you can decrease your use of water. 

6. Describe and evaluate the seriousness of water problems you can identify 
which affect people and wildlife, now and in the future. 

1. Project WIlD 
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Activity 28 
Water Conservation 

Water Meter 

Subject Area: Math, Science 

Objectives: 1. The students will be able to read a water meter. 
2. The students will realize how much water they use and how it is measured. 

Suggested 
Grade Level: 5-6 

Background: Some water systems don't use meters and some don't allow residents to open 
their meters. If this is true in your area, you may want to skip this activity. Call 
your water system to learn more. 

Materials: 

Procedure: 

Additional 
Activities: 

1. Water Meter Worksheets 

1. Read Worksheet 1 together. 

2. Have the students complete the page. 

3. Complete Worksheet 2. 

4. Have them take a reading of their home meter for a week. Worksheet 3. 

5. If your class has experience at averaging, have them find the class average 
water use per student. Have each student calculate if they are using 
more/less than the class average. 

6. Discussion Questions: Do you think there is a lot of water wasted in our 
world? How? How do you waste water? How can you reduce this waste 
of our very valuable natural resource, water? 

1. Have the school custodian show the class the school's water meter in small 
groups. 

2. Contact the local water system to have a technician bring meters to your 
class for a demonstration on how to read them. 

3. Make a graph showing student water use . 

(0 ..... 99 
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From: 1. 
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NaDle ______________________ ___ 

• Reading a Water Meter 

Example: 42,942 Example: 852,430 

1. _____ _ 2. ____ _ 3. ____ _ 

• 4. ------
Adapted from: The Stm:)' gf Dripkjpr Water 

5. ------

~ .... 101 
~ .. 

6. ------

Worksheet 1 



Name ~. 
Most water meters record gallons just as a car's odometer records mileage. 

However, some water meters show the usage in cubic feet. For these, you must • 
multiply by 7.5 (the approximate number of gallons in one cubic foot) to find how 
many gallons are used. 

Directions: Use the meter readings below to find out how much water is being used. 
Be sure to label you answers as gallons or cubic feet. 

1. How much water is used in taking a shower? 

Before After 

2. How many gallons were used to wash the car? 

Before After 

196942 
-196872 

gallons 

3. How many gallons are used for one load of wash in the washing machine? 

Before After 

4. How much water was used to clean the sidewalk with the hose? 

Before After 

How many gallons of water is that? (Remember to multiply by 7.5) 

Tips to save water: 
1. Take shorter showers. 
2. When washing the car, use a bucket for soapy water and use the hose to rinse only. 
3. Be sure to wash full loads when using the washing machine. 
4. Use a rake or broom to clean the sidewalk, not the hose. 

Worksheet 2 (!;) .... 102 
~. 

Adapted from: Oln¥Mtjn" for ChUdren • 
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Name __________ ---'.~ 

Reading a Water Meter 

CuelC METRES 

IIIIII 

~ 
~ 

Your water meter probably looks like one of these. Now find your own meter in or near 
your home and read your water meter every day for the next week. (If your water meter 
is outside, you may have to check with the water department to be sure it is all right to 
open and read the meter.) Record the data on the chart . 

Date 

Reading 
Daily 
Units 

Weekly 
Total 

To find the Average Daily Use, divide your weekly total by the total number of readings. 
Compare the average with the daily units. (Sometimes your use more, sometimes less. 
Why?) 

To find the amount used by each person in your household, divide your weekly total by 
the number of people in your family. That will tell you the amount used per person in a 
week. 

To find the daily amount used per person, divide your daily average number by the 
number of people in your household. 

Wh~ do you need a meter? What is the money you pay to the water company used for? 

Adapted from: The Stmy of Drinking Water (0 .... 103 
~~ Worksheet 3 
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Activity 29 
Water Conservation 

Life on Dune 

Subject Area: Science, Language Arts 

Objectives: 

Suggested 
Grade Level: 

Background: 

Water Use 
List Adapted 
From: 

Materials: 

1. The student will list uses of water in order of importance to life. 

2. The student will use creative writing to describe what life would be like 
without water. 

5-6 

Suggested Water Use List: (Not Ranked) 
Recreation -- Swimming 

Boating 
Fishing 
Water Skiing 
Ice Skating 

Industrial -- Cleaning Agent 
Cooling Equipment 
Using water as a base (Herbicides, Paint, Pesticides) 
Irrigation for crops 
Fighting Fires 
Generate Electricity 
Cool Engines 

Personal -- Ice 

1. J&aming wjth Otis 

Drinking Water 
Showers 
Wash Clothes 
Wash the car 
Dish Washing 
Sewage 
Irrigating lawn and garden 
Uses by Wildlife 

1. Life on Dune Worksheet 

~4.105 ...... 



Procedure: 

Additional 
Activity: 

Water Puzzle 

1. Ask students to brainstorm the many uses of water. List them on the 
chalk~oard, (Don't forget irrigation for farming). 

2. Have the students rank the uses from step 1, in order of importance (their 
opinion). This could be done in small groups or as an entire class. 

3. Discuss why some uses are more important than others, so students again 
realize how important water is in our lives. How important is it that we 
take care of our water? 

4. Handout Life on Dune questions and have students complete them. 

5. Discuss student answers. Continually remind them of how important it is 
that we conserve and protect our water. 

1. Worksheet 2 "Water Puzzle" 

Adapted From 1. LearnjDi wjth Otjs 

@ Ao,,106 
~. 

• 

• 



Worksheet! 

Life on Dune 

Here is your chance to be a science fiction author. Imagine that you are the author and have 
to create Dune, the water deficient planet. Describe the following aspects of Dune. When 
finished, your destriptions will be compared to the real author's, Frank Herbert. Good luck 
and use your imagination. Remember there is a water shortage on Dune. 

1. Describe what the people on Dune would be like. How would they look and how would 
they be different from people on Earth? 

2. How would you have them dress? 

3. Describe the vegetation and animal life on your planet. 

4. Describe the methods you are going to use on this planet to save water. 

5. Describe how the rich could use water to show their wealth. 



Suggestions for Answers· 

Life on Dune 

1. Describe what the people on Dune would be like. How would they look and how would 
they be different from people on Earth? 

'The woman looked as wrinkled and desiccated as any member of the mob that had 
greeted them along the way from the landing field that morning. Every native she had 
seen looked prune dry and undernourished." 

2. How would you have them dress? 

'The people on the planet wore "stillsuits" a body-enclosing garment invented on the 
planet. Its fabric is a micro-sandwich performing the functions of heat dissipation and 
for bodily wastes. Reclaimed moisture is made available by a tube from catchpockets." 

"Catchpocket: Any stillsuit pocket where filtered water is caught and stored." 

3. Describe the vegetation and animal life on your planet. 

"She glanced out to the right at a slope humped with a wind troubled gray-green of 
bushes--dusty leaves and dry claw branches." 

"Paul's mind, each with its picture imprinted by the book's mnemonic pulse: saguaro, 
burro bush, date palm, sand verbena, evening primrose, barrel cactus, incense bush, 
smoke tree, creosote bush .... kit fox, desert hawk, kangaroomouse .... " 

4. Describe the methods you are going to use on this planet to save water. 

"Dew Collectors or Dew Precipitators: Egg-shaped devices about four centimeters on the 
long axis. They are made of chromo plastic that turns a reflecting white when subjected 
to light, and reverts to transparency in darkness. The collector forms a markedly cold 
surface upon which dawn dew will precipitate. They are used by Fremen to time concave 
planting depressions where they provide a small but reliable source of water." 

'Windtrap: A device placed in the path of prevailing wind and capable of precipitating 
moisture from the air caught within it." 



• 
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5. Describe how the rich could use water to show their wealth. 

Growing date trees outside their castles: 'Those are date palms" he said. "One date palm 
requires forty liters of water a day. A man requires but eight liters. A palm, then, equals 
five men." 

"Beside each plate on the dining table stood a flagon of water. There was enough water 
along the table, the Duke estimated, to keep a poor family alive for more than one year." 

• quotes from ~ Copyright 1965 by Frank Herbert. 



Name 
------------------------~ 

Water Puzzle 
234 

16 17 

Across 
l.Immature frog. 
6.Most important liquid 
7.Tall plants at water's edge 

10. Contamination of nature. 
14.Abbreviation for Michigan 
15. Well traveled path. 
16. Who is responsible for pollution. 
17. Writing fluid. 
19.Part of the pond where water meets land. 
21. Slang for "be quiet". 
22.Missouri is one. 
23.Lives, exists. 
24.Not dirty. 
26.National government. 
27.Long-nosed armored fish. 
28.Large-mouth or small-mouth game fish. 
30. Winter precipitation. 
31.Micorscopic decomposers. 
33.Fruit that is 97% water. 
34.Single-celled water plants. 

Worksheet 2 

Down 
2.0uch! 

8 

3.A small pond or waste-water lake. 
4.Extraterrestrial (abbr.) 
5. Short for "alligator". 
8.Reptile with no arms or legs. 
9.Finned animal in water. 

10.The first three grades. 
1l.Large body of fresh water. 
12.Abbreviation for learning disability. 
13.Reptiles with hard shells. 
14. Clam-like invertebrate. 
18.Runner-up, place. 
20.Large insect found near water. 
23.Supposing that. 
25.North America (abbr.) 
29. One of the Great Lakes. 
32.Feeling inspired by a waterfall. 

Adapted from: CpnSCMtjon for "bjldmn 
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Activity 30 
Water Conservation 

Surface Water - Groundwater Quality 

Subject Area: Science, Language Arts 

Objectives: 

Suggested 

1. Students will learn how water quality can impact various uses of surface 
water and how surface water can be protected from various pollutants. 

2. The students will rate the pollutants that often get into water and limit its 
uses. 

Grade Level: 5-6 

Background: Water Source Definitions. 
1. Surface Water Supplies: Water that is on the earth's surface that is 

available for us to use for many purposes. Examples are water in streams, 
rivers, ponds and lakes. Streams and rivers get water from storm and snow 
melt runoff and from springs that release water from groundwater sources. 
Ponds and lakes receive water from streams, rivers and spring flows. 

2. Groundwater Supplies: Water that seeps or percolates into the soil and 
is stored in an aquifer (water bearing material like gravel) where we can 
pump it out to use. 

Water Quality Definitions -- Here are definitions of six classes of pollutants 
that could get in our lakes and stream water. 
1. Sediment: Soil that has been washed off a field by water or blown off by 

the wind. It often damages streams, ponds and lakes. 
2. Debris: Loose materials that can be washed or blown into a water supply. 

Examples are paper, cans, bottles, dead plants, dead animals, plastic 
containers, etc. 

3. Nutrients: Substances that are necessary for plant growth. Nutrients in 
the soil are taken up by plant roots and used to produce plant growth. 
Fertilizers are nutrients that are applied by people to increase plant 
growth and crop production. Two common nutrients that are a problem 
in water supplies are nitrates and phosphates. 

4. Pesticides: Man made materials that are used to kill pests. Examples are: 
Herbicides are used to kill certain plants. Insecticides are used to kill 
insects. Rodenticides are used to kill rodents. 

5. Algae: Plants that grow excessively in water when the water contains a rich 
supply of nutrients. Too much algae in lakes can reduce the numbers of 
fish and other aquatic life . 



Materials: 

Procedure: 

6. Soaps and Detergents: Materials used for cleaning that can get in water • 
supplies. Examples are hand soap, dish soap, clothing soap, degreasers 
and paint thinners. These are difficult to remove at sewage treatment 
plants. 

None needed. 

1. Discuss and identify local surface water supplies and groundwater sup­
plies. How important are they to people and wildlife? 

2. Refer to Water Quality Definitions to lead a brief discussion on surface 
water pollutants. 

3. Make a transparency and one copy of the pollution rating chart and have 
class suggest answers for the projected chart. Have one student keep 
score. Color the "P.M." blocks red and the "Y" blocks blue for a visual aid. 

4. Discuss how surface water could be protected from these pollutants. 
Refer to the Waste Disposal Guide for disposal information. 

Sediment: Maintain cover on the soil--either growing crops or crop resi­
due. Use other conservation practices such as terraces, contour farming, 
waterways, and grass strips around ponds and lakes. These practices 
reduce runoff, store water in soil and increase spring flow. 
Fertilizer or Nutrients: Test soil to determine amount of fertilizer needed. 
Apply only enough for the current years crop. Excess fertilizer could be 
washed into surface water supplies or find its way into the groundwater. 
Pesticides: Apply chemicals only when necessary and according to the 
directions on the label. Use management controls such as rotating crops 
instead of using pesticides. (Example: Corn rootworm and corn borer 
larvae must feed on corn plants. When corn crop is alternated with small 
grains such as oats or wheat in a field, most of the larvae will die during 
the year of the small grain. Weeds can be controlled by mowing without 
herbicides during the year of the small grain or alfalfa. 
Algae: Will be controlled when you control sediment and nutrient. 
Soaps and Detergents: Treat by running through city sewage treatment 
plants or farm septic systems. 
Debris: Do not leave debris (paper, cans, junk, tree limbs) in water 
courses where it can be washed into a water supply. Dispose of waste 
according to attached disposal guide. Students could begin managing 
debris by properly disposing of gum and candy wrappers and school 
papers. 

• 
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Pollution Rating Chart for Surface Water 

Could you tolerate some of the pollutants in the water uses listed in the chart below? Place a 
"Y" for Yes and an "P.M." for proper management needed to explain whether you could tolerate 
the pollutants in the diagram with the listed water uses. 

Y = Yes this pollutant is okay in this water use. 

P.M. = Proper management is needed to keep these pollutants out of the listed water use. 

Nutrients: 
Nitrogen and Soaps and 

Sediment Phosphorus Pesticides Algae Detergents I.Debris 

Recreation: Swimming 

Boating 

Fishing 

WaterSkiing 

Inclustrial: Cleaning Agent 

Cooling Engines 

Irrigation 

Fireflghting 

Electricity Generation 

Personal: Drinking Water 

Showers 

Washing Dishes 

Sewage Transport 

Irrigation 

(:$) ..... 113 
~ Worksheet 1 



Objectives: 

Materials: 

Background: 

Additional Activity 
Groundwater Quality 

Students will learn how water is stored in groundwater aquifers and how 
pollutants enter the water. 

1. Two quart glass jars - one 3/4 full of soil and the other 3/4 full of gravel. 
2. one orange 
3. one measuring cup 
4. Red food coloring 

Nebraska has one of the best supplies of groundwater in the United States. It is contained 
in different types of aquifers (water bearing materials) beneath the soil surface. The best 
aquifers are gravel or coarse sand and gravel mixtures. In some areas water is just beneath the 
surface while in others, it may be up to several hundred feet deep. There are still other areas 
where groundwater is either too deep to feasibly pump or of too poor a quality to be of value. 
In some areas, groundwater may be non-existent. 

Aquifers can be recharged by water percolating downward from streams, lakes and even 
from rainfall on the soil surface. Water percolating through the soil and through the geologic 
formations can carry pollutants into the groundwater supply. Good quality water can be 
polluted by this process. 

Some of the pollutants that can get into groundwater through mismanagement are fertilizers, 
pesticides, soaps or detergents, sewage wastes and fuels. Proper management of these will 
usually keep them out of the groundwater. 

Procedures: 1. Ask the students where they get their drinking water, (groundwater or 
surface water source). Only two cities in Nebraska get part of their 
drinking water from surface water sources (Omaha and Crawford) Afew 
others have the potential to if necessary. Ask where the local irrigation 
water or manufacturing water comes from--surface or ground. 

2. Have the students demonstrate an aquifer. Fill two quart glass jars 
three-fourths full, one with gravel and the other with medium texture soil. 
Pack the materials lightly and pour one cup of water into each. Compare 
the rate that the water moves through the two materials. Notice that the 
water moves faster through the gravel because the particles are more 
coarse (larger). The saturated zone represents a water bearing aquifer 
and the top of the water represents the water table. This is the way 
groundwater lies beneath the soil. Wells are drilled into the aquifer and 
pipes are inserted to pump the water out. 
Now, put a lid on the jars and gently tip them to a horizontal position. 
Notice that the gravel gives up the water and it easily flows out. Notice 
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also that the soil does not give up the water and it is held around the soil 
particles. 
The small soil particles have more surface area than the gravel. Water in 
the soil is held as a thin film around the individual soil particles so tightly 
that it can't be poured off. Gravel has less surface area so some of the 
water is held in the pore space between the gravel particles. Demonstrate 
this by cutting an orange in four pieces. Before, there is enough peeling 
to cover the whole orange. After cutting, there is more surface area and 
not enough peeling to cover it. Soil is a good median to grow plants 
because it holds more moisture in the root zone that can be used by the 
plants. Gravel is poor for growing plants, but is a good aquifer to store 
water in. 

3. Now have the students add one half cup of water with red food coloring 
to each of the jars. The food coloring is to represent a pollutant. Again, 
compare the rate that the pollutant moves to the groundwater. Are people 
placing pollutants where it can be washed into a groundwater aquifer? 
Could management practices be used to eliminate the threat to the 
groundwater? Remember, some pollutants in drinking water can be 
injurious to your health. 

4. Discuss management techniques for the pollutants that have been men­
tioned. 
a. For fertilizers (especially nitrogen and phosphorus), one should apply 

only the amount that the current crop will use in one growing season. 
Irrigate properly so the water does not go below the crop root zone. 
When irrigation water goes below the root zone of plants, it carries 
some nutrients out of the reach of plants and the nutrients are wasted. 

b. Pesticides should be applied according to the directions on the pack­
age. Excessive application of pesticides can cause pollution. On the 
soil, some chemicals decay faster than others. The ones that decay the 
fastest pose the least threat to groundwater. 

c. Water containing soaps and detergents should be disposed of through 
the cities sewage disposal system or through a farm septic system. 
These allow micro-organisms to digest them or filters to remove them 
in the sludge. Make a trip to the treatment plant and get an explana­
tion from the operator. 

d. Sewage wastes should be run through the treatment systems. Live­
stock manures should be spread on the cropland soil in the summer­
time to increase a biologic breakdown by micro-organisms. 

e. Care should be taken to see that fuels (gas or diesel fuel) are not spilled 
on the soil. Waste hydrocarbons should be recycled. Contact a local 
oil company for recycling information. 

f. Consult the waste disposal guide for improving waste management. 
Make a copy for the students to take home . 



Waste Disposal Guide 

The following chart will help you dispose of many common materials that could become pollutants. The letters 
S, L, H, and R as defined below will help you decide how to dispose of the following potential pollutants. Ask 
your city officials for names of hazardous waste collectors and recyclers. Notel There Is always the possibility 
of eliminating waste materials by transferring them to another responsible person to use for the purpose for 
which they were Intended. 

Legend 
S - Those that can be poured down a sewer system. 
L - Those that can be placed In a land fill dump. 
H - Those that should be delivered to a hazardous waste collector. 
R - Those materials that can be recycled. 

Type of Waste S L H R ... Ty ... p ... e .... o ... f .... W ... a ... s""te'--______ --'S_ ..... LL..-LJHL...-..UR 

Household Gasoline ............................................................. H ... R 
Glue (solvent based) ......................................... H 

Aerosol cans (empty) ................................. L Glue (water based) ............................... S 
Alcohol based lotions .......................... S Kerosene ........................................................... H ... R 

(aftershaves, perfumes etc.) Metal polish (with solvent) ................................ H 
Aluminum cleaners .............................. S Motor 011 ............................................................ H ... R 
Ammonia based cleaners .................... S Other oils ........................................................... H 
Bathroom cleaners .............................. S Paint -latex (dried out) ............................... L.. ........ R 
Bug sprays ......................................................... H Paint thinner and stripper ................................. H 
Disinfectants ........................................ S Paint - 011 based ................................................. H ... R 
Drain cleaners ...................................... S Paint stripper Oye based) ..................... S 
Roor care products ........................................... H Paint brush cleaner with TSP ............... S 
Furniture polish .................................................. H Paint brush cleaner with solvent... .................... H ... R 
Hair relaxers .................... : .................... S Rust remover (with phosphoric acid) .. S 
Medicine (expired) ............................... S Turpentine ......................................................... H ... R 
Metal polish with solvent ................................... H Varnish ............................................................... H 
Nail polish (solidified) ................................. L Windshield washer solution ................. S 
Nail polish remover (evaporated) .............. L Wood preservative ............................................ H 
Oven cleaner (lye based) ........................... L 
Permanent lotions ............................... S 
Toilet bowl cleaner .............................. S Farm and Miscellaneous 
Tub and tile cleaners ........................... S 
Window cleanter .................................. S Ammunition ....................................................... H 

Dry cleaning solvents ........................................ H ... R 
Fertilizer ....................................................... L 

Garage and Construction Fiberglass epoxy ............................................... H 
Gun cleaning solvents ...................................... H ... R 

Aerosol cans (empty) ................................. L Mercury batteries .............................................. H 
Anitfreeze ............................................. S Old fire alarms ............................................. L 
Auto body repair products (non-lead) ....... L Pesticides .......................................................... H 
Automatic Transmission fluid ............................ H ... R Photographic chemicals (mixed .......... S 
Battery acid (or battery) .................................... H ... R and properly diluted) 
Brake fluid .......................................................... H Shoe polish .................................................. L 
Car Wax with solvent ......................................... H 
Cutting 011 ........................................................... H 
Diesel fueL ......................................................... H 
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Activity 31 
Water Conservation 

Water And Agriculture 

Subject Area: Science, Social Studies 

Objectives: 

Suggested 
.Grade Level: 

1. 
2. 
3. 

4. 

5-6 

The students will be able to discover the need for irrigation. 
The students will discover the different methods of irrigation in Nebraska. 
The students will be able to describe where the majority of irrigation water 
comes from. 
The students will read a bar graph to answer questions. 

Background: Nebraska ranks second, behind California, in total irrigated acres, with Texas 
being third. About 73% of water used for irrigation is pumped from wells. 
"Every donar worth of irrigated crop production adds $8.00 to other parts of 
Nebraska's economy." The main types of irrigation systems in Nebraska are 
sprihlder irrigation and surface irrigation. Sprinkler irrigation is water that is 
sprayed through the air and falls to the ground like rain. This includes center 
pivot systems and portable handling systems. Surface irrigation is water ap­
plied on the ground, (at ground level) it flows by gravity over the surface of 
the fields. These systems include ditches or furrows and gated pipe that is laid 
on the surface of the soil. 

Materials: 1. Worksheets 1,2, and 3 
2. Reference Materials (dictionaries, encyclopedias, etc.) 

Procedure: 1. Ask students to define irrigation in their own words. Write a class defini-
tion on the chalkboard. 

2. Separate in to small groups. Each group can research a type of irrigation 
(surface, sprinkler, drip, sub-surface, etc.) and give a brief report about 
their topic. How does it work? Where is it used? What is the usual 
source of water? 

3. Invite a local farmer to the classroom, or visit his fields. Have the farmer 
explain how irrigation works on his farm. 



Adapted 
From: 

4. Handout worksheets 1 and 2. Read the information and answer the 
questions. Worksheet 3 can be discussed to give students an idea of where 
irrigation wells are located in Nebraska. 

1. Nebraska CtlITiolluw Guide for Nebraska vocational Agriculture 
Insto! ctors 

2. Water and Its Conservation 

.r 



Name, ____________________ ~.~ 

Irrigation 

Irrigation has become one of the most important factores in making Nebraska a 
leading state known for its agricultural productivity. During the last two decades, 
tapping groundwater resources to help meet agricultural demand for water has 
increased at such a rapid pace that now more than 73 percent of the water used for 
irrigation is pumped from wells. Using Worksheet 2, answer the following questions. 

1. Approximately how many irrigation wells were installed by 1936? ______ _ 

2. How many irrigation wells were registered by January 1, 1984? _______ _ 

3. How large of an increase in the number of irrigation wells is this? ______ _ 

4. In the year 1956 there was a sharp increase in the number of irrigation wells. Using 
the graph, find another year with a sharp increase. Write that year. _____ _ 
Why do you suppose this happened? ______________ __ 

5. In what year were there 2000 irrigation wells registered? _________ _ 

6. What might be the reason for such a sharp dropoff of new irrigation well installation in 
recent years? _______________________ _ 

7. Between 1936 and 1984, which year had the lowest number of irrigation wells 
installed? Which had the highest? 
Lowest ________ _ Highest ________ _ 

Worksheet 1 



Name ______________________ ~ 

ANNUAL INSTALLATION OF IRRIGATION WELLS IN NEURASKA 
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Activity 32 
Water Conservation Activities 

Simple Water Filter 
6 

I • 

~ 
~ 

••• 

Subject Area: Science 

Objectives: 1. The students will build and use a simple water filter. 
2. The students will realize the impurities in water. 

Suggested 
Grade Level: 5-6 

Background: Water going through the filter should be cleaner than what was poured in. 

Materials: 

Procedure: 

Additional 
Activity: 

Adapted 
From: 

Although it appears clean, it is not pure enough to drink. 

1. 1 qt. plastic bottle (wI bottom cut off) 
2. Small piece of wire screen 
3. Pebbles 
4. Course sand 
5. Fine sand 
6. Dirty water (pond water or puddle water would be good) 

1. Cut the bottom out of the bottle, invert the bottle, and place the screen in 
the neck. 

2. Place a layer of pebbles, then a layer of course sand, then fine sand. 

3. Pour tap water through to remove dust and clean the filter. 

4. Slowly pour the dirty water through the filter. 

5. Notice the difference in water. Which would you prefer to use? What 
about animals, if we dirty their water, what happens to them? 

1. Have a guest speaker, about water purification and cleaning. 

1. The Story of Drinkini Water 

(0 .... 123 
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Activity 33 
Water Conservation 

Nature's Waterwheel ~~m!!! 

Subject Area: Science 

Objectives: 1. The students will be able to identify and describe what groundwater is. 

Suggested 

2. The students will be able to identify and describe how the hydrologic cycle 
operates. 

Grade Level: 5-6 

Background: Hydrology is the study of the movement and distribution of the waters of the 
earth. In nature, water circulates through a system called the water cycle or 
hydrologic cycle. This cycle begins when heat from the sun causes ocean water 
to evaporate and become water vapor. The atmosphere holds the water vapor 
while the vapor gradually cools and forms clouds. The water eventually falls 
as rain or snow. Most rain and snow falls back into the oceans. But some falls 
on the land and flows back to the seas or soaks into the land (groundwater) 
which eventually is used by nature and transpires or evaporates into the air 
completing the cycle. 

There are two main sources of fresh water: surface water and groundwa­
ter. Surface water flows over the land in lakes, rivers, and streams. Ground­
water seeps through the soil or through cracks and cavities in rock. 

Groundwater is water beneath the surface of the earth. It is the source of 
water for wells and springs. Groundwater provides much of the fresh water 
in the United States. Most rural areas and some cities depend heavily on 
groundwater for their needs. 

Groundwater accumulates chiefly from rain that filters through the soil. It 
also forms from water that seeps into the ground from lakes and ponds. The 
water settles into the pores and cracks of underground rocks and into the 
spaces between grains of sand and pieces of gravel. A layer or bed of such 
porous materials that yields useful amounts of groundwater is called an 
aquifer. Wells are drilled down to an aquifer to draw groundwater to the 
surface. 

The surface of groundwater, called the water table, drops when more water 
is withdrawn that can be replaced naturally. In some areas that have large 



population or little rainfall, the groundwater supply may have to be recharged • 
artificially. However, many regions of the world are using up the groundwater 
faster than aquifers are being recharged. This lowering of the water table 
caused special problems in coastal areas, because salt water from the ocean 
enters reservoirs of groundwater. 

Pollution of groundwater is a serious problem, especially near cities and 

;11l=~;~~industrial sites. Pollutants that seep into the ground can come from contam­
inated surface water, leaks from sewer pipes and septic tanks, and gasoline 

~i!!i~~ and chemical spills. Groundwater may also be polluted by chemical fertilizers 
:: and buried radioactive wastes. 

Materials: 

Procedure: 

Additional 
Activity: 

1. Water 
2. HotPlate 
3. Pie Pan (tin or aluminum, smaller would be better) 
4. Ice cubes 
5. Worksheets 1 and 2 
6. Glass jar (such as a mayonnaise jar) 

1. Place ice cubes in pie pan, to begin cooling pan. 

2. Place jar of water on hot plate and wait for it to boil. 

3. While waiting for water to boil, pass out Worksheet 1. Read together and 
discuss. 

4. Hold the pan of ice cubes over the steam from the boiling water. Steam 
from the boiling water condenses when it hits the cold ice cube pan. The 
condensed water then falls back to be changed to steam again, creating a 
water or hydrologic cycle. 

5. Discuss the demonstration relating to Worksheet 1. Discuss how water 
seeps or infiltrates into the soil creating (and adding to) groundwater. 

6. Have students tum Worksheet 1 over. Pass out Worksheet 2. Ask stu­
dents to complete Worksheet 2 from memory. 

1. Construct a classroom water cycle that can last all school year. In the 
bottom of a fish bowl, aquarium or large glass jar, place an 1- inch layer of 
gravel for drainage. Add a layer of peat moss and a layer of soil (potting 
soil will work). Plant ferns, mosses or other plants in the terrarium. Water 
lightly and cover. You should not have to add more water. The plants 

(0 4,.126 
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Adapted 
From: 

will take the moisture from the soil and release it through their leaves. 
The water will condense on the terrarium and fall back into the soil. The 
terrarium works in the same way as the hydrologic cycle works on the 
earth. 

1. Groundwater A Vital Resource 

(3) .... 127 
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Name 
------------------------~ 

Nature's Waterwheel 

CONDENSATION 

• EVAPORATION 

Water Cycle (Hydrologic Cycle) 

Think about the water on the ground. The water on the ground evaporates when the 

ground gets warm. Think about the warm air rising. The air and water vapor expand 

and rise high. The air is cooled when it rises. When the air is cooled, the water vapor 

condenses. The water vapor condenses to make clouds. Cloud drops come together 

to make bigger and bigger water drops. The bigger drops are rain. Rain falls on the 

ground. The water evaporates again. The whole cycle starts again. Water vapor 

condenses. Rain falls to the ground. This is the water cycle. 

Worksheet 1 @ ..... 128 
~~ 

Adapted from: Groundwatcc A Yjtal RCSO"OCC 



Name ______________________ ~ 

Nature's Waterwheel 

Water Cycle ____________ _ 

Condensation - The changing of water vapor to liquid. 

Evaporation - The changing of water into water vapor 

Groundwater - Water found below the surface of the earth. 

Hydrologic Cycle - Process involving the circulation and distribution of water on the 
earth. 

Inflitration - The process by which water seeps into the soil. 

Precipitation - Forms of condensed water vapor that are heavy enough to fall to the 
earth's surface, such as rain, snow, sleet, hail and fog. 

Adapted from: Groundwa ter A Vital Resource 
Worksheet 2 
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Activity 34 
Water Conservation 

Illustrating the Water Table 

Subject Area: Science 

Objectives: 1. The students will be able to understand and describe the water table. 

Suggested 

2. The students will be able to recognize and illustrate that the water table 
is a contributing factor in the existence of streams, swamps, and lakes. 

Grade Level: 5-6 

Background: Groundwater is the water that has accumulated and been stored beneath the 
surface of the earth. Groundwater originates as precipitation, either rain or 
snow, which filters through the soil. Water shares with air the space between 
soil grains and rocks. Water will not go below clay or impervious rock. 
Contrary to popular myths, groundwater doesn't flow through mysterious 
underground rivers, nor is it stored in underground lakes. It moves from place 
to place by migrating through pores and fractures in bedrock and through 
voids in unconsolidated sands and gravels. As more water sinks into the 
ground, it begins to collect above the bedrock or dense soil. When the ground 
has as much water as it can hold, it is said to be saturated. The ground becomes 
saturated from the rock or dense soil up, and the top level of this water rises 
towards the surface. This uppermost level is called the water table. The area 
of dry ground above the water table is called the zone of aeration. After heavy 
rains, the table is nearer the surface (it rises), and in dry weather it drops again. 
Wherever land surfaces dip below the water table, groundwater flows out the 
surface. This forms springs, swamps, or lakes. 

Materials: 1. Wide-mouth glass jar 
2. A glass 
3. Crayons 
4. Water 
5. A mixture of sand and gravel 

Procedure: 1. Fill a wide-mouth glass jar three-fourths full of sand and gravel mix. Use 
a glass to pour water down the side of the jar until the water level rises 
about half way up the side ofthe jar. This waterlevel should represent the 
level of the water table. Use a marking instrument of some kind to mark 
the present level. Show the students that as you add more water, the water 
table will rise. 

~, ~IU~---------



Adapted 
From: 

2. On the chalkboard show that wherever the land surface dips below the 
water table, groundwater flows out to the surface. This forms springs, 
swamps or lakes. 

1. Groundwater A Vital Resource 

Stream Swamp Lake 

Water Table 
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Activity 35 
Water Conservation 

Wells and Groundwater 

Subject Area: Science 

Objective: 1. The students will be able to describe how an underground well works and 
how it relates to groundwater level. 

Suggested 
Grade Level: 5-6 

Background: Groundwater makes up 96% of the world's total fresh water resources. 

Materials: 

Procedure: 

Adapted 
From: 

Approximately 118 million Americans, half of the country, depend on ground 
water for their drinking water. 

1. Pencil 
2. Fine wire screening 
3. Small wire for fastening 
4. Medicine dropper or straw 
5. Drinking glass 
6. Cparse sand 
7. Water 

1. Roll the wire screening around a pencil to make a cylinder. Enlarge the 
cylinder so it is about 1/2" in diameter and fasten a piece of wire around it 
to keep it from unrolling. 

2. Place the cylinder upright in a glass and then fill the glass with sand, 
keeping the sand out of the cylinder. 

3. Pour water into the sand. The sand will absorb the water but the water 
will also go into the cylinder .... your well. 

4. Remove water from the cylinder with the eye dropper. Additional water 
should go into it from the sand, but the level of water in your well should 
be less than at first. 

5. Raise the water level again by pouring more water into the sand and 
observe the water level in the well. 

1. Groundwater: a Vital SQurce 
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Activity 36 
Wildlife Conservation 
Stormy Weather 

Subject Area: Language Arts, Science, Social Studies 

Objective: 

Suggested 

1. The students will be able to generalize that people and wildlife share 
environments. 

Grade Level: 5-6 

Background: This activity is designed for students to experience feelings associated with the 
recognition that people and wildlife co-exist, and sometimes experience the 
same natural phenomena. During a storm, for example, most people, pets and 
wildlife need to seek shelter. This activity makes use of an instructional 
technique called visualization or guided imagery. To use this technique, read 
or describe, to your students, with their eyes closed to conjure in their minds. 
Leave time between the phrasing of your words for the students to visualize 
the images you are suggesting. 

Procedure: 1. Tell the students they are going to try to imagine things that you will be 
describing. You will not be putting in all the details so the students must 
try to see and feel as clearly as they can the things you are describing. 

2. Next have the students decide who they will be during this activity. They 
can be an animal of their choosing that is either a wild animal, a pet or a 
farm animal. The student will be visualizing things from the point of view 
of the animal they pick. You do not have to know what animal they choose 
but check to see that you have a variety of all three kinds of animals (pets, 
wild or farm). You may check on this by having the students write their 
choices on a piece of paper. 

3. Read the following story, slowly with emphasis. "Now, we are ready to 
begin. Get yourselves in a comfortable place.Don't worry about who is 
sitting next to you. All of you will have your eyes closed. Just be comfort­
able, and do your best to imagine what you hear .. .!t is late summer's 
night...there is a coolness in the air ... You hear the sounds of sum­
mer. .. Somehow, you can feel some changes coming in the weather. . .In the 
distance, the dark sky is broken by bright flashes of lighting ... The light is 
far away ... After a long wait, a rolling rumble is heard ... The lightning gets 



Additional 
Activities: 

closer ... The rumbles are 10uder ... Suddenly, the lightning flashes and lights 
up the whole sky ... Y ou need to find shelter, to find a safe place. 

The brilliant flashes of lightning pop and crackle all around you. The noise 
of thunder is crashing so that the earth seems to shake ... There are no 
longer times of quiet between the rumbles of thunder and flashes of 
lightning .. .it becomes still ... Y ou can notice scents in the air, things you can 
smell and feel...You begin to hear a new sound ... You are not sure what it 
is ... You again have to find shelter, if you had come out thinking the storm 
was gone ... You need to find a place to stay dry ... Suddenly, the rain is 
pouring down with a loud, rich sound .. .It rains, and rains ... and rains ... And 
then stillness ... The storm has passed." 

Wait a few seconds and then tell the students, "Open your eyes". 

4. Ask students to describe what they saw and felt. Have them include who 
they were (what kind of animal), what shelter they found and what 
happened to them throughout the storm. How did they feel? 

5. Turn the discussion to the idea that many creatures; people,pets and 
wildlife; share a common environment. No matter where we live in 
cities,country, desert, or mountains; we are not the only living creatures 
who live in these environments (even ants or a spider in the garden). 
Remind the students next time they see lightning, hear the thunder and 
feel the rain, to wonder where the birds, the spiders, the cats, the 
dogs, the fox, the cattle, the sheep, the horses, the raccoons and the bears 
are during the storm. 

1. Use the following story instead of the rain storm story. 
"It is a late winter's night. There is a stillness in the air ... bright stars twinkle 
in the cold, crisp,winter sky ... 
Somehow, you can feel some changes coming in the weather .. .A gentle 
breeze begins to stir the leafless trees ... A quiet snow begins to fall...The 
wind floats the snowflakes through the air ... around and around and 
down ... The snow touches you ... The wind grows stronger ... You can hear 

o' the rustle of the branches ... You feel the snow pelt you as it swirls faster 
through the sky. 
The snow falls heavier ... The wind blows colder ... Suddenly a gust of wind 
kicks up and blows a huge, dead tree down to the ground .. .It crashes down 
beside you with a loud BOOM!. .. and shakes the earth beneath your feet. 
The wind blows faster ... You need to find shelter, a safe place. 

-J4.136 ... 



Adapted 
From: 

Now the snow makes slapping sounds as the wind hurls it against the 
swaying trees ... Branches creak and crackle all around you ... Twigs and 
branches snap off ... They strike the ground below ... and are covered by the 
deepening snow ... There is whiteness all around you as the blizzard fills 
the sky .. Jt snows ... and it snows ... and it snows ... And then there is still-
ness ... The storm has passed." 

2. Have the students draw pictures of what they imagined. 

3. Pantomime the actions the animals took during the storm. 

4. Worksheets 1 and 2, a challenging crossword puzzle. 

1. Project WIT .p 



Name --------------------------
Grades 6-8 Wildlife Federation 

A Closer Look Crossword Puzzle 
Across 
4. A __ is a reptile named for 
the sound it makes when threat­
ened. 
6. A mammal is a animal 
with a backbone, hair and milk 
producing glands. 
9. __ is the care and protec­
tion of our natural resources. 
11. If you are surrounded by tall 
trees you are probably in a __ . 
14. An osprey often nests near a 
-=-=-=-" so that is can catch fish. 
15. If you stop, look and learn, 
you can __ the world of wild­
life outside your door. 
17. A large mammal that co=u­
nicates through whines, yelps 
and growls is a ____ . 
20. A masked mammal increas­
ingly co=on in suburbs and 
cities is a __ 
22. are animals that are 
not tame or domesticated. 
24. Gila monsters, trantulas and 
elf owls, live in the . 
27. __ is as important as food 
to wildlife, and is even stored in 
leaves and berries. 
28. The __ of the opossum 
includes the west coast and most 
of the eastern United States. 
29. __ make far away wildlife 
appear closer. 
32. With a , small 
objects appear much larger. 
34. An __ is a change in its 
body or the way it behaves that 
helps an animal or plant adjust 
to changes in its surroundings. 

Worksheet 1 

35. A __ is a cold-blooded 
animal with a backbone and 
scales or horny plates. 
36. A cold-blooded animal that 
spends its entire life underwater 
and has gills is a __ . 
37. The favorite __ of birds at 
feeders is black sunflower seeds. 
38. Tiny birds that you can attract 
to your yard with bright red, 
tubular flowers are --
40. An insect has no backbone, a 
body that is divided into three 
parts and __ pairs of legs. 

Down 
1. A is a warm-blooded 
animal that lays eggs. 
2. __ are poisons used to kill 
pests. Some can weaken the 
shells of bird eggs. 
3. The major threat to wildlife is 

of habitat. 
5. Nesting boxes and evergreens 
in your backyard can provide 
__ for a variety of birds. 
7. A __ is a colorful flying 
insect. Males gather at puddles 
and drink by the hour. 
8. Many __ and research cen­
ters breed endangered animals 
to return them to the wild. 
10. A flying insect that air-condi­
tions its home by fanning the air 
with its wings is a ____ . 
12. A __ species is a type of 
plant or animal species that is 
likely to become endangered. 

16. The passenger pigeon, a bird 
we will never see live again, is an 
example of an __ animal. 
18. You can attract wildlife to 
your own __ by providing 
food, water and shelter. 
19. A __ is the place where a 
plant or animal lives. 
21. An is a cold-blooded 
back-boned animal with smooth 
moist skin. It spends its life both 
in water and on land. 
22. A colorful bird with webbed 
feet, the ____ eats plants 
and animals in and near water. 
23. A bird of prey that can nab a 
meal at speeds of more than 200 
mph is a ____ . 
25. A is an insect ----
named for how it holds its tWo 
front legs while waiting for a 
meal. 
26. When a ____ (large, 
hooved mammal) is born, it 
doesn't have any scent. 
30. The area where an animal 
plays, eats, rests and raises its 
young is called its __ . 
31. is the use of sci-----
entific knowledge and tech-
niques to conserve wildlife and 
habitat. 
33. A bird of prey whose name in­
cludes an old English word for 
white is a ----
39. A ____ is a small 
mammal that gathers nuts and 
builds its nest in trees. 

Adapted from: DjSCfM'ir Wildlife jn Yollr WOrld 
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Activity 37 
Wildlife Conservation 

The Value of Wildlife 

Subject Area: Science, Social Studies 

Objectives: 1. The students will be able to realize how the value of wildlife differs for 

Suggested 

different people. 
2. The students will be able to use periodical resources to find current 

activities in our world that deal with people's values on wildlife. 

Grade Level: 5-6 

Background: Each person values wildlife differently. To a rabbit hunter, a cottontail may 
be the beginning of a delicious meal: to the owner of a newly-planted ever­
green windbreak, the rabbit can be a pest that damages trees; and to others, a 
wild rabbit is just fun and exciting to watch. We can look at the values of 
wildlife in six ways: 1. Commercial Value, 2. Game Value, 3. Genetic Value, 
4. Aesthetic (appreciation) Value, 5. Ecological Value, and 6. Scientific Value. 

1. Commercial Value - Food on the Table, Money in the bank. 
A good example of wildlife's commercial value is ocean fish harvests, 

which provide an excellent food source, high in protein. Many people 
make their living catching, processing, and selling these fish and their 
products. Aquaculture-growing fish for food in specifically prepared 
ponds-is another source of food and income. Leasing hunting rights 
provides many millions of dollars of income each year for others. 

Demand for furs puts a commercial price on wildlife pelts. Years ago, 
beavers were threatened because of unregulated market trapping for 
beaver hats which were fashionable in Europe in the early 1700's. With 
strict regulations controlling the trapping seasons and good management, 
these animals are now doing fine. Trappers realize they must maintain and 
conserve the resource so they can continue to trap in the future. 

Wildlife can also have negative commercial value. Coyotes can cause 
losses for farmers and ranchers by killing sheep, turkeys, chickens, calves, 
pigs, etc. Flocks of birds can be pests in cities and on farms because oftheir 
noise and messy droppings. An example of wildlife damage familiar to 
many of us is that caused by rabbits and raccoons to garden produce . 

~Inlp---­
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2. Game Value - The Call of the Wild. 
To those who hunt and fish, wildlife is very valuable as game. Harvest- • 

ing an animal in the wild can be a thrill and a challenge. The hunter, 
trapper, or fisherman comes to understand the age-old struggle of humans 
to obtain food. These outdoor activities provide a chance to experience 
and enjoy the natural surroundings and to better appreciate modern 
conveniences. 

People who hunt and fish generate a tremendous amount of business. 
Besides buying hunting and fishing licenses, they also purchase guns, rods 
and reels, camping equipment, special clothing, boats, and other gear. 
Making and selling these items provide jobs for a great number of people. 

~~(fg Motels, hotels, restaurants, and service stations also benefit. A recent 
survey found that $42 billion were spent in the United States by hunters 
and fishermen in one year. 

3. Genetic Value - "Bank" for the Future. 
All of the domestic species of plants and animals we now depend on 

and enjoy were once wild. Cattle, sheep, corn, sorghum, dogs, and cats 
were domesticated from wild stocks, We depend on our wild species for 
future animals or plants we may need. If a disease or disaster affects one 
of our domesticated species, we can look only to wild species for help or 
replacement. Each species is a unique bundle of inherited traits that can't 
be found in any other species. Sometime in the future we may need what 
some wild plant or animal has to offer, even if the wild plant or animal now 
seems insignificant. Every species is special and we can't get it back once 
it's gone. 

4. Aesthetic Value - Beauty in the Beast. 
Wildlife can be beautiful and fascinating. Natural places and wild 

creatures enrich peoples' lives and lift their spirits. Millions of people 
each year visit parks, reserves, and refuges to get close to the natural 
wonders they have to offer. The uplifting, relaxing, and even restful 
feeling people get from nature helps reduce stress. Reduced stress means 
fewer pain pills for headaches and maybe fewer doctor bills. 

Aesthetic values are difficult to measure in terms of dollars, but each 
one of us can understand our personal feeling of this value. Aesthetic 
values are the good feelings we have knowing and seeing wildlife like the 
feelings you get watching a deer run or hearing an owl at night. It's 
wonderful and fascinating. It's a friendly feeling and one that can always 
be there as long as we have wild places for wild things. 

-J.",,142 • 
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Materials: 

Procedure: 
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5. Ecological Value - In Tune With Nature. 
Ecology is the study of living things and how they relate to each other 

and to their surroundings. Each species interacts with many others. All 
the animal species living together and the environment they live in are 
called and ecosystem. Wildlife has value as part of that system. 

For wildlife, we often know very little about the complete role a species 
has in an ecosystem. However, not knowing doesn't mean there isn't value. 
Most of us don't understand the value or purpose of each part of a watch 
or a computer, but all the different parts work together to make a whole 
functioning unit. As scientists and others continue to learn more about 
wildlife, we will be better able to understand the role or value different 
wildlife species have in an ecosystem. 

6. Scientific Value - Wildlife Teaches Us About Ourselves. 
Many animals have been vitally important in scientific and medical 

discoveries. Research on human blood groups using rhesus monkeys led 
to major discoveries saving thousands of lives. With the rhesus monkey's 
help, doctors now understand the fatal results that can occur if certain 
blood groups are mixed. No one could have guessed this little monkey's 
value years ago. -

New discoveries are continually being made. The Jarraraca is a poison­
ous Brazilian snake, its bite can be fatal by attacking the human circulatory 
system. Scientists studied the effects of an extract of the venom on patients 
with high blood pressure. Using what they learned, a man made medica­
tion was developed that helps control some types of high blood pressure. 

Wildlife also acts as an indicator of the quality of our surroundings. For 
example, researchers recently found large numbers of tumors in fish from 
water polluted with cancer-causing substances. Scientists are now trying 
to find more about the cause in hopes that people can avoid the problem. 

Important wildlife-based discoveries are used every day by great num­
bers of people. No one knows what species may hold the key to important 
discoveries in the future. Are we willing to risk losing the potential of any 
species through extinction caused by man? 

1. Periodicals (newspapers, news magazines, science magazines, natural 
history magazines, etc.) 

2. Construction paper 
3. Yarn 
4. Paper punch 

1. Make a scrapbook about the various values of wildlife (commercial value, 
game value, genetic value, aesthetic value, ecological value, and scientific 

..J.4.143 



Additional 
Activities: 

Adapted 
From: 

value). You can make a large class scrapbook or each student can make 
an individual scrapbook. 

2. Have available in the classroom a number of periodicals that are current 
within a couple of months. After discussing the six different values of 
wildlife, have students look through the periodicals to find articles that 
shows an example or describes one of these values. 

3. Label each article with: 
a. the source (name of newspaper, magazines, etc.) 
b. the date 
c. the page number 
d. the author (if known) 

4. Find as many articles as you can for each kind of wildlife value. At least 
have three clippings for each value. 

5. Students may know of examples of wildlife values for which there is no 
clipping. They might be from personal experience, information from 
others, books, etc. Have students include these in the scrapbook by 
writing a brief description. 

6. Discuss the articles students found. Let students express their feelings 
toward these values. 

7. Keep adding to your scrapbook by encouraging students to watch daily 
newspapers and other current periodicals. . 

1. Have students choose one or two wildlife values that they are interested 
i,n or have had experience with. They then can write a short story about 
why the value(s) is/are important to them or to people in general. For 
example: if a student likes to hunt or fish, they might write about game 
value; if they like to observe wildlife, aesthetic values would be a good 
topic. All six values can be written about in this matter. 

2. The class scrapbook can become a bulletin board. 

1. Wildlife Conservation. 
4-H Members Manual 

• 
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Activity 38 
Wildlife Conservation 

The Hunter 

Subject Area: Social Studies, Language Arts, Science, 

Objectives: 1. The students will be able to describe their feelings about hunting. 

Suggested 

2. The students will be able to compare their attitudes to those of others. 
3. The students will be able to make personal judgments about the appro­

priateness of hunting. 

Grade Level: 5-6 

Background: People have hunted animals since earliest time. Products of the hunt have 
been used for a wide variety of purposes including for food, clothing, tools, 
bedding, medicines, and religious objects. 

Centuries of time and modem technologies have tended to urbanize human 
populations, removing many from the necessity of having daily contact with 
natural systems. 

By percent of population, fewer people hunt today. For many, the opportu­
nity, interest, and necessity is not available. Many people have lost the knowl­
edge and skills, as well as the need, to hunt. The slaughterhouse and butcher 
shop serve many instead. 

There are still those who hunt. Some seek wild meats for nutrition. Some 
utilize horns, antlers, and hides for tools, clothing, and decoration. Today in 
the United States, hunters pay fees to hunt, and hunt under stringent and 
restrictive conditions, their harVest controlled by game management practices 
and concern for continuation of species and habitat. 

Hunting has become recognized as a tool of game management. For example, 
it is used to control populations of large ungulates like deer, which tend to 
overpopulate and destroy their own habitats. A reduced population--whether 
by hunting, starvation, or other limiting factors-- typically recovers quickly 
where there is quality habitat for the species. Habitat once damaged, however, 
tends to recover slowly. 

Wildlife managers refer to hunting as a means of "harvesting" a wildlife 
population, based on the characteristics of wildlife as a renewable resource . 

(!J) ",.145 
~. 



Materials: 

Procedure: 

Wildlife managers use regulated hunting seasons to maintain a popUlation of 
animals in an area so that the population can reproduce successfully over time 
and live in a habitat that can be continuously renewed by natural processes. 

Hunters pay license fees in order to hunt, and they must follow all regulations 
of the agency responsible for wildlife management in their state or province. 
The hunters' fees as well as a portion of taxes on certain hunting- related 
equipment go directly to continuing management of wildlife resources, pur­
chase and restoration of wildlife habitat, and enforcement of wildlife-related 
laws. 

Why do some people hunt? Most hunters in the United States and Canada 
today say they hunt because they like to get outside. They tend to find it 
difficult to express their feelings about the hunt itself. Most would call their 
hunting recreation, and yet most use the products of the hunt for food. Almost 
no one today in the United States or Canada uses all products of the hunt, as 
their ancestors did from necessity. 

Some people are· opposed to hunting for many reasons, some believing it to 
be unethical. Others, who choose not to hunt, or who do not believe it 
appropriate to kill for sport or recreation, accept hunting as a tool in managing 
certain kinds of wildlife. Within any community there will be a range of views 
on the subject. 

The major purpose of this activity is for students to examine their own attitudes 
about hunting. 

1. Student Activity Sheets ("The Twins" Story) 
2. Writing paper and pencils. 

1. Provide each of the students with a copy of the activity sheets to read, or 
read it aloud to the students. 

2. Have students discuss how they felt about the story. 
a. How does the boy feel about hunting? How does he feel about the 

animal he is hunting? 
b. What are your feelings about hunting? How do your feelings compare 

with the boy's feelings? 
c. Why is hunting allowed? Do you think hunting should be allowed? In 

your judgment, what, if any, are appropriate reasons for hunting? 
d. What responsibilities do you think people have if they choose to hunt? 

If they choose not to hunt? 
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Additional 
Activity: 

Adapted 
From: 

3. Have students write an ending to the story, keeping in mind the ideas 
discussed in class. 

1. Have students do a research project. Who sets the rules and enforces the 
legal regulations for hunting? What kinds of hunting, if any, are allowed 
in your area? Also find out when, why, by what methods with what 
equipment, at what age, and under what regulations? What about hunter 
safety and education courses. 

1. Project WIT P 

Note: ''The Twins" is adapted, with permission, from a story which origi­
nally appeared in Open Lands and Wildlife (Union, New Jersey: Pollu­
tion Control Education Center, 1975), a multimedia instructional unit 
including both teacher and student materials. Thanks to Dr. Clifford 
Knapp for his cooperation and encouragement in providing the original 
material for use in Project WIlD. Write the Pollution Control Education 
Center, Township of Union Public Schools, Union, New Jersey, for addi­
tional information about Open Lands and Wildlife • 
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The Twins 
By Dr. Clifford Knapp 
and Suzanne Iudicello 

The twin fawns were born on a May day when the sun dappled the edge 
of the forest through the newly budding leaves, and apple blossom petals 
fell in the abandoned orchard like fragrant snow. They were not the only 
twins that year; food had been plentiful in the valley, and white-tailed deer 
were sleek and round-bellied. 

Even as the doe licked her offspring clean, strength flowed into the 
young bodies. It hadn't hurt that she had been able, through the fall and 
winter, to slip into a nearby farm at night for corn, alfalfa, and clover to 
add to the leaves, twigs, juicy weeds, acorns, and mushrooms the forests 
and fields offered to the white-tails. 

The valley was a generous place for the herd of 60 animals. Where the 
hillsides dipped down to meet the farm fields, the shady forest ended. This 
edge meant that food was varied and abundant. It hadn't always been that 
way. 

In the early 1700's, when the valley was first settled, the white-tailed 
deer had been plentiful. By 1900, however, the deer population had been 
greatly reduced by the human appetite for venison. Too much hunting had 
reduced the size of the herds, and the cutting of the forests for conversion 
to farm fields had limited the white-tails' habitat. Later, laws that con­
trolled hunting and protected the forests gave the herds the time and space 
to increase again. The young plants that grew in the open areas of the 
cut-over forest yielded an abundance offood, and by the 1930's there were 
more deer in the valley than when the settlers first came there. 

The doe and her fawns didn't know much of history, but she knew 
where to find food, and her newborns knew that as they nuzzled their 
mother's udder, there was plenty of nourishment for them, too. 

That soft, May afternoon saw another birthday celebrated in the 
valley. The boy ran out to greet his father who was climbing down off the 
tractor after a day of tilling for the spring planting. He looked up into the 
lined face of his father and barely contained his impatience while the 
farmer removed his hat and wiped the sweat from his forehead with a big, 
blue kerchief. 

"Is it time?" the boy asked breathlessly. 
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The man smiled down at his son--a strong, wiry boy, made tough by 
summers of throwing hay bales and winters of chopping wood. 

"Yes, Jamie," he grinned, "it's time." He put his arm across the boy's 
shoulders and they walked up onto the wide porch, where a table stood 
decked with early daisies and tiger lilies in a Masonjar, bright orange and 
yellow paper napkins, and a three-decker chocolate cake with 12 yellow 
candles. The boy's mother was already sitting at the table, pouring tall 
glasses of foamy, fresh milk. 

"Do you want us to sing first?" she laughed, as Jamie scraped the chair 
legs across the porch floor in his haste to get to the table. 

"Nope. Where's my present?" 

"Now, Jamie," his father scolded good naturedly, "birthdays aren't just 
for presents. This is a special year for you, and it brings with it not just a 
gift but some responsibility. You're no longer a little boy. You're a young 
man. This is not a birthday for toys." 

Jamie looked down at his hands on his lap. "I know, Dad; I'm sorry." 

But when he looked up again at his father, the excitement and expec­
tation shining in his eyes were not those of a serious young man, but of a 
-boy about to burst with anticipation. 

As his mother cut the cake, Jamie's father took from behind the door 
a long, narrow box, tied with a gold ribbon. "Okay, son, this is what you've 
been waiting for, and we won't keep you from it." 

Jamie tore the ribbon from the box and lifted the cover. There, 
gleaming from the soft yellow cloth, lay the 30-30 rifle. It wasn't new, but 
the gloss on the stock showed a new coat of oil and betrayed hours of 
careful rubbing, and the barrel shone with new blueing. The scratches he 
remembered on the dull grey were gone, but the initials his grandfather 
had carved on the stock were still there. 

He drew the rifle from the box, taking care to point it away from anyone 
as his grandfather and father had taught him. It was much heavier than 
the .22 he'd lugged through the woods to stalk squirrels. 

"It's yours now, Jamie, just as we promised," his father said. "You're 
12 now, and old enough to go deer hunting this fall." 
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Though Jamie thought the fall would never arrive, the summer passed • 
quickly, filled with days of helping his father in the fields, fishing and 
swimming, and lots of practice with the 30-30. 

In the hills above the farm valley, the twin fawns gained strength 
quickly. By June, they followed the doe along the well-worn trails. As 
summer ripened, they roamed with the herd over the length of the valley 
and high on the hillsides. They were just two of 50 fawns that had been 
born that spring, swelling the herd from 60 to more than 100. 

They fed on leaves, twigs, fruits, and nuts of the trees and shrubs in the 
forest, and on the grasses and weeds along it edges. With nearly twice as 
many deer in the same valley, soon the best-tasting and most nutritious 
plants were gone, and the diet of the herd became less satisfying. By fall, 
the twin fawns were forced to eat the poorer quality foods, and by late in 
the season, the branches of their favorite trees had been cropped far 
beyond reach. 

November blew in rainy and cold, and Jamie was restless after the 
crisp, bright days of October. The harvest was complete, the fields lay in 
a stubble under the grey sky, and the few brown apples remaining on the 
trees were tom down by the wind. He sat in the warm kitchen and looked • 
out at the glistening black branches scratching at the sky. 

"Can I go out, Mom?" he asked. She looked up from the lunch dishes 
at her son, his dungaree cuffs well above the tops of the worn boots, and 
the elbows frayed out of his plaid flannel shirt. The restlessness was about 
to burst his skin as his growing body had burst the seams of most of his 
clothes that summer. 

"All right, but wear your father's poncho," she called as he was already 
halfway out the door, the 30-30 over his shoulder. 

Jamie knew, from his summer forays and from past autumns when he'd 
been too young to hunt, that the deer often came down to the abandoned 
orchard to nip at the withered apples that grew on the overhanging trees. 
That part of the farm wasn't used now, and the orchard had long since 
overgrown, producing only tiny, bitter fruits, but the deer seemed to like 
them. He had watched, enthralled, many an evening, as the slender, tawny 
forms moved delicately and then froze like shadows in the dusk. 

As he trotted away from the yellow light in the kitchen window, dusk 
gathered and the rain turned to sleet. The grey afternoon was threatening 
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to turn bleaker yet. He scrambled over the crumbling remains of a stone 
wall, and entered the orchard in a blast of wind that nearly took his breath 
away. "At least it's blowing toward me," he thought, settling in under a 
tree to wait. 

Just before nightfall, his patience was wearing thin, his foot was tingling 
where he had been sitting on it, the rain was trickling under his collar, and 
the sleet was stinging his face. He was about to stomp his foot to bring it 
back to life so he could walk home, when the doe entered the orchard: 
Jamie caught his breath. 

The words of the fish and wildlife license agent echoed in his ears as 
he raised the rifle to his shoulder. "We're going to open the season this 
year--bucks, does, fawns--because there are so many deer in that herd. 
They've over browsed the entire valley and a bunch of 'em are going to 
starve this winter anyway." The man had punched Jamie's slip of yellow 
paper for fishing and hunting--the first time he'd been the age to have a 
license for deer. ''This your first hunting season, son?" he'd asked. "Good 
Luck!" 

Jamie watched the doe down the barrel of the rifle. She was stretching 
up, her front feet off the ground, trying to reaeh a last, wrinkled apple 
clinging stubbornly to a high branch. The slender neck glistened from 
drops of rain caught in the soft fur. His heart was pounding and he wasn't 
sure if he was still breathing. He reached around with his thumb and gently 
pushed the safety off the rifle. 

Just then the twin fawns stepped delicately into the orchard, melting 
from the darkened tree trunks like slightly smaller shadows of the doe. 
Jamie lifted his eyes from the barrel to the fawns. They too, were stretch­
ing to try to reach the last brown leaves and few apples high in the 
branches, but they were too short. They moved close to the doe, where 
her efforts at pulling on the branches had jostled a few apples to the 
ground. 

Jamie refocused on the doe, sighted down the barrel, and let out a deep 
breath to steady his hand. A blast of wind ripped through the orchard, 
carrying sleet and snow before it, and ripping a tree branch in its fury. The 
branch tumbled down and the three deer bolted back into the thicket. 

The boy reset the safety on the rifle, and gingerly got to his feet. He 
looked into the darkening sky and the tossing branches and thought. "I'm 
glad. Maybe those three will make it through the winter." 
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Winter hit that night, lashing the valley with wind and snow that drifted 
into 20-foot mountains, froze into hard crusts, and remained. The herd, 
trapped on the hillside, didn't move more than a quarter of a mile the 
whole winter. They competed for the dwindling food supply that re­
mained poking above the snow, and many fawns and does died. 

Jamie thought often about the trio, as he looked out over the white 
landscape. 

The grip ofthe season finally loosened one moist, February day. Rain 
pelted the snow, turning it to slush and pitted mounds where the mud 
showed through. Spring returned to the valley, and with it the activity 
that kept life for a farm boy busy and full. 

For the herd, the winter had taken its toll. Most of the fawns had died 
of starvation and cold, as did many older bucks and does, weakened by 
age. The herd was reduced from the summer high of more than 100, to 
fewer than 50. Those remaining ventured down out of the hills to the 
greening valley where their favored plants sprouted anew. Throughout 
the spring and summer, they found plenty of food to go around among 
their reduced numbers, particularly since no fawns had been born after 
the harsh winter. 

Summer's hazy, golden days burned into fall, and as harvest time 
ended, Jamie's thoughts drifted again to the abandoned orchard and the 
30-30. The rifle had lain in its yellow cloth all summer, neglected in the 
bustle of summer's activity. One evening he took it out of its wrappings, 
and cleaned and polished it, wondering if the twin fawns were among this 
autumn's yearlings. 

The frosty straw stubble crunched under his feet as he made his way 
across the fields to the orchard. The passing of a year had seen more stones 
fall from the top of the wall, and Jamie noted that the tree that had been 
his resting place last season was uprooted and lying broken. He concealed 
himself among the twisted branches, and settled to wait. 

The evening was still, the sky a pale salmon color where the sun had 
just slipped below the hills. Jamie hoped the slight varying breeze would 
not carry his scent. He slid a round into the chamber of the 30-30, 
wondering how many times his grandfather had sat like this, in this very 
orchard, with this very rifle. He checked to make sure the safety was on, 
and settled in. 
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Dusk fell with the twittering of a few last thrushes, and Jamie started 
at the sound of a snapping twig. Ayearling doe stepped into the orchard, 
the brush rustling back to fill the space where she had emerged from the 
forest. Jamie exhaled quietly, trying to relax again, because this year was 
bucks only, the season restricted because the herd had so dwindled over 
the harsh winter. He watched the doe nosing among the brown weeds for 
fallen apples, wondering if she were the fawn of last autumn. 

He watched, still, admiring the sleek brown sides and the graceful 
curve of the neck. The doe raised her head and listened, so close he could 
see her nostrils flickering to catch a scent. The deer glanced at the forest 
edge, tensed, then bent her head to browse again as a yearling buck 
emerged from the same trail, disguised by the thick brush. 

Jamie lifted the rifle to his shoulder, nestling it close against the rough 
wool of his jacket. He looked down the barrel at the young white- tail, 
sure now that these were the twins of that blustery evening a year ago. "I 
can feel it, I know they're the same," he thought, reflecting on his hesitation 
of a year ago, and wondering if this time he'd be able to pull the trigger. 
"He made it through the winter--who am I to kill him now?" he asked 
himself . 

The buck stepped away from his twin, and began pulling apples from 
the drooping branches. It would be a clean shot, Jamie knew, well away 
from the doe, certain to be a quick kill. He exhaled, steadied his arm, and 
concentrated on a patch of rusty brown hair on the animal's shoulder. "I 
can't look at his head," he thought. "I just have to keep thinking of him as 
meat for my family for the winter," and he thumbed off the safety. He 
allowed himself-one last, stolen glance at the sculptured head, arching up 
to grasp an apple. 

Jamie swallowed and ... 
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Activity 39 
Wildlife Conservation 

Ob Deer! 

Subject Area: Science, Math, Social Studies 

Objectives: 

Suggested 
Grade Level: 

Background: 

1. The students will be able to recognize that some fluctuations in wildlife 
populations are natural because of constant change. 

2. The students will be able to describe agood habitat and why it is important. 
3. The students will use gathered information to create a graph. 

5-6 

A variety of factors affect the ability of wildlife to successfully reproduce and 
to maintain their populations over time. Disease, predator/prey relationships, 
varying impacts of weather conditions from season to season (e.g., early 
freezing, heavy snows, flooding, drought), accidents, environmental pollution, 
and habitat destruction and degradation are among these factors. 

Some naturally-caused as well as culturally- induced limiting factors serve to 
prevent wildlife populations from reproducing in numbers greater than their 
habitat can support. An excess of such limiting factors, however, leads to 
threatening, endangering, and eliminating whole species of animals. 

The most fundamental of life's necessities for any animal are food, water, 
shelter, and space in a suitable arrangement. Without these essential compo­
nents, animals cannot survive. 

This activity is designed for students to learn that: 
a. good habitat is the key to wildlife survival 
b. a populations will continue to increase in size until some limiting 

factors are imposed 
c. limiting factors contribute to fluctuations in wildlife populations 
d. nature is never in ''balance'', but is constantly changing. 

Wildlife popUlations are not static. They continuously fluctuate in response 
to a variety of stimulating and limiting factors. We tend to speak of limiting 
factors as applying to a single species, althqugh one factor may affect many 
species. Natural limiting factors, or those modeled after factors in natural 
systems, tend to maintain popUlations of species at levels within predictable 
ranges. This kind of "balance in nature" is not static, but is more like a teeter-
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Materials: 

Procedure: 

totter than a balance. Some species fluctuate or cycle annually. Quail, for 
example, may start with a population of 100 pairs in early spring; grow to a 
population of 1200 birds by late spring; and decline slowly to a winter popu­
lation of 100 pairs again. This cycle appears to be almost totally controlled by 
the habitat components of food, water, shelter, and space, which are also 
limiting factors. Habitat components are the most fundamental and thereby 
the most critical of limiting factors in most natural settings. 

This activity is intended to be a simple but powerful way for students to grasp 
some basic concepts: that everything in natural systems is interrelated; that 
populations of organisms are continuously affected by elements of their 
environment; and that populations of animals do not stay at the same static 
number year after year in their environment, but rates are continually chang­
ing in a process of maintaining dynamic equilibria in natural systems. The 
major purpose of this activity is for students to understand the importance of 
suitable habitat as well as factors that may affect wildlife populations in 
constantly changing ecosystems. 

1. Large area such as a gym or a playground 
2. Chalkboard 
3. Pad and paper 

1. Review the essential components of habitat with the students: food, water, 
shelter, and space in a suitable arrangement. This activity emphasizes 
three of these habitat components-food, water, and shelter-but the stu­
dents should not forget the importance of the animals having sufficient 
space in which to live, and that all the components have to be in a suitable 
arrangement or the animals will die. 

2. Ask your students to count off in four's. Have all the one's go to one area; 
all two's, three's, and four's go together to another area. Mark two parallel 
lines on the ground or floor ten to 20 yards apart. Have the one's line up 
behind one line; the rest of the students line up behind the other line. 

3. The one's become "deer." All deer need good habitat in order to survive. 
Ask the students what the essential components of habitat are again: food, 
water, shelter, and space in a suitable arrangement. For the purposes of 
this activity, we will assume that the deer have enough space in which to 
live. We are emphasizing food, water, and shelter. The deer (the one's) 
need to find food, water, and shelter in order to survive. When a deer is 
looking for food, it should clamp its hands over its stomach. When it is 
looking for water, it puts its hands over its mouth. When it is looking for 
shelter, it holds its hands together over its head. A deer can choose to look 
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for anyone of its needs during each round or segment of the activity: the 
deer cannot, however, change what it is looking for; e.g., when it sees what 
is available, during that round. It can change again what it is looking for 
in the next round, if it survives. 

4. The two's, three's, and four's are food, water, and shelter (components of 
habitat). Each student gets to choose at the beginning of each round which 
component he or she will be during that round. The students depict which 
component they are in the same way the deer show what they are looking 
for; that is, hands on stomach for food, etc. 

5. The game starts with all players lined up on their respective lines (deer on 
one side; habitat components on the other side) and with their backs to 
the students at the other line. 

6. The facilitator or teacher begins the first round by asking all of the students 
to make their signs-each deer deciding what it is looking for, each habitat 
component deciding what it is. Give the students a few moments to get 
their hands in place-over stomachs, mouths, or over their heads. (As you 
look at the two lines of students, you will normally see a lot of variety- with 
some students water, some food, some shelter. As the game proceeds, 
sometimes the students confer with each other and all make the same sign. 
That's okay, although don't encourage it. For example, all the students in 
habitat might decide to be shelter. That could represent a drought year 
with no available food or water.) 

7. When you can see that the students are ready, count: "one ... two ... three." 
At the count of three, each deer and each habitat component turn to face 
the opposite group, continuing to hold their signs clearly. 

8. When deer see the habitat component they need, they are to run to it. 
Each deer must hold the sign of what it is looking for until getting to the 
habitat component person with the same sign. Each deer that reaches its 
necessary habitat component takes the "food," ''water,'' or "shelter" back to 
the deer side of the line. This is to represent the deer's successfully 
meeting its needs, and successfully reproducing as a result. Any deer that 
fails to find its food, water, or shelter dies and becomes part of the habitat. 
That is, in the next round, the deer that died is a habitat component and 
so is available as food, water, or shelter to the deer who are still alive. 
NOTE: When more than one deer reaches a habitat component, the 
student who gets there first survives. Habitat components stay in place on 
their line until a deer needs them. If no deer needs a particular habitat 
component during a round, the habitat component just stays where it is in 



Additional 
Activity: 

the habitat. The habitat person can, however, change which component 
it is from round to round. 

9. You as the facilitator or teacher keep track of how many deer there are at 
the beginning of the game, and at the end of each round you record the 
number of deer also. Continue the game for approximately 15 rounds. 
Keep the pace brisk, and the students will thoroughly enjoy it. 

10. At the end of the 15 rounds, gather the students together to discuss the 
activity. Encourage them to talk about what they experienced and saw. 
For example, they saw a small herd of deer finding more than enough of 
its habitat needs. The population of deer expanded over two to three 
round of the game, until the habitat was depleted and there was not 
sufficient food, water, and shelter for all the members of the herd. At the 
point, deer starved or died of thirst or lack of shelter, and they returned 
as part of the habitat. Such things happen in nature also. 

11. Using the chalkboard, post the data recorded during the game. The 
number of deer at the beginning of the game and at the end of each round 
represent the number of deer in a series of years. That is, the beginning 
of the game is year one; each round is an additional year. 

• 

12. Have the students take the information and construct a graph or you can • 
do it as a class project. The students will see this visual reminder of what 
they experienced during the game: the deer population fluctuated over a 
period of years. This is a natural process, as long as the factors which limit 
the population do not become excessive, to the point where the animals 
cannot successfully reproduce. The wildlife populations will tend to peak, 
decline, and rebuild, long as there is good habitat and sufficient numbers 
of animals to successfully reproduce. 

13. In discussion, ask the students to summarize some of the things they have 
learned from this activity. What do animals need to survive? What are 
some of the "limiting factors" that affect their survival? Are wildlife 
populations static, or do they tend to fluctuate, as part of an overall 
''balance of nature?" Is nature ever really in "balance," or are ecological 
systems involved in a process of constant change? 

1. When you have finished tabulating the graph data and discussing it, ask 
the students if they have ever heard of the Hudson Bay trappers in 
American history. Tell them, briefly, who they were. 
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There is a hundred years, or more, of records of the activities of these 
trappers. These data refer to pelts shipped from America to Europe, 
particularly the pelts of snowshoe hares and lynx. 

Researchers have found that snowshoe hare population seem to peak 
about every seven to nine years and then crash, repeating the process over 
each comparable time period. So, a snowshoe hare population graph 
would look like this: 
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It has also been discovered that lynx population do the same thing-except 
that they do it one year behind the hare populations. The combined graph 
would look like this: 
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Graph this right over the deer graph that you made, adding first the hares, 
and then the lynx . 



Adapted 
From: 

Ask the students: 
* Which animal is the predator? Which is prey? 
* Are predators controlling the prey, or are prey controlling the pred­

ators? (We have been brought up to "know" that predators control 
the prey, and are now discovering that this is not so. The number of 
prey animals available tells us how many predators can live in the 
area.) 

* Is this like the deer habitat game we just played? Who controls? 
(Sl)metimes the habitat when the deer population is not too large; 
sometimes the habitat when the deer population "gets on top of it" 
and destroys the vegetative food and cover.) 

1. Project wn n 
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Activity 40 
Wildlife Conservation 

Quick Frozen Critters 

Subject Area: Science 

Objectives: 1. The students will be able to discuss predator prey relationships, including 

Suggested 

adaptations. 
2. The students will be able to describe the Importance of adaptations in 

predator/prey relations. 
3. The students will be able to recognize that limiting factors affect wildlife 

populations (including predator/prey relationships). 

Grade Level: 5-6 

Background: Predator: An animal that kills and eats other arumals for food. 
Prey: An animal that is killed and eaten by other animals for food. 
Limiting factors: There are many influences in the life history of any animal. 
When one of these (e.g., disease, climate, pollution, accidents, shortages of 
food) exceeds the limits of tolerance of that arumal, it becomes a limiting 
factor. It then drastically affects the well-being of that animal. Predators are 
limiting factors for prey. Prey are limiting factors for predators. 

Animals display a variety of behaviors in predator-prey relationships. These 
are adaptations to survive. 

Some prey behaviors are: signaling to others, flight, posturing in a fighting 
position, scrambling for cover, and even "freezing" on the spot to escape 
detection or capture by predators. The kind of behavior exhibited partly 
depends on how close the predator is when detected by the prey. Each animal 
has a threshold for threat levels. If a predator is far enough away for the prey 
to feel some safety, the prey may signal to others that a predator is near. If 
the predator comes closer, the prey may try to run away. If the predator is too 
close to make running away feasible, the prey may attempt to scurry to a hiding 
place. If the predator is so close that none of these alternatives is available, 
the prey may freeze in place. The closer the predator comes to the prey 
animal, the more likely it is that the prey will "freeze" in place. This "freezing" 
occurs as a kind of physiological shock in the animal, (shelter or camouflage 
may also make them invisible to the predator when they freeze). Too often 
people who come upon animals quickly and see them immobile think that the 
animals are unafraid when, in reality, the animals are "frozen", or, as the adage 



Materials: 

Procedure: 

goes, "frozen stiff." The major purpose of this activities for the students to • 
recogniZe the importance of adaptations to both predator and prey and to gain 
insight into limiting factors affecting wildlife populations. 

1. Three small pieces of cardboard per student 
2. Gym vests or other labeling device to determine predators from prey 
3. Four to five hula hoops 
4. Whistle 

1. Have a discussion and make a classroom list of predators and a list of prey. 
Example: 
Prey: Cottontails, Ground Squirrels, Deer, Quail, etc. 
Predators: Coyotes, Hawks, Cougars, Foxes, etc. 

2. To playa version of "freeze tag", Select one pair (one predator and one 
prey make a pair, such as a deer and a cougar). Number students 
1 through 5. All the ones are prey and the twos through the fives are 
predators. 

3. Using a gymnasium or playing field, identify one end of the field as the 
food source and the other end as the shelter. 

4. Randomly place the hula hoops in the open area between the shelter and 
the food. These represent additional shelter or cover for the 
prey. 

5. The small pieces of cardboard will be food tokens. Place these in the food 
sources area. Allow three food tokens for each prey animal. For example: 

Food Tokens 

@ Shelter 

~ 
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Permanent Shelter 
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Additional 
Activities: 

6. Clearly label predators with a gym vest. 

7. Use a whistle to start each round. When a round begins, prey start from 
their shelter. The task of the prey animals is to move from the primary 
shelter to the food source, collecting one food token each trip, and 
returning to the primary shelter. To survive, prey have to obtain three 
food tokens. Their travel is hazardous, however. They need to be alert to 
possible predators. If they spot a predator, they can use various appropri­
ate prey behaviors-including warning other prey that a predator is near. 
Prey have two ways to prevent themselves from being caught by predators; 
they may "freeze" any time a predator is within five feet of them; or they 
may run to cover (with at least one foot within one of the hula hoops). 
Frozen prey may blink, but otherwise should be basically still without 
talking. 

8. Predators start the game anywhere in the open area between ends of the 
field, and thus are randomly distributed between the prey's food and 
primary shelter. Predators attempt to capture prey to survive, tagging only 
moving (not "frozen") prey. (Optional: Prey can have bandannas in their 
pockets that the predators have to capture to represent the successful 
predation.) Predators must each capture two prey in order to survive. 
Captured prey are taken to the sidelines by the predator who captured 
them. 

9. A time limit of five to seven minutes is suggested for each round of the 
game. 

10. Play the game twice, allowing each student to be both prey and predator. 

11. Discuss with the students the ways they escaped capture when they were 
prey. Which ways were easiest? Which were most effective? What means 
did they use as predators to capture prey? Which ways were best? What 
did predators do in response to a prey animal who "froze?" In what ways 
are adaptations important to both predator and prey? Ask the students 
to summarize what they have learned about predator/prey relationships. 
How do predator/prey relationships serve as natural limiting factors af­
fecting wildlife? 

1. Play the game for three or four rounds, recording the number of captures 
each playing period. Have students who are captured become a prey 
animal in the succeeding round. This quickly leads to the concept of 
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Adapted 
From: 

dynamic balance as prey and predator populations fluctuate in response 
to each other. 

2. Students could select an animal and research its behavior patterns for 
avoiding detection and capture. Reports or demonstrations of the behav­
ior could be presented to the class. 

1. Project WILD 
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Activity 41 
Wildlife Conservation 
Manage a Moose 

Subject Area: Science, Math, Language Arts, Social Studies 

Objectives: 

Suggested 
Grade Level: 

Background: 

1. The students will be able to evaluate hypothetical wildlife management 
decisions. 

2. The students will be able to identify at least four factors which can affect 
the size of a wildlife population. 

5-6 

Wildlife managers attempt to maintain healthy population of wild animals, 
while factors (avoidable and unavoidable) affect populations. Some of these 
factors are loss of habitat, weather conditions, pollution of food and water 
sources, development of other natural resources, poaching, and recreation 
pressures. Many people are unaware of how such pressures can affect wildlife . 

In the United States, it is the legal responsibility of state wildlife agencies to 
manage the wildlife populations within their respective states. It is the legal 
responsibility of the U.S. Fish and Wildlife ServIce, under the U.S. Depart­
ment of the Interior, to govern some policies and programs affecting migratory 
species of animals and threatened or endangered species, as well as illegal 
importation and exportation of animals and animal products, illegal interstate 
transportation of all species, with additional responsibilities related to the 
overall well- being of U.S. wildlife. 

Wildlife management is based on the best scientific and technical knowledge 
available. Most wildlife managers have to deal with a lot of public criticism, 
this can be a factor affecting the success of a manager. For example, hunting 
is sometimes a controversial issue. In this activity, pro and con letters affect 
the result of the activity. In a sense, everyone shares responsibility for wildlife 
management. Although legally responsible agencies, their work requires the 
thoughtful and informed cooperation of citizens. There are frequently differ­
ences of opinion about the most appropriate policies and programs affecting 
wildlife. Individual citizens, private conservation groups, private industry, 
commodity groups and others all make contribution to the overall conserva­
tion and protection of wildlife and its habitat. 

= 



Materials: 

Procedure: 

1. Paper 
2. Pencil 
3. Dice, one die per student 
4. Game Cards; There are 36 cards total. They are designed for students to 

recognize that a number of diverse factors can affect wildlife; the numer­
ical weights should not be interpreted literally. (After using these cards 
once, students may want to experiment with making additional cards, or 
changing these cards.) Some cards include blank spaces and the students 
will need to specify what has occurred in those cases. The rate of repro­
duction on the Reproduction Cards is designed to vary with population 
density. As your population drops below 100, the potential rate of repro­
duction increases reaching a peak at just above 50 individuals. This effect 
mimics the potential for rapid population growth many herbivore popu­
lations can exhibit when population levels are well below carrying capac­
ity. When your population drops below 10 individuals, reproduction is 
not allowed. This reflects the imbalanced sex ratios, the inability to find 
suitable mates, or the distribution of social and mating systems. As your 
population grows above 100, the cards decrease the reproduction rate, 
reflecting the increasing activity of limiting factors as the population 
exceeds carrying capacity. Ask students to specify what could be used to 
fill in the blanks in some of the cards. 

1. Each student is asked to be the manager of a moose (or other animal) 
population. The carrying capacity of the habitat is 100 animals. The point 
of the activity is to end up with a viable population after nine rounds, 
simulating nine years. If at any time the student's population reaches less 
than 10 or more than 200 individual animals, that student no longer has a 
viable "herd" and watches the other students until the conclusion of the 
activity. 

2. Each student has a beginning population of 100 animals. The cards are 
separated into three decks of a total of 36 cards: a condition deck (18 
cards), a reproduction deck (9 cards). and a management deck (9 cards). 
Shuffle the cards within each deck. Explain that cards will be drawn in the 
following sequence: condition card, reproduction card, condition card, 
management card. This sequence of draw will be repeated, each repeti­
tion representing an annual cycle (the students may think of each draw as 
representing a different season, e.g., autumn, winter, spring, summer). As 
each card is drawn, it is read aloud to the entire class. each student then 
rolls his or her die and follows the instructions on the card to determine 
his or her herd population's new size. Some computations will result in 
fractions; numbers may be rounded to the nearest whole. 

• 
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Additional 
Activities: 

Adapted 
From: 

Wrap up the activity with a class discussion. Include topics such as: 
* 

* 

* 
* 

* 

* 

Identify and describe what appeared to be the impacts of the condi­
tion, reproduction, and management cards. 
Did populations "managed" under different strategies by different 
students show different trends? How do these compare? Would 
students "manage" differently if given a second chance? 
What aspects of this activity seemed realistic? Which did not? 
What are examples of ways that habitat can be improved? Short term? 
Long term? 
Is human management of wildlife populations necessary? Beneficial? 
Why or why not? For people? For the animal? 
What are four factors that can affect the size of a wildlife population. 

1. Worksheets 1-4 

1. Project WILD 



Weather Card 

A blizzard has had a serious negative impact 
on the survival of the herd. Decrease your 
herd by the percentage equal to five tirnes your 
roll. 

Condition Card 

Weather Card 

_--,---,-___ -,-- has had a serious 
negative irnpact on the survival of the herd. 
Decrease your herd by the percentage equal to 
five tirnes your roll. 

Condition Card 

Habitat Destruction Card 

A prairie fire has occured, destroying critical 
habitat. Decrease herd size by five times your 
roll. 

Condition Card 

Habitat Destruction Card 
___________ has occured; 
destroying critical habitat. Decrease your herd 
size by five tirnes your roll. 

Condtion Card 

Predator Card 

Predation has occured, affecting the herd size. 
Decrease herd size by the percentage equal to 
your roll. 

Condition Card 

Weather Card 

A mild winter has had a dramatic positive 
irnpact on the survival of the herd. Increase 
your herd by the percentage equal to five 
tirnes your roll. 

Condition card. 

Weather Card 

_-:--:-_____ has had a serious 
positive irnpact on the survival of the herd. 
Increase your herd by the percentage equal to 
five tirnes your roll. 

Condition Card 

Habitat Degradation Card 

The lake, used for drinking water by the herd 
has been polluted, damaging critical habitat. 
Decrease the herd by the nurnber equal to 
three tirnes your roll. 

Condition Card 

Habitat Degradation Card 

The lake, used for drinking water by the herd 
has been polluted, damaging critical habitat. 
Decrease the herd by the nurnber equal to 
three tirnes your roll. 

Condition Card 

Habitat Degradation Card 

-:--_-:------:-:---:-:--:-:-_=-_ has occured, 
damaging critical habitat. Decrease herd by 
the nurnber equal to three tirnes your roll. 

Condition Card 

• 
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Habitat Degradation Card 

• has occured, 
damaging critical habitat. Decrease herd by 
the number equal to three times your roll. 

ContictionCard 

Habitat Loss Card 

A shopping center and parking lot has been 
built, resulting in a loss of critical habitat for 
the herd. Decrease herd by the number equal 
to five times your roll. 

Condition Card 

Habitat Loss Card 

--:---:-:--::--:--:--:----:----::- has resulted in a loss 
of critical habitat for the herd. Decrease herd 
by the number equal to five times your roll. 

Condition Card 

Disease Card 

Disease has struck the herd. Decrease herd by 
the percentage equal to your roll. 

Condition Card 

Habitat Alteration Card 

~:-:--::-:-----::--__ has occured, altering crit­
ical habitat. Increase or decrease (students 
choose which before rolling the die) herd by 
the percentage equal to three times your roll. 

Management Card 

@ ",,169 
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Habitat Loss Card 

A shopping center and parking lot has been 
built, resulting in a loss of critical habitat for 
the herd. Decrease herd by the number equal 
to five times your roll. 

Condition Card 

Habitat Loss Card 

A shopping center and parking lot has been 
built, resulting in a loss of critical habitat for 
the herd. Decrease herd by the number equal 
to five times your roll. 

Condition Card 

Habitat Loss Card 

--:----:--:--::--:--:--:----:---:- has resulted in a loss 
of critical habitat for the herd. Decrease herd 
by the number equal to five times your roll. 

Condition Cared 

Poaching Card 

Poaching, illegal killing of animals, has 
reduced the size of the herd. Decrease herd by 
the number equal to two times your roll. 

Condition Card 

Habitat Alteration Card 

.,.--______ has occured, altering crit-
ical habitat. Increase or decrease (students 
choose which before rolling the die) herd by 
the percentage equal to three times your roll. 

Management Card 



Habitat Restoration Card 
A wildlife refuge has been set up by a local 
conservation group, restoring critical habitat. 
Increase herd by the percentage equal to five 
times your roll. 

Management Card 

Education Card 
Your school's activities have led to increased 
understanding of wildlife and habitat. Increase 
or decrease (students choose which before 
rolling die) herd by two times your roll. 

Management Card 

Habitat Acquisition Card 
Habitat acquisition has increased the area of 
available and suitable habitat. Increase herd by 
five times your roll. 

Management Card 

Habitat Improvment Card 
________ has occured improv­
ing critical habitat. Increase herd by five times 
your roll. 

Management Card 

Excellent Year 
This has been an excellent reproduction year. 
Increase your herd by (loo/your popUlation) 
times five times your roll, if your herd is over 
50. If your herd is 10 to 50 , increase your herd 
by the number equal to five times your roll. If 
your herd is under ten, you may not reproduce. 

Reproduction Card 

~-'<.170 

Research Card 
research has been suc­

-ce-s-::sfu:-:l;:'"ly-a-c-co-m-p-=-H:-:sh:-e-=d. Increase or decrease 
(students choose which before rolling the die) 
herd by two times your roll. 

Management Card 

Law Enforcement Card 
Local law enforcement activities have pro­
tected the herd againset illegal actions like 
poaching. Increase your herd by the percent­
age equal to two times your roll. 

Management Card 

Hunting Card 
A request for a hunting season has been made. 
Do you wish to allow hunting in your area? If 
yes, decrease your herd by the percentage 
equal to five times your roll. If no, record no 
change in the size of your herd. 

Manaaement card. 

Excellent Year 
This has been an excellent reproduction year. 
Increase your herd by (100/your population) 
times five times your roll, if your herd is over 
50. If your herd is 10 to 50 , increase your herd 
by the number equal to five times your roll. If 
your herd is under ten, you may not reproduce. 

Reproduction Card 

Excellent Year 
This has been an excellent reproduction year. 
Increase your herd by (lOO/your population) 
times five times your roll, if your herd is over 
50. If your herd is 10 to 50 , increase your herd 
by the number equal to five times your roll. If 
your herd is under ten, you may not reproduce. 

Reproduction Card 
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Average Year 
This has been an average reproduction year. 
Increase your herd by (100/ your population) 
times three times your roll, if your current pop­
ulation is over 50. If your herd is 10 to 50, in­
crease your herd by three times your roll. If 
your herd is under 10, you may not reproduce. 

Reprodution Card 

Average Year 
This has been an average reproduction year. 
Increase your herd by (100/ your population) 
times three times your roll, if your current pop­
ulation is over 50. If your herd is 10 to 50, in­
crease your herd by three times your roll. If 
your herd is under 10, you may not reproduce. 

Reprodution Card 

Average Year 
This has been an average reproduction year. 
Increase your herd by (100/ your population) 
times three times your roll, if your current pop­
ulation is over 50. If yoUr herd is 10 to 50, in­
crease your herd by three times your roll. If 
your herd is under 10, you may not reproduce. 

Reprodution Card 
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Average Year 
This has been an average reproduction year. 
Increase your herd by (100/ your population) 
times. three times your roll, if your current pop­
ulation is over 50. If your herd is 10 to 50, in­
crease your herd by three times your roll. If 
your herd is under 10, you may not reproduce. 

Reprodution Card 

Average Year 
This has been an average reproduction year. 
Increase your herd by (100/ your population) 
times three times your roll, if your current pop­
ulation is over 50. If your herd is 10 to 50, in­
crease your herd by three times your roll. If 
your herd is under 10, you may not reproduce. 

Reprodution Card 

Average Year 
This has been an average reproduction year. 
Increase your herd by (100/ your population) 
times three times your roll, if your current pop­
ulation is over 50. If your herd is 10 to 50, in­
crease your herd by three times your roll. If 
your herd is under 10, you may not reproduce. 

Reprodution Card 



Name __________________ ~.~ 

Directions: Read the story. Use standard notation to answer the questions below. 

Wildlife Refuge 

Many years ago, people realized that something had to be done to protect animals 

and birds that were becoming endangered. Many of these animals were in trouble 

because man had built roads and citites where they lived. Our government passed tax 

laws to raise money in order to buy land where these animals could live safely. These 

wildlife preserves became permanent homes where wild animals are protected, and 

where they can find food and shelter and bear their young. 

The Fish and Wildlife Service of the United States Department of the Interior is in 

charge of two hundred and sixty four National Wildlife Refuges with a total area of nine 

million five hundred forty six thousand six hundred and forty six acres. Seventeen 

additional refuges exist in Alaska, Hawaii and Puerto Rico. One hundred and ninety nine 

of the refuges are set up mainly for birds that live in or near water. Forty one are for 

birds not normally hunted. Seventeen are for big game animals. And six are for birds 

other than water fowl. 

These wildlife preserves have saved many animals that might have become extinct. 

1. How many National Wildlife Refuges are there in the United States? _____ _ 

2. How many acres are being used for this purpose? _______ _ 

3. How many refuges exist in Alaska, Hawaii and Puerto Rico? _____ _ 

4. How many refuges are used for birds that live in or near water? _____ _ 

5. How many refuges are for birds that are not normally hunted? _____ _ 

6. How many refuges are for big game animals? _____ _ 

Worksheet 1 
Adapted from: Conscmtjno for Childrc;n 
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Name __________________ ~.~ 
What's Happening to our Wildlife? 

The Destruction of wildlife is one way man has changed the environment. 

• Many animals have been killed by people. Millions of predators, such as foxes, 
coyotes, wolves, mountain lions, hawks and owls have been killed to 'protect' ranch 
and farm animals. Today, as a result, many crops are threatened by rats, mice and 
other rodents. We have upset the balance of nature. 

I F 

• 

Over the past years, many other animals were killed for sport. The buffalo, also 
known as the American Bison, almost became extinct. In 1870 there were over fifty 
million buffalo in the United States but in 1889 only 551 could be found. Early train 
passengers used the buffalo for target practice by shooting them from the windows of 
the moving trains. Now the buffalo is protected by law and it is estimated that there will 
be over a half million by the year 2000. 

Other animals are killed for fur and food. The passenger pigeon was killed for food 
until it became extinct. Many fur bearing animals are on the endangered animal list 
because of over trapping and hunting. 

But, the biggest problem facing wildlife today is the loss of their habitats. Our growing 
population needs more land to build houses, factories and highways. We have drained 
swamps and filled in baylands to make room for more buildings and roads. What 
happens to the animals that lived there? 

Even animals that have not lost their habitats and are not sought after for food, fur 
or sport are in danger. The increasing water and air pollution and the wide use of 

William F. Cody was nicknamed "Buffalo Bill". Use the code to find out why. 

Directions: Change each letter or numeral to the one that comes before it. 

L J M M F E 5 9 7 2 C v G G B M P J 0 P 0 F 

Do you think he would have been proud of this today? 

T F B T P 0 

Adapted from: ConscmtjoD for Chjldren 

Worksheet 2 



Name -------__ --.l.~ 

Directions: -Read the story. Use the context clues to match the underlined words to their 
defintions at the bottom of the page. 

Letting Wild Animals Go 

Some people have tamed wild animals 
to be pets. Racoons, tortoises, snakes and 
many types of birds are some of the animals 
that are often kept as pets. Many well-meaning 
people who have these wild animals feel that 
they should let their pets go free to return to 

their natural habijats. This should not be done 
for several reasons: 

1. Research shows that a captive has less 
than a 10% chance of surviving the 
demands of his natural habitat. The soft 
life of captive living makes it difficult for 
animals to adas;ll to their wild habitats. 

2. Captive pets have or transmit diseases 
to the other wild animals. 

3. The food supply of an area may not be 
enough to support another animal. 
Adding your pet to the habitat is another 
way of upsetting the balance of nature. 

The best thing to do if you cannot keep your pet is to give it to someone who will care 
for it. Do not turn it loose I 

Write the letter of the definition in front of the correct word. 

habitats 

research 

__ captive 

__ surviving 

demands 

adapt 

transmit 

__ upsetting 

Worksheet 3 

A - caged or contained in an unnatural setting 

B - needs, requirements 

C - surroundings, home of an animal 

o - pass on to, infect 

E - fit into different conditions or settings 

F - staying alive 

G - studies of past events or facts, investigations 

H - disrupting, disturbing, changing 

Adapted from: CnnscmtjoD for ChUdrc;" • 
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Name ___________________ .~ 

Directions: Read the story. Below the story are some new words. Draw a line from the 
word to its meaning. 

Endangered Animals 
Many animals are close to extinction today. There are many resons why this is so. 

Some animals have decreased in number for hundreds of years due to changes in 
climate and vegetation. For example, the giant panda and the whooping crane are 
both rare probably for these reasons. Other animals such as the North American bison 
and the tiger are rare because of senseless and destructive hunting. Probably most en­
dangered animals are threatened because of man moving into the places in which they 
live. 

For Example, when the first settlers were moving across America's "Wild West", the 
herds of bison (or buffalo, as they are sometimes called) seemed limitless. There were 
probably sixty million bison roaming the plains in herds that often had several thousand 
animals. As the settlers spread across the prairies, the hunters went ahead. Sometimes 
they were employed to supply meat for workmen on the railroads, but often the 
slaughter was far greater than was needed. At that time it seemed that the bison would 
last forever - but by the beginning of this century there were only a few hundred left 
throughout America. By careful conservation, man has now managed to re-establish 
several large herds and in the National Parks of Canada and the U.S.A. these 
magnificent animals can once more be seen. 

decreased 

vegetation 

rare 

senseless 

limitless 

employed 

slaughter 

conservation 

magnificent 

Adapted from: ConscmtioQ for Children 

plant life; growing plants 

never ending 

protecting from loss or being used up 

became less 

splendid; grand; wonderful 

foolish; stupid 

unusual, seldom seen or found 

give work and pay 

killing; butchering 

Worksheet 4 



THIS PAGE INTENTIONALLY LEFT BLANK 

• 

• 



• 

• 

• 

Activity 42 
Wildlife Conservation 

Wildlife on the Farm 

Subject Area: Science, Social Studies, Math 

Objectives: 

Suggested 
Grade Level: 

Background: 

1. The students will be able to define carrying capacity. 
2. The students will be able to describe how changes in habitat can change 

the carrying capacity of an area. 
3. The students will examine the benefits farmers have when they conserve 

habitat for the wildlife. 

5-6 

Wildlife depends on the land. The land provides food and shelter for animals, 
just as it does for people. We must realize that the expansion of agriculture is 
a major reason for the decline of wildlife. 

In recent years the farmer has had one large problem -- low prices caused by 
over-production. When farmers grow more of a crop than people need the 
price of the crop goes down. In the 1950's the government started a program 
that paid farmers not to grow crops. This program was called the Soil Bank 
Program and farmers could join the "bank" for about ten years. 

In the unneeded fields farmers planted heavy grasses and legumes. They were 
not allowed to mow the vegetation or graze their farm animals in those fields. 
These fields made excellent habitat for wildlife such as pheasants, quail and 
even deer. During these years wildlife numbers increased greatly. The Soil 
Bank Program ended in the late 1960's and farmers began to plow and farm 
the Soil Bank acres. Farms, however, were changing. Not since the start of 
the industrial revolution had so many farmers moved from the farm to the city. 
There were now fewer farmers but larger farms 

Farm equipment had grown larger and much more expensive. The price of a 
new tractor or combine could buy several new cars. With this new equipment, 
however, one American farmer now feeds 59 people, but farmers make up 
only four percent of the total American population. The world population 
explosion and crop failures in Europe and Russia created more demand for 
American farm products. This meant the farmers could farm more land. But 
again, because of their efficiency, the supply began to exceed demand for some 
crops. Irrigation, ¢ watering, allowed farming of land that was once too dry 
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for farming. Rough areas and "odd" comers, old fence rows and shelterbelts, • 
were cleared and planted. Many of these fence rows and shelterbelts were put 
in during the "Dust Bowl" years in the 1930's. Shelterbelts are trees planted 
to slow down the wind and prevent it from carrying away the soil. 

The pace of this clearing is increasing. Some farmers have forgotten the 
conservation lessons their fathers learned in the "dirty thirties". The effect of 
this on wildlife has been disastrous. The edge and cover needed by rabbits, 
quail, doves, pheasants, song birds and even deer is being destroyed. Wildlife 
habitat is excellent on farms where there are many edges between different 
types of plant communities. On farms where only one kind of plant commu­
nity is present, such as all com or all wheat there is little or no edge and there 
will be little or no wildlife. 

Years ago farming created the perfect habitat for numerous species of wildlife. 
This is because the traditional American farm provided much food and edge 
for these animals. Today's large machinery leaves little room for fence rows, 
odd comers, weedy gullies or woodland. After harvest, farm fields used to 
have left-over grain. This grain fed much wildlife over the winter. Today, many 
farmers plow in the fall. They do this in order to have the land ready to plant 
in the spring and to save time. Besides exposing the soil to water and wind 
erosion, fall plowing buries any left- over grain. Less wildlife can make it 
~~~~ • 
Another practice that is popular with farmers is placing cattle in harvested 
fields during the fall and winter. The cattle eat any left-over grain and the 
stalks. While this may be a valuable practice for the farmer, the livestock eat 
the grain that wildlife would use to survive the winter. Fences are rarely placed 
around cover areas such as waterways, ditches, and woodlots. Wildlife winter 
cover is trampled by the livestock. 

There are often huge areas growing only corn, milo, soybeans or wheat. Such 
areas are called monocultures, where just one kind of plant is present. This 
condition is not good for wildlife or the fertility of the land. Even with 
increased production, farm prices are still low. Farmers are working to grow 
enough crops to stay in business. They have little money or time to spend on 
wildlife. Ninety-six percent of Nebraska's land is privately owned, mostly by 
farmers and ranchers. Seventy-five percent of U.S. land is privately owned. 
Most private land is used for farming or ranching. 

The most important game managers are farmers and ranchers. Farmers and 
ranchers provide the four essentials of wildlife habitat - food, water, cover, 
and space. Game commissions and government natural resource agencies 
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• give advice to land owners on how to provide these essentials of wildlife 
habitat. Some agencies provide free or inexpensive trees, shrubs and plant 
seeds to plant on farms or ranches. Government agencies also help landown­
ers plant areas for wildlife through technical assistance or cost share. Despite 
these efforts, most private land is used to produce the greatest profit for the 
owner. Wildlife is often neglected. The farmer's main concern is to make a 
living. Wild animals do not pay many bills. In fact, they often cost the farmer 
money by eating crops. Wildlife has many values but few of these values 
provide any direct cash to the farmer. Fortunately, many farmers enjoy having 
wildlife on their farms and, when economically possible, will help it survive. 

The problem farmers and wildlife face is this: Which is more valuable, wildlife 
habitat or more farm land? Most people would say that they are both 
important and necessary. Without farming there would not be enough to eat. 
If we want to make sure that wildlife exists on farms we must be Willing to 
support programs that will pay the farmer for providing the habitat. We also 
may have to be willing to pay slightly higher food costs if farmers devote more 
land to wildlife. 

In 1985, Federal legislation was passed that affects farmers and conservation 
practices they use. This legislation is called the Food Security Act of 1985. 
Many people refer to it as the Farm Bill. The Conservation Provisions in the 
Food Security Act of 1985 affects 85-90% of the farmers in Nebraska. It 
affects so many farmers in Nebraska because if they want to continue to 
participate in u.S. Department of Agriculture Programs, such as Federal Crop 
Insurance and Farmers Home Administration, they are required to comply 
with the conservation Provisions. 

To comply with the Conservation Provisions farmers with highly erodible 
fields where annually tilled crops are planted, must develop and be actively 
applying an approved conservation plan by January 11990. The plan must be 
fully implemented by January 1,1985. The plan might include adding terraces 
to the land, changing cropping systems or converting cropland to pasture, 
rangeland, woodland, recreation or wildlife habitat. If the farmer decided to 
convert cropland to pasture, rangeland, woodland, recreation or wildlife 
habitat, these lands might be eligible for the Conservation Reserve Program 
(part of the Food Security Act of 1985). The Conservation Reserve Program 
encourages farmers to stop growing crops on highly erodible land and plant it 
to grass or trees through 10 year contracts with the U.S. Department of 
Agriculture. So the government will pay the farmer each year for ten years to 
convert cropland to vegetative cover for the ten years. This program reduces 
soil erosion, reduces crop surplus, gives the farmer a guaranteed income for 
ten years, and adds important habitat for wildlife. The farmer can get help 
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Materials: 

Procedure: 

from the local Soil Conservation Service, Cooperative Extension Service, and • 
Natural Resource Districts. For more background information on these 
programs contact one of these offices in your area. 

Resource words - Can:yin~ capacity: the maximum number of species that can 
survive on a given area ofland on a long term basis. 
Cover: any plant, group of plants, or piles of bush that provides protection 
for wildlife. Wildlife ed~e: an area where two or more plant communities 
meet. 

1. Chalkboard or overhead projector 
2. Pencil and paper for each student 

1. Discuss wildlife on the farm, include the following topics in your discus­
sion. 
- Edge: Ask students, when they sit in a car, would they rather sit in the 

middle or by the door? In a crowd would you rather be in the middle 
or near the edge? Most will answer by the edge or the door. Explain 
that animals like the "edge" too. Explain "edge" on the farm. 

- Importance of wildlife to farmers vs.growing 
- The Food Security Act of 1985 and how it affects Wildlife. 

2. Reproduce the following sketch of a 240 acre farm on an overhead • 
transparency or the chalkboard. 

3. Describe the farm to the students: 240 acres with several nice areas of oak 
and hickory woodland, three fields (soybean, com and pasture), fence 
rows containing a variety of shrubs, weeds and grasses, a pond and the 
usual buildings. Does this farm have "edge"? 

4. Read the following situations to the students. Have them figure the 
answers on their own. Also be sure they write down the time of year with 
their answers: 

Our 240 acre farm had a population of twenty hen pheasants and five 
rooster pheasants in April. Spring soon arrived and the farm abounded 
with food and water. The lush grasses and other plants in the fence rows 
provided nesting cover for all the hens. Eighteen of the hens successfully 
raised broods of young pheasant chicks. The hens averaged eight chicks 
each. How many chicks were there in all? (144) What was the total 
number of pheasants on the farm then? (169) 

• 



• 

• 

• 

During the summer four of the old roosters and twelve of the hens died 
from disease, accidents, mowing operations or summer storms. Thirty­
three of the chicks died from farm mowing, storms, accidents, or by being 
eaten by other animals. How many pheasants were left at the end of the 
summer? .(l2Q) These remaining pheasants had an easy life through the 
fall. They grew fat on the grain left by the farmer's machinery. 

Winter is the hardest time for wildlife. Weakened and diseased birds fall 
prey to predators. This is the valuable role that predators play - they 
remove the poor birds, making it easier for the better ones to survive and 
reproduce later on. Twenty-six pheasants were taken by predators. Then, 
in late January,70 others starved because food was hard to find through 
the thick, crusty snow. How many were left by April? 00 

This is the carrying capacity for pheasants on this farm. Carrying capacity 
of any area is related to the worst conditions over a period of time. No ice 
storms for several years might lead to an over-abundance of birds that the 
habitat might not support. Of these 24, ten were hens and fourteen were 
roosters. Very few of these are more than one year old. One rooster will 
mate with ten or more hens. Will there be more or fewer young raised on 
the farm this year than last? (Probably fewer because there are fewer 
hens.) Would hunting of only males in the fall hurt the population the next 
year? No. Explain that it is nearly impossible to hunt the male population 
to the point that hens go through the spring unmated. 

What is the greatest limiting factor on the pheasant carrying capacity of 
this farm? (winter cover) What could this farmer do to increase the 
pheasant population? (increase winter coyer) 

Could you raise some young pheasants in a pen and then release them to 
increase the population? No! Natural reproduction is adequate. Winter 
cover must be increased if the population is to be increased. Any addi­
tional birds will only die during the winter. 

For this farm, the carrying capacity is about one pheasant for every ten 
acres. How many quail can survive on this farm? (240 divided by 10 = 24 
quail) 

Assume the farmer removed some fence rows and other weedy areas 
which support many annual ''weeds" and provide protective cover for the 
pheasant. Now the farm can only support one pheasant for every twenty 
acres. Ask the students what the carrying capacity for pheasant is now. 
(240 divided by 20 = 12 pheasants) 



Adapted 
From: 

Suppose the farmer keeps the fence rows and does not haIVest a few rows 
of soybeans or com or plants several annual food plots (plots of soybeans, 
milo, and millet planted and left for wildlife). Now the farm is able to 
support one pheasant for every two acres. What is the carrying capacity? 
(240 divided by 2 = 120 pheasants) 

5. Have students suggest places where food plots should be planted (comers 
and back areas of the farm, and next to the wooded areas so the quail and 
other animals don't have to cross open areas). 

6. Have students complete Worksheet 1. 

1. Project wu .p 

2. Learnini with Otis 

3. USDA Fact Sheets 

(!;) 4..182 
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Name 
------------------------~ 

The Difference Is ... 
Directions: Find the carrying capacity for quail on this 360·acre farm by doing the 

following 

1. Determine which shapes at the bottom of the page match the shapes drawn on 
the farm. 

2. Add only the numbers of quail listed on the matching shapes to determine the 
total number of quail on the farm. Some shapes will have no numbers. 

3. Determine the carrying capacity for quail on the farm. 

The Farm 

L 

.----

I 
L 

1 

The Quail ,J 
17 30 

10 20 5 1 28 
I I 41 

40 
23 

38 
145 ~ 18 

.. 1. The total number of quail IS ___ _ 

2. The number of acres (carrying capacity) needed to support one quail on this farm is 

3. Excellent quail habitat in Nebraska will support one quail per two acres. 
(20 bird covey/40 acres) the quail habitat on this farm is: 

• ( ) Excellent () Good ( ) Fair () Poor 

Adapted from: l.camini wjth Otis .J: .... 183 
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Activity 43 
Wildlife Conservation 

Litter 

Subject Area: Social Studies, Language Arts, Science, Art, Math 

Objectives: 1. The students will be able to identify and evaluate ways that litter and 

Suggested 

pollution can endanger wildlife. 
2. The students will be able to propose ways that can eliminate these dangers 

that wildlife face. 

Grade Level: 5-6 

Materials: 1. Large sheets of paper for mounting collages 
2. Glue 
3. Litter 

Procedure: 1. Divide the class into three or four teams. 

2. Ask each team to bring a collection of litter to class in a paper bag. Suggest 
they look in parks, camping areas, or school grounds. 
NOTE: They should not take things out of garbage cans. 

3. Have the teams make and display collages of these items. 

4. Discuss the effects of litter. Optional: Ask a wildlife expert to join the class 
for the discussion. If available, show a film or read brochures on the 
subject. 

5. Ask the students to assign a numerical value to each kind of litter. The 
item potentially most harmful to wildlife has the highest score, least 
harmful has the lowest score. 

6. Have each team figure a total score for their collage based on the numer­
ical values of each piece of litter. 

7. Propose and evaluate ways that people can eliminate litter pollution. Can 
manufacturers make cans with openings other than pop-tops? Could 
devise another method of packaging six- packs? How could people fishing 
have more control over losing their fishing line? How can individuals be 
instructed about the dangers as well as the unsightliness oflittering? What 
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Adapted 
From: 

can the students do as individuals, as groups, or as family units, to eliminate 
or reduce their own litter? 

1. Project WILD 

• 
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Activity 44 
Wildlife Conservation 

Wildwork 

Subject Area: Social Studies, Science, Language Arts 

Objectives: 1. The students will discover wildlife related careers. 

Suggested 

2. The students will research a career related to wildlife or natural resources 
and present it to the class. 

Grade Level: 5-6 

Background: State and federal government agencies employ many specialists to help pre­
serve and manage the wildlife resource. These employees do field work, 
conduct laboratory research, and oversee human interactions with wildlife. 
Universities and colleges, private and non-profit wildlife oriented agencies, 
zoos and museums, private industry, and others all employ people trained in 
the wildlife and natural resources field. Some of these careers include wildlife 
biologist, lab technician, naturalist, nature photographer, writer, animal ecol­
ogist, habitat specialist, conservation officer, park ranger or wildlife scientist. 
Some people photograph, paint, draw or write about wildlife for magazines, 
books, films, and television. 

Materials: 

Procedure: 

1. Reference material 
2. Writing paper and envelopes 

1. Ask the students what career they are interested in pursuing when they 
grow up? What kind of jobs sound interesting? Have they ever consid­
ered wildlife or natural resources related careers? What kind of jobs do 
you think these are? Let students brainstorm different kinds of wildlife 
and natural resource careers. Be sure to encourage those mentioned in 
the background information. 

2. Compile a list of the careers that were brought up in the discussion. Each 
student or a pair of students must pick one career that interests them. 
They will research their career and present the information they found to 
the class. They can look in the library for reference material that will give 
them information or they could call or write to state and government 
agencies to find out more information. If possible maybe they could 
interview a person in their career they are researching. Some questions 
to ask might include: Why did you choose this career? What do you do 
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Additional 
Activity: 

Adapted 
From: 

in a typical day's work? How much do you work with wildlife? How much 
do you work with people? 

1. Invite a wildlife professional in to your classroom to visit with the students. 

1. Project WII n 

2. Wildlife Conservation 
4-H Member Manual 1253 

~4.188 
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Activity 45 
Energy Conservation 
Nuclear Energy 

Subject Area: Language Arts, Science, Social Studies 

Objectives: 1. The students will be able to gain a knowledge of how a nuclear power plant 
works. 

2. The students will be able to recognize pro's and con's of nuclear energy. 

Background: Nuclear reactors, which have been operating safely in the United States for 
over 20 years, are fueled by uranium. Although the reactors use very little of 
this fuel compared with the amount of coal needed to produce similar amounts 
of electrical energy, uranium is a limited resource. Because of this, scientists 
are perfecting the breeder reactor, which actually produces additional nuclear 
fuel as it produces heat. When these reactors go into operation, we will be 
able to add substantially to our stockpile of nuclear fuel. 

Materials: 

Procedure: 

There are both benefits and risks associated with all energy use. One risk is 
the large amount of plutonium, a by-product of uranium, that all reactors 
produce. In addition to being radioactive, plutonium is the raw material for 
atomic bombs and thus must be kept isolated and protected from theft. 

Of course, any device capable of this much potential power is bound to be 
controversial. Some people feel that use of the nuclear reactor involves just 
too many risks. Others insist that all energy sources involve risk from pollu­
tion- related health effects or environmental disruption. Nuclear-power risks, 
which have been studied in detail, have been calculated to be far smaller than 
many day to day risks our society now faces. Not using nuclear power could 
mean losing a valuable and necessary energy source. Nuclear energy is a very 
technical and complex subject and has been simplified in this information. It 
is important that your students know some of the pros and cons concerning 
nuclear power so that as more information becomes available through the 
years to them, they will be able to make wise decisions concerning their energy 
future. 

1. Worksheets 1-2 

1. Using background information and worksheet 1, discuss how a nuclear 
power plant works . 

= 
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Additional 
Activities: 

Adapted 
From: 

2. Have students complete Worksheet 2, independently. Discuss. 

3. Create two media campaigns. One should be designed to persuade people 
not to support it. Try to present the strongest arguments on both sides. 
For your campaign, you may want to create magazine ads, newspaper 
editorials, radio and TV spots, billboards and posters. 

1. Worksheet 3 provides more information about pro's and con's of nuclear 
energy. 

2. Worksheet 4 uses nuclear energy vocabulary 

1. The Ener~ Chal)em~e 

2. Energy Learnjng Center 

• 
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• 
Name __________________ ~~ 

Nuclear Energy 
Nuclear energy is a source of power which does not depend on fossil fuels. 
Here's how a nuclear power plant works. 

rSTEAM CONDENSER 

f(TURBINE 

t 
GENERATOR 

The nuclear fuel (uranium 235) gives off heat which creates steam. The steam turns 
turbines which generate electricity. 

Here are some reasons why people think this is a good source of energy. 

- Nuclear power plants work on a small amount of fuel. One pound of nuclear fuel 
(uranium 235) the size of a golf ball can create as much energy as 1,500 tons of coal. 
Fuel trasportation costs are minimum. 

- Nuclear fuel is a clean source of energy. Because it does not burn, there is no 
smoke, soot or sulfur fumes to add to our air pollution problem. 

- Nuclear fuel has only one use - to produce electricity. Oil, natural gas and coal are 
used to produce many other products such as plastics and fertilizers. We should save 
these fuels for purposes for which there are no substitutes. 

There are more arguments over the use of nuclear power than any other energy 
source. Do you know why? 

Directions: Use the story to fill in the blanks. 

1. The fuel for nuclear power plants is ______________ _ 

2. The fuel heats water to make _____________ _ 

3. Steam turns ____________ which generate electricity. 

4. Nuclear power does not cause air ___________ _ 

5. Fossil fuels are needed to produce products such as __________ _ 
and -------------

Adapted from: Cooscmjoo for mildren 

Worksheet 1 



Name __________________ ~.~ 

Nuclear Energy 
The following is a list of benefits and problems associated with nuclear power plants. 

A key word or phrase in each item is printed in bold type. Read the list and put a (8) in 
the blank if it is a benefit, a (P) is it is a problem. 

_ Less need for mining 
and transport of fuel. 

_ No pollutants from 
burning fuel. 

_ Less reliance on Imported fuels. 

_ Could be targets for 
terrorists. 

_ Reactors produce less waste 
than fossil fuel plants do. 

_ Overall cost of electricity 
will be less than with fossil 
fuels. 

_ Higher cost to build. 

_ Large amounts of plutonium 
could lead to spread of 
nuclear weapons. 

_ Possibility of radiation 
escaping. 

_ Radioactive waste must be handled and disposed of safely for thousands of years. 

• 

Now that you have identified the problem areas, look at the arguments below. Each • 
one concerns a problem area and offers arguments for (PRO) and against (CON) the 
expansion of nuclear energy. Complete the arguments by inserting a KEY WORD 
(above) into the blanks for each. 

PRO: The is made into a type of glass or ceramic, put 
into special containers and stored in places like salt beds which have been 
undisturbed for millions of years. 

CON: It takes thousands of years for the to lose its 
radioactive properites. We cannot assure safe disposal for thousands of 
years and future societies may be hurt. 

PRO: In more than 20 years of commercial nuclear power plant operation, no one has 
suffered any ill effects brought on by _________ __ 

CON: There's always a chance that an accident or mechanical malfunction could 
present the danger of ____________ _ 

PRO: Regulations and safeguards can be strictly enforced to keep the -:--:-:-___ _ 
out of the hands of terrorists. This radioactive waste is usually sealed in an 
unbreakable capsule right after the fuel processing. 

CON: Just 10 pounds of radioactive ______ is enough to make an atom bomb . 

Worksheet 2 (3) ..... 192 
~. 
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• 
Name __________________ ~,~ 

Directions: Use the words in the box to complete the story, 
Read the story again to be sure it makes sense, 

amount safety environment expenses 

accidents storage uranium sabotage 

Nuclear Energy 

pollutants 

temperature 

There is more disagreement over the use of nuclear power than any other source 
of energy, 

People who believe that nuclear energy is a good 
alternative source of power list the following reasons. 

- Nuclear reactor power plants do not 
produce the air associated 
with coal and other fossil fuel plants. 

- Nuclear energy plants use only a small 
of fuel. Breeder reactors ------

'breed' or create more energy than they use, 

- The fuels necessary, like --:-_-:--:----:-_ 
are plentiful enough to last for hundreds of years. 

- Nuclear energy is better for the 
______ because the fuels necessary 
require less digging and mining. 

- Nuclear power plants have higher 
__ ..".-,,--__ regulations than any other 
type of plant. 

People who are against nuclear energy list these reasons. 

Adapted from: Cooscmjoo for Children 

1'1If r- - There is the danger of which could 
"1\).: allow radioactive materials to escape into the environment 

and endanger life. 

- Radioactive wastes must be stored for hundreds of years 
before they are safe. Safe and the effects 
on future generations are questionable. 

- Hot water is a waste material which can raise the 
---::--:::":' ____ of streams and oceans and could destroy 
wildlife. 

- The danger of theft and is frightening. 
These are the same materials used to make atomic 
bombs, 

__ --:0--:0 __ of building nuclear plants do not make it 
an economical power source. 

~4.193 Worksheet 3 



Name .~ 

Directions: These words that are • 
associated with nuclear energy are 
hidden in the sentences below. Find 
the words and draw a clrlce around them. 

WASTE RADIOACTIVE FUSION CORE 

REACTOR BREEDER FISSION ATOMIC 

STORAGE 

1. Joe and Bill are actors in the school play. 

2. Sally thought the cause of the damage was termites. 

3. Have you heard the new radio act I've made up? 

4. It had better be terrific or Ed will have to look for a new job. 

5. Since there were three of us, I only needed fifty cents. 

6. Give a banana to Michael, ple~se. 

7. When the coke went 'fiss', I only lost half of it. • B. Did Bob Reed erase the board? 

9. Did you buy a daisy first or a geranium? 

Write the words in the correct column. Divide them into syllables. 

One syllable Two syllables 

Three syllables 

Five syllables 

• Worksheet 4 
Adapted from: CggscMjOO for Child"" 
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Activity 46 
Energy Conservation 

Solar Energy 

Subject Area: Science, Social Studies 

Objectives: 1. The students will gain a knowledge about the history of solar energy. 

Suggested 

2. The students will recognize the basic technology of solar collection, of 
possible solar systems for heating and cooling buildings. 

3. The students will apply simple concepts of solar energy by building a solar 
collector. 

Grade Level: 5-6 

Background: Solar energy is an inexhaustible source of energy that has been used for 
centuries. That means that we can never run out of it, like we could natural 
gas. One of the practical uses of solar energy is converting it to heat for 
spaceheating and domestic hot water heating. Solar energy works well for this 
because it is clean and renewable. In the future, it is hoped that the Energy 
Research and Development Administration will develop commercially ac­
ceptable ways to generate electricity directly from the sun. 

Materials: 

Procedure: 

The basic concepts of solar energy involve capturing the heat of the sun with 
special panels. These panels help hold the heat in. This keeps the area 
warmer without using electricity or gas heat. The panels are ideally located 
on the roof of a building facing south. At night or on a cloudy day heat is 
obtained from a storage system. When storage is empty heat is obtained from 
a backup conventional system. Everywhere in the U.S. would need this type 
of a back up because there are days where the sun is covered everywhere. The 
heat moves through the system with a fluid (either air or water). Sometimes 
a pump is used to send water back to the collectors to be reheated. You can 
compare costs in your area with conventional fuel vs. solar energy. 

1. Worksheets 1-3 
2. Two small tin cans 
3. Black paint 
4. Two thermometers 

1. Have students complete Worksheet 1. Discuss . 

f1JJ 4,.195 
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From: 

2. Using background information discuss and answer Worksheet 2. 

3. Pass out Worksheet 3. Have student s work in pairs to complete. 

4. Build a simple solar collector in you classroom. Paint the outside of one 
can black. Fill both cans with a measured (equal) amount of water and 
place them in direct sunlight. Place a thermometer in each can of water 
and record the temperature of each. Take readings every 15 minutes and 
record all observations. Determine which can collects solar heat faster. 
Discuss. 

1. The Eneri)' Challen~e 
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Name _________ ~.~ 

The History of Solar Energy 

The sun's energy has been used for heating and cooling for thousand of years. The early 
Greeks in the 5th century B.C. built entire citites facing south to take advantage of the sun's 
warming rays. A good example of early solar heating is in Mesa Verde, Colorado, where the 
Indians built their adobe homes in the cliffs to the mesa facing south. During the winter the sun 
would shine directly into the cliff dwelling and warm them naturally. The thick adobe walls 
stored the heat of the day. At night the stored heat would continue to keep the living space 
warm. During the summer when the sun was high, the overhanging cliffs shaded the struc­
tures to keep them cool. The Indians of Mesa Verde built their homes about 1200 A.D. Today, 
almost 800 years later, their natural heating and cooling system is still working. 

In the early 1900's, fossil fuels and electricity were new kinds of energy used to provide 
heat for homes. When they were first used, they were very expensive, even more than they 
are today. Sunlight, on the other hand, was free. Solar water heating systems were introduced 
in California in 1891. The early models were simply shallow water tanks mounted on the roof 
of the house with plumbing leading to the kitchen and bathroom. In 1930, many rooftops in 
Los Angeles and other Southern California cities had solar collectors. But as electricity, natural 
gas and other fossil fuels became more readily available and dropped in price, the use of solar 
energy declined. 

Directions: Circle 'true' or 'false' for each statement. 

1. Solar energy is a new source of power. True False 

2. The sun can be used to heat houses. True False 

3. Fossil fuels were expensive when they were first used. True False 

4. People stopped using solar power because it was too expensive. True False 

Adapted from: CpnyMtjoo for Children (!)) ",-197 
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Name _________ ~~. 

Energy from the Sun 
There are several ways to use solar (sun) energy. The simplest way is to design a 

building to take advantage of its natural environment, including the sun. Another way is 
for each house, apartment or office building to collect enough solar energy to take care 
of its own heating, air conditioning and water heating, but not its electric power. A third 
way is to set up a huge collecting field to collect solar energy, turn it into heat in a 
power tower, and then to electricity that will be sent to individual dwellings. A one­
square mile field of these collectors could supply electricity for about 20,000 houses. 

FLAT PLATE 
SOLAR COLLECTOR 
ON ROOF OF HOUSE 

COLLECTOR 
PANELS 

(cross section) 

transparent cover to 

keep heat from 

escaping on cold 

windy days 

pipes containing 

circulating water 

storage in 

basement 

1. What direction should the collectors face for the greatest amount of sun? ____ _ 

2. How is solar heat obtained at night or on a cloudy day? _________ _ 

3. What parts of the U.S. would be able to use solar heat without a conventional 
back-up furnace? _____________________ _ 

4. What kind of fluid can be used in a solar energy system? _________ _ 

5. How can someone decide whether or not to install a solar energy system in their 
home? __________________________ __ 

6. Could the heat from a solar collector field be used to generate electricity? ___ _ 

Worksheet 2 @ .... 198 
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Energy from the Sun 
Name ________ ~~. 

The diagram below shows how a solar heating system might heat a house. In this 
case you see a system that uses the energy of the sun to heat water that runs through collectors on the 
roof of the house. Because there can be many days when the sun doesn't shine, even a solar-heated 
house needs a conventional fumace. The conventional furnace runs when the storage tank runs short of 
hot water from the collector. 

See W you can label the parts of the solar heating system below. Use these words: 
solar collector panels, pipe to storage tank from collector, pipe to collector, 
conventional furnace. Wrtte the correct words on the lines. 

Question for discussion: 
Why would tt be necessary to have a pump In this heating system? 

hIIet exchanger. 
where hot Mler 
from storage 
tankheatsak' 
that is blown to 
oooms 01 house 

Adapted from: The Focqy Cballco&C (0 .... 199 
~~ Worksheet 3 
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Activity 47 
Energy Conservation 

Energy Of The Future 

Subject Area: Science 

Objectives: 

Suggested 
Grade Level: 

Procedure: 

Adapted 
From: 

1. 

2. 

5-6 

1. 

2. 

The students will discover some of the problems and benefits of several 
energy resources. 
The students will discover ways they can personally conserve energy. 

Hand out Worksheets 1 and 2. Have students read and complete them. 

Discuss the worksheets. Be sure to bring up the importance of conserving 
energy. 

3. Have students complete Worksheets 3 and 4. 

4. Discuss and brainstorm more ways of conserving energy. 

1. The EnerllY Challenl::e 



Other New Energy Resources 
Besides nuclear and solar energy, there are several other possibilities for the future. Read 

about some of these new energy sources on this page. Problems and solutions are associated 
with each of them. On the next page you will decide what some of these problems and solu­
tions are. 

WIND. Wind is actually a 
form of solar energy since it 
is caused by variations in 
the temperature of the air 
heated by the sun that 
causes air to move. Sailors 
used this energy for ages. 
For many years farms have 

used windmills to generate electriCity. 
Maybe giant windmills will someday be 
able to provide electricity for entire towns. 
The major difficulites are that the wind 
doesn't blow all the time and that practical 
storage systems are still being developed. 

GEOTHERMAL. The 
earth's center is a 
molten mass. In some 
areas this mass is close 
to the surface. Some evi­
dence of this are volca­
nos, geysers and hot 
springs. This heat can 

be trapped and used to generate electicity 
to supply cities without polluting the atmo­
sphere. The problem is that this energy 
can now be tapped only where it is near 
the surface. Scientists are searching for 
other areas where this geothermal energy 
can be reached, but they don't have all the 
anwers yet. 

PYROLYSIS OF SaUD 
WASTE. It Is possible to heat 
waste In an oxygen-free 
atmosphere and produce oil 
and gaseous products. This 
waste is what we're now 

having trouble removing from our environ­
ment; manure, garbage, paper, logging 
residue, some Industrial waste, sewage 
and the like. The difficulty is that this mate­
rial tends to be scattered in small amounts 
at various sites. The problem is one of gath­
ering it together at a reasonable cost. 

Worksheet 1 ($) ..... 202 
~. 

COAL GASIFICATION. By 

~ 
using high temperature and 
pressure, coal can be con­
verted into a gas very much 
like natural gas. Building these 
conversion plants near coal 
fields can solve the problem of 

trasportlng bulky fuel that gives of pollu­
tants when it Is burned. When coal gas Is 
burned, it burns as cleanly as natural gas, 
causing virtually no air pollution. The usual 
pollution problems occur in the coal mining 
process, however, as they always have. 
The conversion process itself, however, 
uses large amounts of electrical enegry. 

COAL UaUEFACTlON. AI­
J:;:~~~~ though the technology is 

not completely developed, 
coal can be converted to 
an oil-like liquid. It has the 

advantage over coal gas of being usable to 
make all the usual oil products, including a 
kind of gasoline to run our cars. 

OIL SHALE. Oil shale is a 

~ 
rock containing a material 
that yields oil when it is 
crushed and heated. One ton 
of rock will produce about 25 
gallons of oil. Most oil shale 
depOSits are in the West. The 
rock must be mined, either 

by deep mining or surface mining. Extract­
Ing the 011 takes large amounts of water -
three barrels to every one barrel of oil pro­
cessed. One of the big problems Is the dis­
posal of the spent rock after the oil 
extracted. Vegetation will not grow in the 
used shale without a moderate amount of 
rain - scarce In many parts of the West. 
Without vegetation, some animals may 
lose their homes and natural food supply. 
Rain water passing through this rock will 
possibly pick up pollutants and carry them 
to larger bodies of water if there is no vege­
tation. In addition, oil shale processing con­
tributes to air pollutionl 

Adapted rrom: The; Bnccp O a!leD&C 



Name _________ ~.~ 

Problems/Solutions 
In this untt, you have learned about eight new energy sources. The use of anyone of these resources may 
help to supply our energy requirements but may at the same time present us with new problems to con­
sider. In the lefthand column of this page are some of these Issues - some are problems, some are solu­
tions. Mark each statement S (for solution) or P (for problem). Place a checkmark In every 
energy-resource column on the right to which a statement applies. The first one Is done for you. 

SOlAR NUCLEAR WIND GEe. COALGASI- COAL OIL PYROLYSIS 

e 1 
THERMAL ACATION UQUI- SHALE 

If this energy source 0 ~ ~ 
FACTION 

iiJ D Is used, It " . IIii!l!:I 

Would help solve 

.j ~ 
the problem of solid ..( -I .( .f ..( waste disposal. 

-- Could pollute water. 

Would conserve the 
dwindling reserves 
of fossil fuels. --
Could damage 
wlldlffe or their 
habttat. --
Would be dffflcult to 

__ store and transport. 

Would not pollute 
__ the atmosphere. 

Would disrupt the 
natural use of land 
surfaces. --
Would not be able 
to supply energy all 
the time. --
Would have to walt 
until the technology 

__ Is developed. 

Would use lots of 

-- waterlO process. 

Will decrease the 

-- need for all Imports. 

Will make large 
amounts of waste 
material. --
Will make use ofthls 
countries most 
abundant fossil fuel. --

Adapted from: The fncqy Chillle"&, .J:. .... 203 
..". 
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~ It's Everyone's Job! 
= 

Read the idea for conserving energy in the column headed Conservation Method. 
Answer the questions in the spaces provided. 

... 
~ What sector of What energy Does it use less Does it use energy How can we 

=- Conservation society? resources does this energy? more efficiently? encourage this 
~ Method (circle one or more) save? (yes or no) (yes or no) conservation 
~ ..... (write: natural gas, measure? 
~ petroleum or coal) (brainstorm a. many 

Ideas as you can) 

Rying passenger ~~ 
airplanes only when 

•• ,.. .. __ . oMUI1fIll 

they are full . ~~ 
co-re.e\ ,...,.,..., 

~ Shipping freight by ~~ 
~ train instead of truck. ,< 

~-'r N 

~ 

Replacing ~~ incandescent light 
bulbs w~h ftuoroscent ~~ lights. 

~ 
Reducing heating and ~A 

." 
cooling where space Is 

~~ ;; unoccupied . Q. 

a 
~ 

I Recycling steel, paper, ~A glass and aluminum. Okb 

z 
~ 

9 
~ 

r 



Name 
----------------------~ 

What Can YOU Do To Save Energy? 
Part One: 

Brenda's mother and Wayne's father each work ten miles away from their homes. In a five-day week, each uses five gallons of 
gas driving to and from work. Wayne's father drives alone. Brenda's mother Is In a car-pool in which she takes four other par­
sons to work. n each 01 her passengers drove, each would also use fIVe gallons 01 gas a week. Now that they car-pool, how 
much gasoline does Brenda's mother help save each week? each year? ___________ __ 
How could Wayne's father help save energy? ___________________________ _ 

The Bailey's are going away on vacation. They are concerned about burglars and want a light on in their house from 7:30 to 11 
o'clock each evening. Can you suggest how they might do this wfthout wasting energy? ____________ _ 

Selecting the right size electrtc light bulb can help save energy. On the package Is listed the number 01 watts (the amount 01 
power needed to make the light bulb work), the lumens (the brightness 01 the bulb) and the number 01 hours the bulb will last. 
Wfth this information, how could you select the most efficient bulb? ___________________ _ 

John and his sister are going to wash clothes. He wants to do his three shirts separately. His sister wants to do them wfth her 
five blouses. Which way will conserve energy? Why? _____________ _ 

Jack has just come Indoors after skating on the pond and feels cold. He wants to tum the thermostat up to so- F, His mother 
tells him to leave H where she has set ft a 68· and put on a sweater. Who Is more energy concious? ________ _ 
W~? _____________________________________________________________________ ___ 

Part Two: 

Below are the Hazleton's heating bills for two different years. During the first year, they had no Insulation In their 1800 sq. ft. 
home. At the end 01 the year they had their house fully insulated, so the cost 01 heating theri home went down. On the graph 
belOW, place a dot for the cost 01 cach heating month of the first year. Then draw a black line between the dots. Do the same 
thing in red for the following year. Compare the Hazleton's savings wHh Insulation. 
How much did they save in January? -,:-_____________ _ 
How much for the entire heating season? ______________ _ 

October 
November 
December 
January 
Febru,ary 
March 
April 

Firat Year Following Year 

$24 .................. $20 
$61 ....... .... ....... $45 
$98 .... . ......... .... $70 

$135 .... . .... .. ....... $95 
$116 ... .. .... .. . ... .. . $80 
$98 .. .. . .. . .. . . ...... $70 
$73 .............. .. .. $50 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

$15 $25 $35 $45 $55 $65 $75 $85 $95 $105 $115 $125 $135 

Do you think insulation would help to lower air·conditioning bills? Why or w~ not? ___________ __ 

Adapted from: The Encq:;y Challenge 
Worksheet 4 
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Nom.AcT/ViTI 1 PAr,E 6 
Weathering Away 

In the coded message below, find out what helps make soli. Write the Wtt· 
tel' of each pictura under the same picltn In the puzzle. 

~L<CJ.i: 
fROM 

*""ll. ~'tIIO 
AND Icf 

~.t?:.L~ 
fOR M 

.!Q~ !~""~ 
WEDGING 

.!!:.#'>. i:*bO &.#'>. ~~. 
TO MAKE SOl L 

Worksheet 1 

'Q~~ 
HELP 

Na",. Am wry 23 faG, 85 .. 

---'"" ~ mil '-..... own -.p d '""*'G!hI 
~r..o,..~. 11wy __ "~ 
"""' ... ..-.cI beII: .. ~ wIIh I*ICIa Then" WIll 
p.Ap II put ~ hNIed GyWlg rdIIn.. n-.e.e I'OIItI 

...-alhe ...... out"''' p.Ap..-.cl dry t. mIkk'Ig ".':"'~ -""'-'MWI_ la8 pepII' wtic:tI has ~ recyded. __ 

..w,g __ . It WtHIbotJ: ..,.,...., trees 10 INIke one 
kin (2,txXl pou"ds) d paper. 

~: ~ the questions. 

1. .....,. C*l you do wiItI old rwwspapetS ~ IhroooWlg 1hIm -.y, ~ PIC*" 
t.ts 01' b..n*lg them? 

YOY CAN RECYCLE THEM 

TO USE AGAIN 
3. 'MWI the peper mil tnIQ peper ttm trees. !hey ~ wood c:Hp. from n.1nd 

cook them wIIh .... ., mMe p.Ap. To INIke ~ peper, __ do thI peper 
"* mb: with wrMK 10 get pUp? 

OLD NEWSPAPERS 

17 

SAVE TREES 

Worksheet 1 

N .... AcnVITX 20 PAC" 71 ~. 
Trees of Nebraska 

_a-
u toe!}' bi&b ftIued hardwood, • a&tM 

bmd uc.u Ndn5b ri¥m.. 
5.Somc people iao::otr«tly call this tree 

0aiDIK Em, wt.t iI tis COIRU -.. 

7. 'IlIe wood of dIG ~ " \wiuk I11III 
-""",. 

lQ.Compriw:l~ollbe~ ~ 
01. WCItcnI totem, 1M)( aatroe 10 Ncw.ta. 

tl.SIow pvwia& bul iIIIpOI1Mt 1wnbu 
produd!!c wwem .,me. 

13. Tbi& Iroc fits its -.It k fOIIDd aJonc 
IttCMII. (Hine ri..us aDd lttUmS) 

_a-
1.1bis IIlbe .ute tree, i1 filS iU !WIle becaDe 

its fruit cootaim. ootIOIIy mataiIl. 
3.TIIe fnIiI til this tree i& ibout ~ loGe. -.-, 

IUIbId, witb tbIa ... mil. --.1. 
4.A prDed ..-cal. DOt IIItM tD NelIrMb.. 
6.11Ic ICiDtifie __ (of this 1nIC" rr­
~wbal.ilitlCXlllllDOll.lllmd 

!. This tree Is not£d (or lbe IDIIpIc """ ~ 
Iromlalolp. 

9.Similat ia IIr.c I11III baIIi! to the ~ 
poo6uoIa piPe. 

II .This tru bas be..utiful flowen tMl bloom 
before Iea¥es appear in April 

Worksbeet 1 

N.m.ACTIYITY 23 8,cr& .. 

The ~ WIldlife FederlIIion Ms 
s&ar1eCIe PIP« rec:ydiog progMI h IhW 
oompIf'Iy oftIc:eI. adI ~ '* • 
ny en ... desk to hold used PIJ*'I. 

" 

;,:.--::.=:,';:=:. 
,,~=====:;;:;;;;;~ TheIr gall Is 10 AWllotxtons cI used ptrper lor recycling . 

DhctIonI:: Do the 'fII'OId prtJbIems betIw. 

1. The NWF goal is to savelcltxtons of used paper. Each bolo: of used pap« wei(t1s 
50 pouw;Is ....nen I Is lui. How"*'Y bolIes \OM they need to make foI.r tons? 

aooo .;- 50 ~ 160 eoXES 

2. Eadl 1000 pounds 01 PI!*" hit !hey ccIec:t ... _ 8.5 trees. If they I'tNdI their 
QCIII of feu' tone. how ~ __ wi be MYI!Id? 

8.5 y. 8: 68 TREES 

(This Is ef1OUItIlo air condition end heel two ..... age houses n WastWlgton. D.C . 
lor an entire )'II¥.) 

Worksheet 2 



--­BabiBS weIgtt - ~ ~ 

Wanted: Waterl 

Grown person'. WIig'Il • 112 ~ 
l liter of __ ~lkk9*'n 

2. Sely's father MId. ~ ~ tIM 40 ... 01 ~ -=:corcIng \0 my WIigtt. • How 
nu::tl Goes he weigh? 

40 X 2 = 80 KII.06AAMS 

3. .. lhe IChooIrurw 1D1c111~-oId SIlly ....... ao ~ Ind .. 
18k1ognm1d .... _.Howrrw'lW'liII:IgraI'N .. not~ 

.30-18 = 12 KlL061W1S . 

Worksheet 1 

NameAWVITY 28 E1(,[ 102 ..... 
Most __ ~ reoorcI geIonI)AI: _ ,., odornIW.-.cordI~. 

HowINer, aome ~ mawa Ihow!tle I.-gI h QA:Ik: .... For __ • you m..­
nuapt,. by 7.5 (!he ~ ruTtJIr of gIIIDf-. h or-. QA:Ik: foal) to fnd how 
"*"Y gaIonI _laC. 
DINctIonI: UN"" mew ....thgI bIIow 10 I'n:I c:U how nu:::f1 __ II being UIId. 
Be .... 10 llbllyou ___ • gaIDAI or able .... 

' . ~-.~.- , ...... 
""""" 70-

8%729 
~ 8455(, 1 

1 ('8 GAU/)'j 5 

3. How ITIII'I)' gaIIofw .. UMd tar one !old of WIIIh h !tie weat*Ig nw:tn? 

B B 300518 
~ ~ -.JOO~7b 
..... _ Y2 GALLONs 

T~ to save water. 
t . Tsk. shorter show«s. 
2. When washng the '*". \.1M • buckIt tar so.py water II1d UN the hoM 10 me ~. 
3. Be 5(.Q to wah tAl Io..:ls ......".. UIing the MIIhing mIIChine. 
• . Use . rak. or broom 10 dean the ~. not the hose. 

Worksheet 2 

Name AcvVlrr za ace /O( ~. 
Reading a Water Meter 

Some meters IIIittl dials reccrd h cUJic felt, lOIn. record h gIIIonI. "the cIII paWs 
Ihc:tIy to • number. reccrd .. B.IITtIIr. I !tie dill points betwMn two runbeq, 

record !tie ~ ruOOer. Ae.t \he fcIIowtlg cIIIlT1eIIietS II1d record IheIr ~ 
below !hem. lhe fnt two .. dorw tor you to Ihow how. 

Example: 852,430 

2407230 3. 58(,00 

• 325Y70 5. 4253300 • 8530 

Worksheet 1 

Name ACTlV!TY27 &e //0 ~ 
Water Puzzle 

~~=~= 

...... L_'" 
6.MOIt importmI &fIDeI 
1.TaII pImtIlt watu'l qe 

100eo-te-inedon of aatare. 
1'.AbbmialioG for MkbipD 
IS. Well er-w pith. 
16. Wbo II rapoD5ibk. £or pollution. 
11. Wri1iDc Duid. 
19.Part ollbe po1Id where _tel" meets IIDd. 
lLSIaDf foc 'be quiet". 
Z1.MiIIouri. ODe. 

23.u.a. ezim. 
24.NOI: dirty. 
Ui.Natioa.al sovernmeol 
Z7.Looc-IICIed armorc4 fisb. 
2I.lMJe-mouth or una1J·mouth pme fish. 
30. W"1Dter precipilatioo. 
31.Mioorscopic ckcontpO$e ..... 
3J.Fruit that 091% _cr. 
34.Sin&le<clled water planu. 

Worksheet 2 

0-."""" l .A IIDIII pood Of wasIe1&ter lake. 
4.~(.bbr.) 
5.Sbon for-.niplor". 
8.R.epdle with DID ImII Of Iep. 
9.FizmIId IZIfmal iDWIter. 

10. 'Ibe lim dIRIe pada. 
l1.lMJe body of &eah water. 
u.Abbrcviation for leamiq disability. 
U.ReptiIa...ttl:r. bard Ibc11I. 
14.~imertcbnte. 
18.RuDDec""" ___ ..... 
2O.lMJe iDscct lOUDd _ water. 
23.SuppoPq !hat. 
2.5.Nonb America (abbr.) 
29.Oae 01 the Great Lake.. 
32.Fcelin& inspirc4 by a _tetfall. 

.j ... 210 .,.. 



Name ACTIVITY 31 PAGE 1/9<&. 

Irrigation 

2. How many irrigation wei!; wa-e registered by JarIua'y 1, 19641 70.087 

4. klt. yM'" 1958 ttw. _ alltwp ~ In .. ruft3er 01 ~ ...... u..g 
.. ~ fnd ...aIh«,..'fII4Ih • ..wp ncr-. wrM ItW: ve-. J<ll» 
W'r'fdoYOU~"hIq)InId? INCR!'A!pE~ WC'RI' &USEn 
BY M!OO.S Of pROu<illT 

• ,,_,.. __ 2000 ___ '-..L19lC{'~BL __ _ 

' . Who< 

7. Bet-., 1936.nd 1964, whic:t1 v-- t.d .. ~ n.mber of Irrigetion web 
nst.Ied1 WhIcfl t.d the tMghest1 

....... 193(' ..,... 197b 

Worksheet 1 

Name ACTIVITY 1/1 PAGE 172 ..... 

Wildlife Refuge 

1oWIy~ '00. people I'MIIDdthlll ~ r.d to ~ done toproced:""" 
Jnd bi'ds'" __ bec:on*1g ~ MIIny of'- ........ In tro,j)Ie 

bec:a.- ITIIn t.:I bua roedI trod cIdeIs wheAl ttwy IiYed. CIu'" goYeI'TWTWt pMMd tax 

..... to r.M1TIOIWy In ~to buy '-f whIn __ ....,..... 0Wd he uJeIy. n­

... ~~~honwIv.twr.wIcI ...... _proI1tcted.1nd 

........ fie)' C*'I thd food .nd IheIW nI bMr Ihei' )'OU"g. 

The Fish Ind 'Wildlife SerYioe of !he UnIIecI States eep.tment 01 the In(erior Is In 

d1Irge of two I'1.n:IrecI WId IiKty feu" NIiIIonIII 'iWdiJe Refuges ""'" • total .. of ,.. 

n..-on IiYe hunchd forty SOt th::x...:l. tw.ncnd Ind forty abo: 1iInI. s.wnc..n 
.xIIIDnIII reruo-.. In ............ n Puerto RIco. one htn:Ir'td Ind r*wty me 
01 .... nIfugM .... ~ ~ lor twdI thM Iw In or,....~. Forty a. _lor 

bIn:b not nomIIIy hI.rUd. SeYenIeen .. for big ~ .... And ... few bi'ds 

other !hen WIler fowl 

n-.... ~ ~ aaved I!'IIny "*'-Is'" mighI: t-. beoornI exIh:t. 

, . How ITlInY NationIriI Wildlife RefuQe$ .. !here in Ile lIniled StIItes? Z64 
2. Howmr.y 1knII_t.ng UMCIfortns purpose? 9,546. "46 
3. Howmen)' refuges eldst In Alaska, H-.lilnd Puerto Rico? 17 
... How meny refuges '"' usecllor birtb thst lYe In or new ¥/Met? 199 
5. How many refuges _lor birds IhIII .. net normsIy t..ned? _4'-1-1 __ 
6. How many refuges IIII'fI lor big game enimaIs? t 1 

Worksheet 1 

ACTIVITY 16 Pta I J'1 

Worksheet 2 

Name bIrr 4/ PACE r11 %0.. 
wmrl H~ng to our Wlldl".? 

The £leItrucdon of....tl;lfe Is one _y man has changed the enWonment. 
Meny ........ r- been kIed by people. M~ of pred8tots • .uctI .s folies, 

CIJY'CIIeS. wcWes. ~ Ions, t'IrMIs Jnd owls have been killed 10 ' procecI' ranch 
WId twm ri'MIs. T~ • .,. result, many aops are ttve81eoed by rats, mice and 
0ItIer rodents. We have upset the tJeIano8 of r'IIIIIlR. 

OYer the past yeers, meny ather riTIIIIs -.., killed for sport. The buffalo, also 
knooMl.lhe~m.on, .most~8.ldinct.1n 1870 1hrIrfI-. OYerfil!y 
~ buItaIo In 1M ~ Slates bIA., 1889 only 551 oouId be bn1 e.1y Ir8In 
~ used 1M buItaIo b" target practicIII by shooting !hem from the wh:Iows of 
!he moving Qins. Now lhelJuflelo Is prtJtected by law end _ Is estimated that thefe will 
be OYer • hIIIf ~ by !he ye.- 3XXl. 

0Iher rinaII5 .. kIIod tor fu" and food. The passenoer p;geon was killed for food 
1.r1II. be<3ne 8.Idinct. MMy U beIn1g rinaIs 81'e 01'1 the ~ animal 1st 
becaIse of OYer ~ end tulIIng . 

But, the biggest prcbIem taang widIife today is the loss of !heir habitaIs. Our growing 
pop.ktion needs more lend to bold houses, factories and hiQhways. We have drtW"oed 
swamps and filled In bayIW1ds to make room for more buildings and roads. What 
happens 10 the rinaIs Ihat ived there? 

Even rinaIs that have not lost It*' habitats and are not soug/1t after for food. n.­
or sport are in cBlger. The Inc:ree.$Ing water and air poIIutioo end the wide use at 
pesticides end poisons .. 0ItIer problems for wildlne . 

Wa must learn 10 shIVe the earth with II MIg thngs or our 0Ml ~aI may be in -. 

Wiliam F. COdy was nicknamed"8v«aIo 8ill' . Use the code to find out ¥t11y. 
Dlract!ons: Change each letter or numeral to the one that comes before it. 

Example: SJHIU .. RIGHT 

IF lJMMFE 5072 CVGGBM P H O P OF TFBTP O 

~~ Klk~~Q ~B61 BUffALO 1~ OMf ~£A5Q~ 
Do you think he would haY!! been proud 01 this today? 

Worksheet 2 



Nam. ACTIVITY 4/ R1cf/79 .. 
DII'«:UonI: RMd the MOly. Use !he COI"IteIcI: dun 10 mG\:;tIlhe ~ wordIto "'* 
~ llllheboftom 0I""'~ . 

....-ng WIkI "'*"* Go 
~ people '- *'Wd..tld-*TIIIs 

IObe~.~.~. ""1I"Id flWlytypelcrll:*'l:ll __ oflhe ....... 

aw .. often kept _ pelS.. """'" weI~ 
people who '-... wid rinM '-I1heI 
ttwy .tlOUId lit IhW pets 00 he 10 ...." 10 
.,. ,..,.. bIbItIIl. Thillhould noc be dontI 
lOI'-.lre.onI: 

1. BaIEtIIhows.".. ~ his leu 
"""'0% c:hInce d ~ the 
.c2I:ImII:lda of tis ,...., bIbiIIt. The 10ft 
iIe C'II CICIIiltlIMng mikes • difI\cUl for 
Ill'limallIO IdIrQlIO IhW ~ bIbiII;ts. 

2. ~petS '- orll:lll:lmll. <bMIes 
10 the oIher wid rin*. 

3. The food "4JPfY 01.., ... tnIy not be 
~to~.-dwll"imll. 
~}O.rpetto"~"1I'ICJIt.r 
~ d t.IIIIIIIiJg .. t.IInoI 01 nIIan. 

The bill: f*'O to do • ycu C*YIOt kMp }O.r pel" to gIYe 1\0 ICII'NCII"II who ... CWI 
tor I. 00 not tI.m llooMl 

f= 
1:::.. ...a ,.".",,, 
l_ 
....IL ...... 
J:L _ 

Worksheet 3 

A • CIQfId or contIIined n an LMaII.rII ~ 

B - need$.~ 

C -~, home 01.., riTIII 
o • pass on to, Irftd 

E • lit InIo dffenInI concMionI or MftIngs 

F -1tIytngaw. 

G ·1IUdIn d pat -a or t.c:tI, "" MgttiM' 

~,~~,~ 

N .... AcrMa 42 Fh 183 .. 
The Difference la .•• 

onctionI: FnS \he ~ CIIpK\Ity lor "'*' on 1his 38O«:n firm by dorIO .. --. 
1. ~ whictt ~ II" boUom dthe P'QI' InIIIIc:h the an.p. 0-- on "'-2. AdcIOtfythe ~d",*, -....:Ion .. ~ ~to~" 

toCII rutard "'*' on .. rwm. SomI ........ ~ no"""'" 
3. o.a.m'inI the cwryr.g CIIpK\Ity lor "'*' on .. firm. 

The Farm 

1. The toCII rutar d q.Jlllll 
2. The ~ d 8O'e$ (~~ needed to III.IflIXItt one c,.III on !til firm II 

-~"'--' 3{'CH- X = ISO )C=2 
3 . ET.c:eW1I cpIl'11bkat h NeInIka \filii M.1lPOft one qu.- per two 8CRIS. 

(20 bk'd et:m'f140 8O'e$) the QUIll hIbat on !til t.rm Is: 
00 E.-1Iert ( ) Good ( ) Fair () Poor 

Worksheet 1 

Nam.ACTIVITY y, Ii\Gf 175 .. 

Encs.ngered Animals 
"'-'Y ......... dose to IIICIinction 1Oday. There .. "*'Y resons ~ ~ is so. 

Some..". ~ dec:r....a n rumer lei' tw..nnas 01 yews au. to ~ in 
clmlteWd~. Far~, the ~pMdII wthe~ ow. we 
bolt! ,.,. probIibIy for thne 1'MMlI"IS. 0Iher III"IimIIs IUCtI as the North Arneric:.-. bison 
n:f .. tIgtr ....... '**- 01 ....... WId ~ hunting. PrcIbKJIy IT'IOIt en-
dIngncI ......... ~ t.c.... 01 rT\M mcMng inIo!toe pIIceI in 'IIt1icI'I1hey ... 
Far~, wnen the hI: ....... WWflIT'IOYIng 8CI"CIS$ AmerIca', -wid Wnf'. " 
~ 01 biIon (or bu'llio. lIS they .... tometmes c.IIed) ~~. There_. 
Pf'ObIibf'I ablty miIiOn bison I'OIfMg the pI8ns in herds Ih8I often Iw::I __ thousand 
~ As !he wtIIers spread ~ the prIIiries, the hunters ~ nad. Sometimes 
1hey __ employed 10 supply mNl for woriunen on the ..-o.ds, buI often the 
~ .. _grNIer INn _ needed. N.1h8I time • .-ned!he! the bison ~ 
.. ~ - but by the beginning 01 this C*'Itury u-e __ only ,lew hundreclieft 
IYoUghouI America. By c-.tuI conMrVatIon, ma"1 has now ~ 10 r&-eSUIbIish 
...... III'QIINrdlII"Id in"~ PwQ dc..dl;lI'"Idlhe U.S.A It-. 
magnIIoenl rinIb CW1 cnce men be __ 

:-:;-:::><:;::----::: .. ;groMIgpins 

-
!rom loss or being UNCI up 

UIlUSUIII, MIdom ..., Of found 

give work and pay _:-
Worksheet 4 

Nam. AcnvlD' 45 &d9/Vr... 
.......-., 
Nuc:tI.- enMV1' II • IOU'OI d ~ whictt does not dIpand 011 Iosai fuels. 
~"I'IOW'1'LIdeIr power pIW1I works. 

The ~ l.oaI (Inrium 235) gt.oes at! heal whictt 0' .... sturn. The steam II.ms 
utIIhaI ~ ganarata aiedI1Cty. 

~ .. aoma""'" ¥b1 peopa ... 1hiIi II. good ~ of fIt't«0. 
_ Nw.. poww pIIrits IfII'CIIk on • .mil .-noun!. of fuM. Clot po,n:I ot rucIeer lull 

(ioAf'Un 2M) tha _ d • gal' bill ca'l erNIe ., rnuc::tt -vY IS 1,500 tons ot ooaI. 
Fuel ~ 00IItI_ n**nI.m. 

_ ...... __ II. dIIWI ~ ot.-gr. a.c...- I doeI rICJt tun. ... 11 no 
amakI, IOQI: qtf ..... ....,. to us to 011 _ poIUicn P"QbIIm. 

_ .......... '-trir one we - to ptICIuoI ~. 01. nIIU'III ga Ind o:MII .. 
...-.d to ptICIuoI rMnf 0IItw puO..dI aJd1 _ piIIstIoIlnd fIribrI. We IhoIJd ..... 
'-1uIII1or pu'J)OMIlor~"''' no~. 

",... .. men ~ _1M 188 of nuc:IeIr poww than etTf ~ fII'MIrOY 
~. Do you know 'fIrf{I 

DIredIonI: lIM 1M IUIfy 10 II h 1M bIa-*I. 

1. "" ...... ..-",..".... URANIUM 23;-
2. The lull heab WIIlOr to make, ~~s"T-,EJ.A:IIM,,-_ ___ _ 
3. Ste.n1u'nS TURBINE5 ..nic:ngan ... ul.dridty. 

• . NudlWpowwdoesnCJtC*JM_ POLLUTION 
:;, Foul fulls •• r.aded 10 prodI)oI product$ $Ud1 ., ruST I ( 5 

and FERTllIZE~ . 

Worksheet 1 
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NameACTNmiff P"g/92~ 

Nuclear Energy 
ThIo k*lwhg III lit of benefits n problems ISIOCiaIed wIh ~ ~ pins. 

A key word or ~ ~ MCfl-.m Is pmeed In bold eyp.. ~ ttwillt ....:I pull (B) In 
Ihe tMnk U: Is • beneIl • (p) .it is • problem. 

e. ..... _"'_ 
....:I lrampol't of fuel 

12 No pollutants from ........ ""'. 
8 Less reia-lc:e on lmpof1ed luels. 

£! CcUd be ta"gets lor 
I~m. 

~ Roactors produoe Mas .... UI. 
thtWllossi fuel pIant$ do. 

B CMnII co.1 dllledrldlV 
\Nil be kW IhIIn 'III'Ith bssiI 

""". 
f Higt'« cost to bulk!. 

.f letQe ~ fA plutonium 
CCUd lead to $pI"ead of 
nu:::lear weapons. 

£! Possibility of radiation 
escaping. 

Now _you ~ 1dInIIied .. ~ ..... Iook. trw ~ bIIow. f.:t1 
or. COI'IOInW' pmbIIm _1tId CIfters ~ lor (PRO) WldaQlftt (CON)" 
IIIq)WIIiOn of rw.n.. -oy. ~!he Ir'Qlmenta by ~.KEY WORD 
(.txJwe) .,.., .. b/Incs far..n 

"~:::.':" type d gIat: or C*'Ifric, PIA 
1:1 i UIt t.ct. ¥iINCtI hiIYe been 

IDrlT'lllonlcrlr-s. 
CON: It tIkes Ih:lusWdIi of yews tor II'Ie RAaCl!!!CIl\,£ WAsTE to lose Its 

r.dioactiw pn:lp8I'les. We cwnot asstXfI sale di$pQ$aI tor ~ 01 
ye«s II'Id ..... sociIties may be tut. 

PRO: In more .... 20 ~ of c:Orrmert:ieI nIJdNr power pin openItiorI. roo one has 
lUftered.-.yhll'lClSbrcugtlIonby fUD!6DQN tsc"'"''''4 . 

CON: Theta's always • dwIc:e thai WI acOdent Of mechrIicaI maIftrtclion aMcI 
presert 1he d8nget of RADIATION ESC ""IH" . 

PRO: ~ IW'dIllegulw'ds ca"I be $1ridIy enforced to keep the A....uro Nly ..... 
011; of h MoDI of~ TNs ~ waste is usually I8IIed In 11"1 

~ QIpSIJe rtgtt .rter !he ...,. pocessIng. 

CON: Just 10potn:tsofrw:lollctive~NIYM is enougI1 10 make .... -.n borre. 

Worksheet 2 

Name A:T!VITY 'is PM' 191( ~ 

DItecUonI: on- words thII .,. 
~ with nu:;iew energy •• 
hidden r.!he .......... below. And 
!he words ~ cnw • <*101 .-o..rd them. 

WASTE RAOIOACTlVE R.JSIQN CORE 

RE1CTOR BREEDER ASSION ATOWIC 

STOAAGE 

wrte !he words WI !he oon"ed cd..Ifm. DMde!hem no ayIIbIes. 

One syllable Two I)'IebIes 

WASTE ~S",T"," ... RA"",,,.,E,---___ _ 
COR E _E'Ol'IS"'>lIIlO""L ____ _ 

1Ino __ ..;F"'U"':;,.""'I"ON"'---____ _ 
REJ£.TOB ..;B""'B"E ... "OlJEOjRtL ___ _ 

A TOOle. RYe syIIbIes 

RADlQACTIVE 
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Name AcnvlTY 16&"/93 ~ 
oncuon.: Use the words In the box to ~!he story. 

ANd the story IOIin to be ...... it meIies __ . 

=.1 
ThenI it more ~ OYW !he use of nIJdNr power tI'IIW'I ~ 0Iher IOU"aI 

a...." . 
People who beIieWIlhM r..dear energy Is • good 
-'temIItiYe SCU'OI!I of ~ list IhllIoIIowi"og reasons. 
- NI.dear reactor power pIanIs do not 
produce !he IIir Ftt1..iJTM!T}essodated 
..., tlOIII ....:I oIher tossi kill piMIts. 

- Nuclear energy pIanIs use fldt • smaI 
AMOU N T of fuel. Breeder reactors 

'bre«!' Of create more energy !han Ihty use. 
- The fuels 118OIIS$rf. like URANIU M 
_ pIenIiI\A enough 10 last fa( hlxIdreds 0/ years. 

- NIo.dNr "'*\lY II better for the 
flrMlQi ftIHT ~ !he kIIlIIs necessary 
I'IIqIke less diggng ~ n*Wlg. 

- Nudea' p!MW pIInII ,.... h9*" 
saroy ~ It-., et'f oIher 

.",. .. -
People who .,. .. nuc:tNt energy lsi '-reasoos. 

1M HIatoI"y of So&at Enetg)' 

1"P - There Is !he cIqer of kq[)(NO which 00Ud 
aIow ~ m.teReIs to escape Into !he ~ 
""~Ife. 

-~ wastes I1"IUSt be stored tor Iu1cIreds of years 
before Ihey.,. sale. Safe SfQRAbf ~!he eIIects 
on luU"e QllMrIllions .,. qr..oestionebIe. 

- Hot W1Il« Is I waste materiel wt'ktl (:a'l fIise !he 
RMpf!uTUlfof streams ~ oc:ew'5 ~ 00Ud destroy 
widI~e. 

- The Ganger of Ihett and 5f.er.orAr.e Is frightening. 
lhe:se .1 !he SIItTle matEll1als used to lTIIke Itomc -. 
- E1lP£I.f3f '5 of buiding n.dear plants do 001 l'T\akd 
an economical power SCUOII. 

Worksheet 3 

Name ACTIVITY 4(' f'AGcl9&. 

The IUI"I'I energy has been used lor heating and ClOOIi'lg k:Ir IhousInd of~. The-'Y 
Gteeks WI !he 5th oentu')' B.C. bull eotire cililes IIcing IOUItI to UIke IdII.-.t:IQe cI' the ....,'s 
WItITIk"Ig rays. A good ~ 0/ I8I1y solar heating Is In MIse V.-de, Cokndo, ~ the 
na... buillhIIir .oobI non- WI !he difIs 10 !he meN t.cing south. [)..rIng !he 'fI1nter !he sun 
~.nne dinIc:I!y 1nIO!he dill dwelling and warm!hem~. The tNdt.ooblw.k 
IICnd I'll tINt of IN day. At nighl!he stored '-'- wo.*l oonIirue 10 keep the IMng 1&1*» 
~ [)..rIng the It.m'TIIW When !he IUI"I was high, !he ~ difts shaciecI the JIruC­
ans to keep them cool. The h:iInS 0/ MeSfI VerOe buillhIIir horne:$.tlol.( 1200 A.D. Today. 
.most aD ~ -., !heir nalInl heating ItId oooIing system is stiII~. 

In !he -'Y 1900'$. tossi fuels and eIedric:ity -. new knds ot tII'lIIfgy used to pn:Mde 
heel tor homes. 'MWI1hey -.Iirsl used. lhI!y were """I expensMI, ~ more 1No1hey 
n today. StrigI"(. on !he 0IhIr hand. was Ifee. Solar WIlIer heating systen. were InIroduced 
WI c.IfomIe In 1891 . The IIIW1y models were ~ $haIOW W1Il« tankllI"IOI.ned on !he root 
of !he house with pIuntlIng leading to the kiIdlen end ba1troom. In 1930, I'TI8ITf rooftops WI 
u:. Angeles and QCher Southern CaIifomia cities heel solar ooIIectors. But as eIIetr\Cl!y". nat1.nI 
gas and OCher tossi fuels bec8me more redy ......aabIe and dropped WI price. !he use of solar ....,,-

Dtfection&: Circle '1rue' Of 'false' for each statement 

True 8 
2. The 5lrI can be U5ed to heat houses. 9 False 

1. SOIarlll'"lel'"g)'is .~$CUOI!I o/~. 

3. FossIIueIs __ • expensive ....toen !hey were tirsI used. S 
4. Poople stopp&d usng sola" power because it was too IIKpenSiva. 
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Name A:nvm % &d98~ 
Energy from the Sun 

ThIn Ire __ ways 10 use lOW (SU'I) energy. The IImpIest wr( Is 10 design. 
~ 10 t-'te ~ d as nehnI erlYIronn"oeot hdudIog the an. ArIoIIW -r Is 
for eecn house, ~ CIt ofIIce buIdng to coIed: enough .,.., energy 10 teke ewe 
of Its OOM'I heIItIng.'" ~ WId W8ler hMting. but not Ita electric: power. A ItW'd 
Wfl11s 10 set up a hJge IXlIec:ling teed 10 IXlIIecI: IOIIit energy, :;,;m k Into hNl n. 
power 1owef, and then to electricity It1III wi be sent 10 ndividuIII dwellings. A one-
5qIJlII"fI mikI field of these cdectors oouIcI supply eIectr1dty lor about 20,000 houses. 

::;-,:!;'to':i.CTOR .-
ON ROOF OF HOUSE 

~ 

Worksheet 2 

Name knvlTY Lf7 &'E201~ 
Problems/Solutions 
In_unt.you'-..... ~~ __ oau:ca. Tho ... /lI"'"I_oI __ ","y 

hllp tel ILIPPY"'_~ bulII'IIVfIIlhII_IbI..- .. __ poobIIn-...,,,",,," 
1kW.1n1lw_ .......... t;tlhlopooll ....... d_ ..... _ ....... pruIJIemt.. ............ 
..... Mwtc ...". _ S j10r -*aIonI or p (lor proIHmI."'" • d*""-' In.-y 
_....,...,. .......... on ... ~IO"'*"._fIPIlIIM.. n..W_Itdorwloryau. 

---vv ..... .. -. ... 

.... _h 
~:="_almf 

I .;' I I .;' .;' .;' 

./ ./ 
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Energv from the Sun 
Name A<TIYITY l{6 e.G{ 19'1 ~ 

Thect.grwnbolow..,... _. _r-.g ........... 1.-. 1IoI.e. 'nINo .... ,...._ .......... "... ... ""_01"" ........ __ "*_ ......... _"" .... 
ood ...... ~- .... ~ ..... -.be.....,.do. ... ...e..nIlle...,doMn'--._. __ 
...,..-·~ ......... n.~ ...... _ ......... ___ ..... __ d 
haI_Irom ... _ . 

SM • .,... .... 11ibe11hI1*tI oIlhe .... t-.g f'tIWI'I t.IDw. u.. II-.~; _ ooIecIor ~ ....,.10 "'-IJe __ ooIIIc:W, pIpoo 10 eoI*Ior. 
W" AI'IIIoNI -. WIlle 1he CCINd woda on IN ..... 

a.-Ion lor cIIoa.uIon; 
WhywoUd I be _ ry ........ . pump .... _ '-ling ayot_1 
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Name kVlm 111 &,6£ 20£ 'Ii>.. 
What Can YOU Do To S8ve Energy? --

__ ... _ I-.g _fOr __ ,..,..OuMo ...... ~ • ..,Nd ... _~_llC1Doq. .. 
-."" ... _ ...... .,....,. ___ UItI_ . ............ -. .... _ ... _Oft ... ... _ .... _ ........ "'_-.e_"' ... __ .1hon_._ .... -. ... _1IO ... _ 
..... 1'I""" ..... -'O_~h!!M3 ...... _-
--""'-I'I.-...yf~~~,!:~oo~il!:===== __ ..... _-. : ~nD 

,...v_ ..-..,.,,_ 
0... At .... AII --...., --.... 

. , ••••••• ••••••••• . f4S 
• .................. m 

fI_ ....... ...... • "M .................. .., 
... ....... ........... 1110 
m .................. ~ 

""-

"'". 
00< .... 
, .. 
Mo. .... 

--
.---

----
.-

"$ 125 135 145 SS5 S6$ m M5 _ " 05 111$ 1125 Sl3S 
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TREE IDENTIFICATION MANUAL 
FOR 

SELECTED SPECIES 
by 

Mitchell D. Ferrill, Extension Forester 

INTRODUCTION 

This manual is designed for people who are in­
terested in learning about trees. It is impor·tant that a 
person be able to identify individual trees before ex­
ploring the study areas of tree and forest ecology 
and having a deeper understanding of the outdoor 
environment . The manual is a guide for forty-three 
species of trees growing in Nebraska, but does not 
include all trees that may occur in the state . Indivi­
duals using this manual will be able to identify trees 
and tree parts. 

Included for each selected species is the common 
name, scientific name (the only sure way to be sure 
that everyone is working with the same speciesl , a 
general description, leaf description, twig descrip­
tion , bud description, fruit description and wood 
description. 

Trees and tree parts vary greatly in size , shape, 
form, color, etc. The proper identification of trees 
calls for not only knowing one leaf or one fruit from 
another, but also knowing something about the trees 
themselves. It must be kept in mind that all trees are 
different in some aspects and very much alike in 

3 



HARDWOOD AND CONIFERS 
Whenever identifying trees the usual first decision 

should be to determine if the tree is a hardwood or 
conifer. Other terms used are: 

hardwoods 
deciduous 
broadleaved 

conifers 
evergreens 
softwoods 
narrowleaved 

Obviously the above names may not always seem 
to apply to a particular tree . Whenever leaves are on 
the trees, conifers will normally have needles or 
scale-like leaves, while hardwoods will have broader 
leaves . There are exceptions since there are decidu­
ous conifers and evergreen hardwoods. 

LEAVES (see diagram) 

Conifers : Coniferous leaves are usually needles, 
but may be awl-shaped or scale-like . The needles 
may be borne in groups or bundles called fasciles or 
attached singly . A determination of the type of foli ­
age and the arrangement of the foliage is important 
in the identification of a particular tree. 

KINDS OF LEAVES 

Needle-like Awl-like 

Scale-like 

4 

Hardwoods: Leaf arrangement and form are more 
variable in hardwoods. As a result, more understand-
ing and terminology are necessary to properly identi- • 
fy hardwoods . Some helpful terms to know are: 

• alternate - a single leaf is attached at each 
node. 

• opposite - paired at the same height , one on 
each side of the twig . 

• whorled - when more than two leaves are found 
at a node. 

I 

1 
( 

\ 

LEAF ARRANGEMENT 

Alternate Opposite Whorled 

Leaf shapes. The shape of a leaf or leaflet is usual­
ly characteristic of a species. There are numerous 
accepted terms to describe hardwood leaf shapes. 
Some of the basic ones are shown in the enclosed 
figures . For more detailed descriptions some of the 
books listed in the references should be consulted. 

LEAF SHAPES 

Circular Oval Elliptical Egg (ovate) 

Lance Triangular Diamond Heart 

• 
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Leaf composition 
The basic forms of leaf composition for hard­

woods are: (see diagram) 
• simple leaf - one with a single leaf blade . 
• compound leaf - three or more blades attached 

to a common stalk . 
a. pinnately compound - leaflets are attached 

laterally along the stem or rachis . 
1) once pinnately compound - only divid­

ed once. 
2) twice pinnately or bipinnately com­

pound - divided twice with leaflets on 
lateral stems. 

b. palmately compound - several leaflets radi ­
ate from the end of the rachis . 

TYPES OF LEAVES 

Simple Palmately compound 

Pinnately compound Tw ice Pinnately compound 

5 

Leaf margins. Leaf margins are quite variable and 
many terms are used to describe them . Three of the 
more common types are: 

1. entire - smooth, without lobes or teeth 
2. serrate - with sharp teeth 
3. lobed - divided into lobes separated by rounded 

sinuses (holes) 

LEAF MARGINS 

Smooth Wavy Serrate Doubly Serrate Lobed 

Leaf apicies and bases. The tip and the base of the 
leaf may be very distinctive, but there are many dif­
ferent terms used to describe them . It is suggested 
that more detailed references be consulted. 

Leaf surfaces. Leaf surfaces may also be quite 
variable and many terms are used to describe them. 
Two of the basic and more common terms are : 

1 . glabrous - smooth 
2 . pubescent -with hairs 



TWIG ARRANGEMENT (see diagrams) 
The twig arrangement is often characteristic of a 

species for either a conifer or hardwood. 
Conifers. The arrangement of the twigs them­

selves are not very distinct, but the manner of leaf 
attachment may be (see diagram). Two of the more 
distinctive are: 

1. fir - hole or crater-like leaf scars 
2. spruce - pegs or "stumps" for leaf scars 
Hardwoods. The twig arrangement of hardwoods 

is very helpful in separating species groups. The 
basic arrangements are alternate, opposite, and 
whorled. 

CONIFEROUS TWIGS 

Fir Douglas-Fir Hemlock Spruce 

BUD ARRANGEMENT 
Although buds are helpful in identification, the 

descriptive factors are so variable that simple termi­
nology and descriptions are not always available. 
More detailed references should be consulted for 
identifying bud characteristics. 

BUD ARRANGEMENT 

~~, Not Terminal 

Clustered 

' .. 
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TWIG DETAILS 

Pseudo Terminal Bud 

Twig Scar 

Terminal Bud 

Bud Scales 

Superposed Bud 

Lateral Bud 

Bundle Scar • Flower Bud 

Leaf Scar 

Lenticel 
Stipule Scar 

,Pithi 
Chambered 
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FRUITS 
Whenever present, fruit or seed may be very help­

ful in verifying the species in question . Unfortunately 
it may be difficult to obtain the fruit. 

Conifers. The majority of the conifers in the United 
States produce cones, as a result all coniferous 'spe­
cies included in this manual produce a cone . 

Hardwoods. Hardwood fruits or seeds are much 
more variable. Some of the types are Isee diagram): 

,. drupe - cherry Ian example) 
2. berry - persimmon Ian example) 
3. pome - apple Ian example) 
4. legume - bean Ian example) 
5 . capsule - horsechesnut Ian example) 
6 . achene - sycamore seeds Ian example) 
7 . samara - maple Ian example) 
8 . nut - hickory nut and acorns lexamples) 

TREE FRUITS 

Achene Lsomoro -'-------' Acorn Nut 

~, I I' (, 

Capsule 

WOOD 
The terminology and factors needed to correctly 

identify wood are relatively complicated and only a 
basic introduction will be included in this manual. 
Some of the structural features of wood that can be 
recognized and used for identification purposes are: 
Planes of wood Isee diagram) 

a. transverse or cross-section is produced by cut­
ting across the stem perpendicularly 

b. radial surface is created by cutting longitudi­
nally from the pith to the bark 

c. tangential surface is created by cutting tangen­
tial to the bark 
Growth rings 

a Conifers 
,) spring wood - normally have large thin-walled 

cells 
2) summerwood - smaller, thicker-walled cells 
3) abrupt transition - sharp distinction between 

spring and summerwood 

Porne Drupe 

PLANES OF WOOD 

Summerwood SpringwQod 

Medullary rays 
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Annual rings 

Pith 



4) gradual transition - gradual change from spring 
to summerwood 

b. Hardwoods 
1) earlywood - formed early in the growing sea­

son, large cells 
2) latewood - formed later in the growing season, 

smaller cells 
3) ring porous - obvious distinction between early 

and latewood 
4) semi ring porous - identifiable change, but less 

obvious 
5) diffuse porous - difficult to impossible to dis­

tinguish the change with the naked eye 
Sapwood-Heartwood (see diagram) 

While observing the total cross-section of a tree 
trunk or limb you will frequently notice a change in 
color. The light colored wood toward the outside is 
called sapwood and the darker innerwood is called 
heartwood. 
Wood Rays 

Although wood rays, when present, are visible on 
the transverse and tangential surface, the beginner 
will find that those visible to the naked eye on the 
transverse surface are probably most helpful. Rays 
will appear on the transverse surface as lines radiat­
ing out from the pith. 

Solid 
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PITH TYPES AND SHAPES 

Solid Chambered 

with cross bars. 

• 
o Circular 

o Star-shaped 

~ Triangular ,-

• 

• 



• 

• 

• 

ILLUSTRATED SPECIES 

. 1. Abies concolor - ·white or con color fir 
2. Juniperus scopulorum - Rocky Mountain juniper 
3. Juniperus virginiana - eastern red cedar 
4 . Picea pungens - blue spruce 
5 . Pinus nigra - Austrian pine 
6. Pinus ponderosa - ponderosa pine 
7. Pinus strobus - eastern white pine 
8. Pinus sylvestris - Scotch or Scots pine 
9 . Pseudotsuga menziesii - Douglas-fir 

10. Acer negundo - boxelder 
11. Acer rubrum - red maple 
1 2. Acer saccharinum - silver maple 
13. Acer saccharum - sugar maple 
14 . Aesculus glabra - Ohio buckeye 
15. Aesculus hippocastanum - horsechestnut 
16. Ailanthus altissima - ailanthus or Tree-of- Heaven 
1 7. Betula nigra - river birch 
18. Carya ovata - shagbark hickory 
19. Catalpa speciosa - northern catalpa 
20 . Celtis occidentalis - hackberry 
21 . Cercis canadensis - redbud 
22. Comus florida - flowering dogwood 
23 . E/aeagnus angustifolia - Russian olive 
24. Fraxinus pennsylvanica - green ash 
25 . Gleditsia triacanthos - honeylocust 
26. Gymnocladus dioicus - Kentucky coffeetree 
27 . Juglans nigra - black walnut _ 
28 . Maclura pomifera - osage orange, hedge apple, bois d ' arc , bodark 
29. Malus pumila - apple 
30. Morus rubra - red mulberry 
31 . Platanus occidentalis - American sycamore or button ball tree 
32. Populus alba - white poplar 
33. Populus deltoides - eastern cottonwood 
34. Prunus americana - American plum 
35. Prunus sera tina - black cherry 
36 . Quercus macrocarpa - bur oak or mossycup oak 
37 . Quercus palustris - pin oak 
38. Quercus rubra - northern red oak 
39 . Robinia pseudoacacia - ·black locust 
40. Salix nigra - black willow 

THia americana ~ American basswood or Ameri can linden 
Ulmus americana - American elm 
Ulmus pumila - Siberian elm 

9 
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White or Con color Fir (Abies conca/or) 
General - White fir is not native to Nebraska but has 
been used as an ornamental throughout the United 
States. A prized ornamental. 
leaves - 2" to 3" long, borne singly, silvery-green, 
normally extending at nearly right angles from all 
sides of the twig. 
Twigs - moderately stout, yellowish to brownish­
green. 
Buds - 1/4" long, tends to be sticky, yellowish 
brown. 
Fruit - 3" to 5" long, oblong, green to purple. 
Wood - whitish to yellowish brown, summerwood 
often darker, without characteristic odor, normally 
evengrained, growth rings distinct . 

Rocky Mountain Juniper - Juniperus scopulorum 

Eastern Redcedar (Juniperus virginiana) 
General - A medium to large, upright-growing ever­
green native to Nebraska, hardy and long-lived. Al­
ternate host for cedar/ apple rust . 

leaves - Either awl-shaped or scale-like, both kinds 
often borne on the same tree, bluish-green turning a 
russet color in the winter . 
Twigs - slender, greenish or reddish-brown in color. 
Buds - very small, indistinct, not useful for identifica­
tion purposes. 
Fruit - bluish or purplish, berry-like round cone about 
1/4 inch in diameter, contains 2 or 3 hard seeds, rip­
ens in one season. 
Wood - sapwood nearly white, heartwood purplish 
or rose-red to reddish brown, characteristics odor, 
growth rings distinct. 
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White or Cancolar Fir - Abies cancolar 

Rocky Mountain Juniper (Juniperus scopu/orum) 
General - Occurs naturally west of the Great Plains 
and into the Rocky Mountains. May be native to 
western Nebraska. 
leaves - Usually opposite on the twig, pressed close 
to the twig, variable in color, awl-shaped or scale­
like, retains bluish-green color in winter. 
Twigs - sleader, about 1/32" in diameter, older 
twigs reddish-brown and nearly smooth, peeling off. 
Buds - very small, indistinct, not useful for identifica­
tion purposes. 
Fruit - takes two years to mature, nearly round, 1/4 
to 1/3 inch in diameter, bright blue, often covered 
with a white coating, usually contains 2 seeds. 
Wood - similar to redcedar, soft, lightweight, light 
red with narrow whitish sapwood. 

leaf 

Twig 

Eastern Redcedar - Juniperus virginiana 

• 

• 

• 



• 

• 

• 

Fruit 

Blue Spruce - Picea pungens 

Austrian Pine (Pinus nigra) 
General - not native to Nebraska, a native of Europe, 
but grows well in Nebraska. Similar in size and habit 
to the native ponderosa pine. 
Leaves - borne in groups of 2, 3" to 6" long, slen­
der, stiff, sharp-pointed, bluish-green . 
Twigs - orange-brown, lustrous. 
Buds - silvery. 
Fruit - about 2 1/2" long, unarmed. 
Wood - sapwood nearly white, heartwood reddish 
brown, somewhat oily and resinous, no characteris­
tic odor, growth rings distinct. 

Seed 

Ponderosa Pine - Pinus ponderosa 
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Blue Spruce (Picea pungens) 
General - in its native range, which does not include 
Nebraska, the blue spruce will more often be green 
rather than the selected ornamental blue. Wild trees 
may bear little resemblance to those selected as or­
namentals. 
Leaves - borne singly, about 1 inch long, sharp, ex­
tending at right angles to the twig, when chewed 
has a pungent taste. 
Twigs - free of hair, leaves borne on a short stalk 
which remains part of the twig . 
Buds - bud scales tend to bend or turn out. 
Fruit - about 3" long, scales thin and somewhat 
papery. 
Wood - heartwood not distinct, nearly white to light 
brown, lustrous, no characteristic odor, growth 
rings distinct . 

Austrian Pine - Pinus nigra 

Ponderosa Pine (Pinus ponderosa) 
General - an important lumber-producing western 
pine. Native to northern and western Nebraska. Nor­
mal growth rate in Nebraska is relatively slow. 
Leaves - borne in groups of 2 and 3, 3" to 10" long, 
yellowish-green, usually less sharp-pointed than 
those of Austrian pine, usually somewhat twisted. 
Twigs - stout, smells like turpentine when crushed. 
Buds - usually covered with resin droplets, light­
chestnut brown . 
Fruit - 3 " to 6" long, each cone scale is armed with a 
short, sharp spine, mature in August of second sea­
son and shed most seeds in September. 
Wood - sapwood white to yellowish, heartwood yel­
lowish to light brown, distinct but not characteristic 
resinous odor, growth rings distinct. 



Eastern White Pine (Pinus strobus) 
General - not native to Nebraska, but may be planted 
as an ornamental. 
Leaves - borne in groups of 5, 3" to 5" long, dark 
blue-green, straight, slender, flexible. 
Twigs - orange-brown, smooth or with only a few 
hairs. 
Buds - covered with thin reddish or orange-brown 
scales. 
Fruit - about 5" long, narrow, stalked, with thin 
scales, unarmed. 
Wood - sapwood nearly white, heartwood darker, 
noncharacteristic odor, growth rings distinct. 

fI 
ill 
J I f Leaf 

Fruit 

Scotch Pine - Pinus 5ylvestris 

Douglas-fir (Pseudotsuga menziesii) 
General - Douglas-fir is an important western com­
mercial lumber tree and comprises about 50 percent 
of the standing timber of western forests . It is not 
native to Nebraska . 
Leaves - borne singly, flat, blunt , about 1" long, 
yellow-green . 
Twigs - slender , flexible, smooth when leaves are 
detached. 
Buds - the cigar-shaped, sharp-pointed winter buds 
are about 1/2" long. 
Fruit - about 3" long, pendent, each scale has at­
tached to it a 3 -pointed woody bract. 
Wood - sapwood whitish to yellowish,. heartwood , 
yellowish to reddish, with characteristic resinous 
odor, growth rings very distinct. 
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Leaf 

Scotch or Scots Pine (Pinus sylvestris) 
General - not native to Nebraska. A preferred species 
for Christmas tree production. 
Leaves - borne in groups of 2, about 2" long, bluish­
green, often twisted. 
Twigs - medium-thick, dull grayish-yellow, roughed 
by scales at base of leaf clusters, upper branches. 
Buds - no distinct features which are helpful in identi­
fication . 
Fruit - a woody cone, 1 1/ 2-2" long, scales with 
raised pyramid-shaped tips . 
Wood - an exotic which is used very little in the 
wood products industry, little data available in intro­
ductory textbooks. 

• I , 
\ I' 

Leaf 

• 

• 

• 
Douglas Fir · Pseudotsuga menziesii 



• 

• 

• 

Boxelder - Acer neg undo 

Red Maple (Acer rubrum! 
General - wood is brittle and decays readily . Not 
native to Nebraska. 
Leaves - simple, about 4 " in diameter, typically 
3-lobed, but may be 5-lobed . 
Twigs - opposite, reddish , without a disagreeable 
odor when crushed . 
Buds - terminal bud present, lateral buds opposite 
around terminal. 
Fruit - may be either V- or U-shaped, matures in late 
spring, about 3 /4" long . 
Wood - sapwood white, heartwood light brown, 
without characteristic odor, growth rings not very 
distinct . 

Winter tw ig 

Sugar M aple - Acer saccharum 
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Boxelder (Acer negundo! 
General - although this tree has been planted exten­
sively through the middle west because of its hardi­
ness, it is not particularly decorative and is short 
lived and of poor form. 
Leaves - opposite, compound w ith 3 to 7 leaflets, 
leaflets quite variable . 
Twigs - stout, purplish to greenish, frequently cov­
ered· with a bluish white coating . 
Buds - terminal bud present, somewhat whitish 
woolly . 
Fruit - V-shaped , double-winged samara , ripens in 

fall. 
Wood - sapwood white, heartwood light brown, of­
ten colored by mineral stains, without characteristic 
odor , growth rings not very distinct. 

Winter twig 

Fruit 

Red Maple - Acer rubrum 

Sugar Maple (Acer saccarum! 
General - although not native to Nebraska, this spe­
cies is probably the most common and important of 
the maples . Noted for the maple syrup made from 
the sap. 
Leaves - simple, about 4" in diameter, 5-lobed . 
Twigs - moderately slender, shiny, brown, opposite . 
Buds - terminal bud present, pointed, many scales. 
Fruit - U-shaped, double-winged samara , borne in 
fall. 
Wood - sapwood whitish with a reddish tinge , heart­
wood light brown , without characteristics odor , 
growth rings fairly distinct. 



Silver Maple IAcer saccharinum) 
Ganeral - native to eastern Nebraska. A large and 
beautiful tree. Grows rapidly, but is prone to be brit­
tle and breaks easily in storms. 
Leaves - simple, about 5" in diameter, deeply 
5-lobed, sides of terminal lobe V-shaped, serrate on 
margin, green on upper surface, silvery below . 
Twigs - opposite, orange-brown to red, disagreeable 
odor when bruised . 
Buds - terminal bud present , blunt . 
Fruit - widely divergent wings, about' , 12" lor;g , 
borne in late spring. 
Wood - sapwood white, heartwood light brown, 
without characteristic odor growth rings not very 
distinct . 

Winter twig 

Fruit 

Ohio Buckeye · Aesculus glabra 

Horsechestnut IAesculus hippocastanum) 
General - not native to Nebraska . Planted as an or­
namental. 
Leaves - palmately compound, usually 7 leaflets 5 " 
to 7" long . 
Twigs - opposite, stout, smooth, reddish-brown. 
Buds - terminal buds over ' " long, brownish, cov­
ered with waxy gum . 
Fruit - a thick, leathery, prickly, yellowish-brown, 
roundish pod, ' " to 2 " in diameter , containing' to 
3 smooth , shining, brown nuts. 
Wood - similar to Ohio buckeye . 

'4 

Winter twig 

Silver Maple - Acar saccharinum 

Ohio Buckeye IAesculus glabra) 
General - a medium-sized tree native to extreme 
southeastern Nebraska. Nowhere is it abundant. 
Leaves - palmately compound, 5 leaflets, 3 " to 6 " 
long, smooth. 
Twigs - opposite, stout, smooth, orange to brown. 
Buds - terminal buds large, brown, not waxy . 
Fruit - a thick leather , prickly, brownish, globular 
pod , about '" in diameter, containing a large, 
smooth, shiny , brown " nut." 
Wood - sapwood white to dull white, heartwood 
creamy to yellowish, growth rings normally not visi­
ble . 

Fruit 

;, 
I' . r 

Winter twig ; 
r 

Horsechestnut - Aesculus hippocastanum 

• 
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Leaf Winter twig 

River Birch (Betula nigra) 
General - native to extreme eastern Nebraska. Some­
what rare in the north. More common in the southern 
part of the range where it is the only birch at low 
elevations. Normally found along streams. Bark 
salmon-pink, papery . 
leaves - simple, doubly serrate, rhombic, wedge­
shaped base. 
Twigs - alternate, slender, reddish-brown, usually 
pubescent. 
Buds - terminal bud lacking, laterals acute. 
Fruit - a cylindrical, erect, pubescent strobile with 
deciduous scales. 
Wood - sapwood whitish to yellowish, heartwood 
brown, without characteristic odor, growth rings fre­
quently not very distinct (diffuse porous). 

O''' ' ! : 
Fruit 

Shagbark Hdory - Carya ovata . . ' . ... ." . 
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Ailanthus or Tree-of-Heavan (Ailanthus altissima) 
General- not native to Nebraska. Starts readily from 
seed that is scattered by wind, and from root 
sprouts. Thrives under almost any type of condition. 
Resistant to smoke and gases, difficult to get rid of . 
leaves - once pinnately compound, l' to 3' long 
with 11 to 41 leaflets, always an odd number of 
leaflets, ill smelling when crushed. 
Twigs - alternate, coarse, more or less velvety or 
downy, brown pith. 
Buds - terminal bud lacking, hemispherical, normally 
pubescent, relatively small. 
Fruit - oblong, spirally twisted wing in center of 
which is a single, dry seed. Normally occurs in great 
abundance. 
Wood - little information is published. Light colored, 
brittle. 

Winter twig 

River Birch - Betula nigra 

Shagbark Hickory (Carya ovata) 
General - occurs in southeastern Nebraska. Medium­
sized tree, slender, tall and straight, with narrow, 
rounded, open crown of stout branches and twigs. 
Bark smooth to seamy when young, shagging, flat 
plates when old. 
leaves - once pinnately compound, 6" to 12" long, 
usually 5 leaflets. 
Twigs - alternate, stout, smooth and shining to 
somewhat downy. 
Buds - terminal bud present, large, rather blunt­
pointed . 
Fruit - a nut encased in a 1/4" to 1/2" thick husk, 
total diameter of l' to 21 /2" in diameter, husk splits 
readily to release globose nut. 
Wood - sapwood whitish to light brown, heartwood 
pale brown to brown, without characteristic odor, 
growth rings distinct (ring porous or semi-ring por­
ous). 



Northern Catalpa (Cata/pa speciosa) 
General - has escaped cultivation and is naturalized 
in Nebraska . It was planted to be cut down for fence 
posts. 
Leaves - simple , heart-shaped, 4" to 10" long and 
3" to 8" wide , entire . 
Twigs - opposite or whorled, stout, greenish to pur­
plish, circular leaf scars. 
Buds - terminal bud lacking , buds smaller than leaf 
scars . 
Fruit - a long, slender pod 6" to 1 5" long and 1/2" 
in diameter . 
Wood - sapwood pale gray, heartwood grayish 
brown, faint aromatic but not characteristic odor, 
growth rings distinct Iring porous) , durable soft. 

Hackberry - Celtis occidenta lis 

Redbud or Judas Tree (Cercis canadensis) 
General - an attractive small, low tree , often with 
several stout, branches forming a rounded crown. 
Blooms before the leaves appear in April. Beautiful 
flowers . 
Leaves - simple, heart-shaped , 2" to 4" long, entire. 
Twigs - alternate, usually zigzag, bark on twigs shiny 
brown. 
Buds - terminal bud lacking, small, blunt, glabrous, 
purplish. 
Fruit - short-stalked, flat, brownish pods 2" to 4 " 
long, 1/2" wide, pointed on both ends, contains 8 to 
12 brown , hard seeds. 
Wood - little data published, hard, brownish. 
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Northern Catalpa - Catalpa speciosa 

Hackberry (Ce/tis occidenta/is) 
General - a medium to large tree, having a rounded, 
rather wide spreading crown, native to Nebraska, 
bark on trunk and larger limbs gray and warty . 
Leaves - simple, 2 " to 4 " long, serrate , frequently 
with a long tapering tip, "nipple galls" often occur 
on underside of leaves. 
Twigs - alternate, slender, brownish . 
Buds - terminal bud lacking , laterals appressed to 
twig . 
Fruit - 1/4" in diameter, round, purplish, one per 
stem, flesh edible . 
Wood - sapwood pale yellow to greenish yellow, 
heartwood yellowish to light brown, without charac­
teristic odor, growth rings distinct Iring porous) , rays 
visible to naked eye. 

W inter twig 

• 

• 

• 

• 
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Winter twig 

Flowering Dogwood - Comus florida 

Russian-olive IEiaeagnus angustifolia) 
General - not native to Nebraska but has been plant­
ed extensively. 
Leaves - simple , silvery , oblong , 1 1/ 2" to 3" long . 
Twigs - alternate, silvery, sometimes with thorns. 
Buds - no outstanding characteristics to aid identifi­
cation . 
Fruit - silvery yellow drupe about 1/4" in diameter. 
Wood - little data available, yellow to brown . 

Winter twig 

" 

,. 

, . 

Green Ash · Fraxinus pennsylvanica 

," , 
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Flowering Dogwood IComus florida) 
General - widely planted as an ornamental because 
of beautiful flowers. Only dogwood important for its 
wood. 
Leaves - simple, entire, about 3 1/ 2" long, secon­
dary leaf veins parallel margin. 
Twigs - opposite, slender, purplish , more or less cov­
ered with a whitish bloom . 
Buds - terminal bud present, scales meet in a straight 
line without overlapping, flower buds look like minia­
ture urns. 
Fruit - a bright red drupe, about 1/ 3" long, borne in 
compact clusters. 
Wood - sapwood light pinkish brown, heartwood 
dark brown, without characteristic odor, hard, 
heavy, growth rings distinc,t but not sharply deline­
ated (diffuse porus), rays visible to naked eye. 

Russian Olive - Elaeagnus angustifolia Winter twig 

Green Ash IFraxinus pennsylvanica) 
General - a medium-sized tree with a compact, broad 
and rounded crown. 
Leaves - once pinnately compound, 8" to 12" long , 
5 to 7 leaflets, l' broad, smooth on both sides, ser­
rate . 
Twigs - opposite, medium-slender, gray to brown­
ish . 
Buds - rusty brown , smaller and narrower than those 
of white ash. 
Fruit - paddle-shaped in dense clusters, often cling­
ing to twigs into or throughout the winter , 1 1/ 2" 
long, 1/4 " wide, abruptly narrowed wing along the 
slender seed cavity. 
Wood - sapwood white, heartwood light brown, 
growth rings distinct (ring porus), without character­
istic odor, rays not distinct. 



Honeylocust (G/editsia triacanthos) 
General - a medium-sized tree with somewhat droop­
ing lateral branches forming a broad flat-topped 
head. 
Leaves - both once and twice pinnately compound, 
once pinnately compound leaves with 1 5 to 30 near­
ly sessile leaflets, bipinnate leaves with 4 to 7 pairs 
of lateral twigs, 6 " to 8 " long, leaflets 1 1/2" long 
by 3/4" wide. 
Twigs - alternate , stout, smooth, glossy, zigzag, 
often having stiff, branched thorns from 3" to 6 " 
long, there is a thornless variety . 
Buds - terminal bud lacking, superposed, partly 
sunken in bark . 
Fruit - a flat pod, reddish-brown, twisted , 8" to 12" 
long. 
Wood - sapwood yellowish, heartwood reddish 
brown, without characteristic odor, growth rings 
conspicuous Iring porus) , rays conspicuous to naked 
eye. 

Black Walnut (Jug/ans nigra) 
General - a large, wide-spreading , open-crowned 
tree with heavy branches and coarse twigs . It pre­
fers rich bottom soil and under favorable conditions 
attains large size. It is native along the Missouri River 
and halfway across the state along the Republican 
and Niobrara Rivers, and has been planted to some 
extent throughout the state . A very high-valued 
hardwood. 
Leaves - compound, l' to 2 ' long, with 15 to 23 
leaflets, terminal leaflet often missing. 
Twigs - alternate, stout, brown , with chocolate­
colored chambered pith . 
Buds - terminal bud present, short and blunt, larger 
than laterals. 
Fruit - globular nut, 1 3 /4 " in diameter, covered by a 
smooth, yellowish-green husk which becomes 
black . 
Wood - sapwood white to light brown, heartwood 
chestnut-brown, without characteristic odor, 
growth rings distinct Isemi-ring porus), rays indis­
tinct. 
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Winter twig 

\ 

Honeylocust - Gleditsia triacanthos 

Kentucky Coffeetree (Gymnoc/adus dioicus) 
General - a medium-sized tree with comparatively 
few large coarse branches. 
Leaves - twice pinnately compound, very large, l ' to 
2' long, 20 to 40 leaflets 1 1/ 2" long. 
Twigs - very stout, blunt, brown and generally 
white-crusted. Pith is wide and salmon pink. 
Buds - terminal bud lacking, two or three together, 
superposed, deeply sunken in the bark. 
Fruit - a reddish-brown, leathery, flat, abruptly 
pointed pod usually 4" to 6 " long by 1 3 /4" wide, 
remaining closed until winter, contains 1 to 8 olive­
brown, flat, flint-hard seeds imbedded in a sweetish 
pulp . 
Wood - sapwood yellowish, heartwood reddish, 
without characteristic odor, growth rings conspicu­
ous Iring porus!. rays not very conspicuous to naked 
eye. 

Black Walnut - Jugtans nigra 

• 

• 
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Fruit 

leaf 

Osage Orange - Maclura pomifera 

Apple (Malus pumHal 
General- not native to Nebraska. Apples are of Euro­
pean or Asiatic origin . Most eating apples are culti ­
vars or varieties that must be grafted . 
Leaves - simple, serrate , elliptical to ovate, white 
pubescent below . 
Twigs - alternate, somewhat woolly , characteristic 
sweet taste . 
Buds - terminal bud present, woolly (particularly at 
tipl, blunt, laterals smaller than terminal bud. 
Fruit - pome or apple. 
Wood - hard, good firewood . 

Winter twig 

Fruit 

Leaf 

Red Mulberry - MOtus rubra 
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Osage-orange, Hedge Apple, Bois D'arc (Mac/ura 
pomiferal 
General - originally this tree was confined to the rich 
bottom lands of Arkansas, Oklahoma, and Texas but 
was extensively planted as a hedge by early Nebras­
ka settlers. In Nebraska the usual height is less than 
30 feet . 
leaves - simple, entire , 3" to 5" long, with a nar­
row, pointed apex, dark green and shiny above, 
milky juice. 
Twigs - alternate, bright green, hairy, becoming 
yellowish and armed with stout, sharp-pointed 
thorns. Bark on roots is bright orange-red . 
Buds - terminal bud lacking, small , globular. 
Fruit - a pale green orange-like structure 2 " to 4" in 
diameter. Seeds brown . 
Wood - characteristic bright 'orange color, yields a 
yellow dye, used to make bows, thus the name bois 
d' arc . 

Apple · M alus pumila 

Red Mulberry (Morus rubral 
General - a small tree which develops a broad, round ­
ed head with numerous small branches. 
leaves - simple, variable in shape, may be entire but 
often 3 to 5 lobes, 2" to 5" long, hairy beneath . 
Twigs - alternate, slender , somewhat zigzag , reddish 
to greenish-brown , showing milky sap when cut. 
Buds - terminal bud lacking , mostly covered by two­
ridged scales. 
Fruit - dark purple or nearly black, 1/ 2" to 3 /4 " long, 
ripening in June or July . 
Wood - sapwood yellowish , heartwood yellow­
brown, without characteristic odor, growth rings 
distinct (ring porusl , rays plainly visible to naked 
eye. 



American Sycamore or Buttonball-tree (Platanus oc­
cidentalis! 
General - a tall, spreading tree usually found along 
streams, native along the Missouri River as far north 
as Omaha. Has been planted in all sections of the 
state. 
Leaves - simple, 3 " to 8 " broad, more or less deeply 
3 to 5 lobed, bright green. 
Twigs - alternate, pale green and hairy when young, 
smooth and gray when older. 
Buds - terminal bud lacking, conical, covered by a 
single cap-like scale and hidden under hollow base of 
petiole. 
Fruit - round, yellowish-brown ball about 1" in dia­
meter that hangs from slender stem. Often persists 
throughout winter and into following summer. 
Wood - sapwood light yellowish, heartwood light to 
dark brown, without characteristic odor, growth 
rings distinct, rays conspicuous to naked eye. 

Winter twig 

\' 

White Poplar - Populus alba 

Eastern Cottonwood (Populus deltoides! 
General - state tree of Nebraska. Very easily propa­
gated by planting a piece of a young branch in moist 
earth. The Plains Indians used the root wood for 
starting fires by friction, but as a firewood it burns 
quickly. 
Leaves - simple, rounded teeth, triangular in outline, 
2" to 4" long, leaf stem long and flattened . 
Twigs - alternate, yellowish-brown, stout, pith 
5-angled. 
Buds - terminal bud present, brownish, sticky, ovoid. 
Fruit - a small, ovoid capsule about 1/3" long, borne 
like a string of beads, capsule contains many seeds 
and cottony material, seeds small. 
Wood - sapwood whitish, heartwood grayish, often 
not a clearly defined change from sapwood to heart­
wood, growth rings distinct but inconspicuous, (dif­
fuse porus), rays not visible without magnification . 
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Leaf 

Winter twig 

\ 
\ 

American Sycamore - Platanus occidentalis 

White Poplar (Populus alba! 
General - introduced from Europe. This is a member 
of the willow family and is often wrongly called silver 
maple. It is a large tree, grows rapidly in favorable 
locations, and also thrives under less favorable con­
ditions. Many root suckers occur about the trees. 
Leaves - often resemble a maple leaf in shape, dark • 
green above, white and woolly below, rhombic with 
very coarse teeth or lobes. 
Twigs - alternate, covered with white woolliness . 
Buds - terminal bud present, more or less woolly. 
Fruit - a small capsule borne in necklacelike strings, 
seeds very small, capsules contain a large amount of 
cottony material in addition to seeds. 
Wood - little information published, similar to other 
poplars. 

Winter twig 

Leaf 

Eastern Cottonwood - Populus americana 

• 
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American Plum · Prunus americana 

Black Cherry IPrunus serofina) 
General - a medium-sized tree attaining a height of 
50 feet or more and a diameter of 1 to 2 feet. Native 
to southeastern Nebraska. Grows along fence rows, 
in open places and on the edge of timbered areas. 
Leaves - simple , about 3" long and half as broad, 
dark green and shiny above, paler beneath , finely 
toothed with incurved teeth, petiole with a conspicu­
ous gland on each side . 
Twigs - alternate, slender , usually bitter to taste, red 
to brown . 
Buds - terminal bud present, laterals same size as ter­
minal, scales imbricate. 
Fruit - a dark red nearly black drupe about 1/ 3" in 
diameter. 
Wood - sapwood light brown, heartwood light to 
dark reddish-brown, without characteristic odor, 
growth rings fairly distinct (semi-ring porus), rays 
plainly visible to the naked eye . 

Winte r twig 

Bur Oak - Quercus macrocarpa 
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American or Wild Plum IPrunus americana) 
General - widely planted in Nebraska and has es­
caped into pastures, fields and roadsides. Useful to 
wildlife. 
Leaves - simple, serrate, 3 " to 4 " long, 1 1/ 2 " 
wide, oval. 
Twigs - alternate , slender. greenish when young 
becoming darker with age . 
Buds - terminal bud present , acute , 1/8" to 1/4 " 
long. 
Fruit - subglobose, less than 1" in diameter, bright 
red when fully ripe , ripens usually from the middle of 
August to as late as October, edible . 
Wood - heavy, hard, dark brown with light colored 
sapwood. 

Black Cherry · Prunus serotina 

Bur Oak or Mossycup Oak IQuercus macrocarpa) 
General - an important tree species in Nebraska. It is 
long lived . Valuable as an ornamental and for lumber. 
A white oak . 
Leaves - simple, 5 to 7 rounded lobes, 6 " to 10" 
long and 3 " to 5 " wide. 
Twigs - alternate, stout , yellowish-brown, becoming 
ashen or brownish , often with corky ridges. 
Buds - terminal bud present, cluster or buds toward 
the end of the twig, blunt . 
Fruit - an acorn, about 1" long, fringed cup covers 
1/ 2 or more of the acorn , matures in fall of first year. 
Wood - sapwood whitish to light brown, heartwood 
light to dark brown, without characteristic odor, 
growth rings very distinct (ring porus) , rays visible to 
naked eye, pores normally occluded by tyloses. 



Pin Oak (Quercus palus tris) 
General - called pin oak because the trunk is more or 
less studded with tough lower limbs which do not 
prune readily. Widely planted as an ornamental. A 
member of the black oak group. 
leaves - simple , 5- sometimes 7- or 9-lobed, 3" to 
5" long, 2" to 5" wide. Sinuses extending 2/3 or 
more to the midrib, lobes bristle-tipped . 
Twigs - alternate , slender, reddish-brown . 
Buds - terminal bud present , 1/8 " long , ovoid, with 
reddish-brown scales, lateral buds similar but small­
er. 
Fruit - acorn , 112" long , nearly hemispherical , 
enclosed only at the base by a thin , saucerlike cup. 
Wood - sapwood whitish to pale reddish-brown, 
heartwood pinkish to light reddish-brown, w ithout 
characteristic odor, growth rings very distinct Iring 
porusl , rays conspi cuous to naked eye, pores not 
filled with tyloses . 

Winter twig 

n 
• ,Uit 

Northern Red Oak · Quercus rubra 

Black locust (Robinia pseudoacacia) 
General - generally a medium-sized tree belonging to 
the pea family. A rapid-growing tree . Spreads by 
means of root suckers . Often severely damaged by 
locust borer. 
leaves - once pinnately compound , 6 " to 12 " long , 
7 to 19 leaflets. 
Twigs - alternate, slender, brittle , often zigzag, 
generally have short, stiff spines , 1/4 " to 1/ 2" long, 
in pairs at base of leaves. 
Buds - terminal bud lacking, superposed, hidden un­
der fringe cracks of bark of leaf scar. 
Fruit - a dark brown , flat pod , 3 " to 5 " long . 
Wood - sapwood yellowish, heartwood yellowish to 
golden-brown, without characteristic odor, growth 
rings distinct Iring porus). rays generally visible to 
the naked eye. 
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Winter twig 

Pin Oak · Quercus palustris 

Northern Red Oak (Quercus rubra) 
General - a large tree of the black oak group whose 
acorns mature in autumn of the second season. 
Makes an attractive ornamental tree . 
leaves - simple , 5" to 9 " long, 4 " to 9 " wide, with 
coarse-toothed, bristle-tipped lobes, dark green and 
smooth above, paler beneath . 
Twigs - alternate , medium-stout, reddish to green­
ish-brown. 
Buds - terminal bud present, smooth, light chestnut­
brown, 1/8" to 1/4" long, lateral buds smaller. 
Fruit - acorn oblong or nearly round , about 1" long , 
reddish-brown, cup shallow, saucer-shaped, usually 
covering only the base of the acorn . 
Wood - sapwood whitish to pale reddish-brown, 
heartwood pinkish to light reddish-brown , without 
characteristic odor , growth rings very distinct Iring 
porus). rays conspicuous to naked eye, pores not 
filled with tyloses . 

Winter twig 

Black locus t - Robinia pseudoacacia 
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Winter twig 

Leaf 

'~'. 

Fruit 

American Basswood or American Linden (Tilia ameri­
cana) 
General - a large tree with rounded , spreading 
crown. A native in rich, moist woodlands and along 
river bottoms in the extreme eastern part of the 
state. 
leaves - simple, heart-shaped, 2" to 4 " long and al­
most as wide . 
Twigs - alternate, usually zigzag , smooth , reddish to 
gray. 
Buds - terminal bud lacking , dark red or greenish, 
about 1/4 " long, lateral buds inequilateral , mucilagi­
nous, usually with two visible scale. 
Fruit - subglobose, nutlike, 1/ 3" to 1/ 2" in diameter, 
clustered, bract persistent. 
Wood - sapwood whitish to pale brown, heartwood 
pale brown, with a faint characteristic odor, growth 
rings fairly distinct (diffuse porus). rays not visible 
without a hand lens . 

Winter t wig 

\ . 

American Elm - Ulmus americana 

Black Willow (Salix nigra) 
General - native to Nebraska. Usually found on moist 
soils along the banks of streams. Grows rapidly and 
matures in 50 to 70 years. 
leaves - simp le, serrate, 3" to 6 " long, 3 /8" to 
3 /4" wide, lanceolate. 
Twigs - alternate, slender to stout , often brittle. 
Buds - terminal bud absent , lateral buds appressed, 
covered by a single cap-like scale . 
Fruit - a capsule about 1/4 " long, short-sta lked, 
seeds very small. 
Wood - sapwood whitish, heartwood light brown to 
reddish-brown, without characteristic odor, growth 
rings inconspicuous (diffuse porus) , rays barely visi ­
ble with a hand lens. 

Winter twig 

American linden · Tilia americana 

American Elm or White Elm (Ulmus americana) 
General - a large, gracefu l tree distributed through­
out the state . Greatly admi red as a lawn and street 
tree. Subject to Dutch Elm disease. 
l eaves - simple, 3 " to 5" long and half as broad , 
dark green above, pale and smooth or somewhat 
hairy below, unequal base. 
Twigs - alternate, slender , generally smooth, light 
reddish-brown . 
Buds - terminal bud lacking, lateral buds about 1/4" 
long, ovoid , not sharp-pointed, characteristic one­
sided position above leaf scar. 
Fruit - samara , a flat membranous wing about the 
seed , wing hairy-fringed and notched at tip . Ripens 
in spring. 
Wood - sapwood grayish to light brown , heartwood 
light brown to brown, without characteristic odor , 
growth rings distinct (ri ng porus), rays not distinct to 
naked eye, cross-section of bark shows corky w hite 
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Siberian Elm (Ulmus pumila) 
General - not native to Nebraska. Much planted 
throughout Nebraska in shelterbelts. Com monly, but 
incorrectly , called Chinese elm . 
leaves - simple , usually nearly equal at base, serrate, 
1" to 3" long . 
Twigs- terminal bud lacking, alternate, gray, slender. 
Buds - spherical , bud scale tipped with long hairs. 
Fruit - samara , small , about 1/2 " long . 
Wood - little data published but similar to other elms. 
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Siberian Elm - Ulmus pumila 

DICHOTOMOUS 

IDENTIFICATION KEY 

leaves, needles or scale-like; evergreen . . . . . . . . . . . . . . . . . . . . . . 2 
Leaves , broad ; deciduous . . . . . . . . . . . . . . . . . . • . . . . . . • . . . . . 10 
2. Leaves, small and scale-like, awl-shaped . . . . . . . . . . . . . . . . 3 
2 . Leaves, long and narrow; needles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Fruit ripening at the end of the first season-------------- -- ---------------------------------------Juniperus virginiana 
Fruit ripening at the end of the second season------------------------------------------------Juniperus scopulorum 
4 . Leaves, united at base to form bundles . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . .. 5 
4 . Leaves, not in bundles, occur singly .. .. . .• . ....•. . ..• . . . ............... 8 
Leaves , bund les of 5------------------ --------------------------------------------------------------- --- ---------Pinus strobus 
Leaves in bundles of 2 or 2 and 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6 
6 . Leaves, bundles of 2 and 3 ----------------------------------------------------------------------Pinus ponderosa 
6 . Leaves, bundles of 2 . . . . . . . . . . . . . . • . . • . . • . . . . . . . • . . . . . . . . . . . . . . . . .. 7 
Leaves , 3 " to 6 " long----------------------------------------------------- ----- ---- --- ----------------- -------------Pinus nigra 
Leaves , 2 " long ------------------------ ---------------- .-------------------------------------------------------Pinus sylves tris 
8. Leaves, 4-sided in cross-section, sharp pointed--- -- ----------------- ----- -- ----------------Picea pungens 
8. Leaves , flat in cross-section. . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 9 
Leaves, 1 " long, petioled ; buds, sharp-pointed ---------------------------------------------Pseudotsuga menziesii 
Leaves, 2 1/2" long, sessile; buds, subglobose----------------------------------------------------- --Abies concolor 
10. Leaves. opposite or in 3 ' s . . . . . . . . . . . . . . • . . . . . . . . . . • . . . . . • . . . . . . . . . . .. 11 
10. Leaves, alternate . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . • . . . . . . . . . . . . . 19 
Leaves , simple . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . . . . . . • . . • . . . . . • . . • . . • . . . . 1 2 
Leaves, compound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 
12 . Leaves , lobed palmately . . . . . . . . . . . • . . • . . . . . . . . . .. .............. 1 3 
1 2 . Leaves , not lobed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 5 
Margins of lobes not toothed , 5-lobed---------------------------------------------------------------- --Acer saccharum 
Margins definitely toothed . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . .. 14 

14. Leaves , 5-lobed; bruised twigs have a rank odor--------------------:------------------Acer saccharinum 
14. Leaves , normally 3-lobed ; bruised twigs not offensive--- ------------------------ ------------Acer rubrum 
Sid e vei ns parall el leaf margi n--------------------------------------------------------------------------------Comus florida 
Leaves, heart-shaped , whorls of 3 ----------------------------------------------------------------------Catalpa speciosa 
16. Leaves , palmately compound . . 1 7 
16. Leaves , pinnately compound . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 18 
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17. 
17. 

19. 
19. 

21 . 
21. 

23. 

23. 

25. 
25. 

27 . 
27. 

29. 
29. 

31. 
31. 

33. 
33 . 

35. 
35 . 

37 . 
37 . 

39. 
39. 

41 . 
41. 

43 . 
43 . 

Leaflets, 5; foliage with disagreeable odor-------------------------------------------------------------Aesculus glabra 
Leaflets, 7; buds, dark and sticky------------------------------------------------------------Aesculus hippocastanum 
18. Leaflets, 3 to 7, variable in shape; fruit , a double samara----------------------------------Acer negundo 
18. Leaflets, 7 or 9, similar in shape; fruit, a single samara------------------------Fraxinus pennsylvanica 
Leaves, simple ... . . . .. . ............................. ... ...... . .... .. .... 20 
Leaves, compound. . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 39 
20. Leaves, lobed ... . .... .......... , ... .. .• . . . . .. .. .. .. . ..• ........... 21 
20. Leaves, unlobed ............. . . .... .... ... ........ . . .. .•.. . , ....... 26 
Leaves, undersurface covered with silvery wool--------------------------------- -------------------------Populus alba 
Leaves, undersurface not covered with silvery wool . . . . . • . . . . • . . . . . . . . . . . . . . . . . 22 
22. Lobes, each bears a bristle-tip . . . . . . . . . . . . . . . . . . . . . . . 23 
22. Lobes, not bristle-tipped. . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 24 
Leaf sinuses, deep, nearly to the midrib; acorn, short and wide; 
cup, fl at, sa u ce r I i k e-----------------------------------------------------------------------------------------Q uerc us palustri s 
Leaf sinuses, extending only about halfway to the midrib; acorn, 
ellipsoidal, partly enclosed by a deep cup-----------------------------------------------------------------Quercus rubra 
24. Leaf outline, broadest above middle; center pair of sinuses 

goi ng nea rly to mid ri b-----------------------------------------------------------------------Quercus macrocarpa 
24. Leaf outline, will fit in a circle . . .. . . .. .. . . . .... . .. .... . ............ .. . . .. 25 
8ase of leaf stem, hollow, enclosing the bud---------------------------------------------------Platanus occidentalis 
Base of leaf stem, solid; sap, milky----------------------------------------------------------------------------Morus rubra 
26. Leaf stem, flattened------------------- -----------------------------------------------------------Populus deltoides 
26. Leaf stem, circular . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . .27 
Leaf margin, entire ... .. . ........ . ..... ......•....•..•...• .............. . . 28 
Leaf margin, serrate .... . .. .. . . . .. .. . ..........•. .. . .. . . ... .. .... . . ....... 30 
28 . Twigs, without thorns; leaves, heart-shaped--------------------------------------------Cercis canadensis 
28 . Twigs, with thorns .... .......... . ...... . . .. . .•...... . ..... . .. ...... 29 
Sap, mi I ky; leaves, shi ny----------------------------------------------------------------------------------Maclura pomifera 
Sap, clear; leaves, long and narrow------------------------------------------------- -------------Elaeagnus angustifolia 
30. Sa p, m ilky--------------------------------------------------------------------------------------------------Morus rubra 
30. Sap, clear ..... .... .. . ....• . .•.•....•....•..•...•.......... . .. .. . . 31 
Leaves, 4" in dia meter---------------------------------------------------------------------------------------- Tilia americana 
Leaves, less than 4" in diameter ........... • .... .. ... ..... ..• .. •.. .. .......... 32 
32 . Margins, sing Ie teeth--------- -------------------------------------------------------------------Celtis occidentalis 
32. Margins, double teeth . . . . . . . . . . . . . . • . . . . . . . . . • . . . • • . . • . . . . . 33 
Teeth, conspicuous, medium-sized to large . ....•..•....•..• ...• .... ............. 34 
Teeth, small ............................. .. • . . ..•. ...• . .•.............. 35 
34. Leaves, 3" to 5" long; base, unequal-------------------------------------------------------U/mus americana 
34. Leaves, 1" to 3" long; base, nearly equal------------------------------------------------------Ulmus pumila 
Taste of twig, bitter ... ...... ................. • .. . .........•.... ... ...... . 36 
Taste of twig, not bitter . .. .............. . . . . . . . . . . . .• .. .. ... .. ............. 38 
36 . Bud scale, single cap-Ii ke------------ ---------------------------------------------------------------------Salix nigra 
36. Bud scales, 2 or more .... .. ........... .... .. . .• ... .• ..•....... .. .. ... 37 
Petiole, glandular; fruit, nearly black, 1/3" in diameter---------------------------------------------Prunus serotina 
Petiole, not glandular; fruit, red, 3/4" to 1" in diameter-----------------------------------------Prunus americana 
38 . Twig taste, sweetish----------------------------------------------------------------------------------Malus pumila 
38. Bark, sa Imon-pink, pa pery-----------------------------------------------------------------------------Betula nigra 
Leaves, twice pinnately compound ..... • . .. . ... . .... . .... ..• .. .... ... .. ...... . 40 
Leaves, once pinnately compound ............. . . . . . ... ... .•.. ..... .......... . 41 
40. Leaves, less than l' in length-------------------------------------------------------------Gleditsia triacanthos 
40. Leaves, larger than 1', may be nearly 3'----------------------------------------------Gymnocladus dioicus 
Twigs, armed with spines or thorns (some varieties are thornless) . . . . . . . . . ........ 42 
Twigs, unarmed ....... . .. ... . . ................. . .... ......... . ... ....... 43 
42. Twigs, with long, branched thorns (except in thornless variety); 

fruit, a bean about 12" long---------------------------------------------------------------Gleditsia triacanthos 
42 . Twigs, with paired spines; fruit, a bean about 3" long---------------------------Robinia pseudoacacia 
Crushed leaves, with disagreeable odor; pith, large, brownish-------------------------------Ailanthus altissima 
Crushed leaves, not a disagreeable odor .... ..... . .. , .. . .. . ...•. ..... .... .... .. . . 44 
44. Pith, chambered, light yellowish-g ray------------------------------------------------------------Juglans nigra 
44. Pith, homogeneous--------------------------------------------------------------------------------------Carya ovata 
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HuW A TREt. GROWS 

CROWN 

TRUNK 

r 
ROOTS 

l HOW 

Trees increase each yea.­
in height ond spread of 
branches by add in g on 0 
new ,growth of twigs. 

Heartwood (inactive) 
gives strength. ___________ _ 

Sapwood (xylem) carries sap 
from root to teC!lves. __________ ---; 

Cambium (layer of cells where growth 
in diameter'" occurs) bu il ds tissues -wood 
inside and bark OlJt" ; de. ·-----,-,-~ 

Inner bark (phloem) carr i es food made 
in the leaves down to the branches. trunk. 
and rool",-----_________ 4 

Outer ba,.-k protect s 
tree from injuries.--_______ , 

THINNING INCREASES 
GROWTH 

16 YEARS 
AFT ER 

THINNING 

26 

Light and heat are necessery 
forche mical changes. The le~lVes 
p,..epore the food obtained from 
the oir and the soil and g ive off 
moisture by transpira t ion. 

The air supplies 
carbon,the principel 
food of the tree, 
which is taken in on 
the under surface 
of the leaves. 

The buds, root tips ,and cambium 
layer are the growing parts of t iie 
tree. The leaves manufacture food 
for the growing processes. Water. 
con ta ini ng m inerals in solution, 
is absorbed by the roots. carried 
up through the sapwood to the 
leaves. and is there combined with 
carbon from the a ir to make food. 
ThiS food is carried by the inner 
bark to all growing parts of the 
tree. even down to the root tips. 
The tree takes in oxygen over its 
en t ire surface through brel!lthing 
pores on leaves. twigs, bra nches. 
trunk, and roots. 

HOW FI RE RUINS TIMBER 
DISEASE AND INSECT S ENTER 

T H ROUGH F IR E SCARS 

GROWTH 
13 YEARS 

AFTER FIRE 

• 

• 
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