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4-H PLANT AND SOIL SCIENCE PROGRAM 

UNIT I 

(Pick your choices) 

lA Plant Reproduction 
IB Soils 
IC Plant Growth Factors 
ID Plant Characteristics 
IE Growing and Using Plants 

UNIT II 

(Select one or more of the 5 
areas) - 5 Manuals 
IIA Plant Reproduction 
liB Soils 
IIC Plant Growth Factors 
liD Plant Characteristics 
liE Growing and Using Plants 

Unit I gives you a look at Plant and Soil Science. Unit II gives you more. They offer urban 
and rural boys and girls interesting things to do. They may lead to an exciting career. 

We are told that experience is our best teacher. Exciting experiences are what the exercises 
offer. You will begin to discover what interests you and that's important. You will have fun, 
surprises and recognition for a job well done. 

Units I and II lead you to more advanced studies in many areas. (See your leader.) Usually 
the work of plants and soils is grouped: Field Crops, Forestry, Horticulture and Soils. A brief 
outline of each area follows: 

Field Crops: Corn, wheat, soybeans, field beans, sugar beets, flax, tobacco, nee, turf, 
forages, range and other crops.* 

Forestry: How forests serve us and how to identify, grow, protect and market trees. 

Horticulture: Fruits, vegetables, gardens, flowers, ornamental plants, lawns, landscaping 
and floral arrangements. 

Soils: Classifying, mapping, improving, protecting and managing soils.* 

There are interesting relationships with other sciences; for example, Entomology and 
Pathology. 

*Units II I and IV will be available in these two areas. 
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What You Will Do 

Look over the exercises in this manual. Select the 
areas you would like to learn more about. 

• Carry out four or more exercises that interest you. 
See your leader for requirements to complete a 
project. You can do exercises alone, with a part
ner or in a group. 

• Turn to page 21 for definitions of unusual terms. 

• Make notes in margins of this book to help you 
remember just what you did and what happened. 

• Attend meetings. Take advantage of demonstra
tions and reports. 

• Take part in field trips and tours arranged for 
your group. 

• Get more information on subjects that interest 
you. This is the scientific way. 

• Bring all your records together for your final 
report. 

• Turn in your completed project record to your 
leader by the requested date. 

• Explain what you have learned in a report to your 
group and through your newspaper, TV or radio 
editor. 
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Plant Characteristics 
(Things that distinguish or identify plants) 

No two humans or animals are exactly alike. They 
show many differences- in the color of the hair and 
eyes; in the shape of the nose and ears; and in many 
other ways. Similarly, plants have traits that distin
guish them. 

There are differences in the seed, roots, stems, 
leaves, fruit, size, form, life span and in other respects. 
With this view we will see plants in a different light. 

Nature provided plants with roots to hold them 
upright and to take up water and nutrients from the 
soil. The leaves are used to manufacture food. A 
"plumbing" system transports water and nutrients 
from the roots to the leaves and carries plant food 
from the leaves throughout the plant for growth 
and storage. 
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Every type of plant has its life cycle. The seed 
sprouts, the new plant matures and produces flowers 
with male and female parts. After fertilization, a 
seed is formed- completing the cycle. 

In our work with Plant Characteristics we will 
learn the differences and similarities of plants. We 
also will learn much about the plant parts and their 
purposes. 
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DitTerent Seeds Come 

WET PAPER 

TOWEL 

I. Line the sides and bottom of a glass with a paper 
towel. 

2. Add water to wet the towel and leave a little on 
the bottom. Keep water in bottom at all times. 

3. Stuff the center with other wet towels to hold 
the first one firmly against the side of the glass. 

l. Carefully dig up several small plants and examine 
their roots . 

2. Try to find examples of three of those illustrated 
at the right. 

3. In your record book sketch the types of root 
systems you found. 

4. Identify the types of root systems you found. 

5. List the advantages of each root system to the 
plant. Note the importance of roots as food. 

4. Slip two beans, two corn and two garden pea 
seeds between the glass and the towel lining it. 

5. Record the dates when 
a. you placed the seeds 
b. plants of each sort first appeared 
c. leaves appeared. 

Record differences in the way 
a. plants "came up" 
b. plants grew above edge of glass. 

Observe and record differences in roots , leaves 
and stems. Photograph if possible. 

6. Observe and record the position of the seeds after 
the plants grew above the edge of the glass . 

7. Observe and record your observations of the kinds 
of roots , stems and leaves that develop from the 
different seeds. Sketch the type of stems, leaves 
and root system of each different plant. 

Types of Plant Root Systems 

FLESHY 

TAPROOT 

MULTIPLE FLESHY ROOTS 

BRANCHED 

TAPROOT 

FLESHY 

TUBEROUS 

ROOT 

foi: 
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Additional Activities 

I. Carefully dig two mall plant with branching 
root (gra s will do) and wa h away tlhe oil. 
Ob erve the branching of the root (fibrous roots). 
Note that they become maller and maller. The 
fine roots, those almo t too small to see, are the 
root hair . The e take in water with dis olved 
minerals from the soil. 

2. Let the plant wilt until limp. Place one plant 
in water; keep the other dry. Ob erve both plant 
at intervals over a I 0-hour period. What happened 
to each? Why? 

3. Turn the hose on bare soil and watch 1lhe soil 
wa h away. Repeat on a oil full of gras: root . 
Why i od a good crop to keep oil from washing 
away? What part do the roots play? 

4. Look at a carrot, parsnip or other fleshy root. 
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In what added way does such a root serve the 
plant? How does the root add to our food :supply? 

BOARD 



3. Fasten this membrane tightly with a rubber band 
to a mall tube of clear glass or plastic. 

4. Dissolve I teaspoon of table salt in a gla s of 
water; fill membrane and I inch of tube. 

5. Suspend and support membrane in a econd glass 
of clear tap water as hown in the illustration. 

6. Mark the water level on the tube. 

7. Observe at hourly intervals, record and mark 
the water level on the tube. 

8. How fast did the water rise in the tube? Inches 
per hour Why? 

This shows one function of roots. They take in 
water from the soil and dissolved minerals because 
the more concentrated cell sap attracts the weaker 
soil solution. Salt in a shaker draws moisture. 
Fertilizer cakes for the same reason. Root hairs, 

like egg membrane , are semipermeable. This 
means they permit liquid to pas through from the 
side of the weaker solution to the stronger. 

9. Add 2 teaspoons of table alt to a glass three
quarters full of water. 

I 0. Substitute this glass of salt water for the glass 
of plain water containing the membrane . 

I I. Mark the water level in the tube. 

12. Record the water level hourly until it stop 
going down. 

13 . How fast did the water go down m the tube? 
Inches per hour Why? 

Placing too much fertilizer near a plant rai es 
the concentration of the soil olution above that 
of the cell ap. When this occur , the plant loses 
water, wilt and finally dies. 

Plant Roots and How They Develop 

I. Cut the top from a plastic bottle just below the 
shoulder. Fashion three legs ~ inch high on it 
lower rim. 

2. Pulverize one quart of oil. Slowly add water 
until the soil can be formed into a ball (not 
muddy, but moist enough to hold.) 

3. Crumble and pread about two cups of this 
moist soil evenly on a 12 x 24 inch window glass 
(leaving one inch around the edge free of soil). 

4. Make an x-shaped cut in the center of a111 II x 23 
inch sheet of cellophane or thin plastic. 

5. Fit this hole about the neck of the bottle and 
center it on the soil-covered glass. Tape the 
plastic to the neck of the bottle as shown. Care-

------

fully spread the pia tic sheet over the oil and 
fasten the edge to the glass with tape. 

6. Fill the bottle top with moi tened oil and 
insert one eed. Use corn, cotton, soybean or 
other crop. 
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7. Press the eed one inch into the moistened soil 
and cover. Keep moist. 

8. Place in a well-lighted spot but not in direct 
unlight nor near a source of heat. 

9. To prevent mold growth, cover soil area around 
the hole with black plastic or paper. 

I 0. Place window glass on blocks or bricks :as illus
trated with a mirror below to observe growth of 
roots. 

II. Check daily for signs of roots. They usually 
appear in four or five days at a temperature 
around 80° F. Record your observations. 

12. If the seed fails to germinate , remove the old 
seed and surrounding soil and repeat steps 8, 9 
and 10. 

13. A plastic bag placed over the plant and sealed 
around the neck of the bottle will decrease evap
oration of water from the plant and soil (see 
Exercise II D-9). 

This exercise requires moist soil. It works partic
ularly well in the early spring when the weather 
warms. 

I. Get a small glass or clear plastic tube and a short 
piece of rubber tubing that will fit over it. 

2. Select a shrub or tree shoot the size of the 
rubber tube. Plants like squash, sunflower, 
begonia, dahlia and corn will work. 

3. Cut off the plant near the ground. If wate:r (sap) 
does not come from the cut, choose another plant. 

4. Attach tube and rubber tubing to the plant stump 
as shown. Support the tube as shown. 

5. Put enough water into the tube to bring the level 
above the rubber tubing. 

6. A drop of oil on the water in the tube wiill help 
you note the level of the liquid. 
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14. Once a week draw the outline of the root system 
on the bottom side of the glass. Use a different 
colored wax pencil each week. Reproduce this 
growth record of the roots on paper for your 
report. 

Record: Planting date ; date seedling 
emerged ; date first roots appeared 
on glass approximate diameter of 
roots I st week ; 2nd week ___ _ 
3rd week 4th week 
5th week etc. When was water 

added? -----------------

DEMONSTRATION AND REPORT- Show your club 
the project after a few weeks of growth. Show them 
the pictures you drew of the root system as it devel
oped. Report on your observations, particularly what 
happened to the plant as the soil became dry and 
how the plant recovered when you watered it. 

CLEAR GLASS 
OR 

PLASTIC 
TUBE -SUPPORT 

I I 

OSMOSIS PLUS CAPILLARY 
ACTION 



7. Place a mark on the tube at the oil level. Record 
the time. 

8. Record changes m the oil level hourly until it 
stops rising. 

9. Why did the water rise in the tube? If it did not 
rise, try another plant making sure the rubber 
tube is tighter around the plant stump. 

See Exercise II 0-8 on evaporation of water 
from leaves and 110-3 on how root hairs take up 
water. These are forces that draw water to the 
plant top. 

10. Add table salt to I gal. water until no more will 
dissolve when stirred. 

II. Pour this salt solution slowly around the plant. 
Let it soak down to the roots. 

12. Mark the tube at the water level. 

13. Record the water level hourly until it stops falling. 
You may have to apply more salt solution or 
soak it down to the root area with water. 

14. How fast did the water go down in the tube? 
Inches per hour Why? 

NOTE: Placing too much fertilizer (salts) around a 
plant makes the soil solution more concen
trated than the cell sap. The plant loses 
water, wilts and finally dies. 

Additional Activities 

A 

B 

I. With a knife held at an angle, notch a weed 
about I inch or less in diameter about a foot 
above the ground. 

2. Make a cup of the notch with chewing gum, 
softened wax or beeswax. 

3. Pour colored water into the cup. (Food 
coloring will serve.) 

4. After 24 hours cut stem above the cup. 

5. Saw into 6-inch lengths, number each cut, 
starting at the bottom. Examine the cross 
sections to see how far the dye moved up the 
stem. 

6. What part of the weed caused the dye solution 
to rise. In what part of the trunk did it flow? 

Hollow out a carrot to a l-inch depth. Seal one end 
of a glass tube in the hole with hot candle drippings. 
Place the carrot in a jar of water and observe the 
water rise in the tube. The carrot performs as the 
membrane and its contents did in Exercise 110-3. 

·.~~sw~ 
~~·~tr~.lli."' .. ,·L·. ·,.' 

? 
.! '"'~· ', 

·,~:,·~ t'l' ,. . ~·. 
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~. . '·' ~ . . 
HOW AND WHERE SAP MOVES 

GLASS TUBE 

WATER 
LEVEL -7 1.....,........,1---c:-::~~~ 

OSMOSIS PLUS CAPILLARY 
ACTION 
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I. Select a small plant (weeds are satisfactory). 

2. Cut the stem to how it cross section as 
illu trated. 

3. Record the different types of terns found[ as you 
examine fireplace logs, weeds, crop plants, flowers 
and "bushy" plants. 

4. Record distinctively different plant stems found . 
Pay particular attention to the "plumbing system" 
(vascular ystem) which transports food (nutrients) 
and water within the plant. 

I. Examine the awed face of a log or stump. 

2. Note that there are soft rings and hard 1rings of 
growth. (Test for hardness by sticking a pin in the 
different parts of the rings.) 

3. Count the number of hard rings you can se~e. 

4. If you looked at a log or round section of a tree , 
record your guess on the age of the tree . Years 

The soft rings were formed in pring and early 
summer when the tree grew fast; the hard rings 
appeared late in the season when growth wats 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. 
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A-OUTER BARK 
B-INNER BARK 
C-CAMBIUM 

D D-SAPWOOD 
'..---+E E- HEARTWOOD 
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Water, with its ab orbed plant nutrients, is taken 
in by the roots and "piped" through the xylem to 
the leaves and growing points. Plant food, made by 
photosynthesis in the leaves, is carried by the phloem 
to the entire plant. 

In dicots the xylem is located inside the cambium 
layer and phloem outside. In monocots the two are 
paired to form fibrovascular bundles. In corn these 
appear as strands dispersed in the pith . 

How Trees Grow 

Growth results from the multiplication and devel
opment 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. 



I. Get a fresh green leaf about I ~x2~ inches. 

2. Cut two pieces of cardboard to cove1r water 
glasses as shown. 

3. Punch a small hole in the center of each JPiece of 
cardboard. 

4. Fill two glasses with water. 

5. Place the cardboard over the full glasses, insert 
the leaf stem through the hole in one , into the 
water below. 

6. Put empty glasses up s ide down over the 
cardboards. 

7. Set in a warm place and note when water forms 
in the top glass. 

8. Describe how the moisture was moved . 

I. Test bread, cake, flour or a potato for starch 
by adding a drop of diluted iodine. A blue color 
shows it has starch. 

2. Select a young leaf of a plant growing in a sunny 
location . 

3. Cover part of both ides of the leaf tightlly with a 
cork as illustrated. 

4. Wait for at least 24 hours . 

Additional Activities 

I. Place a clear plastic bag over a recently watered 
house plant. 

2. Tuck or tie the mouth of the bag beneath the pot. 

3. Observe and record the number of hours before 
drops of moisture collect on the inside surface of 
the plastic. 

4. Describe what happens to these drops? 

5. Could you bury the mouth of the plastic m the 
pot and have a self-watering flower pot? 

6. Ask your leader to explain how the plants get 
oxygen. 

PI t Leaves Make Starch 

5. Test for starch by putting a drop of diluted iodine 
on the covered and uncovered area . This should 
be done about 4:00 p.m. on a bright sunny day. 

6. Record any differences. Repeat with another leaf 
if there is no difference. 

7. How do you account for any difference in the 
amount of starch in the covered and uncovered 
leaf area ? 
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Additional Activities 

Te t for tarch on (I) a leaf that i expo ed to the 
un and (2) a leaf on a branch tightly covened with 

black plastic for 24 hour to exclude all sunlight. 
Explain any differences you note. 

PISTIL {STIGMA 
() STYLE 
+ OVARY 

(FEMALE) OVULES 

STAMEN 

cJ 
(MALE) 

I. Examine flowers in the yard , garden or park. 

2. Identify the petals , stamen, stigma, pollen, style, 
ovary and pistil. 

3. Look for pollen on the stamen. 

4. Slice the ovary of older flowers and observe the 
seeds that are forming. 

5. Watch for bees or other insects that are visiting 
flowers and carrying pollen. 

6. Press, mount and label the different parts of three 
or more different flowers. List the func:tion of 
each part. 
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The chlorophyll (green substance) of the leaves e 
uses the energy of the sun to make sugar from the 
carbon dioxide (CO.) of the air and the water (H 20) 
from the soil. The sugar then changes to starch. 

Th Function of Flowers 

Although flower parts differ somewhat from plant 
to plant, most consist of: e 
I. Petals- which form the flower, the showy part 

2. Filament- which supports the anther 

3. Anther-where pollen is produced 

4. Stigma-where pollen is received 

5. Style-upon germination , the pollen sends a tube 
down the style to the ovary to fertilize the female 
elements 

6. Ovary- where the seed develops. 

Some plants have separate male and female flowers. 
Others bear male and female flowers on separate 
plants. 

How is seed produced? Pollen (male) is produced 
on the anther of the flower. This pollen is transferred 
to the stigma by wind, insects or close contact. The 
pollen germinates and sends a tube down the style 
to the ovules (female.) Here fertilization takes place A 
and seeds develop in the ovary. We are familiar W 
with the developed seeds in the apple, peach , grape, 
garden pea, bean and corn. 



You will need some seeds of a legume grown in 
your area (such as soybeans or crimson clover) and 
a small package of inoculum for the particular legume 
you selected. 

I. Select two large flower pots , wide-mouth gallon 
cans (with holes in bottom) or other suitable 
containers. 

2. Label the containers #I and #2. Fill containers 
with loose soi l from an area where legumes have 
not been growing. The soi l should be iinfertile. 
(You can make an infertile soil by adding sand 
to a light colored clay soi l.) 

3. Pot #I: Put two to five seeds on surface of# I. 
Cover with Ys inch of soi l for small seeds and ~ 
inch for large seeds such as beans. 

4. Mulch with \18 inch of sawdust or lay a coarse 
cloth over the surface. 

5. Pot #2: Moisten a few seeds. 

6. Dust inoculum on the moist seeds and mix 
thoroughly. 

7. Repeat steps 3 and 4 with inoculated seeds m 
pot #2. 

I. Break open two oybean eed and two corn seed 

2. Try to make greasy marks on unglazed n«~wspaper 
with the broken edges. 

CAUTION: Do not handle the first container after 
preparing the second container. The aim is to show 
the difference in growth between a pot that contains 
inoculated seeds and a pot that has no inoculum. 

8. Add water, as needed, to keep the soi l moist 
but not wet. 

9. Record height , color and vigor of plants in # 1 
and #2 at weekly intervals. 

I 0. When distinct differences are observed (usual ly 
4 to 6 weeks) : 

I. Carefully wash the soil from the plant roots . 

2. Record any difference in the root system of 
#I and #2. 

3. Record the relative amount of top and root 
growth in #I and #2 . 

4. Look for and examine any lumps on the 
inoculated roots. 

5. What advantage would you see in legumes 
being able to "fix" nitrogen from the air. 

Carbohydrates vs. Oilieeds 

3. Apply a drop of iodine to each spot and observe 
for a dark color (starch test) . 

4. Test other seeds such a field beans, flax, wheat, 
sorghum, etc. 

5. Record which seeds were oilseeds and which 
were starchy. 

Oilseeds will make a greasy mark on paper. Carbo
hydrates (starch) give a blue color when iodine i 
applied. 

Test other plant materials found around the hou e; 
such as peanut butter, potatoes, bread, cake, cooking 
oil, flour, peas and sugar. 

1 1 
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PACKET 2 CANNED PACKET J NOT SEED WASHED TOMATO SEED 
WASHED 

Material needed: I ripe tomato, I packet tomato 
seed, I cup canned tomato juice. 

I. Cut tomato in half. From one half elect 10 plump 
eed , pread to dry in saucer. Do not wa h. Label 
ample #I . Remove and discard remaining eeds, 
ave pulp and juice for step 4 below. 

2. Crush other tomato half; place in glas jar half 
full of water; let tand in a warm room fatr 2 days 
to ferment. Thi loosen pulp from the seeds. 
NOTE: Good eeds will ettle to the bottom. 
Select I 0 of the e best seeds; wa h in water. 
Spread on paper towel to dry. Label #2 . 

3. Soak 10 seeds from the packet overnight in canned 
tomato juice. Label #3. 

4. Soak I 0 eed from the packet overniglht in the 
thoroughly stirred fresh tomato juice and pulp. 
Label #4. 
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5. Label 10 seed from packet #5. 

6. Prepare 5 planters, cut-down milk cartons will 
erve; label I , 2, 3, 4 and 5. Fill with potting oil. 

7. Plant each seed lot in the planter bearing the 
same label. 

8. Moisten the oil ; place each planter in a plastic 
bag and seal the bags. Set planters in warm, well
lighted place. 

9. Note differences in numbers of seed germinating 
and the time required , by lots. Explain causes . Note 
whether slow-germinating lots grew slowly. 

Find , if you can , beet seeds fresh from the plant. 
Compare germination of I 0 of these seeds, unwashed, 
with I 0 seeds oaked in water for 2 hours , then rinsed 
and dried between paper towels. 

SANDPAPER 

I. Select hard seed such as crown vetch , crimson 
clover, mimosa or morning glory. 

2. Divide into 4 lots of about Y2 teaspoonful each and 
number lots I to 4. Treat lot #I by placing in 
boiling water for 3 minutes; lot #2 by shaking in a 
jar with sandpaper strips; lot #3 by piercing seed 
coat with a needle. Leave lot #4 untreated. 

3. Plant lots in pots as labeled . Ob erve and record 
differences in germination. 



PINT JAR 

VIAL LIMEWATER MEDICINE~~~~~~ 
SEEDS 

I. Select a wide-mouth jar that can be sealed. 

2. Obtain a small medicine vial, about I inch in 
diameter and 2 inches high. It should be about an 
inch shorter than the jar selected. 

3. Place vial upright in jar and fill the jar with seeds 
to within \12 inch of the top of the vial. Beans, peas 
or corn will do. 

4. Using a funnel or an eye dropper, fill the vial 
with limewater to within !.4 inch of the top. Do 
not spi ll limewater on the seeds. Get limewater 
from a drugstore. (This differs from ordinary 
hydrated lime and water.) 

5. Tightly seal the jar with lid. 

6. Inspect from time to time. Observe and record 
the time required for changes to occur in the 
limewater. 

Carbon dioxide, produced by the germinating seeds 
was absorbed by the limewater forming a white 
material (calcium carbonate). This substance will 
cause the limewater to appear milky or form a white 
coating on its surface. 

That Plants Give Off a Gas (oxygen) 

I. Obtain two or more plants that grow under water. 
"Elodea" is illu trated. 

2. Put the plants in separate glas containers and 
add enough water to cover them as hown. 

3. Cover the plant as shown with glas funnels. 
Rest funnels on wa hers or coin to admit water 
freely. 

4. Place a test tube or narrow bottle (olive bottle) 
over the funnel. 

5. Tilt the funnel and tube, to fill them with water 
and to remove the air. Replace upright. 

6. Set one container in bright sunlight. 

7. Place the other in a poorly lighted area. 

8. Compare the plants daily for several days. Record 
any difference. 

Have your leader explain why plants give off more 
oxygen when in the light. 

Plants take in carbon dioxide and give off oxygen 
in the process of photosynthesis. We breathe oxygen 
and exhale carbon dioxide. In this way plants and 
animals tend to balance each other in nature. 

ADDITIONAL ACTIVITY: Caution! (Have your 
leader help you with this .) 

I. Wait until the tube or olive bottle is half filled 
or more with oxygen. The water will be di placed. 

2. Fold a piece of paper so that it will go inside the 
tube or use a long wood sliver. 

3. Light the paper or sliver and blow out the flame. 
It should be glowing along the edge. 

4. Quickly remove the tube and in ert the glowing 
paper or sliver. It should burn brighter. Why? 

To speed the collection of oxygen, try exhaling 
through a soda straw with its tip ju t below the 
water urface. This will increa e the CO. pre ent. 

13 
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Bare Soil 

Annual Weeds* 

Perennial Weeds** 

Shrubs 

Forest 

Burned or Cleared Forest 

I. In two separate pots or other suitable containers, plant 3- to 
4-inch coleus plants. (See Exercise IA-5) 

2. Label pots #I and #2. 

3. Place in warm sunny location. 

4. Cut Y4 to \12 inch from tip of plant #I. Do not cut #2. 

5. Repeat step 4 on Plant #I when new shoots reach 3-4 inches. 

Observe and record effect of pruning on plant #I. Explain how 
you can shape plants by pruning. 

Sequence of Planis (Ecology) 

NUMBER OF FIELDS TOTAL 

As you travel through the countryside observe the above cycle of land cover and record the 
number of times each stage appears:. Enter a I in the proper space above for the first field you 
see in each condition shown; II for 2nd such field or area; Ill for 3rd; I 1 II for 4th ; 1"H-J.. for 
5th. Then repeat. 

*Annual plants grow from seed for one year then die : i.e. common ragweed and tumbleweed. 
**Perennial plants sprout from the roots: i.e. asters, goldenrod, most grasses and broomsedge. 



Examples of each stage would include such things 
as: 

e I. Bare soil- recently tilled. 

2. Annuals. Plants that come from seed eaclh year: 
common ragweed, tumbleweed, wild oats, barn
yardgrass, mustard, corn cockle, stickweeds, pig
weed, beggar's ticks, etc. 

3. Perennials. Plants that grow from the same root 
system for several years: asters, goldenrod, 
most grasses, broomsedge, Canada thistle. 

CAUTION! Do not get this chemical on 
or near plants you want to keep. Carefully 
discard all containers after use. 

I. Select grain seeds such as oats, barley, rye or 
rice. Also select some bean seeds. 

2. Select a container such as a tin can, the bottom 
4 inches of a milk carton or a flower pot. 

3. Make sure there are holes in the bottom of the 
container. 

4. Fill the container to within lh inch of the top 
with garden soil. 

5. Plant 10 beans ¥1 to l inch deep. 

6. Plant 20 grass seeds ~ to lh inch deep. 

7. Wet the soil until the water runs out the holes 
in the bottom. 

8. Grow the plants until they are 6 inches high. 
Water as needed to keep the soil moist. 

9. To a cup of water add 3 drops of MCPA, dicamba 
(Banvel) or Fenac. (These should be available 
from garden centers or hardware stores.) Add one 
drop of household detergent to this mixture 
and stir. 

4. Perennials are followed by shrubs, such as black
berry, currants, gooseberries, sumac and 
wild grape. 

5. The shrubs are followed by trees that need plenty 
of sunlight, such as sassafras, persimmon, etc. 
Pine, cedar, oak and hickory forest trees take over 
the above. The pines grow fastest, with the hard
woods coming in open spaces. When the pines are 
cut for timber, the hardwoods tend to crowd out 
any young pines. 

10. Paint the solution on the bean and oats plants 
with a water color brush. 

11. Observe each day for 3 weeks. 

12. Write down changes that took place in plant 
appearance. 

When did the bean plants start to die? ___ _ 
-------------days. 

How long did it take to kill the bean plants? 
_____ days. 

What effect did the herbicide have on the grass? 

How would you explain this difference? What 
practical application would this selective killing 
effect have on growing plants? 
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I. Germinate a bean seed between two moist 
blotter . 

2. Make uniformly paced mark on the root when it 
is about one inch long. 

3. Record which sections of the root grew the fastest 
(these can be judged by the space between the 
mark ). 

4. Continue observing to see if the same area 
continue to grow fastest. 

5. Can you explain why the fastest growth occurred 
where it did? 

Look for prickles of rose and thistle; :spines on 
cactus and thistle; horns; hairs on leaf; stinging 
hairs of nettle that break off in a wound and discharge 
irritating poison; teeth on the edges of leaves as 
sedges, grasses, holly, century plant; thorns on locust; 
bitter or poisonous substances; disagreeablle odor of 
jimsonweed or thorn apple; disagreeable taste of 
poppies; woody, leathery textures of rushes; finny 
horsetails; plants that hug the ground as knotgrass; 
and poisonous plants. 

Many plants that are avoided by animals have disa
greeable odor or taste. These may not be noticeable 
to man. 

Walk through a grazed pasture and colltect plants 
that were left uneaten by animals. Try to determine 
why animals avoided them. 
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SPROUTING BEAN 

How Plants Protect Themselves 

SPINY 

PRICKLY 
HOllY 
LEAVES 



I. Study the new growth on 3 different t ees or 
shrubs. 

2. Observe arrangement and position of the buds 
on the stem. 

3. Are the buds alternate? Opposite? Whorlt~d? See 
illustration. 

4. Compare the arrangement of branches o1n these 
plants with the bud arrangement. Are they 
similar? 

5. After examining a number of trees and shrubs, 
list tho e with bud or branch arrangements: 
A. Opposite, B. Alternate, and C. Whorled. 

I. Float a piece of blotting paper on water in a 
large glass. 

2. Lay a needle on the blotting paper. 

3. Allow the blotter to sink, leaving the needle 
floating on the surface of the water. Note how the 
needle lies in a depression in the water. Notice 
also how the water turns up at the edge of the 
glass. 

4. Put a drop of liquid household detergent on the 
water. 

5. Observe what happens to the needle. 

6. Explain why the needle sank. 

ALTERNATE OPPOSITE 

This is the principle used in spraying plants. The 
molecules of water on the surface are more strongly 
attracted to each other than to the air above the 
water. Thus, the water ha a tendency to form a 
"skin" (surface tension) on its surface. Thi hinders 
the spray from spreading evenly over waxy leaves in 
particular when we apply insecticides, weed control 
materials and other sprays. The detergent simply 
breaks the . surface tension so water will spread 
more evenly. 

Excess wetting agent can let too much water run 
off the leaves. Too little pray residue remain on 
the leave . 
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'14" SIPHON 
TUBE 

~ 

trlents (Plant Food) 

WATERGLASS IN 
SOLUTION IN BOWL 

This exercise is a good club activity. It should be done 
only under the supervision of a club or group leader. 

I. Get some waterglass (sodium silicate) and 
crystals of copper sulfate , cobalt chloride , ferrous 
sulfate , zinc sulfate and manganese chloride. If 
these are not available at the drugstore, contact 
your county Extension office. 

2. Use a fish bowl or other clear glass bowl or jar. 

3. Place in it \.-4 inch of clean , coarse sand. Add 
water to wash the sand , shake well, then pour 
off. Repeat until the water drained is clt::ar. 

4. Half fill the container with waterglass. 

5. Now, add water to fill the container within I or 
2 inches of the top. Mix thoroughly . 

6. Drop a few crystal s of one kind into this solution. 
Observe what takes place. This may take minutes 
or several hours. 

7. Add the different crystals so they will be arranged 
attractively. 

8. Observe and describe what happens. 
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9. After 24 hours siphon off the waterglass solution. 
To do this: (a) Set the bowl on a table and a bucket 
on a chair below ; (b) fill a 3-foot piece of \.-4-inch 
hose by laying it in a pan of water; (c) with the 
left hand, grip one end of the hose , and with the 
right hand grip the other end, holding the water 
inside ; (d) place one end of the hose in the water
glass solution, with the other end directly above 
the bucket and lower than the end inside the bowl ; 
holding the hose in place, release both ends and 
drain the bowl. You must keep the hose end inside 
the bowl below the surface of the waterglass and 
the other end still lower. Remove the solution 
slowly to prevent displacing the garden "plants." 

I 0. Fill the bowl with clean water for a lasting 
display. 

II. The waterglass solution you drained can be used 
again by adding a little more waterglass. 

CAUTION! Handle these chemicals with care! 
Keep them away from small children. Should you 
spill any, clean them up promptly. Wash your hands 
with soap and water after handling them. 
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See your leader for local requirements 

4-H PLANT AND SOIL 
SCIENCE 

RECORD 
YEAR _____ _ 

(Name of Member) (Age) (County) 

Address-------------------------- Zip Code _______ _ 

Name of Parents _________________________________ __ 

Name of 4-H Club--------------------- Years in 4-H Work ___ _ 

NameofAdult4-H Leader _____________________________ _ 

REQUIREMENTS FOR COMPLETING A 4-H PLANT AND SOIL SCIENCE PROJECT 

I. Select the number of exercises your leader recommends. 

2. Follow instructions for completing each exercise. 

3. Use the outline your leader gives you to tell about your project. An example is given on the next page. 

4. Give your completed record to your leader by the date requested. (Send to your agricultural extension 
agent when you are not in an organized club.) 
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OUTLINE FOR 4-H PLANT AND SOIL SCIENCE PROJECT 
(Use this outline to give information about each exercise and 
attach the material to this record.) 

Exercise No. ____ Title of Exercise __________________________ _ 

Date Started _______________ Date Completed _______________ _ 

I. Write a short story about "What I did and what I learned by doing this exercise." Include things that you saw, 
anything that went wrong and things of special interest. 

2. How did you get the supplies needed for this exercise? 

3. State whether you did this exercise by yourself. If not, how many persons were involved. If other persons 
helped you, give their names and tell what they did. 

Optional Signatures: -----------------------------------

I have checked this project including exercise numbers --------------------
and found it to be satisfactorily completed. 

(Signature of Leader or Parent) 

I have checked this record and found it to be satisfactorily completed. 

20 (Signature of Extension Agent) 



DEFINITION OF TERMS 

Annuals - Plants that normally live only one year. 

Anther - The part of a stamen where pollen is produced- usually 
at the tip. 

Asexual - Reproducing plants as by leaf and stem cuttings without 
male and female elements involved. 

Biennials - Plants that grow from the same root system for two 
years. They usually bear flowers and seed the second year. 

Bulb - Scale-like leaves on a short stem enclosing one or more buds 
able to develop into new plants (e.g. onion and lily). 

Cambium - A thin layer of meristematic tissue beneath the bark. 
Here, the phloem and xylem form, new branches arise and growth 
in diameter occurs. 

Carbon dioxide (C02) - A gas in the atmosphere used by plants to 
produce sugars and starch. 

Cell - The basic unit of structure in plants. 

Cell division - Cells divide and produce more cells. This is how 
plants grow. 

Characteristic - Trait that distinguishes or identifies. 

Concentrated - A strong solution, as when much salt is dissolved 
in water. 

Dicot, Dicotyledon - Plant having two cotyledons or seed leaves. 

Dormant - A state of reduced activity in which no growth takes 
place. 

Embryo - The undeveloped plant within a seed (the germ). 
Endosperm - The food tissue in the seed. 
Evaporation- To pass off as a vapor. 
Fertile (soil) - Soil capable of sustaining abundant plant growth. 
Fertile (plant)- Plant capable of producing seed. 
Fertilizer - Plant food used to enable plants to grow better. 
Filament - Stalk or stem of a stamen. 
Fibrous - Like fiber- the fine roots of grass. 
Fleshy root- An enlarged root (sweet potato). 
ft & fz - Symbol for the first generation from given parents; fz the 

second. 
Fruit -The ripened ovary of a seed plant and its contents. 

Germination - A seed takes up water, swells and the embryo starts 
to grow. 

Growth regulators - Substances, other than nutrients, that in-
fluence plant growth. 

Herbicides - Materials used to destroy weeds in crops. 

Imperfect flowers - Flowers lacking either stamens or pistils. 

Inoculum - Bacteria supplied to legumes to "fix" nitrogen from the 
air. 

Kernel - Seed of a cereal. Also the "meat" or inner part of nuts, 
peanuts and seeds of the stone fruits- peaches, plums, cherries 
and olives. 

Legume - A family of plants capable of drawing nitrogen from the 
air, with the aid of proper inoculum, for their own use: e.g. alfalfa, 
clover, beans, peas. 

Layering - Having a stem form roots while still attached to the 
parent plant. 

Life cycle - Series of stages through which a plant passes before 
arriving again at the starting point (seed germination, seedling, 
plant, tlower). 

Mature - Stage at which seeds, or plants, are fully developed. 

Membrane - A thin, soft sheet or layer. (See Ex. II D-3.) 

Meristem - Formative, plant tissue. Its cells can form similar cells. 

tissues and organs, even complete plants. 
Monocot, Monocotyledon - Plant having a single cotyledon or 
seed leaf. 

Node- A stem joint. 
Nucleus - Heredity-control part of a cell, containing the chromo
somes and genes. 

Osmosis - Movement through a membrane between solutions of 
different concentration. 

Ovary - Base of a pistil, where the seed develops. 
Ovule - The female reproductive cell. 
Peat moss - Partially decomposed vegetable tissue. 
Perfect flower - Flower that contains both stamen and pistil. 
Perennials - Plants that grow from the same root system three or 
more years. 

Photosynthesis - Process by which leaves with the aid of the 
energy of the sun convert carbon dioxide and water to sugars and 
starches. 

Pistil - The female element of a flower- composed of stigma, style, 
and ovary. 

Phloem - "Plumbing" system that conducts food manufactured in 

the leaves to all parts of the plant. 
Pollen -The male germ cells produced in the anthers of the flower. 

Pollination - The transfer of pollen from the anther to the stigma. 
Propagate - To produce plants by either sexual or asexual repro-
duction. 

Prune - To trim or cut back a plant or plant part. 
Reproduction - Process by which plants and animals give rise to 
offspring. 

Rhizome - A horizontal underground stem capable of producing a 
plant. 

Root - The belowground part of the plant which lacks nodes. 
Rootstock - A root capable of producing and sustaining a plant. 
Scion - A bud or shoot with one or more buds to be implanted or 
grafted in a rootstock. 

Seed - A dormant embryo enclosed in a seed coat with the endo-
sperm. 

Set - A young bulb, such as an onion. 
Scale - A modified leaf protecting a plant bud. 
Seedling - First growth stage of a plant; a young plant grown from 

seed. 
Selfing - Pollinating a flower with pollen from the same plant. 
Sexual reproduction - Male and female elements both contributing 
to producing a seed. 

Silk - The style of the female flower of corn. 
Slip - A stem portion used for asexual reproduction. Also called a 
cutting. 

Soil- Surface of the earth in which plants grow. 
Stamen - Pollen-producing organ of a flower. 
Stem tubers - Short, fleshy underground stems. complete with 
buds (Irish potato). 

Stem - Stalk, trunk, branch of a plant. Can be vertical or horizontal. 
Stolon - An aboveground horizontal stem capable of producing 
new plants at its nodes and tip. 

Style - Tube connecting the stigma of a flower with the ovary. 
Transpiration - The loss of water through plant tissue, primarily 

the stomata. 
Tassel - Male flower of corn. 
Varieties - A group of plants differing from others of the same kind 

(species). 

Vascular bundle - A unit containing both the phloem and xylem. 
Xenia - Immediately observable effect in the sperm of seed fer

tilized with foreign (dift"erent) pollen. Common in corn but 
occurs also in small grain, sorghum. peas, beans and flax. 

Xylem - "Plumbing" system that conducts water and dissolved 
minerals up the stems. 
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"It is the policy of the Agricultural Extension Service of the University of 
Minnesota that all persons shall have equal opportunity and access to its programs 
and facilities witllout regard to race, creed, color, sex, or national origin." 

Issued in furtherance of cooperative extension work in agriculture and home economics, acts of 
May 8 and June 30, 1914, in cooperation with the U.S. Department of Agriculture. Roland H. 
Abraham, Director of Agricultural Extension Service, University of Minnesota, St. Paul, 
Minnesota 55108. 
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