




introduction 

This manual contains advanced phases in the scientific study of plants 
and soils beyond that outlined in preceding manuals. It offers further 
understanding of the complex factors which affect plant growth and may 
help to explain why plant growth is usually less than optimum. The 
exercises are appropriate whether you live on a farm, in a small town, 
or in the city. Even though the types of plants suggested for experi
mentation may not be familiar to you, the principles which you will 
learn by doing these exercises can be applied to a variety of situations, 
for example: a geranium growing in a pot in your south window; a carrot 
growing in your garden; a shady spot in your lawn under a large tree; or 
a 160-acre corn field. 

WHAT TO DO 

1. Look at the exercises outlined in this manual. 

2. Complete as many of them as you can. 

3. Develop any additional ones you want to. 

4. Explain what you have learned by: 

a. completing 4-H record R-82; 
b. reporting (demonstrating, giving an illustrated talk, or 

oral or written report) to your 4-H club or project group; 
c. visiting with your local newspaper editor, or TV or radio 

station manager about a possible report to readers or 
viewers. 

5. Because you are an older 4-H'er, consider working with a 
younger group of members enrolled in some phase of this project. 
Help them carry out the experiments; help them understand the 
results; and assist them in completing their records or pre
paring a display or exhibit for the county fair or achievement 
day. Encourage them to share their knowledge with others by 
helping them demonstrate or give an illustrated talk at their 
next club meeting. Perhaps this will be their first demon
stration and they would appreciate some help in preparing for 
it. Take a tour of the local greenhouse or nursery to observe 
some of the principles of plant and soil science that you have 
learned. If you don't have a greenhouse or nursery, walk 
through your own back yard or neighborhood park. You will find 
many different plants which can be the basis for group discus
sion or individual study. 

After completing as many of the exercises as you would like to 
do in this manual, you may want to design your own study 
project using a combination of ideas from previous manuals in 
this series or from science experiments in school. Some of 
the references listed at the end of each exercise may suggest 
other possibilities. Feel free to develop your own ideas in 
this unit. Use the 4-H Self-Determined Project record, 
4-H M-219, to organize your plans. 
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exercise 1 growing plants lose large amounts of water 

WHY STUDY THIS? HOW TO DO IT 

Every green growing plant depends on 
water to live. For isolated single plants, 
the amount of water needed depends on the 
size and type of plant and atmospheric 
conditions. A cactus plant needs much 
less water than a cypress tree growing in 
a swamp. And a shade tree growing in your 
lawn has a different requirement than 
either the cactus plant or the cypress 
tree. 

The water that the plant takes from 
the soil serves many purposes. Much of 
the water used by the plant changes into 

~water vapor and is lost into the air 
,_,around the plant. The process by which 

the plant loses water is called transpi-
ration. Most of the water is lost through 
the plant leaves through stomata, which 
are microscopic holes in the leaf surfaces. 
Transpiration is an energy process requir
ing about 540 calories to evaporate 1 cu
bic em. of water. This energy is supplied 
primarily by radiant energy (largely solar 
radiation) and by transfer of heat through 
the air. 

Water is used in chemical reactions 
within the plant; it aids in transporting 
fertilizer and plant-produced nutrients 
throughout the plant; and it helps to 
cool the plant. 

MATERIALS NEEDED: 

1. 

2. 

4. 

Four 6 or 8 ounce glasses. 

Two pieces of stiff cardboard, each 
large enough to cover the top of one 
of your glasses. 

One green leaf with a long stem. 

One nail. 

Fill two of the glasses with water to 
within 1/2 inch of the top. Place a piece 
of cardboard over the top of each glass. 
With the nail, punch a hole in one of the 
cardboards just large enough to insert the 
stem end of the leaf. Insert the stem of 
the leaf through the hole so that it ex
tends into the water. Put a dry glass 
over the leaf. This can be done most eas
ily by rolling the edges of the leaf 
lightly and slipping the inverted glass 
over the leaf. Now, repeat this arrange
ment without the leaf and without punching 
a hole in the second cardboard. Put both 
sets of glasses on a sunny window ledge. 
(See figure 1.) 
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Figure 2 

WHAT HAPPENED? 

After 2 to 3 hours, observe the in
sides of both upper glasses. What hap
pened in the glass covering the leaf 
blade? Why? What happened in the glass 
covering only the cardboard? 

Similar observations can be made with 
a clear plastic bag over a growing plant. 
After several hours, observe the inside of 
the plastic bag. (See figure 2.) 

WHAT DID YOU LEARN? 
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1. Why did water droplets appear in 
one glass and not in the other? 

2. Why was it necessary that the 
stem of the leaf be placed in the 
water? 

3. Why do plants need water? a. 

b. 

c. d. 

4. Through what process do plants 
lose water? 

5. Why should water collect inside 
the plastic bag covering a growing 
plant? 

6. Which part of the plant is re
sponsible for most of the water lost? 

Leaves ------ stems _______ ___ 

flowers or fruit ----- -------

"' 

7. What is the name of the little A 
holes in the leaves that allow water~ 
to escape from the plant? 

8. Name one type of plant that does 
not require much water. 

9. Name one type of plant that re
quires a lot of water. 

.. 



WHY STUDY THIS? 

This exercise will help you to learn 
more about the frequency and amount of 
rainfall during the growing season and its 
effect on plant growth. Exercise 1 showed 
that plants require a large amount of wa
ter to live. 

MATERIALS NEEDED: 

1. Rain gage--a small glass or plas
tic cylindrical gage can be used. Of 
the inexpensive gages, the wedge-type 
gage is preferred (because of its 
larger mouth) and can be obtained 
from most mail order stores. An or
dinary empty coffee can with a plas
tic ruler cemented to the inside can 
be used as a gage. 

2. Record sheet--attached. 

HOW TO DO IT 

1. Mount the rain gage in an open 
area away from trees and buildings 
and above any vegetation. The gage 
can be mounted on a fence post at a 
convenient height. Be sure the gage 
is level. 

2. After each rain, measure and re
cord the amount on the record sheet. 
If your gage can be read to 0.01 
inch, record rainfall to the nearest 
0.01 inch. Otherwise, read the 
amounts to the nearest tenth (0.1) 
inch. 

3. For record-keeping purposes, the 
official 24-hour day begins at 7 a.m. 
If rainfall occurs during the first 
12 hours, take a reading at 7 p.m. 
Try to take the readings at the same 

exercise 2 learning about rainfall 

time each day. Empty the gage each 
half day when you take a reading at 
7 a.m. and 7 p.m. Add the readings 
to find total rainfall during the day. 
Enter the amount in the record table. 
If no rain has fallen, write zero 
(0). If rainfall occurs but is too 
small to measure, record a trace (T). 
Rainfall may occur during more than 
one period on some days. Always 
empty the gage after you have re
corded the amount of the last rain
fall. Continue your record until you 
have measured at least 10 rainfalls. 

WHAT HAPPENED? 

1. Observe plants in your neighbor
hood during the period you are making 
rainfall observations. What did you 
observe? 

2. Summarize your rainfall observa
tions in a brief story in which you 
tell when it rained and how much dur
ing each period. Describe plant 
growth during the period which had 
adequate rainfall (about 1 inch per 
week) and during periods with no 
rainfall for 10 or more days. What 
was the longest interval between 
rains during your measurement period? 

3. If you measure the precipitation 
for 10 or more months, compare your 
recorded monthly total precipitation 
with the 30-year average precipita
tion for the closest weather station 
listed in Climate ~Minnesota, Part 
~. precipitation facts, normal and 
extremes, Minnesota Agricultural Ex
periment Station technical bulletin 
234, available from your county ex
tension agent or local library. 
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On graph paper, record the average 
amount of precipitation for each 
month of the year and, in a different 
color, your findings. (See example 
below.) 

5 Example-Average monthly precipitation (inches), 1931-1960 
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SUGGESTED ADDITIONAL ACTIVITIES 

6 

1. Discuss the local weather maps 
printed in your daily newspaper. 
Show the association of weather 
fronts and rainfall patterns. 

2. If you are interested in gather
ing rainfall data and cooperating 
with the National Weather Service 
(formerly the U.S. Weather Bureau) 
and the University of Minnesota in 
some basic research on Minnesota cli
mate, the backyard rain gage project 
will interest you. The National 
Weather Service and University of 
Minnesota want amateur weathermen all 
over the state to collect rainfall 
and storm data to help improve over
all weather forecasting in the state. 
All you need is a backyard 2 1/2 inch 
by 2 1/2 inch wedge rain gage. Send for 
the official record sheets and instruc
tions by writing to: 

State 4-H Office 
Attn: Backyard Rain Gage 
Coffey Hall 
Institute of Agriculture 
St. Paul, Minnesota 55101 

Month 



DATA SHEET 

~Name ____________________________________________________________________________________ ___ 

TABLE I 

Daily precipitation record for month of 

Enter daily reading. Take the first reading at 7 to 9 a.m., 
if it rained during the night. Otherwise, read only at 7 to 9 p.m. Read 
at the same time every day. Readings taken at a.m. and p.m. 

Date 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

7 or 7 or 7 or 7 or - -- -- --
a.m. p.m. a.m. p.m. 
reading reading Total Date reading reading 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

TOTAL FOR MONTH 

To keep additional monthly precipitation records, 
insert sheets of blank paper with ruled lines as above. 

Total 
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TABLE 2 

*Nearest official rain gage Comparison of my 
30-year record with 30-

My total Rain average for year average 
Month this year this year month over + under -

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

TOTAL 

*Consult Climate of Minnesota, Part V, precipitation facts, normal and extremes, 
Minnesota Agricultural Experiment St~tion technical bulletin 234, 1967. 

Yearly balance __________________________________________________________________________ _ 

The official rain gage nearest my home is located at --------------------------------
and records are kept by ________________________________________________________________ _ 
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TABLE 3 

41tRecord storms and other extreme weather conditions which you observe. 

• 

Date Weather condition observations 

REFERENCES: 

Climate of Minnesota, Part ~, precip
itation facts, normal and extremes. 
Minnesota Agricultural Experiment 
Station technical bulletin 234, 1967 • 
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exercise 3 soil temperature and its effect on plant growth 

Plants cannot move and must accept 
their environment. Plants live in a con
tinuously changing environment. The tem
perature of the air around their leaves; 
the temperature, moisture, and soil atmos
phere around their roots; the solar energy 
received by their leaves; the water vapor 
and carbon dioxide around their leaves; 
and the wind velocity all change during 
the day and vary greatly throughout the 
year. In Minnesota, moisture and temper
ature are two of the most readily meas
ured factors affecting the growth of a 
plant. 

WHY STUDY THIS? 

Let's look at corn, one of Minneso
ta's most important food crops, and see 
how the soil temperature affects its 
growth. Favorable soil temperatures are 
very important early in the growth of 
corn. When average daily soil temperature 
at 4 inches is about 60° F., early plant 
growth is slow. When average daily soil 
temperature at 4 inches is about 80° F., 
early plant growth is near optimum. At 
average daily soil temperatures above the 
optimum, plant growth is decreased. (See 
figure 1.) 

Figure 1 
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The following factors make surface 
soil cold in the spring: 

1. wetness, made worse by poor 
drainage; ~ 

2. vegetative cover (for example, 
mulch tends to keep soil cooler); 
and 

3. steep north slope which receives 
little energy from the sun. 

Soil temperature can be too high, but this 
is unlikely in the spring on most Minne
sota soils. 

MATERIAL NEEDED: 

1. Two standard mercury thermometers 
which can measure up to 100° F. 
2. Graph paper. 

HOW TO DO IT 

1. First, find how the soil tempera
ture changes during the day by measuring 
it. Compare measurements on bare soil and 
under sod. Carefully insert one thermome
ter in the sod and the other in bare soil 
to a depth of 2 to 3 inches. Use a rod, 
wooden dowel, or pencil to make a hole ap
proximately the same size as the thermome
ter. Carefully insert the thermometer 
into the soil. To prevent injury when 
installing the thermometer, wrap the upper • 
part of the thermometer in a towel. Re
move the towel after inserting the ther
mometer. Read and record the soil temper
ature every hour from 7 a.m. to 9 p.m. on 
a clear day. Graph the results. See the 
sample graph that follows. 

WHAT HAPPENED? 

Which soil was the warmest at noon? 
7 a.m.? 8 p.m.? Is it important for a e 
farmer or gardener to know this when he 
plants his seed? 



SUGGESTED ADDITIONAL ACTIVITIES 

1. Compare soil temperatures in (a) 
wet and dry soils (b) sand and clay-tex
tured soils (c) soils with and without 
mulch cover (d) soils on a north and on a 
south slope. 

2. Plant corn or some vegetables 
under a heavy straw mulch and in bare 
soil, both in 5 foot square areas, and 
compare dates of germination and early 
growth heights in the two areas. Measure 

.c ... c. 
QJ 

90 

80 
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.I 
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::J ... 
ctl .... 
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c. 
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~ 
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50 

40 

30 

I I I I I 

Soil temperature 

Type of cover 

Depth in soil measured inches 

Date. 

and record the soil temperature at 1 inch 
throughout one clear day on both plots. 
What temperature differences did you meas
ure? 

What happened? How do you explain 
the differences? 

REFERENCE: 

Climate of Minnesota, Part IV, Spring 
Soil Temperatures, University of Minnesota, 
Agricultural Experiment Station, miscella
neous report 67, 1966. 

--

7 a.m. 8 9 10 11 12noon 1p.m. 2 3 4 5 6 7 8 9 
11 Time of day 



exercise 4 simple plant growth model-growing degree days 

WHY STUDY THIS? 

What can air temperature tell us 
about how fast plants grow? You probably 
have noticed that corn plants grow slowly 
when the air temperatures are in the SO's 
and 60's and rapidly when the air temper
atures are in the 70's and 80's. Wheat 
grows well in the cool temperatures of 
early spring while corn grows slowly at 
the same temperature. If you are inter
ested in this aspect of plant growth and 
like mathematics, this exercise will help 
you explain the reasons. 

MATERIALS NEEDED: 

1. Maximum-Minimum thermometer. 
These can be obtained at reasonable prices 
($6-10) from several instrument companies 
such as: Science Associates, Inc., 230 
Nassau St., Box 230, Princeton, New Jersey 
08540; Sears Roebuck and Co., 900 E. Lake 
St., Minneapolis, Minnesota; Weather Meas
ure Corp., P.O. Box 41257, Sacramento, 
California 95841. 

2. Record sheet for your data. 

HOW TO DO IT 

1. Mount the Maximum-Minimum ther
mometer in a shady place out-of-doors pro
tected from sun and rain. A porch with a 
northern exposure is a good site. 

2. Read the thermometer twice a day 
and record the information on the attached 
form every 24 hours for 30 days during the 
spring or summer. Suggested reading times 
are 7 to 8 a.m. and 5 to 6 p.m. When it 
is impossible to read twice a day, read 
only once a day; however, some error usu
ally will result when only one reading is 
taken. 

3. Reset the thermometer after each 
reading. 
12 

4. Plants, through the process of 
photosynthesis, use only a small amount of 
the sun's energy to produce carbohydrates 
(food). Plants have maximum and minimum 
temperatures between which they can grow. 
Most rapid growth occurs within a definite 
temperature range. 

5. For periods where measurements 
are not available, use temperatures re
corded at the nearest National Weather 
Service Station. 

To determine how rapidly the plant is 
growing, we must know the miminum tempera
ture at which growth can occur and the 
temperature at which the most rapid growth 
occurs, called the optimum temperature. 
When we know these temperatures and the 
maximum and minimum daily air temperatures, 
we can calculate roughly how rapidly the 
plant grew that day. This measure is re
ferred to as heat units or growing degree 
days. 

For this exercise, assume that the 
crop is corn and the minimum temperature 
for corn growth is 50° F. Also assume 
that the optimum temperature for corn 
growth is 86° F. 

All average temperatures below 50° F. 
will be considered as 50° F., and the heat 
units will be recorded as 0. All maximum 
temperatures above 86° F. will be consid
ered as 86° F. and recorded as 86° F. in 
calculating the average daily temperature. 

To calculate the daily heat units: 

add the [daily maximum temperature and 
the daily minimum temperature] and divide 
the sum by 2. 

Then subtract the [minimum temperature 
for growth]. 



Example: 

a. July 12: maximum 90°, minimum 70° 

b. 86 + 70- SO= 78-S0=28 heat units 
2 

accrued in one day. 

c. The daily heat units then are 
totaled day by day for the season 
or study period. 

S. Calculate the daily heat units 
for your test period. Record 
them on the attached sheet. 

WHAT HAPPENED? 

1. Did small changes in the maximum 
or minimum daily air temperatures make a 
big difference in the effective heat units? 

2. Summarize the information col
lected for the 30-day period. In a brief 
story, explain the concept of heat units 
and how slight variations in temperature 
can cause major differences in heat units. 
Distinguish clearly between air tempera
ture and heat units. 

SUGGESTED ADDITIONAL ACTIVITIES 

1. Record the heat units from seed
ing to maturity for corn or another crop, 
and determine how many heat units were re
quired to mature the crop. Compare your 
data with those in the following table or 
in other references. Do they agree? Why 
or why not? Also estimate how many units 
were needed for the seed to germinate and 
for tasseling or flowering to occur. 

Minimum temperatures for growth and 
heat units required for various 

plants to grow to maturity 
(Southern Minnesota) 

Minimum temperature 
Crop for growth heat units 

Sweet corn 49° F 17S0-2000 
Field corn 

(maturity rat-
ing of 8S days 
or less) S0° 2000-2400 

Field corn 
(maturity rat-
ing of 8S-ll0 
days) S0° 2200-2600 

Field corn (ma-
turity rating 
of 110-llS days) S0° 2400-2800 

Soybeans S0° 2000-2400 
Barley 40° 2000-2400 
Oats 40° 2100-2SOO 
Wheat 40° 2000-2400 
Flax 40° 1900-2200 
Canning peas 40° 1200-1800 

Heat units are very simple growth 
indicators and do not consider things 
which affect growth but are not related 
directly to air temperature such as: 

a. drought (lack of soil moisture), 

b. low fertility, and 

c. low soil temperature. 

Also, notice in the preceding table 
that shorter maturity ratings of corn 
hybrids require fewer heat units. 

2. Report the results of your study 
to your fellow 4-H members. Point out 
the time of year which your study covered. 

REFERENCES 

Climate ~Minnesota, Part III, Temperature 
and its Application. University of Minne
sota, Agricultural Experiment Station 
technical bulletin 248. (See your county 
extension agent for a copy of this bulle
tin.) 
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Date Maximum Minimum Heat units 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 
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exercise 5 plant study and identification 

WHY STUDY THIS? 

It is interesting to be able to know 
and identify plants growing around you 
whether you live in town or country. If 
you live on a farm, you may grow certain 
food crops for yourself, for sale, or for 
livestock feed. You are concerned not 
only with these crop plants but also with 
any competing weeds. If you live in the 
city, you also are concerned with many 
different kinds of plants. You may grow 
grass in your lawn, flowers and shrubs in 
your yard for ornamental purposes, and 
vegetables in your garden for food. Many 
weedy plants also grow on city lawns and 
along fencelines, roads, and ditches. 
Anyone can react to poisonous plants, 
such as poison ivy. Hay fever sufferers 
in town and country are irritated by cer
tain pollen-producing plants, such as 
ragweed. 

MATERIALS NEEDED: 

1. A place to study and collect 
plant specimens. This can be in your 
backyard, along a country road, or in a 
park, arboretum, or nature appreciation 
area. (Be sure to obey rules posted in 
parks regarding collection of plant speci
mens.) 

2. A hand lens of 10 power magnifi
cation. 

3. A large plastic bag or several 
smaller plastic bags for carrying speci
mens of leaves or plants. 

4. One (or more) good identification 
manual of weeds and plants. 

5. A plant press for pressing and 
preserving specimens. 

6. A color slide camera with a 
closeup lens. You may want to collect 
pictures of plants rather than plant 
specimens. 

PLANT CHARACTERISTICS USED IN IDENTIFICATION 

I. Observe type of plant 

A. Stem characteristics 

1. Stem woody, contains a central 
core of pith. Examples: wild 
raspberry, poison ivy, box
elder. 

2. Stem herbaceous, plants usual
ly dying back to ground line 
over winter. May be annual, 
biennial, or perennial. Exam
ples: bluegrass, dandelion, 
corn. 

B. Normal life span 

1. Annuals--Plants that grow from 
seed, mature, and complete 
their life cycle during one 
season. (Some plants, called 
winter annuals, may germinate 
in the fall and then flower 
and produce seed the next 
spring before the plant dies.) 
Some of our most troublesome 
weeds, capable of producing 
tremendous quantities of seed, 
are annuals. Examples: green 
foxtail, pigweed, crabgrass. 
Also included in the annual 
group are many important crop 
plants, such as wheat, rice, 
corn, barley, oats, rye, soy
beans, sweet corn, and peas. 

2. Biennials--These plants ger
minate the 1st year and estab-
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lish vegetative growth. These 
plants usually have a large, 
fleshy root system which stores 
food to allow the plant to live 
over winter. The plant pro
duces flowers and seed the 
second growing season and then 
dies. Examples: bull thistle, 
burdock, carrot, sugar beet. 

3. Perennials--Included here are 
many important forage crops, 
such as alfalfa, clover, and 
some of our most persistent 
weeds. These plants may live 
for many years and produce 
seed every year. Weeds in 
this group usually have exten
sive underground root systems 
which help the weed ~nfesta
tion to spread and which 
store food reserves enabling 
the plants to live over win
ter. Examples: Canada thistle, 
poison ivy, dandelion. 

C. Type of seed leaves 

1. Monocotyledons (monocots) have 
one seed leaf (first visible 
leaf when plant germinates). 
Examples: corn, lawn grass, 
and wheat. These plants usu
ally are called grasses or 
grass-like plants. 

2. Dicotyledons (dicots) have 
two seed leaves which may or 
may not appear above ground. 
Examples: soybeans, garden 
peas, white clover. 

Figure 1. Germination of a monocotyledon 

soilline-----~---------:::~==--------1 

o A f K cotyledon 

Figure 2. Germination of a dicotyledon 
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D. Arrangement of leaves on stem 

1. Opposite. 

2. 

3. Whorled. 

E. Leaf size and shape, leaf margins. 

1. Simple leaves, one leaf aris
ing from location of bud on 
stem. 

2. Compound leaves. One leaf 
with several leaflets. May be 
pinnately or palmately com

simple 

pound. 

palmately 
compound 

pinnately compound 



F. Type of root 

l. and above and 
shoots. 

Tap root common in annual, 
broad-leaved plants. 

3. Large storage root, common in 
biennials. 

taproot 

---~i::e\ ____ _ 
scales 

~col•;~ 

ff. 
roots 

bulb 

4. Underground stems or rhizomes, 
common in quackgrass. 

5. Underground tubers or bulblets, 
common in wild onion and yel
low nutsedge. 

II. 

III. 

G. Flower structure. Very impor
tant in identification. Flower 
parts do not vary as much be
tween specimens as do vegeta
tive plant parts. 

1. Number of petals, sepals, 
stamens, and pistils. 

2. Flower color. 

3. Size, number, shape, and 
color of seeds. 

STAMEN: 

anther 
PISTIL: 

Observe where plant is growing. 

A. Sun or shade. 

B. Dry or moist soil. 

c. Land or water. 

Observe growth habit of plant. 

A. Upright. 

B. Prostrate (flat on ground). 

C. Twining or vine-like. 

IV. Observe time of year that plant 
flowers. 
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WHAT TO DO 

Study as many plants as possible, 
both grass and broad-leaved specimens. If 
possible, study, collect, and identify 
specimens when they are in bloom. Flower 
parts or seeds often are necessary to 
identify a plant species. 

Keep specimens in a plastic bag un
til end of field trip. Then use a plant 
press to dry and preserve specimens. 
Keep one plant of each species in a plas
tic bag for identification. Use a plant 
manual and weed identification guide to 
identify as many species as you can. Con
sult a herbarium or plant identification 
expert for help with those you cannot 
identify. Your county extension agent 
can help you or tell you where to get 
help. 

WHAT DID YOU LEARN? 
Where did you locate most of your 

"weedy" species? Did you find any of the 
woodland flowers in a cultivated field, 

18 

lawn, or similar habitat? Did you find 
more grasses or broad-leaved plants? 
Which were easiest to identify? 

REFERENCES 

Weeds ~ the North Central States, 
North Central Regional Publication No. 36. 
Revised edition. (Available at the Uni
versity of Minnesota Campus Bookstore, 
St. Paul, or from your county extension 
agent.) Cost is $1.00. 

! Field Guide~ Wild Flowers, Roger 
Tory Peterson and M. McKenny. Available 
at most bookstores, drug stores, or at 
the University of Minnesota Campus Book
store, St. Paul. Cost is $4.95. 

Taxonomy of Flowering Plants, C. L. 
Porter. Second edition. Published by 
W. H. Freeman and Company, San Francisco. 
Available for loan at libraries or for 
sale at the University of Minnesota Campus 
Bookstore, St. Paul. Cost is about $8.00. 
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exercise 6 make a plant press 

A good plant press can be built from 
strips of wood cut from an apple box, 
crate, or other thin, strong wood. You 
also may obtain 48-inch wood lath from a 
local lumber yard. Make the press the 
standard size and construction. Standard 
size is 12 inches wide and 18 inches long. 
Slatted construction is necessary so that 
plant specimens can dry properly. You 
will need: 

1. Four pieces of wood 18 inches 
long, 1 inch wide, and 1/4 inch -
3/8 inch thick. 

2. Sixteen pieces of wood 12 inches 
long, 1 inch wide, and 1/4 inch 
thick. 

3. At least 32 small nails (smaller 
than shingle nails) or 1/2 inch 
screws. 

4. Hammer and square for assembling. 
Use half of the material for 
each of the two sides of the 
press as shown in the illustra
tion. 

5. Two straps or ropes about 4 feet 
long to bind the press. 

6. Twenty ordinary sheets of newspa
per for pressing. 

7. Six or eight sheets of corrugated 
cardboard 12 inches by 18 inches. 
These can be cut from clean card
board boxes. 

8. Six or eight sheets of heavy 
blotter paper 12 inches by 18 
inches. These can be cut from 
felt building paper that is not 
tarred. Succulent plants may 
need blotter change every day. 
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exercise 7 learning about weeds and pests 

WHY STUDY THIS? 

Many people think of weeds as pesky 
plants to be pulled or hoed out of garden, 
lawn, and field crops. Weeds cause mil
lions of dollars of economic loss to far
mers and gardeners each year. Because 
this loss increases food costs, weeds cost 
all of us extra money. In addition, weeds 
such as ragweed and poison ivy cost people 
many dollars each year to treat allergies 
and skin irritations. Some poisonous 
plants also are responsible for the death 
of livestock and loss of production from 
livestock. Every home owner is plagued 
by lawn and garden weeds around the horne. 
At the lake you may be bothered by weeds 
and algae in your favorite swimming or 
recreation area. Troublesome weeds must 
be identified and controlled. 

One good definition of a weed is "a 
plant causing economic loss." Another 
definition of a weed is "a plant growing 
where it is not wanted, or a plant out of 
place." By this definition, however, a 
corn plant growing in a soybean field and 
a carrot growing among the radishes are 
weeds. 

It is fun to be able to identify 
weeds and control them by managing their 
en vi ronmen t. 

METHODS OF WEED CONTROL 

Some common methods used by farmers 
and homeowners to control weeds are out
lined below. 

1. Weed prevention 

a. Plant clean seed. 

b. Do not allow weeds to "go to seed." 
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2. 

3. 

Weed eradication 

a. Use soil fumigants to destroy 
weed seeds. " 

b. Use soil sterilants to destroy 
weed growth. Eradication usually 
is not possible or feasible unless 
weed infestation is small and lo
calized. 

Weed control 

a. Mechanical means--plowing, mowing, 
cultivating, hoeing, pulling. 

b. Cultural means--use of crop rota
tions to interrupt the weeds' lif~ 
cycle; higher seeding rates or 
fertilizer to smother out weeds. 

c. Chemical means 

(1) Type and time of application-
can apply chemicals preplant 
(before planting) , preemer
gence (at planting time), or 
postemergence (after crop and 
weeds emerge). 

(2) Choose a chemical to control 
the specific weed problem. 
See Cultural and Chemical Weed 
Control in Field Crops, exten
sion folder 212; Chemical Con
trol £f Woody Weeds, Forestry 
Fact Sheet 5; or The Home Lawn, 
extension folder 165. Your 
county extension agent has 
copies of these bulletins 
available. 

(3) Calibration of equipment and ~ 
calculation of proper rate of 
application. See Cultural and 



Chemical Weed Control in Field 
Crops, extension folder-212. 

(4) Herbicide safety--read and ob
serve precautions on chemical 
labels. 

(5) Herbicides kill weeds by 
blocking or interfering with 
certain plant growth processes. 
For example, atrazine kills 
weeds in corn by interfering 
with photosynthesis. 

MATERIALS NEEDED: 

1. 

2. 

3. 

A weedy area in a field, lawn, or 
garden. 

A weed identification manual. 

A copy of each of the above bulletins 
or others recommended by your county 
extension agent. Check the date to 
see that they are recent. Chemical 
recommendations for weed control may 
change each year. 

The appropriate tools to carry out 
your weed control plan. 

WHAT TO DO 

Plan a weed control program on your 
farm, in your garden, or around your lawn 
or flower beds. Identify weeds. Deter
mine whether mechanical weed control or 
chemical treatment is better. Apply one 
or more weed control treatments as de
sired. Leave a strip or area with uncon
trolled weeds to test results. If herbi
cides are used, follow instructions on 
the label. 

WHAT HAPPENED? 

Did weed control help improve your 
crop, garden, or lawn? Can you observe 
or measure increased yields, growth, or 
vigor of desired plants? 

SUGGESTED ADDITIONAL ACTIVITIES 

We have dealt primarily with weeds in 
this exercise. Other living things 
also can be classed as pests in cer
tain situations. You may want to de-

sign a project involving the control 
of insects or plant diseases. 

REFERENCES 

1. Cultural and Chemical Weed Control in 
Field Crop;: Revised extension folder 
212. Available from your county agent. 

2. Weeds of the North Central States. ---
Revised edition. North Central Re-
gional Publication No. 36. Available 
at the University of Minnesota Campus 
Bookstore, St. Paul, or from your 
county agent. Cost is $1.00. 

3. Chemical Control~ Woody Weeds. 
Forestry fact sheet 5. Available 
from your county agent. 

4. The Home Lawn. Extension folder 165. --------
Available from your county agent. 

5. Horticulture Extension, University of 
Minnesota. This department has many 
publications on pest control in vege
tables and fruit crops. 

• Pesticides should be kept in 
their own labeled containers, 
which tell what they are and how 
to use them. 

• Pesticides should be kept sepa
rate from food supplies and out 
of the reach of small children 
and pets. A locked cupboard in 
the garage or tool shed is a 
safe storage place. 

• Flammable pesticides must be 
kept away from flames and hot 
places. The label tells if a 
pesticide is flammable; if it is, 
it must be handled as cautiously 
as gasoline and other quick
burning fluids. 

4-H's FOR PESTICIDE SAFETY 

USE YOUR HEAD 

l. Never use a pesticide without 
your parents' guidance. 
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2. Use a pesticide only when needed. 
Use only the one recommended for the pest 
you want to control. 

3. Read the entire label on a pesti
cide container each time the chemical is 
used. 

4. Follow the instructions exactly. 
Pay special attention to the precautions 
and the information about what to do in 
case of an accident. 

HANDLE PESTICIDES CAREFULLY 

1. Do not try to mix pesticides 
yourself. This is a job for your parents 
or a responsible adult leader. 

2. Sprays must be mixed out-of-doors 
or where there's adequate ventilation. 

3. Apply pesticides only as speci
fied and only to the plants listed on the 
label. 

4. Use only the prescribed amount. 
Twice as much is not twice as good; in 
fact it may harm rather than help. Ex
cessive amounts are washed off easily by 
rain and serve as pollutants. 

5. Left over spray solutions should 
be buried several inches deep so they 
will not leave puddles from which pets 
might drink. Bury the pesticide where it 
cannot get into the water supply. 

HAVE A HEART 

1. Never spray or dust in the garden 
on a windy day. Harmful pesticide drift 
will result. 

2. Stand where spray or dust will 
drift away from you and your pets. 

3. Cover bird baths, dog and cat 
dishes, and fish pools before spraying. 

4. Keep pets out of the way while 
spraying. 

PROTECT YOUR HEALTH 

l. If the label says to avoid skin 
contact, wear long-sleeved clothing and 

22 

gloves when mixing or applying pesticides. 

2. Avoid inhaling chemical fumes, 
mists, or dusts. ~ 

3. If you accidentally spill a pes
ticide on yourself, STOP. Remove the 
soiled clothes, and wash the exposed skin 
thoroughly. 

4. Wash hands and face after using 
pesticides, especially before handling 
any food. 

HOW TO DISPOSE OF EMPTY CONTAINERS AND 
UNWANTED PESTICIDES 

Pesticide containers must not be 
reused for any purpose. Place empty metal 
and glass containers in the trash can (if 
your trash is buried in a sanitary land 
fill or incinerated). 

Do not puncture or burn aerosol cans. 
They can explode! Put the whole aerosol 
can into the trash can. 

.. 

Put empty paper and cardboard con
tainers in the trash can or burn them if e 
burning is permitted in your area. Stay 
out of the smoke, and do not burn where 
smoke will drift toward areas frequented 
by people or livestock. 

To dispose of unwanted pesticides, 
use community collection points if avail
able, or return to your chemical dealer. 

If these alternatives are not avail
able, dig a hole 18 inches deep in an iso
lated place in the backyard. Empty the 
pesticide into the pit and cover it with 
at least l foot of soil. 

It may be best to use small amounts 
of a pesticide, according to directions on 
the container, rather than to dispose of 
it. Do not, however, use a pesticide 
that has been declared illegal for use. 
Check with your county extension agent 
if in doubt. 

Pesticides should never be flushed 
down the drain. They can damage sewage ~ 
systems, contaminate water, and harm fish 
and other water life and people. 



exercise 8 your land and my land -soil formation 

HOW SOILS WERE FORMED 

To examine a soil, look at a cross 
section from the surface to at least the 
depth of plant rooting. This cross sec
tion is the soil profile. Look at the 
profile to see different layers (horizons) 
which lie parallel to the earth's surface. 

The five factors which cause the for
mation of soils are: parent material 
(starting material), slope (lay of t he 
land), native vegetation (kinds of plants), 
climate (temperature and moisture), and 
time. 

The soil in figure 1 was developed 
der ~rairie vegetation, and the soil in 

igure 2 under forest vegetation. The 
different layers or horizons are developed 
by the five soil-forming factors mentioned 
above. 

Minnesota has over 50 different soil 
groupings called soil series and hundreds 
of different soil types. Let us examine 
how the five factors of soil formation 
caused so many different soils. 

• PARENT MATERIAL 

The parent materials of the soils of 
• Minnesota were deposited primarily by the 

action of glaciers during the Ice Ages. 
Glaciers invaded Minnesota from two direc
tions. 

The glaciers entering from the north
west passed over limestone deposits, and 
the material they deposited usually was 
calcareous (limy). The glaciers from the 
northeast passed over bedrock and depos-

ted noncalcareous materials. Thus, the 
rection from which glaciers came deter

mined the materials they deposited, and 
the soils formed from these materials. 

Surface 

Parent 
material 

Soil profile developed under prairie vegetation . 

Soil profile developed under forest vegetation . 
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The ice sheets served as huge bull
dozers, leveling and obliterating the old 
landscape. Material called glacial till 
(figure 3) was deposited directly over 
large areas by the ice sheets. Till is a 
variable, nonstratified mixture (gravel, 
sand, silt, and clay) which the ice sheet 
scraped, carried, ground, and mixed during 
its journey. 

Loess was deposited by the wind and 
sorted into particles lfa irly uniform 
in size. 

Till, a variable mixtoJre of gravel, 
sand, si lt , and clay, was deposited 
directly by the g lacier. 

Outwash, with layers of particles of 
different sizes, was deposited by 
running water. 

Vertical cross section of loess, till, and outwash parent materials. 

Parts of southeastern and southw es tern 
Minnesota were covered by fine, windblown 
materials (silt-sized particles) called 
loess. 

Large quantities of water were dis
charged in front of the ice sheets. This 
water depos it ed well-sorted layers of sand 
and grave l on stream terraces along the 
Minnesota and Mississippi Rivers and on 
large, flat, outwash plains where no la~ge 
streams flow now. 

Many areas of Minnesota are covered 
with pea t and marshland formed from 
sedges and othe r aquatic plants in old 
lakes and ponds. 

In the Red River Valley in northwest
e rn Minnesota, large areas are c1 vered 
with glacial lake de posits. In glacial 
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times, the entire valley was covered by a 
large lake, Lake Agassiz. Sand materials 
were deposited along the Lake's edges, 
and silty and clayey materials were depo 
ited near the present Red River. 

Thus, the parent materials of Minne
sota's soils were deposited in a wide va
riety of ways and have a wide range of 
properties. 

TOPOGRAPHY 

The direction and amount the land 
slopes greatly influence the amount of 
water which will enter a soil and how well • 
a soil is drained. They may influence the 
water table also. The amount of moisture 
present affects the growth of vegetation 
and the rate of bre akdown of soil minerals 
and organic matter. On sloping, permeable 
soils with good surface and internal 
drainage, more organic matter decomposes 
and less remains. Flat areas, however, 
generally are wetter because of poor sur
face drainage, and they accumulate more 
organic matter because of slower decompo
sition and greater vegetation growth. 

The direction of slope affects the 
microclimate. South slopes receive more 
solar radiation than north slopes and con
sequently are drier and warmer. 

NATIVE VEGETATION 

Native vegetation has been important 
in determining the characteristics of our 
soils. The two major types of native veg
etation in Minnesota are forest and prai
rie. 

Prairie soils (figure 1) have a deep, 
dark surface layer caused by the many fi
brous roots which decay each year provid
ing the surface soil with large amounts of 
organic matter. 

In forest areas, organic matter is 
added by l eaves or needles which form a 
mat at the surface and is mixed with only 
a very shallow depth of mineral matter. 
This exp lains why forest soils have only a 
small amount of organic matter incorpor
ated into the surface (figure 2). 

The map of Minnesota soils in ex ten
sion bulletin 278, Soils for Minnesota, 



shows the vegetation under which Minne
sota's soils developed. In general, the 

asoils of southern Minnesota and the Red 
~'River Valley developed under prairie vege

tation, and the soils in much of the rest 
of Minnesota and in the extreme southeast 
developed under forest vegetation. 

Which vegetation developed depended 
primarily upon the climate. (The cooler, 
wetter portions favored forest vegetation.) 
Consequently the soil-forming factors of 
climate and vegetation are interrelated. 

CLIMATE 

Climate affects the rate of chemical 
and physical changes (weathering) of the 
parent material. Temperature and moisture 
are the two most important climatic fac
tors which affect plant growth and weath
ering. The rate of chemical weathering, 
growth of plants, and decomposition of or
ganic matters are influenced greatly by 
temperature. All proceed slowly at cool 
temperatures. Rainfall, evaporation, and 
transpiration affect the amount of mois-

...cure i~ the soil and determine whether 
~plants have adequate water for maximum 

growth. Climate very strongly influences 
the type of vegetation. 

TIME 

The last glacier left Minnesota about 
10,000 years ago. Our soils are relatively 
young compared to most soils in the cen
tral and southern states. 

Soils are formed by the interaction 
of the five factors just discussed. No 
single factor can operate without being 
affected or modified by the other factors. 
Each different soil in Minnesota has de
veloped under a different combination of 
these five factors. 

WHY STUDY THIS? 

Understanding how soils were formed 
helps us to understand better the differ-

ences between soils and how these differ
ences may affect the soil's use. 

MATERIALS NEEDED: 

Soils of Minnesota, extension bulle
tin 278. Get a copy from your county ex
tension office or send for a free copy 
from the Bulletin Room, Coffey Hall, In
stitute of Agriculture, St. Paul, Minne
sota 55101. 

HOW TO DO IT 

Locate your area on the soils map of 
Minnesota. 

WHAT DID YOU LEARN? 

In which broad soil group and soil 
association are you located? Did the 
soils in your area develop under forest or 
prairie vegetation? What are the parent 
materials from which your soil was formed? 
What is the dominant topography in your 
soil area? How do the predominant soils 
differ in your soil association area? 
What problems are found on each soil type? 

ADDITIONAL ACTIVITIES 

Visit your county agent or SCS dis
trict conservationist. Ask him for more 
details on soils where you live. If a 
county soil map is available, locate the 
individual soil types where you live. 

REFERENCES: 

1. Soils of Minnesota, extension 
bulletin 278. 

2. Minnesota Rocks and Waters, 
Schwartz and Thiel, University of 
Minnesota Press. 

3. County soil map. (See back page 
of extension bulletin 278 Soils 
of Minnesota to determine if a 
soil map is available for your 
county.) 
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exercise 9 how erosive are raindrops? 

WHY STUDY THIS? 

Raindrop splash is important in era
sion. 
surface 
ticles) 
surface 

The impact of raindrops on the soil 
breaks down aggregates (soil par
in the soil surface and causes the 
to seal. This reduces water in-

filtration and increases runoff and ero
sion. This exercise will demonstrate this 
phenomenon. 

MATERIALS NEEDED: 

1. Some soil (small sized aggregates). 

2. An old jar lid. 

3. A cake pan. 

4. Some large coins. 

5. A sprinkle jar or can. 

A 
raindrop 

splash. 

HOW TO DO IT 

1. Place lid filled with soil in 
center of cake pan. 

2. Place two or three coins on 
top of the soil. 

3. Hold sprinkle can about 1 foot 
above the lid. Let the drops of 
water hit the lid filled with 
soil with coins over parts of the 
soil. 

WHAT HAPPENED? 

WHAT DID YOU LEARN? 

Did this exercise show the value of 
a soil cover when possible? 
REFERENCES 

How Rainfall and Runoff Erode Soil, "Water" 
1955, Agricultural Yearbook, USDA, pp. 
126-135 . 

Soil Conservation, H. Kohnke and A. R. 
Bertrand. McGraw-Hill Book Co., Inc. 
New York. 



WHY STUDY THIS? 

Detachment of soil particles is an 
important part of soil erosion. Splash 
erosion by raindrops can be observed by 
using a splash board. You will see how 
different conditions of vegetative cover 
affect raindrop splash erosion. 

MATERIALS NEEDED: (Three splash boards) 

1. Each board should be 4 feet long, 
3/4 inch thick, and at least 4 
inches wide. Sharpen one end. 

2. Paint the boards white. 

3. Mark lines across the boards at 
3-inch and 1-foot intervals 
starting at the ground level. 
(See drawing.) 

exercise 1 0 splash erosion study 

4. Make 4- by 8-inch tin shields and 
nail them to the tops of the 
stakes to prevent rain from wash
ing off the splash marks. 

HOW TO DO IT 

Compare three types of cover. Place 
one board on recently worked bare soil, 
the second on dense sod pasture or lawn, 
and the third on a plant cover location of 
your choice. Observe the boards after 
several rains. Clean off after each rain. 
(You may wish to photograph the results.) 

WHAT HAPPENED? 

On which locations did the most and 
least splash erosion occur? 

WHAT DID YOU LEARN? 

What can you conclude about the 
effect of raindrops on detaching soil? 

REFERENCES 

How Rainfall and Runoff Erode Soil, "Water," 
1955, Agricultural Yearbook. USDA, pp. 
126-135. 

Soil Conservation, H. Kohnke and A. R. 
Bertrand. McGraw-Hill Book Co., Inc. 

\New York. 
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exercise 11 how mulches prevent soil loss 

Straw, leaves, or other materials 
(called mulches) protect the soil surface 
which reduces the detachment of soil par
ticles by the force of raindrops. Mulches 
will reduce the amount of "runoff" and 
slow down the speed of runoff water, so 
that less soil will be detached and eroded. 

WHY STUDY THIS? 

To show how mulches effectively re
duce soil loss. 

MATERIALS NEEDED: (See figure.) 

l. Two small boxes about 16 inches 
long, 12 inches wide, and 4 
inches deep. 

2. Line the boxes with plastic to 
make them watertight. 

3. Cut a V notch 1 to 1 1/2 inches 
deep in one end of each box. 
(See figure.) 

4. Two sticks of wood about 1 inch 
thick. 

5. Two sprinkling cans (at least a 
quart in size). 

6. Two half-gallon, wide-mouth jars. 

HOW TO DO IT 
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l. Fill both boxes with the same 
kind of soil. 

2. Cover one box with a thin layer 
of grass clippings, straw, shred
ded cornstalks, or other materi
als. 

3. Set the boxes on the table, plac
ing the l-inch sticks under the 
ends opposite the notches. Let 
the notched ends hang over the 
table edge with the jars placed 
on stools below the notches. 

4. Sprinkle water slowly on each 
box. Be sure to hold the sprin
klers at the same height from 
each box and apply the same 
amount of water to each box. 

WHAT HAPPENED? 

What happened? Which box lost the 
most soil? Why? From which notch did the 
water stop running first? Why? Which box 
lost more water? Why? 

SUGGESTED ADDITIONAL ACTIVITIES: 

Use twice as much mulch or half as 
much mulch. 

Compare contoured ridges or furrows 
with uncontoured soil. 

Compare sod with bare soil. 

Compare different mulch materials. 

REFERENCES 

How Rainfall and Runoff Erode Soil. "Water," 
1955, Agricultural Yearbook, USDA. 

Soil Conservation, H. Kohnke and A. R. 
Bertrand, McGraw-Hill Book Co., Inc. 

Teaching Soil and Water Conservation, A Class
room and Field Guide, USDA, SCS, P.A. 341. 



exercise 12 the science of tillage and 
planting on the farm 

WHY STUDY THIS? drying and warming of tilled 
layer. 

A farmer must make many decisions 
about practices used in producing a crop. 
One question is: Why or how should he 
work up a seedbed? Obviously each tillage 
operation should have a purpose. George 
Blake and William Larson, professors at 
the University of Minnesota, give the fol
lowing purposes for tillage: 

1. Sometimes creates improved physi
cal conditions that result in: 

a. better air-water--temperature 
relations and 

b. easier penetration of the 
soil by roots (reduced root 
impedance). 

2. Covers plant residues which may 
aid in plant disease control. 

3. Can be used to create soil condi
tions which minimize runoff and 
erosion. 

4. Allows accurate placement of seed 
and fertilizer and mixing ferti
lizer with a layer of soil. 

5. Incorporates insecticide or 
herbicide. 

6. Controls weeds. (The use of 
tillage for weed control has 
changed considerably and herbi
cides commonly are used to re
place one or more cultivations. 
Herbicides have been used suc
cessfully with "no tillage" 
syst ems.) 

Other reasons for tillage: 

7. Provides mixing which promotes 

8. Can be used to firm the soil in 
the row near the seed. 

9. Establishes soil configuration, 
for example~ hilling soil in the 
row for potatoes or for contour 
practices. 

A field of .corn or other row crop can 
be logically divided into a zone around 
the seed and seedling root (row zone) and 
a zone between rows (interrow zone). The 
requirements of these two zones are very 
different. 

SEEDBED (ROW ZONE) REQUIREMENTS 

1. Size ~ aggregate--Aggregates are 
clusters or groupings of many fine soil 
particles all held together. Sometimes an 
aggregate is called a crumb. A properly 
tilled medium- or fine-textured soil 
should have a size range of aggregates 
averaging about one-quarter inch in dia
meter. 

2. Density--The seedbed should not be too 
dense or too loose. Root growth and flow 
of air, water, and nutrients are reduced 
when the soil is overcompacted. Also when 
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the soil is too loose, movement of water 
and nutrients to the plant root by capil
lary action is slowed. A reasonable guide 
for many medium- and fine-textured soils 
is that a cubic foot of soil should weigh 
between 60 and 90 pounds when oven dry. 

3. Soil temperature--In Minnesota, spring 
soil temperatures commonly are well below 
corn's optimum average daily 4-inch soil 
temperature of 75° to 80° F. On soils 
with average daily soil temperature in the 
60's (common in the spring), small reduc
tions in soil temperature can reduce early 
corn growth drastically. On cold soils, 
such as poorly drained, heavy soils, prac
tices which lower spring soil temperature 
should be avoided. 

4. The width and depth of the seedbed 
area (row zone) required has not been 
established definitely. Some authorities 
have suggested that the seedbed area 
should be 6 to 8 inches wide and the depth 
of the plow layer. 

BETWEEN ROWS AREA (INTERROW ZONE) REQUIRE
MENTS 

In this zone, water management is the 
main concern. On sloping land, it is de
sirable to increase the amount of water 
entering the soil and cut down on runoff 
and erosion. Tillage can be used to help 
conserve water by preventing it from run
ning off. 

Surface roughness and residues are 
very important in increasing water infil
tration. The rougher a freshly tilled 
surface, the greater the amount of water 
that will enter the soil before runoff be
gins. Mulch cover protects the soil from 
raindrop impact and also allows more water 
to enter the soil before runoff starts. 
Mulches, however, tend to reduce soil tem
peratures. 

TYPES OF TILLAGE SYSTEMS 

What tillage systems are available 
and how do they differ? As you study 
each of these systems, try to visualize 
the effect to each of the zones described 
above. Tillage systems can be divided 
into the following groups: 
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1. Conventional plow-disk-harrow. 
This system, the most widely used, has 
given good, firm seedbeds and high yields. 
Disadvantages are that (1) many trips over 
the field are required; (2) the system is 
costly; and (3) the smooth surface in the 
interrow zone provides little erosion 
control. 

2. Plowing with reduced secondary 
tillage. Plowing can be done either with 
a moldboard plow, chisel plow, or large 
disk. Most, if not all, of the secondary 
tillage is omitted. In some cases, a 
planter is hitched directly to a field 
cultivator, spring tooth, or chisel. The 
interrow zone is looser and rougher than 
with conventional tillage. This encour
ages water infiltration and decreases 
runoff and erosion. These methods are 
similar to conventional tillage, but fewer 
trips over the field are required. When 
chiseling, disking, or field cultivating is 
used instead of plowing, the mulch left 
on the surface increases erosion control. 
Care is needed to provide a good seedbed 
and to see that soil temperature decreases 
are not excessive and that the seed is in 
good contact with the soil. 

3. Wheeltrack plant. Corn is planted 
in wheeltracks on spring plowing. The 
interrow zone is left rough. Planting 
generally follows plowing within 1 to 2 
days. Good erosion control is provided 
with fewer trips over the field. Wheel
track planting requires spring plowing and 
works best when clods crush easily, such 
as with silt loam and coarser soils. The 
speed of travel is generally slow. 

4. Till planting and strip rotary 
tillage. These once-over tillage and 
planting systems have been used primarily 
in drier areas on medium- and coarse-tex
tured soils. Early growth may be retarded 
by lower soil temperatures on wet, cold 
soils. Residues are left on the surface 
between the rows. When used on the con
tour, both systems provide good erosion 
control. 

5. No-till and zero tillage systems. 
Chemicals are used to kill vegetation. 
Planting is done behind a coulter or chis
el point. This system has been used suc
cessfully in several central and southern 
states and still is being studied. 
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Problems with this method include 
fertilizer application and lowered soil 
temperature. When planted directly into 
sod, excellent erosion control is obtained. 
The mulch also slows water evaporation 
from the soil surface and temporarily 
saves some water. 

WHAT TO DO--FIELD APPLICATION 

1. Be sure that your tillage opera
tions are necessary. Omit one operation 
(such as one disking or harrowing)· on a 
strip across the field at two places in 
the field. Observe corn growth and yield. 
Was the extra operation really needed? 
Would it be needed every year or just in 
certain years to prepare a fine, firm 
seedbed? 

2. View reduced tillage on other 
farms at tillage time, layby, and harvest. 
Record your visual observations by pic
tures of the seedbed, count the stand, 
and record the yield. Contact your proj-

ect leader or County Extension Agent for 
suggestions of farms to visit. 

3. Plant corn by hand in rows in an 
untilled 10 by 10 foot area. Use a small 
trowel or juice can. Remove a core of 
soil 2 to 3 inches deep; plant seed; and 
crumble the core of soil in your hand over 
the seed. Kill vegetation by scraping 
surface with a hoe, and hoe out weeds as 
needed. Place fertilizer in a similar 
hole 2 inches deeper and two or three in
ches to one side of the corn. Observe 
stand, height, and yield. Was more till
age required? What happened? What did 
you learn? 

SUGGESTED ADDITIONAL ACTIVITIES 

1. Look again at the different till
age systems. Which one(s) do you use on 
your farm? Would you like to try others? 
Maybe you would like to make some modifi
cations. Why not design your own study? 

31 



exercise 13 nutrients needed for plant growth 

Nutrients required for plant growth-
There are 16 chemical elements required by 
plants for growth and reproduction. Rela
tively large amounts of some elements and 
only very small amounts of others are 
needed. If the supply of any of the ele
ments is limited, plant growth will be 
limited. Table 1 lists the necessary or 
essential plant nutrients supplied by the 
soil, their chemical symbols and some com
mon sources of these nutrients. 

Potassium (K). Necessary for 
strong stalks; in-
volved in many en-
zymatic reactions. 

Secondary Elements 

Calcium (Ca); Magnesium (Mg); 
Sulfur (S). 

Micro-Nutrients 

Primary Elements 

Nitrogen (N). 

Phosphorus (P). 

Necessary for 
green color; nec
essary for the 
protein molecules 
in the plant. 

Important in mak
ing seed; involved 
in energy transfer 
in plant. 

Manganese 
(Cu); Zinc 
Molybdenum 

(Mn); 
(Zn); 
(Mo); 

Boron (Bo); Copper 
Iron (Fe); 
Chlorine (Cl). 

Become familiar with the elements re
quired for plant growth. An easy way to 
remember them is to make a sentence with 
some of the chemical symbols. 

"C HOPKINS CaFe mighty good (Mg)" 
helps you remember 10 of the 16. Add 
zinc, boron, copper, manganese, molybdenum, 
and chlorine to complete the list. 

Table l 

32 

Nutrient 
Carbon, hydrogen, 
Nitrogen 
Phosphorus 
Potassium 
Calcium 
Magnesium 

Sulfur 

Boron 
Copper 
Iron 
Manganese 
Molybdenum 
Zinc 
Chlorine 

Chemical 
symbol 

oxygen C,H,O 
N 
p 

K 
Ca 
Mg 

s 

B 
Cu 
Fe 
Mn 
Mo 
Zn 
Cl 

Common source 
Soil, air, and water 
Soil, commercial nitrogen fertilizer, manure 
Soil, commercial phosphate fertilizers, manure 
Soil, commercial potash fertilizers, manure 
Soil, agricultural limestone 
Soil, dolomitic limestone, commercial magnesium 
fertilizers, Epson salts (magnesium sulfate) 
Soil, flowers of sulfur, normal superphosphate, 
ammonium sulfate, calcium sulfate, atmosphere 
Soil, sodium borate, boric acid 
Soil, copper sulfate 
Soil, iron chelates 
Soil, manganese sulfate, and chelates 
Soil, ammonium molybdate; sodium molybdate 
Soil, zinc sulfate, zinc chelates 
Soil, muriate of potash 
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Thirteen of the 16 essential elements 
must be obtained from the soil by the 
plant roots. The soil does not contain an 
inexhaustible supply of all of these ele
ments. Each time plant growth is harvest
ed, a part of the total amount of these 
elements is removed. For plants to con
tinue to grow and produce well, the ele
ments in short supply in the soil must be 
returned to the soil. Farmers and home 
owners do this with fertilizer. 

WHAT'S IN A BAG OF FERTILIZER? 

This 100-pound bag of fertilizer con
tains 6 pounds of nitrogen, 12 pounds of 
phosphoric acid, and 24 pounds of potash. 
These figures total only 42 pounds of 
plant food. Are the other 58 pounds 
waste materials? No. They are carrier 
materials required to carry the primary 
plant nutrients in the bag. For example, 
nitrogen is a gas and must be combined 
with some other element to make a solid 
that can be put in the bag. Pure phos
phorus will ignite spontaneously when ex
posed to air. The carrier materials may 
also contair: some secondary and micronu
~lients. The analysis on the fertilizer 
bag will tell you exactly which elements 
the fertilizer contains. 

~%potash (K20) 

0 • ~~ .. ~-{ 
6,n,t<ogen~~~~ 

12%pho,phodcodd IP205)'-._ ~/ 
TEST YOUR SOIL ~ 

To determine the soil fertility lev
els accurately, the soils must be tested. 
Tests are available from the University of 
Minnesota and several privately owned 
soil testing laboratories. The University 
of Minnesota Soil Testing Laboratory ana
lyzes soil samples for organic matter (ni
trogen), phosphorus, potassium, zinc, and 
sulfur. The soil test levels indicate the 
ability of the soil to supply adequate 
amounts of each of these nutrients. Fer
tilizer recommendations based on the soil 
test depend on the plant being grown and 
the level of available nutrients in the 
soil. All plants do not need the same 
amount of each nutrient. Unless the soil 
sample is representative of the area, it 

is worthless. Unrepresentative areas, 
such as old fence rows, dead furrows, low 
spots, urine spots, manure spots, feeding 
areas, and other untypical areas, must be 
avoided if the test is to be meaningful. 

To find out which and how much plant 
food nutrients are needed, help your fa
ther or someone else take a soil sample 
in the field or garden to be planted or 
the lawn to be fertilized. You can do 
this with a shovel, auger, or probe and a 
clean can or bucket. (See the next sec
tion including the Soil Sample Informa
tion Sheet.) Send the sample to the Uni
versity of Minnesota for analysis. In 
about 1 week, your soil test report will 
be returned with fertilizer recommendations 

WHAT DOES YOUR SOIL TEST REPORT TELL YOU? 

Certain minimal soil test levels of 
P, K, and pH are needed for maximum crop 
production. If soil tests are below this 
level, a broadcast recommendation is giv
en to raise the soil tests to the desired 
level. Broadcast recommendations, which 
include phosphorus, potassium, and/or lime, 
are given when corn or alfalfa is in the 
cropping system. Other crops, such as 
soybeans, can benefit from corrective ap
plications. Residual fertility from the 
previous year's application appears to be 
more important than current fertilization 
to the soybean. Once attained, the mini
mal soil test levels are maintained by 
maintenance recommendations. 

Maintenance recommendations are the 
amounts of N, P, K which should be applied 
for the specific crop being grown. This 
recommendation is based on the soil test 
and other factors, such as the crop to be 
grown, cropping history, yield goal, grow
ing degree days, rainfall, irrigation, and 
starter effect. Maintenance recommenda
tions are designed to give maximum econom
ical yields while maintaining the soil at 
a high level of fertility. The mainten
ance recommendation is needed each year 
the particular crop is grown. 

THINGS TO DO 

1. Take a soil sample from a garden, 
lawn, or farm field and send it to the 
University of Minnesota Soil Testing Lab-
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oratory for analysis. (Obtain soil sample 
boxes and instructions from your local 
county extension office or SCS office.) 

2. List all sources of plant nutri
ents used on your farm or garden. 

3. Learn the essential plant nutri
ents, the symbol for each, and the source 
of each. 

4. Make a diagram of the recommended 
soil sampling procedure for a 10-20 acre 
field, a garden, or an area on your lawn. 

QUESTIONS TO ANSWER 

1. Why is it necessary to specify 
the crop to be produced when sending a 
sample to the soil testing lab? 

2. List each nutrient required by 
plants and,the chemical symbol for each. 

3. If the soil supplies all nutri
ents required by plants in adequate 
amounts, would there be any need for fer
tilizer? Why? 

4. Why is it important to take sam
ples from several different places in a 
field before mixing and sending the sample 
to the lab? 

5. List some reasons for the height 
differences between fertilized and unfer
tilized plants. 
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~~Oil ~oMfl& I~, 
A. General Information Read instructions on back 

UNIVERSITY OF MINNESOTA 
SOIL TESTING LABORATORY 

Name ----------------------------------------
(PLEASE PRINT ALL INFORMATION) 

Address _________________________ _ 

ZIP CODE 

Date -----------------------

B. Required Information for Recommendations 

Laboratory Field I (y) 
number number Sample Check Crop 
(do not or number if to be grown 

write below) letter irrigated 

Depth to sample 

1. Regular series- sample to plow depth 

2. Nitrogen test- sample must be 0 to 24" 

3. Zinc, sulfur, and soluble salts- sample to plow depth 

4. Permanent pastures and sod crops - sample 0 to 3" 

Yield 
goal 

bu or 
T/A 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

: 
I 
I 
I 
I 
I 
I 
I 

Sample 
number 

Location: County -------

Township ------

(y) Check if Federal Cost-Sharing 
(REAP) applies------

Fee payment enclosed $•------

Charge fee to account _____ _ 

Firm submitting samples: 

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

Address ___________________ _ 

ZIP CODE 

Yield Field history (y) Check tests requested (see below) 
Crop 

goal (y) check if 
following Last Yield pH and 

bu or year's bu or Small Alfalfa Regular Soluble 
year grain hard to series Nitrogen Zinc Sulfur salts lime 

T/A crop T/A lodges establish only 

I I 
I 

I I 

_l 
I 

I I 

I I 
I 

I I 
I 

I I 

I I 
I I 

: I 
I 

I I 
I I 
I I 
I 
I I I I I 

I I 
I I 

I i 
I I 

Remarks Testing fees for each sample: 

$2.00 Regular series (pH, lime, P, K, O.M., texture) used 
for standard fertilizer and lime recommendations 

$2.00 Nitrogen (Nitrate-N) test 

$2.00 Zinc test 

$2.00 Sulfur test 

$1.00 Soluble salt test 

$1.00 pH and lime test only 



HOWO TAKE A SOIL SAMPLE flOW TO FILL OUT INFORMATION SHEET 

Divide your field into uniform areas. Each area should have the same 1. Fill in general information section completely. 

soil texture, color, slope, and previous fertilization and cropping history. 2 Fill in required information section completely. This is necessary 
One sample should not represent more than 20 acres on level, uniform · 
fields or 5 acres on hilly or rolling fields. so accurate lime and fertilizer recommendations can be given. 

Sample each area as follows: 
Sample to plow layer depth for all row crops. On permanent 
pastures, sod crops, or lawns, sample to a depth of 3 inches. 
Take about 15 cores or slices from each area, mix them 
thoroughly in a clean container, and then fill your soil sample 
box from this mixture. This is a composite sample and should 
adequately represent the fertility of that area. 

The following tools are normally used for soil sampling: 

Caution: For the zinc test collect soil samples in a plastic container 
to avoid contamination. 

label each soil sample box with your name, address, field number, and 
sample number. 

Example: Field 1 or A, Sample 1 
Field 1 or A, Sample 2 
Field 2 or 8, Sample 1 

Avoid sampling in old fence rows, dead furrows, low spots, urine spots, 
manure spots, feeding areas, <::nd other areas that might give mislead
ing results. 

The sample submitted for the nitrogen test should be a composite 
sample taken from 10 to 15 locations at a depth of 0-24 inches. This 
may be best accomplished with a truck-box mounted soil sampling 
probe. Collect and thoroughly mix soil in a clean container. Remove 
enough soil to fill a sample box. Air dry the sample to stop microbial 
activity. To dry the sample, spread it on a clean piece of paper or 
plastic. Samples should be dry within 24 hours. 

Note: Nitrogen fertilizer recommendations for small grains will be 
based on the nitrogen test only in western Minnesota. The nitrogen 
test will be run in other areas of the state for monitoring purposes only. 

Test results can be no better than the sample. Proper collection of 
soil samples is extremely important. 

Note: You will be receiving recommendations for crops to be grown the 
next 2 years. 

Crop to be grown ..... 

Yield goal ......... . 

refers to the immediate crop which you plan 
to grow. (Write in name of crop) 

refers to the yield which you feel you can 
attain under proper management with the 
right fertilizer recommendation. 

Crop following year . . . refers to the crop which will be grown the 
year after the immediate crop. It is important 
to fill this in along with the yield goal so a 
fertilizer recommendation can be made for 
this crop also. 

Last crop grown . . . . . refers to the crop grown the year before if 
soil samples are taken in the spring. 
Or, refers to the crop now being grown if 
soil samples are taken in the summer. 
Or, refers to the crop just harvested if soil 
samples are taken in the fall. 

3. Be specific on forage crops. For examp!e: alfalfa, red clover, alfalfa
bromegrass, nonleguminous hay, etc. Never write just "hay." 

Be sure to check (y') only those tests which you want run on your 
soil samples. 

HOW TO MAIL 

1. Place sample boxes in shipping container, or wrap them in heavy 
paper. Place this information sheet and remittance in a stamped 
envelope and attach it to the outside of package. Write your name 
and address in the upper left corner. Label shipping container "First 
Class Mail Enclosed." Tie securely. 

2. Mail package by parcel post to: 
Soil Testing Laboratory 
University of Minnesota 
Institute of Agriculture 
St. Paul, Minnesota 55101 

3. Enclose check or money order payable to the University of Minne
sota for all services requested. The sender pays the postage. Please 
do not send cash. The University of Minnesota will not be respon
sible for cash sent through the mail. 



exercise 14 row crop production demonstrations 

WHY STUDY THIS? 

It is often desirable to compare va-
• rieties of field crops, vegetables, 

flowers, or other crops, determine fertil
izer response, or check weed control prac
tices, etc., on a side-by-side basis in 
small field plots. 

Small trial plots are useful because 
less seed and other materials are needed, 
soil and other conditions vary less, and 
several comparisons can be made in a lim
ited space. 

MATERIALS NEEDED 

~ First, you will need a field or gar
'llen area, preferably near a road so it is 

accessible to you and others who might 
wish to view the results. The soil type, 
slope of land, and past cropping history 
of the plot area should be as uniform as 
possible. Stay away from trees, field 
borders, dead furrows, etc., unless your 
experiment includes consideration of 
these variables. 

You also will need a measuring tape, 
• preferably 25 feet or longer. You will 

need a supply of lath or stakes to mark 
the corners of your individual plots and a 

• hammer or hatchet to drive these stakes 
into the soil. A piece of plastic 
clothesline 50-100 feet long or a piece of 
rope or twine long enough to reach across 
your plot area also is useful in staking 
the plots. 

HOW TO DO IT 

First you must determine the number 
~f treatments you wish to compare. For 
..,ample, suppose that you wish to compare 

five different fertilizer applications in 
a field of corn. Plant the field as you 

normally would. However, do not apply any 
starter fertilizer to this area at plant
ing time. (Remove the chain from the 
starter attachment on the planter or put 
the attachment out of gear.) Stake out 
two sets of 1/100 acre plots according to 
the diagram on page 38 so that you can 
replicate or repeat your experiment twice 
for greater accuracy. 

Use a complete fertilizer such as 
6-24-24, 5-20-20, 12-12-12, etc., or 
one you have on hand to use as starter 
fertilizer on corn or beans. (A complete 
fertilizer contains all three fertilizer 
elements, N, P, K.) In addition, get 
enough ammonium nitrate (33.5-0-0) for 
your experiment. Then set up five treat
ments similar to this example: 

TREATMENT 

1. 100 pounds per acre of the com
plete fertilizer. 

This will require l pound, or 
about 1 pint, of fertilizer per 
plot. Broadcast this by hand 
evenly over the l/100-acre plot, 
or you may dig a 2-inch deep 
trench with a hoe along the row 
and spread 1 pound of fertilizer 
evenly along the row areas in the 
plot. Then cover the fertilizer, 
and level the trench being care
ful not to disturb the planted 
seeds in the row. 

2. 500 pounds per acre of the com
plete fertilizer. 

This will require 5 pounds per 
plot. Spread or apply the same 
way as in the first treatment . 
However, do not apply more than 
l pound of the fertilizer along 
the row. Broadcast the remainder. 
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3. 100 pounds per acre of the com
plete fertilizer plus 150 or 450 
pounds of ammonium nitrate per 
acre broadcast or banded along 
the row. 

For most vegetables, flowers, or 
soybeans, use 150 pounds (50 
pounds N), and for corn, use 450 
pounds (150 pounds N). On the 
1/100-acre plots, you will use 1 
pound of complete fertilizer plus 
1 1/2 or 4 1/2 pounds of ammonium 
nitrate per plot. 

4. 500 pounds per acre of the com
plete fertilizer plus the same 
nitrogen application decided on 
in treatment 3. 

Apply in same manner as in other 
treatments. 

5. An untreated plot. This will 
serve as a comparison or check 
plot. A 1/100-acre plot is con
venient because fertilizer rates 
and crop yields can be converted 
readily to an acre basis. Also 

this size plot is large enough 
to produce meaningful yield data 
if you desire. 

Length and width E!_ plot ~ equal 1/100 
acre. In row crops, select the plot di
mensions for your row width from the 
following: 

Table 1. 

Row 
width 
(inches) 

40 
36 
30 
20 

Length of plot 
(across 8 rows) 

(feet) 

26.7 
24.0 
20.0 
13.3 

Width of plot 
(feet) 

16.4 
18.2 
21.8 
32.8 

Select the proper length and width for 
the row spacing used. Two or more repli
cations or repeats of each treatment are 
suggested, if yields or other results are 
to be measured. Measure and stake all 
four corners of each plot. Your plot lay
out will look like this, if you have 30-
inch rows: 

Direction of rows 

t. 
.j...J 

~ 

Replication I 0 
N 

Replication II 

1 

~21. 8 ft...---? 

3 

2 3 4 5 

4 5 1 2 

1 
~---------------------109 ft.-------------------------4 

Treatment numbers are given within each 
plot. The plots are randomized (mixed up) 
in the second replication so that small 
differences in soil type, etc., will not 
favor one treatment. With two replica
tions of each treatment, results can be 
averaged for more reliability. 

With plots that are eight rows wide, 
you could study another variable, such as 
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broadcasting a trace element or a weed 
control chemical over four of the rows and 
not on the other four. Because four rows 
would be 1/2 of the plot or 1/200 of an 
acre, yield results can be obtained for 
each subplot by multiplying by 200. 

If desired, plot size can be smaller~ 
Following are some suggested plot sizes 
for other experiments. 



Table 2 

Size of plot 
desired 

l square rod (16.5 feet2) 
100 square feet 
218 square feet 

Fraction of 
an acre 

l/160 
l/435.6 
l/200 

l acre (43,560 square feet) l 

DETERMINATION OF RESULTS: 

Measure and record the average crop 
height in each plot about 6 weeks after 
planting. Results can be compared best by 
harvesting and comparing yields from each 
treatment. Harvesting 10 feet of row on 
the two center rows of a corn plot will 
give a good approximation of yield differ
ences. Weigh the corn picked from each 
plot on a milk or other scale. Shell a 
representative sample of corn from each 
plot by breaking the ears in half and 
shelling some corn from each of 10 random
ly selected ears. Put the shelled corn 
(a pint is enough) in a sealed plastic bag 
and have it tested for moisture content at 
your local elevator or ASCS office. Your 
county agent can assist you if necessary. 

When you know the moist weight of 
corn harvested from each plot and the 
moisture percentage of the corn from each 
plot, you can compute the yields. Use the 
following formula to compute yields on a 
dry (15.5 percent moisture) basis. Multi
ply moist weight of corn as harvested from 
plot by appropriate figure in the second 
column of table 3 to convert to pounds of 
moist corn harvested per acre. 

Table 3. 

Row spacing in plot 
(inches) 

40 
36 
30 
20 

Factor for 20' of row 
653.4 
726.0 
871.2 

1300.4 

Equation: Moist weight of corn times 
proper factor for 20 feet of row (from 
table 3) divided by pounds of moist corn 
needed for l bushel #2 corn using moisture 
percentage of your sample (from table 4) 
equals bushels of dry corn per acre at 
15.5 percent moisture. 

Length of 
plot (feet) 

16.5 
10 
10 
66 or 165 

Width of 
plot (feet) 

16.5 
10 
21.8 

660 or 264 

Example: You have 30" row spacing, 
and you picked 14 pounds of moist corn 
from the two center rows 10 feet long, or 
20 feet of row. Multiply the 14 pounds by 
the factor in table 3 for 30-inch rows, 
which is 871.2. This equals 12,197 pounds 
of moist corn per acre. Refer to table 4 
for the number of pounds of corn needed to 
make one bushel at 15.5 percent moisture 
for the moisture percentage of your sample. 
Let's suppose that your sample was 30 per
cent moisture .. From table 4, we find that 
it will take 88.5 pounds of moist corn to 
make l bushel of corn at 15.5 percent 
moisture (standard for #2 corn). There
fore, we divide 12197 pounds per acre 

88.5 pounds per bushel 
to equal 138 bushels of #2 corn per acre. 

Table 4. How to correct corn yields for 
moisture content. 

Moisture percentage 
of your corn sample 

12 
14 
15 
15.5 
16 
18 
20 
22 
24 
25 
30 
35 
40 

Pounds per bushel of 
moist ear corn need
ed to make l bushel 
of 15.5 percent 
moisture corn (#2 
corn) 

65.06 
66.89 
6 7. 89 
68.40 
68.94 
71.31 
73.96 
76.79 
79.76 
81.25 
88.50 
95.71 

103.16 

Should you want to conduct a similar 
fertilizer experiment in a broadcast crop 
such as hay, pasture, or lawn, determine 
yields by harvesting 2 square yard quad-
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rats of the crop in each plot by cutting 
uniformly about 2 inches from the ground 
with a hand sickle or grass shears. 
Weigh the clippings in a burlap sack using 
a milk or other scale. Divide green 
weight by four to obtain approximate dry 
matter yields. Convert your dry matter 
yield to an acre basis, if you wish, by 
multiplying your dry weight by 2,420. 
(There are 4,840 square yards in an acre, 
and you harvested 2 square yards.) 

OBSERVATION AND SUMMARY 

Compare results from each of the in
dividual plots and figure cost of treat
ment versus value of additional crop 
received to determine if practice is prof
itable. Ask your county agent or state 
agronomy specialist for help, if neces
sary. 

OTHER SUGG£STED FERTILIZER EXPERIMENTS 

1. Fertilizer placement. 

Row-applied fertilizer is important 
in row crops to speed early growth, espe
cially when the soil is cold and growth is 
slow. A comparison of starter fertilizer 
with seed-placed fertilizer on corn and 
soybeans is an experiment you could per
form to compare fertilizer response. The 
use of seed-placed fertilizer is accepted 
on corn, but is questionable on soybeans 
and should be tried only experimentally on 
a small scale. 

The starter fertilizer should be 
placed 2 inches to the side and 2 inches 
below the seed. It should not touch or 
lay above or below the seed. The seed
placed fertilizer is applied in direct 
contact with the seed. It must be limited 
to a small application, or it will injure 
the germinating seed. Application of 
seed-placed fertilizer should not exceed 
15 to 20 pounds per acre of N + K20. This 
would be equivalent to about 50 pounds of 
6-24-24 per acre. 

The following four treatments are 
suggested: 

(1) untreated check. 
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(2) seed-placed (50 pounds of a com
plete fertilizer applied in the 
trench with seed). 

(3) starter (150-200 pounds of the 
same fertilizer applied in trench 
2 inches below and 2 inches to 
the side of seed). 

(4) seed-placed + starter (combina
tion of treatments 2 and 3). 

Because of the necessity of placing 
the seed-placed fertilizer near the seed, 
the corn or soybeans must be planted by 
hand in a trench about 2 inches deep. For 
this reason, a single row, 25-50 feet 
long, is suggested for each treatment. 
Otherwise you could simply plant seed in a 
pot or flat and repeat each treatment two 
or more times. 

Compare the percent germination in 
each treatment; note the vigor of seedling 
plants; and measure the height of corn or 
soybeans in each treatment 6 weeks after 
planting. Record and report on your ob
servations. 

2. Effect of sidedressed nitrogen 
on corn yield. 

The following fertilizer experiment 
can be conducted easily in a field of corn 
that has been planted already, if no ni
trogen has been applied before or at 
planting time. Obtain and spread ammonium 
nitrate on the surface along the corn row 
about 6 inches to the side of the row. 
Apply the nitrogen after the first culti
vation or about 1 month after planting. 
The following five treatments are sug
gested: 

(1) no nitrogen; 

(2) so pounds actual nitrogen per 
acre; 

(3) 100 pounds actual nitrogen per 
acre; 

(4) 150 pounds actual nitrogen per 
acre; and 

(5) 200 pounds actual nitrogen per 
acre. 



From table 5, select the length of 
row to treat depending on corn row width 
in your field, and apply one small orange 
juice can (6 ounces) of ammonium nitrate 
(33.5-0-0) along each row for the 50 pound 
treatment, 2 cans for the 100 pound treat
ment, etc. 

Table 5. 

Row width 
(inches) 

40 
38 
36 
34 
32 
30 
24 
20 

Length of row to treat to equal 
50 pounds per acre (feet) 

31 
32 
34 1/2 
36 1/2 
38 2/3 
41 1/3 
51 2/3 
62 

It is suggested that you treat three 
rows at each rate of nitrogen as shown 
below: 
Length from table ~ for row width used 

Pounds of 
nitrogen 
per acre 

} 0 

----} 50 

} 100 

} 

} 

200 

0 

Include a replication for greater 
accuracy, if you intend to harvest yields. 
For yield determination, pick 20 feet of 
corn on the center row of each treatment, 
and refer to the Determination of Results 
section on page 39 for the procedure to 
use in computing corn yields. Record and 
report on results. 
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exercise 15 cereal crop production demonstrations 

WHY STUDY THIS? 

Cereal crops feed the world. Cereal 
grains include wheat, barley, oats, rye, 
corn, rice, grain sorghum, and proso mil
let. These crops, all members of the 
grass family (Gramineae or Poaceae), are 
grown for their edible seeds. Because 
cereal grains are so important to us as 
feed for humans and livestock, we should 
learn more about them and how they respond 
to different crop production practices. 

MATERIALS NEEDED 

A field area to be planted with one 
or more of these cereal grains is prefer
able. The field area can be any size. 
Part or all of the field can be divided 
into experimental plots of convenient size 
and planted and harvested with normal 
field equipment. If you do not have a 
field area to use, you can perform most of 
the experiments using flower pots or flats 
filled with soil as your experimental 
plots. 

Try to keep soil and other conditions 
as constant as possible between plots so 
that only the experimental variable will 
be changed. Deciding on the experimental 
variable will be the first step and will 
determine the additional materials you 
will need. For example: you may decide 
simply to plant several different varie
ties of oats to see which performed the 
best. Here the experimental variable is 
the variety of oats. You would need 
enough seed of each variety to seed the 
desired size of plots. 

Decide how large your experimental 
plots will be. One tenth of an acre is a 
convenient size. Since there are 43,560 
square feet in an acre, 1/lOth of an acre 
would be 4,356 square feet. Using a con
ventional drill, divide the width of your 
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drill (8 feet, 10 feet, 12 feet, or what
ever) into 4,356 to determine the other 
dimension of each plot. With a 10-foot 
drill, it would be 436 feet (4356 + 10). 

How much seed do you need? If oats 
are to be seeded, 64-80 pounds per acre is 
recommended. Your plot would take 1/lOth 
of this, or 6.5-8 pounds. If wheat is to 
be used, 1/lOth acre plots would require 
7.5-9 pounds of seed (75-90 pounds per 
acre); with barley, 7.2-9.6 pounds (72-96 
pounds per acre) would be needed. However, 
it would be wise to obtain extra seed if a 
grain drill is used because the drill will 
not empty out completely or seed uniformly 
when nearly empty. 

Another alternative would be to seed 
the entire experimental area with one 
small grain variety, dividing the area 
into uniform strips and applying differ
ent fertilizer rates or weed control chem
icals to determine response to these 
treatments. Still another, more compli
cated experimental design would be to seed 
two kinds of small grain, possibly at dif
ferent seeding rates, in adjoining strips 
on the same field. Different production 
practices could be superimposed on this 
area. You would need the necessary seed, 
fertilizer, and herbicides for the com
parisons you wish to make. 

HOW TO DO IT 

Assume that you want to compare a new 
semidwarf wheat with a standard wheat va
riety. You know that the shorter semi
dwarfs have a higher yield potential, if 
extra fertilizer is used and weeds are 
controlled. Also you know that weeds nor
mally are more of a problem in the shorter 
semidwarf wheats, because of less natural 
shading and competition by the wheat. A 
possible solution to the weed problem is 
to increase the seeding rates of the 
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wheat to provide more competition or to 
use a herbicide. 

Here is a suggested demonstration 
plot design to determine the effect of 
nitrogen and seeding rate on standard and 
semidwarf wheats. 

The fertilized area can be as large 
as you like and can be applied before or 
just after seeding at right angles to the 
direction of seeding. It would be best to 
compare "no fertilizer" with "nitrogen 
only" or P (phosphorus) and K (potassium) 
with N (nitrogen), P, and K. The seeding 
rate strips can be wide enough to harvest 
with conventional field equipment so that 
yields can be determined if you wish. 
Otherwise you can make visual observations 
of results. There are 60 pounds of wheat 
in a bushel, and the normal seeding rate 
for a standard wheat variety such as 
Chris, Manitou, Waldron, or Polk is 75-90 
pounds per acre. Semidwarf wheats such as 
Era, Fletcher, and World Seeds 1809 nor
mally should be seeded at a higher rate, 
if weeds are a problem. If broadleaf 
weeds are a particular problem in your 
area, you might try an alternate plot 
layout design. This design contains three 
experimental variables: fertilizer, vari
ety of wheat, and weed control chemicals. 

SEMIDWARF WHEAT STANDARD WHEAT VARIETY 
2, 4- D at 1/2 pound per acre 
(apply in shaded area only) 

Use a constant seeding rate of 75-90 
pounds per acre over the whole area. Ap
ply fertilizer as before at right angles 
to seeding. Spray two center adjoining 
strips with 2, 4 - D Amine at 1/2 pound 
per acre (1 pint of 4 pounds per gallon 
concentrate) when wheat is in the fifth
leaf to early-boot stage. Leave the other 
two strips unsprayed. 

ADDITIONAL GUIDELINES IN PLOT DESIGN 

In any plot design on small grain, 
you may wonder how heavy or high the fer
filizer applications or herbicide applica
tions should go. Should nitrogen be ap
plied at 30, 60, 90, 180, 1,000, or 5,000 
pounds per acre? What is reasonable? 
Research shows that certain practical up
per limits exist for economic yield in
creases. They are (generally): 100 
pounds of actual nitrogen, 60 pounds of 
phosphorus, and 60 pounds of potash for 
most soils. For herbicides, insecticides, 
and fungicides, test different materials 
at recommended rates rather than varying 
the rates. These rates have been re
searched carefully and are optimal. When 
testing seeding rates, do not exceed 
double the normal rates. 

No fertilizer 
or PK only 

N only or NPK 
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DETERMINATION OF RESULTS: 

Yield is the main item of interest in 
determination of results. If the strips 
are uniform, you can harvest these areas 
as a unit with the combine and measure or 
weigh the amount of grain from each. If 
this is not practical, you can estimate 
the yield differences by counting plants 
and determining the average number of ker
nels per plant to determine the approxi
mate total number of kernels on a repre
sentative square foot area in each treat
ment. Other factors of interest, in addi
tion to yield and number of plants per 
square foot, are the extent of lodging 
(using a scale of 1 to 5 with 1 being 
erect and 5 being flat) and degree of 
weed control. Percentage of weed control 
in treated plots can be compared to the 
untreated check. For example, consider 
the number of weeds in the no fertilizer, 
unsprayed, semidwarf plot as 100 percent. 
Then compare other treatments on a per
centage weed control basis. 
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1. 

2. 

3. 

Varietal Trials £f Farm Crops, Miscel~ 
laneous Report No. 24, Agricultural ~ 
Experiment Station, University of 
Minnesota. (Available from your 
county extension office or the Bulle
tim Room, University of Minnesota, 
St. Paul.) 

Cultural and Chemical Weed Control in 
Field Crops, Extension Folder No. 212 
Revised, Agricultural Extension Ser
vice, University of Minnesota. 
(Available from county extension 
office or the Bulletin Room, Univer
sity of Minnesota, St. Paul.) 

Crop Production Guide for Minnesota, 
Extension Pamphlet No. 194 Revised, 
Agricultural Extension Service, Uni
versity of Minnesota. (Available 
from your county extension office or 
the Bulletin Room, University of 
Minnesota, St. Paul.) 



exercise 16 

HOW TO DO IT 

You have learned many principles of 
plant and soil science in this manual and 
preceding manuals of this series. If you 
live on a farm, you may want to apply them 

f With in a practical way on your own arm. 
your parents, help plan a reas~nab~e crop 
production project for you tak~ng ~nto 
consideration: 

a. your age, capabilities, and in
terests; 

b. size of your farm; 

c. crops grown; 

d. time you have to spend on this 
project; 

e. financial arrangements (sharing 
of income and expenses); and 

f. existing crop production prob
lems on your farm that you would 
like to study. 

Here are several references which 
will be helpful in planning and carrying 
out your project. Up to 10 single copies 
are available from your county extension 

• office or the Bulletin Room, University of 
Minnesota, St. Paul, 55101. Read them 
carefully; they contain the most up-to
date practices available. After your 
project is completed, use 4-H R-82 to re
port your results supplemented by one of 
the report forms attached to the end of 
this manual. 

raising a field crop on your farm 

REFERENCE LIST FOR 4-H PLANT AND SOIL 
SCIENCE 

AGRIBUSINESS AND MARKETING 

F-230 

F-231 
F-239 

Malting Barley Grade Factors 

Spring Wheat Grade Factors 
Grain Drying Tables 

FARM MANAGEMENT 

P-134 Custom Rates for Farm Operations 

S-499 Starting Farming in South Cen
tral Minnesota 

AG ENGINEERING 

FS Ag 
Eng 4 

Calibrating the Farm Sprayer 

AGRONOMY AND PLANT GENETICS 

M-24 

B-134 
B-299 

FS-Agron 
17 

FS Agron 
20 

M-28 

B-343 
B-287 
F-212 

Varietal Trials £f Farm Crops 

Soybeans for Minnesota 
The Sunflower Crop in Minnesota 

Oat Production in Minnesota 

Paddy Production of Wild Rice 

Minnesota Hybrid Corn Perform
ance Trials 
Red Clover in Minnesota -- --
Pesky Plants 
Cultural and Chemical Weed Con
trol in FWd Crops 

ENTOMOLOGY, FISHERIES, AND WILDLIFE 

F-242 
F-248 
P-184 
SP 5 

Common Vegetable Insects 
Common Fruit· Insects 
Home Fruit Spray Guide 
Weed, Insect, and Disease Con
trol 
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SP 6 

F-233 

Guide for Commercial Vegetable 
Growers 
Weed, Insect, and Disease Con
trol 
Guide for Commercial Fruit 
Growers 
Principal Stored Grain Insects 

F-241 Common Small Grain Insects 
F-247 Common Soybean Insects 
FS Ent 9 Insects in Stored Grain 
FS Ent 14 Controlling Corn Rootworms 

HORTICULTURAL SCIENCE 

B-255 
F-165 
F-154 

Fruit for the Home .::,:=.-=.::..:.:-:--------
The Home Lawn 
vegetabie~ieties for Minne
sota 

PLANT PATHOLOGY 

B-357 
FS Plant 

P4 
ER-21 

Edible Wild Mushrooms 
Cedar-Apple Rust 

Diseases of Corn in the Midwest 

SOIL SCIENCE 

F-210 Liming Minnesota Soils 
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B-278 Soils for Minnesota 
FS Soils 

4 
How to Sample Soil for Testing 

Guide to Computer Programmed e 
Soil Test Recommendations in 

SP-1 

Minnesota 

Other references to consider are: 

2 . 

North Central Regional Publication No. 
316 (pictures and keys) available from 
the Bulletin Room, University of Min
nesota, or your county agent. Cost 
$1.00. 
Yearbooks ~Agriculture. May be 
available from your U.S. Congressman 
or U.S. Senator free of charge. 
Otherwise, they are available from the 
Superintendent of Documents, Washing
ton, D.C., 20402, for $2-$4 for most 
volumes. 

Year Title 
1949 Trees 
1952 Insects 
1953 Plant Diseases 
1955 Water 
1957 Soil e 1961 Seeds 
1965 Consumers All 
1966 Protecting Our Food 



exercise 17 

The Minnesota Crop Improvement Asso
ciation sponsors a project in certified 
seed production for any active 4-H member 

" in Minnesota. Seed crops produced are re
stricted to small grains, soybeans, sun
flowers, and flax, and a minimum of 10 
acres of any one variety is required. The 
number of varieties that can be produced 
by one entrant is not limited, but judging 
is based solely on the best production 
record of a single variety. Eligible 
planting stock is Minnesota-registered 
seed or out-of-state registered seed of a 
variety approved for certification in 
Minnesota. 

Since this project is a regular busi
... ess venture, entrants must pay the regu
~ar certification fees outlined on pages 

5-6 of the Certification Handbook avail
able from your county extension agent. 
Field fees for a 10-acre field are $21.00. 
There are several additional minor fees to 
cover the cost of sampling, laboratory 
tests, and tags. 

Judging is based on field perform
ance, seed quality, and seed marketing. 
The judges are field inspectors and the 

• regular Association staff. 

One winner is selected, and the 
, awards are cash and a plaque. The amount 

of the cash offered is based on the number 
of entries, with a maximum of $50.00. 

Following is a detailed account of 
the factors involved and their values in 
scoring the competition: 

1. Field Performance (40 percent) 

Certain field standards must be 
met in producing certified seed. 
These standards, covered in de
tail on pages 13-17 of the Certi
fication Handbook, include such 

certified seed production 

items as past cropping history, 
isolation and field boundaries, 
roguing, and field inspection. 
Fields must meet certification 
standards to qualify for the com
petition. 

Good crop production practices 
should be followed in growing 
the certified seed crop. They 
aid in meeting the seed standards 
and economically producing a good 
crop of high quality seed. Some 
of these practices are: 

(a) Apply the proper amount and 
kind of fertilizer as deter
mined by a soil test . 

(b) Control weeds by using cul
tural practices, the right 
chemicals applied at the 
proper time according to la
bel instructions, and roguing. 
Weed control suggestions are 
offered in University of Min
nesota Extension Folder No. 
212. 

(c) Harvesting equipment should 
be cleaned thoroughly to 
eliminate the possibility of 
variety and crop mixtures. 

(d) Machinery should be in good 
condition and adjusted prop
erly to minimize harvest 
losses and damage to the seed. 

Proper handling of seed eligible 
for certification after harvest 
and prior to cleaning is extremely 
important. Good storage facili
ties are essential to preserve 
seed purity. These facilities 
will be appraised by the inspec
tor when field inspection is 
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made, and the rating will have an 
important bearing on the scoring. 

2. Seed Quality (40 percent) 

Seed quality for the most part, 
will be judged according to the 
official seed analysis. Varietal 
purity, mechanical purity, germi
nation, and appearance are the 
highest considerations. 

Although certain minimum stand
ards must be met (see pages 13-17 
of the Certification Handbook), 
every effort should be made to 
produce a better seed than the 
standards require. Other crop 
seed, weed seed, and inert matter 
also will weigh heavily in evalu
ating quality. The same holds 
true for skinned kernels in bar
ley and hulled oats or groats in 
oats. The best bet for a good 
cleaning job is a processing 
plant approved by the Association. 

3. Seed Marketing (20 percent) 

Although field performance and 
seed quality are emphasized, mar
keting of the finished product is 
essential for a successful proj
ect. 

Certified seed can be marketed 
through three different channels: 

(a) retailed by the grower; 

(b) sale of seed lot to whole
saler; and 

(c) sale of seed lot to approved 
processing plant, elevator, 
or retail seedsman. 

Certified seed should command a 
fair premium over uncertified 
seed, and the margin of profit • 
is considered in the judging. If 
seed is sold at retail and whole-
sale levels, a price differential~ 
is necessary. Of course, local 
market conditions will influence 
the prices that can be asked for 
certified seed. 

If you are interested in further de
tails including the necessary application 
and report forms, write to: 

Minnesota Crop Improvement Associati~ 
University of Minnesota .., 
St. Paul, Minnesota 55101 

Ask for information on the "Certified Seed 
Production Project." 



IF A CROP IS RAISED, THIS RECORD SHOULD BE FILLED OUT AND ADDED TO YOUR RECORD BOOK 

Name 

Type of crop raised 

4-H CROP PRODUCTION 
RECORD 

197 

Address 

Variety 

County 

Number of acres 

Was seed certified? Percent purity ____ _ Percent germination -----------

Type of soil: Sand Silt Clay Peat 

Topography: Level ___ _ Gently rolling ___ _ Steep __ _ 

ITEM 

Production 

Rent 

Soil test 

Plowing 

Discing (single) 

Discing (double) 

Harrowing 

Field cultivator 

Rotary hoe or weeder 

Seed 

Fertilizer 

Manure 

Planting 

Cultivating row crops 

Spraying 

Spray materials 

Production Costs 

SUGGESTED RATE 

2/5 of the crop 

$2.00 per sample 

$4.00 per acre 

$1 .00 per acre 

$1 .25 per acre 

$ .50 per acre 

$1.25 per acre 

$1.00 per acre 

Actual cost 

Actual cost 

$2.00 per load 

$1.25 per acre 

$1 .50 per acre 

$1 .00 per acre 

Actual cost 

NUMBER OF TIMES 

TOTAL PRODUCTION COST 

COST 



ITEM 

Row crops and small grains 

Picking and shelling 

Swathing 

Combining 

Hauling 

Forage crops 

Mowing 

Raking 

Hay conditioner 

Baling 

Chopping hay 

Silo filling, field chopper 

Other: (Certification, etc.) 

Yield per acre in bushels 

Harvesting Costs 

SUGGESTED RATE 

$7.50 per acre-picker sheller 

$4.50 per acre-picker 

$1.75 per acre 

$5.00 per acre 

$. 03 per bushel 

$1.00 per acre 

$1 .00 per hour 

$1 .00 per acre 

$ .10 per bale 

$10.00 per hour 

$10.00 per hour 

NUMBER OF TIMES 

TOTAL HARVESTING COST 

TOTAL PRODUCTION COST (from previous page) 

TOTAL COST (Production and Harvesting) 

SUMMARY 

X Number of acres 
Total production 

(1) in bushels 

(2) value per bushel 

(3) total value of the crop 
[number (1) X (2)] 

(4) TOTAL COST (produc-
tion and harvesting) 

(5) PROFIT 

[Subtract Number (4) from 
(3)] ·Value of member's 
share of the crop 

Describe any weed, insect or disease problems. How were they controlled? 

Describe fertilization program used 

COST 
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IF A CROP IS RAISED, THIS RECORD SHOULD BE FILLED OUT AND ADDED TO YOUR RECORD BOOK 

Name 

Type of crop raised 

4-H CROP PRODUCTION 
RECORD 

197 

Address 

Variety 

County 

Number of acres 

Was seed certified? Percent purity ____ _ Percent germination ------------

Type of soil: Sand Silt Clay Peat 

Topography: Level ___ _ Gently rolling __ _ Steep ___ _ 

ITEM 

Production 

Rent 

Soil test 

Plowing 

Discing (single) 

Discing (double) 

Harrowing 

Field cultivator 

Rotary hoe or weeder 

Seed 

Fertilizer 

Manure 

Planting 

Cultivating row crops 

Spraying 

Spray materials 

Production Costs 

SUGGESTED RATE 

2/5 of the crop 

$2.00 per sample 

$4.00 per acre 

$1.00 per acre 

$1.25 per acre 

$ .50 per acre 

$1.25 per acre 

$1 .00 per acre 

Actual cost 

Actual cost 

$2.00 per toad 

$1 .25 per acre 

$1 .50 per acre 

$1.00 per acre 

Actual cost 

NUMBER OF TIMES 

TOTAL PRODUCTION COST 

COST 



ITEM 

Row crops and small grains 

Picking and shelling 

Swathing 

Combining 

Hauling 

Forage crops 

Mowing 

Raking 

Hay conditioner 

Baling 

Chopping hay 

Silo filling, field chopper 

Other: (Certification, etc.) 

Yield per acre in bushels 

Harvesting Costs 

SUGGESTED RATE 

$7.50 per acre-picker sheller 

$4.50 per acre-picker 

$1.75 per acre 

$5.00 per acre 

$. 03 per bushel 

$1 .00 per acre 

$1.00 per hour 

$1 .00 per acre 

$ .10 per bale 

$10.00 per hour 

$10.00 per hour 

NUMBER OF TIMES 

TOTAL HARVESTING COST 

TOTAL PRODUCTION COST (from previous page) 

TOTAL COST (Production and Harvesting) 

SUMMARY 

X Number of acres 
Total production 

(1) in bushels 

(2) value per bushel 

(3) total value of the crop 
[number (1) X (2)] 

(4) TOTAL COST (produc· 
tion and harvesting) 

(5) PROFIT 

[Subtract Number (4) from 
(3)] ·Value of member's 
share of the crop 

Describe any weed, insect or disease problems. How were they controlled? 

Describe fertilization program used 

COST 



IF A CROP IS RAISED, THIS RECORD SHOULD BE FILLED OUT AND ADDED TO YOUR RECORD BOOK 

Name 

Type of crop raised 

4-H CROP PRODUCTION 
RECORD 

197 

Address 

Variety 

County 

Number of acres 

Was seed certified? Percent purity ____ _ Percent germination -----------

Type of soil: Sand Silt Clay Peat 

Topography: 

ITEM 

Production 

Rent 

Soil test 

Plowing 

Discing (single) 

Discing (double) 

Harrowing 

Field cultivator· 

Level ___ _ 

Rotary hoe or weeder 

Seed 

Fertilizer 

Manure 

Planting 

Cultivating row crops 

Spraying 

Spray materials 

Gently rolling __ _ Steep __ _ 

Production Costs 

SUGGESTED RATE 

2/5 of the crop 

$2.00 per sample 

$4.00 per acre 

$1.00 per acre 

$1.25 per acre 

$ .50 per acre 

$1.25 per acre 

$1 .00 per acre 

Actual cost 

Actual cost 

$2.00 per load 

$1 .25 per acre 

$1 .50 per acre 

$1 .00 per acre 

Actual cost 

NUMBER OF TIMES 

TOTAL PRODUCTION COST 

COST 



ITEM 

Row crops and small grains 

Picking and shelling 

Swathing 

Combining 

Hauling 

Forage crops 

Mowing 

Raking 

Hay conditioner 

Baling 

Chopping hay 

Silo filling, field chopper 

Other: (Certification, etc.) 

Yield per acre in bushels 

Harvesting Costs 

SUGGESTED RATE 

$7.50 per acre-picker sheller 

$4.50 per acre-picker 

$1.75 pP.r acre 

$5.00 per acre 

$. 03 per bushel 

$1.00 per acre 

$1.00 per hour 

$1 .00 per acre 

$ .10 per bale 

$10.00 per hour 

$10.00 per hour 

NUMBER OF TIMES 

TOTAL HARVESTING COST 

TOTAL PRODUCTION COST (from previous page) 

TOTAL COST (Production and Harvesting) 

SUMMARY 

X Number of acres 
Total production 

(1) in bushels 

(2) value per bushel 

(3) total value of the crop 
[number (1) X (2)) 

(4) TOTAL COST (produc-
tion and harvesting) 

(5) PROFIT 

[Subtract Number (4) from 
(3)) -Value of member's 
share of the crop 

Describe any weed, insect or disease problems. How were they controlled? 

Describe fertilization program used 

COST 



IF A CROP IS RAISED, THIS RECORD SHOULD BE Fl LLED OUT AND ADDED TO YOUR RECORD BOOK 

Name 

Type of crop raised 

4-H CROP PRODUCTION 
RECORD 

197 

Address 

Variety 

County 

Number of acres 

Was seed certified? Percent purity ____ _ Percent germination -----------

Type of soil: Sand Silt Clay Peat 

Topography: 

ITEM 

Production 

Rent 

Soil test 

Plowing 

Discing (single) 

Discing (double) 

Harrowing 

Field cultivator 

Level __ _ 

Rotary hoe or weeder 

Seed 

Fertilizer 

Manure 

Planting 

Cultivating row crops 

Spraying 

Spray materials 

Gently rolling __ _ Steep __ _ 

Production Costs 

SUGGESTED RATE 

2/5 of the crop 

$2.00 per sample 

$4.00 per acre 

$1 .00 per acre 

$1.25 per acre 

$ .50 per acre 

$1 .25 per acre 

$1.00 per acre 

Actual cost 

Actual cost 

$2.00 per load 

$1 .25 per acre 

$1 .50 per acre 

$1.00 per acre 

Actual cost 

NUMBER OF TIMES 

TOTAL PRODUCTION COST 

COST 



ITEM 

Row crops and small grains 

Picking and shelling 

Swathing 

Combining 

Hauling 

Forage crops 

Mowing 

Raking 

Hay conditioner 

Baling 

Chopping hay 

Silo filling, field chopper 

Other: (Certification, etc.) 

Yield per acre in bushels 

Harvesting Costs 

SUGGESTED RATE 

$7.50 per acre-picker sheller 

$4.50 per acre-picker 

$1 . 75 per acre 

$5.00 per acre 

$. 03 per bushel 

$1.00 per acre 

$1.00 per hour 

$1 .00 per acre 

$ .1 0 per bale 

$10.00 per hour 

$10.00 per hour 

NUMBER OF TIMES 

TOTAL HARVESTING COST 

TOTAL PRODUCTION COST (from previous page) 

TOTAL COST (Production and Harvesting) 

SUMMARY 

X Number of acres 
Total production 

(1) in bushels 

(2) value per bushel 

(3) total value of the crop 
[number (1) X (2)] 

(4) TOTAL COST (produc· 
tion and harvesting) 

(5) PROFIT 

(Subtract Number (4) from 
(3)] · Value of member's 
share of the crop 

Describe any weed, insect or disease problems. How were they controlled? 

Describe fertilization program used 

COST 



IF A CROP IS RAISED, THIS RECORD SHOULD BE FILLED OUT AND ADDED TO YOUR RECORD BOOK 

Name 

Type of crop raised 

4-H CROP PRODUCTION 
RECORD 

197 

Address 

Variety 

County 

Number of acres 

Was seed certified? Percent purity ____ _ Percent germination -----------

Type of soil: Sand Silt Clay Peat 

Topography: 

ITEM 

Production 

Rent 

Soil test 

Plowing 

Discing (single) 

Discing (double) 

Harrowing 

Field cultivator 

Level ___ _ 

Rotary hoe or weeder 

Seed 

Fertilizer 

Manure 

Planting 

Cultivating row crops 

Spraying 

Spray materials 

Gently rolling ___ _ Steep ___ _ 

Production Costs 

SUGGESTED RATE 

2/5 of the crop 

$2.00 per sample 

$4.00 per acre 

$1.00 per acre 

$1.25 per acre 

$ .50 per acre 

$1.25 per acre 

$1.00 per acre 

Actual cost 

Actual cost 

$2.00 per load 

$1 .25 per acre 

$1.50 per acre 

$1 .00 per acre 

Actual cost 

NUMBER OF TIMES 

TOTAL PRODUCTION COST 

COST 



ITEM 

Row crops and small grains 

Picking and shelling 

Swathing 

Combining 

Hauling 

Forage crops 

Mowing 

Raking 

Hay conditioner 

Baling 

Chopping hay 

Silo filling, field chopper 

Other: (Cer1ification, etc.) 

Yield per acre in bushels 

Harvesting Costs 

SUGGESTED RATE 

$7.50 per acre-picker sheller 

$4.50 per acre-picker 

$1.75 per acre 

$5.00 per acre 

$. 03 per bushel 

$1.00 per acre 

$1.00 per hour 

$1.00 per acre 

$ .1 0 per bale 

$10.00 per hour 

$10.00 per hour 

NUMBER OF TIMES 

TOTAL HARVESTING COST 

TOTAL PRODUCTION COST (from previous page) 

TOTAL COST (Production and Harvesting) 

SUMMARY 

X Number of acres 
Total production 

(1) in bushels 

(2) value per bushel 

(3) total value of the crop 
[number (1) X (2)] 

(4) TOTAL COST (produc-
tion and harvesting) 

(5) PROFIT 

[Subtract Number (4) from 
(3)] - Value of member's 
share of the crop 

Describe any weed, insect or disease problems. How were they controlled? 

Describe fertilization program used 

COST 

't 
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Oliver Strand is an extension agronomist. 
James Swan is an extension soils specialist. 
Wayne Carlson is an assistant state leader, 4-H and youth development. 

introduction 

exercise 1 growing plants lose large amounts of water 
exercise 2 learning about rainfall 
exercise 3 soil temperature and its effect on plant growth 
exercise 4 simple plant growth model-growing degree days 
exercise 5 plant study and identification 
exercise 6 make a plant press 
exercise 7 learning about weeds and pests 
exercise.8 your land and my land-soil formation 
exercise 9 how erosive are raindrops? 
exercise 10 splash erosion study 
exercise 11 how mulches prevent soil loss 
exercise 12 the science of tillage and planting on the farm 
exercise 13 nutrients needed for plant growth 
exercise 14 row crop production demonstration 
exercise 15 cereal crop production demonstrations 
exercise 16 raising a field crop on your farm 
exercise 17 certified seed production 

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 55101. 1971 

The information given in this publication is for educational purposes only. Reference to commercial 
products or trade names is made with the understanding that no discrimination is intended and no endorse
ment by the Minnesota Agricultural Extension Service is implied. 



• 

t 
rr 
I• 

~· 

t 
J 


	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	Blank Page

