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Foreword

The development of the Advanced Crop Science curriculum guide is the result of suggestions by the MVATA
Teaching Aids Committee. The Advanced Crop Science advisory committee suggested the topics to be
included and reviewed the materials.

This curriculum contains 11 units. The instructor guide includes objectives, competencies, motivational
techniques, teaching procedures, other activities, activity sheets, transparency masters, evaluations, answers
to evaluations and activity sheets, references and teaching aids, and materials and equipment. Topics include
an overview of crop production, plant biology, soil fertility and management, identifying and selecting crops
and seeds, safety environment, and legal issues, corn and grain sorghum production, soybean production,
wheat and small grain production, forage production, cotton production, and rice production. One copy of the
student reference is packaged with the instructor guide. Additional copies of the student reference can be
purchased separately.

This guide incorporates the needed components to aid agriculture teachers in the implementation of VIMS.
For ease of use, objectives and competencies have been included at the beginning of the guide as well as
incorporated within each lesson. A competency profile has been provided in the front of the guide for
convenient record keeping. A table is included to show how the competencies in Advanced Crop Science
relate to the Show-Me Standards and Missouri’'s Frameworks for Curriculum Development. A suggested
teaching calendar is also included. Advanced Crop Science is primarily oriented toward students in the
Natural Resources career path; however, several concepts would be valuable for students interested in other
career pathways.

Bob Stewart, Professor
Agricultural Education
University of Missouri-Columbia

Terry Heiman, Director

Agricultural Education

Department of Elementary and
Secondary Education
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COMPETENCIES/OBJECTIVES
UNIT | - OVERVIEW

1. Identify the major Missouri crops and their uses.

2. Explain the economic importance of crop production.

3. Identify career opportunities in crop science or crop-related agribusiness.

4, Explain government influence and identify current trends in crop production.

UNIT Il - PLANT BIOLOGY
1. Compare and contrast the parts and functions of monocot and dicot seeds and plants.
2. Describe how growth stages affect crop management practices.

UNIT Il - SOIL FERTILITY AND MANAGEMENT

1. Identify how the composition of the soil affects fertility.

2. Identify how soil morphology affects cropping options.

3. Use soil test results to improve soil fertility and crop production.

4 Identify fertilizers and the applications needed to obtain optimal crop performance.
5 Identify how tillage and planting methods affect soil fertility.

6 Identify the conservation practices that affect crop production.

UNIT IV — IDENTIFYING AND SELECTING CROPS AND SEEDS
. Identify crop and weed seeds and plants.

. Identify factors that determine crop selection.

. Utilize seed tag information to select quality seed.

NIT V - SAFETY, ENVIRONMENT AND LEGAL ISSUES
Identify potential crop production hazards to operators/producers.
Identify the environmental and governmental issues that affect crop production.
Identify the legal issues involved with crop production.

1
u
1

2
3
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UNIT VI - CORN AND GRAIN SORGHUM PRODUCTION

1. Evaluate local growing conditions and determine fertilizer needs for corn and grain sorghum
production.

Select a corn and/or grain sorghum variety.

Determine tillage or planting methods for corn and grain sorghum.

Select a pest control program.

Evaluate the growing crop and determine appropriate solutions.

Identify factors to determine harvesting and postharvesting management.

Describe marketing opportunities and how grade requirements affect grain prices.
Calculate cost per acre.

NIT VIl - SOYBEAN PRODUCTION
Evaluate local growing conditions and determine fertilizer needs for soybean production.
Select a soybean variety suitable for your area.
Determine tillage and/or planting method.
Select a weed control program.
Evaluate the growing crop and determine appropriate solutions.
Identify factors to determine harvesting and postharvesting management.
Describe marketing opportunities.
Calculate cost per acre.

ONOORWNAC ONOOAWN

UNIT VIl - WHEAT AND SMALL GRAIN PRODUCTION

1 Evaluate local growing conditions and determine fertilizer needs for wheat and small grain production.
2 Select wheat and other small grain varieties.

3. Determine tillage or planting methods.

4, Select a pest control program.

5 Evaluate the growing crop and determine appropriate solutions.

6 Identify factors to determine harvesting and postharvesting management.

7 Describe marketing opportunities.

8 Calculate cost per acre.

NIT IX - FORAGE PRODUCTION
Evaluate local growing conditions for forage production.
Identify the different types of forages and select forages appropriate for intended use.
Identify the principles for establishing forages.
Identify the principles for managing and maintaining forages.
Identify various forage grazing methods.
Identify the principles for producing forage seed.
Identify the principles for harvesting and storing forages for feed.
Describe marketing opportunities and calculate cost per acre.

Evaluate local growing conditions.

Select cotton variety with a local cotton consultant.

Describe the tillage and planting method for cotton.

Select a weed control program.

Evaluate the growing crop and determine appropriate solutions.

Identify factors to determine harvesting and postharvesting management.
Describe marketing opportunities.

Calculate cost per acre.

U

1

UNIT X - COTTON PRODUCTION
1.

UNIT XI — RICE PRODUCTION

1. Evaluate local growing conditions and determine fertilizer needs for rice production.
. Select rice variety and grade to be planted with a local rice consultant.

. Describe the seedbed preparation.

2
3
4
5
6
7
8
2.
3.
4
5
6
7
8
2
3
4 Evaluate the growing crop and determine appropriate solutions.



5. Identify factors to determine harvesting and postharvesting management.

6. Describe marketing opportunities.
7. Calculate cost per acre.
EVALUATION

1. Give short, objective tests following each lesson and a more in-depth objective test at the conclusion
of the unit.

2. Observe the changes in behavior as evidence of the improved ability of students to deal with problems
in this unit using background information acquired from earlier units.

3. Observe students’ attempts to solve similar problems in their supervised agricultural experience
programs.
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Advanced Crop Science

Teaching Calendar

Periods for Classroom
Instruction/Activities

Length for Activity Sheets (AS)

Unit I, Lesson 1 2-3 days AS 1.1 1 class period
AS 1.2 1 class period
Unit I, Lesson 2 2-3 days AS 2.1 1 class period
Unit |, Lesson 3 1-2 days AS 3.1 1 class period
Unit I, Lesson 4 1-2 days AS 4.1 1 class period
Unit ll, Lesson 1 2-3 days
Unit ll, Lesson 2 2-3 days AS 2.1 1 class period
Unit Ill, Lesson 1 2-3 days AS 1.1 1 class period
Unit lll, Lesson 2 2-3 days AS 2.1 1 class period
Unit Ill, Lesson 3 3-4 days AS 3.1 1 class period
AS 3.2 1 class period
Unit 1ll, Lesson 4 2-3 days AS 4.1 1 class period
Unit lll, Lesson 5 3-4 days AS 5.1 1 class period
AS 5.2 1 class period
AS 5.3 1 class period
. 3-4 days AS 6.1 1 class period
Unit il, Lesson 6 AS 6.2 1 class period
AS 6.2A 1 class period
Unit IV, Lesson 1 3-4 days AS 1.1 1 class period
Unit IV, Lesson 2 2-3 days AS 2.1 1 class period
Unit IV, Lesson 3 3-4 days AS 3.1 1 class period
AS 3.2 1 class period
Unit V, Lesson 1 3-4 days AS 1.1 1 class period
Unit V, Lesson 2 2-3 days AS 2.1 1 class period
Unit V, Lesson 3 3-4 days AS 3.1 1 class period
Unit VI, Lesson 1 2-3 days AS 1.1 1 class period
Unit VI, Lesson 2 3-4 days AS 2.1 1 class period
Unit VI, Lesson 3 3-4 days AS 3.1 1 class period
Unit VI, Lesson 4 3-4 days AS 4.1 1 class period




Periods for Classroom
Instruction/Activities

Length for Activity Sheets (AS)

Unit VI, Lesson 5 3-4 days AS 5.1 1 class period
Unit VI, Lesson 6 4-5 days AS 6.1 1 class period
Unit VI, Lesson 7 3-4 days AS 7.1 1 class period
Unit VI, Lesson 8 2-3 days AS 8.1 1 class period
Unit VII, Lesson 1 2-3 days
Unit VII, Lesson 2 3-4 days AS 2.1 1 class period
AS 2.2 1 class period
Unit VII, Lesson 3 2-3 days AS 3.1 1 class period
Unit VII, Lesson 4 3-4 days AS 4.1 1 class period
Unit VII, Lesson 5 3-4 days AS 5.1 1 class period
Unit VII, Lesson 6 3-4 days AS 6.1 1 class period
Unit VII, Lesson 7 2-3 days AS 7.1 1 class period
Unit VII, Lesson 8 2-3 days AS 8.1 1 class period
Unit VIII, Lesson 1 2-3 days
Unit VIII, Lesson 2 4-5 days AS 2.1 1 class period
AS 2.2 1 class period
AS 2.3 1 class period
Unit VIII, Lesson 3 3-4 days AS 3.1 1 class period
Unit VIII, Lesson 4 2-3 days AS 4.1 1 class period
Unit VIII, Lesson 5 3-4 days AS 5.1 1 class period
Unit VIII, Lesson 6 3-4 days AS 6.1 1 class period
Unit VIII, Lesson 7 2-3 days AS 7.1 1 class period
Unit VIII, Lesson 8 2-3 days AS 8.1 1 class period
Unit IX, Lesson 1 2-3 days AS 1.1 1 class period
Unit IX, Lesson 2 3-4 days AS 2.1 1 class period
Unit IX, Lesson 3 2-3 days AS 3.1 1 class period
Unit IX, Lesson 4 2-3 days
Unit IX, Lesson 5 3-4 days AS 5.1 1 class period
Unit IX, Lesson 6 2-3 days AS 6.1 1 class period
Unit IX, Lesson 7 3-4 days AS 7.1 1 class period
Unit IX, Lesson 8 2-3 days AS 8.1 1 class period
Unit X, Lesson 1 2-3 days AS 1.1 1 class period
Unit X, Lesson 2 2-3 days AS 2.1 1 class period




PI?'n r:t,ii:t:g;ﬁ\l:tsis;t‘i)::‘ Length for Activity Sheets (AS)
Unit X, Lesson 3 2-3 days AS 3.1 1 class period
Unit X, Lesson 4 2-3 days
Unit X, Lesson 5 2-3 days AS 5.1 1 class period
Unit X, Lesson 6 3-4 days AS 6.1 1 class period
Unit X, Lesson 7 2-3 days AS 7.1 1 class period
Unit X, Lesson 8 3-4 days AS 8.1 1 class period
Unit XI, Lesson 1 2-3 days AS 1.1 1 class period
Unit XI, Lesson 2 3-4 days AS 2.1 1 class period
Unit XI, Lesson 3 3-4 days AS 3.1 1 class period
Unit XI, Lesson 4 2-3 days AS 4.1 1 class period
Unit XI, Lesson 5 3-4 days AS 5.1 1 class period
AS 5.2 1 class period
Unit XI, Lesson 6 2-3 days AS 6.1 1 class period
Unit X1, Lesson 7 3-4 days AS 7.1 1 class period
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ADVANCED CROP SCIENCE

Student Names

UNIT | - OVERVIEW

1.
2.

3.

4.

Identify crops and their major uses.
Explain the economic importance of
crop production.

Identify career opportunities in crop
science and crop-related agribusiness.
Explain government influence and
identify current trends in crop
production.

UNIT Il - PLANT BIOLOGY

1.

2.

Compare and contrast the parts and
functions of monocot and dicot seeds
and plants.

Describe how growth stages affect crop
management practices.

UNIT lll - SOIL FERTILITY AND
MANAGEMENT

1.

2.

6.

Identify how the composition of the soil
affects fertility.

Identify how soil morphology affects
cropping options.

Use soil test results to improve soil
fertility and crop production.

Identify fertilizers and the applications
needed to obtain optimal crop
performance.

Identify how tillage and planting
methods affect soil fertility.

Identify the conservation practices that
affect crop production.

UNIT IV - IDENTIFYING AND SELECTING
CROPS AND SEEDS

Identify crop and weed plants.
Identify factors that determine crop
selection.

Utilize seed tag information to select
quality seed.



Student Names

| UNIT V - SAFETY, ENVIRONMENT, AND

LEGAL ISSUES

1. Identify potential crop production
hazards to operators/producers.

2. ldentify the environmental and
governmental issues that affect crop
production.

3. ldentify potential crop production
hazards to operators/producers.

UNIT VI - CORN AND GRAIN SORGHUM

| PRODUCTION

1. Evaluate local growing conditions and
determine fertilizer needs for corn and
grain sorghum production.

2. Select a corn and grain sorghum
variety.

3. Determine tillage and/or planting

method used with corn and grain

sorghum.

Select a pest control program.

5. Evaluate the growing crop and
determine appropriate solutions.

6. ldentify factors to determine harvesting
and postharvesting management.

7. Describe marketing opportunities and
how grade requirements affect grain
prices.

8. Calculate cost per acre.

| UNIT VIl - SOYBEAN PRODUCTION

1. Evaluate local growing conditions and
determine fertilizer needs for soybean

»

production.

2. Select a soybean variety suitable for
your area.

3. Determine tillage and/or planting
method.

4. Select a weed control program.

5. Evaluate the growing crop and
determine appropriate solutions.




Student Names

UNIT VIl - SOYBEAN PRODUCTION
(continued)

6. Identify factors that determine
harvesting and postharvesting
management techniques.

7. Describe marketing opportunities.

8. Calculate cost per acre.

UNIT VIl - WHEAT AND SMALL GRAIN
PRODUCTION

1. Evaluate local growing conditions for
forage production.

2. Select wheat and other small grain
varieties.

Determine tillage or planting methods.
Select a pest control program.

5. Evaluate the growing crop and
determine appropriate solution.

6. ldentify factors to determine harvesting
and postharvesting management.

7. Describe marketing opportunities.
8. Calculate cost per acre.

UNIT IX - FORAGE PRODUCTION

1. Evaluate local growing conditions.

2. ldentify the different kinds of forages
and select species appropriate for
intended use.

3. Identify the principles for establishing
forages.

4. ldentify the principles for maintaining
and managing forages.

5. ldentify various forage grazing
methods.

6. Identify the principles for producing
forage seed.

7. ldentify the principles for harvesting
and storing forages for feed.

8. Describe marketing opportunities and
calculate cost per acre.

w

&




Student Names

1.
2.

3.

>

6.

7.
8.
UNI
1.

w

o

UNIT X - COTTON PRODUCTION

Evaluate local growing conditions.

Select cotton variety with a local cotton
consultant.

Describe the tillage and planting
method for cotton.

Select a weed control program.

Evaluate the growing crop and
determine appropriate solutions.

Identify factors to determine harvesting
and postharvesting management.

Describe marketing opportunities.
Calculate cost per acre.
T Xl - RICE PRODUCTION

Evaluate local growing conditions and
determine fertilizer needs for rice
production.

Select rice variety and grade to be
planted with a local rice consultant.

Describe the seedbed preparation.

Evaluate the growing crop and
determine appropriate solution.

Identify factors to determine harvesting
and postharvesting management.

Describe marketing opportunities.
Calculate cost per acre.



UNIT I - OVERVIEW

Lesson 1: Missouri Crops and Their Uses
Competency/Objective: Identify the major Missouri crops and their uses.
Study Questions
1. What are the major agricultural crops in Missouri?
2, What are the main uses of the major Missouri crops?
3. What are the main uses of components from the major crops?
4. What are the alternative uses of the major crops?
5. What other important crops are grown in Missouri?
6. Which companies use the major crops or crop components?
References
1. Advanced Crop Science (Student Reference). University of Missouri-Columbia: Instructional
Materials Laboratory, 2000, Unit I.
2. AgriMissouri Buyers Guide. Missouri Department of Agriculture, Market Development Division,
AgriMissouri Program. Jefferson City, MO. Current copies are available by telephone (573-751-
9266) or can be accessed on the Internet at <http://www.mda.state.mo.us/bguide.htms.
3. Activity Sheets

a) AS 1.1; Processed Food
b) AS 1.2 Everyday Products from Soybeans
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UNIT | - OVERVIEW

Lesson 1:

Missouri Crops and Their Uses

TEACHING PROCEDURES

A.

Introduction

Agriculture is Missouri’s number one industry and therefore crop production plays an important role in
the state. The variation in topography and climate throughout the state allows for the great variation
in crops being produced. This also leads to the numerous individuals, companies, and corporations
across the state that use crops to manufacture many everyday products. Because of this diversity,
Missouri is among the country’s leaders in agricultural production, growing, and processing of many
high-quality food, feed, and industrial products.

Motivation

1.

Ask students individually or in groups to make a list of what crops they think are grown in the
state. Next have students select one crop and make another list of how this crop is used and
who uses it. Keep these lists for students to review at the completion of the lesson to compare
with what they have studied. Initiate a competition among students or student teams for a week
or throughout the crop science course by collecting labels or brochures from different types of
products that are made from a selected crop. Winners could be determined by the student or
team finding the most unusual crop product and the most uses of a crop.

Visit a nearby processing plant that produces consumer or industrial products from crops.
(Examples might be a local elevator or feed mill, a flour mill, an ethanol plant, or a soybean
processing plant.) Observe how harvested crops enter the plant and what steps they go through
to make the manufactured product(s). Students should be able to discuss how some crops take
little or no processing (livestock feed), wheras others take extensive processing to be used in
everyday products (flour, fuel products, or cooking oil). Use AgriMissouri Buyer's Guide to locate
plants or companies to visit.

Assignment

Supervised Study

Discussion

1.

Discuss the variety of crops produced in the state of Missouri and where they are grown. Explain
how variances in topography and climate play a role in the diversity of crops grown. Highlight the
top 10 crops (by value) grown in the state. Let students know that only seven crops will be
covered in detail. Refer to Table 1.1, 1998 Top 10 Missouri Crops, found in the Student
Reference. For current values, refer to the most recent Missouri Farm Facts.

What are the major agricultural crops in Missouri?

a) Soybeans - grown everywhere in Missouri except south central region

b) Corn and grain sorghum - grown throughout state

c) Wheat - grown throughout state

d) Hay - grown throughout state

e) Rice - grown in the southeast, or “Bootheel”

f) Cotton - grown in the southeast (Bootheel) and the southwest

g)  Tobacco - grown in the uplands (elevated plains) along the Missouri River

h)  Vegetables and fruits - grown in the river bottoms along Missouri and Mississippi rivers



Discuss the major uses of the crops produced in Missouri. Explain how these crops are mainly
used for either livestock feed or human food.

What are the main uses of the major Missouri crops?

a)

Soybeans

1)  Whole beans - processed into protein-rich meal and used for livestock feed
2) Oil - cooking oils (food); diesel fuel, inks, paints, and plastics (industrial)

3) Meal - livestock and poultry feed

Corn - 61% used for livestock feed

Grain sorghum - livestock feed

Hay - livestock roughage feed source

Wheat - flour (food)

Cotton - cotton fiber used for clothing

Rice - food for human consumption

Discuss which components of the major crops are used. Refer to Figures 1.1 and 1.2 in the
Student Reference, which give a detailed listing of uses for soybeans and corn. Also explain the
processing of soybeans used to remove oil and meal from grains for food, feed, and industrial
uses. (If possible, incorporate Motivation 2 into the lesson at this point.)

What are the main uses of components from the major crops?

a)

b)

c)

d)

Soybeans (seed or bean used in three ways)
1)  Whole beans
(@) Hulled and rolled into full fat flakes
(b) Can be ground for feed or flour
2) Oill
(a) Fat flakes bathed in solvent (degumming) to remove lecithin then crushed to
remove crude oil
(b)  Refined to produce cooking oil, margarine, and shortening
3) Meal or protein
(@) Defatted flakes are ground into a meal for animal feed or soy flour (50%
protein); flour processed into higher protein concentrates used in protein
drinks, soup bases, or gravies.
(b)  Defatted flakes are chemically processed to create soy isolates (90% protein)
used in dairylike products.
Corn
1) Whole seed/kernel - used as a livestock energy feed source; fed in a cracked,
rolled, or ground form
2) Seed parts - refined into two groups
(@)  Primary products - starches, syrups, and dextrose, generated from the
endosperm (starch) of the seed; used in foods, industrial products, and drugs
(b)  Co-products - solubles (dissolved carbohydrates in water processing
solution), gluten (protein) and hulls, and seed germ (oil); used in drugs,
livestock feed and food
3) Immature or green plant - harvested as silage, used as livestock forage feed
4) Stalks - used as a winter feed supplement for cattle
Grain sorghum
1) Kernel - very hard, requires additional processing for feed
2) Green plant - cut as silage for livestock feed
Wheat
1) Seed
(@  Endosperm - source for all flour manufacturing
(b)  Bran (outer coat) and germ - by-products from white flour milling, used
separately or included in whole wheat flour
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e)

f)

9)

(¢) Middlings and shorts - discarded waste products from flour manufacturing;
includes germ, fine bran, and some flour; processed into livestock feed

2) Stem - (stubble left after harvest) cut, dried, and baled into straw; used for livestock
bedding, ground cover, mulch, and crop residue

3) Immature or green plant - harvested as silage, used as livestock forage feed

Grass or legume hay

1) Stems, leaves, and seed heads of grasses and legumes - cut, dried, and baled;
used for livestock roughage feed

2) Roots - legumes that replace nitrogen in soil

Cotton

1) Fiber - processed into thread and woven into fabric and textiles for clothing and
home furnishings

2) Seed
(a) Oiland meal - used for food products, livestock feed, and flour
(b) Foots (wastes from oil refining) - processed into fatty acids for industrial

products
(c)  Hulls - used with or without the meal for livestock, poultry, and fish feed or as
fertilizer
Rice
1) Seed

(a) Brown rice - hulled, leaving bran layer surrounding kernel; used as food
(b)  White rice - milled further; cooked and eaten whole, or processed into
cereals, rice cakes, or starch that is used in other food products
(¢) Bran (including hull and germ) - processed further to make rice oil, a
cholesterol-free cooking oil
2) Hulls - ground for use in poultry bedding
3)  Stem - cut, dried, and baled as straw for livestock feed and bedding

Discuss how crops and processing wastes can be further processed into edible and industrial
products. Refer to Figures 1.1 and 1.2 in the Student Reference.

What are the alternative uses of the major crops?

a)

b)
c)
d)

f)

9)

Soybeans - more alternative uses than most other crops (refer to Figure 1.1 Soybeans’
Many Uses)
Corn - refer to Figure 1.2 Primary Products and Co-Products of Corn
Grain sorghum - ethanol, produced from the endosperm
Wheat
1) Livestock roughage feed source; injected with ammonia
2) Foods/beverages - breakfast foods, beer, whiskey, alcohol, and coffee substitutes
3) Building materials
Hay - livestock bedding; ethanol research
Cotton
1)  Fiber
(@  Processed into lint (fiber after the seeds have been removed at the gin); used
for padding in furniture, mattresses, and car seats
(b)  Other cellulose products, cardboard, plastic, and U.S. paper currency
2)  Waste - recycled into new products

1) Meal, bran, and rice polish - used as livestock feed
2)  Broken kernels (less than 3/4 of whole kernel) - used to brew beer and make flour
3) Stems - ethanol research

Discuss other crops grown in Missouri and their impact on the state’s economy.

What other important crops are grown in Missouri?



a) Tobacco
b) Vegetables - potatoes and watermelons
c) Fruits - apples, peaches, and grapes

6. Discuss the importance of agricultural processing in the United States. Without additional
processing, many products produced from raw grains would not be available on a daily basis.
The companies listed are only a sampling of the many grain merchandisers and processors in
Missouri and in the United States. Have students complete AS 1.1.

Which companies use the major crops or crop components?

a)  Grain merchandisers - connection between producers and consumers.
b) M.F.A. Incorporated - production of feed, grain sales, sales of seeds, fertilizer, and crop
protection chemicals.
c) Cargill, Inc. - international marketing, processing, and distribution of agricultural food.
d) Archer Daniels Midland Company - processing cereal grains and oilseeds.
e) Farmland - crop production and crop protection products; livestock feed; petroleum; grain
processing and marketing; and processing and marketing of pork and beef products.
f) Koch Industries - large livestock producer; specializes in using crops or crop components
to feed cattle at their company-owned ranches and feedlots.
o)) Nestle USA - food processing plant
h) Ralston/Purina - grain processing facility
i) ConAgra, Inc. - diversified international food company
i) Other large food processors
1) RJ Reynolds
2) Nabisco
3) Sara Lee
4) General Mills
5)  Quaker Oats
6) Pillsbury
7)  Colonial Baking Company
8) Kraft Foods
9) Ralcorp Holdings, Inc.
10) Frito-Lay, Inc.

Other Activities

1. After completing Activity Sheet 1.2, make posters listing products derived from soybeans. Each
day challenge the students to think of additional products to add to the posters.

2. Have students use their creativity and imagination to invent a new food product. Explain what
plant it comes from and how it is harvested and processed. Design packaging for the product
and explain who will probably purchase and use it.

3. Have the students research various grain merchandisers or food processors. Information is
available on the Internet to develop a company profile. Have the students write a report and
share the information with the class.

Conclusion

Missouri is a major contributor of crops and crop products both nationally and internationally. Not only
are Missouri crops used to produce food for human consumption, but also for livestock feed and
alternative uses such as plastics, clothing, cleaning agents, and building materials. Missouri is home
to major corporations that process raw grains into products used throughout the world.
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Answers to Activity Sheet

Answers will vary for both activity sheets.

Answers to Evaluation

©CONOO AN

-—
o

11.

12.

13.

OQU T OQOUTAQ

Answers will vary but should include two of the following for each crop:
a) Corn
1) Kernel - used as a livestock energy feed source
2)  Seed (primary products) - endosperm of the seed; used in foods, industrial products,
and drugs
3)  Seed (co-products) - solubles, gluten and hulls, and seed germ; used in drugs,
livestock feed and food
4) Green plant - harvested as silage, used as livestock forage feed
5) Stalks - used as a winter feed supplement for cattle
b) Wheat
1) Seed (endosperm) - used for flour
2) Seed (bran and germ) - used separately or in whole wheat flour
3) Seed (middlings and shorts) - processed into livestock feed
4)  Stem - baled into straw; used for livestock bedding, ground cover, mulch, and crop
residue

1) Seed (brown rice) - used as food

2) Seed (white rice) - used as food or processed into cereals, rice cakes, or starch for
food products

3) Seed (bran) - cholesterol-free cooking oil

4) Hulls - used as poultry bedding

5)  Stem - baled as straw for livestock feed and bedding

Answers will vary but should include one of the following for each crop:
a) Soybeans - refer to Figure 1.1 in the Student Reference
b)  Grain sorghum - ethanol
c) Cotton
1) Lint used for padding in furniture, mattresses, and car seats
2)  Other cellulose products, cardboard, plastic, and U.S. paper currency

Tobacco, Vegetables, Fruit

Answers will vary, but should include three of the following companies.

MFA Incorporated; Cargill, Inc.; Archer Daniels Midland Company; Farmland; Koch Industries;
Nestle USA; Ralston/Purina; ConAgra, Inc.; RJ Reynolds; Nabisco; Sara Lee; General Mills;
Quaker Oats; Pillsbury; Colonial Baking Company; Kraft Foods; Ralcorp Holdings, Inc.; Frito-Lay,
Inc.






UNIT | - OVERVIEW Name

Lesson 1: Missouri Crops and Their Uses Date

EVALUATION

Circle the letter that corresponds to the best answer.

1. Most of our food supply comes directly or indirectly from
a. Food processors
b. Supermarkets
c. Producers
d. Crops
2. is Missouri’s largest cash crop.
a. Grain sorghum
b. Soybean
c. Corn
d. Hay
3. Missouri ranks second in the United States in production.
a. Grain sorghum
b. Soybeans
c. Corn
d. Hay

Match the crop on the right with its main use on the left. All of the answers should be used once.

4, __ Livestock feed a. Soybeans

5. _____Industrial products b. Rice

6. __ Flour C. Hay

7. ____ Human consumption d. Cotton

8. ____ Clothing e. Corn and grain sorghum
9. —_Livestock roughage feed f. Wheat

Complete the following short answer questions.
10.  List two components from each of the following crops and describe how each component is used.

a. Corn

M
@)

b. Wheat
(1)

)



11.

12.

13.

C. Rice

(1)
@)
List an alternative use for each of the following crops.
a. Soybeans
b. Grain sorghum
c. Cotton
List three alternative crops that make an important contribution to the Missouri economy.
a.
b.
c.
Name three companies that use crops or crop components.
a.

b.



UNIT | - OVERVIEW AS 1.1

Lesson 1: Missouri Crops and Their Uses Name

Processed Food
Objective: Students will identify crops that produced the processed food items they eat.
Directions: Select a favorite processed breakfast cereal and answer the questions listed below. If research
is necessary, use reference books, Internet sources, local and state crop associations, companies, etc., to
help locate where the cereal was grown and processed. Finally, write a report and share with the class what
you have learned.

1. Name the processed breakfast cereal you have selected.

2. List the top three ingredients shown on the package.
a.
b.
c.

3. What crop was this food item derived from?

4, Where is this crop grown?

5. What company processed the item? (Some packages may list the distributor and this may be different
than who processed the item, so you may need to do some research.)

6. Where is the company located?

7. What other processed food products does this company make?

Bonus points:

8. Determine how the food was processed to get it from the farm to the table.
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UNIT I - OVERVIEW AS1.2

Lesson 1: Missouri Crops and Their Uses Name

Everyday Products from Soybeans

Objective: Students will be able to identify products derived from soybeans.

Directions: Using the columns below, list all activities that you were involved in for a whole day. Also, list
all the foods you ate that day, collecting their product labels if possible. Using the table on the back, list all
the products you used or ate that were produced from soybeans.

ACTIVITIES FOODS

Examples: Examples:

Checked cattle on tractor, bottle fed calf Pancakes, butter, syrup, sausage, milk

Drove diesel truck to town for new paint job Snickers bar, Coke, and Doritos
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UNIT | - OVERVIEW

Lesson 2: The Importance of Crops

Competency/Objective: Explain the economic importance of crop production.
Study Questions
1. What is the economic importance of crops in Missouri?

2. What is the economic importance of crops in the United States?

3. What is the economic importance of crops in the world?

4. What are the major grain-exporting countries in the world?

5.  What are the major importing countries of U.S. crops?

6. How do marketing principles affect crop economics?
References

1. Advanced Crop Science (Student Reference). University of Missouri-Columbia: Instructional
Materials Laboratory, 2000, Unit I.

2. Transparency Masters

a) TM21: 1998 Missouri Cash Receipts
by TM2.2: 1998 U.S. Crop Values

3. Activity Sheet

a) AS21: Missouri Cropland






UNIT | - OVERVIEW

Lesson 2: The Importance of Crops

TEACHING PROCEDURES

A.

Review

Lesson 1 discussed the major crops and crop components grown in Missouri. This lesson will discuss
the economic impact those crops and crop components have, not only in Missouri, but in the United
States and the world. Also included will be major importers and exporters of crops and the impact
marketing has on crop economics.

Motivation

Ask the students if they know how many crops are produced in the state, nation, and/or world. Using
a bale of hay (60 Ib.) or a bushel of corn (56 Ib.), have students guess how many of each were
produced in the state during the past year. For example, in 1998 the total bushels of corn produced for
grain was 285 million, 2.9% of the total produced in the United States. Use various crops to stress the
importance of how much grain is actually produced. The most current Missouri Farm Facts guide will
provide this information. Using the most current Missouri Farm Facts and the USDA Agriculture Fact
Book allows students to research specific crop production facts for their county, state, and the United
States.

Assignment
Supervised Study
Discussion

1. Discuss the diversity of agriculture in Missouri. Consider the economic importance of crop
production by illustrating how the value of crops sold in the state has a direct impact on the
state’s economy. Have students complete AS 2.1.

What is the economic importance of crops in Missouri?

a) In 1998, 49.8% of Missouri farm income was from crop production (Figure 2.1).
1) Soybeans accounted for 21.2% of crops sold in Missouri.
2) Feed crops (corn, hay, oats, and grain sorghum) comprised 17.6%.
3) Food grains (rice and wheat), cotton, and miscellaneous crops consisted of 11%.
b)  Missouri ranks in the top 10 crop-producing states in the United States for hay, sorghum,
soybeans, rice, corn; 11" in winter wheat production, and 12" in the nation in cotton.
c) Missouri grew 6% of all U.S. soybeans and grain sorghum.
d) Missouri agriculture employs 15% of the state’s labor force (400,000 workers).

2. Discuss the economic impact crop production has on the U.S. economy. Explain that humans
would not be able to enjoy the abundant food supply of the United States without efficient and
productive farmers. The United States is the largest food supplier worldwide, and grains are the
leading U.S. export.

What is the economic importance of crops in the United States?

a) In 1998, the value of crops sold in the United States totaled $98 billion.
b) Crops were 48% of the $196.8 billion total farm receipts in 1998.
c) Crop distribution in the United States is substantial.
1) Corn (America’s largest crop) added $24.4 billion to the economy in 1998.



2)  Soybeans added $17.7 billion to the economy.
3)  Wheat contributed $8.7 billion to the economy.
4)  Cotton contributed 5.9 billion to the economy.
5) Hay contributed 13.3 billion economy.

Explain the importance of grain production in feeding the population of the world. Countries trade
their products for grains to feed their people and livestock. The topography and climate of a
country determine what crops it produces.

What is the economic importance of crops in the world?

a) Food and feed crop production must increase to meet the demand of increasing
populations.
1) 5.6 billion people in the world in 1997
2) Increasing at 1.7% per year
b) Underdeveloped countries have difficulties meeting grain needs of their populations.
1) Limited knowledge of grain production
2) Lack of equipment and seeds
3) Climate
4) Lack of infrastructure (transportation, processing, storage)
C) U.S. production accounts for largest percentage of crops produced.
1) U.S. produced 46% of the 500 million metric tons of corn grown worldwide.
2) U.S. produced 50% of the world’s soybeans in 1997 - 2.73 billion bushels.
3) Only 1/5 of U.S. land is used in crop production.
4)  The American farmer produces enough food to feed nearly 150 people at the end
of the 20" century.
d)  Brazil, China, Argentina, Canada, and Australia are also large crop-producing nations.

Discuss how the United States competes against other countries in crop production. Students
need to understand how crop-producing countries compete to sell their grain to the major grain
importers. Producers need to know whom they are competing against, so they can be better
players in the worldwide market. This competition affects the prices paid to American producers
for their crops.

What are the major grain-exporting countries in the world?

a) The United States is the largest exporter with yearly exports of agriculture products
exceeding $69.7 billion dollars in 1998.

b)  The largest feed grain (corn and wheat) exporters in the world are the United States,
China, Canada, and Australia.

c) The largest oil crop (soybeans) exporters in the world are the United States, Brazil, and
Argentina.

d) Improved technologies and competition from other countries are reducing the amount of
exports from the United States.

Discuss the importance of knowing which countries purchase the most crops. This could be
explained by comparing the producer to a small business owner who must know the customer
base to provide the most needed or desired products (crops) or services. It is important to know
what prices those customers can or are willing to pay for those products and services. The
United States tries to maintain good trading relationships with large world grain importers by
offering them a high-quality product at an affordable price. The more grain imported by these
countries, the better prices American producers will receive for their crop.

What are the major importing countries of U.S. crops?

a) Major importers of U.S. grains include Japan, Mexico, Taiwan, and Middle East countries.
b)  The United States imports crops it is unable to grow or cannot grow in sufficient quantities.
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1) Bananas
2)  Coffee beans
3)  Cocoa beans

6. Producers of grain should understand the basic marketing principles that play a role in the
economics of production. These principles are basically the same as with other agricultural
commodities. Research into the marketing of a specific commodity and careful planning are keys
to success. The University of Missouri’s Missouri Farm Financial Outlook guide can be used as
a reference.

How do marketing principles affect crop economics?
a) The basic economic law of supply and demand plays a major role in grain marketing.
b) Surplus grains lead to lower prices and smaller profit margins.
c) The Chicago Board of Trade (CBOT) plays a major role in grain price discovery and
determination.
1)  CBOT was established in 1848 to bring order to a chaotic marketing situation.
2) It brings buyers and sellers together through brokers to negotiate prices.
3) Daily world news of government grain-buying orders, weather changes, etc. help
establish prices.
d) Successful grain marketing is a three-step process.
1) Determine the cost of production and break-even price per unit.
2) Develop a marketing plan with different pricing alternatives (cash sales, forward
contracting, futures and options).
3) Develop a follow-through plan as the last step. Track the markets daily.
e)  Stick to your marketing plan.
Other Activity

Have the students select one of the important grains marketed in Missouri and follow the prices of that
grain on a daily basis during this unit. Students could report the finding by chart or bar graph format
to determine when might be a best time to sell their commodity.

Conclusion

The production of grains in Missouri and the United States is important to our economy. Grain sales
and the exporting of grains play a major role in reducing the balance of trade between American and
its trading partners. Missouri is a leader in the United States in hay production as well as being in the
top 10 among all other states in corn and soybean production. Missouri agriculture employs over 15%
of our state’s workforce and is the home of about 2,000 agribusinesses.

Answers to Activity Sheet

Answers will vary with the census year.

Answers to Evaluation

oo

Eall o

d
a
Corn

Answers should include four of the following: United States, China, Canada, Australia, Brazil, and
Argentina.

Answers should include three of the following: Japan, Mexico, Taiwan, Korea, Middle East.
Answers will vary.
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UNIT | - OVERVIEW Name

Lesson 2: The Importance of Crops Date

EVALUATION
Circle the letter that corresponds to the best answer.

1. What was the total value of crops sold in Missouri in 19987

a. $1-2 million

b. Under $10 million
C. $1-2 billion

d. Over $4 billion

2. What is the total value of crops sold annually in the United States?
a. Over $90 billion
b. $25-50 billion
c. $100 million
d. Under $100 million
Complete the following short answer questions.

3. What is the largest grain crop produced in the United States?

4, List four countries that are large exporters of crops in the world.
a.
b.
C.
d.
5. List three countries that import the most crops from the United States.
a.
b.
c.

6. Explain how marketing principles affect crop economics.
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™ 2.2

1998 U.S. Crop Values

(Billion Dollars**)

CORN***
(24.4)

SOYBEANS
(17.7)

WHEAT
(8.7)

SORGHUM***
(1.4)

BARLEY
(0.9)

OATS
(0.2)

2 4 6 810 12 14 1618 20 22 24
Billion Dollars

*Estimate for marketing year ending August 31, 1998.

**All figures calculated by multiplying year-end production
by projected average farm price.

***Includes grain production only.

Source: USDA/National Agricultural Statistics Service
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UNIT | - OVERVIEW AS 2.1

Lesson 2: The Importance of Crops Name

Missouri Cropland
Objective: Students will determine impact of crop farming in the state of Missouri and in their local county.

Directions: Using the Internet, access the Missouri Agricultural Statistics Service web site at
<http://agebb.missouri.edu/mass/moagri.htm>. For the current year listed, complete the following table.

Year:

Commodity Acres Harvested Yield Production

Comn

Soybeans

Winter wheat

Grain sorghum

QOats

Rice

Tobacco

All potatoes

Cotton
All hay

Potatoes

From the Missouri Agricultural Statistics Service site <http://agebb.missouri.edu/mass/agrifact/index.htm>,
locate your local county on the map. Use the link to “Rank Within Misouri’s 114 Counties” and complete the
following table.

Commodity Rank Within Missouri’s 114 Counties

Corn
Wheat
Soybeans

Sorghum

Hay

Tobacco

Rice
Cotton
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UNIT | - OVERVIEW
Lesson 3: Careers in Crop Science
Competency/Objective: Identify career opportunities in crop science or crop-related agribusiness.
Study Questions
1. What career opportunities are there in crop science and crop-related agribusiness?

2. What are the educational requirements for careers in crop science and crop-related
agribusiness?

References

1. Advanced Crop Science (Student Reference). University of Missouri-Columbia: Instructional
Materials Laboratory, 2000, Unit I.

2. Think About It (Brochure) National FFA Organization. Available by phone at 888-332-2668 or on
the Internet at <www.ffa.org>.

3. Transparency Master
a) TM3.1: Employment Categories
4, Activity Sheet

a) AS 3.1: Selecting a Crop Science Career
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UNIT | - OVERVIEW

Lesson 3: Careers in Crop Science

TEACHING PROCEDURES

A.

Review

A career in crop production or any agribusiness-related field is available to students willing to learn and
work hard. To be competitive, a producer needs to understand basic math, read detailed manuals, and
keep current on computer-based technology. A high school education is a necessity with some jobs
requiring college degrees ranging from a bachelor’s to a doctorate.

Motivation

1.

Arrange for a person employed in crop production or a crop-related agribusiness to visit the class.
Hold a discussion on the educational qualifications, technical experience, duties, benefits, etc.,
required for his or her job. Allow time for student questions.

2. Arrange a visit to a college campus to tour the agriculture facilities. Talk to faculty members and
students about the programs offered. Collect brochures and other information about the school
and programs. The high school guidance counselor can be a good source of information and
help with these arrangements.

Assignment

Supervised Study

Discussion

1.

Discuss possible career opportunities available in crop science and crop-related agribusiness.
This lesson breaks career opportunities into six categories with examples in each category.
Refer to TM 3.1 to illustrate the various employment categories and the percentage of available
jobs. The student reference lists jobs in each category. Also, refer to National FFA publications
such as the Think About It brochure.

What career opportunities are there in crop science and crop-related agribusiness?

a)  Marketing, merchandising, and sales
1) Work with producers and consumers to provide agricultural products
2) Employ 32.4%
b) Scientists, engineers, and related professionals
1) Leading edge of agricultural technology
2) Employ 28.8%
c) Managers and financial specialists
1) Business skills, extensive knowledge and understanding of agriculture
2) Employ 14%
d)  Social service professionals
1) Safeguard the public, assist with individual, community, world needs
2) Employ 9.7%
e) Education and communications
1) Sharing news and information about agriculture
2) Employ 7.6%
f) Production
1) Require knowledge and development of multiple skills
(@) Machinery and equipment operation
(b) Chemical safety



(¢) Marketing strategies
2) Employ 7.5%

2. Discuss the importance of education to increase career opportunities in crop science and crop-
related agribusiness. Ask the students how the educational levels required now are different from
those required in previous generations. Also explain the various levels of postsecondary
education (refer to Table 3.1 in Student Reference).

What are the educational requirements for careers in crop science and crop-related
agribusiness?
a)  Types of education
1) Informal - learning by observing
(@) Growing up on a farm
(b)  Working in production agriculture
(¢) Working in an agribusiness environment
2) Formal - structured learning in a school setting
(a) High school agriculture courses
(b)  Vocational or technical training
(c) Course of study to obtain a specific degree at a college or university
b) Levels of education
1) High school - agriculture courses/diploma
2) Postsecondary
(a) Technical school - certificate with course work in specific subject area
(b) College - associate’s, bachelor’s, master’s, or doctorate degree
(1)  Longer than a certificate program
(2)  General education classes along with specific subject area

Other Activities

1. Arrange for students to spend a day with someone in a crop science or crop-related agribusiness
occupation. Have students give an oral or written report on the machines used, people they
talked to, and the general nature of the work.

2. Have students take the AgriScience Interest Inventory to help assess their individual interests.
This is not a test but a way to have students think about what they like and jobs they might not
have considered before. This is a computer-based questionnaire that is available from Interstate
Publishers, Inc., Danville, lllinois.

Conclusion

Careers in crop science or crop-related agribusiness are continually increasing in variety and
importance. Individuals with on-the-job experience or a college degree in crop science can find a
variety of jobs available. If students are interested in working with crops they should also consider what
their outside interests and abilities are to find a career both challenging and rewarding.

Answers to Evaluation

©CONOGO A~ WN

lo I o Rl B o BN B o R


witenkok



10.
11.
12.
13.
14.
15.

16.

Qoo ™

e
An informal education is learning by observing and can be obtained from knowledge acquired
growing up on a farm, working in production agriculture, or in an agribusiness environment.

A formal education is structured learning in a school setting and includes taking high school
agriculture courses, vocational or technical training, or a required course of study to obtain a
specific degree at a college or university.






UNIT | - OVERVIEW Name

Lesson 3: Careers in Crop Science Date

EVALUATION

Match the employment category on the right with the job title on the left. Answers will be used more
than once.

1. __ Food Inspector a. Crop production

2. _____Agricultural Educator b. Scientists, engineers, and related professionals
3.  ______Agricultural Credit Analyst c. Marketing, merchandising, and sales
4, __ Agricultural Chemical Dealer d. Education and communication

5. _____ Custom Harvester e. Managers and financial specialists

6. ____ Cotton Grader f. Social service professionals

7. __ Cooperative Extension Agent

8. __ Greenhouse Manager

9. ______ Water Quality Specialist

10. ____ Federal Grain Inspector

11.  ___ Fertilizer Plant Supervisor

12. ______ Entomologist

13.  _____ Fruit Distributor

14, _____ Commodity Broker

Complete the following short answer questions.

15.  What is an informal education?

16. What is a formal education?
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™ 3.1

Employment Categories

!Productionz
7.6%

Education,
Communication

9.7%
Social Service
Professionals
14.0%
Managers, Financial Specialists
28.8%
Scientists, Engineers, Related Professionals

32.4%
Marketing, Merchandising, Sales Representatives

Employment
Categories

Source: Higher Education Programs, USDA (1995)
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UNIT | - OVERVIEW AS 3.1

Lesson 3: Careers in Crop Science Name

Selecting a Crop Science Career

Objective: Students will be able to learn facts concerning the educational and job skill requirements as well
as other employment-related information of the selected career.

Directions: Using the Internet, find the FFA Agriculture Career Center at the web address <www.ffa.org>.
Select the path to the interactive quiz under Ag Jobs. Follow the instructions to find out which jobs are best
suited to your interests. Write a short report on why you selected this career.
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UNIT | - OVERVIEW

Lesson 4: Government Influence and Current Trends

Competency/Objective: Explain government influence and identify current trends in crop production.
Study Questions
1. How do government programs and trade agreements influence crop production?

2. What are current trends in crop production?
References

1. Advanced Crop Science (Student Reference). University of Missouri-Columbia: Instructional
Materials Laboratory, 2000, Unit I.

2. Food and Agricultural Policy Research Institute (FAPRI)
<http://www.fapri.iastate/edu/default.ntm>

3. Activity Sheet

a) AS4A1 The World Trade Organization (WTO)






UNIT I - OVERVIEW

Lesson 4: Government Influence and Current Trends

TEACHING PROCEDURES

A.

Review

In previous lessons, we have examined Missouri crops, their economic importance, and careers
associated with crop production. This lesson will finalize the overview unit and discuss how government
programs influence crop production as well as some of current new technologies that affect producers.

Motivation

Make a list of the following acronyms on the board; NAFTA, IPM, GMO, GATT, and CRP and ask
students if they can tell you what the letters mean. You might also ask them to describe what impact
government farming programs have on crop production.

Assignment

Supervised Study

Discussion

1.

The effect of government programs and trade agreements on agricultural production can be very
complicated. Students should have a basic understanding of these activities and how they
function. Have students complete AS 1.1.

How do government programs and trade agreements influence crop production?

a)

b)

c)

GATT (General Agreement on Tariffs and Trade)

1)
2)
3)
4)

Existed from 1948 to 1995

Purpose - minimize tariffs, quotas, and other barriers to international trade

Sponsored eight rounds of trade negotiations

Formation of the WTO (World Trade Organization) that took over GATT’s functions

(a) Stronger powers to enforce agreements

(b)  Authority to issue trade sanctions

(c) Disciplines imposed on trade barriers and trade-distorting domestic farm
policies

NAFTA (North American Free Trade Agreement)

Took effect on January 1, 1994

Agreement between Canada, Mexico, and the United States to foster trade and
investment

Purpose - eliminate tariffs and nontariff barriers between these three countries
Most goals reached by January 1, 1998

Some tariffs on sugar, dairy, peanuts, and cotton from the United States
Substantial increase in trade and investment between these three countries

U.S. farm policy

1)
2)

3)

First organized policy began in 1933 with the Agricultural Adjustment Act.

It was designed to address the farm problems of low prices, surpluses, and low

incomes.

It changed over the years but new legislation was introduced in 1996 with the

Federal Agricultural Improvement and Reform Act (FAIR).

(@)  This was a major step toward eliminating commodity programs and taking the
United States toward an almost fully market-oriented farm policy.



(b)  This change has led to farm income being more variable from year to year in
response to supply and demand spikes.

d)  CRP (Conservation Reserve Program)

1)
2)

3)
4)

5)

CRP is a long-term, land retirement program to offset agriculture’s adverse effects
on the environment.

It was established in 1985 to conserve and improve soil, water, and wildlife
resources on highly erodible and environmentally sensitive land through 10- and 15-
year leases.

Renewal of FAIR program gives the authority to sign up 36.4 million acres through
2002.

One benefit is to increase market sales of farm commodities by increasing farm
prices caused by idling formerly cultivated farmland.

It also benefits the private sector through improved water quality and improved
wildlife for hunting and fishing.

New technologies are greatly changing the face of agriculture. Their impact could be significant.
Students and agricultural producers must stay current on these new developments and what they
mean to the production of agricultural products.

What are current trends in crop production?

a)  Organic foods

1)
2)

3)

4)

5)
6)

They were developed to promote healthier foods for humans and to protect the

environment.

Agricultural producers are encouraged to use methods that neither deplete the soil

nor hurt environmental systems or workers.

Organic farming helps to promote biological diversity and recycling resources.

(a) Crop rotation

(b) Rotational grazing

(c) Planting of cover crops

(d) Intercropping

(e) Animal and plant waste recycling

()  Reduced tillage methods

() Adding minerals to crops

National Organic Standards Board defined “certified organic” in 1995.

(@) Labeling term denoting products produced under authority of the Organic
Foods Production Act

(b)  Controversy over trying to define organic standards

USDA first proposed national standards in 1997.

USDA released new standards in March 2000.

(a) Barthe use of genetic engineering or irradiation of foods

(b)  Prohibit antibiotics in livestock production

() Require use of organic feed

(d) Carry “USDA Certified Organic” label

b) GMO (genetically modified organisms)

1)
2)

3)
4)

5)

GMO has been done for many years with strains of wheat, corn, etc.

Today’s technology now allows for splitting and inserting genes to make drastic
changes in plants.

Genetic engineering will help meet the challenges of a growing, hungry population.
Genetically engineered plants were germinated on 65 million acres of prime
farmland in 1998.

Bt corn and herbicide-resistant soybeans have initiated a worldwide debate as to the
ethics of this biotechnology.

Bt corn develops a toxin that kills worms when they attack the plant.
Herbicide-resistant soybeans allow for better weed control.

GMOs have the potential to improve proteins, fat, and vitamins in crops and
increase resistance to drought, frost, and bacteria in plants.



9)

Critics contend the GMOs create the following problems.

(@) GMO is a vast uncontrolled experiment.

(b) New seeds will benefit large corporations.

(¢) Organic farmers, the environment, and the consumer will suffer long-term
damage.

(d) Btcorn kills the monarch butterfly.

(e) Long-term consequences of these technologies for human health and the
environment are unknown.

c) Alternative or sustainable agriculture

1)
2)

Producers are looking for different methods of increasing their farm income.
Other sources of agriculture income include the following items.

(a) Elk
(b) Bison
(c) Berries

(d)  Shiitake mushrooms

d) Precision farming

1)
2)
3)

4)

Carefully tailored soil and crop management fit different conditions found in each
field.

This is also known as “prescription farming,” “site-specific farming,” and “variable
rate farming.”

It makes use of new technologies such as remote sensing, geographic information
systems, and global positioning systems

Producers can adjust seeding rates, plan crop protection programs, perform more
timely tillage, and determine yield variation within a field.

e) IPM (Integrated Pest Management)

1)
2)
3)

4)
5)

6)

Other Activity

Pests are managed with biological, cultural, physical, and chemical tools to minimize
economic, health, and environmental risks.

Pests may include insects, disease, weeds, nematodes, arthropods, and
vertebrates.

IPM uses beneficial organisms such as predators, parasites, etc., to suppress pest
organisms.

Cultural controls include crop rotation, cultivation, and sanitation to reduce pests.
Physical controls involve barriers, traps, and adjustment of planting location or
timing to evade or diminish pest pressure.

To use IPM wisely, producers must spend more time observing and interpreting the
impact of pest populations.

This would be an excellent time to take a field trip or have a guest speaker (with slides, etc.) to
demonstrate alternative farming programs.

Summary

With the changes in agricultural production occurring so rapidly, producers must spend more time
investigating and studying the new technologies that are being developed if they are going to remain
in the business of agricultural production. They must also keep informed of the current agricultural
policies of the government to take advantage of those programs that will assist them in maximizing their

income.

Answers to Activity Sheet

1. Geneva, Switzerland

2. To ensure that trade flows as smoothly, predictably, and freely as possible

3 By negotiating and signing WTO agreements with the world’s trading nations. These contracts
guarantee important trading rights and bind governments to keep trading policies within agreed
limits to everybody’s benefits.



Promotes peace

Handles disputes constructively

Rules make life easier for all

Free trade cuts the cost of living

Provides more choice of products and qualities
Raises incomes

Stimulates economic growth

Makes life more efficient

Shields governments from lobbying
Encourages good government

TTJe@meo0oTe

Answers to the Evaluation

o~

Federal Agricultural Improvement and Reform Act

North America Free Trade Agreement

General Agreement on Tariffs and Trade

Conservation Reserve Program

Genetically Modified Organisms

Integrated Pest Management
g. World Trade Organization

5. Organic foods, alternative or sustainable agriculture, precision farming, IPM (Integrated Pest
Management)

6. Any one of the following: precision farming, prescription farming, or site-specific farming

~ppoTpoCTo



UNIT I - OVERVIEW

Lesson 4: Government Influence and Current Trends

EVALUATION

Circle the letter that corresponds to the best answer.

1. The GATT organization was organized in

coop

2. NAFTA is a trade agreement between the United States,

coop

3. The FAIR Act was adopted in

oaoop

1933
1948
1994
1996

Mexico and Brazil
Mexico and Canada
Canada and Brazil
Argentina and Brazil

1994
1995
1996
1998

Complete the following short answer questions.

4, What do the following letters represent?

a.

FAIR -

NAFTA -

GATT -

CRP -

GMO -

IPM -

WTO -

Name

Date

,and




5. List the four current trends in crop production discussed in this lesson.
a.
b.
c.

d.

6. What is another name for “variable rate farming”?



UNIT | - OVERVIEW AS 4.1

Lesson 4. Government Influence and Current Trends Name

The World Trade Organization
Objective: Students will develop an understanding of the WTO and its purpose.

Directions: Using the Internet, research the World Trade Organization (WTO) using the following web site:
<http://www.wto.org> and answer the questions below.

1. Where is the headquarters of the WTO?

2. What is the main function of the WTO?

3. How does it accomplish this function?

4, What are the “10 benefits” of the WTO?






UNIT Il - PLANT BIOLOGY

Lesson 1: Plant Physiology
Competency/Objective: Compare and contrast the parts and functions of monocot and dicot seeds
and plants.
Study Questions:
1. Which of the major crops are monocots and dicots?
2. What are the parts and functions of a monocot seed?
3. What are the parts and functions of a dicot seed?
4. What are the parts and functions of a monocot plant?
5. What are the parts and functions of a dicot plant?
References
1. Advanced Crop Science (Student Reference). University of Missouri-Columbia: Instructional
Materials Laboratory, 2000, Unit |l.
2. Plant Science (Instructor Guide). University of Missouri-Columbia: Instructional Materials
Laboratory, 1991, Lesson 5.
3. Transparency Masters

a TM1.1: Parts of a Monocot Seed (Corn)
b) TM1.2: Parts of a Dicot Seed (Soybean)
c) T™ 1.3: Parts of a Monocot Plant (Grain)
d TM1.4: Parts of a Dicot Plant (Legume)
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UNIT Il - PLANT BIOLOGY

Lesson 1: Plant Physiology

TEACHING PROCEDURES

A

Introduction

Producers need to know the differences between monocots and dicots to accurately identify the plants
and know how to care for them. Differences are easier to learn by comparing the functions of the seed
and plant parts of different crops.

Motivation

After discussing the first study question, make two lists (one labeled monocots and the other labeled
dicots) on the board, a bulletin board, or on a large piece of poster paper. Under each list have
students write crops that fall into these two classifications starting with the seven major crops produced
in Missouri. Continue to add to the list while working on this unit.

Assignment

Supervised Study

Discussion

1. Monocots (monocotyledonous) are plants with one cotyledon, or seed leaf, in each seed. Dicots
(dicotyledonous) have two cotyledons per seed and are more complex in structure.

Which of the major crops are monocots and dicots?

a)  Monocots
1)  Corn
2)  Grain sorghum
3)  Wheat and other small grains
4)  Grass hays

5) Rice
b) Dicots
1) Soybeans
2) Cotton
3) Alfalfa
4) Clover

2. Discuss the major parts and functions of a monocot seed using corn as an example. (Use TM
1.1)

What are the parts and functions of a monocot seed?

a) Parts of a monocot seed
1)  Seed coat

2) Embryo
(a)  Single cotyledon
(b) Epicotyl
(c)  Hypocotyl
(d) Radicle

3) Endosperm
4) Seed scar



b)

(a) Incorn called tip cap; seed attached to cob
(b)  In grain sorghum, wheat, grass hays, and rice the seed located in or attached
to inflorescence

Functions of monocot seed parts

1)

2)

3)

Seed coat - outer covering; serves as protector
(@) Resists water and insects
(b)  Maintains seed’s viability
(¢) Incorn called pericarp; in wheat called bran
Embryo - miniature plant that sprouts within the seed
(a) Contains all genetics, enzymes, vitamins, and minerals for new plant
(b) Four parts
(1) Cotyledon (scutellum in corn) breaks down starch from endosperm,
absorbs it, and moves it to the embryo.
(2) Epicotyl will develop into the first shoot with leaves that emerge from
the seed upon germination. It is located above the cotyledon.
(3) Hypocotyl is found below the cotyledon and connected to the radicle.
It is the first true stem of the plant.
(4) Radicle develops into the primary root, absorbing water and nutrients
for the seed and dying later when permanent roots are formed.
(c) Called germ in wheat plants
Endosperm - energy source for germinating seed
(a) Found only in the monocot seedlings
(b) Comprises 75% of seed; 82% in corn seeds
(c) Used as feed for livestock; food for humans
(d) Provide carbohydrates, protein, iron, B-complex vitamins, and other nutrients

Discuss the major parts and functions of a dicot seed using the soybean as an example. (Use

T™1.2)

What are the parts and functions of a dicot seed?

a)

b)

Parts of a dicot seed

1)
2)

3)

Seed coat

Embryo

(a) Epicotyl

(b)  Hypocotyl

(c) Radicle

(d) Two cotyledons
Seed scar called hilum

Functions of dicot seed parts

1)
2)

Seed coat is the outer covering (same as in monocots).
Embryo serves as new growing seedling.
(a) Epicotyl
(1)  The growing end of main plant stem
(2) Attached to hypocotyl on one end and two embryonic leaves at the
other
(b)  Hypocotyl
(1) Becomes the main plant stem
(2) Lifts cotyledons out of soil for new seed leaves to emerge
(c) Radicle becomes the new primary root below the surface.
(d) Cotyledons
(1)  Protect the epicotyle
(2)  Provide food for sprouting plant
(8) Fleshyin form
(4) High in protein and oil



All plant parts are essential because each has a specific function to aid in the growth,
maintenance, or reproduction of the plant. Discuss the major parts and functions of a monocot
plant using a grain as an example. (Use TM 1.3.)

What are the parts and functions of a monocot plant?

a) Parts of a monocot plant

1)

Inflorescence, or head
Leaf blade

Node

Internode

Leaf sheath

Tiller

Roots

b) Functions of monocot plant parts

1)
2)

3)
4)

5)

6)

7)

Inflorescence (floral portion) - reproduction

Leaf blade

(&) Manufactures food by photosynthesis

(b)  Conducts respiration, transpiration, and food storage
Node - attachment point of leaf to stem

Internode - stem section between nodes

(a) Supports plant

(b) Transports and stores nutrients

Leaf sheath - base of leaf that wraps around the stem

(a) Supports and stabilizes stem

(b)  Protects leaf axil (stem attachment at base)

Tiller - secondary stem

(@) New shoot from primary plant

(b) Grows and reproduces by itself

() Example of how monocots multiply, specifically in rice and wheat
Roots

(a) Supports plant

(b) Stores food

(c) Absorbs nutrients

Discuss the major parts and functions of a dicot plant using a legume as an example. (Use TM
1.4.) Note: Point out the nodules on the legume plant as shown on the transparency. The
importance and function of this plant part will be discussed in the next lesson under the topic of
essential plant nutrients.

What are the parts and functions of a dicot plant?

a) Parts of a dicot plant

1)

10)

Terminal bud

Leaf

Petiole

Node

Internode

Axillary bud

Hypocotyl

Branch, or lateral roots
Primary, or taproot
Root hairs

b) Functions of a dicot plant parts

1)

Terminal bud
(@) Growth point in the plant
(b)  Apical meristem tissues - increase length of plant



2)

3) Petiole - stalk of the leaf
(a) Attaches leaves to plant stems at nodes
(b) Provides support to leaves
(c) Transports nutrients
4) Node - attachment point of petiole stem; supports petiole
5) Internode - stem sections between nodes
(a) Supports aboveground plant
(b) Transports and stores nutrients
6)  Axillary bud
(a) New developing leaf sections
(b) Site of new node
7) Hypocotyl (stem between roots and first node)
(a) Lifts plant out of soil
(b) Base of the stem
8) Branch, or lateral roots - roots branching from taproot
(@) Provides support
(b) Absorbs nutrients
9)  Taproot (primary root)
(@) Main anchor for plant
(b) Food storage
10) Root hairs
(a) Common on branch and taproots
(b) Increases plant absorption area
Other Activities
1. Teachers may want to review the germination process of a monocot and dicot seed with

students. To do this, use TMs 5.3 and 5.4 from the Instructor Guide of the IML Plant Science

curriculum.

Leaf

(a) Manufactures food by photosynthesis
(b)  Conducts respiration and transpiration
(c) Stores food (sometimes)

2. Have seeds and plants available for the students to identify and label the parts.

Conclusion

Seeds and plants have different parts needed for different functions. Monocot and dicot seeds have
similar parts, but functions are more complex in dicots. Every part of a plant has a use whether for
reproduction, support, or absorbing nutrients. Although monocot and dicot plants are different, they
share basic characteristics such as leaves, stems, and roots.

Answers to Evaluation

Seed coat
Endosperm
Cotyledon
Embryo
Epicotyl
Hypocotyl
Radicle
Seed scar
Seed coat
10. Epicotyl
11.  Hypocotyl
12. Radicle

©CoNoOOALN~

13. Embryo 25.
14.  Cotyledons 26.
15. Seed scar 27.
16. Leaf blades 28.
17. Leaf Sheath 29.
18. Tiller 30.
19. Roots 31.
20. Internode 32.
21. Node

22. Inflorescence
23. Internode
24. Petiole

Taproot

Branch roots
Hypocotyl

Node

Leaves
Terminal bud
Axillary bud
Nodules (bonus)



UNIT Il - PLANT BIOLOGY Name

Lesson 1: Plant Physiology Date

EVALUATION

Write the name of the seed or plant part in the blank with the corresponding number.

10.

11.

12. 13.

13.

14.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

(Bonus)

32.

67/ \ -
ZZ AR
25~ FTAI( A S 32.(bonus)
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Word Bank for Questions 1-8

Cotyledon
Embryo
Endosperm
Epicotyl
Hypocotyl
Radicle
Seed coat
Seed scar

Word Bank for Questions 9-14

Cotyledons
Embryo
Epicotyl
Hypocotyl
Radicle
Seed coat

Word Bank for Questions 15-22

Inflorescence
Internode
Leaf blades
Leaf sheath
Node

Roots

Seed scar
Tiller

Word Bank for Questions 23-32

Axillary bud
Branch roots
Hypocotyl
Internode
Leaves

Node
Nodules
Petiole
Taproot
Terminal bud





witenkok



(dep di1)
1edg paas

9)9ipey

|A1000dAH
\y/

o — 1A0o1d3 (wiepn)

oAiquig

(wn@nos)
uopajA109H

wJadsopuy

/ (dieouay)
jeo) pass

(u109)
p99S 1000UO|\ ke JO slied

FEINL


witenkok





(wniiH) 182S padS

suopajh109H

oAiquig
ajoIpey

1A1000dAH

1A1001d3
/ e00 poos

(ueaghos)

pa9s 1091 € JO sued
¢LINL





witenkok



™ 1.3
Parts of a Monocot Plant

(Grain)

Inflorescence

Leaf

Blades

Leaf ,
Sheath / AN Node

(\ ’ (joint)
Internode
T|IIer (stem)

Roots
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TM14
Parts of a Dicot Plant
(Legume)

Terminal Bud

g

\

7\\\ 0%— ﬁ Leaves
Axillary Bud

Internode 2
* Node
Petiole | Hypocotyl
A Nodules
Taproot ‘ N

Branch Roots —
(with root hairs)
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UNIT Il - PLANT BIOLOGY

Lesson 2: Plant Growth and Nutrient Needs

Competency/Objective: Describe how growth stages affect crop management practices.
Study Questions

1. What are the plant growth stages?

2. What is the life cycle of a plant?

3. What are the essential plant nutrients?

4. What management practices are associated with key plant growth stages?

References

1. Advanced Crop Science (Student Reference). University of Missouri-Columbia: Instructional
Materials Laboratory, 2000, Unit Il

2. Transparency Masters

a) TM21: The Growth Stages of Corn

b) TM22: The Growth Stages of Soybeans

c) TM23: Feekes’ Scale of Wheat Development
d TM24: The Growth Stages of Grain Sorghum
e) TM25: The Growth Stages of Alfalfa

f) ™ 2.6: The Growth Stages of Cotton

g TM27: The Growth Stages of Rice

3. Activity Sheet

a) AS21: Remembering Nutrients
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UNIT Il - PLANT BIOLOGY

Lesson 2:

Plant Growth and Nutrient Needs

TEACHING PROCEDURES

A.

Review

Although plants have similar growth stages, it is important for producers to understand the differences
among individual crops so they can implement the best management practices. Understanding plant
life cycles and growth stages is key to successful crop production.

Motivation

Present various crop specimens in different growth stages. Question students about the growth stages
of the plant. Ask about the longevity of each specimen.

Assignment

Supervised Study

Discussion

1.

Discuss the four main growth stages of crops. Using the transparencies provided for each major
crop, highlight the differences in the names of stages or the number of stages. Discuss with the
students the growth stage differences between Missouri’s most important crops.

What are the plant growth stages?

a)
b)
c)
d)

Germination: embryo in the seed develops into a new plant.
Vegetative: plant grows by extending the stem and adding leaves.
Reproductive: flowers are produced and new seeds are formed.
Maturity: plants ripen, lose green pigment, and dry down.

A plant’s life cycle is classified by the length of time required for the plant to complete its growth
stages. Discuss the three major life cycles of plants. Give examples of different crops classified
in each life cycle.

What is the life cycle of a plant?

a)

Annuals - crops planted or harvested during a 1-year period or less
1) Summer annuals - crops planted in spring or summer and harvested in the fall of the
same year
(@) Comn
(b)  Grain sorghum
() Soybeans
(d) Rice
2) Winter annuals - crops planted in the fall and harvested the following summer
(a) Winter wheat
(b)  Winter oats
(c)  Winter barley
(d) Winterrye
Biennials - crops completing their life cycle in the second year after planting
1) Include very few field crops
2)  Sweet clover
3) Common in vegetable crop seed production


witenkok



C) Perennials - crops or plants remain alive 3 or more years after planting
1)  Maintained by crop’s ability to reseed or spread by vegetative reproduction
2) Life expectancy limited by weed pressure, disease, grazing intensity, and
competitive species
3) Forage crops such as fescue, alfalfa, and lespedeza

There are 17 elements considered essential for plant growth and development. Nine are referred
to as macronutrients; eight are considered micronutrients. Explain the importance of
understanding the elements needed for plant growth to correct nutrient imbalances with soil
additivies.

What are the essential plant nutrients?

a) Macronutrients
1)  Supplied by water and air
(a) Carbon (C)
(b)  Hydrogen (H)
(c)  Oxygen (O)
2) Available in the soil
(a) Primary
(1) Nitrogen (N)
(2) Phosphorus (P)
(8) Potassium (K)
(b) Secondary
(1) Calcium (Ca)
(2) Magnesium (Mg)
(3) Sulfur (S)
b) Micronutrients - found in soil solids and chemicals

1) Iron
2) Zinc
3) Chlorine

4) Molybdenum
5) Manganese

6) Copper
7) Boron
8) Cobalt

Discuss the importance of knowing growth stages of crops. The application of fertilizers,
herbicides, and other crop-improving management practices requires timed sequencing along
with specific growth stages, for example, postemergence vs. preemergence herbicides.

What management practices are associated with key plant growth stages?

a) Nutrient management
1) Test soil to determine nutrient content.
2) Apply nutrients prior to planting, as necessary.
3)  Starter fertilizers and seed are placed in the ground and supply some nutrients.
4) Some fertilizers are applied after emergence.
(a)  Applied by side dressing on soil surface
(b)  Applied by foliar fertilization through the plant’s foliage
(1)  Supplemental method of feeding plant through root system
(2)  Not a practical method for large amount of nutrients
1) Expensive to apply
2) Severe burning of crop
5)  Amount applied and nutrients needed will vary.
(a) Depending on the specific crop
(b) Available nutrients in soil
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(c)  Soil moisture
(d) Method of application

b)  Replanting
1) Do not make a hasty decision regarding replanting.
2) Determine the cause first.
3)  Consider the following.
(a) Original planting date and desired plant stand
(b) Earliest possible replanting date that may be used
() Economic cost of seed and pest control measures
c) Moisture management through irrigation
1) Ability to irrigate determined by topography of land
2)  Water source availability
3)  Capital required
d) Pest management
1) Weed management
(a) Mechanical methods - hand pulling, hoeing, burning, mowing, smothering with
plastic mulch
(b)  Cultural methods - crop rotation, crop competition, weed-free crop seed
(c) Biological control - natural enemies for weeds
(d)  Chemical control - herbicides
2) Disease management
(a) Affected at any stage of growth
(1)  Biotic (living) agents - fungi, bacteria, viruses, nematodes, parasitic
plants
(2)  Abiotic (nonliving) agents - weather, water or temperature stress,
combination of factors
(b)  Attack at seed level with inoculants
(c) Early growth stages - chemical, cultural, or biological control
3) Insect management
(a)  Physical control - direct removal by controlling light, temperature, or traps
(b)  Cultural control - crop rotations, soil tilling, resistant varieties, removal of host
vegetation
(c) Biological control - use of other insects or pathogens
(d) Chemical control - use of liquids, gases, powders, or granules
Other Activity

Visit a greenhouse or botanical garden to observe various stages of plant growth.

Conclusion

Nutrients assist in the production of healthy crops. Without the 17 essential nutrients, crops would be
unable to grow and produce properly. Whenever possible, producers should take advantage of the
various advances available in pesticides and fertilizers.

Answers to Evaluation

SO0 NOO AN

TO OO O®”®»OTAO0


witenkok



11.
12.
13.
14.
15.
16.
17.
18.
19.

20.

OO0

a
Carbon, hydrogen, oxygen

Calcium, magnesium, sulfer

Nitrogen, phosphorus, potassium

Boron, chlorine, cobalt, copper, iron, manganese, molybdenum, zinc

Nutrient managment, repopulation or replanting, moisture management with irrigation, and pest
management

Original planting date and desired plant stand; earliest possible replanting date that may be used;
cost of seed and pest control measures economically justified
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UNIT II - PLANT BIOLOGY Name

Lesson 2: Plant Growth and Nutrient Needs Date

EVALUATION

Match the definition on the left to the term on the right.

1. Embryo develops into a new plant. a. Vegetative
2. Stems lose green pigment and turn b. Reproductive
brown.
c. Germination
3. Seed formation occurs
d. Ripening
4, Stem extends and leaves multiply.

Match the crop in the left column to the plant cycle in the right column.

5. ____Com a. Annual

6. ____ Soybeans b. Biennial
7. __ Fescue c. Perennial
8. _ Wheat

9. __ Grain sorghum

10. _____ Sweet clover

11. ___ Rice

12. _____ Grass

138. ___ Alfalfa

14. ____ Cotton

Complete the following short answer questions.
15.  What are the three most basic mineral elements found in all life-forms?
a.

b.



16.

17.

18.

19.

20.

List three secondary macronutrients.

a.

b.

c.

What are the three primary macronutrients needed by plants?
a.

b.

c.

List the eight micronutrients.

a.

b.

List the four management practices that need to be considered during the growth of the plant.
a.

b.

c.

d.

List three concerns of growers when deciding whether to replant a crop.

a.

b.
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Growth Stages of Cotton
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Unit Il - PLANT BIOLOGY AS 21

Lesson 2: Plant Growth and Nutrient Needs Name

Remembering Nutrients

Objective: To develop a method of remembering the names of the macronutrients and micronutrients
that are important in plant growth.

Directions: List the macronutrients and micronutrients below and make a sentence with words using the first
letter of each nutrient to help you remember the nutrient names. The list of nutrients can be in any order to
help compose your sentence.

Word Sentences

Macronutrients: 1.

Micronutrients: 1.

7.

8.

Write each sentence below.






UNIT Il - SOIL FERTILITY AND MANAGEMENT

Lesson 1:  Soil Composition

Competency/Objective: Identify how the composition of soil affects fertility.
Study Questions
1. What are the components of soil?

2. How does soil texture affect water-holding capacity and fertility?
3. How does soil pH affect nutrient utilization?

References

1. Advanced Crop Science (Student Reference). University of Missouri-Columbia: Instructional
Materials Laboratory, 2000, Unit IIl.

2. Minor, Paul E. Soil Science (Student Guide). University of Missouri-Columbia: Instructional
Materials Laboratory, 1995.

3. Transparency Masters
a) TM1.1: Contents of Average Soil
b) TM1.2: Pore Spaces in Soil
c) TM13: USDA Soil Textural Triangle
d) T™ 1.4: Soil pH Governs Nutrient Release

4, Activity Sheet

a) AS 1.1: Estimating Soil Texture by Feel






UNIT IIl - SOIL FERTILITY AND MANAGEMENT

Lesson 1:

Soil Composition

TEACHING PROCEDURES

A.

Introduction

Given the fact that it takes a thousand years for a single inch of soil to form, the efforts to conserve and
protect soil are vital to crop production. This unit will review key factors of soil (composition, types and
limitations, testing, fertilizers, cultural and conservation practices) in relation to fertility and management
for crop production.

Motivation

1.

Perform a soil test analysis by filling a tall, narrow jar half full of soil. Add a small amount of
dishwashing detergent and enough water to fill the jar to within a half inch of the top. Shake the
jar vigorously. Let the soil settle and observe which particles settle first. Let the jar set overnight
undisturbed. Check to see if layers of sand, silt, clay, and organic matter can be observed.
Measure the thickness of each layer. Calculate the percentage of sand, silt, and clay. Use TM
1.3 to determine the textural class of the soil in the jar.

Demonstrate water-holding capacity by relating to students that the more surface area a soil has,
the more water it can hold. Use a sponge, 6 inches long x 3 ¥z inches deep. (1) To relate that
a clay soil can hold more water because it has more surface area, soak the sponge until it is
completely full. Hold the sponge flat and tell the students that clay has the smaller of the soil
particles and that each little particle adds to the total surface area. The flat side of the sponge
will be the clay and it holds “X” amount of water. (2) Then by turning the sponge on its side, the
surface area decreases and the sponge cannot hold the water and it will readily drip out. This
would be like a silt type of soil. (3) Finally, turn the sponge on its end edge and the water will
stream out. The surface area is dramatically decreased and it cannot hold the water; it drains
through quickly. This is an example of typical sandy soil. (It may be more effective to use three
separate sponges, or if one sponge is used, resaturate it before each step of the demonstration.)

Assignment

Supervised Study

Discussion

1.

Soil is a living, naturally occurring system at the interface of air and rock. It is comprised of
minerals, organic matter, water and air. Soil is continually changing thanks to the effects of sun,
rain, and temperature fluctuations. Review soil formation by using the definition of soil and
discussing the natural process by which it occurs. Discuss the four components of soil using
Motivation #1. Review the particle sizes of each soil mineral, stressing the difference of the size
of the pores surrounding each. Use TM 1.1 and TM 1.2.

What are the components of soil?

a) Soil components
1) Mineral matter - 45%
2)  Organic matter - 5%
3)  Water and air - 50%
(a)  Each contribute approximately 25%, depending on how wet the soil is at the
time.
(b)  When water is added to soil, the air is driven out.



d)

(c) As soil dries out, it contains more air.
Mineral matter
1) Inorganic material (rock)
2)  Consists of three particles
(@) Sand-.05mmto2mm
(b)  Silt-.002 mm to .05 mm
(c) Clay - less than .002 mm
3) Combination of particles determines soil's ability to hold water and nutrients
Organic matter
1) Dead and decaying plant and animal material
2)  Sources
(a) Mostly from plant leaves, roots, and stems
(b) Biosolids (sewage sludge)
(c) Green manure crops such as alfalfa
3) Provides essential nutrients for plant growth
Water
1) Maintains plant life
2) Primary functions
(a)  Provide solution for plants to take up nutrients
(b) Dissolve soil minerals
() Moisten roots
3)  Types of soil water
(@)  Gravitational - percolates down through soil through pore spaces; ground
water
(b)  Capillary - held above water table by adhesion of soil particles; most readily
available
(c)  Hygroscopic - thin film around individual particles; exists in driest soils;
unavailable for plant use
Air
1) Provides carbon dioxide and oxygen for photosynthesis and respiration
2) Moves in and out of soil providing healthy root growth
(a) Fills pore spaces after water drains away
(b)  Occupies most of pore spaces in dry, arid, sandy soils
(c) Is absent in water-holding clay soils or flooded fields, reduces plant growth
3) Balance of air and water in soil best for plants

Explain that the texture of a soil is determined by the amounts of sand, silt, and clay it possesses.
Review how soil is classified using TM 1.3: USDA Soil Textural Triangle. lllustrate how soil
particles hold water on their surfaces using Motivation #2. Continue discussion on how water-
holding capacity and soil fertility are affected by various soil textures. For further information on
determining soil texture, refer to Chapter 4 of IML’s Soil Science Student Guide. Have students
complete AS 1.1.

How does soil texture affect water-holding capacity and fertility?

a)

b)

c)

Soil texture

1) Soil texture is a proportion of sand, silt, and clay in the soil.
2) Pore space affects air and water-holding capacity and water movement.
Sandy or coarse-texture soils

1) Large pore spaces

2) Low water-holding capacity

3) Less fertile, nutrients pass through quickly

Clay or fine-textured soils

1) Small pore spaces

2) High water-holding capacity - lack of aeration

3) Swelling pores - water tightly held

4)  Less fertile, nutrients not easily available
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d)  Silty or medium-textured soils
1) Combination large and small pore spaces
2)  Best water-holding capacity
3) More fertile, nutrients gradually absorbed

3. Explain the pH scale and what is considered acidic or alkaline (basic). Review soil pH: its
importance, how it is determined, how soils become acidic, and how they can be corrected.
Refer the students to the pH scale in the Student Reference and use TM 1.4. Review cation
exchange capacity of soil.

How does soil pH affect nutrient utilization?
a)  Soil pH is a measure of acidity or alkalinity of the soil.
1)  Scale ranges from 0 to 14.
(a) 7 is neutral (equal ions).
(b) 0-6.9is acidic (low pH).
(c) 7.1-14is alkaline (high pH).
2)  Missouri soils average 4.5 - 8.4 pH.
b) Soil has an ability to release important nutrients.
1) CEC - Positive ions attracted to negative soil particles (clay) can be replaced by
other positive ions in soil water such as K+, Ca+2, Mg-+.
2) CEC is determined by soil test.
c) Soil pH affects CEC.
1)  Acidic or alkaline soils unable to release nutrients have low CEC.
2) Acidity is caused by leaching or absorption of base nutrients by plants.
3) Soil pH should match the crops’ need to maximize nutrients.
4) Soil pH can be raised by applying lime.
d) Crops have preferred pH level.
1) Most prefer pH range of 5.0 - 7.5.
2) Legumes require pH of 6.8 - 7.3.
3) Corn, small grains, and grasses prefer pH of 6.0 - 6.8.
4) Soil tests determine the pH level needed for crops.
Other Activity

View the video, How Water Moves Through Soil, available for free loan from the MRCCTE at the
University of Missouri-Columbia.

Conclusion

Knowing about the texture and pH of soil can help us in our efforts to conserve and protect this natural
resource. By increasing our knowledge still further, we can likewise increase crop yields and plant
survival rates.

Answers to Activity Sheet

Answers will vary depending on the results of the experiment.

Answers to Evaluation

NoorwD -~

Mineral matter, water, air, and organic matter
b

O ®®ToO
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10.
11.
12.
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UNIT lll - SOIL FERTILITY AND MANAGEMENT Name

Lesson 1:  Soil Composition Date

EVALUATION

Complete the following short answer question.
1. What are the four components of soil?

a.

b.

c.

d.

Match the characteristic on the left with the correct soil texture on the right.

2. _____Low water-holding capacity a. Silty soils
3. ____High water-holding capacity b. Sandy soils
4. _____ Best water-holding capacity C. Clay soils
5. ____lLarge pore spaces

6. __ Mixture of pore spaces

7. ___Small pore spaces

8. __Nutrients tightly held

9. __Nutrients absorbed gradually

10. _____Nutrients pass through quickly

Circle the letter that corresponds to the best answer.

11. Which of the following pH values is considered alkaline?

a. 3.5
b. 6.8
c. 7.0
d. 8.6

12.  The depletion of which nutrient is the greatest cause for increased acidity?

a. Potassium
b. Calcium

c. Magnesium
d. Nitrogen
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™ 1.1
Contents of Average Soil

45% Mineral Matter 259, Water

. 25% Air _|
5% Organic Matter

50% Air
and Liquid






™™ 1.2
Pore Spaces in Soil

SOL|D







USDA Soil Textural Triangle
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Soil pH Governs Nutrient Release
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UNIT Il - SOIL FERTILITY AND MANAGEMENT AS 1.1

Lesson 1:  Soil Composition Name

Estimating Soil Texture by Feel

Objective: Students wil estimate the amount of sand, silt, and clay in a soil sample and determine the
soil texture.

Procedures:

1.

2.

Answer the following questions.

1.

2.

3.

Fill the palm of your hand with dry soil.

Moisten the soil enough so that it sticks together and can be worked with the fingers. Do not
saturate it to a runny mud. If the soil sticks to your fingers, it is too wet to texture. Add more dry
soil.

Knead the soil between your thumb and fingers. Take out the pebbles and crush all the soil
together. You may need to add a little more water. Continue working the soil until entirely mixed.

Estimate the sand content by the amount of textural grittiness you feel.

a. More than 45% sand - Sand dominates. The textural name contains the word sand or sandy.

b. 20-45% sand - Sand is noticeably present but not dominant. The texture is most likely loam
or clay loam, though silt loam or clay is possible.

C. Less than 20% sand - Silt and clay dominate. The textural name is silt loam, silty clay loam,
or clay.

Estimate the clay content by the size of the soil ribbon formed by pushing the sample up between

your thumb and index finger.

a. Clay is less than 27%. A ribbon is not present or it is less than 1 inch long. Textural names
contain the word loam but not the word clay.

b. Clay is 27-40%. The ribbon is 1 - 2.5 inches long. Textural names contain both the words
clay and loam.

c. Clay is more than 40%. Clay dominates. The ribbon is more than 2.5 inches long. Textural
name contains the word clay but not the word loam.

Combine your estimates of sand and clay to determine soil texture.

SAND
What was your sand content estimate? >45 20-45 <20
C Sandy Silty
L >40 Clay Clay Clay
What was your clay content estimate? A Sandy Clay Clay Silty Clay
27-40 Loam Loam Loan
Y
Sandy Loam
. . 2 Loamy Sand Loam Silt Loam
Using these estimates and the table at the <& Sond

right, list the texture of the soil sample.







UNIT Ill - SOIL FERTILITY AND MANAGEMENT

Lesson 2: Soil Types and Limitations

Competency/Objective: Identify how soil morphology affects cropping options.
Study Questions
1. Using a county soil survey book, how are local soil types identified?

2. What are the limiting factors for crop selection and growth?
References

1. Advanced Crop Science (Student Reference). University of Missouri-Columbia: Instructional
Materials Laboratory, 2000, Unit Il1.

2. Soil Survey of (your county), Missouri. U.S. Department of Agriculture Soil Conservation Service,
Missouri Agricultural Experiment Station.

3. Transparency Master
a) TM21: Sample Survey Map and Soil Legend
4, Activity Sheet

a) AS21: Identify Soil Types by Using Soil Survey






UNIT Ill - SOIL FERTILITY AND MANAGEMENT

Lesson 2:

Soil Types and Limitations

TEACHING PROCEDURES

A.

Review

A county soil survey book is an important guide for determining soil types and limitations. Information
provided in these books can help producers make decisions on site acquisitions, cropping options,
location of land and building structures, and land improvements.

Motivation

Have students use the local county soil survey book to identify the soil type(s) of their family farm, a
relative’s or friend’s farm, or that of another county resident’s farm. Use TM 2.1 to show an example
of a soil survey map and how the soil legend details the types of soils found in that particular area.

Assignment

Supervised Study

Discussion

1.

Explain the term soil morphology. Discuss the history and importance of using soil surveys. Soil
survey books contain important information applicable in managing farms, ranches, and
woodlands. Information includes recommendations for selecting sites for roads, ponds, buildings,
and other structures, as well as procedures for determining the suitability of land tracts for
farming, industry, and recreation. Explain how to interpret a soil survey book. Referto TM 2.1
for an example of a survey map and corresponding soil legend.

Using a county soil survey book, how are local soil types identified?

a)

b)

d)

County soil survey books to classify, map, and interpret Missouri soils

1) Chemical and physical properties of county soil types

2) Listed by national classification system

3) Interpreted for agricultural, engineering, recreational, and urban uses

Surveys to be made by soil scientists

1) Examine aerial photographs.
(@)  Determine relationships among soil colors, native vegetation, and topography.
(b)  Characteristics of soils help predict locations of different soils.

2) Walk the landscape to gather additional specific data.

Contents of survey maps

1) Road boundaries, water features, township sections, and cultural features (schools
and farmsteads)

2) Information about each soil - interpretations for best use and management practices

3) Free to state residents from local soil and water conservation district offices or the
state NRCS office

Procedure to determine soil type

1) Select a field, farm, or a homestead to research.

2) Identify the township section number where the field, farm, or homestead is located.
(a) Use the Index to Map Sheets found in the center of the book.
(b)  Sectioned and numbered townships correspond to soil survey sheets (aerial

view of each township).
3) Identify the soil type symbol(s) on soil survey sheet for the selected location.



(a) Symbol explanations are in the Index to Map Units found in the front of the
survey book.
(b)  Symbols may also be on the back of the Index to Map Sheets page.
4) Information on general soil associations for the county is in the color-coded General
Soil Map adjacent to the Index to Map Sheets page.
(a) Soil association groups have distinctive pattern of soils, drainage, and relief.
(b)  Descriptions of each group are found in General Soil Map Units section.
(1)  Provides information useful in planning the use and management of
large areas
(2) Explains soil classification of each soil type in the association group
5) Refer to Detailed Soil Map Units section for descriptions of each county soil type and
to determine the suitability and potential use of a soil.
6) Tables section shows data on specific land use for each soil type.
7) Remaining information in the book reviews general and historical information on the
county.

Limiting factors are soil properties that limit a soil from producing productive crops. Review the
limiting factors found on Table 2.1 in the Student Reference for crop selection and growth.
Additional limiting factors may be associated with specific soils. (For a more extensive
explanation of soil erosion, see Lesson 6 of this unit.)

What are the limiting factors for crop selection and growth?

a)

b)

c)

d)

e)

1) Incline of the land
2) Percentage of slope - vertical distance + horizontal distance x 100
(a) Less than 3% is considered an asset.
(b) Over 3% is considered a liability.
3) Characteristics
(@) Gradient - steepness of the land surface (operation of farm equipment and
irrigation more difficult on steeper slopes)
(b)  Length - affects erosion (Long slope allows runoff water to gather more
volume as it flows over the surface increasing erosion.)
(c) Shape - affects erosion (classified as linear, concave, or convex)
(d)  Aspect - refers to the effects of temperature and sun exposure on the soil;
depends on compass direction
Erosion
1) Wearing away of the land surface by water, wind, ice, or other geological agents
2)  Types of water erosion
(@)  Sheet - the detachment of soil particles by flowing water; usually caused when
rain hits wet soil
(1)  Particles are detached and can float into rills and gullies.
(2) Particles are transported into low places or off fields.
(b) Rill - small steep-sided channels where runoff water concentrates
(c)  Gully - miniature valleys where water usually runs
(1)  Only after rainfall
(2)  An obstacle to farm machinery
Available water capacity (AWC)
1) Soil’'s capacity to hold water
2) Commonly expressed as inches of water per inch of soil
3)  Soils with low or very low available water-liability
Surface drainage
1) Runoff, or surface flow of water from an area
2) Needed on all poorly drained soils regardless of their classification
(@)  Soils that are nearly level in slope with depressional areas
(b)  Soils on sloping areas below seepy areas
Internal drainage (depth to high water table)
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1) This is the rate at which internal free water leaves the soil to allow aeration.
2) Gravitational water must move out of the profile quickly so the roots can obtain
adequate aeration.
3) Classified on seven levels
(@) Excessive
(b) Somewhat excessive
(c) Well
(d)  Moderately well
(e) Somewhat poorly

()  Poorly
(g) Very poorly
f) Rock fragments

1) Rock or mineral fragments with a diameter of 2 mm or more such as gravel,
cobbles, or boulders

2)  Affect amount of irrigation water the soil can absorb

g)  Stoniness

1) Soil in which rock fragments 10 to 24 inches (25 — 60 cm) in diameter are exposed
at the surface

2) Evaluated according to the percentage of the soil surface covered by detached
stones

3) Interferes or even inhibits tillage

4) Five general classes
(@) Not stony
(b) Stony
() Verystony
(d) Extremely stony
(e) Rubbly

(Refer to IML’s Soil Science Guide, Chapter 11, for a review of these classes.)

Other Activity

Assess the overall capability of the land in your area. Get an aerial photograph from the local U.S.
Department of Agriculture office. Determine the slope, surface texture, depth, and other features of
fields identified on the map. Occasionally, the office may have a soil scientist or conservationist who
can help with this project. Prepare a bulletin board that shows what you have found.

Conclusion

Students with an accurate understanding and comprehension of the various soil types may find
themselves competing in soil judging contests. Other than winning prizes and securing titles, however,
knowing the various soil types and classifications can be useful in making land use decisions.
Answers to Activity Sheet

The answers will vary depending on the specific location of the area to be researched.

Answers to Evaluation

©oOoNOIO RN
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10.
11.
12.
13.

b

e

Gradient, length, shape, aspect
Sheet, rill, gully
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UNIT IIl - SOIL FERTILITY AND MANAGEMENT Name

Lesson 2: Soil Types and Limitations Date

EVALUATION

Circle the letter that corresponds to the best answer.

1. Which section in the soil survey book is color coded and divided into groups of soil associations in the
survey area?

Index to Map Sheets
General Soil Map
Detailed Soil Map
Tables

aoop

2. Which section in the soil survey book gives data regarding specific land uses for each detailed soil map
unit?

Index to Map Sheets
General Soil Map
Detailed Soil Map
Tables

coop

3. Which section in the soil survey book shows the townships sectioned and numbered?

Index to Map Sheets
General Soil Map
Detailed Soil Map
Tables

coop

4, Which section of the soil survey book contains soil descriptions for the soil associations and explains
the soil classification of each soil type?

Index to Map Sheets
General Soil Map
Detailed Soil Map
Tables

coop

Match the definition in the left column with the term In the right column.

5. _____Soils capacity to hold water a. Slope

6. __ 25-60cmin diameter b. Erosion

7. 2 mmin diameter c. Available water capacity
8. __Inclination of the land surface d. Surface drainage

9. _ Runoff from an area e. Internal drainage

10. Wearing away of land surface f. Rock fragments

11. Depth to high water table g. Stoniness



Complete the following short answer questions.
12.  What are four slope characteristics?

a.

b.

C.

d.

13.  What are the three main types of erosion?
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Sample Survey Map and Soil Legend
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UNIT Ill - SOIL FERTILITY AND MANAGEMENT AS 2.1

Lesson 2: Soil Types and Limitations Name

Interpreting Soil Survey Books
Objective: Students will become familiar with understanding and interpreting soil survey maps and guides.

Directions: Using a soil survey book provided by your instructor, answer the following questions. This activity
may be completed individually or as a group.

Procedures:

1. Locate the area being researched on the Index to Map Sheets page. What is the township section
number for the area to be researched?

2. Find the location of the researched area on the survey map that corresponds to the township number
above. Write down the symbols and codes located for this area. Refer to the Index to Map Units in the
front of the survey book and list what each symbol or code means and on what page detailed
information can be located.

3. Turn to the Detailed Soil Map Units section of the soil survey book and use this information to determine
what crop or crops will be productive in this area. Summarize the information in paragraph form listing
any limitations.
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UNIT Ill - SOIL FERTILITY AND MANAGEMENT

Lesson 3:  Soil Testing

Competency/Objective: Use soil test results to improve soil fertility and crop production.
Study Questions
1. What techniques should be used to obtain a representative soil sample?

2.

3.

4,

Where can soil samples be tested?
What are the key parts of a soil test report?

How are soil test results interpreted?

References

1.

Advanced Crop Science (Student Reference). University of Missouri-Columbia: Instructional
Materials Laboratory, 2000, Unit Il1.

University of Missouri Outreach and Extension Publications. These are available on the Internet
at <http://muextension.missouri.edu/xplor>.

a) G9102 - Liming Missouri Soils
b)  G9110 - How to Get a Good Soil Sample
c) G9111 - Using Your Soil Test Results

Transparency Masters

a) TM3.1: Field Diagram for Soil Sampling

by TM3.2: Field Sampling Pattern

c) T™ 3.3: Sampling Soil for Satellite Technology
d TM3.4: Results of GPS Soil Sample

e) TM3.5: Soil Test Report

Activity Sheets

a) AS3.1: Interpreting Soil Test Results
b) AS3.2: Collecting a Soil Sample
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UNIT it - SOIL FERTILITY AND MANAGEMENT

Lesson 3: Soil Testing

TEACHING PROCEDURES

A.

Review

As discussed in the last lesson, a soil test report is important basic knowledge about a producer’s field.
However, a soil report is nearly useless if the producer does not know how to use it completely or does
not know what it means. This lesson will further address interpreting soil reports and incorporating their
information into production techniques.

Motivation

1. Obtain soil sam‘ples from several students’ farms or yards and have them tested prior to the
lesson. Make multiple copies of the soil test report for all students to evaluate.

2. Arrange for students to visit a nearby soil testing laboratory.
Assignment

Supervised Study

Discussion

1. Discuss the importance of why a soil sample should be taken from several locations in the given
area to be tested. Soil properties can vary even over short distances. The size of the area to be
tested will depend on the uniformity of the soil. Refer to the University of Missouri Extension
Guide G9110 How to Get a Good Soil Sample. To do AS 3.2, a copy of the Soil Sample
Information form from University Outreach and Extension will be needed. This is available from
a local county extension office or on the Internet at <http://www.soiltest.psu.missouri.edu/>.
Also use TMs 3.1, 3.2, 3.3, and 3.4 to show the methods of soil sampling.

What techniques should be used to obtain a representative soil sample?

a) Traditional soil sampling
1)  Area to be tested should be 20 acres or less.
2)  Take samples from different soil type areas.
3)  Special areas should be tested.
(@)  Where different crops have grown
(b)  Varying soil surface texture
(c) Eroded and wet production areas
4)  Avoid taking samples from areas that are not representative of the entire field.
(a) Driveways
(b) Dead furrows
() Road edges
(d) Old barn lots
(e) Severely wet or eroded areas where production is not feasible
5)  Anaverage of 15 to 20 samples is recommended from each soil type or special area
to determine average fertility of the field.
6)  Sample from top 7 inches of top soil should be prepared and taken to testing facility.
b)  Sampling soil for Global Positioning Systems (GPS)
1) Mapping software divides the field into sectors, or grids.
2) A typical sector is 2 1/2 acres.



3) One sample, which consists of 8 to 10 core samples 5 to 10 feet apart, is taken
every 2 1/2 acres.

4)  Track exact location of soil samples to correspond with location on mapping
software.

c)  Comparison of traditional sampling method with GPS method

1) Comparison of same 20-acre plot could vary tremendously.

2)  Traditional soil sample would show same results throughout the plot.

3)  GPS sample may show variances for each sector throughout the plot.

Discuss possible locations where soil samples can be evaluated. Stress that all
recommendations should be made by the local University Extension Center or an independent
laboratory to confirm validity.

Where can soil samples be tested?

a) University Extension Center soil testing laboratory

b) Fertilizer dealers

c)  Private soil testing laboratories

d)  Testing for acidity levels
1)  Salt pH measurement - used by University of Missouri Soil Testing Service
2)  Water pH measurement - 0.5 unit higher than salt pH reading

Discuss the importance of determining the appropriate fertilizer rates for a field, garden, or lawn.
Failure to sample soils before planting could lead to over- or underfertilization, which reduces
income and net returns and can have a negative impact on the environment. Discuss an actual
soil test from a crop field. (Show TM 3.1.)

What are the key parts of a soil test report?

a) Field information
1) Field name
2)  Sample number
3) Acres in the field
4) Last crop planted
b) Soil test information
c) Rating
d)  Nutrient requirements
1) Cropping options
2)  Yield goal
3) Pounds per acre
e) Limestone suggestions
f) Special notes

Explain each section of a soil test report in detail. Refer to the University of Missouri Extension
Guides G9111 Using Your Soil Test Results and G9102 Liming Missouri Soils for more detailed
information. Use TM 3.1 to interpret the results of the soil test or use soil test reports from local
farms.

How are soil test results interpreted?

a) Field information section identifies which field was tested.
b) Soil test information gives suggested fertilizer and limestone treatments.
1)  SaltpH
2) Phosphorus
3) Potassium
4) Calcium
5) Magnesium
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Sulfur
Zinc
Iron, manganese, and copper
Organic matter
10) Cation exchange capacity
C) Rating indicates probability of a yield increase from fertilizer application.
d) Nutrient requirements provide fertility management practice answers.
1) Cropping options
2)  Yield goal
3) Pounds per acre
e) Limestone suggestions indicate amount of limestone needed to raise pH level to optimal
level desired.
f) Special notes aid in interpreting the test results and list additional recommendations.

O 0 ~NO®
S N

Other Activity

Organize a soil judging team. Practice judging soil near your school and at nearby schools. The local
Natural Resources and Conservation Service (NRCS) office may help. In some cases, the local soil
and water conservation district can help.

Conclusion

The information available in a soil report is worth the cost of the service. By following a soil report, a
producer can make intelligent decisions about the types of plants most likely to thrive in a specific field
and is able to make informed decisions on the amount and types of fertilizer to add to the field.

Answers to Activity Sheet
AS 3.1

Soybeans

428 Ib.

High

6.3

Yes

Phosphorus, 86 Ib.

16.6 meq/100 g

Corn (grain), soybeans, and wheat
60 bu./acre, 95 Ib.

0. Phosphorus and potassium

SOOoNoORLND =

(Note: These answers are from the example soil test report in the text. Answers will differ if local soil
test reports are used.)

Answers to Evaluation

1.

a)  Areatested should be 20 acres or less.

b)  Take samples from different soil type areas.

c) Special areas should be tested such as different crop areas, areas with varying soil surface
texture, and wet and eroded production areas.

d)  Avoid taking samples from areas that are not representative of the entire field such as
driveways, dead furrows, road edges, old barn lots, and severely wet and eroded areas not
in production.

2. Answers should include two of the following: University Extension soil laboratory, fertilizer
companies, independent soil testing laboratories.
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Field information

Soil test information
Rating

Nutrient requirements
Limestone suggestions
Special notes



UNIT Ill - SOIL FERTILITY AND MANAGEMENT Name

Lesson 3: Soil Testing Date

EVALUATION

Complete the following short answer questions.

1.

What factors or techniques should be considered in obtaining a representative soil sample using
traditional methods?

a.

b.

c.

d.

List two locations where soil samples can be evaluated.
a.

b.

List the six key components of a soil test.

a.

b.

e.

f.

Match the following terms in the right column with the definition in the left column.

4.

5.

____Indicates the level of active soil acidity. a. Calcium
____Expressed in pounds of elemental P per acre. b. Potassium
__ Usedto calculate CEC. c. Organic matter
___Expressed as pounds of exchangeable K per acre. d. Salt pH

Used to estimate potential hydrogen release. e. Phosphorus






™ 3.1

Field Diagram for Soil Sampling
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™ 3.2

Field Sampling Pattern

ERODED SPOT SAMPLE 1
SAMPLE 2 (SUBSAMPLES)

LOW SPOT -~

SAMPLE 3






™ 3.3

Sampling Soil for Satellite Technology

Satellite







™ 3.4

Results of GPS Soil Sample
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OUTREACH & EXTENSION

TM 3.5

Soil Test Report

S

LINCOLN UNIVERSITY

UNIVERSITY OF MISSOURI

Soil Test
Report

Soil Testing Laboratory
23 Mumford Hall, MU
Columbia, MO 65211
Phone: (573) 882-0623

Soil Testing Laboratory
P.O. Box 160
Portageville, MO 63873
Phone (573) 379-5431

or

D

Serialno. F9039 |Labno. 18793
FIELD INFORMATION Area 15 |County 01 0|Region 3
FieldiD A1 SOIL I Sampleno. 1 Submitted Processed
Acres 72 [Lastlimed UNKNOWM _ |Irigated NO 11/18/98 11/24/98
Lastcrop11% SOYBEANMS Soil sample submitted by:
This report is for:
JOHN DOE
RURAL ROUTE 1, BOX 1
CENTERTOWN, MO
RATING
SOIL TEST INFORMATION Verylow | Low | Medium | High | VeryHigh | Excess

pHs (salt pH) 6.3 3 5 36K 9 KK I K KW KKK KKK KKK KN
Phosphorus (P) B Ths/ Qs %% % %% % % % % % 9 % 5% 3 %9 % % % % % % % % o %% % 5% % ¥ %
Potassium (K) A28 Thia/ae %% % %% %% % %% % % %% %% % %% 9% % 9% 9% % %% %%
Calcium (Ca) BO71 ThS/a#%%m®enxsnmnm s %k %ok e % % %% % %
Magnesium (Mg) BE8 Tha/ae®%%®mmsxs s sndnsnssesns
Sulfur (SO«S) 4.0 ppm 29 3 3 M % M X K P M KN K M KKK KN
Zinc (Zn) 1.3 ppm [ 32K K MKW N KWK KKK KKK KKK KRR K
Manganese (Mn) ppm
Iron (Fe) ppm
Copper (Cu) ppm
Organic Matter 2.9 % | Neutralizable acidity 1.0 meq/100g| Cation Exch. Capacity 16,6 meq/100g
pH in water Electrical Conductivity mmho/cm| Sodium (Na) Ibs/a
Nitrate (NOs-N) Topsoil ppm  Subsoil ppm | Sampling Depth ~ Top Inches Subsoil Inches
NUTRIENT REQUIREMENTS
Pounds per acre sbgﬁgggﬁgﬁs
Cropping options Yield goal N P20s K0 Zn S
103 CORM (GRAIMN) 140 BU/A 155 (¢] 20 0 0 JEttective neutralizing
11% SOYBEANS 40 BU/A 0 0 20 0 0 [material (ENM) 0]
119 WHEAT 40 BU/A 95 0 20 0 O [Effective magnesium
103 CORN (GRAIN) 140 BU/A | 155 0] 20 0 0 |EMg) 0

Your sample has an estimated pH in water of 6.8,

The cation exchange capacity of this =0il would suggest very
Moritor the crop by plant analyses

potential for

sulfur

response,

for potential need for sulfur.
Nitrogen requirements may be reduced by 30 pounds per acre for the

first crop following soybeans,

10w

Not applicable for wheat.

Soils testing high in P or K should be retested annually to determine
when maintenance fertilizer should be applied.






UNIT Il - SOIL FERTILITY AND MANAGEMENT AS 3.1

Lesson 3:  Soil Testing Name

Interpreting Soil Test Results
Objective: Students will be able to identify components and interpret information on the soil test report.

Directions: Using the soil sample report from the text or results from a soil sample taken locally, answer
the following questions.

1. What was the last crop planted on the field from which soil samples have been taken?

2. What is the exchangeable K per acre for potassium?

3. What is the rating for probability of yield increase for potassium?

4, What is the salt pH?

5. Is the salt pH within the favorable area for Missouri soils?

6. Which component has a very high rating and what are the pounds available per acre?

7. What is the cation exchange capacity?

8. What are the cropping options to be considered for the sample location?

9. What is the yield goal for wheat and how many pounds per acre of nitrogen are recommended?

10.  Which two components should be retested annually to determine when maintenance fertilizer
should be applied?
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UNIT IIl - SOIL FERTILITY AND MANAGEMENT AS 3.2

Lesson 3: Soil Testing Name

Collecting a Soil Sample

Obijective: Students will be able to collect a soil sample and prepare it for a testing laboratory.

Materials and Equipment:

Soil probe, auger, or spade

Clean, plastic bucket

Soil sample boxes

Soil sample information form

Procedure:

1. Scrape away any surface mat of grass or litter from the chosen soil sample site. Make sure you are
taking a soil sample from a relatively uniform area of a field. Before you take the sample, look at
the site surroundings. Note the slope of the land, crop rotation, limestone, fertilizer, manure, and
nearby farmsteads or feedlots.

2. Remove a soil sample using a soil probe, auger, or spade. Take a sample for fertilizer and
limestone recommendations to a depth of 6 to 7 inches or to tillage depth if deeper. In long-term,
no-till fields, take a separate sample of the top 2 inches of soil for soil acidity measurements.
(Note: If you use a spade, dig a hole to the proper sampling depth. Then shave a 1-inch slice from
the side of the hole to the sampling depth with the shovel. Save the vertical, 1-inch wide center
portion of the soil as one subsample.)

3. Note what the soil sample looks like including color and texture.

4, If more than one sample has been taken from the sampling area, mix all of the subsamples in a
clean, plastic bucket.

5. Let the sample air-dry, then place it in a small (1-pint) box or bag, and label it for analysis.
(Note: Record sampling depth on the information form when taking depths of less than 6 inches.)
6. Properly clean and store any equipment used.

7. Complete a soil sample information sheet for each soil sample by using the form your instructor
provides you.
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UNIT IIl - SOIL FERTILITY AND MANAGEMENT

Lesson 4: Fertilizing Soils

Competency/Objective: Identify fertilizers and the applications needed to obtain optimal crop
performance.
Study Questions
1. What are the various types of fertilizers?
2. What are the forms of fertilizer?
3.  Where can fertilizer formulations be obtained?
4. What are the different application techniques?
5. When should fertilizer be applied?
6. How are fertilizer application rates calculated?
References

1. Advanced Crop Science (Student Reference). University of Missouri-Columbia: Instructional
Materials Laboratory, 2000, Unit Ill.

2. Activity Sheet

a) AS4.1: Calculating Fertilizer Needs and Cost






UNIT Ill - SOIL FERTILITY AND MANAGEMENT

Lesson 4:

Fertilizing Soils

TEACHING PROCEDURES

A.

Review

The previous lessons reviewed the composition of the soil and how important nutrients are to
maintaining healthy soil. Nutrients are easily used up or lost due to cultivation, topsoil erosion, and crop
harvesting. These nutrients have to be replenished through fertilization. This lesson will review forms
of fertilizer and the factors involved with the application of fertilizer.

Motivation

Present a bag of fertilizer to the class and point out the ingredients found on the bag. Determine if the
bag lists application techniques and safety warnings to be observed.

Assignment

Supervised Study

Discussion

1.

Discuss the various types of fertilizers including mineral fertilizers, organic fertilizers, and
chemical (inorganic) fertilizers that can be applied to soils to supply the nutrient elements needed
for optimum plant growth.

What are the various types of fertilizers?

a)

b)

c)

Mineral fertilizers - rocks containing nutrients that are ground up and applied to the soil

1)

2)

Limestone

(@) Used to neutralize soil acidity

(b)  Good source of calcium, magnesium, and sulfur
Phosphorus

(a) Commonly phosphate rock (PO,)

(b) Processed into soluble fertilizer sources

(c)  Used only on soils with a definite phosphorus shortage

Organic fertilizers - plant or animal tissues that have become waste materials

1)
2)

3)

Plant residue, animal manure, bone, cottonseed, and soybean meal, and biosolids

(sewage sludge)

Advantages

(@)  Slow-releasing nutrients are less likely to cause root damage.

(b)  Organic wastes are long lasting.

(c)  Source of live bacteria needed to convert natural soil minerals and chemical
fertilizers into useable forms for plants.

Disadvantages

(a) Low in major nutrients

(b)  Bulky material

(c) Difficult to measure exact amount of fertilizer to apply

Chemical (inorganic) fertilizers - manufactured from a nonliving source

1)
2)

Formulations of nitrogen (N), phosphorus (P), and potassium (K)

Advantages

(@)  Higher proportion of useable nutrients than mineral or organic fertilizers
(b)  More readily soluble and immediately available for plant use

() Easier to measure
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3) Disadvantages
(@) They are more costly.
(b) Errors in application can damage crops and the environment.

Discuss the various forms in which fertilizers can be purchased and how they are applied.
Include in the discussion the placement of the fertilizer, whether they are surface applied or
injected into the soil, and how this affects plant growth.

What are the forms of fertilizer?

a)  Fluid
1) Nutrients in true liquids are completely dissolved.
(a) Sprayed or dribbled directly on soil or plant surfaces
(b) Injected into the soil
(c) Mixed with irrigation water
2)  Suspension fertilizers are mixtures of liquids and finely divided solids.
(a) Solids redispersed by easily agitating to give a uniform mixture
(b) Applied to the soil surface
b) Pressurized liquids
1) Injected directly into the soil from tanks
2) Adheres to the moisture in the soil
c) Dry
1) Applied mechanically or absorbed into soil through rainfall
2) Available in powders, granules, or prills
3) Can be mixed with liquid and applied as a fluid fertilizer
d) Slow release
1) Dissolve into the soil slowly
2) Available in dry or liquid form
3) Most commonly used in horticulture or vegetable production

Review how the proportions of nitrogen, phosphorus, and potassium are expressed on a fertilizer
bag. Include how to figure the total pounds of each active ingredient. This information will help
the student understand how bulk fertilizers are mixed. Chemical fertilizer dealers will have trained
personnel who will mix and apply the fertilizer, but the producer should understand the product
purchased. Complete AS 4.1 to help students understand a fertilizer bill of sale. If more detailed
information is needed, obtain the Farmland Soil Fertility Manual available for free loan from
MRCCTE.

Where can fertilizer formulations be obtained?

a) Complete commercial fertilizer mixtures contain nitrogen (N), phosphorus (P), and
potassium (K).
1) Proportions known as fertilizer grade and expressed as percentages
2) Equation to figure total pounds of each active ingredient
(total Ib. of fertilizer X percent of macronutrient = Ib. of macronutrient)
b)  There are several locations where fertilizer can be purchased.
1) Agriculture supply centers
(a) Trained personnel mix and apply fertilizers.
(b)  Materials are hazardous and require specialized equipment to maintain safety.
(c) License is obtained and records are maintained as determined by state law.
2) Limestone purchased from quarries
3)  Barnyards, livestock sewage pits or lagoons, or sewage treatment facility
(@) Special equipment is required to perform applications.
(b)  License must be obtained to transport and comply with state regulations.



Explain the methods of applying dry and liquid fertilizers. Include in the discussion how the
application method may affect the penetration rate of the fertilizer and the growth of the plant if
placed too closely to the seed or applied too heavily.

What are the different application techniques?

a)

b)

c)

d)

e)

f)

9)

Broadcasting

1)  Spreading dry fertilizer evenly over soil prior to planting

2) Uses mechanical equipment or aircraft

3) Disked or mixed into the soil to increase nutrient breakdown process

Soil injection or knifing

1) Used before and during planting

2)  Anhydrous ammonia injected directly into the soil - evaporates quickly

3) Preferred option to apply liquid manure to reduce odors

Banding

1) Places dry fertilizers directly into the soil about 2 inches to each side and slightly
below the seed

2) Used extensively for row crops during planting

3)  Starter applications
(a) Fertilizer applied in a band 1 to 2 inches from one or both sides of the seed,

only at planting time

(b)  Commonly used on corn and cotton to stimulate early growth
(c) Applied as either dry or liquid materials

Side-dressing

1) Placing fertilizer in bands about 6 to 8 inches from the row of plants

2) Common in row crops such as corn, cotton, and vegetables

3) Minimizes leaching during planting and cultivation

Top-dressing

1) Dry or fluid fertilizer is broadcast lightly over close-growing plants.

2) It is a common method for applying nitrogen to wheat, small grains, hay fields,
pastures, and lawns.

3) Rainfall dissolves dry fertilizer and soaks into soil.

Foliar

1) Application of liquid fertilizer directly on foliage or leaves

2) Broadcasted soluble nutrients on plants for rapid utilization

3)  Can cause severe burning of leaves if sprayed too heavily

4) Not recommended for applications of nitrogen, phosphorus, or potassium

Fertigation

1) Fertilizer is applied in irrigation systems.

2) Liquid fertilizers are typically used.

3) Dry fertilizers may be dissolved and dispersed by irrigation.

4)  Type of irrigation system dictates type of fertilizer used.

Determining when fertilizer should be applied depends on many factors. The soil temperature,
moisture levels, crop to be grown, and the specific nutrients to be applied are all primary factors
to consider when planning fertilizer application. Discuss the various factors with the students
and how the four seasons affect the appropriate application time.

When should fertilizer be applied?

a)

b)

Soil temperature

1) Rate (speed) affects chemical activity.

2) Nitrification begins just above freezing and continues to increase up to about 85°F.

Moisture

1) The amount between fertilizer application and plant utilization affects efficiency of
applied material.

2) Nitrifying bacteria remain active in very dry conditions.



c)

e)

3)  Saturated soils do not contain enough oxygen for nitrifying bacteria.

Crop to be grown

1)  Single application of primary nutrients is satisfactory for most fast-growing annual
crops.

2) Split applications of nitrogen may be desirable for perennials, cool- and warm-
season grasses.

Nutrients

1) Mobile nutrients are more susceptible to leaching losses than phosphates or
potassium.

2) Nitrogen applied in ammonia form must be nitrified before leaching or denitrification
can occur.

Favorable planting season
1) Fall application
(a) Soil texture, average temperatures, and nitrogen carrier influence possible
losses from leaching.
(b)  Applying nitrogen materials to sandy soils is discouraged.
()  Anhydrous ammonia is recommended.
(d) Phosphorus and potassium are relatively safe in most areas.
2)  Winter application
(a) Plow-down applications and anhydrous ammonia application can continue
until ground freezes.
(b) In some areas, these methods continue throughout the winter.
3)  Spring application
(@) Most popular
(b)  Broadcast applications for plow-down or disk-in on row crops
(c)  Preplant applications of anhydrous ammonia for row crops
(d) Starter applications for spring small grains or row crops
4) Summer application
(@) Provide supplemental amounts of plant nutrients not applied previously.
(b)  Side-dressing with nitrogen during irrigation applications is used.

Discuss fertilizer application (spread) rates. The rate will be listed on the bill of sale if the fertilizer
is purchased from a service center or dealer. The spread rate is necessary to calibrate
application equipment.

How are fertilizer application rates calculated?

a)

b)

Dry chemical fertilizers

1) Pounds per acre (also called spread ratio)

2)  Formula - spread rate = total Ib. of fertilizer / total acres
3) Listed on side of bill from local supply center or dealer
4) Spread ratio needed to calibrate application equipment

1)  Measuring based on rating system
(@) ENM is the ability to reduce soil acidity and is determined by material purity
and fineness.
(b)  Local quarry can provide ENM per ton.
2) Always applied - pounds of ENM per acre
(a) Found on soil test recommendations
(b)  Formula - ENM recommendation / ENM rate or guarantee of material =
amount of lime needed per acre
3) ENM sources
(a) Sources are not equal in rating or price.
(b)  Use least expensive source per pound of ENM.
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F.

Other Activity

Visit a local fertilizer supply center and ask the staff to explain the procedure of mixing bulk fertilizer
from a soil test report. Use the soil test report from Lesson 3 as an example for the supply center to
work from.

Conclusion

Determining fertilizer needs for a specific crop or soil is highly technical. Many factors and variables
need to be considered when choosing the most appropriate fertilizer and application process.
Consultation with trained professionals is important to achieve the most productive and profitable crop.
Answers to Activity Sheet

1. a. 2250 Ib.

b. 5250 Ib.

C. 3750 Ib.
2. 18,037 Ib.
3. 240.5 Ib. per acre
4 $2,351.35

(Note: Complete fertilizer bill of sale on next page.)

Answers to Evaluation

1. Mineral, organic, chemical (inorganic)

2. Fluids, pressurized liquids, dry, slow-release

3. Nitrogen, phosphorus, potassium

4, Agriculture supply centers

5. Any or all of the following: quarries, barnyards, livestock waste pits or lagoons, sewage treatment
facility

6. Temperature, moisture, crop to be grown, nutrient being applied

7. Fall

8 Total pounds of fertilizer material divided by the total acres to be fertilized

9. Lime

10. b

11. f

12. d

18. ¢

14. a

15. h

16. g
e



Agriculture Supply Center
Anyplace, Missouri 000-555-9999

Name Delivered by
Address Date

Nitrogen Phosphorus Potassium
Soil Test Recommendation (Ib./ac.) 30 70 50
Total Acres to Spread 75 75 75
Total Pounds of Fertilizer Needed 2250 5250 3750

MANUFACTURING INSTRUCTIONS

Use the Following: Percent of Materials Used Pounds of Actual Plant Food Supplied
Fertilizer Source Lb. N P K N PO, KO
Diammonium Phosphate 18-46-0| 11,413 18 46 0 2054 5250 0
Ammonium Nitrate 34-0-0 576 34 0 0 196 0 0
Potassium Chloride 0-0-60 6048 0 0 60 0 0 3750
Total Lb.| 18,037 Total Lb. Supplied 2250 5250 3750
18,037 + 75 = 240.5 Spreading Rate (Ib. per acre)
(Total Lb.) ( Acres)
Guaranteed Analysis = 125 % 29 % 20.8 % (Ib. of nutrient/acre + spread rate)
N P,O, K,0
Fertilizer Source Used Cost per Lb. Lb. Used Cost per Source
Diammonium Phosphate 18-46-0 $ 0.1385607 11,413 | $ 1,581.39
Ammonium Nitrate 34-0-0 0.073614 576 42.40
Potassium Chloride 0-0-60 0.083093 6048 502.56
Total Fertilizer Cost $ 2,126.35
($ _3.00 per acre) Spreading Charge 225.00

TOTALBILL $ 2,351.35



UNIT Ill - SOIL FERTILITY AND MANAGEMENT Name

Lesson 4: Fertilizing Soils Date

EVALUATION

Complete the following questions.

1.

What are the three types of fertilizer?

a.

b.

c.

In what four forms can mineral and chemical fertilizers be purchased?
a.

b.

c.

d.

What are the primary soil nutrient deficiencies that most often need to be corrected?
a.

b.

c.

What is the primary source for purchasing fertilizer products?

What are alternative sources for purchasing fertilizer products?
a.

b.

What four factors affect when fertilizers are applied?

a.

b.

c.

d.

What time of the year is best for applying anhydrous ammonia?



8. How is the application rate determined?

9. What is the only fertilizer that requires measuring on a rating system?

Match the definition on the left to the term on the right.

10. ____ Application technique for anhydrous ammonia. a. Broadcasting

11.  ___ Method used to fertilize pastures. b. Soil injection

12.  ___ Used when planting to stimulate seed germination. c. Banding

13. __ Dryfertilizer placed to each side and below seed. d. Starter applications
14. ___ Spreading dry fertilizer over soil prior to planting. e. Side-dressing

15. ___ Application of fertilizer in irrigation systems. f. Top-dressing

16. ____ Fertilizer applied directly to leaves of plants. g. Foliar

17. Fertilizer applied 6 to 8 inches from the plant row. h. Fertigation



UNIT Il - SOIL FERTILITY AND MANAGEMENT AS 4.1

Lesson 4: Fertilizing Soils Name

Calculating Fertilizer Needs and Cost

Objective: Students will be able to identify components of a fertilizer bill of sale and calculate fertilizer
needs spreading rate, guaranteed analysis, and costs.

Directions: Using Table 4.2 from the Student Reference and the following information, complete the
fertilizer bill of sale on the back of this page and answer the questions below.

Soil Test Recommendations:
N =30
P=70
K =50

Total acres to spread is 75.

Fertilizer Sources and Costs per pound:

Ammonium Nitrate 18-46-0 $0.073614
Diammonium Phosphate 34-0-0 $ 0.1385607
Potassium Chloride 0-0-60 $ 0.083093

Spreading charge is $3.00 per acre.

Key Questions:

1. What are the total pounds needed of each of the following:

a. Nitrogen -

b. Phosphorus -

C. Potassium -

2. How many total pounds of source fertilizer are to be used?

3. What is the spreading rate?

4, What is the amount of the total bill?



Agriculture Supply Center
Anyplace, Missouri 000-555-9999

Name Delivered by
Address Date
Nitrogen Phosphorus Potassium

Soil Test Recommendation (Ib./ac.)

Total Acres to Spread

Total Pounds of Fertilizer Needed

MANUFACTURING INSTRUCTIONS

Use the Following: Percent of Materials Used Pounds of Actual Plant Food Supplied

Fertilizer Source Lb. N P K N PO K,O

Total Lb. Total Lb. Supplied
= = Spreading Rate (Ib. per acre)
(Total Lb.) ( Acres)
Guaranteed Analysis = % % %  (Ib. of nutrient/acre + spread rate)
N PO, K,0
Fertilizer Source Used Cost per Lb. Lb. Used Cost per Source

Total Fertilizer Cost  $

$ per acre) Spreading Charge $

TOTAL BILL
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UNIT Ill - SOIL FERTILITY AND MANAGEMENT

Lesson 5: Soil Management Practices
Competency/Objective: Identify how tillage and planting methods affect soil fertility.
Study Questions
1. What are the advantages and disadvantages of different tillage practices?
2, What are the advantages and disadvantages of different planting methods?
3. What effects do tillage and planting methods have on soil structure?
4, How can crop rotation practices be used to enhance soil fertility?
References
1. Advanced Crop Science (Student Reference). University of Missouri-Columbia: Instructional
Materials Laboratory, 2000, Unit IIl.
2. Humphrey, John Kevin. Crop Science (Student Reference). University of Missouri-Columbia:
Instructional Materials Laboratory, 1995, Lesson 5.
3. Minor, Paul. Soil Science. (Student Reference). University of Missouri-Columbia: Instructional
Materials Laboratory, 1995, Chapter 12.
4. Transparency Master
a) TM 5.1: Equipment Tillage Triangle
5. Activity Sheets

a) AS5.1: Determining Tillage Costs
b) AS5.2: Soil Compaction and How It Develops
c) AS5.3: Estimating the Percent of Residue Cover






UNIT 1Il - SOIL FERTILITY AND MANAGEMENT

Lesson 5: Soil Management Practices

TEACHING PROCEDURES

A.

Review

Soil is one of our most precious natural resources. Because it renews itself so slowly (it takes
approximately 1 thousand years to produce an inch of soil), it is everyone’s responsibility to protect what
little we have available. One of the best ways producers can protect the soil is through soil
conservation. This lesson will explore the many options available in soil management so that students
as future producers are aware of how they can protect this valuable resource.

Motivation
1. Invite a local soil conservation agent to discuss tillage practices and planting methods used in
your area.

2. Tour a farm utilizing both conventional and conservation tillage practices. Allow a producer to
explain the advantages and disadvantages of each practice.

3. Video: No-Till, Protecting the Heartland, 1997, Zeneca Agricultural Products. (Available free at
1-800-759-2500.)

Assignment
Supervised Study
Discussion

1. After completing one of the motivational activities, review the advantages and disadvantages of
the different tillage practices. After the review, refer to AS 5.1. Have students discuss the results
of their research with the class.

What are the advantages and disadvantages of different tillage practices?

a) Tillage - the act of moving soil particles or cultivating the land
1) Used to prepare a suitable seedbed, eliminate weed competition, and improve the
condition of soll
2) Defined by level of crop residue left on soil surface
(a) Conventional - residue levels less than 15%
(b) Conservation - residue levels at least 30%
(c)  Reduced or minimum tillage - residue levels between 15 and 30%

b)  Conventional tillage - tilling the soil using a moldboard plow, disk, or chisel plow to prepare
the seedbed; inverts the soil leaving the soil surface clean and smooth; promotes organic
matter oxidation
1)  Advantages

(a) Machinery - familiar and widely available
(b)  Adaptable to a wide range of soil and crop conditions
(c)  Allows the use of cultivation for weed control throughout the growing season
(d)  Soil warms faster when soil residues are incorporated
2) Disadvantages
(a) Increased fuel and labor costs
(b)  High risk of erosion
(c) Reduced organic matter



d)

(d)  Soil compaction due to increased field traffic

Conservation tillage - tillage system designed to reduce wind or water soil erosion and
increase soil organic matter

1)

2)

3)

4)

5)

Advantages
(a) Reduces soil erosion 50 to 90% depending on the tillage practice
(b) Increases infiltration of water and conserves moisture
(¢) Reduces sediment from runoff that reaches streams and lakes
(d) Reduces production and maintenance costs with fewer trips across field
Disadvantages
(a) Increased dependence on herbicides and equipment
(b) Equipment modification needs
(c) Fertilizers and chemicals require specific timing and sequencing
(d) Delay in planting due to moist, cool soil conditions
No-till - least disruptive conservation tillage method; undisturbed soil except for a
narrow seedbed (10% or less of the surface tilled)
(a) Advantages
(1)  Crop residue dramatically reduces soil erosion.
(2) Expenses for equipment and fuel are reduced.
(8) Soil moisture is conserved.
(4) Less time is required for planting crops.
(5) Evaporation is reduced.
(b) Disadvantages
(1)  Weed control dependent on herbicides
(2) Delayed planting due to slow soil warmup
(3) Soil compaction in upper soil zone
(4) Risk of insect, disease, and weed problems
Mulch-till - the total soil surface disturbed by tillage before planting; various tillage
tools required; 30% residue left; weeds controlled with herbicides or cultivation
(@) Advantages
(1)  Sufficient crop residue maintained to reduce erosion
(2) A percentage of crop residue incorporated into the soil
(3) Easy transition from conventional tillage methods
(4) Increased roughness and filtration
(5) Allows for surface-applied fertilizer and pesticide usage
(b) Disadvantages
(1)  Soil compaction similar to conventional methods
(2) Increase in fuel and labor costs
(3) Requires more field traffic with increased time and labor costs
(4)  Some buried residue, limiting erosion-reducing potential
Ridge-till - soil undisturbed except for the seedbed on ridges; used primarily on flat
ground to aid in water drainage; weeds controlled with herbicides or cultivation
(a) Advantages
(1)  Significant erosion reduction is possible.
(2) Residue is channeled away, reducing planting interference.
(3) Ridges warm up and drain faster.
(4) Residue supports tractors in wet spots.
(5) Tops of ridges provide ideal seedbed.
(6) Evaporation is reduced and increases soil moisture.
(7) Weed pressure and soil compaction from cultivation are reduced.
(8) Food and shelter are provided for wildlife.
(b) Disadvantages
(1)  Requires special planters and/or attachments
(2) Wheel and tire width adjustments required on equipment
(3) Ridges present challenges when turning on end rows

Subsoiling - tillage method used to break up the subsoil; promotes root growth in crops
such as potatoes



Explain types of planting methods as well as the advantages and disadvantages of each method.
Give examples of crops planted using each method.

What are the advantages and disadvantages of different planting methods?

a)

b)

c)

d)

Row method - Seeds are evenly spaced in parallel rows; used with corn, grain sorghum,
soybeans, cotton, and vegetables; rows vary from ultranarrow to wide; includes skip row.
1)  Advantages

(a) Allows for cultivation and reduces herbicide costs

(b) High seed germination rates
2) Disadvantages

(a) Increased days to canopy

(b) Population counts limited due to spacing requirements
Drill method - Seeds are in narrow rows at high populations; used with small grains such
as wheat, oats, and alfalfa; soybeans, grain sorghum, and rice are also drilled.
1) Advantages

(a) Fertilizer can be incorporated with planting attachments.

(b) No mechanical cultivation is required.

(c) Fewer trips across the field mean saved time and labor.

(d) There are fewer days to canopy resulting in reduced weed pressure saved

moisture.

(e) Plant distribution is better.
2) Disadvantages

(a) Mechanical cultivation is not possible.

(b) Herbicides used increasingly to control weeds.
Broadcast method - Seeds are scattered in a random pattern across the top of the soil;
used with grasses, legumes, and small grains.
1) Advantages

(@) Cheapest method

(b) Provides for faster canopy to prevent erosion and control weeds

(¢) Minimum tillage
2) Disadvantages

(@) Poor germination

(b) Limited crop selection

(c) Uneven plant distribution
Aerial method - Airplane or helicopter is used to scatter seeds randomly across the field;
used when soil is too wet to till or plant by other methods, especially with rice.

Explain how soil structure can be affected both positively and negatively by the tillage or planting
method chosen. The physical structure of the soil is affected by crop residue, soil compaction,
and moisture levels. Refer to AS 5.2. This activity will help the students understand how field
traffic affects soil compaction. AS 5.3 will help the students determine the amount of crop
residue on a field. For more information on this process, refer to University of Nebraska
Extension Publication G93-1133, available at <http://ianr.unl.edu/pubs/fieldcrops/g1133.htm>.

What effects do tillage and planting methods have on soil structure?

a)

b)

Crop residue

1) Insulates the soil, resulting in cooler, wetter soils

2) Shifts soil’s physical properties to a more natural state

3) Higher concentration of nutrients, pesticides, and organic matter

4)  Changes populations of beneficial and harmful insects

5) Soil surface becomes rougher as tillage decreases

Soil compaction

1)  Smaller pores and fewer channels in the soil lead to reduced water infiltration
2) Greater surface wetness, more runoff, longer drying times

Soil moisture



1)  Soil moisture is affected by residue and compaction and turning over of soil in
tillage.

2)  Soil temperatures can increase considerably from opening up soil to air and
sunshine.

4. Crop rotation is growing different crops in recurring succession on the same land. Soil fertility
and crop productivity are maintained by good crop rotations. Discuss various crop rotation
practices that enhance soil fertility.

How can crop rotation practices be used to enhance soil fertility?

a) Control weeds, insects, and diseases
b) Improve organic matter content of soil
c) Increase nitrogen by using legumes
d) Increase soil nutrient utilization

e) Increase fertilizer efficiency

f) Reduce erosion

Other Activity

Compare the top 2 inches of a soil sample to the top 4 or 5 inches of the same sample. Note the
amount of residue and the degree of compaction at these depths. Now compare and contrast samples
that are taken from conventional- versus conservation-tilled soils.

Conclusion

Producers are responsible for preserving soil resources for the next generation of producers. This can
be done through a variety of intelligent, informed decisions regarding soil management practices
including tillage, planting, and crop rotation.

Answers to Activity Sheet

Answers to the activity sheets will vary depending on the results of the research. Activities 5.1 and 5.2
may be easily used with a partner or as a small group project. Activity 5.3 will probably work best as
a class activity with three teams or groups working in the same field and combining data.

Answers to Evaluation

1. No-till, mulch-till, ridge-till

2. Any four of the following answers are correct: limited competition from weeds, maintain or

increase organic matter, increase nitrogen by using legumes, increase soil nutrient utilization,
increase fertilizer efficiency, reduce erosion.
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UNIT IIl - SOIL FERTILITY AND MANAGEMENT Name

Lesson 5: Soil Management Practices Date

EVALUATION
Complete the following short answer questions.
1. List three types of conservation tillage.
a.
b.
c.
2. List four ways in which crop rotation practices enhance soil fertility.
a.
b.
c.

d.

Determine which type of tillage practice the following characteristics apply to.

conventional tillage or “B” for conservation tillage.

3. - Reduces soil erosion

4, - Provides a smooth soil surface

5. - Requires more traffic on a field

6. - Crop residue remains on the field

7. - Weeds are controlled by tillage

8. - Increases the need for herbicides

9. - Improves soil structure and organic matter content
10. Soil surface is exposed increasing erosion

11. Production costs for labor and time are reduced

12. Plows or disks are used

Mark “A” for
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Determine which type of planting method the following characteristics apply to. Mark “R” for the row
method, “D” for the drill method, or “B” for the broadcast method.

18. Scattering seeds in a random pattern

14. _ Mechanical cultivation is not possible

15, Most expensive planting methods

16. ___ Ideal for planting large seeds

17. Seeds placed in narrow rows

18. Reduced population counts

19. Poor germination

20. Most economical

21, Generally used to plant grasses and legumes
2. _ Most often used to plant small cereal grains

Determine whether the following are positive or detrimental to soil structure. Use a “+” for positive
and a “-” for detrimental.

23. Conservation tillage

24, Tilling the soil when wet
25, __ Drill and broadcast planting
26. Conventional tillage

27. Maintaining crop residue

28. Field traffic



T™M 5.1

Equipment Tillage Triangle

Conventional
Tillage

15% or Less Crop Residue |

Reduced
Tillage
25%-30%

Crop Residue

Plowing N O-ti | |

30% or more

Crop Residue

Chisel Plowing

|
|
|
|
|
|
|
|
|
|
|
A
e i
Disking e 1 (@
|
|
|
|
|
|
|
|
|

Chisel Plowing
Disking Planting and Spraying Only
Planting W
anting

'

Cultivating

. Conservation Tillage

Adapted from Fundamentals of No-Till Farming, American Association for Vocational Instructional Materials, Athens, Georgia.
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UNIT Ill - SOIL FERTILITY AND MANAGEMENT AS 5.1

Lesson 5: Soil Management Practices Name

Determining Tillage Costs

Objective: Students will become familiar with equipment needs and cost differences between tilling a field
with conventional tillage methods and with conservation tillage methods.

Procedure:

1.

Choose a tillage method to research. Using equipment catalogs, brochures, or the Internet, determine
the equipment needs of the tillage method chosen.

Make a list of equipment you would use based on your selected tillage method, for example, moldboard
plow, disk, chisel plow, planter, drill.

Include any spray equipment and cultivators that may be needed for the tillage method chosen.
Also, list the approximate cost of each piece of equipment.

Compare your list with a fellow student who chose a different tillage method and then answer the
questions below.

Key Questions:

1.

What are the two tillage methods you compared?

a.

b.

From equipment costs alone, which tillage method is the most economical and which is the most
expensive?

a. Most economical -

b. Most expensive -

In addition to equipment costs, what variables will also have an effect on your cash flow? Write a short
paragraph or create a chart to explain your results.
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UNIT Il - SOIL FERTILITY AND MANAGEMENT

Lesson 5: Soil Management Practices

Name

AS 5.2

Soil Compaction and How It Develops

Objective: Students will analyze how soil compaction develops and determine ways to alleviate the effects.

Directions: In AS 5.1, you determined the equipment needs for different tillage methods.

Using this

information, determine which tillage method makes the most and the least trips across a field by completing
the tables below. Include any field traffic that may occur from the application of herbicides and weed control.
Be sure to write in the name of each method you are comparing.

Method No. 1

Method No. 2

Equipment Used

No. of Trips

Equipment Used

No. of Trips

Key Question:

Total Trips Across Field

Total Trips Across Field

Write a brief essay using the information above and from the lesson to explain how equipment size could
affect the degree of soil compaction from each of these tillage methods. Include what steps might be taken
such as adjusting tire pressure or combining operations to reduce compaction.






UNIT IIl - SOIL FERTILITY AND MANAGEMENT AS 5.3

Lesson 5: Soil Management Practices Name

Estimating the Percent of Residue Cover
Objective: Students will estimate the percent of residue cover remaining after tillage/planting operations.

Directions: Accurate estimates of residue cover can only be obtained from measurements taken within the
field while looking straight down at the soil and residue. The line-transect method is one of the easiest and
most accurate methods of estimating residue cover. A 100-foot measuring tape is used most often, but other
tape lengths, specially made cords with “beads” attached, or knotted ropes will also work. There should be
100 easily visible marks on the measuring device.

Procedure:

1. The measuring device is first stretched across a section of the field. Percent residue cover is then
obtained by counting the number of marks on the measuring device that are directly over a piece of
residue.

2. Select an area that is representative of the whole field. Avoid end rows or small areas of the field that
have been adversely affected by flooding, drought, weed or insect infestations, compaction or other
factors that have substantially reduced yields or affected residue cover.

3. Anchor one end of the tape or line and stretch it diagonally at about a 45° angle across the crop rows
so it crosses more than one pass of the implements used. This avoids inaccurate readings such as
those obtained if all measurements were taken in a windrow of residue left by the combine, or in an
area of reduced amounts of residue. Do not take measurements parallel or perpendicular to crop rows.

4. Measure residue cover by counting the number of marks that are directly over a piece of residue. (An
inexpensive click or lap counter can be useful to help keep count.) When looking at the tape and
counting, follow these rules:

. Keep both ends of the tape anchored and do not move the tape.

. Look straight down at the tape and marks. Leaning from side to side will result in overestimation
because residue may appear to be under the mark when it really is not.

. Consistently look at the same side of the tape.

. Consistently look at the same point at each mark.

. Do not count if is questionable. A good way to determine this is by asking the question “If a

raindrop falls at this point, will it hit residue or bare soil?”

5. When 100 points are observed, the number of marks that are directly over residue will be a direct
measurement of the percent cover for that area of the field. For example, if 35 marks on a 100-foot
tape were observed to be exactly over a piece of residue, then the residue cover is 35%.

6. If less than 100 points are observed, multiply the count by the appropriate conversion factor to obtain
percent cover. For example, if a 50-foot tape is used, and only the foot marks are observed, multiply
the count by two.

7. For increased accuracy, repeat the measuring process in three or more representative areas of the
field. Average the individual measurements to obtain an estimate of percent cover for the entire field.
The table on the back may be used to track the measurements.



# of Marks for 100-foot tape

1.

2.

3.

Total:

Average:

# of Marks for 50-foot tape

1. X2=
2 X2=
3. X2=
Total:

Average:




UNIT IIl - SOIL FERTILITY AND MANAGEMENT

Lesson 6: Soil Conservation Practices

Competency/Objective: Identify the conservation practices that affect crop production.
Study Questions
1. What is soil erosion?
2.  What factors contribute to soil loss?
3. What management practices are used to control soil erosion?
4, What conservation practices enhance wildlife habitats?
References
1. Advanced Crop Science (Student Reference). University of Missouri-Columbia: Instructional
Materials Laboratory, 2000, Unit Iil.
2. Activity Sheets

a) ASG6.1: Measuring Slope
b) AS6.2: Contour Farming and Soil Erosion
c) ASB6.2A: Contour Farming and Soil Erosion (Alternative Activity to AS 6.2)






UNIT Ill - SOIL FERTILITY AND MANAGEMENT

Lesson 6: Soil Conservation Practices

TEACHING PROCEDURES

A.

Review

The first five lessons of this unit explain soil composition, type and limitations, testing, fertilization, and
management practices. Thorough knowledge and understanding of soil fertility and management are
important when determining effective conservation methods. In an effort to conserve soil and maintain
crop productivity, the producer is continually challenged to evaluate land management practices. By
implementing soil conservation practices, producers can ensure the protection of our natural resources.

Motivation

Show the 28-minute video The Living Landscape (VHO109) available from the Missouri Department
of Conservation. The video shows how farming can function in harmony with the soil, plants, and
animals. It will help the students understand the need for conservation practices.

Assignment
Supervised Study
Discussion

1. Soil erosion is a constant concern for landowners and farmers. The land surface is worn away
by water, wind, ice, and geological agents such as earthquakes, floods, and the natural wearing
away of rock. Water erosion is the most prevalent in Missouri but some wind erosion can occur
in the southeastern region.

What is soil erosion?

a)  Soil erosion - wearing away of the land surface by water, wind, ice, and other geological
agents
1) No control over ice or geological erosion
2)  Wind erosion
(@) Ocecurs in areas of high prevailing winds
(b) Low annual rainfall
3)  Water erosion
(a) Most destructive force to soil in Missouri
(b)  Caused by raindrop splash and flowing water
b) Soil erosion by water
1) Detaching soil particles
2)  Transporting particles
c) Categories of water erosion
1) Sheet - uniform removal of soil in thin layers or sheets
2) Rill - runoff water in small, well-defined channels
3) Gully - trenches cut to a depth of 12 inches or more
d)  Wind erosion
1) Cannot be divided into distinct types
2) Occurs mostly in flat, dry areas and moist sandy soils along bodies of water
3) Removes soil and natural vegetation
4)  Causes dryness and deterioration of soil structure
5) Detachable mucks, sands, and loamy sands
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Soil erosion removes topsoil and causes loss of soil fertility, as well as creates environmental
concerns that impair air and water quality. It is important to be aware of the factors that cause
soil loss and to develop a plan that reduces the problem. Discuss the factors that make up the
Universal Soil Loss Equation developed by the USDA that calculates soil loss from sheet and rill
erosion. Use AS 6.1 to help students understand how slopes are measured and how they affect
soil erosion.

What factors contribute to soil loss?

a) Rainfall factor (R) - measure of rainfall energy

b)  Soil erodibility factor (K) - measure of soil’s relative resistance to erosion

c) Slope length (L) and slope degree (S) factors - influence the amount of runoff and rate of
water infiltration

d)  Crop practice factor (C) - measure of the soil cover from prior crops

e) Conservation practice factor (P) - management tool that changes the flow pattern of water
runoff or wind damage

f) Soil loss tolerance factor (T) - indicates the amount of soil that can be lost each year
without seriously reducing productive capability

Discuss the major conservation practices recommended by the Natural Resources Conservation
Service. Use AS 6.2 or 6.2A to demonstrate to students the conservation practice of contour
farming.

What management practices are used to control soil erosion?

a) Residue management - the past year’s crop residues left on the soil surface to reduce
erosion

b) Contour farming - farming around a sloping cropland around the slope, rather than up and
down

c) Cross slope farming - farming across the slope, nearly on the contour
1) Provides an option for slopes that are very difficult to farm
2)  Not as effective at saving soil as contour farming

d)  Contour strip cropping - growing crops on the contour with even-width strips or bands
alternated with meadows or close-growing crops

e) Contour buffer strips - captures soil loss by planting bands of grass in a contoured field,
similar to strip cropping

f) Field borders - stop erosion on end rows

o)) Crop rotations - alternate row crop production with a high residue-producing crop to a low
residue-producing crop, or a grass/legume meadow

h)  Terraces - earthen embankments designed to slow down and catch runoff on moderate
to steep slopes without forming erosion channels
1) Storage terraces collect and store water until it can penetrate into the ground or

release through underground outlets.

2)  Gradient terraces slow runoff water and channel it to a grassed waterway.

i) Water and sediment control basins - short earthen dams built across a slope or drainage
way; used where terraces are impractical

)] Diversion - earthen embankment (similar to a terrace) that diverts runoff water from a
specific area

k) Grassed waterways - grassy areas where flowing water gathers and is slowed as it is
guided off the field

)] Pasture and hayland planting - builds topsoil and organic matter, making the soil better for
crop growth

m)  Planned grazing systems - allows resting time between two or more grazing areas in a
planned sequence

n) Filter strips - bands of grass or legumes that filter runoff and other contaminants before
they reach waterways



0)

P)

Q)

Cover crops - close-growing crops that temporarily protect the soil when major crops do
not furnish enough cover

Farm ponds - control gully erosion and provide water for livestock

1) Provide a water source for birds and animals

2) Developed by building a dam or digging a pit

Windbreaks - rows of trees and shrubs that protect the soil, conserve energy, control
snowdrifts, shelter livestock, and provide food and cover for wildlife

4, Discuss how the conservation management practices that reduce soil erosion also enhance
wildlife habitats. Generally, any practice that provides food, cover, and water for wild birds and
animals is considered a wildlife-enhancing conservation practice.

What conservation practices enhance wildlife habitats?
a) Cropland
1) Use of tillage methods leave waste grain and weed seeds after harvest.
2) Crop rotation practices provide plant diversity.
3)  Wildlife food plot is created from crops left standing after harvest.
b)  Grassland
1) Includes all conservation methods seeded to a grass/legume mixture
2)  Should not be mowed until mid-July
c) Idle lands
1) Field borders, fence rows, turn-rows, or areas around farm ponds seeded with
various plants that will benefit wildlife
2)  Nesting, brood-rearing, and concealment cover for wildlife

Other Activities

1. View the 18-minute video Farming and Wildlife available from the Missouri Resource Center for
Career and Technical Education (MRCCTE) Ag Video 14.

2. Visit various farms to observe cropland and grassland areas where conservation practices have
been implemented. Include areas where improvements can be made to reduce soil erosion.

Conclusion

Erosion is continuous and therefore must be a priority in all crop production enterprises. Students need
to understand causes and prevention measures. NRCS and local soil conservation districts can assist
landowners and producers with information and services on soil management conservation practices
that can help control erosion and enhance wildlife habitats.

Answers to Activity Sheet

AS 6.1

Answers will vary depending on the results of the experiment.

AS 6.2 or 6.2A

Answers will vary depending on the results of the experiment.

Answers to Evaluation

PO~

ToOawo
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a
c

b

Rainfall factor, soil erodibility factor, slope length factor, slope degree factor, crop practice factor,
conservation practice factor

Answers will vary but should include conservation management practices from the areas of
cropland, grassland, or idle lands.

OV OaQY T
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UNIT Il - SOIL FERTILITY AND MANAGEMENT

Lesson 6: Soil Conservation Practices

EVALUATION

Match the term in the left column with the definition in the right column. Terms will be used more

than once.

7.

Uniform removal of soil by raindrop splashes

Occurs in areas with high prevailing winds and low
annual rainfall

Forms trenches to a depth greater than 12 inches

Runoff water forms into small, well-defined
channels

Soil is removed in thin layers

Develops where vegetative cover has been
disturbed

Occurs primarily in recently tilled fields

Complete the following short answer questions.

Sheet erosion
Rill erosion
Gully erosion

Wind erosion

8. What are the six factors that contribute to soil loss from water erosion?

a.

b.

e.

f.

9. List and describe two conservation practices that enhance wildlife habitats.

a.

b.

Circle the letter that corresponds to the best answer.

10.

aoop

Residue management
Crop rotation
Diversions

Cover crops

is growing crops on the same land in an orderly sequence.



11.

12.

13.

14.

15.

is/are alternating contoured perennial vegetation strips with wider cultivated bands.

aoop

Contour buffer strips
Field borders

Grassed waterways
Cross slope farming

When two or more grazing areas are rested in a planned sequence, it is referred to as

aoop

Terraces

Pasture and hayland planting
Field borders

Planned grazing system

When preparing the soil, planting, and cultivating crops around a slope, rather than up and down the

slope, it is referred to as

a. Contour buffer strips
b. Terraces
C. Contour farming
d. Crop rotation
A is a channel or ridge that directs excess runoff from an area.
a. Diversion
b. Field border
c. Filter strip
d. Pasture and hayland planting
should be planted on the north and west sides of the area to be protected.
a. Field borders
b. Filter strips
c. Windbreaks
d. Grassed waterways



UNIT 1ll - SOIL FERTILITY AND MANAGEMENT AS 6.1

Lesson 6: Soil Conservation Practices Name

Measuring Slope
Objective: Students will identify procedure to measure the slope of a field.
Materials and Equipment:
Yardstick

1x4 board, exactly 50 inches long
Carpenter’s level or bottle half full of a colored liquid

Procedure:
.v/r'g/
y*’ﬁm
1. Locate an area that can be measured to determine the slope.

2. Place the 50-inch board horizontally on the ground (one end will be higher than the other because of
the slope).

3. Put the level (or the bottle) on the board and move the free end of the board up or down until the bubble
(or water) shows that the board is level.

4, Read on the yardstick the distance from the ground to the bottom edge of the horizontal board. Multiply
this reading by 2 to get the percent of slope. (If the board used was 100 inches long, then you would
not need to multiply by 2. The reading on the yardstick is the percent of slope.)

Key Questions:

1. What is the measurement reading on the yardstick?
2. What is the percent of slope?
3. Using Table 6.1, list the slope classification for the test site.

4, What erosion problems could occur from this slope classification?






UNIT Iit - SOIL FERTILITY AND MANAGEMENT

Lesson 6: Soil Conservation Practices Name

AS 6.2

Contour Farming and Soil Erosion
Objective: Students will identify how contour farming affects soil erosion.
Materials and Equipment:

Two small boxes about 16 inches long, 12 inches wide, and 4 inches deep
Two watering cans with sprinkler nozzles

Two clear glass containers

One 2x4, 3 feet long

Soil (can use potting soil)

1

Procedure:

1. Cut a small V-notch about 1 to 1%z inches deep at the end of each box and fit with a tin spout to draw

runoff water into a container.

2. Fill both boxes with the same type of soil taken from the same area. Set the boxes on a table and place

the 2x4 under the unnotched end of both to make a slope.

3. Place a clear glass container below the V-notch or spout of the boxes.

4, Using your finger or a pencil, make furrows across the soil in one box and up and down the soil in the

other box.

5. Fill the watering cans with water and slowly sprinkle the two boxes at the same time. Hold the

sprinklers the same height above the soil and pour at the same rate.

6. Compare the rate of flow into the two containers and note the difference in the contents of the flow.
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Key Questions:

1. What effect did the contouring (furrows) have on the rate of water flow through each box and into the
container?

a) Furrows running crosswise:

b) Furrows running up and down:

2. How do the contents of the containers compare with each other? What is in each container?

3. What conclusions can you make about soil erosion and drainage for each?

a) Furrows running crosswise:

b) Furrows running up and down:
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UNIT IIl - SOIL FERTILITY AND MANAGEMENT AS62A

Lesson 6: Soil Conservation Practices Name

Contour Farming and Soil Erosion

Objective: Students will identify how contour farming affects soil erosion.
Materials and Equipment:
Two large, round pie pans

Watering can with sprinkler nozzle
Soil (can use potting soil)

Procedure:
1. Put two mounds of soil in the two large round pie pans.

2. With a pencil or your finger make furrows up and down one of the mounds and circles around the other
mound.

3. Fill the watering can with water. Slowly sprinkle an equal amount of water on each mound and observe
the water as it flows over the mounds. (Keep in mind that these example mounds probably have much
steeper slopes than most cultivated land.)

Key Questions:

1. What effect did the contouring (furrows) have on the rate of water flow in each pan?

a) Furrows running up and down:

b)  Furrows running around:

2. What conclusions can you make about soil erosion and drainage for each?

a) Furrows running up and down:

b) Furrows running around:
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UNIT IV - IDENTIFYING AND SELECTING CROPS AND SEEDS

Lesson 1: Crop and Weed Identification
Competency/Objective: Identify crop and weed seeds and plants.
Study Questions

1. What plant types and physical characteristics are used to identify crop and weed
plants?

2. What are the characteristics of grass and grasslike plants?

3. What are the characteristics of legumes?

4, What are the characteristics of forbs?

5. What are the characteristics of woody plants?

6. What are the identifying characteristics of common weed plants?

7. What are the identifying characteristics of noxious weed plants?

8. What are the identifying characteristics of crop and weed seeds?

9. What weed seeds are included on the restricted noxious list?

10. What weed seeds are included on the restricted prohibited list?

References

1. Advanced Crop Science (Student Reference). University of Missouri-Columbia: Instructional
Materials Laboratory, 2000, Unit IV.

2. Crop Science (Student Reference). University of Missouri-Columbia: Instructional Materials
Laboratory, 1992.

3. Crop and Grassland Plant Identification Manual. University of Missouri-Columbia;:
Instructional Materials Laboratory, 1997.

4, Growers Weed Identification Handbook (Publication 4030). Cooperative Extension.
University of California, Division of Agriculture and Natural Resources, 1991. (Available for
free loan from MRCCTE, University of Missouri-Columbia.)

5. Transparency Masters
a) TM1.1: Leaf Characteristics
b) TM1.2: Cool- and Warm-Season Grass Growth

6. Activity Sheet

a) AS1.1: Identifying Weeds of Missouri
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UNIT IV - IDENTIFYING AND SELECTING CROPS AND SEEDS

Lesson 1:

Crop and Weed Identification

TEACHING PROCEDURES

A.

Introduction

This lesson will discuss the identifying characteristics of crop and weed seeds and plants. ltis
important for the producer to understand the differences and be able to identify, in particular, those
weeds that can be harmful to the productive value of the crop. Early detection is necessary to
effectively control weeds.

Motivation

1.

Have students bring in plant samples from grasslands or crop fields near their homes.
Discuss what types of plants can be found locally.

2. Divide the class into groups. Give each group a package of mixed seeds (e.g., corn,
sunflower, and pinto beans). Have students separate and identify them. Discuss how they
identified the seeds and why identification is important. While the students are divided into
groups with the seeds separated, point out to them distinguishing characteristics of specific
seeds. Refer to IML’s Crop Science Student Reference for a review of identifying
characteristics of crop and weed seeds.

Assignment

Supervised Study

Discussion

1. Discuss how plants can be classified other than by life cycles. Plants are also categorized
according to their physical characteristics. Using the plants acquired during the Motivation,
group the plants found locally into the four plant types. Leaf characteristics are the most
varied. Using TM 1.1, review the characteristics of leaves.

What plant types and physical characteristics are used to identify crop and weed
plants?
a) Plant types
1) Grasses and grasslike plants
2) Legumes
3) Forbs
4) Woody plants
b) Physical characteristics
1)  Leaf shape
2) Stem
3) Flower
4) Root
2. Separate grasses according to required temperature for growth. Point out examples of cool-

season grasses, such as Kentucky bluegrass, orchardgrass, and smooth bromegrass. Compare
the differences to warm-season grasses, such as indiangrass, big blue stem, and switchgrass.
Discuss the characteristics of both cool-season and warm-season grasses. Show TM 1.2 of
Cool- and Warm-Season Grass Growth. Also refer to the Crop and Grassland Plant Identification
Manual for more examples of grasses.
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What are the characteristics of grass and grasslike plants?

a)  Characteristics
1) Herbaceous
2) Hollow stems
3) Blades and stems joined directly at sheath
4) Parallel venation on leaf blade
b)  Cool-season grasses
1) Grow when soil temperatures reach 40°F in early spring,
2) Optimum growth with air temperatures from 59° to 77°F in spring and fall
3) Dormant in summer
4)  Annuals or perennials
c) Warm-season grasses
1) Grow when soil temperatures reach 60°F in spring, with optimum growth occurring
when air temperatures increase from 77° to 104°F in summer
2) Dormant in winter
3) Annuals or perennials

Discuss the characteristics of legumes. Point out some examples of legumes, such as clovers,
alfalfa, and birdsfoot trefoil. Refer to the Crop and Grassland Plant Identification Manual for
details.

What are the characteristics of legumes?

a)  One-chambered fruit with seeds in a single row within the pod
b)  Alternating leaf arrangement - usually connected to petiole

c) Network of veins

d) May be annuals, perennials, or biennials

e) Nodules with nitrogen-fixing capacity on most rooting systems

Other herbaceous plants that are neither grasses nor legumes are classified as forbs. Discuss
the characteristics of forbs. Examples of forbs include sunflowers, thistles, and ragweed. Refer
to the Crop and Grassland Plant Identification Manual.

What are the characteristics of forbs?

a) Herbaceous (not woody) stems

b) Broadleaf plants

C) Commonly appear in pastures, fields, and native plant habitats
d) May be annuals, perennials, or biennials

e) Valued as wildlife food and cover

f) Prevent soil erosion

g)  Some are noxious

Other nonherbaceous plants found in grasslands are woody plants. In crop production, most
woody plants will be weedy saplings or small immature trees and shrubs. Examples of woody
plants include wild rose, red cedar, and oak. Discuss the characteristics of woody plants. Refer
to the Crop and Grassland Plant Identification Manual.

What are the characteristics of woody plants?

a)  Woody (nonherbaceous) stems
b) Shrubs, vines, or trees

c) Usually immature in grasslands
d) Perennials
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Explain that common weeds are relatively easy to control but reduce crop yields and increase
production costs. Remind students that plants that are considered crops, such as corn and
soybeans, are weeds if they are growing in the wrong field. Refer to the Crop and Grassland
Plant Identification Manual to identify common weed plants. The Growers Weed Identification
Handbook available from MRCCTE can also be used.

What are the identifying characteristics of common weed plants?

a) Easy to control
b) Annual or perennial
c) Grass or forb

Explain that noxious weeds are difficult to control and that the presence of noxious weed seed
in agricultural crop seeds is restricted in Missouri. Refer to Table 1.1 in the Student Reference
for detailed characteristics of noxious weeds.

What are the identifying characteristics of noxious weed plants?

a) Crowds out desirable crops
b) Robs crops of plant nutrients and moisture
c) Causes extra labor in cultivation
d) Annual, biennial, or perennial
e) Grass or forb
f) Growing plants considered noxious
1) Musk thistle
2) Scotch thistle
3) Canada thistle
4) Multiflora rose
5) Bindweed
6) Purple loosestrife
7) Marijuana (Cannabis sativa)
8)  Johnsongrass

The Bureau of Feed and Seed administers laws and regulations to ensure that seeds are labeled
consistently and accurately. Discuss with the class various characteristics of crop and weed
seeds. Refer to IML's Crop Science curriculum for further information.

What are the identifying characteristics of crop and weed seeds?

a) Size
b) Shape
c) Color

d)  Surface markings
e) Other botanical characteristics

Refer to the current Missouri Seed Law and Regulations for weed seeds listed as restricted
noxious. Restricted noxious weed seeds are defined as highly objectional in fields, lawns, or
gardens of Missouri and are difficult to control by good cultural practices. Seed companies must
list these seeds, if any, on labels.

What weed seeds are included on the restricted noxious list?

a) Red sorrel

b)  Curled dock

c) Dodder

d) Buckhorn plantain
e) Black nightshade
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f) Giant foxtail

9) Hedge bindweed

h) Leafy spurge

i) Hoary cress

i) Purple moon flower
k)  Quackgrass

)] Russian thistle

m)  Slender oats

n)  Wild garlic
0) Wild onion
p) Wild oats

qQ) Yellow star thistle

10. Discuss the weed seeds that are listed on the restricted prohibited list. Restricted prohibited
weed seeds are defined by law as the seeds of weeds that when established are highly
destructive and difficult to control in this state by good cultural practices. Explain that each state
determines its own prohibited seed list. Seed companies must design seeds to certain state
specifications.

What weed seeds are included on the restricted prohibited list?
a) Canadian thistle

b)  Field bindweed

c)  Johnsongrass

d) Sorghum almum

e)  Musk thistle

f) Balloon vine

Q) Serrated tussock

Other Activities

1. Take a field trip to a nearby pasture or field and discuss the different types of plants found there.
Have the students explain the different plant uses for producers, livestock, wildlife, and others.

2. Have students create their own plant guide with samples collected from local grasslands and crop
field areas. Guides should include 25 different plants with at least three from each classification.
Plant samples should be collected, mounted, and labeled according to plant type: grass (warm-
or cool-season), legume, forb, or woody.

Conclusion

The ability to identify the differences between crops and weeds is important to the production of a
profitable crop. Proper seed and plant identification plays a part in the process of reducing weeds and
in turn reducing the damage to crops.
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Answer to Activity Sheet

AS 1.1
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Missouri Seed Law and Regulations

They are nonherbaceous with woody stems.
Common, noxious, prohibited

c

21

22.
23.
24.
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UNIT IV - IDENTIFYING AND SELECTING CROPS AND SEEDS Name

Lesson 1: Crop and Weed ldentification Date

EVALUATION

Match the characteristics in the left column with the correct plant type in the right column.

1. Plant with seeds in a single row a. Cool-season grass
within the pod
b. Legume
2. Herbaceous, broadleaf plant
growing in a native habitat C. Woody plant
3. Nonherbaceous perennial plant d. Warm-season grass
4. Plant with parallel venation and e. Forb

optimum growth from 59° to 77°F

5. Plant with parallel venation and
optimum growth from 77° to 104°F

Match the plant in the left column with the plant type in the right column.

6. ____ Corn a. Cool-season grass
7. _____ Soybeans b. Legume

8. ___ Wheat c. Woody plant

9. ____ Orchardgrass d. Warm-season grass
10. ____ Alfalfa e. Forb

11. _____ Redcedar

12. ____ Cotton

Match the weed seed in the left column with the correct designation in the right column.

13. ____ Yellow star thistle a. Restricted noxious seed
14.  ____ Johnsongrass b. Restricted prohibited seed
15. ___ Canada thistle

16. ___ Wild onion

17.  ____ Giant foxtail

18. Dodder

19. Balloon vine



Circle the letter that corresponds to the best answer.
20. Which plant types are the dominant species in a pasture, grassland, or range?

All plant species

Grasses and legumes

Forbs and grasses

Woody plants, grasses, and legumes

aoop

21.  Which plant species is not usually cultivated for agricultural production?

a. Grasses

b. Legumes

c. Forbs

d. Grasses and legumes

Complete the following short answer questions.

22. What makes woody plants different from all the other plant types?

23. What are three types of weed plants?
a.
b.
c.

24. What reference should be used for information concerning weed seeds listed as restricted noxious?
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Leaf Characteristics

Leaf Parts

Simple Compound

margin

petiole
stipule

_———__—~ branch /

Leaf and Bud Arrangement

t alternate 3 - ~——
opposite

basal

whorled

™11
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TM 1.1 (Cont.)

Leaf Venation
parallel palmate ; pinnate
Leaf Types
Simple Compound
oo gg:g‘gglgd bipinnate
simple pinnately

_— (pinnate)

— = compound

trifoliate
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TM 1.1 (Cont.)

Leaf Shapes

ovate obovate oblong oval
orbicular linear ‘ lancoelate oblanceolate

Common Leaf Margins
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TM 1.1 (Cont.)

Common Base Shapes

+4 Y Y

truncate cordate rounded cuneate
Common Tip Shapes
emarginate obtuse

N Y

cuspidate acute
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UNIT IV - IDENTIFYING AND SELECTING CROPS

Lesson 1: Crop and Weed Identification

Name

AS 1.1

I