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Unit: 8.6 Seed Germination

[image: image9.jpg]PEACH STATE PATHWAYS



  Introduction
Course: 02.441 Plant Science Biotechnology

Unit 8: Sexual Reproduction in Plants
Unit Development Template Annotation 

(Briefly describe the topics, methods, technology integration, etc.)
In this unit students will identify factors necessary for seed germination and describe the process of germination. Students will define germination, viable seed, and dormancy. Students will explain the importance of seed dormancy in plant survival and define scarification and stratification. Students will describe hypogeal and epigeal germination.
Grade(s)

· 9-Ninth

· 10-Tenth

· 11-Eleventh

· 12-Twelfth

Time:  (Enter time in number of 50 minute periods)
3
Author


Notes to the Teacher (optional)
Students with disabilities: For students with disabilities, each instructor should refer to the student's IEP to be sure that the accommodations specified in the IEP are being provided within the classroom setting. Instructors should also familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation within any given instructional activity or requirement.
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  Standards
GPS Focus Standards:
AG-PSB-8-r: Identifies factors necessary for seed germination. 

AG-PSB-8-s: Describes the process of germination. 

AG-PSB-8-t: Explains the importance of seed dormancy in plant survival. 

GPS Academic Standards:
SB2, Students will analyze how biological traits are passed on to successive generations.
SCSh6, Students will communicate scientific investigations and information clearly.
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  Understanding and Goals
Unit Understandings, Themes, and Concepts:  Provide the deep understandings and concepts the student should retain as a result of this Unit. These are the enduring understandings.
Students will understand why seed germination is important in agriculture.
Primary Learning Goals:  Provide a list of the Essential Questions, Knowledge and Skills the student will know, understand, and be able to answer or demonstrate as a result of this Unit. All Primary Goals must be related to standards addressed in the Unit.
What is germination?

What are the factors that affect seed germination? 
Why is it important to understand the steps involved in seed germination?  
Why is seed dormancy important?
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  Balanced Assessment 
Assessment Method/Type:  
	
	Constructed Response
	
	Peer Assessment

	x
	Combined Methods
	
	Selected Response

	
	Informal Checks
	
	Self Assessment


Assessment Title:  
Description/Directions:  Provide detailed description & directions so it will provide accurate results for any teacher wishing to replicate it.
Attachment – Supplemental Resource Title:  (Optional) List the title of any attachment associated with the assessment.
Barden, John A., R. Gordon Halfacre, and David J. Parrish.  Plant Science.  McGraw-Hill Book Company.  New York, NY.  1987.
Burton, L.  DeVere & Walter York.  Lab Manual AgriScience and Technology.  2nd Edition.  Delmar Publishers, Inc.  Albany, NY.  1998.

Web Resources: (Optional) List the title of the web resource associated with this Unit Development Template Assessment.
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  Unit Performance Task(s) 
Performance Task Title:
Description/Directions:  Provide detailed description & directions so it will provide accurate results for any teacher wishing to replicate it.
Rubric for Performance Task:  Attach rubric used in the assessment of this Unit Performance Task or submit as separate file.
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  Sequence of Instruction and Learning
Sequence of Instruction and Learning:  List the sequence of instruction and learning for this Unit Development Template.
Materials and Equipment:

Transparency 8.6.1

Handout 8.6.2
Introduction and Mental Set


Display samples of seeds at various stages of germination.  Explain that the lesson covers how seeds go from the seed state to the seedling state.

Discussion

1. What is germination?  The sprouting of a seed to grow a new plant. 

2. What are the factors that affect seed germination?  Display and discuss transparency 8.6.1.


A. Water: the seed must imbibe water before it can resume activity.  Water increases the volume of the seed and allows the seed coat to soften and break.


B. Oxygen: oxygen must be present during all stages of germination.  Seeds germinate better in well aerated soils.


C. Temperature: affects percentage of germination and rate of seedling growth.


D. Light: some seeds need light to germinate, while others need darkness.  Some seeds germinate well in either light or dark conditions.


E. Vigor: good quality seeds are essential for optimum germination.


F. Fire: some seeds need fire to break dormancy.

3. What are the steps involved in seed germination?  

See drawing of a monocot and dicot germination in reference book - Introduction to World AgriScience and Technology.  As the seed imbibes water it swells and the seed coat splits.  The radicle emerges and begins to grow downward.  In hypogeal germination the cotyledons remain underground so that the epicotyl grows and the shoot apex arises from the ground.  In epigeal germination the hypocotyl grows so that the cotyledons are pulled up from the soil.  Food reserves nourish the seedling until photosynthesis occurs. The emergence of the seedling depends on many factors such as soil temperature, soil oxygen content, water availability, light , and vigor of the seed.

4.  What are viable seeds?


A. Seeds that are capable of growing and developing.  


B. When seeds are not stored properly viability decreases.

5. What is seed dormancy?


A. It is a period in which growth ceases.  


B. It is due to physical causes such as hard seed coats and also by physiological causes such as chemical inhibitors. 


6. Why is dormancy important?


A. It ensures that seeds germinate when environmental conditions are favorable for good seedling growth.  


B. If it were not for dormancy many forest species would germinate in the fall, only to be killed back by a hard freeze.

7. What is stratification and scarification?


A. Stratification: the storing of seeds at low temperatures under moist conditions to break physiological dormancy. For example, acorns need to be stratified.


B. Scarification: treatment of the seeds to break or weaken the seed coat.  Scarification can be done either chemically or physically. For example, bahia seed have a hard seed coat.


8. Laboratory


A. Complete the lab activity “Growing Plants from Seed”.  See Lab Manual.  AgriScience and Technology.


B. “Germination and Vigor of Seeds” lab exercise - handout 8.6.2.

Summary

Review the important points of:

Germination process



Dormancy

Viability

Stratification

Scarification

Evaluation

Written test

Laboratory Activities
8.6.1
 Factors That Affect Seed Germination

Water: the seed must imbibe water before it can resume activity.  Water increases the volume of the seed and allows the seed coat to soften and break.

Oxygen: oxygen must be present during all stages of germination.  Seeds germinate better in well aerated soils.

Temperature: affects percentage of germination and rate of seedling growth.

Light: some seeds need light to germinate, while others need darkness.  Some seeds germinate well in either light or dark conditions.

Vigor: good quality seed are essential for optimum germination.


Fire: some seeds need fire to break dormancy.

8.6.2
Germination and Vigor of Seeds
Exercise 6, Teacher Guide
OBJECTIVE

To test seeds using a warm germination and cold vigor test to determine germination and vigor of damaged and undamaged seed.
MATERIALS AND EQUIPMENT

1.
Germination paper (any nonchemically treated absorbent paper 12 by 24 in. can be used). (Germination paper can be obtained from Anchor Paper Co., 480 Broadway, St. Paul, MN 55648.)

2.
Butcher paper.

3.
Approximately 2 lb. each of high and low‑quality soybean. Corn may be substituted, but then a muck soil, which provides 8 sources of seedling diseases, must be used to cover the grain in the cold vigor test.

4.
Rubber bands.

5.
25 C environment.

6.
10C environment.

7.
Plastic boxes, approximately 6 by 12 by 4 in., with lids (shore boxes, available at most discount stores work very well).

8.
No. 2 grade vermiculite, available from a greenhouse or nursery. Zonolite attic insulation, available from a lumber yard, may also he used.
PROCEDURE

Follow instructions in the student exercise. For the warm germination test, the seeds must be placed on wet germination paper or they will roll off the paper. If a  low quality seed is not available, the seed can be damaged dropping from a 3‑m height. Classify seeds as nonviable if they germinate but are severely deformed or restricted, or abnormal taproot develops. Be sure to keep the germination paper moist throughout the procedure. This can be done by placing the germination rolls in a sealed container or large covered beaker adding tap water as necessary.
DISCUSSION

The warm germination test determines the ability of seed to properly germinate under favorable environmental conditions.

When compared to actual field performance, the warm germination test over estimates field emergence, primarily because field conditions are less than ideal. The two environmental factors of soil temperature and soil moisture especially influence field emergence. The warm germination test best predicts field emergence for high quality seed under favorable field conditions. Poor correlation between test results and field emergence occurs with low quality seed under adverse conditions.  

The cold vigor test attempts to more closely simulate field conditions at planting time. Thus, results of this test are more likely to predict field performance. As planting date becomes progressively earlier, germination and emergence conditions become harsher because soils are cooler and more damp. Farmers may plant their seed shallower so the seed is in warmer, drier soil. Cool, damp soil conditions are ideal for development of seed and seedling diseases, especially on slowly growing seedlings. Planting seed with reduced vigor results in decreased field stands, especially when planted under adverse conditions.  

Low quality seed may be caused by poor harvesting and storage conditions; rough handling during cleaning, processing, and shipment; and disease or insect infestations. Damage often appears as broken seed coats or split and cracked seed. Conditions that cause obvious external damage also cause internal damage, and sometimes germination and vigor is reduced by internal damage not readily noticeable.
EVALUATION
The student should be able to conduct a warm germination test, and evaluate differences in germination rates of high quality and low quality seed. The effects of the cold vigor test on predicting emergence under field conditions should be demonstrated, and the student should be able to discuss the importance of environment in determining seedling establishment.

Exercise 6, Student Guide
INTRODUCTION

Viable seeds will germinate if placed under the proper conditions of moisture, temperature, and oxygen. After germination, seeds differ in their rate of growth, depending on the physical condition of the seed, and the environmental conditions present. Damaged seed planted in cool, wet, disease infested soils seldom produce healthy plants, even though the seed may have had a favorable germination percentage. When seed is purchased, the germination percentage expressed on the seed tag is the result of a warm germination test conducted under nearly ideal conditions. A cold vigor test more nearly approximates the conditions under which many seeds actually germinate in a field.
OBJECTIVE
The objective of this exercise is to use a warm germination and cold vigor test to determine germination and vigor of damage and undamaged seed.
The warm germination test determines the ability of a seed to produce a stand under favorable environmental conditions.  When compared to actual field performance, the warm germination test over estimates field emergence, primarily because field conditions are less than ideal.  The two environmental factors of soil temperature and soil moisture especially influence field emergence.  The warm germination test best predicts field emergence for highly quality seed under favorable field conditions.

The cold vigor test attempts to more closely simulate field conditions at planting time.  Thus, results of this test are more likely to predict field performance.  As planting date becomes progressively earlier, germination and emergence conditions become harsher because soils are cooler and more damp.  Farmers may plant their seed shallower so the seed is in warmer, drier soil.  Cool, damp soil conditions are ideal for development of seed and seedling diseases, especially on slowly growing seedlings.

Low quality seed may be caused by poor harvesting and storage conditions; rough handling during cleaning, processing, and shipment; and disease or insect infestations.  Damage often appears as broken seed coats or split and cracked seed.  Conditions that cause obvious external damage also cause internal damage, and sometimes germination and vigor is reduced by internal damage not readily noticeable.

PROCEDURE

A.
For Warm Germination Test

l.
Wet four sheets of germination paper with cold water, and place one piece on each of two pieces of white butcher paper.

2.
Count out 50 seeds from the high-quality soybean seed lot and place them evenly in five rows of 10 seeds on the germination paper.

3.
Place a piece of wet germination paper on top of the seed and fold the bottom over about 3 cm.

4.
Roll the butcher paper with the germination paper inside loosely, but tight enough to hold the seeds in position on the paper. Place a rubber band around the middle, and label the roll "High Quality Seed."

5.
Repeat the above procedure using the low-quality soybean seed, and label the completed roll "Low Quality Seed."

6.
Place both rolls in a 25C moist environment for 7 days.

B.
For Cold Vigor Test

1.
Place 2.5 cm of vermiculite in each of two boxes.

2.
Place 50 soybean seeds from the high‑quality soybean seed lot on top of vermiculite in five rows of 10 seeds.

3.
Place 2.5 cm of vermiculite on top of seeds.

4.
Water with 800 mL of tap water, and place a lid on the box. Label the box "High Quality Seed."

5.
Repeat the above procedure using low-quality soybean seed, and label the completed box "Low Quality Seed."

6.
Place the boxes in a 10C environment for 7 days.

7.
After 7 days, place in a 20 to 25C environment for 5 days.

C.
Gathering the Data

1.
For the warm germination test, unroll the papers and remove the top germination paper. Count the seedlings that have germinated and have no abnormal or deformed parts. Multiply this number of seedlings times 2 to obtain the warm germination percentage.

2.
For the cold vigor test, count the number of seedlings that have emerged and are growing normally. Multiply this number of seedlings times 2 to obtain the percentage of plants that would be expected to establish under field conditions.

QUESTIONS
1.
What was the difference in germination percentages for the high‑quality and low‑quality seed? When you examined the low‑quality seed, what types of damage did you observe?
2.
What was the difference in emergence between the high‑quality and the low‑quality seed in the cold vigor test? Why do you think this difference occurred?
3.
Did the warm test accurately predict the percentage emergence of plants in the cold test for either the high‑quality or low-quality of seed? What do you think may have caused the results of the two tests to differ?
4.
What are some major causes of seed damage that reduces seed germination and seedling vigor?

5.
What environmental conditions do you think are best for germination and establishment of crops?
6.
If you could change the characteristics of the seeds you germinated, what would you do to increase their vigor?[image: image7.jpg]
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