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Seed Germination

Subjects

Biological Sciences, Environmental Sciences, Agricultural Sciences 

Introduction

This is an excellent lesson in experiment design, terrestrial plant ecology, and plant biology.  It’s easy to set up and students enjoy the entire process.  Students get to design their own experiments, and use a “publication” format to present their results and conclusions.  Students will also examine the numerous abiotic and biotic factors that affect seed germination and plant survival, and will learn about the economic importance of weeds.  It takes several weeks to germinate seeds and grow seedlings, but actual class time is much shorter.  Students should be given a class period to design their experiment and read supporting material.  Every other day, students will need to spend a few minutes checking their seeds for germination and recording data.    

Relevant STEEP Research Projects

The germination, survival, and growth of weeds in crop fields are a constant and significant problem.  If not controlled, weeds compete for space, sunlight, water, and nutrients, causing 50-90% reductions in the yield of many crops (NCFAP 2003).  Growers in the United States spend well over $6 billion each year to control weed populations (NCFAP 2003).  In the Inland Northwest, traditional crop production practices have involved the use of tillage and stubble burning to, in part, control weed populations.  In the drier regions, fallow fields are often used to conserve soil moisture for future crops.  These practices create some unique problems with the management of weeds.  Weed management is a considerable challenge for creating sustainable dryland cereal-based cropping systems in the Northwest.  Problems with downy brome, Russian thistle, jointed goatgrass, wild oats, and herbicide resistance threaten long-term sustainability because of the need for tillage and herbicides to control weed populations.  Numerous scientists in the Inland Northwest are studying weed biology and developing novel weed management programs for wheat-based cropping systems: 

· Young, F. and D. Thill. 2003. New technologies and strategies for managing weeds in conservation cropping systems for dry land wheat – 2003 Report.

· Yenish, J. T. Ireland, D. Thill and D. Ball. 2002. Vegetation management with herbicides during fallow periods in direct-seed, dry land winter wheat cropping systems in the PNW – 2002 Progress Report. 
· Ball, D.A., C. Mallory-Smith, D.C. Thill and J.P. Yenish. 2004. Biology and management of rattail fescue in direct seed cropping systems – 2004 Progress Report. 
· Yenish, J., A. Esser, D. Tonks and F. Young. 2004. Evaluating chemical fallow systems for weed control efficacy – 2004 Progress Report.
· Tonks, D. and A. Esser. 2004. Impact of Crop Rotation and Alternative Crops on Weed Populations, Yield, and Economics in Direct Seed Systems in the Intermediate Rainfall Area of Washington. 

Objectives

· Students will discuss the effects of biotic and abiotic factors in seed germination and plant survival

· Students will design and conduct experiments on seed germination

· Students will use a “publication format” to present their research results

Major Concepts

Terrestrial Ecosystems; Plant Biology and Ecology; Experiment Design and Scientific Methodology
Standards

AAAS Benchmarks
Idaho State Science Standards
Oregon State Science Standards
Washington State Science Standards
Materials

Print Resources

· Scientific Experiments and Lab Report Format
· Constructing Bar and Line Graphs
· Student Handout
· Germination Fact Sheet
Seed Germination 

· different types of seeds (e.g., bean, pea, alfalfa, radish)

· 9-cm petri dishes with 9-cm filter paper disks

· water

· parafilm

· markers

· paper towels (optional)

· plastic boxes with lids (optional)

· refrigerator (optional)

Web Resources

· The Seed Biology Place. Information on seed germination, seed structure, seed evolution, seed dormancy, and general seed biology and physiology.  

· The Value of Herbicides in U.S. Crop Production, 2003. The National Center for Food & Agriculture Policy.  

Procedures

Preliminary

1. Present the information on seed germination so students understand the mechanism of germination, the importance of germination, and the abiotic and biotic factors that affect germination.

2. Have students design their experiment.

a. choose a treatment (because this is a scientific study, there should be a solid justification for the treatments they choose).  Possible treatments include:

i. light vs. dark

ii. different wavelengths of light (use light filters)

iii. intact vs. scarified seed coat

iv. warm vs. cool temperature

v. sterile vs. nonsterile soil

vi. soaking vs. not soaking

vii. different soils

viii. dropped vs. intact seeds

b. design the methods

i. what is the control treatment? 

ii. what will they measure?

c. design a data sheet for recording their data and observations (this can change in the course of the experiment)

Seed Germination  - just keep them moist (not too wet, not too dry) and warm

1. Randomly select 25-50 healthy-looking seeds for each replicate.

2. Place the seeds about 2” apart between two pieces of paper towel.

3. Roll up the towels and place in a plastic bag; add about 1 spoonful of warm water

4. Incubate at room temperature.

5. Check every day or two for sprouting.

6. Carefully transfer a subset of the sprouts to pots for further experimentation.

Alternate methods (depending on the experiment)

1. Soak seeds in warm water for 12-24 hours to hasten germination.

2. Place on moist filter paper in large petri dishes.

1. Place 25 seeds on filter paper in a large petri dish.

2. Moisten the filter paper (not too wet).

3. Cover and wrap the edge of the petri dish with parafilm to prevent evaporation.

4. Label the petri dish with the date, treatment, etc.

5. Observe the seeds every day for germination.

The Cold Vigor Test – this approximates more realistic growing conditions for plants.  Cold and the presence of soil organisms can be used to stress the seeds, followed by germination in a warm environment

1. Soak the paper towel until the sheet has absorbed about 35 ml of water – incubate in the refrigerator overnight.

2. Place 25-50 seeds per replicate (minimum of 4 replicates) on a double layer of cold saturated towels. 

3. Cover the seeds lightly with soil/sand substrate (one part soil/one part sand) ensuring that all seeds are in direct contact with the soil. 

4. Place a sheet of paper towel over the seeds and loosely roll them up.

5. Place in a plastic box with a lid and incubate in the refrigerator for 7 days.

6. Remove and incubate at room temperature for 5 days in the darkness.

Data Analysis

1. Record data in the Student Handout (see example of a table below)

2. Prepare a master data sheet showing all the different treatments.

3. Calculate % germination after 7-10 days.

4. Plot % germination by day, depending on experiment.

5. Have students prepare a formal lab report (see: Scientific Experiments and Lab Report Format).

Assessment

Standard assessment for Lab Reports

Questions

How did the treatments affect germination? Why?

Why didn’t all the seeds germinate when they were treated the same?

Did you notice any fungus on some of the seeds?  Where did it come from?

Why did you add water to the dish?

Example: % germination of seeds over time, by treatment

	
	
	Day Number

	Group
	Treatment
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	A
	Full light
	
	
	
	
	
	
	
	
	
	

	B
	Red light
	
	
	
	
	
	
	
	
	
	

	C
	Dark
	
	
	
	
	
	
	
	
	
	

	D
	Cold
	
	
	
	
	
	
	
	
	
	

	E
	Warm
	
	
	
	
	
	
	
	
	
	

	F
	With unsterile soil
	
	
	
	
	
	
	
	
	
	

	G
	With sterile soil
	
	
	
	
	
	
	
	
	
	

	H
	Plant species
	
	
	
	
	
	
	
	
	
	

	I
	Seed size
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