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Breaking into the Seed Bank!

Teacher’s guide

by Lynn Vaccaro, CSIP graduate student fellow, Cornell University
Overview

This short research project allows students to explore concepts related to plant adaptations, biodiversity and ecosystem stability while engaging in their own investigations of a local seed bank.  A natural “seed bank” consists of the seeds or propagules (e.g., root fragments) that lie dormant in soil until the right conditions trigger their growth.  (The term seed bank can also refer to artificial repositories of seeds that preserve seed diversity and operate like a museum or herbarium.)  Natural seed bank dynamics influence processes of succession and disturbance, and determine the success of weeds and invasive plants.  Using a simple protocol, students will germinate the seeds that naturally exist in a soil sample and measure the abundance (total number) and estimate the diversity (number of different types) of these seeds.  Students will establish their own comparison to better understand how a chosen variable (e.g., site, vegetation, soil depth, germination conditions) influences the number and diversity of viable seeds.  A seed bank investigation provides a natural link between concepts in plant biology, ecology and the local environment.  Ideally the study should be placed within the context of a local conservation, restoration or agricultural issue.  Some examples are provided.


Subject:  Biology, Environmental Science, or Ecology

Audience: Grades 7-12 

Time required
If students have some background in plant biology, and soil is 

collected locally or in advance, the experiment could take as 

few as 4 periods spread over 3 weeks, plus weekly monitoring.  

However, there are lots of opportunities for extension!

1. Introduction and planning (1- 2 periods)

2. Soil collection and growth tray preparation. (1-2 periods) 

3. On-going monitoring.  (5-10 minutes every few days)

4. Final assessment of seedbank results. (1 period)

5. Data compilation, analysis and discussion. (1-2 periods)

Learning and behavioral objectives 

Students will gain the ability to….

· Design an experiment and collect data related to a 

research question.

· Analyze and interpret results.

· Formulate and justify explanations based on data.

Students will gain an understanding that…

· Plant species have a variety of strategies that allow them to survive under different conditions.  

· Biological communities are constantly in flux.  Environmental conditions and biotic interactions favor the survival of certain species and genotypes.

· Biodiversity includes both visible organisms, and less obvious, dormant stages of organisms that may become active as environmental conditions change.  

· A diversity of plant species and plant strategies could facilitate the re-vegetation of a disturbed area.  Thus diversity could provide long-term ecological stability.

Background

Plant species have a wide array of strategies that allow them to be successful under unique conditions.  This diversity ensures that some plant species are able to survive when environmental or climatic conditions change.  How far seeds are spread (dispersal), how long seeds stay alive (seed persistence), and under what conditions seeds begin to grow (germination strategies) are important components of a plant’s unique survival strategy.  

After dropping from a plant, some seeds persist for many years in the soil, forming a “seed bank” or reservoir of living, dormant seeds. Many herbaceous species, such as those found in grasslands, wetlands and deserts, including many plants we call weeds, produce small seeds that persist in the seed bank.  Under the right conditions these seeds will germinate and maintain or replace existing plant communities.  A disturbance that removes vegetation and allows more sun to reach the soil, triggers the germination of seeds in the seed bank.   Habitats that experience frequent natural disturbances such as fires, flooding or storms typically rely on the seed bank for regeneration.  In contrast, relatively stable forests, such as those in the Northeastern US, experience isolated disturbances that produce small gaps in the forest.  Openings in the forest are usually re-colonized by recently dispersed seeds rather than seeds in a long-lived seed bank.  Deciduous trees tend to produce relatively few seeds, and animals prey upon these seeds (e.g., acorns and chestnuts), so the seed bank does not persist.  After harvesting the trees from a large area, foresters often re-seed the area because the seed bank is limited.

By investigating the types, numbers, and germination conditions of seeds in the seed bank, we can better predict how an environment will react to natural and human mediated changes like deforestation, plowing, or restoration.  If an abundant and diverse reserve of seeds exists, the habitat should naturally recover and re-vegetate.  After many years of cultivation, logging or development, a habitat may lose its native seed bank.  A depleted seed bank combined with isolation from natural sources of seeds will inhibit restoration of a native plant community.  An ecologist trying to restore native vegetation might look for ways to replenish the local seed bank.  In contrast, farmers often struggle to suppress the germination of weedy seeds in the soil of their fields.  Investigating the seeds in the soil should inspire appreciation of the biodiversity below our feet and contribute to an understanding of local vegetation dynamics.

Real world applications

This project becomes more valuable and interesting to students if their work is placed within the context of a local issue or directly contributes to a local project.  Students or teachers could contact natural resource managers, a Nature Conservancy office or an agricultural extension office in order to develop a seed bank project of mutual interest.  To assist in the development of a classroom-agency collaboration, and as a framework for student generated research questions, three of the most common applications of seed bank studies are outlined below.
1) To assist restoration of natural areas.

Scientists often work to restore sensitive habitats such as wetlands, riparian areas, prairies or dunes that have been damaged by human activities.  In order to restore the native plant community ecologists might assess the types, abundances and germination requirements of seeds already present at the site.  The Everglades case study is one example of a study designed to inform restoration efforts.  Seed bank studies reveal whether there are many invasive or weedy seeds in the soil.  The assemblage of seeds  deeper in the soil may provide information about former plant communities.  If a seed bank study reveals that there are very few desirable or native seeds, adding soil, seeds or juvenile plants might be necessary for full restoration.

The seed bank in wetlands is often important because seeds can persist for tens to hundreds of years under stable, wet conditions.  Wetlands are also highly variable environments; water levels and plant communities change from year to year, allowing different seeds to germinate.  Wetland restoration is undertaken both with and without deliberate plantings, depending on the goals of the restoration and the existing seed bank.  Students could assist restoration planners by assessing the seed bank of an area, before or during restoration.  

2) To assist in the control of agricultural weeds or invasive species. 

Botanists and land managers might investigate the distribution of seeds from a problematic invasive plant.  After identifying the location of an invasive plant, students could collect soils at increasing distances from the “mother” plants.  An understanding of the abundance, dispersal and germination requirements of an invasive plant’s seeds may assist in the control of this plant.

Farmers may be interested in how or why the number of weeds varies across their field.  Are there more seeds closer to a road or closer to a neighboring forest?  Are there as many seeds in a cultivated field as in a neighboring abandoned field?  Students could evaluate whether environmental factors promote the growth of weed seeds by placing the soil under different germination conditions.  For example, students could simulate the effect of a plowing by measuring the germination in soil after manipulating light levels or adding a layer of potting soil.

3) To understand, document and protect biodiversity. 

Despite the importance of seeds for the maintenance of plant communities, seed banks are an often-overlooked aspect of biodiversity.  The amount and the type of vegetation will influence the number of seeds in the soil, but land management practices could degrade the seed bank.  Students could compare the seed bank of different habitats, along a transect within a habitat or at different soil depths.  Monitoring biodiversity can help identify trends or potential threats to conservation.  A seed bank study could assess seed diversity along a human disturbance gradient, e.g., from a human altered edge of a wetland to a more intact area.  Classes could compare their results to past student projects and assess how seed diversity changes over time.  

After 3-4 weeks students should be able to count the different types of seedlings without identifying the plant species, thus providing a rough estimate of seed bank diversity.  As the seedlings mature they will become easier to identify.  A more advanced class might be interested in comparing the types of plants present in the vegetation with those present in the seed bank.  In some habitats, the species present in the seed bank represent the species that will regenerate after a disturbance. Thus seed bank studies can help us answer questions related to plant community change and succession.

National Science Education Standards
Abilities necessary to do scientific inquiry:

· Identify questions and concepts that guide scientific investigations.

· Design and conduct scientific investigations use technology and mathematics to improve investigations

· Formulate and revise scientific explanations and models using logic and evidence. 

Biological evolution:
· Species evolve over time. Evolution is the consequence of the interactions of (1) the potential for a species to increase its numbers, (2) the genetic variability of offspring due to mutation and recombination of genes, (3) a finite supply of the resources required for life, and (4) the ensuing selection by the environment of those offspring better able to survive and leave offspring. 

· The great diversity of organisms is the result of more than 3.5 billion years of evolution that has filled every available niche with life forms. 

The interdependence of organisms:

· Organisms both cooperate and compete in ecosystems. The interrelationships and interdependencies of these organisms may generate ecosystems that are stable for hundreds or thousands of years. 

· Living organisms have the capacity to produce populations of infinite size, but environments and resources are finite. This fundamental tension has profound effects on the interactions between organisms. 

· Human beings live within the world's ecosystems. Increasingly, humans modify ecosystems as a result of population growth, technology, and consumption. Human destruction of habitats through direct harvesting, pollution, atmospheric changes, and other factors is threatening current global stability, and if not addressed, ecosystems will be irreversibly affected. 

Assessment Strategy 

Students can be easily assessed via their project worksheet.  If time is available, a preliminary discussion of their experimental plan, and a final discussion/presentation of their results will help students communicate and improve their ideas and allow further evaluation.  Depending on the course goals, assessment could emphasize content knowledge or the use of scientific methods.  Several questions should guide assessment of students’ science process skills.

· Were students able to identify a testable question and articulate an ecologically reasonable hypothesis?

· Do their methods match their stated research question and hypothesis?

· Were they able to graph and interpret their results?

· Is their conclusion consistent with their data?

· Were students able to connect their results to the dynamics of the larger ecosystem?

Teaching Tips

Developing a research question

For most classes, teachers should choose a single area, habitat or issue as a context for student work.  Some suggestions are provided in the real life application section above; however, students could also generate many interesting questions that focus exclusively on their school grounds.  Depending on the class and time available, students could develop a diverse range of research questions and deviate from the protocol and data sheets presented.  Alternatively, the whole class could work towards a single objective, minimizing the time needed to develop small group projects.  For example, the class could investigate how seed bank diversity varies in relation to the type of landscaping; each group could select and compare two areas within the schoolyard.  

Students should discuss, as a whole class or in small groups, how to set up a comparison that is appropriate for a particular question.  Students will need help putting their question into an ecological context that leads to a hypothesis.  Emphasis should be placed on the reasoning behind a hypothesis.  Encourage students to think about where the seeds in the soil might come from, the type of plants producing the seeds (nearby weedy plants that produce lots of seeds or less prolific woody plants), whether seeds might accumulate in a particular spot (e.g., a low area that receives run-off), and whether management practices might inhibit seed production or seed survival (e.g., mowing grass before it produces seed).  Beware that natural systems are highly variable and many logical hypotheses will be proven incorrect!  As students develop their experimental plan, the teacher should ensure that students are testing only one factor at a time and other variables are as controlled as possible.  
Soil collection methods

Most seeds naturally germinate in the spring; therefore collecting and assaying soil samples in the spring should yield the best results.  If needed, soil samples can be gathered weeks or months before actually conducting the seed bank assay.  Soil should be stored in ziplock bags in the refrigerator.  This “cold treatment” is a variable that should be controlled within a single experiment.

Soil collection is relatively easy and thus can be combined with other investigations during a field trip.  Ideally, each group should collect soil from a 20cm x 20 cm square, allowing seed abundance to be reported on a per area basis (per 400cm2).  Alternatively, if students have not yet planned their seed bank experiment, a larger amount of soil could be collected from several places for the whole class to use.  Soil should not be gathered from a deep hole because soil or litter from the top 2-6 cm typically contains the most seeds.  During the experimental design phase students should decide which soils to use for their own study and then measure out a standard volume of soil.  In this case, seed abundance will be reported as seeds per cm3 of soil.  Pictures and field notes of each collection site should be used to remind students about the habitat and the plant community.

Seed germination methods

Maintaining soils under ideal conditions, with adequate moisture, high levels of light and moderate temperatures (60-70F), should trigger the germination of most seeds.  This standard procedure can be modified to allow a student to test the influence of different germination conditions.  Growth trays should receive direct light from a sunny window or a grow lamp.  During warmer months, trays could be placed outside if a classroom window does not receive direct sunlight.  Soil moisture should be monitored every day because the soils will dry out quickly, inhibiting the growth of some seeds.  Soil samples and growth trays should be tested in advance in order to uncover any potential problems.  Too little light or moisture could prevent most seeds from germinating!

Data analysis

Let students grapple with how to best analyze their results.  Some may choose to look at the number of seedlings over time, particularly if some seedlings germinated and then died.  Other students will just look at the final number of seedlings or plant “types”.  Beware that the total number of seedlings is probably lower then the actual number of viable seeds in the soil because our methods may not trigger the germination of all species.

Some of the most interesting results will emerge when students compare their own observations with those of the rest of the class.  A data table drawn on the board or projected from a computer will allow students to identify patterns.  Below is a sample data table for a project that compared different areas of the school grounds.  Either the total number of germinated seeds or the number of seed types could be reported in this table.  Experiments using similar soils and growth conditions can be listed and averaged within a single box.

	Location on School Grounds

	Growth conditions
	Mowed grass
	Un-managed grass
	Forested area
	Wet, poorly drained area
	Roadside ditch

	Standard (full light, moist soil) 
	
	
	
	
	

	Low light
	
	
	
	
	

	Saturated soils
	
	
	
	
	

	Other?
	
	
	
	
	


This material was developed through the Cornell Science Inquiry Partnership program (http://csip.cornell.edu), with support from the National Science Foundation’s Graduate Teaching Fellows in K-12 Education (GK-12) program (DGE # 0231913 and # 9979516) and Cornell University. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the NSF.

Vocabulary:


Seed bank:  Seeds in the soil that are dormant but will germinate under the right conditions.


Germination:  Process by which a seedling emerges from a seed.


Dormant seeds: Seeds that are in a resting state, waiting for specific germination cues.


Germination cues: Environmental conditions that stimulate germination of a particular seed.


Invasive species: a species that grows aggressively or is likely to cause economic or environmental harm. The species could be native or non-native.


Seed persistence:  The length of time that seeds remain viable and able to germinate.
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