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Why Save Seeds?

Create New Varieties Adapted to Your Conditions

Simply save seeds from all the plants which do well in your own garden each
year, and your seed collection will begin to adapt to your local conditions and
gardening habits.

Using a few basic rules and some common sense, you can help this process
along—and even use it to create new varieties specially adapted to your own
gardening conditions and culinary tastes.

Read more: Breeding Mew Varieties

Save Money

Seed prices have risen steadily in recent years, at the same time as the number
of seeds in @ packet has fallen—often there are as few as 25 seeds in a packet
of commercial seeds.

You can save your own seeds for free, usually, and you can save as many seeds
as you like. You can easily save enough seeds to have plenty for sharing with
friends and other gardeners in local or online seed exchanges. Trading with
friends can greatly increase the number of different varieties you can
enjoy—without spending a cent!

Help Preserve Heirloom Seeds’ Genetic Diversity

During the 1900's we experienced a startling drop in the number of heirloom
varieties—because gardeners stopped saving and trading their own seeds. When
we rely on commercial seed companies, any seeds that sell slowly simply get
dropped from production and disappear.

This loss of varieties translates into lower genetic variability in our food plants.
Lower variability means lower adaptability to stresses such as disease or climate
change. Each time a seed variety is lost, we lose another chance to feed
ourselves in a world of changing climate and shrinking resources.

Read more: Saving Heirloom Seeds

Your Own Breeding Goals vs. Agribiz' Breeding Goals
Home gardeners are interested in:
plants that are easy to care for, and; taste great.

Commercial breeders focus on a very different set of traits:
shipping quality (i.e., harder fruits and vegetables), and;
the ability to be stored for long periods (lowering nutrition and taste
for the convenience of Commerce).

GMO's and Loss of Food Plants' Adapability
As scientists isolate and then 'splice’ genes for pest resistance into food plants
from wild relatives, an unexpected error occurs.

Wild plants resist insect pests through several natural defense mechanisms
acting in cooperation. When these defensive genes are spliced into plants
one-at-a-time, the synergistic effect of several genetic defenses working
together is lost.

Pests are often able to overcame the defenses of the individual genes in under
a decade—after which those genes become useless for further
protection.




Seed Saving is Satisfying and Easy

Lastly—even while it's easy and takes little time—saving your own seeds is deeply
satisfying. Watching your seeds grow and mature from flower to seed lets you
connect deeply with Nature's cycles and seasons. Knowing Ao to produce the
seeds that you will use to plant your garden each year creates feelings of
self-reliance and empowerment.

How to Grow Healthy Seeds

Characteristics of Healthy Seeds

To grow the healthiest, most vigorous plants, you must start with healthy,
robust seeds.

Important characteristics of healthy seeds include:

Viability—what percentage of a batch of seeds will germinate?
Vigor—how vigorous are the seedlings produced?

Size—are the seeds large and fully formed?

Maturity—did the seeds have what they needed to mature fully?

All these characteristics affect each other—none stands alone. Each is a
different way of measuring a seed's ability to survive and grow under normal
conditions.

Viability and Vigor

Viability refers to the germination rate, which is the percentage of a batch of
seeds that germinates under ideal conditions. Vigor refers to the strength of
growth of seeds once they have sprouted.

Viability and vigor are not separable—seeds which will sprout under ideal
conditions must have enough vigor to emerge from the soil, or they cannot be
considered viable under field conditions.

Size and Maturity

Size and maturity are also important, and inseparable from viability and vigor.
The relative size and maturity of seeds relates directly to their survivability
when planted—for highest viability and vigor, seeds must be large and fully
mature. Large, mature seeds have more stored food to nourish the seeds
once they have sprouted, and produce strong, vigorous seedlings which have
a better chance of surviving and thriving under field conditions.

It is best to allow seeds to ripen to full maturity before they are
harvested—mature seeds have higher germination and survival rates than
seeds harvested at an immature stage. This is because of natural metabolic
and cellular changes the seeds undergo as they mature, in preparation for
dormancy.

Healthy Plants Make Healthy Seeds

The health of your seeds begins with the plants that produce them. Seed
producing plants should be robust and disease-free. Strong, healthy plants
produce healthy seeds and seedlings that are larger, more-viable and
more-vigorous than seedlings produced by weak, diseased, drought-stressed or
chronically-hungry plants. Small or misshapen seeds are shorter-lived under
storage conditions than larger, better-formed seeds.

Small seeds contain less stored food to help them emerge from the soil and
produce healthy seedlings. Although small seeds may show as high an initial
germination rate as larger seeds wnder ideal conditions, they may lack the
strength to emerge from the socil—particularly under less-than-ideal field
conditions.

Purposely Stressing Plants to Force Adaptation

Sometimes plants are deliberately stressed early in their lives for the purpose of
accelerating 'natural' selection. However, these stresses should be removed as
much as possible as flowering time approaches in order to allow healthy seeds to
form and develop.

In an extreme case you might even stress your plants to the point where even the
well adapted ones make small, starved seeds (i.e., for faster results). In this case
plan on treating the seeds more carefully during planting and germination, and
replant them every year as both their viability (ability to survive storage and
germinate) and'their vigor (ability to survive after germination) will be
compromised.

See Breeding Mew Varieties in this guide for more on creating new varieties
better adapted to your own gardening style, conditions or goals. Or—for a really
thorough treatment of the subject—get Carol Deppe's book Breed Your Own
Wegetable Varieties: The Gardener's & Farmer's Guide to Plant Breeding & Seed
Saving.



Remove Diseased Plants

Parent plants' health is not only important to the health of the seeds they
produce, but can affect succeeding generations as well. Diseased plants pass
disease pathogens to new plants through their seeds (see Treating Seeds for
Viability and Disease Contral).

Do not allow diseased plants to produce seeds; remove them from the growing
area {and dispose of them by hot-composting or burning) so they don't pass their
diseases on to their seeds or infect healthy plants.

Early Seed Formation

The period of time when your plants are first beginning to flower is especially
important to final seed viability. Plants should be strong, healthy and minimally
stressed during early seed formation and development. Give seed-producing
plants plenty of water, light and fertilizer early in their lives, so that they are
strong and healthy when flowering commences.

Watering During Seed Formation

Sufficient moisture at flowering time is particularly important to successful pollen
development and flower set. Too little water during flower initiation and early
seed development lowers seed yields, and can even hurt the health and vigor of
your finished seeds and seedlings.

Conversely, though, dry conditions are preferable during the latter stages of seed
maturation, when seeds have formed and are drying in preparation for dormancy
(see Seed Maturation, below).

Seed Maturation

During seed maturation, warm (802 to 959F), dry conditions are maost favorable
to the final vigor, viability and storage life of your finished seeds (see note on
seed initiation, above).

Wetting mature seeds slows their natural process of preparing for dormancy,
extending the time during which their stored food reserves must be used for
respiration. This lowers the seeds' final dry weight and shortens their storage life.

Repeated wetting and drying of mature seeds on the plant delays dormancy
excessively, and can also damage seeds due to alternate swelling and shrinking
of seed tissues. If they are left on the plant during rainy periods, seeds may even
mold or mildew in their pods or husks. For these reasons, it is best to harvest
your seeds and bring them inside for final drying as soon as they are fully mature
and dry—especially if rains threaten (see Harvesting and Cleaning Seeds).




Over-Wintering Biennial Plants

Biennial plants—such as collards, kale and chard for example—grow to maturity
during one year, and then produce seeds early in their second year of growth. In
areas where winters are mild, collecting seeds from biennial plants is not a
problem. In colder northern climes, however, biennial plants may need some
winter protection in order to survive harsh winters and produce seeds.

A variety of means can be used to assist biennial plants in making it through harsh
winters. In intermediate areas, biennials can be grown in cold frames [unheated,
plastic- or glass-covered enclosures) that offer protection against the harshest
weather. Greenhouses can also be used, though greenhouse space is usually
limited and most biennials need exposure to a period of freezing weather in winter
to properly mature. A thick mulch applied after plants freeze back will probably
suffice in all but the most extreme winter climates.

Heeling In

Another way to over-winter biennial plants in extreme climates is to dig them
when extremely cold weather begins, and 'heel them in' over winter in damp sand
or peat. Many biennial plants—since they are typically accustomed to becoming
dormant over winter—will keep safely during the coldest months in this way.

Dig plants to be heeled in with an adequate root ball, and remove all but the
smallest leaves and the finer branches to keep moisture loss to a minimum. Then
bury the plants in moist sand, peat moss, sawdust or other relatively inert
material, leaving just the crowns of the plants exposed (since the crowns are likely
to rot if left buried). A tent of plastic sheeting will help protect the crowns against
drying out during their storage.

Keep the container with the heeled-in plants somewhere temperatures will hover
around freezing (a little freezing is acceptable for hardy plants). Keep the stored
plants from hard freezes or from becoming dry or warm (if they get too warm
they'll resprout prematurely).

When early spring comes and temperatures are likely to stay above 282 F or so,
remove the plants from their storage places and plant them in containers. Then
store the newly replanted plants in a protected spot to harden off (become
accustomed to outdoor conditions) for two or three weeks before planting in the
garden. If you prefer to plant the over-wintered plants directly in the garden
where they will grow, it is a good idea to provide some protection from wind and
full sun for at least a couple weeks. This gives the tender plants a chance to
establish new roots and leaves before being exposed to harsh outdoor conditions.

Trust Your Own Experience
All the above having been said, use your own experience as a final guide. If you've
had biennial plants (such as carrots or cabbages, broccoli, etc.) over-winter and

flower in your garden, then all you may need for safe over-wintering is a little
extra mulch. Most biennial plants will over-winter reasonably well in at least the
southern half of the U.S, If you live in the northern half of the U.S. or at high
altitude, use your own experience {or experiment!) to determine the level of
protection your biennial plants will need to over-winter successfully.




Saving Heirloom Seeds: Guidelines

Different Techniques for Different Goals

What counts as 'goed' seed saving practice is very different depending on
whether you want to:

create varieties adapted to your own gardening style and tastes; or preserve a
variety's genetic makeup.

This chapter will tell you how to preserve an heirloom variety in its eriginal
genetic makeup. This is very different from growing seeds for adaptation to your
personal gardening climate, tastes and/or habits.

Saving Seeds for Your Own Garden

If you want to save seeds to plant in your own garden, changes can be desirable.
Many creative factors come into play as you choose which plants to allow to
produce seeds, and which of those to harvest from when their seeds are mature.

For more on how to save seeds that adapt to your own garden, see also
Breeding Mew Varieties.

Saving Seeds for Heirloom Preservation

When you grow seeds to presernve a variety, on the other hand, much greater
care is required since your geal is to ensure that althe variety's genes are
transmitted from each generation to the next—any changes to an heirloom
variety are undesirable from a preservation standpoint.

The goal when you save heirloom seeds for preservation is to prevent any type
of loss or change due to outside influence (such as crossing by other varieties, or
adapting to your local gardening conditions). You want to preserve both the
entire range of genetic traits, as well as the original balance of traits. Any
selection for or against any of the variety's traits would result in a change in the
variety's overall genetic composition.

In Preservation, All Plants are Equal

In practical terms, this means that for conservation purposes you want to:
nurture every plant into maturity (except for diseased or clearly off-type plants);
and save equal amounts of seed from each plant.

These two practices together help to minimize genetic loss due to plants that
perform poorly in pour garden—they might be another gardener's best
performers!

How to Preserve a Variety's Genetic Makeup

There are many ways you can accidentally change an heirloom variety—some
obvious, others more subtle. To successfully grow an heirloom variety for
preservation, it helps to grow, harvest, process and store your seeds with care
and a good understanding of their health needs.

Of course, you must also keep them from mixing or 'crossing' with other
varieties—which would ruin the batch of seeds for preservation purposes.

Avoid Genetic Loss Caused by Growing Practices

Here are some of the ways you can accidentally change a variety as a result of
the wray it is grown:

PFlants intolerant of your particular growing conditions might die or produce few or
no seeds—lowering their genes' representation in the variety's gene pool (see -
Avoid Unconscious Selection).

Flants can be cross-pollinated by other varieties, resulting in permanent mixing of
their genes (see * Avoiding Cross-Pollination). Even simply growing too few plants
can make a seed batch's gene pool too small, weakening that population of seeds
permanently (see - How To Avoid Inbreeding Depression in Corn, for example).

Most Plants Require Protection for Purity

Most vegetable (and flower) varieties must be kept protected, or 'isolated,’ from
other similar varieties (i.e., same species) during flowering to avoid
cross-pollinating the plants and mixing their genes. Seeds saved from plants that
have been cross-pollinated by other varieties do not reproduce true-to-type.
Instead, cross-pollinated seeds produce plants with an unpredictable mix of traits
from both varieties.

Crossing is not always undesirable if you enjoy experimenting (see Genetics and
Flant Breeding). Once crossed, however, the original set of genes is permanently
altered, and the original variety lost (unless there are other seeds of the variety
growing elsewhere). For preservation purposes, cross-pollination between
crossable varieties must be prevented by physically isolating the varieties from
each other.

Plan Ahead to Avoid Cross-Pollination

Carefully plan your garden at planting time to avoid cross-pollinating heirloom
varieties. Before planning your garden's layout, study the isolation requirements
and means of pollination of the plants you will grow for seed (see Details for
Saving Seeds from Common Vegetables and Plant Isolation Distances).

Plan your garden to give plants the room they need to avoid crossing, to allow
room for caging, etc. Remember—even if you are not saving



seed from a particular variety, it may still pollinate other plants that you are
growing for seed. A little time spent laying out your garden before planting can
save time and effort later—and can make the difference between producing pure
seeds or crossed ones.

Not All Plants Will Cross

Happily, some vegetable varieties are exclusively self-pollinating and can be grown
with virtually no danger of crossing. These plants include beans, cowpeas and
tomatoes. Producing genetically pure seeds from these plants is as easy as
growing the plants and harvesting their seeds at the appropriate time (in the case
of tomatoes, see Why Ferment Some Seeds?).

Plant different varieties of these plants far enough apart to avoid mixing them up
at harvest time, however (an especially good idea with vining plants).

Prevent Inbreeding Depression

Collecting seeds from too few parents can damage a variety's genetic base,
weakening the variety seriously (called "inbreeding depression™). Since no
individual plant can contain all the genes belonging to a variety (except in the case
of clones), some minimum number of plants is needed in order to maintain the
diversity and vigor of the variety. In general, the larger the number of plants
growin together, the healthier the population will be in the long term.

How Many Plants Do You Need?

The exact number of plants you have to grow to keep a variety healthy depends
on the plant. One important question is: How variable are the individual plants
within the variety? Highly variable varieties need larger populations to preserve
their genetic base than are needed by more uniform varieties.

Self-Pollinating Varieties Need the Fewest Plants

Another factor governing healthy population size is fow pollination is accomplished
by the variety. For self pollinated plants such as tomatoes or beans, just a few
plants will suffice since these plants do not have to be cross-pollinated to produce
seeds. Even self-pollinating plants, however, rely on a small amount of crossing
(typically 2% to 5% per year) to reinvigorate seed populations, and can lose vigor
if too small a number of plants are grown for too many seasons in a row.

Varieties That Are Both Self- and Cross-Pollinating

Plants that are both self-pollinated and cross-pollinated, such as peppers and
lettuces, also do not rely completely on cross-pollination—these varieties can
maintain their vigor with a relatively small number of parent plants (maybe 5 or
10). Larger plantings grown every second or third year help to reintroduce genetic
variability and keep the population healthy. Again though, the best practice is
simply to allow as many plants to produce seed each year as is practical for your
circumstances.

Corn Needs 100+ Plants

A plant known to need a particularly large parent population for long-term breeding
health is corn. Corn needs at least 100 parent plants to produce healthy see
batches (200 are better). This means that at least 100 ears must be left on their
stalks to mature. If you're growing corn to eat fresh, you'll have to let an ear on
each plant dry on the stalk, or plant extra plants to save seeds from (see How to
Avoid Inbreeding Depression in Corn).

Watch for Genetic Loss During Harvest and Processing

Even after careful planning and adequate growing conditions, loss of genetic
material can result if proper harvesting, cleaning and drying techniques are not
followed.

Losses can occur as a result of:
- allowing seeds to be wetted by rains or irrigation water after they have
begun to dry;
- selective seed collecting habits, i.e., collecting more seeds from plants
that do well in your garden;
* injury during harvest or processing due to such causes as rough
treatment or overheating during drying, etc.

Avoid "Unconscious Selection’

As discussed earlier, the goal of seed preservation (as opposed to seed breeding)
is to conserve a variety's entire range and balance of genetic characteristics. In
practice, this is easier said than done. If you're not careful, it is relatively easy to
reduce or alter a variety's genetic makeup without even noticing that you're doing
so until after permanent changes have already occurred.

Allowing unintended or unnoticed influences to change the genetic composition of a
variety—a common danger in seed preservation efforts—is called 'unconscious
selection.' There are a number of ways this can happen. Accidentally crossing your
variety with another variety is common and fairly obvious. Less obvious are
changes due to unconsciously favering some plants over others because of
personal gardening practices or local climatic conditions.

Unconscious selection can be caused by failure to nurture less-adapted plants into
producing seeds, or by selective seed collection at harvest time (such as taking a
larger number of seeds from plants that perform better in your garden).

Even if unintended, selection for locally-adapted traits will automatically occur if you
save more seed from plants which do better for you (a good idea if you are frying
to change the variety to adapt it to your growing conditions, but notf a good idea
when you're trying to preserve a variety).



If you save proportionally more seed from more successful plants, poorer
performers will start to become under-represented in the seed batches you
produce. The variety begins to adapt to its circumstances, losing characteristics not
suited to your particular conditions (though these characteristics are part of the
variety's genome and may make it beffer suited to growing under other conditions).

Even though choosing traits adapted to your local conditions is part of producing
new, locally adapted strains (see Selecting New Strains from Existing Varieties), it
is not acceptable for preservation purposes. The reason is that plants that don't do
well when grown under your conditions might do fine if grown by another
gardener. They might even be her best performers! It would be a mistake if some
of a variety's genes were lost forever simply because of some peculiarity in your
own climate or gardening habits. Allow selection to take place only when it is your
specific goal to produce locally adapted seeds—but not when you are growing a
variety for genetic conservation purposes.

For these reasons, when growing seeds for preservation always save equal
amounts of seed from each undiseased plant. Saving seeds from eac? plant helps
ensure that all the traits within the variety are preserved; saving egqua/ amounis of
seed from each plant helps ensure that the original balance and range of traits is
preserved.

Use Over-Represented Seeds Productively

Rather than wasting extra seeds produced by plants that do well for you, they can
be saved and treated separately as a locally adapted strain. Keep two seed
batches—one with equal amounts of seed from each plant and another made up
mostly of seeds from your best adapted-plants. This is a good idea, since it results
in both preserving the original variety (all plants) and'in producing a new strain
adapted to your own growing conditions (most-productive plants). After beginning
this process, the two strains would need to be treated as separate varieties and
isolated from each other.

Loss of Genetic Material in Storage

Even after seeds have been properly grown, collected and processed, their genetic
material can still change or be lost in storage. Changes can occur due to the death
of some of the seeds if they are stored for too long a time, or if they are stored
under unfavorable storage conditions (see Storing Your Seeds for Long Life).

Even seeds that survive storage and sprout after planting can suffer loss of genetic
material because of mutations that cccur during long storage. Genetic mutations
increase in frequency as storage time increases. Roots, especially, are susceptible
to loss of vigor in storage due to cellular mutations. Properly dried and kept in
frozen storage, your seeds should remain vigorous in storage for the lengths of
time given in Details for Saving Seeds from Commeon Vegetables.
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Saving Seeds True-to-Type
How to Avoid Cross-Pollination
Flants which can be cross-pollinated by similar varieties are still easy to save if
only one variety of the same species is grown at a time (e.qg., one eggplant or
one pepper). If using this method, however, make sure your neighbors aren't
growing different varieties of the same plant, and that wild varieties of your
plants do not growe in the local area. Queen Anne's Lace is the same species as
the commaon carrot, for instance, and will cross-pollinate your carrots—carrots
you grow from the resulting seeds will not grow true to the variety you started
with.

'Isolate' Seed Plants for Genetic Purity

If you wiant to grow more than one crossable variety of a species at a time and
save genetically pure seed from any of them, you can prevent crossing by
'isolating’ your heirloom varieties from each other. Isolation means to prevent
pollen from different varieties being able to reach each other and
cross-pollinating (i.e., mixing) the varieties.

There are several ways to isolate heirloom varieties:
* plant the varieties far enough apart so that their pollen can't reach
each other;
- grow each variety in separate, screened cages;
- cover individual flowers with bags;
* time plantings so that different varieties are not flowering at the same
time, and so cannot pollinate each other.

Each of these methods is discussed in more detail below.

Seed to Seed

An excellent resource for learning more about techniques for protecting seed
crops is Suzanne Ashworth's excellent book Seed to Seed , available from
American Seed Alliance, an excellent resource for all seed savers.

Distance Isolation

The simplest way to isolate varieties is to plant them far enocugh away from each
other so that cross-pollination is not possible (see Plant Isolation Distances ). The
amount of space needed for safe distance isolation varies for different
plants—and there is always the risk that someone nearby may grow a
cross-pollinating variety, so get to know your gardening neighbors!

Some plants can be protected from crossing by just a small distance, such as
lettuces (25 feet between varieties) and eggplants (50 feet). Others, such as
peppers, stretch the possibility of distance-isolation in the average garden by
requiring 500 feet for safe isolation between varieties. Bee-pollinated plants such
as the cabbage family (collards, broccoli, etc.), squashes and okra require from
1/2; to 1 mile for complete safety—often difficult to accomplish or verify, due

to gardening neighbors. Corn, a wind-pollinated plant, can require a mile or more
for safe distance isolation and members of the Beet Family may need as many as
5 milas!

Many Factors Affect Distance Isolation

The exact distance you'll need to safely isolate a particular crop depends on a
number of factors. Central among these are the type of plant and how it is
pollinated (i.e., wind, insects, self—or a combination of these). Also important are
the particulars of your growing situation including exposure, climate, prevailing
wind patterns and surrounding terrain and vegetation features.

Small Plantings More Sensitive to Crossing

Relative size of plantings has an impact, too. Small plantings are more vulnerable
to foreign pollen (whether carried by wind or insects) than large plantings, since in
a large planting foreign pollen is spread among many more plants. Further, plants
on the edge of a group are more vulnerable to crossing than plants in the middle.
For this reason, whenever a variety is important, collect seed from plants nearest
the center of a planting for greatest purity.

These and many other factors help account for differences between the
distance-isolation figures given by Suzanne Ashworth in Seed to Seed and those
given by the USDA or other authorities (see the Plant Isolation Distances ). While
the USDA figures are based on large plantings, Ms. Ashworth's figures are
better-adapted to the scale of the home gardener.

Trust Your Own Experience

Actual distances which will work for you may have to be determined
experimentally. Until you know that smaller distances are safe for your conditions
and plant varieties, use the larger distances. Caution is especially important with
rare or heirloom plants. If you experiment with smaller isolation distances, use
common varieties instead of rare ones in case of accidental cross-pollination.
Remember that once two varieties have crossed, their genes are inextricably
mixed.

Wind Pollination and Distance Isolation

Distances needed for isolation of wind-pollinated plants varies with your
conditions. Wind patterns and strength, existence of windbreaks, etc., all have an
effect. Wind-pollinated plants grown in wooded, low-wind areas will need much
less distance than the same plants grown in vast, open, windy areas, for instance.
Follen from corn, which is relatively heawy, falls to the ground within a few paces
in a quiet protected spot, but can travel half a mile or more in open, windy areas.
Windbreaks are more effective for plants with heavy pollen like corn, than for
plants with light pollen like beets or lamb's quarters.



Insect Pollination and Distance Isolation

Isolation distances needed by insect-pollinated plants varies according to what
animal or insect is the pollinator, and on how plentiful local nectar and pollen
sources are. In areas where nectar and pollen sources are plentiful, bees and
other pollinators do not have to travel as far in their foraging as in
sparsely-vegetated areas.

If bees are the pollinators, distances needed also depend on which hives collect
from where within your local area. Bee hives are territorial and do not overlap
foraging areas—plants in one hive's territory won't be bee-pollinated by plants in a
neighboring hive's territory. For this reason, distances needed to isolate
bee-pollinated plants in areas with plentiful, diverse vegetation may be a
quarter-mile or less, whereas distances for the same plants in sparsely-vegetated
areas might be a mile or more.

Self Pollination and Distance Isolation

Self-pollinated garden plants' flowers include both male and female parts and are
receptive to their own pollen. This allows them to fertilize themselves. Among
self-pollinating plants, some are exclusively self-pollinated, whereas others can be
fertilized either by themselves or by other plants of the same species.

Self-Pollinators That Need Protection

Self-pellinating plants whose flowers are open during the time pollination takes
place (such as okra or peppers) can either fertilize themselves orbe pollinated by
other plants (and so they do need some protection from crossing). Since they will
self-pollinate, however, they can be caged without worrying about letting insects
into their cages to pollinate them.

If these types of plants are grown out of the wind where bumblebees can't reach
them (i.e., in a greenhouse or coldframe, etc.), it will help to gently jiggle the
plants a time or two per day to mimic the wind and bees. This helps to move the
pollen around within their flowers.

Self-Pollinators That Need No Protection From Crossing

Self-pollinating plants which fertilize themselves before their flowers open (such as
tomatoes and beans) are exclusively self-pollinating. These do not need to be
isolated under normal circumstances, since by the time their flowers open they will
have already pollinated themselves. These plants also benefit from being shaken if
they are grown where wind and/or bumblebees cannot shake their flowers
naturally.

Even plants whose flowers are closed during pellination, however, might
cross-pollinate under certain circumstances. Self-pollinating flowers can be forced
open by hungry insects in areas with few nectar or pollen sources, for instance.

For these reasons even plants which do not normally cross-pollinate may benefit
from protection from nearby varieties of the same species in deserts or other
sparsely-vegetated regions, or if their purity is particularly important.

Time Isolation

When distance isolation is a
problem, caging is too costly
or troublesome, and you're
only growing a couple
varieties in a seasan, you can
use 'time isolation' to prevent
crossing. Time isolation works
with any two varieties that
shed pollen over a limited time
and have sufficiently different
rates of maturation (as usual,
don't forget your gardening neighbors, who may be growing varieties that will
cross with yours).

To use time isolation, plant two similar varieties at staggered times. If properly
times, by the time the later of the two varieties is flowering, the earlier variety will
already have finished flowering and will no longer be producing or receptive to
pollen. Plant the earlier, faster-maturing crop a couple or three weeks before the
later, slower-maturing one. If they are plants which flower over a short time, the
two flowering periods may not overlap at all.

Even if the flowering periods of two crossable varieties overlap a little, time
isolation may still be an option. The secret in this case is to manually prevent
flowers from blooming on both varieties at once. Simply remove late flowers from
the earlier-flowering variety (after seeds have been produced) so that the later
crop can pollinate and set seed without being crossed. Remove flower buds well
before they open, since some varieties open early in the morning. This method
can work well with plants which produce seed over a long season, such as okra.

Caging

If safe isolation distances are not available and time isolation is not suited to the
plant (as for basil with its long flowering period and numerous, small flowers),
‘caging' or 'bagging’ techniques can also be used to insure against crossing. In
caging, plants are protected by cages covered with mesh or fabric. The weave of
the covering must be small enough to prevent passage of insects or pollen
{(depending on whether the plant is insect or wind-pollinated, respectively). Bags
over individual flowers or flower heads can be used for self or wind-pollinating
plants. In this case the bags simply act as tiny 'cages’.



Insect Pollination and Caging

Cages covered with reqular window screen are fine for keeping insects safely
awray from insect-pollinated plants. Use large frames which hold the mesh away
from the plants inside them, sc that insects cannot reach flowers that might
otherwise press against the inside of close-fitting cages. Build the cages large
enough for the plants at maturity, and place them over the plants as soon as they
start to flower {remove any flowers which open before the cages are put into
place).

Caging procedures vary according to whether your plants can self-pollinate (such
as peppers), or whether they are insect-dependent and so actually require
insects for pollination (such as squash or basil). If they are dependent on insects
for pollination, 'alternate day caging' will have to be used.

Alternate-Day Caging

Insect-dependent plants—which actually require insects for pollination—must
hawve their cages removed periodically so that insects can reach their flowers and
pollinate them.

Plant two or three varieties and cover them with separate lightweight cages.
Once every other day (for two varieties) or every three days (for three varieties),
remove the cage from one variety (don't remove cages from any two varieties on
the same day, and replace the removed cage in the evening).

This exposes a different variety to pollinating insects each day, and gives each
variety @ chance to be pollinated every two or three days. Remember, however,
that even removing just one cage at @ time can still allow crossing if your
neighbors are growing plants that will cross yours.

Insect-pollinated plants which are also seffpollinating can be left in their cages
full time and will produce seed.

Wind Pollination and Caging

When using cages to protect wind-pollinated plants from crossing, cover the
cages with a fine-weave fabric (such as spun polyester) that keeps pollen out but
gllows air and sunlight to pass. Grow as many plants as possible inside each cage
for a large genetic base. Shake plants or cages daily to help distribute pollen
inside the cages.

If the plants you're protecting are small and closely-planted, spun polyester or
like material can simply be wrapped around the group and tied at the base to
form a frameless 'cage’. Be sure to thoroughly seal the bottom of the bag with
cotton, leaves or mulch, etc.

Bagging and Hand Pollination

If none of the above isolation techniques are practical for you, or you want to
maintain a high degree of control over which plants pollinate each other, you can
individually hand pollinate flowers or floveer heads and enclose them in cloth or
paper bags. This technique works well with large-flowered plants such as squash
or daylilies.

For more detail on any and all of these technigues, see Suzanne Ashwrorth's book
Seed to Seed.



Breed Your Own Varieties
Create Your Own Varieties!
As a home gardener, you can easily develop new varieties adapted to your tastes
and local climate, or to low-care gardening technigues. Often, all that's needed is
a sharp eye and an idea of what to look for. Productive, low-care food plants are
especially important in these days of changing values, declining resources and
chemical-dependent hybrid food plants.

How to Select a New Strain from an Existing Variety

According to Breed Your Own Vegetable Varieties, the easiest way to create new
plant varieties is by simple 'selection." Selection means allowing onfy plants that
show desirable traitsto produce seeds. If any plants don't show the traits you are
looking for, you prevent them from pollinating the plants you have selected. It's
possible to see changes in your variety the very next season!

Good candidates for selection might show better-than-average productivity under
your gardening conditions, or high drought tolerance, or particularly good taste
for instance. After a few seasons of saving seeds from only plants with the
desired traits, a new strain can be created that is markedly different from the
original variety.

Be careful not to go overboard when deciding which plants will be kept from
reproducing, however—a healthy degree of genetic variability is essential to the
vigor of any breeding population. If you become too selective and reduce the total
number of parent plants to too-low a number, your variety will soon weaken from
loss of genetic variability.

A good idea for maintaining some genetic diversity when selecting new varieties
is to plant some seeds of the original variety in with your newly-selected seeds
each season—especially after a season or two of aggressively developing the
new traits. This will slow the process of creating your new variety over the short
term, but will ensure that your seeds maintain their vigor over the long term
because of having a sufficiently broad range of genetic characteristics.

An interesting example of ensuring continued vigor in a new variety by
occasionally reintroducing some of its original ancestral genetic variability is the
traditional Mexican practice of allowing an occasional teosinte plant (corn's wild
ancestor) to grow among the corn plants in their fields. The campesinos know
that the wild teosinte will add genetic variability, adaptability and vigor to their
domesticated seed stocks.

Advantages and Disadvantages of Selection

The selection process has complementary advantages and disadvantages. Careful
consideration should be given to balancing these influences so as not to cause
damage to a variety's genetic health and diversity.

Selection By Itself Lowers Genetic Diversity

Selection used by itself awapsresults in the loss of genetic material. Without
taking steps to counteract this loss, a selected variety's gene pool will be smaller
and less diverse than the gene pool of the original variety (a gene pool is the sum
total of all the genetic traits contained in the entire population—no one plant will
contain all the genes available to the variety as a whole).

This genetic narrowing may include genes that are useful elsewhere, or under
different growing conditions, or even under your own conditions but in a different
year. The group of plants within your newly selected variety will not have the
genetic ability to respond successfully to as wide & range of situations as the
variety that was started with—ewven though the new variety may be better adapted
to pour situation during a particular growing season.

The reason the new variety's gene pool will be smaller is that the new variety was
formed by subtracting traits from the original variety (by keeping particular plants
from reproducing). The practice of planting a few of the original variety's seeds
with your new selection is one way to help counteract this trend toward genetic
loss.

Ways To Keep Your Selection Genetically Diverse

The above point (i.e., selection narrows the original genetic base) is important to
keep in mind when choosing a starting variety from which to make selections.
Don't start with a variety already overly-refined by earlier selections. Previous
selection means that characteristics will already have been lost that might be
useful under your conditions.

Start With a Diverse Variety

If you can find an older, more variable variety to start with, you'll have a broader
range of potentially-useful characteristics to select from. Greater initial variation
gives you a better chance of finding the adaptations you are looking for, while still
ending up with as genetically diverse a population as possible.

Mix Some of Your Favorite Varieties For a Wider Genetic Base

Another way to keep your new selection from becoming too genetically-narrow is
to grow two or more varieties together for a couple years, and then start selecting
your new strain from the resulting mix.



Advantages of Selection

The main advantage of selection is that plants from your newly selected variety
will more consistently exhibit the traits you prize... good taste, prettier foliage or
flowers, better adaptation to your growing conditions or climate, etc. By
selecting the individual plants in a variety that perform well for you and
discarding those less adapted, you can create a more useful variety from a less
useful one.

Selection vs. Preservation

It is important to remember that selection must be secondary to preservation of
the original genetic material. If you are growing a variety for preservation
specifically, do not select out plants that perform poorly for you. If you do, you
may discard genetic material valuable to someone else under different
conditions.

When a variety is preserved intact, selections can always be made later. Once
selections have been made, however, the genetic material discarded is lost
permanently unless somebody, somewhere is preserving the original variety.
Though completely avoiding loss of some genetic material as a result of local
growing conditions is virtually impossible, for preservation purposes an attempt
is at least made to save all the original traits.

If you want, you can practice both selection and preservation simply by treating
the two batches of seed (preserved and selected) as separate varieties (see
Avoiding Unconscious Selection and Avoiding Cross-Pollination).

How to Make Breeding Selections

To select for local adaptation or other traits, grow your starting variety as usual.
It's best to start with a large planting, to increase your chances of finding
enough individual plants with the traits you are looking for. The plants may even
be planted a little too closely and pruned to allow planting more plants in a
smaller-than-usual area. The primary short-term goal is to identify and save
seeds from as many plants as possible with the hoped-for characteristics.

Actual selection can begin to take place as soon as the plants show desired or
unwanted traits. Allow individual plants to flower and produce seed only if they
share the trait or traits you're looking for. Or, several groups with distinct traits
can be selected and bred into several new varieties. When selecting for more
than one distinct group of traits, of course, best results will come from keeping
the newly-selected groups isolated in subsequent plantings, to allow them to
stabilize into new varieties without cross-pollinating each other.

Be sure to remove unwanted plants before they have had a chance to shed
pollen, or they will contribute unwanted genes to your preferred group of plants.

The maore plants with the desired traits that you allow to breed and produce seed
for succeeding generations, however, the wider (and hence more stable) will be
the genetic base of your new variety.

Finding Selection Material

The best plant varieties to start with show a high degree of variation between
individual plants. Some seed companies (see Plant Breeding Resources) sell
'breeding' varieties which are ideal for the purpose of selecting new strains
because of their genetic variability.

An example of a highly-variable variety would be an old 'Indian corn' that has
multi-colored kernels ranging through reds, blues, yellows, white and black. Older
traditional and heirloom plants often contain more variation than newer varieties,
and wild plants show even greater variation between individuals. Nature is fluid
and ever-changing, so unique traits can be found in any plant population, waiting
to be preserved as new varieties.

'Land races' are another good source for the genetic variability that lends itself to
selection. Land races, which come from a plant's geographical place of origin, are
an intermediate step between wild and domesticated plants. They have never
been inbred into distinct, uniform varieties, and often still interbreed with nearby
wild ancestors. This infusion of wild genes invigorates the domesticated plants
and widens their genetic base.

Forcing Selection for Low-Care Plants

One possible type of selection is aimed at adapting a variety to require less care
under your own specific local growing conditions. This process can be accelerated
by purposely stressing a planting until some percentage of the most-susceptible
plants die or fail to produce seeds. The remaining plants are then better-adapted
to the stressing conditions. Repeating this process for several generations can
produce a variety significantly better adapted to your climate, soil and gardening
habits than the starting variety.

An example of purposeful stressing would be to force for drought-resistance by
letting the most drought-intolerant young plants die of water stress before the
survivors are allowed to grow to maturity and produce seeds. Similar selections
can be made for low fertility, season-extension (i.e., frost-tolerance), etc.

Be sure when stressing plants for selection purposes, however, to allow the
plants time to recover from the stresses and regain some vigor before flowering
starts, in order to insure good, healthy seed crops.

Keep in mind that seeds produced by plants which have been stressed
(purposefully or otherwise) are not likely to live as long in storage as seeds
produced by more robust plants. When stressing plants to produce adapted



seeds, replant the stressed seeds more often than you would plant normal,
healthy seeds of that variety.

Hybridizing and Stabilization

While cross-pollination is to be strictly avoided when growing a variety for
preservation, crossing is not an absolute 'taboo.' Just as traditional Mexican
farmers have learned to naturally hybridize their corn plants with teosinte to
increase vigor, home gardeners can hybridize their own favorite plants to increase
the vigor and diversity of their seed stocks. By allowing varieties to 'hybridize' or
cross-pollinate, new populations with more diverse gene pools are produced. The
hybridized, highly-variable varieties that result can then be regrown for several
generations in order to select from and stabilize them into new open-pollinated
varieties that breed true-to-type.

Again, however, don't practice hybridization with rare heirloom varieties in need
of preservation! Use only varieties with plentiful sources, or first create a good
quantity of seed grown specifically for preservation purposes and then experiment
with just a small quantity of those seeds.

How to Create Open-Pollinated Plants from Hybrids

Mew open-pollinated plants can be created by crossing, or 'hybridizing,' two or
more varieties and then simply regrowing the resulting cross normally, until it is
stabilized into a new open-pollinated variety. Hybrid plants can be created by a
variety of means, from very simple to quite complex.

On a very simple level, one or more favorite varieties of plants which will
cross-pollinate (peppers, for example) can be grown together and allowed to
naturally cross. During the first generations a mixed group of characteristics will
be produced. The mixed plants can then either be allowed to continue mixing and
stabilize naturally, or they can be separated into groups that share particular traits
found in the initial crossings.

Another simple way to work with hybrids for selection and stabilization is simply to
plant your favorite commercial hybrid variety(ies) and allow them to produce
seeds. Then collect and replant the seeds over several generations, selecting for
desired traits or allowing the plants to blend naturally. In this way you can
stabilize news, open-pollinated varieties with unigue combinations of traits, and no
longer have to rely on the original hybrid variety.

Creating and Stabilizing 'F2' Hybrids

0On a more technical level, 'F1' (conventional 'hybrid') plants can be produced by
hand-pollinating a female of one variety with a male of another variety (or even
two plants from different, but closely related, species). The female is then
gllowed to produce seeds while being kept from crossing with any other plants.
This controlled method produces very specific, reproducible hybrid crosses (this
is how commercial hybrids are produced). Varying levels of care and difficulty are
involved, each beyond the scope of this handbook.

F1 hybrids are usually produced from two distinctly different, open-pollinated
parent varieties. While the resulting first-generation hybrid offspring (the 'F1'
generation)} are outwardly uniform, each F1 plant actually contains great genetic
diversity.

When these F1 offspring mature and produce seeds, very diverse 'packages' of
genes are mixed to create the second (F2) generation. Unlike the
apparently-uniform F1 generation, the F2 generation will show a wide range of
different physical characteristics.

F2 hybrid seeds are not 'stabilized' into varieties, however, and so do not reliably
reproduce true-to-type offspring. Stabilization is achieved by replanting for
several generations and selecting (if desired) for desirable traits as described
gbove. Remember to segregate plant groups chosen to form new varieties, to
allows them to breed only with each other. In this way the new, selected-for traits
stabilize and will be reproduced consistently by subsequent generations.

You've created a new variety adapted to your own, local gardening conditions
and cooking tastes!

Learn More

To learn more about breeding new vegetable or flower varieties right in your
own garden, read Carol Deppe's excellent book Breed Your Own Vegetable
Varieties: The Gardener's & Farmer's Guide to Plant Breeding & Seed Saving.



Seed Isolation Distances
Using Distance to Keep Seeds from Crossing
Perhaps the easiest way to keep similar varieties from crossing is simply to plant
similar varieties far enough apart that their pollen cannot reach each other (called
"distance isolation"). Distance isolation requires no equipment or special skills, but
it does rely on your having a geed idea of who is growing what in your immediate
area (not always possible).

Which Distance Figures to Use?

Looking at the table below, you'll notice that there are two different columns of
figures given for safe distance isolation. The first column shows the distances
given by Suzanne Ashworth in her excellent book on seed saving, Seed to Seed.
The second column gives the same figures as specified by the United States
Department of Agriculture.

Purity vs Ease and Practicality

As you can see, Ashworth's distances are significantly larger than those given by
the USDA... there are at least two reasons for this difference. The first reason is
that Ashworth is concerned with keeping seed samples very pure, which involves
preventing any possibility of crossing with different varieties. In fact, the USDA
uses several 'grades' of quality of seeds' genetic purity, and does use much
greater distances for the higher grades.

In general, the distances given by the USDA will be sufficient to prevent most
crossing. The home gardener can easily weed out the occasional plant that does
not grow true to type, or even take advantage of the crossing to possibly discover
@ new variety that they'll like even better than the original.

Size of Planting Affects Distances Needed

A second reason for the differences in recommended distances is that the USDA
addresses mostly commerdcial seed growers growing extensive plantings of the
same variety. In very large plantings, almost all undesired crossing happens
around the edges of the planting—in fact the highest grades of certified
genetically-pure seed are taken from the centers of large plantings (at specified
distances from edges), and the outsides used for lesser, commercial grades of
seed.

Ashworth's figures are aimed toward home gardeners, whose seed crops may be
composed of just a few plants left to seed after the main harvest of food has
been made.

How a Plant is Pollinated Matters

The way a given plant is pollinated makes a difference as to distances needed,
too. Wind pollinated plants will need more room on an open plain than they would
need in forested areas or in cities where trees and/or buildings help block winds.
Bee pollinated plants may need more room in arid lands where bees must travel
farther to forage for nectar than bees in more densely-vegetated areas. In actual
practice, many factors can combine to change the distances needed for safe
true-to-type seed saving.

Experiment and Observe
The most practical thing for most home gardeners will be to use a blend of the
recommended distances, considering such factors as:

s |level of purity desired;

» size of plantings involved;

» whether you've had problems in the past with similar crops;

+ howr pollination is effected (i.e., by wind, insects, etc.);
...and so on. After a few seasons' practice and experimentation you'll have a good
feel for the different factors invalved and for how picky you feel you need to be in
order to get satisfactory results. Remember, the enormous variety of seed
varieties that have been developed over the millennia relied to a great extent on
accidental (or purposeful) crossing of different varieties, with the resulting plants
selected for the traits that make them most successful in a given area or for a
given purpose or taste. Experimenting can be a large part of the fun!




Amaranth

Amaranthus spp.

Amaranth is self-pollinating, but will also cross-pollinate (possibly even between
different species). Further, wild amaranths are commen in most areas
worldwide. Individual heads can be bagged to allow growing several varieties in
proximity or to ensure that wild plants don't cross the plants you're growing.
From %z mile (green amaranths) to two miles (grain amaranths) are needed for
reliable distance isolation.

Grain amaranths may need support to keep the plants from falling over as they
mature because of their large, heavy seed heads. Collect the seed heads as they
dry on the plants and store in closed paper bags to finish drying (many of the
seeds will shed naturally). Don't let the seed heads get wet after they dry. Chaff
easily blows away after seed heads are crumbled—watch for thorns or prickles
in some plants!

If germination is slows, lightly stir the soil's surface... amaranth seeds need some
sunlight after a period of darkness to germinate. This trait adapts them to
disturbed or overturned soil, hence one of their common names, "pigweed,"
so-called because they would germinate in hordes in an area after pigs had
passed and turned the soil, exposing their seeds to the light so they could
germinate.

Cut seed heads when they are becoming dry and hang them upside-down in
large paper bags or over tarps to collect the tiny seeds. The dried heads can
easily be crumbled in the hands and the chaff gently blown away if you're in a
hurry.

Amaranth seeds can last for many years if properly stored, and can sprout in the
garden even after several years in the soil.

Arugula

Eruca sativa

Arugula is self-sterile—insects must be able to reach the flowers of different
plants for pollination to occur. Different varieties of arugula will cross each other
and must be separated by ¥2 mile for safe distance isolation. Arugula will not
cross other members of the Cabbage Family.

To save seeds from arugula, leave plants in the ground to overwinter after
harvesting leaves for eating during the growing season. As with any member of
the Cabbage Family, allow seeds to ripen and dry on the plant in the spring—but
do not leave for long after they are dry or the pods will shatter and the seeds
disperse—arugula pods are thin-walled, and shatter quickly after drying.

This trait of readily throwing seed suggests that arugula may be recently
domesticated, since long-domesticated plants tend to hold their seeds for a
longer time after maturing Seeds from plants that release their seeds early
failed to be collected and replanted when agriculture started, thus genetically
favoring those plants which hold onto their seeds for a longer time after
maturing.

Arugula seeds will last for 4 or more years if properly stored. See also Cabbage
Family.

Basil

Ocimum basilicum

Basil relies on insects for pollination, but can be reliably isolated by as little as
150 feet since most of the pollinating insects are small and don't travel far.
Different basil varieties will cross each other.

Harvest seed heads as they dry and allow to finish drying in a warm, dry spot.
Seeds are easily removed by crumbling the dried flower heads and then
blowing away the chaff. You can practice over a plastic sheet at first until you
get the hang of it.

Plants cut back after harvest will grow another set of leaves for harvest—and
even produce seeds again—if your season is long and hot. A branch or two of
each plant can easily be left to go to seed while collecting leaves for cooking
with from the rest of the plant.

Basil seeds will last up to 5 years if properly stored.

Beans

Phaseolus spp.

Beans are self-pollinated, and different bean varieties do not commonly
cross-pollinate each other. Similarly colored varieties should be separated by
enough distance to keep the vines from intertwining, to make them easy to
distinguish at harvest. Allow pods to dry on the vines before picking and
shelling, then finish drying the beans in a dry spot.

If you're eating your beans green, allow just one or two pods per plant to
remain and mature for seed... too many pods maturing on an individual plant
will cause it to stop setting more beans and concentrate on maturing the ones it
has.

Pick beans for seed after the pods are ripe and have dried on the plants. Don't
allows dried pods to get rained on as the beans may quickly mildew or sprout in
their pods. When very dry many pods will split on their own to drop their seeds;



the rest can be easily crumbled in the hands and the finer chaff blown away after
remaving the big pieces. Finish drying the beans in a dry spot indoors or under
cover.

Bean seeds, properly dried and stored, will keep for 4 years.

Bean Family

Leguminosae

Members of the Bean Family are self-pollinating and crossing is uncormmon, but
rare varieties can be separated by 100 feet to insure purity.

In most cases, saving bean seeds is as simple as waiting for the pods to dry on the
vine, collecting the seeds, and campletely drying them before storing in jars.

Separate different bean plantings by enough distance to avoid having their vines
intertwine, however, or harvesting can become troublesome with similarly-colored
varieties.

A danger with members of the Bean Family is late summer rains, which can
moisten seeds drying in their pods while still on the vine. Too much moisture
during seed maturation lowers the viability and storage life of the finished seeds,
and can even cause them to sprout or mildew while still on the vine. Pick mature,
dry pods every day or twa and don't save seeds which have been wetted by rains.

Bean and cowpea seeds, properly dried and stored, will keep for 4 years.

The Bean Family includes the following species:
* Cicer arietinum: garbanzo beans, chickpeas.
* Dolichos lablab: purple hyacinth bean, lablab.
* Glycine max: soybean.
* Lens culinaris: lentil.
* Phaseolus acutifolius: tepary beans.
* Phaseolus limensis: lima beans.
* Phaseolus lunatus: butter beans.
* Phaseolus vulgaris: common bush and pole beans.
* Pisum sativum: garden and edible-podded peas (except cowpeas,
chickpeas), field peas (P. sativum var. arvense).
* Wigna aconitifolia: mat beans, moth beans.
* Vigna angularis: adzuki beans.
* Vigna radiata: mung beans.
* Vigna unguiculata: cowpeas.
* Vigna unguiculata var. sesquipedalis: yardlong beans.
* Vicia faba: fava beans.









































































