
CHAPTER 5
ALL ABOUT GERMINATION

THIS IS WHAT we've been leading up to all along, folks. You saved seeds
to plant in your garden or share with gardening friends. If you can't get
those seeds to germinate, you have invested much time for nothing!
Fortunately, seeds germinate easily if you give them the right
conditions and take steps to overcome whatever dormancies exist. In
this chapter, we focus on seed biology again, looking at all the factors
that influence germination and the special treatments that some seeds
need to allow germination to take place. Then in chapter 6, we get into
the how-to details of sowing seeds and raising healthy seedlings.

Viable seeds sprout and grow vigorously when dormancies are
overcome.

Nature's Exquisite Logic

Nature has planned it all very carefully. A plant species has the
greatest chance of survival if its seeds germinate only at a time and
place that's favorable for the seedlings to survive. Nature helps ensure
this by sending many types of seeds into dormancy before or shortly
after they're dispersed. Dormant seeds won't germinate, even in a
favorable environment. For example, when some woody plants shed



seeds in late summer, those seeds don't germinate right away, even
though conditions are favorable, because the seeds are dormant. This
is smart on the plant's part, because if the seeds did germinate
immediately, the plants would likely suffer winter damage (unless a
gardener covered them with a cold frame or other winter protection).
Usually, subsequent favorable environmental conditions trigger internal
physiological processes in a seed that overcome its dormancy and
enables it to germinate. Sometimes when we save seeds we want to
speed up these processes so we can quickly get our seeds to
germinate and grow.

Each species of plant has its own requirements for germination.
With most annual vegetables, herbs, and flowers, overcoming
dormancy is a simple process. In fact, you won't have to worry about
dormancy much at all in most vegetable seeds and many flower
seeds. One exception is the seeds of peppers and tomatoes, which
will show better germination if they are “cured”: that is, stored dry for at
least 2 months at about 77°F (25°C) before germination. In some
perennial flowers and herbs and most woody species, dormancy is
more complex and requires special treatment, such as exposing the
seeds to a period of cold temperature or scratching the seed coats.
Some species require a combination of treatments in order to prepare
the seeds for germination.

In addition to having dormancy requirements satisfied, seeds need
sufficient moisture and oxygen and the right temperature to germinate.
Seeds of some species may also need light to germinate, whereas for
others, light prevents germination. (Fortunately, the presence or
absence of light makes no difference to seeds of most species.)
Nature takes care of all this in the wild, but you'll have to do it yourself
if you want to germinate seeds in a controlled environment. This is
another reason it's so important that you correctly identify the species
of plant that you're saving seeds from. If you misidentify a plant, the
germination treatments that you follow may be ineffective, which
means no seedlings!

Types of Seed Dormancy



Nature has come up with a couple of different mechanisms for keeping
seeds dormant, and botanists classify them as primary dormancy and
secondary dormancy. Primary-dormancy mechanisms can be external
to the embryo (in the seed coat) or internal to the embryo.

Seed-Coat Dormancy
Seed coats of many types of plants are impermeable to moisture and
oxygen; this characteristic is called hardseededness. Species in the
legume family, along with hollies and some other species, are often
hardseeded. In other seeds, such as cotoneaster, some layers of the
fruit may dry and become additional “seed coats.” Under high moisture
conditions, spinach seeds develop a layer of mucilage that prevents
oxygen from getting to the embryo.

Another type of seed-coat dormancy is caused by the seed coat's
mechanically resisting the swelling of the endosperm, delaying the
uptake of water (imbibition) and interfering with the emergence of the
radicle. This type is present in pecans, peaches, and other stone fruits
and some oaks.

A third type of seed-coat dormancy involves the presence of
chemicals in some seeds that inhibit germination. These chemicals
must be leached out before germination can occur, and sometimes
tough “seed coats,” such as the endocarp in peaches, prevent this
leaching. The juice of some fleshy fruits, such as cucurbits, tomatoes,
apples, citrus, and grapes, also prevents seeds from germinating,
while the hulls of mustard and sweet pea prevent germination in those
species. So if we can scratch, puncture, or otherwise breach the seed
coat to allow water and oxygen to get to the embryo, then we can
overcome seed-coat dormancy. This is called scarification. (See page
58 for more details on how to scarify seeds.)

Embryo Dormancy
Embryo dormancy may be caused by the presence of hormones or
hormonelike substances in seed embryos that inhibit germination.
These inhibitors must be broken down before germination can take
place. This type of dormancy is present in various kinds of tree seeds,
such as some maples, white ash (Fraxinusamericana), apple, and



northern red oak (Quercus rubra). Embryo dormancy may be shallow
(weak), intermediate, or deep (strong).

COMBINED DORMANCY

WHEN TWO OR MORE primary dormancies, such as seed-coat
dormancy and embryo dormancy, are present, the seeds are said to
have combined dormancy. You must treat each dormancy
separately for germination to occur. Many conifers and most other
trees and shrubs in temperate and colder zones display this type of
dormancy. For specifics on overcoming combined dormancy, refer to
the plant entries for trees and shrubs in part 2.

In some plants, such as lilies and peonies, the dormancy is specific
to the epicotyl. The radicle can grow but the epicotyl cannot. Radicle
dormancy, wherein the radicle cannot grow but the epicotyl can, exists
in Trillium and some other herbaceous perennials.

Morphological dormancy refers to a condition in which the embryo is
not mature at the time fruit is shed and needs an afterripening period
to complete growth. This is common in poppy, American holly (Ilex
opaca), cherries, and several types of cold-hardy pines.

Secondary Dormancy
Secondary dormancy results from some treatment to seeds after they
are shed. In other words, the initial dormancy was nonexistent or
broken but the seeds entered a second dormancy. Sometimes
secondary dormancy is induced by the way you handle your seeds
after collecting them. Pine seeds can enter secondary dormancy if
exposed to high temperatures (thermodormancy) and moisture after
they are shed. Trying to germinate seeds of some species at too-high
temperatures can induce a thermodormancy. Those seeds, such as
lettuce, celery, and pansy, will not germinate even when temperatures
return to optimum. The best way to handle this is to avoid trying to



germinate these seeds at too high a temperature. If you have goofed
and induced this type of dormancy, it's best to toss out the seeds and
start over.

Overcoming Seed Dormancy

Nature has evolved elegant mechanisms for overcoming seed
dormancy over millions of years, and the treatments we gardeners
have devised to overcome seed dormancy mimic what happens in
nature. We scarify seeds with sandpaper to imitate the scratching and
scraping of seeds that occur inside a bird's crop. Or we use an acid to
scarify seeds chemically, to mirror what happens to a seed as it
passes through an animal's digestive tract. Stratification is the term for
a prechilling treatment that simulates what seeds naturally undergo as
they rest on or just under the soil surface during winter. Warm
stratification is a re-creation of the conditions that a seed is naturally
subjected to when it's shed with a few weeks of warm weather left in
summer. Nature relies on rain to help wash away seed-coat inhibitors;
we use water soaks instead.

Treatments for Seed-Coat Dormancy
All treatments to overcome seed-coat dormancy are designed to
breach, or scarify, the seed coat. Scarification treatments in some
cases may also be combined with other treatments such as
stratification for best results. Not all scarification treatments work for all
seeds. Remember to consult the plant entries in part 2 to learn about
the proper treatment for overcoming the dormancy of the seeds you've
saved.
COLD-WATER SOAK. Soaking seeds of some hardseeded species in water
at room temperature for 1 to 2 days may be all that's needed to
overcome dormancy. This is quite effective for peas and some other
legumes. Plant them immediately after soaking or set them out to
stratify, according to the species.
HOT-WATER SOAK. To treat seeds with hot water, bring enough water to
cover the seeds to a boil in a saucepan, then remove the pan from the



heat. Put the seeds into the water and leave them there as the water
cools. The hot water softens the seed coats or causes them to crack,
and imbibition occurs as the water cools. Hot-water treatment also
works for seeds that contain some germination inhibitors: the water
leaches out the inhibitors. Seeds of many legumes respond well to hot-
water treatment. Those of honeylocust (Gleditsia triacanthos), black
locust (Robinia pseudoacacia), and some other species will swell and
turn a lighter color when they're ready to be taken out of the water. Put
still-dark seeds back into the water to soak longer, or retreat them with
boiling water to start the process over again. Keep in mind that once
you've soaked seeds in hot water, you need to plant them immediately.
Otherwise, as the seeds dry, dormancy could be reinduced.

BREAKING THE SEED - COAT CODE

IF YOU HAVE SAVED SEEDS of a species that's not covered in part 2 of
this book, you can experiment to try to figure out the right treatment
to break seed-coat dormancy. For some plants, several types of
treatment may be effective. Start with the cold-water soak. If that
doesn't work, try the hot-water soak on a second batch of seeds. If
you still have no success, try another treatment on yet another batch
of seeds. And if you're eventually successful, we'd love to hear
about it!

HOT WIRE OR BORING. Use a heated needle, electric wood-burning tool,
or small drill bit to burn or bore small holes through the seed coats.
Seeds treated this way can be returned to storage for a short time after
treatment. For example, the hardseeded sweet pea (Lathyrus) and
moon-flower (Ipomoea alba) can be burned or bored to admit water.
Just be sure you don't damage the embryo, and take care you don't
leave seeds treated this way in storage too long or they will dry out.
MECHANICAL TREATMENTS. Mechanical scarification is simple, safe, and
used quite often. You can scarify seed coats with a knife or a triangular



file or by rolling seeds between two pieces of sandpaper. Do keep your
enthusiasm in check: Don't cut your finger or puncture the embryo with
that knife! Remember that your goal is to cut through the seed coat
only, to avoid damaging the embryo. Some seeds are best treated in
this manner by cutting through the seed coat at the radicle end of the
seed, near the hilum. Just don't cut the radicle!

Treatments for Internal Dormancy
Treatments to overcome internal dormancy usually involve a moist
chilling period. This technique gets its name, stratification, from the
old-time method of alternating, or stratifying, layers of seeds and sand
or peat in flats set outside over the winter. Some seeds require just
one period of cold treatment to overcome dormancy, but other seeds
require a warm period (warm stratification) followed by a cold period
(stratification) or a cold period followed by a warm period followed by
another cold period. These treatments give the seeds a period of
afterripening so that embryos and/or endosperm can mature. It sounds
complicated, but before you throw in the towel, we'll point out that most
plants are not this fussy. For those challenging plants that require
multiple treatments, you can find detailed instructions in the relevant
plant entries in part 2.

ACID TREATMENT

PROFESSIONAL SEED PRODUCERS sometimes soak seeds in
acid to scarify them. This procedure is very dangerous and can
result in serious injury if the acid spills or splatters. We don't
recommend that anyone other than a professional try this procedure,
which involves soaking seeds in concentrated (95 percent) sulfuric
acid for several minutes to several hours, depending upon the
species. Professionals always observe the following precautions
when undertaking this procedure:



• This procedure is best done outdoors. Indoors, it should be done
only in a well-ventilated area.

• Protective clothing, rubber gloves, eye protection, and a
respirator are required.

• Water is never poured into acid because this causes the acid to
splatter dangerously.

• Seeds must be surface-dry. When poured into acids, wet seeds
cause splattering, and the resulting dangerous reaction can
cause much heat, which damages both seeds and people.

• Dry seeds are placed in a basket made of copper screening, then
the entire basket is lowered into the acid bath.

• Enough acid is used to cover the seeds to at least twice their
depth, and the seeds are stirred a few times while they are in the
acid bath to reduce overheating.

• No more than 20 pounds of seeds are processed at one time;
otherwise, the acid is likely to overheat, which can result in a
dangerous situation that causes injury.

Immediately after the treatment, the seed basket is removed from
the acid and placed under running water for at least 20 minutes to
thoroughly rinse away the acid. The rinsed seeds are then spread
onto a screen to surface-dry before planting.

Vinegar is a safer (but far less effective) form of acid that can be
used to scarify seeds that do not have an extremely hard seed coat;
the technique is the same as with sulfuric acid, but the length of time
needed for soaking is far greater.

STRATIFYING SEEDS
All stratifications must be done with imbibed seeds under moist
conditions. Moisture is the key. You can't stratify seeds if they aren't
moist.

The usual interval for stratification is 1 to 6 months, to simulate the
natural winter conditions of temperate seeds lying exposed outdoors.
Usually, the longer the winter a species would naturally endure, the
longer the stratification period. The length depends also on the type of



plant. Most vegetable-crop seeds, for example, don't require any
stratification period. Some perennial flower seeds require only a few
weeks of cold treatment; those of several woody species may require
up to 2 years of stratification.

DORMANCY DIVERSITY

HERE ARE JUST A FEW EXAMPLES of the range of dormancy
requirements among garden and landscape plants.
Silver maple (Acer saccharinum). This tree's seeds will germinate

right after they're shed, given the right temperature and moisture
conditions — they have no dormancy.

Apple (Malus spp.). Johnny Appleseed may not have known it, but
apple seeds need a long period of stratification, and then, when
given the right combination of moisture and temperature, they'll
germinate.

Tree peony (Paeonia suffruticosa). These seeds begin to form a
rudimentary root system, but then they need a cold period to
remove epicotyl dormancy before their shoots grow. However,
stratifying the seeds without allowing the root initiation first does
not satisfy the dormancy requirement.

Trillium (Trillium grandiflorum). In this case, seeds must have a
stratification period to remove radicle dormancy, then a warm
period in which the roots can grow, followed by a second
stratification period to remove epicotyl dormancy, followed by a
second warm period so the shoots can grow.

Lettuce (Lactuca sativa). These seeds germinate readily in cool
conditions — about 57°F (14°C) — there is no dormancy in them.
However, if the seeds are sown when it's hot — 84°F (29°C) or
warmer — they will not germinate. If exposed to 84°F for even a
few days, then returned to 57°F, they still fail to germinate. The
high-temperature exposure induces a dormancy. However, that



dormancy can be overcome by exposure of the seeds to red
light.

The easiest way to stratify seeds is simply to plant them outdoors in
nursery beds or in the garden in autumn to undergo winter conditions,
just as nature does. (Refer to page 78 for how-to instructions for
creating a nursery bed and sowing seeds.) Provide them with a winter
mulch to reduce heaving. Several inches of leaves or straw will do the
trick.

You can also stratify seeds by mixing imbibed seeds with moist
sawdust or peat moss and placing the mix in plastic bags, then storing
the bags at the proper temperature for the proper length of time
according to the species. Or you can simply place imbibed seeds
without sawdust or peat moss in a plastic bag and place that in cold
storage. This is sometimes called naked stratification. In general, you
should refrigerate fully imbibed seeds at 33 to 41°F (0.5 to 5°C) for the
length of time specified for the species you're working with. The most
important things to remember are that during the stratification period
the seeds must remain moist and cool and must not freeze. Don't
break those rules. Ever.

Small seeds are difficult to handle when wet, so you can sow them
in peat moss or sand in flats or pots first, water them, then place the
entire containers in the refrigerator or outdoors for stratification. This
works particularly well for flower seeds. If you want to do it the old-
fashioned way, sow the seeds in flats of sand. Then dig a hole about a
foot deep outdoors in your garden or yard and set the flats in the hole.
Cover the flats with straw, then refill the hole with soil. Leave the flats
there over the winter to remain cold and moist during the stratification
period. This technique is especially successful with hard, bony seeds.
This includes recalcitrant seeds such as are found in the oaks; the
seeds of such legumes as honey locust; and those of some shrubs,
small fruits, and roses. Hazelnuts, chestnuts, acorns, and hickory nuts
can be mixed with sand and stored in a cool cellar until spring planting
to help keep the mice away.

Remember those seeds you stratified and intended to plant but
didn't? Don't put them back into storage. If you redry stratified seeds
below 10 percent moisture, they will often enter a secondary
dormancy. It's like opening a can of tuna and not eating it all. It's not



wise to put the leftover tuna back into the can and store it for any
length of time. If you do, then eat it, you might enter a permanent
dormancy!

If the seeds are not imbibed, stratification cannot begin, and if they
freeze or dry out, stratification then stops, and the seeds may enter a
secondary dormancy, compounding your problems. Additionally, if the
temperature drops too low or rises too high during stratification, the
effect of the process is diminished. Both the low and high
temperatures vary with species but are often around 25°F (– 4°C) and
60°F (16°C).

The optimum length of the stratification period varies greatly among
species. Think about it: plants that adapted to southern conditions also
adapted to shorter, milder winters. Thus, aim to reproduce those
conditions in your treatments. Length of stratification can even vary
depending on whether a plant of a given species is growing in a warm
climate or a cool climate. Seeds collected from plants grown in the
North, which are adapted to long winters, often need longer
stratification periods than do seeds from specimens of the same
species that have been growing in southern areas, where winters are
short and mild.

THE SEED FREEZING POINT

BY THE WAY, the freezing temperature of most seeds is lower than
that of pure water. This is because of the solutes contained in the
seeds. Although it varies slightly by species, most seeds won't
freeze until the temperature approaches about 22°F (–6°C).

WARM STRATIFICATION

Many species of plants, particularly woody plants, that exhibit complex
embryo dormancy or morphological dormancy germinate more quickly
if given a warm-stratification treatment prior to standard stratification.



Seeds that require warm stratification can be treated in a greenhouse,
a hotbed, or a warm basement by keeping them covered with moist
burlap or paper. Seeds must be kept moist during the treatment.
Temperatures for warm stratification vary by species, and you'll find
detailed recommendations in part 2.

LIGHT TREATMENT

Some seeds that have shallow physiological internal photodormancy
will germinate if, after imbibition, they are exposed to red light at
wavelengths of 660 to 760 nanometers. The impulse to germinate will
then be reversed if the seeds are exposed to darkness or to far-red
light (760 to 800 nanometers). Lettuce seed is a prime example of this
type of reaction. (See Phytochrome Physiology, page 64.)

Imbibed photodormant seeds buried deeply in the soil are exposed
to proportionately more far-red light than red light, since the red light
penetrates soil less deeply. The seeds remain dormant. That's why
you should not bury seeds too deep and, in the case of photosensitive
seeds, not bury them at all. It's also a reason that it's risky to expose
lettuce seed to incandescent lights, which are high in both the red and
far-red wavelengths. If you think about it, it would be like coming to a
traffic intersection and having both a green light and a red light at the
same time. Do you go or not go?

DEALING WITH DOUBLE DORMANCY

SOME TYPES of viburnum seed exhibit double dormancy, meaning
that there is dormancy in both the radicle and the epicotyl of the
embryo. Each requires different treatments to overcome the
dormancy. American linden (Tilia americana) is another example.
These seeds are normally subjected to a combination of scarification
and stratification to break each dormancy in turn. For species that
exhibit double dormancy, always scarify the seeds first, then stratify
them. For example, give them a hot-water or acid soak (see page



59) followed by warm and/or cold stratification. Or simply fall-sow
the seeds outdoors, where they will be subjected to both an
afterripening period and weathering. That's the easier way.

GERMINATION-ENHANCEMENT TREATMENTS

Seeds of peppers and some other species typically have lower than
average germination rates. Microwaving has been found to increase
germination percentage in such seeds. Place the seeds in a thin layer
in a suitable container and microwave them for 10 to 15 seconds. You
will have to experiment a bit to find the right length of time for your
seed lot. Researchers speculate that microwave radiation may alter
permeability of the seed coat and cause other changes in the seed
that speed germination. The precise effect depends upon seed
moisture content and the species treated. If you want to try this, do so
on small lots only until you find what's right for yours. In part 2 we've
specified those plants that might benefit from this conditioning
treatment.

Another recent finding is that some newly harvested vegetable
seeds, especially those of tomato, pepper, and some cabbage family
plants, may germinate very slowly or not at all. Fortunately, this
dormancy or sluggishness is easy to overcome by storing the seeds
for at least 2 months at about 77°F (25°C). Simply holding the seeds at
room temperature over the winter should do the trick.

Promoting Optimum Germination

Seed germination is a process with several stages. First, a seed
absorbs (imbibes) water, which triggers several phenomena. Water
softens the seed coat and kicks up metabolism. Enzymes and
hormones become activated, and, in turn, they transform food stored
in the endosperm or cotyledons, or both, into energy and “raw
materials” for growth. Sometimes the starches and proteins and other
storage materials themselves swell, causing the seed coat to crack.
This lets even more moisture and more oxygen into the seed. Cell
growth in the embryo resumes, tissues develop further and, like the
beak of a chick that punctures an eggshell at hatching, the radicle



breaks through the seed coat, and the seedling is off and running. The
most important environmental factors that influence these happenings
are moisture, temperature, aeration, and, sometimes, the absence or
presence of light.

Moisture
Moisture is the element that starts germination down the road. Water
can enter through the seed coat, through a scarified seed coat, or
through the micropyle or hilum.

Constant, adequate moisture during germination is far better than
alternating periods of dryness and saturation. Too much moisture can
saturate the soil, decreasing aeration, retarding plant growth, and
increasing the chances of damping-off fungi ruining your seedlings. In
saturated conditions, seed coats split but the embryos might suffocate
or rot for lack of oxygen. At the other extreme, too little moisture may
result in the medium's drying out and crusting over, which can retard or
stop germination. If germination has already taken place, seedling
emergence may be hampered by the crusted soil or potting mix, and
the seedlings may shrivel and die. Too little or too much moisture can
also cause nutrient deficiencies that interfere with plant growth and
photosynthesis. For example, improper moisture hampers root growth,
and if the roots cannot grow, they cannot absorb sufficient nutrients. A
lack of nitrogen, iron, magnesium, and a few other essential nutrients
interferes with chlorophyll synthesis; the plants become chlorotic and
unable to photosynthesize adequately.

For all these reasons, you should make it a priority to keep the
medium around seeds evenly and moderately moist. When you're
starting seeds indoors, the best way to accomplish this is by bottom-
watering. Set the entire flat or the pots in which you've sown seeds into
a shallow pan of water and let the medium absorb water from the
bottom. When the medium at the top of the flat is moist, remove the
flat from the water.

If you can't bottom-water your seed-starting containers, then the
alternative is to cover the medium surface after sowing and before
watering. A single sheet of newspaper laid directly on the surface of
the seed-starting mix works well for this purpose. The paper breaks
the impact of the water from the sprinkling can, and it also serves as a



mulch to moderate surface drying. Remove the paper when the
seedlings emerge, then use a spray bottle set to fine mist to syringe
the young plants daily. If your seeds require light to germinate, then
cover the surface of the flat with plastic wrap, loosely applied. The old-
timers placed a pane of glass cut to fit the size of the flat directly onto
the surface of a soilless mix. Some professionals still do.

Side view of a flat with sown seeds set into a shallow pan of water;
arrows indicate movement of water by capillary action through the
drainage holes in the flat up into the soil medium.

Temperature
Seeds of temperate-zone plants germinate over a wide range of
temperatures, but the optimum range for germination of seeds of most
species is 68 to 86°F (20 to 30°C). The cool-temperature-tolerant
group of plants (mostly temperate-zone plants, such as broccoli,
cabbage, carrots, and Alyssum) germinate from a minimum of about
34°F (1°C) to a maximum of about 104°F (40°C), depending upon the
species. The cool-temperature-requiring species are a different group.
They are mostly adapted to the Mediterranean area and require
temperatures no higher than 77°F (25°C). Examples are celery,
lettuce, onion, Cyclamen, primrose, and delphinium. The chart below
gives approximate temperature ranges for many popular vegetables;
different references list slightly different optimum temperatures. We've
included temperature recommendations for germination of individual
species in part 2 as well.

Seeds of some firs as well as northern red oak (Quercus rubra) can
germinate in snowbanks at 33°F (0.5°C). Seeds of many species, such
as apple and pear, can germinate during stratification at 35 to 40°F
(1.5 to 4.5°C) if left for long periods of time. Apple seeds sometimes
germinate inside old fruit stored in a refrigerator.



In general, germination is best at the optimum temperature cited for
a particular species rather than at either end of the optimum range.
However, there are times when achieving optimum germination is not
the goal to strive for. The optimum soil temperature for germination of
watermelon seeds is 95°F (35°C), for example. But if you intend to
direct-sow watermelon seeds in your garden, waiting for the soil
temperature to reach 95°F may leave you too short a growing season
to enable the melon fruits to ripen. Your germination rate may be
terrific, but your harvest could be nil. Likewise, planting lettuce seeds
when soil temperature has reached the optimum for germination (77°F
[25°C]) will mean planting when air temperatures are too warm for
highest quality leaf production. Thus, the optimum temperature for
seed germination is not always the best temperature at which to plant.

TEMPERATURE AND LIGHT RECOMMENDATIONS
FOR VEGETABLE-SEED GERMINATION

*Requires light for germination
‡Requires that temperature fluctuates nightly to 60°F (16°C) or lower
Adapted from Maynard and Hochmuth, 1997; Gough and Moore-
Gough, 2009

Seeds of many perennials and most temperate woody plants
germinate most rapidly at alternating temperatures of about 68°F
(20°C) at night and 86°F (30°C) during the day. A fluctuation of 10 to
18°F (6 to 10°C) between day and night temperatures may actually
improve germination and be more important than the cardinal
temperatures, within reason. This is precisely what happens in nature,
where days are usually warmer than nights. You may not be equipped



to supply precise alternating temperatures, but try to provide a
fluctuating temperature to simulate what happens in nature.

Air and Light
Insufficient oxygen is not usually a major problem for germinating
seeds, except when seeds are buried too deep, planted in waterlogged
or heavily compacted soils, or submerged in water for too long. In any
other circumstances, if there was an oxygen deficiency, you'd be in
bigger trouble than your seeds.

The role of light in seed germination is complex and in part depends
upon how the seed was handled before germination. Most seeds don't
need light to germinate, and in some species, such as florist's
cyclamen (Cyclamen persicum), light actually inhibits germination. But
some species do require light for germination; often these are swamp
or woodland species, where light is ordinarily a limiting factor. Most
grasses, celery, celeriac, rhubarb, and sorrel all require light for
germination. Red light does not penetrate the plant canopy as well as
far-red light. Birch seeds won't germinate on the forest floor where red
light is limited but will germinate in sunny areas. The far-red light
reaching the forest floor prevents germination in this species.

Much depends not only on the species but also on whether seeds
were sown fresh or on how they were otherwise handled before
sowing. Our rule of thumb is to give very small seeds, such as those of
lettuce, petunia, and foxglove, adequate light by very shallow planting
or simply sprinkling them on top of the soil and pressing them in with a
hand or board. If you plant them so deep that they receive no light,
they won't germinate anyway. There is also some evidence that seeds
of some of the southern pines germinate better if sown shallow rather
than sown deep or sown in dim light. Seeds of these pines covered
with only ⅛ inch of medium germinate better than those covered with
¼ inch.

In those seeds that require light to germinate, light quality as well as
intensity can be very important. Incandescent lights are rich in red and
far-red parts of the spectrum and give off much heat, which itself can
become a problem. The high amounts of red light can actually promote
germination of some seeds. Cool-white fluorescent lights, which most



of us use, are higher in the blue part of the spectrum and lower in the
red part. Fluorescent light can retard the germination of seeds of some
ericaceous species. But the seeds of most species that require light for
germination show no preference for a certain part of the spectrum and
do perfectly well under any white light.

PHYTOCHROME PHYSIOLOGY

IN 1959, A GROUP of U.S. Department of Agriculture scientists
extracted a soluble protein pigment from seeds and seedlings.
Further study of the pigment, which is called phytochrome, revealed
that it is a photoreceptor that controls many fundamental processes
in plants, including germination.

Phytochrome exists in two forms. One form, called P660 or Pr,
absorbs red light (660-nanometer wavelength), while the other form,
called P730 or Pfr, absorbs far-red light (730-nanometer wavelength).
When the pigment absorbs light in one form, it is converted to the
other form. It's sort of like a toggle switch. For example, if P660
absorbs red light, it is converted to P730. If P730 absorbs far-red light,
it's converted back into P660. That conversion proceeds in the dark
as well, as P660 is formed by dark decay of P730. The ratio of P660 to
P730 in a plant is what triggers a response, such as germination. Red
light produces a preponderance of P730, which in turn promotes
germination in lettuce seeds. Far-red light, by producing a
preponderance of P660, inhibits germination.



You'll find specific instructions for plants whose seeds require light
for germination in the plant entries in part 2. Usually, light intensity
needed for germination is from 50 to 150 foot-candles, far lower than
that required for good seedling growth. When necessary, light is
usually supplied for 8 hours per day. If your germination protocol calls
for a fluctuating temperature, then expose the seeds to light during the
high-temperature portion of the protocol.

The Waiting Game

How long it takes for your seeds to germinate depends both upon
environmental conditions and upon species. Radish is renowned for
germinating in only a couple of days. Most vegetable and flower
species germinate within a week or two. Among the vegetables,
parsnip and salsify may take up to 3 weeks to germinate. But that's
nothing, considering that some woody species require a year or more.
In the wild, some acorns take 2 years to germinate!

Overall, we advise you to give your seeds time. What's the rush? If a
few weeks have gone by and you are beginning to wonder whether
they are ever going to germinate, take a pencil or a small plant label
and use the tip to tease a few seeds out of the medium. If you see the
white radicles emerging, tuck the seeds back in and wait a few more
days. If no radicle has emerged, squeeze a seed or two. If they're
mushy, the seeds have rotted. Correct the problem and replant. If
they're not mushy and you see no signs of fungal growth, review your
notes to be sure you overcame any dormancy the seeds may have
had. If you did, wait a few more days or weeks and see what happens.
If nothing happens, try again next year with new seeds.



Germination Highs and Lows
The good news is that the vegetable and flower seeds you save from
your garden may show a high percentage of germination. Indeed, any
seeds from plants that have been propagated from seeds for a long
period will generally give you good results. Don't expect the same level
of success from seeds you collect from the wild. No matter how careful
you are, more than half of such seeds may not germinate. In some
cases, perhaps only 5 percent will germinate. Of those that do,
perhaps half of them will not produce usable seedlings. But that's okay.
You'll still have more than enough for your needs.

We know that the longer seeds are stored, the greater the decrease
in viability, as expressed by lower germination. We can measure that
by doing what's called the rag-doll test. This test is easy to do and is
commonly used on seeds of vegetable and flower species. Simply
count out a number of seeds on which you want to test the germination
(10 seeds is a convenient number for working out percentage of
germination). Fold them up in a paper towel, moisten it, and put the
batch into a zipper-closing plastic bag or a jar. Leave the bag or jar
(with the “rag-doll” inside) on the kitchen counter or window-sill for a
week, then count how many seeds have germinated and figure the
percentage of germination. You then know the viability of your seeds.

SEED-STARTING SUCCESS WITH WOODY PLANTS
This list offers a brief sample of germination percentages to show
you what you might expect in terms of usable seedlings that result
from your seed-starting efforts with woody plants. These numbers
reflect how many seedlings you could expect to grow from an initial
sowing of 100 seeds.



STORED SEEDS LOSE LUSTER

During storage, seeds can lose their ability to produce vigorous
seedlings. This is called loss of vigor. Loss of germinability (viability)
and loss of vigor are not the same thing. For example, old squash
seeds may show 70 percent germination in a rag-doll test, but when
you plant some of those seeds out in the garden or in peat pots, they
may take a longer than normal amount of time to germinate. And many
of the seedlings that do come up will be deformed and too weak to
grow into healthy plants. Seed-packet labels indicate the percentage of
germination, but they do not indicate the degree of vigor of the
seedlings. Seed vigor declines faster than seed viability.



As seeds age, they lose both viability and vigor, but vigor declines
more quickly than does the ability to germinate.
Source: Harrington, 1977

You may find huge differences among species and seed lots in the
relationship between viability and vigor due to the way the seeds have
been harvested and stored. Nevertheless, the graph below left shows
the overall relationship between vigor and viability. At high germination
percentages (above about 80 percent), viability and vigor are at their
peak, but as the seeds age, vigor declines more rapidly than does
viability. When germination percentage has declined to about 20
percent, vigor is almost completely lost, and it does little good to keep
the seeds. Our rule of thumb is that when germination of vegetable
and some flower seeds has fallen below about 70 percent, there is a
very good chance that seedlings will perform poorly. You can try to
overcome this by increasing planting density, or you can simply discard
the seeds and make plans to save a new batch.


