
Environmental Factors Affecting
Seed Germination

SEEDS contain everything

necessary for the growth and

development of a new plant. Some

plants produce seeds that

germinate immediately once they

are released. Others produce

seeds that do not germinate until

conditions for survival are present.

Environmental factors that affect

seed germination are discussed in

this unit.

Objective:

� Explain environmental factors affecting seed germination.

Key Terms:

� abscisic acid

aeration

field capacity

growth inhibitors

permanent wilting point

phytochrome

stratification

Understanding Seed Germination

Seeds of flowering plants contain an embryo in a dormant stage. When internal and external

conditions are favorable, the embryo resumes growth in a process called seed germination.

Some external factors that affect seed germination are light, temperature, oxygen, water, and

planting depth.
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Knowledge of environmental requirements for

seed germination should guide growers. They should

plan on planting seeds close to the time when soil

temperatures are optimal for growth. Slight adjust-

ments can be made to the depth at which seeds are

planted to provide the seeds with the best possible

moisture level, air exchange, and temperature. If

needed, growers can expose seeds to light.

LIGHT

The role of light in germination is dependent on

the seed planted. Generally, seeds require darkness to

germinate. Some seeds (e.g., lettuce, tobacco, tomato, and many grasses) need light exposure to

germinate. These seeds require the red portion of the light spectrum, but far red light inhibits

germination. Many small seeds with low levels of storage reserves show such a red light

requirement. As a result, these seeds must not be buried below the soil so deeply that light can-

not penetrate. Yet research suggests that even a few minutes of exposure will allow

germination to occur.

Phytochrome is a plant pigment found in cytoplasm that senses the presence of red light.

The red-absorbing form of phytochrome changes to the far-red absorbing form when it

absorbs red light (660 nm) and changes back again when it absorbs far-red light (730 nm).

Therefore, the presence of the far-red form of phytochrome ends the inhibition of germina-

tion in these seeds.

TEMPERATURE

The soil/growing medium temperature affects the rate at which germination can occur. As

with most reactions, germination generally occurs faster at warmer temperatures. However, a

need for cool temperatures may exist to break dormancy. The temperature for germination to

occur is quite different than the temperature requirement to break dormancy. Generally, the

temperature for germination correlates to the temperature needed for successful plant growth.

Stratification is a strategy employed in woody species in particular that requires a moist,

cool period to degrade growth inhibitors. Growth inhibitors are substances that prevent ger-

mination. Once the inhibitors are degraded and all other conditions are met, germination will

occur. Seeds of cool season crops germinate best at temperatures between 32° and 50°F (e.g.,

celery, lettuce, and peas). In contrast, warm season crops germinate best at temperatures

between 59° and 79°F.
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FIGURE 1. Light, temperature, oxygen, and water

are important for germination.



OXYGEN

Aeration (the process of exposing to oxygen) is another requirement for germination. Cel-

lular respiration rates for germinating seeds are very high. Therefore, adequate oxygen is nec-

essary. The germination percent of most seeds will be retarded if the oxygen percent falls

below 20 percent. Normal air is 20 percent oxygen. If seedbeds are over-watered or poorly

drained, the oxygen supply will become limited, so the germination percentage will diminish.

WATER

Water is essential to activate the processes in the seed that result in embryo growth. It is

always needed to allow vigorous metabolism to begin. Also, it is sometimes needed to leach

away a germination inhibitor within the seed. A common inhibitor is abscisic acid.

Most seeds germinate satisfactorily at moisture levels between field capacity and the perma-

nent wilting point. Field capacity is the ideal soil moisture level in which water available for
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UNDER INVESTIGATION…

LAB CONNECTION: Environmental Factors

Affecting Seed Germination

When growing crops outside, producers are at the mercy of the weather. Environmental con-

ditions cannot be controlled. Seeds are planted, and then it is hoped that conditions are ideal

for germination to occur. Precipitation and temperatures fluctuate. The soil conditions have an

influence on moisture and oxygen availability.

Producers do have some control over the success of germination. They decide when to plant

seed, how deep the seed should be planted, and how the soil should be prepared. For them, it

is necessary to understand how environmental factors influence seed germination. Several exer-

cises can be conducted to explore the effects water, temperature, oxygen, and light have on ger-

mination. A moisture test can be done with seeds and a number of pots. Plant the seeds at the

same depths and in the same type of media. Then give each pot different water treatments, and

observe the results.

To test the effects of temperature on seed germination, roll groups of 25 seeds in moist

paper towels, put them in plastic to prevent moisture loss, and place them in 85° to 90°F, 70°

to 75°F, and 35° to 40°F conditions. Record germination rates two, five, and seven days after

starting the test. To see the effects of oxygen on seed germination, place pre-soaked seeds in a

tightly sealed jar with steel wool and in a jar without steel wool. Observe the rate of germination

in each jar.

Light plays a role in the germination of lettuce seeds. Lettuce seeds exposed briefly to light

are placed on moist paper towels and are sealed in aluminum foil. A second batch of lettuce

seed is never exposed to light and is planted in the same way. After three to five days, open the

foils to reveal the results.



plants is at its maximum. The permanent wilting point is a situation in which water is so

tightly bound to soil particles that it is unavailable to be absorbed.

PLANTING DEPTH

Proper planting depth is a

direct correlation to seed size.

Corn and soybeans are typically

planted 11/2 to 2 inches deep. A

general rule of thumb is to plant

seeds at a depth equal to three

times the seed diameter. Larger

seeds can be planted more deeply

than small seeds because larger

seeds have greater food reserves

from which to draw energy for

respiration and growth. As a

result, they are able to emerge

from greater depths. Soil types also affect the planting depths. The surface of sandy soils tends

to dry out quickly, so seeds planted in these soils should be planted deeper than in loam soils.

Summary:

� When internal and external conditions are favorable, a seed embryo resumes
growth. The role of light in germination is dependent on the seed planted. Gener-
ally, seeds require darkness to germinate. Some seeds need light exposure for ger-
mination. These seeds require the red portion of the light spectrum. Phytochrome
is a plant pigment found in cytoplasm that senses the presence of red light.

Generally, germination occurs faster in warmer temperatures. However, cool tem-
peratures may be needed to break dormancy. Also, cellular respiration rates for ger-
minating seeds are very high, so adequate oxygen is necessary.

Water is essential to activate the processes in the seed that result in embryo growth.
Proper planting depth is a direct correlation to seed size. The general rule is that
larger seeds can be planted more deeply than small seeds. Soil types affect the plant-
ing depths, too.

Checking Your Knowledge:

� 1. How does light influence seed germination?

2. How does temperature influence seed germination?
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FIGURE 2. Proper planting depth provides seeds with the best possible

moisture level, air exchange, and temperature. (Courtesy, Deere and

Company)



3. How does oxygen influence seed germination?

4. How does water influence seed germination?

5. How does planting depth influence seed germination?

Expanding Your Knowledge:

� Visit a seed company, or talk to an extension agent about the proper storage, han-
dling, and planting of seeds. Inquire about the optimal conditions for crop seed ger-
mination.

Web Links:

� Seed Germination

http://plantsinmotion.bio.indiana.edu/plantmotion/earlygrowth/germination/
germ.html

Seed Germination

http://plantphys.info/seedg/seed.html

Germination

http://en.wikipedia.org/wiki/Germination

Agricultural Career Profiles

http://www.mycaert.com/career-profiles
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