Germination and Emergence of Soybean
• Germination begins with imbibition (absorbing water) followed by the development of the radicle (primary root) and
emergence of the cotyledons (seed leaves).
• Planting into a moist seedbed with good seed-to-soil contact is important for optimal germination.
• Dry or flooded soils, compaction, and cool temperatures are conditions that can hinder soybean germination and emergence.

The Germination and Emergence Process
After planting, a soybean
seed will start to absorb or
imbibe water, resulting in a
change in moisture content
from less than 13% to
almost 50% in several
hours. Within one or two
days under favorable
temperatures, the first root
(radicle) of the swollen
seed will emerge through
the seed coat (Figure 1)
and grow downward to
develop the primary root.
Lateral roots quickly
Figure 1. Imbibition of a treated seed causes
emerge from the radicle as the radicle (red arrow) to emerge through the
it elongates and root hairs
seed coat.
grow from the radicle and
the lateral roots. The root hairs become the main absorbing structures.

Figure 2. Hooked hypocotyl and cotyledons breaking through the soil
surface.

Five to ten days after planting, the new seedling emerges from below the
soil surface representing the vegetative emergence (VE) stage of growth.
The hypocotyl begins to elongate and forms a hook that pushes through
the soil surface, pulling the cotyledons upward (Figure 2). The cotyledons
serve as a temporary source of stored food for the seedling. Shortly after
emergence, they open and turn green due to exposure to sunlight and start
making additional food through photosynthesis. As the cotyledons open,
the epicotyl is revealed. The epicotyl contains small leaves, buds, and the
main growing point.
The unifoliate leaves appear next representing the VC stage of growth
(Figure 3). The unifoliate leaves are single, non-compound leaves that
emerge simultaneously and on opposite sides of the stem. Following the
unifoliate leaves, the trifoliate leaf appears, the first true leaf of the
soybean plant, representing the V1 stage (Figure 4). The trifoliate leaves
are compound leaves made up of three leaflets and emerge one at a time,
alternating on opposite sides of the stem. The next trifoliate leaf to appear
represents the V2 stage, with each new trifoliate leaf representing a new V
stage.

Figure 3. Soybean seedlings with fully expanded cotyledons (green arrow)
and unifoliate leaves.

Germination and Emergence of Soybean
Table 1. Soybean Seedling Structures
Structure

Function / Characteristics

Testa or seed coat (Figure 1)

Protects the seed from physical,
temperature-related, or water
damage; helps the seed retain
dormancy

Seed hilum or scar

Location where the seed was
attached to the plant ovary within
the pod

Radicle (Figure 1)

First part of the embryo to
penetrate the seed coat; develops
into the main root

Hypocotyl (Figure 2)

Tissue between cotyledons and
radicle that becomes the stem of
the plant after germination

Cotyledons (Figures 2 & 3)

First leaves to appear; serve as
food storage structures for early
growth and development

Epicotyl (Figure 2)

Stem area above the cotyledons
that consists of a stem, two primary
leaves, and a terminal bud

Unifoliate leaves (Figures 3 & 4)

Second leaves to appear after the
cotyledons; single, non-compound
leaves develop simultaneously
opposite each other

Trifoliate leaves (Figure 4)

First true leaves of the soybean
plant; compound leaves composed
of three leaflets, develop one at a
time after the unifoliate leaves in an
alternating pattern

Oxygen. Because seed respiration increases during the germination
process, saturated, flooded, and compacted soils can reduce germination
and emergence due to a lack of oxygen. Soil pore spaces that are filled
with water have reduced oxygen available for seed respiration. Compacted
soil reduces the availability of water and oxygen required for germination,
root and plant growth, and nutrient uptake.

Figure 4. Cotyledons, unifoliolate (red arrow), and trifoliolate leaves (yellow
arrow).
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Moisture. Planting into a moist seedbed with good seed-to-soil contact is
necessary for optimal germination as moisture needs to move into the
seed for germination to occur. If irrigation is required for adequate soil
moisture, it should be applied ahead of soybean planting and not
immediately after planting. Planting into dry soil with rainfall or irrigation
occurring too soon after can result in soil crusting and poor soybean
emergence.
Soil Conditions. Soil crusting can delay or prevent seedling emergence
and cause soybean hypocotyls to become swollen or break when trying to
push through the crust. When the hypocotyl breaks, the seedling usually
dies. Fields with fine-textured soils, low organic matter, and little surface
residue can be vulnerable to crusting, especially where excessive tillage
has taken place.
Temperature. Soybean seed can begin to germinate when soil
temperatures are less than 55 °F; however, germination is likely to be slow
until soil temperatures warm to the upper 70s. Cold soil temperatures can
cause seeds to remain dormant, increasing their vulnerability to seed and
seedling diseases and feeding by insects and wildlife. When soil
temperatures are between 70 ºF and 90 ºF, seedling emergence should
occur in less than a week. Soil temperatures above 95 ºF can also cause
poor soybean germination and emergence resulting in reduced stands.

For additional agronomic information, please contact your local seed representative.
Individual results may vary, and performance may vary from location to location and from year
to year. This result may not be an indicator of results you may obtain as local growing, soil and
weather conditions may vary. Growers should evaluate data from multiple locations and years
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