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The key to a productive harvest starts with healthy and P
uniform seedlings (Figure 1). Poor choices or cultural practices

in propagation can lead to underperforming seedlings, setting B a‘
your production schedule behind or wasting valuable grow

space. This article is intended to help you optimize your leafy
green and herb seedling production so you can make the best f Iﬂn e

choices for your individual operation.
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Figure 1. Healthy lettuce seedlings with 3-4 expanded leaves, ready to
transplant into a hydroponic system. Image: Nathan Eylands, Cornell University
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Seed Choice

Whether the seed you choose to sow came
from your storage or a seed purveyor, it
must be viable. Seed deteriorates over
time and must be handled and stored
properly to retain its viability. Leafy green
and herb seeds fall under the category of
medium-lived, orthodox seed. That means
in favorable storage conditions (i.e., open

: Figure 2. Pelleted seed is easer to use than naked seed with
air, room temperature)) these seeds would mechanical seeders such ashthis.small vacuum seeder. Image:
remain viable for periods of two or three Nathan Eylands, Cornell University

years though germination percentage can
decrease over time. However, if stored at
low humidity and low temperature,
storage life would be considerably longer.
This can easily be attained by storing
seeds in airtight containers, like a mason
jar, in a household refrigerator. When
ordering from a seed supplier, be sure
they are a reputable business before you
buy. Not all seed producers are equal.

Seeds can often be found either naked

(]e no added Coating) or pelleted. Figure 3. Lettuce seedlings grown in stone wool, note some

: : algal growth on the surface is common until the plant canopy
Pelleted seeds are Coated W]th an 1nert closes in. Image: Neil Mattson, Cornell University

clay-like material to create a uniform
shape for mechanical seeders (Figure 2).
However, pelleted seed is also easier to
manually handle and is often preferred.
Fungicides and beneficial microbes can be
added to the pelletized coating and can
help prevent damping-off of seedlings. In
the production of pelleted seed, the
manufacturer may prime the seed (i.e.
begin initial stages of germination to
encourage quicker and more uniform : »
Figure 4. Phenolic foam (Oasis) is a common substrate for

germination), this can reduce the storage hydroponic leafy greens and herb seedlings. Image: Nathan
life Eylands, Cornell University
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To ensure consistent germination the
recommendation is to use up well-stored
naked seed within a year and pelleted
seed within 6 months. If you are
concerned about the viability of your
seed, conduct a seed germination test
before planting. For production, you will
need to sow some extra seed to account
for those that don’t germinate, however

add water until the substrate just begins
to exhibit water leaching from the
bottom. Seeds should be sown into the
media and subsequently misted to help
them imbibe water. Although the storage
tissues of a seed (perisperm, endosperm,
and cotyledons) contain enough energy to
be used by the embryo through
germination, it is recommended to start

some growers will also sow an added
margin of seed (perhaps 10-20% above
accounting for germination percentage)
this is so they can select the largest, most
uniform seedlings for transplanting.

Substrate

fertilizing your irrigation solution right
away (Figure 5).

Hydroponic germination substrates are
numerous, but the most common are
stone wool (i.e., rockwool) (Figure 3) and
phenolic foam (i.e., Oasis) (Figure 4) and
to a lesser extent, chemically bound
organic media of coco-coir or peat moss.
The main parameters of all substrate
media are particle size, shape, and
porosity. These components are crucial in
determining how well a particular medium
retains water and nutritional elements
and simultaneously leaves room for
oxygen within the matrix. Stone wool and
phenolic foam are generally inert and
have a neutral pH making them ideal as
propagating media. Stone wool and
organic media tend to hold more water
than phenolic foam requiring less frequent
irrigation.

Figure 5. Impact of seedling fertilization on subsequent growth.
Lettuce plants on the left received fertilization during the seedling
stage, while the plants on the right did not receive fertilizer at
seedling stage and are markedly delayed in their growth. Image: Neil
Mattson, Cornell University

Your solution should be pH adjusted to
5.5-6.0, and have an electrical
conductivity of about one-half to three-
quarters of what you will feed mature
plants (ex: if mature plants get a
complete nutrient solution with 150 ppm
nitrogen and an EC of 1.8 mS/cm;
seedlings should get a nutrient solution of
75-125 ppm N or EC of 0.9-1.35 mS/cm).
Seedling trays can be overhead watered or
sub-irrigated. It is good practice to allow
your seedling media to have a dry down
period between irrigations. A dry down of
30% is usually a good starting point. Since
stone wool holds more water, this is
harder to achieve on a daily schedule.

Moisture Management

Once a system is put together, the hard
part of managing an irrigation schedule
starts. To begin, it is wise to condition
your substrate media (i.e. leach salts, and
adjust pH and add initial nutrients). This
can be done by soaking stone wool or oasis
in a mild nutrient solution or in the case
or organic media, if a starter fertilizer
charge has already been incorporated,
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Figure 6. Damping off of lettuce seedlings from proliferation of
root disease due to an excessively wet root-zone. Image: Masaki
Kurosaki, Cornell University

Therefore, it is recommended that very
humid environments (i.e., Southeastern
United States) lean towards the phenolic
foam while dry environments (i.e.,
Southwestern United States) opt for stone
wool. (Or simply be prepared to adjust
your irrigation frequency depending on
the season). Seedlings can germinate
poorly if the substrate is overly saturated
due to poor oxygen supply. Saturated
conditions can also promote damping off
diseases (seedlings death to rotting of
stem and root tissues at or below the soil
surface) (Figure 6).

Environment

The environment in which your leafy
green and herb seedlings grow is critical
towards the goal of optimization. Whether
your seedlings are in an open environment
in the greenhouse or in a meticulously
controlled environment like a growth
chamber, a recipe of conditions must be
followed.

Temperature should be between 60 and 75
°F depending on species (Table 1).
Temperatures that are too low will result
in stunted growth while temperature too
warm will diminish the germination rate.

WWW.e-gro.org

Optimal
Crop Germination
Temperature
Basil? 77
Lettuce? 60-71
Spinach3 68
Kale* 59-68

Table 1. Optimal germination temperature for four species
based on scientific literature. Be sure to consult your seed
supplier for cultivar specific germination requirements.

Check with your seed supplier about the
optimum germination temperature for
your cultivars. Electric heating mats are
advised in the case of low temperatures.
Be aware that heating mats can get too
warm and dry the root zone out too
quickly and therefore a thermostat control
is recommended.

Relative humidity for germinating seeds
should be kept as high as possible (100% is
optimal). This is a good level for the first
two days. This high level is easily attained
in a growth chamber (Figure 7), but not as
easily in open air. Intermittent misting
systems work very well as do humidity
domes. A good trick to keep relative
humidity high is to cover seeds and media
with a small layer of vermiculite or wet
newspaper to trap moisture near the
seed. However, as soon as the radicle
emerges (often after 1 day for lettuce or
2-4 days for other leafy greens) any
coverings such as newspaper should be
removed (as described below the
seedlings will need light to ensure they
don’t excessive stretch). After radicle
emergence, the relative humidity should
be reduced within the range of 50-70%.
The lower end of this range will reduce
the risk of fungal pathogens.

Light is not required in high amounts to
induce germination. Low light intensity of
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Figure 7. A germination room is used to deliver high humidity, Figure 8. Lettuce seedlings that are excessively stretched due
temperature-controlled conditions for optimal germination. to low light during germination (note long internodes and poor
Shown here is the germination room at a large potted herb leaf expansion). Sowing multiple seeds per cell exacerbated the
grower. Image: Neil Mattson, Cornell University situation by providing more competition for light. Image: Neil

Mattson, Cornell University

50 pymol-m-2-s' is good for germination (to avoid early stretch). This low light can be
supplied for 24 h-d! (4.3 mol-m=2-d"). In terms of light quality, perception of red light in
the embryo enhances germination of some lettuce cultivars (far-red radiation can
inhibit)>. Sunlight and most artificial lights contain an abundance of red light. After two
days of germination, light intensity should be increased to achieve a daily light integral
(DLI) of a minimum of 12 mol-m-2-d-'. Plants use light most efficiently at limited
intensities, therefore a good combination of intensity and photoperiod to reach this DLI
is 200 pmol-m-2-s' for 16 h-d-'" with broad spectrum LED lights. Increasing DLI up to
about 20 mol-m2-d' can lead to more robust seedlings (short internodes, good leaf
development) that are ready to transplant earlier. Too little or too much light during the
seedling stage can result in lower yields at time of harvest®. Acommon problem is not
providing enough light causing seedlings to stretch and become “leggy” (Figure 8).
Seedlings are the easiest stage to add light due to high plant density. Do not be stingy on
the light!

CO, supplementation can be beneficial but is not necessary at the seedling stage.
Ambient CO, level (~400 ppm) is sufficient, however, if you do wish to supplement your
seedlings with CO,, (up to about 800-1000 ppm) be prepared to increase your light
intensity and rearing temperature in order to gain the full benefits of additional CO,.

Airflow is often overlooked. Sufficient airflow will increase photosynthesis and
transpiration by drying out the boundary layer at the leaf surface. Too much or too little
airflow will slow seedling growth. A recommended uniform airflow applied to the
seedling canopy is 10 ft:s'! (0.3 m-s)
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Timing of Transplant

When to transplant seedlings to their
finishing location is most often
determined by production schedules and
spacing of the finishing location.
Nonetheless, there is such a thing as too
early and too late to transplant. When
seedlings are transplanted too young, they
may have a hard time acclimating to the
environmental conditions that come with
their finishing site (i.e., higher light
intensity, higher fertilizer concentration).
This can slow down their growth rate and
waste valuable grow space. If
transplanted too early the small seedlings
can lead to excessive unused space
between each plant (i.e. lots of wasted
space in the hydroponic system). Seedlings
that are transplanted too late start to
crowd one another. This leads to
competitive stretching as plant leaves
compete for more light. Neighboring
plants also tangle together which leads to
leaf damage when workers attempt to
separate the thin leaves. Lettuce and
leafy greens are typically transplanted
when the have 3-4 expanded leaves (and
roots visible at the bottom of the
substrate). Most leafy green and herb
seedlings should be ready for transplant
between 10 and 14 days after seeding if
grown under optimum conditions. Some
seedlings under suboptimum environments
may take as long as 3-4 weeks.

Every grow facility possesses its own
unique opportunities. Using the tips
provided in this article is not a silver
bullet but should help you consistently
plan to have healthy and uniform
seedlings on schedule every time you
transplant.

WWW.e-gro.org

References

'Ramin, A.A., 2006. Effects of salinity and
temperature on germination and seedling
establishment of sweet basil (Ocimum basilicum
L.). Journal of herbs, spices & medicinal plants,
11(4), pp.81-90.

2Gray, D., 1975. Effects of temperature on the
germination and emergence of lettuce (Lactuca
sativa, L.) varieties. Journal of Horticultural
Science, 50(4), pp.349-361.

3Atherton, J.G. and Farooque, A.M., 1983. High
temperature and germination in spinach. |. The
role of the pericarp. Scientia Horticulturae, 19(1-
2), pp-25-32.

4Wilson, R.E., Jensen, E.H. and Fernandez,
G.C.J., 1992. Seed germination response for
eleven forage cultivars of Brassica to
temperature. Agronomy Journal, 84(2), pp.200-
202.

SHartman, H.T., D.E. Kester, F.T. Davies, and R.L.
Geneve. 2002. Plant propagation principles and
practices. 7t ed. Prentice Hall, Upper Saddle
River, N.J.

Yan, Z., D. He, G. Niu, and H. Zhai. 2019.
Evaluation of growth and quality of hydroponic
lettuce at harvest as affected by the light
intensity, photoperiod and light quality at
seedling stage. Scientia Horticulturae, 248:138-
144.

American
Floral
Endowment

Funding Generations of Progress
Through Research and Scholarships

Electronic
Grower
Resources
Online

Project Sponsor




e-GRO Edible Alert - 2021

e-GROAlert
www.e-gro.org
CONTRIBUTORS

Dr. Nora Catlin
FloricultureSpecialist
Cornell Cooperative Extension
Suffolk County
nora.catlin@cornell.edu

Dr. ChrisCurrey
Assistant Professor of Floriculture
lowa State University
ccurrey@iastate.edu

Dr. Ryan Dickson
Greenhouse Horticulture and
Controlled-Environment Agriculture
University of Arkansas

ryand@uark.edu

Thomas Ford
Commercial Horticulture Educator
Penn State Extension
tgf2@psu.edu

Dan Gilrein
Entomology Specialist
Cornell Cooperative Extension
Suffolk County
dogi@cornell.edu

Dr. Joyce Latimer
Floriculture Extension & Research
Virginia Tech
jlatime@vt.edu

HeidiLindberg
Floriculture Extension Educator
Michigan State University
wolleage@anr.msu.edu

Dr. Roberto Lopez
Floriculture Extension & Research
Michigan State University
rglopez@msu.edu

Dr. Neil Mattson
Greenhouse Research & Extension
Cornell University
neil.mattson@cornell.edu

Dr. W. Garrett Owen
Greenhouse Extension & Research
University of Kentucky
wgowen@uky.edu

Dr. Rosa E. Raudales
Greenhouse Extension Specialist
University of Connecticut
rosa.raudales@uconn.edu

Dr. Beth Scheckelhoff
Extension Educator - GreenhouseSystems
The Ohio State University
scheckelhoff.11@osu.edu

Dr. ArianaTorres-Bravo
Horticulture/ Ag. Economics
Purdue University

torres2@purdue.edu

Dr. Brian Whipker
Floriculture Extension & Research
NC State University
bwhipker@ncsu.edu

Dr. Jean Williams-Woodward
Ornamental Extension Plant Pathologist
University of Georgia
jwoodwar@uga.edu

Copyright ©2021

Where trade names, proprietary products, or specific
equipment are listed, no discrimination is intended and
no endorsement, guarantee or warranty is implied by
the authors, universities or associations.

Cooperating Universities

Cornell Cooperative Extension
CornellCALS  siffoik county

College of Agriculture and Life Sciences

’Ei!‘(% University of
Kentucky.
VIRGINIA
TECH.
MICHIGAN STATE

UGUNN UNIVERSITY

? PURDUE

UNIVERSITY.

[OWA STATE UNIVERSITY

PennState Extension

MY (College of Agricultural &
Environmental Sciences
&Y. UNIVERSITY OF GEORGIA

NC STATE

UNIVERSITY

DIVISION OF AGRICULTURE
THE OHIO STATE UfARESEARCH & EXTENSION
UNIVERSITY University of Arkansas System

In cooperation with our local and state greenhouse organizations

b N ALan “(Fr,,”

'F Y VE %c fl.!“. v X ; I

MAUM[ E V\[ LEY GRO\\ ERS = " Metro Detroit Flower Growers Association
Choose the Very Best. <

roy ors \\xm"‘“\\

Western Michigan Greenhouse Association

m CONNECTICUT Indiana
GREENHOUSE FLOWER
e GROWERS GROWERS

W ASSOCIATION B @ Association

9‘- ﬁ - d .“‘I
Greenhouse Growers ol n‘:,g{*,g“mm - ey,

WWW.e-gro.org



