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Genotype X Environmental Factors = Phenotype
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Flower Seed Production
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Field Drying of Seeds




Vegetable Cultivar Trials and Seed Extraction




Seed Cleaning, Drying, and Storing
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Packaging, Storage

Seed Grading
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Seed
Storage

e Optimum Condition for Seed Storage
- Low temperature
— Low humidity (less than 10% RH)

e Seed Longevity Varies by Species

- Most annual flowers last 1-2 years
- Woody plants 5-20 years
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Two Different Types of Germination:
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Germination of Angiosperm Seeds

EP iﬂeous Folicge leoves >
Germination ~af True leave s

Che.ﬂy Plumute m 48 il C.'v 'M“
"8

I\’ * \ -
Hypocotyl i .b %

) _'goa:cl;
Hypogeous
G erm i n&f I.Or\ Foliage leaves

PeAdL Plumule

cotyledon

" Rodicle






:Dormancy s

BB TRV (RIS N EV ENT N U g N
12,0 il £ gl g 2K e ol

A8 o v o8 s 5 L(Primary Dormancy ) ads) (Sea
258 e b el 12 (Secondary D. ) 4l Sues
S e onal K3 el i3 3 J(QUIESCENT ) (b 5ad



:Seed coat Dormancy i 4w Sa4i -1
S

Physical D. S # i o

o ) sd e (SR ol age 4 38 B e sla GRhg

L o
Mechanical D. Soilss KA o

A8 ad |y lgy Ao s 5 o a5 ol Al gy« S8R () 0
UJAJJJLQJ\JM GJJJS



Chemical D. e K544 -2
.

(= O age ol sy gogme )0 (bl Mg 2 @
b a5 LS e (Ko ansS 1D g

o Gl gy Gl b e oy sl ida ol ) @

faiiia LS 4n Sbad sl =i o)k e

ok (SR Gl B e (L L s S LS any
. ganta



Morphological D. Sjslsd s S8 -3
...

OV 0% ol xSl G Q) 08 S0 als Sl (A o
AR e alad) gan el ) e el

028l by @
Al dan gl JLigy @



: . . e s
<5 Physiological D. Seisdsnin S8a 4
N80 o O D) il ) Gl o s k) SAA Ll Bga g Al ags,

) Adlowa sl ST 2

Thermo D. 53 L X o
Photo D. &3 55 @




Intermediate D. ,X&a ¢l -5
.

BR o @
AN e ab) )y han Qs Adk e @



Embryo D. Sisis s Gxe A4 -6
...

e Moist chilling

e Stratification
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Seed Priming

= A process of prehydrating and redrying seeds to
enhance their subsequent germination performance

@l - Uscd for flower and vegetable seeds for uniform

and vigorous germination

Germination (%)
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Germination of Primed Seeds

Irregularities in seed germination,  Uniformity in the germination of
poor quality seeds primed seeds
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Seed Storage

National Germplasm Storage Lab, Fort Collins, CO




Embryo Culture

« Immature zygotic embryos are excised and cultured
In vitro to obtain viable seeds

q Used in abortive interspecific crosses (i.e., potato)

= Used for embryos lacking endosperm (i.e., orchids)
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Production of Vegetable Seeds, Maxwell, California



Seedling Production in Greenhouse
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Stage | — Radicle emergence

Stage Il — Cotyledons spread

Stage Ill — Unfolding of 3-4 true leaves
Stage IV — More than 4 true leaves
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Seed Propagation for Trees
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Transplanting Seedlings

e Seedlings are the small plants.
e Transplant when first true leaves appear

e Held by the true leaves rather than the stems to
prevent stem bruising which will kill the plant.




Hardening Off

e The reducing of humidity and water to make the
environment more like the outside.
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Seed Quality

Seed Quality

- the overall value of seeds for its intended use -

McDonald and Copeland, 1997
* Physical purity (other crops, noxious weeds, etc.)
* Physiological quality (viability, germination, vigor, etc.)

- Genetic Quality
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Seed Labels

ANALYSIS TAG
A-1 Seed Co.
Location, USA

Variety & Kind Vernal Alfalfa
Lot No. 307-98

Pure seed 98.90%
Inert matter 01.05%
Other crop seed 00.00%
Weed seed 00.05%
Noxious weeds 00.00%

Germination 90.00%
Hard seed 05.00%
Date tested Jan. 2001
Net weight 60 Ibs.

UCDAVIS



Evaluating Seedling Growth
in the Laboratory
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Seedling Evaluations

STRONG WEAK ABNORMAL [
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Tetrazolium Tests
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Onion lab test picture
shows types of
abnormal and dead seedlings
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The quality of samples submitted for testing
is often very different from other domesticated,

agricultural-type seed.

Date Received: 55 Oct
som Seed Laboratory '
x 300, Garpinteri, CA 930140300, USA Date Completed: 6 pec 1996
Teloohone: 8058043427 « FAX: 805 084 4107
W liumnl
rovin b 1 tht o h s and o by

ENCELIA

Report of Seed Analysis Kind:
Varloty: FARINOSA
Lot No:
Smph sm cowany
sumphtom USA 12345
Purity Analysis
PURE SEED COMPONENT(S)
ENCELIA FARINOSA

OTHER CROP SEED: : b
Seed/1b Nox. Weed Seed in Gas. Analyzed
Sead/Ib

*1769 Brassica adpressa

| INERTMATTER:  Broken Seed, Plant Material

53,788 1ive seed per 1b.
11.05% P.L.S.

i A A i e W s M s i esn i O e s 00 e s s
Mngerarsa Mermoe N, 057, Sackey of Comemarcal Saed Tchreioges

Munm Hana, PhiisBt. oy wrer st Qerd &l cowmonmsnns o By i 181

Ransom Seed Lahoratory Native Seed Quality Workshop, Ft. Collins, Co. February 2002




TZ Tests

Invented in 1940’s in Germany

Cellular respiration

substrates

products

2,3,5,-triphenyl
tetrazolium chloride
(soluble, transparent)

dehydrogenases —— | — H* e

\ 4

Reduced

Formazan
(insoluble, red)
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Evaluation

Picture from http://www.cof.orst.edu/cof/teach/for442/cnotes/secl/more2.htm#svt
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Seed Vigor Is Lost Early in Seed Deterioration
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Characteristics of Vigorous Seed

e Rapid germination

« Uniform germination

 Tolerance of stressful environmental conditions
 Less susceptible to soil pathogens

* Longer potential storage life

Yagna?
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Factors Influencing Vigor

» Genetics

« Environment during maturation
e Seed maturity

« Harvesting methods

» Storage conditions and duration

 Germination conditions

Yagna?
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Seed Vigor Tests

« Germination rate and seedling growth tests
* sensitive indicators of vigor
* require carefully controlled conditions
e various parameters can be measured
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Seed Vigor Tests

» Seed vigor tests generally impose a stress on the seeds.
* the cold test is a common vigor test for corn and
other seeds
 high temperature stress is used for lettuce
« osmotic stress works, but is not widely used
* mechanical stress (growth through brick grit or
through a paper barrier) also possible but little used

Yagna?
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Germination (%)

Cold Test

Differences in seed vigor can be detected in

suboptimal conditions

Optimal temperature

Germination (%)

Low temperature
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Temperature Gradient Tests

For some species, such as lettuce, ability to germinate at high
temperature is a vigor index. A temperature gradient table can be
used to identify the germination temperature limits.
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Seedling Evaluation Vigor Test

STRONG WEAK ABNORMAL 0
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Aging Vigor Tests

 Controlled deterioration or accelerated aging

 put the seeds under adverse storage conditions (high
RH and temperature)

« determine how long it takes for viability to decline

* tests may use 100% RH or 75% RH

« temperatures range from 43 to 60°C

* may be end-point tests or use repeated samples to
determine the median viability period
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Saturated Salt Accelerated Aging (SSAA) Vigor Tests

SSAA test recommendations - NaCl

Species Temperature/Aging Period Reference
Bell pepper 41°C /48 h Panobianco and Marcos Filho (1998)
Broccoli 41°C/48 or 72 h Martins et al. (2002)
45°C/48 h Fessel et al. (2003a)
Carrot 41°C / 48h Rodo et al. (2000)
Cucumber 41°C /72 h Bhéring et al. (2000)
Onion 41°C /48 or 72h Rodo and Marcos Filho (2003)
Impatiens 41°C / 48h; 38°C / 72 or 96h Jianhua and McDonald (1996)
Melon 41°C /72 or 96h Torres and Marcos Filho (2003)
Sweet corn 43°C [/ 72h Bennettet al. (2001)
Soybean 41°C /48 or 72h Marcos Filho et al. (2000)
Tomato 41°C /72 h Panobianco and Marcos Filho (2001) 0
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Seed Vigor Tests

« Conductivity test
« some seeds leak ions during imbibition
 leakage increases as seeds age or are damaged
 conductivity meter measures the amount of ion
leakage

 widely used for peas
 does not work for many seeds that have an
Impermeable barrier around the embryo

Yagna?
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Conductivity Test

electrode

Conductivity test

leakage

lons

amino acids

sugars

Inorganic compounds

More deterioration = more conductivity o
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Conductivity Meter

24 h-imbibed

Photo from Mid-West Seed Services Inc. website
http://www.mwseed.com/corn.htm

Works well for peas, beans

Does not work for many
seeds that have impermeable
tissues surrounding the seed,
including:

Lettuce

Melons

Tomato

UCDAVIS



Seed Vigor Indicator

Conductivity results can be used to rank seed lots by vigor level.

e.g. Garden Pea (Pisum sativum L.)

<25 us/cm/g nothing to indicate seed is unsuitable
for early sowing or for sowing under
adverse conditions

25 to 29 us/cm/g seed may be suitable for early sowing,
but some risk of poor performance
under adverse conditions

30 to 43 ps/cml/g seed lot not suitable for early sowing,
especially under adverse conditions

>43 us/cm/g seed lot not suitable for sowing

From New Zealand Seed Technology Institute website
http://www.semec.ws/semec/conductivityseedvigourtest.htm
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Seed Vigor Tests

« Metabolic/biochemical tests
« TZ test can be interpreted to rank vigor
« Some enzymes have been correlated with vigor
 Early respiration rates correlate with vigor

Yagna?
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Use and Interpretation of Seed Vigor Tests

* Vigor tests are most useful in discriminating among seed
lots that all have high standard germination percentages
* If percent germination is low, vigor is already gone
 seed lots with similar germination percentages can
differ widely in vigor

« Uses of vigor tests
« discriminate among seed lots
» determine particular markets or environments in
which to sell specific seed lots
* vigor information generally not included on label
« predict storage life

Yagna?
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Example of Purity Separation
Eriogonum elongatum

Inert matter

.‘ Pure Seed

\ — T A - O ‘
Submitted sample for testing Purity separation
before purity separation using AOSA PSU# 29




Enhancement of Seed Quality

Improve seed quality

Improve reliability of stand establishment
Increase uniformity

Reduce seeding rates and thinning costs
Precision planting

Overcome dormancy or stressful conditions
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Physical/Technological Enhancement Methods

« Seed coating
« Chemical protectants (Captan, Apron, Vitavax, etc.)
 Film coating
« advantages relative to slurry coating
* reduce imbibitional damage
« temperature-sensitive polymers (Intellicoat)
* Microorganisms
* Rhizobium
 beneficial microorganisms (e.g., Trichoderma)

Film Coatin

* Thin film to delay germgation;
* Multiple layers of micronutrients,
fungicides, and insecticides

ol "”'to
Seed Pellet Seed Coat 0
» Shape of seed is obscured to a * Does not obscure shape of seed; et

specific size: free flowing and is contains micronutrients, fungicides,
used in precision planting. and insecticides
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Film Coating of Seeds

The latest in seed coating is film
coating with polymers that adhere
tightly to the seed and prevent Q

loss of the active materials. Courtesy of CelPril
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Seed Coatings Can Reduce Imbibitional Damage

SeedBiotics SB2000 O Warm

lCoId Uncoated
A Cold, 2% Film Coat

100

Hybrid Field Corn Varieties

Germination (%)
S (o)) (0]
o (@) o

N
o

Data courtesy of Dr. B.R. Ni, SeedBiotics.
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Seed Pelleting for Precision Planting
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Seeds are coated with clay
materials in rotating drums, then
screened to precise sizes. 0
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Seed Pelleting for Precision Planting
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Physiological Enhancement Methods

« Seed priming
« Seeds imbibe and pregerminative metabolism
proceeds, but radicle emergence Is prevented.
« Seeds can be dried for distribution and planting.
« Germination speed and uniformity are enhanced.
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Phases of Seed Imbibition

Phase | Phase Il

Phase Il

Metabolic activation:
variable duration dependent
upon temperature,
water potential and
dormancy state

Germination
and seedling
growth

Imbibition time
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Seed Priming Extends Phase 2 of Imbibition

Imbihition ‘ Activation ‘Growth

Seeds imbibed in water
Variable periods of
priming and storage

\

Growth blocked Dehydration
during priming and storage

Seeds imbibed in osmaotic solution
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Imbibition after Seed Priming

Imbibition ‘ Activation ’Growth

Seeds imbibed in water

eeds imbibed in osmotic solution

s s g Growth blocked
Imbibition Activation == during priming

Variable periods of
priming and storage

Dehydration
and storage

Primed seeds

imbibed in water

Imbibition Growth

Activation period
shortened
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Seed Priming Improves Germination Rate and Uniformity
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Primed seeds
generally
germinate more
rapidly than
untreated seeds.
Because of this,
they also
germinate more
uniformly in time.
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Satisfy Light Requirements for Germination

Light treatments can also be given during priming to
break dormancy, such as when seeds are pelleted. 0
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Controlling Seed Water Content

Priming requires seed hydration, but premature
germination must be prevented.

Must limit water uptake to a level below that
required for embryo expansion and growth.

There are several ways to achieve this.
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Seed Priming Methods -- Osmopriming

Osmopriming: Uses an

osmotic solution to set

the water potential and

A therefore the moisture
erated

osmotic content of the seeds.

solution

Polyethylene glycol or

salts (e.g., KNO,) are

used as osmotica.

Aeration must be
provided to support
seed respiration during
priming. O
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Osmopriming Equipment
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Seed Priming Methods -- Hydropriming

Rotating drum

Seeds

Hydropriming

Hydropriming: A specific
amount of water Is
added to the seeds to
bring the moisture
content to the desired
level.

No osmoticum is
needed, and there are
no waste solutions.

Aeration is provided by
rotating the drum.
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Drum Equipment for Hydro- or Matrix-priming
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Applications of Seed Priming

* Improve the speed and uniformity of emergence (e.g.,
tomato, peppers, celery, grasses, flowers)

« Overcome dormancy (e.g., high temperature inhibition
of lettuce seed germination)

« Combine with biologicals (“biopriming™)

« Perform additional physical grading on hydrated
seeds

* In general, for higher value seeds where speed and
uniformity are important
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Physiological Enhancement Methods

* Pregermination of seeds
 Allow radicle emergence.
« Select germinated seeds at specific stage.
 Induce desiccation tolerance.
* Dry and distribute seeds.
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Summary: Seed Testing, Vigor and Enhancement

Seed testing is important for labeling and trade in seed.
Standard tests strive for optimum conditions.
Vigor tests impose stresses on the seed:
* Temperature
* Osmotic
« Soaking
» Aging
Seedling growth, respiration, viability are assessed
Seed enhancement improves seed performance
« Grading
Coatings and protectants
Pelleting
Priming
Pregermination
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