i Causes of Seed Deterioration

= Temperature

« Increases air’s ability
to suspend water

« Enhances
physiological speed
of deterioration
reactions
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-ﬁ‘RuIes of Thumb”

= Every 1% decrease in seed moisture
content doubles seed storage life.

»« Every 5°C decrease in storage
temperature doubles seed storage life.

» Practical seed storage equation:
% RH + °C < 45.5




Role of moisture and temperature on seed viability and storability

Seed moisture % Effect on seed
Ja-80 Moisture content of developing seed. Seed not mature enough to harvest
18-40 Physiologically mature seed, High respiratory rate, susceptible to field

deterioration, heating occurs if seed is bulked without proper ventillation.

13-18 Respiratory rate still high, mold and insects can be damaging and seed
resistant to mechanical damage

10-13 Seed store well for 6-8 months in open storage in temperate climates.

&10 Seed sufficiently dry for 1-3 years open storage in temperate climates. Ve
fittle insect activity $ prag 9 p ry

48 Safe moisture for sealed storage

O-d Extreme desiccation. Can be damaging to seed.

33-80 Seed germinates when they imbibe water to these levels.




Table 1. Maximum seed moisture content for seeds stored in sealed containers. The
seed moisture percentage of stored seed should not be higher than the values given below
(USDA Federal Seed Act, 1976).

Vegetable

Bean, common
Bean, Lima.

Beet

Broccoli
Brussels sprouts
Cabbage

Carrot
Caulitlower
Celeriac

Celery

Chard, Swiss
Chinese Cabbage
Chives

Collards

Corn, sweet
Cucumber
Eggplant

Kale

Kohlrabi

Seed moisture (%)

7.0
7.0
7.5
3.0
5.0
3.0
7.0
3.0
7.0
7.0
7.5
5.0
0.5
5.0
8.0
6.0
6.0
5.0
3.0

Vegetable

Leek
Lettuce
Muskmelon
Mustard
Onion
Onion, Welsh
Parsley
Parsnip

Pea

Pepper
Pumpkin
Radish
Rutabaga
Spinach
Squash
Tomato
Turnip
Watermelon
Unlisted

Seed moisture (%)

0.5
3.5
6.0
3.0
0.5
6.5
0.5
6.0
7.0
4.5
6.0
5.0
2.0
8.0
6.0
3.5
3.0
0.5
6.0
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Seed dormancy

Dormant seed: a seed that does not germinate under
optimal water ; oxygen and temperature conditions

Germination: Growth of embryo, breakage of seed coat,
Water absorption and cell division in the embryo.
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A FIGURE 7-2 The

—— Seed development ———p Germination ———» transition from seed
development to seed
Vivipary germination. Seeds may end
1 secd development and
Recalcitrant

display viviparous,

o
f:n 4 Orthodox recalcitrant, or orthodox seed
g behavior. Viviparous and
] recalcitrant sceds germinate
o / A/T/ before completing the
x Maturation drvin malturation drying stage of
\ T Dormant development. Orthodox seeds
Cell expansion Nondormant continue to dry to about 10
\ percent moisture and can be
Histadifferentiation cither nondorman
(sometimes termed quiescent)
or dormant.
Time >

Vivipary : No dormancy the seed continues growth.
Orthodox seeds: The seed enters dormancy, dehydrated seed-

tolerance to water deficiency
Recalcitrant seeds: the seed enters dormancy but is not tolerant
to water deficiency




Types of dormancy
-Non-dormant seeds
- Primary dormancy — gradual time dependant

Release from dormancy - post ripening

- Secondary dormancy - seeds do not
germinate under unfavorable environmental
conditions




» Primary dormancy

— l

' 1. Exogenous 2. Endogenous
1. Physical 1. Morphological
11. Mechanical a. Rudimentary
1i1. Chemical b. Linear
¢. Undifferentiated

1. Physiological
a. Non- deep
| b. Intermediate
| c. Deep

» Secondary dormancy
1. Thermodormancy
2. Photodomancy
3. Skotodormancy

|

3. Intermediate
1. Morpho-
physiological
a. Epicotyl
b. Double dormancy
il. Exo- endodormancy

Baskin and Baskin, 2004




Seed dormancy
Types of dormancy

Exogenous- Coat imposed dormancy

- Mechanical dormancy: growth constraint.
- Physical dormancy: permeability to H,O , O,, inhibitors.
- Chemical dormancy: inhibitors in endosperm, seed coat.

Endogenous- Embryo dormancy

- Morphological dormancy: Under-developed embryo.
- Physiological dormancy : Physiological inhibition.

Dommancy classification

Nikolaeva (1977), Black & Bewley (1980)
Baskin & Baskin (1998)




Coat imposed dormancy
Mechanical dormancy

Harsh seed coat inhibits germination .
Oleaceae

(Rosaceae)
(Juglandaceae)

Physical dormancy

ater permeability barrier

. Musaceae, Cannaceae.
dormancy

-ABA

-Phenols (coumarin, ferulic acid)




i. Physical dormancy

W Seeds coats are impermeable in water due to macrosclereid

cells, mucilaginous outer cell layer or hardened endocarp.

W Depth of the puncture to the seed coat increased, so did the

permeability of seed coat to water.

W Eg: Olive, Peach, Plum, Apricot, Cherry etc. (hardened

endocarp), Walnut and Pecan nut (surrounding shell).




-Barrier to gas exchange

1. Seed coats are impermeable to oxygen the difusion
coefficient of oxygen in water is very low, could be a
limiting factor to germination

Excess water can inhibit germination

2. Seed coats contain phenolic compounds that fix
oxygen molecules

Germination
percentage

Germination
percentage

=]
=




Effect of oxygen concentration on seed germination
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Germination (%)
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Alopecurus myosuroides —.. —.. —  Aveng fatua
Rumex obtusifolius Golium ggarine
Matricaria chamomilla Chenopodium album
Poa annuo Sonchus asper
Veronica persica —————  Srelloric media
Apera spica -venii




i1. Mechanical dormancy

Wl Seed coats are too hard to allow the embryo to expand during

germination.

@ In nature coats are softened by environmental agents such as
acids in guts, microorganism in warm, moist, forest fire,
environment, etc.

@ To overcome horticultural — scarify with sandpaper, hot water,

acid, moist environment, fire and immature embryo.

W Eg. Stones of olive, Pits of stone fruits, Shells of walnut.




111. Chemical dormancy
W@ Presence of chemical inhibitors in the outer covering of the
seeds and fruits.

@ In nature overcome by heavy rains, some soil inhibits the toxins

such as ammonia given off.

@ In horticultural leach with running water, change the water

daily, excising embyro, chilling for a few days, use of hormone

gibberellic acid .

W Eg. Citrus, Grapes, Apple, efc.




2. Endogenous dormancy

1.  Morphological dormancy — Embryo 1s not fully developed at

the time of ripening. Need additional embryo growth after the
seed 1s separated from the plant. Eg. Datepalm
Rudimentary — about pro-embryo stage. May be inhibitors

present .

Linear — at torpedo stage. Takes up about %2 of the seed

cavity. May be inhibitors present.

Undifferentiated — rare at fruit crops.




v" To overcome horticultural :
@ Alternate warm and cool temperature.
W Hormone such as GA3.

W Exposure to cool temperature.

@ Some tropical spp. required extended period at high

temperature for full development of embryo. Eg. Date palm.




11. Physiological dormancy
! f 1

i. Non- deep i, Intermg::iiate iii. Deep

4 Short term and 2 The embryo itself 4 Control are within the
disappear with is quiescent, not embryo itself.
storage last up to dormant and 4 To overcome
1-6 months germinate if stratification which

£ To overcome — dry excised. required temperature,
storage, pre- 4 To overcome - light, aeration,
chilling, light stratification and moisture, time,
alternating , GA3 treatment hormone interaction.
KNO3 and GA3. response.




Physiological dormancy
Non-deep physiological dormancy

The dormancy can be broken by a short (days) exposure
to either low or high temperatures, light or hormonal
treatments GA -1 CK.

-The requirements is nullified gradually in storage

Intermediate/deep physiological dormancy

Seeds require 1-5 months of stratification to break
dormancy

During stratification hormonal changes will occur in the

embryo axis

“LW) O IS (0 $3)010 Vgb)s 3Ly (895 )3 )33 ()3 3330) U )b W a5 (,53)0)gN) CIlpGS
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ii. Double dormancy

@ Combination of two or more types of dormancy is known as
double dormancy. It can be morpho-physiological or exo-

endodormancy.

@ Require chilling period for embryo, followed by warm period

for root, then followed by cold period for shoot growth.




> Secondary dormancy

® Imposition of new dormancy mechanism under unfavourable

condition,

@ The cntical point is that this dormancy occurs AFTER the seeds has

been separated from the plant. It is of three types:
1.  Thermodormancy: high temperature induced dormancy. (384 Lo
1.  Photodormancy: prolonged exposure of seeds to an excess light 3384 )¢

ii. Skotodormancy: required light for germination when they are imbibed

in dark for extended period of time. 3384 A6

@ To overcome this dormancy it requires chilling, light

or GA, etc.



Techniques for breaking seed dormancy

1. Scarification - mechanical abrasion
2. Stratification -. Chemical treatments
Treatment with concentrated sulfuric acid (15 min.)

3. Hot water or dry air




Germination, dormancy
and Hormonal control

+ Temperature — Cardinal femperatures for
dormancy break and germination

+ Water potential — At low water potential seeds will
not germinate regardless of temperatures.

* Light — Stimulate germination of many species. Red
light (Phytochrome response)

* GA required for seed germination. Induces Beta
mananase and other cell wall hydrolyzing enzymes.

» Ethylene — stimulates germination.

* Nutrients — Most seeds do not require nutrients
for germination except for nitrates. KNO ; induces
germination.
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= seeds travel
m seeds stick to socks
m stick to animal fur

m seeds blow in the wind

= seeds to grow need:

+ Viability

+» Favor environment
m Soil
s Water
= Sunlight

<~ Remove Dormancy

After ripening process




1-Activation 2-Digestion 3-Seedling growth

ABA Cotyledons

e —
Radicle growth

. Testa rupture

Testa \Rupture Testa

Radicle

Finch-Savage and Leubner-Metzger (2006) - Seed dormancy and the control of germination
Tansley Review, Mew Phytologist, © Blackwell Science, http.fwww, newphyltologist.org




Phase I (imbibition)- Water uptake is a physical process driven by
water potential gradient between the seed and its environment
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Gaermination
and seedling
growth

Water Metabolic activation:
uptake variable duration dependent
upon temperature and
water potential

-

Imbibition time

Figure 13.1. Triphasic pattern of water uptake during seed imbibition. Respiration rate
follows a similar pattern.




Phase IT (lag phase)- Seed water reaches a plateau level and remains
c_]gns’rnnf. etabolic processes are activated. Duration depends on
Temp

Phase ITT (Embryo growth)- Point of no refurn, seed absorbs large
quantities of water. Sensitive to dehydration. Embryo growth an
radicle emergence
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Stages leading to cell division

: ) Respiration
|V|ltChOUd”a__>|nitia||ypanaerobic4.__- Soluble
recongtltUte Later aerobic sugars
ATP |,
RNA activated
~
Polysomes
N
Protein synthesis
(0.5h )’ \a
Enzymes
(protainsi
DNA synthesis
(45h)

Mitosis (70h)

www.rbgsyd.nsw.qgov.au/ data/assets/image/
81026/




Germination: The breaking of dormancy

The growth of the embryo and its penetration
of the seed coat

Break down of barriers
Abrasion of seed coat
Decomposition of seed
coat Cracking of seed

At (fira\N
R \* Change in physical
 state - rehydration

Destruction and dilution J/
of inhibitors

Light, temperature, water \\
. Production of growth

© 2016 Paul Billiet promote rs




GERMINATION

What 1s germination?

Steps:
1. Seed coat breaks

2. Radicle becomes ROOT

Hypocotyl and epicotyl
become the STEM

First leaves grow =
PHOTOSYNTHESIS




Germination

The emergence and development from the seed embryo of those structures
which seed indicate the ability to produce a normal plant.
Conditions Necessary for Germination

= Water

= Air

= Temperature

= Light
Modes of Germination

Seeds present two modes of germination based on the behavior of the

cotyledons or storage organs.

= Epigeal Germination
* Hypogeal Germination




1.Epigeal Germination
The cotyledons come out above the soil surface and generally turn green
and act as first foliage leaves. This type of germination present in

groundnut, bean, cotton, sunflower and cotton seeds.

Foliage leaves <
-
Cotyledon b~

Hypocotyl
Cotyledo
Hypocotyl

1 ﬁ'l -

Radicle
Seed coat




1.Hypogeal Germination
The cotyledons do not come above the soil surface. This type of

germination is found in wheat, barley, maize and pea.




Seed Germination




Germination

Germination



cotyledons (starch stores)

Testa Water enters the seed

through the micropyle

and activates enzymes.

Plumule
(embryo shoot)

The water also softens
the testa to allow it to
split.

Radicle
(embryo root)

/

Micropyle Cotyledon

Germination



Enzymes are used in seed germination

Plumule

The enzymes break
starch down into
maltose and then
glucose. The glucose
is used in respiration
to provide energy for
growth

starch

amylase
secreted

3 '
680%
so> maltose

embryo plant

Radicle
This is the first part
to grow out of the
seed as it needs to
absorb more water

Germination



in the cotyledon to provide energy for growth

light The seedling can now
photosynthesise and
make its own food

29

germination

Plant growth and development

soil

Flower Structure  Pollination  Fruit Development Seed Dispersal Germination Test



Transplanting Seedlings

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

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




-
Seed Culture

- Direct planting

Uil Cuwd (gJ55y

- Transplanting




Hardening Off

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




- Pelletized seeds




