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INTRODUCTION TO THE COURSE
 

I. 	GOALS OF THE COURSE
 

The objective of this course is to provide a basic understanding of the
 
following topics:
 

A. 	Reproductive cycles, from flowering through seed germination;
 
B. 	Seed origin;
 
C. 	Seed collection;
 
D. 	Seed maturity;
 

E. 	Collection and postharvest care;
 

F. 	 Seed extracting, cleaning, and conditioning; 
G. Insect and disease problems;
 
If. Seed storage;
 
I. 	Seed lot sampling;
 
J. 	Tests for moisture, purity, weight, germination, and vigor;
 
K. 	Rapid viability estimates;
 
L. 	Seed test results;
 
M. 	Seed handling in nurseries; and
 

N. 	Seed programs.
 

II. SCOPE OF THE MATERIAL
 

The emphasis in this course will be on indigenous, multipurpose species that 

are suited for forestry and rural agroforestry. However, exotics are not be 

systematically excluded, because fast-growing exotics have a definite place 
in forestry programs. 

III. SOURCES OF INFORMATION AND TECHNICAL HELP
 

Sources of information and technical help include journals, reference books,
 

international organizations, regional organizations, and research
 
institutions.
 

A. 	Current Journals
 

1. 	Seed Science and Technology-International Seed Testing
 

Association (ISTA)
 

2. 	Journal of Seed Technology-Association of Official Seed
 

Analysts (AOSA)
 

3. 	Seed Abstracts-Commonwealth Agricultural Bureaux (CAB) 
International Information Services 
Wallington, Oxon OX 10 8 DE 
England 

4. 	Agroforestry Abstracts-(same as above)
 



5. 	 New Forests-Dr. Mary Duryea, Editor-in-Chief
 

Department of Forestry
 

118 N-Z Hall
 
University of Florida
 

Gainesville, Florida 32611 USA
 

6. 	Indian Forester-(includes seed technology articles)
 

7. 	Indian Journal of Forestry-(includes seed technology
 
articles)
 

8. 	Journal of Tropical Forest Science-Business Manager
 
Forest Research 	Institute
 

of Malaysia
 
P.O. Box 201
 
Kepong, 52109 Kuala
 

Lummpur
 

Malaysia
 

9. 	 Commonwealth Forestry Review-Commonwealth Forestry
 
Institute
 

11 Keble Road
 
Oxford, England
 

10. 	Pakistan Journal of Forestry-Editor
 
P.O. Pakistan Forestry Institute
 

Peshawar, N.W.F.P.
 
Pakistan
 

11. 	Canadian Journal of Forestry Research
 

12. 	Forest Science
 

B. 	Reference Books
 
The following reference books provide information and technical
 
assistance: Bewley and Black (1982), Chin and Roberts (1980),
 
Murray (1984 a, b), U.S. Department of Agriculture (1974), Von
 
Carlowitz (1986), and Willan (1985).
 

C. 	International Organizations
 

1. 	Food and Agriculture Organization (FAO)
 
Forest Resources Development Branch
 
Forest Resources Division
 
Via delle Terme di Caracalla
 
00100 Rome
 
Italy
 

2. 	International Union of Forestry Research Organizations (IUFRO)
 
A-1131 Vienna
 
Austria
 



3. 	IUFRO Seed Problems Project Group
 
Current Chair: Dr.D.G. Edwards
 

Forestry Canada
 
Pacific Fcrestry Centre
 

506 West Burnside Road
 
Victoria, B.C.
 
V8Z 	 1M5 

4. 	International Seed Testing Association (ISTA)
 

Reckenholz, P.O. Box 412
 
CH-80146 Zurich
 
Switzerland
 

D. 	Regional Organizations
 
1. 	F/FRED Coordinating Unit
 

c/o Kasetsart University
 
Faculty of Forestry
 
P.O. Box 1038, Kasetsart Post Office
 
Bangkok 10903
 
Thailand
 

E. 	Research Institutes
 
1. 	ASEAN-Canada Forest Tree Seed Centre
 

Mauk Lek, Saraburi
 
Thailand
 

2. 	Nitrogen Fixing Tree Association
 
P.O. Box 680
 
Waimanalo, HI, 96734 USA
 

3. 	International Council for Research in Agroforestry (ICRAF)
 
P.O. Box 30677
 
Nairobi
 
Kenya
 

4. 	DANIDA Forest Seed Centre
 
Krogerupvej 3A
 
DK 3050, Humlebaek
 
Denmark
 

5. 	Forest Research Centre
 
P.O. Box HG 595
 
Highlands, Harare
 
Zimbabwe
 

6. 	Centre National de Semences Forestieres
 
PB 2682, Ouagadougo
 
Burkina Faso
 



7. 	CSIRO Division of Forest Research
 
P.O. Box 4008
 

Queen Victoria Terrace
 
ACT 2600, Canberra
 
Australia
 

8. 	Commonwealth Forestry Institute (CFI)
 
University of Oxford
 
Department of Forestry
 
Oxford
 
England
 

9. 	USDA Forest Service
 
Tree Seed Research Unit
 
Forestry Sciences Laboratory
 
P.O. Box 906
 
Starkville, MS 39759 USA
 

10. 	 National Tree Seed Laboratory
 

USDA Forest Service
 
Dry Branch, GA 31020 USA
 

11. 	 USDA Forest Service
 
Institute of Tropical Forestry
 

University of Puerto Rico, Agricultural
 
Experiment Station
 

P.O. Box 25000
 
Rio Piedras, PR 00928-2500 USA
 

12. 	 Centro Agronomico Tropical de
 
Investigacion Y Ensenanza (CATIE)
 

Turrialba
 
Costa Rica
 



SEED BIOLOGY
 

I. 	FLOWERING, POLLINATION AND SEED MATURATION
 

A. 	Introduction
 

Knowledge of the seed biology of a tree species is essential to proper
 

seed production and handling. The sexual life cycle must be known in
 

planning for genetic improvement, production, collection, conditioning,
 

storage, and planting of the seeds.
 

B. 	Objuctives
 

In this section, the objectives are to

1. 	Define common terms used to describe life cycles of plants.
 

2. 	Describe the general sexual cycle, flower structure, seed structure,
 

and origin of the fruit of gymnosperms.
 

Describe the general sexual cycle, flower structure, seed structure,
3. 


and origin of the fruit of angiosperms.
 

4. 	Identify primary differences between angiosperm and gymnosperm
 

sexual cycles.
 

5. 	Describe the general development of fruits and seeds.
 

C. 	Key Points
 

The following points are essential for understanding flowering,
 

pollination, and seed maturation:
 

1. 	A plant's life cycle is the time required to grow from zygote to
 

seed production, and it has two developmental cycles--a sexual cycle
 

and 	an asexual cycle.
 



2. 	Knowledge of the sexual cycle is required for

a. 	tree-breeding programs,
 

b. 	seed orchard management,
 

c. 	seed collection,
 

d. 	seed conditioning and storage, and
 

e. 	nursery management.
 

3. 	The gymnosperm life cycle has the following order:
 

a. 	naked seed,
 

b. 	seedling,
 

c. 	mature sporophyte,
 

d. 	strobili (cones),
 

e. 	microspore and megaspore mother cells,
 

f. 	meiosis,
 

g. 	microspores and megaspores,
 

h. 	 male and female gametophytes, 

i. 	pollination,
 

j. 	single fertilization,
 

k. 	 zygote and gametophytic tissue, 

1. 	 embryo, and 

m. 	 naked seed on ovulate cone scale. 

1. 	The angiosperm life cycle differs from the gymnosperm life cycle in
 

having

a. 	seeds enclosed in fruit (ripened ovary),
 

b. 	true flowers rather than strobili,
 

c. 	double fertilization, and
 

d. 	triploid endosperm tissue rather than haploid female
 

gametophytic tissue in the seed.
 



D. Definitions of Terms
 

1. 	Life cycle-the time required to grow from zygote to seed
 

production.
 

2. 	Genotype-the genetic makeup of a cell nucleus or an individual.
 

3. 	Phenotype-the external physical appearance of an organism.
 

4. 	Mitosis-nuclear (and usually cellular) cell division in which the
 

chromosomes duplicate and divide to produce two nuclei that are
 

identical to the original nucleus.
 

5. 	Meiosis-two successive nuclear divisions in which the chromosome
 

number is halved and genetic segregation occurs.
 

6. 	Pollination-transfer of pollen grains from the anther or
 

microsporophyll to the stigma or ovule.
 

7. 	Fertilization-fusion of sperm and egg (and also sperm with two
 

polar nuclei to form endosperm in angiosperms).
 

8. 	Diploid (2N)-two sets of chromosomes in a cell's nucleus.
 

9. 	Haploid (lN)-one set of chromosomes in a cell's nucleus.
 

10. 	 Fruit- a ripened ovary, sometimes including accessory flower parts,
 

that surrounds the seed (angiosperms).
 

11. 	 Seed-a ripened ovule that consists of an embryo, its stored food
 

supply, and protective coverings.
 

12. 	 Mature seed-a seed that has reached a stage at which it can be
 

removed from the tree without impairing the seed's germination.
 

E. 	Life Cycles
 

An understanding of life cycles is needed because

1. 	Sexual and asexual systems reproduce genetically different
 

populations.
 

2. 	The asexual cycle is needed for vegetative propagation.
 



3. 	Knowledge of the sexual cycle is needed for successful breeding and
 

seed production.
 

F. 	Angiosperm and Gymnosperm Sexual Cycles
 

1. 	All tree species-All tree species are seed-producing plants
 

(division, Spermatophyta) and belong to either the class
 

Gymnospermae or Angiosperma.
 

a. 	Angiosperm seeds are enclosed in carpels.
 

b. 	Gymnosperm seeds are borne naked on scales.
 

c. 	Seeds of nonconiferous gymnosperms are borne singly.
 

2. 	Gymnosperm life cycle-see figure 1.
 

a. 	The gymnosperm life cycle includes the

(1) 	Sporophyte;
 

(2) 	Strobilus or cone, including the

(a) 	reproductive short shoot,
 

(b) 	staminate cone (male),
 

(c) 	ovulate cone (female), and
 

(d) either monoecious (female and male strobili on same
 

tree) or dioecious (tree has only one sex);
 

(3) 	Meiosis and gametophytes;
 

(4) 	Fertilization; and
 

(5) 	Seed.
 

b. The seed-see figure 2.
 

(1) 	Develops from the fertilized ovule and
 

(2) 	Contains an embryo, a seed coat, storage tissue, and
 

sometimes a seed wing
 

c. 	Fruits vary in the following ways:
 

(1) 	Gymnosperms do not have true "fruit."
 

(2) 	The following structures enclose gymnosperm seeds:
 

C' 



(a) dry ovulate cones (e.g., Abies, Araucaria, Cupressus,
 

Pinus, & Tsuga),
 

(b) 	fleshy aril-like (e.g., Ginko, Taxus, and Torreya),
 

and
 

(c) berry-like ovulate cone (e.g., Juniperus)
 

3. Angiosperm life cycle

a. 	The angiosperm life cycle includes the following

(1) 	Sporophyte.
 

A flower is a short shoot with sterile and
(2) 	Flower. 


reproductive leaves. Sterile leaves include sepals,
 

petals, and perianth. Reproductive leaves include the
 

(male), carpel (female), and pistil (a collective
stamen 


that describes visible female structures).
term 


(a) 	receptacle,
 

(b) anather 	(male),
 

(c) 	ovary (female), and
 

(d) perfect 	flowers, imperfect flowers, and polygamous
 

flowers.
 

(3) Meiosis 	and gametophytes.
 

(4) 	Fertilization.
 

(5) 	 Seed. 

b. 	The seed-see figure 3.
 

(1) Develops 	from the double fertilized ovule;
 

(2) Contains 	an embryo, storage tissue, and sometimes other
 

seed 	coverings; and
 

(3) 	May be endospermic or nonendospermic.
 

c. 	The fruit

(1) 	Develops from the matured ovary,
 

Encloses the seed (matured ovule), and
(2) 




(3) 	Is difficult to separate from the seed.
 

4. 	Sexual cycle-


The gymnosperm and angiosperm sexual cycles differ in the following
 

ways:
 

a. 	Seeds are not enclosed in the ovary, and flowers ave unisexual
 

in gymnosperms; whereas seeds are borne in a closed ovary, and
 

flowers are perfect or imperfect in angiosperms.
 

b. 	Angiosperms have true flowers, but gymnosperm have strobili
 

(cones).
 

c. 	Double fertilization takes place in angiosperms, and single
 

fertilization takes place gymnosperms.
 

d. 	The developing embryo is nourished by the haploid female
 

gametophyte in gymnosperms, but it is nourished from either
 

diploid cotyledons-hypocotyl of the embryo, triploid endosperm,
 

or diploid nucellar material in angiosperms.
 

G. 	Seed and Fruit Development
 

1. 	Physical development

a. 	Angiosperms.
 

(1) 	Pollination and fertilization trigger

(a) 	formation of embryo and endosperm, and
 

(b) 	cell divisions and enlargements.
 

(2) 	Legumes.
 

(a) simple pistils with a superior ovary having one cavity
 

(locule).
 

(b) seedcoats composed of histologically dense cuticle,
 

radial columnar cells, sclerenchymatous cells, lignin;
 

and osteosclereid cells.
 

(3) 	 Structural terms are defined as follows (see figure 4): 



(a) cuticle-waxy layer on outer walls of epidermal
 

cells.
 

(b) lignin-organic component of cells associated with
 

cellulose.
 

(c) 	osteosclereid-bone-shaped sclerenchyma.
 

(d) 	parenchyma-undifferentiated live cell.
 

(e) 	sclernchyma-thick, lignified cells.
 

b. 	Gymnosperms. Many conifers flower and ripen seed in one growing
 

season, some require two seasons, and a few require three
 

seasons.
 

2. 	Physiological development

a. 	Moisture content increases rapidly after fertilization and
 

decreases at maturity.
 

b. 	Hormone contents are higher where meristematic activity is
 

greatest.
 

c. 	Metabolic changes are many; simple sugars, fatty acids, and
 

amino acids converted to proteins, oils, and lipids.
 

3. 	Classification of mature fruits-see table 1.
 

H. 	Additional Information
 

For more information, see Dogra (1983); Hardin (1960); Hartman and
 

Kester (1983; chap. 3, PP. 59-65); Krugman, Stein, and Schmidt and
 

(1974); and Willan (1985; pp. 7-10; 13-15).
 



Table 1.-Common fruit types of woody plants (adapted from Hardin, 1960)
 

Description 


I. 	Simple fruit (product of single pistil)
 

A. Dehiscent walls (splitting naturally)
 

1. 	Product of one carpel
 
a. 	Dehiscing by one suture 


b. 	Dehiscing by two sutures 


2. Product of two or more carpels 


B. 	Walls indehiscent (not splitting
 
naturally)
 

1. Exocarp fleshy or leathery
 

a. 	Pericarp fleshy throughout 


b. 	 Pe jicnvp heLeiogefeous 

(1) 	Exocarp leathery rind 


(2) 	Exocarp fleshy
 
(a) 	Endocarp a "stone" 


(b) 	Endocarp cartilaginous 


2. 	Exocarp dry (papery, woody, or
 
fibrous)
 
a. 	Fruit winged 


b. 	Fruit without wings
 
(1) 	1-locule ovary; thin wall;
 

small seed 

(2) 	SeveLal-loculed ovary; thick
 

wall; large seed 


II. 	 Compound fruit (product of multiple
 

pistils)
 

A. 	Pistils of a single flower 


B. 	Pistils from different flowers
 

(inflorescence) 


Type Example
 

Follicle Magnolia 
Legume Acacia, 

Prosopis, 
Robinia 

Capsule Eucalyptus,
Populus 

Berry Vaccinium, 
Diospyros 

Hesperidiumn Citrus 

Drupe Prunus, 
Tectona 

Pome Malus, 
Crataegus 

Samara Triplochiton, 
Acer 

Achene Platanus 

Nut Quercus 

Aggrepate Magnolia 

Multiple Platanus 



II. 	SEED DORMANCY
 

A. 	Introduction
 

Once a seed has matured, it is essential for the survival of the
 

species that seed germination occurs at a time and place favorable
 

for growth and survival of the seedling. Mechanisms to prevent
 

germination at undesirable times have evolved with the species and
 

are usually defined as dormancy. The presence and causes of seed
 

dormancy must be known to develop nursery practices for dormancy
 

removal and thereby to ensure timely germination and uniform growth 

of the seedlings. 

B. 	Objectives
 

In this section, the objectives are to

1. 	 Descvibe the different types of seed dormancy. 

2. 	 Discuss methods for overcoming seed dormancy, both for 

germination testing and nursery operations.
 

C. 	Key Points 

The following points are essential to understanding seed dormancy: 

1. 	To a large degree, dormancy is under genetic control.
 

2. 	Environmental conditions during seed maturation can influence
 

the degree of ',Jmancy.
 

3. 	It is possible for seeds to have more than one type of dormancy 

mechanism. 

4. 	Postharvest environment can create secondary dormancy.
 



5. The distinction between "dormancy" and "delayed germination" is
 

not 	always clear.
 

6. 	The least severe treatment to overcome dormancy should be
 

selected first to avoid damage to the seeds.
 

D. 	Terms.
 

Relevant terms are defined as follows:
 

1. 	Afterripening-physiological processes in seeds after harvest
 

or abscission, that occurs prior to and is often necessary for
 

germination or resumption of growth under favorable external 

conditions.
 

2. Dormancy-a physiological state in which a seed that was 

disposed to germinate does not, even in the presence of 

favorable environmental conditions. 

3. 	Chilling-subjection of seeds to cold, moist conditions to
 

bring about afterripening.
 

4. 	 Prechilling-cold, moist treatment applied to seeds to hasten 

orai'teripcningor" to oVercome dormancy before sowing in soil 

before germinating in the laboratory.
 

to
5. 	Pretreatment-any kind of treatment applied to seeds 


overcome dormancy and hasten germination. 

6. Scarification-disruption of seedcoats, usually by mechanical
 

abrasion or by brief chemical treatment in a strong acid, to 

increase their permeability to water and gases or to lower 

their mechanical resistance. 

7. 	Stratification-practice of' placing seeds in a moist medium, 

often in alternate layers, to hasten afterripening or to 



overcome dormancy; commonly applied to any technique that keeps
 

seeds in a cold, moist environment.
 

8. 	Delayed germination-a general term applied to seeds that do
 

not germinate immediately but are not slow enough to be
 

described as dormant.
 

E. 	Types of Dormancy
 

1. 	 Seedcoat dormancy-Seedcoal dormancy is the same as external 

dormancy. 

a. Impermeability to moisture or gases, e.g., Acacia, 

Prosopis, Robinia, and other legumes.
 

b. 	Mechanical resistance to swelling embryo, e.g., Pinus, and
 

Quercus.
 

2. 	Embryo dormancy-Embryo dormancy is the same as internal
 

dormancy.
 

a. 	Inhibiting substances, e.g., Fraxinus, Ilex, and Magnolia.
 

b. 	Physiolgical immaturity, e.g., Juniperous virginiana.
 

3. Morphological domancy-The embryo is not completely
 

developed, e.g., Ilex opaca, some Fraxinus, and Pinus.
 

4. 	Secondary dormancy-Secondary dormancy is imposed as a of
 

result some action, treatment, or injury to seeds, e.g., Pinus
 

taeda exposed to high temperatures and moisture during storage.
 

5. 	Combined dormancy-Combined dormancy results from two or more
 

primary factors, such as seedcoat dormancy and embryo dormancy,
 

e.g., Tilia.
 

6. 	Double dormancy-Double dormancy results from embryo dormancy
 

in both the radicle and epicotyl, e.g., Prunus.
 



F. 	Overcoming Dormancy
 

1. 	Seedcoat dormancy-Treatment must improve moisture uptake and
 

gas exchange and ease radicle emergence.
 

a. 	Cold water soak. Soaking seeds in water at room temperature
 

for 24 to 48 hours.
 

b. 	Hot water soak. Bring water to a boil, put seed in, remove
 

from heat, and allow to stand until water cools.
 

c. 	Hot wire. Use a heated needle or electric wood-burner to
 

burn a small hole through the seedcoats.
 

d. 	 Acid treatment. Pour a strong mineral acid over the seeds 

and mix. (Sulfuric acid is the favorite.) Remove seeds 

after a time determined by trials with samples, usually 15 

to 60 minutes, and wash thoroughly to remove acid.
 

e. 	Physical scarification. Physical scarification causes
 

cracks or breaks in the hard seedcoats.
 

(1) 	 Use hand methods (nicking) , or 

(2) 	Use mechanical methods for larger scale operations.
 

2. 	Embryo dormancy-Treatment must overcome physiological
 

barriers within the seed. 

a. 	Stratification (chilling, prechilling). Place fully 

imbibed seeds at 10 to 50C for 1 to 6 months. 

(1) 	Imbibition is completed.
 

(2) 	Enxyme systems are activated.
 

(3) 	Storage foods change to soluble forms.
 

(4) 	 Inhibitor/promoter balances change. 



b. 	Incubation/stratification. For some species, provide a
 

short warm incubation (15 to 20°C), followed by cold
 

stratification.
 

c. 	Chemical treatment.
 

(1) 	Hydrogen peroxide-Soak for 48 hours in
 

1-percentsolution (e.g., Pseudotsuga).
 

(2) 	Citric acid- Soak for 48 hours in 1-percent
 

solution, followed by 90 or more days of
 

stratification (e.g., Juniperus, Taxodium).
 

(3) 	Gibberelliins.
 

(4) 	Ethylene.
 

d. 	Light. Dormancy is overcome by the red/far red mechanism.
 

G. 	Significance
 

1. 	Survival strategy-Dormancy allows germination during
 

favorable environmental conditions.
 

2. 	Genetic factor-Dormancy in many seeds is under genetic
 

control.
 

3. 	Multiple causes-Many species have probably evolved with more
 

than one dormancy mechanism.
 

4. 	 Environmental influence-Weather conditions during maturation 

may 	influence the degree of dormancy.
 

H. 	 Additional Information 

For more information, see Khan (19811); Krugman, Stein, and Schmidt 

(1974); Murray 1984b); Nikolaeva (1967); and Willan (1985; pp.
 

17-19, Chap. 8).
 



III. GERMINATION
 

A. 	Introduction
 

The point of seed technology is successful germination and
 

seed]ing establishment. Two major factors are involved:
 

physiological condition of the seed and the physical condition of
 

the 	environment. In the two preceeding sections, seed maturation
 

and 	 dormancy were considered. In this section, environmental 

factors and how they control germination through their 

interactions with seed biology will be examined. 

B. 	Objectives
 

In 	 this section, the objectives are to

1. 	 Describe the two types of germination and their importance in 

woody plants. 

2. 	 Review cmvironmental requirements for germination. 

3. Review physiological changes within seeds that lead to 

germination. 

4. 	Discuss how seed physiology and environmental factor3 interact
 

in germination.
 

C. 	Key Points
 

The following points are essential to understanding germination

1. 	The two types of germination are epigeous and hypogeous.
 

2. 	Moisture availability is the first controlling factor for
 

germination.
 



3. 	The effects of temperature and light on germination are
 

strongly related.
 

4. 	Constant and alternating temperature regimes may lead to equal
 

total germination, but germination is usually faster under 

alternating regimes.
 

5. 	As germination begins, the key to internal processes involves
 

the change from insoluble to soluble metabolites. Details of
 

such metabolism are beyond the sccpe of this course.
 

D. 	Types of Germination
 

1. 	Epigeous (epigeal) germination occurs when cotyledons are
 

forced above the ground by elongation of the hypocotyl (figure
 

5), e.g., Pinus, Acacia, and Populus.
 

2. 	Hypogeous (hypogeal) germination occurs when the cotyledons
 

remaLn below ground while the epicotyl elongates (figure 6),
 

e.g., Juglans, Quercus, and Shorea. In some genera (e.g.,
 

Prunus), each type is represented by particular species.
 

E. 	Environmental Requirements for Germination
 

There are four primary environmental requirements for germination:
 

moisture, temperature, light, and oxygen.
 

1. 	Moisture

a. 	Moisture is the first requirement of germination.
 

b. 	Uptake occurs in three phases:
 

(1) 	Rapid initial phase, mainly physical;
 

(2) 	Extremely slow second phase; and
 



(3) Rapid third phase that occurs as metabolism becomes
 

very active.
 

c. 	The first phase is imbibitional. 

requirm'eOnt For g'ermination 

studied with osmotic solutions (e.g., mannitol, 

polyethylene glycol). 

d. 	Minimal] f are frequently 

(I) The best germination may occur at slight moisture
 

stress (0.005 to 0.5 bars).
 

(2) 	Even slightly lowered water potentials will slow, but
 

not stop, germination.
 

(3) 	Critical levels vary by species.
 

2. 	Temperature

a. It is diffivcult to separate the effects of temperature 

from 	those of light and moisture.
 

b. 	For woody species, germination usually occurs over a wide
 

range of temperatures.
 

c. 	 The ipper temperature limit is around 1150C. 

d. 	The lower limit is 3 to 50 C because -germination
 

processes will occur near freezing (3-5°C).
 

e. 	Optimum temperatures don't vary much:
 

(1) 	For temperate zone species, alternating regimes of 

200C (night) and 300C (day) have proven best for 

many species. 

(2) For tropical species,although few critical studies
 

are available, constant temperatures may be best
 

e.g., Azadirachta indica, 25 0C; Bombax ceiba,
 

250C; Eucalyptus camaldulensis, 300C; Leucaena
 



leucocephala, 300C; Prosopis cineraria, 30°C;
 

and Tectona grandis, 30 C.
 

3. 	Light

a. 	Light stimulates germination of many tree seeds, but is
 

necessary for few.
 

b. 	Phytocbrome is a pigment that is involved in the
 

photocontrol of germination.
 

c. 	In germination testing, the minimal light levels should be
 

750 to 1250 lux.
 

4. 	Oxygen

a. 	Respiration requires a certain supply of oxygen, and the
 

carbon dioxide produced must also be removed.
 

b. 	Some species germinate well in anaerobic conditions.
 

c. 	Oxygen uptake patterns in seeds are very similar to those
 

of moisture.
 

F. 	Internal Physiological Changes
 

1. 	Structural changes-Imbibition is a precursor to necessary
 

metabolism.
 

2. 	Enzymes-Some systems are present in dry seeds, and others
 

are synthesized as imbibition proceeds.
 

3. Reserve food mobilization-The general trend is that 

insoluble forms (carbohydrates, lipids, and proteins) are 

converted to soluble forms (in some ways a reverse of' 

maturation trends). 

4. 	Nucleic acids-These compounds are essential for the
 

formation of new enzymes.
 



5. 	Translocation-Movement of materials within the embryo is
 

crucial.
 

G. 	Additional Information
 

For more information, see: Bonner (1972), Mayer and
 

Poljakoff-Mayber (1975, Murray (1984b), Stanwood and McDonald
 

(1989), and Willan (1985).
 



SEED COLLECTION
 

.	 GENETICS AND SEED SOURCE
 

A. 	Introduction
 

Seed quality involves both the genetic quality and the physiological
 

quality of seeds. In this section, the general principles and methods
 

for selection of seed source and improvement of seed quality through
 

genetic selection are presented. Genetic improvement of' seed quality is
 

that are genetically
based on the seed's ability to produce trees 


well-suited to the sites where planted and for the products desired. In 

later sections, physiological quality of seeds will be considered. Good 

seeds are those that have both high physiological quality and genetic 

suitability.
 

B. 	Objectives
 

In this section, the objectives are to-


I. 	Recognize the importance of seed origin (provenance), and recommend 

general rules for seed movement. 

2. 	Review the advantages and disadvantages of exotic tree species and
 

interspecific hybirds for tree improvement.
 

3. 	 Define factors that must be considered when a tree improvement 

program is initiated. 

4. 	Identify the conditions required to accomplish genetic improvement
 

of tree seed (genetic gain concept).
 

5. 	Distinguish between a minimum initial strategy of genetic
 

improvement and a maximum long-term strategy.
 



6. Identify some terms and concepts of new biotechnology methods for
 

genetic improvement.
 

C. 	Key Points
 

The following points are key to understanding seed source and genetic
 

improvement:
 

1. 	Tree improvement programs should not be moved from one country or
 

region to another without considering desired products and available
 

sites.
 

2. 	Knowledgef phenotype and genotype is necessary to understand genetic
 

improvement of trees.
 

3. 	The genetic gain equation explains the advantages of one improvement
 

method over another.
 

4. 	Genetic gains can be obtained from selections among species,
 

provenances within species, and/or trees within provenances.
 

5. 	The primary risk of using exotics or nonlocal provenances is
 

planting on unsuitable sites.
 

6. 	Test plantings are the only sure method to determe genetic quality
 

of seeds.
 

7. 	Without results of test plantings, the safest rule is to use seed
 

from phenotypically selected stands or trees in the local provenance
 

(native species) or land race (exotic species).
 

8. 	The seed orchard concept has two parts-the breeding program and
 

the production program.
 

9. 	Seed orchard breeding programs involve progeny tests and selection
 

for the next advanced generation of genetic improvement.
 

10. 	 Seed orchard production programs are managed to maximize seed
 

production through protection and cultural treatments.
 



D. 	Overview
 

I. 	Tree improvement-Tree improvement is defined as the development
 

and application of genetically i.mproved trees and intensive cultural
 

practices to enhance forest productivity through artificial
 

regeneration. 

2. 	Tree improvement program-The following factors should be
 

considered when a tree improvement program is initiated:
 

a. 	Products desired,
 

b. 	Sites to be regenerated,
 

c. 	Adaptation to the planting sites, and
 

d. 	Conservation of forest gene resources.
 

E. 	Strategies for Genetic Improvement
 

1. 	Genetic gain

a. Genetic improvement (genetic gain) is accomplished by having:
 

(1) 	A population of trees,
 

(2) 	Genetic differences among trees in the population, and
 

(3) 	Selection of the genetically desirable trees.
 

b. 	The amount of genetic gain (R) to be captured from phenotypic
 

selection of parent trees for a particular trait is:
 

h2
 R = 	i V 

p
 

where i = the intensity of selection,
 

h2 
= the heritability of the trait, and
 

V = the amount of phenotypic variation.
 
P
 

c. Gain can be captured from selection among species (Rs),
 

selection among provenances within species (Rp), or selection
 

among individual trees within provenances (RI). The total
 

gain (RT ) is the sum:
 

)
 



11 = R + R + RT T s p I
 

2. 	Species selection

a. 	Species-site studies are needed.
 

b. 	Exotic tree species should be used sparingly.
 

c. 	Interspecific hybridization can be used to obtain valuable
 

traits.
 

3. 	Seed source

a. 	 Provenance refers to where the original progenitors were growing 

in natural forests. Their genetic characteristics were
 

developed through natural selection.
 

b. 	Seed source is the place where the seed was collected. (Source
 

is same as origin to many. OECD countries reverse this
 

terminology, making it confusing).
 

c. 	"Local" sources should be used until provenance test results are 

available. 

d. 	Purposes of provenance tests include

(1) 	Mapping patterns of geographic genetic variation,
 

(2) 	Delineating provenance boundaries, and
 

(3) 	Determining the best provenances.
 

e. 	The general results of provenance testing are: 

(1) 	 Wide seed transfer can be safer near the center of a 

species range than near its edge. 

(2) 	Where environmental gradients are steep, movement of 

material should be restricted. 

(3) 	[1oveiu ices rom harsh climates (cold or drought) grow more 

slowly. 

1. 	Improvement strategies

a. 	The initial strateies for a new program are to

(1) 	Col.lcct. mivni .1i Ic in 'or tlll
i.on,
 



(2) Select among indigenous tree species'
 

(3) Select seed production areas within the "local" seed
 

sources 	near the planting site, and 

(4) Remove phenotypically inferior trees from seed production
 

areas.
 

b. The long-term strategies for maximum and continued gains are:
 

(1) Collect all existing information,
 

(2) Select several species for the program, 

(3) Conduct provenance tests,
 

(14) Phenotypically select the "best" trees, 

(5) Establish a 'irst-generation seed orchard 

(6) Progeny test,
 

(7) Remove genetically poor trees,
 

(8) Select the best individuals for a second-generation seed 

orchard, 	 and 

(9) Progeny test these second-generation selections.
 

New strategies for genetic improvement arec. 


(1) Gene transfer,
 

(2) Selection of cells in a cell-suspension culture,
 

(3) Fusion of protoplasts (without cell walls), and
 

(4) Somaclonal variation.
 

F. The 	Seed ProducL.ion Program 

The objective of a seed production program is to produce sufficient
 

quantities of genetically high quality seeds to meet seed needs.
 

The production program can be combined with the breeding program or be
 

kept separate.
 

1. 	Seed Production Areas (SPA)-


Existing stands can be managed for production of seeds.
a. 




b. 	Seed production areas

(1) 	Are used on an interim basis,
 

(2) 	Can utilize superior provenances,and
 

(3) 	Can provide seeds for minor species.
 

c. 	The genetic quality of seeds is improved by

(1) 	Removing undesirable trees and
 

(2) 	Establishing a pollen dilution zone.
 

d. 	Seed production is increased by

(1) 	Thinning the stand,
 

(2) 	Fertilizing, and
 

(3) 	Establishing access roads.
 

2. 	Seed orchards-A seed orchard is a collection of selected trees
 

that are established and grown together under intensive management
 

for production of genetically improved seeds.
 

a. 	 There are two types of orchards: 

(1) 	Seedling seed orchards and 

(2) 	Clonal seed orchards.
 

b. 	The genetic quality of seeds is increased by

(1) 	Reducing inbreeding,
 

(2) 	Establishing a pollen dilution zone, and
 

(3) 	Separating provenances into different orchards.
 

c. 	Seed production from orchards can be increased by

(1) 	Choosing good soil and climatic conditions,
 

(2) 	Spacing wide enough for full crowns,
 

(3) 	Fertilizing,
 

(1I) 	 Irrigating, 

(5) 	Subsoiling,
 

(6) 	Protecting from insects,
 



(7) Protecting flowers from late spring freezes (cold wateL
 

irrigation), and
 

(8) Using supplemental mass polliantion. 

G. Additional Information
 

For more information, see Burley and Styles (1976), Khosla (1982),
 

Nienstadt and Snyder (1974), Rudolf et al (1974), Wright (1976),
 

Zobel and Tolbert (1984), and Zobel, van Wyk, and Stahl (1987).
 



II. 	SEED PRODUCTION
 

A. 	Introduction 

Most tree planting programs are supported by collection of seeds from 

incountry sources, both natural stands and plantations. To plan these
 

collections effectively, seed managers should understand the factors
 

that 	affect tree seed crops and know, in general terms, what seed yields
 

may 	be expected. With this basic information, opportunities may arise 

to 	stimulate seed production in key areas, such as seed orchards or
 

managed seed stands. Only when seed production is considered can
 

specific collection plans be made. 

B. 	Objectives
 

In this section, the objectives are to

1. 	Recognize the problem of periodicity of seed production in trees.
 

2. 	Learn how environnmental 'actors affect seed production. 

3. 	 Learn how seed production can be stimulated in trees. 

C. 	Key Points 

The following points are essential for understanding seed production: 

1. 	Many tree species bear good crops in cycles. 

2. 	Production is less frequent in high latitudes and high altitudes and
 

among heavy predator populations.
 

3. 	Environmental factors influence flower production, pollination, and
 

seed maturation.
 

4. 	Several options are available to stimulate seed production.
 

5. 	Except for seed orchards of a few species, production data are
 

extremely variable.
 



D. 	Periodicity of Seed Crops
 

1. 	Temperate zone species

a. 	Many conifers bear in cycles.
 

b. 	Many angiosperms produce good seed crops every year.
 

As latitude or altitude increase's, the interval between good
 

crops and frequency of crop failure increases.
 

c. 


2. 	Tropical species

a. 	Periodicity may depend on wet/dry cycles.
 

Some species (e.g., Tectona grandis) usually flower each year.
b. 


Other species (e.g., Pinus kesiya, Cassia siamea, Cupressus
 

lusitanica, and Delonix regia) produce good crops most years.
 

c. 	Dipterocarps in Malaysia produce irregular heavy seed crops at
 

1-to 6-year intervals. 

more regularly whend. 	 Some Eucalyptus species have large crops 

grown in plantations.
 

3. 	Genetics-Fecundity is an inherited trait.
 

E. 	 Effects of Environments During Flowering 

1. 	 Temperature-

Hot summers usually produce heavy floral bud formation.
a. 


b. 	Late freezes can destroy flowers.
 

c. 	 The of hot and late freezes suggests thatcombination summers 

warmer climates (also to escapeorchards should be moved to 


insects).
 

2. 	Light-Light has not been studied extensively. In northern 

temperate zone's, southern and western sides of' crowns have the 

heaviest FlowCer and fruit crops. 



3. Photoperiod-Photoperiod has not been demonstrated as having a 

direct effect on trees. 

4. Moisture-Noisture affects flowering during

a. Drought and 

b. Excessive rain during pollination.
 

5. Mineral nutrients.
 

6. Biotic agents-Insects, birds, mammals, and microorganisms can
 

destroy flowers - These agents are very common in the following 

tropical species:
 

a. Triplochiton: Apion ghanaense (weevil),
 

b. Tectona: Pagyda salvaris larvae, and
 

c. P. merkusii: Dioryctria spp. (cone worms).
 

F. Pollination
 

I. Wind pollination-Wind pollination occurs among all conifers and 

most temperature zone hardwoods.
 

a. Wind pollination requires

(1) Lots of pollen,
 

(2) Pollen shed coinciding with receptivity,
 

(3) Relatively close spacing of plants, and
 

(4) Good weather-low rainfall, low humidity, and good winds
 

b. Supplemental mass pollination (SMP) has been used in many U.S. 

southern pine orchards.
 

c. Contamination in orchards is a big problem.
 

2. Animal pollination

a. 
Insects and bats pollinate temperate and tropical hardwoods.
 

b. Animal pollination is usually common in tropical forests with

(1) High species diversity and wide spacing;
 

(2) Abundant foliage to filter out pollen;
 



(3) High humidity and rainfall frequency;
 

(1i) Absence of strong flowering stimuli; and
 

(5) 	 Abundance of animal vectors. 

G. 	Stimulation of Flowering
 

Flowering can be stimulated by several management practices. 

1. 	Fertilizer application

a. Primarily nitrogen and phosphorus, and sometimes potassium
 

are 	used. 

b. 	 Tr'igat.ion at the same Lime may also help. 

c. 	 Hardwoods may react favorably, e.g. , Acer, Fagus, and Juglans, 

but 	results have been inconsistent.
 

2. 	 Wounding-Girdling and other wounding practices can produce
 

"stress crops".
 

a. 	 Cird ing inhihiLs downward translocation oF carbohydrates. 

b. 	 Some hardwoods may also react favorably. 

3. 	 Thinning-The benefits of thinning are apparent 3 to 4 years after 

treatment.
 

1i. Growth regulator treatment-Gibberellin (GA) application to
 

conifers is the most common.
 

a. 	 The treatment is a water-based spray. 

b. 	 A GA 11/7 mixture is the most common. 

c. 	 Both pollen and seed cones are induced. 

d. 	 Sprays are applied at the Lime of bud determination. 

e. 	Its mode of action is still not known.
 

f. 	 Treatments are most successful when applied with girdling, root 

pruning, moisture stress, etc. 

5. 	 Supplemental mass pollination (SNP)-This technique is used in the 

southern United States. 

/
 



I. Postfertilization Problems
 

Pu;t.f ' t.i ] fl I'()l)]em1 s includo insect to drvought,p o damnage cones, cone 

drop, and high winds. 

I. Additional Inlormation
 

F"or more infovmation, see [.ranklin (1982), Owens and Blake (1985), 

Rudolf and others (1974), Whitehead (1983), and Willan (1985; chap. 3).
 



III. PLANNING COLLECTION OPERATIONS
 

A. 	Introduction
 

Successful collection of tree seeds is usually the result of quite
 

detailed early planning. It is essential that ample time be allowed to
 

plan an efficient and practical collection strategy and to assemble the
 

resources necessary for its implementation. Key elements include a good
 

estimate of crop size, proper equipment, and a well-trained crew.
 

Comprehensive collections for research will almost certainly require
 

more detailed planning than routine bulk collections and may require a
 

lead time of 1 to several years depending on the circumstances.
 

B. 	Objectives
 

In this section, the objectives are to

1. 	Identify simple techniques for seed crop estimation.
 

Determine factors that should be considered when collections are
2. 


planned.
 

3. 	 Undur,;Laud t hc impov'Lance of' documuntatlion. 

C. 	Key Points
 

collection operations:The 	 following points are essential for planning 

I. 	 The best seed sources available must be selected. 

2. 	 Good planning requires advance estimates of the seed crop and, at a 

later date, estimates of seed yield per fruit. 

3. 	 Planning for large collections must consider choice of personnel, 

training, transportation, collection equipment, safety of workers,
 

seed 	lot labeling, description of sites and stands, etc. 



D. 	Seed Source
 

Seed source includes the following consideracions:
 

1. 	Provenance-Provenance is the natural stand location of the
 

original mother tree.
 

2. 	Origin-Origin is defined as the place where mother trees are 

growing. (Origin and source are the same to many people). 

3. 	Land race-Land races are exotics that adapt over time to provide
 

improved sources.
 

4. 	Seed zone maps-Seed zone maps should be developed for all
 

important species.
 

E. 	Estimating Seed Crops
 

Seed crop estimates are always valuable to the collector, especially in
 

years when seeds are in short supply. Good crop estimates help to
 

stretch the available crews and equipment. Seed crops can be estimatyed
 

by the following five methods:
 

I. 	Flower counts
 

2. 	Immature fruit and seed counts
 

3. 	Fruit counts on standing trees-this method includes total counts
 

and 	 crown sampling. 

4. 	 Rating systems 

5. 	 Cross-section seed counts-see table 2. 

F. 	Planning Considerations
 

The steps of planning a collection are to

1. 	Define the objectives.
 

2. 	Gather background data by

a. 	 Searching the literature, 



Officially contacting the appropriate forest services 
early,


b. 


Collating and summarizing all information,
c. 


d. 	Doing field reconnaissance, and
 

e. Determining the number of personnel needed.
 

Specify the field data to be collected:
3. 


a. 	Information for relocation of the site 
in future years;
 

b. 	Locality, including latitude and altitude;
 

Aspect, slope, climate, soils, and associated 
species;
 

c. 


Individual tree descriptions;
d. 


e. 	Herbarium specimens;
 

and
f. 	Remarks and other data; 


g. 	Security and labeling.
 

4. 	Plan the itinerary to-


Reach the collection region well in advance 
of the proposed
 

date;
 

Organize the sequence of operations; and
 

a. 


b. 


Make the schedule flexible.
c. 


Organize equipment permits and 
transport by

5. 


a. 	Specifying equipment to be used,
 

Identifying applicable government regulations, 
and
 

b. 


Using care between the collection of the 
seed and its arrival in
 

c. 


the seed laboratories.
 

Collection Equipment-A Comprehensive List
G. 


The 	following items aLc necessary for most 
collection operations:
 

1. 	Administrative items

a. 	Movement approvals,
 

Collection authorities,
b. 


c. 	Radio transmission permits,
 



d. 	Drivers' licenses,
 

e. 	Firearm permits, and
 

g. 	Facilities for purchasing stores, e.g. petrol and oil
 

2. 	Literature

a. 	Road, topographic, and soil maps to cover the collection route
 

itinerary, and
 

b. 	Literature on the genera and species to be collected.
 

3. 	Collection equipment

a. 	Stationery, e.g., notebooks, recording forms, pens, and pencils;
 

b. 	Binoculars;
 

c. 	Markers, e.g., colored plastic ribbon;
 

d. 	Camera and accessories;
 

e. 	 Tree-measuring instruments,e.g., diameter tape, height-measuring 

instruments, and length tape;
 

f. 	Soil sampler, pH testing kit, and soil charts; 

g. 	Compass;
 

h. 	Altimeter;
 

i. 	Hand lens; 

j. 	Large collecting sheets, e.g., 4 x 4m, heavy duty plastic or 

canvas; 

k. 	Small collecting sheets and seed bags of various sizes;
 

1. Large grain bags for dispatching seed;
 

in. Equipment t'or removing seed material;
 

n. 	 Weatherproof' tags; 

o. 	 Tags for botanical specimens; 

p. 	 Plant presses; 

q. 	 Papers to dry specimens; 

V. 	 Plastic bags; 

s. 	Specimen bottles with preservative fluid;
 



t. 	Containers for soil samples; and
 

u. 	String.
 

H. 	Additional Information
 

For more information, see Barner and Olesen (1984), Bramlett et al
 

(1977), Doran et al (1983), Ontario Ministry of Natural Resources
 

(1983), and Willan (1985; chap. 3, 4, and 5; appendices 1,5, and 6).
 



Table 2.-Seed yield/cone for four southern pine species growing in four states, 

as estimated from the number of seeds exposed when cones are bisected
 

longitudinally (Bonner 1991b)
 

Average
 

no. Total no. of sound seeds/cone 

of sound Slash 

seeds Longleaf Loblolly Slash (Georgia- Shortleaf 

exposed (Louisiana) (Louisiana) (Louisiana) Florida) (Virginia) 

2 23 31 20 31 12
 

li 35 111| 35 50 22 

6 17 57 50 69 31 

8 59 70 65 87 41 

10 71 83 80 106 51
 

12 83 96 95 1211 60
 

111 95 109 110 113 70 



IV. 	 SEED MATURITY
 

A. 	Introduction 

Choosing good stands and tiras for seed collection means nothing if 

fruit or seed maturity cannot be easily recognized on the trees by 

unskilled woVke'.M;. Ifseeds are disseminated immediately at 

maturity, workers must know how much in advance of maturity seeds 

can be collected without collecting seeds that will not germinate. 

If predators inflict large losses on mature seed crops, a similar 

problem exists. Good maturity indices are often the keys to 

successful collection operations. 

B. 	 Objectives
 

In this section, the objectives are to

1. Learn the common indices of maturity employed in tree seed 

collections.
 

2. 	Understand how these techniques may be adapted for new species.
 

C. 	 Key Points 

The 	following points are essential to recognizing seed maturity:
 

1. 	Seed moisture content is very important, but direct measurement
 

in the field is impractical; indirect estimates may be 

substituted. 

2. 	Color changes are the most common indices.
 

3. Chemical indices are possible but impractical.
 

It. Artificial maturation of immature seeds is an option for some
 

species.
 



D. 	General Principles
 

The 	 following points are key to successful collection: 

1. 	Biological ideal-The biological ideal is to collect at the
 

peak of physiological maturity.
 

2. 	Practical collection-In terms of practical operations, one
 

may:
 

a. 	Collect seeds from the ground;
 

b. 	Collect fruits or seeds from logging operations;
 

c. 	Collect mature fruits from standing trees; or
 

d. 	Collect fruits from standing trees well in advance of
 

maturity and ripen the seeds artificially.
 

E. 	Collection after Dissemination 

Some seeds can be collected after dissemination. These seeds are 

primarily large, single-seeded fruits, e.g., Quercus and Carya. 

However, the first seeds to fall are usually bad. Workers must 

quickly collect the seeds before animals eat them. 

F. 	Other Collection Strategies
 

Other collection strategies require determination of maturity.
 

G. 	Maturity Indices 

Maturity indices include physical and chemical characteris tics. 

I. Physical characteristics-Physical characteristics include:
 

a. 	Color change;
 

b. 	Moisture contents;
 

(1) There arn three trends during ripening: 

(a) Moisture decreases slowly as seeds mature in dry
 

orthodox seeds.
 



(b) Moisture decreases at first then increases in 

pulpy seeds. 

(c) Moisture increases early then slightly decreases
 

in recalcitrant seeds.
 

(2) Moisture content is related to protein synthesis.
 

(3) Moisture content can be measured directly by oven
 

methods; that is, cut cones, large fruits, or seeds,
 

and dry them for 15 hours at 103 C.
 

(4) 	Specific gravity is usually discussed separately, but
 

it is really just an estimate of moisture content. 

(See table 3 and figures 8 and 9). Specific gravity 

has been measured in

(a) 	conifers (common for pine),
 

(b) 	oaks (mixed results), and
 

(c) 	other hardwoods (with little success).
 

c. 	Other physical indices include

(1) 	Acorn cup release in Quercus;
 

(2) 	Flex of eastern white pine cones;
 

(3) 	White, brittle embryo in Fraxinus (and others); and
 

(I) 	Embryo size (minimum percentage of embryo cavity).
 

2. Chemical characteristics-Chemical indices are biologically
 

sound but not practical. They include:
 

a. 	Accumulation of storage foods (fats, and sugars);
 

b. 	Elemental analyses (calcium, magnesium, and phosphorus)
 

(hardwoods of southern United States); and
 

c. 	Growth substances.
 

(1) 	IAA, and
 

(2) 	Gibberellins.
 



H. 	Artificial Maturation
 

Immature seeds can be artificially matured by picking the immature
 

seeds, then ripening them in special storage treatments. However,
 

seed yields and quality usually suffer. Artificial maturation
 

includes the following considerations:
 

1. 	Single-seed or multiple-seed fruits.
 

2. 	Avoiding dormancy through early collection.
 

3. 	Useful for collecting in remote or expensive sites.
 

I. 	Delayed Collections
 

In certain species, there is no rush to collect the fruits, so
 

collection may be delayed for serotinmous cones (pines and spruces)
 

and Platanus (because of' delayed fruit abscisson).
 

J. 	Additional Information
 

For 	more information, see Bonner (1972, 1976), Nautiyal and Purohit 

(1985), Rediske (1961), and Willan (1985; PP. 33-38).
 



Table 3.-Maturity indices based on cone specific gravity
 

Species 


Abies grnndis 

Cunninghamia lanceolata 

Pinus elliotii 


P. merekusii 


P. pat[istris 

P. st P'oblis 

P. taeda 


P. virginiana 


Specific gravity
 

0.90
 

0.95
 

0.95 

1.00
 

0.90
 

0.90
 

0.90
 

1.00
 



V. 	 POSTHARVEST CARE 

A. 	Introduction
 

The time between collection and extraction is often overlooked as a 

crucial segment of seed acquisition. Fruits and seeds, often high in 

moisture content, must be stored and/or transported for extraction and
 

cleaning. Special consideration must be given during this period to
 

avoid loss of seed quality, especially in tropical and subtropical areas
 

where transportation systems do not allow immediate todelivery 

extraction cenites. 

B. 	Objectives
 

In this section, the objectives are to-


I. 	 HcCUgnize th crucial times when sued 	quality may be lost. 

2. 	 Plan storage and transportation systems that minimize the dangers to 

seed quality. 

C. 	Key Points
 

The following points are essential to postharvest care:
 

i. 	 High moisture contents and high temperatures present a dangerous 

Situation i'oL orthodox species. 

2. 	High moisture levels must be maintained in recalcitrant seeds, but 

excessive heat is also a problem with these seeds 

3. 	 Fruit storage can be advancageous for some species because of the 

afterripening processes that occur ir the seeds.
 



D. 	Reasons for Storage Before Extractions
 

i. Operation schedules-All trees or families cannot be collected at 

perfect maturity; therefore, some must be picked and stored. 

2. 	Predrying-Drying during storage can remove moisture, and thus
 

lower drying costs. 

3. 	Completion of maturation

a. 	Five or 6 months in cool, moist conditions complete maturation
 

for 	Abies. 

b. 	 Similar benefits are possible for highest seed quality for some 

pines of the southern United States. 

Premature collection can work on some multiseed hardwoods; e.g.,
c. 


Liquidambar, Liriodendron, and Platanus.
 

E. 	 Southern Pines 

1. 	Storage is usually related to operation schedules.
 

2. 	 Outdoor storage is better than indoor storage. 

3. 	 Containers

a. 	 Burlap bags (about one-third hL; loose weave) or wooden crates 

are best. 

h. 	 All containers must provide air circulation among the cones. 

c. 	Plastic bags oe sacks should not be used.
 

d. 	Paper sacks are satisfactory for small lots.
 

4. 	 Time

1. 	 St orago r;III improve germination rate. 

b. 	 Maximum length of storage depends on the species. 

5. 	 Other factors

a. 	 Original maturity of cones is important; cones almost mature 

cannot be stored as long as less mature cones. 

k<
 



b. Local weather is important; warim, rainy conditions increase the 

risk 	of cone molds.
 

6. 	Heat and molds

a. 	Green cones can generate heat.
 

b. 	External molds are common in some containers, but these molds 

may not cause damage. 

c. 	Good aeration is the main point; it is necessary so that cones
 

may dry without molding.
 

F. 	Serotinous Cones
 

1. 	Storage is not a major problem for Pinus glauca, contorta, or
 

patula.
 

2. 	Some pine seeds need to remain in the cones to reach maturity.
 

G. 	Other Conifers
 

1. 	True firs (Abies) need to complete ripening in the cones.
 

2. 	Most Picea species should be extracted as early after collection as
 

possible.
 

.	 ,o- Poeldots;iwa, extended sto'age of 3 to I1months is possible in 

dry, well-ventilated conditions. 

4. 	The recommendations for tropical pines are to

a. 	Cover with good ventilation, with temperatures between 20 and
 

35 	 C. 

b. 	For P. caribaea in Honduras, precure until all of the cone 

exterior changes from green to brown. 

c. 	For P. radiata in New Zealand, store immature cones for 10 weeks
 

at 200 to 2 0C.
 

d. 	For P1. ittikte;ii in Indonesia , s;tore green and green/brown cones 

for 2 to 11weeks. 



e. 	Avoid rodents, and fungi if possible.
 

]I. 	Hardwoods
 

I 	 Some species will respond to artifical ripening of immature fruits, 

but seed yields and quality suffer.
 

2. 	Some species should be stored for as short a period as possible.
 

Orthodox species include

a. 	Eucalyptus. Tight weave cloth bags are best. 

b. 	Legumes. Storage is not difficult 

c. 	Drupes. Short storage will help to complete ripening
 

I. 	Summary 

Most species fit into three grioups: 

1. 	Dry, keep dry-Start drying immediately, and keep dry after
 

extraction (e.g., Pinus, Liquidambar, Acacia, and Eucalyptus).
 

a. 	 Use a slow drying rate. 

b. 	 l'ovide goud aeration. 

c. 	 Use suitahle contiafi ners, including

(1) 	Burlap bags,
 

(2) 	Racks,
 

(3) Wir'e-bound crates, and
 

(/I) Canvas or plastic sheets.
 

2. 	 Moist, then dry-Keep moist when collecting, but dry seeds for 

extraction e.g. , Nyssa, and Pl'untIs) 

a. 	Spread to avoid heat.
 

b. 	Use trays and bags. 

c. 	Avoid outer coat toughness. 

d. 	 Extract, wash, and dry for storage. 



3. Moist forever-This method is used for recalcitrant seeds because
 

drying decreases quality (e.g., Quercus, Shorea, and Hopea).
 

a. 	Never dry these fruits.
 

b. 	 Keep moisture high (30 percent or higher). 

c. 	Refrigerate to a safe temperature:
 

(1) 	10 to 30C for temperate species and
 

(2) 	150 to 200C for tropical species.
 

d. 	Use polyethylene-lined containers or bags.
 

J. 	Additional Information
 

For more information, see Bonner (1987a) and Willan (1985; pp. 78-86).
 



I 

SEED HANDLING
 

SEED 	DRYING AND EXTRACTION
 

A. 	Introduction
 

Like agricultural seeds, many tree seeds dry as they mature, and fruits
 

are 	 extacted best at low moisture contents. Other tree seeds are 

still very moist at maturity, and special considerations are needed for
 

extraction. No matter what type of fruit is involved, however, the
 

objective of' extraction is to obtain the maximum amount of' seeds in the 

best physiological condition in an economically efficient operation. 

During extraction, considerable damage to seed quality can occur. The 

damage can result from applying excessive heat to force fruit opening or
 

from 	 physical damage resulting from extraction by hand or machine. 

H. 	 ()b~J Li
 

In this section, the objectives are to

1. 	Recognize potential problems of seed extraction related to the type 

of 	fruit.
 

2. Identify the basic techniques of tree seed drying and extraction.
 

C. 	Key Points 

The following points are essential to seed drying and extracting: 

1. 	For species that require drying, excessive heat in the presence of
 

high 	moi.stur'e content can be deadly. 

2. 	 Seed damage can occur during mechanical separations. 

3. 	Good training of workers is essential.
 

4. 	Extraction strategy depends on the type of fruit involved.
 

...S 



D. 	Multiseeded Fruits
 

Multiseeded fruits include pods; moist, fleshy fruits; and cones and 

capsules.
 

1. 	Pods -The steps in extracting seeds from pods are to

a. 	Dry the pods.
 

b. 	Use manual threshing by

(1) Flailing with poles, 

(2) Crushing by trampling, or 

(3) Hitting with heavy mallets. 

c. 	Use mechanical threshing, such as

(1) 	Slow, rotating drums (cement mixer), 

(2) 	CSIRO flailing thresher, 

(3) Dybvig macerator, and
 

(/1) Hammer mills or other flailing devices.
 

d. 	Use a combination of methods for difficult species. 

2. 	Moist, fleshy fruits The steps ['or extrxacting thcse seeds 

i'r' to

a. 	Remove the pulp. 

b. 	Start quickly to avoid fermentation. 

C. 	 l. fl(1. wit l imac erato's, mmiixer's , cofTee (iiMlIper (e.g., 

(';m I'l , f'eed g I d1me's ,, hammilmiri ii Is, t..inn) ilg 

d. 	Run small f'ruilts (e.g., Rubus, Morts) in blenders at slow speeds 

w'l lot s of' water. 

e. 	Use watel, (extraction with a I igh-pessure stream. 

3. Cones, capsules and other multiple fruits--Cor; idmat. ioils 'or
 

extlrac ing seeds f'rom these f'riui.Ls are

a. 	Air-dry on flat surf'aces. 

(1) 	Canvas is best for large quantities. 

http:f'riui.Ls


(2) Screen trays are good for smaller lots, such as single-tree
 

col lections. 

(3) Plastic sheets are not strong enough Pot' Pinus cones (1 hIl 

equals 35 kg). 

b. Protect the drying fruits from rain and predators; spread thin 

and stir frequently. 

c. Dry some species under shade (e.g., Hopea spp., Triplochiton, 

and P. oocarpa). 

d. Use solar kilns where possible

(1) Simple type (clear" polyeithylene stret ched over a frame) and 

(2) Solar heat storage units (more sophisticated). 

e. Use heated kilns for large quantities of cones; some types are: 

(1) Progressive (cone containers are moved along a gradient of 

increasing temperature), 

(2) Large batch (large heated chambers in which trays hold 

cones and rotate positions), 

(3) Small batch (wire-bottom drawers that hold about one-thir-d 

hL o1 cones each), 

(11) SLack trays (wooden trays with perfor'ated bottoms [not wire 

screen] in stacks of six with eight stacks heated with one 

heating system), 

(5) Tumbler drier (a cylindrical batch kiln that rotates while 

drying), and 

(6) Othor batch kilns (many local designs avai able). 

1'. Set tLemper'atur'e and humidity parameters. ile object is to 

remove moisture; higher temperatures c qte a greater vapor 

pressure gradient. Some recommended parameters are 290 to 

500C for conifers, and 8 hours at 600C for Eucalyptus 

sal igna. 

J 



g. For serotinous cones, use a 15-second dip in boiling water 

to melt the resin before placing them in the kiln.
 

are 	open can be done with:h. 	 Extracting the seeds after the cones 

(1) 	 Tumbler driers, 

(2) 	Cement mixers, or
 

(3) 	Homemade tumblers.
 

B. 	Single-Seeded Fruits 

Single-seeded fruits include drupes (e.g., Prunus and Vitis) and nuts.
 

1. 	For drupes or other fleshy fruits use macerators, mixers, etc. 

2. 	For nuts with husks use nacerators or hand rubbing.
 

F. 	Additional Information 

For additional information, see Willan (1985; pp. 8 7-111). 



II. 	CLEANING AND UPGRADING 

A. 	 Introduction
 

a basic step in proper seed utilization. Cleaning

Cleaning seed lots is 


should remove wings or other seed appendages, empty seeds, 
damaged
 

seeds, and nonseed trash. This cleaning action should also provide 

insect and disease problems. Many seed lots candramatic dcreases in 

be upgraded by removing immature, damaged, and dead seeds after the 

mechanicalinitial cleaning operations. Many people view large 

to cler:, and upgrade but, seed lot quality
operations as the only way 


with simple equipment and techniques.
can 	 be improved 

B. 	Objectives
 

In this section, the objectives are to

of clI ear'd and upgraded s:ed .10ts.1. 	 lea rI th-, advnt"ages 

2. 	 1ecL ',1 I i, r, the pri.iciples of seed cleaning: equipment,1a11i with 

techniques, and expected results.
 

3. 	 Apply these principles when seed cleaning and upgrading operations 

are planned. 

C. 	 Key Points 

cleaning and upgrading:The 	 following points are essential for seed 

1. 	 Liquid flotation can be an essential aid for many species, 

especially recalcitrant ones.
 

is the basic seed cleaning 	method.2. 	Screen cleaning 

is a very valuable technique.
3. 	 Air separation, including winnowing, 

research may be very differentI. 	 Cleaning small lots for testing or 


from cleaning large lots.
 

Si 



5. Upgrading seed lots offers potential improvements in eight areas. 

6. Seed sizing can be useful in some species or sources but not in 

others.
 

D. 	 Cleaning 

1. 	Flotation-Flotation is the simplest method of all.
 

a. 	Initial moisture content is crucial.
 

b. Orthodox seeds 
are redried after flotation, but recalcitrant 

seeds are not. 

c. Flotation

(1) 	Removes light trash. 

(2) Removes many empty, broken, diseased, or insect-damaged 

seeds. 

(3) 	 Is very good for large, high-moisture seeds. 

2. 	 Aspirators-An aspirator is any machine that 	uses air to clean and 

separate. It can be either

a. 	Large-scale machines in seed plants, or
 

b. 	Small-lot cleaners for testing laboratories and research. 

Some types are: 

(1) 	General ER,
 

(2) 	South Dakota,
 

(3) 	Stults,
 

(11I) 	H l cs'n:. 

(5) 	Other models - see (Wi~lan 1985), and 

(6) 	 Homemade fan devices. 

3. Screens and sieves-There are two types of screening devices: 

a. 	 tHand Screrns, and 

b. 	 MecIMnMiC1 8it'-scteen cleaners. These are basicthe seed



cleaning machines in most seed plants. Even small models can 

clean 30 to 40 kg per hour of small seeds. Important principles 

to t'emumber' are: 

(1) 	They performs three functions: 

(a) 	 Scalping, 

(b) 	Sizing, and
 

(c) 	Aspiration.
 

(2) 'thcy are most efficient as cleaners, not as sizers. 

11. Electrostatic cleaners- The Helmuth cleaner is good for very
 

small seeds.
 

5. 	 Dewinging-D.winging is a special type of cleaning that reduces 

storage volume, makes upgrading possible, makes sowing easier, and 

removes pathogens. There are two basic methods of dewinging: dry 

and 	 wet. 

a. 	 The dry method is recommended for "tough" seeds only because of 

the damage potential to thin seed coats. Dry dewingers 

include

(1) 	Popcorn polishers,
 

(2) 	MEDC dewinger,
 

(3) 	Dybvig,
 

(1) 	 Electric drum, and 

(5) 	 New conifer dry dewingers. 

b. 	The wet method is usually preferred for conifers. Wet dewingers
 

include

(1) 	Cement mixer-, 

(2) 	Commercial dewingers,
 

(3) 	 Kitchen blenders (for small lots), and 

(11) 	Any cylinder with gentle agitation.
 



1. 	 Upgiading-Upg'ading is de finud as the impvovemen L of tLhu poLuLia 

performance of a seed lot by removing empty, damaged, weak, 

immature, or odd-sized seeds. 

2. 	Eight reasons to upgrade; upgrading will

a. 	Remove weak seeds,
 

b. 	Remove empty secds,
 

c. 	Reduce chances of insect and disease damage,
 

d. 	Improve control of density in nursery,
 

e. 	Reduce planting time,
 

f. 	Facilitate nursery operations,
 

g. 	Reduce costs and improve uniformity, and
 

h. 	Reduce storage space requirements.
 

3. 	 Methods and equipment-Upgrading methods and equipment include: 

a. 	Specific gravity by flotation uses

(1) 	Water for some Pinus, Quercus, and other large seeds, and
 

(2) Organic solvents of different densities (alcohols usually)
 

for some small seeds.
 

b. 	Air-screen cleaners

(1) 	Separate by three physical properties,
 

(2) Upgrade by sizing, or removing empties with air, and
 

(3) Regulate screen pattern, feed rate, airflow, screen
 

oscillation (pulleys), and screen pitch (in some).
 

c. 	Air separators include

(1) Large air-column separators,
 

(2) Fractionating aspirators, and
 

(3) Small laboratory blowers.
 



d. Gravity separators were originally built to remove ore from
 

clay. They

(1) 	Can separate different sizes, same density, different
 

density, and same size seeds;
 

(2) 	Are widely used on conifer seeds in North America; and
 

(3) 	 Regulate feed rate, air stream through deck, deck pitch 

(side 	and end), and eccentric thrust.
 

e. 	 Electrostatic separators- The charge adheres to the seed 

surface. Models include

(I) 	 lelmuLh cleaner f'o r Eucalyp tus, and conife is of the western 

United States, and 

(2) 	 Static electricity for very small seeds.The sides of a 

plast ic beaker ape wiped wiLh a nylon cloth. 

f. 	 Radiography is used fon valuable research lots only. 

g. 	 Color separators remove light-colored seeds. 

h. 	 IDS method-A new method from Sweden that is used on Pinus and 

H cea. 

4. 	Sizing Sizing helps with some species ur sued lots, but not wiLh 

others, e.g., single mother-tree seed lots. 

V. 	AdditionalI nro'mation 

For more information, see Banner (1987b), Doran and others (1983; Chap. 

5) 	and Willan (1985; pp. 87-128).
 



II. STORAGE PRINCIPLES
 

A. 	Introduction
 

The primary purpose of storing seeds is to have a viable seed supply
 

when it is needed for regeneration. Successful storage of woody plant
 

seeds must be carefully planned, and planning depends on an 

uLlldrsLandiig o' purposes sLorage, seudLlit,: of' of' duterioration, and of 

the 	effects of the storage environment on the deterioration processes.
 

B. 	Objectives
 

In 	 this section, the objectives are to

1. 	 Learn the objectives and rationale of seed storage. 

2. 	Identify factors that affect seed longevity in storage.
 

3. 	Review the general process of seed deterioration.
 

C. 	Key Points
 

The following points are essential to understanding storage principles:
 

1. 	Longevity of seed is a species characteristic.
 

2. 	 Prestor.y', factors affect longevity in storage. 

3. 	 The most important factors in storage are, first, seed moisture 

content and, second, temperature. 

4. 	Seed deterioration processes begin at abscission and 	 involve complex 

physiological changes.
 

D. 	 Objective of Storage 

The objective of storage is to delay deterioration or decrease its rate
 

until seeds used.
 



E. 	 Rationale for Storage 

Storage may be short- or long-term, or it may extend for long periods 

for germplasm conservation. 

I. 	 Short-tenii storage is for

a. 	 Immediate operations, 

b. 	Typically less than 5 years, 

c. 	Carry-over of surplus production, and 

d. 	 Minimum sto'age space req.,i rements. 

2. 	Long-term storage is used for

a. 	 Typically f'rom 5 to 10 years, 

b. 	 Fnu rinr ronstnnt seed supply, 

c. 	 Saving sp(cizal lots that will not be collected annually, and 

d. 	 Very good storage environments. 

3. 	 Genplasm conservation .s uxtended storage that

a. 	 Is planned for 50 years or more and 

b. 	Requires the' very best storage environment. 

F. 	 Longevity in Storage 

Many factors affect seed longevity in storage: 

1. 	Seed characteristics

a. 	 Basic physiology. 

(1) 	Orthodox seeds are tolerant of desiccation to low moisture
 

contents
 

m(2) R ~callcit:':l."1 . ",weds' nr'! inlt ,l rtltl (W I,. :.:li 

b . Seed structur'e. hick or hard seedcoat.s restrict moisture 

uptake and gas exchange. 

c. 	 Seed chemistry. Oily seeds tend to be harder to store than 

starchy seeds. 



d. Stage of maturity. Immature seeds usually will not store as
 

well 	as fully mature seeds.
 

e. 	Environmental stress. Stress during maturation can affect
 

longevity.
 

2. 	Seed handling prior to storage

a. 	Physiological mistreatment can damage storage potential.
 

b. 	Processing damage will lower seed quality.
 

3. 	Genetics-Good seed quality is inherited to some degree.
 

4. 	Storage environment

a. 	Moisture content.
 

(1) Moisture content is the most important factor of all. 

(2) 	 Potential damage thresholds are outlined in table It. 

(3) 	The best range for orthodox seeds is 5 to 10 percent.
 

(4) 	The best level for recalcitrant seeds is full imbibition.
 

(5) 	 The equilibrium moisture content is defined as the seed 

moisture -ontent when seed moisture is in equilibrium with 

the moisture ii,.hr ;torage atmosphere (table 5). 

Equilibrium moisture content

(a) is influenced by seed chemistry (see figure 9), 

(b) is rarely reached with recalcitrant -,eeds, and 

(c) has sorption vs. desorption differences.
 

b. 	Temperature.
 

(1) 	In general, the cooler the seed, the slower the
 

deterioration rate.
 

(2) 	The safe temperature range for orthodox seeds is related to
 

the 	moisture content of the seed: 

(a) 	 Orthodox seeds at 5 to 10 percent moisture can be 

stored at most temperatures.
 



(b) 	 Between 50 and 00 C, every 50C lowering of storage 

temperature doubles the life of the seed (Harrington 

1972). 

(3) 	The safe temperature range for recalcitrant seeds is as
 

f101 lows: 

(a) 	 temperate zone species: -1 to 30C. 

(b) 	tropical species: usually above 12 to 150C.
 

c. 	Storage atmosphere.
 

(1) 	If' oxygen levels are reduced, metabolism is slowed, which 

can 	increase longevity.
 

(2) Inert gases offer no advantage in long-term storage, but 

they may help in short-term storage. 

(3) 	 In sealed containers, the C02 /0 2 ratio changes. 

G. 	Changes During Seed Aging
 

The 	 following changes occur in seed tissues during aging: 

I. 	 Loss of food reserves, 

2. 	Accumulation of metabolis byproducts,
 

3. 	 Irreversible enzyme deactivation, 

II. 	 Deterioration of cell membranes, 

5. 	Lipid peroxidation, and
 

6. 	Alterations of DNA
 

H!. 	 Additional Information 

For more information, see Bonner and Vozzo (1990), Harrington (1972), 

Justice and Bass (1978), Tang and Tamari (1973), and Willan (1985; pp. 

129-ibO. 



Table 11.-Moisture threshholds for potential damage
 

Moisture content(v) Potential effect 

>30 Germination begins 

18 to 20 Overheating from respiration 

10 to 18 Seed fungi become active 

>9 Insects can be active 

5 to 8 Br:st range for sealed storage 

<5 Possible desiccation damage 



-- 

--

--

-- 

at 4 to 0C 
Table 5 .-Equilibrium moisture contents 


Relative humidity (/O) 

20 115 95 
Species 


-- 10 15
 
Carya ovata 


Liquidambar styraciflua 
8 20
 

6 8

Picea abies 


6 8
Pinus sylvestris 

-- 10 17
 
Pinus taeda 


9 17
 
Prunus serotina 


19

Glycine max 	 6 8 


8 12 20
 
Zea mays 

-- 37 50
 
Quercils alba 


-- 13 32
 
Quercus nigra 


-- - 35
 
Shorea robusta 




IV. STORAGE APPLICATIONS
 

A. 	Introduction
 

The previous section introduced the principles and critical factors that
 

influence seed ir,ngevity. In this section, these principles are
 

examined to identify how they are applied in practice to store tree
 

seeds.
 

B. 	Objectives
 

In 	 this section, the objectives are to

1. 
Relate seed storage principles to prescriptions for each species
 

group.
 

2. 	Learn features of' cold storage units.
 

3. 
Discuss storage constants and their application.
 

11. 	Learn basic principles of seed management in storage.
 

C. 	 Koy Pnnts 

The 	 i'ollowing points are essenitial Lo storage applications: 

I. 	 There are four classes of seed storage behavior. 

2. 	Cold storage is best but not always necessary for successful seed
 

storage.
 

3. 
Each species, and perhaps individual populations within a species,
 

will basically always respond identically to 
a given set of storage
 

conditions.
 

14. 	 Good 'acilities and good seeds ar-e 	not enough; good rmanagemren t is 

essential for optimum seed storage operations.
 

CI'
 



D. Seed storage classes 

There are four classes of seed storage behavior:
 

1. 	True orthodox

a. 	 True orthodox seeds are tolerant of' desiccation (table 6), and 

they

(1) 	Can be dried to moisture levels of 5 to 10 percent, 

(2) 	Can be stored at subfreezing temperatures,
 

(3) 	Are easy to store for at least one rotation, and
 

(4) 	Have generally unknown upper limits of storage.
 

b. 	 Examples include most of the valuable temperate species (Pinus. 

Picca. Boetula, Prunus) and many tropical species (Acacia, 

Eucalyptus, and Casuarina) (table 7). 

2. 	Suborthodox

a. 	Suborthodox seeds are similar to true orthodox seeds, but are
 

limited to shorter storage periods (table 6) . They

(1) 	 Are stored under the same conditions as true orthodox 

seeds, but
 

(2) 	 Are limited in storage potential because of' high lipid 

contents, thin seed coats, or genetic makeup. 

b. 	 Examples inciude those with high lipid content (Juglans, Carya, 

some 	Abies, and Pinus); those with thin seed coats (Populus, and
 

Salix); and some whose genetic makeup requires slow drying
 

(Fagus, and Citrus) (table 8).
 

3. 	Tempe'ate recalcitrant

a. 	Temperate recalcitrant seeds are intolerant of desiccation
 

(table 6). They

(1) Cannot be dried below 20- to 30-percent moisture; therefore 

storage must be above t'reezing, 



(2) Have metabolism so rapid that pregermination commonly
 

occurs in storage,and
 

(3) 	Cannot be sf-ored in airtight containers; there must be some 

gas exchange. 

b. 	Examples include Quercus,and Aesculus (table 9).
 

4. 	Tropical recalcitrant

a. 	Tropical recalcitrant seeds are the same as temperate
 

recalcitrant seeds, but are sensitive to low storage
 

temperatures (table 6). They

(1) 	Experience chilling damage and death below 12 to 200C.
 

(2) 	Are the most difficult group of all to store.
 

b. 	Examples include Shorea, Hopea, and Dipterocarpus, and even some
 

legumes (table 10).
 

E. 	Cryogenic Storage
 

Cryogenic storage is a method for very long-term storage for germplasm
 

conservation (table 11).
 

1. 	Techniques-

a. 	 Packages are immersed in liquid nitrogen (-196 0 C) or suspended 

above it in the vapor.
 

b. 	It has potential for small quantities only.
 

c. 	Maximum time limits are not known.
 

2. 	Costs-Costs are comparable with conventional storage in some
 

cases.
 

F. 	Physical Facilities
 

1. 	Cold storage units

a. 	 Cold storage units require a reliable power source, should not 

be built where floods or earthquakes are likely, should be 



located near other seed activities, should 
be rodent proof, and
 

should be on higher elevations when possible 
because ambient
 

temperatures will be cooler.
 

Units should be built to hold a 5-year supply.
b. 


For germplasm conservation, about 1 liter 
is needed for each
 

c. 


3 should hold 22,800 samples.
sample; for example, 85 m


Humidity control is not recommended 
in the tropics.


d. 


Direct or indirect vapor-compression 
refrigeration is
 

e. 


recommended.
 

are 	needed.f. 	Standby generators 

of 4 to 5 days should apply in large 
g. 	Thermal time constants 


coolers.
 

effective.h. 	Modular' panu units are 


on ambient conditions.

i. 	Insulation depends 

be used fortypes of containers canfollowing2. 	Containers-The 

seed storage: 

a. 	Fiber drums,
 

Rigid plastic containers (better than 
glass).


b. 


c. 	Rectangular containers, and
 

d. Plastic bags.
 

Moisture management3. 

exposed to 

reach an equilibrium moisture content when 
a. 	Seeds will 

the storage atmosphere.
 

With humidity control (50 to 60 percent relative humidity),
b. 


Recalcitrant seeds
 
orthodox seeds do not need 	to be sealed. 


a unit. 
cannot be sealed; thus, they cannot be stored in such 

percent relative humidity)
Without humidity control, 	(>95c. 


Orthodox seeds must be dried and
 recalcitrant seeds store well. 


stored in sealed containers.
 



d. For the tropics, humidity controls are not recommended.
 

5. Frost-free refrigerators are an inexpensive alternative for
 

small quantities.
 

G. Genetic Damage in Long-Term Storage 

Genetic damage

i. Would be devastating to seeds stored f'or germplasm conservation, but 

there is no strong evidence to date of lasting damage.
 

2. Could cause shifts in the population.
 

H. Re-testing in Long-Term Storage
 

For retesting in long-term storage

1. Use ISTA rules or comparable procedures.
 

2. Use the following test interval for orthodox seeds: initial year, 

third yea', and every fifth year thereafter. 

3. Ensure nondestructive testing.
 

4. Regenerate when viability falls to 50 percent.
 

I. Viability Constants in Storage
 

1. Theory-Viability retention will be the same for a given species
 

under a given set of storage conditions.
 

2. Practice-In practice, viability constants in storage show the 

the following results: 

a. Results are good with some agricultural seeds. 

b. Varieties of a single species may differ.
 

c. One must start with very good seeds. 

d. There are very little data for tree seeds.
 

3. Viability constants-If valid, they could be very useful in 

planning very long-term storage for germplasm conservation. 



J. 	Additional Information
 

For more information, see Bonner and Vozzo (1990), Chin and Roberts
 

(1980), Harrington (1972), International Board for Plant Genetic
 

Resources (1976), Justice and Bass (1978), Roberts (1973), Tang and
 

Tamari (1973), and Willan (1985; pp. 129-160).
 



Table 6.-Storage conditions for seed storage classes
 

Class Moisture (%) Temperature (C) Container 

True orthodox 6 to 10 O0to 50 (<5 yr) Airtight 

<0 (>5 yr) 

Suborthodox 6 to 10 O0 to 50 (<5 yr) Airtight 

<00 (>5 yr) 

° Temperate 30 to 45 -1 to 30 Unsealed 

recalcitrant 

Tropical 30 to 45 100 to 200 Unsealed 

recalcitrant 



Table 7.-Storage results: true orthodox seeds
 

Temperature Moisture Time Loss
 

Species (C) (0-) (yr) (%) 

9 7 11Abies pL-oceia 0 

Acacia leptopetala 23 -- 18 1 

6 -- 1.2 6A. mangiuim 

A. prui nocarpa 23 -- 16 20 

Acer saccharum -10 10 5.5 5 

Albizia falcataria 6 -- 1.5 10 

Araucaria cunninghamii -15 20 8 few 

A. cuininghamia 19 7 0.1 	 0 

CasuIar'ina 	 equisetifolia -3 11 2 3 

6C. torulosa 23 10 18 

4 6 13 --
Eucalyptus spp. 


Pinus cariLaea 8 -- 2.7 16+
 

P. elliottii 	 4 10 50 30 

P. merkusii 4.5 8 4 	 0 

P. roonderosa 0 8 7 	 0
 

Tectona grandis 2 12 7 0 

Tsuga heterophylla 5,-18 8 2 0 



Table 8.-Storage results: suborthodox species
 

Temperature Moisture Time Loss
 

Species (C) (/) (yr) (,) 

5+Citrus limon -20 5 0.9 


Fagus sylvatica -10 10 5 34
 

Gmelina arborea -5 6-10 2 10
 

Populus deltoides -20 6-10 6 21
 

Salix glauca -10 6-10 1.2 0
 



Table 9.-Storage results: temperate recalcitrant species
 

Temperature Moisture Time Loss 

Species (C) ('1) (mo) (.) 

Acer saccharinum -3 50 18 8 

Quercus falcata var. 3 35 30 6 

pagodaefolia 

Q. rObUl' -i 't0-45 29 31-6 

0. z'ubr'a -2 38-15 17 18--l 

Q. vivginiana 2 -- 12 35 



Table 10.-Storage results: tropical recalcitrant species
 

Temperature Moisture Time Loss 

Species (C) (clay) (%) 

Araucaria hunsteinii 19 27 511 30+ 

A. hunsteinii 2 30 365 82 

Azadirachta indica 26 14 56 65 

Hlopwa he I'o-i 15 47 37 2 

Shurea robusta 14 45 30 60 

S. roxburghii 16 40 270 30+ 



Table 11.-Storage results: cryogenic trials
 

Species . _. 

Abies alba 


LZI_ux d c i (lu_ l 

P1 (:'a ;I)i, 

PinIs sv]vestris 

Populus tU, x tr 

Pi [Iuls e cIIiInata 

Ulmus puRila 

AbiM ---C 10--

Pinus poriderosa 

Moisture 


(%) 

? 


? 

? 

? 

? 

? 


<13 


<13 

Time Loss 

(day) (.) 

6 5
 

6 5
 

6 1
 

6 0
 

6 1
 

112 0 

112 0 

180 0 

180 0 



SEED QUALITY,'EVALUATION 

I SEED"SAM~PLING~ 

A_ Inroucio. 

.Sampling-is deFined as the act or processaof taking asmall P 

~ as sample for testing, or, analysis,* tis thequantityof' something a 

first step in seed testing There aretwo main objectives in sampling 

one, to obtain a sample of proper size, and two : samplet oobtaina 

4 WhOSiO COH~ti tuOnts z'cpVec~nt the stamc characteris tics in the same 
proportions: as in the main seed lot. The results oF the laboratory 

tessanony so hquality and characteristics of, the sample, 

submitted for the analysis; therefore, thevalidity of test results for 

a large seed lot is determined by the success of obtai.ing a, 

- pvusenaLiv sample.; Sampling seed lots for quality evaluation must 

he done-systeniaticnally, using appropriate techniques, tools, and 

promrdirh; hon Hvir,Hih seed snmpIe represents the entire lot. 

of'a-th se l t
 

2.:: De term~iine: sampling itensityt according to :size and characteris ticsLen psctoite objectnivestrent corigtthi r o-ehiqe 

1.... ' aonzdti seedadlot a.ccordin to accepted standar. .
 

- ............ ..... 4i 

;i:) L :7: :: -a

-~di'lot he sed 



C. 	Key Points
 

The following points are essential in seed sampling:
 

1. 	 Laboratories can only measure tile properties of' the sample; the 

sampler must ensure that the sample truly represents the seed lot. 

2. 	 Submitted samples vary in size according to seed size, but they 

should contain at least 2,500 seeds (except for very large seeds of 

certain species). 

3. 	 Drawing the sample must be completely random. 

4. 	Proper packaging and labeling of the sample are essential.
 

D. 	Terms
 

Relevant terms are defined as follows: 

1. 	 Lot-a specified, physically identifiable quantity of seeds. 

2. 	 Primary sample-a small quantity of seed taken from one point in a 

seed lot. 

3. 	 Composite sample-formed by combining and mixing all the primary 

snmp o.s taLkon' from ;I sood lot. 

i. 	 Submitted sample-the sample submitted to the testing laboratory. 

5. 	 Working sample-a subsample taken from the submitted sample in the 

labo'ator'y. 

6. 	 Subsample-:i portion of' a sample obtained by reducing the sample by 

recognized( met'hods. 

E. 	 Sampling Intensity 

A sample is obtained by selecting small portions at random from various 

positions in a seed lot and combining them. 

1. 	 Calculating primary samples-Each composite sample must be made up 

of' at least five primary samples. 



2. 	Seed lot size-For international trade in tree seeds, a maximum
 

size of a seed lot for most species has been set at 1,000 kg (table
 

12).
 

V". Sampling Procedure
 

There are 
three common sampling techniques:
 

1. 	Triers-Triers are used for free-flowing seeds. 
 The 	steps are to

a. 
Close the gates before inserting the trier into the drum. 

b. 	Insert the trier into the drum.
 

c. 	Open the gates.
 

d. 	Close the gates.
 

e. 	Remove the probe or trier.
 

f. 	Dump the seeds.
 

2. 	Soil dividers-Soil dividers are used primarily for small lots.
 

The steps are to-


Piur thi' st'o,l; ihrtugha. 	 tsoods lh. dividev sevellta l times Fotv mixing. 

b. 	Divide the sample into halves, quarters, w:. 

3. 	Extended hand method-The extended hand method is used for chaffy,
 

winged, or other non-flowing seeds. The steps ar'e 
to

n. lK<tid the pingers, and insert the hand st right into the 	seeds. 

h. 	Close t:hr' hand, and withdraw a primary sample. 

G. 	Preparation of the Sample
 

1. 	Composite s;mple-All primarIry samp Les are, combined and mixed. 

2. 	Working sample-The submitted sample is reduced to a working sample 

by

a. 	Mechanical divider method,
 

b. 	Random cups method,
 

c. 	ModiA'jed halving method,
 



d. 	Spoon method, or
 

e. 	Manual halving.
 

3. 	Extra seeds-The remainder of the submitted sample should be stored
 

to permit retesting if necessary. ISTA recommends storing for one
 

year.
 

I. 	Additional Information
 

For more information, see Association of Official Seed Analysts (1987),
 

Edwards (1987), and International Seed Testing Association (1985).
 



Table 12.-Weights of lots and samples for shrubs and trees 
(International Seed Testing Association 1985)
 

Species 

A': ii :;pp . 

Ailanthus altissima 


Alnus rubra 

Castanet: sativa 

Cedrela spp. 


E-ucaIyptus cama dulensis 

E. globul.us 

E. t ,',,t ioicornis 

• tp. 

P i lI: ,.pc IIs i.-; 

P. wallichiana 

Quercus spp. 


Robinia pseudoac-tcia 


Maximum 
weight of 
lot (kg) 

1000 

1000 


1000 


5000 


1000 


1000 


1000 


1000 


1000 

1000 

1000 


5000 


1000 


Submitted 
sample (g) 

70 

160 


15 


500 seeds 


80 


15 

6o 

15 

20 

100 

250 


500 seeds 


100 


Woking sample 
for purity 
analysis (g) 

35 

80
 

2
 

500 seeds
 

ljO
 

20
 

5 

5 

50 

125
 

500 seeds
 

50
 

http:globul.us


I. 	 MOISTURE CONTENT 

A. 	 Introduction 

The first three measurements taken in seed testing procedures are 

moisLure, purL'y, and weight. All measurements are important seed lot 

characteristics, but moisture stands out as the most critical one. Seed 

moisture levels can influence or indicate seed maturity, longevity in 

storage, and the amount of pretreatment needed for rapid germination. 

B. 	 Objectives
 

In this section, the objectives are to

1. 	Learn the principles of official seed testing for moisture.
 

2. 	 Apply these principles in practical exercises. 

C. 	Key Points
 

The 	 following points are essential to testing for moisture content: 

1. 	 Official testing procedures are prescribed in detail. 

2 . many t stst; may i nonot£l'icisll, and dif'erent methods may be 

employed, but accuracy and precision are still essential. 

3. 	 Large recalcitrant seeds present special problems that official 

testing rules have not yet adequately Lldressed. 

D. 	Terms
 

Relevant terms are defined as follows: 

1. 	 Sample. submitted-the sample of seed submitted to a seed testing 

station; should be twice the size of the working sample. 

2. 	 Sample, working-a reduced seed sample taken from the submitted 

sample in the laboratory. 



3. 	 Seed lot-a specified quantity of seed of reasonable uniform
 

quality.
 

E. 	Measurement of Moisture 

1. 	Seed moisture content

a. 	Is the most important factor in viability retention.
 

b. 	Controls insect and disease activity.
 

c. 	Effects the relationship of weight to number of seeds. 

2. 	Frequency-Moisture is measured

a. 	After extraction and cleaning.
 

b. 	When seeds are placed in storage. 

c. 	Periodically during storage. 

d. 	When seed lots are shipped.
 

3 	 Procedure-Accurate results are ensured by

a. 	 Using the submitted sample. 

b. 	Measuring immediately on receipt. 

c. 	Expressing results as a percentage of fresh weight (wet weight),
 

not- dry weight.
 

I1. Methods-Mostuoro content can be measured by f'our methods

a. 	Oven method. Critical points are to

(1) 	Heat samples for 17 + 1 hours at 1030 + 20C; 

(2) 	Use forced draft ovens; 

(3) 	 Place samples iii glass or metal containers; 

(11) 	 Leave space between cans in the oven; 

(5) 	 Cool the samples in desiccators; 

(6) 	Keep ambient humidity less than 70 percent in the
 

laboratory if possible; 

(7) 	 We01h to the nearest mag; 

(8) 	 Grind or cut large seeds or seeds of' high moisture content; 



(9) 	Predry if seed moisture exceeds 17 percent in seeds that
 

must 	 be ground, or 30 percent in other species; and 

(10) 	 Check tolerances on results. Moisture tolerances for tree 

liberal than those for agricultural seeds
seeds are more 


(table 13).
 

b. 	 Electric meters. Electric meters

(1) 	Are not allowed for official ISTA tests but are very
 

useful.
 

(2) 	Are based on electrical resistance or capacitance and are 

accurate to within + 1 percent on free-flowing seeds. 

(3) 	 Require construction of calibration charts. 

(4) Can be found in various models:
 

(a) 	Motomco uses capacitance and is very accurate.
 

(b) Radson (Dole or Seedburo) has been a reliable model in
 

the United States.
 

(c) 	Dickey-John or Insto also uses capacitance.
 

(d) 	 Super-Beha is widely used in Europe. 

with built-in c. 	inf'a-r'ed instruments are small infra-red ovens 

balances. This is a gravimetric method based on drying time. 

d. 	Laboratory methods for research. Methods include

(1) 	Karl Fischer titrators, 

(2) 	toluI0Ce distillation, 

(3) 	 nuclear magnetic resonance (non destructive), and 

(4) infra-red spectroscopy.
 

F. 	Summary-See table 111.
 

r) 



0. Additional Information
 

For more information, see Bonner (1981b), International Seed Testing
 

Association (1985; section 9 and 9A), and Willan (1985; pp. 227-230).
 



Table 13.-Tolerance levels for differences between two determinations of
 

moisture content of tree and shrub seeds 
(International Seed
 

Testing Association 1985) 

Seed size 
Class (Mo. pure seed/kg) 

Small seeds >5000 

Small seeds >5000 

Large seeds <5000 

La'ge seeds <5000 

Largo seeds <5000 

Initial moistui'e(7) Tolerance(%) 

<12 

>12 

<12 

12-25 

>25 

0.3 

0.5 

0.4 

0.8 

2.5 



_________ 

Table 14.-Suggested test procedures for tree seed moisture (Bonner 1981b)
 

Class Accurate measure or 	 Rapid
 
estimate
ISTA official test
of' seed 


Oven: 103 + 2°C for 17 + 1 Electric meter
Small seeds, 

low oil content, hours. Sample: 11Lo 5 g Sample: 80-200 g,
 

depending on type(e.g., Platanus, 

Robin ia) 

Oven: 103 + 20C for 17 + 1 Electric meter.
Small seeds, 
high oil content, hours. Sample: 4-5 g Sample: 80-200 g, 

OR depending on type(e.g., Abies, Pinus, 

Tsugai, Zanthoxylum) toluene distillation
 

Large seeds (1) Grind or equivalent Microwave drying 

low oil content, (2) Oven: 103 + 20C for Sample: 11-5 g 
moisture, <20., 17 + 1 hours. Sample: 4-5 g or enough to equal 

(e.g., Nyssa) 	 or enough to equal weight of' five seeds
 

weight of five seeds
 

Large seeds, low (1) Predry to <20% at 	 Microwave drying. 

Sample: enough tooi.l cont.ent, moisture 130 f'or 5-10 minutes 
>20%1, (e.g., Aesculus, (2) Grind or equivalent equal weight of 

five seedsQuercus) 	 (3) Oven: 103 + 20C, 17 + 1 
hours. Sample: enough to equal 
weight of five seeds 

Large seeds, high (1) Grind of' equivalent Microwave drying. 

oil content, (e.g. , (2) Oven: 103 + 2°C for 17+ 1 Sample: enough to 

Carya, Fagus, Juglans) hours. Sample: enough to equal equal weight of. 
five seeds five seeds 

O il 
Loluenie distillation ________ _____ 



III. PURITY AND W6EIGHT 

A. 	 Introducticn 

After moisture samples have been collected, the submitted sample is 

ready for purity and weigh. determinations, These determinations are a 

vital part of official seed testing and practical seed use, with legal
 

rnmifications in both domestic and 	 international seed trade. 

B. 	Objectives
 

In 	 this section , the obj ect.vys are to

1. 	 I,ni'n tih, pl-i lci ples of orfficial seed testing for purity and weight. 

2. 	Apply these principles in practical exercises.
 

C. 	Key Points
 

The 	 f'oulowing points are essential to determine seed puk-uty and 	weight: 

1. 	The line between true seeds and trash can be ambignous for some tree 

seeds, especially for those that are dewinged. 

2. 	Patience and good eyesight are needed. 

3. 	 The smaller the seed, the more difficult the purity test will be. 

D. 	Terms
 

Relevant terms are defined as 
follows:
 

1. Purity-proportion of clean, intact seed of the designated species
 

in a seed lot, usually expressed as a percentage by weight. 

2. 	Sample, submitted-the sample of seed submitted to 
a seed testing
 

station; should be twice the size of the working sample.
 

3. 	 Sample, working-a reduced seed sample taken from the submitted 

sample in the laboratory on which some test of' seed quality is made. 



4. 	Seed lot-a specified quantity of seed of reasonable uniform
 

quality; maximum lot size is 1000 kg (5,000 kg for Fagus and
 

larger).
 

.	 'urity 

1. 	Procedure-ISTA Rules (1985) are followed for purity testing.
 

The 	steps are to

a. 	Reduce the submitted sample (after mixing) to the working sample
 

with

(1) 	 Mechanical dividers, 

(2) 	 Random cups, 

(3) 	Modified halving,
 

(4) 	 Spoon method, or 

(5) 	 Manual halving (chaffy, winged, and large seeds). 

b. 	Divide the workin, sample into fractions of

(1) 	Pure seed, 

(2) 	 Other seeds, and 

(3) 	Inert matter.
 

c. 	 Weigh and express each as a percentage of the total sample 

weight. 

2. 	 Pure seed component-This component contains

a.. 	Intact seed units of the desired species.
 

b. 	 Pieces of seed units larger than one-half" the original size, 

ev(,n if' they are broken. 

3. 	Tree seed specifics

a. Seeds of Lepuminosae, Cupressaceae, Pinaceae, and Taxodiaceae
 

with seed coats entirely removed are inert matter. 

b. 	 ii A i,... , L rix, I. i .,c,(drus , P11hi110 (l lio t. ii , P'. ec, i La . P. 

rigiian, 1. t:uida , :nd P;(!11(iot;.f1ia , wing; r" wi.ngf" '' re, arem nts 

. .. . .... . . ... .. . . ... . . ... . . .. .	 ,." 	 _ ) 



detached and removed and placed in the inert matter fraction.
 

Other pines retain wing fragments (see a. above).
 

c. 	 For samaras, wings are not removed (e.g., Acer, and Fraxinus). 

d. 	 For drupes, fleshy coverings are not removed. 

e. 	 In Eucalyptus, for species with small seeds, a simplified 

procedure is used; only other seeds and inert matter that is 

obviously of nonseed origin are removed.
 

f. 	 For Leguminosae, if any portion of the testa is present, it must 

be ci:assi 'ied as pure Seed. 

g. 	 ITf species distinctions are impossible, only the genus name is 

provided on the certificate. 

F. 	Seed Weight
 

1. 	 Determination-STA Rules (1985) are used to properly determineseed 

weight. Either the whole working sample or replicates from it are 

used: 

a. Working sample. Weigh the entire pure seed fraction.
 

b. Replicates. Count and weigh eight replicates of 100. 

2. 	Reporting results-Results are reported as

a. 	1,000-seed weight or
 

b. 	Seed per g or kg (or seed per lb or oz).
 

G. 	 Additional Lii ormation 

For more information, see International Seed Testing Association (1985; 

sections 3, 3A, and 10) and Willan (1985; pp. 198-202, 221). 



IV. 	GERMINATION TESTS
 

A. 	Introduction
 

Good seed testing is a major cornerstone of any seed program, no matter
 

what kind of seed: agricultural, forestry, agroforestry, or ornamental. 

The quality of the seeds used must be measured and described. Seed 

testing may have legal ramifications because of its connection to seed 

sales. For this reason, there are very active international efforts to
 

standardize seed testing. These efforts are coordinated by the 

International Seed Testing Association (ISTA) . The quality of seeds 

must be known to make efficient and effective use of them in 

reforestation or afforestation programs.
 

B. 	Objectives
 

In 	 this section, the objectives are to-

I. 	 Identify the international organizations that deal in tree seed 

testing and how they derive their prescriptions. 

2. 	 Learn Che principIeS of' getrination testing and how they are 

co)f Ill ,,it in Ut. l horalory f'ol" standlard condlit, i n:;. 

3. 	 Practice actual germination testing in the laboratory. 

4. 	 Learn proven techniques to analyze germination data and how these 

data can be expressed. 

5. 	 Learn the application of germination test results to practical 

nursery and field conditions. 

6. 	 Lear'n techniques for rapid estimates of' seed quality when time 

and/or proper I'acilities are absent or limited. 



C. 	Key Points
 

The following points are essential for conducting germination tests:
 

1. 	Laboratory germination tests are designed to provide the optimum 

conditions for germination and to determine the full germination 

potential o? the seeds under these conditions.
 

2. 	 The primary conditions to be considered are temperature, light, 

aeration, and moisture.
 

3. 	Rapid estimates of germination are just that-estimates; they
 

cannot equal the accuracy of a germination test.
 

4. 	If more than 60 days are required for a germination test, analysts 

should 	use a rapid estimate for official testing. 

may require different5. 	Germination testing in the course of research 


methods and equipment than official testing.
 

6. 	No matter how standardized the test prescriptions are, the judgment 

of the analyst must be the stabilizing feature in the laboratory. 

D. 	Terms
 

Relevant terms in germination testing will be 	defined according to the 

glossary of the Seed Problems Project Group of the International Union
 

of Forestry Research Organizations (Bonner 1984a). These terms are as
 

follows:
 

1. 	Seed quality
 

2. 	Abnormal seedlings
 

3. 	Filled seed
 

4. 	Germination 

5. 	Germination capacity
 

6. 	Germination energy 

7. 	Germination percentage 

/ 



8. 	 Hard seeds 

9. 	 Peak germination 

10. 	 Pretreatment
 

11. 	 Purity
 

12. 	 Sample, submitted 

13. Sample, working
 

Il. Seed lot
 

15. 	 Sound seed
 

16. 	 Tolerance
 

17. 	 Vigor
 

E. 	Guiding Principles
 

For satisfactory evaluation of germination, the following principles are
 

fundamental: 

1. 	 Sampling must be good; tests describe the sample only. 

2. 	 Testing at optimum conditions involves the following concepts:
 

Absolute maximum potential of the lot is determined.
a. 


b. 	Standard conditions can be duplicated by all laboratories for 

test comparison. 

F. 	Methodology
 

Satisfactory germination testing depends on proper methods:
 

1. 	 Seed to be tested-Only the pure seed componeilt is used in the test 

(4 rep]ications oF 100 s. cl; : eaich). 

2. 	 Environmental conditions-These must be c:1r1.efullV controlled in
 

terms of temperature, light, moistu'e, and medium.
 

a. 	 Temperature-Temperature requirements differ according to 

species. lZ'i'A prescrptjions should be followed. 

/ 



b. 	Light-Light requirements are also spelled out in the ISTA
 

Rules.
 

c. 	Moisture-Excessive moisture is a common problem in many tests.
 

d. 	Medium-The germination medium must be nontoxic; it can be
 

eitohor natural or synthetic material.
 

(1) 	Natural materials include soil, sand, peat, and other
 

organic materials.
 

(2) 	Synthetic materials include blotters, towels, cellulose
 

wadding (Kimpak), filter paper, agar, and cloth.
 

3. 	 Equipment-Germination equipment includes

a. 	Cabinet germinators,
 

b. 	Jacobsen tables,
 

c. 	Walk-in rooms, and
 

d. 	Small containers (petri dishes and plastic boxes).
 

L. 	Procedures-Key procedures of testing include:
 

a. 	Pretreatment.
 

(1) 	Control of microorganisms or pathogens, and
 

(2) 	Overcomimg dormancy (delayed germination) by

(a) 	prechill
 

(b) 	chemical treatments (nitrates, hydrogen peroxide, and
 

growth regulators).
 

(c) 	scarification for hard seeds.
 

b. 	Placement of' samples.
 

c. 	Counting.
 

(1) 	Defining "germinated seed".
 

(2) 	Count frequency; weekly is the minimum.
 

(3) 	Recognizing abnormal seedlings-common abnormalities are
 

albino seedlings, stunted root, negative geotropism,
 

endosperm collar, and necrotic areas.
 



d. Length of test. 

e. Determining condition of ungerminated seeds. 

f. Controlling micro-organisms during the test. 

g. Tolerance and retesting. 

(1) Concept for official rules, 

(2) Other reasons for a retest

(a) too much dormancy and prechill needed, 

(b) too much fungal infection, 

(c) uncertain identification of abnormals, and 

(d) evidence of human error. 

G. Additional Testing Considerations 

1. Thermograient plates. 

2. Greenhouse or nursery bed tests. 

3. Testing by weight (e.g., Eucalyptus, and Betula). 

4. Quercus and other large seeds (cutting in half). 

H. Reporting Results 

1. Germination capacity 

2. Rate of germination

a. Germination energy. 

b. Mean germination time (MGT). 

c. Time f'or. a certain proportion of germination to occur (e.g., 

days for 90 percent Zo occur). 

d. Germination Value (GV). 

e. Peak Value (PV). 



I, Additional Information
 

For more information, see Bonner (1984a, 1984b), International Seed
 

Testing Association (1985; sections 5, 11, and 5A), and Willan (1985;
 

pp. 202-227).
 



V. 	 RAPID TESTS-CUTTING, TZ, EXCISED EMBRYO, 
HYDROGEN PEROXIDE
 

A. 	Introduction
 

The standard for judging seed quality 
is always a germination test under
 

Under certain circumstances, however, 
germination


optimum conditions. 


must be used to
 
tests are not possible, and so-called 

"rapid tes cs" 


furnish
 
When 	performed properly, rapid tests 

can 

estimate seed quality. 


valuable information to seed users, 
analysts, and managers.
 

B. 	Objectives
 

In this section, the objectives are 
to

how 	 to perform them.rapid tests and 
1. 	Learn the different types of 

Recognize the limitations of each 
test and when they should be used. 

2. 


Examine the interpretation 
of test results.
 

3. 


C. 	Key Points
 

The following points are essential 
to perform rapid tests:
 

The cutting test is the quickest 
and simplest and can be extremely
 

1. 


useful with fresh seeds.
 

Tests with vital stains reveal more 
than just potential germination,
 

2. 


but interpretation is subjective.
 

X-ray radiography is the most 
expensive, but not necessarily 

the
 
3. 


It is very effective for some situations.
 best, of the rapid tests. 


a new and promising method.
 4. 	Leachate conductivity is 




D. 	Use of Rapid Tests
 

Rapid tests are used when one of the following conditions occurs:
 

1. 60-day rule of ISrA-If a germination test requires more than 60
 

days to complete, then a rapid test should be used.
 

2. 	User request
 

3. 	Limited seed supply
 

4. 	During collection
 

5. 	Other test objectives are present
 

E. 	Sampling
 

The same sampling principles and precautions apply for rapid tests as
 

for 	standard germination tests. 

F. 	Test Methods 

There are six rapid tests that have application with tree seeds. 

1. 	Cutting test

a. 	Technique.Seeds are cut in half lengthwise, and all tissues are
 

examined.
 

b. 	Evaluation.Good seeds are firm, with good color.
 

c. 	Advantages.
 

(1) 	Cutting is quickest and cheapest.
 

(2) 	It can be performed in the field.
 

(3) 	It is accurate on fresh seeds.
 

d. 	Disadvantages.
 

(1) 	It has size limitations.
 

(2) 	It produces poor results with stored seeds.
 

(3) 	It isa destructive test.
 



2. 	Vital stains

a. Technique. Embryo and storage tissues are exposed by cutting
 

and then stained. Location and intensity of staining indicate
 

viabile or dead tissue.
 

b. 	Options. Three stains have been used in this method

(1) 	Tetrazolium chloride (TZ) is the most widely used stain,
 

(2) 	Indigo carmine, which stains dead tissue blue, and
 

(3) 	Selenium or tellurium salts.
 

c. 	Evaluation (TZ only).
 

(1) 	"Topographic stain" analysis is the most accurate, but it
 

is the most difficult to standardize
 

(2) 	ISTA (1985) prescribes TZ for certain dormant species.
 

d. 	Advantages.
 

(1) Staining is relatively quick; stains can be read within 24
 

hours.
 

(2) 	It is inexpensive.
 

(3) 	Equipment needs are simple.
 

e. 	Disadvantages.
 

(1) 	Staining is labor-intensive.
 

(2) 	It is difficult to obtain equal penetration of the stain.
 

(3) 	Itis difficult to interpret the stain.
 

(4) 	It takes practice and experience.
 

(5) 	Itis a destructive test.
 

3. 	 Excised embryo-

Seeds are cut open, and the embryos are incubated in a. 	Technique. 


dishes.
 

b. 	Evaluation.
 

(2) Nonviable seeds are dark and moldy, with no growth.
 



c. 	Advantages.
 

(1) 	Equipment needs are simple.
 

(2) 	Actual sez. performance is tested.
 

(3) 	It is relatively easy to evaluate.
 

d. 	Disadvantages.
 

(1) 	The method is labor-intensive.
 

(2) 	Practice, is needed for proper excision.
 

(3) 	It is not so rapid (10 to 14 days).
 

(11) It is a destructive test.
 

4. 	Hydrogen peroxide

a. 	Technique. Seedcoats are cut to expose the radicle, and the
 

seeds are incubated in 1 percent H20 Radicle growth is
 

measured.
 

b. 	Evaluation. Evaluation is based on radicle growth and
 

appearance.
 

c. 	Advantages.
 

(1) 	It is an inexpensive test.
 

(2) 	It is partially an objective measurement.
 

(3) 	Preparation si simple.
 

d. 	Disadvantages.
 

(1) 	The method is not practical for small seeds.
 

(2) 	It has been tested only on conifers.
 

(3) 	It is a destructive test.
 

(4) 	It is not so rapid (7 to 8 days).
 

5. 	X-ray radiography

a. 	Technique. Intact seeds are exposed to soft X rays, and the
 

images that are captured on film are examined.
 

b. 	Evaluation. Evaluation is very subjective.
 

c. 	Advantages.
 



(1) 	Radiography is very quick.
 

(2) 	A radiograph provides a permanent image.
 

(3) 	It is nondestructive.
 

d. 	Disadvantages.
 

(1) 	Expensive equipment is required.
 

(2) 	Operation requires extensive training.
 

(3) 	Interpretation is subjective.
 

6. 	Leachate conductivity

a. 	Technique. Seeds are leached in deionized water for either 24
 

or 48 hours; electrical conductivity of the leachate is then
 

measured.
 

b. 	Evaluation. The relationship of conductivity to germination
 

must be established for each species.
 

c. 	Advantages.
 

(1) 	No expensive equipment is required.
 

(2) 	It is a quick and simple procedure.
 

(3) Tt is in objective measurement.
 

(4) 	It is nondestructive.
 

d. 	Disadvantages.
 

(1) 	It is an indivect measure of seed quality.
 

(2) 	Unknown factors still cause trouble.
 

G. 	Additional Information 

For more information, see International Seed Testing Association (1985; 

annex to chap. 6, appendix B), Leadem (19811), and Willan (1985; pp. 

221-226. 



VI. 	 RAPID TESTS: RADIOGRAPHY AND LEACHATE CONDUCTIVITY
 

A. 	Introduction
 

Like other rapid tests, radiography offers a quick estimate of seed 

is no time for a complete germination test. Thequality when there 

application of x-ray radiography in seed science is one of the few
 

technologies that originated with tree seeds instead of agricultural
 

seeds. It has not yet fulfilled its early promise, but there are man.

applications with seeds. Many rapid estimates of seed quality have 

major drawbacks: excessive costs, subjective interpretation, excessive 

time requirements, tc. The leachate conductivity method offers a test 

quick, objective measurements;that meets all requirements: low cost; 


easy procedures; and it is non-destructive. Although relatively new, it
 

shows great promise.
 

B. 	Objectives
 

In this section, the objectives are to

1. Review x-ray theory, and see how x rays can be used in seed
 

radiography.
 

Learn the principles of seed radiograph interpretation.
2. 


3. 	Examine the physiological basis for leachate testing.
 

4 .	 Learn the leachate methodology.
 

Recognize the advantages and the disadvantages of both techniques
5. 


C. 	Key Points 

The following points are essential to an understanding of these two 

methods:
 

1. 	Many types of seed damage can be detected by x-ray testing.
 



2. Embryo development can be measured precisely, but exact correlations
 

with 	germination are not possible.
 

3. The use of contrast agents can increase the amount of information 

obtained from radiographs; however, many of these agents kill the
 

seeds.
 

4. 	Many special radiographic techniques are available, but most require
 

equipment associated with medical x-ray technology.
 

5. 	As seeds deteriorate, cellular membranes are disrupted, allowing the
 

leaching of many substances from the seeds.
 

6. 	Many chemical groups can be detected, but electrolytic activity is
 

the easiest to measure.
 

7. 	Good estimates of quality are possible with many species, but
 

germination tests are still preferred as the standard measure of
 

seed quality.
 

8. 	The conductivity method is promising, but more research is needed.
 

D. 	X rays
 

1. 	Theories

a. 	X rays are electromagnetic energy of very short wavelength,
 

absorb or reflect light, and are themselves absorbed by the
 

target object.
 

b. 	Radiographs are pictures of the object formed by the x rays that 

pass through and strike a photographic material. 

(1) Radiograph quality is defined by contrast, density, and
 

definition.
 

(2) 	Quality is controlled by kilovoltage (kV), milliamperage
 

(mA), exposure time, focus-film-distance (FFD), and
 

object-film-distance (OFD).
 

c. 	Safety is an important aspect of seed radiography.
 



2. 	Methods-


Several types of x-ray equipment are available
a. 	Equipment. 


commercially.
 

b. Film. Several 	film choices are available, including

(1) 	Conventional film,
 

(2) Polaroid film, 	and
 

(3) 	Radiographic paper.
 

c. 	Contrast agents. Contrast agents are used to increase density
 

of certain seed tissue images on the radiograph.
 

(1) Aqueous agents are primarily solutions of heavy cation
 

salts (e.g., barium chloride and silver nitrate).
 

(2) Vaporous agents 	chloroform or other halogene derivatives of
 

alkanes.
 

3. 	Special techniques-Mainly for research application, 
they include:
 

a. 	Stereoradiography,
 

b. 	Tomography, and
 

c. 	Xeroradiography.
 

4. 	Applications in seed testing-X rays were first used on seeds 
in
 

Sweden in 1903.
 

a. 	The most effective uses are to

(1) Determine seed 	anatomy,
 

(2) Identify insect 	damage, and
 

(3) Detect mechanical damage.
 

X rays have limited usefulness to determine viability.
b. 




B. 	 Leachate Conductivity 

1. Major points-


As seeds deteriorate, substances can be leached in proportion to the
 

degree of deterioration. Sugars, amino acids, and electrolytes are just
 

some oi' the materials that can be measured.
 

2. 	Techniques-Leachate conductivity can be measured in two ways:
 

a. 	Multiple-seed analyzers.
 

(1) 	Advantages.
 

(a) 	It is quick.
 

(b) 	It receives input from individual seeds.
 

(c) 	Data are printed on paper tape.
 

(d) 	Some models can calculate statistics.
 

(1) 	Disadvantages.
 

(a) 	The cost is high (US $6,500).
 

(b) 	Some equipment is not reliable.
 

(c) There are still unknown influences on the
 

conductivity/germination relationship.
 

b. 	Single probe techniques. The ISTA Handbook of Vigor Test
 

Methods includes this method for peas.
 

(1) 	Advantages.
 

(a) 	The single probe is quick.
 

(b) 	The equipment is inexpensive.
 

(c) 	Measurements are completely objective.
 

(d) 	Accuracy for some species has been within 10 percent
 

of germination)
 

(2) Disadvantages. Some factors have an unknown effect.
 



F. 	Additional Information
 

For more information on x rays, see Vozzo (1978, 1988) and Willan (1985;
 

pp. 224-226). For additional information on leachate conductivity, see
 

Bonner (1991a) and International Seed Testing Association (1983).
 



VII. VIGOR TESTS
 

A. 	Introduction
 

of seed
do not adequately measure the ability

Standard germination tests 

This is
 

tests are conducted under optimum laboratory
 

to germinate and produce normal seedlings 
under field conditions. 


because germination 


environmental conditions to obtain the maximum germination possible.
 

in the field, and field 
are seldom encountered

These optimum conditions 

emergence values substantially lower 
than laboratory germination may
 

result. Therefore, a more sensitive measure 
of seed quality has been
 

of a seed lot. This
with the planting qualitythose concernedsought by 

as seed vigor. Seed vigor
 
measure of seed quality has been 

referred to 


about the quality of seed to 
tests add supplemental information 

information obtained through other 
tests.
 

B. 	Objectives
 

In this section, the objectives are 
to

it can help seed
of seed vigor and realize how 

Learn the conceptI. 


users.
 

Become familiar with the types of 
seed vigor tests and know which ones
 

are most suitable for tree seeds.
 

2. 


C. 	Key Points
 

of vigor tests:to an understandingare 	essentialThe following points 

or may not he indicated by a standard 
1. 	Vigor is a seed quality that may 

gclI inaLiun tLest. 

can 	also
under adverse field conditions and 

2. 	 Vigor is most important 

indicate the storage potential of a 
seed lot.
 



3. Vigor tests are usually grouped into two types: direct measurements
 

and 	indirect measurements.
 

4. 	With many tree seeds, rate of germination is the best expression of
 

vigor.
 

D. 	Definitions--Two commonly used definitions of vigor are: 

1. 	Internntional Seed Testing Association (ISTA): "the sum of the 

properties which determine the potential level of activity and 

performance of the seed or seed lot during germination and seedling 

emergence.' 

2. International Jnion of Poestry Research Organizations (IUFRO) 

"those seed properties which determine the potential for rapid,
 

uniform emergence, and development of normal seedlings under a wide
 

range of field conditions."
 

F. 	 Common Sued Vigor Tests-Vigor tests can be grouped into four categories: 

I. 	Seedling growth and evaluation
 

a. 	Seedling vigor classification, and
 

b. 	Seedling growth rate.
 

2. 	Stress tests
 

a. 	Accelerated aging,
 

b. 	Cold test,
 

c. 	Cool germination test,
 

d. 	Osmotic stresses, and
 

e. 	Methanol treatment.
 

3. 	Biochemical tests
 

a. 	Tetrazolium staining (TZ),
 

b. 	Adenosine triphoshate (ATP) activity,
 

c. 	Glutamic acid decarboxylase (GADA) activity,
 



d. Oxygen uptake (respiration), and
 

e. Leachate tests
 

(1) Sugars,
 

(2) Amino acids, and
 

(3)Electrolytes.
 

I1. Germination data 

a. Mathematical modeling of germination response. 

(1) Normal distribution,
 

(2) Polynomial regressions for curve fitting,
 

(3) Logistic function, 

(t) Probit transformation,and 

(5) Weibull function.
 

b. Germination rates
 

(I) Early counts,
 

(2) Percentiles, 

(3) Mean germination time (MGT), 

(4) Germination Value (GV), and
 

(5) Peak Value (PV).
 

(GV = PV X MDG)
 

Recommendations For Tree Seeds-Experience has shown 
that the following


F. 


tests have the most potential for tree seeds:
 

1. Germination rate parameters,
 

2. Seedling growth tests, 

3. Tetrazolium for large seeds,
 

4. Accelerated aging, and
 

5. Leachate conductivity. 

%;t 



i. 	 Additional Information 

For more information on vigor tests, see AOSA (1983,, Blanche et al 

(1988), Bonner (1986), ISTA (1981), and Willan (1985; Chapter 9). 
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SEED PROTECTION
 

SEED 	INSECTS
 

A. 	 Introduction 

Insects are one of the most destructive biotic agents that reduce fruit
 

and seed production of trees. They affect both quality and quantity of
 

seeds and affect angiosperms and gymnosperms equally. The effects range
 

from damage to developing buds and reproductive structures to damage to
 

cleaned seed in storage. Losses to seed insects are huge, and much is
 

yet to be learned about their complete role in the reproductive cycle of 

woody plants. 

B. 	Objectives
 

In this section, the objectives are to

1. 	Learn the orders of insects that cause the most damage to tree seed
 

and the species they attack.
 

2. 	Recognize the types of injury that insects cause.
 

3. 	 Learn some methods of control and management of insect problems. 

C. 	 Key Points 

The following points are essential in protecting seeds from insects: 

1. 	 Insects of* tht orders lymenoptera, Diptera, Lepidoptera, Hemiptera, 

Coleoptera, Ilomoptern, and Thysanoptera do the most damage to 

flowers, fruits, and seeds of woody plants.
 

2. 	 Types of damage range from causing reproductive structures to abort 

to causing loss of seed in storage. 

3. 	 General types or damage include-

GenetA Lyx 



a. 	Destroying the seed only, Hymenoptera (wasps).
 

b. 	Forming galls and mine scales, Diptera (flies).
 

c. 	Free feeding, Lepidoptera (moths).
 

d. 	Consuming endosperm. Hemiptera (true bugs).
 

e. 	Mining cone axis, Coleoptera (beetles).
 

f'. 	Canusi g cone abortion, llomoptera (aphids, etc.) and 

Thysanoptera (thrips, etc.).
 

4. Control methods depend on identifying and knowing the insect's life
 

cycle and the host-plant relationship. 

5. 	 Some methods for reducing damage are preventive measures, 

insecticides, natural biological control agents, and proper
 

management techniques.
 

D. 	Damage
 

1. 	General concepts

a. 	 Insects attack and harmfully affect seed production by infesting 

buds, flowers, cones, and seeds. 

b. 	 The insects that do the most damage are largely restricted to 

six orders: Lepidoptera (moths and butterflies), Diptera 

(flies), Coleoptera (beetles), Hymenoptera (wasps), Hemiptera 

(true bugs), and Thysanoptera (thrips).
 

2. 	Specific concepts

a. Coleoptera (beetles) are the most damaging group in arid and 

.; Ill i *tl" i l ;0 ; 

(1) 	 BRruchidne (bruchid beetles) are the most important by far 

for 	Leguminosae, e.g.

(a) 	 Amblycorus, 

(Ih) 	 HI-ti hi cii , d 

(c) 	 Cryedon. 

/
 



(2) Curculionidae (weevils) lay their eggs on developing fruit,
 

e.g.

(a) 	Conotrachelus,
 

(b) 	Curculio, and Conotrachelus,
 

(c) 	Thysanocnemis,
 

(d) 	Nanophyes, and
 

(e) 	Apion ghanaense.
 

b. 	Lepidoptera (moths and butterflies) can damage stored seeds,
 

e.g.

(]) Pyralidae,
 

(2) 	Melissopus, and Valentinia,
 

(3) 	Agathiphaga, and
 

(11) Gelechiidae.
 

c. 	 llemiptera (true bugs) Feed on seed with specialized sucking 

11011t h pnrts, e.g.

(1) 	Coreidae (e.g. , Erythrina seeds in India and some Acacia 

species in Africa) and
 

(2) 	Pentatomidae. 

d. 	 Hlliyl optera (Wasps) reed on seeds, e.g.

(1) 	Torymidae (Megastigmus spp.) larvae feed on Pinus, Abies,
 

and Pseudotsuga.
 

(2) 	Eurytomidae (Bruchophagus).
 

e. 	 IHomopLurn (aphids, cicadas, and scales) are not a major predator 

order.
 

f. 	Thysanoptera (thrips) cause some damage.
 

E. 	Controlling Insects
 

1. 	 CoWnL rol Iu I'cSULT'S CcIILI ( L IllaehU;l.e ins t.11:;[oisidcl" Lith spucies and 

ecology of' the insect. 



2. 	Prevention-The insect may be prevented from reaching the seeds.
 

3. 	Chemicals-Chemical control measures include foliar sprays,
 

systemics, and light traps.
 

4. 	Natural enemies-The target insect's life cycle and history -hould
 

reveal its natural enemies.
 

5. 	Collection practices-Collecting good seed is the first step in
 

keeping down losses incurred in storage. 

6. 	Stored seeds-Treatment with carbon dioxide is a promising new
 

measure to kill larvae in seeds.
 

F. 	Additional Information
 

For more information, see Cibriar-Tovar and others (1986), Johnson
 

(1983), Southgate (1983), and U.S. Department of Agriculture (1974).
 



I. 	 SEED PATHOGENS 

A. 	Tntroduct. ion 

Pathogenic organisms (fungi, bacteria, and viruses) cause great economic 

losses. Not only are seeds the victim of pathogens, but they also are 

tpassiwy carrircs: (vectLoS) Of' paliogens tiat may not. (irectly af'f'ect the 

seed but may al'I'ect other organisms to a dangerous degree. This fact is 

the basis of plant quarantine regulations, that include seeds in the 

import and export restrictions on plant material. 

B. 	Objectives
 

In this section, the objectives are to

1. 	Learn the major types of seed pathogens and the typical damage that 

they cause. 

2. 	identif'y steps to decrease losses to seed pathogens. 

3. 	 Review documented occurrence of' micro-organisms associated with tree 

seeds.
 

C. 	Key Points
 

The following points are essential to preventing losses from seed
 

pathogens:
 

1. 	The major disease-causing organisms are fungi, bacteria, and
 

viruses.
 

2. 	All tree seeds carry micro-organism, primarily on the surface of 

their seedcoats. 

3. 	All seed micro-organisms are not pathogenic; some may even be 

beneficial. 



4. Pathology of tree seeds has not been studied extensively; much work
 

remains to 	 be done. 

D. 	 Types of' P;tthogons 

1. 	Viruses

a. Viruses 	account for seven kinds of seed damage:
 

(1) 	Abortion of seeds,
 

(2) Flower 	sterility,
 

(3) 	Seed coat wrinkling,
 

(14) Shriveling,
 

(5) Chalky 	endosperm, 

(0) 	St ining, and 

(7) 	 N+cros Ls. 

b. 	In legumes, embryo-borne viruses damage viability. 

of triploidy can result from viral infection.c. 	A higher incidence 


value of' seeds can be Veduced.
d. 	 ,I:rkct. 

e. 	 A virus can outlive the seed. 

2. 	Bacteria-Bacterial infections account for four kinds of seed 

damage: 

a. 	Seed abortion,
 

b. 	Seed rot,
 

c. 	Seed discoloration, and
 

d. 	Slime disease.
 

health simply because 	 of
3. 	 Fungi-Fungi are a serious threat to seed 

the great numbers of representatives species known as seed 

pathogens. Fungi account for eight kinds of seed damage: 

+ 	 aiort. ion,d. Sod 	 f 

h. Shrunkl<-n si 'eds and 	 reduced seed size, 

c. 	 Seed rot, 



d. 	Sclerotization and stromatization,
 

e. 	Seed necrosis,
 

f. 	Seed discoloration,
 

g. 	Lowured germination capacity, and 

h .	 Phys iological. alterations. 

E. 	Controlling Pathogens
 

Seed pathogens can be controlled by reducing infection and be treating
 

seeds in laboratories, storage facilities, and nurseries.
 

1. 	Reducing infection-Infections can be reduced by-


Placing seed orchards in areas of low infection risk,
a. 


b. 	Removing alternate host plants,
 

c. 	Sanitizing orchards,
 

d. 	Applying fungicides, and
 

e. 	11sintg good crone and fruit handling methods. 

2. 	 Seed t'eatment in laboratories-Seeds can be treated in 

laboratories with

a. 	Surface sterilization,
 

b. 	 Flungic ides, and 

c. Hot 	 water soaks. 

3. 	 Seed treatment in storage 

4. Seed 	 treatment in nurseries-Treatment in nurseries is primarily to 

control:
 

a. 	 Damp i r-of "Iand 

b. 	Seedling diseases.
 

F. 	Micro-organisms Found on Tree Seeds 

:;,,t t lu c,t ,ckIi:;t W Andet rson ( 1986). 



G. Additional Int'ormation 

For more information, see Anderson (1986); International Seed Testing 

Association (1966); Neergard (1977); Sutherland, Miller, and Quinard 

(1987). 



SEED BASICS FOR NURSERIES
 

I. 	INTRODUCTION 

This course is not intended to cover all aspects of establishment and 

management of nur.series. However, a few nursery problems involve seed and 

seed management practices. The type of nursery system, size of the nursery, 

and 	location all have important aspects for seed. It was once believed that
 

all seedling production and planting in the tropics had to be done in 

containers. This is not true; in general, however, bare-root production 

pr lnminao in the temperate zone, and container production systems 

predominate in the tropics. 

II. 	OBJECTIVES
 

In 	 this section, the objectives are to-

A. 	Recognize different nursery systems and the conditions most favorable
 

for 	each. 

13. 	 Leairn the relationship of nursery systems to national seed program 

management. 

C. 	 Review basic sued technology for sowing in each system. 

III. KEY POINTS
 

The following points are essential in understanding seed basics for 

n urseries : 

A. 	Bare-root systems are more common in temperate zones; container systems
 

are 	more common in the tropics. 

B. 	 Bare-root production is possible in the tropics with some pines and for 

stump production of' selected species. 



C. In container systems, la'ge seeds are usually sown directly into 

coltlai lmurs, wli I.e s1:i,1 scuds ai'e sown in germination beds or trays and 

transplanted (pricked out).
 

D. The mobility of trays is an advantage to care and protect the young
 

seedlings. 

small rseris, scud LreaLmun Ls for ge'rwinaLion are usually done by1". 	In 


hand.
 

IV. 	 CORE MATERIAL
 

A. 	Type of" Nursery System 

1. 	Bare-root system

a. 	Bare-root systems are suitable with large-scale planting
 

programs.
 

b. 	They can produce either seedlings or stumps.
 

c. 	Tropical environments require same-day planting.
 

d. 	Delivery to many planting locations is usually slow.
 

Examples include Pinus caribaea in Venezuela and stump
e. 


plantings of Gmelina, Dalbergia sissoo, and Cassia siamea.
 

2. 	Container production systems

a. 	Container production systems are preferred in most tropical
 

locations because

(1) 	They are small, labor-intensive operations and
 

(2) 	Containerized seedlings can stand the transport stress.
 

b. 	Sys temn opt ions include

(1) 	A large centralized nursery with production of 0.5 to I
 

million seedlings or
 

(2) 	Numerous small nurseries with production of 10,000 to
 

100,000 scedlings.
 

c. 	 Thi15sy~[;'t caln he used for "wil ings." 



3. Seed program considerations

a. 	In a large, centrally located nursery, seed cleaning and storage
 

should be located nearby.
 

b. 	In small, dispersed nurseries, cleaning and short-term storage
 

should be in a regional center.
 

c. 	In small nurseries, much seed collection, extraction, and
 

cleaning is performed locally.
 

d. 	Localized collection forces the use of local seed sources.
 

e. 	 For tropical recalcitrants, small local nurseries must be used 

to 	avoid viability loss in seeds.
 

f. 	A combination of approaches will probably evolve.
 

B. 	Bare-Root Production
 

1. 	 Small seeds F.1,t !;ma I I ,;eeds, I ike 1 i nie:, usci iiechl i; .ed sqowing and 

(.III tLure. 

2. 	Large seeds-For large seeds, such as Quercus, Juglans, and Melia,
 

sow by hand.
 

D. 	Covering

a. 	Small seeds. Press into the soil surface and cover with a light
 

mulch (2-' mm).
 

b. 	Large seeds. Plant on their sides, press into the soil, and
 

cover with 5 mm of soil. 

C. 	 Container Productiot 

In 	container production, either sow directly into containers, or sow
 

into 	seedbeds or seed trays and transplant later (pricking out). 

1. 	 Sowing into containers-Sowing into containers

a. 	 Is good )'ot'tLhe root sys tems. 

b. 	 Ts tised foi



(1) Large seeds that can be handled individually and 

(2) Lots with expected high germination. 

c. Achieves the sowing rates shown in table 15. 

d. Allows pricking out of "doubles." 

e. Produces one seedling per container.
 

2. Sowing into seedbeds or seed trays-This alternative-


N. Colicn t. 'rate g-ort.t i lttioll ill sinali] ar('_zhs. 

1). Is used f'or.

(1) Lots with expected germination below 40 percent,
 

(2) Lots with slow germination,
 

(3) Species that have several seedlings per seed unit,
 

(11) Very small seeds, and 

(5) Scare or expensive lots.
 

c. Provides the advantages of seed tray mobility.
 

d. Follows these steps

(1) Use sand:topsoil mix of 1:1.
 

(2) Use pure sand for pines, eucalypts, and others.
 

(3) Press seeds into soil, barely cover with washed sand, and
 

mulch lightly. 

(4) Supervise closely.
 

3. Sowing into seedbeds-This alternative

(1) Is the most commonly used for this system.
 

(2) Requires well-drained beds.
 

(3) Isdone by broadcasting small seeds, pressing them into 

soil, and covering lightly 

(l1) Requires protection from rodents. 

(5) (:illb' Ili"ol t'or very Sia111 seeds by sowing a mixtilt e of 

sceds and l'ille sand.
 



D. 	 Additional Inf'ozmation 

For" more information, see Lantz (1958), Liegal and Venatov (1987), 

Napier and Robbins (1989), and Willan (1985). 



Table 15.-Suggested sowing rates 

iE.:.:pec ted gerinination 

"0 

0-79 

!0-59 

(%) Seeds/container 

1 or 2 (one-half each 

2 

3 

use seedbeds 

way) 
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SEED PROGRAMS
 

NATIONAL SEED PROGRAMS
 

A. 	Introduction
 

policies of 
National seed programs are necessary to support national 

by assuring an adequate supply of
reforest-ation and afforestation 

Countries of the
 
high-quality seeds of suitable species and sources. 


are 	 losing over 1.2 million hectares of forest land 
ASEAN region 

forest 
uses. Defores tation of "officially" designated

a1nnualy to other 

lands in In1lia have not been excessive since the i950's (about 3% of 

but more than 10 times this area has 
lands under the Forest Department), 

that had tree cover. 
been lost from wastelands, small groves, etc. 

or programs
Within the f'ramework of national programs, state provincial 

may also be needed. 

B. 	Objectives
 

Tn this section, the objectives are to

f'orest seed program.
i. 	 Learn the general functions of" a national 

of a national program.structuresExamine possible administrative2. 

a case study.

Examine an existing national program 

as 

3. 


C. 	 Key Points 

seed 	 programs:are important in nationalThe following points 

program is to assure 
1. 	 The primary function of a national forest seed 

an adequate supply of suitable tree seeds.
 

other important f'unctions.
2. 	 National programs can serve many 



3. National programs should serve the needs of all tree planting: 

industrial wood plantations, watershed protection, social forestry 

plantings, agroforestry, etc. 

1). 	 Trc Planting Activities-All tree planting activities should be served 

by a national forest seed program. 

1. 	 Industrial wood supplies
 

2. 	 Fuelwood and charcoal
 

a. 	 Village forests,
 

b. 	 Individual landowners, and
 

c. 	 Commercial production. 

3. 	 Watershed protection 

a. 	 Gnernl protection and 

b. 	 Protection in specific areas (i.e., reservoirs, mine spoils,
 

dune 	stabilization).
 

4. 	Windbreaks or shelterbelts
 

.5. 	Jrban plant ings 

6. 	Wildlife habitat and food
 

7. 	 Agroforestry 

8. 	 Social forestry 

9. 	 Conservation of genetic resources 

E. 	 Scope Of The Program-The program must consider many aspects:
 

1. 	Population distribution
 

2. 	 Physiographic characteris tics 

3. 	 Available land area and ownership 

4. 	 Realistic annual goals
 

5. 	Seed storage needs
 

6. 	Use of indigenous species
 



F. 	 Species Choices-Choice of species should consider these points: 

1. 	Indigenous species and land races-These may be best.
 

2. 	 Exotics-Caution should be used with exotics. 

3. 	Seed sources-Provenance tests are needed.
 

4. 	Natural plant succession should be followed.
 

G. 	 Administrative Structure-Many government agencies or ministries may be 

involved.
 

1. 	Forestry ministries
 

a. 	National, 

b. 	Provincial or state, and
 

c. 	Village or other local structures. 

2. 	Comprehensive natural resource agencies
 

3. 	Agricultural agencies
 

11. 	 Military 

H. 	Division Of Responsibilities-Activities can be divided among several
 

functions:
 

I. 	Overall planning
 

2. 	 Seed acquisition and distribution-There may be a central location, 

or regional centers for the following: 

a. 	Collection and cleaning,
 

b. 	 'resti ng, 

C. 	 :IAIago, 

d. 	 Corrt i ri ratAiln, 

e. 	Record-keeping,
 

f'. 	 Sales tO other countries, 

g. 	 S;ales wiLhii cuuLntry, and 



I 

h. Staffing.
 

3. Seedling production-This can be based in:
 

a. National or state nurseries, 

b. Vi I w-t: nuri:;ori'cs, 

c. Individual 1'armers, or 

d. Commercial nurseries.
 

4. Plantation care-Two factors must be considered: 

a. Protection, primarily 'rom animals, f'ire, and people, and 

b. Measurement of survival and early growth.
 

5. Research-Many problems may require research: 

a. Seed problems, 

b. Species/site evaluations, and 

c. Seed source evaluations.
 

Critical Steps 

There are several critical steps in the planning process that call for
 

decision making:
 

1. Planting goals - what, where, and how much?
 

2. Availability of seed supply
 

a. Is the crop potential of indigenous species sufficient? 

b. Are there suitable commercial sources? 

3. Collection crews 

a. FuI pmtiit and trans;port uit be oil hand. 

b. Training is required for collectors. 

c. Legal obstacles must be considered.
 

4. Nursery adninistzation
 

1). Pori.,;of I milust- be tLai l ed. 

c. Equipment must be on hand. 



5. 	Scope of collection-Will more than one year's supply be collected?
 

6. 	National, state, or regional seed centers?
 

J. 	Other Considerations 

1. 	Continuity of operations
 

2. 	Training
 

3. 	Mulltiple functions
 

a. 	Some foresters also grow and distribute fruit trees.
 

b. 	In some countries only one seed laboratory is available to test
 

both agricultural and tree seeds.
 

11. 	 International organizations-They can help in planning. 

a. 	ISTA - ISTA Secretariat
 

Reckenholz, P. 0. Box 412
 

cii-8046 Zurich
 

SWITZERLAND
 

b. 	IUFRO - IUFRO Secretariat
 

Schonbrunn
 

A-1131 Vienna
 

AUSTRIA
 

c. 	FAO - Forest Resources Development Branch
 

Forest Resources Division
 

Forestry Dept., FAO
 

Via delle Terme di Caracalla 

1-00100 Home, ITALY 

d. ICRAF - International Council for Research in Agroforestry
 

P.O. 	Box 30677
 

Nairobi, 	 Kenya 



K. Summary 

National seed programs should provide many services

-Further development of the taxonomy and aids to species 

identification. 

-Collection and dissemination of data on the ecology of individual 

species, thus providing a basis for an improved understanding of the 

performance of' species. 

-Promotion of measures to conserve the genetic resources of important 

species as necessary. 

-Development of' optimum seed collection strategies, based on
 

knowledge of' breeding systems.
 

-Maintenance of existing seed collections, and their future
 

development as programs evolve to utilize promising species and
 

provenances. 

within the framework-Assistance to collectors from overseas countries 

of national policy.* 

-Provision of information on the physical and physiological 

characteristics of seed, and any diseases which might be seedborne. 

-Encouragement of quarantine practices which minimize the chances of 

domestic insects becoming established in other countries. 

-Dissemination of information through the provision of appropriate 

training, symposia and publications. 

-Dissemination of' seed samples for research or species trials to other 

institutions or countries on a cost or exchange basis.
 

K0ome countr'ies restrict collections by r'oveign nationals. 



3. 	Additional Info'mation
 

For more informintion on national seed programs, see Gregg (1983), Hellum
 

(1987), Robbins and Shrestha (1987), and Rudolf (1974).
 



Seed 	Dealers
 

1. 	 Aggarwal Nursery & Seed Stores 

Panditwari, P.O. Prem Nagar 

Dehra Dun - 248007 

U.P. 	(INDIA)
 

2. 	Roger Anderson, Ltd. 

P.O. 11ox 51-325 Pakuranga 

Auckland, NEW ZEALAND 

Telex NZ 21721 (Roger A.) 


3. 	 Asmer Seeds 
A;mei louse, Ash Street 
Leicester 
FNGI,AND 
Tel: (0533) 26733 


I1. 	 Barilli and Biagi 
1-40.100 

Bologna, ITALY 


5. 	 EFG (Nurseries) Ltd. 
Maelor Nursery, Conery L.uie 
Bronington, nr Whitchurch 
Shropshi re, ENGLAND 
Tel : 0918 7 3 301 

1.he 	 l,'rs t. Research Cont..re 
P.O. 	 Box 1I09V, Ilighlinds 


'alr,
ZMIMARWE. 

A. J. Frost 
71181) lorkop 

DENMARK 


. "lhl Itnlk:ind & Foreign Trnd ing Co. 

(PT'IE) LTD 

P.). I),x N,, ?OqR, 


Maxwel l 	 Road Post 01*T1ice 
SINGAPORE 9040 

'IELS: 2722711 ,2721801,2782193. 

TELEX: RS25254 IFTCO 


9. 	 Soren Levinsen
 
Post Box 86
 
Kollerod, DENMARK
 

10. 	Nova Tree Seed Co., Inc.
 
fit. 2, Middle Musquodoboit 
Nova Scotia BON IXO 
CANADA 

11. 	 The Old Farm Nurseries 
II. den Ouden & Son b.v. 
P.O. Box 1
 
2770 AA Boskoop-HOLLAND
 
Telex 39810
 

12. 	 D. Oriell-Seed Exporters, Unit 11
 
10 Golfview St., Mt. Yokine
 
6060 W. AUSTRALIA
 

13. 	 Pal Seed Traders
 
7-Araghar, Dehra Dun 
U.P. (INDIA) 

11. 	 Reid, Collins & Associates 
Vancouver, B.C. 
CANADA
 

15. 	 Renz Nachf Gmbfl and Co.
 
D-7270 Ngold-Emmingen 
WEST 	GERMANY
 

16. 	 Seed Branch 
Forestry Commission Research Station 
Alice tfolt l.odge, Wreccl.esham 
Farnham 
Surrey
 
ENGLAND
 
Tel: 0420 22255
 



17. 	 Seed Export Co.
 
7 1HI,1lata St. 
The Gap
 
Old., E061
 
AUSTHALIA
 

Telex: AA 42027
 

18. 	 Setropa Ltd.
 
P.O. 	Box 203
 
14UU AE Bussum
 
IIOLLANI)
 

19. 	 G. J. Steingaesser and Co.
 
Postf. 1765
 
8760 Miltenburg
 
WEST GERMANY
 

20. 	Timmers & Leyer
 
P.O. Box 17
 
21 A:\A
b.kums Lude-HIOLLAND 
Telex: 41754 flori n 

21. 	 Tree Seeds
 

The Boat House
 

Pot t ps Ion
 

Sam I esbtiry
 
P o's ton
 

Lancashitce
 

ENGLAND
 
Tel: 077477 213
 

22. 	 Van Dijk and Co.
 

Einhuizen
 

HOLLAND
 

23. 	 Versepuy
 

43000 Le Puy
 
FRANCE
 

24. 	 Vilmorin-Andrieux
 

La Menitre
 
49250 Beaufort-en-Vallee
 
FRANCE
 

25. 	 Yamato-Ya, Ltd.
 
16-6. 1-Chome,
 
Ginza, Chuo-ku
 

Tokyo, JAPAN
 



1. 	SEED CENTERS
 

A. 	Introduction 

National forest seed programs require some sort of national tree seed 

center', institAutO, or laboratory. Dedicated facilities and some amount 

of centralized authority are suggested for tree seed centers. Their 

leve] of' technology may vary with the country's needs, but these centers 

should serve as the focal point of seed activities. 

B. 	Objective
 

In this section, the objectives are to

1 I.earn the general functions of a national tree seed center and how 

they support national seed programs. 

2. 	Examine several options for center design.
 

C. 	Key Point :;
 

The 	following points are essential to seed center development:
 

1. 	The primary function of a seed center is to support the national
 

forest seed program.
 

2. 	Seed centers provide seed services, research on seed problems, 

training of seed workers, and extension activities f'or seed users. 

3. 	Many countries will require regional or sub-centers 'or efficient 

operation. 

D. 	 ["unctionis Of SOt(d Center'sCnIIters have many funcLions:
 

1. 	Services
 

a. 	 t ordi,i i ioi ni of" C (:JI :.cOt;ions, 

1. 	 Condlit.it il n of collettLions, 

http:Condlit.it


(1) 	All operations at a main center.
 

(2) 	Drying and extraction at regional centers.
 

c. 	Storage o' seeds.
 

(I) 	Operational storage, 

(2) 	 Long-ternil storage of' surplus stocks, and 

(3) 	Very long-term storage.
 

d. 	Testing
 

(1) 	National seed programs collections,
 

(2) 	Other in-country users, and
 

(3) 	 Third-pnrty testing. 

e. 	 Certit'ication. 

2. 	Seed research
 

a. 	 Applied research, and 

b. 	 Bas ic rosearch. 

3. 	 Training and extension 

a. 	Train seed collectors, analysts, and others, and
 

b. 	Extension programs for nurserymen and farmers.
 

,. 	 Na;i nnI vs; figionni Cont-Lets 

can 	be more responsive to
1. 	National centers-National centers 


political realities.
 

2. 	Regional centers-Regional centers can expand the scope of
 

operations. 

3. 	 Compromise NationaL centers are best, for storage, testing, and 

research, while regional centers are good for collection and
 

cleaning. 



F. 	Location Concerns
 

1. 	 Proximity to seeds-Centers should be placed near major seed 

production zones. 

2. 	 Transportation-Good transportation links are vital. 

3. 	 Isolation-Workers dislike isolation. 

4. 	 Technical help-University affiliation is very helpful. 

5. 	Disaster potential-Flood or earthquake zones should be avoided.
 

G. 	Center Design
 

1. 	 Activity zonws TI'n, /a ;n,'(;is of primarv work loads. 

a. 	 Loading dock, 

b. 	 Drying area, 

c. 	 Extraction equipment, 

d. 	 Clcan ing (L( i pmenL , 

e. 	 Conditioning equipment, 

f. 	 Seed storage, 

g. 	Testing laboratory,
 

h. 	offices for records and supervision, and
 

1. 	 Q',U ly M;toiw,,im m. 

2. Building design-There are suggested floor plans and designs 

available from ISTA.
 

3. 	 Equipment
 

a. 	 Commercial sources are best, but much can be made locally. 

b. 	 :pare part sou rces are crucial. 

c. 	Maintenance workers must be available.
 

d. 	 Electrical supply should be dependable. 

t. 	 StatIing-Stpervi.ors should have defined areas of work: 

a. 	Director of the Center,
 



b. Collection supervisor, 

c. I:xta':iction and cleaning supervisor, 

d. l S;Liiigsupervisor., and 

e. Tnventor'y and shipping supervisor. 



I . BIIEI.ING AND CEIRTIFICATION 

A. 	Intu'oduc tion
 

When forest rCproducLive materials (seeds, seedlings, and vegetative 

propagul es;) urt collected orNit i grown by the user, that user should 

have reasonable assurance of the identity and quality of the material he 

is buying. Often seed labeling laws require detailed labeling to assure 

the buyer' of the seeds' identity, purity, viability, and freedom from 

pests, i.e., t h lhysiological quality of the seed lot. Cuttirication 

is more t:an, lholin; required by seed laws; is statement thee 	 i.t a about 

genetic quality and identity of the seed lot.
 

B. 	Objectives
 

In this section the objectives are to

1. 	Understand the purpose of certification.
 

2. 	Identify the general elements of a certification program.
 

3. 	Describe the four certification categories used in OECD standards
 

for international trade.
 

C. 	Key Points
 

The following points are essential to understanding labeling and
 

certification of forest reproductive materials-


I. 	Certification is the guarantee by an of'icially recognized 

organ izationt that. toi'est: r(,i)r'odu(Lit vy mater ials; or i(henti-fied 

valeit ies Iave I),,,n gr-own, rol]ete id, processed , and (istrihutteld iii 

a manner to maintain high quality and genetic identity.
 

2. 	A certification program requires a certification agency, a producer 

who wilu:; I ll cetrtiied material, records of the breeding 



program, certification standards, independent inspections, and
 

certification labels.
 

3. The f'our (cerification categories used by OECD are (a) 

sourc,-id nti 'ied (yellow tag), (b) selected (green tag), (c) 

untested seed orchards (pink tag), and (d) tested reproduction 

material (blue tag). 

4l. 	 Certif'ication usually requires inspections of the production unit 

pri'or to poll i nation, a r , ,;pection before harvest, inspections 

during the collection-to-storage phases, and inspections at the time
 

of packaging materials for sale.
 

D. 	Scope Of Certification
 

I. 	Purpose-Cetification is more than just labeling. Its purpose is
 

to maintain and make available to the public high quality seeds and
 

p)rtqnq)n:Iit i L'wIia or superior crop plant varieties. 

2. 	Definition-Certif'ication is the guarantee of" character and quality 

o1" iIl't"lM(hi ne by an o'ricinly recogni zed organization.y uitl eri 

3. 	 International aspect-An international scheme for certification of 

forest reproductive material has been developed by the Organization 

of Ecnomic Cooperation and Development (OECD). 

E. 	Terms Used In Forest Certification
 

I. 	Forest reproductive material
 

a. 	Seeds can be cones, fruits, or seeds.
 

b. 	Parts of' plants can be vegetative propagules, such as cuttings,
 

scions, layers, and tissue (for tissue culture).
 

C .	 Iiant; c:in he sft,d1ings, stecklings (rooted cuttings), or 

11 ni.il r'' i u;ulIt'1:; I I m tl ii 



2. 	Cultivar-Cultivars are a group of cultivated individuals, which is
 

identified by any characters sufficient to distinguish them from 

otL, :- groups and which, when reproduced, retains it distinguishing 

f'eatu,'es. 

3. 	 Variety-Variety iS the same as cuitivar. 

4. 	Seed source-Seed source is the stand from which the seeds 

(indigenous or non-indigenous species) are collected. In the OECD 

scheme, this is called provenance> 

5. 	 Provenance-Provenance is the place in which an indigenous stand of 

tree.; is growing, or the place from which the seed or plants of a 

noh-indigenous stand were originally introduced. In the OECD 

scheme, this is called origin. 

6. 	Seed collection zone-Zones are areas of uniform ecological
 

c 	)(id i ; I " i I'() ndL si,nLands show i ng s i m i lar phenotypic or 

enoti'h:'t'tri;;t i (8. They nro, cal led regions of provenance in 

the 	OECD scheme. 

7. 	 Designated authority-An agency or institution is designated by the 

government to be responsible for implementing certification. 

F. 	 General El emen L.; )Of A Certification Program 

1. 	 Designated authority-The designated authority must have legal 

standing. 

2. 	 Producer There must be qualit'ied produce's. 

. istory of the material-These dat~a cover provenance, seed source, 

and 	breeding history.
 

4. 	Supervised production-The designated authority does this. 

5. 	 Sales-A commercial transaction is usually necessary. 

0. 	Certij l'icatoll labels ilweiL ; are aLI.;Lched Lo a I I products. 



C. 	 Standards For Certification 

I. 	Certification classes -Forestry programs typically use the
 

OFCD 	 stands. 

a. 	 Source-identified reproductive material (yellow tag). Conditions 

UPC:
 

(1) 	 .seed source and/or provenance must be defined. 

(2) ,,,l: ,: t ' ' rol 1 er l. , procssed, and lst:ned under 

inspection.
 

b. 	Selected reproductive material (green tag). Conditions are:
 

(1) 	Isol ation, 

(2) 	 N I )tiInI l va iaL i),, 

(3) 	 Sufficient size, 

(4) 	Sufficient age and stage of development, and
 

(5) 	Phenotypic superiority.
 

c. 	 MLateial L't'011 untested scud orchards (pink tag). 

d. 	 [es t!d t' productive tmaterial (blue tag). 

2. 	Seed collection zones-These zones have special features:
 

a. 	They are delimited by administrative and geographic boundaries.
 

b. 	 Boundaries and reference numbers of seed collection zones should 

be established and published. 

c. 	 Seed collection zones are necessary for "source-identified 

reproductive material." 

3. 	 Other requirements of certification

a. 	 The originator, developer, owner, agent, or producer must 

rqtiest curiLirication and furnish: 

(1) 	 Name of the variety, 

(2) 	 Statement of the variety's origin, 



(D) I)etdi( descriptlion of" characteristics that distinguish 

the 	variety,
 

(11) 	 Evidence of performance, and 

of' mnapt.a Lion.(. ) A :;L.th-menL on Luw suggUs ted arma 

b. 	 ]nspections may include: 

(1) Initial field inspection,
 

(2) Mature crop inspection,
 

(3) Inspections during collection, conditioning, and storage, 

and 

(11) Inspection at the time of packaging for sale. 

c. Fees are paid by the producer to support the system.
 

[. 	 Additional ] ufot'mation 

For add tio l l inf[0'omation, see Anonymou:; 19711), lonnev (1981a), and 

Rudolf (197LI;. 



GERMPLASM CONSERVATION
IV. 


A. 	 Introduction
 

Loss of forests around the 
world is widely deplored for 

many reasons.
 

One consequence of deforestation 
is the loss of valuable germplasm 

that
 

breeding programs.and 	 future
used aLrtificial regenerationcould be in 

FAO 	lists over 300 tree species 
or particular provenances as
 

can taken to conservesteps that 	 be 
endangered. For-tunately, there are 

this 	germplasm. 

B. 	 Objectives 

The objectives in this section 
are to:
 

Recognize the consequences of 
excessive loss of germplasm of 

forest
 
1. 


trees.
 

to conserve germplasl.
a:ve1gi,-1!.I1.iilable

III(t :Ultl,1li, 	 av
2. 	 l. 

C. 	Key Points
 
germplasmto understanding 

The 	following points are 
essential 

COnlSC VV8i, i011. 

in si hi preservation.
' woull be extn;Om ive 

I .	 Th' ill I I 'l) ti(. 

Ex situ conservation is widely practiced already, 
but we need to
 

2. 


on planted material.
maintain "passport data" 

conse'vation. 
play a large role in gerfmplasm

3. 	 Seed storige cin 

.¢ , i i; 01i'o"l C ,W-I'VtOtiolshould be atr.'fFlly planned and 

II. 	 Nitioii;:l 

established. 



). ITmportance Of The Problem 

1. Deforestation 

2. Insect and disease losses
 

3. Global climate changes 

11. Endango(,red spec ies 

E. Available Technologies For Conservation
 

The following stratigies are options for germplasm conservation:
 

i. In-situ conservation
 

2. Ex-sitil monservation 

3. Conventional seed storage
 

4. Cryogenic storage
 

5. Storage of pollen
 

(). Mi c I()j)Vil);IiI I.ion lis'sues 

F. Current Efforts
 

The following organizations have various levels of effoL't in germplasm 

conservation (also see table 18): FAO, fBPGR, CAMCORE, OFI, DANIDA, 

CTFP, CSIRO. 

G. Recommendations Fur Action 

I. Increased efforts in in-situ conservation 

2. International efforts for more ex-situ conservation plantings 

3. More research on conventional seed storage
 

1I. Increased i'esearch with recalcitrant seeds
 

5. Establish more seed banks
 



Table 18.-Some major international seed storage centers (adapted from 
unpublished 1986 report by F.T. Bonner) 

Approximate 
Size of Collection


Center Counmtry Species Sources
 

United States Forest U.S. 67 197
 
Tree Seed Center
 

National Seed Storage U.S. 18 Ii1
 
lbor'atory
 

Petawawa National Canada 118 2130
 
Forestry Institute 

DANIDA Forest Seed Denmark 46 187
 
Centre 

I SeedCS1I1O 'T(ree CcntLe Australia 900 11000 

CF1, Oxf'ord U.K. 

Banico lat.inoattiericaio CosLa Rica 153 308 
de Semillas Forestales
 

Banco de Semillas, Honduras 11pines 46 
COHDEFOR 
 ? hardwood 

*Not available 

In addition, countriesmany have national seed storage facilities which serve
their domestic needs. It is difficult to say how much of' this seed storage is for

,' - 'rm1 1-r(. Im'rv;II ion tf g 1rmpl it. primaril I ynsI; is des igIned fo- short -te'll storage
Ito I ish proV eiianon t ri.als and ex-situ conservaLtion sLands. 



V. APPLIED SEED RESEARCH
 

A. 	Introduction 

M:ay ;a',.,I I~,,Iml, : ,'.il h,' .lv,4 ln';illy wit.hotit sophi;ticat d research1 

to acquire and operate. 	Some investigations
equipment that is costly 

treatment; others need statisticalfurnish answers without statistical 

work to demonstrate their reliability. Simple designs are usually 

randomized treatments,satis'acto'y in seed work, including completely 

and dedication.and 	 Factorials. The main requirements are curiosity 

B .	 Oh?.Ij ec(t;i i v' s; 

In this section, the objectives a' to

studies.1. 	Learn a few principles of simple research 

Review case study examples of applied seed research.
2. 


C. 	Key Points 

The Following pOWiLtS are essential to applied seed research: 

with simple
I. 	Problem solution can often, but not always, be achieved 

tests 	and experiments. 

used they available,
2. 	Standard proced r'es are always when are for 

Rules For germination testing.example IS 'I':\ ()85q) 

sued or with 
are replicated with several sources

3. 	 Treatments always 

different 	 seed years. 

procedures in use must be recognized; For
4. 	 LimiLations of the 

cannot accurateexample, electric seed moisture meters be to 0.1 

percent.
 



D. General Considerations 

1. Replication-The "standard" is 4 replications of 100 seeds each 

(typically designated as 4 x 100).
 

2. Documentation-Complete records are essential.
 

3. Statistics 

a. Studies must be designed to allow statistical analyses. 

b. Simple designs are used when possible.
 

c. Common sense cannot be replaced with statistics.
 

11. Publication- Good results should be published. 

E. Case Studies 

1. Maturity-Maturity indices of fruits or seeds can be identified 

by

a. Using a minimum of f'ive trees. 

b. Sampling for a reasonable time period.
 

c. Collecting 10 to 15 fruits per tree.
 

d. Taking color photographs if possible.
 

e. Testing for the best parameters:
 

(1) Size (length and diameter),
 

(2) Weight (wet and dry; 103 C, 15-24 hours),
 

(3) Moisture content, 

(4) Germination, and/or
 

(5) Chemical analyses. 

r. Co]leclin! data and plotting means on a time scale. 

g. Repeating at least twice to cover three seed crops.
 

2. Extracting/cleaning methods

a. Possi hl LOsts include



(2) 	Hand extraction vs. machine extraction,
 

( ) Any mechanical acLion vs. hand cleaning, 

(1I) I:tcr'miiig scLud size effects by sizing into tLhree groups 

and testing germination, and 

(5) 	Dewinging vs. sowing winged seeds.
 

b. 	 Each tLUatment should be replicated five times; each replicate 

is tested with 4 samples of' 50 seeds each. 

Unusual results are always retested.
c. 


d. 	 Suggested statistical designs are "t" tests for two treatments; 

complete rc-ndomization for more than two treatments. 

3. 	Pretreatment for germination

a. 	Possible methods to test include

(1) 	 Hand scarification vs. mechanical scarification, 

(2) 	 Hot. vs. cold water soak, 

(3) 	Stratification times and temperatures, and
 

(4) 	 Chemical stimulation. 

b. 	The same general directions as described in 2.b.-d. above apply 

in these tests also. 

4. 	 Storage conditions

a. 	Possible tests include

(1) 	Room temperature vs. refrigeration,
 

(2) 	Different refrigeration temperatures,
 

(3) 	Seed moisture levels, and
 

(4) 	Type of storage containers.
 

b. 	Replicates should be large enough to allow samples over time.
 

c. 	Frequency of' testing f'or orthodox seeds is 0.5, 1, 2, 3, 4, and 

I yt:-ir , ;in l fo" recalrcitrant seeds is 1, 2, 11,8, 12, 18, and 

211 months or less. 

d. 	 At least four replications should be used. 



5. Testing for recalcitrance-A good test for recalcitrance is to

a. Bring the test lot to full imbibition. 

b. Start dt-ying under at least two conditions (slow and fast). 

c. Take periodic samples for moisture content and germination. 

d. Use intervals of 2 to 4 hours for the first 2 4 hours, then 

double that time in the next 24 hours, and double it again in
 

the next 48 hours.
 

e. 	Use a complete range of drying from full imbibition to 10
 

percent moisture, or death of the seeds.
 

f. 	Designate seeds which cannot be dried below 20 percent without
 

dying as recalcitrant.
 

g. 	Repeat the test to confirm recalcitrance.
 

h. 	Check for chilling injury at 00 to 5°C.
 

i. 	Realize that statistics not as important as common sense.
 



FIGURE CAPTIONS
 

Fig. 1 - Life cycle of temperate zone pines (from Bonner 1991b)
 

Fig. 2 - Anatomy of a typical conifer seed (from Krugman and
 
Jenkinson 1974)
 

Fig. 3 - Anatomy of a typical angiosperm (legume) seed, Leucaena
 
leucocephala (from Whitesell 1974)
 

Fig. 4 - Partial section through the seedcoat of a hard seed
 
(legume)
 

Fig. 5 - Epigeal germination of Fraxinus with germination sequence
 
(from Bonner 1974)
 

Fig. 6 - Hypogeal germination of Quercus with germination sequence
 
(from Olson 1974)
 

Fig. 7 - Relationship of moisture content to specific gravity of
 
cones of loblolly and eastern white pines (from Bonner
 
1987a)
 

Fig. 8 - Determining specific gravity of cones with a graduated
 
cylinder (from Barnett 1979)
 

Fig. 9 - Equilibrium moisture content for four recalcitrant species 
of Quercus (adapted from Willan 1985) 
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FIGURE .- Pius ponderosa, ponderosa pine: longitudi
nal section through a seed, 6 X. 
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FIGURE .- Leucaena leucocephala, leadtree: longitudi
nal section through a seed, 12 x. 
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