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SUMMARY

This manua lis intnded primari¥ t train seed colMctors, seed-p hntmanagers, seed
ana bsts, and nursery managers, butitcan sene as a resource for any training course in forest
regeneration. Itinchlides both Emperat and tropica ltree species of aMintnded uses. The
manualcowers the folbwing topics: seed biobgy, seed coMction, seed hand Ing, seed-qua My
eva Blation, seed protction, seed basics for nurseries, and seed programs. It aBo inclides
practica Be xe rcises.
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Introduction



GOALS OF TH E COURSE

The obpctive of this course is t provMde a basic
understanding of tie folbwing topics:
A. Reproductive cyclls, from flbwering trough seed

germ ination

B. Seed origin

C. Seed coMction

D. Seed maturity

E. CoMction and posth anest care

F. Seed extracting, claning, and conditioning

G. Insect and disease prob Ims

H. Seed storage

. Seedlot samping

J Tests for moisture, purity, weigh t germ ination,
and \igor

K. Rapid viabiHy estim ats

L Seed tstresuls

M. Seed hand Eng in nurseries

N. Seed programs

0. Seed HRbe Ing and crtification

P. Germphsm consenation

Q. Seed centr design and staffing

R. AppEed seed researa

SCOPE

The em phasis in this course wilbe on indigenous,
mu Kipurpose tree species suited for forestry and rural
agroforestry. H owe\er, exotics are inclided, because
fastgrowing exotics hawe a definit phe in forestry
programs.

SOURCES OF INFORMATION
AND TECH NICAL H ELP

Sources of inform ation and tcdinicallhe b inclide
purnal, refrene books, intrnationa I organizations,
regiona Borganizations, and researd institutions.

Journa b

Seed Science and Tech nobgy
Intrnationa BSeed Testing Association (ISTA)
Redcenhol, P.O. Box 412, CH -8046

Lurich

Switerknd

Journa b of Seed Tech nobgy
Association of OfficialSeed Ana bsts (AOSA)

Seed Abstracts

CAB Intrnational Inform ation Sernvices
W alng-ton, Oxon OX 10 8 DE

UK

Agroforestry Abstracts
(same as abowe)

New Forests

Dr. Mary Duryea, Editor-in-Chief
Department of Forstry

118 N-Z Hall

University of Fbrida

GainesMv B, FL 32611

U.S.A.

Indian Forestr
(inchides seed €dinobgy articlsl

Indian Journa lof Forestry
(inchides seed ®cinobgy articlls)

Journa B of Tropicall Forest Science
Business Manager

Forest Researdh Institut of Mahysia
P.0. Box 201

Kepong, 52109 Kua b Lum pur

Ma hysia

Commonwealh Forestry Rewuiew
Commonweahh Forestry Insttut
11 Keb ¥ Road

Oxford

UK

Pak istan Journall of Forestry
Editor

P.0. Pakistan Forestry Institut
Pesh awar, NW.F.P.

Pak istan

Canadian Journa lof Forestry Research
Editor

Forestry Canada

P.0. Box 490

Sau k St. Marie, Ontario

P6A 5M7 Canada

Forest Science

Society of American Forestrs
5400 Grose\enor Lane
Bethesda, MD 20814-2198
U.S.A.

Reference Books

The folbwing refrenc books provide information and

tdnicall assistanc:

Bew By and B hd 1982

Chin and Roberts 1980

Murray 1984a, b

Sch opmeyer 1974

wvon Carbwit 1986

Willan 1985

Inttrnationall Organizations

Food and Agricu Bure Organization (FAO) ofthe
Unittd Nations

Forest Resources Dew bpment Brand

Forest Resources Diwvision

Ma de B Terme di Caracalh

1-00100 Rome

Italy



IntrnationallUnion of Forestry Research Orga-
nizations (IUFRO)

Secretariat

Sch onbrunn

A-1131 Menna

Austria

IUFRO Seed Prob Bms ProgctGroup
Current Chair: Dr. D.G. Edwards
Forestry Canada

Pacific Forestry Centre

506 W estBurnside Road

Mctoria, BC

V8Z1M5 Canada

Inttrnationall Seed Testing Association
(ISTA)

ISTA Secretariat

Redcenholl, P.O. Box 412

CH -8046 Zurich

Switer hnd

Regionall Organizations

FARED Coordinating Unit

ch Kasesart Uniwersity

Facu ly of Forestry

P.0. Box 1038, Kasetsart Post Offic
Bangk ok 109 03

Th ai knd

Organization for Economic Cooperation and
Deve bpment (OECD)

Directorate for Agricu blure and Food

Paris

France

Research Institues

ASEAN-Canada Forest Tree Seed Centre
Mauk Lek, Saraburi

Th ai knd

Nitrogen Fixing Tree Association
P.0. Box 680

Waimanab, H 196734

U.S.A.

Internationall Councill for Research in Agro-
forestry (ICRAF)

P.0. Box 30677

Nairobi

Kenya

DANIDA ForestSeed Centre
Krogerupwej 3A

DK 3050, Hum Bbaek

Denm ark

ForestResearch Centre
P.O. Box H G 595

H igh knds, Harare
Zimbabwe

Centre Nationallde Semences Forestieres
PB 2682, Ouagadougo
Burkina Faso

CSIRO Diwsion of Forest Research
P.0. Box 4008

Queen Mctoria Terrace

ACT 2600, Canberra

Australla

Commonweahlh Forestry Institute (CFI)
Uninersity of Oxford

Departm ent of Forestry

Oxford

UK

USDA Forest Servce
Tree Seed Research Unit
Forestry Sdences Laboratory

P.0. Box 906
Starkvill, MS 39759
U.S.A

USDA Forest Service
Nationa B Tree Seed Laboratory
Rt 1, Box 182-B

Dry Brandi, GA 31020

U.S.A.

USDA Forest Service

Institut of Tropicall Forestry

Uninersity of Puerto Rico, Agricu Burall Experiment
Station

P.0. Box 25000

Rio Piedras, PR 009 28-2500

U.S.A.

Centro Agronomico Tropicallde Investigacion y
Ensenanza (CATIE)

Turriaba

Costa Rica

Petaw aw a Nationall Forestry Institut
Box 2000

Chall Riwr, Ontario

K0J1J0 Canada
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Fbwering, Pollnation, and Seed
Maturation

A.

Introduction

Know Bdge of the seed biobgy of a tree species
is essentialto sucessfu Bseed production and
hand Ing. The sexua I cycl musthe known
t phn for genetic improvement, production,
coMction, conditioning, storage, and p knting of
the seeds.

B. Ob pctines

1. Define conmon trms used todescribe B
cyclls of phnt.

2. Describe the generallsexuallcycl, fhwer
structure, seed structure, and origin of the
fruitof gym nosperms.

3. Describe the generallsexuallcycl, fhwer
structure, seed structure, and origin of the
fruitofangiosperms.

4, Ildentfy primary differences between
angiosperm and gymnosperm sexualcycls.

5. Describe the generalldeve bpment of fruits
and seeds.

C. Key Points

The folbwing points are essentia Bfor under-
standing fbwering, po Mhation, and seed matu-
ration:

1. Aphntd B ccllis the time required to
grow from zygot to seed production; tere
are two dewe bpmentall cyclls -a sexual
cycll and an asexua lcycl.

2. Know Bdge of the sexuallcych is required
for:

a. tree-breeding programs

b. seed orchard management

c seed colction

d. seed conditioning and storage
g. nursery management

3. The gymnosperm HBE cycl folbws this
order:

naked seed

seed Ing

mature sporophyt

strobi I (cones)

microspore and megaspore motier cc I

m eiosis

m icrospores and megaspores

mall and fmall gametoph yEs

po Ehation

singl frtikzation

zygot and gametoph ytic tissue

embryo
m. naked seed on ow bkt cone scal

4, The angiosperm B cycl difrs from the
gymnosperm B cycl in hawvng:

a. seeds enchbsed in fruit(ripened ovary)

SRS T D@ e ae T

b. true fibwers ratier than strobill

c. doub  frti lzation

d. tripbid endosperm tissue ratier than
hapbid fmall gametophytic tissue in
te seed

D. Definition of Terms

1. Life cycl-the time required to progress
from zygot toseed production.

2. Genotype- the genetic makeup of a ' M
nuclus or an individuall

3. Phenotype-the extrnall appearance of
an organism.

4, Mitosis-nuclar (and usuall c BBk c A
division in which the ¢ romosomes dup I
cat and divide o produce twonucli that
are identicallto te origina Inuclus.

5. Meiosis — two sucxssive nuclar divisions
in which the chromosome number is halled
and genetic segregation occurs.

6. PoHEnation-transfer of poMn grains
from the anther or microsporophy lto the
stigma or ow I.

7. Fertilzation-fusion of sperm and egg
(and aBo sperm with two pohkr nuclli o
form endosperm in angiosperms).

8. Dipbid (2N)— twosets ofd romosomes in
a ¢ Enuclus.

9. Haploid (1N) -one setof d romosomes in

a ¢ Enuclus.

Fruit -a ripened owvary, sometimes in-

cliding acxssory fbwer parts, thatsur-

rounds the seed in angiosperms.

11. Seed-a ripened owu I that oconsists of an
embryo, its stored food supp ¥, and protc
tive cowerings.

12. Mature seed — a seed thatcan be remowed
from the tree withoutim pairing the seed3
germination.

10.

. Lif Cycls

An understanding of I cyclBs is needed

because:

1. Sexualand asexualsystms reproduce
genetica® difkrent popu htions.

2. Know Bdge of the asexualcycl is needed
before \egetative propagation can be used.

3. Know Bdge of the sexualcycll is needed for
successfu Btree breeding and seed produc
tion.

F. Angiosperm and Gymnosperm Sexua ICyclls

1. All tree species are seed-producing phnts
(division, Spermatophyta) and be bng to
gither the chss Gymnosperm ae or Angio-

sperm ae.

a. Angiosperm seeds are enchbsed in car-
pe B.

b. Gymnosperm seeds are borne naked on
scalls.



d. Fertikzation
e. Seed (fig. 2)
(1) Dene bps from the ®rtilkzed owl.
(2) Contains an embryo (coty Bdons,
hypocoty § radicl), a seedcoat, stor-
age tissue, and sometimes a seed

Cc. Seeds of nonconiferous gymnosperms
are borne singh.
2. Gymnosperm I cych (fig. 1)
a. Sporophyt
b. Strobi bis or cone, incliding:
(1) reproductive sh ort sh oot

(2) staminat cone (mal) wing.

(3) owu ht cone (Emal) f Fruit

(4) gymnosperms may be eith er mono- (1) Gymnosperms do not haw true
“fruits.”

ecious (Emall and mall strobi B on
same tree) or diocecious (tree has
on ¥ one sex).

Cc. Meiosis and gam e toph yts

(2) Gymnosperm seeds are enchbsed by
te folbwing structures:
(a) dry owu bt cones (e.g., Abies,

SUMMER

POLLEN TUBE GROWTH
SLOW CONELET GROWTH
CONELET OR YEARLING)

. PRV E: 8y 4 2
POLLEN TUBE RESUMES
GROWTH, FERTILIZATION YEAR O
' OCCURS, CONES ATTAIN X FLOWER
" FULL SIZE.yhdslg a0 i PRIMORDIA
’ ) R FORMED

Z FLOWER ; -
;: %7 MATURE, % BUDS - <
ch "POLLINATION it VISIBLE - L
>
v TR
FLOWER
BUDS

285
ARRESTED POLLEN
TUBE DEVELOPMENT

i

Y o

WINTER

Figure 1. -Life cycl of a gym nosperm (Pinus spp.) (Bonner 1991b)



SEEDCOAT

STORAGE TISSUE
(FEMALE GAMETOPHYTE)

COTYLEDONS

HYPOCOTYL

RADICLE

Figure Z.-Cross section of a typica Im ature gym nosperm seed (Pinus ponderosa) (adaptd from Krugman and Jenkinson 19 74).

Araucaria, Cupressus, Pinus,
and Tsuga)
(b) flshy, arilke structures (e.9.,
Gink go, Taxus, and Torreya)
(¢c) berrybkke ow ht cones (e.g.,
Juniperus)

3. Angiosperm BIf cych
a. Sporophyt
b. Fbwer -a shortshootwith serill and

c.
d.
e.

reproductive Bawes.
(1) sterill Bawes inchide:

(a) sepal

() petak

(©) perianth

(2) Reproductinve Bawes inchlide:

(a) stamen (mal)

(b) carpel (Emal)

(©) pistil a colctive trm that
describes Msibl Emall struc
tures

(3) Rezptacl

(4) There are perfectfhbwers, imperfct
fhbwers, and pobgamous fhwers

Meiosis and gametophyts

Ferti Zation

Seeds

(1) Dexe bp from the doub B-ferti Bzed
ow Is

(2) Contain an embryo (coty Bdons,
hypocoty B radicll), storage tissue,
seed coat, and sometimes otier seed
coverings

(3) May be endospermic or nonen-
dospermic

f. Fruits

(1) Dexe Bbp from the matured ovary

(2) Enchse the seed (matured owu )

(3) Are difficu k 0 separat from the
seeds

4. Sexuall cycBs-The gymnosperm and
angiosperm sexua Bcycls difkr in four ways:

a.

In gymnosperms, seeds are notenchbsed
in e ovary, and fhwers are unisexual
in angiosperms, seeds are borne in a
chsed ovary, and fhbwers are perfctor
imperfct

. Angiosperms haw true fhwers, but

gymnosperms hawe strobill (cones).
Doub B fertilzation takes phc in
angiosperms;singll frtilzation takes
phe in gymnosperms.

In gymnosperms, the deve bping embryo



HILUM

MICROPYLE

Flcm

Figure 3. -Externallmorphobgy of a typicall Igume seed of Schizobbium parahybium (adaptd from Trivifio and otiers 1990) .

is nourished by the hapbid fmal
gametoph yE ; in angiosperms, itis nour-
ished from either dipbid coty Bdons,
hypocoty Bof the em bryo, trip bid endo-
sperm, or dip bid nucc Br m aterial
G. Seed and Fruit Deve bpment
1. Physicalldexe bpment
a. Angiosperms
(1) Polnation and frti lzation trigger:
(a) form ation of embryo and endo-
sperm
(b)  Edivisions and en hrgements
(2) Legumes hawe:
(a) a simpll pistilwith a superior
ovary h aving one cavity (locule)
(fig. 3)
(b) seedcoats com posed of histo-
bgica dense cuticl, radial

seedcoat are defined as folbws
(fig. 4).

(a)
(b)
(©
(d)

(e)

cuticl- waxy Hhyer on outr
wall ofepidermallc B

Ignin — organic com ponent of
c B associatd with o Il bse
Igh t Ene-continuous thin
hyer of wax gbbu s

osteosc Breid — bone-sh aped
sclrendiyma

pallsade cc B —¢bngatd c B
perpendicu br to the coat sur-
fac

(f) parenchyma — undifRrent-
atd, 2 B
(g sclrenchyma — tic, ligni-

fiecd e B

colimnar c B, sclrenchym a-
tous = B, Egnin, and osteos-
cirridec B

(3) Structural €rms re hting o te

. Gymnosperms -Many conifers fhbwer

and ripen seeds in one growing season,
some require two seasons, and a fw
require three seasons.



CUTICLE LAYER T
EPIDERMIS JE

PALISADE LAYER

“LIGHT LINE” }

e T —

INTERCELLULAR SPACE
OSTEOSCLEREID

SCLERENCHYMA

PARENCHYMA

Figure 4. -PartiaIsection t rough the seedcoat of ahard seed (Bgume).
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2. Physiobgicall dexe bpment

a. Moisture contntincreases rapid¥ afer
frtilzation and decreases at maturity.

b. Hormone contnts are higher where
merisematic activity is greatr.

c. Metabollc changes are many; simpll
sugars, fatty acids, and amino acids are
con\ertd to protins, oik, and Hpids.

3. Chssification of mature fruits (ab 1 1)
H . Sources

For additiona Binform ation, see Dogra 19 83;

Hardin 19 60 ;Hartmann and ot ers 19 83, ch ap.

3, p. 59-65;Krugman and others 19 74 ; Willan

19 85, p. 7-10, 13-15.

Il. Seed Dorm ancy

A. Introduction

Onc seeds haw matured, surviva lofth e spe-
cies requires tattiey germinat ata time and
p ke favorab B for grow &t and surviva lof th e
seed Ings. The mech anism thatprexents ger-
mination at undesirab B times is calld dor-
mancy. The medh anics ofseed dormancy must
be known before nursery practices for ower-
com ing dorm ancy can be dewe bped to ensure
time ¥ germination and uniform grow th ofthe
seed Ings.

B. Ob pctives

1. Describe the diferent types of seed dor-
mancy.

2. Discuss meth ods for owvercoming seed dor-
mancy, both for germination tsting and for
nursery operations.

C. Key Points

The folbwing points are essentialto under-

standing seed dormancy:

1. To a hrge degree, dormancy is under
genetic controll

2. Environmental conditions during seed
maturation can inflience the degree of dor-
mancy.

3. Seeds can hawe more than one type ofdor-
mancy mecd anism.

4. Posthanestenvironment can creat sec
ondary dorm ancy.

5. The distinction between ‘dormancy” and
‘de hyed germination” is not alays clar.

6. The Bast sewere treatment O owercome
dormancy shou M be tstd first o awid
damage to the seeds.

D. Definition of Terms (Bonner 1984a)

1. Afeerripening- physiobgicall proess in
seeds after harwest or abscission that
occurs before, and is ofttn necessary for,
germination or resum ption of growth under
favorab B environm enta Bconditions.

Tabl 1. -Common fruittypes for woody trees (adapted from Hardin 1960)

Description Type Exampl
Simp B Fruit(product ofsingll pisti §
Dehisent wal (spding natural¥)
Product of one carpel
Dehiscing by one suture Folich Zant oxy im
Dehiscing by two sutures Legume Acacia, Prosopis, Robinia
Product of tw o or m ore carpels Capsull Euca¥ptus, Populus
Wal indehisent (not sp lding natural)
Exocarp flishy or HBatiery
Pericarp flshy t roughout Berry Vaccinium, Diospyros
Pericarp hetrogeneous
Exocarp Batiery rind H esperidium Citrus
Exocarp flshy
Endocarp a ‘stone” Drupe Prunus, Vitex, Tectona
Endocarp carti kginous Pom e Malus, Crataegus
Exocarp dry (papery, woody, or fibrous)
Fruit winged Sam ara Triplochiton, Termina la, Acer
Fruit wittout wings
One-bculld ovary; tin walk smal seed Adiene Platanus, Cordia
Several-loculed ovary; tick walk hrge seed Nut Queraus
Com pound Fruit (product of mukipl pist k)
Pisti B of a singll fbwer Aggregat Magnolla
Pisti B from dif rent fibwers (inflorescence) Mu Ripll Platanus

11



12

2. Dormancy- aphysiobgicalstat inwhia
a seed disposed  germinat does not, e\en
in the presence of favorab I environmental
conditions.

ChiMlng-subpction of seeds t coll and

moisture t induce aferripening.

4. Prechilling- coll, moist treatment
app led to seeds tohastn aferripening or
to overcome dormancy before sowing in soil
or germinating in e HRboratory.

5. Pretreatmentany kind of treatment
app ked to seeds to owercome dormancy and
hastn germination.

6. Scarification-weakening of seedcoats,
usua ¥ by medh anicaBabrasion or by brief
soak's in strong acids, t increase their per-
meabi Hy b watr and gases or o bwer
their medianicall resistance to swe Hng
embryos.

7. Stratification-p hcing seeds in a moist
medium, ofen in alkernat hyers, tohastn
aferripening or © owercome dormancy;
conmon ¥ appled to any £dinique that
keeps seeds in a col, moistenvironment

8. De hyed germination- a generall trm
app led t seeds that do not germinat
immediat ¥ butare nots bw enough tobe
described as dormant

E. Types of Dorm ancy

1. Seedcoat (or extrnal dorm ancy

a. Impermeabi y t moisture or gases;
e.g., Acada, Prosopis, Robinia, and
other Bgumes

b. Mechanicall resistance to swe HMing
embryo;e.g., Pinus and Queraus.

2. Embryo (or intrnal dorm ancy
a. Inhibiting substancs; e.g., Fraxinus,

Ilex, and Magnolla

b. Physiobgicall immaturity; e.g., Juni-
perus \irginiana

3. Morphobgical dormancy resuls from
the embryo notbeing conp it ¥ dee bped;
e,g., Ilex opaca, some Fraxinus spp., and
Pinus spp.

4. Secondary dormancy resuls from some
action, treatment, or injury to seeds;e.g.,
Pinus taeda being exposed 1 high €mpera-
tures and moisture during storage.

5. Combined dormancy resuls from two or
more primary factors, such as seedcoat dor-
mancy and em bryo dorm ancy, ¢.g.;Tilia.

6. Doub® dormancy resulbs from embryo
dormancy in both the radicll and epicoty §
e.g., Prunus.

F. O\ercom ing Dorm ancy
1. Seedcoat dorm ancy-Treatment must

w

increase moisture uptake and gas exch ange

and ease radicl emergence.

a. Coll watr soak — Soak seeds in watr at
room tmperature for 24 t 48 h ours.

h. Hotwatr soak- Bringwatr to aboill
put seeds in, remowe from heat and
albw to stand untilwatr cooll.

¢ Hotwire-Use a heatd needl orellc
tric woodburner  burn a smalhol
trough te seedcoats.

d. Add treatmentPour a strong mineral
acid over the seeds and mix. (Suluric
acid is preferred.) Remowe seeds afer a
time detrmined by triak with sampls,
usual® 15 to 60 minuts, and wash
torough ¥ o krmowe add.

¢. Physicabscarification — Crack or break
the hard seedcoats.

(1) Use hand meth ods (nicing).
(2) Use mech anicallmeth ods for large-
scall operations.

2. Embryo dormancy- Treatmentmust
owvercome physiobgicallbarriers within the
seeds.

a. Stratification (chilng, preai Eng) —
Refrigerat fu ¥ imbibed seeds atl o
5°Cfor1to6montis (tab ll 2).

(1) Im bibition is comp Bt&d.

(2)Enzyme systms are activatd.

(3) Storage foods change to solib
form s.

(4) Inhibitorpromoter ba knces change.

b. IncubationAtratification-For some
species, provide short, warm incubation
(15 © 20 °C), folbwed by coll stratifica-
tion.

¢ Chemical treatment
(1) Hydrogen peroxide — Soak for 48

hours in MEpercent solition (e.g.,
Pseudotsuga menziesii).

(2) Citric acid- Soak for 48 hours in
Epercentsolition, folbwed by 90-
day stratification (e.g., Juniperus,
Taxodium distidium ).

(3) Gibbere Hns

(4) Etiylne

d. Light-Dormancy is owrcome by the
red/lar-red mech anism.

G. Significance

1. Survivalstratgy- Dormancy albws ger-
mination during favorab I environmentall
conditions.

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

3. Mukipk causes -Many species haw

probab ¥ exolled with more than one dor-
mancy med anism.



Tabll 2. -Reconmended preci Mperiods for nursery sowing ofsome pines of the Soutiern Unitd Stats (Bonner

1991b)
Pine Norm alsow ing” Ear¥ Seed conditions
speaes Fresh seed Stored seed sowing: Deep dormancv# Low vigor
Prechill (Days)

Pinus strobus 30-60 60 60-90 60-90 30
P taeda 30-60 30-60 60 60-90 20-30
P pablistris 0 0 4 o-15 0
P rigida 0 0-30
P serotina 0 0-30
P. clausa

\ar. immuginata 0-15 0-21

\ar . clausa 0 0 .
P. echinata o-15 0-30 15-30 30-60 0
P ¢ Hottii

\ar . ¢ Hottii 0 0-30 15-30 0

\ar . densa 30 0-30
Pgbbra 30 30
P\irginiana 0-30 30 30

*Spring sowing when mean minimum soil€mperature at seed depth is at Bast 10 “C.
tEarly sowing when soiltemperatures atseed deptt may be bebw 10 °C.
*Dorm ancy demonstratd by paired st or past performanc of the seedlot.

$Conditions not encountered with tis spedies.

4. Ennvdronmentall inflience -Weather
conditions during maturation may increase
the degree of dormancy.

H . Sources

For additiona Binform ation, see Khan 1984;
Krugman and otiers 1974; Murray 1984b;
Nik oleva 1967 ; Willan 19 85, p. 17-19, ch ap. 8.

I1l. Germination

A.

Introduction

The goall of seed €dinobgy are sucessfu Bger-

mination and seed Ingestab Bshment The two

m ajor considerations are the physiobgy ofthe

seed and the condition of the environment In

te two preceding sections, seed m aturation and

dormancy were considered. In this section,

environmenta lfactors and how they controlger-

mination trough teir intractions with seed

biobgy wiMbe examined.

Ob pctives

1. Describe the two types of ggrmination and
teir importanc in woody p Bhnt.

2. Review environmentalrequirement for ger-
m ination.

3. Review physiobgicaldranges within seeds
tat Bad © germination.

4. Discuss how seed physiobgy and environ-
mentalfactors intract in germination.

Key Points

The folbwing point are essentialto under-

standing germ ination:

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

2. Moisture avai hbi Iy is the prim ary factor
controling germination.

3. The eflects of tmperature and Bgh ton ger-
mination are strong¥ re htd.

4. Constant and akrnating tmperature
regimes may Bad to simihr totalgermina-
tion, but germination is usua ¥} fastr
under alernating regimes.

5. As germination begins, the key mintrnal
processes is tie diange from insollbl ©
solb 1 metabolts. Detai b ofsud metabo
Ism are beyond the scope of this course.

Types of Germination

1. Epigeous (epigeal germination occurs
when coty Bdons are forced abowe the
ground by e bngation ofthe h ypocoty I(fig.
5);e.0., Pinus, Acada, Fraxinus, and Pop-
ulus.

2_.Hypogeous (hypogeal germination
occurs when the coty Bdons remain be bw
ground whill the epicoty le bhgats (fig. 6);
e.g., Juglans, Queraus, and Shorea.

3. In Prunus, both types of ggrmination may
be found.

Environmenta B Requirement for Germination

The four environmentalrequirement for ger-

mination are moisture, €mperature, Ight and

gases.

1. Moisture
a. Imbibition is usua ¥ considered the

first s€p in germination; tus, avail-

13



HYPOCOTYLS

Figure 5 — EpigealBgermination sequence of Fraxinus spp. (adaptd from Bonner 1974).

14

C.

abi My of moisture is the firstrequire-

ment for germ ination.

Uptake typical® occurs in tie folbwing

three phases:

(1) Rapid initiallphase, main ¥ physical

(2) Extreme ¥ sbw second phase

(3) Rapid third phase that occurs as
metabollsm becomes \ery actiwe

The first phase is imbibitiona ll

d.- A minimum stat of hydration is

e.

needed.

Minim alrequirements for germination

are frequentl studied with osmotic

solitions of mannitolor pobety Ine

glycol .

(1) The bestgermination may occur at
slght moisture stress (0.005 to
0.500 bars).

(2) Exen sligh th bwered watr potn-
tial willsbwv, but not stop, ger-
m ination.

(3) Criticall Ine B of watr potntal
\ary by species.

2. Temperature

a.

Itis difficu kto separat the efcts of
tmperature from those of Eght and
moisture.

For woody p hnts, germ ination usua ¥

occurs owver a wide range of Empera-

tures.

The upper tmperature Emitis around

45 °C.

The Bwer Emitis around 3 ©o 5 °C

because germination processes will

occur near freezing.

Optimum tmperatures vary Ittl:

(1) For Temperat Zone species, aler-
nating regimes of20 °C (nigh ©) and
30 °C (day) hawe prowed best for
many spedes.

(2) For tropicallspecies, abhough fw
criticalstudies are awai hb l, con-
stant Emperatures may be best for
some;e.g., Azadiradh ta indica, 25
°C; Bombax ciba, 25 °C; Euca ¥ptus
cam a Hu Ensis, 30 °C; Leucaena



EPICOT YLS ——

COTYLEDON

Figure 6. — H ypogea Bgerm ination sequence of Quercus spp. (adaptd from O Bon 19741.
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Bucoczpha b, 30 “C; Prosopis cin-
eraria, 30 °C; and Tectona grandis,
30 “C.Other species do as we Hor
exen better under alkernating tm-
peratures;e.g., Acadia spp., Cedre b
spp., and tropica Bpines.

3. Light

a. Ligh tstimu hts germination of many
tree seeds butis necessary for fw.

b. Phytoch rome is a pignentinwolled in
the photocontroll of germination.

¢ Minimallght e B in germination €st
ingshoul be 750 t0 1,250 Wx.

4, Gases

a. Respiration requires a certain supp ¥ of
oxygen, and te carbon dioxide produced
musthe remowed.

b. Some species germinat we Min anaer-
obic conditions.

C. Oxygen uptake patierns in seeds are
simi br to th ose of moisture.

d. Many aspects oftie infliences of gases
on germination need to be studied.

F. Inttrna IPh ysiobgica ICh anges

1. Structural changes — Imbibition is a pre-
aursor  necessary metabollsm.

2. Enzymes- Some systms are presentin
dry seeds;otiers are synthesized as imbibi-
tion proceeds.

3. Reserwe food mobi lzation — General¥,
insolib 1 forms (carbohydrats, Bpids, and
protins) are connertd to sollb  forms (in
some ways a rexerse of maturation trends).

4, Nuchlic acids-These compounds are
essentiallfor the formation of new enzymes.

5. Translocation — The mowvementofmat-
riaBwithin the embryois crucial

G. Sources

For additiona Binform ation, see Bonner 19 72,
Mayer and Polpk offMayber 1975, Murray
1984b, Stanwood and McDona Bl 19 89, Willan
19 85.
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I. Genetics and Seed Source

18

A.

Introduction

Seed quallty involles both the geneticand the
physiobgica lqua ly of seeds. In this section,
the generallprincip s and meth ods for se Bction
of seed source and im provementofseed qua iy
trough genetic se Bction are presented. Genetic
improvementofseed quallty is based on the
seeds”abi ity to produc trees thatare genet
icall we Msuitd o the sits where phntd and
for the products desired. In HREr sections,
ph ysiobgicalqgua Hy of seeds wi Mbe considered.
Good seeds are those thathawe both high phys-
iobgicallqua Hy and geneticsuitabi My.

B. Ob pctines

1. Recognize the importance of seed origin
(provenanc) and reconmend generallru lls
for seed movement

2. Review the advantages and disadvantages
of exotic tree species and intrspecific
hybrids for tree improvement

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

4. Identify e conditions required for genetic
improvement of tree seeds (genetic gain
conce pt).

5. Distinguish between a minimum initial
stratgy of geneticimprovementand a max-
imum bng-trm stratgy.

6. Identify some trms and concept of new
biotch nobgy for genetic im provement

. Key Points

The folbwing points are essentiallto under-
standing seed source and genetic improvement
1. A sucxssfultree improvement program
shou B notbe tried in another country or
region with out oconsidering desired products
and avai hb I sits.

2. Know Bdge of phenotype and genotype is
necessary to understand genetic im prowe-
ment of trees.

3. The genetic gain equation exp hins the
advantages of one improvement met od
Oer another.

4. Genetic gains can be obtained from sellc
tions among species, provenances within
spedes, and/or trees within prowenances.

5. The primary risk ofusing exotics or non-
bca Bprovenances is p hnting on unsuitab I
Sits.

6. Testphntings are the on ¥ sure meth od
detrmine genetic qua My of seeds.

7. Witoutresulbs of estphntings, tie safest

rull is t use seeds from phenotypica ¥
se Bcted stands or trees in the bca lprowe-
nance for native species or hnd rac for
gxotic species.

8. The seed orchard concepthas two parts—
the breeding program and the production
program .

9. Seed orchard breeding programs involle
progeny st and se Bction for the next
advanced generation of genetic im prowe-
ment

10. Seed orchard production programs are
managed t maximize seed production
th rough protction and cublurall treat
ments.

D. Tree Improvement

1. Tree impronement is the dewve bpment
and app Ication of genetical® improwed
trees and intnsive cu blurallpractices ©
enhanc forestproductivity th rough artifi-
call regeneration.

2. Tree im pronement programs are phns
of action to bring aboutdesired ob pctives.
The follbw ing factors shou B be considered
when a tree improvement program is initi-
atd:

a. Products desired

b. Sitts o be regeneratd

c. Adaptation to the p hnting sits

d. Consenvation of forestgene resources

E. Stratgies for Genetic Improvement

1. Genetic gain

a. Genetic improvement (genetic gain) is
accom p Ished by:

(1) H aving a popu ktion of trees with
genetic difkrences

(2) Se Bcting the genetical¥ desirabll
trees

b. The amount of ggnetic gain (R) to be
captured from phenotypic se Bction of
parent trees for a particu br traitis:

R =iVph2
where i =te intensity ofse Bction
h2=te heritabi iy of the trait
Vp=te amountof phenotypic
\ariation.

Cc. Gain can be captured from se Bction
among species (Rg), se Bction among
provenances within species (Rp), or
se Iction among individua Btrees within
provenancs (R;). The totallgain (R4 is
thesum:

Ry = Rg+Rp t R;
2. Species se Bction
a. Species-sit studies are needed.
b. Exotic tree species shoul be used

sparing ¥.



C. Intrspecific hybridization can be used

o obtain valblabl trait.

3. Seed source
a. Provenanc refrs owhere the mother
trees were growing and the seeds were
colcted. Seed source is the same as
provenance. Origin iswhere the original
progenitors were growing in natura lfor-
ests and where their genetic o aracteris-
tics were deve bped through natural

se Bction.
b. “Local sources shoul be used untl

provenanc tstresulls are avai kb 1.

c. Purposes of provenanc tsts inclide:

(1) Mapping patterns of geographic
genetic variation

(2) De Ineating provenanc boundaries

(3) Deermining tie bestprovenancs

d. The generallresu ks of provenanc tst
ing are:

(D)W ide seed transfr is sarnear tie
cntr of a species’range tan near
its edge.

(2)Where environmentalgradients are
step, movementofmatrialmust
be restricted.

(3) Prowenances from harsh clmats
(col or dry) grov more sbw §.

4. Imnpronement stratgies
a. The initalstratgies for a new program
are:
(1) CoMct avai kb 1 inform ation
(2) Se Bct among indigenous tree spe-
cies
(3) Se Bctseed production areas within
the “bcal seed sources near the
p hnting sit
(4) Remowe phenotypica® inferior
trees from seed production areas
b. The bng-trm stratgies for maximum
and continued gains are:
(1) ComctaBexisting inform ation
(2) Se Bctsenerallspecies for the pro-
gram
(3) Conduct provnanc €sts
(4) SeBct the phenotypical® ‘“best’
trees
(5) Estab Bsh a firstgeneration seed
orch ard
(6) Testprogeny
(7) Remowe genetica® poor trees
(8) S lct the best individua B for a
second-generation seed orch ard
(9) Test the progeny of these second-
generation se Bctions
C. New stratgies for geneticimprovement
are:

(1) Gene transfer

(2) Se Bction of ¢ B in a c Wsuspension
a Rure

(3) Fusion of protophsts (witoutc W
wallk)

(4) Somachbna I variation

. The Seed Production Program

The production program may be combined with
the breeding program or may be keptseparat.
The ob pctive. ofa seed production program is t©
produce sufficent quantities of gneticaly
high-qua My seeds to meetseed needs.
1. Seed Production Areas (SPA’s)
a. Existing stands can be managed for pro-
duction of seeds.
b. SPA3 are used on an intrim basis.
C. SPAS can uti lze superior provenances.
d. SPA3% can provide seeds for minor
species.
e. The genetic qua My of seeds is im prowed
by:
(1) Remowving undesirab I trees
(2) Estab Bshing a po Hin di Btion zone
f. Seed production is increased by:
(1) Thinning the stand
(2) Frtilzing
(3) Estab Bsh ing acess roads
2. Seed orchards -A seed orchard is a coll
Bction of selcted trees estab Eshed and
grown together under intnsive manage-
ment for production of genetica ¥ im proved
seeds.
a. There are tw o types of orch ards:
(1) Seed Ing seed orch ards
(2) Chna Iseed orch ards
b. The genetic qua My of seeds is increased
by:
(1) Reducing inbreeding
(2) Estab EIshing a poHln di bition zone
(3) Separating provenancs into difer-
ent orch ards
C. Seed production from orchards can be
increased by:
(1) Choosing good soilland clmatic con-
ditions
(2) Spacing wide enough for fu Mcrowns
(3) Rrtilkzing
(4) Irrigating
(5) SubsoiIng
(6) Protcting from insects
(7) Protcting fbwers from Rt spring
freezes (col watr irrigation)
(8) Ensuring suppImentalmass pol
Ination

G. Sources

For additiona N inform ation, see Burlly and
StyBs 1976, Khosh 1982, Nienstadt and
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Snyder 19 74, RudoFand others 1974, Wrigh t
1976, Zobe Band Tabert 1984, Z obe Band others
1987.

Il. Production

A.

Introduction

Most tree-p hnting programs are bhegun by col
Icting seeds from in-country sources, both nat
urallstands and p kntations. To phn these
colctions eflective ¥, seed managers shou i
understand the factors that affect tree seed
crops and general® know whatseed yie s may
be expected. With tis basic inform ation, oppor-
tunities may arise t stimu Rt seed production
in key areas, sud as seed orch ards or managed
seed stands.

B. Ob pcties

1. Recognize the prob Im of periodicity of seed
production in trees.

2. Learn how environmentall factors afect
seed production.

3. Learn how seed production can be stimu-
hted in trees.

C. Key Points

20

The folbwing points are essentiallto under-

standing seed production:

1. Many tree species bear good crops in cycls.

2. Production is Ess frequentin high Hhtitudes
and high alitudes and among heaw preda-
tor popu ktions.

3. Environmentalfactors inflience flbwer pro-
duction, poEnation, and seed maturation.

4, Senxeralloptions are availkb l o stimu ke
seed production.

5. Excptfor seed orch ards ofa fw spedies,

production data are extreme ¥ variab .

Periodicity of Seed Crops
1. Temperat species

a. Many conifers bear in cycls.

b. Many angiosperms produce good seed
Crops e\ery year.

c As htitude or alitude increases, te
intrnalbetveen good crops and the fre-
quency of crop failire increase.

2. Tropical species

a. Periodicity may depend on wetlry
oycls.

b. Some species (e.g., Tectona grandis)
usua ¥ fhwer each year. Other species
(e.g., Pinus kesiya, Cassia siamea,
Cupressus MNisitanica, and De bnix
regia) produc good crops most years.

c. Diptrocarps in Ma hysia bear irregu hr
heaw seed crops atl- to 6-year intr-
\V:1 3

d. Some Eucabptus species hawe Hhrge
crops more regu bhr¥ when grown in
p hntations.
3. Genetics-Fecundity is an inheritd
trait
4. Documentation- There are ffw detaild
studies and data.

E. Effcts of Environment During Fbwering

1. Temperature
a. During hotsummers, trees usua W pro-

due heaw fbralbud form ation.

b. Lat freezes can destroy fbwers.

c. The combination of hot summers and
Bt freezes suggests that orchards
shoul be mowd t warmer clmats
(aBo 0 escape insects).

2. Ligh thas notheen studied extnsine §. In
the Northern Temperat Zone, southern
and westrn sides of cdowns haw the heawv
iestfbwer and fruitcrops.

3. Photoperiod does not appear t haw a
directeflect on trees.

4. Moisture affcts fbwering th rough:

a. Drought

b. Excessie rain during po Mnation

5. Mineralnutrients- The baknc of ni-
trogen and phosphorus can affect
fhbwering.

6. Biotic agents — Insects, birds, mammak,
and micro-organisms can destroy fbwers.
These agents are \very conmon in te fol
bwing tropicaltree species:

a. Triplochiton schroxybn; attacked by
Apion ghanaense (weevi B

b. Tectona grandis; attacked by Pagyda
sa blaris hrae

C. Pinus merkusii;attaded by Dioryctria
spp. (cone worms)

F. Polnation Agents

1.Wind poEnation occurs am ong a Mcon-
ifrs and most Temperat Zone hardw oods.
a. Wind polnation requires:
(1) Lots of poHln
(2) PolIn shed coinciding with recep-
tvity
(3) Re htinve ¥ chbse spacing of phnts
(4) Good weatier -bv rainfall bw
humidity, and good winds
b. SuppEmentalmass polnation (SMP)
has been used in Unitd Stats southern
pine orch ards.
¢ Contamination in orch ards is a concerm.
2. Animal pollnation
a. Insects and bats polinat t€mperat and
tropica I h ardw oods.
b. AnimallpoEnation is usua ¥ conmon in
tropicall forests with:



(1) High species diversity and wide
spacing

(2) Abundant follage o filer out poln

(3) High humidity and frequentrainfall

(4) Absence ofstrong fhbwering stimu

(5) Abundant anima l\ectors

G. Stimu htion of FBbwering

Fbwering can be stimu htd by sexerallm anage-
mentpractices.
1. Fertilzing:

a. Use primari¥ nitrogen and ph os-
ph orous, and sometimes potassium.

b. Irrigation at the same time may alo
heb.

Cc. Hardwoods may react favorab ¥; e.g.,
Acer, Fagus, and Jughns, but resu s
haw been inconsistnt

2. GirdIng and other wounding can pro
duce “stress crops.”

a. GirdIng inhibits downward transloca-
tion of carboh ydrats.

b. Some hardwoods aBo react favorab ¥.

3. Thinning-The benefits of thinning are
apparent3 1 4 years after treatment
4, Growth regu htor treatment — Gibberel-

Ins (GA) app Bcation  conifers is tie most

com m on.

a. Awater-based spray is best

b. A GA 4/7 mixture is mostefRctive.

¢ Both poln and seed cones are induced.

d. Sprays are appled atthe time of bud
detrmination.

e. The mode ofaction is stilunknown.

f Treatments are most sucessfu lwhen
app ked with girdng, root pruning, or
moisture stress.

5. SuppBEkmental mass pollination

(SMP) -This ®cinique is used in pine

orchards in tie Soutiern Unitd Stats.

. Postkrtilzation Prob EIms

Postlertilzation prob Bms inclide insect
dam age to cones, drough t, cone drop, and h igh

winds.

Sources

For additiona Binform ation, see Frank In 1982;
Owens and B hke 1985;RudoFand others 19 74;
Whithead 1983; Willan 1985, ciap. 3;Zobe
and Ta bert19 84.

I1l. Co M ction Operations

A.

Introduction

Successfu BcoMction of tree seeds is usualy te
resu kofquit detailld ear¥ p hnning. Ampll
time mustbhe albwed ©© phn an efficdentand
practica Icolction stratgy and t assembll the

resources necessary for its imp Imentation. Key
e Iments inclide a good estim at of crop size,
proper equipment, and a we Htrained crew.
Com prehensine coBMctions for research will
ahostcartain ¥ require more detaild p Bnning
t an routine bu I colctions and may require a
lad time of 1 to senxerallyears dependingon the
droum stances.

. Obpctives

1. Ildentify simpl tdniques for seed crop
estim ation.

2. Determine factors that shou M be consid-
ered when colctions are p hnned.

3. Understand the importance of documenta-
tion.

. Key Points

The folbwing points are essentialfor phnning

coMction operations:

1. The bestseed sources avaibhb B must be
se Bcted.

2. Good p Enning requires advanc estimats
of the seed crop and, ata ktr dat, esti-
mats of seed yie M per fruit

3. Phnning for krge colctions mustinchde
doice of personne B training, transporta-
tion, collction equipment, safty of
workers, Rbe Ing of seed bts, description of
sits and stands, etc

. Seed Source

Seed source inclides the folbwing considera-

tions:

1. Origin-the naturallstand bcation of the
originalmother tree.

2. Prowenance- the phce where mother
trees that produced the seeds are growing.
(Same as seed source.)

3. Land rac-exotics thatadaptower time
provde im prowed sources.

4. Seed zone maps shou M be dewe bped for
allim portant species.

. Estimating Seed Crops

Seed crop estimates are alays valiabll to the

colctor, especia ¥ in years when seeds are in

short suppb¥. Good crop estimats helb 1

streth the avai hb B crews and equipment Seed

crops can be estimatd by the folbwing fine

meth ods:

1. Fbwer counts

2. Immature fruit and seed counts

3. Fruit counts on standing trees-This
method inclides totalcounts and crown
sam p Ing.

4. Rating systms

5. Cross-section seed counts (bl 3).

. PRnning Considerations

The stps of phnning a colction are:
1. Define the obpctiwes.

21
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Tabl 3.-Sound seed yield per cone for four Pinus species as estimated from the number of sound
seeds exposed when cones are bisected longitudinally (Derr and Mann 1971)

Sound P éelliottii
seeds P. palustris P. taeda P. dliottii (Georgia- P. echinata
exposed (Louisiana) (Louisiana) (Louisiana) Fbrida) (Mrginia)
______________________________________ Sound seeds per cone —.....__.
2 23 31 20 31 12
4 35 44 35 50 22
6 47 57 50 69 31
8 59 70 65 87 41
10 71 83 80 106 51
12 83 96 95 124 60
14 95 109 110 143 70

2. Gatier back ground data:

a.
b.

C
d.
e.

Search the Berature.

Official} contact the appropriat forest
services early.

Colht and summarize a Minform ation.
Do fie B reconnaissance.

Dettrmine the number of personnell
needed.

3. CoMct fie B data: Information for re beca-
tion ofthe sit in future years:

a.
b.

oo

=

4. Ph
a.

b.
C

Loca lty, incliding Rtitude and a Kitude
Aspect, s bpe, cImat, soiB, and associ-
atd species

Individua I tree descriptions

H erbarium specimens

Otier data and nots

Seaurity and Hhbe Ing

n the itinerary:

Reach the colction region we Min
advanc of the proposed dat.
Organize the sequenc of gperations.
Make the schedu I fixib K.

5. Organize equipment permitt and
transportation:

a.
b.

C.

Specify equipmentto be used.

Identify applicab I gonernmentregu k-
tions.

Use care between the colction of the
seeds and their arrivallin the seed hbo
ratories.

G. CoMction Equipment-A Comprehensiwe List
The folbwing itms are necessary for most coll

I ction

1. Administrati\e

mo e T

ope rations:

itms

Mowvement approva

CoMction auth orities

Radio transmission permits

Drivers” Bcenses

Firearm permits

Faci Ities for purc asing stores; e.g.,
gasolne (petrod and oil

H . Sources

2. Litrature

a.

b.

Road, topographic, and soilmaps t
conver the colction rout itinerary
Litrature on the genera and species
be colcted

3. Colction equipment

a.

cpo o

=h

%ﬂ. —_ P-G_Q

V.
w

c A 0w S0m o S 3N

Nothbook s, recording forms, pens, and
penci B

Binocu krs

Markers;e.g., cobred p hstic ribbon
Camera and aceessories
Tree-measuring instrument;e.g., dia-
metr tape, heigh tmeasuring instru-
ment and Ingth tape

Soillsamp lr, pH ®sting kit and soil
aarts

Com pass

Alkimetr

Hand Ens

Large colcting sheets;e.g., 4 by 4 m,
heaw p hstic or canvas
Smalcolcting sheets

Seed bags of various sizes

. Large grain bags for dispatd ing seeds

Cutting equipment

Sakty gear

W eath e rproof tags

Tags for botanicalspecimens
PERnt presses

Papers 1 dry specimens
PRstic bags

Specimen botths with presernvati\e
fhid

Containers for soillsam p s
String

For additiona l inform ation, see Barner and
O Bsen 1984; Bram Bttand others 19 77; Doran
and others 1983;0ntario Ministry of Natural
Resources 1983; Willan 1985, cdiaps. 3, 4, 5+
appendices 1, 5, 6.



IV. Matrity

A.

Introduction

Ch oosing good stands and trees for seed colc

tion means nothing if fruitor seed maturity

cannot be easi ¥ identified on the trees by
unskild workers. If seeds are disseminatd
immediat ¥ atmaturity, workers mustknow
how mua inadvanc ofmaturity seeds can be
colicted witt out colcting seeds thatwi lnot
germinat. If predators inflct bhrge bsses on
mature seed crops, a simihr prob Im eXxist.

Good maturity indices are often te key to suc

cssfu Bcolction.

Ob pctives

1. Learn the common indices of maturity
empbyed in tree seed coMctions.

2. Understand how these tdiniques can be
adapted for new species.

Key Points

The follbw ing points are essentia Ito recogniz-

ing seed maturity:

1. Seed moisture contntis \ery important,
but direct measurement in the fiel is
impractica k indirect estimats may be sub-
stituted.

2. Cobrchanges are e most conm on indices.

3. Chemicalindices are possib B butimpracti-
cd.

4. Artificiallm aturation ofimm ature seeds is
an option for some spedcies.

Sucessfu I CoMction

The folbwing points are essentialto sucessfu ll

co M ction:

1. Biobgicallideallto colctattie peak of
ph ysiobgicall maturity

2. Practicall colction-In most colction
operations, one may:

a. CoMctseeds from te ground

b. CoMct fruits or seeds from Ibgging oper-
ations

c. Colct mature fruits from standing
trees

d. CoMct fruits from standing trees we W
in advance of maturity and ripen the
seeds artifica ¥y

CoMction aftr Dissemination

Some seeds can be coMctd after dissemina-

tion. These seeds are primaril¥ Hhrge, single-

seeded fruits; e.g., species of Quercus and

Carya.H ove\er, tie firstseeds 1 fa Bare usu-

aly bad. Workers mustquick ¥ colct the seeds

before animal eattiem.

Otier CoMction Stratgies

Other colMction stratgies require detrmina-

tion of maturity.

G.

Maturity Indices
Maturity indices inclide physicalland ciemical
a aracteristics.
1. Physicallch aract ristics inchlide:
a. Cobr change
b. Moisture content

(1) There are three
ripening:

() In dry, orth odox seeds and fruits,
moisture decreases shbw ¥ as
seeds mature.

(b) In pu by, orth odox fruits, m ois-
ture decreases at first, then
increases.

(¢) In recaEitrantseeds, moisture
increases ecarl, tien s lighth
decreases.

(2) Moisture contntis re httd t pro-
€in syntesis.

(3) Moisture contntcan be measured
direct¥ by oen methods; tatis,
caut omes, hrge fruits, or seeds;
weigh ;dry for 17 hours at103 “C;
and ten weigh again.

(4) Specific gravity is usua ¥ discussed
separat ¥, butitreall is jstan
gestimat ofmoisture conent(tab i
4;1igs. 7 and 8). Specific gravity h as
been measured in:

(@) Conitrs (conmon¥ used for
Pinus)

(b) Quercus (inconsistnt resu k)

(c) Other angiosperms (It suc
cess)

c. Other physicallindices inchlide:

(1) Acom cup re Base in Quercus

(2) FIx of P. strobus cones

@B)Whit, britth embryo in Fraxinus
and other genera

(4) Embryo size (minimum percentage
ofembryo cavity)

trends during

Tab B 4.-Cone specific gravity \va lies t atindicat seed maturity in

some conifers

Specific
Species gravity Reference
Abies grandis 0.90 Pfister 1967

Cunninghnmia lanceolata 0495 Jian and Peipei 19 88
Pinus ¢ Hotfii 095 Barnett 1976

P. merkusii 1.00 Daryono and others 1979
P palistris 090 Barnett 1976

P. strobus 090 Bonner 19 86a

P. taeda 090 Barnett 1976
P\irginiana 1.00 Fenton and Sucoff 1965
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CONE SPECIFIC GRAVITY

Figure 7. -The re Rhtionsh ip ofm oisture conentto specific gravty for cones of Pinus
taeda and P. strobus (Bonner 1991b).

2. Chemicall charactristics
Chemicallindices are biobgical¥ sound but
not practicall They inclide:

a. Accumu ktion of storage foods (fats and
sugars)

b. ENmentalana ¥ses of cakium, m agne-
sium, and ph osph orus for angiosperm s
of Southern Unitd Stats

c. Growt substancs
(1) Indolace tic acid (IAA)

(2) Gibbere Hns
H. Artifica IMaturation

Immature seeds can be artificia W matured by

piking the immature seeds, tien ripening

them under specallstorage conditions. H ow -
ener, seed yie s and qualty usua ¥ sufkr.

Artifical maturation inclides the folbwing

considerations:

1. Singl-seed or mu Kip B-seed fruits

2. Awiding dormancy tirough ear ¥ colction
3. Usefu for colcting on rem ot or expensive
sites

I. De hyed CoMctions
For trees with serotinous (Pinus and Picea) or
species with de hyed fruitabscission (Platanus
spp.), tiere is norush ocolctthe fruits.

J. Sources
For additiona Binform ation, see Bonner 1972a,
1976; Nautiyall and Purohit 1985; Rediske
1961 ;Willan 19 85, p. 33-38.

V. Posth anest Care

A. Introduction
The time betveen colMction and extraction is
often owerboked as a cruciallsegmentofseed
aqquisition. Fruits and seeds, oftn high in



1775 m1
600 mi

ol byt

A B C

CONE WEIGHT (B} 750 - (A)600 = 150 grams
CONE VOLUME: (C) 775 ~ (Al 600 = 175 grams

SPECIFIC GRAVITY (WEIGHT) I50g+ (VOLUME) I759=0.86¢

Figure 8.—A simp B ®dinique for detrmining specific gravity of

pine cones in te fiel using a graduatd oy Ender.
(A) Filmte oyInder with watr to e 600 mL mark .
(B) Fbatthie cone in tie watr and record tie watr hwel
(C) Using a pin or need B, submerge the cone enough
conplt ¥ cower tie cone wit watr, butno more.Record
te new watr e l(adaptd from Burnett1979).

moisture contnt mustbe stored andbr trans-
portd for extraction and claning. Specialcare

musthe taken during tis period to awid bss of

seed qua My, especia ¥ in tropica land subtropi-

callareas where transportation systtms donot

albyv immediat de hery to extraction entrs.
. Obpctives

1. Recognize the crucialtimes when seed
qualty may be bst

2. Phn storage and transportation systms 1
minimize te danger to seed qua My.

. Key Points

The folbwing points are essentiall to post

hanest are:

1. High moisture conents and high tmpera-
tures are dangerous for orth odox species.

2. High moisture Ine B mustbe maintained in
recaEitrantseeds, butexcssive heatis a
prob Im with these seeds.

3. Fruitstorage can be advantageous for some
species because of the afterripening pro-
esses thatoocur in the seeds.

. Storage Before Extraction

1. Operation schedu Bs- Time does not
permitseeds from a Mtrees or familks 1o be
colcted atpeak maturity; terefore, some
mustbe picked and stored.

2. Predrying- Drying during storage can
remowve enough moisture to bwer drying
costs.

3. Com p Btion of maturation
a.5or6months in cooll moist conditions
conp It maturation for Abies.

b. Simihr benefits are possib B for highest
seed qua My for some pines of the South -
ern Unitd Stats.

¢ Premature colction is suitab I for some
mu Kiseed hardwoods; e.g., Liqguidam-
bar, Liriodendron, and Platanus.

E. Southern Pines

1. Storage is usual} re htd to operation
schedu bs.

2. Outdoor storage is beter than indoor
storage.

3. Containers

a. A Mocontainers mustprovide air crcau k-
tion among the cones.

b. Bur hp bags (about one-tird hectoler,
bose weawe) or wooden crats are best

c. Phstichags orsad s shou B notbe used.

d. Paper sads are satisfactory for small
lots.

4. Time

a. Storage can im prowe germination rat.

b. Maximum HEngth ofstorage depends on
the spedies.

5. Oter factors

a. Origina Im aturity of ocnes is im portant
more mature cones cannotbhe stored as
bng as UBss mature cones.

b. Localweather is important warm,
rainy conditions increase the risk of
cone mols.

6. Immaturity/Dormancy can be changed
during cone storage.
7. Heat and molis

a. Green cones can generat heat

b. Exernalmolls are conmon in some
containers, but these molis may not
cause dam age.

c. Good aeration is essentiak it prenents
mol growt on cones during drying.

F. Serotinous Cones

1. Storage is nota majr prob Im for Pinus
ghuca, P. contorta, or P. patula.

2_.Some pine seeds need to remain in te
cones to readh maturity.

G.Other Coniters

1. True firs (Abies) must con pB€ ripening in
the cones.

2. Seeds of most Picea species shou Bl be
extracttd as ear¥ after coBction as
possib k.

3. Pseudotsuga cones can be stored for 3 t0 4
montis in dry, we B\enti hted conditions.

4. The recommendations for tropicall pines
are:
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a. Cowerwith good \enti htion,with €tm-
peratures between 20 and 35 “C.

b. Protctfrom rodents and fungi.

c. In Honduras, Pinus caribaea is precured
untilaBof the cone changes from green
t brown.

a. In New Zeahnd, immature cones of P.
radiata arestored for 10 weeks at20 to
24 “C.

e. In Indonesia, green and greenArown
cones of P. merkusii are stored for 2 to 4
weeks.

H . H ardwoods

1.

Immature fruits of some species will

respond t artificiall ripening, but seed

yie Bs and qua lty sufkr.

Seeds ofsome species shou B be stored for

as shorta period as possibl. Orth odox spe-

cies inchide:

a. Eucalyptus -Store in tigh th-w owven
chbt bags.

b. Legumes-Storage is easi¥ managed.
Drupes — Shortstorage willhe b to com -
plt ripening.

I. Summary
Mostspecies fit into one of th ree groups:
1. Harnest dry, keep dry-Start drying

immediat ¥, and keep dry after extraction
(e.g., Pinus, Liquidambar, Liriodendron,
Acacia, and Eucalyptus).

a. Use a sbw drying rat.
b. Provide good aeration.
C Use suitab I containers, incliding:
(1) Bur Bp bags
(2) Bacs
(3) Wooden crates
(4) Canvas or phsticsheets

2. Hanest moist, then dry-Keep moist

when colcting and during extraction, but
dry seeds for storage (e.g., Nyssa and
Prunus).

a. Spread to awid heat

b. Use trays or bags.

¢ Awid outr coat tough ness.

d. Extract, wash, and dry for storage.

3. Moist forexer-This method is used for

recakitrant seeds because drying decreases
gqua My (e.g., Quercus, Aesculus, Shorea,
and Hopea).
a. Neer dry.
b. Keep moisture =30 percent
C Refrigerat to a sak tmperature:
(1)1 ©3°C for Emperat species
(2) 15 1 20 °C for tropica BIspecies
d. Use polethylne- Ined containers or
bags.

J Sources
For additiona Binform ation, see Bonner 19 87a;
Willan 19 85, p. 78-86.
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I. Drying and Extracting

A. Introduction

Like agricu Burallseeds, many tree fruits dry as

they mature, and seeds are extracted bestat bw

moisture contents. Other tree seeds are still

\ery moistatm aturity, and specia Bconsidera-

tions are needed for extraction. Nomater what

type of fruitis involled, however, the ob pctive
of extraction is 1 obtain the maximum amount
of seeds in the bestphysiobgicalcondition in an
econom ica W efficdent operation. During extrac
tion, seed qualty can be greatV reduced by
excessive ¥ heating e fruit to force opening or
by extracting by hand or mad ine.

B. Ob pctives

1. Recognize potntiall prob Bms of seed
extraction re htd o the type of fruit

2. ldentify the basic tch niques of tree seed
drying and extraction.

C. Key Points

The folbwing points are essentia o seed dry-

ing and extracting:

1. For species that require drying, excessie
heatin the presenc ofhigh moisture con-
tntan be dead¥.

2. Seed damage can occur duringmed anical
separations.

3. Good training of workers is essential

4. Extraction stratgy depends on the type of
fruit involled.

D. Mu Kiseed Fruits

Mu Riseed fruits inchlide pods; moist, flishy

fruits; and cones and capsulls. Eadh type

requires difRrentstps 1 extract the seeds:

1. Pods
a. Dry the fruits.

b. Thresh manua ¥ by:
(1) FRilngwith polls
(2) Crushing by tram pIng
(3) Hidingwith heaw mallts
c. Thresh mechanica ¥ by:
(1) Shbw, rotating drums (ementmixer)
(2) CSIRO fhillng thresher
(3) Dyb\ig m acrator
(4) Hammer milR or other fhillng
devices
d. Use a series of stps for difficu Espedes.

2. Moist, fhshy fruits

a. Startquick ¥ t awid rmentation.

b. Soak in watr.

¢ Extractwith macerators, mixers, coffee
depubers (Gmelna arborea), feed
grinders, hammer mil, etc

d. Run smal fruits (e.g., Rubus and
Morus) in b Inders ats bw speeds with
bts of watr.
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e. Use watr extraction with a high-
pressure stream.

Cones, capsulls, and other mu lkiph

fruits

a. Air-dry on fhtsurfacs.

(1) Can\as is bestfor hrge quantities.

(2) Screen trays are good for smalr
bts, suad as singl-tree colctions.

(3) Phstic sheets are notstrong enough
for Pinus cones (1 hL of cones
equall 35 kg).

(4) Protect the drying fruits from rain
and predators ;spread thin and stir
frequenth.

(5) Dry some species under sh ade (e.g.,
Hopea spp., Tripbch iton schelrox-
y bn, and Pinus oocarpa).

b. Use sobr ki hs.

(1) Simph type (cBar pobethylne
strethed over a frame)

(2) Sokr heat storage units (more
soph isticated)

Cc Use heated kihs for hrge quantities of
cones ; some types are:

(1) Progressixe (cone containers are
mowed a bng a gradientofincreasing
tmperature)

(2) Large batth (hrge, heated chambers
in whidh trays h ol cones and rotat
positions)

(3) Smalbath (wire-bottom drawers
that holl about one-third hL of
cones each)

(4) Stack trays (wooden trays with per-
foratd sheetmetall bottoms, not
wire screens, in stacks of six with
eigh tstacks heatd with one heating
systm)

(5) Tumb Br driers (cy Indricall bath
kikhs thatrotatt whill drying)

(6) Other batdh kihs (many becal
designs avaibb )

d. Settmperature and humidity param -
etrs. The obpctis O remove moisture ;
high tmperatures creatt a greatr
\apor pressure gradient Some recom -
mended parametrs are 29 1o 50 °C for
conifers, and 8 hours at 60 °C for
Euca bptus saligna. Use a 15-second dip
in boi Ingw atr for serotinous cones to
me kthe resin before phcing them in the
kih.

e. Extract the seeds after the cones are
open with:

(1) Tumb Br driers

(2) Cementmixers

(3)H omemade tumb Brs



E. Singl-Seed Fruits

SingB-seed fruits inclide drupes (¢.9., Prunus

and Vitis) and nuts.

1. Fordrupes orotier fishy fruits, use mac-
erators, mixers, etc

2. For nuts with husks, use macrators or
hand rubbing.

F. Sources

For additiona Binform ation, see Willan 19 85, p.
87-111.

Il. Chlaningand Upgrading

A.

Introduction

Claning seedlots is a basic stp in proper seed
utilzation. Claning shoul remowe wings or
other seed appendages, emptly seeds, dam aged
seeds, and nonseed trash. This claning shou B
a Bo provide dram atic decreases in insectand
disease prob Ems. Many seedlots can be up-
graded by removing immature, dam aged, and
dead seeds after tie initiallclaning. Many peo
pl iew Bhrge mead anicalloperations as tie on ¥
way to clan and upgrade seed bts, butseedlot
qua My can be improved with simpll equipment
and €d niques.

B. Ob pcties

1. Learn the adwvantages of cBaned and
upgraded seed bts.

2. Become famillar with tie princip Bs of seed-
claning equipmentand d niques.

3. App ¥ tiese principBs when seed claning
and upgrading are p hnned.

C. Key Points

The folbwing points are essentiall for seed

claning and upgrading:

1. Liquid fibtation can be an essentiaBaid for
many spedies, especia ¥ recabitrant ones.

2. Screen claning is the basicseed-claning
met od.

3. Air separation, inchiding winnowing, is a
vallabl £d nique.

4, Chlaningsma bt for £sting or researd
may be \ery diferent from cBaning hrge
bt.

5. Upgrading seedlots offrs potntiallim-
provements in eigh tareas.

6. Seed sizing can be usefu Ifor some spedcies
or sources butnot for others.

D. Claning

1. Fbtation- The simplistmetiod of all
a. Initiallmoisture contntis crucial
b. Orth odox seeds are redried afer fibta-
tion, butrecakitrantseeds are not
c. Fbtation
(1) Remowes HNgh ttrash.

(2) Rem owes many em pty, broken, dis-
eased, or insectdam aged seeds.

(3) Is \ery good for hrge seeds with
high moisture contnts.

Aspirators-Any madiine t atuses air

clan and separat:

a. Large-scall maaiines in seed p Bnts

b. Sma M bt claners for tsting Rborato
ries and researd
Some types are:

(1) GenerallER

(2) South Dak ota

(3) Stults

(4) Barnes

(5) Other mode B as described by Willan
1985

(6)H omemade fan devices

(7) Carter Day Duo Aspirator

Screens and siexes— There are wo types

of screening devices:

a. H and screens

b. Medhanicallscreen claners

Airscreen cBaners — These are tie basic

seed-claning madi ines in mostseed p Bhnt.

They combine aspiration and screening.

Even smaMlmode B can clan 30 1 40 kg of

smaMseeds per hour. Important princp s

 remember are:

a. They perform three functions:

(1) Scabing
(2) Sizing
(3) Aspiration

b. They are more effidentas claners, not
as sizers.

E Bcrostatic cBlaners — The He hut

mad ine is good for \ery sma Mseeds.

Dewinging- A specaltype of claning

that reduces storage volime, makes up-

grading possib B, makes sowing easier, and
remowes pathogens. There are two basic
meth ods of dewinging —wetand dry.

a. The dry metiod is reconmended for
tough seeds on ¥ because of the dam age
poentialt thin seed coats. Dry de-
wingers inclide:

(1) Popcom pollshers

(2) Missou h Equipment Dewe bpment
Centr dewinger

(3) Dybvig

(4) E Bctric drum

(5) New conifer dry dewingers

b. The wetmethod is usua ¥ prefrred for

conifers. Wetdewingers inchide:

(1) Cementmixers

(2) Commerciall dewingers

(3) Kitthen b Enders (for small bts)
(4) Any cyInder with gentll agitation
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E. Upgrading

1. Upgrading is improving tie potntialper-
form ance of a seedlot by removing empty,
damaged, weak, immature, or odd-sized
seeds.

2. Upgrading will
a. Remowe weak seeds
b. Remowe empty seeds
¢ Redue dances of insect and disease

dam age

Im prone controBofdensity in nursery

Reduce p hnting time

Faci et nursery operations
g. Reduc costs and im prowe uniform ity
h. Reduc storage spac requirements

3. Methods and equipment
a. Specific gravity by fibtation uses:

()W atr for some Pinus, Queraus, and
other hrge seeds

(2) Organic solent (usual akohol)
of difRrent densities for some small
seeds

b. Air-screen claners:

(1) Separat by three physicallproper-
ties

(2) Upgrade by sizing or by remowving
empties with air

(3) Regu kt screen patern, fed rat,
airfbw, screen osci Bhtion (pu Hys),
and screen pitdh (in some mode B)

c. Air separators inclide:

(1) Large air-colimn separators

(2) Fractionating aspirators

(3) Sna il hboratory b bwers

d. Gravity separators were origina ¥ bui k

t remowve ore from chy. They:

(1) Can separat seeds of the same size
and difrentdensities or diferent
sizes and the same density.

(2) Are wide F used on conifer seeds in
North America.

(3) Regubht fed rat, air stream
through ded, deck pith (side and
end), and ecentric th rust

e. ENctrostatic separators creat a charge
thatadheres o the seed surfaces. Mod-

e Binchide:

(D)Hehuth claner for Euca bptus and
conifers of the Westrn Unitd
Stats.

(2) Static ¢ Bctricity for \ery small
seeds. The sides ofa phsticheaker
are wiped with a ny bn cbth.

f. Radiography is used for vabiabl research
bt on¥.

g. Cobr separators remowe
seeds.

m o o

Igh €cobred

h. Incubation, drying, and separation
(IDS) method-A new method from
Sweden th atis used on Pinus and Picea.

4. Sizinghebs with some species or seed bts,
butnotwith otiers;e.g., singl fami¥ seed-
lots.

G. Sources

For additiona linform ation, see Bonner 19 87b ;
Doran and others 19 83, c ap. 5; Willan 19 85, p.
87-128.

I1l. Storage Princip ks

A.

Introduction

The primary purpose of storing seeds is 1 h aw
a vab I seed supp¥ when itis needed for
regeneration. Succxessfu Bstorage of woody p hnt
seeds musthe carefu ¥ p hnned, and good p bn-
ning depends on an understanding of the pur-
poses of storage, of seed detrioration, and of
the efects of the storage environmenton the
deterioration processes.

B. Ob pctives

1. Learn the obpctives and rational ofseed
storage.

2. ldentify factors tatafctseed bngevity in
storage.

3. Review tie generallprocess of seed deterio-
ration.

C. Key Paints

E.

The folbwing points are essentiallto under-

standing seed storage principls:

1. Longevity of seeds is a species daractris-
tic

2. Prestorage factors afect bngevity in stor-
age.

3. The mostim portantfactors in storage are
seed moisture contntand tmperature.

4. Seed detrioration begins at absdcission and
innvolles com p Ix physiobgicallch anges.

. Obpctive of Storage

The ob pctive of storage is 1 de hy detrioration
or decrease its rat unti Bseeds are used.
Rationa l for Storage
Storage may be short or bng-trm ;itmay be
extnded for bng periods for germ p hsm conser-
vation.
1. Shoretrm storage:

a. Is used for immediat operations

b. Typical¥ kst Bss than 5 years

c. Albws carry-over of surp lis production

d. Requires minimum storage spac re-

quirement

2. Long-&€rm storage:

a. Typically hsts from 5 to 10 years

b. Ensures constantseed supp ¥



C. Saws special bt ttatwilnotbe col
Iced annua ¥

Tab 0 6.—Equilibrium moisture contnt at4 © 5 °C and tiree
re htive humidities (Bonner 1981b, Justic and Bass 1978)

d. Requires \ery good storage environments Re htive hum iditv
3.Germp bsm consernation T Percent -
a. If storage is p knned for 50 years or
m ore 9 P y Species 20 45
b. Requires the \ery beststorage en\iron- Moisture content )
ment s percent ...
F. Longe ity in Storage Orgﬁy‘:‘ ‘;ies " !
- . ovata
Many factors affect s§ed_ bngeMity in storage: Jug kns nigra 1 .
1. Seed Ch araci-E ristics Liquidam bar styraciflua 8 20
a. Basic physiobgy Liriodendron 1t pikra 10 19
(1) Orth odox seeds are tolrant of desic Picea obies 6 8
cation t bw moisture contnt. i”:sd sy Restris 6 13 .
. - - @eda
2) Reg’;\ l:lrantseeds are intolrantof Prunus serofina ' 17
desiccation. Orthodox crops
h. Seed structure-Thick or hard seed- G¥dine max 6 8 1
coats restrict moisture uptake and gas Zea mays 8 12 20
Recakitrant trees
exchange.
. . b 37 50
c. Seed chemistry — Oi ¥ seeds tnd tobe gu:]rigjr;a a 13 2
harder to store than stardiy seeds. Shorea robusta 35

d. Stage of maturity- Immature seeds
usua willnotstore as we lMas ful§y
mature seeds.

e. Environmentall stress-Stress during
maturation can afkct bngevty.

2. Seed handlng before storage
a. Physiobgicallmistreatmentcan dam age

*Data notawai hb .

(5) The equilbrium moisture contntis
defined as the seed moisture contnt

storage potntal when seed moisture is in equi-
b. Processing damage will bwer seed qual Bbrium with the moisture in the
iy. storage atmosphere (tab B 6). Equi-

3. Genetics-Good seed quallty is inheritd
to some degree.

Ibrium moisture contnt
(a) is inflienced by seed chemistry

4. Storage envMronment (fig. 9
a. Moisture contnt (b) is rare ¥ reached with recaki-
(1) Moisture contntis tte mostim por- trant seeds
tant factor. (c) has sorption and desorption dif
(2) Potntiall damage threshols are frences

outlned in tab Il 5.

(3) The bestrange for orth odox seeds is
5t 10 percent

(4) The best range for recakitrant
seeds is fu lMimbibition.

b. Temperature

(1) Genera ¥, thie coollr the seeds, the
sbwer te deterioration rat.

(2) The saft tmperature range for
orth odox seeds is re hted to the
moisture contntof the seeds:

(a) Orth odox seeds at 5- ©10-
percentmoisture can be stored

Tabl 5. -Moisture conent tresholls and poentalefécts on stored atmost €mperatures.

seeds (b) Between 50 and 0 °C,e\xery 5 °C
Moisture bwering of storage tmperature
content Eff cts doub s the HEE of the seeds
Berent (H arrington 19 72).
I ) (3) The saft tmperature ranges for
>30 Germ ination begins i )
18 0 20 Owerheating from respiration reca Bitrant seeds are: .
10 0 18 Seed fungi become active (@) Temperat Zone species: —1 1o
>9 Insect activity 3 °C.
518 Best range for seald storage (b) Tropicalspedies: usua ¥ abowe
<5 Desiccation damage possibB in some spedes 12 1 15 °C
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Figure 9 -Equilbrium moisture contnt at 25 °C for four
recakitrant Quercus spedes (adaptd from Willan
19 85).

C. Storage atm osphere

(1) If axygen NB\e B are reduced, metab-
ollsm issbwed,whidh can increase
bngevity.

(2) Inert gases offer no advantage in
bng-trm storage, but they may
hel in shorttrm storage.

(3) In sealld containers, e CO,/0,
ratio ch anges.

G. Ce B and Tissues During Seed Aging
The folbwing changes occur in ¢ I and tissues
during aging:

Loss of food resernes

Accum u ktion of metabollc byproducts

. Irrenersib B enzyme deactivation

Detrioration of @ Emembranes

Lipid peroxidation

. AErations of DNA

H . Sources
For additiona Binform ation, see Bonner and
Wozzo 1990;H arrington 19 72; Justice and Bass
19 78; Tang and Tam ari 19 73; Willan 19 85, p.
129-160.

OUTA WM R

IVV. Storage App Bcations

A. Introduction
The previous section introduced the princp s
and critica Hactors t atinflience seed bngewv
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ity. This section discusses how these principlls
are app kd in practie 1 store tree seeds.
B. Ob pctives
1. Re Rt seed storage principlls to prescrip-
tions for each species group.
2. Learn fatures of coll storage unit.
3. Discuss storage constants and their app lca-

tion.
4. Learn basic princip s of seed management
in storage.
C. Key Points

The folbwing points are essentia lto storage

app Ications:

1. There are four chsses of seed storage
beh avior.

2. Coll storage is bestbhutnotalays neces-
sary for sucessfu Bseed storage.

3. Ead spedies, and perh aps individua Bpopu-
htions within a species, wilnear¥ abays
respond identica ¥ to a ginen type of stor-
age conditions.

4. Good facilties and good seeds are not
enough ;good managementis essentia lfor
optimum seed storage operations.

D. Seed Storage CHhsses

There are four chsses of tree seed storage

beh avior (tab B 7):

1. True orth odox
a. True orthodox seeds are tolrant of

desiccation (tab B 8) and:
(1) Can be dried tomoisture I\e B of5

1 10 percent

(2) Can be stored atsubfreezing tm-
peratures.

(3) Are easi ¥ stored for at Bast one
rotation.

(4) Haw genera® unknown upper
Inits of storage.

b. Examplls inclide mostofthe valiab il
tmperat genera (Pinus, Picea, Betula,
Prunus) and many tropicall genera
(Acada, Euca bptus, and Casuarina).

2.Suborth odox

a. Suborth odox seeds are simihr t true
orth odox seeds butare Emitd toshorer
periods (&b 1 9).

(1) They are stored under tie same con-
ditions as true orth odox seeds.

(2) They are Imitd in storage potntal
because ofhigh Npid contnts, thin
seedcoats, or genetic makeup.

b. Exampls inclide those with high MHpid
content {(Juglans, Carya, some Abies,
and Pinus), those with thin seedcoats
(Populus and Salix), and some whose
genetic makeup requires sbw drying
(Fagus and Citrus).



Tab 1 7.-Storage conditions for four storage chsses of tree seeds

Storage Storage Seed
chss period moisture  Temperature Container type
Years Perent °C
True orth odox <b 6-10 0-5 Airtigh t
>5 6-10 -18 Airtigh t
Suborth odox <5 6-10 0-5 Airtigh t
>b 6-10 -18 Airtigh t
Temperat
reca kitrant <3 30-45 -1 to-3  4-mil* phstic, unsea ld
Tropical
recakitrant <1 30-45 12-20 4-mill phstic, unsealld

*mil = 1/1,000 ind = 0.025 mm.

Tabll 8. -Storage ®stresuls for true orthodox species (adaptd from Bonner 1990)

Storage conditions Storage resu s
Seed Time Mabi Iy
Species Temnerature m oisture stored bss
°C Percent Years Perent
Abies procera 0 9 7.0 11
Acacia Eptopeta bk 20-25 18.0 1
A_mangium 4-8 1.2
A.pruinocarpa 20-25 16.0 20
Acer saccharum -10 10 55 5
Abizia fakataria 4-8 15 10
Araucaria aunningh am ii -15 16-23 8.0 fewt
A.aunningh am ii 1 7 0.1 0
Casuarina equisetifolla -3 6-16 2.0 0-5
C. bru bsa 20-25 8-12 18.0 6
Liquidambar styraciflua 3 5-10 9.0 3
Pinus caribaea
var. hondurensis 8 2.7 +16
P ¢ Hottii 4 10 50.0 30
P.merkusii 4-5 <8 4.0 0
P. ponderosa 0 8 7.0 0
Tectna grandis 0-4 -12 7.0 0
Tsuga hetrophy Bk 5 8 2.0 0
T.hetrophy Bk -18 8 2.0 0

*Data notawaihb .

tExact valie not avai kb I from origina B source.

Tabl 9. -Storage st resuls for suborthodox species (adaptd from
Bonner 1990)

Storage conditions Storage resu s

Seed Time Mabi Iy
Species Temperature moisture  stored bss

°C Perent Years Perent
Citrus Emon -20 b] 09 +5
Fagus sy latica -10 10 5.0 34
Gme Ina arborea -5 6-10 20 10
Popu bis de Boides -20 6-10 60 21
Salix ghuca -10 6-10 1.2 0
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3. Temperat

recakitrant

a. Temperat recakitrantseeds are intoll

erant of desiccation (tab 1 10)

(1) They cannotbe dried be bw 20- ©
30-percent moisture ; terefore, stor-
age musthe abowe freezing.

(2) They haw metabollsms so rapid
that pregermination common ¥
occurs in storage.

(3) They cannot be stored in airtigh t
containers;tere musthe some gas
exadrange (tab 1 7).

b. Examplls inclide Queraus and Aesau Bis.
4. Tropical recakitrant
a. Tropicalrecabitrant seeds are te same

as tmperat recakitrantseeds butare
sensitive to bw storage mperatures
(ab B 11). They experience chilng
damage and death be bw 12 t0 20 “C.

b. They are the mostdifficu kgroup ofall

1o store.

c. Examplls inclide Shorea, Hopea, and

Diptrocarpus, and exen some Bgumes
(Pithocellobium spp. in Costa Rica).

Tabl 10. -Storage tstresuls for €mperat recakitrantspecies
(adaptd from Bonner 1990)

Storage conditions Storage resubs

Seed Time Miabi Iy
Soecies Temperature m oisture stored bss
°C Perent Monts Perent
Acer saccharinum -3 50 18 8
Queraus fakata \ar.
pagod acfolla 3 35 30 6
Q.robur -1 40-45 29 31-61
Q. rubra —-1to -3 3845 17 18-46
Q. \irginiana 2 " 12 35

*Data notawaihb .

Tab# B-Storage ®st resuls for tropicall recakitrant spedies
(adaptd from Bonner 1990)

Storage conditions Storage resubs

Seed Time Miabi Iy
Species Temperature  moisture  stored bss
°C Perent Days Perent
Araucaria
hunseinii 19.0 25-30 54 +30
A.hunseinii 20 30 365 82
Azadirachta
indica 260 10-18 56 65
Hopea he Eri 15.0 47 37 2
Shorea robusta 135 40-50 30 60
S.roxburghii 16.0 40 270 +30
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E. Cryogenic Storage
Cryogenic storage is a method for \ery long-
trm storage for germ p hsm consenvation (tab il

12)

1. Tech niques

a.

Pack ages are immersed in Bquid nitro-
gen (— 196 °C) or suspended abowe itin
te vapor.

It has potntiall for smaMquantites
on¥.

Maximum time Emits are notknown.
Onk afw st haw been made on tree
seeds.

2. Costs-Costs are conparab I with conven-
tiona Bstorage in some cases.
F. PhysicallFad Hes
1. Coll storage units

a.

Coll storage units require a rellab il
power source, shou M nothe buikwhere
fhbods or earthquakes are Bke ¥, shou
be Bbcatd near other seed activities,
shou B be rodentproof, and shou B be on
high e Ivations when possib B because
ambient tmperatures wilbe coolr.
Units shoul be buikt holl a 5-year
supply.

For germ p bhsm consenation, about 1
Btr is needed ofeaah samphl;e.g., 85
m3 shou M hol 22,800 sampIs.

H umidity controllis not recommended in
te Tropics.

Direct or indirect \vapor-com pression
refrigeration is recommended.

Standby generators are needed.
Thermalltime constants of 4 0 5 days
shouM app ¥ in hrge coollrs.

Modu Br pane Bunits are eflctive.

Insu ktion depends on ambient condi-
tions.

Tabl 12. -Storage ®stresuls for ayogenic triall of foresttree seeds

(adaptd from Bonner 1990)

Seed Time Mabi Hy
Spedies m oisture stored Bbss

Perent Days Perent
Abies a ba " 6 5
A . concolor <13 180 0
Fagus sylvatica 6 100
Larix dedidua 6 5
Picea abies 6 1
Pinus echinata 112 0
P. ponderosa <13 180 0
P. sy Lestris 6 0

Populus wemu b x

trem u bides 6 1
Ulmus pumih 112 0

*Data notawai hb .



2. Containers H . Retsting in Long-trm Storage
a. Fiber drums For retsting in bng-trm storage:
b. Rigid p hstic containers, which are bet 1. Use ISTA rulls or comparab I procdures.
tr ttan ghss 2. Use te folbwing tstintnalfor orth odox
c. Rectangu br containers seeds: initiallyear, tird year, and e\ery
d. Phstic bags fiftt year tereafeer.
3. Moisture management 3. Ensure nondestructive testing.
a. Seeds wiMreach an equi lbrium mois- 4. Regenerat when \abillty falR to 50 per-
ture contntwhen exposed to the stor- cant
age atmosphere. I. Mabi Ity Constants in Storage
b.With humidity control(50 t 60 percent 1. Theory-Mabi Ity retention will be the
re htive humidity), orth odox seeds need same for a given species under a given setof
nothbe sealld. Recakitrantseeds cannot storage conditions.
be sealld, so they cannothbe stored in 2. Practice
sudh aunit a. Resu ks are good with some agricu Blural
c Wittouthumidity control(>95 percent seeds.
re htive humidity), rrcakitrant seeds b. \arie ties ofa singll species may difr.
store we l Orth odox seeds musthe dried ¢ One muststartwith \ery good seeds.
and stored in sea Bd containers. d. There are fw data for tree seeds.
d. Humidity control are not reconmended 3. Mabillty constants-If valld, tiey cou B
for the Tropics. be \ery usefu lin p hnning bng-€rm stor-
e. Frostfree refrigerators are an inexpen- age for germp ksm consenation.
sive alkrnative for smaBquantities. J Sources
G. GeneticDamage in Long-trm Storage For additiona linform ation, see Bonner and
1. Wou Bl be devastating to seeds stored for \Vozzo 1990; Chin and Roberts 1980; Har-
germ p hsm consenation, but tiere is no rington 1972; IntrnationalBoard for PEnt
strong evMidenc to dat of hsting dam age. Genetic Resources 19 76; Justice and Bass 1978;
2. Coul cause dhanges in the popu htion. Roberts 19 73; Tang and Tamari 19 73; Willan

1985, p. 129-160.
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I. Sam p Ing
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A.

Introduction
Samplng is the proess oftaking a sm a Mpart
or quantity ofsomething for tsting or ana ¥sis;
itis the firststp in seed €sting. In samplhng, it
is essentia Ito obtain: (1) a sam p B of proper size
and (2) a sampl representative of the main
seedlot. The resu lls ofthe Rboratory st can
onb show the qualty and d aracteristics of the
sampll submited for the ana ¥sis; terefore,
the valdity oftestresu ks for a hrge seedlot is
determined by te sucess of obtaining a repre-
sentative sampl. Sam p Ing seedlots for qua ly
eva llation musthbe done systmatical¥, using
appropriat td niques, tooB, and procdures,
tensure tatthe seed sampl represent the
entire bt

Ob pctives

1. Quantify a seedlot according t acceptd
standards,

2. Detrmine samplng intnsity according t©
size and a aracteristics of th ¢ seedlot.

3. Learn appropriat samplng instrument
and tdniques according t recognized
standards.

Key Points

The folbwing points are essentiallin seed

sam p Ing:

1. Laboratories can on ¥ measure the proper-
ties of tie sampl; te samplr mustensure
thatthe sampll trul represents the seed-
lot.

2. Submited samplls shoul contain at Bast
2,500 seeds (excptfor \ery hrge seeds of
crtain spedes).

3. Drawing the sampl mustbe conplt ¥
random .

4. Proper pac aging and hbe Ing ofthe sam -
pl are essential

Definition of Terms

Relwvanttrms are defined as folbws:

1. Lota specified, physical identifiab i
quantity of seeds.

2. Primary sampk -a smaBquantity of
seeds taken from one pointin a seedlot

3. Composit samp Bl — formed by com bin-
ing and mixing allte primary samplls
taken from a seedlot

4, Submitied sampB-tie sampl submit€
td to e tsting Rboratory

5. Working samp B-a subsampBl taken
from the submited sampl in the Rbora-
tory

6. Subsamp B- a portion of a samph
obtained by reducing the sampll by recog
nized met ods (tab I 13).

Tabl 13. -Weigh ts of bt and sam p Bs for shrubs and trees (ISTA

1985)
Maxim um Working sampll
weightof  Submited for purity
Soecies seedlot samn ana bsis
Ki bgram s Grams Grams
Acada spp. 1,000 70 35
Ailanthus alissima 1,000 160 80
Alnusrubra 1,000 15 2
Castanea sativa 5,000 500 seeds 500 seeds
Cedre b spp. 1,000 80 40
Eucabptus
cam a Bu Ensis 1,000 15 5
E . globulus 1,000 60 20
E. €reticornis 1,000 15 5
Morus spp. 1,000 20 5
Pinush allpensis 1,000 100 50
Pwaldiana 1,000 250 125
Queraus spp. 5,000 500 seeds 500 seeds
Robinia
pseudoacacia 1,000 100 50

E.

Sampling Intnsity

A sampll is obtained by se Bcting sm a Mportions

atrandom from \arious positions in a seedlot

and combining tiem.

1. Caku bhting primary sampls — Ead
com posit sampll musthe made up ofat
last five primary sampls.

2. Seedlot size-For intrnational trade in
tree seeds, amaximum size ofa seedlot for
mostspecies has bheen setat1,000 kg =5
percent(tab B 13).

Sam pIng Procedures

There are tiree conmon sampling ool or €a -

niques:

1. Triers are used for free-flbwing seeds. The

stps are:
a. Chse the gats before inserting e trier
intothe drum.

b. Inserttie trier into the drum.
c. Open the gats.
d. Chse the gats.
e. Remowe the trier.
f Dump the seeds.
2. Soildividers are used primari¥ for small
bts. The stps are:
a. Pour the seeds through the divider sew
eralltimes for mixing.
b. Divide e sampll intoh alles, quartrs,
et
3. Exttnded hand method is used for
chaffy, winged, or other nonflbw ing seeds.
The stps are:
a. Extnd the fingers, and inserttie hand
straigh tinto the seeds.
b. Chse tie hand, and withdraw a primary
sampl.



G. Preparation of the Sampl

1. Composit sampl -AMprimary samplls
are combined and mixed (bl 13).

2. Working sampB¥-The submitted samplh
is reduced to aworking sampl by:
a. Medh anicaldinvider meth od
b. Random cups meth od
c. Modified halling met od
d. Spoon met od
e. Manualhalling met od

3. Extra seeds-The remainder of the sub-
mited sampll shou M be stored  permit
retesting ifnecssary. Intrnationa BSeed
Testing Association (1985) recommends
storing for 1 year.

H . Sources

For additiona Rinform ation, see Association of
Official Seed Analbst 1988, Edwards 19 87,
Intrnationa BSeed Testing Association 19 85.

Il. Moisture Contnt

A.

Introduction

The firstmeasurement t@ken in seed tsting
are moisture, purity, and weigh t AMof these
measurement are important, butmoisture is
the mostaiticallone. Seed moisture I B can
inflience or indicat seed maturity, bngeVity in
storage, and the amount of pretreatment
needed for rapid germ ination.

Ob pctives

1. Learn te principls of officiallseed tsting
for moisture.

2. App¥ tiese princplls in practicall exercises.

Key Points

The folbwing points are essentiallto sting for

moisture contnt

1. Officdaltsting procedures are prescribed in
detail

2. Many tst may be unofficiall and diferent
met ods may be used, but accuracy and
precision are stiMessential

3. Large recakitrant seeds present specal
prob Ims th atofficialtsting rulls haw not
yet adequat ¥ addressed.

Definition of Terms

Relvanttrms are defined as folbws:

1. Sampl, submitied-the sampB of seeds
submitted to a seed-testing station; it
shoul be i the size of the working
sampl.

2. Sampl, working- a reduced seed sampll
tken from the submited sampll in te
hboratory

3. Seedlot -a specified quantity of seeds of
reasonab ¥ uniform qua lty

E. Moisture Measurements

1.

2.

Im portance

a. Is the mostimportant factor in Mabi lty
re tention.

b. ControB insect and disease activity

(ab 1 5).

c. Afects the re Rtionship of weight t©
number of seeds.

Frequency-Moisture is measured:

a. Afer extracting and claning.

b. When seeds are phcd in storage.

C. Periodica ¥ during storage.

d. When seedlots are shipped.

Procedures -Accurat resu ks are ensured

by:

a. Using the submited sampl.

b. Measuring inmediat ¥ on recipt

Cc. Expressing resubs as a percentage of
fresh weight(wetweight), notdry weight

4., Meth ods-Moisture con®tnt can be mea-

sured by four met ods:
a. Ovendrying meth od- Criticallpoints are:

(1) Heatsamplls for 17 *1hours at
103 +2°C.

(2) Use forced-draft owvens.

(3) Phe sampls in ghss or metalcon-
tainers.

(4) Leaw space between cans in the
oven.

(5) Coollthe sampls in desiccators.

(6) Keep ambienthumidity Bss than 70
percentin tie Rboratory ifpossib L.

(7) Weigh to te nearestmillgram.

(8) Grind or cut hrge seeds or seeds of
high moisture contnt

(9) Predry ifseed moisture exceds 17
percent in seeds that must be
ground, or 30 percentin other spe-
cies.

(10) Check tolrance on resu bs. Mois-
ture tolrances for tree seeds are
more Hberalthan those for agri-
au Burallseeds (tab B 14).

Tabl 14. -ToBrance K B for diferences between wodetrminations
of moisture contentof tree and shrub seeds (ISTA 19 85)

Seed size Seeds per
chss kilogram Initial m oisture Tolranc
Number Perent ------eeoeeeee
Sm a W seeds >5,000 <12 0.3
Sm a W seeds >5,000 >12 0.5
Large seeds <5,000 <12 0.4
Large seeds <5,000 12-25 0.8
Large seeds <5,000 >25 2.5
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b. ENctric me®€rs:

oY)
2

3
4)

Are not albwved for officall ISTA

st butare \ery usefull

Are based on e Bctricallresistance or

capacitance and are accurat to

within + 1 percenton free-fbwing

seeds.

Require construction of calbration

ad arts.

Are avai kb I in \arious mode E:

(a) Motom co — based on capactance
and \ery accurat

(b) Radson (Dol or Seedburo) -a
relabl modelin the Unitd
Stats

(¢) Dicey-John or Insto— based on
capactanc

(d) Super-Beha — wide ¥ used in
Europe

c. Infrared instrument are small infra-
red ovens with bui EEin ba hncas,whid
use a gravmetric meth od based on dry-
ing time.

d. Laboratory met ods for researd:
(1)) Kar IFischer met od
(2) Toliene disti Bhtion
(3) Nuclar magnetic resonanc (non-
destructiwe)
(4) Infrared spectroscopy
F. Summary-See tabl 15.
G. Sources
For additiona linform ation, see Bonner 1981b;
Inttrnationa BSeed Testing Association 19 85,
sections 9, 9A; Willan 19 85, p. 227-230.

lI. Purity and Weigh t

A. Introduction
After moisture contnthas been detrmined,
the submited sampl is ready for purity and
weigh tdettrminations. These detrminations
are a vita Ipartofofficial seed €sting and prac
ticallseed use,with Bgallram ifications in both
domestic and intrnationa Bseed trade.

Tabl 15.-Suggestd testprocedures for tree seed m oisture (Bonner 1981b)

Seed size chss

Acauratt measurement or
ISTA official &st

Rapid estimat

SmaMseeds, bw oilcontnt
(e.g., Platanus,Robinia)

Sm a Bseeds, high oil
contnt (e.g., Abies,
Pinus, Tsuga,
Zanthoxylum)

Large seeds, Bbw oilcontnt,
moisture <20% (e.g.,
Nyssa)

Large seeds, Bbw oilcontnt,
moisture >20%, (¢.g.,
Aesau bis, Quercus)

Large seeds, high oill
cntnt (e.g., Carya,
Fagus, Juglans)

Owen: 103 +2 °C for 17 =1
hours.
Sampl: 4to5¢g

Owen: 103 +2 °C for 17 *1
hours.
Sampl: 4to5¢g
or
Toliene disti Bhtion

(1) Grind or equivallnt

(2) Owen: 103 +2°C for 17
+ 1 hours.
Sampl:45gor
enough t equalweight
of five seeds

(1) Predry to <20% at 130
°C for5to 10 minuts
(2) Grind or equivalnt
(3) Owen: 103 =2°C for 17
+ 1 hours.
Sampl: enough ©
equa Bweigh tof five
seeds

(1) Grind or equivalnt

(2) Oen: 103 +2°C for 17
+ 1 hours.
Sampl: enough ©
equa Bweigh tof five
seeds

or

Toliene disti Btion

Elctric metr
Sampl: 80 t 200 g,
depending on type

Elctric metr
Sampl: 80 t 200 g,
depending on type

Microwave drying

Sampl: 4 t5gorenough
to equa Bweigh tof five
seeds

Microwave drying
Sampl: enough to equal
weigh tof five seeds

Microwawe drying
Sampl: enough to equal
weigh t of five seeds




B. Ob pctines

1. Learn te principls of officdallseed tsting
for purity and weigh t
2. App¥ tiese principBs in practicall exercises.

C. Key Points

The folbwing points are essentiallto detrmine

seed purity and weigh t

1. The HEne between true seeds and trash can
be ambiguous for some tree seeds, espe-
call those thatare dewinged.

2. Patienc and good eyesigh tare needed.

3. Thesmallr te seeds, tie more dificulkthe
purity tstwiBlbe.

D. Definition of Terms

ReIvanttrms are defined as folbws:

1. Purity-proportion of clBan, intact seeds
of the designated species in a seedlot, usu-
al expressed as a percntage by weight

2. Sampl, submitked-the sampl of seeds
submitied t a seed-tsting station; it
shoul be twice the size of the working
samphl

3. Sampl, working a reduced seed sampl
taken from the submited sampll in the
hboratory on which some tstofseed qual
ity is made

4. Seedlot -a specified quantity of seeds of
reasonab ¥ uniform qua My ;maximum bt
size is 1,000 kg (5,000 kg for Fagus and
hrger seeds)

E. Purity

1. Procedure-The ISTA (1985) ruls are
folbwed for purity £sting. The stps are:
a. Reduce the submited sampl (afer
mixing) to e working sampll by:
(1) Medh anica B dividers
(2) Random cups
(3) Modified halling
(4) Spoon meth od
(5) Manualhaling (chaffy, winged,
and krge seeds)
b. Divide tie working sampll into fractions
of
(1) Pure seeds
(2) Other seeds
(3) Inertmater
¢ Weigh and express ead as a percentage
of e totallsampll weight
2. Pure seed componentThis component
contains:
a. Intactseed units of the desired species
b. Pieces of seed units hrger than one-haF
the origina Isize, exen ifthey are broken
3. Tree seed specifics
a. Seeds of Leguminosae, Cupressaccae,
Pinaccae, and Taxodiaczae with seed-
coats entire ¥ remowved are inertmater.

b. In Abies, Larix, Libocedrus, Pinus
dliottii, P. echinata, P. rigida, P. taeda,
and Pseudotsuga, wings or wing frag-
ment are detached and remowed and
phced in the inert mater fraction.
Otier Pinus spp. retain wing fragments
(see “a” abowe).

c. For samaras, wings are not remowed
(e.g., Acer, Fraxinus, Cedrela, and
Swietenia).

d. For drupes, tie flshy coverings are not
rem owed.

e. In Eucalyptus, for species with small
seeds, a simp Mfied procdure is used;
on ¥ other seeds and inertmatier thatis
obvious ¥ ofnonseed origin are rem owed.

f For Leguminosae, ifany portion of the
testa is present, itmusthe chssified as
pure seed.

g. If species distinctions are impossibll,
on¥ the genus name is given on the
crtfiat.

F. Seed Weigh t

1. Dettrmination-The ISTA (1985) ruls
are used to proper ¥ determine seed weight
Eitier tte wholl workingsamphl or rep -
cats from itare used.

a. Working sampB-Weigh the entire pure
seed fraction.

b. Rep Bcats- Count and weigh 8 repl-
cats of100.

2. Reporting resubls — Resu b5 are reported
in one oftw ow ays:

a. 1,000-seed weight
b. Seeds per gram (or per kibgram, ounce,
or pound)

G. Sources

For additiona Binform ation, see Intrnational
Seed Testing Association 19 85, sect 3, 3A, 10;
Willan 19 85, p. 19 8-202, 221.

IVV. Germination Tests

A.

Introduction

Good seed tsting is e comerstone of any seed
program, no matter whatkind of seeds: agri-
as lurall forestry, agroforestry, or ornamental
The qualty of the seeds used musthe measured
and described. Seed tstingmay haw Bgallram -
ifications because of its connection to seed salls.
For this reason, tie IntrnationaBSeed Testing
Association (ISTA) coordinats intrnationall
efforts to standardize seed tsting. The qualty
of seeds musthe known tomake efficentand
eflective use of them in reforestation or
afforestation programs.
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B. Ob pctines

1. Identify the intrnational organizations
thatdea lin tree seed tsting and how they
derive their prescriptions.

2. Learn te princdplls of germination tsting
and how they are appled in tie Rboratory
for standard conditions.

3. Practicc actuallgermination tsting in the
hboratory.

4. Learn prowen tdniques to anabze ger-
mination data and how these data can be
expressed.

5. Learn the applcation of ggrmination st
resuls to practicalnursery and fie B condi-
tions.

6. Learn tdiniques for rapid estimats of
seed qua ity when time and/br proper fac I
ties are absentor Imitd.

C. Key Points

D.

The folbw ing points are essentia Mfor conduct

ing germination €st:

1. Laboratory germination tsts are designed
to provide the optimum conditions for ger-
mination and to detrmine the fuMger-
mination potntialof the seeds under these
conditions.

2. The primary conditions t be considered are
tmperature, gh t aeration, and moisture.

3. Rapid estimates of ggermination are jst
tat-estimats; tey are notas accurat as
germination tsts.

4. Fmore than 60 days are required for a
germination st analbst shoul use a
rapid estimat for offidaltsting.

5. Germination tsting in the course of
research may require difErentmet ods and
equipment from officdaltsting.

6. No matter how standardized the tstpre-
scriptions are, e judgmentof tie anabst
mustprevaillin e Rboratory.

Definition of Term s
Re Ivanttrms in germination stingwi Hlbe
defined according to the ghbssary dewe bped by
the Seed Prob Ims Propct Group of the Inter-
nationa BUnion of Forestry Researdr Organiza-
tions (IUFRO) (Bonner 1984a). These &rms
are defined as folbws:

1. Abnormall seed Ings — in seed testing,
seed Ings that do not possess a Mnorm al
structures required for grow th, nor show
the capadty for continued dewe bpment

2. FilRd seed-a seed with aMtissues essen-
tialfor germ ination

3. Germination-resum ption ofactive grow th
inanembryo,which resuls inits emergence
fron the seed and dewe bpment of th ose
structures essentiall o phnt dewe bpment

4. Germination capacity-proportion ofa
seed sampll thathas germinatd norma ¥
in a specified testperiod, usua W expressed
as a percentage (synonym: germination per-
antage)

5. Germination energy-proportion of ger-
mination th ath as occurred up tothe time
of peak germination, the time of maximum
germination rat, or some prese Bcted point,
usua ¥ 7 tstdays. (The criticaltime of mea-
surementcan be v osen by sexerallmeans.)

6. Germination percentage — (see ger-
mination capacdty)

7. Hard seeds — seeds tratremain hard and
ungerminatd at the end of a prescribed
tstperiod because their impermeab B seed-
coats hawe prexentd absorption of watr

8. Peak germination-the specific time
when rat ofgermination is highest Hmay
be derined in many ways (see germ ination
energy).

. Pretreatmentany kind of treatment
app kd to seeds to overcome dormancy and
hastn germination

10. Purity-proportion of clan, intact seeds
of the designated species in a seedlot, usu-
all expressed as a percentage by weigh t

11. Sampl, submited- the sampl of seeds
submited to a seed-tsting station

12. Sampl, working-a reduccd seed sampl
taken from the submited sampll in the
hboratory, on which some tstofseed qual
ity is made

13. Seedlot -a specified quantity of seeds of
reasonab ¥ uniform qua lty

14. Seed qualty-a general €rm that may
refr to e purity, germination capacty, or
vigor of a seedlot

15. Sound seed- a seed thatontains in Mab 1l
condition a Mtissues necessary for germina-
tion

16. Todrance-a permitied deviation (p lis or
minus) from a standard. In seed tsting,
the permitied difkrence between or among
replcatd measurement beyond which the
measurement musthbe repeatd

17. Mgor-seed properties tratdetrmine the
potntia Bfor rapid, uniform emergence and
deve bpment of norm allseed Ings under a
wide range of fie B conditions.

E. Qua lty Exa liation

For satisfactory evallation of germination, the

folbwing principls are fundamental

1. SamplIng mustbe good; €sts describe the
sampl onk.

2. Testing at standard, optimum conditions
ensures tat



a. Absolit maximum potntialoftie bt
is detrmined.

b. Standard conditions can be dup Bcatd
by a B Rboratories for €st com parison.

F. Meth odo bgy

Satisfactory germination tsting depends on

proper meth ods:
1. Pure seed component -On¥ the pure
seed componentis used in the st(4 rep-
Ications of 100 seeds each).
2. Enndronmentall conditions-Tem pera-
ture, Bgh t moisture, and medium mustbe
carefu ¥ controlld.
a. Temperature requirement differ
according 1 species. Intrnationa 1Seed
Testing Association prescriptions shou B
be folbwed.
b. Ligh trequirements are aBospe Bd out
in e ISTA rulls.
Cc. The germination medium musthbe non-
toxic; it can be either naturallor syn-
tetic matrial
(1) Naturallmatrialk inclide soill sand,
peat, and other organic matrial.

(2) Synthetic matrialk inchide b bters,
paper towe B, ce libse wadding
(Kimpak®), filer paper, agar, and
cht .

3. Moisture- Excessive moisture is a com-
mon probIm in many tst.

4. Equipment -Germination equipment
mustbe dependab I.

a. Cabinetgerminators

b. Jacabsen tab s

c. Wal-in rooms

d. Smal containers (petri dishes and
p kstic boxes)

5. Test Procedures
a. Pretreatment

(1) Micro-organism path ogen treatment
(2) Onercoming dormancy (de hyed ger-
m ination)
(a) stratification (prechi
(b) diemicall teatment (nitrats,
hydrogen peroxide, and grow th
regu Rtors)
(c) scarification for h ard seeds

b. Phementofsamplls

c. Counting
(1) Define ‘germinatd seed”

(2) Countfrequency;week b is the min-
imum

(3) Recognize abnorm a Bseed Engs ; com -
mon abnorm a Bties are abino seed-
Ings, stuntd roots, negati\e
geotropism, ‘endosperm” colkrs,
and necrotic areas

d. Length of st
e. Detrmining condition of ungerminatd
seeds
6. Toblrance and retsting
a. ReMew the conepts for officia Iesting.
b. Anabsts shoul be aware ofother rea-
sons for a reest

(1) Too mudr dorm ancy; additiona Bpre-
c i Mneeded.

(2) Toomuch fungal infction ;increase
distane between seeds on b bteer or
tstin sand orsoil

(3) NormaBabnorm all distinction un-
char.

(4) Enidence ofhuman error.

G. Additiona B Testing Considerations

1. Therm ogradient p Rts

2. Greenhouse or nursery bed st

3. Testing by weight (e.g., Euca ¥ptus
Betula)

4. Queraus and other hrge seeds can be cutin
halF

and

. Reporting Resu ks

1. Germination capacity
2. Rat of ggermination
a. Germination energy
b. Mean germination time (MGT)
c Time for a certain proportion of ger-
m ination to occur (e.g., num ber ofdays
for 50 percentofthe seeds to germinat)
d. Germ ination Valie (GV)
e. Peak Valie (PV)

l. Practica Bre \iew

J

Sources

For additiona linform ation, see Bonner 1984a,
1984b; Czabator 1962; Edwards 1987; Intr-
nationa ISeed Testing Association 19 85, sect 5,
5A, 11;Willan 19 85, p. 202-227.

V. Rapid Test: Cutting, Vitall Stains,
Excised Embyro, and H ydrogen
Peroxide

A.

Introduction

The standard for judging seed qua By is a b ays
a germination tstunder optimum conditions.
Under certain draumstances, howe\er, ger-
mination st are notpossib ¥, and so-ca ld
“rapid st must be used to estimat seed
qualty. When performed proper ¥, rapid £sts
can furnish valiabl inform ation to seed users,
ana bsts, and managers.

B. Ob pcties

1. Learn te difRrenttypes of rapid st and
how to perform them.

2. Recognize the Emitations ofeadh tstand
when itshou M be used.
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3. Examine the intrpretation of tstresu k.

C. Key Points

The folbwing points are essentia Bto perform

rapid €st:

1. The cutting tstis the quickestand sim-
pistand can be extreme ¥ usefullwith
fresh seeds.

2. Testswith vitallstains rexeallmore tan st
potntialgermination, but intrpretation is
subpctive.

3. X-ray radiography is the mostexpensiwe,
butnotnecssariy te best, of the rapid
tsts. Itis \ery efctive for some situations.

4. Leachate conductivity is a new and prom is-
ingmet od.

D. Use ofRapid Tests

Rapid tsts are used when one of the folbwing

conditions occurs:

1. 60-day rull of ISTA- If a germination
tstrequires more than 60 days to com-
plt, ten a rapid tstshou B be used.

.Requestd by user

Seed supp ¥ is Imitd

A quallty check is needed during col

Bction

5. There are other ttstob pctines

el N

E. Samplng

The same sampiIng principBs and precautions
app ¥ for rapid st as for standard germ ina-
tion tst.
F. Test Meth ods
There are six rapid st thathaw app Ications
with tree seeds.
1. Cutting
a. Tedinique: Seeds are cutin halF Ingth -
wise and a Btissues are examined.
b. Evaliation: Good seeds are firm, with
good cobr.
c. Advantages
(1) Quidkestand cheapest
(2) Can be performed in the fic M
(3) Is accurat on fresh seeds
d. Disadvantages
(D H as size Imitations
(2) Produces poor resu s with stored
seeds
(3) Is a destructinve st
2. Vital stains
a. Tedinique: Embryo and storage tissues
are exposed by cutting and ten stained.
Location and intnsity ofstaining indi-
cat iab I or dead tissue.
b. Stain options:
(1) Tetrazolum o bride (TZ) (most
wide ¥ used) stains e tissues red.
(2) Indigo carmine stains dead tissues
b Le.

(3) Se Inium or € Wrium salks.
c. Evallation (TZ on ¥):
(1) Sound tissue shou B stain carm ine.
(2) “Topograph ic stain” ana Fsis is the
most accurat, butitis the most
difficu k to standardize.
(3) The ISTA (1985) prescribes T2 for
crtain dormant species.
d. Advantages
(1) Fast, stains can be read within 24
hours
(2) Inexpensie
(3) Equipmentneeds are simpll
e. Disadvantages
(1) Labor-intnsiw
(2) Difficu Eto obtain uniform penetra-
tion of the stain
(3) Difficu ko intrprette stain
(4) Requires practiec and experience
(5) Destructine tst
3. Excised embryo
a. Tedinique: Seeds are cutopen, and the
embryos are incubatd in dishes.
b. Evaliation
(1) Mab B seeds are green and whit,
with some growt.
(2) Non\iab B seeds are dark or moBly,
with nogrowth .
c. Advantages
(1) Simpl equipment needs
(2) Actua BIseed performance is tstd
(3) Easy mevallat
d. Disadwvantages
(1) Labor-intnsiwe
(2) Requires practice for proper exdsion
(3) Sbw (10 t 14 days)
(4) Destructive st
4. H ydrogen peroxide
a. Tedinique: Seedcoats are cut to expose
the radicl, and the seeds are incubated
in Epercent hydrogen peroxide. Radicl
growt is measured.
b. Eva lation: Based on radicll grow th.
c. Advantages
(1) Inexpensiwe st
(2) Partia ¥ ob fctine
(3) Sim p I preparation
d. Disadvantages
(1) Notpractica Hfor \ery sm a Mseeds
(2) Testd on ¥ on conifers
(3) Destructinve st
(4) Shw (7 o 8 days)
5. X-ray radiography
a. Tecinique: Intact seeds are exposed t©
softx rays, and the images tatare cap-
tured on filh are examined.
b. Evallation: Evaliation is \ery subpctie.



c. Advantages
(1) Fast
(2) Provides a perm anentim age
(3) Nondestructie

d. Disadwvantages
(1) Equipmentis expensi\e
(2) Extensine training is required
(3) Intrpretation is subpctive

6. Leachate conductiVity

a. Tedinique: Seeds are Badied in deion-
ized watr for 24 to 48 hours ;e Bctricall
conductivity of th ¢ leachate is tien mea-
sured.

b. Evaliation: Re htionship of conductivity
to germ ination musthe estab Eshed for
gad spedcies.

c. Advantages
(1) Requires no expensive equipment
(2) Fastand simpl
(3) Obpctive measurement
(4) Nondestructi\e

d. Disadvantages
(1) Indirectmeasurementofseed qual

ity
(2) Unknown factors sti Mcause troub i

G. Sources

For additiona Binform ation, see Intrnational
Seed Testing Association 19 85, annex to c ap.

6, app. B;Leadem 19 84; Willan 19 85, p. 221-

226.

VI. Rapid Tests: X Rays and Leachate

A.

B.

ConductimMvty

Introduction
Like otier rapid ®sts, radiography offers a
quick estimat ofseed qua ity when there is no
time for a conplt germination st The
app Bcation of x-ray radiography in seed science
is one ofthe Ew i nobgies th at originatd
with tree seeds instad of agricu Buralseeds. It
has notyetfu illd its ear ¥ promise, butthere
are many app Bcations with seeds. Many rapid
estimates of seed quallty haw majpr draw -
backs: high cost subpctive interpretations,
excessive time, etc The leachate conductivity
method offrs a st that meets a Mrequire-
ments: bw cost; fast, ob pctinve measurements;
easy procedures; and nondestructive. Al ough
re htive § new, itsh ows greatpromise.
Ob pctives
1. Rewview x-ray theory, and see how X rays can
be used in seed radiography.
2. Learn the prindplls of seed radiograph
intrpretation.

3. Examine te physiobgicalbasis for leach-
at tsting.

4. Learn the leachate met odobgy.

5. Recognize te advantages and the dis-
advantages ofboth i niques.

C. Key Paoints

The folbwing points are essentiallto an under-

standing of these two met ods:

1. Many types ofseed damage can be detcted
by x-ray tsting.

2. Embryo deve bpment can be measured pre-
cise ¥, butexact corre khtions wit germina-
tion are not possib .

3. The use of ontrastagents can increase the
am ount of inform ation obtained from radio-
graphs;however, many of tiese agents kil
te seeds.

4. Many specialradiograph ic ttch niques are
avai kb I, butmostrequire equipmentasso
cdatd with medicallx-ray €d nobgy.

5. As seeds detriorat, cc i bhr membranes
are damaged, albwing tte Bad ing ofmany
substances from the seeds.

6. Many diemicallgroups can be detcted, but
e Bctrobtic activity is the easiestto mea-
sure.

7. Good estimats of qua Mty are possibl with
many species, but germination €sts are
stilMprefrred as the standard measure-
mentofseed qua My.

8. The conductivity meth od is promising, but
more researd is needed.

D. Xrays

1. Theories
a. X rays are e Bctromagnetic energy of

\ery shortwawe Ingths. X rays penetrat

matriak thatabsorb or reflict Ight

and are tiemse Les absorbed by the tar-
getobpct

b. Radiographs are pictures of the obpct
formed by the x rays th atpass th rough
the obpct and strike a photographic
matrial

(1) Radiograph qua By is defined by
contrast, density, and definition of
te image.

(2) QuaMy is controlld by kibvwolage
(kV), m i Mam perage (mA), exposure
time, focus-fibh-distance (FFD),
and obpctfibh-distance (OFD).

2. Meth ods
a. Equipment Seweral types of x-ray
equipmentare avaihb I conmercial¥.
b. Filh: Sexeralfih doices are avaibb I,
incliding
(1) Conentionalfih
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(2) Pokroid fikh
(3) Radiographic paper

c. Contrast agents: Contrast agents are
used o increase density of @ rtain seed
tissue images on te radiograph.

(1) Aqueous agents are primarily soli-
tions of heaw cation sak (e.g.,
barium o bride and siler nitrat).

(2) Vaporous agents: c broform or
other habgen derivatives ofallanes.

d. Safety is an important aspect of seed
radiography.

3. Speciall Tediniques-Main¥ for researc
app Ication, tiey inclide:
a. Streoradiography
b. Tom ography
C. Xeroradiography

4. ApplHlcations in seed ttsting-X rays
were firstused on seeds in Sweden in 19 03.
a. The mostefctive uses are:

(1)) Detrmining seed anatomy

(2) Detrmining insect dam age

(3) Detrmining med anica ldam age

b. X rayshaw Emitd usefu bhess in deter-
mining abi lty.
E. Leachate Conductivity
1. Majr points-As seeds detriorat, sub-
stanes can be Bached in proportion  the
degree of de®rioration. Sugars, amino
acids, and e Bctrob s are justsome ofthe
matrial tat can be measured.
2. Techniques- Leachate conductinvity can
be measured in two ways:
a. Mu RKipl-seed anabzers

(1) Advantages
(a) Fast
(b) Reczives input from individual

seeds
(c) Data are printd on paper tape
(d) Some mode B can cabbu ht sta-
tistics

(2) Disadvantages

(&) H igh cost (US $6,500)
(b) Some equipmentnotre Bab il
(¢) Infliene on the conductivity/
germination re Rtionship un-
known
b. Singll probe ®d niques

(1) The ISTA handbook on \igor tsting
(Perry 1981) inchlides tis met od
for peas.

(2) Advantages
() Fast
(b) Inexpensive equipment
(¢c) Comp it ¥ obpctine
(d) Accuracy for some species with -

in 10 percentof g rmination

(3) Disadwvantage: Some factors hawe an
unknown eflct
F. Sources
For additiona Binform ation on X rays, see \Wozzo
19 78, 19 88 ;Willan 19 85, p. 224-226. For addi-
tiona Binform ation on leachate conductivity, see
Bonner 1991a, Perry 19 81.

VIL MVigor Tests

A. Introduction

Standard germ ination st donotadequat ¥

measure the abi iy ofseeds to germinat and

producc normallseed Ings under fie B conditions
because germination st are conductd in te
hboratory under optimum conditions. Sucd

conditions are se Bom encountred in te fie H,

so germination and emergenc may be mua

bver ttan in tte Rboratory. Therefore, a more
sensitive measurementofseed qua ly has been
sough thy those concerned with the phnting
qua My ofa seedlot. This measurementofseed
qua lty has been rerred to as seed \igor. Seed
vigor tsts add supp Imentalinform ation about
the qualty of seeds t inform ation obtained
trough otier st.

B. Ob pctives

1. Learn the coneptofseed vigor and realkze
how itcan he b the seed users.

2. Become famillar with the types of seed
\vigor tsts and know which ones are most
suitab I for tree seeds.

C. Key Paints

The folbwing points are essentiallto an under-

standing of vigor &st:

1. Mgor is a seed qualy thatmay or may not
be indicatd by a standard germination st

2. Mgor is mostimportantunder adwerse fie B
conditions, and itcan a Bo indicat te stor-
age potntialofa seedlot.

3. Mgor tests usua ¥ innvolle either director
indirect measuremen t.

4. For many tree seeds, rat of germination is
the bestexpression ofvigor.

D. Definition of Terms

1. \Vigor

a. Association of OfficiallSeed Analbst:
“Th ose seed properties which detrmine
the potntialfor rapid, uniform emer-
gence, and dewe bpment of norm alseed-
Ings under a wide range of fie B
conditions” (AOSA 1983).

b. Intrnationa BSeed Testing Association:
“The sum of the properties which deter-
mine the potntia e Bofactivity and
perfoomanc ofthe seed or seedlot dur-



2.

ing germination and seed Ing emer-
gence” (Perry 19 81).

¢. Intrnationall Union of Forestry Researc
Organizations: “Th ose seed properties
whidh detrmine e potntialfor rapid,
uniform emergenc, and dew bpment of
normallseed Ings under a wide range of
fie B conditions™ (Bonner 19 84a).

Seed qualty-“A generaltrm that may

refr o e purity, germination capacity, or

vigor of a seedlot” (Bonner 1984a).

E. Seed Mgor Concepts
1. Physiobgical qua Ity- Seedlots wvary

4,

tremendous ¥ in physiobgicalqua lty. This
is exemp Hied by te diferentrats of ger-
mination with in a seedlot, th e \variation in
te growt rats and sizes ofseed Ings pro-
duced, and the abilty ofsome seeds to pro-
duce seed Ings under adwerse conditions
whill otters donot The physiobgicallquall
ity of seeds is conmon ¥ calld seed \igor.
Physiobgicall maturity- Seeds reach
their maximum germination capacity and
\vigor during the maturation process at
teir maximum dry weight, or tie “physio
bgicalmaturity” stage. Onc physiobgical
maturity has been reached, detrioration
begins and continues untilthie death of the
seed. The proess cannotbe stopped, but
the rat ofdetrioration can he controlld
some extnt DifErentseeds declne in \Migor
atdiferentrats.

Detrioration — Seed \igor declnes m ore
rapidy tan does te abilty o germinat.
The firstsign of detrioration is a bss of
\vigor. Thus, a seed may germinat ewen
though some ofits physiobgica IMfunctions
may haw been impaired. The abillty 1 pro-
duc seed Ings under stress conditions and
the grovth and yiell of plhnt may be
afcted as Migor declnes. Mgor is tius a
more encom passing measurementof seed
qua ity ttan te standard germination st
Stratgy-The generall stratgy in detr-
mining seed Mgor is tO measure some
aspect of the seed performanc or condition
tatreflcs the stage of detrioration or
genetic deficiency. Dewe bping a good st
for this stratgy is noteasy. A practica lseed
vigor stshou B:

a. Be reproducib i

b. Be easi¥ intrpretd

F.C

c. Indicat fie B perfoomanc potntal

d. Take a reasonab l Ength oftime

e. Notrequire expensive equipment

f. Notrequire extensiwe training
ommon Seed Mgor Tests

Mgor st can be grouped into four catgories:

1. Seedng growt and

eva Lation
a. Seed UIng \igor c kssification
b. Seed Ing grov t rat

2. Stress s

a. Acz Iratd aging

b. Coll st

c. Coollgermination st
d. Osm otic stresses

e. Methanoltreatment

3. Biochemical €sts

4

G. R

a. Tetrazollum a bride (TZ) staining
b. Adenosine triph osph at (ATP) activity
c. Ghltamic acid decarboxy hse activity
(GADA)
d. Oxygen uptake (respiration)
e. Leachate st
(1) Sugars
(2) Amino acids
(3) Elctobts
. Germination data
a. Mathematicallm ode Ing of germ ination
response
(1) Norm a Idistribution
(2) Po¥nomiall regressions for cune
fitting
(3) Logistic function
(4) Probit transform ation
(5) Weibu Mfunction
b. Germination rat
(1) Ear ¥ counts
(2) Percenti s
(3) Mean germination time (MGT)
(4) Germination valie (GV) and Peak
\alie (PV)
ecommendations For Tree Seeds-The follbw -

ing tsts haw te mostpotntialfor tree seeds:

1. Germination rat parametrs
2. SeedIng growth st
3. Tetrazollum staining for Hhrge seeds
4. Acce Brattd aging
5. Leachate conductivity
H . Sources

For additiona Rlinform ation on \igor Ests, see
Association of Officiall Seed Analst 1983;

B

Bhnche and others 1988; Bonner 19 86b ; Perry

1981 ;Willan 1985, chap. 9.
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Insects

. Introduction

Insects are one ofthe greatstdestroyers of tree

fruitt and seeds. They reduc bott qua Hy and

quantity ofseeds and afct angiosperms and
gymnosperms equa l¥. Damage is done t rough

aMlreproductive stages, from dewe bping buds
claned seeds in storage. Losses to seed insects

are huge, and mud is yettbe Barned about
theirconplit roll in the reproductive cycll of
woody p Bnt.

B. Ob pctives

1. Learn the orders ofinsects that cause the
m ostdam age to tree seeds and the species
tey attac .

2. Recognize the types ofinjury thatinsects
cause.

3. Learn some meth ods ofinsect controland
management

C. Key Paints

The folbwing points are essentiallin protcting

seeds from insects:

1. Insects of the orders Hymenoptra, Dip-
tra, Lepidoptra, Hemiptra, Coloptra,
H omoptera, and Thysanoptra do the most
damage t© fhbwers, fruits, and seeds of
woody p hnt.

2. Damage ranges from causing reproductie
structures to abortto causing bss ofseeds
in storage.

3. Generalltypes of damage inchide:

a. Destroying the seeds on ¥, H ymenoptra
(wasps).

b. Forming gal® and mine scalls, Diptra
(Fles).

c. Free feding, Lepidoptra (m oth s).

d. Consuming endosperm, Hemiptra
(true bugs).

e. Mining cone axes, Colloptra (beetls).

f. Causing cone abortion, H om optra
(aphids, etc) and Thysanoptra (thrips,
et).

4, Controlmeth ods depend on identifying and
knowing te insectd Be cycll and the host-
p kntre Rtionsh ip.

5. Some methods for reducing damage are
prexentive measures, insecticides, natural
biobgica lcontrolagents, and proper m an-
agement®dniques.

D. Dam age

1. Generall concepts
a. Insects reduce seed production by infest
ing buds, flbwers, cones, and seeds.
b. The mostdamaging insects are hrge ¥
restrickd t six orders: Lepidoptra
(moth s and butierflkes), Diptra (flles),

E.

F.

Coloptra (beeths), Hymenoptra
(wasps), Hemiptra (true bugs), and
Thysanoptra (thrips).

2. Specific concept
a. Coloptera (beeths) are the most

dam aging group in arid and semiarid

zones.

(1) Bruchidae (bruciid beetlis)are the
most important by far for Legu-
minosae ;e.g., heetls in e genera:
Am b Fcorus, Brudidius, and Car-
yedon.

(2) Curcu bonidae (weeviB) Ry teir
eggs on dewe bping fruits:

(a) Conotrachelus
(b) Curau Bo and Conotradi e bis
(c) Thysanocnem is
(d) Nanoph yes
(e) Apion ghanaense
b. Lepidopttra (moths and butterfles)
dam age stored seeds:

(1) Pyraldae

(2) Me Essopus and Va Intinia

(3) Agath iph aga

(4)Ge Bchiidae

Cc. Hemiptra (true bugs) fed on seeds
with speciallzed suding mouth part:

(1) Coreidae attack Erytirina seeds in
India and some Acada species in
Africa

(2) Pentatomidae

d. Hymenoptra (wasps) feed on seeds:

(1) Torym idae (Megastigm us spp.) hrae
fed on Pinus, Abies, and Pseudotuga

(2) Eurytom idae (Bruchophagus)

e .H om optera (aph ids, cicadas, and scalls)
are nota majpr t reat to seeds.

f Thysanoptra (trips) cause some dam-
age to tree seeds.

Controlng insects

Controlmeasures musthe guided by the species

and ecobgy of tie insect

1. Prenxention-The insectmay be prexentd
from readiing the seeds.

2. Chemicall controlinclides follar sprays,
systmic poisons, HIght traps, chemical
traps, and carbon dioxide.

3. Natrallenemies — The targetinsect’ e
cycll and history shou B rexeallits natural
enemies.

4, CoMction practices — CoMcting good
seeds is te first sep in keeping down
bsses incurred in storage.

Sources

For additiona Binform ation, see Cibrian-Towvar

and others 1986, Johnson 1983, Sch opmeyer

1974, Sout gat 1983.



Il. Path ogens

A.

Introduction

Path ogenic organisms (fungi, bactria, and
\Mruses) cause greateconomic bsses. Noton ¥
are seeds the \ictim of path ogens, buttiey a Bo
are passiwe carriers (\ectors) of path ogens th at
may not directh affct the seeds but may
endanger oth er organisms. This factis the basis
of pknt quarantine regu htions that inclide
seeds in the im portand exportrestrictions on
phnt matrial

B. Ob pctines

1. Learn the majr types of seed path ogens
and tie typicalldamage thattey cause.

2. ldentify stps t decrease bsses to seed
path ogens.

3. Review documentd occurrence of micro-
organisms associatd with tree seeds.

. Key Points

The folbwing points are essentialto prexenting

seed path ogens:

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

2. ANltree seeds carry micro-organisms, pri-
mari¥ on tie surfacc of their seedcoats.

3. AN seed micro-organisms are not path o
genic;some may even be beneficial

4. Patiobgy oftree seeds has notbeen stud-
ied extensive ¥;much work remains 1 be
done.

D. Types of Path ogens

1. Viruses
a. Mruses accountfor senen kinds ofseed
dam age:
(1) Abortion of seeds
(2) Fbwer strilly
(3) Seedcoat wrink EIng
(4) Shrive Ing
(5) Chally endosperm
(6) Staining
(7) Necrosis
b. In Bgumes, embryo-borne \iruses reduce
viabi Iy.
c. Ahigh incdenc of trip bidy can resu k
from \ralin® ction.
d. Marketwvalie ofseeds can be reduced.
e. A Mrus can outlhe the seed.

2. Bactria- Backrialinfections accountfor

four kinds of seed dam age:
a. Abortion
b. Rot
c. Discobration
d. SEme disease
3. Fungi are a serious threatto seed healh
simp¥ because ofthe greatnumbers ofrep-
resentative species known as seed pat o
gens. Fungi accountfor eigh tkinds ofseed
dam age:
a. Abortion
b. Shrunken seeds and reduced seed size
c. Rot
d. Sclrotization and strom atization
e. Necrosis
T Discobration
g. Lowvered germination capacity
h. Physiobgica la ke rations

E. Control Medh anisms

Seed path ogens can be controld by reducing
infction and by treating seeds in hboratories,
storage faci Mies, and nurseries.
1. Infection reduction-Infections in
orch ards can be reduced by:
a. Locating seed orch ards in areas of bw
infection risk
b. Removing alernat hostphnts
C. Sanitizing orch ards
d. App ¥ing fungicides
e. Using good cone- and fruithand Ing
meth ods
2. Seed treatment in HRboratories
a. Surfac strilzation
b. Fungicides
Cc. Hotwatr soaks
3. Seed treatment in storage
4, Seed treatmentin nurseries
a. Dam ping-off
b. Seed Ing diseases

. Micro-organism s Found on Tree Seeds

See the dieck BstofAnderson (1986a).

. Sources

For additiona B inform ation, see Anderson
1986a, Intrnationa ISeed Testing Association
1966, Neergard 1977, Sutier bnd and others
1987.
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A.

Introduction

This course is notintnded to cover aMaspects
of nursery estab Ishment and management
However, a fw nursery prob Ims involle seeds
and seed management practices. The type of
nursery systm, size ofthe nursery, and bca-
tion are important for seeds. It was once
be Bexed th ataMseed Ing production and p hnt
ing in the Tropics had t be done in containers.
This is nottrue;in generall howe\er, bare-root
production systms predominat in te Tempe-
rat Zones and container production systms
predominat in tie Tropics.

B. Ob pctines

1. Recognize difkrent nursery systms and
the conditions most favorab I for eadh .

2. Learn the re Rtionship ofnursery systms
t nationa Bseed program management

3. Rewview basic seed tcdinobgy for sawing in
gach systm.

C. Key Points

The folbwing points are essentiallin under-

standing seed basics for nurseries:

1. Bare-root systms are more conmon in
Temperat Zones; container systms are
more conmon in te Tropics.

2. Bare-root production is possibl in the
Tropics with some pines and for stump pro-
duction of se Icted spedcies.

3. In container systms, Hhrge seeds are usu-
all sown directlh in containers, whill small
seeds are sown in germination beds or trays
and transp hntd (pricked out).

4. Tray mobily is an adwvantage in caring for
and protcting young seed Ings.

5. In smaMnurseries, seed treatments for ger-
mination are usua ¥ done by hand.

D. Core Matrial

1. Type of Nursery
a. Bare-root systms
(D Aresuitab I with hrge-scall phnt
ing programs.
(2) Can produce seed Engs or stum ps.
(3) Require same-day p hnting in tropi-
calenvironment.
(4) Used with Pinus cartbaea in \gnezu-
¢ hand stump p hntings of Gme Ina,
Da bergia sissoo, and Cassia sia-
mea.
b. Container production systms
(1) Are preferred in m osttropica l bca-
tions because:
(@) They can be small Rbor-intn-
sive operations.

(b) Containerized seed Ings can
stand the transport stress.

(2) Systtm options inchide:

(@) A hrge centrallzed nursery with
production of 0.5 to 1.0 mi lon
seed Ings

(b) Numerous sma Bnurseries with
production of 10,000 to 100,000
seed Engs

(3) This system can be used for “wild-
ings.”

Cc. Seed program considerations

(1) In a hrge, entral® bcatd nursery,
seed claning and storage shou B be
bcatd nearby.

(2) In smal dispersed nurseries, clan-
ing and short®rm storage shou H
be in a regionallentr.

(3) In smaMnurseries, muc seed col
Iction, extraction, and claning are
performed bca .

(4) Locakzed coMction forces the use of
bca Bseed sources.

(5) For tropicallrecakitrants, small
bcalnurseries must be used M
awid vabillty bss in seeds.

(6) A combination of approaches will
probab ¥ evolle.

2. Bare-Root Production
a. Small seeds- For smal seeds, use
med anized sowing and cu Rure.
b. Large seeds — For hrge seeds, sow by
hand.
c. Cowering

(1) Sm a Mseeds-Press into the soi Bsur-
fac and coverwith a lghtmubkh (2
t3mm).

(2) Large seeds-Phca on their sides,
press into tie soill and cover with 5
mm ofsoill

3. Container Production
In container production, eitier sow directh
into containers, or sow in seedbeds or seed
trays and transp hnt her (pricing out)
a. Sow ing into containers

(1) Is good for the rootsystms.

(2) Is used for
(a) Large seeds thatcan be hand Id

individua ¥

(b) Seedlots with expected high ger-
m ination

(3) Sustained sowing rats are shown
in tab I 16.

(4) Albws pricking outof“doub Bs.”

(5) Aims for one seed Ing per container.

(6) Cabku htion of seed needs.



b. Sow ing into seedbeds or seed trays
(1) Conentrats germination in small
areas.
(2) Is used for
(a) Seedlots with expected germina-
tion of Iss than 40 percent
(b) Seedlotswith sbw germination
(c) Species th athaw severallseed-
Ings per seed unit
(d) \Ery smaBseeds
(e) Scarc or expensive bts

Tabl 16.-Suggestd sowing rats for seed Ing production in con-
tainers (Napier and Robbins 1989)

Expected germination Seeds per container

Perent Num ber
80 lor2”
60-79 2
40-59 3
<40 use seedbeds

Sow haFthe containers with one seed and haFthe containers
with two seeds.

3
4)

()

D. Sources!?)

Provides the advantages ofseed tray

mobi Hy.

Folbw these stps:

(a) Sand:topsoi Imix of 1:1.

(b) Pure sand for Pinus, Euca¥p-
tus, and others.

(c) Press seeds intomedium, bare ¥
cover with washed sand, and
mu bk Ngh th.

(d) Monitor cbse ¥ to maintain
proper moisture Il

Sow ing into seedbeds is m ost com -

mon.

(a) Provide we Bdrained seed beds.

(b) Broadcastsm a Bseeds, pressing
them into soill and cowring
Ioh th.

(c) Protect from rodents.

(d) Sow \ery sm a BMseeds by mixing
seeds and fine sand.

Cabhu bt sowing rats.

For additiona Binform ation, see Lantz 19 85,
Liege1l and \Mnator 19 87, Napier and Robbins
1989, Willan 19 85.
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A.

Introduction

Nationa Eseed programs are necessary o sup-

port nationa B reforestation and afforestation

efforts by ensuring an adequat supp ¥ of high-
qua My seeds of suitab B species and sources.

Countries of the Association of South east Asian

Nations are bsingowr 1.2 milon hectares of

forest Bnds annua ¥ to oth er uses. De foresta-

tion of “officia ™ designatd forest Bnds in

India has notbeen excssive sinc the 19503

(about3 percentoftie Bnds under the Forest

Department), butmore ttan 10 times tis area

of wast hnds, smaMgrows, etc, has been

denuded. Within the framework of nationa Epro-
gram s, Stat or Provincia Iseed program s m ay
alBo be needed.

Ob pctives

1. Learn the generalfunctions of a national
forestseed program.

2. Examine possib B administrative struc
tures of a nationa Bprogram .

3. Examine an existing nationa Bprogram as a
case study.

Key Points

The folbwing points are importantin national

seed programs:

1. The primary function of a nationa Eorest-
seed program is toensure an adequat sup-
p¥ ofsuitab I tree seeds.

2. Nationa Bprograms can sernwe many other
im portant functions.

3. Nationa Bprograms shou B sene the needs
of altree phnting: industriallwood p knta-
tions, watershed protction, sociall forestry
p kntings, agroforestry, etc

. Tree-p hnting activities shou B be sened by a

nationa I forestseed program.
1. Industriall wood products
2. Fuelwood and charcoal

a. Vilkge forests

b. IndiMdua FRndow ners

c. Com m e rcialproduction
3.Watrshed protction

a. Generallprotction

b. Protection in specific areas (i.e., reser-

\oirs, mine spoi B, dune stabiliation)

4. Windbreaks or she Berbe s
5. Urban p knting
6. Wil It habitatand food p hntings
7. Agroforestry p hnting
8. Social forestry
§. Consernation of genetic resources
Scope of the Program
1. Popu htion distribution
2. Phvsiographic ch aractristics

3. AAaikb B Bnd area and ownership
4. Reallstic annuall goah

5. Seed storage needs

6. Use of indigenous species

F. Species Choices

1. Indigenous species and khnd races—
These may be best
2. Exotics- Caution shoul be used with
exotics.
Seed source-Provenanc tsts are needed.
. Naturall p Bhnt succession shoull be
folbwed.

ENEN

G. Adm inistrative Structure-Many government

agencies or ministries may be involled, sua
as:
1. Forestry ministry Ie B
a. National
b. Provincialor Stat
¢ Mihge or other bcallstructures
. Comprehensive naturall resource
agencies
Agricu lurall agencies
Miltary department
Division of responsibi Bties
a. Oneralp hnning
b. Seed acquisition and distribution—
There may be a cntrall bcation or
regionalentrs for e folbwing:
(1) CoMcting and claning
(2) Testing
(3) Storage
(4) Certification
(5) Record keeping
(6) Salls o other countries
(7) Salls within country
¢ Seed Ing production can be based in:
(1) Nationa Bor Stat nurseries
(2) Vi Bhge nurseries
(3) Private nurseries (farmers)
(4) Commercialnurseries
d. Phntation care- Two factors must be
considered:
(1) Protection, prim ari ¥ from anim a B,
fire, and peopll
(2) Measurementofsurvvalland ear ¥y
grow t
e. Researdi-Many prob Bms may require
researd, sud as:
(1) Seed prob Ems
{2) Spedies, site, and seed source evall
uations

N

ok w

H. CriticalStps

Sexerallcriticalstps in the pRnning process

ca B for good dedisions:

1. Phnting goaB- what, where, and how
mua ?

2. Awai bbi Ity ofseed supp ¥



a. Indigenous species
b. Com merciallsources
3. Colction crews
a. Equipmentand transport
b. Training
c. Legallobstaclls
4. Nursery adm inistration
a. Sie
b. Personne il
c. Equipment
5. Colction goal
6. Seed centrs-Natonall Stat, or
regiona P

I. Other Considerations

1. Continuity of operations
2. Training
3. Mulkip® functions

a. Some forestrs alo grow and distribut
fruit trees.

b. In some countries, on ¥ one seed Bbora-
tory is avai kb 1 o esthoth agricu lural
and tree seeds.

4. Internationall organizations th at can
he b in p hnning:

a. ISTA — ISTA Secretariat

Redcenh oll, P. 0. Box 412
CH -8046 Z urich
Switerhnd
b. IUFRO - IUFRO Secretariat
Sch onbrunn
A-1131 Menna
Austria
c. FAO — Forest Resources Deve bpment
Brana
Forest Resources Division
Forestry Dept, FAO
Ma de B Terme di Caracalk
1-00100 Rome
iy
d. ICRAF — Intrnationall Councill for
Research in Agroforestry
P.O. Box 30677
Nairobi
Kenya

J Case Study
K. Summ ary

The functions ofa nationa Iseed center are:

1. Furtier dexe bp taxonomy and aids to spe-
cies identification.

2. Colctand disseminat data on the ecobgy
ofindividua Especies, thus enhancing under-
standing of the performance of spedies.

3. Prom ot measures, as nessary, t con-
serne the genetic resources of important
spedcies.

4. Dexe bp optimum seed coMction stratgies
based on know Bdge of breeding systms.

5. Maintain existing seed coBctions and
ensure their future deve bpment as pro
grams evolle o utilze promising species
and provenances.

6. Assist colkctors from other countries
within the framework of nationalpolcy;
some countries restrict coMctions by for-
eign nationa B.

7. Provide information on the physicalland
ph ysiobgicalch aracteristics of seeds, and
any diseases thatmigh tbe borne by seeds.

8. Encourage quarantine practices that mini-
mize the chancs of domestic insects
becoming estab Ished in other countries.

9. Disseminat information by providing
appropriat training, sym posia, and pub-
Bcations.

10. Disseminate seed sampls for research or
species trialk toother institutions or coun-
tries on a costor exch ange basis.

L. Sources

For additiona linform ation see Gregg 19 83,
He Bim (in press), Robbins and Shrestha (in
press), RudoF 19 74.

Il. Seed Centers

A.

Introduction

Nationa I forestseed programs require some
sort of nationa Btree-seed centr, institut, or
Rboratory. Dedicated faci Hies and some c&n-
tralzed auth ority are suggested for tree-seed
aentrs. Their e loftdinobgy may vary with
the country3 needs, buttiese entrs shou H
sene as the focalpoint of seed activities.

B. Ob pctives

1. Learn the generall functions of national
tree-seed cntrs and hov they support
nationa Bseed programs.

2. Examine sexeralloptions for centr design.

C. Key Points

The folbwing points are essentia o seed entr

deve bpment:

1. The primary function ofa seed centr is to
support the nationa I forestseed program .

2. Seed centers proMde seed senices, researd
on seed prob Ims, training of seed workers,
and extnsion activities for seed users.

3. Many countries wi Brequire regiona lor sub-
centrs for efficent operation.

. Functions

1. Serwvices
a. Coordinats seed colction
b. Conditions seed coBctions
(1) AMoperations atamain centr
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(2) Drying and extracting atregionall
aentrs
c. Storage ofseeds
(1) Operationa Estorage
(2) Long-trm storage ofsurp bis stock s
(3) Very bng-trm storage
d. Testing
(1) Nationa Bseed program coMctions
(2) Other in-country users
(3) Third-party sting
e. Certification
2. Seed researa
a. App ked researa
bh. Basic researa
3. Training and ex€&nsion
a. Train seed colctors, ana¥sts, and
oters
b. Extnsion programs for nursery
workers and farmers

E. Nationa lor Regiona ICenters

1. Nationallcenters can be more responsiwe
10 poltica I rea HMies.

2. Regionalcentrs canexpand te scope of
ope rations.

3. Compromise -Nationakentrs are best
for storage, tsting, and researc ; regionall
cntrs are good for colcting and claning.

F. Location Concerns

1. Proxim ity toseeds
2. Transportation

3. Iso htion

4, Technicahe b

5. Disastr potntal

G. Center Design

1. Activity zonesinclide tie folbwing areas:
a. Loading dock
b. Drying area
¢ Extraction equipment
d. CHaning equipment
¢. Conditioning equipment
f. Seed storage
g. Testing Rboratory
h. Offices for records and supervision
i. Supp ¥ store room .
2. Bui Bing design- Suggestd fibor p khns
and designs are avai kb I from ISTA.
3. Equipment
a. Commerciallsources are best butmuad
can be made bca .
b. Spare partsources are cruciall
¢ Maintnanc musthe avaihb .
d. ERctricallsupp ¥ mustbe dependab 1.
4. Staffing- Supervsors shoull haw
defined areas of work:
a. Director of the centr
b. CoMction supenisor

¢. Extraction and cBaning supenvsor
d. Testing supemnJsor
e. Innentory and shipping supernisor

5. Training-ABstaff members shou M be
trained in their specia lies by uninersity
staff, specialsh ort courses, or on-th e- job
training atan estab Ished center. If person-
ne Bchange jobs, tie new peopll musthe
trained immediat §. The skilk of bng-time
staffshou B be updatd as new met ods are
deve bped.

I1l. Labe Ing and Certification

A.

Introduction

When forest reproductive matriaB (seeds,
seed Ings, and wegetative propagu Bs) are not
collced or grown by the user, ttatuser shou
haw reasonab I assuranc of tie identity and
qualty of tie matriallhe is buying. Many seed-
hbe Ing Bws require detaild Bbe Ing to assure
te buyer of the seeds”identity, purity, iabi iy,
and freedom from pests;i.e., the physiobgical
qua Mty of th e seedlot. Certification is more th an
hbe Ing required by seed Bws;itis astatment
aboutthe geneticqua Bty and identity ofth e
seedlot.

B. Ob pctives

1. Understand tie purpose of ertification.

2. Identify tie generalle Iment of a crtifica-
tion program.

3. Describe the four certification cat gories
used in the Organization for Econom ic
Coope ration and De\e bpm ent(OECD)
standards for internationa Itrade.

C. Key Points

The folbwing points are essentiallto under-
standing hbe Ing and crtification of forest
reproductive matriak:

1. Certification is the guarante by an offi-
cial¥ recognized organization that forest
reproductive matrial of identified \ari-
eties haw been grown, colcted, processed,
and distributed in a manner tom aintain
high qua My and genetic identity.

2. A certification program requires a certifica-
tion agency, a produccr whowishes tose il
crtified matriall records of the breeding
program , certification standards, indepen-
dentinspections, and crtification hbe K.

3. The four crtification catgories used by
OECD are:

a. source-identified (ye Bbw tag)

b. se Bcted (green tag)

C untsted seed orch ards (pink tag)

d. std reproduction matrial (b be tag)



D.

E.

4. Certification usua W requires inspections of
the production unit prior t po @nation, a
crop inspection before harwest, inspections
during te colction-to-storage phases, and
inspections at tie time of pad aging mat-
riak for sal.

Certification

1. Definition- Certification is the guarante
of dlaractr and qua My of reproductie
matrial by an officia® recognized organi-
zation.

2. Purpose- Certification is more than just
hbe EIng. Its purpose is to maintain and
make availhb I to the publchigh-qua Ity
seeds and propagating matrial of superior
crop p knt\varie ties.

3. Intrnationall aspect -An intrnational
scheme for certifying forest reproductive
matriallhas been dewe bped by OECD.

Definition of Terms

The folbwing definitions are for trms used in

the OECD Sdieme (Organization for Economic
Cooperation and Dew bpment 19 74):.
1. Forest reproductixe matrial
a. Seeds: cones, fruits, and seeds intended
for tie production of phnts

b. Parts of phnts: stm, Baf, and root
auttings, scions and Hhyers intnded for
te reproduction of phnts

¢ PBhnt: phnt raised by means of seeds
or parts of pknts; aBo inclides natural
regeneration

2.Cbne-a genetica® uniform assemb hge
of individua B derived origina & from a sin-
gl individua lby \egetative propagation,
sud as by auttings, divisions, grafts, hyers,
or apom ixis

3. Cu livar — an assemb hge of cu kivatd
individua B, which is distinguished by any
draracters (morphobgical physiobgical
cytobgicall ciemicall or others) significant
for tie purposes of agricu bure, forestry, or
horticu Bure and which, when reproduced
(sexua W or asexua ), retains it dis-
tinguishing ®atures

4. Provenance- the phe in which any
stand of trees is growing; e stand may be
indigenous or nonindigenous. (This is the
bcation of the seed source.)

5. Origin — for indigenous stands of trees, the
origin is tie phe in which trees are grow-
ing; for nonindigenous stands, the origin is
the phe from whicdh the seeds or phnts
were origina® introduced

6. Designatd authority- an organization
or institution designatd by and responsib i
t the gowernment of a country parti-

cipating in tte OECD scheme for the pur-
pose of impEmenting the rulls of the
sdieme on its hehalF

F. GenerallE Iments ofa Certification Program

1. Designatd authority- The designatd
aut ority musthaw HBgalstanding.

2. Producer-There must be qualfied pro-
ducers.

3. History of the matrialThese data
CoOMer provenance, seed source, and breeding
history.

4. Supervsed production-The designatd
auth ority does this.

5. Standards-The matrialmustmeetmin-
imum standards.

6. Certification hbe B — Labe B are attach ed
to alproducts.

G. Standards for Certification

1. Certification chsses- Forestry pro-
grams typical¥ use the folbwing OECD
standards:

a. Source-identified reproductive matrial
(ye Bw tag). Conditions are:
(1) Seed source andbr provenance must
be defined.
(2) Seeds musthe coMcted, processed,
and stored under inspection.
b. Se Bcted reproductinve materiall (green
tag). Conditions are:
(1) Isoktd
(2) Norm a Inariation
(3) Sufficientsize
(4) Sufficientage and stage ofde\e bp-
ment
(5) Phenotypic superiority
¢ Matrialfron untstd seed orchards

(pink tag).
d. Testd reproductive matriall (b lie
1ag).
2. Seed coMction zones haw special fa-
tures:

a. They are del@mitd by administratiwe
and geograph ic boundaries,

b. Boundaries and refrence numbers of
seed colction zones shou M be estab-
Ished and pub Bshed.

C. Seed coMction zones are necessary for
‘source-identified reproductive mate-
rial’

3. Other requirement of crtification

a. The originator, de\e bper, owner, agent,
or producer mustrequest ertification
and furnish :

(1) Name ofthe \ariety

(2) Statementofthe variety 3 origin

(3) Detai bd description of a aracteris-
ticc tatdistinguish the \ariety
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(4) Enddence of perform ance
(5) Statementon the suggestd area of
adaptation
b. Inspections may inclide:
(1) Initialfie B inspections
(2) Mature crop inspections
(3) Inspections during coMction, condi-
tioning, and storage
(4) Inspection atthe time ofpad aging
for sall
¢ Fees are paid by producer to supportte
system.
Other Docum entation
1. Labe B- Some countries or other poltical
entities require HBbe B for conmerciallsalls
with identity (spedes), purity, germination,
etc, on e BbeB. No certification is imp led.
2. Phytosanitary certificat - Phyto-
sanitary certification is required by most
countries tostop the spread ofinsects and
path ogens. Itcertifies thatthe seeds haw
been inspected and/or treatd.
Sources
For additiona Blinform ation, see Bonner 1981a,
Organization for Economic Cooperation and
Deve bpment 19 74, RudoF19 74.

IV. Germ p lBhsm Conse rvation

62

A.

Introduction

Loss of forests around the worl is wide ¥

dep bred for many reasons. One consequence of

deforestation is te bss of valiabl germp ksm
that cou B be used in artificdalregeneration and
future breeding programs. The Food and Agri-

i Bure Organization (FAO) Bsts more t an 300

tree spedes or promvenances as endangered. For-

tunat ¥, there are stps thatcan be taken
consene this germp hsm.

Ob pctives

1. Recognize the consequences of excessive
bss of germ p bhsm of forest trees.

2. Learn the stratgies avaihb I to consene
germp hsm.

Key Points

The folbwing points are essentialt under-

standing germplasm consenation:

1. Theideal practicc wou B be ex€nsiwe in situ
prese nation.

2. Ex situ conservation is wide ¥ practiced
akeady, but ‘passport data” on p kntd
matrialneed t be maintained.

3. Seed storage can phy a criticalroll in
germ p hsm consenvation.

4. Nationa Eprogram s of consenation shou B
be carefu ¥ p hnned and estab Bshed.

. Importanc of the Prob Im

1. De forestation

2. Insect and disease bsses
3. Gbbalclmat changes
4. Endangered species

. Avai kb I Teanobgies for Consenation

The folbwing stratgies are options for
germ p hsm consenation:

1. In situ conservation

2. Ex situ conservation

3. Comentionallseed storage

4. Cryogenic storage

5. Storage of poHln

6. Micropropagation tissues

. Current Efforts

The folbwing organizations engage in some

germ p hsm consenation (tab B 17):

1. Food and Agricu Bure Organization (FAO)

2. Intrnationall Board for Phnt Genetic
Resources (IBPGR)

3. Centrall America and Mexico Coniferous

Resource Cooperative (CAMCORE)

Oxford Forestry Institut (OFI)

5. Danish Intrnationa IDe\e bpment Agency

(DANIDA)

Centre Technique Forestier Tropical(CTFT)

7. Commonwealh Scientific and Industrial
Researdh Organization (CSIRO)

8. Many otier countries haw nationa Bseed
storage fad Hies

E

S

. Recom mendations for Action

1. Increased efforts in in situ consera-
tion

2. Intrnationallefforts for more ex situ
conservation p hntings

3. More research on con\entionall seed
storage

4. Increased research with recakitrant
seeds

5. Estab Ish more seed banks

V. App Bed Research

A.

Introduction

Many seed prob BIms can be soled bcall witiout
sophisticatd research equipmenttiatis costh t
aquire and operat. Some inwestigations furnish
answers wittoutstatisticalltreatment; others
need statisticallwork t demonstrat teir re la-
biMy. Sim p 0 designs are usua ¥ satisfactory in
seed work, inchiding conpl® ¥ randomized
treatments and factoriaB. The main require-
ments are curiosity and dedication.

. Ob pctines

1. Learn a fw principls of simpl researd
studies.



Tab B 17. -Some m ajor inttrnationa kseed storage centers”

Approxim at
size of colction
Centr Country Spedies Sources Reference
----- Number ----

Unitd Stats Forest

Tree Seed Center Unitd Stats 67 197 Karrfa k (1985)*
Nationa I Seed

Storage Laboratory Unitd Stats 18 41 Bass (1985)f
Petawawa National

Forestry Institut Canada 118 2.130 Janas ( 19 84)
DANIDA Forest

Seed Centre Denm ark 46 187 Anonym ous (19 85)
CSIRO Tree Seed

Centre Australla 900 4,000 Turnbull and Doran (in press)
OF1 United

Oxford, UK Kingdom * ¥ ¥
Banco Latinoame ricano

de Semilhs Forestals Costa Rica 153 308 Anon. (1983)
Banco de Semillks

COH DEFOR H onduras 4 46 Gustavo (1985)%

Bonner, F.T. 1986. UnpubBshed report On fil with

W ash ington, DC. [Number of pages unknown]
tPersonal communication from cntr directors.
*Data notawai hb .

2. Review case study exam plls of app ked seed
researd .
C. Key Points

The folbwing points are essentia 1o app ked
seed researd:

1.

Prob Ims can oftn, but not abays, be
soled with simpl tst and experiments.
Standard procedures are alays used when
they are avaibb B;e.g., ISTA (1985) rulls
for germination tsting.

Treatments are albays replcatd with
senerallseed sources or in difrent seed
years.

Lim itations of the procedures in use must
be recognized;e.g., e Bctric seed m oisture
met®rs cannotbe accurat t 0.1 percent

D. Generall Considerations

1.

Rep Bcation — The ‘standard™is 4 rep I

catts of 100 seeds each (typica W desig

natd 4 x100).

Documentation — Comp Bt records are

essentiall

Statistics

a. Studies musthe designed o albw statis-
ticalana bsis.

b. SimpB designs are used wheneer
possib k.

4.

: USAID Science and Tecinobgy Office,

c. Common sense cannotbe repheed with
statistics.

Pub Ication — Good resu bs shou B be pub-

Ished.

E. Case Studies
1. Matrity indices of fruits or seeds—

detrmine by:

Usingaminimum offi\e trees.

SampIng for a reasonab l time period.

CoMcting 10 to 15 fruits per tree.

Taking cobr ph otograph s if possib .

Testing for the bestparametrs:

(1) Size (Ingth and diame®r)

(2) Weigh t(wetand dry;dried at103 °C
for 15 to 24 h ours)

(3) Moisture content

(4) Germination

(5) Chemicalana bses

f Colcting data and p btting means on a
time scal.

g. Repeating at Basttwic t cower tree
seed crops.

Extracting and cBaning meth ods

a. Possib I tsts inchlide:
(1) Sundrying \s. shade drying
(2) H and extraction \s. mad ine extrac

tion

° Ao e
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(3) Any meaianicall action \s. hand
claning

(4) Detrmining seed size efkcts by siz-
ing into three groups and tsting
germ ination

(5) Dew inging \s. sowingw inged seeds

b. Each treatmentshou M be replcatd 5
times;eadh replcat is tstd with 4
sam p s of 50 seeds ead .

¢ Unusualresu ks are abays retstd.

d. Suggestd statisticall designs are “t’
tst for two treatment and conpllt
random ization for more than two treat
ments.

3. Pretreatment for germination

a. Possib I meth ods o stinchlide:

(1) H and scarification \s. mech anicall
scarification

(2) H ot\s. coll water soak

(3) Stratification time and €mperature

(4) Chemicalstimu htion

b. The same generall directions as
described in ‘2.b” tirough “d” abowe
app ¥ in these tsts allo.

4. Storage conditions

a. Possib I st inclide:

(1) Room tmperature \s. refrigeratd
conditions

(2) Different refrigeration tmpera-
tures

(3) Seed moisture I B

(4) Type of storage containers

b. Replcats shoul be hrge enough t
albw samplng ower time.

¢ Frequency of tsting for orth odox seeds
is 0.5, 1.0, 2.0, 3.0, 4.0, and 5.0 years,
and for reca Eitrantseeds, frequency is
1,2,4,8,12,18,and 24 monts, then
enery 6 months trereafter.

d. At Bastfour rep Icats shou B be used.

5. Testing for recakitrance-A good tst
for rrcabitranc is:

a. Bring the seedlot to fu BMim bibition.

b. Start drying with at Bast o rats
(sbw and fast).

c. Take periodic samplls for moisture con-
tntand germination.

d. Maintain te drying range from full
imbibition to bpercent moisture or
untiBdeath of the seeds.

e. Designat seeds that cannot be dried
be bw 20 percentas recakitrant

f Repeat tis st o confirm recabit
ranc ; nexer trust just one measure-
mentoch. Tests of additiona Eseedlots
are desirab .

g. Ched dillng injury at0 o 5 °C by
exposing fu ¥ imbibed seeds t this
tmperature for 24 hours.

h. Keep statistics in perspective. Rea lze
thatthey are notas im portantas com -
mon sense in intrpretation of resu bs.
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Exercise 1- Seed Structure

Obpcti\e:

To Barn basicseed structures and their function in im portantseed types.

Meth ods:

1. Presoak seed samplls in tapwater atroom tmperature (or 27 “C) for 15 t 24 hours. The imbibition will
soften tissues and fad Mat dissection.

2. Using akni®, clppers, or asingl-edged razor b lhde and depending on type of seeds, carefu lf cutthe seeds
in one of wo difkrentways:

a. cross section (trans\erse)
b. EIngtiwise (bngitudinal
Severallauts may be necessary to expose tie embryo and otier intrna Btissues.

3. Examine the tissues exposed by tie cuts and hbe Itiem on freehand sketdhes ofthe cutmatrial Detrmine
which tissues are for embryo protction, storage of food resenes, etc Look for abnorm a Bstructures, insect
dam age, etc

4. On at Bastone seed ofeach species, ry oremowe tie embryowithoutdamage, sketd it and hbe Ithe part.

Supp Bes:

Cllppers (or kniwes), singl-edged razor b hdes, dissecting need Bs, a smalm agnifying ghss (or hand Ens), pencil
and paper, and seed samp s of fine tree species.

Exercise 2 — Seed Crop Estim ation

Obpctie:

To predict seed crops in advanc of colction by estimating tte number of.
1. Good seeds per fruit
2. Fruits per tree

Meth ods:

1. Good seeds per fruit
a. Choose amu lipl-seed fruitand coMct15 fruits prior tom aturity.
b. Cutfruitt in halF Ingtiwise and countgood seeds \isibl on each haE
¢ Dry tie fruithalles in an owven (40 t 50 “C) to extract seeds and to obtain actua Bcounts of good seeds.
d. Calu Rt regression equations to predict totaIseeds from fruit aoss-section counts.
2. Fruits per tree-Msitnearby trees and estimat fruit crops by:
a. Totalcount
b. One-fourth crown count
c. Sampll brand count
d. Any otier known ways
3. Combine resu s ofboth meth ods toestimat size ofthe seed crop.

Supp Bes:

Cone cutters or sharp b hdes, an owven, drying containers, and binocu hrs.
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Exercise 3a—Cone Drying and Seed Extraction (CentralAmerica)

Obpctiw:
To Barn how t calu bt seed and fruitneeds for a phnting program.

Assum ptions:

Area o phnt2,000 hectares (ha) at1,700 trees per hectare

Species — Pinus aaribaea

.AHmoisture contents are percentage ofwetweigh t

. There are 800 chbsed cones per hectolter (hL) (40 k g).

. Moisture contentofchbsed cones is 40 perent

Cones doub I in size when open.

.Yie B axerages 400 gram s (g) ofpure seeds per hectolter of chsed cones.

. There are 68,200 seeds per kibgram (k g).

. Laboratory germination is 80 percent; 50 percent of the germinatd seeds produc p hntab I seed Ings.

. Cones are putintotie kilh when they reach 25-percent moisture conent

Drying trays h ol 0.5 hL of cbsed cones ;eadh stad ofeigh tdrying trays h ols 4.0 hL; eigh tstad s can fitin
tekibh atonce.

10. Htakes 12 hours todry a fu M arge o the Bbpercentone moisture needed for the cones o open fu .
11. Hetakes 700 ki bca bries (Kcal) oheatl hL of cones for 1 hour.

12. Fue halie for wood of Casuarina equisetifolla is 4,9 50 Kcal per ki bgram ;for P. caribaea cones, 4,500.
13. Open P. caribaea cones weigh 104 g per Ber (L)

OO~ WNPRE

Questions:

How many cones musthe collctd to meettie phnting goalP

How much totallmoisture mustbe bstin predrying (prior oentringkih)?

How many drying stacks willbe needed t predry exerything atonc?

How many kih darges willbe needed?

How BbngwiBittake o open aBMcones?

Howv muc fue BwiBlbe needed with C. equisetifola wood?with P. caribaea cones?
Haw enough cones been colced toheatte kih?

N AR WD

Exercise 3b— Cone Drying and Seed Extraction (IndiafPak istan)

Assum ptions:

Area o phnt2,000 ha at1,700 trees per hectare
Species — Pinus roxburghii
1. Almoisture contnts are expressed as a percentage ofwetweigh t
. There are 400 chsed cones per hectolter (hL) (40 k g).
. Moisture contntofchbsed cones is 40 perent
. Cones doub B in size when open.
.Yie B averages 1.2 kibgrams (k g) pure seeds per hectoler ofcbsed cones.
. There are 12,000 seeds per kilbgram .
. Laboratory germination is 80 percent; 50 percent of the germinatd seeds producc pEntab B seed EIngs.
. Cones are putintotie kilh when they reach 25-percent moisture connt
Drying trays h ol 0.5 hL of cbsed cones ;eadh stad ofeigh tdrying trays hols 4.0 hL; eigh tstac s can fitin
tekibh atonc.
. Httakes 12 hours to dry a fu lcharge t the b-percent oone moisture needed for cones to open fu .

oy UNWwWN
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11. it takes 700 Kcal oheatl hL of cones for 1 hour.
12. Fue Ivalie ofwood of Casuarina equisetifolla is 4,9 50 Keal per ki bgram ; for P. roxburghii cones, 4,500. Open
P. roxburghii cones weigh 110 g per Her (L).

Questions:

How many cones musthe collced o meetthe phnting goalP

How mucd totalmoisture mustbe bstin predrying (prior oentringkih)?

How many drying stacks wilbe needed 1 predry everything atonce?

How many kih carges willbe needed?

Hov bngwilittake to open a Mcones?

How mucd fue lwiBlbe needed with C. equisetifola wood?W ith P. roxburghii cones?
H aw enough cones been colcted toheatthe kih?

~N o0k

Exercise 4 — Storage Space Requirements

Obpcties:
Onc annua Bseed requirement are known, spac requirement for coll storage musthbe calbu htd. A dedsion
mustabBobe made as tohowv many years”supp ¥ of seeds willbe maintained as a sakty margin: 1 year3?
3 years™?

Assum ptions:

1.You mustgrow 2 milon Acada nibticaand 3 mi Mon Pinusw a Bd iana seed Ings each year.

2. A 3-year supp ¥ ofseeds wilbe stored.

Number of seeds per kilbgram (kg) is 7,000 for A.ni btica and 26,000 for Pwallichiana.

For enery three seeds phntd, on ¥ two wiMproduc a phntab Il seed Ing.

The seeds willbe stored in hrge phstichottlls ttatholl 10 kgead . The bottlls are 80 centimetrs (an) ol
and 40 an in diame®r.

6. Ten percentofthe coll storage space is in aislls, etc

ok ow

Cakuht:

1.How many kibgrams ofeach species are to be stored?

2. How many bottls and cubic metrs of storage spacc wilbe required?

3. Repeatcaku htion 2 ifstorage is in boxes 40 by 40 by 40 cm. Each boxwilh ol 6.5 k g ofseeds.

4. Whatare the minimum col storage dimensions needed to store the seeds in calku htions 2 and 3 abow?

Exercise 5 - Sam p Ing

Obgctie:
To Barn the basicmethods of sampihg bull bt and some specialapp Ications for tree seeds.

Me th ods:

1. Mixeaan bttorough beitierwitt amechanicalmixer orby hand. Todothe Rteer, spread the seeds outon a
smooth surfac and mix by scooping from side t side. Then pour back and forth between tw o containers.
2. Detrmine the proper size of tie submited sampll (twice the working sampl).
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3. Draw sampls using tie folbwing equipmentfmet ods:
a. Seed trier

b. Mead anica Bdivider
c. Diwision
d. Extnded hand
4. Weigh each sampll tothe nearestgram, phe in a p hstichag, and hbe
5. Saw these bagged samplls for hter measurements of purity, weigh t, and moisture.

Supp Bes:

A seed trier, a medi anicaldivider, a spatu B, a spoon, p hstic bags (15 by 15 an), marking pens, and Rboratory
bhabncs.

Exercise 6 -Moisture, Purity, and Weigh t

Obpcti\e:

To carry outthe basic stps in measuring moisture, purity, and weigh tofa submitied sampl.

Me th ods:

1. Moisture
a. Use submitled sampls drawn in the sam pEngexercise.

b. Use a spoon or spatu b todraw twosubsamplls of4 o 5geach . Phe sampls in drying cans.
Folbw guide Ines in Bonner (1981b).

¢ Weigh tothe nearest0.01 g and dry in owvens for 17 h ours at103 “C.

d. Coollin desiccators and reweigh . If desiccators are not avai kb B, use rapid-weigh tdiniques t©
obtain dry weight

e. Cabku bkt moisture as a percentage ofwetweigh t
percentmoisture = wetwt —drywt (100)

wetwt

2. Purity

a. Reduc te remainder of the submitied sampll t the proper working sampll size. To detrmine the
proper size, take at Bast2,500 seeds up to amaximum of1,000 g.
b.Weigh the workingsamp B (see 3.5.1.Ain ISTA 19 85).
¢ Divide e sampll into the folbwing com ponents:
(1) Pure seeds
(2) Other seeds (other species)
(3) Inertm atker (inchides seed parts)
d. Weigh ead componentand express as a percentage of tie working sampll weigh t
percentpure seed =  wt. of pure seed  (100)

wt. of entire sample

3. Weight
a. Use the pure seed componentfrom the purity st

b. Eitrer weigh and countthe entire pure seed com ponentor use smalr replcats (the usual
meth od).

Cc. Replcat met od:
(1) Random ¥ countout8 rep Bcates of 100 seeds eadh .

(2)Weigh eadh replcatt the same number ofdecim allp hees used in tie purity determ ination.
(3) Obtain the mean weigh tof100 seeds and mu Kip ¥ by 10 for 1,000-seed weigh t
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(4) Con\ertto pure seeds per kibgram as folbws:
1,000,000 = seeds perkg
wt. of 1,000 seeds
d. In officdaltsting, variation wou B be estimatd as folbws:
(1) Variane = n(2x2) —(2x)?
nn—1)
(2) Standard deviation (a) = vvariance

(3) Coefficient of variation (CV) # 4/ (100)
(x =mean wt of 100 seeds, see 3.cabow)

(4) IFCVis 4.0 or Bss, tie answer in “3.c” abowe is aczptab B. IFCVis more than 4.0, take 8 more
repIcats and repeattie process, using all16 replcates in tie caku htions.

Supp Ees:

A spatu b, a spoon, Bboratory ba bnces, an owen, drying cans, desiccators, forceps, and penciland paper.

Exercise 7 — Callbration ofE Bctric Moisture Me®rs

Obpcti\e:

To demonstrat a simpll method for deve bping callbration charts for e Bctric moisture metrs. These meth ods
wiBlwork with any type ofmetr.

Meth ods:

1. Draw 4 to 5kgofseeds from abul btofthe desired species;mix we B

2. Separat into 10 random sam p Bs ofabout400 g each.

3. Adjustmoisture in these samplls tospan the range ofmoisture contentt atwilbe encountred
(approximat ¥ 5 t© 20 percent). Do tis by drying sexerallsam pls (\ary drying conditions) and by
adding watr to otiers (vary tie amountofwatr).

4. Phe each sampll inaphstichagand p ke the bag in a coollr for 1 week to allbw comp Bt moisture

equiBbration.

.After 1 week, remowe the samplls and Btthem come to room tmperature (2 © 3hours).

6. Take ametr readingon the driest btaccording o the manufacturer? instructions. Record the va lie

and immediat ¥ draw two 5-g subsamplls for oven detrminations of moisture contnt Folbw

previous instructions.

Repeatstp 6 with the otier sampls in tie order of asending moisture contnt

8. Pbtdata on a graph: onen moisture percentage 8. metr reading. Use this cune tore hte future
metr readings to actua Imoisture contnt for tis particu bhr species on §.

9. Formore accurat callbration, fita regression cune (oven moisture percentage on metr readings) and
cabu bt \valies for a callbration tab I. More than 10 observations shou B be avai kb I for a regression,
so another 10 samplls shou M be drawn for a repeat of the entire process.

10. This procedure mustbhe done separat ¥ for each species t be tstd.

al

~

Supp Bes:

An elctricmetr, aspoon, hboratory ba hncs, an oven, weigh ing dish es, desiccators, p hsticbags, and graph
paper.
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Exercise 8 — Germination Tests

Obpcti\e:

To Barn the basicstps ofa germination tstand to carry outsimpll st on some im portantspecies. Because of
te EIngth ofthis course, a fu MEstmay nothe possib 1. By starting a fw samp s before talling aboutsting at
Ingth, some germination shou B occur and be avai kb I for eva bation.

Meth ods:

1. Presoak seed samplls in tapwater atroom tmperature (27 °C) for 15 1 24 h ours.

2. Divide samplls into 2 replcats of 20 t 50 seeds eadh, depending on the species. If Euca¥ptus spp.
seeds are used, weigh outtwo replcats according © ISTA (1985) ru ls.

3. HaFtie chsswillsurfac-strilze tieirsampliswith a bpercentad brine b lach solition, and the
otterhaFwiMlnottreattieirs. Treatmentwi Mconsistofa 5- o bminut soak, folbwed by rinsing in
running tapwatr.

4. Hard-seeded species (e.g., Acada) wilbe scarified with a knif, fill, or sandpaper on te radicl2nd as
detrmined in Exercise 1.

5. Phce replcats in ghss or phstic dishes on moist filer paper or otier suitab I media. Paper shou B be
moist, butnotmoistenough to Bawe “free watr”in a depression made by mashingdowvn on the paper
with a finger. Putdish convers on;ifthere are nocowers, use p hsticw rap.

6. Labe BaMdishes and phce them in a germinator or constant tmperature room ifavai kb 1. If these
faci Hies are notavai kb I, phc the dishes on a tab B under Egh s in the entr ofthe room. If good
Ioh ts are notavai kb I, pha te dishes near windows thatalbw good naturall lgh t

7. Chedk dishes exery day for moisture ; add watr iftiey dry out Germination may become evidentin
about 7 days. Record normallgermination, abnormallgermination, and evidence of insect or disease
prob kms.

Supp Bes:

A knife, smalfill, or sandpaper for scarification, ch brine b Bach, germination b bters, dishes (10 per student), a
ghkss-marking pen, and Bboratory ba hnces. A germinator or constant®mperature room is desirab | butnot
necessary.

Suggestd species:

Pinus, Acada or anotier Bgume, Euca ¥ptus, and two indigenous species,

Exercise § — Scarification

Obpcti\e:

Todemonstrat the re htive efRctiveness of simpll scarification €di niques that can be used in seed tsting.

Meth ods:

1. Countout 120 seeds ofa hard-seeded species and divide tiem into 8 sampls of 15 seeds ead.
2. Scarify 2 rep Icats of15 by each ofthe follbw ing procedures:
a. Rubhand fills orsimihr abrasive devices across th e seedcoat enough tcutanotd in the seed.
b. Use hand cBppers, shears, or aknife tocutt rough the seedcoat abng one side.
c. Sandpaper the seed enough tocutth rough the seedcoat on the radicll end.
d. The other tvosamplis willbe the untreattd controlk.
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3. Phce te scarified samplls on moisth bters in dishes and cover as in tie germination st Phe all
dishes in the germinatoriftiere is spac. Ifnot phe ttem ona tab B with good Egh ting and Baw
them for obsenation through te restof tie course.

4, Periodical® counttie number of germinating seeds and tie number of swoln seeds. This hter
condition confirms tatwatr uptake has occurred, butsometiing e Be may be b bcking germination.
Reporthoth conditions as a percentage of e totalnumber of seeds in e st

Supp Bes:
Four ghss or phstic dishes, germination b bteers, a hand fill, clppers or shears, rough sandpaper, and marking
pens.
Exercise 10 -Rapid Test Tetrazollum Staining
Obpcti\e:

To Barn basic tainiques of e ttrazollum (TZ) stain tst for vabi Hy.

Meth ods:

1. Draw two50-seed sam p Bs from seeds th ath awe been soak ing in tapwater for 24 h ours.

2. Prepare a Epercentsolition of TZ by dissoling 10 g ofa TZ sa k(c bride or bromide) in 1,000 mL of
distilld watr (pH 6.5 t» 7.0). Iftie pH ofthe watr is outside this range, abufRred solition musthe
prepared as follbws:

a. Prepare two solitions:
(1) Solition 1 -Dissolle 9.078 g KH,PO, in 1,000 mL ofw atr.
(2) Solition 2-Dissole 11.876 g Na,HPO,-2H,0 in 1,000 mL ofwatr.
b. Mix two parts ofsollition 1 with th ree parts ofsolition 2.
c Dissole 10g of T sakin 1,000 mL ofthe buffer solition tomake a Epercentsolition.

3. Careful cutopen the imbibed seeds tofu ¥ expose tie embryo. The embryomay be complite ¥
remowved, as in the excised embryo st

4, Complt ¥immerse tie embryos in TZ solition in dishes and incubat them in the dark at30 °C for
15 © 24 hours (depending on the species and seed condition).

5. For envaliation, decanttie TZ solition, rinse seeds in watr, and examine the embryos on a wet
surface. Moderat red staining genera® indicats \Mab I tissues, heaw red staining indicats dam aged
tissues, and te absence of any staining indicats nonviab I tissues. Stain intrpretations may \ary by
species. See ISTA (1985) for guide Enes.

6. Compare resuls with other rapid tstresuls or germination tstresu k.

Supp Bes:

Dissecting equipment, dishes, ttrazollum salk buflrs (ifFnecssary), and a constanttmperature dark incubator.

Exercise EMRapid Test: Cutting and Excised Em bryo

Obpcti\e:

To Barn tdniques ofthe cutting tstfor \iabi Ity estim ation and ofembryo remova lfor the em bryo excision
st

72



Meth ods:

1. Cutting Test
a. Draw sampls of 50 seeds from each of se\erallseedlots and divide them into sublots of 25 seeds eadh.
b. Cuttie seeds in halK using a trans\erse cutthrough the centr ofthe seeds. Catgorize seeds as either
viab I, dam aged by insects or disease, or empty. Awverage te resulls from the sublots.
2. Excised Embryo Test
a. Draw sampls of 50 seeds from eadh of se\erallseedlots t ath aw been soaking in tapwater for 24 1 48
hours atroom €mperature and divide into sublots of 25 as before.
b. Using razor b bhdes or scabe B, carefu Il cutt rough each seedcoat and endosperm (ifpresent), and
expose the embryo.
c Carefull “ase”the embryooutofthe surrounding tissues with dissecting need Bs or oth e r sharp-
pointd instrument. Awid damaging the embryo.
d. Carefull phce the excised embryo on moist fiker paper in a covered dish, sudh as a petri dish.
Maintain at20 °C in Igh tuntilan evaliation can be made (usua ¥ within 14 days).
e. Diseased or damaged embryos sh ou B notbe phced in the dishes. Empty seeds shou B be catgorized as
sud and notrephad in tie kst
f The workingsurfacc and a Minstruments shou B be disinfcted o reducc mol infctions with a 50-
percentethanolsolition. Instrument shou M be “dipped” between each dissection.
g. Embryos shou M be catgorized within 14 days as folbws:
(1) Mab 1l
(@) erminating embryos
(b) embryos with one or more coty Bdons exh ibiting growt or greening
(¢) embryos remaining firm, s ligh th en krged, and either whit or ye Bw according 10 spedies
(2) Nonviab i
(a) embryos thatrapidl¥ dewe bp sexere mol, detriorat, and decay
(b) degeneratd embryos
(c) embryos exhibiting extreme brown or b hd discobration, an offgray cobr, or whit watry
appearanc
(d) seeds in which the embryo is dead, missing, or deform ed
h. Compare your resulls witt tie cutting tstresu k.

Supp Bes:
Singl-edged razor b hdes, scabe B, dissecting need Us, dishes, filer paper, and et anol

Exercise 12 — Seed Healh Testing

Obpcti\e:

To Barn basic tdiniques of seed healh tsting.

Back ground:

Healh tsting of seeds is important for t ree reasons:

1. Seed-borne inocu lm may cause diseases in tie fie B.

2. Importd seedlots may introduce new diseases, so st  meetquarantine regu htions may be required.

3. Seed healh tstingmay aid in seed Ing evallation and he b detrmine causes for poor germination or fie B
estab Ishment Htsuppiment te germination st

Seed Healh refrs primari¥ to tie presence or absence of disease-causing organisms (e.g., fungi, bactria,

and viruses) and anim aBpests (e.g., eelworms and insects). H owe\er, physiobgica Bconditions such as trace

e Imentdefidency may be involled.

Incubation maintains seeds in an environmentfavorab I © tie dewe bpmentof path ogens or sym ptoms.



Pretreatmentis any physicallor chemicall hboratory treatmentofthe working sampll precding incubation th atis
done sol ¥ o fad et tsting.
Treatment is any process, physicallor chemical o which a seedlot is subm itied.

Sampk:
1. Entire submitied sampll may be tie working sampl, depending on the st
2. The working sampl is norma ¥ 400 pure seeds or an equivalntweigh t
3. Sampihg rulls are folbwed.
4. Replcats containing a specified number of seeds, ifrequired, are taken atrandom for a subsampll afer

th orough mixing.

Generall directions:

1. Use diferent meth ods of sting depending on factors such as path ogen or condition being in\estigatd,
species ofseeds, and purpose oftest See ISTA (19 66, 19 85).

2. Examine tie working sampll with or with out incubation.
a. Examine withoutincubation. (This met od proMdes no indication of tie \iabiHy of tie path ogen.)

(1) Examine the sampl with a streomicroscope for generallenidence of diseases or pest.

(2) Examine imbibed seeds. Immerse tie working sampll to make fruiting bodies, sym ptom s, or pests
more easi¥ Msibl and t encourage the re Base of spores. Examine with streomicroscope after
imbibition.

(3) Examine organisms remowed by washing. Immerse the working sampll in watr with a wetting
agent, or in akboh ol and shake to remowe spores, hyphae, nematodes, etc Examine the excess
Rguid with a compound microscope.

b. Examine afer incubation.

(1) After a specificperiod ofincubation, examine the workingsampl. Not the presenc ofdisease
organisms or pests on or in seeds or seed Ings. Use b btEers, sand, or agar for incubation media.

(2) Use bbters when required to grow the path ogens from the seeds or toexamine the seed Engs.
Seeds may or may notbe pretreatd. Spacc wide ¥ to awid secondary spread of organisms. Use
Igh t as neassary to stimu bkt sporu htion. Examine with a microscope.

(3) Sand or artificialcomposts can be used for certain path ogens. Seeds are notusua W pretreatd,
buttiey are wide ¥ spaced on the medium. Incubation is favorab I for sym ptom expression.

(4) Use agar phts to obtain identifiab I grow tt of organisms from seeds.

(a) Strily is required; seeds are norma ¥ pretreatd and spaced.
(b) Identify ch aracteristic cobnies and spores by m icroscopy.
(¢) Use NIghting and germination inhibitors.
3. Examine growing phknts. Grow phnts from seeds and examine them for disease symptoms to determine
the presence ofbactria, fungi, or Viruses. Use inocu Bm from the tstseedlot to st for infction of
healbhy seedIngs.

Caku Bktions and Expression of Resu ks:

1. Express resubs as a percentage of seeds affected or as number of organisms in the weigh tofsampl
examined.
2. Reportresuls on the ISTA crtificat.
a. Report tstmeth od.
b. Reportpretreatments.
¢ Absence ofhealh tstdoes notimpl satisfactory healh condition.

Specific Test Exam p B-Pitth Canker Fungus:

1. Adaptd from Anderson (1986h).
2. Bbter Method, 400-seed sampl.
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a. Pentach bronitrobenzene (PCNB) Broth
Com bine peptone, 15 g;MgS0, 7TH,0, 5 g;KH,PO,, 1 g;€rrachr, Lgwith 1 Lofdisti Bd H,O. Stir
we Busing magneticstirrer. Autochwe for 15 minuts. Afer autochving, pho flhsk on magneticstirrer
and stir sbw ¥ untilsolition cool to room tmperature or sligh th warmer. Add 1 g of streptom ycin
sullt and 1 to 2g ofneomycin su Bt under strill conditions, and stir.

b. PRa 25 seeds on b lie b bteer paper in p hstic containers. Crush the seeds with a strillzed piec of
phsticautto fitthe phstichox opening. Spray seeds and b btter paper with PCNB broth .

¢ Inaubat 14 days at20 °C or unti Bcobnies are 2 an in diametr.

d. Inspect a Mseeds for sbw-growing, granu khr whit cobnies. Chedd each suspecttd cobny using a lght
m icroscope at100 to 400 m agnification for microconidia and polphiallds. Se Bct fungus from seed
surface, notthe b bter surface. SpItthe seeds into 4 groups of 100 for reporting purposes.

3. Agar Method
a. Prepare fresh potato dextrose agar (PDA) (makes 1 L)

(1) Clan and dice one medium -sized potato.

(2) Putdiced potatin beakerwith 500 mL ofdisti Mld H,O. Run th rough autoch\e.

(3) In fhsk, add 20 g ofdextrose and 17 g ofagar t 500 mL of disti Bd H,O.

(4) Putdextrose/agar solition on magneticstirrer and bwv heat

(5) Strain cooked potatoes th rough two hyers ofdieesechbth to obtain at Bast200 mL ofs Lirry.

(6) Not amountofs hirry, and pour s lirry in flhsk with dextrose/agar solition.

(7) Add enough distilld H,O to make totabs Birry solition am ountto 500 mL (i.e., iftiere are 200
mL ofs birry, add 300 mL ofdisti Bd H,0).

(8) Putsolition in autochwe and run for 15 minuts. To acidify media, add 20 drops of 50 percent
Rctic acid o obtain a pH of4.7.

b. Isokting externa Bseed fungi, 25-seed samp il
(1) Phce tie wholl seeds on adidified PDA (pH 4.7).

(2) Incubat 14 days at20 “C.
(3) Ifpossib b, obsene fungal grow t dai § and identify tie fungi.

¢ Isohting intrnallseed fungi, 25-seed sampl
(1) Surface strillze the wholl seeds in 70 percentethanollfor 10 minuts. Stir the seeds exery 2

minuts.
(2) Under strill conditions, cutead seed open and remove halFte entr matrial
(3) Pha the seed haF(entrmatrialon acidified PDA (pH 4.7) usingstrill £d nique.
(4) Incubat 14 days at20 “C.
(5) I possibl, obsene fungal growt dai ¥ and identify the fungi.
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