





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 Analbsts 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

Relwvanttrms 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 ifpossibl.

(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-
cau Burallseeds (tab 1 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 hnces,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
contnt (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

Microwawe 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 tstwilbe.

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 procedure 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 follbw 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 resulsinits 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 tstperiod, 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) Naturallmatrial 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 Bs

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. Phementofsampls

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 resulbs 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) Tetrazollum 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 Iseed performance is tstd
(3) Easy mevallat
d. Disadvantages
(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 fcti\e
(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 water 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 t 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 pctive 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 adwvantages 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 with 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 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 Analst:
“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-
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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
norm allseed 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 \vigor
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 Mfunctions
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 i 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. Acx Iratd aging

b. Coll st

c. Coollgermination st
d. Osm otic stresses

e. Methanolltreatment

3. Biochemical &sts

4

G. R

a. Tetrazollum a bride (TZ) staining
b. Adenosine triph osph att (ATP) activity
c. Ghltamic acid decarboxy hse activity
(GADA)
d. Oxygen uptake (respiration)
e. Leachate st
(1) Sugars
(2) Amino acids
(3) Elctrobts
. 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 linform 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 that
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 ¥;mucdh work remains t 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 e 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 alkernat 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-organisms Found on Tree Seeds

See the dieck Bstof Anderson (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 mobiMy 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 ofGme 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

eflorts by ensuring an adequate 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 BRndow 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 Hhnd 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. Sit
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 Diwision
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, th us enhancing under-
standing of the performanc 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 Bl inform 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 centrs 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 B 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 kns
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 clBaning supenvsor
d. Testing supemnvsor
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 dlaracttr 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 avaihb 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
sdheme 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
presenation.

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 consenra-
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. Simp 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 researc
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 .

¢ Unusualresulks 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 to calu bt seed and fruitneeds for a p hnting program .

Assum ptions:

Area o phnt2,000 hectares (ha) at1,700 trees per hectare
Species — Pinus aaribaea
1. AEmoisture contents are percentage ofwetweigh t
2. There are 800 chbsed cones per hectoler (hL) (40 k g).
3. Moisture contentof chbsed cones is 40 percent
4. Cones doub I in size when open.
5.Yie B averages 400 gram s (g) of pure seeds per hectolter of chbsed cones.
6. There are 68,200 seeds per kibgram (k g).
7. Laboratory germination is 80 percent; 50 percent of the germinatd seeds produc phntab I seed Ings.
8. Cones are putintotie kilh when they read 25-percent m oisture content
. Drying trays h ol 0.5 hL of chbsed cones;ead 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 Rer (L).
Questions:
1. How many cones musthe colicted o meettie phnting goalP
2. How mud totalmoisture musthe bstin predrying (prior oentringkih)?
3. How many drying stacks wilbe needed 1 predry exerything atonce?
4. How many kih acvarges willbe needed?
5 How Bbngwilittake to open aMcones?
6. How much fue BwiMbe needed with C. equisetifola wood?with P. caribaea cones?
7. Haw enough cones been colicted toheatthe kih?

Exercise 3b— Cone Drying and Seed Extraction (IndiafPak istan)

Assum ptions:

Area o phnt2,000 ha at1,700 trees per hectare
Species — Pinus roxburgh ii

1

© o g UNWwN

[y
o

. AHmoisture contnts are expressed as a perccntage ofwetweigh t

. There are 400 chsed cones per hectolter (hL) (40 k g).

. Moisture contentofchbsed 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 fit
tekibh atonc.
. Httakes 12 hours to dry a fu lcharge t the b-percent oone moisture needed for cones to open fu .

in
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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 anicaBdivider
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 . Pha 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 MEestmay nothe possib 1. By starting a fw samp s before taling 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 evMidentin
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 bptus, 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 clppers, 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 untreated control.
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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 T2 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
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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
sudi 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 EIshment Htsuppliment 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 autochw 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 acidified 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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