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INTRODUCTION

The behaviour of seed, a biological product, cannot be predicted with
the certainty that characterizes operations in chemistry or physics. A high
degree of training, skill, and judgment is needed so tests may give consistent and reproducible results. The exchange of seed between countries
and districts requires that tests made in one laboratory should be consistent
with those made in another.
A standard procedure for the determination of seed quality has been
developed to furnish information about the sample composition and the ability
of the seed to produce plants. Rules embracing definitions and fundamental
procedures, based on a thorough knowledge of the principles involved in seed
testing, are necessary so different laboratories may obtain comparable
results on a given seed lot. The following rules for the more important tree
seeds of the Pacific Northwest are based on research information and the
accumulated experience of seed analysts.
Several publications are available covering the sampling and testing of
forest tree seeds. The Northwest Forest Tree Seed Committee has drawn
heavily on these publications, adding to the information developed locally
to produce this set of standards. These will be applied particularly to the
species of the Pacific Northwest. In most instances, local experience and
procedures have made necessary some rewording to produce a standard acceptable to all the users in the Northwest.

SAMPLING

The method of drawing samples from a lot (1) of seed must be done in
such a way that the samples accurately represent the lot in question.
Ordinarily, the amount of seed tested is minute compared to size of seed lot
which it represents. The first essential for obtaining uniform and accurate
results is the care with which the sample is taken. No matter how accurately
the technical work is done the results can show only the quality of the
sample submitted for analysis. Every effort should be made to insure that
the sample sent to the analyst accurately represents the composition of the
lot of seed in question. In reducing the sample in the laboratory every
effort should be made to assure a working sub-sample representative of the
sample submitted.

(1) A "lot" is to be considered as a unit of seed from a particular
source (location and elevation) and which has been processed all at one time.
Lots larger than 500 pounds should be tested in sub-lots of 500 pounds or
less.

No single sample can represent a lot of seed unless that lot is:homogeneous. A homogeneous seed lot may be defined as a quantity of seed that
is uniform throughout. When lack of homogeneity is suspected, the sampler
should keep each portion drawn from the lot separate, and submit each to the
laboratory for a homogeneity test. The method for making a homogeneity test
is explained in the International Seed Testing Association Rules. If there
is definite evidence that the seed lot is not homogeneous, samples from it
should be refused for testing.
Drawing a Representative Sample.
The following instructions are the minimum requirement for adequate
sampling:
1. To obtain a representative sample of the seed lot, approximately
equal amounts of seed should be taken from each container. Subsample equal
amounts from each place in such a container. These portions should be
thoroughly mixed and a sample for testing taken from this mixture.
2. Sampling of all containers is done with a sampling probe which draws
seed from a minimum of three levels (preferably more) within the container.
If such a sampling rod is not available or the seed does not lend itself to
.this sample drawing method the , procedure outlined in paragraph 4 is used.
3. Each container of a seed lot is sampled. Approximately equal
amounts of seed are taken from near the top, middle, and bottom of each
container within the lot. The samples thus drawn are united and well mixed.
The sample to be submitted for testing is taken from this-mixture. This
sample should be achieved by dividing the seed on a seed dividing apparatus
or as described in 4.
4. For non free-flowing seeds draw the sample by hand, taking approximately equal amounts of seed from the top, middle, and near the bottom of
the bags or other containers. This method should be used only when absolutely necessary. When this method of sampling is used close the fingers
tightly around the seeds, so none will escape. If the portions taken from
the different bags or parts of the lot are uniform, a composite sample may
be obtained. It is difficult to mix such seed properly. If a mechanical
mixer and divider for drawing a satisfactory sample is not available, the
random cup, or halving method, may, be used. (page 5)
Minimum Weights of Samples Submitted for Analysis.
Weights of samples for testing are selected to provide a minimum of
2,000 seeds for the standard sample. If the seeds are large or the lot low
in purity add a compensating amount to insure at least 2,000 seeds. The
minimum weight submitted and the approximate number of seeds per ounce are
listed in Table 1. If a moisture test is desired an additional minimum
amount of one ounce is submitted in a separate Moisture proof container.

Table 1.

Minimum Weights of Seed to 'be'Submitted for Testing

Species

Standard
Tests 1/

Additional
for other
Tests 2/

Abies amabilis, (Dougl) Forbes
Abies concolor, (Gard Glend.) Lindl.
Abies grandis, (Dougl) Lind'.
Abies lasiocarpa, (Hook.) Nutt.
Abies magnifica, A. Murr

Ounces
5
5
3
3
8

Ounces
1
0
0
1
0

Abies magnifica var. shastensis, Lem.
Abies procera, Rehd.
Chamaecyparis lawsoniana, (A. Murr.) Parl.
Chamaecyparis nootkatensis, (D.Don) Spach.
Larix occidentalis, Nutt.
Picea engelmanni, Parry
Picea pungens, Engelm.
Picea sitchensis, (Bong.) Carr.
Pinus contorta, Dougl.
Pinus jeffreyi, Grev. and Balf.
Pinus lambertiana, Doug!.
Pinus monticola, Dougl.
Pinus ponderosa, Laws.
Pseudotsuga menziesii, ( girb.) Franco
Sequoia gigantea, (Lindl.) Decne
Sequoia sempervirens (D. Don) Endl,
Thuja plicate, Donn.
Tsuga heterophylla, (Raf.) Sarg.

8

0

5
1
1
1
1
1
1
1
10
16
1
5

1
0
0
0
0
0
0
0
4
5
0
1
0
0
0
0
0

2
1
1
1
1

Number
of
Seeds 3

Number
of
Seeds 3/

Per
Gram
25
33
51
83

Per
Ounce
707
934
1,415
2,349

15
15

424

32
460
240
250
300
230
460
300
9
5
130
26
93
200
270
910

907
10,018
6,792
7,070
8,490
6,190
10,018
8,490
255
142
3,679
746
2,532
5,760
7,641
25,753
18,395

650

424

1/ This amount is sufficient for purity, germination 1,000 seed count, and
cutting test.
2/ This should be added to the amount listed under standard tests when additional
tests such as hydrogen, peroxide, staining, etc. are desired.
3/ These numbers are approximate.

LABORATORY CARE OF SAMPLES
Incoming Samples.
Samples of forest tree seeds should be carefully handled. If sample
containers are torn or broken in the mail a new sample is requested. Any
opening may allow mixing with seeds escaped from other packages.
Forest tree seeds held in below freezing storage are especially
sensitive to warm temperatures and changes in moisture content. Samples
are kept in a cool, dry place except when being analyzed. Samples for
moisture testing are kept in a moisture proof container. When the entire
sample is received in a moisture proof can the moisture test should be done
first and the can resealed until the moisture test is complete.
Caution should be exercised to keep all seeds from exposure to chemical
fumes. Those from herbicides may adversely affect germination. If seeds
are exposed to fumes, retests should be made on new samples.
Storage of Samples.
Seed remaining after the initial tests are stored under cool dry
conditions above freezing in a moisture proof can or in a heavy closed
plastic container. These should be retained for at least six months. This
procedure allows retests or review.
PURITY ANALYSIS
The purity test is designed to determine quality by kinds and amount
of seeds and extraneous material present in the sample of a lot of seed. A
purity test determines the percentages by weight of the following components
of the working sample: (1) the kind of seed under consideration, (2) inert
matter, (3) other seeds. In addition to these percentages, the kind and
number per pound (when less than no of each other seed is shown. The character of inert matter and pertinent remarks are also included.
Ordinarily a noxious weed examination is not needed for Pacific tree
seeds, but it may be necessary for export and import transactions. A noxious
weed examination is made when necessary.
Weight of the Working Sample.
The weights for working samples for common kinds of seeds are listed in
Table 2. For seed not included in this table, use a quantity approximately
that given for a seed of similar size and weight, but not less than 2,000
seeds.

Obtaining the Working Sample.
The entire sample submitted for testing is thoroughly mixed by hand or
by passing it through a mechanical divider to redistribute any seed which
may have become stratified in transit.
The sub-sample for percentage determinations is drawn by a mechanical
divider. If an instrument is . not available use the random cup, or halving
method.
1. Mechanical divider: The mechanical divider eliminates unconscious
selection by the person making the division. Dividers are designed to
divide a sample into two equal amounts regardless of particle size. The
working sample is obtained by repeatedly dividing the sample until an amount
slightly greater than that listed in Table 2 is obtained. Deviations such
as additions or subtractions from the divided sample might modify the
accuracy obtained by use of the equipment.
2. Random cup method: Small containers of equal size are placed in a
random spacing on a tray or pan. The seed is then shaken gently over the
surface of the try. Use a regular pattern, first in one direction then at
right angles. The flow of seeds should be as even, as possible. The contents
of enough cups are combined to provide the weight of the subsample. Modifications of this method may be used by varying the shape and size of the cups
or using a sectioned tray.
3. Halving method: Mix the sample thoroughly by hand on a clean paper
or other smooth surface. Make a pile and use a straight edged instrument to
divide it through the center. Push one-half aside and divide the other half
into two equal parts. Continue until approximately the correct amount is
obtained. Exercise care to keep fine chaff or tiny seeds in the proper
proportion.
Definitions for Purity.
1. Pure Seed: Pure seed includes each identifiable species occurring
in the sample in amounts greater than five percent. In addition to obviously whole seeds pure seed shall include the following groups. (1)
a. undersized, shrivelled, or immature seeds provided they can be
definitely identified as the species under consideration.

(1) Practical reasons have dictated adding those that obviously may
not grow normal seedlings to the pure seed. These reasons include the
expense of sorting all damaged seed from the mature undamaged seed. The
"half-seed rule" has been developed over a long period of time as giving
more reproducible results than other criteria. The extent of damage is
reflected in the germination test.

Table 2. Minimum Weights of Working Samples for Purity Determinations,
(and Noxious Weed Seed When Needed).

Scientific
Name

Common
Name

Minimum Weights
Purity
Noxious Weed
Seeds
Components
Grams
Grams

Abies amabilis

Pacific silver fir

100

Abies concolor

white fir

100

300 or entire
Sample
At
300

Abies grandis

grand fir

100

300

Abies lasiocarpa

subalpine fir

50

250

Abies magnifica
300
100
California red fir

It

Abies magnifica var. shastensis

Shasta red fir

100

300

Abies procera

noble fir

100

300

Chamaecyparis lawsoniana

Port-Orford-cedar

5

30

Chamaecyparis nootkatensis

Alaska-cedar

10

30

Larix occidentalis

western larch

10

30

Picea engelmanni

Engelmann spruce

10

30

Picea pungens

blue spruce

10

30

Picea sitchensis

Sitka spruce

5

,30

Pinus contorta

lodgepole pine

10

30

Pinus jeffreyi

Jeffrey pine

300

500

Pinus lambertiana

sugar pine

500

500

Pinus monticola

western white pine

25

250

Pinus ponderosa

ponderosa pine

100

300

Pseudotsuga menziesii

Douglas-fir

25

250

Sequoia gigantea

giant sequoia

10

30

Sequoia sempervirens

redwood

10

30

Thuja plicate

western red-cedar

5

30

western hemlock

5

30

heterophylla

ft

It

I'

It

b.

undamaged seeds without cracks or damage to the testa, whether
they are thought to be empty or full.

c.

solid pieces of seeds more than one-half their original size,
resulting from breakage or insect damage.

d.

" seeds" (botanically mature ovules or fruits when the mature
ovules are inseparable from their ovary and fruit-like
structures), regardless of whether they contain a true seed,
unless it is readily apparent by visual examination that no
true seed is present.

e.

fungus infected seeds identified as the seeds under question-.

f.

seeds which have started to germinate.

Other Seeds: Other seed includes seeds, bulblets or tubers of
2.
plants other than the tree seed considered "pure seed". Noxious weeds
includes those designated by law as noxious.
Inert Matter: Inert matter includes seedlike structures and other
3.
material.
a. Parts of seeds and seedlike structures from the "pure seed"
portion.
pieces of broken or damaged seeds one-half the original
size or less.
broken and unattached wings of tree seeds. Wings attached
to the seed units are not removed as inert matter except
those loosely held and which normally are removed in
processing.
wings with a thickened spot instead of a seed.
(4) decorticated seeds.
b. Parts of seeds and seed-like structures from the "other seed"
portion.
(1)

damaged seed with over one-half of the embryo missing.

(2)

immature or empty seeds clearly incapable of growth.

c. Other matter - Soil, sand, stones, chaff, twigs, leaves, cone
scales, pieces of bark, flowers, fungus bodies, insects, and
all other matter not seeds.
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Separation of the Purity Sample
The working sample should be weighed in grams to four significant
figures (for example 500.0 grams, 100.00 grams, 50.00 grams, 5.000 grams).
The working sample should next be separated into its component parts -- pure
seed, other seed, and inert matter.
If the component materials vary in size or weight, the working sample
should be blown in a seed blower or sieved to save time in hand sorting.
All portions of seeds are considered pure seed if they are larger than
one-half the size of a whole seed of similar size and shape. Select a whole
seed of similar appearance for comparison in judging the portion.
Insect damaged seed are considered "pure seed" when more than half the
seed remains.
If many immature seeds are present report it under "remarks". The
seed lot could be recleaned to remove such units.
Fungus bodies or insects present should be noted under "remarks".
The component parts are weighed to the same accuracy as the original
weight, Sand then totaled and checked against loss of weight. If over one
percent difference is found a new test should be made.
The percentages of each of the three component parts should be calculated to the second decimal place (for example, pure seed 95.75%, inert
matter 4.25%).

GERMINATION TESTING

Objective and Definition
The ultimate object of seed testing is to provide controlled germination data from which to make an estimate of planting value. Because of
variation in field conditions germination tests must be carried out under
laboratory conditions which_will permit reproducible results. Additional
information on the response of certain seed lots to unfavorable conditions,
or vigor test are sometimes desirable but have not yet been developed or
standardized for forest tree seed.
In seed laboratory practice, germination is defined as the emergence
and development from the seed embryo of those essential structures which
are indicative of the ability to produce a normal seedling capable of
continued growth under favorable conditions. The environmental conditions
for laboratory germination must not only initiate growth in the seeds, but
must be favorable for development of the resulting seedling to a stage at
which classification into normal and abnormal types may be made.
Germination Conditions
The general conditions for germination testing are listed in Table 3.
Some explanation of terms used in this table may be helpful.
1. Method (Column 2): It is sometimes necessary to test seeds of
tree species that grow in the Pacific Northwest by two or more methods
which run concurrently. Optional methods are listed for experimental use.
Method number one is an untreated control and consists of planting
the seeds directly in moist substratum and placing them in the germination
chambers without pre-treatment. Other numbers refer to methods used to
overcome dormancy or in a quest for optimum conditions.
2. Substrata (Column 3): The symbols for substrata are as follows:
P.S. = covered dishes, (four inches square or larger) approximately twothirds filled with moist sand or similar media; P.P. m covered dishes
with paper medium which may be (a) two layers of germination blotters,
(b) three layers of paper towelling or filter paper. The seeds are placed
on top of the substratum.
Experience indicates that most forest tree seeds are not highly
specific to the substratum used. Satisfactory substrata include sand and
peat-moss, mica exploded and sold as Vermiculite or Terralite, paper
towelling, filter paper, and Jacobsen apparatus. Each new lot of germination media should be checked against similar material of known quality
to ascertain that it has the desired characteristics. No chemicals should
be present that will influence the test results adversely.
The notation KNO3, (Column

3)

refers to the use of a two-tenths
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Table 3.

Kind

Method

Methods of Testing for Germination

Substrata 1/

Pre-Treatment

Temperature
(with light)

1
2
3*

P.S

None
4 wks @ 5ct
Wash 16 hrs or
soak 30 hrs then
1 wk @ 5°C.

20°- 30°C

1
2
3*

P.S., P.P.

None
4 wks @ 5°C
Wash 16 hrs
then 1 wk @ 5°C.

20°- 30°C

1
2
3*

P.S., P.P.

None
4 wks @ 5°C
Wash 16 hrs
then 1 wk .@ 5°C.

20°

1
2
3*

P.S., P.P.

None
4 wks @ 5°C
Wash 16 hrs
then 1 wk @ 5°C
8 wks @ 5°C

20°- 30°C

None
4 wks @ 5°C
Wash 16 hrs
then 1 wk @ 5°C

20°- 30°C

None
4 wks @ 5°C
Wash 16 hrs
then 1 wk @ 5°C

20°- 30°C

None
4 wks @ 5°C
Wash 16 hrs
then 1 wk @ 5°C

20°- 30°C

Usual
Duration
(Days)

No.
Abies amabilis
Pacific silver fir

Pap.

11

********
Abies concolor
white fir
********
Abies grandis
grand fir

II
11

********
Abies lasiocarpa
subalpine fir
********

Abies magnifica
California red fir

4*

1

P.S., P.P.

2
3*

********

Abies magnifica
Var. shastensis
Shasta red fir
********

1
2
3*

P.S., P .P.

Abies procera
noble fir

1
2
3*

P.S., P.P.

It
rI

II
II

********
1/ P.S. =
P.P. =
Either
*

Petri dishes with sand.
Petri dishes with paper.
substratum may be used. (page 13)
Optional

11

ft

11

ti

11

11

rr

/1

30°C

It

11

It

It

21

21
If

21
111

21
II

tr

It

11

tt

11

11

II

It

11

II

21

It

11

11

It

/I

5o c . 41 F
20°C = 68°F
30°C = 86°F

21

21
11

11

Table 3.

Page 2

Kind

Method

Substrata

Pre-Treatment

Temperature
(with light)

Usual
Duration
(Days)

Chamaecyparis
lawsoniana
Port-Orford-cedar
********

P.S.,P.P. KNO3

None

20°C

28

Chamaecyparis
nootkatensis
Alaska-cedar
********

P.S.,P.P. KNO3

None

20°C

28

P.S.,P.P. H20

None
2 wks @ 5°C
None
2 wks @ 5°C
None
2 wks @ 5°C
None
2 wks @ 5°C

20°- 30°C

P.S.,P.P. H20
P.S.,P.P. KNO3

None
None

20°- 30°C

P.S.,P.P. H20

None
2 wks @ 5°C
4 wks @ 5°C
None
2 wks @ 5 0C
4 wks @ 5°C

20°- 30°C

P.S.,P.P. H20
P.S.,P.P. KNO3

None
None

200..

1
2
3*

P.S.,P.P. H20

None
4 wks @ 5°C
None

20 ° "' 30° C

1

P.S.,P.P.

None
4 wks @ 5°C
8 wks @ 5°C
12 wks @ 5°C

20°- 30°C

Larix occidentalis
western larch

1
2
3*
4*
5*
6*
7*
8*

/1

/1

II

P.S.,P.P. KNO3
11

II

ft

P.S.,P.P. H20
If

II

If

P.S.,P.P. KNO3
n

If

II

21

If

II

II

It

It

It

In

It

II

In

20°C

11

11
I

"
ft

ft

********

Picea engelmanni
Engelmann spruce
********
Picea pungens
blue spruce

1
2*

2
3
4*
5*
6*

I/

tt

rt

It

"
"

P.S.,P.P. KNO3
11

It

II

II

"
It

II

11

II

II.

I/

It

21
It

21
I/
II
II

II
It
II

It

I1

ft

II

It

********

Picea sitchensis
Sitka spruce
********
Pinus contorta
lodgepole pine
********
Pinus jefferyi
Jeffrey pine

*

3
4*
********

II

II

I/

P.S.,P.P. KNO3

It

It

It

It

II

If

tt

30°C
It

II

II

It

It

21
If

21

21

II

It

It

11

I1

IT

12
Table 3. - Page 3
Method

Kind

Pinus lambertiana
sugar pine

1
2
3

Substrata

P.S.,P.P.
II

11

II

II

Pre-Treatment

None
8 wks @ 5°C
12 wks @ 5°C

Temperature
(with light)
o
200- 30 C
ft

Usual
Duration
{Days)
28

11

If

H

11

********

Pinus monticola
western white pine

1
2
3

P.S.,P.P.

1
2
3*

P.S.,P.P.

11

11

II

11

None
8 wks @ 5°C
12 wks @ 5°C

15°- 25°C
11

II

/I

It

28
11

********

Pinus ponderosa
ponderosa pine

4

20°- 30°C
None
4 wks @ 5°C
Soak 16 hrs stratify 6 wks @ 5°C
25°C
209- 30°C
8 wks @ 5°C

21

111

II

11

11

tr

14
14

********

Pseudotsuga
menziesii
Douglas-fir

1
2
3*

P.S.,P.P.

1
2
3*
4*
5*
6*

P.S.,P.P.

1
2
3*
4*
5*
6*

P.S.,P.P.

30°C

21

None
3 wks @ 5°C
Soak 24 hrs 20°C
48 hrs @ 5°C

263

None
2 wks @ 5°c
None
2 wks @ 5°C
None
2 wks @ 5°C

20° "' 30°C

None
2 wks @ 5°C
None
2 wks @ 5°C
None
2 wks @ 5°C

20°- 30°C

P.S.,P.P. H20
P.S.,P.P. KNO3

None
None

20°- 30°C

P.S.,P.P.

None
Soak 30 hrs @
room temp.
6 wks @ 5°C

20°C

28

20°C

14

II

ft

11

11

II

It

If

It

11

********

Sequoia gigantea
giant sequoia

11

1/

I/

II

It

If

tl

11

It

If

If

11

II

20°C
II

It

15°- 25°C
II

28
tt

It

11

It

********

Sequoia sempervirens
redwood

II

II

II

II

It

ft

11

If

II

It

II

11

28
11

ft

20°C

11

tI

15° '' 25°C
1I

It

It

********

Thuja plicata
western red-cedar
********
Tsuga heterophylla
western hemlock
********

1
2*

It

II

II

It

21
It

13
percent (0.27.) solution of potassium nitrate to be used as the first
moistening agent for the substratum. Later when any test needs additional
moisture, water is'added instead of potassium nitrate solution. The
solution of potassium nitrate is prepared by dissolving two grams of KNO3
(ASC grade) in 1,000 ml. of distilled water.
3.
Spacing: Since molds or inhibiting substances may spread from
seed to seed, containers for substratum should allow seed to be spaced
approximately twice their width apart.
4. Moisture and Aeration: The amount of moisture is maintained
according to the nature and size of the seed. The substratum must be moist
enough to supply the needed moisture continuously to the seeds but not
enough to restrict proper aeration. A film of water should never form over
the small seeds.
5. Pre-treatment (Column 4): Where "none" is indicated the seeds are
placed directly on the moist substratum and put in the germination chambers
at the temperature or alternation of temperatures listed in Column 5. The
time and temperature used for stratification or pre-chilling is listed. For
example, four wks @ 5°C (41°F) indicates that the seeds were placed on moist
substratum and held in a cold chamber maintained at 5° t 1°C for four weeks.
At the end of the four week period, the tests are transferred to germination
chambers. Various stratification or pre-chilling periods such as 48 hours,
2 weeks, 3 weeks, 4 weeks, 8 weeks, and 12 weeks are used depending upon
the combination of treatment or the degree of dormancy generally encountered.
Method number 3 for Abies which states "wash 16 hours then 1 wk @ 5°C"
(41°F) is a method being used on an experimental basis in search of satisfactory testing conditions. Each 100 seed replicate is placed in a wire
cup of a seed washer. The seed washer forces tap water through the wire
cups. This soak-washing action is continued for sixteen hours. The seeds
are then removed from the water and placed on moist substrata in covered
dishes and continued in the same manner as Method 2 (1). Method number 3
under Pseudotsuga menziesii is also an experimental check. The pre-treatment
consists of soaking the seeds in tap water (200 ml. of tap water per 100
seeds) for a period of 16 hours and at a temperature of 20°C (68°F). They
are then drained, surfaced dried, and placed on moist substratum.
6.
Temperature (Column 5): A single number indicates a constant
temperature. Two numerals separated by a dash indicates that the test is
to be held at the first or lower temperature for 16 hours of each day and
at the second or higher for 8 hours. If the germinators are not, equipped

(1) New type seed washer by Robert S. Gaddie, Seed World, November 1,
1946. Purchased from Gunther Metal Works, American Forks, Utah.
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with automatic controls, the lower temperature should be maintained over
weekends.
7. Light (Column 5): Light appears to be beneficial to discourage
mold growth on samples even when it is not needed for stimulation of
dormant seeds. It is recommended for the species included here. Light
should be provided eight hours daily or for the duration of the higher
temperature. The intensity should be from 75 to 150 foot candles.
8. Sanitary Conditions: Such sanitary conditions as frequent
sterilization of the germinators, use of fresh or sterilized substrata,
proper seed spacing, removal of decayed seed or washing of moldy seed
should be observed. Any indication that organisms have destroyed the
validity of a test calls for retesting.
9. Duration (Column 6): The usual duration of tests does not include
the pre-treatment period. Any test may be terminated prior to the number
of days listed under "usual duration" if the analyst is positive the
maximum germination Of the sample has been obtained. The percentage of
sound seed should be ascertained at the end of the test period. (See
evaluation of tests, Page 15).

Source of Seed for Germination
When both a purity and germination test are required, seed should be
counted at random from the pure seed fraction. When only a germination
test is required and the sample is estimated to be 98 percent or better
pure seed, seeds should be taken at random from the bulk sample. If the
sample is less than 98 percent pure, a modified purity test should be
made to obtain "pure seed" for planting.
A minimum of four hundred seeds of each kind being tested should be
selected at random in equal replicates of 100 or fewer. In tests where
replicates contain less than 100 seeds the results should be combined at
random to form composites of 100.
If seeds vary in size, care must be taken to obtain a random sample.
When a mechanical counter is used the seed should be spread evenly over
the counter before the vacuum is turned on so that the seed selection is
entirely mechanical. When counted by hand, selection by size or appearance
must be avoided.

Evaluation of Tests
Frequent and regularly spaced counts are to be made on all tests
because the growth curve of a lot may provide useful information. It may
show dormancy, declining viability, or vigor. Kinds of seed that grow
slowly or have not been stratified are counted at weekly intervals. Kinds
which normally complete their germination within two weeks are counted at
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intervals of two or three days after evaluation is possible.
In evaluating test results it is necessary to distinguish between
normal seedlings and abnormal seedlings.
1. Normal seedlings can be expected to continue their growth under
favorable conditions and should include the following:
a.

Seedlings having a well-balanced growth of all the essential
parts. Seeds should not be counted as having germinated
until the radicles protrude three or four times the length of
the seed.

b.

Seedlings infected with fungi or bacteria that has spread
from a source other than the seed itself.

c.

In case two or more embryos germinate, only one is included
in the germination count. If there is more than 5 percent
seeds showing polyembryony in any sample, this should be
reported on the analysis certificate.

2. Abnormal seedlings include all seedlings that do not permit
classification as normal seedlings, such as:
a. Reverse germination - the cotyledons push out of the seed
and the radicle remains enclosed in the seed.
b, Stunted radicle - the radicle is short and does not continue
a rapid healthy development. Often the radicle tip is also
yellow in color.
c. Watery seedlings - the seedling is translucent in appearance.
d.

Weak seedlings - the seedling is far below the normal in size.

e.

Infected seedlings - the source of infection is from the
specific seed.

3. Sound seed- At the final count all seeds remaining ungerminated
should be cut and the contents examined. Sound seed are those which have
not decayed and whose contents have remained firm and of good color both
in the embryo and endosperm.
4. Dead seed - All seed not tallied in items one to three above will
be considered dead seed. These include decayed, woody, resinous or insect
filled seed.

Reporting Germination Tests
Only normal seedlings are reported to have germinated. Sound seeds
are reported since they may be considered viable but dormant. Abnormal
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seedlings and dead seed are not usually reported, but may be noted under
remarks.
The time interval and individual counts may provide useful information
to the sender concerning vigor or other physiological condition, and may be
included in the report.
Methods used other than those listed in Table No. 3 should be noted on
the report.
High incidence of seed exhibiting insect damage or other unusual
conditions, may be reported under remarks.

QUICK VIABILITY TESTS
Quick viability tests are designed to tell whether seed are alive or
dead, and may not tell whether they will produce good seedlings. The
result may be strongly correlated with the germination test and may have
other uses as well. For example, an X-ray test of seed from high elevation
sources may reveal the need for long stratification to allow embryo development. Several methods are presently being used for quick tests. Other
tests which may also indicate viability are being developed by biochemists.
1. Hydrogen peroxide test: This method is simple, inexpensive, and
relatively easy to interpret. Developed as a malting test for barley and
modified for certain tree seeds, it has been quite successful in evaluating
viability.
2. Biochemical stains: The most common stain is tetrazolium chloride.
Care and experience is needed in the interpretation of staining to obtain
results that correlate with germination tests. The method is inexpensive
and no unusual equipment is needed.
3. X-Ray photography: Although the equipment is expensive to purchase
and requires skilled personnel, it is expecially rapid and useful in
disclosing the development of the embryo. Experience is needed to correlate
seed appearance with viability and germination.
4. Excised embryo test: This method does not need special equipment
but requires skilled personnel to avoid damage to poorly developed or
fragile embryos.
None of the quick tests has been tested to the point where it can be
substituted directly for germination tests. All require interpretations
not yet standardized.
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WEIGHT OF ONE THOUSAND SEEDS

The weight of 1000 seeds is an index of seed size and is used to
calculate the number of seeds per pound for sowing rates.
Seeds are counted at random from the pure seed. If the seed is ,
counted by hand or with a vacuum counter at least two replicates of 500
seeds are counted and weighed in grams to at least three significant
figures. The weights of the replicates'should be in agreement. Should the
difference between replicates be greater than 10 percent, retests are made.
If an electronic counter is used at least two replicates of approximately 1000 seeds are counted and weighed to at least three significant
figures. The weights of the replicates are totaled, divided by the total
number of seeds and multiplied by 1000.
The results indicating the weight of 1000 seeds are computed to at
least the second, decimal place in grams if the weight is below 10 grams; to
the first decimal place if the weight is 10 grams or more but below 25 grams,
and in whole numbers if the weight exceeds 25 grams.

CUTTING TESTS
Cutting tests provide an estimate of the interior condition of the
seed and are widely used as a preliminary estimate of germination quality
in the field.
Seeds for a laboratory test should be taken from the "pure seed
fraction". Four replicates of 100 seeds each should be taken randomly
either by vacuum counter or by hand. Individual seeds should be cut in
cross-sections with a razor blade or sharp instrument and the contents
examined. The report lists the percentage of seeds filled and the percentage
empty. The cutting test might be evaluated to include the percentages of
seeds well-filled and bright, insect damaged, empty, shriveled, watery,
woody, and so forth. At the present time only empty and filled seeds
(containing an endosperm) are designated in service tests.

MOISTURE CONTENT

Accurate tests of moisture content are useful especially for seeds
sensitive to moisture variations during storage. Determinations of the
moisture content in coniferous tree seed is complicated by the presence of
volatile compounds which may be measured as moisture in drying procedures.
Methods for determining moisture in seeds have been proposed and are
in use. Few have been investigated for use specifically on forest tree
seeds. Cereal chemists have standardized methods for cereals. Similar
standardization may be desirable for forest tree seed.
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Submitting Samples
Samples should be drawn for moisture tests as described in the section
under sampling (Page 1). When samples are drawn in cold storage rooms,
they should be enclosed in waterproof containers while in the cold room as
moisture from the air condenses almost immediately on cold seeds if they are
removed from cold storage in open containers. Metal cans with grooved
friction lids (paint cans) are satisfactory. The cans should be filled to
leave little air space. Sealed heavy plastic bags (5 mils. or more in thickness) may be used.
Methods for Moisture Determination
1. Oven drying: The air-oven methods, which may include both airovens or vacuum ovens, are most extensively used and are considered standard.
The samples should be placed in weighing bottles, weighed and placed in an
oven. Several types of air-ovens and vacuum ovens may be used. Probably
the most common is the air-oven with a fan and ventilating system. The
vacuum oven is considered more accurate.
The use of relatively low temperature is important for coniferous tree
seed and should not exceed 86°C (187°F). The time should allow for constant
weight to be reached (16 to 48 hours). The weighing bottle should be
covered and removed to a desiccator to cool before weighing.
2. Phosphorus-pentoxide: A vacuum oven may use a phosphorus pentoxide
compound (P205) kept outside the oven to absorb the moisture as it is
released. The phosphorus pentoxide should be kept at a temperature sufficiently low to prevent. decomposition. Although this method is very scowrate it has limited practical value except as a control in calibrating
other methods suitable for routine work.
Karl Fisher: A more efficient method has recently been developed
3.
for testing cereal grains. This involves extraction of water with methanol
and its measurement by titration with Karl Fisher reagent. This system may
overcome the difficulty encountered with volatile substances in tree seeds,
but its exact role for tree seeds is presently unknown.
4. Electric Meters: Faster and less accurate methods are in use for
moisture determination. Most of these are based on the measurement of either
the conductivity or the dielectric properties of the seed. Such machines
should be closely calibrated with a more accurate method before using for
forest tree seed. Frequent checks are necessary to maintain accuracy.
Individual kinds of seed may need specific calibrations.
Drying Meters: Moisture determinations made by infra-red lamps
5.
for quick drying are well correlated with oven drying for most kinds of
small or chaffy seeds. For tree seeds one such machine gives fairly
accurate results when the temperature is controlled with a rheostat to
prevent over-heating.
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Calculating and Reporting Results
The moisture content is derived from at least duplicate samples and
should be expressed as a percentage, based on original weight (weight of
dry seed plus moisture at the time the test is begun). Moisture content
should be reported in a percentage calculated to at least one decimal
place. Since basic research is not complete for forest tree seed, any of
the standard methods may be used. The method used should appear on the
report.
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The following standards are recommended as the minimum to which seed
should be processed. Higher standards are desirable. Lower standards may
be tolerated when conditions warrant.
The moisture content standards are considered, optimum for long-term cold
storage.

Seed
Species

Cut
Test

Douglas-fir

90%

95%

nobl fir

50%

95%

35%

9% to 12%

grand fir

50%

95%

35%

94

to 127

Pacific silver fir

50%

95%

207.

9%

to

12%

white fir

50%

95%

35%

97,

to

12°4

Shasta red fir

50%

95%

35%

9% to 12%

western hemlock

907

90%

60%

6% t

sugar pine

90%

95%

75%(Germ.+ sound at
end of test)

67. to 97

western white pine

957

90%

ponderosa pine

90%

95%

Purity by
Weight

Viability by Test
Germination Peroxide

Moisture
Content
6% to 97.

70

9%

6% to 9%
67 to 9%

Port-Orford-cedar

90%

75%(Germ.+sound at
end of test)
70%

western red-cedar

90%

60%

6% t

90%

70%

6% to 9%

Sitka spruce

90%

6% to 9%
9%
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REPORTS

Reports appearing in the appendix are only suggested
examples and are not to be considered standard.

COOPERATIVE SEED LABORATORY
NORM SEEDIE

Corvallis, Oregon
September 20, 1959

Test No. 10008

MOUNTAIN, CALIFORNIA

Name of Seed: Pseudotsuga tnenziesii
Douglas fir
Sender Mark: Location, Elevation, Source.
REPORT OF GERMINATION TEST OF FOREST SEED RECEIVED

Test
in
days

Chec k 1/
GermiSound
nation
Seed
per cent per cent

METHODS
3 week chilli/
GermiSound
nation
Seed
per cent per cent

Soak 48 hours chill
GermiSound
nation
Seed
• er cent
per cent

7

25

63

17

14
21
28
35

60
66
69
74

76
76

55
63
64
64

2
42/
—

742./

1 4/

o_/

7-21-59

64

REMARKS: Pure Live Seed 83. 14% 5/
1/ Refer to Section for Germination Conditions,
2/ Refer to Section for Germination Conditions,
3/ Refer to Section for Germination, Evaluation
4/ Refer to Section for Germination, Evaluation
5/ Product of Purity x Germination,. pp 22.

paragraph on Method (1), pp 9
paragraph on Duration (9), pp 14
of Normal Seedlings, pp 15
of Sound Seed. pp 15
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COOPERATIVE SEED LABORATORY
Permanent State Agency

Corvallis, Oregon
September 20, 1959

Growing, Washington

REPORT OF PURITY TEST OF FOREST SEED RECEIVED September 15, 1959
GERMINATION TEST OF THIS SEED IS BEING MADE
Test
No.
10002

Sender's Mark

Name of Seed

Lot 2864, Location
Elevation, Source

Pure Seed
(Per cent)

Pseudotsuga
rnenzie 5 ii
Douglas fir

I
95. 16—

Other Seed Inert Matter
(Per cent)
(Per cent)

/

0.04-1-

/

4. 80 1

/

Inert matter contains: Broken seed, pitch, sticks, cone-scales.
Occurrence
per pound

Other seeds

Abie s

Noxious weeds according
to the state law.

Occurrence
per pound

18 —
I

REPORT OF OTHER TESTS
(percent)
Moisture

7. 322

/

(grams)
Weight of 1000-Seeds

V
10. 27 --

(percent)
Cutting Test
Filled
Empty

rUP-77,01ADTZ<

1/ Section for Purity, paragraphs on Definitions (1) to (4). pp 7.
Section for Moisture Content. pp 17.
3/ Section for Weight of One Thousand Seeds. pp 17.
4/ Section for Cutting Tests. pp 17.
5/ Section for Purity, first paragraph. pp 4.

--

-

r

4/

i

COOPERATIVE SEED LABORATORY
Corvallis, Oregon
September 12, 1958

JOHN FIRSEED
ALTITUDE, OREGON

REPORT OF TETRAZOLIUM TEST OF SEED RECEIVED

Sender l s Mark

9 -10-58

Douglas fir, lot 228,
This sample responded to tetrazoliurn as follows:
Normal staining
Abnormal staining
No staining

44%
8%

48%©

Tetrazolium - Section for Quick Viability Tests. biochemical stains (2). pp 16.

COOPERATIVE SEED LABORATORY

Corvallis, Oregon
September 18, 1958

SAM SPRUCE
HILLSIDE, IDAHO

9-8-58

REPORT OF PEROXIDE TEST OF SEED RECEIVED

Laboratory No. 10002
Sender'sMark

Douglas fir, Lot 1, Crown-Thorn Company
Tested for 8 days in hydrogen peroxide.
Evident growth
Slight growth
No growth

78%
0%

22%

Peroxide - Section for Quick Viability Tests, hydrogen peroxide (1). pp 16.

