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Better seed stratification is needed to break the dornancy

in western white pine,

to obtain nore rapid and uniform

germi nation. Four stratification nethods were conpared.
Warmi col d stratification was superior to cold stratification

nmet hods,

In the past, the efficiency of the blister rust
testing program at the Dorena Tree |nprovenent
Center has been limted by the | ow gernination
percent ages exhi bited by sone of the seedlots
selected for the testing program Germ nation
percentage varies greatly anong seedl ots, ranging
fromO to al nbst 100 percent. Approximately 15
percent of the seedlots sown for testing purposes
were in the zero to nargi nal range. These lots will
probably not have enough surviving seedlings to
provide a sufficient base for rust testing. Lack of
sufficient base due to poor germination has been an
ongoi ng probl em at Dorena. Overcomi ng this problem
woul d increase the efficiency of the rust testing
program by an estimated 10 to 15 percent.

The low germination is not due to low viability or
poor germ nation but to dormancy, and is expressed
in large nunbers of firmseeds, which do not
gernminate. We are |ooking for a method that wll
over conme dornmancy. Dorena personnel have perforned
a nunber of snall studies over the past few years
ai med at developing stratification techniques which
will result in higher overall germnation percent -
ages anpong seedl ots. Such techni ques have been
worked out fairly. successfully for sugar pine, but
western white pine has been |l ess tractable. Current
research has not attacked this problemto a degree
that woul d benefit the Dorena program Further
study is needed to upgrade stratification

t echni ques.

BACKGROUND

The current nethod of stratification being used
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especially for low germnating | ots.

at Dorena consists of a 48 hour soak in 1 percent
hydrogen peroxide (HO ) followed by 120 days
chilling at 34-38°F. This does not appear to be
sufficient for some western white pine seed lots to
overcone germ nation bl ocks. This problemis not
limted to Dorena. A survey of other nurseries in
the northwest indicated poor germination in sone
lots. Wnd R ver Nursery soaks the seed for 24
hours and then puts it in cold stratification for
90 to 120 days. They have, however, gone to fall
sowi ng for western white pine to inprove
stratification. J. Herbert Stone Nursery uses a 24-
48 hour running water soak, followed by 100 days
cold stratification in a nylon mesh bag |ayered in
peat. Coeur d' Al ene Nursery soaks the seed in a
home | aundry bl each (2 parts bleach to 3 parts
water) for 10 minutes, then rinses themfor 4 days
under running water, followed by cold
stratification in the refrigerator for 45 to 50
days.

Past Dorena studies indicate that a different

conbi nati on of H O concentration and |ength of soak
may yield bitier results. Research by Anderson and
Wl son (1966) and D. W Tayl or (personal

communi cati on) suggests that a conbinati on of warm
stratification at roomtenperature, followd by cold
stratification, would be nore effective in
promoting gerni nation than cold stratification

al one.

Q her factors that may affect germnation are

the use of infrared irradiation (Wrks and Boyd,
1972) and seed noi sture content (Edwards, 1981). Recent
work indicates that relatively small variations in
noi sture content of the seed during stratification
may | ead to significant differences in gernination.
Edwards (1981) has found that the optimum germ nation
in Abies grandis occurs when seed is dried to 35
percent noisture content followi ng the soak
treatment. MLlenore and Burnett (1968) report that
dormancy was | east in Pinus taeda seeds when
stratified at a noisture content greater than 20
percent. However, the optinum noi sture content for
stratifying western white pine seed is as yet
unknown.




OBJECTI VE OF STUDY

The objective of this study was to conpare
different stratification nethods for western white
pine to see which would result in more rapid and
uni form germ nation anong fam lies. |nproving
the unifornmity of germination should lead to
increased efficiency in Dorena's rust testing
program Misture uptake was a problemthat this
study will address. Cold stratification vs.

warm cold stratification would be conpared as
well as a 1% H 02 soak vs. househol d bl each soak
followed by rinsing for four days in running water.

METHODS AND MATERI ALS

Twenty famlies were used in this study. Five
famlies with | ess than 50% gernination in previous
tests and five with greater than 50% ger m nati on,
along with 10 famlies of unknown perfornance. All
net hods of stratification received a 48 hour soak
except those lots which were washed for 4 days in
running water. Al seed had been stored in the
freezer at O'F. Fresh seed may give entirely
different results. Total length of stratification
for all lots was 120 days.

The fol |l ow ng nethods of stratification were
conmpared in this study.

Met hod 1. Dorena operational stratification.

A. 48 hour soak in 1% Hz02

B. Drain.

C. Cold stratification at 34-38°F. for 120 days.

Met hod 2. Warmfcold stratification.
48 hour soak in 1% HO,.

B. Surface dry. .

C. 30 days warmstratification at 50F. in
D.

>

growt h chanber.

Dry to 30-35% noisture content and then put
into cold stratification at 34-38°F. for 90
days.

Met hod 3. University of |daho Met hod.

A Soak seed 10 mnutes in a solution contain-
ing 2 parts sodi um hypochl orite (clorox)
and 3 parts water.

Rinse seed in flowi ng water for 4 days.

Dr ai n.

Pl ace seed in nylon nesh bag and | ayer in peat
at 34-38 F. for 120 days.

o0ow

Met hod 4. Modified University of |daho Method.

A. Saok 48 hours in 1% HQ0. sol ution.

B. Drain.

C. Place seed in nylon mesh bag and | ayer in peat
at 34-38° for 120 days.

The seed were sown in large flats (40"X48"X12")
filled with "Forestry Mx" growing nedia. Only
sound seed were sown. Two seed were planted pe
spot and spots were about 4" apart. There were
2.replications of 5 planted spots per fanily or 20
seed sown per famly per treatnent nethod. The
seed was sown on March 31, 1985, and germination
was recorded periodically throughout the next 48
days.

RESULTS AND CONCLUSI ONS

Results fromthe water uptake portion of the
study are presented in Table 1.

Table 1. Water Uptake in Stratification Test

Moisture Moisture

content  content
Weight after after
of 20 48 hr, warm
Family Tree seed soak strar.

Number Number (grams) (percent) (percent)

1 119-01167-006 0.452 43.6 44.0
2 119-01167-007 0.358 39.1 41.5
3 119-03124-382 0.329 35.1 42.7
4 119-03124-390 0.361 34.2 32.5
5 119-06023-513 0.302 31.7 35.5
6 119-06024-612 0.393 32.3 32.3
7 119-06025-526 0.422 33.3 34.4
8 119-06124-661 0.387 32.7 36.7
9 119-06124-662 0.371 32.9 41.4
10 119-06125-538 0.246 37.7 42.0
11 119-15043-920 0.434 31.4 38.4
12 119-15045-935 0.352 34.7 39.5
13 119-17113-337 0.324 36.5 47.0
14 119-17113-340 0.312 37.5 40.5
15 119-17115-715 0.395 33.6 36.8
16 119-17115-816 0.287 36.9 46.2
17  119-18035-393 0.437 27.0 36.7
18 119-18034-397 0.412 29.4 35.3
19 119-20046-025 0.466 35.6 45.9
20 119-20046-044 0.543 33.9 34.6

It appears that water uptake was not a problemin
this study. The noisture content of the seed in
storage was approxinately 6% Misture content of
the seed after the 48 hour soak ranged from 27.0 to
43.6% The noisture content in

all lots appears to be adequate for germ nation,
as the lot with the |east noisture content ger-

m nated about as well as the lot with the nost

noi sture (85 vs. 90% respectively).

Results of germnation fromthe four stratification
net hods are presented in Tables 2 - 5.



Table 2. Rate and Proportion of Germination of Table 4. Rate and Proportion of Germination of

Seed Following Stratification by Method 1: Seed Following Stratification by Method 3:
The Dorena Operational Procedure. University of Idaho Method.
Date: 4/19 4/25 5/6 Date: 4/19 4/25 5/6
Day No. 20 30 41 Day No. 0 30 41
Family Number of emergent seedlings per 20 Family Number of emergent seedlings per 20
Number planted seed. Number Planted seeds.
1 12 13 18 1 11 13 15
2 9 10 10 2 11 11 12
3 11 14 17 3 9 14 16
4 16 16 18 4 15 15 15
5 0 0 2 5 0 1 6
6 12 13 13 6 12 16 18
7 2 3 4 7 5 6 7
8 4 5 9 8 8 9 9
9 10 11 16 9 9 11 12
10 1 2 6 10 7 11 12
11 15 16 19 11 11 14 18
12 18 19 19 12 19 19 19
13 10 13 16 13 12 13 16
14 3 3 5 14 5 5 10
15 10 12 15 15 11 16 20
16 13 15 16 16 14 18 19
17 13 14 17 17 13 15 19
18 17 17 18 18 17 19 19
19 15 15 15 19 20 20 20
20 20 20 20 20 20 20 20
OVERALL % 53 58 68 OVERALL % 57 67 76
Table 3. Rate and Proportion of Germination of Table 5. Rate and Proportion of Germination of
Seed Following Stratification by Method 2: Seed Following Stratification by Method 4:
Warm/Cold Stratification. Modified University of Idaho Stratification.
Date: 4/19  4/25 5/6 Date: 4/19  4/25 5/6
Day No. 20 30 41 ., DayMNo. 20 30 41
Family Number of emergent seedlings per 20 Family Number of emergent seedlings per 20
Number planted seed. Number planted seeds.
1 13 14 17 1 9 10 15
2 11 14 15 2 7 8 10
3 15 17 19 3 7 9 14
4 18 19 20 4 13 13 15
5 0 1 16 > 0 1 2
6 14 15 15 6 10 11 13
7 12 17 19 7 4 7 8
8 12 17 20 8 8 8 8
9 13 16 18 9 11 14 15
10 5 8 18 10 7 8 11
11 8 16 17 11 14 15 17
12 14 16 18 12 20 20 20
13 13 17 18 13 13 14 17
14 14 17 20 14 3 3 6
15 9 12 19 15 15 18 18
16 3 10 20 16 17 17 20
17 9 15 19 17 11 12 17
18 11 17 19 18 16 17 19
19 16 17 17 19 17 17 18
20 12 18 20 20 20 20 20

OVERALL % 56 73 91 OVERALL % 56 61 71



Germnation at 41 days appears to be the best tine
for comparison. Little change was noted after that
tinme and seed which had germ nated by that tine would
be useful in the rust test. Overall germination for
Methods 1-4 are 68, 91, 76, and 71 respectively.
The Warm Cold Stratification Method does stand out
above the rest.

The inportant issue at Dorena is "how well do the
poorest lots do with Method 2, and does it have any
adverse effect on the best gerninating lots". The
5 best gernminating lots are conpared with the 5
poorest germnating lots. Results are presented in
Tabl e 6.

Tabl e 6. Conparison of Germination in Best and
Poorest Famlies.

Five Best Germinating Families

Family Stratification Method
Number (Number of Germinates at 41 Days)

1 2 3 4
4 18 20 15 15
11 19 17 18 17
12 19 18 18 20
18 18 19 19 19
20 20 20 20 20
Percent 94 94 90 91

Five Poorest Germinating Families

5 2 16 6 2
7 4 19 7 8
8 9 20 9 8
10 6 18 12 11
14 5 20 10 6
Percent 26 93 44 35

There appears to be very little difference in
germnation in the best germnating | ots,

regardl ess of stratification nethod used. Method 2
does not appear to have an adverse effect on lots
whi ch are easy to germnate. Wen stratification
met hods were conpared for the 5 poorest
germinating lots, Dorena's method had only 26%
germ nation. These |ots would probably belost in
rust test, as they would have insufficient base
for a valid test. The warmicold stratification

met hod brought these lots up to the sane

germ nati on percentage as the best germ nating
seed lots (93% . The germnation using the

nmodi fied University of Idaho nmethod (35% was 9%
better than the Dorena nethod (26% germ nation).
The germnation by the University of |daho method
(449% was 9% better than the nodified I daho

met hod (35% germination). The | argest inprovenent
in germination was obtained by use of the warm

cold stratification methods on the poorest

germnating lots. This 67%increase in germ-
nation over Dorena's operational nmethod is
hi ghly significant.

These results indicate that significant inprovenent
can be nmade in seed germnation by using warnicold
stratification nmethod. W now have a good nethod to
use for stratification of western white pine seed,

but additional fine tuning may yield further

i nprovenent s.
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