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The timber and Christmas tree industries are important components of the
Pacific Northwest economy. A goal of both industries is to produce high quality
trees with high growth rates. Accomplishing this requires increased genetic
quality of the trees grown. Tissue culture provides the most promise for
propagating these superior genotypes. Douglas-fir has been tissue cultured
previously, however, multiplication rates were low and success with mature
material was limited. Recent research found that a double-phase tissue culture
system significantly increases multiplication rates of fruit and nut trees. A doublephase system consists of the conventional solid layer overlaid by a liquid layer.
Therefore, the objective of this study was to test a double-phase
micropropagation system of Douglas-fir, particularly mature clones. Preliminary
experiments were performed on juvenile Douglas-fir to test media and media
components while waiting to obtain mature material. Preliminary experiments
concluded that 1) Dunstan B-2 medium provides better multiplication rates
compared to SEM medium; 2) activated charcoal is a beneficial addition to the
medium; 3) a low hormone liquid phase may be superior to a high hormone liquid
phase and to no liquid phase; and 4) there does not appear to be a significant
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medium. In the final experiments using mature shoots, hormone-free doublephase medium stimulated more growth than single-phase or other double-phase
media. This indicates that double-phase culture has potential for improving
micropropagation of Douglas-fir.
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Introduction
The timber and Christmas tree industries are important components of the

Pacific Northwest economy. A goal of both industries is to produce high quality
trees at high growth rates. Currently, Douglas-fir is propagated overwhelmingly
by seed. Improving tree quality has been accomplished by controlled seed
propagation. Several methods of seed collection progressively increase the

genetic quality of the material available for planting. These methods include
collection zones, where seed is selected based on a similar growing environment
to the planting site; phenotype selection, where seed is collected from

phenotypically superior trees; and genotypic selection where one or both parent
trees are tested and proven to be genetically superior.

Each of these collection methods increases the percentage of superior

alleles present within the progeny population. A superior set of alleles can be
defined as any set of alleles that code for a desired characteristic. However,
progeny with high genetic variability will inevitably result from seed propagation

of woody plants. This unavoidable genetic variation among seedlings leads to
an interest in cloning superior trees. Cloning is widely accepted as a propagation
method for woody plant species. Unfortunately, conifers have proven to be
challenging to propagate using traditional vegetative cloning methods
(Proebsting, 1995).

Douglas-fir stem cuttings have been extensively studied, however, they
have not proven to be a viable method of propagating Douglas-fir (Proebsting,

1995). The difficulty arises due to maturation of the stock plant, which occurs as
the tree develops. Rooting potential declines irreversibly as the tree matures
(Proebsting, 1999).

Other cloning methods include grafting and tissue culture. Unfortunately,
Douglas-fir is one of the few plant species with intra-specific graft incompatibility
(Copes, 1973). Further, grafting is far too expensive for re-stocking forests.

Tissue culture has proven to be a successful method for propagating woody

plant species that are difficult to propagate via other methods. After several
studies, David Dunstan chose his B-2 medium to grow shoot primordia from

mature Douglas-fir (Dunstan, 1992). In an attempt to overcome the slow growth
of the mature material, Gerald Pullman grafted mature Douglas-fir cuttings onto
cultured juvenile rootstocks on Shoot Elongation Media (SEM) (Pullman, 1992).
Despite this and much work by timber companies (unpublished), tissue culture of
mature Douglas-fir, remains difficult (Dunstan, 1992; Gupta, 1987; Goldfarb,

1989). Although there are no practical methods for cloning mature Douglas-fir at
this time, tissue culture has great potential for timber industries around the world.
Recently, double-phase culture has improved multiplication rates,

improved shoot quality, increased yield of axillary shoots, and reduced
vitrification symptoms compared to a single-phase medium of tissue culture in

pears (Rodriguez, 1991; Viseur, 1987). There is no published literature on why
shoots in double-phase culture grow better than shoots in single-phase culture.

The double-phase system was initially devised in order to reduce the amount of
labor that leads to the high cost of micropropagation (Maene, L. and P. Debergh.
1985).

In this case, adding fresh liquid medium instead of transferring plantlets

to fresh solid medium resulted in at least equivalent growth. Current research
(unpublished) indicates that a double-phase system not only provides the
nutrients to maintain normal growth compared to a single-phase medium, but the

addition of a liquid layer of Corylus medium (see appendix) enhances growth of
mature hazelnuts, a species previously as difficult as Douglas-fir to propagate in
vitro (Meneghelli, January, 2000). The purpose of this project was to test the
double-phase system of micropropagation on mature Douglas-fir.

Materials and Methods
Sterilization for Experiments 1-4:
Two-year-old Douglas-fir seedlings were grown in the greenhouse and 5 cm long

new shoots containing lateral buds were collected on March 30, 2000. Tissue
was rinsed in 70% ethanol and placed in a bleach solution (15%) with 2 drops of

Tween for 10 min. The tissue was rinsed three times in sterile water, the base
was then cut and the shoot placed on medium.

Experiment 1: Initiation-

On March 30, 2000, approximately 40 shoots were placed in 15 mm diameter
tubes containing 15 ml of Dunstan B-2 medium (Dunstan, 1989). Another 40

were placed in similar tubes with SEM media (Pullman, 1992). Observations
were taken on April 29, 2000.

Experiment 2: Test Liquid Layer-

On May 12, 2000, the plantlets from experiment 1 were cut into 1 cm segments
and placed at a 45° angle on Dunstan B-2 medium in magenta boxes at 16

plantlets per box. Liquid layers were added on May 15, 2000. Treatments
consisted of a control with no liquid layer; basal medium containing 2.5%
activated charcoal; basal medium with a liquid layer containing 3 mg/ I Ns
benzylaminopurine (BAP), basal medium containing 2 mg/I Ns [2-

isopentenyl]adenine (2iP) and 0.5 mg/I indole-3-butyric acid (IBA) (Pullman,
1992); basal medium containing a liquid layer of 0.2 mg/I BAP (Gupta, 1987). On
July 5, 2000, the new growth was measured in millimeters and recorded.

Experiment 3: Base Medium Variations-

June 20, 2000, similar sized new shoots from initiated seedlings from experiment
1, were placed in 12 magenta boxes. The treatments consisted of basal medium
with no hormones and no activated charcoal; basal medium containing activated
charcoal and no hormones; basal medium containing 0.2 mg/I BAP and no

activated charcoal; basal medium containing 0.6 mg/I IBA with no activated
charcoal. Boxes were numbered and shoot length was measured and recorded.
After 6 weeks, shoots were measured again and recorded.

Experiment 4: Activated Charcoal -

On July 12, 2000, nine magenta boxes were filled with Dunstan B-2 medium

containing 0.25%, 1.0% and 2.5% activated charcoal. Boxes were numbered
and shoot length was measured. After 6 weeks, shoots were measured again.

Experiment 5: Placement AngleOn May 29, 2000, new shoots containing visible lateral buds were collected from

mature Douglas-fir trees from between 1.5-3 meters from the ground. These
trees were mature, approximately 15 years old and growing at the Lewis-Brown
Horticulture Farm east of Corvallis, Oregon. The shoots were cut to 6 cm in
length and swirled in a bleach solution (15%) with 2 drops of Tween for 15 min.
The tissue was rinsed three times in sterile water, excess water was shaken off

and air dried. The base was then cut and the shoot placed on Dunstan B-2
medium. After one month, the clean shoots were cut into 1-2 node segments and
placed on Dunstan B-2 media containing 0.25% activated charcoal in magenta

boxes at 6-9 segments per box. Half were placed at a 45-degree angle, and half
were placed horizontal in the medium with the bud face up. On August 3, 2000,
the new growth was measured in millimeters and recorded.

Experiment 6: Mature shoots on Double-phase MediumThroughout June, new shoots containing visible lateral buds were collected from

mature Douglas-fir trees from between 1.5-3 meters from the ground. The
shoots were cut to 5-7 cm swirled in 17-20% bleach with 2 drops of Tween for
17-20 min. The tissue was rinsed three times in sterile water, excess water was
shaken off and air dried, the base was then cut and the shoot placed on Dunstan
B-2 medium with no hormones. After one week the top 2-4 cm of each shoot was

transferred to magenta boxes containing 0.25% activated charcoal in Dunstan B2 media. Uncontaminated shoots were transferred to tubes with fresh media as
needed. On August 4, 2000, the new shoots were excised and transferred to
tubes containing Dunstan B-2 media with 2.2% activated charcoal. The initial

lengths of each shoot was measured in millimeters and recorded. The shoots
were divided into three treatments of 30 plantlets each. One control with no
liquid, one with 2 ml of liquid addition containing Dunstan B-2 medium nutrients
and the last treatment with 2 ml of liquid addition containing Dunstan B-2

medium nutrients and 3 mg/I BAP. The amount of hormone was determined by
comparing previous hormones used with Douglas-fir and hazelnuts. The liquid
layer used for the hazelnuts contained 5 mg/I of BAP (Meneghelli, January
2000), a liquid layer added by Pullman to in vitro grafts contained 3 mg/I BAP,
while significantly less, 0.2 mg/I BAP was included in solid medium by Gupta

(1985, 1987) and 0.1 mg/I was included in solid medium by Dunstan (1992). The
amount of activated charcoal was also taken into consideration due to the

assumption that the charcoal would absorb a large portion of the hormone. On
September 11, 2000, the new growth was measured in millimeters and recorded.
The mean of shoot elongation, axillary shoot elongation, and number of
axillary shoots was recorded along with the percentage of plants that survived.
An unpaired T-test was run to determine significance between pairs of
treatments (Prism, Graph Pad Systems Inc., Dan Diego, CA).

Results and Discussion
Juvenile Shoots:
Shoot survival rate on Dunstan B-2 medium was significantly greater than

on SEM (Fig.1). There was not a significant difference in the elongation of shoots
from juvenile stock plants grown on SEM and Dunstan B-2 media, P= 0.4833
(Fig. 2). However, the plantlets on Dunstan B-2 produced more axillary shoots

than plantlets on SEM, P= 0.0492 (Fig. 3). The plantlets grown on SEM
appeared to be chiorotic (Fig. 4), while the plantlets on Dunstan B-2 medium
appeared green and healthy. This could possibly be due to the NH4 used in
Dunstan B-2 medium as compared to the NO3 used in SEM. Douglas-fir may

prefer ammonium. Dunstan B-2 also contains more calcium and iron than SEM.
Calcium is involved in nitrogen assimilation and iron is involved in chlorophyll

synthesis (Kyte, 1996). These differences in nutrients and nutrient
concentrations could explain the resulting survival rates on the two media.

Overall, Dunstan B-2 media appears to be superior and was used in all
subsequent experiments.
In the first experiment using liquid layers (Fig. 5, Fig 6), it was apparent
that liquid containing 3mg/I BAP, 0.5 mg/I IBA and 2mg/I 2ip inhibited shoot
growth P=0.001 3 (Table 1) possibly due to a toxic concentration of hormones
(Fosket, 1994), while the liquid containing 0.2 mg/I BAP stimulated shoot growth

in comparison to the control (P=0.0402). One treatment containing activated
charcoal in the medium was tested. Activated charcoal significantly increased

Figure 1: Percent survival of shoots from juvenile stock
plants on SEM vs Dunstan B-2 media.
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Figure 2: Juvenile shoot elongation on SEM vs Dunstan B-2
medium. Vertical bars represent standard error.
Dunstan B-2 N=79, SEM N=42, P=0.4833.
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Figure 3: Juvenile axillary shoots per plant on SEM
and Dunstan B-2 medium. Vertical bars
represent standard error.
Dunstan B-2 n=79, SEM n=42, P=0.492.
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Figure 5: Elongation of juvenile shoots on double-phase and charcoal
medium. Charcoal = 2.5% activated charcoal; High H Iq = 3 mg/
BAP, 0.5 mg/I IBA, 2 mg/I 2iP; Low H Iq =0.2 mg/I BAP.
Vertical bars represent standard error. Charcoal n=15,
no Iq no H n=52, high H Iq n=51, Low H Iq n=40.

charcoal no Iq no H High H Iq Low H Iq

Treatment
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Figure 6: Photo of shoots from juvenile stock plants grown on four treatment media.
Comparison of single-phase, double-phase and the addition of activated
charcoal.
Liquid layers were added on 4/19/00
Ewluation was on 5/15/00

No liquid
2.5% Charcoal

No liquid

High hormone
liquid

U

Low hormone" ,
liquid

1°4

Table 1: P values of the elongation of juvenile shoots on doublephase and charcoal media. Charcoal = 2.5% activated
charcoal; High H Iq = 3 mg/I BAP, 0.5 mg/I
IBA, 2 mg/I 2iP; Low H Iq =0.2 mg/I BAP.
Unpaired T-test

charcoal vs no Iq no H
charcoal vs High H Iq
charcoal vs Low H Iq
no Iq no H vs High H Iq
no Iq no H vs Low H Iq
High H Iq vs Low H Iq

P value
<0.0001
<0.0001
0.0463
0.0013
0.0402
0.0002
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shoot elongation, P=0.0001 (Table 1). Activated charcoal adsorbs toxic
substances, phenolics, growth regulators, and explant-produced inhibitory
metabolites from the culture medium. It is thought that activated charcoal
adsorbs BA from previous sub-culturing, preventing the cells from dividing and

allowing them to elongate (Yassen et. al., 1995)
After two months, plantlets from juvenile stock plants showed no

significant difference in elongation on various single-phase media with P values

all >0.05 (Fig. 7, Fig. 8,Table 2). The plantlets on the control, charcoal and IBA
media had a higher survival rate than the shoots on 0.2 mg/I BAP (Fig. 9).
However, the hormone-free and the 0.6 mg/I IBA treatments produced more
axillary shoot elongation than the treatments with 1 % activated charcoal or 0.2

mg/I BAP (Fig. 10). Only the medium containing 0.2 mg/I BAP produced
significantly fewer axillary shoots per plantlet compared to no hormone (P value=
0.0125) or compared to 0.6 mg/I IBA (P values=0.0417)(Table 3). Cytokinins
ordinarily stimulate axillary bud break, but do not appear to be a limiting factor in
Douglas-fir. In fact, Douglas-fir appears to be very sensitive to cytokinin content.

16

Figure 7: Elongation of juvenile shoots on four single-phase media.
Charcoal = 1 % activated charcoal; Hormone B= 0.2 mg/I
BAP; Hormone A= 0.6 mg/I IBA. Vertical bars represent
standard error. Charcoal n=28, no hormone n=26,
hormone B n=25, Hormone A n=25.
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Table 2: P values of the elongation of juvenile shoots on a single
-phase media containing varying levels of activated
charcoal. Charcoal N=28, no hormone n=26, hormone B
n=25, Hormone A n=25.
Unpaired T-test

P value

Control vs no hormone
Control vs Hormone B
Control vs Hormone A
No hormone vs Hormone B
No hormone vs Hormone A
Hormone B vs Hormone A

0.4836
0.2289
0.6650
0.6164
0.7976
0.4533
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Figure 9: Percent survival of juvenile shoots on four single-phase
media. Charcoal = 1 % activated charcoal; Hormone
B=0.2 mg/I BAP; Hormone A= 0.6 mg/I IBA.
Charcoal n=28, no hormone n=26, hormone B n=25,
Hormone A n=25.
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Figure 10: Number of juvenile axillary shoots on four single-phase media.
Charcoal = 1 % activated charcoal; Hormone B= 0.2 mg/I BAP;
Hormone A= 0.6 mg/I IBA. Vertical bars represent
standard error. Charcoal n=28, no hormone n=26,
hormone B n=25, Hormone A n=25.
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0.75

charcoal
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Table 3: P values of the number of axillary shoots per juvenile plant
on four media. Charcoal = 1 % activated charcoal; Hormone
B= 0.2 mg/I BAP; Hormone A= 0.6 mg/I IBA. Charcoal n=28,
no hormone n=26, hormone B n=25, Hormone A n=25.
Unpaired T-test

Control vs No hormone
Control vs Hormone B
Control vs Hormone A

No hormone vs Hormone B
No hormone vs Hormone A

Hormone B vs Hormone A

P value

0.0890
0.3392
0.1677
0.0125
0.9577
0.0417
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In the activated charcoal study, all three charcoal treatments stimulated

elongation and number of axillary shoots compared to the control (Fig. 11, Fig.
12, Fig. 13), although all P values >0.05 (Table 4, Table 5). In contrast,
elongation of the axillary buds was inhibited on the 1 % and 2.5% activated

charcoal (Table 6, Fig. 14). This result could be due to high levels of activated
charcoal adsorbing hormones essential for axillary bud elongation. A
disadvantage of activated charcoal is the ability to adsorb beneficial nutrients

and hormones as well as preventing observation of activity within the media. In
order to observe any contamination or activity in the media, it is preferable to use
the 0.25% activated charcoal due to the opaque appearance of the two higher
concentrations.

Mature Shoots:
Shoots from mature stock plants elongated more when oriented at
an angle of -45° in the medium as compared to horizontal placement (P=0.0055,
Fig. 15, Fig. 16). This could be explained by gravitropism, where horizontal
shoots had to redistribute auxin to the lower side of the shoot before energy was
put into elongation.

9

Figure 11: Elongation of juvenile shoots on a single
-phase medium containing varying concentrations
of activated charcoal. Vertical bars represent
standard error. Control n=33, 0.25% n=24,
1 % n=23, 2.5% n=25.
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Figure 13: Number of axillary shoots per juvenile shoot
on a single-phase medium containing
varying concentrations of activated charcoal.
Vertical bar represents standard error.
Control n=33, 0.25% n=24,1% n=23,
2.5% n=25.

1.5

0.0

control

0.25%

1%

2.5%

Treatments

26

Table 4:

P values of the elongation of juvenile
shoots on a single-phase medium
containing varying concentrations of
activated charcoal. Control n=33, 0.25%
n=24, 1 % n=23, 2.5% n=25.
Unpaired T-test

P value

Control vs 0.25%
Control vs 1 %
Control vs 2.5%
0.25% vs 1 %
0.25% vs 2.5%

0.5341
0.0729
0.3357
0.3390
0.8057
0.4440

1%vs2.5%

Table 5: P values of the number of axillary shoots per
juvenile shoot on a single-phase medium
containing varying concentrations of activated
charcoal. Control n=33, 0.25% n=24, 1% n=23,
2.5% n=25.
Unpaired T-test

P value

Control vs 0.25%
Control vs 1 %
Control vs 2.5%
0.25% vs 1%
0.25% vs 2.5%

0.5853
0.5181
0.7832
0.8446
0.8979
0.9469

1%vs2.5%

28
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Figure 14: Elongation of axillary shoots on juvenile shoots
on a single-phase medium containing varying
concentrations of activated charcoal. Vertical bar
represents standard error. Control n=33,
0.25% n=24, 1 % n=23, 2.5% n=25.
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Figure 15: Effect of placement angle on elongation of mature
shoots. Shoots were placed on the medium at a 45
degree angle or horizontally. Vertical bar represents
standard error. Diagonal n=18, horizontal n=12,
P=0.0055.
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More dead tissue was apparent on the shoots on the double-phase
medium with 3mg/I BAP (Fig.17) indicating a possible toxic level of BAP in the

medium. A high level of BAP was used in this experiment based on the
possibility that the activated charcoal in the medium would absorb a large
percentage of added hormone.
Shoots from mature stock plants on the double-phase medium containing

only Dunstan B-2 nutrients elongated significantly more than shoots on the
single-phase medium or the double-phase medium containing 3mg/I BAP (Fig.
18, Table 7).

Mature Doa las- r

?var..

. ks

Liquid
No Hormone

No liquid
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TZ'iquld
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Figure 18: Elongation of mature shoots on single-phase and
double-phase medium. Liquid no H= medium
nutrients and no hormones; Liquid w/H= medium
nutrients and 3 mg/I BAP. Vertical bar represents
standard error. Control n=25, liquid no H n=27,
liquid w/H n=26.
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I able is

F' values of the elongation of mature shoots on
double-phase and single-phase medium.
Liquid no H= medium nutrients and no hormones;
Liquid w/H= medium nutrients and 3 mg/I BAP.
Control n=25, liquid no H n=27, liquid w/H n=26.

Unpaired T-test

P value

control vs liquid w/H
control vs liquid no H

0.1090
0.3624
0.0138

liquid w/H vs liquid no H

Conclusion
Double-phase culture may be useful in improving micropropagation of

mature Douglas-fir, however continued research is necessary. Media originally
developed for juvenile Douglas-fir does not appear to be suitable for the mature

phase. My studies show that double-phase culture may contribute to improved
growth of mature shoots. These experiments also indicate that Douglas-fir is
very sensitive to cytokinins and low concentrations of auxins may be more

effective in regulating shoot growth. Another idea, that I was unable to test, was
the use of Corylus medium. This medium, in a double-phase system,
dramatically improved growth of cultured mature hazelnuts that show many of
the same difficulties with in vitro mature Douglas-fir (Meneghelli, January, 2000).
Corylus medium has markedly different sources of nitrogen, iron and calcium as
compared to the media I tested. Perhaps Corylus medium in a double-phase
system will enhance micropropagation of mature Douglas-fir.
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Appendix
Media mentioned:
Compound
Dunstan B-2
Ammonium Nitriate NH4NO3
400
Potassium Nitrate, KN03
1900
Potassium Phosphate, KH2PO4
170
Calcium Chloride, CaC12.2
440
Calcium Nitrate, Ca(N03)2.4
Magnesium Sulfate, MgSO4.7
370
Manganese Sulfate MnSO4.1
16.9
Zinc Sulfate, ZnSO4.7
3.6
Zinc Nitrate, Zn(N03)2.6
Cupric Sulfate, CuSO4.5
0.025
Boric Acid, H3B03
6.2
Potassium Iodide, KI
0.83
Sodium Molybdate, Na2MoO4.2
0.25
Cobaltous Chloride, CoC12.6
0.025
Ferrous Sulfate, FeSO4.7
27.8
Sodium EDTA, Na2EDTA
37.3
Sequestrene 138 Fe
Nickel Sulfate, NiSO4
Potassium Sulfate, K2SO4
Glycine
Myo-Inositol
100
Sucrose

Thiamine HCI
Nicotinic acid

SEM

2500
340
200

400
20.8

Corylus
1416
265
149
1968
740
33.5

8
17

0.024
5

0.025
4.8

1

0.2
0.02
16.7
37.25

0.39
33.8
45.4
200
0.005

100

1559
2
100

30g
2

30g
2

30g
2

1

1

1

Compound weights in mg/I
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