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Abstract

A micropropagation system was developed for mass propagation of ‘Fargo’® (Dakota Pinnacle™), a newly released Asiéigar pf

white birch Betula platyphylla) Shoot tips from the mature, 7-year-old tree were established on 75% strength Murashige and Skoog
medium supplemented with 0.1 uM thidiazuron. The greatest shoot proliferation occurred on Woody Plant Medium supplemented with
2.2 uM benzyladenine (BA), solidified with 6.5 g/liter agar, and cultured at 24C (75F). Microshoots werérredtedr ex vitro
followed by establishment in the greenhouse. A system to regenerate plantlets from leaves of aseptically cultured stemts| was al

hour light/dark photoperiod, use of large and healthy leaf explants, and culture on the Woody Plant Medium containiry@QM on 3
BA. The regenerated shoots proliferated on the micropropagation medium and were divided, and the resulting shoots were|rooted
vitro and acclimated in greenhouse conditions.

Index words: Asian white birchjn vitro, micropropagation, regeneration, tissue culture.

Significance to the Nursery Industry tolerance to the bronze birch borer and the birch leafminer

An elite cultivar of Asian white birch, ‘Fargo'® (Dakota  (1)- To make this cultivar widely available to nurseries, an
Pinnacle™), was introduced recently. It has a dense upright Efficient propagation protocol was needed as ‘Fargo'® has

growth habit, dark-green and glossy foliage, and tolerance MOt been propagated successfully using conventional veg-
to stressful northern environments. To make this cultivar €tative propagation methods. Difficulties in propagating vari-

widely available to the nursery industry, a propagation pro- °US species of birch are not atypical since stem cuttings do
tocol was developed. Although ‘Fargo’® shows above aver- not root Wel_l (7, 13) . : .

age tolerance to the bronze birch boagr{lus anxiusGory) Propagation of birch using micropropagation systems has
and the birch leafmineFenusa pusild_epeletier), further ~ P€en accomplished in European white birch (18,

enhancement of resistance to these pests requires employindgdcduemontiiSpach.,B. costataTrautv, B. albo-sinensis
such new strategies as genetic engineering. A urkill, B. ermaniiCham., and. celtiberica(18), B. uber

micropropagation protocol described herein has made Ah? Fern. (26)’5‘”5' platyphyllavar.sz_echuanicé?).Si_nce
‘Fargo'® available to several nurseries. In addition, a plant Yarous speme_s_and genotypes of b|rch_ res_pond d|ff_erently
regeneration system was developed as a prerequisite for api" I vitro conditions (13), one of the objectives of this re-

plying genetic engineering technology for possible further S€arch was to develop a micropropagation protocol that can
improvement of this cultivar. be utilized by commercial tissue culture firms to mass pro-

duce the cultivar ‘Fargo’® and make it available to the nurs-
ery trade.
) ) ) ) Although ‘Fargo’® shows above average tolerance, it is
Until recently, the predominantly planted birch in land- ot resistant to the bronze birch borer and leafminer (1). To
scapes was the European white bifatgla pendulaRoth) improve this cultivar further for resistance to these pests, ge-
(6). Unfortunately, the species is susceptible to the bronze petic transformation would be a method of choice because it
birch borer (19), making it a less than desirable landscape 5jjows inserting a single gene into the plant genome without
plant: In the northern Great Plains, t_he ch0|ce_of blrch is fur- disrupting the overall genetic makeup. One of the prerequi-
ther limited by stresses of a harsh climate, which in turn pre- sjtes for genetic engineering is the capability of regenerating
dispose the trees to insect attack (20). The insect threat carpjants from somatic tissues. Plant regeneration has been re-
be reduced by optimizing cultural conditions or planting other ported for European white birch using leaf explants (9, 21,
species of birch and by using genetically improved cultivars. 23, 25) and catkin tissue (22). Regeneration has also been
Recently, an Asian white birctB( platyphyllaSukaczev)  achieved in European white birch by somatic embryogen-
cultivar ‘Fargo'® (Dakota Pinnacle™) was selected and in- gsis (8, 17). However, plant regeneration for Asian white birch
troduced (1). It has a dense upright growth habit, dark-greennas not been reported. Therefore, another objective of this
and glossy foll_age, and tolerance to stressful environments, research was to develop a regeneration system for ‘Fargo’®
such as cold winters and dry and hot summers, high pH, heavyfor possible improvement by genetic transformation, as re-
clay soils, and strong winds. It also shows an above averageported recently in Japanese white bira platyphyllavar
japonica(Mig.) Hara] (15).

Introduction
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developed. The optimum conditions for shoot regeneration from leaves included a 2-week dark treatment before exposure|to a 16/8
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The entire shoot tips were surface sterilized in an 0.4% so- 10 ]
dium hypochlorite solution containing 0.1% Tween 20 for
10 min and rinsed three times with sterile distilled water. a
Three initiation media were Murashige and Skoog (MS) basal
salts (16) at 100%, 75%, and 50% strength, respectively, plus
MS vitamins, 2% sucrose, and 0.1 uM thidiazuron (TDZ).
Media were adjusted to pH 5.7, solidified with 0.65% Difco
Bacto agar (Difco Co., Detroit, Ml, #0140-01-0) and auto-
claved at 121C (250F) for 15 min. Fifteen randomly chosen
actively or inactively growing shoot tips were used for each
of three media. One shoot tip was placed vertically into one
test tube with 12.5 ml of medium. Cultures were maintained
at 24 + 2C (75 £ 4F) under a 16 hr photoperiod provided by
cool-white fluorescent light tubes. Light intensity was ap-
proximately 36.4 umol-mis? measured at the shelf level.
The newly produced entire shoots were used for subcul-
ture and shoot proliferation in baby food jars. The basal pro-
liferation medium consisted of the woody plant medium c
(WPM) salts (11) supplemented with MS vitamins, 2% su-
crose and 0.65% Difco Bacto agar (except in experiment3, 0 I I I I I I
see below) at pH 5.7 before autoclaving. Experiment one
examined the effect of concentration of benzyladenine (BA) 0 0.4 1.1 2.2 4.4 5.3
at0,0.4,1.1,2.2,4.4, or 5.3 uM on shoot proliferation. Ex-
periment two examined the effect of temperature on shoot
proliferation with cultures being placed in growth chambers
at 20, 22, 24, or 26C (68, 72,75 or 79F), respectively. The Fig. 1.  Effect of BA concentrations on microshoot proliferation of
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third experiment examined the effect of gelling agents on ‘(I;a_rgl(;)(@ g;'lilhs'hgitt‘;‘ ﬂﬁg‘iﬁ&?ﬁ%‘?‘é gﬁq’?otg?nfcv%‘ig”ggﬂ:ﬁe g
; ; ) - 0 =18). ) .
shoot proliferation. Three gelling agents used were: 0.25% and mean separation with LSD after analysis of varianceXs

Phytagel (Sigma Co., St. Louis, MO, #P8169), 0.65% Sigma .05).

agar (#A1296), and 0.65% Difco Bacto agar. All experiments

were run in completely random designs, with each treatment

consisting of three baby food jar replicates, each jar contain-

ing three shoots. All experiments were repeated once. Thevessels (Magenta Corp., Chicago, IL) as explants for regen-
light condition was the same as that in the initiation experi- eration experiments. The leaf was cut across the midrib with
ment. The cultures were transferred to fresh medium every scissors, but still attached, and was placed abaxial side up on
30 days and all new shoots formed were excised. The dura-the medium. The basal regeneration medium consisted of
tion of the BA and temperature experiments was 60 days, WPM salts, MS vitamins, 2% sucrose, and 0.65% Difco Bacto

and that of the gelling agent experiment was 90 days. agar. The initial regeneration experiment examined all com-
Induction of roots from microshoots was undertaken in binations of NAA at0, 3,6,9uMand BAat0, 7.5, 15.0, 22.5
bothin vitro andex vitro conditions.In vitro rooting was MM. The plates were maintained at 24C (75F) under a 16-hr

performed using 20% standard WPM salts and 0.5 pM in- photoperiod with the light intensity of approximately 36.4
dolebutyric acid (IBA) as described by Jansson and Welander umol-nm2-s? at the shelf level. The second experiment com-
(7) . A total of 623 microshoots were rooted over a three- pared media with a factorial combination of NAA (0, 4, 8
month period in baby food jars, each with 5 shoots. Rooted uM) and BA (0, 10, 20 uM), and the third experiment tested
shoots were transferred to flats filled with Jiffy Mix (Jiffy  the effect of BA (0, 10, 20, 30 uM) versus TDZ (0, 1, 2, 3
Mix, Shippegan, Canada) and covered with clear plastic top. uM) on shoot regeneration. In both of these experiments, the
After one week, the covers were gradually lifted during a 3- plates were placed in the dark for 2 weeks prior to exposure
week period and the survival rate was recoreditroroot- to a 16/8 hr photoperiod as above. Each treatment had two
ing was done in flats with non-sterile Jiffy Mix medium. The petri dishes (15 x 100 mm, (0.6 x 4.7 in)) (replicates), each
basal portion (approximately 2 mm, or 0.1 in) of microshoots containing four explants. All experiments were run in a com-
(2—3 cm, approximately 1 in long) were quick-dipped (2—3 plete randomized design, and were repeated once.

sec) in distilled water (24 shoots), 40 ppm indolebutyric acid

(IBA) (60 shoots), on-napthaleneacetic acid (NAA) solu- Statistical analysisThe data were subjected to analysis of
tion (62 shoots), and studded in the medium. Flats were cov-variance and mean separation with the least significant dif-
ered with clear plastic tops to maintain high humidity inside. ference (LSD, & .05), either using the general linear proce-
After 2 weeks, the cover on each tray was gradually lifted dure, SAS (24) (Fig. 1, Fig. 2), or using MSTAT 4.0 (Michi-
during a 3-week period. The rooted plants were transferred gan State University, East Lansing, Ml) (Table 1).

to Sunshine Mix #1 (Fisons Western Corp., Vancouver,

Canada) and grown in the greenhouse under a 16-hr photo-Results and Discussion

period. Micropropagation Shoot tip explants initiated new shoots

slowly. All shoot tips on media with either 50% or 100%
RegenerationLeaves about 1 cm (0.4 in) wide were ex- strength MS salts became necrotic after 6 weeks and no new
cised from stock shoots growing in double Magenta GA7 shoots were produced. Eight of the 15 explants on the 75%
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MS medium exhibited shoot elongation, and three formed 87
multiple shoots from the lower portion of the explants. These a
newly formed shoots began to grow vigorously, while most
original explants became chlorotic. After 6 weeks, these vig-
orously growing shoots and the original explants that still
appeared green were transferred to fresh medium consisting
of WPM salts supplemented with 4.4 uM BA. One month
after transfer, one additional shoot tip in the 75% MS me-
dium developed small new shoots.

The proliferation experiments were started after sufficient
shoots were available. BA concentration had a significant
effect on shoot proliferation (Fig. 1). In the absence of BA, 2 d
few new shoots produced and roots formed on many shoots.—
The greatest proliferation occurred on medium containing
2.2 uM BA, with an average of 8.7 new shoots greater than 3
0.75 cm (0.3 in), long enough to be transferrethtuitro 1
rooting medium. At the highest level of BA tested (5.3 uM),
shoots were inconsistent in size, variably vitrified, and some-
what chlorotic. 20 (68) 22 (72) 24 (75) 26 (79)

The temperature also had a significant effect on shoot pro-
liferation. At 20C (68F) and 22C (72F), proliferation rates
were lower than that at 24C (75F) (Fig. 2). At 26C (79F), _

. . . Fig. 2. Effect of temperatures on shoot proliferation of ‘Fargo’® birch.
cultures grew vigorously but developed chlorotic or necrotic Data were combined from two experiments (n = 18). Only
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shoots and leaves in 2 weeks, which reduced shoot quantity shoots longer than 0.75 cm (0.3 in) were counted and mean
and quallty. separation with LSD of 0.89 after analysis of varianceR <
Shoot proliferation was affected by gelling agent (Table .05).

1). Shoots on Phytagel-solidified medium vitrified rapidly,

then became chlorotic and necrotic, producing no new shoots.

Shoots on both Difco Bacto agar and Sigma agar media pro-micropropagation procedures described earlier, rooted, and

duced a similar number of new shoots. successfully transplanted to the greenhouse like the
Microshoots rooted easily vitro with an overall rooting ~ micropropagated shoots. _

rate of 95%. Roots started to appear after 7 days, and exten- Results demonstrated that ‘Fargo'®, a newly introduced

sive roots were evident after 14 days. Thevitro rooted Asian white birch cultivar, can be effectively propagated
shoots had an overall survival rate of 80% when they were Vitro. This protocol appears to be effective for commercial
transferred to soil-less medium. e vitrorooting, no sig- production, overcoming the difficulty with conventional

nificant differences were detected, with rooting rates of 83%, propagation techniques. The stegrofitro rooting can be
76% and 88% for the water control, 40 ppm IBA or NAA eliminated to reduce the cost as shown with other
solutions, respectively. From all rooting experiments over Micropropagated birch (7, 14). Inhibition of shoot prolifera-
several months, more than 600 plants were transferred to thetion by Phytagel for this plant is in opposition to those ob-
greenhouse. Only three plants with variegated leaves wereserved in some other woody plants, likecalyptus grandis

observed, no other plants showed abnormal morphology. ~W. Hill ex Meaiden (12) and Siberian elidlifnus pumila
L.) (3). The exact reasons for such inhibition in birch shoot

proliferation are unknown. It may be due to the deficiency
or toxicity of some microelements in Phytagel (3, 5).

Out of more than 600 plants transferred to the greenhouse,
three showed variegated leaves and reduced chlorophyll,
which may have been due to pre-existing variations. These
types of phenotypic variations can be readily selected against
(14). No other morphological variations were noticed, sug-
gesting that the micropropagation protocol can be used to
propagate ‘Fargo’® while maintaining the true genotype.

Regenerationin the first experiment, without a dark treat-
ment, no shoot formation occurred over the 2 months even
after transfer to fresh media (data not presented). Roots
formed from leaf explants on all media without BA, while
prolific greenish/yellow calli were elicited from leaves on
media with high BA and NAA (data not presented). In the
second experiment with a 2-week dark treatment, shoot re-
generation occurred only on media supplemented with 10
and 20 uM BA, with 50% and 100% of the leaf tissues re-
generated shoots, respectively. No shoots formed from leaves
on media without BA or on media with both BA and NAA
(Data not presented). Shoots produced on medium with 20 Table 1.  Effect of gelling agents on microshoot proliferation of
UM BA were more consistent in size and vigor than those ‘Fargo'® birch.
formed on medium with 10 uM BA. Different cytokinins

e . Gelling agent Mean number of new shoots/original shobt
also had a significant effect on shoot regeneration (Table 2).
BA was more effective in inducing shoot formation than TDZ 0.25% Pytagel 0.0b
at the concentrations tested. Medium with 20 or 30 pM BA 0.65% Bacto agar 24.8a
0.65% Sigma agar 31.9a

consistently produced numerous, large shoots. Shoot regen-
grat|on occurred on media containing 1 and 2 IJ‘M TDZ, but “Data were combined from two experiments (n = 18). Only shoots longer
it was much slower than that occurred on BA med'_a (7 WerS than 0.75 cm (0.3 in) were counted and mean separation with LSD after
vs. 4 weeks). The regenerated shoots were multiplied usinganalysis of variance(< .05).

J. Environ. Hort. 18(2):119-122. June 2000 121

$S900E 981) BIA §1-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



Table 2. Comparison of BA and TDZ concentrations on shoot regeneration from leaf explants of ‘Fargo'8irch.

Plant growth Conc. Explants forming shoot3 Weeks required for
regulator (UM) (%) shoot formation
BA 0 0.0 No regeneration
10 87.5 4
20 100.0 4
30 100.0 4
TDZ 0 0.0 No regeneration
1 375 7
2 125 7
3 0.0 No regeneration

“The data were combined from two experiments, n = 16.
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