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Shortening of Breeding Cycle by Forced Flowering in
Forest trees 1I. Enhancement of Flowering Induction by
Treatment of Growth Regulators in Betula pendula Roth

and Betula platyphylla var. japonica Hara'*
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ABSTRACT

EBetula pendula and B. platyphylla var. japonica seedlings and/or grafts growing inside and outside
of a plastic-greenhouse were treated with growth regulators to induce flowering at early stages of
seedling and graft developments. The seedlings began to develop female catkins vigibly in eight to
nine months after seeding and in five months after the first treatment of growth regulators. Thirty
three percents of the seedlings grown under controlled environment in the plastic-greenhouse with
sufficient nutrient supply developed female catkins both in control plants and in the plants treated
with JAA, GA: and kinetin, while none on the control plants grown in the field showed any sign of
the development of floral organs. Sixty seven percents of the seedlings treated with ABA and SADH
grown in the plastic-greenhouse developed female catkins. All the seedlings treated with 6.24 mM of
SADH developed female catkins. SADH treatment to 2-5 vear old seedlings and grafts of birch had a
tendency of positive effect on inducing and increasing the flowering of the two birch species.
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INTRODUCTION

Seedlings of most woody perennials have a
protracted juvenile phase during which they are
incapable of flowering. Long juvenile periods and
slow tumover of generations are major constraints
to tree breeding and in modemn silvi-culture,
Strategies are required for induction of precocious
flowering in seedlings and for speeding the
generations.

The two birch species generally have relatively
long juvenile phase of about ten to fifteen years
in B. platyphylla var. japonica and B. pendula
with some exceptions in isolates and/or in those
on dry sites. Thus one breeding cycle of B.
platyphylla var. japonica and B. pendula may
well be over sixteen to twenty one years.

In early 1970's, research workers at Foundation
for Forest Tree Breeding in Finland successfully
induced flowering in B. pendula seedlings in a
plastic- greenhouse with controlled environment-
temperature control, nutrient supplv and carbon
dioxide enrichment in the ambient air etc(Lepisto
1973). The author at present work attempted to
induce flowering at early stages of seedling
development of Betula pendula and B. platvphyiia
var. japonica by a similar method as mentioned
above. The result was satisfactory for inducing
male flowering in the first and the following
years after one cycle(about nine months) treat-
ment for floral induction(Ryu et a/ 1995). Only a
few female developed with
percents of the treated seedlings in the second
year, Most of the treated seedlings developed
both male and female catkins from the third year

catkins eleven

of the treatment.

The aim of this study was to find out an
effective method for flowering
Betula pendula and B. platyphylla var. japonica
to shorten the breeding cycle and to produce

induction in

large quantity of genetically improved seeds in
short period of time.
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MATERIALS AND METHODS

Seedlings of Betula pendula(German and Finnish
seed sources) and B. platvphyila var. japonica
(Japanese seed source) were grown in a plastic-
greenhouse installed inside a laboratory for about
three months until they treated with
The seedlings were grown

were
growth regulators.
under 19-hour dav(about 12 to 14-hour natural
incident light through windows and addi-tional
light supplementation mainly with high pressure
sodium lamps - 80% in electrical wattage -, and
-20% in electri-cal wattage -
during night. Total radiant flux by the supple-
mental light was approximately 196 ~250]/m’/sec.
(maximum 385]/m’/sec. at the top of tree
crown) at tree crown level. Seedlings were trans-
planted into plastic pots(33cm both in diameter
and height) when they were about 10cm in
height, and
solution with the following

mercury lamps

watered with nutrient

ingredients : 5mM

regularly

KNO:. ImM KH:PO; 4mM Ca(NO3):, 3mM
MgSQOQs.  0.046mM  HzBO;.  0.008mM  ZnSO;,
(.003mM  CuSO;.  0.0003mM FeEDTA and

0.0001mM (NH4)-MoQO-;. Temperature was cont-
rolled to 24 C for night and 30°C for day.

The growing conditions of the seedlings were
slightly modified from the fourth month as
follows when the height reached proper develop-
mental stages for floral induction - the day length
: 16 hour-day and 8-hour night, and the tempe-
rature ; 18C for night and 28°C for day. The
same nutrient solution but with reduced KNO3
(3mM) and increased KH:PO;(3mM) was supplied
every other day until the first reproductive organs
develop visibly. Also ambient air inside the
plastic- greenhouse was enriched with carbon
dioxide up to 800 - 1200ppm to enhance the seed-
ling growth whole through the induction period
from seeding.

The seedlings in the plastic- greenhouse were
treated three times with the following growth
regulators : 0.05mM, 0.10mM of indoleacetic acid
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(IAA), kinetin, gibberellic acid(GA:) and abscisic five year old seedlings and grafts in the field
acid(ABA), and 6.24 and 12.48 mM of succinate were also treated three times with 6.24 and
2,2 dihydroxvmethylhydrazide(SADH) when they 12.48mM of SADH in July and August for floral
were three, four, and five months old. Two to induction under natural conditions.

Table 1. Percentages of floral induction by the treatment of growth regulators in plastic greenhouse.

Growth regulators Replic Catkins Percentage of floral
and concentrations ation developed induction
1 0
0.05mM 2 8 33%
3 0
IAA 33%
1 0
[ 0.10mM 2 0 33%
3 43
1 G B
1 | 1
(.05mM 2 0 33%
3 0
Kinetin b—m—m—m—m?™Mm - ——">—-4-—————t— 33%
1 0
0.10mM 2 2 33%
3 0
1 0
0.06mM | 2 1 ‘ 33%
;‘ 3 0
GA e e 33%
1 0
0.10mM 2 1 33%
3 0
| 0
0.05mM 2 53 67%
3 5 o
ABA +—"t 67%
1 1
0.10mM 2 37 67%
3 0
|
1 2
6.24mM 2 3 100%
3 38
SADH —f—— 67%
1 21
12.48mM 2 0 33%
3 0
i Inside 1 0
plastic 2 0 33% 33%
greenhouse 3 43 L
Controls -+ —
1 0
Field 2 0 0% 0%
3 0

replication 1 and 2 : B. platyphylla var. japonica
replication 3 : B. pendula
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RESULTS

The treatment of growth regulators did not
affect the seedling growth significantly for one
month after the first treatment. However, the
treatment with 12.48mM of SADH retarded the
seedling growth significantly(covariance analysis
of the slopes of regression lines : F=12.67, df=
1.4, P<0.05) compared with that of the 6.24
mM treatment.

The seedlings began to develop female catkins
(determined by the position and the shape of
initial developmental stages) in eight to nine
months after seeding and in five to six months
after the first treatment of growth regulators.
The seedlings treated with 6.24mM of SADH
developed catkins first. Some of the seedlings
began to develop catking in 11 months., The
developing catkins did not show the normal
shape. Most of the catkins had grown continu-
ously and elongated shape just like the developing
male catkins of the previous year of flowering
and finally dried out without flowering during
late July and August. Some of the catkins were
erect and developed abnormal flowers with
anthers between the scales of female flower.

Generally, birch species develop erect female
catking axially while drooping male catkins
terminally on branches during flowering. But wn
this experiment all the seedlings that have
developed floral organs had catkins axially on
the female position except one seedling. In the
previous work(Rvu et a/ 1995) only male catkins
were developed during the first induction period
when the seedlings and grafts were grown under
controlled environmental conditions with 20-hour
day length without treatment of growth regu-
lators. Newly developing male catkins are visible
from early May through late June in the previous
yvear of flowering. and grow until fall before
they enter dormancy under natural conditions in
Taegu(35” 53° N, 128 37" E, 57.8 m a.s.l.),
Korea. Male floral primordia are initiated and
developed mainly under long day conditions with
increasing day length., Female floral primordia

are thought to be initiated and developed to

some extent inside the developing new buds
from the late summer to fall of the previous year
of flowering when the condition of day length is
relatively short and decreased. Comparing the
results of the previous and present works it is
deduced that day length
hours enhances the initiation of male catkins and

longer than twenty

shorter than sixteen hours enhances the female
catkins.

Induction of flowering by the treatment of
growth retardant ABA and SADH inside the
plastic- greenhouse was effective(Table 1). Thirty
three percents of the seedlings including controls
grown under controlled environment in the
plastic- greenhouse with sufficient nutrient supply
developed female catkins without regard to the
treatment of IAA, kinetin and GAj; while none
of the control plants grown in the field showed
any sign of the development of floral organs.
All the seedlings treated with 6.24mM of SADH
developed female catkins. In this case the rate
of flowering induction was significantly different
(X*=6.00 **, P<0.025) from the contral in the
field.

Induction  of flowering by SADH
treatment to 2~3 vear-old seedlings and grafts

male

grown in the field and having no flowering
record was very effective for male catkins both
in B. pendula and B. platyphylla var. japonica
(X*=4.36 * and 4.7]1 * respectively). Induction of
female flowering in B. platyphylla var. japonica
was effective(X"=4.71 %), too(Table 2).

SADH treatment to two
seedlings and grafts grown in the field and
having flowering record gave positive effects in

to five-year old

increasing the quantity of flowering and/or in
maintaining the persistency of flowering(Table
3). Most of the seedlings and grafts of B.
pendula  treated with SADH developed male
catkins in the following year and the percentage
of male flowering plants was significantly
higher(X"=4.16 *) than that of the control.

DISCUSSION

Various methods have been reported for induc-
tion of precocious flowering and/or for the pro-
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flowering trees growing in field.
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Induction of flowering by SADH treatment to two to five vear old and previously non

SADH B. pendula - B. platyphyila
concentr, Tree no Female Male Tree no Female J Male
1 + 1 -+ +
2 1+ 2 + +
3 + + 3 +
4 + + 4+ 4 +
5 5 +
6 6 +
6.24mM 7 7 +
8 8 +
9 ++
10
11 +
12 + +
13
14 ++ ++
[ M / *_‘
% induction 25.0% 50.0% 57.1% 57.1%
12.48mM 1 + 1 T
2
% induction 0.0% 50.0% 0.0% 0.0%
Total % induction 20.0% 50.0% 50.0% 50.0%
Control 6 trees 0.0% 0.0% 6 trees 0.0% 0.0%
+ : number of catkins less than 30, + -+ : number of catkins more than 30
motion of flowering at early developmental GA; and TAA at present work did not give

stages of seedlings, grafts and cuttings in forest
trees(Greenwood ef a/ 1991, Harrison and Slee
1991, Ho 1988) and horticultural plants(Greene
and Lord 1978, McLaughlin and Greene 1934,
1991a, 1991b, Wilkinson and Richards 1991).
The most effective and promising methods for
flowering induction in perennial woody species at
present are the treatment of growth regulators
and the ameliorated environmental treatment that
enhances both vegetative and reproductive growth
of seedlings.

Naphthalene acetic acid and GA; promote male
old Picea
engelmannii grafts(Ross 1990) and for 7 year old
Pinus tabulaeformis seedlings(Sheng and Wang
1990) respectively. GA; promotes female flower

flowering for four to seven year

ing both in 15 vear old grafts of Picea mariana
(Ho 1988) and Pinus tabulaeformis(Sheng and
Wang 1990). Young birch seedlings treated with

Both of the
induced female

similar effect on sex expression.
of GA; and [AA
catkins. Only one of the three seedlings treated
with 0.05mM of ABA in the plastic greenhouse
developed male catkins including female ones.
Vegetative growth of birch seedlings can be
enhanced by long day treatment with high light
intensities(Krizek and Zimmerman 1973) or by
growing the seedlings under a CO: enriched
atmosphere in controlled environment(Krizek et
al 1969). Continuous growth of seedlings with
sympodial growth behavior which is shown in

treatment

birch species under the favorable environmental
conditions with sufficient nutrient supply may
lead to phase change from juvenile to mature
ones within a short period of time at seedling
stage as reported by Lepisto(1973).

The authors commenced the present work
expecting the combined effect of environmental
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Table 3. Promotion of flowering by the treatment of SADH to two to five vear old trees grown in
the field and flowered seldom and/or very poorly in the previous vears.

SADH - B. pendula B. platyphyila
concentr. Tree no Female Male Tree no Female Male
1 + 1 + 4+ ++
2 ++ ++ 2 ++ ++
3 + + 3 + +
4 ++ 4 + - +
6.24mM 5 + 5 + +
6 - ++ 6 ++ -+
7 -+ 7 + +
8 8 + +
9 + +
% flowering 33.3% 38.9% a 100.0% 100.0%
1 + 1 + ++
2 + ++ 2 ++ +4
3 + 3 + +
4 + 4 + +
12.48mM 5 + ++ 5 -+ ++
6 +
7 4
8 +
9 ++ +
10 ++
11 + ++
% flowering | 36.4% 100.0% 100.0% 100.0%
Total % of flowering 35.0% 95.0% 100.0% 100.0%
R Tt L
1 1 + ++
2 2 + +
Control 3 + + 3 + +
4 + 4 + +
5 + + 5 + +
6 + +
% flowering 33.3% 66.7% 100.0% 100.0%
+ : number of catkins less than 30, + -+  number of catkins more than 30

control for ideal tree growth and the treatment of
growth regulators for flowering induction at early
stages of seedling development. The result was
successful with the treatment of growth retardants,
SADH and ABA(Table 1), for the enhancement
of the efficiency of flowering induction at early
seedling stages in birch species,

CONCLUSION

Juvenile phase of some forest tree species can
be reduced dramatically, for instance, from ten or

fifteen years to one or two years by treatment of
growth regulators under controlled environ ment.
From the result of present work it is possible to
shorten one breeding cycle of B. pendula and B.
platvphylla var. japonica to seven to eight years
(two years for seed pro duction and five to six
vears for progeny test). This will give tremend
ous returns in many ways to tree breeders. By
shortening the breeding cycle with flowering
induction we can save time, efforts and expendi
tures for the management during the long breed
ing cvcle in forest trees.
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