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Shortening of Breeding Cycle by Forced Flowering in
Forest Trees 1. Induction of Flowering by Cultural
Treatments in Seedlings and Grafts of Betula pendula
Roth and Betula platyphylla var. japonica Hara'
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ABSTRACT

Seedlings and grafts of Betula pendule and Betula platvphylla var. japonica were grown under
partially controlled environments in a greenhouse and in a plastic-greenhouse installed inside a
laboratory. Plant growth conditions such as photoperiod, temperature, nutrient supply were partially
controlled to enhance the vegetative and reproductive growth of the birch seedlings and grafts.

By the treatments twenty and seventy one percents of the seedlings, respectively, for the Betula
pendula and Betula platyphylla var. japonica developed visible floral organs between 250 to 508 days
after seeding. By the same treatments eighty and fifty three percents of the grafts, respectively, for
Betula pendula and Betula platyphylla var. japonica developed visible male catkins between 51 to 497
days and female catkins between 365 to 396 days after grafting.

Breeding cvcle of birch species can be reduced to a great extent by the induction of precocious
flowering at early stages of seedling and graft development.
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INTRODUCTION

One of the most important factors that has to
be considered in an active, ongoing tree improve-
ment program is time required for every breed-
ing cycle and for seed production. The progress
in major parts of the tree breeding procedures
can be achieved feasibly within a short period of
tirne by inputting greater manpower and efforts,
However, production of genetically improved
seeds is impossible until the parental trees, that
have been selected for their genetic potentia-
lities, begin to flower.

Many of the important tree species do not
commonly attain sexual maturity for a few to
many vears. For commercial seed production in
a short period, forest tree breeders will not
select parental trees flowering at early ages
which might be associated with reduced timber
production. But they will select parental trees
that grow vigorously until late ages before they
begin to flower and try to induce flowering at
early ages by controlling physiological processes
of the trees to shorten the generation intervals
and so speed up breeding programs,

Up to date,
treatments are the major methods used to induce

cultural and growth regulator

precocious flowering in perennial tree species
(Greene & Lord 1978, McLaughlin & Greene

1984, Ho 1983, Ross 1990, Sheng, & Wang
1990, Greenwood ef al 1991, Harrison & Slee
1991, McLaughlin & Greene 1991a, 1991h,
Wilkinson & Richards 1991). One of the

prominent works for the induction of precocious
flowering in forest trees has been accomplished
and practised in commercial scale by Finnish

tree breeders since early 1970's(Anonymous
1976).
In 1970, research workers at Foundation For

Forest Tree Breeding in Finland induced flower-
ing successfully in Betula pendula seedlings in
a plastic- greenhouse with controlled environment
supply, and
in the ambient air

- temperature control, nutrients
carbon dioxide enrichment
erc. In the following year twenty four of the

sixty(40%), in the two to four year-old birch

seedlings that had been treated for flowering
induction produced about 1.5kg of seeds(about
4.5 millions in number)(Lepisto 1973). The third
vear of flowering induction in 1972, fifty five(92
%) of the sixty birch seedlings produced about
23kg of seeds{about 47 millions of seeds). The
results enable the tree breeders at Foundation
For Forest Tree Breeding to establish two-clone
seed orchards in plastic-greenhouses and produce
bred
within a few

large quantity of newly valuable hybrid
birch years and thus
shortened the breeding cycle of birch species
dramatically.

The aim of this study was to find out a

seeds

proper way for the induction of precocious flower-
ing in Betula pendula and Betula platyphylia
var. japontca with similar method developed by
the Finnish
environmental conditions and to produce a large

research workers under Korean
quantity of improved birch seeds within a few

years.

MATERIALS AND METHODS

Seedlings and grafts of Betula pendula(Finnish
seed source) and B. platyphylla var. japonica
(Korean and Japanese seed sources) were grown
in a plastic-greenhouse installed inside a labora-
tory at Kyungpook National University in Taegu
city(35° 53" N, 128" 37" E) and in a greenhouse
at Samcheuk(37° 22' N, 129 06’ E) Kwangwondo
province.

The seedlings in the plastic-greenhouse and
greenhouse were grown under 20-hour day(about
12 to 14-hour natural incident light plus 6-8
hours of supplemental light mainly with high
pressure sodium lamps(80%), and mercury lamps
(20% in electrical wattage) during night. Total
radiant flux by the supplemental
approximately 160-196 ]/m’/sec.(maximum 250
J/m?/sec. at the top of tree crown) at tree

light was

crown level. Temperatures in the plastic-
greenhouse and greenhouse fluctuated considerably
during the night depending on the outdoor
temperatures. But temperature during the induc-
tion period was maintained to 15-18 ¢ (min. 127)

at night and 24-30°C (max. 38C) during the day.
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To enhance the seedling growth, carbon dioxide

concentration of ambient air in the plastic
greenhouse and the greenhouse was elevated up
to 800 1200 ppm by gas bumers throughout the
period of seedling growth until the seedlings
develop reproductive organs visibly.

The birch seedlings were transplanted into
plastic pots(33cm both in diameter and height)
when they were about 10cm in height, and
regularly watered with nutrient solution contain

ing the following ingredients :

KONO S oo 5mM
|2 25 270 TN 0.046mM
G 1 20 YRR ImM
ZI‘ISO‘x .

CAONOE)s o oereorrreme e 4mM
CuSO;

When height of the seedlings reached about
one meter which believed to be a proper develop
mental stage for flowering induction the same
kind of nutrient solution but with reduced KNO;
(3mM) and increased KHoPQO4«(3mM) was supplied
every other day thereafter.

RESULTS AND DISCUSSION

It has been shown that the growth of hirch
seedlings can be greatly enhanced by controlling
the environmental factors in which the seedlings
are growing(Krizek et al 1969, Krizek &
Zimmerman 1973). Major favorable conditions for

the fast growth of birch seedlings are high day/
night(30/18°C) temperatures with high light inten
sity(26.9 kix. or higher light intensities) during
the day, sufficient nutrient supply and rcarbon
dioxide enrichment of the ambient air(400 2,000
ppm). Some of the birch species and/or races
may require long day conditions{(14 hour or
longer) for rapid growth of the seedlings.

The growth of birch seedlings and grafts at
present work was very rapid in response to the
controlled environmental conditions, particularly
to high temperatures during the day and conti
nuous nutrient supply with elevated carbon
dioxide concentrations in the ambient air. Though
the precise measurements were not made. the
growth of B. pendula seedlings was visibly
faster than that of B. platyphyila var. japonica
under long day(20 hour photoperiod) conditions,

Betula. pendula seedlings began to develop
floral organs between 250 508 days after seeding
during the first induction cycle(Table 1). Four(20
%) of the twenty treated seedlings developed
male catkins and only 5% of the treated seed
lings developed female catkins after 440 days
from seeding.

In case of B. platyphyila var. japonica five
(71.4%) of the seven treated seedlings developed
only male catkins between 309 410 days after
seeding(Table 2). In this case the rate and
duration of flowering induction appeared to be an
acceptable level for practical scale for shortening
the breeding cycle of birch species provided that
the induced seedlings produce female catkins as
well as male ones in successive years.

Induction of flowering for the grafts of B.
pendula appeared even more effective than the

Table 1. Flowering induction for the seedlings of Betula pendula

Tree Date of Date of the Date Number Dayvs required for the
first catkin of first visible catkin
number seeding development flowering catkins development from seeding
2831 1989. 1. 3 1989, 9. 10 M. 1990, 4. 2 5 250 davs
1990, 3. 19 F. 1990, 4. 2 6 440 days
2882 ” 1990, 5. 26 M. 1 508 davs
2883 " 1990, 5. 25 M. 5 o7 davs
288 4 L , 1990, 5. 25 M. 12 507 days

M. : male catkin F : female catkin

percentage of seedlings that developed male catkins : 4/20 % 100% =20%
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Table 2. Flowering induction for the seedlings of Betula platyphyvila var. japonica.

M : male catkins

percentage of seedlings that developed male catkins :

Tree Date Date of the Number Days required for the first
of first catkin of visible catkin development

number seeding development catkins from sceding

PO- 1 1959, 4. 26 1990, 6, 10 M 1 410 davs

PJ-17 e 1990, 3. 1 M 23 309 days

] 18 o 1990, 6. 4 M 12 404 days

Pri-3 roo ' 1990, 6. 7 M 1 407 days

P15 / ' " 1990, 6. 4 M 21 404 davs

5/7100=71.4%

Table 3. Flowering induction for the grafts of Betula pendula.

Tree Date Date of the Date Number | Davs required for visible
of first catkin of of catkin development

number grafting development flowering catkins from seeding

Fn 1+ 5 1989, 3. 20 1989, 5. 10 2 M 51 davs

Fn 1-10 1989, 3. 20 1990, 3. 19 1990, 4. 1 2 F 365 davs

Fn o5 2 1989, 7. 20 1990. 4. 10 1990. 4. 7 34 M 264 davs

I'n 5- da 1959, 11. 6 1990. 1. 6 3 M bl davs

In 5- 5b weooomn 1990. 6. 28 I'M 234 davs

n 6 7 v 1990, 4. 10 1M 155 davs

n 7- 1 1989, 2. 13 1989, 7. 30 3 M 167 davs

Pn 72 vow 1990, o, 27 12 M 103 davs

I'n 7- 5a v 1990, H. 10 1990, 4. 1 1M 36 davs

Fn 7- 5b " " " 1990, 5. 28 2 M 104 davs

M : male catkin. F : female catkin

percentage of grafts that developed male

and/or female catkins 9/10 - 100% =90.0%

Table 4. Flowering induction for the grafts of Betula platvphylia var. japonica.

Tree Date Date of the
of first catkin
number grafting development
P3l-5 1989, 2. 16 1990. 3. 19F
a3l 7 1989. 2. 16 1989, 9, 10M
1990. 3. 19F
P 3-8 1989, 2. 18 1990. 6. 10M
Po32-7 1989, 3. 14 1990. 6. 4M
P39 &a 1989, 2. 21 1990, 5. 27M
P 39- &b 1989, 2. 21 1990. 7. 3M
P 39-9 1989, 2. 21 1990. 6. 10M
P 39-11 1989. 2, 21 1990. 6. 2
P 39-12 1989, 2. 21 1990. 5. 27M
P 4035 1989, 2. 20 1990. 5. 26M

Date Number Days required for the first
of of visible catkin development
flowering catkins from seeding
1990. 4. 2 6 396 days
- 13 206
1990, 4. 2 4 396 -
- 19 477 v
5 447
21 460
36 497
- 1 474
19 492
19 460 7
24 429 B

M. : male catkin

F

: female catkin

percentage of grafts that developed male and/or female catkins : 10/15 % 100% =66.7%.

seedlings of the same species(Table 3). Ninety
percent of the treated grafts developed male
and’/or female catkins within a year. Some of

no

the grafts developed male catkins in two months
and female ones in a year. Although there was
statistical difference(P=0.20 for

induction
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rate) due to small number of sample sizes the
rate and duration of flowering induction in grafts
of B. platvphylla var. japonica appeared to be
lower and longer than those of B. pendula(Table
4). In all cases the seedlings and grafts of B.
pendula and B. platyphylia var. japonica deve-
loped female catkins when the seedlings were
moved out and exposed to natural conditions
outside(10 to 14.2-hour photoperiods).

According to Mr. Lauri Karki at Foundation
For Forest Tree Breeding(personal communication
in 1976) some of the birch seedlings grown
plastic-
greenhouse developed male catkins when the
height of seedlings reached 150-200cm at age of
seventy

under controlled environment in a

took two
hundreds undreds and fifty, and three hundreds

seven days. However, it
and nine days, respectively for B. pendula and
B.  platyphylla var.
environmental

japonica under controlled

conditions at present work in
Korea. Only some of the treated grafts of B.
pendula developed male catkins between 51 to
86 days after grafting at present work. Comparing
natural conditions during the treatments for
flowering induction between Finland and Korea,
the quantity of incident solar energy with optimal
level appears to be one of the major factor in
shortening the juvenile period of birch seedlings.
The quantity of incident solar energy, effective
for plant growth during the summer in Finland
is much greater than in Korea.

Two clones(grafts) of Betula pendula treated
for flowering induction(just one cycle treatment
for eight months) did not flower up to age five
to six. One of those clone began to flower at
age six and the other at age seven after they
had been acid 2,2-
dimethylhydrazide for two successive years before

flowering. Thus it appears that some of the

treated with succinic

birch genotypes require longer induction period
than eight months for a successful flowering
induction.

Maintaining optimum conditions for flowering
induction in a plastic- greenhouse during the hot
summer season in this region is technically
difficult and thus the seedlings that had been
induction were moved

treated for flowering

outside for two months during July to August.
Probably, this kind of interruption during the
induction period appeared to delay
induction of the birch seedlings.

flowering

In conclusion, flowering induction simply by
cultural treatments in greenhouse and/or plastic-
greenhouse is possible at early developmental
stages of seedlings and grafts in Befula pendula
and Betfula platyphyila var. japomica. This can
be done with a reasonable cost and permissible
efficiency under Korean climatic conditions.
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