Juobogdouotddbooddbbodddyn

00 oooood
ISSN 00137626
ooo Neri,D.
oo,00
oo,00
oo,d
ooo oooo
0o/d 720 50
googd
gooon p. 389-392
gooo 20030 90
0000 oooddoooooobooooooooooobooa eAa
Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council oI\grinnowledge

Secretariat



EE2E (3. Japan. Soc. Hort. Sci.) 72 (5) : 389-392. 2003.

Effect of Apical Pinching on the Development of Axillary Buds in Strawberry Plants
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Summary

Shoot apices in young, facultative, short—day strawberry plants (Fragaria X ananassa Duch.
cv. Tochiotome) were removed to examine the role of apical dominance in the development of
axillary buds into branch crowns and stolons. At planting, plants had 3 fully-expanded leaves
associated with visible axillary buds and 2 expanding leaves. Young, expanding leaves were
removed along with shoot apices one day after planting. Plants were grown in a glasshouse
maintained at 25 °C from 6:00 to 18:00 and 19 °C from 19:00 to 5:00; day length was extended to
15 hr. Within a few days, new stolons were formed on the primary crowns in the intact control
plants, whereas new stolons on treated plants formed on developing branch crowns 3 weeks after
removal of their apices. Treated plants formed 3 branch crowns, while control plants formed
single branch crowns just below the primary inflorescences. The results indicate that the lower
axillary buds can develop into branch crowns even under long days and warm temperatures if the

buds are released from apical dominance.

Key Words: apex excision, apical dominance, branch crown, Fragaria X ananassa Duch.,

stolon.

Introduction

Strawberry plants have compressed stems with short
internodes that are called crowns. Axillary buds on the
primary crowns become dormant or develop into either
branch crowns or stolons, which are prostrate long,
modified shoots with 2 nodes. At the bud stage, the first
internode of a stolon bud is longer than that of a branch
crown bud (Guttridge, 1955).

Stolons are usually formed under long day (Darrow,
1936; Piiriringer and Scott, 1964), warm temperature
conditions (Darrow, 1936; Smeets, 1956), or after long
periods of chilling (Guttridge, 1958; Kahangi et al.,
1992; Piringer and Scott, 1964). Stolons form runners
(daughter plants) which are used for vegetative propa-
gation of strawberry plants. Branch crown buds, how-
ever, usually differentiate under conditions in which
plants produce few stolons, i.e., under short photo-
periods (Guttridge, 1985).

In Tochigi prefecture, Japan, strawberry plants
derived from runners of a short-day cultivar are grown
under a short photoperiod and cool night temperature for
more than 3 weeks in summer. These flower-induced
plants with 3 to 4 fully-expanded leaves are trans-
planted in beds in September, and forced into fruiting in
December. At planting time in September, small dor-
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mant buds differentiate in axils of the fully-expanded
leaves. In the middle of the growing period, these
dormant buds develop into branch crowns, and not into
stolons. Possibly, the release of apical dominance is
correlated with the development of the dormant buds
into branch crowns. Lateral branch crowns at lower
positions on the primary crowns are usually removed
because fruit growth is inhibited if many branch crowns
are allowed to grow. Removing branch crowns requires
more labor than removing stolons. Therefore, it is
desirable to make lower axillary buds develop into
stolons by controlling environmental conditions, such as
day length and temperature. However, it is not clear
whether or not the dormant buds have already been
destined to develop into branch crowns. The dormant
buds at the lower position on the primary crown usually
grow out in the middle of growing period, but they can
be forced to grow if the apex is decapitated. Therefore,
crown apices were removed in this study to test whether
or not the lower axillary buds released from apical
dominance will differentiate into branch crowns or
stolons under long day condition.

Materials and Methods

Runners of strawberry plants ‘Tochiotome’, a facul-
tative, short-day cultivar, were induced to flower under
an 8-hr photoperiod and 13 °C at night from August 17
to September 7, 1999, in the Tochigi Branch Station,
Tochigi Agricultural Experimental Station. On Septem-
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ber 8, the plants were transplanted to pots (15 cm diam.)
containing 1.5 liter of the plant growth medium (Soil
Mix, Sakata Seed Co., Yokohama), and transferred to a
temperature - controlled glasshouse. The pH of the
medium was 5 to 6, and the N, P,O5 and K,O contents
were 180, 120 and 220 mg - liter ™!, respectively.

The glasshouse was kept at 25/19 °C (day/night). The
day temperature was maintained from 6:00 to 18:00; the
night temperature was kept from 19:00 to 5:00. Temper-
atures were shifted between 5:00 and 6:00 and between
18:00 and 19:00. Natural day length was extended to 15
hr by supplemental incandescent lamps (approximately
10 ymol-m~2-sec™! at the pot surface) from 4:00 to
6:00, and from 17:00 to 19:00.

At planting, each plant had a primary crown with 3
fully-expanded leaves and 2 expanding leaves. The
apex flattened and enlarged into a dome, the first sign
that flower induction had occurred (Jahn and Dana,
1970). Plants have 2 types of axillary buds, dormant and

o

| VG131

4.0 kv - Xpod

Fig. 1. Scanning electron photomicrograph of apex of an
axillary dormant bud at planting (A) and stolon bud
developing on the primary crown of control plants (B).
The growing point of young stolon (st) is surrounded by
bract (br) and the leaf primordium of the first runner
(arrow).

stolon. External bracts completely cover dormant buds,
but only the apical portion of stolon buds. As Guttridge
(1955) stated, stolon buds are discernible because their
first internodes are longer than those of dormant ones. In
this study, dormant and stolon buds whose lengths
become longer than 1 cm are called branch crowns and
stolons, respectively. Bud length is measured from the
top to the base of the axis, including immature leaves.
At the axil of the fully-expanded leaves, there are 2 or 3
dormant buds or 1 or no stolon bud. The nodes were
numbered acropetally; the node at which the oldest leaf
is borne at planting is designated as node 1.

Apices were excised just above node 3 using a scalpel
from 40 plants one day after planting (pinching treat-
ment); an equal number of plants were left intact
(control). Excising apices damages young leaves, and so
the remaining 3 leaves were bound with plastic tape to
reduce water loss from the wounds. Eight plants were
sampled and dissected every 5 to 13 days for a total of 5
times up to 48 days after planting (DAP). On each
sampling date, the number of branch crowns, stolons
and buds of 8 plants in each treatment group were
counted by the naked eye or by using a stereoscopic
microscope. For scanning electron microscopic obser-
vation, samples were fixed in FAA and dehydrated in a
graded ethanol series. Ethanol was replaced with 3-
methylbuthyl acetate. Samples were dried to a critical
point, coated with platinum, and observed with a scan-
ning electron microscope (Model S-4000, Hitachi,
Tokyo) at an accelerating voltage of 10 kV.

Results

The scanning electron photomicrograph shows that
the primary crown has one leaf primordium with 3
leaflets differentiating in dormant buds at nodes 1 to 3 at
planting time (Fig. 1A). The image reveals stolon buds
developing on the primary crowns that are surrounded
with bracts and leaf primordium of the first runner (Fig.
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Fig. 2. Effects of excising apices on the number of branch
crowns in ‘Tochiotome’ strawberry plants. Data are

means £ SE (n=8).
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Table 1. Effect of removing apices on the length and diameter
of stolons on primary crowns four weeks after planting.

Treatment Stolon length (cm)  Stolon diameter (mm)
Control 31.2+£22 21%£02
Pinching 9624 2802

Values are expressed as mean = SE.

1B). Excising apices affected the growth of axillary buds
as more than 2 dormant buds developed into branch
crowns by 15 DAP (Fig. 2). On the contrary, each
control plant produced a single branch crown just below
the primary inflorescence by 48 DAP (Fig. 2). Axillary
buds below node 1 did not develop into either branch
crowns or stolons by 48 DAP in either control or
pinched plants. Apices on newly-developed branch
crowns on pinched plants started to flatten into a dome
at 35 DAP, a sign that flower initiation had occurred,
whereas flower buds were already visible in control
plants.

Stolon buds on the primary crowns have elongated
internodes so that they were discernible from the dor-
mant buds. These stolon buds in the axils of the fully-
expanded leaves at planting developed into stolons 5
days later in control plants, but 15 DAP in pinched
plants (Fig. 3A). The stolons on the primary crowns on
treated plants were shorter and thicker than those on
control plants (Table 1). These stolons sometimes ap-
peared as branch crowns because they expanded only 3
to 5 cm and did not produced any new stolons in the axil
of the bract of the second node. On 22 DAP, new stolons
grew out from the primary crowns in control plants and
from newly - developed branch crowns in pinched plants
(Fig. 3A); in the latter less than 0.5 new stolons per plant
developed on the primary crowns. Stolon buds that had
just started to elongate or ceased to elongate were
present in the axil of expanding leaves on primary
crowns of control plants. All four stolon buds developed
into stolons so that none existed in the control plants at
48 DAP (Fig. 3B). On the contrary, 2 stolon buds on
branch crowns developed into stolons in the pinched
plants; the other 2 remaining dormant at the end of the
experiment. Hence, the numbers of stolons at 35 DAP
were 2 in pinched plants and 4 in control plants (Fig.
3A).

Discussion

Apical dominance has been defined as the control
exerted by vegetative apical buds primarily over the
breaking or sprouting of axillary buds, although floral
buds exhibit weak apical dominance (Cline, 1997). Our
results reveal that dormant axillary buds can be induced
to grow immediately if the flower-induced, terminal
apex is removed. Therefore, it appears that flower buds
also dominate axillary buds in strawberry plants, at least
immediately after flower induction.
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Fig. 3. Effects of excising apices on the number of stolons (A)

and stolon buds (B) in ‘Tochiotome’ strawberry plants.
Data are means == SE (n=8).

Axillary buds become dormant, or develop into either
stolons or branch crowns. Guttridge (1955) stated that
differentiation probably occurs during the formation of
the first 2 nodes. Stolons are usually formed under long
day (Piringer and Scott, 1964), warm temperature condi-
tions (Smeets, 1956) and after long periods of chilling
(Guttridge, 1958; Kahangi et al.,, 1992; Piringer and
Scott, 1964). This experiment was carried out under
long photoperiod and warm temperature, conditions
favorable for stolon development, and axillary buds
were released from apical dominance by excision of the
apices rapidly. These buds developed into branch
crowns, supporting the view of Kumar and Wareing
(1972) that axillary buds are capable of developing into
stolons only when axillary buds are subject to apical
dominance in potato plants. This may be the reason why
the dormant buds at the lower position of primary
crowns develop into branch crowns, and not into stolon,
during the middle of a growing period. Furthermore, our
findings suggest that it is difficult to regulate the fate of
the lower axillary buds by controlling photoperiods and
temperatures during their development. Buds are consid-



392 D. Neri, N. Sugiyama, T. Iwama and H. Akagi

ered undifferentiated at the 1-leaf primordium stage
(Guttridge, 1955), but this assumption has not been
tested. Therefore, the possibility exists that the lower
axillary buds at the 1-leaf primordium stage have
already been predetermined to develop into either
branch crowns or stolons, contrary to Guttridge’s hy-
pothesis. It is likely that the axillary buds at the lower
position were programmed to develop into branch
crowns at planting time in this experiment because
plants were exposed to an 8-hr photoperiod and 13 °C
for 3 weeks.

Furthermore, stolon buds on the primary crowns of
pinched plants developed into stolons with thick and
short internodes; no new stolons were formed in the axil
of the bract of the second node. As a result, these stolons
exhibited upright growth, with the appearance of branch
crowns, indicating that apical buds play a role in the
determination of whether or not axillary buds develop
into normal stolons.
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