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Kushida, T., Nakashima, A., and Nagata, H.: Lammas shoot induction in Pinus densiflora by heating in spring.
J. Jpn. For. Soc. 81: 57~64, 1999 The potted, two-year-old seedlings of Pinus densiflora were transferred into a
greenhouse from the outdoors on February 20, March 7, and 22, 1990, before the initiation of spring flush. On May
22, 1990, the plants were returned to the outdoors. The earlier the seedlings were transferred into the greenhouse, the
carlier the second flush started, the greater the percentages of Lammas shoot elongation were, and the larger the
amounts of the secondary flush were. In the second experiments, potted seedlings were divided into two groups: 1)
139 plants grown in the greenhouse from March 6 to June 4, 1990 (heated), and 2) 237 plants grown under outdoor
conditions (non-heated). The terminal buds of the seedlings in both treatments were periodically sampled and the
number of leaf primordia formed on the buds was counted with a microscope. In the heated seedlings, more than 90
leaf primordia were observed in August when rapid internodal elongation in the buds occurred. While more than 90
leaf primordia were observed in the non-heated seedlings in September under short-day conditions, the internodal
elongation did not occur. It can be concluded that Lammas shoots in Pinus densiflora are the elongated buds, which
have formed 90 through 100 leaf primordia under 14 h day length or more.
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Diagrams illustrating the loci of apical and lateral
buds (left) and the structures of a bud (right) in a
Pinus densiflova seedlings.
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Effects of heating time on Lammas shoot formation in P. densiflora seedlings.

The time of heatig treatments

Non-heated

Feh. 20 Mar. 7 Mar, 22
No. of plants 19 21 14 23
Apical 19 21 14 23
No. of buds
0- OF bues Lateral 85 87 62 99
Bud length Apical* 42.5443.2° 34.3434.8° 16.9+4.8° 18,414 6"
(mean+SD) (mm) Lateral** 45.2£30.2% 36.9+26.1% 26.3%+15.0Y 18.4+13.1%
Percentages of Lammas shoot Apical 52.6 52.4 28.6 13.0
formation (%) Lateral 76.5 75.9 66.1 40.4
Percentages of needle leaf Apical 5.3 14.3 0.0 0.0
expansion (%) Lateral 14.1 6.9 3.2 1.0
Percentages of new bud Apical 26.3 4.8 7.1 4.3
formation (%) Lateral 16.5 2.3 1.6 0.0

#** Means with common letters within rows are not significantly different at the 5% levels (Duncan’s multiple range test).
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Lengths of Lammas shoots and normal buds of P. densiflora seedlings

heated from Feb. 20, Mar. 7, and Mar. 22 to May 11.
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The data of control seedlings were also indicated as non-heated. Error bars represent

standard deviations.
normal buds. Means accompanied by the same letter are not significantly different
19% level (Duncan’s multiple range test).
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The growth patterns of buds in heated and non-heated P. densi-

flora seedlings and changes in day length (Tsu, Mie pref.).
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The relationship between the starting dates of sec-

ondary flush and Lammas shoot lengths measured

in late December in heated and non-heated P. densi-

flora seedlings.
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Effects of heating from Mar. 6 to Jun. 11 on Lammas shoot
formation in P. densiflora seedlings.

Treatments
Heated Non-heated
No. of plants 13 30
Apical 13 30
No. of buds
0. of buds Lateral 13 30
Bud length Apical 26.7+22.1* 12.5£3.5
(mean+SD) (mm) Lateral  35.7+10.1%* 16.6+8.5
Percentages of Lammas shoot Apical 23.1 0.0
formation (%) Lateral 92.3 20.0
Percentages of needle leaf Apical 0.0 0.0
expansion (%) Lateral 7.7 6.7
Percentages of new bud Apical 0.0 3.3
formation (%) Lateral 7.7 6.7

Symbols : *=significantly different frorn non-heated plants at the

5% level, and **=at the 1% level. (Two sample 7 test).
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The development of winter buds and the formation of Lammas shoots in P. densiflora
seedlings : the weekly number increment and cumulative number increment of leaf
primordia in heated (A)and non-heated ( B)seedlings ; the weekly bud length incre-
ment and cumulative bud length increment in heated (C)and non-heated(D)seed-
lings ; and changes in the percentage of buds showing cell division in apical meristem
in heated(E) and non-heated ( F ) seedlings.
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o7 A=Y DL A%

Lammas shoots forming new buds on the apices in a
P. densiflora seedling.
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Longitudinal section through shoot apex of a P.

densiflova seedlings heated from March 6 to June 4

and harvested on August 3.

SHIHWEIM LY T, S, EHE L, EFHE B, ¥

%,

S, shoot apex ; L, leaf primordia ; B, bud scales.
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®-8. EIMERO 7 7 <Y OIEFEO Gtk B
Longitudinal section through shoot apex of a P.
densiflora seedlings non-heated in spring and har-
vested on August 3.

SHIHWKHRIR LY~ 7N, S, EIEM L, ERHE B, ¥F
%0

S, shoot apex ; L, leaf primordia ; B, bud scales.
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