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ABSTRACT

This study deals with the effect of dwarf growth for the wood and the structural changes of
cambium in Pinus koraiensis subjected to water stress. The length and wall thickness of tracheary
elements in dwarf trees was shorter and thicker than that in normal trees. The radial width
and cell number of the annual rings are narrower and smaller in dwarf trees than those in normal
trees. In serial tangential sections, the frequency of anticlinal division is low and loss of cambial
initials is small in dwarf trees. The length of cambial initials in water deficit, trees are slightly
shorter than that in normal trees, and the intrusive growth of cambial initials during differentiation
of xylem mother cells is inactive in dwarf trees. Thus, it is interpreted that the shortening of
tracheary elements in dwarf trees is due to the fact that the length of cambial initials are shortened
and the intrusive growth of those during differentiation of xylem mother cells is inactive. The
structural variations in the wood of naturally occurring dwarf trees are similar to those of trees
subjected to artificial water stress. Therlore, i is suggested that the variations of xylem element
in dwarf trees are related to water conditions.

&

ab

BAR2 ARl LEKS, &EY RE 23z ol
olul [edhimtte S-¢ Edadle ZHRAS (b oddks
u] 2 7o 2 ofe) #lk(Forsaith, 1920; Fahn, 1964; Carl-
quist, 1975, 1977; Taylor, 1974; Qever et al., 1981; Bis-
sing, 1982; Lawton, 1984). ¢]5 AT Eahol 4] 4] 4] 8)=
L daez RIS BRERY Held 2dS
HA o] FolFL(Baas et al., 1983; #=} #F, 1991) 1
alel] gt & €7 ok el ZEf AR
ﬁ’hk@ﬁﬁ e Fode 28] =Rz, ﬁ’:i%%‘"] Zo]
Hol MEES Eahah ZHIRTS EipEme) A4dd
+ F4 MalgEmsiae] eAstEq Has *’rZﬂ.?ﬂ T
2] =HPhilipson and Butterfield, 1967). wizba] —H#AAELS]

rJ&)ﬁLr

2e 47e)

35

T4 ¥ol7l oA R ERE ¢ 5 9lenE I
BAVERS 3 el qlolA E”é‘ﬁﬁ’ e 2R 6
A&7y 2edH e 43S F4% v ok, 1989).

2

AEAHAY Kol 1552 ‘zﬁou o]zt
+EEks 29 A WA g 7)o A SR
98} ef7pa] @A 29le) BT I&EdEM glow

% AT 2Asel4 BH29 F R2Ae 2 o
2 AT ol YT dAsen] dyE FU ¥ B
Aok mebd kg el FIE 4FTH FEE F
FoA e, KGLEALE Br AATAN 4ET A
AT HRBFMEREYE SERLD SAnyel A

g felsluatslel, 3yas Hels] F4o] ¥4F

A o] Holella] FexLx] mE ERyzE

Aol A 2 zatsha, obgeld @

ks

]*]E

=AE



36 Korean J. Bot.

L E
Fig. 1. Diagram of greenhouse used in this experiment.
The upper and dotted part of drawing appear to cover
polyvinyl. WD, water deficit; WS, water supply.
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Table 1. Soil moisture and anatomical characters in the wood of Pinus koraiensis

Characters Soil moisture (%)

Height of

Tracheids (um) Cambial initials

Surface  Underground ray (cells) Tangential Wall Cell Intrusive
Condition diameter thickness layers growth (%)
Water supply 145 15.1 7213 219+ 16 29+ 044 5-7 22.9
Water deficit 0.6 5.9 68+13 21.3+36 371205 4-6 15.3

“1% significant level.
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Table 2. Physico-chemical properties of soil
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Characters  py OM.  av-P:0s Sio; CEC. Ex-Cations(me/100g) Soil texture
Condition (1:5 (%) (ppm) (ppm)  (me/100g)  Cgz+ Mgt  K*
Water supply 43 2.0 231 43 9.50 0.5 0.1 0.30 loamy soil
Water delicit 41 13 252 44 8.74 0.5 0.2 0.34 loamy soil
O.M, total content of organic matter.
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Fig. 2. Seasonal changes in elongation of shoot in Pinus
korarensis. (O~(), water supply trees; @—®, water deficit
trees; *, 1% significant level.
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Fig. 3. Seasonal changes in number of tracheids during
one year’s growth in the basal regions of stem in 4-year-
old Pinus koraiensis, O—O, water supply trees, @—@®,

water deficit trees.
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Fig. 4. Cross sections of basal regions in 4-year-old stem
of Pinus koraiensis showing seasonal change in the num-
ber of —racheids from one growth ring as Fig. 3. Bars=
215 ury A, stemn in normal tree; B, stem in dwarf tree;
FP, functional phloem; CZ, cambial zone; The numbers
represent the month of measurement.

351

Radiol diomsler of fracheds{pm]

ot. i . N . L . " Ml

[} 20 30 40 a0 &0 70 a0 80 160 no
Cull number 1In radial fila

Fig. 5. Radial diameter of tracheids in radial files of
wood at basal region of the main stem in Pinus koraien-
sis. O, water supply trees; @, water deficit trees.
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Fig. 6. Radial diameter of tracheids in radial files of
wood at meristematic region of the main stem in Pinus

koraiensis. O, water supply trees; @, water deficil trees.
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Fig. 7. Diagram showing the developmental changes of
the cambial derivatives from pith to peripheral region
in Pinus koraiensis. A, water supply trees; B, water deficit
trees. Equal forkings of the horizontal lines indicate cent-
red pseudotransverse division and side branches, lateral
divisions. The termination of horizontal lines indicates
the disappearance of fusiform initials [rom the cambium,
and the letter R signifies the establishment of one ray
as indicated by the preceding digit. The vertical lines
represent the boundary of growth ring.
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Fig. 8. Cross (A, B, Bars=29 um) and tangential (C.D,
Bare=94 um) sections of cambium in stem of Pruus ko-
ruiensts. The cambial zone of normal tree (A) is wider
than that of dwarf tree (B). A, C, normal trees, B, D,
dwarf trees. P, phloem; C, cambial zone; X, secondary
xylem; {i, (usiform initials; ri, ray initials.
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2. 3 0
Fig. 9. Tangential sections of normal stem of Pinus ko-
raiensis showing anticlinal division during the differentia-
tion from cambial initials into secondary xylem. Bars=29
um. A-C, pseudotransverse division; D, lateral longitudial
8 9 10

division.
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Fig. 10, Variation in length of tracheids in Pinus korate-
nsis during one growing season. L1, water supply trees;
7, water deficit trees; %, 5% significant level; *#, 1%
significant level.
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Fig. 11. Variation in length of tracheids of sampling re-
gions in Pinus kovaiensis. ], water supply trees; ([,
water deficit trees; *, 1% significant level.
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Fig. 12. Variation in length of fusiform initials in Pinus
koraiensis during one growing season. [, water supply
trees; [_1, water deficit trees; %, 1% significant level
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