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ABSTRACT

This study was carried out to investigate the hydraulic architecture such as relative hydraulic
conductivity, Leaf specific conductivity(L.SC), Huber value, Specific conductivity of the stem, branch
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and junctions of stem-to-branch in Quercus mongolica trees,

The hydraulic architecture of various

hydraulic conductivities of stem and branch was described. The results obtained were summarized as

follows :

1. The range of relative hydraulic conductivity was 2.5526= 10" to 1.2260x 10 *m®

In stems,

1.6279x 101 to 6.8378 %10 'm® in branches. The relative hydraulic conductivities increased with
decreasing diameter of stem and branch. The relative hydraulic conductivity of one-year-old
terminal shoots were two times greater than that of the lateral shoots.

2. LSC value was larger at the top than at the base in stem.

L.SC is much smaller in branches

than in stem ; especially smallest at branching part.
3. Hydraulic conductivities of the branching part appeared the different values with the } type and

Y type. Relative hydraulic conductivity, LSC, Specific conductivity and mean vessel diameter in
I type branching part were larger in stem than in branch part, but not found in the branching

part of Y type.

4. LSC and Specific conductivity of stem increased with decreasing diameter,

but Huber value

slowly increased with decreasing diameter : especially highest at less than lecm diameter.

lateral shoots.

5. LSC, Huber value, and mean diameter of vessels were larger at ]-year-old leader shoots than at

6. The mean vessel diameter in various parts of a tree decreased with decreasing diameter of stem,

but the number of vessels per unit area(mm ) increased reversely.

Mean vessel diameter in stem

decreased sharply at earlywood and slowly at latewood with decreasing diameter of stem.

Key words : Relative hydraulic conductivity, LSC(Leaf specific conductivity) .

Huber value, Specific

conductivity, Hyvdraulic architecture, Quercus mongolica
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Table 1. The characteristics of sample trees.

sample Pt ey &’C’;)
1 4.2 4.2 12
2 5.9 0.8 15
3 9.7 7.9 22
4 13.5 10.3 26
5 17.2 14.5 28

: Water bottle
 Rubber tube

: Sample

: Water flow tube
. Pressure meter
. Section bottle

- Vacuum pump

[ Nes B o Bl w il @R v~ e

Fig. 1. An apparatus for measuring the relative
hydraulic conductivity.
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: Water bottle
: Rubber tube
: Sample
: Beaker

:
5

Fig. 2. The apparatus for measuring the amount
of water flow through the sample.
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Table 2. Relative hydraulic conductivity of stem,
branch and stem-to-branch junction of
a 15-year-old tree(Tree 2)

Relatne hydraulic Mean

Conductlwty diameter Height
K(m) (cm) (m)
2. 5526x10 12 7.45 0.3
3.1387x10 " 4.00 2.1
3.6273 %10 ! 3.24 3.0
Stem 2.0871x 10 ! 1.98 3.5
1.2122x10 " 1.87 4.1
7.7697 10 " 1.65 4.5
12260410 1.02 4.8
z.zow 10" 0.52 5.4
1.6279< 10" 2.08 1.4
Branch 2.1062x10 ' 1.67 1.8
4 6924x 10" 1.41 2.3
3 9098 = 10" 1.79 3.6
4.2573x10 " 1.43 4.0
6.8378 < 10! 0.82 4.5
Stem-to ‘
-branch 2.5462 % 10 1.07 1.2
junction

oWl ¥-910) EAKKETERE () S L 9] o) kel
weiglys 24EER(g) R vl ghelir, Specific
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Table 3. Relative hydraulic conductivity of the 1-
year-old stem at the apical part in trees.

Tree . Relative conductivity Mean
No. Twigs K(m% diameter{(cm)

L 2.3066x10™ 3.06

3 AL 1.1564x 10" 1.56

AL 1.2717x 107" 1.89

L 2.1556x10™" 1.98

4 AL 1.6741x10°" 1.87

AL 1.2440x< 10" 1.65

L 2.4286x10 " 1.02

. L 3.9770x 10" 1.87

AL 2.0391x 10" 1.65

AL 9.6554% 10 1.02

* L : The leaders, AL : The adjacent laterals.

Kol KagEue Eln ME#REES 1 g 5
gleH{Zimmermann, 1978).
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Tree 1 Tree 2

Fig. 3. Leaf specific conductivity(LSC) along the
axes of a 12-vear-old tree({tree 1) and a
15-year-old tree(tree 2)
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Fig. 4. Huber values(in parenthese) and leaf-specific conductivites(I.SC) along the upper axes of three
trees. Tree 3 was 9.7m, tree 2 was 13.5m, tree 3 was 17.2m. For tree 3 and tree 5, trans-
verse xylem areas of 1-year-old stem segments are diagrammed(A-C, D-G, respectively).
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Table 4. Comparison of stem versus branch component of the junction,

Relative hydraulic LSC Huber value  Specific conductivity
Component conductivity K(m? (ut/g) (nm’/g) (et froe™)
b type
Stem part 6.6950x 10 6.51 0.36 18.08
Branch part 2.5462x 10 ¥ 2.74 0.33 8.30
Stem/branch 2.63 2.38 1.09 2.18
Y type
Stem part 2.1706x10 " 14.69 0.62 23.69
Branch part 2.1392x10 " 9.27 0.55 16.85
Stem/branch 1.01 1.58 1.13 1.41
l 120
4.03+4.3214 9.5612. 7699
k3.30:21. 6838 (2.2310,8020) 1004
\9.50121386 u.:é:ts.mé = 60
(2.60:10. 8660) (3.31 +1.0740) S
2 o
~— 80
1.43:10.7284 o
( - ) 3.4011, 0832 w
( — ) = 409
20
20. 405, 9667 Tl 15.90:+6. 0366 ——— — —
(4.31+1.0361) (32.9510.9734) 20
} type Y type :.; '8
1
Fig. 5. Mean vessel diameter(:m, *standard error) K
of the early wood(late wood) in the stem, § 19
branch and the junction from stem to 5
branch. E]
x 085
elyond, &7)9 7txe AL 23]
Ao eldAY mkex Aol g A 0.0 +————
ExAg ¥y, -
(4) £712] R4 LSC, Huber value, Speci- % 0]
fic conductivity 7 % >
274 2eix LSC, Huber value, Specific % 1501
conductivity®l #74¥ 32 Fig. 6 et -§
oJt}. LSCe Specific conductivity: &7 2 S "
7ol Atopdl 2 glo] F7)3el enl, Huber value S s
£ Aol Holad4s AtahA F7lsthrl lem 2
olsle] AANA FAZ F7HE He] HAHo2 ° T % I 7§t § 7

L3< vebick(Fig. 6).

G529 Tsuga canadensis?t Abies balsa-
mead] 74 £719 A7Ao] ztopAE LSCo
Specific conductivity”} 74313132, Huber value
= Algyze e A g el cHEwersst

Sten diameter (cm)

Fig. 6. Leaf specific conductivity(LSC), Huber
value, and specific conductivity as func-
tions of stem diameter.

o-o :tree ], w-® :tree 2
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Stem diameter, (cm)

Fig. 7. Stem diameter versus mean vessel diame
ter for fifty of the widest vessel of early-
wood and latewood in a 15-year-old tree.
s -u : Earlywood vessel,

4 - Latewood vessel

AW Bokth(Ewers®t Zimmermann, 1984a,
b). gt -ejvbFel i Ev)AbEel ahhte

L) el A2l glglon 4t shrn

b gl A g} w ks wekek(lkedast Suzaki,
1984).
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Table 5. Mean vessel diameter for fifty of the widest vessel and the number of vessels per square
millimeter of earlywood in a 15-vear-old tree.

Height Diameter Vessel diameter(sm) Vessel number(rn )
(m) (em) Mean Standard error Mean Standard error
0.3 7.45 24.85 ©4.86 8.2 2 3.37
Stem 1.0 5.23 20.40 =5.97 9.6 =2.94
2.1 4.00 20.31 = 4.05 9.3 =2.52
3.0 3.24 18.33 ~3.19 11.2 2.6
3.2 2.85 15.90 ~6.04 12.3 23.09
3.5 1.98 11.85 ~3.54 15.7 -4.12
4.1 1.87 11.35 =2.92 17.4 -3.01
4.5 1.65 10.25 22,70 20.5 ©3.48
4.8 1.02 9.68 ~3.08 24.9 =4.41
5.2 0.52 5.73 < 0.85 25.7 = 2.63
1.4 2.08 13.10 ~3.34 15.0 =3.55
Branch 1.8 1.67 11.30 =3.73 18.9 =2.67
2.3 1.41 10.90 ~3.25 20.9 +3.96
3.6 1.79 11.30 ~3.21 19.5 =2.48
4.0 1.43 11.75 ~3.05 23.0 +3.21
4.5 0.82 10.20 +2.95 26.3 +3.52
4.9 0.59 6.40 =0.83 30.6 +3.76
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Table 6. Mean vessel diameter for 25 of the widest vessels of the 1-year-old twigs in the apical part.

Twigs

Vessel diameter(um)

Tree No Early wood Late wood
) Mean Standard error Mean Standard error
L 6.26 *1.01 3.20 £0.94
3 AL 5.20 *0.69 2.72 £0.60
AL 4.94 *1.17 1.86 =0.46
L 6.60 +£0.92 2.64 =0.76
4 AL 6.40 +1.02 2.52 £0.62
AL 6.04 +0.96 1.88 +0.67
L 6.19 +0.66 2.38 +0.67
5 L 6.62 +1.18 2.60 £0.55
AL 5.32 +£0.79 2.32 £0.55
AL 5.12 +0.71 2.18 £0.42

* . : The leaders, AL : The adjacent laterals.
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