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Capillary Flow in Different Cells of Larix Kaempferi,

Betula Davurica, Castanea crenata
Su Kyoung Chun'

1Department of Forest Biomaterials Engineering, Kangwon National University, Chuncheon 24341, Korea

Abstract: A study was carried out to observe the 1% aqueous safranine solution flow speed in
longitudinal and radial directions of softwood Larix kaempferi (Lamb.)Carriere, diffuse-porous
wood Betula davurica Pall.. and ring-porouswood Castanea crenata S.etZ. In radial direction, ray
cells and in longitudinal direction, tracheids, vessel and wood fiber were considered for the
measurement of liquid penetration speed at less than 12% moisture contents (MC). The length,
lumen diameter, pit diameter, end wall pit diameter and the numbers of end wall pits de-
termined for the flow rate. The liquid flow in the those cells was captured via video and the ca-
pillary flow rate in the ones were measured. Vessel in hardwood species and tracheids in soft-
wood was found to facilitate prime role in longitudinal penetration. Anatomical features like the
length and diameter, end-wall pit numbers of ray parenchyma were found also responsible fluid
flow differences. On the other hand, vessel and fiber structure affected the longitudinal flow of
liquids. Therefore, the average liquid penetration depth in longitudinal tracheids of Larix kaemp-
feri was found the highest among all cells considered in Betula davurica and Castanea crenata, In
radial direction, ray parenchyma of Larix kaempferi was found the highest depth and the one of
Betula davurica was the lowest. The solution was penetrated lowest depth in the wood fiber of
Castanea crenata. The large vessel of Castanea crenata was found the lowest depth among the
vessels. The solutin was penetrated to the wood fiber of Betula davurica higher than the one of
Castanea crenata.

Keywords: Cappillary flow rate, Larix kaempferi, Betula davurica and Castanea crenata, Tracheids,
Vessel, Wood fiber, Ray prenchyma, Pit aperture, Numbers of endwall pits, Cell lumina dia-
miter, Cell length
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Table 1. Different Micro-structural Feature
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Species Anatomical properties Mean Min. Max.
Length of Longitudinal Tracheid (pum) 2,313.10 (£ 157.15)
Length of Ray Parenchyma Length (pm) 183.28 (+ 74.24)
Larix Diameter of Longitudinal Tracheid Lumina (um) 22.73 (+ 4.67) 76.18 (+ 11.59)
kaempferi Diameter of Ray Parenchyma Lumina (um) 11.54 (= 0.93)  30.23 (+ 2.00)
Diameter of pit aperture in longitudinal Tracheid (um) 5.72 (£ 0.55) 8.36 (£ 1.68)
Diameter of Cross Field Pit Aperture (um) 3.01 (= 0.43) 4.92 (£ 1.33)
Length of Vessel (um) 812.83 (+ 64.41)
Length of Fiber (um) 1,458.46 (£ 171.00)
Length of Ray Parenchyma (um) 146.74 (+ 29.60)
Diameter of Vessel Lumina (um) 109.55 (+ 12.43) 164.95 (= 16.83)
Betula Diameter of Fiber Lumina (um) 18.76 (+ 2.45)  28.87 (+ 2.80)
davurica Diameter of Ray Parenchyma Lumina (pum) 29.65 (£ 7.42) 52.66 (+ 12.79)
Pall. Diameter of Intervessel pit aperture (pm) 0.54 (= 0.15) 3.41 (£ 0.35)
Diameter of Fiber pit aperture (pm) 1.23 (= 0.31) 2.08 (+ 0.18)
Diameter of Vessel-Ray pit aperture (um) 0.36 (£ 0.22) 1.74 (£ 0.30)
Diameter of Endwall pit aperture in Procumbent Cell (pm) 0.86 (= 0.14) 1.64 (£ 0.40)
Numbers of Endwall pits of Procumbent Cell 25
Length of Large Vessel (nm) 595.14 (£ 255.81)
Length of Small Vessel (um) 940.35 (= 178.10)
Length of Fiber (um) 1,593.09 (+ 205.98)
Length of Ray Parenchyma (um) 203.97 (= 74.35)
Diameter of Large Vessel Lumina (pm) 293.82 (+ 27.83) 340.13 (+ 27.63)
Castanea Diameter of Small Vessel Lumina (um) 62.74 (= 10.39) 106.27 (£ 9.50)
;’ e:t“tz“. Diameter of Fiber Lumina (um) 16.50 (+ 3.89) 23.60 (+ 3.54)

Diameter of Ray Parenchyma Lumina (pm)

Diameter of Intervessel pit aperuture (pm)

Diameter of pit aperture in Fiber (nm)

Diameter of pit aperture in Vessel-Ray Pits (um)
Diameter of Endwall Pit Aperture in Procumbent Cell (um)

Numbers of Endwall pits in Procumbent Cell

19.29 (= 1.96) 33.95 (= 4.88)

403 (£ 1.12) 104 (+ 0.21)
132 (£ 042)  3.59 (+ 0.69)
572 (+ 1.68)  3.51 (+ 0.68)
0.70 (£ 0.06)  3.18 (* 0.66)
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Table 2. Longitudinal Capillary Flow Late in Different Cells of L. kaempferi, B. Davurica, C. crenata. (um)

Species Cell 0.348 sec 0.696 sec 1.044 sec 1.392 sec
L. kaempferi Tracheid 209.65 (+ 23.29) 427.61 ( £102.22)  652.73 (+ 94.83) 749.13 (+ 92.96)
B Davurica Vessel 244.06 (+ 123.01) 39446 (+ 154.42) 473.71 (+ 200.94) 516.99 (+ 213.25)
Fiber 106.81 (£ 103.91) 148.64 (= 121.62) 199.04 (+ 125.70) 232.88 (+ 109.39)
Large Vessel 184.67 (£ 103.24)  239.32 (+ 96.96)  331.11 (+ 169.61) 372.92 (+ 197.22)
C. crenata. Small Vessel 208.34 (+ 100.66) 298.03 (+ 162.46) 424.08 (+ 185.57) 491.31 (+ 157.51)
Fiber 92.16 (+ 20.74) 118.59 (+ 30.89)  150.04 (+ 39.08)  168.35 (+ 47.32)

(D Longitudinal Tracheid of Larix @ Vessel of B. davurica.
kaempferi (1.392 sec) (1.392 sec)

(® Large vessel of C. crenata @ Ray parenchyma of C. crenata.
(1.392 sec) (52.2 sec)

Fig. 1. Sequence of penetration measurement.
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Table 3. Radial Capillary Flow Late in Ray Parenchymas of L. kaempferi, B. Davurica and C. crenata

Species Cell 0.348 sec

17.4 sec 34.8 sec 52.2 sec

L. kaempferi ray parenchyma 50.85 (= 20.73)
24.88 (+ 13.55)

17.02 (£ 5.99)

B. Davurica ray parenchyma

C. crenata ray parenchyma

70.66 (+ 14.98)
38.18 (+ 8.92)
5142 (& 18.43)

77.48 (+ 14.76)
5119 (+ 8.44)
61.72 (& 15.43)

83.44 (+ 16.18)
6530 (+ 14.16)
73.80 (+ 21.65)

Means with common letter in a given column are not significantly different at P < 0.05 level (Duncan Multiple Range Test)
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