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Capillary Flow in Different Cells of Metasequoia glyptostroboides,

Anthocephalus cadamba, and Fraxinus rhynchophylla

Su Kyoung Chun'

Department 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 Metasequoia glyptostroboides, diffuse-porous wood
Anthocephalus cadamba and ring-porouswood Fraxinus rhynchophylla. In radial direction, ray cells
and in longitudinal direction, tracheids, vessel and wood fiber were considered for the measure-
ment 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 determined for
the flow rate. The liquid flow in the those cells was captured via video and the capillary flow
rate in the ones were measured. Vessel in hardwood species and tracheids in softwood 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 Metasequoia
glyptostroboides was found the highest among all cells considered in Anthocephalus cadamba and
Fraxinus rhynchophylla In radial direction, ray parenchyma of Metasequoia glyptostroboides was
found the highest depth and the one of Fraxinus rhynchophylla was the lowest. The solution was
penetrated lowest depth in the wood fiber of Fraxinus rhynchophylla. The large vessel of Fraxinus
rhynchophylla was found the lowest depth among the vessels. The solutin was penetrated to the
wood fiber of Anthocephalus cadamba higher than the one of Fraxinus rhynchophylla.

Keywords: Cappillary flow rate, Metasequoia glyptostroboides, Anthocephalus cadamba, Fraxinus rhyncho-
phylla, Tracheids, Vessel, Wood fiber, Ray prenchyma, Pit aperture, Numbers of endwall pits,

Cell lumina diamter, Cell length
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Table 1. Different Micro-structural Feature

Species Anatomical properties Mean Min. Max.
M. glyptostroboides Length of Longitudinal Tracheid (pm) 1677.60 (= 564.85)
Length of Ray Parenchyma Length (um) 138.33 (+ 13.35)
Diameter of Latewood Longitudinal Tracheid Lumina (um) 6.67 (£ 1.40) 15.41 (+ 0.06)
Diameter of Earlywood Longitudinal Tracheid Lumina (um) 10.92 (£ 1.00) 40.08 (= 11.22)
Diameter of Ray Parenchyma Lumina (um) 3.29 (£ 091) 8.72 (£ 0.81)
Area of Ray lumen (um?) 22.59
Diameter of pit aperture in longitudinal Tracheid (um) 3.88 (+ 0.55) 4.61 (+ 0.61)
Area of pit aperture in tracheid (um?) 14.07
Diameter of Cross Field Pit Aperture (um) 1.87 (£ 0.42) 437 (= 047)
A. cadamba Length of Vessel (um) 505.69 (+ 171.42)
Length of Fiber (um) 832.05 (+ 145.04)
Diameter of Vessel Lumina (pm) 109.85 (£ 20.51) 224.56 (+ 15.12)
Diameter of Fiber Lumina (um) 16.05 (£ 1.00) 28.03 (£ 2.33)
Diameter of Ray Parenchyma Lumina (pm) 7.76 (£ 0.96) 20.78 (£ 1.56)
Area of ray parenchyma lumen (um?) 126.58
Diameter of Intervessel pit aperture (pm) 237 (= 0.27) 3.86 (= 0.50)
Area of intervessel pit aperture (um?) 10.24
Diameter of Fiber pit aperture (um) 1.65 (+ 0.28) 4.06 (+ 0.70)
Area of fiber pit aperture (um?) 5.29
Diameter of Vessel-Ray pit aperture (um) 4.44 (= 0.65) 5.57 (£ 0.72)
Area of Vessel-ray pit aperture (um?) 19.45
Diameter of Endwall pit aperture in Procumbent Cell (um) 1.28 (= 0.24) 2.86 (+ 0.69)
Numbers of Endwall pits in Procumbent 56
F. rhynchophylla  Length of Large Vessel (um) 138.48 (+ 30.16)
Length of Small Vessel (pm) 190.73 (£ 79.65)
Length of Fiber (um) 929.98 (+ 170.59)
Length of Ray Parenchyma (um) 114.64 (£ 21.47)
Diameter of Large Vessel Lumina (um) 93.63 (£ 19.98)  202.64 (+ 23.48)
Diameter of Small Vessel Lumina (um) 25.19 (£ 5.89) 34.89 (+ 7.88)
Diameter of Fiber Lumina (pm) 6.94 (= 1.08) 16.02 (+ 1.52)
Diameter of Ray Parenchyma Lumina (pm) 8.63 (+ 0.94) 20.00 (+ 1.36)
Area of ray parenchyma lumen (um?) 135.65
Diameter of Intervessel pit aperuture (pm) 0.99 (£ 0.36) 4.55 (+ 2.81)
Area of intervessel pit aperture (um?) 3.44
Diameter of pit aperture in Fiber (nm) 1.06 (+ 0.31) 1.96 (+ 0.77)
Area of fiber pit aperture (um?) 1.63
Diameter of Vessel-Ray Pits aperture (pm) 4.30 (+ 1.08) 9.52 (£ 1.24)
Area of Vessel-ray pit aperture (um?) 13.37
Diameter of Endwall Pit Aperture in Procumbent Cell (pm) 1.35 (= 0.11) 1.67 (= 0.13)
Numbers of Endwall pits in Procumbent 21
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Table 2. Longitudinal Capillary Flow Late in Different Cells of L. kaempferi, B. Davurica, C. crenata (um)

Species Cell 0.334 sec 0.667 sec 1.067 sec 1.401 sec
M. glyptostroboides Tracheid 419.83 479.95 644.08 744.51 (= 216.79)
A. cadamba Vessel 270.76 423.73 550.38 691.52 (+ 233.06)
Fiber 188.41 221.17 295.59 350.67 (+ 52.69)
F. rhynchophylla Large Vessel 236.01 295.10 327.73 387.39 (+ 154.59)
Small Vessel 204.42 331.74 482.01 628.15 (£ 248.72)
Fiber 187.55 242.11 279.22 303.33 (+ 129.26)

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

Table 3. Horizontal Capillary Flow Late in Different Species (pm)

Species 0.334 sec 6.071 sec 11.741 sec 17.412 sec
M. glyptostroboides 100.90 220.44 310.19 330.43 (+ 89.04)
A. cadamba 86.10 219.73 235.11 243.53 (x 39.05)
F. rhynchophylla 52.27 141.85 158.26 163.85 (+ 45.91)

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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