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Microstructure and fiber size of the castor-oil plant

LI Xiao-ping, ZHOU Ding-guo, ZHOU Xu-bin, WANG Wei, SHAO Yi
(College of Wood Industry, Nanjing Forestry University, Nanjing 210037, Jiangsu, China)

Abstract: To better use the castor-oil plant as a high quality fiber-material, the microstructure and fiber
size of the cortex, xylem, and marrow of the castor-oil plant was studied with a Scanning Electron Microscope
(SEM), Optics Microscope, and Motic Images Plus 2.0 image processing software system. Results showed
the presence of fibers, axis-thin-wall, and radial cells in the cortex of the plant. The xylem microstructure
was similar to diffuse-porous wood with the pipe orifice developed close up marrow and having linear-het-
erotype and non-linear-heterotype rays. Border pits were found on the fiber cell which curved in a plant burl.
There also were polyhedral-shin wall cells and spiral vessels in the plant marrow. The cortex fiber cell was
most to 26.50 mm in length, high to 540.00 in ratio of length to width and had a cell wall: cell cavity in
width of 0.56 : 0.83. The fiber cell of the plant’s branch-cortex was longest in length and largest in length to
width ratio. The plant’s fiber cell of spike-cortex was shortest in length, smallest in length to width ratio and
wall to cavity in width. The xylem fiber cell was from 0.75 to 0.90 mm in length, from 4.38 to 5.40 pm in
width, and had a length to width cell ratio of 31.78 : 37.54. The cell wall : cell cavity in width was from 0.56
to 0.83. For the axes, the average length and width of the cell cavity and the length: width of the branch
fiber cell was smaller than those of the trunk fiber cell, but the cell wall to cell cavity ratio for the width of
the branch fiber cell was greater than or equal to those of the trunk fiber cell. In the spike the length, cell
width, and cell cavity width of the fiber cell was smallest, but the cell length : width and the width of the
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cell wall : cell cavity was largest. In middle part of the xylem the radial length, cell cavity width, and the
length : width ratio of the fiber cell was larger, and the cell width, cell wall width, and cell wall : cell cavity
in width of the fiber cell in outside were largest. Thus, the fiber size was different in the different parts of the
castor-oil plant. Since this fiber is an excellent material, it can be used to make paper or make artificial

boards. [Ch, 9 fig. 3 tab. 10 ref. ]
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B 1 BERAFEAE(SEM x 20) B2 AKBR3FFH KA (SEM x 50)
Figure 1 Transverse section of the castor-oil plant with SEM Figure 2 Transverse section boundary between xylem and marrow of

the castor-oil plant with SEM

B3 EJRAT R (SEM x 250) B4 KR=rHbr@ (x100)

Figure 3 Transverse section of cortex with SEM Figure 4 Transverse section of xylem
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Hs5 KRREFZEE(x100) B 6 ARIAxIn@E(x100)
Figure 5 Radial section of xylem Figure 6 Tangential section of xylem

| e
B 7 ¥EZEWE(x100) B8 M Z kA A (x100)
Figure 7 Radial section of the burl of the castor-oil plant Figure 8 Polyhedron thin wall cell in marrow
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B9 HRAT T A fm e R R
(1. %M, 2. Mo, 3. SPZRaiE, 4. G4, 5. B e gnfe, 6. F4Ednf, 7. S iher4igmig)
Figure 9  All kinds of cell in castor-oil plant (l.tracheid; 2.whorl vessel; 3. ray cell; 4. sclereid; 5. axial parenchyma cells; 6. fibrocyte ;

7. curly fibrocyte)
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Table 1  Fiber size in the different parts of the cortex
745 KB /mm B BE/um JiE Y/ um BEJE/um RE L1 TR TELL
1-1  1.01 ~ 2.65(1.81) 12.10 ~ 59.27(25.83)  8.18 ~ 43.23(18.53)  1.26 ~ 8.02(3.65) 0.11 ~ 0.83(0.43) 69.98
1-2 2.50 ~27.00(12.33) 9.28 ~ 52.99(25.29)  5.11 ~ 47.14(18.83)  1.60 ~ 5.37(3.23) 0.12 ~ 1.12(0.40) 487.70
1-3 5.00 ~ 29.50(15.11) 13.48 ~ 86.34(37.90)  8.06 ~ 78.48(30.02)  2.03 ~ 7.66(3.94) 0.09 ~ 0.99(0.34) 398.79
1-4  2.00 ~26.00(12.41) 10.75 ~ 75.61(30.77)  6.12 ~ 69.16(23.22)  2.31 ~ 5.82(3.77) 0.09 ~ 0.83(0.38) 403.34
1-5 6.50 ~ 27.00(16.47) 13.77 ~ 56.35(30.45)  8.70 ~ 42.68(23.60)  2.15 ~ 6.84(3.43) 0.13 ~ 0.90(0.32) 540.67
1-6  1.18 ~ 3.23(1.72) 15.65 ~ 53.53(32.95)  8.67 ~ 43.02(26.50) 227 ~5.66(3.23) 0.17 ~ 1.17(0.24) 52.20
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Table 2 Fiber size in axial direction of the xylem

75 £ /mm T B /um Ji Y/ um BE JR/jum K5t RE i L
1-1 0.55~1.17(0.87) 9.13 ~ 55.66(28.99) 4.04 ~ 43.83(19.59) 1.33 ~ 15.01(4.70) 16.06 ~ 89.62(31.78) 0.11 ~ 2.59(0.56)

1-6

0.41 ~ 1.49(0.90)
0.49 ~ 1.61(0.90)
0.45 ~ 1.31(0.81)
0.47 ~ 1.08(0.80)

0.34 ~ 1.75(0.75)

13.63 ~ 47.70(28.39)
10.07 ~ 44.45(27.19)
10.69 ~ 44.91(25.55)
13.30 ~ 43.49(25.79)

5.00 ~ 38.90(21.59)

5.29 ~ 36.97(17.59)
5.28 ~ 38.51(16.79)
5.00 ~ 40.00(16.78)
3.54 ~ 31.96(15.68)
1.96 ~ 25.03(12.69)

0.55 ~ 12.60(5.40)
1.45 ~ 10.18(5.20)
1.50 ~ 10.62(4.38)
0.48 ~ 10.66(5.06)
1.52 ~ 8.39(4.45)

16.14 ~ 88.11(32.87)
16.94 ~ 76.46(34.79)
16.49 ~ 91.14(33.34)

12.82 ~ 59.18(32.71)

0.05 ~ 4.05(0.76)
0.14 ~2.92(0.71)
0.12 ~ 2.40(0.59)

0.04 ~ 3.73(0.76)

13.41 ~ 224.55(37.54) 0.21 ~ 2.63(0.83)
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Table 3  Fiber size in radial direction of the xylem

P [ % /mm G & /um JHE B/ pum BE JEL/um [ 58 L RE I L

2-1 046 ~ 1.27(0.83) 16.96 ~ 47.45(30.34) 7.14 ~ 39.08(20.46) 1.92 ~ 13.81(4.94) 15.75 ~ 54.18(28.21) 0.14 ~ 2.74(0.55)
2-2 046 ~1.34(0.87) 10.52 ~50.11(26.75) 6.82 ~29.95(17.29) 1.11 ~ 15.73(4.73) 17.26 ~ 95.42(33.95) 0.10 ~ 2.24(0.61)
2-3  0.51 ~ 1.14(0.83) 8.98 ~ 45.70(26.12) 3.21 ~32.55(17.01) 1.75 ~ 12.08(4.56) 15.46 ~ 95.32(34.96) 0.15 ~ 1.82(0.60)
2-4 0.53 ~ 1.30(0.90) 13.14 ~ 51.78(30.64) 3.54 ~ 44.41(21.02) 0.78 ~ 11.45(4.81) 17.15 ~ 82.64(30.75) 0.06 ~ 3.18(0.54)
2-5 041 ~1.29(0.88) 1497 ~56.49(2891) 7.81 ~49.82(20.15) 1.12 ~9.80(4.38) 10.09 ~ 70.95(32.32) 0.12 ~ 1.84(0.51)
2-6  0.09 ~ 1.58(0.84) 8.28 ~ 66.23(31.71) 3.22 ~ 46.30(20.16) 0.43 ~ 20.91(5.78) 2.36 ~94.97(28.69) 0.03 ~ 7.75(0.74)
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