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ABSTRACT

Stem and root of Lindera erythrocarpa were described and compared in the wood anatomical aspects. Root wood ap-

peared to differ from stem wood in the qualitative features of growth ring boundary, extraneous materials in vessel ele-

ment and ray parenchyma cell, outline of ray, and sheath cell. In the quantitative features, there were differences be-

tween these two tissues in vessels per square millimeter, tangential diameter of vessel lumina, length of vessel element,

and width of ray. These wood anatomical differences between stem above ground and root below ground were thought

to be attributed to their different growth environments.
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1. INTRODUCTION1)

  The process of primary tissue development 

before the formation of cambium is different be-

tween stem and root, but that of secondary tis-

sue development after the formation of cambium 

is identical to each other (Lee, 1985; Fahn, 1990). 

But root adopts the stem structure when ex-

posed out of ground and twig takes on root 

structure when buried in the ground. Because 

the growth environment is different between 

root below ground and stem above ground, ana-

tomical differences between them are recogniz-

able within a tree (Timell, 1986; Schweingruber 

et al., 2006; Bowyer et al., 2007). Despite co-

existence of root with stem within a tree, how-

ever, less studies have been concentrated on the 

root wood or comparison of this root wood with 

stem wood. 

  In earlier studies, some qualitative and quanti-

tative anatomical differences between stem wood 

and root wood were found in hardwood species 

(Stokke and Manwiller, 1994; Ewers et al., 1997; 

Psaras and Sofroniou, 2004; Machado et al., 

1997, 2007; Palhares et al., 2007; Lee and Eom, 

2011) and root wood was considered to be sub-

1 Received January 3, 2014; accepted February 27, 2014  
2 Department of Forest Science, Graduate School, Kookmin University, Seoul 136-702, Korea
3 Current address: Nanobioimaging Center, National Instrumentation Center for Environmental Management, Seoul National 

University, Seoul 151-921, Korea
4 Department of Forest Products & Biotechnology, College of Forest Science, Kookmin University, Seoul 136-702, Korea
†
 Corresponding author : Young Geun Eom (e-mail: eom@kookmin.ac.kr)



Comparative Wood Anatomy of Stem and Root in Lindera erythrocarpa Makino

－ 139 －

Fig. 1. Photograph of wood samples taken from 

stem and root. Scale bar = 5 cm.

ject to great anatomical variability due to extre-

mely variable soil conditions (Schweingruber et 

al., 2006).

  This paper presents an anatomical comparison 

between stem wood and root wood in Lindera 

erythrocarpa Makino, a species hitherto not stud-

ied in this respect.

2. MATERIALS and METHODS

2.1. Materials

  The stem and root of a 15-year old tree of 

Lindera erythrocarpa (Fig. 1) were obtained 

from Duseo-myeon, Onyang-eup, Ulju-gun, Ulsan, 

South Korea. To compare their wood anatomical 

features, discs of about 2 cm thick were taken 

from stem and root at 6 cm above and 10 cm 

below the soil surface, respectively.

2.2. Methods

  Small wood blocks of about 1 to 2 cm per 

side cut from the prepared discs were softened 

in water in an autoclave for 1 to 2 hours. From 

these blocks, transverse, radial, and tangential 

sections of 20 to 30 µm thickness were cut with 

a sliding microtome, and then permanent slides 

were prepared following general laboratory tech-

niques (Kim, 2004; Eom et al., 2008). Also, 

macerations were obtained with Schultze's sol-

ution (Berlyn and Miksche, 1976). Observation, 

photomicrography, and measurement were made 

using an Axioskop routine microscope with at-

tachment camera, Carl Zeiss, Germany, a PJ 300 

profile projector, Mitutoyo, Japan, and a Cam-

scope video microscope system, Sometech, Korea. 

And all the quantitative measurements followed 

the recommendations of Wheeler (1986) and 

IAWA Committee (1989).

  In the quantitative analysis, lengths of 100 

and 50 randomly selected wood fibers and ves-

sel elements and diameters of 50 randomly se-

lected wood fibers were measured from macer-

ations, respectively. Tangential diameters of ves-

sel lumen were measured from 50 randomly se-

lected solitary vessels and vessels per square 

millimeter were counted from vessels solitary 

and in radial multiples on 50 randomly selected 

fields in transverse sections of permanent slides. 

In case of vessels in radial multiples, all vessels 

counted as individuals, e.g. a radial multiple of 

four as four vessels, were used in the determi-

nation of vessels per square millimeter. From 

permanent slides, rays per millimeter along a 

line perpendicular to the ray’s axis were count-

ed on 50 randomly selected fields in transverse 

sections, and ray heights and widths in di-

mension were measured from 50 randomly se-
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Figs. 2~5. Transverse sections showing growth ring boundaries (arrow) distinct in stem wood (2 & 3) but less 

distinct in root wood (4 & 5), and extraneous materials (arrowhead) in vessel elements of root wood (4 & 5). 

Scale bars = 100 µm.

lected rays in tangential sections. Differences 

between means of root wood and stem wood in 

quantitative features were statistically analysed 

using Student’s t-test in Statistical Analysis 

System (SAS).

3. RESULTS and DISCUSSION

  In the case of stem, wood is diffuse-porous 

and growth ring boundaries are distinct by dif-

ference between thick-walled and radially flat-

tened latewood fibers and thin-walled earlywood 

fibers, and vessel elements are thick-walled and 

vessels are solitary with rounded outline and in 

radial multiples of 2 to 3 (Figs. 2 & 3). Vessel 

perforation plates are simple and scalariform 

with 10 or less bars (Figs. 10 & 11). Intervessel 

pits are alternate and vessel-ray pits with much 

reduced borders to apparently simple are round-

ed in outline or unilaterally compound in occa-

sion (Fig. 8). Helical thickenings present through-

out body of vessel element (Fig. 8). Tyloses are 

of sporadic occurrence in vessels. Fibers with 

simple to minute bordered pits are common in 

only radial walls and thin- to thick-walled. Axial 

parenchymas are diffuse, scanty paratracheal, 

vasicentric, and confluent which composed of 3 

to 8 cells per parenchyma strand. Rays are 1 to 

3 cells wide and heterocellular composed of 

procumbent body cells with 1 row of upright 
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Figs. 6 & 7. Transverse sections showing pith flecks (PF) in stem wood (6) and root wood (7). Figs. 8 & 9. 

Radial sections showing vessel-ray pits with much reduced borders to apparently simple (VRP) in stem wood 

(8) and root wood (9), and vessel element with faint helical thickenings (arrowhead) in stem wood (8) and 

some vessel-ray pits unilaterally compound (arrow) in root wood (9).  Scale bars = 100 µm in 6 & 7; 20 µm 

in 8 & 9.

and/or square marginal cells (Fig. 14). Oil cells 

associated with ray and axial parenchyma and 

sheath cells are present but rare (Fig. 16 & 18). 

Pith flecks are more or less present (Fig. 6). 

These qualitative anatomical features of stem 

wood are identical to the descriptions of Lee 

(1994), Eom and Chung (1995), and Itoh (1996).

  Root and stem are almost the same in the 

qualitative wood anatomy. When compared with 

stem wood, however, growth ring boundaries of 

root wood are relatively less distinct due to 

smaller differences in vessel diameter between 

latewood and earlywood and narrower band of 

radially flattened latewood fibers (Figs. 2～5) 

like the species of Fraxinus excelsior by Hitz et 

al. (2008), Quercus petraea by Schweingruber 

(2006), and Liriodendron tulipifera by Lee and 

Eom (2011). Occurrence of relatively less dis-

tinct boundaries in root wood than in stem 

wood in present study is might be resulted from 

more constant growing conditions in soil and by 

the seasonal soil water availability as an im-

portant factor affecting the growth ring for-

mation like the reports of Lebedenko (1962) and 

Machado et al. (2007). Root wood was known 

to be mainly influenced by the amount of water 
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Figs. 10~12. Radial sections showing vessel elements with simple (SI) and scalariform (SF) perforation plates 

in stem wood (10 & 11) and root wood (12). Fig. 13. Radial section showing tyloses (arrow) and extraneous 

materials (arrowhead) in vessel elements of root wood. Figs. 14 & 15. Radial sections showing rays composed 

of procumbent body cells with 1 row of upright and/or square marginal cells in stem wood (14) and root wood 

(15), and extraneous materials (arrowhead) in ray parenchyma cells of root wood (15). Scale bars = 100 µm.

to be transported and continued dry conditions 

through the growing season was noted to be the 

cause of reduced latewood percentage by 

Panshin and de Zeeuw (1980) and Schweingru-

ber et al. (2006). And pith flecks and vessel el-

ements with scalariform perforation plates and 

tyloses are relatively more common in root 

wood than in stem wood (Figs. 6, 7 & 10～13). 

Rao et al. (1989), however, reported tyloses to 

be frequent in stem wood but absent in root 

wood in Sonneratia caseolaris. And more, 

Machado et al. (1997) found solitary vessels to 

be more abundant in root wood than in stem 

wood, and vessel elements with simple perfo-

ration plates in root wood but those with multi-

ple perforation plates in stem wood in Styrax 

camporum. Unlike stem wood, also, extraneous 

materials in vessel elements and ray parenchyma 

cells are identified, rays are rugged in outline, 

and sheath cells are pronounced in root wood 

(Figs. 4, 5 & 13～17). Lee and Eom (2011) re-

ported that extraneous materials were abundantly 
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Figs. 16 & 17. Tangential sections showing rugged rays and pronounced sheath cells (arrowhead) in root wood 

(17) differently from stem wood (16). Fig. 18. Tangential section showing oil cell associated with ray (arrow) 

in stem wood. Scale bars = 100 µm.

observed only in the wood rays of tap root of 

Liriodendron tulipifera. Also, reddish brown 

phenolic compounds were reported to be usually 

present in the rays of root wood of Styrax cam-

porum by Machado et al. (2007) and to be evi-

dent in root wood of Brosimum gaudichudii by 

Palhares et al. (2007).

  Quantitative wood features of stem and root 

are shown in Table 1. Vessels per square milli-

meter in cross section average 39.8 in stem 

wood and 31.0 in root wood, thus agreeing with 

the results of greater vessels per square milli-

meter in stem wood than in root wood in 

Capparis spinosa by Psaras and Sofroniou 

(1999) and Liriodendron tulipifera by Lee and 

Eom (2011). Unlike this result, however, Rao et 

al. (1989) found vessels per square millimeter to 

be significantly fewer in stem wood than in root 

wood of Sonneratia caseolaris. No significant 

differences in vessels per square millimeter, on 

the other hand, were identified between root and 

stem wood in Phlomis fruticosa and Brosimum 

gaudichaudii by Psaras and Sofroniou (2004) 

and Palhares et al. (2007), respectively. In stem 

wood of Lindera erythrocarpa, vessels per 

square millimeter was recorded as 42 by Eom 

and Chung (1995).

  Mean tangential diameters of vessel lumina 

average 45.2 µm in stem wood and 38.9 µm in 

root wood as Rao et al. (1989) indicated that 

vessel elements of stem wood were greater in 

tangential diameter than those of root wood in 

Sonneratia caseolaris. Psaras and Sofroniou 

(1999, 2004), Schweingruber et al. (2006), and 

Lee and Eom (2011), however, described that 

big vessels were characteristic of root wood but 

small vessels were typical of stem wood in 

Capparis spinosa, Fagus sylvatica, Phlomis fru-

ticosa, Ziziphus lotus, and Liriodendron tulipifera. 

By Palhares et al. (2007), on the other hand, no 

significant differences in tangential diameter of 

vessel lumina between stem and root wood were 

reported in Brosimum gaudichaudii. Tangential 

diameter of vessel lumina was recorded as 58 

µm in stem wood of  Lindera erythrocarpa by 

Eom and Chung (1995).
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Anatomical features Stem Root

Vessel elements

   Number of vessels (no./mm
2

) 39.8(15.84)A 31.0(6.23)B

   Tangential diameter of vessel lumina (µm) 45.2(13.12)A 38.9(9.68)B

   Length (µm) 439.7(78.83)A 384.2(98.38)B

Rays

   Number of rays (no./mm) 7.3(1.54)A 7.6(1.64)A

   Width (µm) 34.1(9.87)A 38.2(9.87)B

   Height (µm) 375.8(145.60)A 342.4(143.60)A

Wood fibers

   Length (µm) 803.3(132.0)A 778.6(145.10)A

   Diameter (µm) 20.0(3.91)A 19.9(4.23)A

Means (± standard deviation) followed by the same letter in each feature are not significantly different at a confidence level of 95%.

Table 1. Quantitative wood anatomical features of stem and root

  Mean lengths of vessel elements are 439.7 

µm in stem wood and 384.2 µm in root wood, 

which indicates that they are significantly longer 

in stem wood than in root wood. This agrees 

with Rao et al. (1989) who found  in Sonnera-

tia caseolaris that the vessel elements of stem 

wood to be longer than those of root wood. 

Psaras and Sofroniou (1999, 2004) and Lee and 

Eom (2011), however, reported in Capparis spi-

nosa, Phlomis fruticosa, and Liriodendron tulipi-

fera that vessel elements were longer in root 

wood than in stem wood. On the other hand, 

Machado et al. (2007) reported in Styrax that 

vessel elements of root wood were generally 

longer than those of stem wood in S. martii and 

S. ferrugineus and vice versa in S. latifolium, S. 

leprosus, and S. camporum.

  Mean lengths and diameters of wood fibers 

are respectively 803.3 µm and 20.0 µm in stem 

wood and 778.6 µm and 19.9 µm in root wood, 

thus wood fiber appears not to be significantly 

different in length and width between stem 

wood and root wood. This is in disagreement 

with the result of Lee and Eom (2011) who re-

corded that wood fiber of root wood was longer 

and wider than that of stem wood in Lirioden-

dron tulipifera. Also, Psaras and Sofroniou (1999, 

2004) reported longer wood fiber in root wood 

than in stem wood for Capparis spinosa and 

Phlomis fruticosa and Palhares et al. (2007) re-

corded wider wood fiber in root wood than in 

stem wood for Brosimum gaudichaudii. On the 

other hand, Machado et al. (1997, 2007) noted 

in Styrax that wood fibers of stem wood were 

slightly narrower than those of root wood in all 

the species examined, but more or less longer 

than those of root wood in S. latifolium, S. mar-

tii, and S. leprosus and vice versa in S. campo-

rum and S. ferrugineus. Wood fiber length was 

recorded as 854 µm in stem wood of Lindera 

erythrocarpa by Eom and Chung (1995).

  Rays per millimeter average 7.3 in stem 
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wood and 7.6 in root wood, which agrees with 

Psaras and Sofroniou (1999, 2004) who reported 

that rays per millimeter were nearly identical 

between root wood and stem wood in Capparis 

spinosa. Machado et al. (1997, 2007) recorded 

in Styrax that rays per millimeter were lower in 

root wood than in stem wood for S. leprosus, S. 

camporum, and S. ferrugineus but were not dif-

ferent between them for S. latifolium and S. 

martii. Ray heights and widths in dimension 

average 375.8 µm and 34.1 µm in stem wood 

and 342.4 µm and 38.2 µm in root wood, thus 

ray appears to be significantly wider in root 

wood than in stem wood but to be identical in 

height between root wood and stem wood. 

Psaras and Sofroniou (2004) recorded in Phlomis 

fruticosa that ray height in dimension was 

somewhat greater in root wood than in stem 

wood but ray width in dimension was found to 

be identical between root wood and stem wood. 

In Capparis spinosa, however, rays in dimen-

sion were known to be very significantly greater 

in stem wood than in root wood by Psaras and 

Sofroniou (1999). Lee and Eom (2011) noted in  

Liriodendron tulipifera that rays per millimeter 

were greater but ray width and height were low-

er in stem wood than in root wood. By Eom 

and Chung (1995), rays per millimeter and mul-

tiseriate ray height were recorded as 9 and 462 

µm in stem wood of Lindera erythrocarpa, 

respectively.

  Some qualitative and quantitative differences 

in wood anatomy between stem and root are 

thought to be associated with the opinions of 

Timell (1986), Schweingruber et al. (2006) and 

Bowyer et al. (2007) who described that wood 

anatomical differences between stem above ground 

and root below ground were recognizable within 

a tree because of their different growth environ-

ments.

4. CONCLUSIONS

  Some anatomical differences between stem 

wood and root wood of Lindera erythrocarpa 

occurred in the qualitative and quantitative 

features. When compared with stem wood, how-

ever, growth ring boundaries were relatively less 

distinct due to smaller differences in vessel di-

ameter between latewood and earlywood and 

narrower band of radially flattened latewood fi-

bers in root wood. And vessel elements with 

scalariform perforation plates and tyloses and 

pith flecks were relatively more common in root 

wood. Unlike stem wood, also, extraneous mate-

rials in vessel elements and ray parenchyma 

cells were identified, rays were rugged in out-

line, and sheath cells were pronounced in root 

wood. Vessels per square millimeter, tangential 

diameter of vessel lumina, and length of vessel 

element were greater but ray width were lower 

in stem wood than in root wood.
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