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Abstract

The paper is the first results of the study of age variation of wood anatomy in Larix cajanderi Mayr (Pinaceae). The
anatomical study was made from one L. cajanderi tree grown in the optimal habitat for L. cajanderi within areal of this
species. Age variability of anatomical characteristics in the direction from pith to bark and along the height of stem is
described in detail. Mature wood in L. cajanderi is formed in the base of stem and at breast height in the growth rings
numbers 31~40 inclusively, and in the middle of stem in the growth rings numbers 41~50 inclusively. Characteristic features
of mature stem wood were not found near the top of tree. Maximal parameters of anatomical characters usually occur in the
base of stem. Age variation of wood anatomical characteristics in L. cajanderi tree was obtained for the first time.
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Introduction

Larch is one of the main forest forming conifers of the
Russian Far East (RFE). However, there is no consensus
on number of the Larix Mill. species naturally growing in the
RFE. For instance, the species L. cajanderi Mayr is not a
universally recognized taxon and is the subject to be
discussed among the specialists. Sukachev (1924) did not
recognize L. cajanderi as a species taxon and did not even
mention it in the work in systematics, phylogeny and
historical development of the larches. Sukachev (1924)
considered the Dahurian larch, L. dahurica Turcz. (= L.
gmelinii Litv.), in its broadest sense and believed the
growing of this larch within the territory of East Siberia
(Russia) and adjacent regions of Mongolia and China.
According to Ostenfeld and Syrach-Larsen (1930), L.
cajanderi is synonymous with L. gmelini (Rupr.) Gord.,
which again is the same as L. dahurica Turcz. Farjon (1990)
recognizes L. cajanderi as one of the synonyms of L.
gmelinii (Rupr.) Kuzen. Fu et al. (1999) did not mention L.
cajanderi in Flora of China; according to those authors, L.
gmelinii (Rupr.) Kuzen. is spread in Northern China, Korea,
Mongolia and East Russia.

Komarov (1934), Dylis (1961), Pozdnjakov (1975) and
some other authors considered L. cajanderi as the east
geographic race or eastern subspecies of L. gmelinii (Rupr.)
Rupr. — L. gmelinii ssp. cajanderi (= L. dahurica Turcz. ex
Trautv. ssp. cajanderi) alongside with the west geographic
race or western subspecies — L. gmelinii ssp. gmelinii (= L.
dahurica ssp. dahurica).

According to Kolesnikov (1946), Bobrov (1972, 1978),
Cherepanov (1981, 1995), Abaimov and Koropachinskii
(1984), Koropachinskii  (1989), Nedoluzhko (1995),
Muratova (1995, 2004), Muratova and Prokhortchuk (1999),
and some others, L. cajanderi is an independent species
taxon, and we also follow their opinion. However, Milyutin
(2003) believes that to date there are no conclusive proofs
yet confirming L. cajanderi specific status because this larch
is not studied enough and L. gmelinii as well.

Although, the variation of morphological characteristics
of vegetative and generative organs in L. cajanderi, in
comparison with those of L. gmelinii, has been studied by
Abaimov and Koropachinskii (1984), Barchenkov and
Milyutin (2008), Barchenkov et al. (2007) and some others.
The karyological investigation of L. cajanderi was made by
Muratova (1995, 2004), Muratova and Prokhortchuk (1999).
L. cajanderi differs from L. gmelinii in the number of
nucleolar regions and their localizations, and the results of
the karyosystematic study may be an evidence of the
independent specific status of L. cajanderi (Muratova and
Prokhortchuk 1999). Investigation of genetic variation of
allozyme loci in L. cajanderi was made by Semerikov et al.
(1999), Semerikov (2007). Allozymes reveal that the
population of Larix species defined as L. cajanderi appears
to be genetically close to both L. gmelinii and to L. olgensis
A. Henry suggesting the origin through introgressive
hybridization between these two species (Semerikov et al.
1999; Semerikov 2007). However, characteristic features of
mature cones (flat, marginally jagged and nonpubescent
cone scales) of L. cajanderi are close to those of L. gmelinii,
but other traits (large cones, numerous and sometimes
convex or marginally recurved cone scales) resemble more
closely those found in either L. olgensis or L. kaempferi
(Lamb.) Sarg. (Semerikov et al. 1999). The enzymes of
seed endosperms and vegetative buds of L. cajanderi were
studied by Oreshkova (2008). Vasyutkina et al. (2007)
investigated L. cajanderi population using randomly
amplified polymorphic DNA (RAPD) markers. Morphological
and anatomical parameters of L. cajanderi needles were
published by Osipov and Burundukova (2005). Ben’kova
and Ben’kova (2006) investigated the climatic factors
affecting the variation of radial increment in trees of L.
cajanderi in comparison with those of L. gmelinii. Takahashi
et al. (2001) studied climatic factors affecting the growth of
L. cajanderiin the Kamchatka Peninsula.

However, there is no description of the wood anatomy
of L. cajanderi. Budkevich (1956, 1961) and Greguss (1955,
1963) described the wood anatomy of L. gmelinii
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considering that species in its broadest sense, i.e.
comprising L. cajanderi. Greguss described the Dahurian
larch as L. gmelinii Litv. (Greguss 1955) or L. gmelinii
(Rupr.) Litv. (Greguss 1963), and Budkevich (1956, 1961) —
L. dahurica Turcz. Several anatomical characters of the L.
gmelinii wood also were given in the works “Atlas of wood
and fibers for paper’” (1992) and “Wood of conifers’
(Chavchavadze 1979). Ben'’kova and Schweingruber (2004)
published three microphotographs of L. cajanderi wood
anatomical structure; however, they did not give any
description of the wood anatomy.

The aim of our study is an attempt to contribute to the
description of the wood anatomy of L. cajanderi, to the
examination of age variability of anatomical characteristics
in the direction from pith to bark and along the height of
stem, and to the determination of the time of the formation
of mature wood which features are important in systematics
and diagnostic.

Materials and Methods

The distribution area of the Cajander larch, L.
cajanderi, is spread to the eastward of the Lena River
(Figure 1). L. cajanderi grows in the Aldan River basin and
further to the north-east, in the basins of rivers Yana,
Indigirka, Kolyma, Anadyr and Penzhina, under the
conditions of extremely severe climate and very cold soils
characteristic of the north-east of RFE. The most of north-
east Russia is occupied by vast uplands, and L. cajanderi is
the only forest forming species within that territory. The
larch composes poor productive open woodlands dominated
in the landscapes of montane slopes. Besides, L. cajanderi
occurs in the central Kamchatka Peninsula and partly along
the coast of Sea of Okhotsk spreading to the southward up
to the Amur River basin. This species of Larix also was
found in Belichii Island (Shantarskie Islands). Further, L.
cajanderi is distributed to the south-west of Udskaya Inlet
occupying the Aldan-Zeya watershed and Zeya River basin
spreading up to the state boundary of Russia (Bobrov 1972,
1978; Abaimov and Koropachinskii 1984; Koropachinskii
1989).

The materials for our study were collected in the
montane taiga belt of the Bureya River basin (510 41' N 134
18' E 600 m a.s.l., the Amur River basin, RFE) (Figure 1) in
2006 in course of collaborative field trip of the Pacific
Institute of Geography FEB RAS and the Far East State
University (Vladivostok). The L. cajanderi model tree was
selected on a river terrace in a larch forest. Height of the
terrace is 1 m above river level. It consists of alluvial
deposits and does not include permafrost. The vertical
structure of the larch forest community consists of tree (L.
cajanderi), tall scrub (Duschekia fruticosa (Rupr.) Pouzar),
small scrub (Ledum hypoleucum Kom.) and mosses
(Sphagnum girgensohnii Russ. and Hylocomium splendens
(Hedw.) B.S.G.) layers. Tree crown density is 70%, tree
average height is 24 m, and average diameter is 20 cm. The

model tree is characterized with 23.6 m height and 25 cm
diameter at breast height. The model tree is healthy and
typical for the tree layer of the forest community. Habitat of
the community is one of the best (optimal) for Larix
cajanderi growth in the montane taiga belt of a region.
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| - distribution area of Larix cajanderi
Il - distribution area of L. gmelinii
- site of selected L. caianderi model tree

Figure 1. Distribution area of Larix cajanderi and related
species L. gmelini  (follow  Abaimov,
Koropachinskii  1984; Bobrov 1972, 1973;
Koropachinskii 1989)

The model tree was sawed down. A total of 4 sample
disks (1.5~2.0 cm thickness each) were made from the
trunk: in the base of tree (32 cm in diameter, 141 growth
rings), at the level of 1.3 m above the ground, i.e. at breast
height (25 cm in diameter, 138 growth rings), in the middle
of tree (in a middle between previous and next disks, i.e. at
the level 12.0 m above the ground (17 cm in diameter, 117
growth rings), and 1 m from the top of tree (2.5 cm in
diameter, 27 growth rings). From each disk, the triangular
sample segment was made from the east side of stem, in
total 4 segments. Each segment comprised the pith and all
growth rings along the radius of stem up to the bark was
split in the blocks in the direction from pith to bark (along the
radius of stem) after each ten growth rings; thus, the every
block comprised 10 growth rings. Thin transparent sections
in mutually perpendicular planes (cross, radial and
tangential) were made from the blocks. We used standard
technique of preliminary treatment of the wood and
preparing thin sections for microscopic investigation given in
the works by Yatsenko-Khmelevskii (1954).

The cross and radial sections were made through the
pith and comprised all growth rings along the radius of stem.
The tangential sections were made in the every growth ring
from the ring no. 1 to the ring no. 10 inclusively and further
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in the every tenth growth ring, i.e. in the growth rings nos.
20, 30, 40, etc. In total, 1279 thin transparent sections were
prepared and microscopically studied. The wood anatomy
was described in terms of IAWA List of Microscopic
Features for Softwood Identification (IAWA Committee
2004).

Age variability of anatomical characteristics in the
direction from pith to bark was studied in the each wood
sample disk taken along the height of tree. The cross and
radial sections were studied in the every growth ring. The
tangential sections were studied in the every growth ring
from the ring no. 1 to the ring no. 10 inclusively and further
in the every tenth growth ring. Comparative analysis of all
the four disks was made to describe the age variability of
anatomical characteristics along the height of tree.

Results and Discussion

Age Variability of Anatomical Characteristics along the
Radius of Stem (in the direction from pith to bark)

The age variability of anatomical characteristics in L.
cajanderi along the radius of stem (in the direction from pith
to bark) is described in detail at the level of 1.3 m above the
ground, i.e. at breast height.

Growth rings are 0.05~3.07 mm, usually 0.5~1.0 mm,
wide. Generally, the growth rings become narrower with the
age of tree. The age variation of the width of growth rings is
given in Figure 2. Growth ring boundaries are distinct (PL. I,
Figure 1~6). The transition between early- and latewood is
gradual in the growth ring no. 1 (PL. I, Figure 1); the
transition becomes marked beginning from the growth ring
no. 3 (PL. I, Figure 2), and abrupt from the growth ring no.
5 (PL. I, Figure 3, 4, 6). The latewood occupies 1/6~1/4 of

width of growth rings, mm

growth ring width in the wide rings, and 1/3~1/2 of the width
in narrow rings (PL. |, Figure 3, 4, 6).

In cross section, the outlines of tracheids change with
the age of tree. In the growth ring no. 1, both early- and
latewood tracheids are rounded-square and practically
indistinguishable by their outlines (latewood tracheids are
only slightly flattened in radial direction). Beginning from the
growth ring no. 2, the earlywood tracheids become more
elongated in radial direction, and the latewood tracheids
become more flattened. The ftracheid diameters and wall
thickness change simultaneously. The radial diameter
increases from 12~22 um (growth ring no. 1) up to 34~60
pm (growth ring no. 5) in earlywood tracheids and
decreases from 8~20 um (growth ring no. 1) up to 4~12 pm
(growth ring no. 3) in latewood tracheids; further, the radial
diameter of tracheids practically does not change neither in
early- no in latewood. The tangential diameter changes from
12~20 pm up to 13~31 um in earlywood tracheids and from
4~12 ym up to 8~17 um in latewood tracheids. The tracheid
wall thickness is 3~4 pm in the growth ring no. 1, beginning
from the growth ring no. 2 the wall thickness becomes
2.0~3.5 um in earlywood tracheids and 4.0~5.5 um in
latewood tracheids; further, the tracheid wall thickness
practically does not change neither in early- no in latewood.

In earlywood, tracheid pitting in the radial walls is rear
in the first two or three tracheids near the pith. The tracheid
pitting is only uniseriate from the growth ring no. 1 to the
ring no. 4 inclusively (PL. I, Figure 8, 9; PL. Il, Figure 1).
The biseriate tracheid pitting appears beginning from the
growth ring no. 5. Primarily, the biseriate pitting is rare: one
to three pairs opposite pits occur along the length of the
tracheid wall. Biseriate pitting becomes abundant beginning
from the growth ring no. 15, and dominant from the growth
ring no. 33 (PL. I, Figure 11; PL. Il, Figure 2, 4).
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Figure 2. Age variation of the width of growth rings in Larix cajanderi along the height of stem.
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Plate I, Figure 1-11. Larix cajanderi Mayr (1-5 & 7-9:
sections at the level of 1.3 m above the ground. - 6
& 10, 11: sections in the base of tree). — 1: growth
rings nos. 1 & 2, gradual early/latewood transition,
axial resin canals normal, axial parenchyma diffuse
and abundant. — 2: growth ring no. 4, marked
early/latewood transition, axial resin canals normal,
axial parenchyma diffuse and scarce. — 3: growth
rings nos. 41 & 42, abrupt early/latewood transition,
axial resin canals normal, axial parenchyma very
scarce and marginal consisting of separate cells on
the growth ring boundary. — 4: growth rings nos.
101-105, abrupt early/latewood transition, axial
resin canals both normal and traumatic. — 5: growth
ring no. 1, growth ring boundary, normal axial resin
canals in latewood. — 6: growth ring no. 71, abrupt
early/latewood transition, normal axial resin canal in
latewood. — 7: growth ring no. 41, normal axial resin
canal in earlywood. — 8: growth ring no. 1, helical
thickenings in longitudinal tracheids in latewood. —
9: growth ring no. 1, cells of pith, spiral tracheids in
primary xylem, pitted tracheids in secondary xylem,
tracheid pitting uniseriate, pits circular. — 10: growth
ring no. 99, spiral grooves in longitudinal tracheids
in latewood. — 11: growth ring no. 49, uniseriate and
biseriate pitting in radial tracheid walls in earlywood.
— Scale bars: 500 um in Figure 1-4; 100 pm in
Figure 5-7 & 11; 50 um in Figure8-10.

The uniseriate bordered pits are circular and elliptic;
the elliptic pits develop beginning from the growth ring no. 3.
The number of elliptic pits increases with the age of tree,
and circular pits gradually become more characteristic of the
latewood tracheids. In the tracheid walls, elliptic pits are in
closer arrangement than circular pits. The diameter of

: 9 erataet HF L { Sl |
Plate II, Figure 1-12. Larix cajanderi Mayr (1, 2, 4,6 & 8-

11: sections at the level of 1.3 m above the ground.
- 5: section in the middle of tree. — 3, 7 & 12
sections in the base of tree). — 1: growth ring no. 1,
uniseriate pitting in radial tracheid walls in
earlywood. — 2: growth ring no. 75, mostly biseriate
pitting in radial tracheid walls in earlywood,
crassulae between biseriate opposite pits. - 3:
growth ring no. 10, tracheid pitting in radial walls in
latewood tracheids. — 4: growth ring no. 110,
crassulae between both uniseriate and biseriate
pits. — 5: growth ring no. 8, tracheid pitting in
tangential walls in earlywood. - 6: growth ring no. 2,
ray composed of parenchyma cells, a single ray
tracheid cell located in the lower margin of ray. — 7:
growth ring no. 5, cross-field pitting. — 8: growth ring
no. 45, ray tracheids in two marginal cell rows, ray
parenchyma cells with pitted horizontal walls and
nodular end walls. — 9: growth ring no. 108, ray
tracheids in one marginal cell row and fore cell rows
in the interior of ray. — 10: growth ring no. 68, ray
tracheids in one marginal cell row, maximal number
(eight) of cross-field pits. — 11: SEM, growth ring no.
37, cross-field pitting, six and seven pits per cross-
field. — 12: SEM, growth ring no. 37, cross-field pit
of piceoid type. — Scale bars: 50 ym in Figure 1-9 &
11, 12; 4 ym in Figure 10.

uniseriate circular pits increases from 8~10(14) um (growth
rings no. 1) up to 16~29 pm (growth ring no. 33). The
dimension of uniseriate elliptic pits increases from
12~16%x14~20 um (growth ring no. 3) up to
18~22x%20~28(29) pym (growth ring no. 35). The pit apertures
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are included, 8~10 um in size, circular or elliptic depending
on the pit outlines.

The biseriate bordered pits are circular and elliptic; the
elliptic pits develop beginning from the growth ring no. 15;
however, beginning from the growth ring no. 33, the
biseriate circular pits are more common. The diameter of
biseriate circular pits increases from 16~18 um (growth
rings nos. 5) up t016~26(28) um (growth ring no. 45). The
dimension of biseriate elliptic pits increases from
14~16x16~20 um (growth ring no. 15) up to 16~18x18~22
um (growth ring no. 42). The pit apertures are included,
8~10 pm in size, circular or elliptic depending on the pit

outlines. The age variability of pit sizes is given in Tables 1
and 2.

In latewood, tracheid pitting in the radial walls is
uniseriate; pits are circular, 8~12 uym in diameter; the largest
pits occur in the first latewood tracheids. The pits are widely
scattered along the length of the tracheid walls and lacking
in the very last latewood tracheids. The pit apertures are
included, circular, 5~7 uym in diameter (PL. II, Figure 3).

Crassulae are present in the earlywood tracheids and
develop beginning from the growth ring no. 3. The crassulae
occur between uniseriate pits and between biseriate pits
(predominantly) both circular and elliptic (PL. I, Figure 4).

Table 1. Age variation of Larix cajanderi anatomical characters along the radius and height of stem (growth rings nos. 1~10).

Height Number of consecutive growth rings from pith to bark (along the radius of stem)
of stem 1 2 3 4 5 7 8 9 10
Diameter of uniseriate circular pits (um)
Base 8~10(14) 14~18 16~18 16~20 16~20 16~22 16~22 16~22 16~24 16~24
13m 8~10(14) 14~18 16~18 16~20 16~20 16~20 16~20 16~20 16~20 16~24
Middle 8~10(14) 14~18 16~18 16~18 16~20 16~20 16~20 16~20 16~20 16~24
Top 8~10(12) 12~16 14~16 14~16 14~18 14~18 14~18 14~18 16~20 16~20
Dimension of uniseriate elliptic pits (um)
Base — —  14~16x18~22 14~16x18~22 14~16x18~22 14~16x18~22 14~16x18~22 14~16x18~22 14~16x22~24 16~20x18~24
13m — —  12~16x14~20 14~16x18~20 14~16x18~20 14~16x18~20 14~16x18~24 14~16x18~24 14~16x18~24 16~20x18~24
Middle — —  12~16x14~18 12~14x16~18 12~16x18~20 12~16x18~20 12~16x18~20 12~16x18~20 12~16x18~20 12~16x18~20
Top — — — 10~12x12~14  12~16x16~20 12~16x16~20 14~18x16~20 14~18x16~20 14~18x16~20 14~18x16~20
Diameter of biseriate circular pits (um)
Base - - - - - - - - 16~18 16~20
13m — — — - 16~18 16~20 16~20 16~20 16~20 16~24
Middle — — — - - — 16~18 16~18 16~18 16~18
Top — — — - - — - - - -
Dimension of biseriate elliptic pits (um)
Base — — — - - — - - - -
13m — — — - - — - - - -
Middle — — — - - — - - - -
Top — — — — — — — — — —
Number of pits per cross-field
Base 1~4(6) 1~6 1~6 1~6 1~6 1~6 1~6 1~6 1~6 1~6
13m  1~4(5) 1~4(6) 1~6 1~6 1~6 1~6 1~6 1~6 1~6 1~6
Middle  1~3  1~4(5) 1~4(5) 1~4(5) 1~4(6) 1~4(6) 1~6 1~6(7) 1~6(7) 1~6(7)
Top 1~3  1~4(6) 1~4(6) 1~4(6) 1~6 1~6 1~6 1~6 1~6 1~6
Height of uniseriate rays (in number of cells)
Base 1~16  1~18 1~18 1~18 1~18 1~18 1~18 1~18 1~22 1~22
13m  1~18  1~19 1~19 1~20 1~20 1~20 1~20 1~20 1~20 1~21
Midde 1~15  1~15 1~16 1~16 1~18 1~18 1~21 1~21 1~21 1~22
Top 1~12  1~17 1~17 1~18 1~18 1~18 1~18 1~18 1~18 1~19
Biseriate regions in uniseriate rays (in number of layers)
Base 1 1 1 1 1 1 1 1 1 1~3
13m — — 2 - - 2~3 - - - 2~3
Middle - - - - - 1~6 1~3 1~3 1~3
Top — — — — 1 — — — — —
Fusiform rays
Base —  biseriate  biseriate biseriate biseriate biseriate biseriate biseriate biseriate biseriate
13m —  biseriate  biseriate biseriate biseriate biseriate biseriate biseriate biseriate biseriate
Middle —  biseriate  biseriate biseriate biseriate biseriate biseriate biseriate biseriate biseriate
Top —  biseriate  biseriate biseriate biseriate biseriate biseriate biseriate biseriate biseriate
Uniseriate extensions in fusiform rays (in number of cells)
Base —  1~3x3~5 1~3x3~5 1~3x3~5 1~3x3~5 1~3x3~5 1~3x3~5 1~3x3~5 2~8x4~12 2~7x4~12
13m —  1~2x1~4 1~2x2~4 2~3x2~9 1~4x3~10 1~4x3~10 1~4x3~10 1~4x3~10 1~4x3~10 1~4x3~10
Middle —  2~4x3~6  2~4x3~6 2~4x3~6 2~4x3~6 2~4x3~6 2~4x3~6 2~4x3~6 2~4x3~7 1~8x6~11
Top —  1~2x2~5  1~2x2~5 1~2x2~5 1~2x2~5 1~2x2~5 1~2x2~5 1~2x2~5 2~3x3~6 2~3x3~6
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Tracheid pitting in the tangential walls develops
beginning from the growth ring no. 1; pits are circular, 3~5
pm in diameter. In earlywood, pitting in the tangential
tracheid walls is abundant, both uniseriate and biseriate
(PL. ll, Figure 5). The pits are widely scattered along the
length of the tracheid wall. In latewood, pitting is rear,
uniseriate and lacking in the tracheids near the growth ring
boundary.

Helical thickenings occur in latewood in the growth
rings nos. 1~4 inclusively (PL. I, Figure 8); further, in some
growth rings there are spiral grooves (PL. I, Figure
10).Axial parenchyma is diffuse in the growth ring no. 1 and
rather abundant both in latewood and in earlywood. The
quantity of axial parenchyma reduces, especially in
earlywood, beginning from the growth ring no. 2 (PL. |,
Figure 1, 5). The axial parenchyma becomes sparse and
marginal consisting of single cells on the growth ring
boundaries beginning from the growth ring no. 10 (PL. |,
Figure 3, 4, 6). In radial section, the strand of axial
parenchyma includes 3~4 cells of 7~9 ym wide and 45~70
um long. The axial parenchyma cells often contain resinous
inclusions. The transverse end walls ofaxial parenchyma
cells are smooth and slightly thickened, and the radial walls
are pitted with numerous small simple pits in separate
arrangement.

The height of uniseriate rays increases from 1~18 cells
(growth ring no. 1) up to 1~29 cells. The rays of maximal
height appear in the growth rings nos. 31~40 inclusively.
The age variability of the height of uniseriate rays is given in
Tables 1 and 2. In tangential section, the ray parenchyma
cells are 16~24 pm high and 8~14 ym wide beginning from
the growth ring no. 1. The horizontal walls of ray
parenchyma cells are thickened and distinctly pitted,
however, large smooth areas occur relatively often in the
walls. The end walls of ray parenchyma cells are nodular
(PL. I, Figure 8~10). Indentures are present beginning from
the growth ring no. 13. The rays become biseriate in part
beginning from the growth ring no. 3; the biseriate regions
are as long as 2~3 layers.

Rays are composed solely of parenchyma cells in the
growth ring no. 1. Separate ray tracheid cells are developed
to the end of the growth ring no. 1 and located in one of the
ray margins together with ray parenchyma cells (PL. Il
Figure 6). Ray tracheids form a marginal cell row along one
of the ray margins beginning from the growth ring no. 3 (PL.

Il, Figure 7). Ray tracheids are arranged in one or two cell
rows along the both ray margins beginning from the growth
ring no. 4 (PL. Ill, Figure 1), and arranged in 1~3(4) rows
from the growth ring no. 7 (PL. Il, Figure 8~10). Ray
tracheids located in one or two cell rows in the interior of the
ray become beginning from the growth ring no. 13, and
arranged in 3~4 rows from the growth ring no. 23 (PL. II,
Figure 9). Sometimes the rays may be composed solely of
1~3 rows of ray tracheids (PL. Ill, Figure 2); such type of
rays is present beginning from the growth ring no. 5. Ray
tracheids located along the both ray margins are prevalent.
Ray tracheids are low, with thin and smooth interior walls
and often with sinuous external walls; the radial walls of ray
tracheid cells are pitted with bordered circular pits 4.5~6.0
um in diameter (PL. II, Figure 8~10; PI. lll, Figure 1). Ray
tracheid cells become lower and elongated along the ray
with the age of tree.

In earlywood, the cross-fields are vertically elongated
in radial section within the growth ring no. 1. The cross-
fields of square outlines are present beginning from the
growth ring no. 2 (PL. Il, Figure 7), and horizontally
elongated cross-fields occur from the growth ring no. 5. The
cross-field pits are piceoid (PL. Il, Figure 12), 4~6 um in
diameter. There are 1~4(5) pits per cross-field in the growth
ring no. 1 (PL. Il, Figure 7); 6 pits per cross-field appear
beginning from the growth ring no. 2, and 8 pits (maximum
pit numbers) occur from the growth ring no. 16 (PL. I,
Figure 10, 11). Pits are arranged in a single horizontal row
in case of 2 or 3 pits are present in cross-field, in two
horizontal rows in case of 3 to 8 pits, and diffuse in case of
3 to 5 pits. The age variability of pit numbers per cross-field
is given in Tables 1 and 2.

Axial resin canals are normal, develop beginning from
the growth ring no. 1, and usually occur within transitional
zone from early- to latewood or in the latewood. The resin
canals are solitary or, occasionally, occur in pairs. In cross
section, resin canals are circular or elliptic, radially
elongated (PL. I, Figure 1~7). The diameter of axial resin
canals increases with the age of tree from 9~18 ym (growth
ring no. 1) up to 20~60 pm (beginning from the ring no. 32).
The epithelial cells are thick-walled, the number of epithelial
cells increases with the age of tree from 5~7 cells (growth
ring no. 1) (PL. I, Figure 5) up to 7~12 cells (beginning from
the ring no. 32) (PL. I, Figure 6, 7).
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Table 2. Age variation of Larix cajanderi anatomical characters along the radius and height of stem (from the growth ring no.
11 to the bark).

Height Number of consecutive growth rings from pith to bark (along the radius of stem)
of stem 11~20 21~30 31~40 41~50 to bark
Diameter of uniseriate circular pits (Jm)
Base 16~24 16~26 16~29 16~29
1.3m 16~24 16~28 16~29 16~29
Middle 16~24 16~24 16~24 16~24(26)
Top 16~20 16~20 — —
Dimension of uniseriate elliptic pits (Jm)
Base 16~20x18~24 18~22x20~28(29) 18~22x20~28(29) 18~22x20~28(29)
1.3m 16~20x18~24 18~22x20~28 18~22x20~28(29) 18~22x20~28
Middle 12~16x18~20 12~16x18~20 12~16x18~20 16~18x20~24
Top 16~18x20~24 16~18x20~24 - —
Diameter of biseriate circular pits (um)
Base 16~22 16~24 16~26(28) 16~26(28)
1.3m 16~24 16~24 16~26 16~26(28)
Middle 16~18 16~20 16~20 16~20
Top — 14~16(20) - —
Dimension of biseriate elliptic pits (um)
Base 16~18x18~22 16~18x18~22 16~20%18~24 16~20%18~24
1.3m 14~16x16~20 14~18x16~22 14~18x16~22 16~18x18~22
Middle — — — 14~16x16~20
Top - - —
Number of pits per cross-field
Base 1~6(7) 1~6(8) 1~6(8) 1~6(8)
1.3m 1~6(8) 1~6(8) 1~6(8) 1~6(8)
Middle 1~6(7) 1~6(7) 1~6(7) 1~6(8)
Top 1~6 1~6 — —
Height of uniseriate rays (in number of cells)
Base 1~28 1~30 1~30 1~30
1.3m 1~26 1~26 1~29 1~29
Middle 1~22(24) 1~22(24) 1~26 1~26
Top 1~20 1-~20 - —
Biseriate regions in uniseriate rays (in number of layers)
Base 1~3 1~3 1~7(9) 1~5
1.3m 2~3 2~3 2~3 2~3
Middle 1~3 - - -
Top - - — —
Fusiform rays
Base biseriate biseriate biseriate biseriate
bi-triseriate bi-triseriate bi-triseriate bi-triseriate
triseriate triseriate triseriate triseriate
- - — tri-quadriseriate
1.3m biseriate biseriate biseriate biseriate
bi-triseriate bi-triseriate bi-triseriate bi-triseriate
— - triseriate triseriate
Middle biseriate biseriate biseriate biseriate
— bi-triseriate bi-triseriate bi-triseriate
- - - triseriate
Top biseriate biseriate — -
Uniseriate extensions in fusiform rays (in number of cells)
Base 2~10x4~15 2~10x4~15 1~8x5~21 1~8x5~21
1.3m 4~6x4~14 4~6x4~14 4~11x7~16 4~11x7~16
Middle 1~9x6~11(13) 1~11x6~17 3~13x5~15 3~13x5~15
Top 2~3x3~6 2~3x3~6 — —
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Plate Ill, Figure 1-8. Larix cajanderi Mayr (2, 3 & 5-7:
sections at the level of 1.3 m above the ground. - 4 &
8: sections in the base of tree. — 1: section in the top of
tree). — 1: growth ring no. 25, ray tracheids in a single
row along the both ray margins. — 2: growth ring no. 50,
ray composed of ray tracheids. — 3: growth ring no. 2,
biseriate fusiform ray, radial resin canal normal,
uniseriate extensions at both ends of the ray short and
equal. — 4: growth ring no. 70, bi- triseriate fusiform ray,
radial resin canal normal. - 5: SEM, growth ring no. 40,
biseriate fusiform ray, two radial resin canals. - 6:
SEM, growth ring no. 50, ray biseriate in part. - 7:
growth ring no. 100, biseriate fusiform ray, radial resin
canal normal, uniseriate extensions at both ends of the
ray long and equal. — 8: growth ring no. 80, tri-
quadriseriate fusiform ray, radial resin canal normal. -
Scale bars: 50 pm in Figure 1-6, 8; 100 um in Figure 7.
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Radial resin canals are normal and occur in the rays
beginning from the growth ring no. 2 (PL. Ill, Figure 3). In
tangential section, resin canals are circular or elliptic
elongated along the length of the ray, 9~35 um in
dimension. The epithelial cells are thick-walled, and the
number of epithelial cells increases with the age of tree from
4~T7 cells (growth ring no. 2) (PL. Ill, Figure 3) up to 6~9
cells (growth rings nos. 11~20 inclusively) (PL. lll, Figure 4,
7). The width of fusiform rays increases with the age of tree
and is given in Table 1 and 2. Exclusively biseriate fusiform
rays occur in the growth rings nos. 2~10 inclusively. Bi-
triseriate fusiform rays (PL. lll, Figure 4) appear in the
growth rings nos. 11~20 inclusively. Triseriate rays appear
in the growth rings nos. 31~40 inclusively. The uniseriate

extensions in fusiform rays are equal and short (1~4 cells) in
the growth ring no. 2 (PL. Ill, Figure 3); the equal long
uniseriate extensions of 10~16 cells appear in the growth
rings nos. 31~40 inclusively (PL. lll, Figure 7). The unequal
uniseriate extensions of 4~14 cells appear in the growth
rings nos. 11~20 inclusively, and the greatly unequal
extensions of 5~21 cells in the growth rings nos. 31~40
inclusively. The age variability of uniseriate extensions is
given in Tables 1 and 2.

Age Variability of Anatomical Characteristics along the
Height of Stem

The age variability of anatomical characteristics in L.
cajanderi along the height of tree is given in Table 3.
Comparative analysis of all the four disks showed the
following peculiarities:

In the base of stem, pits of maximal size in the radial
tracheid walls, uniseriate rays of maximal height, and bi-
triseriate and triseriate fusiform rays appear earlier than at
the level of 1.3 m above the ground (at breast height). For
instance, the uniseriate circular pits 29 pm in diameter
appear beginning from the growth ring no. 31, whereas at
breast height they develop from the ring no. 33. The
uniseriate elliptic pits 18~22x20~28(29) um in dimension
appear beginning from the growth ring no. 29, and at breast
height from the ring no. 35. The biseriate circular pits
16~26(28) um in diameter appear beginning from the growth
ring no. 31, whereas at breast height they develop from the
ring no. 45. The biseriate elliptic pits 16~20x18~24 ym in
dimension appear beginning from the growth ring no. 34,
and at breast height from the ring no. 42. The uniseriate
rays of 30 cells high appear in the growth rings nos. 21~30
inclusively. Bi-triseriate and triseriate fusiform rays appear in
the growth rings nos. 11~20 inclusively. Tri-quadriseriate
fusiform ray was found in the growth rings nos. 40 and 80 in
the base of stem.

In the base of stem, biseriate pits both circular and
elliptic in the radial tracheid walls, and maximum pit
numbers per cross-field appear considerably latter than at
breast height. For example, the biseriate circular pits
develop beginning from the growth ring no. 9, and biseriate
elliptic pits from the growth ring no. 14, at breast height they
develop beginning from the growth rings nos. 5 and 15
respectively. Eight pits occur in cross-fields beginning from
the growth ring no. 23, and at breast height from the growth
ring no. 16.

In the middle of stem and near the top of tree all
diagnostic characters appear latter than in the base of stem
and at breast height, with the exception of biseriate circular
pits in the radial tracheid walls. These pits appear in the
middle of stem earlier (growth ring no. 7) than in the base of
stem (growth ring no. 9), and latter than at breast height
(growth ring no. 5).

In the base of stem, anatomical characters usually are
of maximal parameters. For instance, pits of maximal size
are common in the radial tracheid walls, maximum pit
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numbers per cross-fields and maximum rows of ray
tracheids located in the interior of the ray occur more
frequent, triseriate fusiform rays are prevalent, and tri-
quadriseriate fusiform ray was found in the base of stem. In
the base of stem, there are also the highest uniseriate rays
(up to 30 cells high) with the longest biseriate regions (7~9
cells), fusiform rays have the longest equal and greatly
unequal uniseriate extensions, resin canals both axial and
radial are enclosed with maximum number of epithelial cells,
and the average mean of growth ring width is the greatest
(1.0 mm). In the base of stem, ray tracheids located in 7 cell
rows along one of the ray margins were found in the ray.

In the middle of stem there are the widest growth rings
(3.95 mm wide) and the thickest walls in both early- and
latewood tracheids. However, in the middle of stem, in
contrast to the base of stem and at breast height, there are
lower uniseriate rays, smaller pit sizes in the radial tracheid
walls, lesser number of epithelial cells in both axial and
radial resin canals, shorter uniseriate extincsions in the
fusiform rays, and rare occurrence of triseriate rays (they
are not found in every section).

Near the top of tree anatomical characters have
minimal parameters: growth rings are 0.22~0.61mm wide,
uniseriate rays are not more than 20 cells high, fusiform
rays are solely biseriate with very short and equal (1~3(6)
cells) uniseriate extensions, and there are not more than 6
pits per cross-field. Near the top of tree ray tracheids are
located along the ray margins or in the interior of the ray not
more than in one or two rows, and the rays comprised solely
of ray tracheids are extremely rear. Near the top, the
biseriate elliptic pits are lacking in the radial tracheid walls,
and rays biseriate in part are absent.

Comparative analysis of the age variability of
anatomical characteristics along the radius and height of
stem has shown that generally mature wood in L. cajanderi
is forming in the base of stem and at breast height in the
growth rings nos. 31~40 inclusively, whereas in the middle
of stem mature wood is forming in the growth rings nos.
41~50 inclusively. Near the top of tree, anatomical features
characteristic the mature stem wood are not forming.

Description of Mature Wood Anatomy

Mature wood anatomy of L. cajanderi is described on
the basis of anatomical characteristics of mature wood in all
the four disks along the height of tree (Table 3).

Growth rings are distinct, 0.05~3.95 mm wide. The
earlywood/latewood transition is abrupt. The latewood
occupies 1/6~1/4 of growth ring width in the wide rings, and
1/3~1/2 of the width in narrow rings (PL. |, Figure 3, 4, 6).
The earlywood tracheids in cross section are thin walled,
rectangular, elongated in radial direction, with broad lumina;
the latewood tracheids are thick walled, rectangular,
strongly flattened in radial direction, with nearly slitlike
lumina near the growth ring boundary (PL. I, Figure 6). The
earlywood tracheids are 10~36x20~60 um, and the
latewood tracheids are 4~28x8~32 ym in dimensions. The

thickness of earlywood tracheid walls is 2~4 pm, and the
latewood tracheids 4~10 um.

Tracheid pitting in the radial walls is abundant in
earlywood (PL. I, Figure 11; PI. II, Figure 2, 4), uniseriate
and biseriate opposite (prevalent). The uniseriate bordered
pits are circular and elliptic, 16~24(29) um in diameter or
18~22x20~28(29) um in dimension respectively. The
biseriate bordered pits are circular and elliptic, 16~26(28)
pm in diameter or 16~20x18~24 pm in dimension
respectively. The pit apertures are included, circular and
elliptic depending on the pit outlines, 8~10 um in size.

In latewood, tracheid pitting in the radial walls is
uniseriate, pits are widely scattered along the length of the
tracheid wall and lacking in the very last latewood tracheids
(PL. I, Figure 3). Pits are bordered, circular, 8~12 ym in
diameter; the pit apertures are included, circular, 5~7 um in
diameter.

Tracheid pitting in the tangential walls is abundant in
earlywood and rear in latewood lacking in the tracheids near
the growth ring boundary. In earlywood, the pitting is both
uniseriate and biseriate (PL. Il, Figure 5), and in latewood
the pitting is uniseriate. Pits are circular, 3~5 um in
diameter, widely scattered along the length of the tracheid
wall.

Crassular are present in the earlywood tracheids and
occur between uniseriate pits and between biseriate pits
(predominantly) both circular and elliptic (PL. II, Figure 4).
Helical thickenings are absent; although in several growth
rings there are spiral grooves in the latewood tracheids (PL.
I, Figure 10).

Axial parenchyma is sparse and marginal consisting of
single cells on the growth ring boundaries (PL. I, Figure 3,
4, 6). In radial section, the strand of axial parenchyma
includes 3~4 cells of 7~9 ym wide and 45~70 um long. The
transverse end walls of axial parenchyma cells are smooth
and slightly thickened, and the radial walls are pitted with
numerous small simple pits in separate arrangement. The
axial parenchyma cells often contain resinous inclusions.

Rays are 1~30 cells high, uniseriate sometimes
biseriate in part, with biseriate regions of 1~3(6~9) layers
(PL. 1l Figure 6). In tangential section, ray cells are16~24
pm high and 8~14 um wide. The horizontal walls of ray
parenchyma cells are thickened and distinctly pitted,
however, large smooth areas occur relatively often in the
walls; the end walls are nodular (PL. Il, Figure 8~10).
Indentures are present. Ray tracheids are low, with thin and
smooth interior walls and often with sinuous external walls;
the radial walls are pitted with bordered circular pits 4.5~6.0
pm in diameter. Ray tracheids are located in 1~3(4) cell
rows along the both ray margins (PL. II, Figure 8~10; PL. Il
Figure 1) or in 1~2(3~4) rows in the interior of the ray (PL.
Il, Figure 9). In a single ray, ray tracheids are arranged in 7
cell rows along one of the ray margins. Sometimes, rays are
composed solely of 1~2(3) rows of ray tracheids (PL. Ill,
Figure 2). The rays containing ray tracheids arranged in cell
rows along both ray margins are prevalent.
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Table 3. Comparison of anatomical characteristics of Larix cajanderi mature wood along the height of stem.

Anatomical characters Base of stem Breast height Middle of stem Near top of stem
Diameter of sample wood disk, cm 32 25 17 2.5
Number of growth rings 141 138 117 27
Width of growth rings, mm
(min-max/mean = error) 0.08~3.36/1.0 0.05~3.07/0.96£0 0.06~3.95/0.82+0 0.22~0.61/0.45+0

10.853 .806 923 090
Thickness of tracheid walls, pum:
in earlywood 3~4 2~35 3~4 2~3
in latewood 5~8 4~5.5 6~10 4~6
Dimensions of tracheid lumina, pum:
in earlywood 24~36x%20~56 13~31x34~60 16~40%x32~60 10~28x28~40
in latewood 4~28x14~32 4~12x8~17 4~16x14~20 4~12x8~16
Pits in radial tracheid walls:
uniseriate + + +4 ++
circular + + + +
elliptic ++ ++ ++ +
biseriate +4+ ++ + +-
circular +4+ ++ + +
elliptic + + +- -
pit diameters, pum -
in earlywood 16~24(29) 16~24(29) 16~24(26) 16~20(24)
in latewood 12~14 12~14 12~14 12~14
Pit diameters in tangential tracheid
walls, um: 3~5 3~5 3~5 3~5
Uniseriate rays:
height (in number of cells) 1~30 1~29 1~26 1~20
biseriate regions (in number of 1~7(9) 1~3 1~3(6) -
layers)
Axial resin canals:
number of epithelial cells 7~12 7~10(12) 8~11 7~9(10)
diameter of canals, pum: 32~60%x40~84 36~68x56~92 28~68x32~72 20~40x32~60
Radial resin canals:
number of epithelial cells 7~10(12) 7~9(10) 7~10(11) 7~9
diameter of canals, pm: 12~24x20~40 16~20%x32~40 12~24x28~48 12~20%x20~32
fusiform rays -
biseriate + + +4+
bi-triseriate + + +
triseriate + + +- -
tri-quadriseriate +-- - - -
uniseriate extensions in fusiform
rays (in number of cells) -
short 1~14 ~ ~11 2~3
long 3~20 ~ ~17 3~6
Ray tracheids (number of cell rows):
along ray margins 1~4(7) 1~4 1~3 1~2
in the interior of ray 1~4 1~3(4) 1~2(3) 1(2)
individual ray 1~3 1~3 1~2(3) 1~2
Cross-field pitting:
number of pits per cross-field 1~8 1~6(7~8) 1~6(7~8) 1~4(5~6)
pit diameters, um 4~6 4~6 4~6 4~6
pits of piceoid type + + + +
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There are 1~6(7~8) pits of the piceoid type per cross-
field; pits are 4~6 ym in diameter (PL. I, Figure 10, 11).

Axial resin canals are normal, lined by 7~12 thick-
walled epithelial cells. Resin canals are solitary or,
occasionally, in pairs, generally located in the transitional
zone between early- and latewood or in the latewood (PL. I,
Figure 3,4, 6, 7). In cross section, resin canals are circular
or elliptic, radially elongated, 20~68x32~92 pm in
dimensions.

Radial resin canals are normal, surrounded by
7~10(12) thick-walled epithelial cells. In tangential section,
resin canals are circular or elliptic elongated along the ray,
12~24x20~48 pm in dimensions. Resin canals occur in
biseriate (PL. Ill, Figure 3, 7), bi-triseriate (PL. lll, Figure
4), triseriate and, occasionally, in tri-quadriserate fursiform
rays (PL. ll, Figure 8). Sometimes there are 2~3 radial
resin canals in the same ray (PL. Ill, Figure 5). Uniseriate
extensions in the fusiform rays are equal short (1~4 cells)
(PL. Ill, Figure 3) or long (10~16 cells) (PL. lll, Figure 7),
and also unequal: short extensions consist of 1~5 cells and
long extensions consist of 4~14 cells, or sometimes, greatly
unequal consisting of 5~21 cells.

Conclusions

The current study of age variability of anatomical
characteristics made in the direction from pith to bark and
along the height of stem of L. cajanderi model tree selected
from the optimal habitat for this larch growth in the montane
taiga belt of the Amur River basin (RFE) is contributed to
the description of the wood anatomy of the species L.
cajanderi. Wood anatomy of L. cajanderi is described for the
first time.

The time of the formation of L. cajanderi mature wood
has been determined. Mature wood in the L. cajanderi
model tree is forming in the base of stem and at breast
height in the growth rings nos. 31~40 inclusively, and in the
middle of stem in the growth rings nos. 41~50 inclusively.
Features characteristic mature stem wood are not forming
near the top of tree.

The wood anatomy of L. cajanderi model tree showed
characteristics that are lacking in the descriptions of the
wood anatomy of L. gmelinii given by Budkevich (1956,
1961), Greguss (1955, 1963), Chavchavadze (1979), and in
the “Atlas of wood and fibers for paper” (1992). Several
anatomical features, such as triseriate, quadriseriate and
fiveseriate tracheid pitting in the radial walls, and cross-field
pits of taxodioid type were not found in the wood of L.
cajanderi model tree studied. In L. cajanderi, tracheid pitting
in the radial walls is uniseriate and biseriate, and cross-field
pits are of piceoid type. In L. cajanderi, there are up to 8 pits
per cross-field, whereas in the anatomical descriptions of L.
gmelinii we found not more then 6(7) pits per cross-field.
Cross-field pits in L. cajanderi are smaller (4~6 pm in
diameter) than those in L. gmelinii (6~7(8) um in diameter).
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