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Abstract

basis for wood rotation and planting.

The proportion of juvenile wood affects the utilization of wood seriously, and the transition year of juvenile wood (JW)
and mature wood (MW) plays a decisive role in the rotation and the modification of wood. To find out the demarca-
tion of JW and MW, the tracheid length (TL) and microfibril angle (MFA) of early wood (EW) and late wood (LW) from
four Chinese fir clones were measured by optical microscopy and X-ray diffraction. Then the data were analyzed by
the k-means clustering method. The correlation and the differences among wood properties between JW and MW
were compared. Results indicated that the LW showed better properties than that of EW, but the anatomical dif-
ferences between EW and LW did not influence the demarcation of JW and MW. The cluster analysis of TL and MFA
showed that the transition year was in the 16th year and the transition zone of EW and LW was different among
clones. The MW has longer and wider tracheid, thicker cell walls, and smaller MFA. In terms of chemistry, MW had a
higher content of holocellulose, a-cellulose, less content of extract, but no significant difference in lignin content
compared with JW. The stabilization of chemical components was earlier than that of the anatomic properties. Cor-
relation analysis showed that there were strong correlations between the chemical composition and anatomical char-
acteristics in JW and MW. In general, compared with chemical components, anatomical indicators were more suitable
for JW and MW demarcation. The differences and correlations between JW and MW properties provide a theoretical
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Introduction

The traditional wood production and the collection of
wood derivatives products based on the logging of natu-
ral forests have led to the gradual exhaustion of natural
resources, but also lead to soil erosion, drought, flood,
and biological extinction. The fundamental solution to
this problem is to adopt oriented cultivation, wood effi-
cient utilization technology, and establish a high-quality
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industrial wood plantation. Planted forests are increasing
rapidly in the world to alleviate deforestation and natu-
ral forest degradation, while providing a variety of goods
and services [1]. Forest plantations have been supplying
up to 33% of the total industrial roundwood in the world
and are expected to reach 50% of the global industrial
roundwood production by 2040 [2]. China has the largest
area of plantation reserves in the world [3]. At the same
time, softwood is one of the most important renewable
resources on earth. It is mainly used as a material in the
structural components of wooden structures [4]. Chi-
nese fir (Cunninghamia lanceolata [Lamb.] Hook.), the
most important conifer species for timber production
and has wide geographic distribution in southern China,
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accounting for 20-30% of the total commercial timber
production which has important commercial significance
for timber and pulp industry [5-8]. Chinese fir is a sub-
tropical tree species, which is planted well and utilized
widely in practice in south area of China. KAI3, DABAS,
KAI13 and KAI24 are four groups of Chinese fir clones
selected by the Kaihua Country Forest Farm, which have
excellent growth conditions. We studied wood proper-
ties for rational processing and efficient utilization. At
the same time, our research groups have studied Chi-
nese fir mechanical properties and their correlation with
microstructures [9], but the influence of juvenile and
mature wood on anatomical and chemical properties of
early and late wood has not been studied yet. Therefore,
it is of great significance to study the wood properties
of Chinese fir plantation. The quality of wood is deter-
mined by the properties of JW (juvenile wood) and MW
(mature wood), the utilization of wood is closely related
to the proportion of these two parts [10]. For example, a
high JW proportion involves a reduced lumber strength,
warping problems during the drying process and a reduc-
tion of yields in pulp production [11]. Plantation trees
are typically harvested after only 30 years and this means
that approximately half of the timber produced originates
from the juvenile part of the stem [12]. Wood located
near the pith is commonly referred to as juvenile wood,
and wood found further from the pith as mature wood
[13]. Analyzing the radial variation of wood anatomi-
cal properties within stems can determine the boundary
between the juvenile and mature wood [14—16]. Only by
understanding the anatomical structure of wood can it be
possible to understand why specific wood characteristics
are formed and how it affects the way wood is used [17].
Darmawan discussed a transition age between juvenile
and mature wood in order to infer an age of harvestability
[18]. Fiber length and microfibril angle are the anatomical
traits that determine wood quality [19]. Other properties
such as ring area and latewood percentage also can define
the extent of the core wood zone [13]. Compared to MW,
JW has different properties, such as lower wood density,
shorter fiber length, higher lignin content, and higher
compression wood content [20, 21]. Due to the strength-
ening of forestry practices and the promotion of more
cost-effective production of raw materials, the increase
in the proportion of JW in artificial forest resources is
inevitable [13]. Methods that had received much atten-
tion to defining juvenile/mature wood are based on seg-
mented regression analysis, piecewise regression model
and k-means algorithm cluster analysis [22—-28]. Modu-
lus of elasticity/shear modulus also can be chosen as the
index for determining the juvenile/mature wood bound-
ary [29]. Studies to determine the chemical composition
of juvenile and mature wood have revealed significant
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differences in the content of these components [30].
Chemical composition varies among and within tree spe-
cies and also depend on the age and part of a tree [31].
The different species of wood and even its different areas
are characterized by many physical and chemical features
such as the shape of the tracheid, and the proportion of
its chemical components [32].

In this paper, we found the demarcation of JW and
MW of Chinese fir plantations by radial variation of TL
(tracheid length) and MFA (microfibril angle) from EW
(early wood) and LW (late wood), the less dense wood
is named “early wood” or “spring wood’, outer regions
of growth rings are denser and correspond to the wood
formed in summer or autumn, also named “late wood”
[32], and then the anatomical characteristics and chemi-
cal components differences between JW and MW were
compared. The results provide a theoretical basis for the
directional cultivation and improvement of Chinese fir.

Material and methods

Sample collection

The four 20-year-old Chinese fir clones (KAI3, KAI13,
DABAS8 and F24) were collected from a forest farm in
Kaihua County, Zhejiang Province. Kaihua (118° 01’ east
longitude, 28° 54’ north latitude) features subtropical
monsoon climate with an average temperature of 16.4 C,
1712.5-h sunshine, annual average rainfall of 1814 mm
and 252-day frost-free period. 5 plants were prepared for
each clone, a total of 20 plants. The basic information of
experimental materials is shown in Table 1.

Sample preparation

A 70-mm-thick disc was cut from the trunk
height of 1.3 m and cut the wood strips with a
width of 1.5 c¢cm outwards along the pith, and then
cut the wood strips into small wooden blocks of
10 mm(R) x 10 mm(T) x 15 mm(L) according to different
annual rings for the preparation of experimental speci-
mens for anatomical characteristics (Fig. 1la). Samples
were taken from the pith to the bark year by year accord-
ing to the tree rings. Each year was divided into two parts:
early and late wood; A disc with a certain thickness was
cut at the height of 1.3 m for chemical components test,
the disc was sawn into seven parts according to part A

Table 1 Details of four clones

Clones Age (year) Height (m) DBH (cm)
KAI3 20 18.0 17.8
KAI3 20 171 17.0
F24 20 223 19.9
DABA8 20 19.0 175
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Fig. 1 Schematic diagram of wood sample preparation. a Sample preparation for anatomical properties; b sample preparation for chemical

(1-4 years), part B (5-6 years), part C (7-8 years), part D
(9-10 years), part E (11-13 years), part F (14—15 years),
part G (16-20 years). After the raw material is crushed,
40-60 mesh samples were taken, and the chemical com-
ponents were tested after water balance (Fig. 1b).

The test method of wood anatomical properties

For anatomical characterization, In accordance with the
national standard, GB/T10336-2002 [33], wood macera-
tions were conducted using glacial acetic acid and 30%
hydrogen peroxide (1:1 ratio) at 80 C for 4 h. 50 meas-
urements were taken for the TL of both EW and LW.
The samples were sliced by Leica RM2265 (Wetzlar, Ger-
many), and the cross-section images with a ruler were
taken by KEYENCE VHX-600E. The data were collected
by Image] software. The thin slices of microfibril angle
samples of each Chinese fir clone were determined by an
X-ray diffractometer (XD-3). The average MFA of each
wood sample of Chinese fir clones was calculated by the
0.6 T method.

The test method of wood chemical components

The determination method mainly refers to the current
national standards and other common methods, includ-
ing GB/T 36055-2018 [34], GB/T 35816-2018 [35], GB/T
35818-2018 [36], GB/T 744-2004 [37]. The chemical
composition content is based on the absolute dry wood,
and the values were the average value of 5 samples in the
group, with 3-5 parallel samples in each group.

The method of k-means analysis

k-means clustering represents one of the most popular
clustering algorithms, which groups the unlabeled data-
set into different clusters. With reference to Albouk-
adel Kassambara’s suggestion, in this article we adopted
the hierarchical k-means clustering method by Rstudio
software. The algorithm is summarized as follows: (1)
compute hierarchical clustering and cut the tree into
k-clusters; (2) compute the center of each cluster; (3)
compute k-means by using the set of cluster centers as
the initial cluster centers. The code is available on DATA-
NOVIA in the following repository: https://www.datan
ovia.com/en/lessons/hierarchical-k-means-clustering-
optimize-clusters/.

Results and discussion

Variation in tracheid length from pith to bark

As shown in Table 2, the TL of LW was slightly longer
than that of EW. In the study of radial variation in ana-
tomical features, if the mean of data is skewed distri-
bution, then it cannot describe the overall sample
situation, if there is a large value of outliers, the aver-
age may be invalid. When the value of outliers is very
high, a large amount of valuable data is also lost with
truncated means. Therefore, this paper uses box plots
to describe the data distribution of Chinese fir TL
and MFA from the pith to the bark, to better observe
the inflection point of the curve change. As shown in
Fig. 2, the TL of Chinese fir increased rapidly at first
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Table 2 Tracheid length of early wood and late wood from four

clones

Clone Early wood (um) Late wood (um)
KAI3 323493463426 3262.55+591.84°
DABAS 2662.044829.97° 2717.804853.31°
KAIT3 3037.65 +686.83¢ 3045.84 +635.96°
F24 2865.94 4+ 649.08¢ 2898.65 4 558.42¢
F 525.79 489.21

Sig 0.000 0.000

Statistical differences between clones were denoted using lowercase letters,
with different letters corresponding to significant differences (p < 0.05)

and then slowly with the increase of growing years. The
TL of LW is longer than that of EW, and the range is
greater as well. The TL value from biggest to smallest
was KAI3, KAI13, F24, DABAS8. Among the four clones,
the TL was an extremely significant difference between
EW and LW.

The TL changes from the pith to the bark, curves
have the similar tendency of a first rapidly increase, and
then slowly, finally get stable with growth age. The blue
dotted line marks the inflection point of rapid increase
curve to slow increase curve and the slow increase
curve to the stable line. In the EW part, the inflec-
tion points of the TL growth curves of the four groups
of clones were 6th and 16th (Fig. 2a), 10th and 16th
(Fig. 2c), 7th and 16th (Fig. 2e), 7th and 16th (Fig. 2g),
respectively; In the LW part, the inflection points of
the TL growth curves of the four groups of clones were
8th and 15th (Fig. 2b), 8th and 16th (Fig. 2d), 9th and
16th (Fig. 2f), 6th and 16th (Fig. 2h), respectively. In
the first 6-8 years, the length of EW and LW tracheid
increased rapidly, and the area of slow increase curve of
EW tracheid was generally bigger than that of LW (e.g.,
KAI3, KAI13), there were also clones that get smaller
than that of LW (e.g., DABAS8), or no significant differ-
ence between EW and LW (e.g., F24). In general, the
TL tends to stabilize around 16 years. The regression
equation of TL (y=a — b * In (x+¢) can be determined
by nonlinear fitting, in which R* is greater than 0.97
(Table 3).

The radial variation of TL of LW is accorded with
logarithmic function. Although there were significant
differences in TL among clones, the pattern of trac-
heid growth and the angle of microfibril in early and
late clones were consistent with the annual rings and
were stable in about 16 years. This tendency is a char-
acteristic of JW formation in the tree’s early years
[38]. Although there were significant differences in
TL among the four groups, the TL tended to be stable
in the 16th year. Even if the inflection point of wood
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tracheid growth was about the 16th year, the transition
zone was different among clones, which indicated that
there were some inaccuracies in the determination of
the wood transition area.

Variation in microfibril angle from the pith to bark

As shown in Table 4, the MFA of KAI3 EW and LW was
the smallest. With the growth of tree age, except for LW
of KAI3, there was no significant difference in MFA of
EW and LW among different clones. The MFA of LW is
smaller than that of EW, and the variation range of MFA
of EW is larger than that of LW. Among them, the MFA
of EW and LW from smallest to largest is KAI3, KAI13,
F24 and DABAS. As shown in Fig. 3, the MFA of different
clones had the same trend, and the fluctuation range of
EW was significantly greater than that of LW. In the EW
part, the MFA box of KAI3 (Fig. 3a), DABAS (Fig. 3¢),
and F24 (Fig. 3g) dropped to the lowest point at 13-year-
old, and KAI13 (Fig. 3e) at 12; In the LW part, the low-
est points of each clone were: age 12 of KAI3 (Fig. 3b);
14 of DABAS (Fig. 3d); 13 of KAI13 (Fig. 3f); 13 of F24
(Fig. 3h). The difference of clones had no significant
effect on MFA. MFA of EW and LW showed a trend of
first decreasing and then stabilizing, which consistent
to Mario Vega’s research results [39]. MFA declined to
its lowest value around year 13 and then remained rela-
tively stable with little fluctuation. Compared with tra-
cheid length, MFA has lower transition ring, which was
consistent with Darmawan’s research results, confirmed
that the determination of transition ring was dependent
on the trait considered [18].

Demarcation of juvenile and mature wood

The hierarchical k-means algorithm was used for cluster
analysis of Chinese fir MFA and TL and the k value was
set as number 4. The clustering diagram of four sets of
clones in different years was obtained as shown in Fig. 4.
According to the diagram, the cluster analysis results
of TL and MFA of EW and LW showed that they were
divided into four parts: blue, yellow, green and red, cor-
responding to color labels 1, 2, 3 and 4. In EW part, tree
ages were divided into 3th-5th, 6th—9th, 10th—15th,
16th—20th (Fig. 4a) four categories; In LW part, tree ages
were divided into three categories, 5th—8th, 9th—14th
and 15th—20th (Fig. 4b), among which the blue part was
not getting reasonably clustered.

Understanding the transition between JW and MW is
an important first step in understanding wood quality
and the modeling of fiber attributes [18]. According to
the radial variation of TL and MFA, the inflection points
of curves were located, which was subjective. Therefore,
we use statistical classification (k-means clustering) to
analyze TL and MFA. The demarcation of juvenile and



—
o —
o —
=~ —
o —
o —

Cambial age(year)

UL T
8 91011121314151617181920

6789

Cambial age(year)

FT T T
10111213 1415

Lu et al. Journal of Wood Science (2021) 67:72 Page 5 of 11
5000 5000
4000 4000
H H
3, 3000 3, 3000 A
A - o -
-l L = -l = §
& 2000 E E = 20001 E z
1000 z g 1000 : E
s S I I I I 0 T T T T T T T 1T T 111
234567 891011121314151617181920 8 91011121314 151617181920
Cambial age(year) Cambial age(year)
5000 6000
4000 30007
~ ~
4000
isooo— i
el Al
= A 3000
& 2000 5 3
z 2000 £
1000- : : 1000 g =
H z ¢ z 5 d
0 T L UUSUSUSUSUSUSUSUSUSU L N N O R
2 5678 91011121314151617181920 1234567891011121314151617181920
Cambial age(year) Cambial age(year)
5000 5000
4000 4000
/é\ ~
3, 3000 53000—
£ - 7
3 5 » 5 z
& 2000 = = = 2000 E z
1000 = £ 1000 g g
0= B USUSUSUSUSUSUSUSUSLUEL (s I S O I 1
2 789 1011121314151617181920 2345678 91011121314151617181920
Cambial age(year) Cambial age(year)
5000 5000
4000 4000
H E
3, 3000 3, 3000 é é
o Al
- = = =
& 2000 z = = 2000 g g
1000 e % g = 1000 z E
g h
0 TT 111 T T 0 TT T TT 1
7

T
1617181920

Fig. 2 The radial variation of tracheid length versus cambial age of Chinese fir. a TL of KAI3 EW; b TL of KAI3 LW; ¢ TL of DABA8 EW; d TL of DABA8
LW; e TL of KAIT3 EW; fTL of KAIT3 LW; g TL of F24 EW; h TL of F24 LW
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Table 3 Regression equation of tracheid length

Position Equation y=a-b*In(x+c¢)
Plot KAI3 DABAS KAI13 F24

Earlywood a 210116 — 14734 163438 142156

— 57788 —119340 —70051 —684.92

c —152 167 —130 —028
R? 0.99 098 0.99 0.97

Latewood a 2173.88 — 5861 1842.55 1914.96
b —55032 — 119650 —61124 — 48735
c — 14146 14183 — 14405 — 06470
R? 0.99 098 0.99 0.97

Table 4 Microfibril angle of early wood and late wood among

clones

Clone Early wood (°) Late wood (°)
KAI3 13414+481° 12.28+243°
DABA8 14.894-3.42° 14.3242.93°
KAIT3 14494397° 14.084+337°
F24 1446 +£345° 13424301
F 213 7.83

Sig 0.100 0.000

Statistical differences between clones were denoted using lowercase letters,
with different letters corresponding to significant differences (p < 0.05)

mature wood during the growth of trees was obtained
by clustering the TL and MFA. It can be seen that the
two groups of indicators did not get reasonable cluster-
ing results in 3-8 years (Fig. 4). The reason may be that
the change of wood properties at the initial stage of tree
growth is too changeable, which has a great impact on
the clustering results. This is similar to the conclusion of
Zhang who used SVM to analyze the mature and juvenile
boundary of the Pinus banksiana plantation [40]. There-
fore, the first 8 years of part were classified as JW part.

The clustering results showed that the EW reached
maturity at the 16th year (Fig. 4a), while the LW reached
maturity at the 15th year (Fig. 4b). The results were con-
sistent with the inflection points above. This is slightly
different from the results of Jian L's study on the demar-
cation of Chinese fir plantation [41], which may be
caused by the differences in tree planting area. The vari-
ation of MFA indicating that the maturity year of MFA
was earlier than that of TL. Therefore, determining the
transition year by MFA was not accurate.

Differences of anatomical characteristics between juvenile
wood and mature wood

The average value of TL was 3515.98 um for MW and
2772.28 pum for JW. TD of MW was 30.44 pum, and that of
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JW was 28.13 um. The DWT (double cell wall thickness)
of MW was 7.13 um, and that of JW was 6.81 pym. MFA
of MW was 13.11°, and that of JW was 14.20° (Table 5).
TL, TD and DWT of MW were higher than those of JW,
and MFA was lower than that of JW, and there were sig-
nificant differences between JW and MW anatomical
indexes. The values of TL, TD and DWT of clone KAI3
were the largest and MFA was the smallest among the
four groups.

The lower strength of JW in most of the properties
examined may be attributed to anatomical and chemical
properties [42]. JW has important wood quality attributes
because, depending on the species, it can have a shorter
tracheid, larger microfibril angle [43]. MFA, which is
defined as the angle of the cellulose microfibrils of the S2
layer of the secondary cell wall relative to the long axis
of the cell [44]. MFA has a great influence on mechani-
cal properties, stiffness and tensile strength [45-47]. The
average microfibril angle in MW lies between 5 and 20° to
the fiber axis, but much larger angles are found in the JW
of conifers [48]. The difference in the mean MFA values
between early and late tracheid increases with increasing
cambial age of the annual rings [49], it may explain why
the MFA was not as stable as TL in mature wood. MW
has longer tracheid, thicker cell wall and smaller MFA,
which makes mature wood better than JW in wood uti-
lization [50].

Differences of chemical composition between juvenile
wood and mature wood

The content of lignin in MW was 33.34%, 33.22% in
JW, 49.25% in a-cellulose and 46.41% in JW, 73.58%
in holocellulose and 72.57% in JW, 1.28% in extractive
of MW and 2.08% in JW (Table 6). Wood was divided
into seven parts along the radial direction, and part G
was the MW part. The contents of lignin, holocellu-
lose and a-cellulose in MW were higher than those in
JW, which consistent with Funda research result [31].
Along the direction from pith to bark, the content of
lignin increased slightly at site G, there was no sig-
nificant difference among the sites, but the content of
a-cellulose increased gradually, and there was no sig-
nificant difference between site G and site E. The con-
tent of holocellulose had no significant difference at
A-D, there was no significant difference in the content
of holocellulose in part E and part G. There was no
significant difference in the content of extract in A-C,
but a significant decrease in part D. There was no sig-
nificant difference in extract content between part E
and part G (Fig. 5). In addition to the extractive con-
tent, the cellulose content and lignin content of MW
were higher than that of JW. There was little difference
in chemical composition between different clones,
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Fig. 3 The radial variation of microfibril angle versus cambial age of Chinese fir. a MFA of KAI3 early wood; b MFA of KAI3 late wood; ¢ MFA of
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Table 5 Differences of anatomical characteristics between juvenile wood and mature wood
Clone TL (um) TD (pm) DWT (um) MFA (°)
J M J M J M J M
KAI3 3075.93+598.38 372528+ 34594 29.09£596 32.02+6.49 7144223 7414237 13124432 12064175
DABA8 2440.58 +794.28 34145647792 2793 +4.60 3037417 6401226 6614226 14.82+£3.29 14.08£2.90
KAIT3 2848.204+640.50 3582.854343.98 27.10+6.17 29144563 6.66+2.24 7044285 14.48+3.92 13.53+2.82
F24 2724404 590.56 3341.22+367.74 2838+6.15 3021474 7024261 745£2.60 1436£357 12.75£1.96
Average 2772.28 3515.98 28.13 3044 6.81 7.13 14.20 13.11
TL tracheid length, TD tracheid diameter, DWT double cell wall thickness, MFA microfibril angle, J juvenile wood, M mature wood
Table 6 Differences of chemical composition between juvenile wood and mature wood
Clone Lignin (%) a-Cellulose (%) Holocellulose (%) Extract (%)
J M J M J M J M
KAI3 33724163 33954+ 1.60 4578+3.15 49.03+0.97 72244236 73.104+1.92 2324144 1344054
DABA8 3296+£1.34 33.81+£1.32 4727 £2.50 4820+£3.04 7284177 73.084145 1.9540.98 09140.20
KAIT3 32.77+135 31.954+041 47404 2.68 51.56+096 7332+175 7490+2.63 1964111 13610381
F24 33434127 33.66+1.73 45214220 48.194+1.86 71.89+£1.76 7325+1.94 2.08+0.81 1.51+£0.62
Average 3322 3334 4641 4925 7257 7358 2.08 128
J juvenile wood, M mature wood
Cluster plot Cluster plot
. a 3 «3th b
3th N\ S
\ g -
2 ‘\\
2 N
4th cluster -Hh. cluster
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= e =1 12
"3 OE
- [ (2]«
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different cluster groups

2 - 0 1
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Fig.4 k-means clustering analyses of MFA and TL. a Clustering plot of early wood; b clustering plot of late wood. Number 1-4 represent four

which may be due to the same growing environment
and tree species [31, 51]. The same lignin content may
make the gap of mechanical strength between JW and
MW narrowed.

There was no significant change of lignin in differ-
ent parts along the radial direction, indicating that
there was no significant difference in lignin content
between JW and MW. There was no significant differ-
ence between extract, holocellulose and a-cellulose in
part E compared with part G (mature wood part), indi-
cating that the chemical components in part E (11—
13 years) had reached the mature level [52].

Correlation of wood anatomical properties and chemical
composition between juvenile and mature wood

For JW (Fig. 6a), the TL and TD were positively corre-
lated with the extractive content, while for MW (Fig. 6b),
they were negatively correlated; For JW, the DWT was
negatively correlated with a-cellulose (R=— 0.617), and
for MV, it was positively correlated (R=0.599); For JW,
holocellulose was negatively correlated with a-cellulose,
but for MW, they were positively correlated (R=0.535);
The double wall thickness of JW was significantly posi-
tively correlated with the extract (R=0.422), while there
was no significant relationship in MW. That can be
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Fig. 6 Correlation heatmap of wood properties. TL tracheid length, TD tracheid diameter, DWT double cell wall thickness, MFA microfibril angle, LC
lignin content, a-CC a-cellulose content, HC holocellulose content, EC extractive content

explained by the existence of heartwood. Heart wood The correlation heatmap was analyzed to provide a
accumulates a significant number of secondary metabo-  theoretical basis for the comprehensive improvement of
lites (woody known as extractives) [53, 54]. wood properties. Many scholars have studied the corre-

lation between wood properties, Such as the correlation
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coefficients between physical and chemical properties
and correlation of wood anatomical properties [16, 55].

Conclusion

TL and MFA are two important anatomical indexes for
the demarcation of JW and MW; the wood properties
of coniferous wood are significantly different between
EW and LW. Although LW properties were better than
EW, the radial variation trends of different clones in the
same area were basically the same, so there was no need
to study separately. Through the study of the anatomical
characteristics, it can be concluded that the transition
year of Chinese fir was the 16th year. Cluster analysis is
an appropriate method for the classification of wood
properties. Compared with complex regression curves
and subjective visual observations, the results were more
scientific, reasonable and reliable. However, in chemical
composition, the differences between the two types of
wood were less than anatomical characteristics, and the
stable time of chemical composition content was earlier
than anatomical characteristics, so it was not appropri-
ate to define the transition year of Chinese fir clones by
chemical composition.
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