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No Clinal Variation in Cunninghamia lanceolata Wood

Density Sampled from Thirteen Chinese Provinces
Jeng-Chuan Yang,*® Chih-Ming Chiu,2 Tsan-PiaoLin,® Fan-Hao Kung®

[Summary]

Seeds of China-fir were obtained from 42 provenances in 13 provinces of China. Height and
diameter were measured at the ages of 11, 16, and 18 years. Wood density samples were taken by
increment core at breast height and were assessed by the water displacement method. |sozyme
frequencies of PGI, SKDH, and 6PGD were observed from electrophoresis. Wood density ranged
fromahighof 0.310in Jiangsu Provincetoalow of 0.273in Guizhou Provincein southwestern China.
The Chinafir in these 2 provinces differed from those of their neighboring Provinces. Correlation
between density and isozyme frequency was not significant for SKDH and 6PGD; it wasweak for PGI.
Since there were no linear geographic or climatic trends detected, random variation due to local
factors appears to be a suitable description for wood density in Chinafir.
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INTRODUCTION

Species with widespread ranges normally
should have a higher level of diversity than
more narrowly distributed species (Hamrick et
al. 1990). Asthedistribution range increases, a
species will encounter greater differencesin
ecological limiting factors. Geographic varia-
tion is then the result of long-term adaptation
of a species to various selection pressures it
has encountered.

Cunninghamia lanceolata (Lamb.) Hook.
is one of the most important conifers growing
in southern China. The geographic distribu-
tion center is near the Nanling Mountains and
this species covers 13°of latitude (from 21741
t034°03'),10° of longitude (from 101" 30’ to
121°53"), and 1,800 m of elevation (Y u 1996).
The species has been cultivated for more than
2000 years by the local people for its different
characters (Chen and Shi 1987). Because of
the diversity of sites and climates whereit is
found, China-fir shows great geographic varia-
tion in tree height and diameter growth. Trees
from the southern and the eastern provenances
grow faster than those of the western and
northern ones. However, none of the charac-
teristics of needles, cones, or seeds were re-
lated to the latitude and longitude of the seed
source (Yu 1996). At the age of 10 years, tree
height, diameter, and volume growth of 42
Chinafir provenances tested in 41 plantations
were correlated with mean annual temperature
and January temperature, but not with July
temperature, nor with mean annual precipita-
tion (Li 1994). However, the range-wide geo-
graphic variation of wood density in Chinafir

has yet to be studied.

Density is one of the most important of a
wood’ s properties (Van Buijtenen 1982). For
many years it was recognized that tree form
and growth rates could all affect wood in sev-
eral ways, so Zobel (1963) suggested that trees
should be selected first for form, growth habits,
pest resistance, volume, and finally for wood
density. Selection for wood density is pos-
sible because heritability of wood density is
moderate to high among many species (Zobel
1961, Stonecypher and Zobel 1966, Rozenberg
and Cahalan 1997). Selection may be at the
clonal level, for example, clonal variationsin
wood density are significant in aspen (Y anchuk
et al. 1983); or, at theracial level, for example,
geographic variations have been found among
southern pines (Zobel and Van Buijtenen 1989).
However, we need to be careful when looking
at differing clones or races because density
may also be controlled by site as well as by
environmental and genetic interactions. For
example, using subsets of 4 Pinus oocarpa and
5 P. patula subsp. tecunumanii provenances,
Wright (1990a) assessed density at 1 sitein
each of Puerto Rico, Ecuador, Brazil, Zambia,
South Africa, and Kenya. He found significant
differencesin density between sites (p < 0.001)
and between provenances (p < 0.05). Thesite-
by-provenance interaction term was not
significant. In asimilar study using 1 prov-
enance of P. caribaea and 4 provenances of P.
patula subsp. tecunumanii, Wright and co-
workers found significant variations of stem
volume and wood density at Nzoia, Kenya
(Wright et al. 1992). Again, using 11 prov-
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enances of Pinus caribaea var. hondurensis at
atotal of 11 sites (in Puerto Rico, Zambia,
Congo, Cete d'lvoire, South Africa, Malaysia,
Fiji, and Australia), analysis of variance re-
vealed significant differences (p < 0.001) be-
tween sites and provenances for density, with
site accounting for more of the variance than
did provenance. The site-by-provenance inter-
action term was not statistically significant and
accounted for none of the variance. However,
when provenances were grouped, he found no
significant differences between coastal and is-
land provenances (Wright 1990b).

Wood density may be related to geo-
graphic races. For example, in Jack pine, P.
banksiana, the northerly sources produced the
highest specific gravity (King 1967). Remrod
(1976) also found that northern provenances
of P. sylvestris produced trees with a higher
wood density in northern Sweden. On the
contrary, Stahl found in the same species that
the northern sources had lower basic density
when grown in Sweden (Stahl et a. 1986). InP.
caribaea var. hondurensis, Wright (1990b)
found that treesin coastal provinces had lower
wood density than those in inland ones. On
the other hand, wood density may not be re-
lated to geographic races. For example, Rink
and Thor (1973) found that specific gravity in
P. virginiana was not affected by seed sources.
Therefore, the objective of this paper isto test
whether wood density in China-fir differs
among the 13 southern provinces of China.

Instead of ecotypic variation, specific den-
sity may aso display aclinal variation. Differ-
ences in wood density were evident among
sources of P. taeda from Maryland to Texas
(Strickland 1960). Strong correlations were
found between density and latitude (r = 0.98)
and between density and longitude (r = 0.95).
Although Wright (1990 b) found that treeswith
low density were mainly from sites at ahigher
elevation (1,000 m), he did not indicate how
density was related to other variables of the
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seed sources. Because geographic variation of
wood density among provenances of Chinafir
has not been related to the effect of latitude
and longitude, we decided to test the correla
tion between wood density and geographic
variables.

Correlations of allelic frequencies with
geographic and environmental variables are
documented in conifers (e.g., Yeh and Layton
1979, Xieet d. 1992). Yet, astudy based on 16
southeastern populations of China-fir showed
that genetic variability did not correlate with
geographic or climatic variables of those popu-
lations(Yeheta. 1994). It would beinteresting
to know whether wood density in Chinafir is
correlated with genetic variables of the seed
source, so that we may use such genetic infor-
mation to screen for better seed origin.

Wood density usually decreases as
growth rate increases; the correlation is weak
but statistically significant (Beaudoin et al.
1992). Onthe other hand, Lee (1979) found no
significant correlation between growth and
wood propertiesin 27 black pine seed sources.
In coastal Douglas-fir (Pseudotsuga menziesii
var. menziesii), it is possible to obtain substan-
tial gainsin bole volume without loss in (or
even with amodest increase in) wood density
(Vargas-Hernandez and Adams 1991).
Therefore, we need to study the relation be-
tween growth and density among seed sources
in China-fir to seeif it ispossibleto select both
traits independently at the sametime.

It is well known that evidence of the
environmental factors which modify the physi-
ological and growth processes in treesis per-
manently deposited in the structure of the bio-
mass being produced (Fritts 1959). By build-
ing growth rings, treesliterally monitor the en-
vironmental status (Fritts 1966). Accordingly,
the structure of tree rings allows the detection
of captured climatic variations (Fritts1960). This
variability in the structure of tree rings that
quantify the radial growth of stems has been
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studied by experts in the fields of dendroc-
hronology, dendroclimatology, and dendroe-
cology for along time (Fritts 1972). The data
thus obtained are analyzed and used for as-
sessment of the tree-ring structure response
to fluctuations in climate (Fritts and Shashkin
1994). However, it is not well know whether
such acquired characteristics of tree-ring struc-
ture are inheritable. In the study we also test
the correlation between wood density and cli-
mate factors among provinces of Chinawhere
China-fir grows.

MATERIALS AND METHODS

The Taiwan Forestry Research Institute
has obtained seeds of China-fir from 42 prov-
enancesin 13 provinces of China(Yang et al.
2000). The Lienhwachih plantation for China-
fir was established on 14 May, 1981. Theplan-
tation islocated at 23.56 ° N, 120.54° E at an
elevation of 744 m. A randomized complete
block design with 6 replicateswas used. There
were 4 trees per plot, and the spacing was 2 X
2m.

Phenotypic measurements obtained from
the provenance tests were growth and wood
density. Growth measurements included total
height (H) and diameter at breast height (D) at
the ages of 11, 16, and 18 years. For wood
density measurement, a0.45-cmincrement core
was extracted at breast height on the upper
slope, because it has been shown for conifers
that breast height sampling is generally satis-
factory for evaluating wood density for the
entiretree (Zobel and Van Buijtenen 1989). Itis
well known that wood density varies within a
tree. Wood density tends to be high at the
bottom of the tree, decreasing to aminimum at
mid height, then increasing again near the top
of the tree (Vargas-Hernandez and Adams
1991). They also found that in the radial
direction, wood density is high near the pith (at

al heights), decreasing, then increasing again
in the mature wood zone (after rings 15-20+).
Overall density is positively correlated with
intra-ring density variation (r = 0.72) and nega-
tively correlated with bole volume (r = -0.52)
(Vargas-Hernandez and Adams 1991).
Therefore, our sample of the outer 5 rings from
the increment core may not give us atrue read-
ing of thewhole tree density, but it is an effec-
tive indirect measurement of specific gravity,
and it causes minimal tree damage (Lee and
Wahlgran 1979). Density of the extracted
sample was determined by the water displace-
ment method according to Smith (1954).

Genotypic measurements were obtained
by means of isozyme analysis. We collected
shoot tips of current-year needles from each
provenance. The leaf tissues were stored in a
cooler kept at 4°C . and the collection wastrans-
ported to the laboratory on the same day.
Sample preparation, isozyme extraction, and
electrophoresis followed standard procedures
used inthe past (Lin et a. 1993, 1994). Three
isozyme systems were used for the study:
phosphoglucose isomerase (PGI, EC 5.3.1.9),
shikimate dehydrogenase (SKDH. EC 1.1.1.25),
and 6-phosphogluconate dehydrogenase
(6PGD, EC 1.1.1.44). Segregation band pat-
terns were interpreted to yield estimates for
gene (al€lic) frequency.

Geographic variables of seed sources
used in the study were longitude, latitude, and
elevation. These variables were found to be
useful in developing a physiographic model
for inland Douglas-fir (Pseudotsuga menziesii
var. glauca) (Campbell 1991, Rehfeldt 1991),
and in the study of frost resistance and early
growth of Sequoiadendron giganteum seed-
lings (Guinon et a. 1982). Climatic data about
the seed source, were mean annual tempera-
ture (Mat), January mean temperature (Jant),
July mean temperature (Jult), and annual pre-
cipitation (Pps). These variables were useful
in defining Cryptomeria japonica seed sources
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for Taiwan (Yanget d. 1998). A combination of
geographic and climate variables was previ-
ously used for a study of cold-hardiness of
Fraxinus americana stem tissue (Alexander et
al.1984).

The software, Statistical Analysis System
(SAS 1985), was used for data processing. A
preliminary statistical analysis indicated that
the block effect was not significant for wood
density, therefore, we deleted this classifica-
tion variable from the analysis of variance
model. The entire experiment for testing density
variation in 13 provinces was analyzed by a
hierarchical model, nesting seed sourceswithin
provinces (Table 1). We also used a so-called
"planned individual degree-of-freedom com-
parison of meansin analysisof variance" (Sokal
and Rohlf 1995) to test the high-density and
low-density provinces against their neighbors
(Table 1). The secondary statistical analysis
included simple correlation analysis, canoni-
cal correlation analysis, and multiple regres-
sion analysis (Tables 2-8). The canonical cor-
relation is useful for indicating the relationship
between density and the whole group (e.g.,
growth), while the simple correlation can indi-
cate the relationship between density and a
given individual variable (e.g., height at age

69

11) within agroup. For the correlation and
regression analysis, we used province means
as observations. Although there is no reason
why adaptation should follow administrative
borders, we used province means instead of
provenance means because in a previous pa-
per wefound that growth among provinces was
significant but growth among provenances
within a province was not significant (Y ang et
a.2000).

RESULTS AND DISCUSSION

Wood density ranged from 0.310in Sichuan
and Jiangsu Provincesto 0.273in Guizhou Prov-
ince in southwestern China (Table 6). In order
to visualize geographic variation through a the-
matic map, we plotted standardized scores of
density (e.g., Z-score = (province mean den-
sity —0.28827) / 0.01207) on the map of south-
ern China (Fig. 1). No consistent trends or
patterns are evident from the thematic map.
Clearly, we may consider that Jiangsu Prov-
ince at the upper right corner of the map is
unusual, because density scores of the other 5
southeastern provinces (Anhui, Zhejiang,
Jiangxi, Fujian, and Guangdong) were all be-
low average. When tested by analysis of

Table 1. General linear model for wood density in China-fir, with seed sources (SS) nested within a state and
with planned individual degree-of-freedom comparison of means. The 1st contrast is for the Jiangsu seed
sources against a group of southeastern seed sources in Anhui, Zhejiang, Jiangxi, Fujian, and Guangdong
Provinces. The 2nd contrast is the Guizhou seed sources against a group of surrounding seed sources in
Sichuan, Hunan, Guangxi, and Yunnan Provinces

DF Mean square F value Pr>F
Sum of squares

Source Model 41 0.05628 0.001372 151 0.0448
State 12 0.01893 0.001577 1.74 0.0672
SS(State) 29 0.03794 0.001308 144 0.0893
Error 117 0.10619 0.000907

Total 158 0.16247

Contrast SS

Contrast Jiangsu vs. neighbors 1 0.007221 0.007221 7.96 0.0056

Guizhou vs. neighbors 1 0.006146 0.006146 6.77 0.0105
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Table 2. Canonical structure and correlation between wood density and variables of growth, isozyme, GIS,
and weather of the provinces

Canonical structure Simple correlation
path
r path r path r
Density-
Growth -0.7290
Growth-H11 -0.2694 Density-H11 -0.1964
Growth-D16 -0.2190 Density-D16 -0.1596
Growth-H16 0.0686 Density-H16 0.0500
Growth-D18 -0.3394 Density-D18 -0.2474
Growth-H18 -0.1037 Density-H18 -0.0756
Density
-PGI -0.8433
PGI-PGIA 0.2884 Density-PGIA -0.2432
PGI-PGIB 0.0698 Density-PGIB -0.0588
PGI-PGIC 0.4027 Density-PGIC -0.3396
PGI-PGID -0.2033 Density-PGID 0.1714
PGI-PGIE 0.0642 Density-PGIE -0.0541
Density-
SKDH 0.4482
SK-SK1A -0.0779 Density-SK1A -0.0349
SK-SK2A -0.3911 Density-SK2A -0.1753
SK-SK2B 0.8793 Density-SK2B 0.3940
SK-SK2C -0.3507 Density-SK2C -0.1571
SK-SK2D -0.1502 Density-SK2D -0.0673
Density-
6PGD 0.6371
6PGD-6PGDA 0.6802 Density-6PGDA 0.4333
6PGD-6PGDB 0.0903 Density-6PGDB 0.0575
6PGD-6PGDC -0.5386 Density-6PGDC -0.3431
6PGD-6PGDD 0.2105 Density-6PGDD 0.1341
Density-
GIS 0.2110
GIS-LAT 0.3416 Density-LAT 0.0720
GIS-LONG -0.8178 Density-LONG -0.1725
GIS-ELEV 0.3999 Density-ELEV 0.0843
Density
-Weather 0.3546
WEATHER-MAT 0.1284 Density-MAT 0.0455
WEATHER-JANT  0.2273 Density-JANT 0.0806
WEATHER-JULT  -0.2253 Density-JULT -0.0799

WEATHER-PPS -0.4795 Density-PPS -0.1700
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Fig. 1. Thematic map of wood density in China-
fir. The Z-score is a standardized score which is
the difference between a province mean and the
population mean, divided by the standard devia-
tion of province means.
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variance, the contrast between Jiangsu and the
group of southeastern seed sources was sig-
nificant at the0.01 level (Table 1). Ontheother
hand, we may also consider the low density of
Guizhou Province to be unusual because its
neighbors all had densities higher than the
population average. When tested by analysis
of variance, the contrast between Guizhou and
the group of Sichuan, Hunan, Guangxi, and
Y unnan seed sources was significant at the O.
05level (Table 1). Therefore, we may need to
study these 2 odd provinces further in order to
confirm whether the superior Jiangsu and the
inferior Guizhou seed sources indeed are spe-

Table 3. Mean density, height, and diameter growth of China-fir from 13 provinces, and the result of a regression

model using density as the dependent variable

Province Density H11 D16 H16 D18 H18
Sichuan 0.310 6.53 11.80 7.82 11.98 8.91
Jiangsu 0.310 6.59 12.72 8.02 13.23 8.77
Hunan 0.302 7.73 13.50 8.81 14.12 10.67
Yunnan 0.291 8.08 15.57 9.66 16.13 9.88
Hubei 0.290 6.67 12.95 7.84 13.94 9.84
Guangxi 0.290 7.82 15.67 10.31 16.14 11.21
Guangdong 0.287 7.55 14.92 8.70 15.96 11.86
Zhejiang 0.282 7.34 13.30 8.43 14.17 10.72
Fujian 0.280 7.89 14.12 8.18 14.77 9.39
Anhui 0.279 5.09 9.46 5.38 10.66 6.29
Jiangxi 0.278 7.65 13.55 8.61 14.39 10.27
Shaanxi 0.277 7.22 13.35 7.97 13.64 9.37
Guizhou 0.273 8.12 15.36 9.35 16.12 10.97

Analysis of variance
Sum of Mean
Source DF squares square F value Prob>F
Model 5 0.00093 0.00019 1.587 0.2787
Error 7 0.00082 0.00012
Totd 12 0.00175
Root MSE = 0.01082 R? =0.5314
Parameter Standard T for HO:
Variable DF estimate error Parameter=0 Prob>|T|
INTERCEP 1 0.3401 0.03178 10.702 0.0001
H11 1 -0.0120 0.01070 -1.130 0.2959
H16 1 0.0117 0.01034 1.136 0.2933
H18 1 0.0026 0.00492 0.538 0.6071
D16 1 0.0117 0.01866 0.630 0.5485
D18 1 0.0174 0.01436 -1.214 0.2641
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cial ecotypes of Chinafir.

Density of China-fir was not related to any
individual factors at the province level. All
smplecorrelationsin Table2 werelow and non-
significant at the 0.05 probahility of error, so
we can assume that wood density and tree
growth are independent in China-fir. Thisis
good news for the China-fir tree improvement
program, because now, we can sdlect fast-grow-
ing seed sources without the fear that wood
density will suffer. However, we may till need
to be cautious, because 4 out of the 5 correla-

tions between density and growth had negative
signs, and the negative trend is common in
many growth-density studies(Vargas-Hernandez
and Adams 1991, Beaudoin et al. 1992).

It is unfortunate that none of the enzyme
systems we have studied were related to
density; otherwise, we might use alelic fre-
guencies of PGI, SKDH, or 6PGD to facilitate
selection. It isalso regrettable that density in
China-fir isindependent of latitude, longitude,
and elevation of the seed source. Furthermore,
we found that weather items such as mean an-

Table 4. Mean density and frequency in pgi from 13 provinces of China-fir, and the result of a regression

model using density as the dependent variable

Isozyme frequency

Province  Density PGIA PGIB PGIC PGID PGIE
Sichuan 0.310 0.000 0.165 0.000 0.830 0.000
Jiangsu 0.310 0.000 0.165 0.000 0.830 0.000
Hunan 0.302 0.042 0.124 0.000 0.832 0.000
Yunnan 0.291 0.063 0.313 0.000 0.475 0.145
Hubei 0.290 0.000 0.208 0.000 0.790 0.000
Guangxi 0.290 0.063 0.313 0.000 0.625 0.000
Guangdong 0.287 0.057 0.250 0.000 0.637 0.057
Zhejiang 0.282 0.017 0.104 0.000 0.836 0.042
Fujian 0.280 0.042 0.292 0.125 0.542 0.000
Anhui 0.279 0.000 0.000 0.000 1.000 0.000
Jiangxi 0.278 0.058 0.291 0.100 0.516 0.033
Shaanxi 0.277 0.000 0.125 0.000 0.875 0.000
Guizhou 0.273 0.042 0.222 0.000 0.735 0.000
Analysis of variance
Sum of Mean
Source DF squares square F value Prob>F
Model 5 0.00124 0.00025 3.448 0.0687
Error 7 0.00051 0.00007
Total 12 0.00175
Root MSE = 0.00849 R?=0.7112
Parameter Standard T for HO:
Variable DF estimate error Parameter=0 Prob > [T|
INTERCEP 1 5.489 1.5073 3.642 0.0083
PGIA 1 -5.132 1.4364 -3.573 0.0091
PGIB 1 -5.204 1.5247 -3.413 0.0112
PGIC 1 -5.273 1.4954 -3.526 0.0096
PGID 1 -5.211 1.5091 -3.453 0.0106
PGIE 1 -5.341 1.5446 -3.458 0.0106
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nual temperature, January temperature, July
temperature, and precipitation were not useful
for studying density variation in China-fir, be-
cause there are no significant correlations as
shownin Table2.

Not only does density have no significant
correlation with any individual item, it also has
no significant relationship with any group
collectively. The highest canonical correlation
was found between density and isozyme fre-
quency in PGI (r =-0.84), yet it was significant
only at the 0.1 level but not at the 0.05 level.
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Canonical correlations between density and
other groups (growth, SKDH, 6PGD, GIS, and
weather) were not significant at the 0.1 level.
Thelevels of significance for canonical corre-
lations are not listed in Table 2, but we discuss
them in the section on the multiple regression
model. It isinteresting to point out the path
relationship between canonical correlations
and simple correlations. This can be expressed
as.

Path(density to group) X Path(group to item)
= Path(density to item).

Table 5. Mean density and isozyme frequency in SKDH from 13 provinces of China-fir, and the result of
aregression model using density as the dependent variable

) Isozyme freguency
State Density
SK1A SK2A SK2B SK2C SK2D
Sichuan 0.310 0.500 0.313 0.313 0.375 0.000
Jiangsu 0.310 0.625 0.125 0.125 0.688 0.063
Hunan 0.302 0.563 0.156 0.250 0.594 0.000
Yunnan 0.291 0.500 0.375 0.063 0.500 0.063
Hubei 0.290 0.444 0.163 0.063 0.775 0.000
Guangxi 0.290 0.688 0.063 0.125 0.813 0.000
Guangdong 0.287 0.458 0.083 0.250 0.667 0.000
Zhejiang 0.282 0.588 0.285 0.079 0.634 0.000
Fujian 0.280 0.475 0.408 0.117 0.475 0.000
Anhui 0.279 0.750 0.250 0.000 0.750 0.000
Jiangxi 0.278 0.525 0.175 0.125 0.650 0.051
Shaanxi 0.277 0.503 0.188 0.313 0.500 0.000
Guizhou 0.273 0.583 0.250 0.042 0.625 0.083
Analysis of variance
Sum of Mean
Source DF squares square F value Prob>F
Model 5 0.00035 0.00007 0.352 0.8660
Error 7 0.00140 0.00020
Total 12 0.00175
Root MSE = 0.01413 R? =0.2009
Parameter Standard T or HO:
Variable DF estimate error Parameter=0 Prob > [T|
INTERCEP 1 2.705 8.2629 0.327 0.7529
SKDH1A 1 0.019 0.0535 0.356 0.7322
SKDH2A 1 -2.444 8.2699 -0.296 0.7761
SKDH2B 1 -2.376 8.2517 -0.288 0.7817
SKDH2C 1 -2.436 8.2588 -0.295 0.7765
SKDH2D 1 -2.372 8.2018 -0.289 0.7808
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Taking density and height growth at age 11
yearsfor example, wehave 0.7290 X (-0.2694) =
-0.1964. In other words, the canonical correla
tionisthelargest common denominator among
itemswithin aspecific group. Therefore, inour
study we found that no variables, individually
or collectively, could explain the trend of
density. Without further study, random error
may be the only logical explanation.

Multiple regression analysis also failed to
find a suitable model for density using growth,
allelic frequency, geographic, or climatic ele-
ments as independent variables (Tables 3-8).

It isinteresting to point out here that R2for the
multiple regression model is also the square of
the canonical correlation for the group of
interest. For example, since the R? for the re-
gression model in Table 3 is 0.5314, and the
canonical correlation between density and
growthin Table 2is0.7290, we can seethat the
square of 0.7290is0.5314. Furthermore, the
probability of the F-value for the multiple re-
gression model is the same as the probability

of the canonical correlation. The multiple
regression model in Table 3 has an F-value of
1.587, which is not significant at the 0.05

Table 6. Mean density and isozyme frequency in 6PGD from 13 provinces of China-fir, and the result of
a regression model using density as the dependent variable

Isozyme frequency

State Density

6PGDA 6PGDB 6PGDC 6PGDD
Sichuan 0.310 0.083 0.228 0.250 0.438
Jiangsu 0.310 0.125 0.313 0.188 0.375
Hunan 0.302 0.114 0.614 0.063 0.208
Yunnan 0.291 0.148 0.290 0.210 0.350
Hubei 0.290 0.094 0.350 0.150 0.406
Guangxi 0.290 0.000 0.188 0.313 0.500
Guangdong 0.287 0.083 0.417 0.292 0.208
Zhegjiang 0.282 0.079 0.242 0.402 0.276
Fujian 0.280 0.075 0.308 0.333 0.283
Anhui 0.279 0.000 0.438 0.438 0.125
Jiangxi 0.278 0.050 0.282 0.458 0.208
Shaanxi 0.277 0.000 0.313 0.188 0.500
Guizhou 0.273 0.109 0.345 0.083 0.457
Analysis of variance
Sum of Mean
Source DF squares square F value Prob>F
Model 4 0.00071 0.00018 1.366 0.3269
Error 8 0.00104 0.00013
Total 12 0.001
Root MSE = 0.01140 R?=0.4059
Parameter Standard T for HO:
Variable DF estimate error Parameter=0 Prob > |T|
INTERCEP 1 -3.202 2.1669 -1.478 0.1777
6PGDA 1 3.628 2.1990 1.650 0.1376
6PGDB 1 3.483 2.1681 1.607 0.1467
6PGDC 1 3.466 2.1627 1.603 0.1476
6PGDD 1 3.497 2.1704 1.612 0.1457
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level, so the canonical correlation between
wood density and tree growth (r = 0.729) in
Table 2 isaso non-significant. However, the
multiple regression coefficient is not the same
as the simple correlation coefficient because
of the scale factor and the inter-relationship
among items in a group. We may point out
herethat if we had chosen the significancelevel
at 0.1 instead of the commonly used 0.05, then
the PGI isozyme system may have been useful
in predicting density among the 13 provinces of
Chinacfir "seed origins'. All 5 allelic frequen-
cies of PGl were significant for the model, and
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they are comparable to each other in terms of
parameter estimate, standard error, and signifi-
canceleve (Table4). Sincetherewere signifi-
cant relations between PGI isozyme patterns
and wood strength of Castanea sativa
(Frascariaet al. 1992), further study isrequired
to show whether density is actually controlled
by PGI in Chinafir.

Because the combined contribution of
latitude, longitude, and elevation to the total
variationislessthan 0.05 (Table 7), more than
95% of the variance in the geographic model-
ing of density by provincesis due to random

Table 7. Mean density and geographic data of China-fir from 13 provinces, and the result of a regression

model using density as the dependent variable

State . Geographic variables
Density Lat. Long. Elev.

Sichuan 0.310 28.83 103.27 1622

Jiangsu 0.310 31.92 118.97 23

Hunan 0.302 27.88 112.21 364

Y unnan 0.291 24.44 104.28 1423

Hubei 0.290 30.31 112.56 302

Guangxi 0.290 24.69 110.34 762

Guangdong 0.287 23.27 112.32 706

Zhejiang 0.282 29.04 119.21 968

Fujian 0.280 27.08 118.28 711

Anhui 0.279 31.53 117.38 475

Jiangxi 0.278 21.77 115.21 366

Shaanxi 0.277 33.17 107.00 504

Guizhou 0.273 26.53 108.96 848

Analysis of variance
Sum of Mean
Source DF squares square F value Prob>F
Model 3 0.00008 0.00003 0.140 0.9336
Error 9 0.00167 0.00019
Total 12 0.00175
Root MSE = 0.01363 R?= 0.0445
Parameter Standard T for HO:

Variable DF estimate error Parameter=0 Prob > [T|
INTERCEP 1 0.3219 0.1211 2.658 0.0261
LAT 1 0.0005 0.0014 0.359 0.7281
LONG 1 -0.0004 0.0009 -0.459 0.6569
ELEV 1 0.0000051 0.00012 0.042 0.9677
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error. Again, in Table8, the combined contribu-
tion of annual temperature, January temperature,
July temperature, and precipitation to density
variation is less than 0.13, so that 87% of the
variance in the climatic modeling of density is
due to random error. Since random error is so
prominent, we may now consider differences
in density in China-fir as random variations.
Such a conclusion may seem to be an excep-
tion to the common understanding of geo-
graphic variation of forest trees, i.e., that most
traits will follow a north-south trend or a wet-dry
trend. Although random variation may bearare

occurrence, we may accept it when no geo-
graphical or climatic trends can be found. For
example, in astudy of phenotypic variationin
cones and seeds of 15 Spanish provenances
of Pinus sylvestris from natural stands, the
provenances exhibited highly significantly dif-
ferent values for cone size and shape, for seed
weight, and the percentages of full, empty, and
undeveloped seeds, but there were no geo-
graphical or climatic groupings. Thus, random
variation due to local factors appeared to ex-
plain most of the behavior of these characters
in the Spanish provenances of P. sylvestris

Table 8. Mean density and climatic data of China-fir from 13 provinces, and the result of a regression model

using density as the dependent variable

Climatic variables

State Density
Mat Jant Jult Pps
Sichuan 0.310 16.8 7.2 25.6 1129
Jiangsu 0.310 15.2 23 27.7 1030
Hunan 0.302 16.4 4.0 28.2 1493
Yunnan 0.291 16.0 6.9 24.2 1365
Hubei 0.290 15.8 3.3 274 1284
Guangxi 0.290 19.6 9.6 28.1 1526
Guangdong 0.287 21.6 12.7 28.6 1784
Zhejiang 0.282 16.4 5.0 28.7 1531
Fujian 0.280 18.2 7.9 28.1 1743
Anhui 0.279 15.1 25 28.0 1066
Jiangxi 0.278 16.2 4.0 27.1 650
Shaanxi 0.277 13.2 -04 26.6 736
Guizhou 0.273 16.4 5.1 25.9 1321
Analysis of variance
Sum of Mean

Source DF squares square F value Prob>F

Model 4 0.00022 0.00005 0.288 0.8780

Error 8 0.00153 0.00019

Total 12 0.00175

Root MSE = 0.01382 R?=0.1257

Parameter Standard T for HO:

Variable DF estimate error Parameter=0 Prob > [T|
INTERCEP 1 0.2963 0.09215 3.216 0.0123
MAT 1 -0.0012 0.01345 -0.091 0.9296
JANT 1 0.0023 0.00767 0.302 0.7702
JULT 1 0.0010 0.00617 0.170 0.8696
PPS 1 -0.000021 0.000021 -0.988 0.351
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(Agundez et al. 1992).

In conclusion, we found no supporting
evidence to consider that density variation fol-
lowsagraded sequenceof differencesin growth,
isozyme frequency, geographic, or climatic
issues. Random variation may have caused
trees grown from seeds originated in Jiangsu to
have a higher and those from
Guizhou to have a lower density than their
neighbors.
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