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Abstract In order to study variation of morphological traits
and the influencing factors of natural populations of Quercus
liaotungensis Koidz. in Lingkong Mountain Nature Reserve
of Shanxi region, five populations were included, and 24
morphological traits of leaf and apical bud were investigated.
The analysis of variance showed that variation of all the
morphological traits within population were significant,
whereas significant difference existed in five property indices
among populations (« = 0.05), which resulted from genetic
and environmental factors. The results revealed that direction
and degree of slope, average diameter at breast height in
populations, and population density were the main influenc-
ing factors. Intrapopulation variation mainly contributed to
morphological variation, and the phenotypic differentiation
coefficient was 13.31%, which indicated low level of
differentiation. But several characteristics exhibited high
differentiation level, such as width of the tooth of leaf
base (25.99%) and the middle apical bud (25.23%). The
morphological indices, including the tooth of leaf base, leaf
tip, petiole, and leaf area were precarious and changed a
lot within population, which arose from the variation of indi-
vidual’s development. However, only two morphological
indices, the middle apical bud and the tooth of leaf base,
are unstable, which indicates the extensive influence of
environmental factors.

Keywords Quercus liaotungensis, natural populations,
leaf, apical bud, morphological variation

1 Introduction

During the long-term adaptation to the environment of plant
population, morphological variations of various kinds and
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different levels are present both among individuals and among
populations. The differences of individuals are the results of
influence of both genetic and environmental factors, and it is
also manifestation of organisms’ adaptation to the environ-
ment (Lu and He, 1999). Detecting genetic variation by
morphological or phenetic characters was the most primitive,
simplest, and convenient method. There are complicated
intermediate processes such as gene expression, ontogeny,
regulation, etc. from genotype to phenotype. Depicting the
difference of genotype by researching phenetic variation has
important significance.

There was much research carried out worldwide on oak
trees (the genus Quercus) and more and more studies were
focused on its genetic diversity (Li, 2003). Especially in
Europe and America, population genetic pattern, phylogeo-
graphy, interspecific variation, interspecific hybridization,
and phylogeny of the genus were extensively studied at
morphological, biochemical, and DNA levels. Quercus
liaotungensis forms the community found widely in warm
temperate deciduous broad leaf forests in China. Recent
studies on this species were mainly focused on community,
physiology, ecology, seed bank, and phytogeography and so
on and population genetic variation and genetic diversity
were less studied and the research of phenetic variation
within and among natural populations of this species was
almost blank. In the present paper, morphological characters
of leaf and winter bud of Quercus liaotungensis from
Lingkong Mountain Nature Reserve Area of Shanxi province
were investigated to provide a basis for research in genetic
diversity and revealing geographical variation patterns.

2 Materials and methods

2.1 General natural conditions of the research site

Lingkong Mountain Nature Reserve of Shanxi province is
located in 36°31-36°43’ N and 112°01-112°15" E. It is the
temperate terrestrial monsoon climate with yearly average
temperature of 8°C. In the most scorching month, the average
temperature is 21.5°C and monthly average temperature is
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Table 1 The populations of Q. liaotungensis

Populations Numbers  Elevation /m Aspect Slope Canopy Density DBH /em Average Distribution
density /%  /(stems/m?) height/m scale
Population I 20 1,440-1,600 East-South 30° 36° 75 0.12 24.29 6.43 Small mosaic
Population II 20 1,470-1,600 North—West 40° 28° 60 0.095 19.00 6.77 Small mosaic
Population III 20 1,500-1,650 West—South 30° 32° 65 0.08 19.56 7.47 Patches
Population IV 20 1,600-1,800 West—South 45° 34° 70 0.11 22.00 6.26 Large mosaic
Population V 20 1,600-1,700 North—West 10° 15° 55 0.07 14.17 6.14 Small mosaic

—5°C in the most frigid month. The effective accumulated
temperature that is summed up with daily temperature of
>10°C is 2,700°C and yearly period of sunshine is 2,600 h.
The frost-free period is about 125 days and yearly amount of
precipitation is 600650 mm. Landforms present undulated
Karst corrading mid-high mountains, and rocks are mainly
limestones. The type of soil belongs to brown soil and the
topography is declining from west to east with the average
elevation of 1,500 m.

2.2 Sampling

Five natural populations of Q. liaotungensis Koidz. from
Lingkong Mountain Nature Reserve Area of Shanxi province
were investigated from September to October 2003 (Table 1).
Twenty individuals, which lived subdominantly and normally
developed with no apparent deficiencies and damages by
disease and insects, were chosen from each population. Whirl-
ing leaves on the apical bud of present year branches, which
lived on the middle and south of the stems, were sampled and
25 leaves and whirling buds were chosen randomly to inves-
tigate the variations both within and among populations. Each
individual pair in which the members were apart from one
another for over 50 m to avoid repetition of sampling from a
single family was sampled for analysis.

2.3 Character survey and methods
To analyze morphological variation pattern of Q. liaotungen-

sis further numerically, the following characters were
measured from each leaf blade (Fig. 1).
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Fig. 1 Model of leaf

In the figure, L: length of leaf blade (cm); L”: length of
petiole (cm); L'/L: ratio of petiole length and leaf length; W:
width of leaf blade (cm); W/L: ratio of leaf shape; N: number
of veins (number of lateral veins that reach the apical bud of
the dentate); N/(2L) x 100: density of veins (number of veins
per unit length) (m™); a: veins angle (when apical bud of the
blade is up and petiole down; abaxial surface above, the angle
of mid-vein and lateral vein near the widest part of the blade
left to the mid-vein); W;: width of tip (cm); W/W, : ratio of tip
width and left blade width; H;: height of tip (cm); Hy/Wr:
ratio of tip height and tip width, to depict tip form; Wy: width
of the most basal dentate (cm) (Piero et al., 2000); Wy: W, :
ratio of the most basal dentate width and left blade width; A4, :
length of the most basal concaved line (cm); W5—A, : depth of
the most basal dentate (cm); (Wyz—A4,)/W,: ratio of most basal
dentate depth; DW: weight of dried leaf blade (g); S: square
of blade (cm?); DW/S: weight per square (biomass) (g/cm?);
N’: number of apical buds; H,;: length of middle apical buds
(cm); Wy;: width of middle apical buds (cm); W,,/H,,: ratio of
width and length of middle apical buds, to depict middle
apical bud shape.

2.4 Measuring instruments

Leaf characters were measured by ruler and protractor and
leaves were dried in the oven for 72 h to measure weight
using 1/1,000 balance. The square of blades were calculated
by regression equation y = 1.808, 2x—6.662,6 (x is spare of
the blade, y is leaf length x leaf width, regression parameter
r equals 0.985), and characters of middle apical buds are
measured by slide caliper.

2.5 Statistical methods

The above characters were analyzed using nested analysis of
variance (Li and Gu, 2002a, b), linear model:
Y= p+ T4 0 + &) (M
where Y, is the observation value of number k of the j
individual in the population i, u is total average value, t; is
effective value among populations, ¢, is effective value of
individuals within populations, ¢, is random error.
To correspond to the gene diversity coefficient, Ge et al.
(1988) depicted phenetic differentiation value among
populations by using variance portion among populations



divided by the sum of itself plus variance portion within
populations:

V= (O-va)/ (GZMY + 02.‘-) (2)

It was defined as phenetic diversity coefficient (Ge et al.,
1988). In this paper, using normal statistical methods, the
mean value and standard deviation of each character were
measured. Coefficient of Variation (CV), which was
calculated by Excel, Marlab6.5, and SASS.2, depicted the
dispersing extent of the characters.

3 Results and analysis

3.1 Dispersing extent of morphological characters in
0. liaotungensis

Statistical measurements from 24 morphological characters
of leaf and apical bud of Q. liaotungensis showed that there
were variations of different levels presented in each character.
To find out the variation range of each character, mean values
of variation coefficients within populations were calculated
(Table 2). From Table 2, within five populations, the mean
values of wvariation coefficients in different characters
appeared much different from 12.58% (ratio of width and
length of leaf blade) to 55.62% (depth of the most basal
dentate). Generally, the mean value of variation coefficient
of leaf tip characters was the biggest of 38.80%, the next was
the most basal dentate with the mean value of 32.59%, and
then apical buds with 18.32%, leaf blade 17.64%, veins
with 16.89%. Xiang (1999) reached similar conclusions on
studying morphological variations of Cephalotaxus haina-
nensis. Because leaf is the main organ of photosynthesis, the
measurement of leaf square is of significance. In the present
research, the variation coefficient of leaf square was 40.63%,
which was much differentiated within populations, whereas
the variation coefficient of leaf biomass was smaller (16.25%),
which was less differentiated within populations.

Within five populations, the variation ranges of the same
characters were basically the same (Table 2). The variation
coefficients of different characters among populations were
by no means the same. The variation coefficients of leaf
tip height, depth of the most basal dentate, ratio of most basal
dentate depth, and biomass of leaf blade were relatively
larger, all of which were up to 10% with the maximum value
of 17.45%. The variation coefficients of number of winter
bud, ratio of width and length of middle apical bud, leaf
length, leaf width, ratio of leaf width and length, number of
veins, and density of veins, etc. were relatively smaller, all of
which were less than 5%. The other characters bore the value
of 5-10%.

3.2 Origin of morphological variation and phenetic
differentiation in Q. liaotungensis

To quantitatively analyze the origin of morphological varia-
tions and their distribution, every morphological character
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variation was dissected into individual variation (random
error), infrapopulation variation, and interpopulation varia-
tion by using nested variance analysis to calculate the
percentage of variance portions on various levels. It was one
of the most important indexes to indicate the origin of varia-
tion and the phenetic differentiation coefficient (V) was also
calculated (Zhang and Zu, 1999).

3.2.1 The differences of every character within and among
populations

Difference distinctiveness on two levels was investigated by
nested variance analysis within and among populations of Q.
liaotungensis (Table 3). From the table, all the infrapopula-
tion differences of morphological characters in 22 popula-
tions were extremely significant. Except width of the most
basal dentate (F' = 3.45), ratio of the most basal dentate width
and left blade width (F = 2.95), and depth of the most basal
dentate (F = 3.26), which were significant at «=0.05, the
other characters did not show significant differences among
populations. It showed that the stability of the five characters
among populations were relatively inferior. The results of
variance analysis showed that the natural populations of Q.
liaotungensis were, to some extent, affected by environmental
pressure. It was similar to the condition of distribution pattern
within and among populations of infraspecific genetic
variation in fruits of Quercus mongolica (Li, 2003) and
Cyclobalanopsis glauca (Cai et al., 1999). There are various
kinds of species in Quercus and their morphological charac-
ters are complicated. It is easier to germinate and renew by
means of dispersing seeds by weight, so that genetically
related individuals are always occurring in narrow scopes
(Masahiko, 1982). High genetic diversification and low
genetic differentiation exist in Quercus, which reflect corre-
spondence between inherent mating system and external gene
flow. It is the result of long-term evolutionary process and
adaptation to the environment (Li and Gu, 2002a, b). Multi-
comparison of characters that showed significant differences
among populations was carried out (Table 4). It showed that
Wy and Wy/W, were significantly different between popula-
tion I and population V; Wy/W,, Wy—A,, Hy, and Wy were
significantly different between population I and population II.
To investigate the correlation between significantly different
characters and topographic factors, coefficients of correlation
were calculated (Table 5). From the table, 7, average diam-
eter at breast height (DBH), and population density were
closely related, i.e. the larger the average DBH and popula-
tion density, the wider the Wy appeared. Wy: W, and average
DBH were positively correlated. Wy—4, and aspect were
closely related, i.e. Wi—A, of the leaf toward sunshine were
larger than that of the shaded leaf. To find out the influence of
the DBH on the above characters, the DBHs of the present
research were divided into six groups: 5-10, 10-15, 15-20,
20-25, 25-30, and 30—40 cm. Significance of difference test
was carried out. The results showed that Wy—A, (F = 2.45)
and Hy (F = 3.64) were significantly different at « = 0.05.
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Table 3 Result of variance analysis of phenotypic characteristics among and within populations

Characters MS (df) F Value
Interpopulation (df = 4) Infrapopulation (df = 95) Error (df = 2,400) Interpopulation Infrapopulation

L 36.460 16.225 2.385 225 6.8%*
L 0.409 0.295 0.017 1.39 17.46%*
L/L 0.004 0.003 0.000,18 1.17 19.12%*
w 8.451 10.175 1.120 0.83 9.09**
W/L 0.039 0.057 0.004 0.68 15.51%*
N 43.736 51.376 3.015 0.85 17.04%*
N/2L x 100 1,346.087 2,091.471 237.332 0.64 8.81%*
A 1,165.434 477.774 22.040 2.44 21.68%*
Wy 0.113 0.148 0.012 0.77 12.12%*
W/Wy 0.024 0.025 0.003 0.97 8.04**
Hy 0.515 0.218 0.040 2.36 5.44%%*
Hy/Wy 1.510 1.610 0.121 0.94 13.29%*
Wy 1.891 0.547 0.122 3.45% 4.47%*
Wy/Wy 0.271 0.092 0.021 2.95% 4.45%*
Ay 1.071 0.581 0.075 1.84 7.73%%*
Wy—AL 0.320 0.098 0.015 3.26* 6.41%*
(Ws—AL)/ Wy, 0.105 0.069 0.004 1.53 15.24%*
N’ 4.283 3.404 0.951 1.26 3.58%*
Hy 0.185 0.050 0.005 3.71%* 10.79**
Wy 0.030 0.008 0.001 3.68% 8.59%*
Ww/Hy 0.096 0.069 0.006 1.39 11.66%*
S 1,346.89 1,348.01 117.207 1.00 11.5%*

Note: * o = 0.05; ** o = 0.01.

Table 4 Duncan’s test of obviously different characteristics among
populations

WB WB/ WI WIFA L H, M WM
Population I 1.371TA  0541A  0.297A  0532A 0.275 A
PopulationII  1.175AB 0.445B 0.197B 0.444 B 0.240 B
Population III  1.206 AB 0483 AB 0.277AB 0.470AB 0.264 AB
Population IV 1.278 AB 0488 AB 0.286 AB 0.505AB 0.255AB
Population V. 1.084 B 0440B 0.218AB 0475AB 0.249AB

Note: Neither A nor B was significantly different from AB, A and B were
significantly different.

There were significant differences of Wy—A, between DBH
>25 cm and DBH < 10 cm groups and the differences were
increasing when DBH increased, whereas H), showed signifi-
cant differences between groups with DBH >25cm and
groups with DBH <25 cm. That is to say, DBH affected
part of leaf characters. It indicates that the leaf shapes of Q.
liaotungensis were influenced by the ontogenetic differences.
Combining the above analysis, the causes of the differences
between population I and population II were probably slope,
DBHs within populations, population density, etc., while the
causes of the differences between population I and population

V were probably slope, aspect, population density, DBHs, etc.
The adaptive mechanism is to be further studied.

3.2.2 Phenetic differentiation among populations

Using morphological characters to research population
genetic variance is a simple and convenient method, it can
analyze from field samples directly (Zhang and Zu, 1999).
Phenetic diversity is reflection of genetic and environmental
diversity. So the research on plant morphological characters
can help us to know genetic variation of populations prelimi-
narily and patterns of organism adaptation and evolution
(Yang, 1991). Table 6 lists the part of variance portions
(V4>0.01), percentage of variance portions, and phenetic
differentiation coefficients of Q. liaotungensis characters.
From Table 6, phenetic diversity extent of Q. liaotungensis
was lower, i.e. 0-25.99%. The largest coefficient was Wy
(25.99%), successively was Wy (25.239%), Hy (24.90%),
Wy—AL (22.90%), Wy:W, (21.85%), N (3.82%) and the
smallest L'/L (1.96%). This indicated that the differentiation
of middle apical bud and the most basal dentate were larger
than other characters. On the contrary, the differentiation of

Table 5 Correlation coefficients of obviously different characteristics indices and influencing factors among populations

Characters Wy Wo/Wy Wy—A, Hy Wy Aspect Slope Average DBH
Aspect 0.803 0.798 0.947* 0.662 0.732

Slope 0.698 0.450 0.244 0.175 0.092 0.439

Average DBH 0.970%* 0.879%* 0.795 0.664 0.661 0.867 0.776

Density (N/m?) 0.927* 0.776 0.576 0.698 0.449 0.605 0.812 0.885*

Note: *significant at « = 0.05, east was set to 0°, angle was counted clockwise, then sine was calculated.
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Table 6 Phenotypic differentiation coefficients of some characteristics of Q. liaotungensis

Characters Variance portions /% Variance portions /%
Among Within Error o?, Among Within Phenetic differentiation
populations o7, populations 7 populations a7, populations 67 coefficient among
populations V, /%
L 0.094 0.577 2.385 3.066 18.88 13.98
L 0.00053 0.012 0.017 1.819 39.935 4.36
L/L 0.000,002,7 0.000,14 0.000,18 0.853 42.653 1.96
A 3.184 18.989 22.04 7.20 42.95 14.36
/8 0.000,06 0.001,3 0.0991 0.061 1.29 4.49
H, 0.002 0.010 0.040 3.533 19.095 15.61
Wy 0.008,3 0.023,6 0.122,4 5.371 15.298 25.996
W /W, 0.001,1 0.004 0.020,7 4302 15.382 21.857
AL 0.003,0 0.028 0.075,1 2.849 26.445 9.725
WA, 0.001,4 0.004,6 0.015 6.418 21.612 22.90
(We—A)/ Wy 0.000,2 0.003,6 0.004,5 2.696 42.973 5.899
N’ 0.005,4 0.136 0.951 0.496 12.469 3.824
Hy 0.000,83 0.002,5 0.004,6 10.479 31.546 24918
Wy 0.000,14 0.000,4 0.000,95 9.084 26.954 25.234
Ww/Hy 0.000,17 0.003,5 0.005,95 1.723 36.559 4.495
General mean 4.00 26.27 13.31
Note: only 15 characters with /;,>0.01 are shown in the table, the other characters showed no phenetic differentiation.
apical bud number, petiole, leaf top, and W,/H,, were less 0O Variance portion among populations
than those in others. Fig. 2 is composed of part of variance B Variance portion within populations
portions whose differentiation coefficients were larger than O Errors
10%. From the figure, the percentage of variance portions T s s
among populations was relatively smaller; the largest charac- r
ters were Hy and Wy (ca. 10%). The average phenetic dif- e
ferentiation coefficient of the above characters was 13.31%. Z T
The average morphological variation within population was E [
about 86.69%. It indicated that infrapopulation variation was & I Il
the main contribution in Q. liaotungensis and the level inter- E [ N L
population variation was low. It was probably caused by close £ [ L | | ]
sampling. In biological perspective, oak trees are outcrossing N B
organisms and extensive gene flows are present among popu- [ = .8 . H.H8 .0, | .
lations. That is why variations among population are de- N A S S S SR SN
creased (Masahiko, 1982). Natural populations of Q. liaotun- A &
gensis in Lingkong Mountain Nature Reserve of Shanxi O .aracters

province were found to be differentiating at different environ-
mental contexts in some morphological characters, though
the variations within populations were much higher than
those among populations. Interpopulation variations detected
from this research were of importance to reflect geographic
and reproductive segregation (Li and Gu, 2002a, b) and
were one of the important parts of infraspecific variation
(Ducousso et al., 1993).

3.2.3 The stability of morphological characters within and
among populations

Combining variation coefficient and variance analysis, we
can get the following results: (1) Characters of leaf top,
petiole, and square of leaf blade were less stable within
populations while stable among population. It indicated that
they were less influenced by environment and the differences
within populations were mainly derived from ontogenetic
diversity (different maternal genetic effects and nutrition

Fig.2 The variance portions of some characteristics of leaf

conditions or developmental stages and ages). (2) Characters
of middle apical buds were stable within populations while
less stable among populations. It indicated that they were
influenced much by environment. (3) Characters of leaf
shape, leaf vein, and biomass were stable both within and
among populations. (4) Characters of the most basal dentate
were less stable both within and among populations and were
much influenced by environment such as aspect, slope, age of
forest and so on.

3.3 Phenetic variation within and among individuals

Population IIT was chosen to research phenetic variation
within and among individuals of Q. liaotungensis. Variance
analysis results showed that 23 characters except H,, were
extremely significant (o = 0.01). Differences among indi-
viduals were often caused by random influence of specific



genotypes or environmental factors (Yang, 1991). Ubukata
(2001) got similar results from the research of morphological
and geographical variations of leaf and acorn in Q. mongolica
var. grosserrata. Cai et al. (1999) also got similar results
from the research of morphological variations of acorn in
Cylcobalanopsis glauca, the phenetic variations were exten-
sively present within individuals. Elsner (1993) researched
leaf morphological variations of Q. rubur and Q. petraea
distributed in north Germany and found that there were
differences existing in leaf shapes even on a single tree. After
we researched on difference of leaves on different parts of the
same tree, we found that there were differences in leaf shapes
on the different parts of the tree.

4 Discussion and conclusions

From the research of 24 characters of leaves and winter buds
in five populations of Q. liaotungensis in Lingkong Mountain
Nature Reserve Area of Shanxi province, the widespread
differences of phenetic characters were detected within
and among populations and individuals. The variations were
the results of influences of genetic and environmental
factors.

(1) From variance analysis, 24 phenetic characters were all
significant within populations; among populations, five
characters, i.e. Wy, Wy:W,, Wy—A,, H,, and W,, were of
significance at o = 0.05, which indicated that these characters
were less stable among populations and easily affected by
environment. The results of these differences came from
genetic factors on the one hand and from environmental
factors on the other hand. From study, the phenetic characters
of Q. liaotungensis were not only influenced by topographic
factors such as slope and aspect, but were influenced by the
factors such as average age of trees within populations and
population density. Some characters (e.g. W) were positively
related to average DBH of trees within populations and
population density while some other characters (e.g. Wy—A4,)
were closely related to aspect, i.e. length and width of middle
apical buds and depth of the most basal dentate were larger
in sunny populations than in shady populations. As a
photophilic species, Q. liaotungensis was much influenced
by illumination, especially on leaf shapes. The adaptive
mechanisms were to be further studied.

(2) Infrapopulation variation was main part (ca. 7/8) of total
variation in Q. liaotungensis in Lingkong Mountain Nature
Reserve Area of Shanxi province, whereas interpopulation
variation was low with Vg = 13.31%. This was caused by
relative short sampling distance. However, part of characters
were much differentiated among populations, e.g. Wy, Wy—A,,
H,,, W,,, which indicated that these characters were less stable
among populations and easily affected by environment.

(3) The stability of different characters within and among
populations had the following patterns: the characters of leaf
shape, leaf vein, and biomass were stable within populations
whereas the characters of leaf dentate, leaf top, petiole,
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dentate of widest part of leaf, and leaf square were less stable
within populations and it was mainly caused by ontogenetic
differences. Among populations, only characters of middle
apical bud and most basal dentate were less stable and easily
affected by environment.

Infraspecific variation is the basis of speciation and evolu-
tion. Studying on variation patterns both within and among
population can help us to understand morphological differ-
ences of individuals comprehensively and accurately and
reveal the mechanism of speciation and evolution. In the
present paper, we only carried out a preliminary study on
phenetic characters variation and causing factors of Q.
liaotungensis in Lingkong Mountain Nature Reserve Area of
Shanxi province and phenetic diversity and geographic varia-
tion of Q. liaotungensis in its whole natural distribution range
is to be further studied. It will be of significant importance in
conservation, evaluation, and utility of natural species.
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