
 

 

 

INTRODUCTION 

 

The Hunan province of China is an important region for 

biodiversity and a great nature reserve for endemic plant 

species. Chinese fir (Cunninghamia lanceolata) is a fast-

growing dominant conifer tree species in Hunan province of 

China and Chinese fir known due to the high quality of timber. 

This species plays an important role in terms of timber 

supply—multiple forest by-products for human society (Chen 

et al., 2014). It is an economically valuable conifer with high 

yield, good wood quality, high pest resistance, and many uses, 

including as furniture or paper material. The species is 

monoecious, with a predominance of outcrossing, although 

self-pollination is also likely (Zhang et al., 2005).  

Studies on the genetic modification of Chinese fir have been 

performed since 1957, including provenance tests, plus-tree 

selection, clonal tests, and so on; thus, many seed plantations, 

progeny forests, germplasm banks, and so forth have been 

built, which have provided many good germplasm resources 

(Zheng et al., 2013). In recent years, the research on Chinese 

fir clones mainly focused on the selection of superior 

varieties, stand age, (Li et al., 2017；Zhao et al., 2017；Zhao 

et al., 2017；Gao et al., 2020), growth rates (Liao et al., 2016

；Wei et al., 2016) and genetic evaluation (He et al., 2002; 

Duan et al., 2014; Wu et al., 2019). 

Genetic diversity, a fundamental source of biodiversity, 

provides the raw material for evolution by natural selection 

(Hughes et al., 2018), which includes phenotype, protein, and 

DNA variations. Phenotypic variations are highly 

recommended as a first step prior to attempting more in-depth 

biochemical or molecular studies. Hence, morphological 

description remains the first step in the process of plant 

genetic diversity preservation (Maja et al., 2010). Using 

variation traits to study phenotypic diversity, revealing the 

genetic structure and variation size of the population form the 

basis of genetic breeding. Phenotypic variance is thought to 

be the result of natural selection, reflecting both adaption to 

local environmental characteristics and genetic diversity 

(Liang et al., 2005; Wang et al., 2009), such as meteorological 

change, trait mutation, and genetic drift (Liu et al., 2004). 

Plant phenotypes result from interactions between genotype 

and environment, reflecting genotype adaptation to 

environmental changes. Phenotypes are formed as a result of 

long-term stress selection, and represent irreversible 
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In this study, the coefficient of variation and correlation analysis of each character of 33 Chinese fir clones were carried out to 

obtain the accurate correlation between various characters. To explore the genetic diversity of clonal traits of Cunninghamia 

lanceolate, cluster analysis and principal component analysis were also carried out to group the characters with similar 

attributes into the same category, and the main factors affecting the evaluation were found out. Results of calculated values of 

the main indices of each trait of 33 33 explored that 11 samples had an accumulation of more than 0.5m3/plant, while 11 had 

an accumulation of 0.35~0.5m3/plant, and similarly, 11 also have an accumulation below 0.35m3/ plant, which were rated as 

excellent, medium and poor respectively. The variation coefficients of Chinese fir clones results represented that largest 

coefficient variation was for accumulation among the growth traits, while among the leaf traits, the smallest variation 

coefficient was for leaf length. Correlation results explored that growth traits (tree height, central diameter and volume) were 

correlated with each other. Principal component analysis simplified 13 traits into three principal components, and the 

cumulative variance contribution rate reached 76.20%. The results of correlation analysis and R-type clustering analysis 

showed that the selection of each character was reasonable. Q-shaped cluster analysis showed that 33 clones were divided into 

3 groups when Euclidean value was 8.5, and each group showed significant differences in tree height, central diameter, volume, 

crown diameter ratio, diameter to height ratio, leaf length, leaf width, number of leaves, total leaf area and characters. The 

results showed that the 33 Chinese fir clones had rich variation and high genetic diversity, among which tree height, central 

diameter, volume, crown diameter ratio, number of leaves, total leaf area and total leaf volume could be used as important 

evaluation indexes for breeding and genetic improvement of Chinese fir clones. This study will provide the basis for the 

selection of new Cunninghamia lanceolate varieties with potential to increase yield. 
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processes that can be stably inherited by offsprings. 

Phenotypes reflect plants’ environmental adaptability, and 

thus phenotypic variation is of great significance in adaptation 

and classification. However, there are few studies on genetic 

diversity of phenotypic traits of Chinese fir clones. The 

phenotypic traits of Chinese fir clones include growth traits, 

shape and leaf index. Growth traits is a form of expression of 

the final harvest of timber species, which directly determines 

the volume per tree and the timber yield per unit area of timber 

forest. It directly affects the straightness of tree trunks and the 

quality of wood materials. While, leaf index is also called leaf 

character of trees, and it is a kind of external visual expression 

formed by the heredity of tree parents combined with 

environmental conditions. It directly affects the 

photosynthesis and photosynthetic efficiency of trees and 

directly determines the growth rate of trees. Therefore, this 

study was conducted on 33 Chinese fir clones was carried out 

to obtain the accurate correlation between various phenotypic 

characters and to explore the genetic diversity of clonal 

phenotypic traits.  

 

MATERIALS AND METHODS 

 

Overview of the study area: Study area was the Jindong 

Forest Farm (E110 ° 53´43 "and N26 ° 21´37"), in Yongzhou 

City of Hunan Province, China. In this region, the elevation 

ranges from 270 m to 400 m above sea level, and the area 

experiences a typical subtropical monsoon climate which is 

characterized by mild winters and hot summers, and the rainy 

season occurs from May to October. The whole year’s growth 

period is more than 300 days, which is conducive to the 

growth of Chinese fir. Long-term records (1951–2018) from 

the meteorological station in Huitong showed that the average 

annual precipitation was 1337 mm. May and June are the 

wettest months, and December is the driest month. The annual 

mean temperature is 16.6 ◦C. The soil type is mountain 

loessial soil, its texture is between light soil and medium clay 

soil, and the main layer’s thickness is over 80 cm. The pH is 

~4.86. The soil is identical on both sites. The plant vegetation 

surrounding the station is a typical subtropical evergreen 

broad-leaved species. It is one of the main Chinese fir 

producing areas.  

Sample plot selection: Jindong Forest Farm was constructed 

in February 1987, and the clonal seedlings were from the 

Forestry Research Institute of Yongzhou City, Hunan 

Province. A total of 131 clones participated in the experiment, 

which was designed according to random block group, with 5 

plant plots and 6 replicates.Construction and management are 

carried out according to the Chinese fir fast growing and high 

yield forest (hunan) standard (standard no. DB/4300B64012-

1986). 

In 2019, according to the survey of each tree in the mature 

stage, the whole stand was divided into three types: fast 

growing (over 0.5m3/ plant), medium (0.35-0.5m3 / plant) 

and normal (below 0.35m3/ plant). From each type, 11 clones 

were selected as sample clones for the study of a variety of 

phenotypic traits.A representative tree with normal growth, 

no knots and curves of each clone was selected and felled in 

October 2019, and samples were taken on site. 

Parameters and measurement method: In October 2019, we 

measure height, diameter and volume of the trees. We also 

measured the shape and quality indexes that included the 

crown width, crown diameter ratio, sharpness and diameter-

height ratio. At the same time, we also investigated the basic 

information of the sample plots. Leaf index were also 

measured that includeded the length, width and thickness of a 

single leaf as well as the total leaf quantity, total leaf area and 

total leaf volume per plant. 

After cutting down the sample trees, the cutting height (H), 

root diameter (D0), chest height diameter (D1.3), and center 

diameter (DH/2) were measured on site. Measured values were 

used to determine the volume per tree, tree apex and diameter-

height ratio by using the following formula. 

One of the longest branches in the north-south direction from 

the first set of living branches was taken to measure its length 

(accuracy 0.1m), and the crown width and crown diameter 

ratio of trees were calculated by using formula. Each felling 

site take the young leaves after weighing, therefore it was 

used to weight of the young leaves of the tree. The young 

leaves were mixed thoroughly, and at random according to the 

ratio of leaf: 1A leaf: 2A leaf: 3A leaf =4∶3∶2∶1. More than 

2kg of young leaves were selected to be bagged and sealed 

and transported to the laboratory (Xiao et al.,2002). 5000 

leaves were taken and weighed electronically in the 

laboratory, 1000 leaves were weighed each time (repeated 5 

times) to get the weight of thousand leaves, and then the 

weight of whole leaves was calculated according to the weight 

of whole young leaves and the weight of thousand leaves. The 

length, width and thickness of 2000 single leaves were 

randomly selected to calculate the length, width, thickness, 

area and volume of single leaves, so as to calculate the total 

leaf area and total leaf volume of the whole plant. 

The calculation formulas of forest stock and shape we used as 

described previously (Wei et al., 2006) 

Volume: 𝑉 =  (𝐷𝐻/2)2 ∗ 𝜋 4 ∗ 𝐻⁄  

Coefficient of variation (CV) was measured by using the 

formula as described in the recent study (Huang et al., 2019) 

CV=S/X• 100% 

CV is the coefficient of variation, S is the standard deviation 

of the trait, and X is the mean value of the overall trait 

The correlation coefficient was determined as described in the 

recent study (Xie et al., 2008) 

𝑟
𝑝=𝜎𝑝𝑥𝑝𝑦 √𝜎𝑝𝑥

2 𝜎𝑝𝑦
2⁄

 

rp is the phenotypic correlation coefficient; σpxpy is the 

phenotypic covariance of trait X and trait Y. σ2
px is the 

phenotypic variance of trait X. σ2
py is the phenotypic variance 

of trait Y. 
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Statistical method: Statistical analysis was performed using 

Excel 2016. Taking the mean value of the growth traits of 

each clone as the statistical unit, SPSS25.0 was used to 

analyze the data of 33 clone samples. The correlation between 

the two variables was measured by Pearson Correlation 

Coefficient (Bian et al., 2019). Taking Euclidean distance as 

the dividing standard, the hierarchical clustering method is 

used to divide the groups. 

 

RESULTS  

 

The calculated values of the main indices of each trait of 33 

clones: The result of calculated values of the main indices of 

each trait of 33 clones is presented in Table 1. 11 of the 33 

clone samples had an accumulation of more than 0.5m3/plant, 

which was rated as excellent. 0.35~0.5m3/plant was also 11, 

that was rated as medium. There were also 11 plants below 

0.35m3/ plant, which were rated as poor.  

Descriptive statistics of each trait index of Cunninghamia 

lanceolata clones: The variation coefficients of different 

traits are different (Table 2). Among the growth traits, the 

accumulation variation coefficient was the largest (33.99%), 

while the tree height variation coefficient was the smallest 

(9.63%). Among the traits of shape and quality, the 

coefficient of variation of crown diameter ratio was the largest 

(19.09%), and the coefficient of variation of diameter to 

height ratio was the smallest (8.07%). Among leaf traits, the 

coefficient of variation of total leaf volume was the largest, 

which was 17.92%, and the coefficient of variation of leaf 

length was the smallest, which was 2.88%. 

Correlation between growth traits and shape and quality 

traits: Figure 1 showed that growth traits (tree height, central 

diameter and volume) were positively correlated with each 

other. There was a significant negative correlation between 

tree height, central diameter and accumulation and crown 

diameter ratio, and a significant negative correlation between 

tree height and sharpness, and a very significant positive 

correlation between central diameter and accumulation and 

diameter-height ratio. The growth traits were positively 

correlated with leaf length and leaf width, but negatively 

correlated with leaf thickness. Central diameter was 

significantly positively correlated with total leaf area and total 

leaf volume, while accumulation was significantly positively 

correlated with total leaf area and total leaf volume. The 

Table 1 Calculated values of accumulation traits of 33 clones 

Clone Volume Note Clone Volume Note Clone Volume Note 

7903 0.3096 poor 7985 0.4892 medium 79174 0.1860 poor 

7911 0.5414 good 79100 0.4787 medium 79178 0.4522 medium 

7920 0.5559 good 79123 0.2735 poor 79182 0.5604 good 

7922 0.7218 good 79146 0.4837 medium 8010 0.2377 poor 

7923 0.5847 good 79151 0.5321 good 8020 0.6007 good 

7946 0.1791 poor 79160 0.6214 good 8104 0.4728 medium 
7948 0.4598 medium 79163 0.3612 medium 8106 0.3291 poor 

7967 0.2528 poor 79164 0.3113 poor 8209 0.3971 medium 

7973 0.4375 medium 79169 0.4598 medium 8213 0.4281 medium 

7978 0.2887 poor 79170 0.2846 poor 8219 0.6461 good 

7980 0.3435 poor 79172 0.7365 good 8237 0.6370 good 

 

Table 2. Variation analysis of clonal traits 

Traits Index Min Max Mean 1SD 2CV /% 

 

Growth traits 

Height (m)  13.50 19.70 17.59 1.6951 9.63 

Central diameter (cm)  13.00 22.10 17.57 2.4279 13.82 

Volume (m3)  0.1792 0.7365 0.4439 0.1509 33.99 

Character traits Crown diameter ratio 18.72 39.44 25.77 4.9212 19.09 

Taper 0.3636 0.6959 0.6255 0.0596 9.53 

Aspect ratio 0.0118 0.0156 0.0139 0.0011 8.07 

 

 

Leaf traits 

Leaf length (mm)  35.45 40.36 38.79 1.1168 2.88 

Leaf width (mm)  2.05 2.51 2.39 0.0877 3.66 

Leaf thickness (mm)  0.199 0.260 0.24 0.0104 4.33 

Thousand leaf weight (g)  34.22 40.60 37.8376 1.8693 4.94 

Leaf number 75.08 152.81 106.6461 15.8850 14.89 

Total leaf area (m2)  69.28 135.24 99.5424 15.3748 15.45 

Total leaf volume (m3)  0.0148 0.0326 0.0240 0.0043 17.92 
1Standard deviation, 2Coffecient of variation 
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diameter-height ratio of shape traits was significantly 

positively correlated with leaf weight, leaf number, total leaf 

area and total leaf volume. 

 

 
Figure 1. Correlation analysis of characters 

 

Analysis of R-type clustering results: The software 

Origin2021b was used to conduct R-type cluster analysis on 

13 traits, and a cluster diagram of evaluation indexes was 

constructed (Figure 2).The cluster diagram showed that when 

the Euclidean distance was 0.2, the number of leaves, total 

leaf area and total leaf volume clustered into one class, and 

when the Euclidean distance was 0.8, the number of leaves, 

total leaf area and total leaf volume clustered into one class 

with the weight and diameter-height ratio of thousand leaves. 

Similarly, when the Euclidean distance was 0.2, tree height, 

central diameter and accumulation could be classified into 

one class, and when the Euclidean distance was 0.8, they 

could be reunited with leaf length and leaf width into one 

class. Therefore, it could be deduced that the number of 

leaves, total leaf area, total leaf volume, thousand leaf weight 

and diameter-height ratio were closely correlated. Tree 

height, central diameter and volume were also closely related 

to leaf length and leaf width. However, crown diameter ratio, 

leaf thickness and sharpness were relatively independent. 

Principal component analysis of each trait: The 12 

phenotypic traits were analyzed by principal component 

analysis (Table 3). Through KMO and Bartlett spherical test, 

the KMO value was 0.648, greater than 0.60, indicating that 

the data were suitable for factor analysis. Bartlett spherical 

test results indicate that the P value was 0.000, that less than 

0.01, represented that the data was suitable for factor analysis. 

With the eigenvalue of 1, three principal components were 

extracted, and the cumulative contribution rate was 76.20%, 

indicating that most of the information of the 13 traits could 

be represented by these three principal components. The 

details of eigenvector, variance contribution rate, cumulative 

variance contribution rate and component matrix of the first 4 

principal components is presented in Table 4. The 

contribution rate of the first principal component was the 

largest, which was 43.19%. The leaf index was the main 

character, and the number of leaves, total leaf area and total 

leaf volume were the order of the characteristic vectorial 

value. The contribution rate of the second principal 

component was 20.48%, and the growth character was the 

main component. The central diameter, the volume and the 

tree height were in the order of the characteristic vector-value. 

The contribution rate of the third principal component was 

12.53%, and the main contribution traits were leaf length, leaf 

width and leaf thickness. 

 

Table 3. KMO and Bartlett spherical test for major 

agronomic traits 

KMO quantity of sample suitability  0.648 

Bartlett testing The approximate chi-square 537.464 

 Degree of freedom 78 

 Significance 0.000 

 

 
Figure 2. R-type cluster analysis diagram of 13 traits 
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Table 4. Eigenvector, variance contribution rate, 

cumulative variance contribution rate and 
component matrix of the first 4 principal 
components  

Traits The first 
principal 

component 

The second 
principal 

component 

The third 
principal 

component 

Height 0.011 0.807 0.492 
Central diameter 0.333 0.866 0.260 
Volume 0.300 0.862 0.282 
Crown diameter ratio 0.070 -0.907 0.037 
Taper 0.208 -0.283 -0.522 
Aspect ratio 0.660 0.576 -0.191 
Leaf length 0.187 0.180 0.686 
Leaf width 0.127 0.432 0.670 
Leaf thickness -0.295 0.179 -0.780 
Thousand leaf weight 0.677 0.013 0.167 
Leaf number 0.950 0.034 -0.074 
Total leaf area 0.918 0.163 0.203 
Total leaf volume 0.913 0.167 0.242 
Variance contribution 5.614 2.663 1.629 
Contribution rate (%) 43.187 20.481 12.533 
Cumulative 
Contribution rate (%) 

43.187 63.668 76.201 

 

Analysis of Q-type clustering results: Origin2021b was used 

to conduct Q-type cluster analysis on the three principal 

components of 33 clones, calculate the Euclidean distance, 

and construct the tree cluster diagram (Figure 3). The cluster 

diagram shows that when the Euclidean value was 8.5, the 

whole was divided into three large groups, among which 

group Ⅰ has 12 samples, accounting for 36.36% of the total 

number of samples. Group Ⅱ had 16 samples, accounting for 

48.48% of the total sample. While, Group Ⅲ had 5 samples, 

accounting for 15.15% of the total sample. Variance analysis 

LSD multiple comparison of the three groups was conducted 

(Table 5). According to Table 5, there were significant 

differences in other traits except sharpness, leaf thickness, 

thousand leaf weight and total leaf volume among the 13 

traits. The results showed that the classification of 33 Chinese 

fir clones was reasonable. Among the 13 quantitative traits, 

tree height, central diameter, volume, diameter-height ratio, 

leaf length, leaf thickness, thousand leaf weight, total leaf area 

and total leaf volume were all shown as Ⅰ group >, male 

group > and female group. In conclusion, the clones of group 

Ⅰ showed the best performance among all clones, and all 

clones with good accumulation performance were selected, 

but the clone 7895 (0.4813m3) with good accumulation 

performance was also selected. The Ⅱ clones ranked in the 

middle, and some clones with poor accumulation 

performance were selected, such as 7903 (0.3096m3), 7967 

(0.2528m3), 7980 (0.3435m3), 79123 (0.2725m3), 79164 

(0.3113m3), and 8106 (0.3219m3).In addition to the 

sharpness, the class Ⅲ clones showed excellent performance, 

but the other traits were ranked low. 

  
Figure 3. Q cluster analysis diagram of 33 clones 

 

Table 5. LSD multiple comparison of the mean traits of 

different groups 
 

Trait 

Groups 

Ⅰ Ⅱ Ⅲ 

Height (m)  18.83±0.5483a 17.66±1.081b 14.42±0.746c 

Central 

diameter cm)  

20.13±1.0636a 16.68±1.309b 14.32±1.277c 

Volume (m³)  0.603±0.0758a 0.391±0.079b 0.235±0.052c 

Crown 

diameter ratio 

22.72±1.7262c 26.38±3.494b 31.17±8.596a 

Taper 0.612±0.0201a 0.617±0.768a 0.683±0.014a 

Aspect ratio 0.015±0.0005a 0.013±0.0008c 0.014±0.0009b 

Leaf length 

(mm)  

39.02±0.6271a 39.07±1.015a 37.39±1.456b 

Leaf width 

(mm)  

2.420±0.0473b 2.414±0.054b 2.274±0.150a 

Leaf thickness 

(mm)  

0.245±0.0068a 0.240±0.005a 0.241±0.025a 

Thousand leaf 

weight (g)  

38.97±1.0153a 36.98±1.751a 37.83±2.623a 

Leaf number 114.44±3.542a 95.91±9.2021b 122.31±26.77a 

Total leaf area 

(m²) 

108.08±4.744a 91.25±9.467b 105.58±30.89a 

Total leaf 

volume (m³)  

0.026±0.0014a 0.022±0.002a 0.0252±0.009a 

 

DISCUSSION  

 

In this study, the coefficient of variation and correlation 

analysis of each character of 33 Chinese fir clones were 

carried out to obtain the accurate correlation between various 
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characters keeping in view the previous studies (Liang et al., 

2002；Wang et al., 2019；Liu et al., 2014). To explore the 

genetic diversity of clonal traits of Cunninghamia lanceolate, 

cluster analysis and principal component analysis were also 

carried out to group the characters with similar attributes into 

the same category, and the main factors affecting the 

evaluation were found out.  

Genetic diversity is a fundamental source of biodiversity and 

provides the raw material for evolution by natural selection 

(Hughes et al., 2018). Genetic diversity includes phenotype, 

protein, and DNA variations. Phenotypic variations are highly 

recommended as a first step prior to attempting more in-depth 

biochemical or molecular studies. Using variation traits to 

study phenotypic diversity, revealing the genetic structure and 

variation size of the population form the basis of genetic 

breeding. It has been reported that the genetic diversity of 

plants can be reflected by the coefficient of variation. 

Generally, it is accepted that the greater coefficient of 

variation reflects the richer the genetic diversity while the 

smaller coefficient of variation reflect the smaller the degree 

of dispersion and the better the stability of characters (Lin et 

al., 2014). In the current study, 13 traits of Chinese fir clones 

had the average coefficient of variation between 2.88% ~ 

33.99%, and the accumulation, total leaf diameter, crown 

diameter ratio, leaf number, total leaf area, total leaf volume 

variation coefficient was higher. These results represent that 

Chinese fir clones had high genetic diversity and genetic 

diversity was the priority target of the current study analysis. 

Furthermore, genetic diversity results of the current study on 

Chinese fir clones also represents that it has the potential to 

larger choice. In the current experiment, the variation 

coefficients of tree height, sharpness, diameter-height ratio, 

leaf length, leaf width, leaf thickness and thousand leaf weight 

were small, which indicated that leaf traits were stable. These 

genetic diversity results can be used as an indicator of genetic 

diversity and provide reference for early selection. 

Correlation analysis is a statistical analysis method to study 

the correlation between two or more random variables at the 

same position. If there is a significant correlation between two 

random variables, the change of one random variable can be 

inferred from the change of another random variable (Wang 

et al., 2020). In this study, growth traits showed extremely 

significant positive correlation (Zheng et al., 2012). 

Moreover, current study correlation analysis also explored 

that there was a very negative correlation between crown 

diameter ratio and shape and quality traits, that indicates 

smaller crown diameter ratio will results in the higher the 

degree of space utilization that leads to the better the 

performance of growth traits. Previous study also reported 

that smaller crown diameter ratio results in the higher degree 

of space utilization and better the performance of growth traits 

(He et al., 1998). These results indicated that the ratio of 

crown to diameter could be used as an important marker trait 

in assisted breeding of Chinese fir clones. In the current study, 

leaf length and leaf width were positively correlated with 

growth traits. These results were similar with the findings of 

the previous researcher who reported that leaf length and leaf 

width were positively correlated with growth traits (Qiu., 

2017). In addition, the central diameter was also positively 

correlated with total leaf area and total leaf volume. 

Correlation results explored that asexual growth traits of 

Chinese fir were closely related to leaf traits, and growth 

traits, therefore, asexual growth traits of Chinese fir could be 

predicted intuitively through the performance of leaf traits. 

In R-type cluster analysis and principal component analysis, 

total leaf volume, total leaf area, number of leaves, thousand 

leaf weight, diameter to height ratio could be grouped into one 

group, which was the main index of the first principal 

component, and mainly reflect the quantitative traits of 

leaves. Tree height, central diameter, volume, leaf width and 

leaf length can be grouped into one category, which is also the 

second main component index, which mainly reflects the 

influence of growth traits and single leaf traits. In addition, it 

was found that these two groups have strong correlation and 

can be regrouped into one class. This characteristic can be 

considered as an indirect differentiating index for Chinese 

clonal breeding. In Q type cluster analysis, 33 clones were 

divided into 3 groups, in addition to the sharp taper, chiba, 

thickness, weight, total leaf volume, other traits were 

significantly different, and in the middle of the tree height, 

diameter, volume, diameter ratio, chiba, leaf length, 

thickness, weight, total leaf area, total leaf volume of 9 traits 

were characterized by the Ⅰ groups > the Ⅱ group > the first 

Ⅲ groups. The results of R-type clustering and principal 

component analysis also indicated that the progeny material 

of the Ⅰ large group may have a certain potential to increase 

yield, and it is the candidate material of excellent individual 

plant, and the basic material for further development and 

utilization of germplasm resources and breeding new 

varieties. 

 

Conclusion: Genetic diversity results of the current study 

could be used as an indicator of genetic diversity and provide 

reference for early selection of Chinese fir clones. Correlation 

results of the current study provide the evidence that the ratio 

of crown to diameter could be used as an important marker 

trait in assisted breeding of Chinese fir clones. Furthermore, 

asexual growth traits of Chinese fir could be predicted 

intuitively through the performance of leaf traits. Moreover, 

the results of R-type clustering and principal component 

analysis also indicated that the progeny material of the Ⅰ 

large group may have a certain potential to increase yield. In 

conclusion, this study will provide the basis for the selection 

of new Cunninghamia lanceolate varieties with potential to 

increase yield. 
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