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11 Abstract
12 Exploring fruit phenotypic diversity of different provenances of ancient Cinnamomum 

13 camphora in Jiangxi Province of China, it will provide a theoretical basis for the 

14 collection, selection and improvement of germplasm resources. Taking the naturally 

15 distributed ancient Cinnamomum camphora in 45 counties of 11 cities in Jiangxi 

16 Province as the research object, nested ANOVA, Pearson correlation analysis, 

17 principal component analysis and other methods were used to statistically analyze 10 

18 phenotypic traits such as fruit thousand-grain weight, fruit volume, fruit side diameter, 

19 fruit horizontal diameter, fruit vertical diameter, and peel thickness in different 

20 provenances. The resuit was as follows. (1) The fruit phenotypic traits of ancient 

21 Cinnamomum camphora in Jiangxi Province were rich in variation among and within 

22 provenances, and the variation among provenances was the main source of phenotypic 
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23 variation. The mean value of phenotypic differentiation coefficient among 

24 provenances was 80.1%. The coefficients of variation of fruit phenotypic traits among 

25 different provenances was ranged from 2.64% to 25.45%, with the largest coefficient 

26 of variation for peel thickness. The mean value of coefficient of variation among 

27 provenances(9.65%) was larger than that within provenances(8.52%). (2) Significant 

28 or highly significant correlations were existed among the fruit phenotypic traits of 

29 ancient Cinnamomum camphora in Jiangxi Province. Fruit thousand-grain weight was 

30 significantly positively correlated with fruit volume, fruit side diameter, fruit 

31 horizontal diameter, fruit vertical diameter, peel thickness, fruit side diameter-fruit 

32 horizontal diameter ratio, fruit side diameter-fruit vertical diameter ratio, fruit 

33 horizontal diameter-fruit vertical diameter ratio (P<0.05), while fruit horizontal 

34 diameter and fruit vertical diameter were significantly negatively correlated with fruit 

35 thousand-grain weight to fruit volume ratio(P<0.05). (3) There was a significant 

36 correlation between fruit phenotypic traits of ancient Cinnamomum camphora and 

37 latitude, longitude and climate factors in Jiangxi Province. Among them, fruit 

38 thousand-grain weight and fruit volume were highly significant negatively correlated 

39 (P<0.01) with annual average sunshine duration and mean temperature in July, and 

40 highly significant positively correlated with mean temperature in January and mean 

41 altitude factor (P<0.01). (4) The cumulative variance contribution of the first three 

42 principal components in the principal component analysis reached 78.78%, and the 

43 fruit side diameter, fruit side diameter-fruit vertical diameter ratio, and fruit side 

44 diameter-fruit horizontal diameter ratio could comprehensively reflect the information 
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45 and ranking of the 10 traits. (5) In the cluster analysis, it was divided into two groups 

46 A and B at the distance coefficient of 1.2, and further divided into different subgroups 

47 at the distance coefficient of 0.9. The fruit morphology indexes from subgroup B2 

48 were bigger. In conclusion, fruit phenotypic traits of ancient Cinnamomum camphora 

49 in Jiangxi Province were rich in variation, and the variation of among provenances 

50 was more than within provenances. At the same time, there was a certain geographic 

51 variation pattern of the phenotypic traits of Cinnamomum camphora. The results 

52 would provide an important direction for the selection and breeding of excellent 

53 germplasm resources in Jiangxi Province, China.

54 Introduction

55 Cinnamomum camphora belongs to the camphor family camphor genus, evergreen 

56 trees, mainly distributed in the southern region of China. It has an important 

57 ecological and economic utilization value with timber, landscaping, medicine and 

58 biochemical raw materials and other functions[1].Therefore, the study of 

59 Cinnamomum camphora germplasm resources will provide a theoretical basis for the 

60 selection and breeding of excellent materials.

61 Plant phenotype is the combination of various morphological features of a species, 

62 which is the result of the co-regulation of genes and environment[2-3]. Genetic 

63 diversity is the synthesis of genetic variation among provenances and within 

64 provenances[4], and the studies of phenotypic diversity are mainly focused on the 

65 pattern of phenotypic variation and distribution under different habitat conditions, 

66 which is an important part of genetic diversity[5]. After long-term natural selection 
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67 and environmental pressure, the growth and development level of plants often 

68 undergoes irreversible changes, which in turn causes the variation of morphological 

69 features to produce new phenotypes[6], and the research on phenotypic trait diversity 

70 can be used to understand the mechanism of plant response to the ecological 

71 environment and the law of genetic variation. Numerous studies have shown that the 

72 phenotypic traits in forest trees such as Idesia polycarpa Maxim., Elaeagnus mollis 

73 Diels, Acer ginnala, Canarium album L. and Melia azedarach are different from each 

74 other in terms of their phenotypic traits[7-10]. The phenotypic traits of forest trees are 

75 rich in variation among different provenances, which provides a basis for selection of 

76 good species and rational zoning of fruits. Differences in phenotypic traits of forest 

77 trees are related to many factors such as latitude, longitude and climatic factors[11]. 

78 Wang et al.[12] found that longitude, mean altitude and frost-free period were the 

79 main reasons affecting the variation of phenotypic traits in the fruit of Rhus chinensis 

80 Mill., whereas the phenotypic variation of Dendrocalamus latiflorus Munro. was 

81 affected by longitude, latitude, annual mean temperature, and mean annual 

82 precipitation, etc.[13]. At present, the phenotypic studies on ancient Cinnamomum 

83 camphora mainly focus on the leaves[14], only limited in Sichuan, Zhejiang in China. 

84 Jiangxi Province is an important distribution area of ancient Cinnamomum camphora, 

85 and the fruit phenotypic variation pattern in this area is still unclear. Therefore, 

86 ancient Cinnamomum camphora in Jiangxi Province of China was taken to research, 

87 and nested ANOVA, Pearson correlation analysis, regression analysis was carried out 

88 to explore the diversity of fruit phenotypes as well as the geographic variation law, so 
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89 as to provide references for breeding selection and germplasm resource conservation.

90 Materials and Methods

91 Overview of the collection site

92 In this study, 170 healthy growth plants with age more than 100 years were selected in 

93 December 2018 from 45 counties of 11 cities in Jiangxi province, China. The 

94 geographic location information and meteorological data of various sources were 

95 shown in Table 1. 
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96 Table 1. Geographic location information and sampling of ancient Cinnamomum camphora in different provenance

Provenance Gathering area

Annual 
average 
sunshine 

duration/h

Mean 
temperature 

in 
January/℃

Mean 
temperature 

in July/℃

Annual 
mean 

temperature
/℃

Mean 
altitude

/m

Annual mean 
precipitation

/mm

Sampling 
number Number

Nanchang(NC) Nanchang、Jinxian 1705.17 5.47 29.87 18.12 65 1644.99 7 1-7
Yingtan(YT) Yingtan 1645.89 6.48 30.1 18.72 170 1645.89 3 8-10

Shangrao(SR)

Shangrao、Hengfeng
Yushan、Yiyang
Yugan、Dexing

Poyang、Wannian

1699.33 5.84 29.45 18.1 327 1699.33 30 11-40

Duchang、Peng ze
Jiujiang(JJ) Hukou、Dean 1805.13 4.43 28.85 17.16 32 1805.13 16 41-56

Yichun、Fengxin
Gaoan、ShanggaoYichun(YC)

Wanzai、Tonggu、Zhangshu
1593.49 5.46 28.88 17.65 242 1593.49 27 57-83

Jingdezhen(JDZ) Leping、Fuliang 1801.06 5.7 29.54 18.11 32 1801.06 7 84-90
Pinxiang(PX) Shangli、Pinxiang、Luxi 1447.98 5.51 28.96 17.68 274 1447.98 11 91-101

Xinyu(XY) Yushui 1628.64 6.01 29.73 18.37 103 1628.64 4 102-105
Ji’an(JA) Xiajiang、Yongfeng 1564.38 6.06 29.22 18.14 268 1564.38 19 106-124

Jinxi、Nanfeng
Fuzhou(FZ) Lichuan、Nancheng 1600.6 6.13 29.27 18.23 271 1600.6 15 125-139

Xingguo、Ningdu
Shangyou、Nankang

Dayu、DingnanGanzhou(GZ)

Anyuan、Xunwu

1627.88 8.24 28.19 18.98 388 1627.88 31 140-170
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98 Data collection
99 Among the collected ancient Cinnamomum camphora fruits, 100 fruits were 

100 randomly selected from each tree, and the weight of each fruit was determined by 

101 electronic balance (precision 0. 0001g), and the volume of 100 grains of each fruit 

102 was measured by liquid difference method to calculate the fruit thousand-grain 

103 weight(FTW, g) and fruit volume(FV, cm3). 30 from the 100 fruits were selected to 

104 measure the fruit vertical diameter(FVD), fruit horizontal diameter(FHD), the fruit 

105 vertical diameter(FVD) and peel thickness(PT) of each fruit with electronic vernier 

106 caliper (precision 0.01mm). FVD was the maximum distance from the top to the base 

107 of the respective longitudinal section. FHD was the maximum distance from the 

108 ventral suture of the respective cross section to the other side, and FSD was the 

109 maximum distance on both sides of the respective ventral suture. Then, FSD/FHD, 

110 FSD/FVD, FHD/FVD and FTW/FV were calculated according to the measurement 

111 results.

112 Data and statistics
113 Nested ANOVA, Pearson correlation analysis, regression analysis, and cluster 

114 analysis were performed using SPSS 26.0 software.

115 The coefficient of variation formula was given as follows, CV= ×100%, Where CV 

116 was the coefficient of variation, and  is the trait mean, S is the trait standard 

117 deviation. 

118 Shannon-Wiener is a quantitative representation of the variation of trait diversity. The 

119 calculation formula was H=
。In the formula, H was the diversity index, 

120
and Pi was the effective percentage of the distribution frequency within the material at 

x
s

x

pipi
i
n

ln
1 


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121
level i of a trait[15].

122 VST（%）= [δ2t/S/（δ2t/S + δ2S）] × 100。
123

VST was the phenotypic differentiation coefficient, representing the percentage of 
124

inter population variation of total genetic variation.

125 δ2t/S was the inter-group variance component, and δ2S was the intra-group variance 

126 component [16].

127 Results

128 Genetic diversity analysis of fruit phenotypic traits of 

129 ancient Cinnamomum camphora in different provenances
130 The differences of fruit phenotypic traits were showed in Table 2. The differences 

131 among provenances of FTW, FV, FHD, PT, FSD/FHD, FSD/FVD reached a 

132 extremely significant level (P<0.01). There were significant differences of FTW, 

133 FSD/FHD, FSD/FVD within provenances (P<0.05). The variance component among 

134 provenances(20.35%) was greater than within provenances(5.306%), indicating that 

135 variation within provenances was the main source in ancient Cinnamomum camphora 

136 in Jiangxi Province, China. The variation range of phenotypic differentiation 

137 coefficient among provenances was 65.6% to 100%, all more than 50%. The 

138 phenotypic differentiation coefficient of FTW/FV was the highest, while phenotypic 

139 differentiation coefficient of FVD, FV and FSD were all more than 80%.

140
141
142
143
144
145
146
147
148
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149 Table 2. Comparison of phenotypic traits and phenotypic differentiation 
150 coefficients of ancient Cinnamomum camphora fruits from different provenances

Among provenances Within provenances Random error

Fruit
phenotypic
character

Mean
square F value Heft

/%

Phenot
ypic 

differe
ntiation 
coeffici
ent/%

Mean
square

F 
value

Heft
/%

Phenot
ypic 

differen
tiation 
coeffici
ent/%

Mean
square

Heft
/%

FTW 30683.952 4.112** 16.81 65.6 8094.2 1.085* 8.78 34.31 7462.915 74.41
FV 29588.821 4.211** 17.98 83.2 7550.89 1.075 3.64 16.83 7027.192 78.37

FSD 0.656 1.716 17.72 84.0 0.322 0.844 3.36 15.9 0.382 78.92
FHD 0.704 2.303** 16.14 72.5 0.28 0.915 6.1 27.4 0.306 77.76
FVD 0.648 1.841 27.51 94.4 0.253 0.717 1.61 5.5 0.352 70.8
PT 0.259 3.755** 34.84 80.8 0.085 1.225 8.27 19.2 0.069 56.89

FSD/FHD 0.002 3.276** 23.24 77.8 0.001 1.341* 6.61 22.2 0.001 70.15
FSD/FVD 0.008 3.248** 17.94 66.3 0.003 1.261* 9.1 33.7 0.002 72.96
FHD/FVD 0.005 2.615 17.85 76.2 0.002 0.998 5.59 23.8 0.002 76.56
FTW/FV 0.001 0.65 13.44 100 0.002 1.193 0 0 0.001 86.56
Average 6027.506 2.773 20.35 80.1 1564.60 1.0654 5.31 19.89 1449.122 74.34

151 * and ** indicate significant difference at P<0.05 and P<0.01, respectively.

152 FTW, Fruit thousand-grain weight; FV, Fruit volume; FSD, Fruit side diameter; FHD, Fruit 

153 horizontal diameter; FVD, Fruit vertical diameter; PT, Peel thickness.

154 There were significant differences of fruit phenotypes of ancient Cinnamomum 

155 camphora from 11 provenances in Jiangxi, China (Table 3), and the variation ranges 

156 of FTW, FV and PT were 454.9-608.72g, 438.19-586.43 cm3, and 0.89-1.28 

157 mm,respectively. The FHD, FVD and FSD were 8.09-9.08 mm, 8.46-9.36 mm, and 

158 8.91-9.77 mm. The FSD/FHD, FSD/FVD, FHD/FVD and FTW/FV were 1.05 to 1.11, 

159 1.02 to 1.47, 0.94 to 1.35, and 1.03 to 1.06g·cm-3, respectively. The Shannon Wiener 

160 index of 10 traits were ranged from 2.40 to 2.85, among which FHD/FVD was the 

161 highest and FTW, FV were the lowest. It was indicated that the fruits of ancient 

162 Cinnamomum camphora from different provenances had rich genetic diversity.
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163 Table 3. Comparison on fruit phenotypic characters of ancient Cinnamomum camphora from different provenances and analysis on 
164 Shannon-Wiener index ( ±SE)

prov
enan

ce
FTW/g FV/cm3 FSD/mm FHD/mm FVD/mm PT/mm FSD

/FHD
FSD
/FVD

FHD
/FVD

FTW/FV
( g·cm-3)

NC 488.65±33.72bc 468.73±34.86bcd 9.07±0.35bc 8.2±0.31bc 8.76±0.32ab 0.98±0.11bc 1.11±0.01a 1.03±0.00ab 0.94±0.01ab 1.05±0.01a
YT 478.52±33.26bc 451.85±30.32cd 8.91±0.22c 8.09±0.23c 8.46±0.24b 1.02±0.04abc 1.1±0.01a 1.05±0.02ab 0.96±0.02ab 1.06±0.00a
SR 514.2±12.56bc 490.85±12.06bcd 9.33±0.11abc 8.63±0.09abc 9.15±0.09a 1.27±0.04ab 1.08±0.00ab 1.02±0.01ab 0.94±0.01ab 1.05±0.00a
FZ 552.79±23.61ab 534.81±20.94abc 9.26±0.15abc 8.49±0.13abc 8.78±0.18ab 0.99±0.06bc 1.09±0.01ab 1.47±0.41a 1.35±0.38a 1.03±0.01a
JJ 454.94±17.22c 438.19±14.08d 9.2±0.09abc 8.61±0.08abc 8.99±0.07ab 0.89±0.09c 1.07±0.00b 1.02±0.01ab 0.96±0.01ab 1.04±0.01a
YC 570.01±19.24ab 546.71±19.44ab 9.66±0.14ab 8.81±0.13a 8.91±0.13ab 1.13±0.05abc 1.1±0.01ab 1.06±0.02ab 0.99±0.01ab 1.03±0.01a
JDZ 474.57±22.10bc 460.32±21.53bcd 9.54±0.22abc 8.75±0.13ab 9.1±0.25a 1.28±0.04a 1.09±0.01ab 1.05±0.03ab 0.96±0.02ab 1.03±0.02a
JA 608.72±16.47a 586.43±15.91a 9.77±0.11a 9.08±0.09a 9.36±0.13a 1.28±0.07a 1.08±0.00ab 1.05±0.01ab 0.97±0.01ab 1.04±0.00a
PX 548.22±39.93abc 526.36±39.51abcd 9.62±0.21ab 8.87±0.20a 9.27±0.17a 1.1±0.08abc 1.09±0.01ab 1.04±0.02ab 0.96±0.01ab 1.04±0.01a
XY 539.75±31abc 522.22±34.38abcd 9.27±0.23abc 8.86±0.13a 8.93±0.13ab 1.28±0.14a 1.05±0.01c 1.04±0.02ab 0.99±0.01ab 1.04±0.01a
GZ 565.05±16.91ab 544.09±16.64abc 9.55±0.11abc 8.81±0.11a 9.25±0.10a 1.13±0.05abc 1.08±0.01ab 1.03±0.01ab 0.95±0.01ab 1.04±0.01a
H' 2.395 2.395 2.446 2.45 2.448 2.795 2.817 2.813 2.848 2.835

165 Different lower cases in the same column indicate the significant difference at 0.05 level．
166 H' stands for Shannon-Wiener index.

x
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167 Variation coefficient of phenotypic traits in different provenances was shown in table 

168 4. Among 10 fruit phenotypic traits in different provenances, the largest coefficient of 

169 variation was PT(25.45%) followed by FV as the second highest (17.83%), and the 

170 smallest coefficient of variation was FSD/FHD(2.64%). According to the mean value 

171 of coefficient variation of phenotypic traits in 11 provenances, 2 provenances were 

172 more than 10%, among which the Pingxiang provenance was the largest with the 

173 value for 11.14%, followed by Nanchang provenance (10.68%), and the Yingtan 

174 provenance was the smallest(5.15%). The mean value of the coefficient of variation 

175 among provenances (9.65%) was greater than the variation within provenances 

176 (8.52%) for fruit phenotypic traits of ancient Cinnamomum camphora.

177 Table 4. Analysis of coefficient variation of fruit phenotypic traits of ancient 
178 Cinnamomum camphora from different provenances in Jiangxi Province

Provenances FTW FV FSD FHD FVD PT FSD
/FHD

FSD
/FVD

FHD
/FVD

FTW
/FV Average

NC 18.26 19.68 10.14 10.01 9.65 28.32 3.13 1.23 2.96 3.39 10.68
YT 12.04 11.62 4.23 4.90 4.94 6.59 0.84 2.51 3.11 0.69 5.15
SR 13.38 13.46 6.53 5.93 5.65 16.55 2.48 4.08 3.33 2.12 7.35
FZ 16.54 15.16 6.10 6.00 8.03 22.19 2.88 6.43 5.89 3.06 9.23
JJ 15.14 12.85 3.92 3.58 3.32 41.57 1.71 4.04 3.80 4.30 9.42
YC 17.54 18.47 7.27 7.65 7.38 25.20 2.46 4.32 4.08 3.99 9.84
JDZ 12.32 12.38 6.03 4.05 7.20 8.61 3.18 7.70 6.75 5.91 7.41
JA 11.79 11.82 4.71 4.52 6.00 23.11 1.65 5.24 4.38 1.90 7.51
PX 24.15 24.89 7.39 7.67 6.12 25.96 3.12 5.08 5.08 1.97 11.14
GZ 16.66 17.03 6.64 6.67 6.04 24.59 2.70 4.74 4.50 4.65 9.42

CV/% 17.66 17.83 6.64 6.56 6.57 25.45 2.64 5.08 4.56 3.51 /

179 Correlation analysis on fruit phenotypic traits of ancient 

180 Cinnamomum camphora in Jiangxi Province

181 There were certain correlations among fruit phenotypic traits of ancient Cinnamomum 

182 camphora from different provenances in Jiangxi Province, China(Fig 1). There were 

183 significant positive correlations between FTW and four traits of FV, FSD, FHD and 

184 FVD(P<0.05). FV showed a highly significant correlation with FSD, FHD and FVD. 

.CC-BY 4.0 International licenseperpetuity. It is made available under a 
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted February 12, 2025. ; https://doi.org/10.1101/2025.02.12.637828doi: bioRxiv preprint 

https://doi.org/10.1101/2025.02.12.637828
http://creativecommons.org/licenses/by/4.0/


185 FSD showed significantly positively correlated with FHD and FV. FHD was 

186 significantly positively correlated with FV while negatively correlated with FSD/FHD 

187 and FTW/FV. FVD showed significantly positively correlated with PT while there 

188 were significant negative correlations with FSD/FVD, FHD/FVD, and FTW/FV. In 

189 summary, most of the relevant traits of ancient Cinnamomum camphora fruits were 

190 closely related, and when one trait was changed, it might cause changes in other 

191 indexes.

192
193 P<0.05
194 Fig 1. Correlation analysis among 10 fruit phenotypic traits of ancient 
195 Cinnamomum camphora

196 Response of fruit phenotypic traits to longitude and climatic 

197 factors from different provenances in Jiangxi Province

198 The correlation analysis between the phenotypic traits of ancient Cinnamomum 

199 camphora from different provenances in Jiangxi Province and the latitude and 

200 longitude were shown in Figs 2 and 3. FTW and FV showed a highly significant 
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201 negative correlation with latitude(P＜0.01), while FSD and FHD showed a significant 

202 negative correlation with latitude (P＜0.05). FTW and FV showed a highly 

203 significant negative correlation with latitude. FSD, FHD, FSD/FVD and FHD/FVD 

204 showed a significant negative correlation with longitude, which indicated that there 

205 were significant geographic variations in the phenotypic traits of ancient 

206 Cinnamomum camphora in Jiangxi Province.

207 The results of the correlation analysis between fruits phenotypic traits of ancient 

208 Cinnamomum camphora and Geo-climatic factors in Jiangxi Province were shown in 

209 Table 5. FTW and FV were positively correlated with the mean temperature in 

210 January, mean altitude(P<0.01) and annual mean temperature(P<0.05), while 

211 negatively correlated with annual average sunshine duration(P<0.01) and mean 

212 temperature in July(P<0.05). FSD was negatively correlated with annual average 

213 sunshine duration(P<0.01). And FHD was significantly negatively correlated with 

214 mean temperature in July and annual average sunshine duration(P<0.05). FVD was 

215 positively correlated with mean altitude(P<0.05). PT was positively correlated with 

216 mean altitude and annual mean precipitation(P<0.05). FSD/FHD was positively 

217 correlated with annual mean precipitation(P<0.05). FSD/FVD was negatively 

218 correlated with annual average sunshine duration(P<0.05).

219
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Latitude(N)/（°） Latitude(N)/（°）

Fig 2. Relationship between fruit traits of ancient Cinnamomum camphora from 
different provenances in Jiangxi Province and latitude
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Longitude(E)/（°） Longitude(E)/（°）

Fig 3. Relationship between fruit traits of ancient Cinnamomum camphora from 
different provenances in Jiangxi Province and longitude

220
221
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222
223 Table 5. Correlation between fruit phenotypic traits of ancient Cinnamomum 
224 camphora and climatic factors

225 Principal component analysis of fruit phenotypic traits of 

226 different provenances in Jiangxi Province

227 Principal component analysis of fruit phenotypic traits from different provenances in 

228 Jiangxi Province of China, in which three principal components with eigenvalues 

229 greater than 1.00 were yielded with a cumulative contribution rate of 78.78%. It was 

230 indicated that the three principal components represented most of the information on 

231 phenotypic traits of ancient Cinnamomum camphora (Table 6) . Among them, the 1st 

232 principal component had the highest contribution rate of 42.62%, with an eigenvalue 

233 for 4.26, and eigenvector absolute value of FSD (0.96), FHD (0.91), FV (0.91) and 

234 FTW (0.89) were larger, which indicated that the 1st principal component was mainly 

235 associated with the traits related to fruit size. The contribution rate of the 2nd 

236 principal component was 22.55% with the eigenvalue for 2.255, and the absolute 

237 values of 3 trait eigenvectors of FSD/FVD (0.92), FHD/FVD (0.78), and FVD (-0.67) 

Fruit 
phenotypic 

trait

Annual 
mean 

temperature
/℃

Mean 
temperatur

e 
in 

January/℃ 

Mean 
temperature 

in July/℃ 

 
Annual 
average 
sunshine 

duration/h 

Mean 
altitude/

m

Annual 
mean

precipitation
/mm

FTW 1.77* 0.216** -0.162* -0.374** 0.297** 0.006
FV 0.178* 0.218** -0.169* -0.371** 0.290** -0.003

FSD 0.037 0.081 -0.150 -0.205** 0.134 -0.039
FHD 0.015 0.078 -0.164* -0.174* 0.119 -0.112
FVD 0.109 0.137 -0.143 0.109 0.166* -0.103
PT 0.120 0.100 0.088 -0.079 0.187* 0.195*

FSD/FHD 0.066 0.016 0.029 -0.079 0.051 0.187*
FSD/FVD -0.088 -0.064 -0.019 -0.173* -0.035 0.088
FHD/FVD -0.135 -0.083 -0.030 -0.137 -0.069 0.002
FTW/FV -0.009 -0.016 0.051 -0.018 0.037 0.057
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238 were larger, indicating that the 2nd principal component was related to fruit shape. 

239 The contribution rate of the 3rd principal component was 13.61%, and the eigenvalue 

240 was 1.361, in which FSD/FHD (0.76) and FHD/FVD (-0.54) had the largest absolute 

241 value, indicating that the 3rd principal component was also a trait mainly reflecting 

242 fruit shape. In summary, FSD, FSD/FVD and FSD/FHD could comprehensively 

243 reflect the information of 10 traits.

244 Table 6. The principal component analysis of ancient Cinnamomum camphora 
245 fruit traits in different provenances of Jiangxi Province

 Character index
First

principal
component

Second
principal

component

Third
principal

component

FSD 0.957 0.034 0.006

FHD 0.907 -0.137 -0.292
FV 0.906 0.043 0.200

FTW 0.885 0.086 0.293
FVD 0.694 -0.671 0.091
PT 0.442 -0.304 -0.225

 FSD/FVD 0.344 0.921 -0.100
 FHD/FVD 0.294 0.775 -0.540
 FSD/FHD 0.143 0.429 0.760
FTW/FV -0.132 0.224 0.460

 Eigenvalue 4.262 2.255 1.361
 Contribution rate% 42.617 22.553 13.609

 Cumulative contribution rate% 42.617 65.170 78.779
246 According to the component factor score coefficient matrix in Table 6, three principal 

247 component factor scores could be calculated by using the standardized quality 

248 indexes. The calculation formula of factor score of each component was as follows:

y1=0.464x1+0.439x2+0.439x3+0.429x4+0.336x5+0.214x6+0.167x7+0.142x8+0.069x9-0.064x10

y2=0.023x1-0.091x2+0.029x3+0.057x4-0.447x5-0.202x6+0.613x7+0.516x8+0.286x9+0.149x10

y3=0.005x1-0.250x2+0.171x3+0.251x4+0.078x5-0.193x6-0.086x7-0.463x8+0.651x9+0.394x10

249 Where x1 and x10 represented the standardized indicators of 10 fruit phenotypic traits, 
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250 y1, y2 and y3 were the main components 1st, 2nd and 3rd respectively. The 

251 characteristic values of principal components 1st, 2nd and 3rd were divided by the 

252 sum of characteristic values. According to comprehensive quality score function, the 

253 formula was as follows.

254 y=0.42617 y1+0.22553 y2+0.13609 y3

255 According to fruit trait load coefficient of ancient Cinnamomum camphora on the 

256 three principal components and the contribution rate of the three principal 

257 components, the comprehensive score of each ancient Cinnamomum camphora tree 

258 was calculated, so as to obtain the top 20 plants of ancient Cinnamomum camphora in 

259 the comprehensive score, with the sample number for 79, 67, 112, 166, 72, 137, 98, 

260 165, 142, 120, 66, 159, 80, 97, 87, 11, 59, 135, 109 and 157 and the corresponding 

261 scores were 3.08, 2.12, 1.82, 1.81, 1.77, 1.76, 1.60, 1.59, 1.56, 1.53, 1.52, 1.483, 1.47, 

262 1.29, 1.25, 1.24, 1.19, 1.18, 1.15 and 1.12. Among them, there were 6 strains from 

263 Yichun, 5 from Ganzhou, 4 from Ji'an, 2 from Fuzhou, 2 from Pingxiang, and 1 from 

264 Jingdezhen (Table 7).

265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283

  
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284
285 Table 7. Principal component scores and comprehensive scores of the top 20 
286 individual ancient Cinnamomum camphora plants with comprehensive scores

287 Cluster analysis based on fruit phenotypic traits from 

288 different provenances of ancient Cinnamomum camphora in 

289 Jiangxi Province
290 Distance cluster analysis was used to analyze the 10 fruit phenotypic traits from 11 

291 provenances of ancient Cinnamomum camphora in Jiangxi Province of China (Fig 4), 

292 and the mean values of fruit traits for each group were calculated (Table 8). The 

293 results showed that ancient Cinnamomum camphora from different provenances could 

294 be divided into 2 group at the distance coefficient of 1.2. At the same time, they were 

295 further divided into different sub groups at the distance coefficient of 0.9, of which A 

296 was a separate group and B was divided into B1 and B2.

The scores of individual plants on principal 
components 1st, 2nd and 3rd ID

PC1 PC2 PC3

Individual 
plant score 

Rank
ing 

79 6.4 2.17 -0.98 3.08 1
67 3.73 0.97 2.32 2.12 2
112 3.99 0.50 0.02 1.82 3
166 5.33 -1.84 -0.37 1.81 4
72 4.03 1.18 -1.54 1.77 5
137 2.79 2.54 -0.04 1.76 6
98 3.14 0.55 1.01 1.60 7
165 3.66 -0.77 1.53 1.59 8
142 4.58 -0.87 -1.47 1.56 9
120 2.92 0.89 0.59 1.53 10
66 3.54 0.27 -0.39 1.52 11
159 1.57 3.71 -0.17 1.48 12
80 2.5 2.25 -0.77 1.47 13
97 2.38 1.64 -0.67 1.29 14
87 2.19 2.38 -1.61 1.25 15
111 2.10 1.71 -0.33 1.24 16
59 2.97 -0.44 0.16 1.19 17
135 0.51 3.94 0.54 1.18 18
109 1.45 2.42 -0.10 1.15 19
157 0.85 1.89 2.42 1.12 20
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297 Group A included four provenances from Nanchang, Yingtan, Jiujiang and Fuzhou. 

298 Subgroup B1 included the three provenances of Shangrao, Jingdezhen and Xinyu, and 

299 Subgroup B2 was the four provenances of Ji'an, Yichun, Ganzhou and Pingxiang. The 

300 fruit phenotypic traits of group B provenances were significantly greater than those of 

301 group A, as evidenced by thicker peel, larger fruits, and heavier fruit. FTW, FV and 

302 FSD in the B2 provenances were significantly higher than B1, while PT in the B2 

303 provenances was significantly lower than B1 subgroup.

304

305 Figure 4. The cluster analysis of fruit traits of ancient Cinnamomum camphora 

306 from different provenances

307 Table 8. Comparison of fruit phenotypic traits of different groups of ancient 
308 Cinnamomum camphora

Group FTW/g FV/cm3 FSD/mm FHD/
mm

FVD/
mm

PT/
mm

FSD
/FHD

FSD
/FVD

FHD
/FVD

FTW/FV
( g·cm－3)

Group
A 493.72b 473.40b 9.11b 8.35b 8.75b 0.97b 1.09a 1.14a 1.05a 1.04a
B 545.79a 525.28a 9.53a 8.83a 9.14a 1.21a 1.08b 1.04b 0.97b 1.04a

Subgroup
A 493.725b 473.395b 9.11c 8.348b 8.75b 9.7c 1.093a 1.143a 1.053a 1.05a
B1 509.507b 491.130b 9.38b 8.747a 9.06ab 1.28a 1.037a 1.037a 0.963a 1.04a
B2 573.00a 550.898a 9.65a 8.893a 9.196a 1.16b 1.045a 1.045a 0.968a 1.038a

309
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310 Discussion
311 Diversity and variation of fruit phenotypic traits of ancient 

312 Cinnamomum camphora
313 Ancient Cinnamomum camphora have a wide natural distribution area. Complex 

314 habitats and geographic isolation have resulted in genetic differentiation of 

315 phenotypic traits among different provenances. Phenotypic variation is the most direct 

316 manifestation of biological genetic variation, and it is also one of the important 

317 contents of genetic diversity research[17-18]. Carrying out studies on diversity of fruit 

318 phenotypic traits, to some extent, can reflect the variation and the level of genetic 

319 diversity in different populations [19-20].

320 The present study is shown that there is abundant variation in fruit phenotypic traits of 

321 ancient Cinnamomum camphora in Jiangxi Province, both among and within the 

322 provenances, and the variation mainly originates from among provenances, which is 

323 the result of the genetic factors of Cinnamomum camphora themselves and the 

324 long-term environmental heterogeneity. The average value of the phenotypic 

325 differentiation coefficient of ancient Cinnamomum camphora fruits among different 

326 provenances was 80.08%, which was significantly higher than that of Xanthoceras 

327 sorbifolium Bunge, Quercus fabri Hance and Armeniaca mandshurica (Maxim.) 

328 Skv.[21-23], indicating a high degree of phenotypic differentiation of ancient 

329 Cinnamomum camphora from different provenances. Meanwhile, the 

330 Shannon-Wiener index of fruit phenotypic traits of ancient Cinnamomum camphora 

331 in Jiangxi Province was fluctuating in the range of 2.395 to 2.835, which was close to 

332 that of Zanthoxylum armatum DC.[24]. However, the phenotypic diversity indices of 
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333 different plants were different, such as Capsicum annuum L.varied in the range of 5. 

334 177 to 5.368[25], whereas the values of Ziziphus jujuba Mill.(1.04 to 2.05) and 

335 Juglans cathayensis Dode(1.41 to 2.02) were smaller[26-27]. Ancient Cinnamomum 

336 camphora was predominantly heterogamous, and artificial planting, introductions 

337 would increase the degree of variation, which can affect the differences in fruit 

338 phenotypes. In this study, ancient Cinnamomum camphora were selected as the 

339 research object to reduce the variability caused by artificial introduction.

340 The coefficient of variation is an index reflecting the degree of plant variation. It is 

341 generally recognized that coefficient variation higher than 10% indicates a large 

342 variation in plant traits [28-29]. In this study, the average coefficient variation of fruit 

343 phenotypic traits in ancient Cinnamomum camphora among different provenances in 

344 Jiangxi Province was 9.65%, of which the coefficient of variation of PT was the 

345 largest, which was consistent with the results of Li et al.[30] and Gao et al.[31]. The 

346 average value of coefficient variation of fruit phenotypes within provenances in 

347 Jiangxi Province was 5.15%-11.14%, which was consistent with the result of Hunan 

348 Province[32]. The average coefficient variation of FTW and FV of ancient 

349 Cinnamomum camphora in this study (16.11%) was much larger than that of 

350 morphological indicators such as FVD and FHD (5.34%), which indicated that fruit 

351 weights and volumes in ancient Cinnamomum camphora were more stable, which was 

352 in agreement with the results of Xing et al.[33].

353 Geographical variation and clustering results of fruit 

354 phenotypic traits in ancient Cinnamomum camphora
355 The geographic pattern of variation in plant fruit phenotypic traits is complex and is 

356 usually determined by a combination of genotypes and environmental factors. Different 
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357 plants have different patterns of variation, such as Rhus chinensis Mill. showed a 

358 pattern of variation dominated by frost-free period and mean annual temperature[12], 

359 while Armeniaca vulgaris var. ansu showed a pattern of variation dominated by 

360 altitude[34].The correlation between fruit phenotypic traits of Cinnamomum camphora 

361 from Jiangxi Province and geographic and climatic factors in this study was strong, and 

362 most of the fruit phenotypic traits were significantly or highly significantly positively 

363 correlated with annual mean temperature, mean temperature in January, and mean 

364 altitude. Previous studies have shown that plant fruit size decreases with increasing 

365 altitude, possibly due to environmental changes that cause a plastic response of plant to 

366 the reduction of available resources[35]. However, the results of the present study were 

367 contrary to this, with increasing altitude, FTW, FV, and PT were greater. As the altitude 

368 range of the sampling sites was 32-388 m, the increase in altitude could alleviate the 

369 stress of high temperature to a certain extent and increase the temperature difference 

370 between day and night, which was favorable to fruit expansion and nutrient 

371 accumulation. In some regions, plant fruits become heavier with increasing sunlight, 

372 such as Yuan et al.[36], who studied the fruit trait characteristics of Magnolia wilsonii 

373 (Finet et Gagn) Rehd. and its phenotypic diversity and found that the mass of individual 

374 polymerized follicles was highly significantly and positively correlated with the annual 

375 average sunlight, but in the present study the fruit phenotypes in ancient Cinnamomum 

376 camphora were significantly or highly significantly negatively correlated with the 

377 annual average sunshine duration and the mean temperature in July. Jiangxi is located 

378 in subtropical monsoon climate, high temperature and rainy in summer. The increase of 

379 sunshine hours will exacerbate the high temperature and heat wave stress to a certain 

380 extent, and the fruit growth and development is poor under high temperature stress. In 

381 addition, FTW, FV and FSD, FHD and other morphological indicators of ancient 
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382 Cinnamomum camphora from different provenances in Jiangxi Province had a 

383 decreasing trend with the rise of latitude and longitude, indicating that the phenotypic 

384 traits of ancient Cinnamomum camphora were affected by the effects of changes in 

385 temperature and precipitation caused by changes in geographic location gradient.

386 Principal component analysis can comprehensively analyze multiple traits in order to 

387 obtain more intuitive and simpler results, and at the same time exclude the 

388 interference of complex interrelationships among multiple trait indicators on the 

389 analysis of results[37]. In this study, it was found that three indicators of FSD, 

390 FSD/FVD and FSD/FHD could comprehensively reflect the 10 phenotypic traits of 

391 ancient Cinnamomum camphora in Jiangxi Province, which could be used as an 

392 important basis for judging the growth status of the ancient Cinnamomum camphora. 

393 In addition, 20 single plants of ancient Cinnamomum camphora screened from 

394 different provenances in Jiangxi Province had larger and heavier fruits, which could 

395 provide certain reference for the selection of germplasm resources of ancient 

396 Cinnamomum camphora in Jiangxi Province.

397 According to the results of clustering analysis of fruit phenotypic traits of ancient 

398 Cinnamomum camphora from different provenances in this study, it was found that 

399 the 11 provenances in Jiangxi Province could be divided into three groups, of which 

400 the fruits from B2 group were heavier and larger in fruit morphology, which were 

401 more accordance with the standard of artificially selecting excellent germplasm 

402 resources. However, the provenances were not completely clustered according to the 

403 geographical distance, probably because of the influence of the differences in soil, 

404 topography and other comprehensive fact.

405

406 Conclusions
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407 The fruit phenotypic traits of ancient Cinnamomum camphora from different 

408 provenances in Jiangxi Province contained rich variations, and the variations were 

409 mainly originated from among provenances. FTW, FV, and FSD all differed 

410 significantly among provenances. FSD, FSD/FVD and FSD/FHD could be used as the 

411 main indexes to comprehensively reflect fruit phenotypic traits of ancient 

412 Cinnamomum camphora. There was a significant correlation between fruit phenotypic 

413 traits and latitude, longitude, climate factors. According to the results of cluster 

414 analysis, ancient Cinnamomum camphora from 11 provenances could be divided into 

415 three major groups, in which the fruit phenotypic traits of B2 provenances were 

416 larger. It will provide an important direction for the selection of excellent germplasm 

417 resources of ancient Cinnamomum camphora.
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