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Abstract; To reveal the variation characteristics of yield and antibacterial activity of essential oil from
fresh branches and leaves of different Cunninghamia lanceolata ( Lamb.) Hook. clones and screen
superior clones, 88 core clones from the third-generation breeding garden of C. lanceolata in Guangdong
were taken as research objects, the seasonal differences in yield of essential oil from fresh branches and
leaves of different C. lanceolata clones and its inhibition rates against Escherichia coli and Staphylococcus
aureus were compared and analyzed, the superior clones were screened by using the population mean
quadrat method, the screening results were validated by using principal component analysis, and Pearson
correlation analysis was conducted between yield and inhibition rate of essential oil. The results show that
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the coefficients of variation of yield of essential oil and inhibition rates of essential oil against E. coli and
S. aureus in each season are 30.68% —41.20%, 41.73% - 102.64% , and 113.80% —299.96% ,
respectively. There are extremely significant differences (P<0.01) among clones, with repeatability
values all greater than 0.7, mostly above 0.9. The yield of essential oil is the highest in summer, but the
difference is not significant compared with the other seasons. While the inhibition rates of essential oil
against E. coli and S. aureus are both the highest in summer. In addition, the inhibition rate of essential
oil against E. coli in summer is significantly (P<0.05) higher than those in spring and winter, and that
against S. aureus is significantly higher than those in autumn and winter. Based on yield of essential oil
and inhibition rates of essential oil against E. coli and S. aureus, 15, 9, 11, and 8 superior clones are
screened in spring, summer, autumn, and winter, respectively, among which, clone ¢x79 exhibits
excellent performance in the four seasons. The correlation analysis result reveals that there are striking
seasonal variations in correlation coefficients between yield and antibacterial rate of essential oil, among
which, the correlation between yield and antibacterial rate of essential oil in spring is the strongest. The
comprehensive analysis indicates that the variations of yield and antibacterial activity of essential oil from
fresh branches and leaves of test C. lanceolata core clones are relatively large, and there are pronounced
seasonal and clonal differences in general. ¢x79 is identified as the optimal clone. It represents an
excellent candidate material for essential oil application and specialized cultivar development of C.
lanceolata.
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Table 1 Analysis of seasonal variation in yield of essential oil from
fresh branches and leaves of 88 core clones of Cunninghamia
lanceolata (Lamb.) Hook."

e AR BTG IMAT /%
itk Yield of essential oil in different seasons
Statistic

% Spring & Summer FK Autumn 4 Winter

% /)ME Minimum 0.028 0.017 0.026 0.028
i K AH Maximum 0.257 0.147 0.172 0.138
SE{E Mean 0.081a 0.085a 0.084a 0.079a
SD 0.033 0.031 0.029 0.024
CV/% 41.20 36.29 34.89 30.68
F {H F value 11.45 %% 23.03 #*  10.43 %  23.77 **
T 71 Repeatability 0.91 0.96 0.90 0.96

D SD. #5 2% Standard deviation; CV: 728 5 2 3% Coefficient of
variation. [{1THAN /NG FHRERIREA R 7 (8] 22 57 B3 (P<
0.05) Different lowercases in the same row indicate the significant
differences ( P<0.05) between different seasons. *# ; P<0.01.
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Table 2 Analysis of seasonal variation in antibacterial rate of essential oil from fresh branches and leaves of 88 clones of Cunninghamia lanceolata

(Lamb.) Hook."
ENGEEEREE R PO PN LSRN U B N[} 2R T 0 5 (A A R T A 2 %
Beihi Inhibition rate of essential oil against Escherichia coli in Inhibition rate of essential oil against
Statistic different seasons Staphylococcus aureus in different seasons

5 Spring ¥ Summer FK Autumn 2 Winter 5 Spring ¥ Summer Bk Autumn 2 Winter

#z/IME Minimum 0.00 6.49 0.00 2.32 0.00 0.00 0.00 0.00

H KAE Maximum 88.50 87.14 98.80 47.69 97.33 99.19 100.00 96.00

S-H4{H Mean 21.00b 31.99a 29.49a 20.79h 25.64a 27.60a 14.14b 6.22b

Fr#fE2Z Standard deviation 2.29 1.92 1.80 0.92 3.72 3.34 2.84 1.98

A5 5t K/ % Coefficient of variation — 102.64 56.24 57.28 41.73 136.19 113.80 188.99 299.96
F {8 F value 9.38 15.12 #* 15.60 #x* 3.50 s 34.96 #x* 30.68 #x* 47.88 s 29.18 #*

T 71 Repeatability 0.89 0.93 0.94 0.71 0.97 0.97 0.98 0.97

D EFT AR RN G T R R TE A [F] 2215 W] 22 5 5. 35 (P<0.05) Different lowercases in the same row indicate the significant differences ( P<0.05)

between different seasons. *# . P<0.01.
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Mg 2R ¥{H The dashed lines represent the means. @ KE IS RN B 3R 5 T (E A I &R Clones with both yield and antibacterial rate of essential oil
higher than the mean; @ K&l 2 5 T E I E R TEEMITCHE R Clones with yield of essential oil higher than the mean and antibacterial rate lower
than the mean; @ HE TS R I R T IE A T PE £ Clones with both yield and antibacterial rate of essential oil lower than the mean; @ Kmis
KT B RS THEA TR Clones with yield of essential oil lower than the mean and antibacterial rate higher than the mean.

A,B,C,D. T AR ZE18E A5 3 SO IO KB AT B 40 SR 19 i BE 45 S Selection results based on yield of essential oil and inhibition rate of essential
oil against Escherichia coli in different seasons; A. HEZE Spring; B. B Summer; C. Fk 2 Autumn; D. A7 Winter. E,F,G,H. ZET AW SR A
TGN 4 8 €0 3 2 BR T2 410 ) ZR A G 8 45 2 Selection results based on yield of essential oil and inhibition rate of essential oil against Staphylococcus
aureus in different seasons: E. &2 Spring; F. B 2% Summer; G. #kZ% Autumn; H. 42 Winter.

1 ETHBEMHEREEINERRASEHENMNEXNEATERNFESR
Fig. 1 Screening results of Cunninghamia lanceolata ( Lamb.) Hook. clones by using population mean quadrat method based on
yield and antibacterial rate of essential oil from fresh branches and leaves
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X AN [ 25 5 A2 A A R il A5 5 5 S R AT
Rl R4 85 (5 9 %6 BR BT A 400 ) SR HEAT Pearson A1
oM AR (3R 3) R AR F ORISR 5 xR
FTERTAY I A 2 (P<0.01) TEAHSE, 5 X 42 2
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®. e A R JGPE R The screened superior clones; @: HAYTEHE R The remaining clones. $5%5 P B 40304 J7 22 TR The percentages in the
parentheses indicate the variance contribution rates. Y ; K552 Yield of essential oil; R # ## Antibacterial rate.

A,B,C,D. FETRE Z= RS T A5 2 SRS T o R AT B 30 i 22 08 49 B 2% S Analysis results based on yield of essential oil and inhibition rate of essential oil
against Escherichia coli in different seasons: A. 2% Spring; B. H 2% Summer; C. FkZ¥ Autumn; D. 42 Winter. E,F, G, H. F£ T [R50 A5 B0
TR 4 B 0070 28 BR T T 1 2R 00 40 B 4 SR Analysis results based on yield of essential oil and inhibition rate of essential oil against Staphylococcus aureus in
different seasons: E. % Spring; F. EZ% Summer; G. FKZ¥ Autumn; H. 4Z% Winter.

B2 EFHEMHEHEEMNEENEATERERS SR
Fig. 2 Principal component analysis for Cunninghamia lanceolata ( Lamb.) Hook. clones based on yield and
antibacterial rate of essential oil from fresh branches and leaves
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