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Abstract; Taking one-year-old cutting seedlings of No. 195 clone of Cinnamomum camphora var.
linaloolifera Fujita as research objects, leaf and branch fresh masses and their ratio, essential oil content,
and essential oil yield of C. camphora var. linaloolifera were compared under combination treatments with
different application amounts (applying 2x10”, 3x10°, 4x10°, 5x10°, and 6x10° CFU microbial agents
in 5.5 kg potting soil, respectively) of Azotobacter chroococum Beijerinck, Bacillus magaterium de Bary,
B. mucilaginosus Krassilnikov, and B. subtilis Cohn by quadratic regression orthogonal rotational
combination design with four factors ( 1/2 implementation ), regression equation fitting analysis and
significance test were performed by taking application amount of four microbial agents as independent
variable (X) and essential oil yield as dependent variable (Y), and the single factor effect analysis on
microbial agents affecting essential oil yield of C. camphora var. linaloolifera was performed. The results
show that compared with the control group (without applying microbial agents) , essential oil content in
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branch of most treatment groups increases, other five indexes of twenty-three treatment groups all
increase, and above indexes of most treatment groups increase significantly. The obtained regression
equation is ¥=0.686+0.064X,-0.116X,+0.200X,-0.122X,+0.002X,*+0.036X,”+0.106X,*-0.032X,* +
0.024X,X,+ 0.116X,X,-0.086X, X, , its significance test P value is 0.001 8. The result of single factor
effect analysis shows that there are positive correlations of essential oil yield of C. camphora var.
linaloolifera with application amount of A. chroococum (X,) and that of B. mucilaginosus (X,), and
negative correlations with application amount of B. magaterium (X,) and that of B. subtilis (X,). Among
test treatment groups, the essential oil yield of T3 group (the application amounts of A. chroococum, B.
magaterium , B. mucilaginosus, and B. subtilis in 5.5 kg potting soil are 5x10°, 3x10”, 5x10”, and
3x10” CFU, respectively) is the highest (1.56 g) , which is the closest to the highest yield (1.72 g) of
essential oil calculated by above regression equation. It is suggested that microbial agents can effectively
promote growth and essential oil accumulation of C. camphora var. linaloolifera.

Key words: Cinnamomum camphora var. linaloolifera Fujita; microbial agent; fresh mass; essential oil;
quadratic regression orthogonal rotational combination design with four factors ( 1/2 implementation )
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Table 1 Quadratic regression orthogonal rotational combination design with four factors (1/2 implementation) of microbial agents

TE 5.5 kg A% - A/ CFUY

£ 5.5 ke FAk £ it B/ CRUD

QbR AbFRR
Treatment Application amount in 5.5 kg potting soil"’ Treatment Application amount in 5.5 kg potting soil"
group X, X, X, X, group X, X, X, X,

CK 0 0 0 0 T12 4x10° 6x10° 4x10° 4x10°
Tl 5x10° 5x10° 5x10° 5%10° T13 4x10° 4x10° 2x10° 4x10°
T2 5%10° 5%10° 3x10° 3x10° T14 4x10° 4x10° 6x10° 4x10°
T3 5x10° 3x10° 5%10° 3x10° T15 4x10° 4x10° 4x10° 2x10°
T4 5x10° 3x10° 3x10° 5%10° T16 4x10° 4x10° 4x10° 6x10°
T5 3x10° 5x10° 5x10° 3x10° T17 4x10° 4x10° 4x10° 4x10°
T6 3x10° 5x10° 3x10° 5%10° T18 4x10° 4x10° 4x10° 4x10°
T7 3x10° 3x10° 5%10° 5%10° T19 4x10° 4x10° 4x10° 4x10°
T8 3x10° 3x10° 3x10° 3x10° T20 4x10° 4x10° 4x10° 4x10°
T9 2x10° 4x10° 4x10° 4x10° T21 4x10° 4x10° 4x10° 4x10°
T10 6x10° 4x10° 4x10° 4x10° T22 4x10° 4x10° 4x10° 4x10°
T11 4x10° 2x10° 4x10° 4x10° T23 4x10° 4x10° 4x10° 4x10°

l>Xl . ¥ERIE A Azotobacter chroococum Beijerinck; X, : F R ZF#FT # Bacillus magaterium de Bary; X;: A AT B. mucilaginosus

Krassilnikov; X, : A ZEHIAT R B. subtilis Cohn.
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AT E T 10.66% ~230.98% ; M-af Jifi 5k fof Joi 2 17
FCAE A 1.96~3.04, % CK ZHTHE T 3.16% ~60.00%
Bk T6 2H (48 EKE AU B R ZEFAT B S R F 2 F AT
BRI BE ZE AT B 7E 5.5 ke 230k - ob 4 i FH 43 )
7 3x10° .5%x10° 3x10°F1 5x10° CFU) F1 T9 21 ( #&¥k
[ AU B R ZFFELAT B L R VR R 23 AT T R 5 2 46
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4x10° 4x10°H1 4x10° CFU) &b, Hidx 21 A4k B4 1
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5.5 kg @Ak At &4 51 5%10° 5%10% 3% 10°
F13x10° CFU) \T3 4 (#EBRFE A E B K F A H .
JEE VRASE 2 FRLAT R R RE ZE FUAT TR TE 5.5 kg Ak T
By R 435 R 5% 10° 3% 10° 5% 10°F13%x10° CFU) |
T4 4 T5 4 . T6 2H . T7 2H (#53K [ AU | B R flfF
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JORF B FVRS B 2EFAT TR TE 5.5 kg 2k 1 v Bt P
I3k 6x10° 4x10° 4x10°F1 4x10° CFU) \T13 4,
T14 2 (#BIKIE A B REFAA A R R ZE A
FVRG L ZERIATBRILE 5.5 ke FaAk 4w A8t FH 2 400 A
4x10° 4x10° 6x10°F1 4x10° CFU) . T16 ZH A1 T23 4H
(W BK AR R B R ZE AT I | SR A 28 F AT o A A
FIEMFF B TE 5.5 ke #h A% £ A 2 50 ok

®2 AEHEVEFNAELEXFSETMBENERERE LA (XLSE) Y

Table 2 Effects of different combination treatments of microbial agents on leaf and branch fresh masses and their ratio of Ci mc

var. linaloolifera Fujita (X+SE)")

pisLiEEl 1E 5.5 kg Ak L TG R/ CFUY

Application amount in 5.5 kg potting soil®’

- i B Ak 5 A B B Ak Y L

W B/ g B i/

Treatment Leaf fresh mass Branch fresh mass Ratio of 1eaf fresh mass to
group X, X, X, X, branch fresh mass
CK 0 0 0 0 16.64+1.661 8.07+1.031 1.90+0.03i

Tl 5%10° 5x10° 5x10° 5%10° 36.18+3.76cdefg 13.65+0.47fghij 2.65+0.19bc
T2 5%10° 5%x10° 3%x10° 3x10° 41.97+3.58hc 17.07+0.38defg 2.4620.11cd
T3 5%10° 3x10° 5x10° 3x10° 62.50+3.29a 26.71+2.05a 2.3420.02def
T4 5x10° 3x10° 3x10° 5x10° 28.46+1.79fghijk 9.35+1.09kl 3.04+0.04a
T5 3x10° 5x10° 5x10° 3x10° 25.25+2.69ijk 11.27+0.59ijkl 2.24+0.04defgh
T6 3x10° 5x10° 3x10° 5%10° 23.02+1.14kl 8.93+1.03kl 2.58+0.10be
T7 3x10° 3x10° 5%10° 5x10° 37.31+1.33cdef 15.26+0.54defgh 2.44+0.08cde
T8 3x10° 3x10° 3x10° 3x10° 48.92+2.14h 22.77+1.31b 2.15+0.03fghi
T9 2x10° 4x10° 4x10° 4x10° 24.44+2.17jkl 12.23+0.87hijk 2.00+0.03hi
T10 6x10° 4x10° 4x10° 4x10° 40.75+1.99¢d 18.22+1.89de 2.24+0.09defgh
T11 4x10° 2x10° 4x10° 4x10° 34.01+1.61cdefghi 17.31+0.87def 1.96+0.07i
T12 4x10° 6x10° 4x10° 4x10° 27.85+1.61ghijk 13.24+0.99ghij 2.10+0.07fghi
T13 4x10° 4x10° 2x10° 4x10° 27.65+3.86hijk 10.50+1.01jkl 2.63+0.04bc
T14 4x10° 4x10° 6x10° 4x10° 60.18+3.83a 21.84+1.61bc 2.76+0.04b
T15 4x10° 4x10° 4x10° 2x10° 29.20+3.97fghijk 13.84:+0.97fghij 2.11£0.09fghi
T16 4x10° 4x10° 4x10° 6x10° 25.02+4.19ijk 10.94+1.01ijkl 2.29+0.10defg
T17 4x10° 4x10° 4x10° 4x10° 38.65+3.58cde 17.85+1.30de 2.16+0.05ghi
T18 4x10° 4x10° 4x10° 4x10° 32.32:+1.43defghij 15.16+1.32defgh 2.13£0.11fghi
T19 4x10° 4x10° 4x10° 4x10° 30.86=0.96efghijk 14.65=+ 1.64efghi 2.10+0.03fghi
T20 4x10° 4x10° 4x10° 4x10° 28.05+3.30ghijk 12.70+0.76hijk 2.21+0.05efghi
T21 4x10° 4x10° 4x10° 4x10° 39.46+2.18cde 18.63+0.82cd 2.12+0.02fghi
22 4x10° 4x10° 4x10° 4x10° 29.69+2.31fghijk 13.83+1.38fghij 2.15+0.02fghi
T23 4x10° 4x10° 4x10° 4x10° 36.85+1.62cdefg 15.22+1.18defgh 2.42+0.09cde

b &%) HURTEING PR RN 225 B 3 ( P<0.05) Different lowercases in the same column indicate the significant ( P<0.05) difference.
DX, . BERE R TE Azotobacter chroococum Beijerinck; X,: FH K ZEFIT T Bacillus magaterium de Bary; X, . BHFEZEMAFTE B. mucilaginosus
Krassilnikov; X : R ELZE AT B. subtilis Cohn.
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B LR ZE AT TR I R 2 6T TR A 8 2 AR AT TR
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FFBA B AAE 2T DA RIRG 5 2R F0 T B AE 5.5 kg AR
it & 43 R 3% 10° . 3%x10° 5% 10° F 5% 10°

CFU) 1 T9 ZH (#3Kk [fA(A | EORZFHAT A R 2
FORT TR FIRG S 2E T T 7E 5.5 kg 7% 1 v it A
4351k 2x10° 4x10° 4x10° Fl 4x10° CFU) 4, Hix
19 AEFRZ BRI & WA R R E T & AR
Ab FREH (RS S N 1.63% ~2.37% , 3 CK HTHi
T1.24% ~ 47.20% ; K5 7~ 54 0.44 ~ 1.56 g, CK
HIE T 51.72% ~ 437.93% . & T10 2H (# 5K & %A
W LR AT TR | S R 2 FELAT 181 FA, 2 2R AT T
FES.S kg 74k i FH 43 51 6x10° 4% 107
4x10°F1 4x10° CFU) &b, HAx 22 > b 34 1) i A i
SR ERST CK 41; Bk T2 41.T4 41,77 4. 719
2\ T10 070 T13 4 (W ERE A B K ZF A R
PRFE ZEFURT ORI B ZE ST IR AE 5.5 ke 2R PR
Jiti JH 43 R 4% 10° 4x10° 2x10°F1 4x10° CFU) 4,
HoAx 17 A AR A RO T & 3 B3 & T CK 415
R T6 2H (Hg Bk B A | B R EF AT R 2 AT
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Table 3 Effects of different combination treatments of microbial agents on essential oil content in leaf and branch and essential oil yield of

Cinnamomum camphora var. linaloolifera Fujita (X+SE)")

Ik 1E5.5 kg AL LRSI/ CFUY R 7 T/ % Hok At % Kl /g

Treatment Application amount in 5.5 kg potting soil” Essential oil Essential oil Essential oil
group X, X, X, X, content in leaf content in branch yield
CK 0 0 0 0 1.61+0.01j 0.26+0.01ij 0.29+0.03k
T1 5%10° 5x10° 5x10° 5x10° 2.01+0.01de 0.47+0.01¢ 0.79+0.08cde
T2 5%10° 5%10° 3x10° 3%10° 1.72+0.01gh 0.210.02j 0.76+0.06def
T3 5%10° 3x10° 5x10° 3x10° 2.26+0.03a 0.57+0.02b 1.56+0.07a
T4 5%10° 3x10° 3%x10° 5%10° 1.70+0.01hi 0.24+0.02j 0.5120.03hij
T5 3x10° 5%10° 5%10° 3%x10° 2.37+0.03a 0.74+0.05a 0.68+0.06defgh
T6 3x10° 5x10° 3x10° 5x10° 1.72+0.02gh 0.44+0.01cd 0.44+0.03jk
T7 3x10° 3%x10° 5%10° 5%10° 2.25+0.05b 0.22+0.01j 0.87+0.01cd
T8 3x10° 3x10° 3x10° 3x10° 1.69+0.02hi 0.59+0.02b 0.96+0.04¢
T9 2x10° 4x10° 4x10° 4x10° 2.36+0.04a 0.23+0.01j 0.60+0.05efghij
T10 6x10° 4x10° 4x10° 4x10° 1.63+0.01hij 0.31+0.02ghi 0.72£0.04defg
Ti1 4x10° 2x10° 4x10° 4x10° 2.31£0.05ab 0.43+0.01cd 0.86+0.03cd
T12 4x10° 6x10° 4x10° 4x10° 2.09+0.01cd 0.55+0.02b 0.66+0.03efghi
T13 4x10° 4x10° 2x10° 4x10° 1.72+0.02gh 0.300.03ghi 0.51+0.08hij
T14 4x10° 4x10° 6x10° 4x10° 2.15+0.06¢ 0.47+0.03c¢ 1.33+0.14b
T15 4x10° 4x10° 4x10° 2x10° 2.09+0.03cd 0.34+0.02fgh 0.66+0.09¢fghi
T16 4x10° 4x10° 4x10° 6x10° 1.72+0.01gh 0.36+0.03efg 0.47+0.08j
T17 4x10° 4x10° 4x10° 4x10° 2.04£0.01d 0.36+0.02efg 0.85£0.07cd
T18 4x10° 4x10° 4x10° 4x10° 1.83+0.01f 0.41£0.01cde 0.65+0.03efghi
T19 4x10° 4x10° 4x10° 4x10° 1.83+0.03f 0.40+0.02def 0.62+0.02efghij
20 4x10° 4x10° 4x10° 4x10° 1.83+0.03f 0.41+0.01cde 0.56+0.06ghij
T21 4x10° 4x10° 4x10° 4x10° 1.81£0.01fg 0.39+0.02def 0.79+0.06cdef
T22 4x10° 4x10° 4x10° 4x10° 1.83+0.02f 0.38+0.02def 0.59+0.05fghij
T23 4x10° 4x10° 4x10° 4x10° 1.95+0.03e 0.43+0.01cd 0.78+0.02cdef

D F3) R [EINE TR R 22 57 35 (P<0.05) Different lowercases in the same column indicate the significant (P<0.05) difference.
DX, . IR AT Azotobacter chroococum Beijerinck; X,: F K ZEFATH Bacillus magaterium de Bary; X;: BHFEZERATHE B. mucilaginosus
Krassilnikov; X, : Fh5 ZEFRFFEA B. subtilis Cohn.
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Table 4 Significance test of regression equation of essential oil yield of Cin.

microbial agents

X)) #EAT B 5 FEALG 53, 2R 45 09 813 5 72
Y=0.686 + 0. 064X, — 0. 116X, + 0. 200X, - 0. 122X, +
0.002X,%+0.036X,2+0.106X,%~0.032X,% +0.024X, X, +
0.116X,X,-0.086X X, .

IR EE R A IS R LR 4, &4
ATLIEH 7 « {8 0.05 KF F, F{EHN 6.748 8,
P {E>40.001 8, i BT 4 A A= 1 v ) i it i 5
by lige e E SN HIEPSEN

m ¢ h

iphora var. linaloolifera Fujita with application amount of

AR AR I A ¥iJ5 FAH P1H
Source of variation" Sum of square Degree of freedom Mean square F value P value
— KN Primary effect
X, 0.040 5 1 0.040 5 2.184 6 0.167 5
X, 0.133 5 1 0.133 5 7.204 0 0.021 3
X, 0.396 0 1 0.396 0 21.370 7 0.000 7
X, 0.148 4 1 0.148 4 8.011 4 0.016 4
ZIREN Secondary effect
X2 0.000 1 1 0.000 1 0.002 4 0.961 6
X,? 0.014 6 1 0.014 6 0.788 6 0.393 5
X,? 0.130 5 1 0.130 5 7.043 3 0.022 4
X,? 0.011 5 1 0.0115 0.623 4 0.446 5
HAERUY Interaction effect
X, X, 0.003 3 1 0.003 3 0.177 1 0.682 0
X1 X5 0.078 6 1 0.078 6 4.243 7 0.063 9
X, X, 0.043 3 1 0.043 3 2.336 0 0.154 6
[A1J9 Regression 1.375 5 11 0.1250 6.748 8 0.001 8
Tl 4% Surplus 0.203 8 11 0.018 5
ST Total 1.579 3 22

l))(] . WERE A H Azotobacter chroococum Beijerinck; X,: B KEZFHFF B Bacillus magaterium de Bary; Xj: W VR R ZF AT I B. mucilaginosus

Krassilnikov; X, : R FZE AT B. subtilis Cohn.

3R 4 0P LVE N BRI A R 2R 1
FFT G A B 2 AR R it P X607 ARG il ™ 2 5% 1 7
— KRBV Y P AE S8 0.021 3.0.000 7 F10.016 4,
VR B R ZE T TR VR A 25 FRLAT T A B 2E AT
Jit FH £ X 5 R Y 7 52 W) 19— YR 4 i) 3k B I
H W ORI 5 2 K Y- 5 T R R I R i e X S
R 7= S R ) — YN Y P B 0.167 5, Ui B4
BRI 220 GRT it FH 2 0T 5 ARG Y 7 S 5 ) 118 — R AR A
KRB EIKF . BRI AR B R EF AT R A
ZEFOLRT TR IR 5 2 60 AT R it P £ X605 R il ™ i 5
M () — R BN P B3 53120 0.961 6.0.393 5.0.022 4

#10.446 5, Uh I H A IR A 28 A T B £ X0 D5 A
T 77 H 5 M 114 RSSO K 3] J 257K F , LAy 3 Rl
A R it P 2 0T D5 ARG i 7 5 e ) IR AL
KRIBFN A 4 Pl 2 B w500 it P St %) 5 1A
TH IS A BAE ROV Y P E KT 0.05, 1 B it
T 4 A= 0y R R X D RER it 7 5 el 1 B AR B
b ST S O

HRAIE b3 [ 05 5 2 , 5 ARG Tl 04 o s 7 i AT A
1.72 g, 5 22 %0 f ()46 3ok i1 R0 BT L I R 2 F0 AT TR S 1
FEZF AT BRI, R 28 AT R 7R 5.5 kg R b 97t
FHE R 2x10° 2x10° .6x10° 11 2x10° CFU,
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®— . 18R [E R E Azotobacter chroococum Beijerinck (X, ) ; —#—: B K
ZEHFT B Bacillus magaterium de Bary (X,) ; —&—.: BCURFEZEFIFT B
B. mucilaginosus Krassilnikov (X3 ); —&—; ¥ 2EfFF B B. subtilis
Cohn (X,).
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Fig. 1  Single factor effect analysis on microbial agents affecting
essential oil yield of C. camphora var. linaloolifera Fujita
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