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Formation and composition of agarwood co-induced by CO, coupling with
liquid substances in Aquilaria sinensis

ZHAO Weiwei'?, ZHOU Zaizhi', LIU Gaofeng'’, ZHANG Qingqing', HUANG Guihua', PANG Shengjiang"*
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Forestry University, Nanjing 210037, China; 3 College of Agriculture and Biological Engineering, Heze College, Heze 274000,
China; 4 Tropical Forestry Experimental Center, Chinese Academy of Forestry, Pingxiang 532600, China)

Abstract: [Objective] To investigate the effect of CO, coupling with liquid substances (inorganic salts,
hormones, and fungi) on agarwood induction in Aquilaria sinensis, seek a new method for the efficient induction
of agarwood, and provide a basis for artificial induction technology promoting agarwood formation.

[ Method] The method of coupling CO, with three liquid substances (inorganic salts, hormones, and fungi)
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was used to induce agarwood formation in 13-year-old A. sinensis trees for one year. Samples were taken to
observe the changes of tissue structure and inclusions in the sections of agarwood-bearing parts of 4. sinensis
trees, and detect the differences of content and chemical composition in alcohol-soluble volatile oil. [Result]

1) Different induction treatments depleted the starch granules in the xylem of the incense tree to different
degrees. The invasive materials in the wood thin-walled cells were entering into the adjacent ducts through the
semi-ciliated pores between the ducts and thin-walled cells, and accumulated until the ducts were completely
blocked. 2) CO, and three liquid substances (inorganic salts, hormones, and fungi) induced differences in the
accumulation of oil-like substances in ray thin-walled cells, axial thin-walled cells and ducts, with only a small
amount of oil-like substances in CK-1 (Only filled with gas CO,) and no oil-like substances observed in CK-2
(Only punching, not filled with gas CO,). 3) The range of induced discoloration was greatly affected by the
induction method, the distance of induced discoloration was shorter with the farther location of the treated holes,
and the range of discoloration in the combined CO, and inorganic salt induction treatment was the largest. 4)
The content of alcohol-soluble volatile oil varied significantly among the different induction treatments, and the
more black-brown resin it contained, the higher the content. The GC-MS results showed that 74 compounds
were identified after the five induction treatments, 11 of which were common components, and the relative
contents of some alcohol-soluble volatile oil components varied greatly among treatments. [ Conclusion] By
comparing and analyzing the differences in alcohol-soluble leachate content, characteristic components, and
content of incense produced by the five induction methods, it was found that CO, coupled with inorganic salts
induced the best quality of agarwood produced by A. sinensis, the characteristic components and their contents
were higher than those of other treatments. The sediment produced by combined induction of CO, and fungi

were followed, and the quality of the sediment produced by filling CO, only was poor.

Key words: CO,; Coupling; Resin; Chemical composition; Agarwood; Induction method
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A-D: Before treatment; E-H: CK-1 treatment; I-L: T2 treatment; Arrows in cross-sections of A, D, E and I are vessel, wood rays and wood fibres; Arrows
in B and C are starch grains in wood rays; Arrows in F, J and K are oil grains and infestations in ducts; Arrows in G, H and L are infestations in wood ray cells
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Fig. 1 Changes of xylem inclusions of Aquilaria sinensis in different treatments under scanning electron microscopy
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Fig. 2 Anatomical differences of three-section planes of Aquilaria sinensis xylem in different induction treatments under

light microscopy
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Fig.3 Distance of discoloration of wood cores in woody parts of treated Aquilaria sinensis trunks in different induction

treatments
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Fig. 4 Contents of alcohol-soluble volatile oil under
different induction treatments
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R2 TRAEBTEIREEL MRS RENEE
Table 2 Chemical constituents and relative contents of agarwood extracted oils under different treatments
P (acry 7 AN #/% Relative content
No. Compound Molecular formula ~ T1 T2 T3 T4 CK-1
1 ZHEE' Benzaldehyde C,HsO 333 323 420 270 248
2 “NHEFEA' 2-Butanone, 4-phenyl- C,oH,,0 286 474 471 140 372
3 FAHE-(11)' Caryophyllene-(11) CysHyy —  — 013 121 —
4 S—HUEHE-1,3- Sk CgHyoN,O 047 074 — 032 —
5-Methoxy-1,3-dimethyl-pyrazole
5 2,5-HIHBPi-1,3,5-=#%" 2,5-Dimethylhepta-1,3,5-triene CoH,4 — 038 — 021 —
6 (-)- U (-)-Globulol Cy4Hp0 - - — 097 —
7 2-SNEAEIENR LB 2-Isopropoxyethyl propionate CgH,40, - — 178 — —
8 HE/' Alloaromadenderen CisHyy 356 4.69 252 1.86 —
9 ZKNME' Benzenepropanal CoH,,0 036 — 565 — 052
10 SALAHERR' Hydrocinnamic acid CoH,,0, — — 307 106 132
11 2,4-—fUT HIEF 2,4-Di-tert-butylphenol C,,H,,0 — 049 — — —
12 25— R K ZET CoH 005 —  — 069 195 —
Ethanone, 1-(2-hydroxy-5-methoxyphenyl)-
13 p—7/KJjT)’ Beta-phellandrene CioHye 042 — — 075 —
14 1-F -4 F IR ) -7-F W [4.1.0] Bt CioH60, 045 — 070 — —
7-Oxabicyclo[4.1.0Theptane, 1-methyl-4-(2-methyloxiranyl)-
15 % Eicosane CyoHyy 131 158 — 1.84 421
16 k-9 C1H4,0, 053 — 072 093 —
Oxatetracyclo[5.3.2.0(2,7).0(2,8)]dodecan-9-one
17 REBEIREAY Isoaromadendrene epoxide Cy5H,,0 275 — 156 120 085
18  FREEHEREE' Erythritol C4H,00, — 173 502 — 117
19 JJMMlE' Valerenol C;sH,,0 —  — 034 — 062
20 AFMHE' Costol C,sH,,0 — 047 — 152 —
21 PIFFIEEE" Agarospirol C,sH,c0 056 247 1.11 097 043
22 4%—-47(11)-_J%" Valerena-4,7(11)-diene CysHyy 177 121 — 247 147
23 HAKREE Baimuxinal C,5H,,0, 439 784 375 356 1.65
24 ¥ Z' Valerenic acid Cy5H,,0, — 181 038 153 242
25 o~ TBIARNM' a-Guaiene CsHys 134 147 056 144 0.84
26 2-FRHk-3-TNHE-1,4- 2K C5H;,05 133 — — — —
1,4-Naphthalenedione, 2-hydroxy-3-propyl-
27 13-ZA-5-H K- 1K F A H R C3H N, S 535 — — — 385
1,3-dihydro-5-(1-methylethyl)-1-(phenylmethyl)-
2H-imidazole-2-thione
28  p—KZE p-Vatirenene CisH,, — 258 139 171 —
29 2,2,8,8-PUHIE-3,6—T —Jfi—5—H C3H,50 041 142 — — —
3,6-Nonadien-5-one,2,2,8,8-tetramethyl-
30 (&M Aromandendrene CysHay 228 238 1.04 195 073
31 KM Longifolene CisHyy 146 130 1.28 245 043
32 1H-Ei-4—R1K,2,3,6,7- A~ 7T-F R 5 - 2K Cy3H,50, 097 — — — 062
1H-indene-4-carboxylic acid, 2,3,6,7-tetrahydro-7-methyl-, ethyl ester
33 p—% 2=’ Trans-B-ionone Ci3H,00 146 240 — — 070
34 HTI%" o-Selinene CisHy 1.24 327 210 086 0.32
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43 2 Continued table 2

53=3 e HFR FHXTE E/% Relative content

No. Compound Molecular formula  T1 T2 T3 T4 CK-1

35 B-ZEMs p-Vatirenene CysHy, 094 — — 179 —

36 K7 ' Longipinocarvone C,sH,,0 — 253 — — 084

37 EMHE(D)' Cycloheptane C;5H;CIN;O 060 — — — 053

38 2-ZF:NugE’ 2-Ethylacridine CysH;(CIN; .9 — — — 074

39 1-FFHIE-8-ZEM)’ 8-Naphthol, 1-(benzyloxy)- C7H,40, —  — 115 — 058

40 [H)ZK 235K S Benzonitrile, m-phenethyl- CsHy3N 187 — 158 — —

41 2-SPNEMEME -3 4- TR 3R g C,sH;yNO,S 146 013 — 037 427
2-Isopropyl-thiazolidine-3,4-dicarboxylic acid, 3-benzyl ester

42 2-"HIHE-123 .4, 4a,5,6,8a— )\ A ZE2-TN I Cy5H»0 — 14 - - —
2-Dimethyl-1,2,3,4,4a,5,6,8a-octahydronaphthalen-2-acrylaldehyde

43 3 44-=HH-3-3-HFI-1,3-T W)X [4.1.0] B k2R C;sHy0 118 — — 038 —
Bicyclo[4.1.0]heptan-2-one, 3,4,4-trimethyl-3-(3-methyl-1,3-butadienyl)-

44 1 5-ZHES-(1-HET 2H)-1,5-H % ) CysHyy 090 058 — 141 —
1,5-Cyclodecadiene, 1,5-dimethyl-8-(1-methylethylidene-, E,E)-

45 3R 2-X HORE - TR C;H;;NO 225 — —  — 145
3-Hydroxy-2-p-tolyl-2-butenenitrile

46 PR Humulene C,sH,,0 089 137 058 157 —

47 EETEHFY Methyleugenol C,H,,0, — 147 — 051 —

48 A-CHERHE ZRIE C1H,40, 178 154 — 142 253
Acetic acid, 1-phenylpropyl ester

49 4-(4-FREIREL)-2-T i’ C,H,,0, — 029 143 174 153
2-Butanone, 4-(4-methoxyphenyl)-

50 FEHE' Alloaromadendrene C,sHyy 085 1.72 037 — —

51 Bicyclo[7.2.0Jundecane, 10,10-dimethyl-2,6-bis(methylene)-, CisHyy 059 032 — 1.04 —
[1S-(1R*,95%)]-

52 JHIEEMY' Alloaromadendrene oxide-(2) C,sH,,0 087 — 056 — 169

53 fE#&Eiq' Santalol, cis, alpha- C,sH,,0 — 138 — 106 142

54 HEZS(D), & Neoclovene—(I), dihydro- CysHyg — 058 — — 154

55 N-T2:ZBE% Acetamide, N-butyl- C¢H;NO 070 — — — —

56 2-Z.J%FMENS’ Ethanone, 1-(2-thienyl)- C¢H¢OS — 032 — 082 —

57 1-T75/%' Hexadecane C¢Hx, —  — 346 — —

58 22— L E-4H- B4 C7H,,0, 441 7.04 823 502 446
2-Phenethyl-4H-chromen-4-one

59 6-HISEIE-2-K 23 —4H—JK IR -4 Cy5H,405 075 208 — — —
6-Methoxy-2-phenethyl-4H-chromen-4-one

60 2-[2-(4—FAE)H 2K A CsH,405 580 332 487 317 273
2-(2-(4-Methoxyphenethyl)) chromen

61 2-FFEHRH Adenosine, 2-methyl- C,1H;sN50, — 024 — 042 —

62 - )\IHRR Oleic Acid C3H3,0, 1.34 067 — 085 0.68

63 2-(Q2-FRIETIWEEL) R I TR R I C,H,,05 100 — — - —
2-(2-Hydroxypropionyl)phenylglyoxylic acid, methyl ester

64 3—(4—F IR FIE—4- 1 7 C,H,sNO, - — 031 — —
4-pentanedione, 3-[(4-aminophenyl)methyl]-

65 1,2,4-=7.%" Benzene, 1,2,4-triethyl- CpHig — 045 — 018 —

66 1E1/\%E* Octadecane CisHsg — — 148 042 —
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43 2 Continued table 2

53=3 e HFR FHXTE E/% Relative content
No. Compound Molecular formula  T1 T2 T3 T4 CK-1
67 3—-HI-2-(4-HEFK LK) B’ C1oH,505 — 358 —  — 579
3-Methoxyl-2-(4-methoxyphenyl)-chromone
68 6—FAIE2-(4-FEILE LI B C,H,50, 340 1225 322 249 148
6-Methoxy-2-(4-methoxyphenyl)chromone
69 6,7-HAIME-2-2—HK L) -4’ C,oH,50, 15.19 10.64 3.12 1506 —
6,7-Methoxy-2-phenethyl-4H-chromen
70 6,7- I 4-HFEERE)AH- L O CyoHy00s5 280 303 — — 128
6,7-Dimethoxy-2-(4-methoxyphenethyl)-4H-
chromen-4-one
71 2-HFE+ Ikt Nonadecane, 2-methyl- CyoHyy 057 — — — 074
72 ZEJHEA A' Gingerenone A C,;H,,05 08 — 064 031 —
73 IE 7548 Hexacosane CyHsy — — 057 — 172
74 6,7 HEIE-2-Q K E) B C5;HysNOs 445 741 463 584 109
6,7-Dimethoxy-2-(2-phenethyl)chromone
EEA K (ERSES 28.21 3427 41.92 3223 2435
Main active ingredients Sesquiterpenoids
VRS 36.81 49.35 24.59 35.61 29.76
Chromones
7R 11.81 935 598 7.14 824
Aromatic
MM bee2e  6.08 536 14.17 9.88 10.43
Fatty
acids/alkanes
41t Total 82.91 98.33 86.66 84.86 72.78

D) L AFKFATHRERN, P, LEEEEDR, 2 MW BRIBEED R, 3: FEEMR, 4 CREYR; “—7 KT AME0H

Z R

1)Upper corner numbers indicate substance groups, where 1: Sesquiterpenes, 2: Chromones, 3: Aromatic substances, 4: Fatty

acids/alkanes; “—” indicates that the substance was not detected

EEZMYHN59.25%. 78.26% 60.95%-
54.82% 1 46.42%. 5 i T 07 KT PIFE KA RS
W, PR B 11 B, AR RIS FR
FE o BRI B KA. DUFIBEE. K
i, "REETOBE: (Ul 2K 2—(2-2K & &) (i .
2-[2—(4-HE L) K LK ) i, 6, 7- — FH A I
—2—-(2—FF 2. 3) BEAA 6—F I 2-(4-H A FEE
) Bl o oA, 7 PR T R R
o~ AW B REM . KA DU IREE . 2R F .
% 35 TR R A 6 2 B 2 RN o S g S A B
i 5 RAH 6 & ) 52.74%- 56.08%- 35.47%-
46.96% F1 40.71%.

3 it

YU 7 WA 52 2 0 00 5 453 45 i S A 4
75 0 S o, e S 2 e SR AR s DR R A

(7= A B R, RR N L U7 VR I8 AR A
W AT TR, U5 A0 B G IR R AR AR 2k
AN G R 38 A 0 B AR vk i SR AR R B
%, W SR o B A 2 T A — TR 4 i 1) £
FLBEAA SR B NI R B B R IE, IR HEREE R
LGB IR, IR S AW T as R 2,
AR AR — e FE bR T YT AR
MRMIEE, HEUE RS AE W& B
IR 5, RINARFE & A BB OY UKL, 15
I R

VI & & 2R, AR5 2900
B AAAEZE 5, (B R A s AN i
RN o X ABE TP U0 A R R I A B
CO, S H K. TCHLRBRE T T Fr™ TUAAE i A
BRI AR 1 2 B B s 3K 5 AR A, Ma S
WEFTAE R — 2 (H O E R X 2 & B A,



1

BB 55 COy SRR & XU T 87> R 5 69

X ] A 5 AL B AR B A B IR [R) 1) 22 S 51 RS 1) o
AN, BRI 7 2t Nist F1 Wiley J5 i 2 404 11
2—(2- 2K LK) A A 1 5T v S AR A B
1M H AT SRIE R 2-Q2-FK 45) iR &Y 2 ik
JUtFf, BRLG, X T PRAN UUA i 2-(2-2K &
By iR E RSN E, M,
CO, HWMEBE T T H 7 UUE R i A% mi 2 A
XH AR, X5 RBEREN, 2 A AR
gk —8, HEBFEF R LMENEEs T -
DUEAE 57 3 &%, L3k Ui B H IR SRR 2 65
K AL R AT AT R AR R AL 2
7SR, AR TG R 77
T P2 LA A 43 Hh TR SIS RH 35 21 il S AH 6 o =
BRI, NS EEN A0 & ERITE
%, XA RE 5 TN CO, X YT WA IS fl = 4 3
155 LK CO, B & IR kil 254 ot i) A At 5
B A . BeAh, AR5 S A H T 45 DU R
MBS 55 R IR UTE AL 45 1 1 43 =5 22 1A i
FPTA VR, LA K 5 00 i o AF G 1R A 2 i AR AIE
PERLY AREEE FEM. K E% . MR Ete,
Hashim 2627 #ff 50, 38 X5 Ui sy o o — 28
RRAEPE 2 2—(2—K 2,38 (il ik B9 & =ik AT
DU e VPN, R EOR, DIE GBI RS W
R 2 IEAH G . AW 7B GS-MS H AR 4341 i 2%
RRE M 4 2—(2— 2K 2, 3%) (i Al 2—[2—(4—H 4
) R OEE ] AN B &, S5 R EOR, 5 MR
PR R SRR A & e 2 A B 7.19%~13.1%,
3 T AR A 0 U SRR R A
B TR 2T, LK e B 2 B R
AIEJ8 53 R B 43 B B AR A VRN DUA S5 RN DT i
BINEESERHRD, AW @D EEBRA RS ST
X ITE RO (IR, a-BEIAM. &
P K DURIERE . R S, SRR R
i, K CO, 5THLEI G 3 H = Ul & 5 s 28
FRAE 1 o 1 S & B i, N 23.43%, HIRKN
CO, 5HEBAE FH = UIE (16.22%), 1554
CO, AHEFr =i & B/ (10.28%), 715
BT P= i & dh B E A, B CO, 5N B & i S 5
BAEMNH.

gx bRk, A5 AA RS S 07 N =il & A
BF TN o 3k BT P DA O AR AL BV 1R 45 K
AR VLR R A A E i R B, R A
(LY/T 2904—2017 JT& M BIAHRER, Hifs ST
FEULE R R S EHE S T (REZ
HOFRAE. HA CO, 5N M EH T LUTERAE

PE RS RN 2 v T A AR B, S R
UL 17.11%, F S U0E SR s kol
CO, 5 H WA 15 TR P= U0, BV VR R i =
305 16.00%; {VIETE CO, Bl & 2, WEva it
PR o & 0N 11.12%.

SE

(11 E%, £5%6, R, & 2 F QRS F = Ui AR
2H ZURE 3 Ak 22 1 B[], MRk L2, 2019, 55(7):
146-154.

2] A NRIEAIEZ 3035 G o, Hh [E 25 8 [M]. b5t o
BE 25 BH I RRAL, 2015: 172.

[3] ELISAM F, IBRAHIM H, MAHAMOD W R W. A re-
view on the malaysian Aquilaria species in karas planta-
tion and agarwood production[J]. International Journal of
Academic Research in Business and Social Sciences,
2017, 7(4): 1021-1029.

[4] WANGSL,TASIY C, FU S L, et al. 2-(2-Phenylethyl)-
4H-chromen-4-one derivatives from the resinous wood of
Aquilaria sinensis with anti-inflammatory effects in LPS-
induced macrophages[J]. Molecules, 2018, 23(2): 289.
doi: 10.3390/molecules23020289.

[51 NAZIZP S, DAS R, SEN S. The scent of stress: Evid-
ence from the unique fragrance of agarwood[J]. Frontiers
in Plant Science, 2019, 10: 840. doi: 10.3389/fpls.2019.
00840.

[6] LIUIJ, ZHANG X, YANG J, et al. Agarwood wound loc-
ations provide insight into the association between fungal
diversity and volatile compounds in Aquilaria sinensis[J].
Royal Society Open Science, 2019, 6(7): 190211. doi:
10.1098/rs0s.190211.

[77 LI W, CHEN H Q, WANG H, et al. Natural products in
agarwood and Aquilaria plants: Chemistry, biological
activities and biosynthesis[J]. Natural Product Reports,
2021, 38(3): 528-565.

[8] XU/ MEERG ML B 320 RN TAR RGO AT
BB FLD]. Abat: H E MO AR AT TR, 2012

[91 KAMPE A, MAGEL E. New insights into heartwood and
heartwood formation[M]/MOHAMED R. Cellular as-
pects of wood formation. Berlin, Heidelberg: Springer,
2013: 71-95.

[10] 245, 188, P, M AR BN AR B2 Ood T8 UL 22 R 4
FUERE[T]. JbRMOL R4, 2018, 40(1): 120-129.

[11] NILSSON M, WIKMAN S, EKLUND L. Induction of
discolored wood in Scots pine (Pinus sylvestris)[J]. Tree
Physiology, 2002, 22(5): 331-338.

[12] CHOWDHURY M, HUSSAIN M D, CHUNG S O, et al.
Agarwood manufacturing: A multidisciplinary opportun-
ity for economy of Bangladesh: A review[J]. Agricultur-
al Engineering International: CIGR Journal, 2016, 18(3):
171-178.

[13] WEFTEL. EIRA YR TS 3 4 B R 2 A o)


http://dx.doi.org/10.3390/molecules23020289
http://dx.doi.org/10.3389/fpls.2019.00840
http://dx.doi.org/10.3389/fpls.2019.00840
http://dx.doi.org/10.1098/rsos.190211
http://dx.doi.org/10.1039/D0NP00042F
http://dx.doi.org/10.1093/treephys/22.5.331
http://dx.doi.org/10.1093/treephys/22.5.331

70

Hepg AL K224 (https:/journal.scau.edu.cn/)

45 %

[14]

[15]

[16]

(17]

[18

=

[19

—

(20]

[21]

(IR FE[D]. W /R ARAbMRlk K2, 2019.
SUBASINGHE S M C U P, HITITHAMU H I D,
FERNANDO K M E P. Use of two fungal species to in-
duce agarwood resin formation in Gyrinops walla[J].
Journal of Forestry Research, 2019, 30(2): 721-726.
FAIZAL A, AZAR A W P, TURJAMAN M, et al.
Fusarium solani induces the formation of agarwood in
Gyrinops versteegii (Gilg. ) Domke branches[J]. Symbi-
osis, 2020, 81(1): 15-23.

RIEER, SHEE, FFOVE, 5. O, MERESAREKSE
753 LUUEPUTRE T ST [I]. BT AL, 2019, 39(4):
505-513.

RIBEER, TIUTE, 906, 55, THLEE SRR A X LUTHF
S5 2 T]. MolRLE, 2020, 56(8): 121-130.

o [ bl A} 2 B S e 24 ARl BIE S BT, — ORI Y o
AR SRS A 0 LR CN202110159934.
X[P]. 2022-04-01.

BN, IR, AW, . — MO AR B A 5T A
WL R DIR[0, I AR, 2015, 35(6): 25-28.
LI Y H, ZOU X B, SHEN T T, et al. Determination of
geographical origin and anthocyanin content of black goji
berry (Lycium ruthenicum Murr. ) using near-infrared
spectroscopy and chemometrics[J].
Methods, 2017, 10(4): 1034-1044.
LIU Y X, QIAO M J, FU Y L, et al. Tissue structure

changes of Aquilaria sinensis xylem after fungus induc-

Food Analytical

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

tion[J]. Forests, 2022, 13(1): 43. doi: 10.3390/£13010043.
B, X SETH, ARAT IR, 55, WL A Y GC-
MS Zr T[], B VEP 7R, 2016, 37(2): 411-417.

MA S, FUY L, L1 Y J, et al. The formation and quality
evaluation of agarwood induced by the fungi in Aquilaria
sinensis[J]. Industrial Crops and Products, 2021, 173:
114129. doi:10.1016/j.indcrop.2021.114129.

FEZIAL. AARE WA R B B R 7
[D]. R AL B AL A, 2013

TV, EAUE, 67, & RATIR s 3 R Bo AR &
P 50T A A DY S BT L[] Al R AR,
2018, 39(9): 1834-1840.

iR ¥, i SCHT, 38304k, 4. 3 M 7= U & 9 GC-
MS F3HT[J]. B4R, 2015, 36(8): 1498-1504.
HASHIM Y Z H Y, KERR P G, ABBAS P, et al.
Agquilaria spp. (agarwood) as source of health beneficial
compounds: A review of traditional use, phytochemistry
and pharmacologyl[J].
2016, 189: 331-360.
TR, kOCHE, AR, . DR 0TIk RURFE P AL,
S RHE FUik FE (0], T MO 7T, 2017, 30(5): 56-61.
EEAMIRHEA AR Z 2. JUE: GB/T 2904—2017
[S]. Ab3: o E bR e AL, 2018.

Journal of Ethnopharmacology,

[SRE%RE

Fitt]


http://dx.doi.org/10.1007/s11676-018-0654-1
http://dx.doi.org/10.1007/s13199-020-00677-w
http://dx.doi.org/10.1007/s13199-020-00677-w
http://dx.doi.org/10.1007/s12161-016-0666-4
http://dx.doi.org/10.1007/s12161-016-0666-4
http://dx.doi.org/10.3390/f13010043
http://dx.doi.org/10.1016/j.jep.2016.06.055

	1 材料与方法
	1.1 试验材料
	1.2 试验设计
	1.3 处理方法
	1.4 指标测定
	1.4.1 木质部组织结构内含物观察
	1.4.2 木质部油脂类物质观察
	1.4.3 木质部变色范围测定
	1.4.4 醇溶性挥发油含量及成分测定

	1.5 数据分析

	2 结果与分析
	2.1 木质部组织结构内含物变化
	2.2 木质部油脂类物质分布
	2.3 树干木质部木芯变色距离
	2.4 醇溶性挥发油含量及化学成分分析

	3 讨论与结论
	参考文献

