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Heartwood proportion and distributions of essential oil content and
composition of Santalum album in Jianfeng mountain, Hainan

LIU Xiaojin, XU Daping, YANG Zengjiang, ZHANG Ningnan
(Research Institute of Tropical Forestry, Chinese Academy of Forestry, Guangzhou 510520, China)

Abstract; [ Objective] To investigate rules of heartwood formation and essential oil distribution of Indian
sandalwood, Santalum album, plantation in Hainan, and provide reference for development of sandal
plantation in large scale in China. [ Method ] The presence of heartwood, heartwood proportion, and the
distribution of essential oil content and composition of 21-year-old sandal plantation in Jianfeng mountain,
Hainan were surveyed by random sampling. [ Result] The heartwood had formed naturally in all sampled
sandals. The average heartwood diameter, heartwood proportion and essential oil content at 30 ¢m above
ground were 10. 14 c¢m, 38.01% and 4.36% , respectively. There was positive linear correlation be-
tween ground diameter and heartwood diameter (r =0.873) , but no clear correlation was found between
ground diameter and heartwood proportion (r=0.279). The distribution of essential oil was not signifi-
cantly different among different azimuths including east, south, west and north( P =0. 197) , but was sig-
nificantly different among different radial positions (P <0.05). The essential oil content in sapwood was
significantly lower than that in heartwood. Totally 56 constitutes were isolated from the essential oil, of

which 42 were identified. Although the number of constitutes in the essential oil extracted from heartwood
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was less than that from sapwood, the oil quality of heartwood met the 1SO standard (1S03518:2002) for

S. album oil while the oil quality of sapwood did not. [ Conclusion ] Hainan is considered as a suitable re-

gion for sandal growth given the good growth performance, high heartwood proportion and essential oil

content.

Key words: Santalum album ; heartwood proportion; essential oil content; ingredient distribution
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Tab.1 Variation of heartwood proportion of 21-year-old sandal plantation in Jianfeng mountain, Hainan
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Tab.2 Radius distribution of essential oil composition and content in sandal plantation

AR /%

! !
tatas" e bR ) Lo AFARER Do ER L

o - TR C,sH,,0 27.44 £5.39b 43.60 =4.77a 45.69 +2.63a 46.95 +3.87a
B - L CsH,,0 14.57 £2.46b 23.70 +3.37a 23.49 £2.24a 24.23 +1.30a
FRHRER CyeH,,0, 7.69 +1.97a 1.39 +1.88b 0.31 +0.66b
B o Tt CysH,,0 5.71 £1.07b 10.70 =1.88a 11.01 =1.38a 9.44 +1.71a
iR CH,, 0, 5.43 £3.08

R P = P L C,H,,08i 4.83 +5.53 2.06 +2.16 3.22+2.70 2.82+2.33
10,12 — - /\ S ik C,sH,0, 3.79 +3.66

TR CsHy O, 2.61 +1.36

% - - R CsH,,0 2.11 £0.56b 3.70 £0. 80a 3.88 £0.58a 3.40 £0.35a
B — HEN C,H,, 1.66 +2.17 1.78 £0.48 1.71 £0.65 1.61+0.85
o - FE I CH,, 1.34+1.86 1.11 £0.34 1.16 0. 60 1.07 £0.65
43I 4 -HIE -2 - CgHLO, 1.34+3.04

RN Cq Hy 1.07 +1.86

% B - WER C,sHy, 1.02+1.38 1.10 £0.29 1.10 £0.45 0.98 +0.49
IET7SkE CisHy 0.83+1.30

MR — 9P A C,H,,0 0.80 +0.34 1.34+1.52 1.06 +0.75 0.95 +0.88
EEkE” Cyy Hyg 0.47 £0.54a 0.07 +0.03b

F R C,H,,0 0.41 £0.42

iR CyHy, 0.39 +0.61

TR C,H,,0 0.37 £0.25

a - FIHE CsHy, 0.36 +0.44 0.25 +0.11 0.27 +0.16 0.24 +£0.17
R R I C,, Hy 05 0.36 +0.34

E= CyH,, 0.35+0.42

R s C,oH,c O 0.33 0. 15a 0.14 +0. 10b 0.13 £0.07b 0.13 £0.07b
o — T CisHy, 0.31 +0.38 0.14 +0.08 0.15 £0.07 0.20 +0. 16
BhE C,H, 0 0.28 +0.26

2. 5L G C,H,,0, 0.28 +0.25

2,6,11 - =H | —h¢ CsH,, 0.27 +0.28

525 C,,H,, 0, 0.27 +0.56

http://xuebao.scau.edu.cn



70 £ om of b K % OE O ¥31 6

4% 2 Tab.2 continued
I . AHXS &8/ %

HaER s Y RSN OH i

Hih C,H,0, 0.25+0.26

o — FARKE CsH,, 0.21 £0.17ab  0.28 +0.18a 0.20 0. 09ab 0.14 +0.07b

e C,sH,0 0.21 +0.24 0.14 +0.11 0.08 +0.04

AU CyoHyO 0.19 £0.07

4.7 - B Cp3Hy 0.16 0. 14

o — BRI C;sH,0 0.14 £0.07

2,6,10,15 - YRk Cy Hyy 0.12 £0.08

E—%E C, H,, 0.11 +0.10

E-t T CyHyg 0.10 £0.05

V(i) 3 CeH,,0, 0.09 £0.03

1E e Cy, Hy 0.09 +0.04

2,2,6 - =HF-1-(3- C,sH,,0 1.85+3.37

L -1,3 -T2 M) -

5-H X -7 - HEWUH

[4.1.0] pike

A R CsH,,0 0.66 +1.38

1) = kot P et a2 BRI 6 £ F X BERF(F Z5H,a=0.05);2) & P 2% H-FH1E + 47
BERATHIES , LA — AN E FHE A THLE £Z 7R 2 F (Duncan’s # £ 4 £ % ,P >0.05) ; --- k7 K&m 5],

2.5 SEHMAEMAE LB
eI A LS R R, 0 PR A 2 EHEIE T
TR ARG 21 4F A LA ) SR 25 7 A6 29 100% 5 1T
MR IR I3 A1 X ——E B2 BEIN &7 7K ( Bangalore )
[ 20 AR, VA R BUH ARG AN 86% ' 5
PRSIV f5 K 14 AL DX 55 9 47 ( Kununurra ) 14 %
FEAT (Y B ARG R AL 75% 245,16 Wy 4%
BEEAHRLIN 90.1% T T E AR 6 WA, 11 R
LEFR N 15% ~20% 0 X AR AT RE KW 723K
AR ARG E R, BRSO
B EC B LA B AR il 58 19 LB R LR 3
®3 EEEFRMERHER OHLILFIRBHIEILER
Tab.3 Comparisons of growth, heartwood proportions and

essential oil contents of sandal at different locations

s/ WAz, OME OB w(KH)/
RSB a cm #/em i/ % %
7 2 1593 10.14  38.01  4.36
EEEFEME A 20 1148 4.83 1.67
VORI S ) 14 2030 10.00 33.80 290
SR 16 1590 6.60  19.20  5.00

3 Wik5%ER

UGS U 0T A b ST b 2% A AR — o T 25
BEARSER R HTEM ARSI ) KRR
U AR, O E 1 AU il 2 i A e, T EL

http://xuebao.scau.edu.cn

M IR BT i 23R B T B BRARUE, B T R )
FIHEARRIE™ (o - [EEE B - WA WA X & B4y
KT 43% 1 18% WE A T A E T %58 %))
ST AR AU, IR A S5 4, (AT T AR
FIAE P2 TR R

R R R R R S A S RIIN v R YAl 7
AR T X R B IR g 4 SR — 2 AT B
M&EOM AR ACE PR SR ER AR E,
Ifii Shankaranarayana 25! % SR 7 K5 1 19 25 & o0
ARG b A8 S4B s, I LS R Ik
70% , iXAR AT e BTG Il A 52 U7 kA — 2 51
E Y, A WF 58 R FH ¥ 7] 1R $2 7%, Shankaranarayana
242 TSR FZRAB s AN TR) 5 RS T B 22 R B
AR T REZR B, M0 it A1) FE B — AR X 2 57 7 A
BRI, 3200 TR K g0 S /N A B 5 Y 5 W A
N BEAN RO A BRI AR R /N S 2R IR A K
X R AL AR b ) KL AL, ANl R Tectona gran-
dis'®) BAAHE Acacia melanoxylon'™' %5 | & Wk 25 Hh
AR B BRI A, O A A B, XA IESE
5RO R EE TAEHE 7 Jrm .

R AR it e O A AR R A R R 1Y)
B R E S T, TR A (A« -
RIAERE L - o - FATIERE K - B - HAREA B -
R A ) 1) 8 ) N 2 L O IR, X SR WA e 1Y)
OB S R, 1E b AR B A AR A BR AR ) RE
SEAE NP P R Z: 5 B0 TE ) A= AR



54

X/, 45 < 1 G SR A AR A U b LA R Tk 25 RS0 20 A1 71

it 1 — RN A IR AR A R A, e R
AR, 38 0o b o R A G T 2 R0 1 i fi i
FHIZHREAC T Db, X G 15 B ik — 2 IR AT
ABEUESE

S5 3Lk -

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

TAYLOR A M, GARTNER B L, MORRELL J J. Heart-
wood formation and natural durability-a review[J]. Wood
Fiber Sci, 2002, 34(4) .587-611.

MRS, ARG, B, . eIV dest: B
2% At ,2007 :99-100.

e, ik, e, & WO S b BRI ER
HHPERE I LA [T ], ZRAUMOL K222 40, 2011, 39
(2) :40-42.

JOHANNES S, PEER H. Is oxygen involved in beech
(Fagus sylvatica) red heartwood formation? [J]. Trees-
Struct Funct, 2008, 22(2) ;175-185.

KNG, RO, W%, 5. A& O R R B
W sy 225 [T]. BRbk S BT 224, 2015, 35
(3):219-224.

BRAND J E, FOX J E D, PRONK G, et al. Comparison
of oil concentration and oil quality from Santalum spicatum
and S. album plantations, 8-25 years old, with those from
spicatum natural stands [ J ]. Aust Forest,
2007, 70(4) :235-241.

SUBASINGHE U, GAMAGE M, HETTTARACHCHI D S.
Essential oil content and composition of Indian sandalwood
( Santalum album) in Sri Lanka[ J]. J Forest Res, 2013,
24(1) .127-130.

BN MG T M. dEat: Bl i,
2003.

AN, RigRe . AN G Rh AR A B LT ]
F, 1995, 18(8) :411413.

KNG, IR, %, 5. TR A A A
KANGEE R PR [T]. Aol Bb2z, 2012, 48(5) .
108-115.

JAPAE, XUSCAS, FEE % . AR SUR YA Y
SEAF ORI BOR [T ] Bl 4Ol B, 1982(2) .
48-50.

IR LR 2GR Y . LSRR A R A A
LJ]. 2y p R, 1983(5) :1-2.

Xk, A, XLeal, 5. IR E A E ALY
FBRATFELI]. TNk, 1996, 13(3/4)
72-75.

JONES C G, PLUMMER J A. Non-destructive sampling of
Indian sandalwood ( Santalum album 1. ) for oil content

and composition[ J]. J Essent Oil Res, 2007, 19(2):

mature S.

2k

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

157-164.

KOKUTSE A D, BAILLERES H, STOKES A, et al. Pro-
portion and quality of heartwood in Togolese teak ( Tectona
grandis 1. f. ) [J]. Forest Ecol Manag, 2004, 189(1/2/
3).3748.

BIERTHIER S, KOKUTSE A D, STOKES A, et al. Irreg-
ular heartwood formation in Maritime pine ( Pinus pinaster
Ait) ; Consequences for biomechanical and hydraulic tree
functioning[ J]. Ann Bot, 2001, 87(1) :19-25.

BRAND J E, NORRIS L J, DUMBRELL I C. Estimated
heartwood weights and oil concentrations within 16-year-
old Indian sandalwood ( Santalum album) trees planted
near Kununurra, Western Australia [ J ].
2012, 75(4) :225-232.

NICOLAS B, DELASALLE C, DANIEL J. Phytochemistry

Aust Forest,

of the heartwood from fragrant Santalum species: A review
[J]. Flavour Frag J, 2011, 26(1) .7-26.
SHANKARANARAYANA K H, RAVIKUMAR G, RAN-
GASWAMY C R, et al. Oil in depot-based sapwood of
sandal[ J]. My Forest, 1997, 33(3) ;581-582.

1SO. 0Oil of sandalwood ( Santalum album L. ) . ISO 3518
2002[ S/OL]. 2nd ed. Geneva, Switzwerland; Interna-
tional Organization for Standardization. 2002. [ 2013-05-
10]. https://en. wikipedia. org/wiki/Sandalwood_oil.
ARUNKUMAR A N, SRINIVASA Y B, JOSHI G, et al.
Variability in and relation between tree growth, heartwood
and oil content in sandalwood ( Santalum album L.)[]].
Curr Sci India, 2011, 100(6) :827-830.

BRAND J, KIMBER P, STREATFIELD J. Preliminary a-
nalysis of Indian sandalwood ( Santalum album L. ) oil
from a 14-year-old plantation at Kununurra, western Aus-
tralia[ J]. Sandalwood Res Newsl, 2006(21) :1-3.
HOWES M J R, SIMMONDS M S J, KITE G C. Evalua-
tion of the quality of sandalwood essential oils by gas chro-
matography—mass spectrometry [ J ]
2004, 1028(2) : 307-312.
SHANKARANARAYANA K H, RAVIKUMAR G, RAJE-
EVALOCHAN A N, et al. Content and composition of oil

J Chromatogr A,

from the central and transition zones of the sandalwood disc
[C] // RADOMILJAC A M, ANANTHAPADMANABHO
H S, WELBOURN R M, et al. Sandal and its products.
Bangalore, India: Australian Centre for International Agri-
cultural Research, 1998 .86-88.

KNAPIC S, TAVARES F, PEREIRA H. Heartwood and
sapwood variation in Acacia melanoxylon R. Br. trees in
Portugal[ J]. Forestry, 2006, 79(4) :371-380.

(RERE Foer)

http://xuebao.scau.edu.cn



