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Abstract: The petal volatile components and their contents among five varieties of Rosa rugosa
Thunb. were assayed qualitatively and quantitatively by using Head Solid-phase Micro-extraction (HS -
SPME) and Gas Chromatography-Mass Spectrometry (GC - MS) . The compositions and relative contents
were analyzed. Forty-nine volatile compounds were detected, including alcohols, esters, aldehydes,
terpenes, phenols, ketones, alkanes, acids and ethers. The main volatile components including phenylethyl
alcohol, citronellol, nerol, geraniol and their acetate esters were contributed to the first and second
principal components in the principal component analysis. The releasing amounts (RA) of the major
aromatic components were significantly different among the varieties. There were significantly higher RA
of citronellol, citronellal, and citronellol acetate in R. rugosa ‘Fenghua’ than the other 4 varieties.

Moreover, the higher RA of geraniol, geranial, nerol, neral, cis-f-ocimene and S-pinene were observed
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in the R. rugosa f. alba and R. rugosa f. plena than the other varieties. Five Rosa rugosa were clustered
into two groups by clustering analysis. Among the first group, there were R. rugosa ‘Zizhi’ and R. rugosa
from Japan, while R. rugosa f. alba, R. rugosa f. plena and R. rugosa ‘Fenghua’ were clustered in the
second group.

Keywords: Rosa rugosa; volatile components; gas chromatography-mass spectrometry; principal

component analysis; cluster analysis

EER, EEFHEBIE (Rosa rugosa Thunb.) FIKH RGP K S L5 (R, damascene
Mill.), CLEuE vz N T Bk 2557 IR, SO R & R & RMEY) (Ueyama et
al., 1990; Agarwal etal., 2005),

AT FRRY, RIEBERESMIER Ry ZEEREREE. B, BER. mim2s. M. Bk,
Bk, BRI . B, KO3 (R damascena) BEITHATE 23 KAL) dh 2 2 BEAR A&
HAIE 40% LA b, AN SPIE . A IE . B AERE S LRSS A 75 8 559 7 (Picone et al., 2004;
IR &%, 2014; ZEFE &, 2016). B (R rugosa) TNLAEZE., KLEHANEERL, &
WRE, BEAEREIR ., HECAHARERZS . WESRMMEIE RS GO E 55, 2009; BRZCH: 4, 2011; A
25, 20120 {HIE, ANFEFEHUECER (R. rugosa) FIE R VE R HAFAE — B I 25 5%« 1507 [/ %5 (2009)
i, RE 4 NAFHX T AR BCRACI, AR MRy KO SRR R, kA RILHE
F AR HoAt 3 AN HBIX A I H T SE 2 ER R . Ae 25 R B IR AR SR 1At 15 25 s mi FL 4% R
By, BIANECER SR JEE MR BRSO TR ORI, HRE S A TEAE I i &
BIFHES R QUALE 4, 2008). EFEE (2012) #RiE, 76 LRSS AE SR 3L
BRACHE b F B AR AERE & BAE 5 H AR i sl )5 B BRI, B4k, M« & (2015 #iE, 7™ H
W H D I BCREEAEES |« RS HATE I DL T IRAE = I HE R ) R B AR R A B B 22 57 . TR,
BURAE R M 5 I A6 RSB TR 3 B B B R R R B I B & P A SO B 55 TR R I 25 B 5T

HEBIEM R RIEFEE, S KIPAREAN TIEBE R 7288 BAR A, FHZ M,
I AF B B RS AR A PR IR R AR DR B0 T B = R e A R . (2 H RTAH AT T 7E R AR 5k
FRETHD L HURERT (R BT ] AN K —8, TEARFIFEE B2 8] T AR RS, AREIR b e
AN TR BUBR A R 1 TR B SR o AT 58 Hp g I R] — 35 b s RVIURE 264 R 1 5 AN BUER A, R A
T2 [ AHAMZEHL (HS - SPME) SIS —FEEH (GC - MS) R, W 3 R sy &=
TE, AT ERS RS, eI E BT A BRI R R R R
BB GHIR ARG AE A 5 R B R TS A

O L SRS DARES

L1 RIEHR

JEIUH DLAREE I SR T EO (R rugosa £ alba)« I IHIE (R. rugosa f. plena) FAEBIL (R.
rugosa ‘Fenghua’ ). EHEI (R. rugosa ‘Zizhi’) FKHHAKZZEIIEHILMFN CRIFKH AP
I, R rugosa ‘Ribensiji’) NRIA KL, T 2016 45 A 23 HE L 7—9 BT+ E AR FF2EF
G SEAE T 58 P b R B AR R R rh A SR I BT A 2., FHUKEAT R Seie . FRUIEIR & 1.5 g,
3 E T 20 mL AR, BFEAR . FEREE 3K



BhRRE, B4, RO, TIA, BO& BER, e
BORA IR S FAEIHE R B 9T
[l 2 %4%, 2019, 46 (2): 375 - 384. 377

1.2 REH*E

SPME F £ 4% 1 DVB/CAR/PDMS # 13k (50/30 um) N3E[E Supelco 2 F] 7= dh; S AHE
W — B ACH ZE B Agilent A F] =i, DN 7890B GC &4t & 5977A MSD.

SR A A BCKL B TGS T 250 C&HENE 2 h, mAEMFES 1 pl 0.816
pg - pL' 2 - %L - 3 - Bl (2-Methyl-3-heptanone)  (FRdEfh, T SIGMA Ad]) , TEiE%
R ERE. P 1 h G, RBAEDCKIEAREMIR EFZ 1/3 4, =R T 40 min.

P [E AR RE S RE ROR R e S 3 N SOME il — SR RE B AR, F 250 °C R A@HT 3 min. {4
%At 2 Agilent A F] ] DB-WAX B41E ik AE, £ 30m, M4% 032 mm, fEE 0.152 um, #K
SONGERR (99.99%) , ik 1.0mL - min™', A3. K 40 C, f#FF 4 min, BL2 °C - min” FHE
%160 °C, FLL 15 °C - min FHEZE 250 °C, 145 5 min. 415 BB TR N EL BTHER 70 eV,
HLAL 200 pA, & FIRIRE 230 °'C, EIHEE 250 'C, HF#iFETEE 29 ~ 600 amu, RIGEL 3 XK.

BIERMERA A EALREE (NIST 2014/WILEY) ¥ MAH S SCERE B 00T, 45 &R Lk iR 8
840 (Kovats® Retention Indices, RI) XF HBEAT @ HT. KHE EL IR TSI P W AN, %18
WET A —3%, SREFER VR X & & (K25 TR B 45 SUE AR < 100%) . LA 0.816
ng - uL A 2 - HIEE - 3 - BRER 1 L RRAESL, SRIGEAERE RN TARES R CE (ng - g') =

CH 253 IR e T ARt A TR A ) < Bl AR (u) x ARy SRR (ug - uL™) x 1 000/FE b &
(g) »

K FH SPSS 18.0 X AR A B I AR R & AT E R B FLER A #r . 18 FB H IRHT =Ak

FETFXHE R B B RE TR AT P Y B 22 7 S MR A A

2 HHR50H

201 BORUEMERMHSEERENSESH
XF 5 AN B b AT IE T A R 34T 55 e b, JLAGII 558 Y 49 A AR, 0ol JE
TEEZE, BRI, MR, WAL, M3k, WK, bokesk. MRRRIEESE (R 1.

®1 S HARBEATRUGZELERS REEN SR

Table 1 The detectable volatile compounds and their relative contents among five Rosa rugosa varieties at the full opening stage

FX 2 §/% Relative content

5 B RN PFAIE  EIRABORE  EEHOR RO SN IES56 7

Number Volatile compound R. rugosa f. R. rugosa f. R. rugosa R. rugosa R. rugosa
alba plena ‘Fenghua’ ‘Zizhi’ ‘Ribensiji’

2% Alcohols

Cl 2K ¥ Phenylethyl alcohol 20.20 22.68 15.77 27.26 22.74

C2 HFWE Citronellol 16.66 15.48 24.99 16.06 16.92

C3 FHMEE Geraniol 17.21 12.74 11.13 11.35 9.97

C4 FEAERE Nerol 13.87 9.19 6.06 9.76 11.86

(o] ZXHEE Benzyl alcohol 0.43 1.20 0.49 1.43 1.19

C6 SEAMEE Isogeraniol 0.49 0.35 0.30 0.26 0.23

Cc7 M cis-3-Hexen-1-ol — 0.39 — 0.49 0.53

C8 J5 1% Linalool 0.35 0.24 0.12 0.14 0.13

Cc9 2 - BEfE 2-Heptanol 0.28 0.06 0.19 0.03 0.12

C10 L $FJ#&BE cis-Verbenol 0.20 0.47 0.17 0.14 0.21
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FHX & 5/% Relative content
Fr5 YRRy PECBOE O EROBOR FIEEOR LB EENUESIE)
Number Volatile compound R. rugosa f. R. rugosa f. R. rugosa R. rugosa R. rugosa
alba plena ‘Fenghua’ ‘Zizhi’ ‘Ribensiji’
Cll1 R - BRI 0.19 — — 0.06 —
trans-3(10)-Caren-2-ol
Ci12 7 - W -3 - R - 6 - SRR 0.16 0.11 — — —
7-Methyl-3-methylene-6-Octen-1-ol
C13 IECUEE n-Hexanol 0.07 0.08 0.15 0.06 —
Cl4 2 - 3 CUEE 2-Ethyl hexanol 0.05 0.06 0.06 0.07 0.20
fi5 2% Esters
Cis LIS Geranyl acetate 7.30 14.34 9.97 13.04 11.71
Cl6 L% FEE Citronellol acetate 2.15 5.14 11.86 6.36 7.47
Cc17 LEEPEAERE Neryl acetate — — 0.90 — 4.69
C18 2 - HERIR 1 - (1,1 - —HEZFD - 097 0.78 0.79 0.86 1.01

2 - B -13- N Z&EE 2-methyl-
propanoic acid 1-(1,1-dimethylethyl) -2-
methyl-1,3-propanediyl ester

C19 Z P ClE Hexyl acetate — — 0.98 0.06 0.15
C20 1-H3-4- (1-FEZER 3 0.50 — — — —
I 2.1 Cyclohexanol,1-methyl-4-(1-
meth-ylethenyl)-,acetate
C21 4- S -1 - BELHTR — 0.02 0.74 — —
4-Hexen-1-ol,acetate
C22 PR EERE cis-3-hexenyl acetate — — 0.39 0.64 —
C23 244 - =HHE -3 - SRIENRE -2 - 0 0.24 0.16 0.13 0.14 —
FEREE Propanoic acid,2-methyl-,3-
hydroxy-2,4,4-trimethylpentyl ester
%25 Aldehydes
C24 FEERE Neral 6.40 5.96 3.70 3.11 —
C25 M Geranial 473 3.66 1.23 1.73 1.79
C26 FHZE Citronellal 0.52 0.50 1.89 0.40 0.46
c27 134- =H-3-3FCkH-1-8 051 — — — —
1,3,4-trimethyl-3-Cyclohexene-1-carbox
aldehyde
C28 7K Z. 1% Benzeneacetaldehyde 0.13 0.14 0.09 0.12 0.12
C29 2-W 3 -6-HH-35- P M 0.10 0.06 0.07 0.06 0.14
2-ethylidene-6-methyl-3,5-Heptadienal
i Jfi Terpenes
C30 a - ek a-Farnesene 1.76 2.56 1.65 4.09 2.55
C31 B - &M% p-Pinene 0.69 0.56 0.29 0.24 0.15
C32 M= - B - % 8 cis-p-ocimene 0.46 0.34 0.17 0.19 —
C33 ¥4 D-Limonene — 0.34 — 0.37 —
C34 FiiE - B - JRMGE (-)-B-Pinene 0.25 — 0.28 — —
C35 y - W& y-Elemene 0.21 — — — —
C36 KI5 Perillen 0.16 0.16 0.21 0.09 0.15
37 B - #EEM p-Patchoulene 0.16 0.22 0.12 0.28 0.17
38 J2= - B - 8 trans-p-Ocimene 0.14 0.11 0.06 0.07 0.08
C39 a - W24 a-Copaene 0.09 0.03 0.05 0.04 0.27
;2% Phenols
C40 FI T # % Methyl eugenol 1.24 0.87 2.25 0.55 2.39
C41 2,3,5,6 - VIR R 0.52 0.22 1.19 0.15 0.51
2,3,5,6-tetramethyl- Phenol
c42 AT & 0.04 0.03 0.07 — 1.53
Isoeugenol methyl ether
fif1 2 Ketones
43 2 - el 2-Heptanone — — 0.43 — —
C44 2 -+ 2-Undecanone 0.25 0.01 0.37 0.03 0.15
$i)% Alkanes
C45 IE+—%¢ n-Undecane 0.23 0.50 0.04 0.04 0.02
C46 IE+H %% n-Pentadecane — 13.10 0.04 0.07 0.21

Cc47 IE+ =% n-Tridecane 0.01 9.20 0.06 0.05 0.08
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gk
FIXT & #/% Relative content

s YRRy PECBOE O EROBOR FIEEOR LB ERENIESIE))

Number Volatile compound R. rugosa f. R. rugosa f. R. rugosa R. rugosa R. rugosa
alba plena ‘Fenghua’ ‘Zizhi’ ‘Ribensiji’

2 Acids

C48 Z Acetic acid 0.07 13.6 0.08 0.09 0.10

fi# 2 Ethers

C49 PUME Rose oxide — — 0.47 — —

. — K.

Note: — Not detected.

Her, BERYIRERZ, B3 14 Bl $EEISREESY 555008 10 FhF1 9 Fh, BESSAIER 457 5
6 FFL 2 B, By RFART RS 3 B, BRISAEERYR % RA 1 Fho 5 ANECER S A A
B R A 29 i, HETEMIEN 59%, BFRARE. FE. FrEE. B, KHES
BERF CRE TR CREM RSB, DIREMEE., &8, o - ERME. f- IR KI5,
B-T R BETER. L% ANFEBCRMSF WA H 7R R R RS, . B E B
AR By - M. 1,3,4 - =HEE -3 -FF)f -1 -8R 1 - i -4- (1 - FRLED 7
OBE TR LRI ER AL 3 AR BB AT A BT R At s BRI 1 BB AN SR B A W ) fe
- R URIARE; 7 - FJE - 3 - L - 6 - “E M (O 7E S o BOR AN SR LT B R D AR

X BCERAE R RN S BEAT ARG E B i, S5 R B EIRAL R, FeBOR. &
R ECERAN H AR VU ZR B B R B R A S B2, B8 70.15%. 63.04%. 59.71%. 67.11%
F164.10% (R Do Hr, KA. HFE. & BAEETERYTAH, 4 FERRIHHE
XA 5 AR R 5 B A R R DL b, SRR AR, AR, O AR A H A
10 FPEERTE S S Al b 1 RATTRRIIA 2 3% BRISVBAE S Sl b A S e, R S B
X &R (11.16%) WK TR (12.39%) 4b, HoAth 4 ASECR &P S 90 J50AH X & 23518 3
20%LA b, ARTEERYIR. Hd, ZBREWERMMREF BN FEE, iE A& EE 5 M
Fheh AR YT R 7.3% ~ 14.34%, JG 5N 2.15% ~ 11.86%. FCERACIE B M0 57 32 B DARS AL
HMEE. HorBEE AT, EAER SN S ERRNIREE N 2.51% ~ 12.39%, H A RI¥ A B
wm, HARVZEEIERAR . AR Ao a2 s i R R 2, B3 o - VEWEMGS . B - RN
X g - B BRI B BRI RIES, HARK S EARIE RN, RFETE 2.83% ~
5.39% 18] 5 ASBCER SRl b A BBy 280 51, e rh H A DY 2= BRI 2400 o AH R 5 B v T HoA
AN, AR 4.43%. AL, B EORSFAEIE e R SR AR B (AR B RN, SAE 1%L T .
22 HRAENREFEZELMRSBERES T

PL 2 - F3E -3 - BERA AR, THEIE T EBCRAEIE T 14 A 3 B R MR PR IE, RIA
[FEECR A FEE RN RN EFERE EZR (B 1 o Hri, IR OB BEAE BRI BR
R R A A, AT R T RO B R H AR DY, e R v T I Ah 4 S .
HHWE. HXWE. CREFTROBEE ARSI B2 T H AL 4 SR, 0 R sk m)
AP 2.86 % 5.52 AN 8.11 5. FMEE. WAERE. FHHEE. BARNERELENOBIE. £
LB A B R8T A 3 AN, (2 AR AR R E LB P R R e, B AT A
AN, RSB ANAE AL B AN H A PU ZE B0 A o] AU R o wi I RP R, o - VAU E &
A BRA AR BRI S HAD 3 MR BN ES - WIS g - B ¥
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Fig. 1 The releasing amounts of major volatile compounds from the petals among five Rosa rugosa varieties

Volatile compound number see Table 1.

23 ERASH

X5 AU it P 8 IR M A B 3 B A BT R I, BT 3 Bh R R TTERE A F] 91.205%
(>85%), " MERIFEHIENRIMEE (R 2. Hrh, X stk 3 R =
BUNEMBESE 15 M (58 2, AR TRIZ), TTBRZEEN 43.2%; N5 = 3 Bl DR 1) 32 45 R 1
AR IS 10 Fh (R 2, MARTRIZ), TTBREAN 27.3%; X5 = 3 s sTmkBoR 1) 3 245 Kk
PERLSY N GBI EG . o - FTEMAERIE+ =58, TR 19.7%. LG HTHT 3 NS, TTikHRR
KK, FFEE. FHEE, B, FHEE. B, 2REFE. CREHE. 5 - AR
3 - B - B SR BURE R Mo A S B, A S FPECR R R P .

R2 ERAMTHRSBEER

Table 2 Component matrix of principal component analysis (PCA)

ETRE) & 1 EMRSY 2 ERS 3 EMS
Number Compound 1st PC 2nd PC 3rd PC
Cl 7 Z,FiE Phenylethyl alcohol 0.821 - 0315 0.476
C2 F 5B Citronellol 0.520 0.809 0.268
C3 FMEE Geraniol 0.997 0.067 -0.003
C4 FE1ERE Nerol 0.901 -0.278 -0.316
Cs X HEE Benzyl alcohol 0.839 -0.309 -0.441
c6 SEAEMEE Isogeraniol 0.995 0.073 -0.003
C7 M8 cis-3-Hexen-1-ol -0.502 -0.708 0.459
Cs F5 %8 Linalool 0.968 -0.210 -0.079
9 2 - B 2-Heptanol 0.761 0.474 - 0.441
C10 Ly ¥FJ#EE cis-Verbenol 0.493 -0.254 0.668
Cl1 S - BE & WRIGEE trans-3(10)-Caren-2-ol 0.741 -0.192 -0.585
Ci12 7 - FEE -3 - EHEE - 6 - S MEREE 0.898 -0.392 -0.062
7-methyl-3-methylene-6-Octen-1-ol
C13 IECUE# n-Hexanol 0.521 0.729 0.439
Cl4 2 - LT 2-Ethyl hexanol -0.580 0.072 -0.333
Cl15 AW BE Geranyl acetate 0.327 -0.028 0.905
Cl16 LERE S EE Citronellol acetate -0.115 0.891 0.435

C17 ZERETERE Neryl acetate -0.659 0.253 -0.442
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s [eReLY 1 FERS 82 Er 53 FHr
Number Compound 1st PC 2nd PC 3rd PC
Ci8 2- R 1 - (1,1 - HFEZHR) -2 - HiJk - 0.956 0.251 -0.055

1,3 - H =% #l8 2-methyl-propanoic acid 1-(1,1-
dimethylethyl)-2-methyl-1,3-propanediyl ester

C19 LR CHE Hexyl acetate -0.061 0.979 0.194

C20 1- FdE-4- (- FELME F O LM 0.790 -0.129 -0.590
Cyclohexanol,1-methyl-4-(1-methylethenyl)-,acetate

C21 4- O - 1 - BE LIRS 4-Hexen-1-ol, acetate 0.013 0.968 0.250

C22 M EERE cis-3-hexenyl acetate -0.308 0.557 0.286

23 2,44 - ZHHE -3 - BRER R - 2 - AR IR 0.985 0.027 0.060

Propanoic acid,2-methyl-,3-hydroxy-2,4,4-
trimethylpentyl ester

C24 FEFERE Neral 0.958 -0.039 0.282
25 F B Geranial 0.923 -0.340 -0.039
C26 F5 B Citronellal 0.189 0.948 0.255
c27 1,34 - =H3E -3 -3 -1 - 0.790 -0.129 -0.590
1,3,4-trimethyl-3-Cyclohexene-1-carboxaldehyde
C28 K% Benzeneacetaldehyde 0.877 -0.242 0.344
C29 2- W -6- HkE-3,5- BF JaiE 0.613 0.212 - 0.640
2-ethylidene-6-methyl-3,5-Heptadienal
C30 a - Wk o-Farnesene 0.188 -0.501 0.743
C31 B - &M% p-Pinene 0.975 -0.157 0.077
C32 5 - g - B cis-p-Ocimene 0.984 -0.159 0.080
C33 ¥rEEJ D-Limonene -0.012 -0.592 0.799
C34 KN - p- M (=) -p-Pinene 0.619 0.730 -0.267
C35 y - MF M y-Elemene 0.790 -0.129 -0.590
C36 5% Perillen 0.672 0.624 0.270
37 B - #EEM p-patchoulene 0.523 -0.521 0.659
C38 R - p- B trans-p-Ocimene 0.965 -0.199 -0.077
C39 a - "M a-Copaene -0.223 -0.036 -0.810
C40 AT &M Methyl eugenol 0.177 0.907 -0.115
C41 2,3,5,6 - PUFHEZERY 2,3,5,6-tetramethyl- Phenol 0.270 0.961 -0.004
C42 FHHTFE Isoeugenol methyl ether -0.621 - 0.046 -0.516
C43 2 - el 2-Heptanone 0.006 0.974 0.225
C44 2 - +—ffi 2-Undecanone 0.415 0.872 -0.259
45 IE+—%¢ n-undecane 0.616 -0.434 0.527
C46 IE+Fi%E n-pentadecane -0.600 -0.250 0.335
C47 IE+=%t n-tridecane -0.279 0.186 0.801
C48 L& Acetic acid 0.600 0.158 0.708
C49 HELMF Rose oxide 0.006 0.974 0.225
$E{E{Y Characteristic value 21.660 13.397 9.634
75 Z 51 k% /% Variance contribution rate 43.203 27.341 19.661
R 5Tk #/% Cumulative contribution rate 43.203 71.545 91.205

e AN QIR TR B 3 B R Y

Note: The values with bold & underline emphasize those compounds with significant contributions.

24 KIRGMERASH

X5 AN SR A R R A3 B B R A RRGRUE B 2PIE AT RIS . TR AR EE B
25 WA H A PUZ IR B oy — 2, S BB, BB EE B R N — 4, 7ELE
BN 14 IR A BCR A E IR B N AN, FAEEIR N A SRR A H AU FE R
TEBERE BN | W ERAE—S, U B PR SR R M) T R A i e s Lk as A% R B L (R
I BRI IR EOR, HEFERBIEFRERAE R (B 2) , X 3 FrEUR e R Y AR 5
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Fig. 2 Cluster analysis of five Rosa rugosa varieties based on the volatile compounds of the petals
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BUR RS BUE R AE e P R S BN F 5w, FEDIEER. FRR. wmAgER A, bE
ke B, FRAREyISAEERY T s . BT 8T 7 BT BRI IR I R sy, %
HEBEREDROIER O, HFF0. B, &, CREFEE. CREMVE. FHEE. &
TElE . o - EWRIESE, SETAWIAL R QD2 &, 2008, 2009; BReH 5, 2011; EFHHR &,
2012; WP AE, 2015 fEEE GF, 2016) FEA—E. RS ER S LI ICREECR
SR . DAL ESE (2009) RIVECRS M LT ERTEIARIE R YR EEOAREIG S, A
TEIL 50%LL b, WA AT B CARE SRS . BERFIREM R N . BEAAREE (2012) FEARRI H MR
BB BRI I, TEe AR T, BRI & B3 de i, A s A
K, EBENHT 2 KA AT IRAR LR . fE oA R A A5 RV R PR AR 2 R
AT AL IR AR, R I B T Foh B A E B AE IR R R P B L BRI A S B 2,
WAERANT] 4 ~ 547, XEEEATEHME RIS RARARE . KDL 3SR (e
SRR E RIL, AAEHHER YR LA 32, TS RIAE I ) 275 DAy S AN EE 2O £ (P %
S, 2014) , HENECERAL I i I 2B AT BB H T A 2R A T S SRR T AR A

ANFEJEF= B GSSLE 5%, 2008) B [FECER MR 2] (GBS &, 2009; PRI 55,
20115 BLAHAR 25, 2012) WAFEIERMER D B B2 57 . (HIRSLRF AU 45 AR & 7 R F L R AL 528
BE 7 5 A L IE IS o AT FELE [R]— R 25 X 5 AN ECER S B ) A BIAE AT U s e b, K
LA R A TEA R B S R B R R & B 22 5. B, EARBREI R & 0. & 5.
LIREFBRIIRE R e, R = T AR 4 AN SRl S0 S B LD B BOR [ 4 S A
(RIRE AE B LA I R AR AN A 1, DA% B - DA AN B - %0 0y () R TS 0 B S v 1 At ot
HENABILP R ORE . AR ENRE S T FEBIL . KRB H AR DU ZE ., Xt R
B, AN [ BUER AR TE AL P T BRI 2R 28 R N R R S s i 2R & & O R P A e — e I 22
Ao HAET, kB ALY E BIER 0 THUH 2 0, MR G AR R R BN ED
B RIS AE R 2 et B DA A 4k B 7 (Wuetal., 2004; E#3H, 2012; Magnard etal., 2015;
T, 2016). {HSE, VA 2RI IIE BORIEMATEAIE R, — L H B4 s AR R B
HIERIR A W T . AW R NIRRT AR T WL AT TAESRAE T T R B4
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ST, N EE DA B Fh B R R R e AT L EE R, e KRHAER LS (=54, 2006)
&2 H RAPD. ISSR. SRAP %55r Fhricfi A GRS, 2005; &8 FIBkE, 20105 425K %%, 2011) ,
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