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YR et ) o PR B R R S B T

N 1 SN Vv 2 \ v, 1* 3 = = 4 ’d 1
AR, BRSO ghANE T, HIRS, BAMET, EER
(L. BB ST 7 e TE ARV T, T AR T R AR 70 8 50065, Ml 311400; 2. ) AFFMA R A RIAEAF, W F)1
628100; 3. #H)IIEMMAEMSR, DY) FH)1 628100; 4. WL FEFRHEBOGKFI R, B 311231)

Py

BE: 7N (Olea europaea L.)M F PERAA BB & BEAE AP IR IO 22 5, DU 1148 75 )1 Bk 1) 10 AN OG5 b )
R PR B B AT I . A5 SRR, i PR AE b () 4 22 S 3500k B R 3K, ELMEIR (A AE 7 38 BN S 35 A Ok
Pl 24 S TAR AR, REAIRD RN . R IR o DL K AR e R AR OR, TR RN . SBHE 8 SRR 3
B NEROH KR, RS R R R REER K, TR AR B R HRAE AR E . 6 AN R ET BATR A
FEAR R BRI KA 9 EBEAARMR . A MBS 85 0.07~3.39 mg g, AN AEE BB ZE R, FRESEREE TR, &
HIF S G50, gl 24 SRR IR A S B2 Z RO, B IR/ S8 8 5 R RHRLE EROM I B s
FrREE, P HIRD BORKRY AT TR M BOFRRS T R (L SR A b, O 3.02mg gt AR LR IR, N 2.64mg g
FHEFE L Bl 24 50, BREOFSIE 8 5B HEH A i S R MR AT AR B BN R S B AR S B A DG . X i B S B
TEE—ERE LR R AR,

BRI VRS WA B ElR
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Analysis of Leaf Characteristics and Content of Total Flavonoids among
Varieties of Olea europaea L.

-1 o2 H 1* - W 4 1
LONG Wei~, WANG Yu-bing®, YAO Xiao-hua™, DU Wel-dong3, LU Le-yan™, REN Hua-dong
(1. Zhejiang Provincial Key Laboratory of Tree Breeding, Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, China;
2. Qingyuan Forestry Product Limited Company of Qingchuan Xian, Qingchuan 628100, Sichuan, China; 3. Forestry and Garden Bureau of Qingchuan Xian, Qingchuan

628100, Sichuan, China; 4. Department of Water Conservancy, Zhejiang Tongji Vocational College of Science and Technology, Hangzhou 311231, China)

Abstract: In order to understand the differences in leaf characteristics and total flavonoids content among Olea
europaea varieties, the leaf characteristics and content of total flavonoids in ten varieties grown in Qingchuan
County, Sichuan were determined. The results showed that there were significant differences in leaf characteristics
among varieties, and there were significant correlations among leaf characteristics. The leaf area of ‘Zhongshan
24’ was the largest among varieties, and the smallest in ‘Picholine’. The variation coefficient of leaf perimeter was
the highest among leaf characteristics, and the lowest in leaf area. The variation coefficient were the largest in leaf
area for ‘E’zhi 8’, leaf width for ‘Leccion’, leaf ratio of length to width for ‘Manzalia’, and leaf shape coefficient
for ‘Empetry’. The variation coefficient in leaf characteristics of ‘Picholine’ was lower than other varieties. The
six leaf characteristics in Olea europaea could be simplified into two representative traits, such as shape
coefficient and leaf length. There was significant difference in content of total flavonoids among varieties. The
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content of total flavonoids in autumn shoots was higher than that in spring shoots, ranged from 0.07 to
3.39 mg g . The content of total flavonoids in ‘Picholine’, ‘Arebiqunia’, ‘Zhongshan 24’ and ‘Kalinjot’ had
significant difference between spring shoots and autumn shoots, while it had litter difference in ‘Frantoio’. The
content of total flavonoids in spring shoots and autumn shoots of ‘E’zhi 8” and ‘Coratina’ were higher than other
varieties, and that in autumn shoots of ‘Picholine’ was higher than that in spring shoots. The content of total
flavonoids was the lowest in spring shoots of ‘Kalinjot” with 3.02 mg g * and in autumn shoots of ‘Arbequina’
with 2.64 mg g *. There were significant or very significant of positive or negative correlations between total
flavonoids and leaf characteristics in ‘Coratina’, ‘Zhongshan 24°, ‘Empetry’ and ‘E’Zhi 8’. So, it was suggested

that the content of total flavonoids was influenced by growth of leaf.
Key words: Olea europaea; Leaf characteristics; Total flavonoid

T (Olea europaea L.) 2 tH 70 A A AR
WIFhZ —, FEHRIRS I R e . RS R+
S HIZIE, R AL RN, S
a1 btted 60 AR, PG el 3 A R 7 &4 T,
S LA R I PR A A A
ME, KI5 SR X IR P, A 20 ) B
WS ESIHER A, EHR . TSR AR A, H
JuHES R L ) % Y. (B g gk ok 51t
ol BN AR KR A, Rl agelel
IR R, A KORA . RSN AR
RABRAAE, GIEPAEE 2T Rk
AR N IR ARV I AME [ ES B, SAEKEDIMC,
REFRMABUHTIA R T AR, JFRRM v R AR
I T REFE 7 1 A b P R A K PR 22 53 Bt e I
AU . B IO N S A, R
HESMem. fERE. AR, RAM. TR
BN AN SRS A e S, E R
WIRAE () B SRS 1~9 £, AR (1) £
FAEROS H R AR A 25 MR TT R Al . B
F MR AR YR, RSB AT = A1)
KEF SR T, st T e KER, A~
A8 5 3 F K ok B Bt B B34 i 2N, Rl
72 LTI A e A R 92 24 RO ) P i

AT ] Py e S RO - R B A2 Ly
PN PV (A (AR (KR 8 %, (EDX
I PEIR AR A B 55 A 35 R A (8] (1) A O PR BT LA
/A e T FE P TG SR RO AR R, 2 RS
g1, A BRI SR PR T o, 1
T RN b AR AR, A R R MR
RIS R WS SN, A JE B
M 2R AR TR BEER SRS, I8 am PG
R,

1 BRI %

1.1 RIS HESL

TRIGHUAL T DU A5 ) B, AT R
ZERVS 5, AEFASIR 13.7°C, 4FERE K& 1027.2 mm.
=10°CAHEMIE A 5028°C, =19°CHEMIR N 4247°C,
SIEMNRETEZH K. BRI 1292 h, FLH
W 243 d, TSILE 69%~85%, L FHIKIIZEKR
i 727.9 mm, [EHZEKE 546.1 mm. LI AL
#HE, pH N 6.5~7.5, +JZEEELE 40~80 cm.

1.2 M¥

IS (Olea europaea L.)M-F% [ 1Y )14 5 )12
BRI G PR T A = AN AP i i, PEIE AR
5 SR IR 252 (Empetry). i B2 (Frantoio)«
32 °(Leccion) . “/N3ER(Manzalia). 5 3’ (Arbe-
quina). “FHu#’(Coratina). ‘HZHIF) (Picholine).
R (Kalinjot) “5BAH 8 ‘5 AlBhill 24 53 10 AN Fh,

1.3 WA

TN R v [ 2 A D AR S T AR
HIliZ. 2B, AICI3. AI(NOg)s» NaNO,. CH;COOK.
NaOH ¥ o #rddi; KN T oK.

H, R IR 5 XA (P o SR X 38 )); AE100
HL T RSP G LR 4B 2 A #l); SHZ-88 £k
BHRIRG 2 (LA Rk ) G
PBVE R (ST 300W) (RS A A B A PR A
Al A KHLEEE A F]); 723N B W60
FETH( R RMER A PR A F]).

1.4 J5ik
MAERIE PR AR K e, 2015
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12 H AR S A LR 100 5K, &F
A FPREE 3 MR, F BB LT, ARSI =
B KAE 5 B FF4 T EPSON700 954X, XM A
HEAT 4345 T FH WinFOLIA (Pro 2005) % {t:i#E 47 1
TR BT, IR %8 . AR E K, i
S K TE ELRIRIR R S

MENESENE 2 [ b 455 P 1
SE M B B R RS BRI TR i 0.0050 g,
BT /NEA, IR 5 T0%F SRS, B
100 mL &I H, R AR 2205, #2500
1l BT VR 9 0.0500 mg mL VAR . KT IR )
MO B g B, TEER TR, R4 60
0.5~1g, A4 0.0001 g FIFESLAN 250 mL f7
FEHER R . SRR NN 30 mL $2EUR, o
ZE, 1£210 WIS, 50C iR 1 h,
JE, 4 SR BRI S IR AR I, B PR EL
E 25 45 50 mL, $84) B L mLBE S A E T 10 mL
LA, M 0.1 mol L™ AICI VW 2 mL, il
A 1 mol L Z B8V 3 mL, P 709% H BEVA MR
ERBZIE, #5, EETHE 30 min, T 420 nm
BAAE 73 6O BT H e

1.5 HEHT

7t Excel 2010 Hit 8 & AR AL = R EL(CV)
(R HEZE PPIBONE S i A28 S FE I . s H
SPSS 19.0 H.[K % 7 2 73 #1i%(One-Way ANOVA) (1]
LSD F1 Duncan 56 6 i F R 10K 48 bm A 3 2
RIRAREAT T 0T P S R A M s e MR 1)
SR TabR: FISUNAS 30T AR A M BLIE H
PR S R B R E  E] A S

2 HRAI AT

2.1 YRR R A

X RO I P AR SR AT T 72 43 A A 22 L EE AR
RIAER 1), WA e AR A K
FE BERE . KR LLAITRIR R 72 e ik 31 B3 K
o BLBhil 24 SR HIAR . MR NERS
MK LL R, WHTE N AR TR R A
K. MR RN S 8 B K. KL
/e MR SRR AR S R 0 A K (9.05%0)
9% (9.03%) TR 5%0(8.18%). M4:(8.15%). M
K 5 L (7.28%) Fl T F (5.60%) - AN [H] A F 4

RIS RZE 0 B T 2.88%~9.14%. JH K
5.66%~12.87%- M % 4.86%~13.26%. MK 4.24%~
10.93%. MK %% Lt 3.97%~11.60%. FLIR £ % 3.91%~
15.46%; F i T AR AR S R AR K 2 SR 8 5,
/N B HIR) s K BRI 2 SR AE 8 5, B/
P S S SR 718 = N7 A Y= - 24\ A 4 | S
MR RN SRR, /NN R K FE R K
RN, /N EER s TEIR RN RS,
B HIFR] BN o IX R <SR AE 8 5 SN
IR, T R MR i S 22 BN R5E I
FIIR R Em K, W HIRD s, U R 5 1t
FIIRABZFE, B HIRPH TR BN FRE -

2.2 MR EIAR S 2 AT

FARNE ST 4 KR W (3R 2), i Bibe 1t T AR
FA G I TEAAAEAR R IEA G, SRR AR K
AAEMR Z AR RS AR 0 2
ARG, SRR BAF AN B2 e, e 50t
Ko IRABAFAENEZ EHR, S KIEHAF
FEM R 2 TR G I 98 5 K08 LUAF AR A S22 1E
R, SR AEAFENR R & B8 2 U K5
FE SR SR A AR 25 UG . 3K U B B T i
I THAR G, RS IR ANBE AR B2k, T
FE B B A T8 AT o

2.3 HRHRBE R 2

TR I SR B AE TR AR DG, R =
R AT 3BT S R IEAT B2 0 #r . 85 R (3R 3),
AT 3 AN FE RS FRFEE > 1, RAN TR IA 3] 97.35%,
F—NER TTEREEERR, O 49.06%, HIONE
T = FE R TTERER , 435 31.329% 41 17.06%;
X O AT e 1o (3R 4), 28— gy Bt
WAL K & HRERIR &8 0E: B F
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Table 1 Leaf characters of Olea europaea varieties
NS R i 8 5 W5 “fik N
‘Manzalia’ ‘Coratina’ ‘E’zhi 8’ ‘Empetry’ ‘Frantoio’ ‘Kalinjot’
[igA &/ Min. 2.40 3.43 3.19 423 4.25 5.45
'(“C:fli‘) K Max. 4.90 6.99 5.06 7.80 8.99 10.45
T4 Mean 3.70+0.53Bb 4.70+1.10Cc 4.11+0.43B Chc 6.58+1.03Dd 5.99+1.37Cd 7.85+1.56Ee
cv 6.97 425 9.60 6.37 437 5.02
MK i/ Min. 9.06 10.75 8.81 11.70 11.08 12.38
E’cenq;‘"ete' K Max. 14.15 15.04 11.92 16.11 16.09 21.14
P44 Mean 12.24+1.02Cc 13.00+1.34Cc 10.53+0.86Bb 14.66+1.14Dd 13.31+1.37CDc 17.52 +3.10Ee
Ccv 12.02 9.67 12.28 12.87 9.74 5.66
58 /N Min. 0.91 1.02 1.22 1.25 1.24 1.46
‘(’é’r'r‘]j)‘h Bk Max. 124 1.69 1.69 2.34 201 1.86
P44 Mean 1.030.08Aa 1.24+0.0.18Bb 1.44+0.12CDEcd 1.610.25EFef 1.58 +0.22EFef 1.66+0.13Ff
Ccv 12.75 6.72 12.35 6.51 7.08 12.88
S /N Min. 3.87 372 3.35 3.82 423 4,94
'(-C’“’r?]?th 5K Max. 5.89 6.23 511 7.03 6.35 8.19
P Mean  5.05+0.49ABbc  5.2320.69BChc 4.33+0.47Aa 5.92+0.79Cd 5.40+0.61BCcd 6.63+1.14De
cv 10.3 7.56 9.28 7.50 8.84 5.79
KL /N Min. 416 3.23 2.30 1.64 2.93 291
Eﬁgi’h"tfo K Max. 557 5.04 3.92 448 471 4.99
width V14 Mean 4.89+0.42Ee 4.27+0.55CDEd 3.0420.48Aa 3.7740.68BCDbc  3.44+0.42ABab  4.01+0.76BCDcd
cv 11.60 7.77 6.35 5.59 8.14 5.26
TERZE &b Min. 0.28 0.30 0.37 0.34 0.29 0.25
fg:fﬂ?ciem Bk Max. 0.37 0.40 0.57 0.43 0.55 0.46
P44 Mean 0.31+0.03Aa 0.35+0.03ABab 0.47 +0.06Bc 0.38+0.02ABabc  0.42+0.06ABbc  0.3320.07Aab
Ccv 123 10.16 7.61 15.46 7.09 4.44
il 24 52 BCHIAP B2 A oV
‘Zhongshan 24’ ‘Pichnolia’ ‘Leccion’ ‘Arbequina’
T e/ Min. 6.39 1.20 1.00 2.57
'{*CL‘;"";‘) K Max. 11.83 3.25 422 7.19
F#4 Mean 9.08 +1.79Ff 1.99+0.69Aa 2.67+0.82Aa 4,52+1.15BCc
Ccv 5.07 2.88 3.25 9.14 5.60
K B/l Min. 15.20 431 450 15.33
E’fr:)meter Bk Max. 20.65 7.84 7.84 15.33
P44 Mean 17.18 +1.79Ee 5.95+0.94Aa 6.28+1.01Aa 12.69+1.89Cc
cv 9.57 6.32 6.22 6.71 9.05
5 /N Min. 1.46 0.96 1.25 0.95
‘(’é’r'r‘]’)th K Max. 2.29 185 168 1.66
P44 Mean 1.88+0.24Gg 1.26 +0.26BCb 150+0.11DEFde  1.34+0.18BCDbc
Ccv 7.94 4.86 13.26 7.53 9.03
GRS /N Min. 5.98 435 411 2.54
'(-Cenqgth BA Max. 8.59 6.40 5.74 6.59
P14 Mean 6.93+0.87De 5.34+0.59BChc 5.1340.47Bbc 4.86+1.14ABab
cv 7.99 9.08 10.93 4.24 8.15
K5 b &/l Min. 3.14 252 2.79 1.75
FL*:;igtﬁfto Hok Max. 432 5.73 423 5.41
width “F# Mean  3.7220.40BChc 4.39+0.86DEd 3.42+032ABab  3.67+0.92ABChc
cv 9.32 5.10 10.68 3.97 7.28
TEWRFE &/ Min. 0.23 0.17 0.62 0.27
fg:fffciem BER Max. 032 0.40 111 0.48
P44 Mean  0.2720.03ABabc 0.23+0.07Cd 0.840.13Cd 0.35+0.06ABab
Ccv 9.30 391 6.30 6.28 8.18

CV: ZBR R FATEIREA FKNG 7’5 H 278 22 7l 025 (P < 0.01) F1 {25 (P < 0.05)

CV: Variation coefficience. Data followed different capital and small lettrs in the same line indicate significant difference at 0.01 and 0.05 levels, respectively.
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Table 2 Correlation among leaf characters of Olea europaea

AR JAK i LIS K TEAR R AL
Area Perimeter Width Length Ratio of length to width Shape coefficient
AL Area 1
JE & Perimeter 0.883™ 1
M98 Width 0.669" 0.328™ 1
MK Length 0.661" 0.556" 0.356" 1
K % Lt Ratio of length to width -0.061 0.169" -0.595" 0.506™ 1
IH- TR 2% Shape coefficient -0.359™ -0.690" 0.228" -0.115 -0.312™ 1

*. P<0.05; **: P<0.01.

3 ERPRHEE. TR S R TTRER

Table 3 Eigen value, contribution rate and accumulative contribution rate of principal components

AR RHEE TIERE (%) SRTTRE (%)
Principal component Eigen value Contribution rate Accumulate contribution rate

1 2.944 49.064 49.064

2 1.873 31.223 80.288

3 1.024 17.064 97.352

4 0.116 1.930 99.282

5 0.024 0.408 99.69

6 0.019 0.310 100

R4 LG S HTIRT AT

Table 4 Factor loading of principal components

5 Principal component

1 2 3
i AR Leaf area 0.954 0.249 -0.031
Ji4 Leaf perimeter 0.940 -0.124 -0.263
M3 Leaf Width 0.511 0.835 0.109
K leaf length 0.764 -0.134 0.615
K 3% LE Ratio of length to width 0.179 -0.884 0.422
FLIR % Shape coefficient -0.524 0.548 0.620

5 FRANRR I A S 5

Table 5 Content of total flavonoids in leaves of spring and autumn shoots

Z1 Spring shoot

A4 Autumn shoot

% Frantoio

Bl 24 5 Zhongshan 24
H3 Arbequina

BHi# Coratina

5 Empetry

JZHIF Picholine

FHk Kalinjot

/NIER Manzanlia

A Leccion

818 8 5 E’zhi 8

6.98 +1.65ab
7.095.03ab
6.39+1.37ab
8.36+7.05ab
7.20%1.55ab
6.2234.65ab
3.02+2.10a
6.03+3.18ab
7.05+0.54ab
11.0345.57¢c

7.06+1.27abc
3.71+1.32ab
2.64+40.35a
8.7745.78bc
5.67 +4.00abc
9.61+2.11d
5.25+0.39%abc
5.60+1.42abc
6.56 +0.62abc
9.52+3.93d

SR PRI RO NIRRT SRECMIRSE
ERETERFEES, BHLE M GAEREE
5t BHIRPANSRE 8 5 £, HAS5HA 8

AN BRI AR R 2

MR TR 6), BHLH M 1 B

AR 2 8 ARG Bl 24 505
TR AEAR 3 A G, R WIBE M AR, R
BN, EREEE RN S 8 S S ALY
FERF ARG, RECH S IR R AE R 25 1E
FHG, 2R 5 B i AR B AR A Hr 8 i _E
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Table 6 Correlation between leaf characters and content of total flavonoids in Olea europaea

AR RIS i B K Kt TEAR R HL

Leaf area Perimeter Width Length Ratio of length to width Shape coefficient
SNIERS “Manzalia® -0.506 -0.058 -0.543 0.303 0.669 -0.579
R “Coratina’ -0.853" -0.640 -0.650 -0.885" -0.040 -0.583
“ZHiE 8 5 ‘E’zhi 8 0.815" 0.503 0.543 0.596 -0.030 0.154
52 Empetry’ 0.667 -0.308 0.567 -0.155 -0.395 0.959™
i8> Frantoio’ 0.139 0.209 0.050 0.037 -0.048 -0.151
“Rk#f “Kalinjot’ 0.544 0.671 0.461 0.389 0.280 -0.763
“ghil] 24 5> <Zhongshan 24 -0.996" -0.904 -0.838 -0.819 0.037 -0.093
FZHIF" Picholine’ 0.544 0.655 -0.336 -0.422 0.761 -0.785
SR ‘Leccion’ 0.029 0.382 0.229 -0.667 -0.542 -0.350
‘IR ‘Arbequnia’ -0.216 -0.165 -0.488 -0.134 -0.053 0

Ths A bR Ry S SRR S R A PR R T
FAHRYE

3 LRI iR

X 10 S an At B EERIEAT b, dREK
IR (0] 11 22 S ik BB 25 K7, gl 24 52
It AR R, REHIRD B/ B YRR IR 7 &
HULEK SR, Wi ShE 8 5 Bt iR
B REUROR, SR AT BE RO, </
SESU K TE LEARL R, RS I AR AR L
UK, R HIRP I R v AR e -

FHIG 3 W 22 B I 7 1 IR TR A7 A2 AR 2 35 B 25
G, HI R IR AR TE 2 52 3 KA - 58 152
Wi, TASFE R AR . R T A R, g
M R AT 3> 32 Bl a3 ) RAR TR Z N 97.35%,
Refp AR F IR E R, TR RE A K2
Yo it R R 2R R

MR B S R 0.07~0.39 mg g
Pl A7 AE 35 22 7, PR & Bk s T K
Wo <BZHIRP. FH. Bl 24 SRR
R B 22 SRR, BhBC /N SBE 8 5 ARt
P B B S B, A RIERTT
R < FHIR KR 38R B PR
M A RERN, H3.02mg gt BKRSTT R
RAG, A 264mggr. ABFFTSE BT 58 ARE
(1 1.0 mg g 220 3.2 mg g 2%, (HLAE T AR A
(Cyclocarya paliurus)®, 54R45(Ginkgo biloba) f
ST i RO P S P T R AE [ s Ak T
AR I B, AHE AT KB, B ok R
B ERE, T TR B 2GR AT

TV RSN R 0 P 5 B 5 B <SR 8 5 A iy
FhIEIJE R 2225, AKAH A AP e 22 5 0, mTRE 2
B A I, A S B R ] (10 22 5
feh, TSR 8 S MIPAKHERE, & HAl A A A
FEREZETE . AR A AT REDR A KR SUI R,
Ao ) S SRR AE LA A A 22 5, AT R B A S
SR ZE . BRI R AR A SRR
BAEREZSS, AU TN, TR
R S AR, AR T B 2 ) )
AT R B S B sy, AHIE TR OHR 2 i
MG HAERT, (HE A B S BRI, 2
SRS B S A, e B IR AT GRS AT
REAE I 7 32 R AT IR (AL & O RE R, & S AR A 3
ZS. RHA. Bl 24 50, RECRIGIE 8 5
(Y B A 5 B T T AR A A i 25 RN 5 2 19 1A
REGAARFK R, USRI SRR 2 A A4
KA

It B Tk B T R, e bt s o [
WA TAR AT, iRl R aHX, 1B
HLRIR T 548, BT R A . SR SE 2 R
A, RO R PRI AR ESR, L1
BRIV B A9 Ko AW TEAE SRR, B it Ao
[l R AR S B R L SRR R, W
AR AN DOR SE AT B e, At DA
R E RIS, W AR GER AN, AR
DRI ST IOy 3, 3R il R A e el 2
Drakat s [FIE N BRI ER S A, ARG
BesaH i WAL SO B 3 SR AL IR 5 e, A
FOR BB MATE Lo AT R N R R X
RS ety 5 SRR 5 B S P VIR EEAT 204, XA
i HHEATE FRE R R S A R TRt
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