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Exploration on leaf morphological diversity of species in Acer Linn. and its systematic significance
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Abstract; Variance of leaf morphological character of species in Acer Linn. (including eight species, one
variety and one form) was analyzed by quantitative trait measuring method, and fractal dimensions (FD)
of local vein and leaf outline of species tested were calculated by fractal method. On these bases, leaf
morphological diversity of species tested in Acer was compared, and also, the significance of fractal theory
in quantitative analysis on leaf morphological characteristics and in plant systematic research was
discussed. Leaf quantitative trait measuring result shows that there is a significantly positive correlation
between leaf squareness and leaf coefficient of species tested, and a significantly negative correlation
between ratio of vertical axis to horizontal axis and the primary vein angle. Variance degree of these leaf
morphological parameters relates to leal morphological diversity, although, which can reflect change in
leaf shape and leaf vein structure of species in Acer at a certain degree, but it is difficult to fully reflect
the detail and substitutive characteristics of leaf variance. Calculation result of FD shows that there is a
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significantly negative correlation in FD between leaf outline and local vein of species tested, and FD of
leaf outline has the significant difference ( P<0.05) in interspecific and intraspecific levels, but that of
local vein has no significant difference (P>0.05) among a part of species tested. Coefficient of variation
of FD of leaf outline and local vein of A. palmatum Thunb. is significantly higher than that of other
species tested, indicating that its interspecific diversity in leaf variation is relatively high. According to
FD of leaf outline and local vein, species tested could be divided into four groups: A. palmatum, A.
palmatum {. atropurpureum ( Van Houtte) Schwerim and A. palmatum var. dissectum ( Thunb.) Miq. are
classified a category, A. acutum W. P. Fang, A. mono Maxim., A. ginnala Maxim., A. buergerianum
Miq. and A. sinense Pax are classified a category, and A. henryi Pax and A. cinnamomifolium Hayata are
classified a category independently. It is concluded that fractal analysis on leaf margin and leaf vein could
reflect quantitatively the leaf morphological diversity of plant, suggesting that take FD of leaf outline and
FD of local vein as taxonomic basis on the levels of species and genus, respectively. In addition, fractal
method provides a feasible way for quantitatively researching and evaluating the evolution degree of

%24 %

different leaf types.
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a; R BNV & OV ARSI Showing the minimum bounding box of leaf, vertical axis and horizontal axis;
b: R—Z kA F kA Showing the primary vein angle and the secondary vein angle.
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Fig. 1 Schematic figure on measurement parts of leaf morphological character of species in
Acer Linn. (taking A. palmatum Thunb. as an example)

1.3 #HEtERZE

K H Fractalyse 2. 4. 1 34" 9 correlation 5%
RN B 4EE ., R SPSS 19. 0 # A T 8dE Ge it
FIAHSCHE M AT, A S R CV) IRt AT 2 E LA,
Horp M MES T E H Pearson #10C R %L, £ H HLACR
&/ N3 227 (least significant difference, LSD)

2 HERFpAT

2.1 WREEYHFHESEREEZERSH

2.1.1 R B AR i HUE Y A
TR B 22250 A il LU A R — SRk AR R — 2k
PR HLERAE R UL 1, M R AR BE 5 iR R B G

PESTHTEE R 2,

T E 58 280 s i i 58
TR ZE /MR Ry 5 it B 5% 25 b = AR, B A b £
B TR AR e | e b 20K P28, i &R
BN 2 /IR A A A = AR B A A B A
AR PR LA BR KT 2000 P24, i A
B4 T BE RN B 2R 8 IR) 3 IE A G, M E R B
0.954 ,7£ 0. 01 ZKF-(XUM) F@Z A (P=0.000),
PIA MR AERMELR (E 2) . SRS, ARk
40t R B HETR FE IR RO R TR sl R Y
FEOY B AT 2B,

PR L A AR I oA RER A (B E 224K [
ARPLETTE PRl OB R (2. 191) 5 2R Ry i ol K



4 LENE7/ I AR RS N N 24 %

R IR HE A BRI Pl LE 26— (1. 497)
ZAABRE R 5 BB kRN LR SR = (1. 223 ) s A
R H 3 /NG S R R S 1 B
I BRI 7K BEROR, MR L /N (0. 771) 5 Bt
GEBRA , FE A o 28 I SR Al L A2 R R 0. 824 ~

®1 WEEWHRESEROERY

0.990, B/NTF 1, HiX BeRpemt J- R B T B ok 5
B R RFEAI AT . [l Bs AR S b 5 — 2 ko 2 B A
X FHE R BRI -0.762 ,4F 0.05 KT (RN | i 2 17
A (P=0.010) ;{05 — kM I T0 W E M K (P=
0.245) ,

Table 1 Comparison on leaf morphological character of species in Acer Linn. !

GBS R I R AL 2 — ks (°) Gk ()
Species Squareness Leaf coefficient V/H Primary vein angle Secondary vein angle
XY TH A, palmatum 0.349d 0.078¢g 0.990d 30.743¢ 60.535b
ZIM A. palmatum f. atropurpureum 0.288de 0.049¢h 0.942de 41.763bc 60.127b
IR A, palmatum var. dissectum 0. 194e 0.010h 0.921de 33.824c¢ 42.421c¢
B A acuum 0.422b 0.438c¢ 0.903de 46.381b 72.846a
EANK A. mono 0.406b 0.264d 0.866e 41.761bc 70.556a
FAME A ginnala 0.632b 0.596h 1.497h 36.470c 55.735h
=k A. buergerianum 0.537he 0.630b 1.223¢ 33.595¢ 67.323ab
RN A, sinense 0.337d 0.18% 0.824e 42.971b 70.343a
FRITH A, cinnamomifolium 0.665a 0.820a 2.191a 0.000d 54.622b
AT A, henryi 0.349¢ 0. 143f 0.771e 83.334a 65.769ab

DRI ARFE /NG PR R 22 F 5.3 (P=0.05) Different small letters in the same column indicate the significant difference (P=0.05).

D V/H: YR Ratio of vertical axis to horizontal axis.
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1. XG)THk A. palmatum Thunb.; 2. ZLH A. palmatum f. atropurpureum
(Van Houtte) Schwerim; 3 SFIZ0E A. palmatum var. dissectum ( Thunb.)
Miq.; 4: Bt ffiBE A. acutum W. P. Fang; 5. KK A. mono Maxim.;
6: KM A, ginnala Maxim.; 7: =FW A. buergerianum Miq.; 8 F1E
Wi A. sinense Pax; 9. FEI4 A. cinnamomifolium Hayata; 10 fEigicyii
A. henryi Pax.
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Fig. 2 Result of correlation analysis between leaf squareness and leaf
coefficient of species in Acer Linn.
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Table 2 Coefficient of variation of leaf morphological character of species in Acer Linn.

BHIL YR L 7 25 %

Coefficient of variation of different morphological characters

Tk
Species ] IR ”ﬂ%fﬁﬁl v/ub ) *g}iﬁﬂ(fﬁ ] :ﬁﬁﬂ(fﬁ
Squareness Leaf coefficient Primary vein angle Secondary vein angle

XY )TH A, palmatum 12.230 23.340 7.496 9.693 6.772
ZIM A. palmatum f. atropurpureum 6.007 5.370 5.290 0.223 8.554
IRk A, palmatum var. dissectum 7.800 11.675 8.152 1.341 23.360
BUAIK A, acutum 11.900 14.420 11.420 10.520 7.951
EAME A, mono 9.226 18. 600 2.876 8.781 9.299
ZEMR A ginnala 3.760 5.877 5.798 11.670 7.667
=AM A, buergerianum 11.440 11.790 11.130 16.780 4.622
RAERK A, sinense 4.323 5.953 5.095 7.099 4.181
A A cinnamomifolium 1.311 1.074 4.650 0.000 7.112
AP A, henryi 3.379 4.952 3.302 5.169 3.882

DV/H. YR Ratio of vertical axis to horizontal axis.
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Table 3 Statistic analysis on leaf fractal dimension of three species in Acer Linn. !

SYE{l Fractal dimension b2 25 Z M/

Z& Species R
Fit Species Standard deviation Coefficient of variation

SFF4 Average K Max. /)N Min.
XY )TH A, palmatum 1.713a 1.634 1.769 0.036 4 2.138 0.999 9
ZIM A. palmatum f. atropurpureum 1.639b 1.492 1.718 0.047 0 2.744 0.999 9
AR A sinense 1.703a 1.621 1.738 0.076 4 4.661 0.999 9

D )5 s R 1 /NE Pk R 22 5 B 3 (P=0.05) Different small letters in the same column indicate the significant difference (P=0.05).
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1. A)TUhE A. palmatum Thunb.; 2. 2T A. palmatum {. atropurpureum ( Van Houtte) Schwerim; 3. bk A. palmatum var. dissectum ( Thunb.)
Miq.; 4: BiFAM A. acutum W. P. Fang; 5. (OKRM A. mono Maxim.; 6: 255K A. ginnala Maxim.; 7: =FAMk A. buergerianum Miq.; 8 : FIENE A.
sinense Pax; 9 1 A. cinnamomifolium Hayata; 10 A UE bk A. henryi Pax.
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Fig. 3 Schematic figure on leaf outline of species in Acer Linn.
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Table 4 Fractal dimension (FD) and its coefficient of variation (CV) of local vein and leaf outline of species in Acer Linn. !

JRERrr ik Local vein

M F %88  Leaf outline

2k Species — —

FD(X£SD) CV/% FD(X£SD) CV/%
XITHK A, palmatum 1.855+0.064b 3.444 1.388+0.063a 4.512
2L A. palmatum f. atropurpureum 1.826+0.056¢ 3.086 1.576+0. 050b 3.201
PIZBK A, palmatum var. dissectum 1.762+0.028¢ 1.605 1.734+0.023¢ 1.346
Bt A, acutum 1.866=0. 030b 1.621 1.120£0.014d 1.246
O ABE A mono 1.905+0.017ab 0.881 1.147+0.022¢ 1.882
F5MR AL ginnala 1.926+0.032a 1.665 1.056+0. 020f 1.927
=AM A, buergerianum 1.895+0.013b 0.703 1.104+0.004¢ 0.343
FRAEHR A, sinense 1.911£0.005a 0.282 1.213£0.028h 2.294
FRITHE A, cinnamomifolium 1.812+0.031¢ 1.722 1.035+0.021i 2.048
BHAMR A henryi 1.796+0.042¢ 2.313 1.315+0.033j 2.529

DS R FE B /ING PR R Z F B % (P=0.05) Different small letters in the same column indicate the significant difference (P=0.05).
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Miq.; 4: B A, acutum W. P. Fang; 5. AR A. mono Maxim.;
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Fig. 4 Result of correlation analysis on fractal dimension ( FD)
between leaf outline and local vein of species in Acer Linn. with non-
entire single leaf
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