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Effects of Canopy Positions on Leaf Morphological Traits and Their
Allometric Relationships of Cinnamomum camphora
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Ecology and Geography, Chinese Academy of Sciences, Urumqi 830011, China; 2. Province Key Laboratory of the Biodiversity Study and Ecology

Conservation in Southwest Anhui, College of Life Sciences, Anging Normal University, Anqing 246133, Anhui, China)

Abstract: Leaf morphological traits are the direct manifestation of plant environmental adaptability. Different
canopy positions can form different microenvironments, which are direct places for plant leaves to interact with
the external environment. In order to understand the influence of canopy position on leaf morphological traits, leaf
morphological traits, including leaf length, leaf width, leaf thickness, petiole length, petiole diameter and leaf
shape index, and allometry relationship among different crown positions of evergreen tree Cinnamomum
camphora were analyzed. The results showed that there were significant differences in leaf morphological traits
among different canopy orientations, but the change trends of the upper and lower layers of canopy was not
completely consistent. In the upper layer of canopy, except leaf shape index and petiole length, the other 4 leaf
morphological traits were the highest in the east side. In the lower layer of canopy, except leaf shape index, the

other 5 leaf morphological traits were the smallest in the east side. In the same direction, there were some
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differences between the upper and lower layers of canopy, and the leaf shape index of lower layer was higher than
that of upper layer, while the other morphological traits showed the opposite trend. In addition, the interaction of
canopy layer and orientation had significant effects on leaf length, leaf thickness, petiole length, and petiole
diameter. The leaf morphological traits in each canopy layer and canopy orientation mostly showed allometric
relationship because allometric index was not equal to 1, and there were no significant differences in most of them.
The leaf width vs. leaf thickness, leaf width vs. petiole length, leaf length vs. leaf thickness, and leaf length vs.
petiole length showed allometric relationships for all canopy layers and directions. Therefore, canopy position had
great influences on leaf morphological traits of C. camphora, but the allometric relationships between
morphological traits were relatively stable, which was an important reflection of leaf phenotypic plasticity and the
stability of internal relationships.

Key words: Cinnamomum camphora; Canopy layer; Canopy orientation; Morphological trait; Allometric relationship
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XIHARICA Yvs. X), b NEE, amilidKaE.
a=1 NEFRAKKL R, IR RN H A 2585
EE AR A s a1 ARIEAEK KR, 2 a>1 B (B hype-
rallometric), Ffi#g HAZEIG N, A2 & DU K LA
BISEIN, 4 a<l I DUAH B 38 854 R EON B ik f5
) FH B F il (RMA, B Model Type INZ& P [0] 5115
av PUERZB(RES KL ] SMATR Hfh el

2 SR

2.1 HFEAHRERE

4 LL N 7.03~10.98 cm, “F-¥%J4 8.89 cm; LW
N 3.49~6.70 cm, "} 5.16 cm; LT A 1.45~4.40 mm,
1574 2.80 mm; PL A4 1.53~3.15 cm, “F-#J°4 2.39 cm;
PD 4 0.86~1.55 mm, “F#I24 1.20 mm. FHiHK
M5 10 1.73 % HHIESHIRA 7 ZE(CV) N 0.07~
0.27, B& LT #NCV=0.27), HAMHIRBE T 5HER
(CV<0.25) (£ 1).

R AR EESIER
Table 1 Leaf morphological traits of Cinnamomum camphora

ZH LL Lw LT PL PD

Parameter (cm) (cm) (mm) (cm) (mm) LSI
oAl 10.98 6.70 4.40 3.15 1.55 2.10
Max.

o ME 7.03 3.49 1.45 1.53 0.86 1.46
Min.

“FIE 8.89 5.16 2.80 2.39 1.20 1.73
Mean

PRz 0.79 0.54 0.70 0.33 0.14 0.13
S.D.

4555 Z 0.09 0.11 0.27 0.14 0.12 0.07
cv

LL: M LW: #H96; LT: HE; PL: MR PD: HAREAE; LSI: HE
e, TH
LL: Leaf length; LW: Leaf width; LT: Leaf thickness; PL: Petiole length;

PD: Petiole diameter; LSI: Leaf shape index. The same below

2.2 MESERIES ST

MUK 2 T7 253 M3 W], st J2 ORI D7 A e e AE
FAERIX RKER > RS TRRA B 5 (K 2). M
JRUON 6 AN AR B2 5o, ks et 77 Az
O LT PL A LSI A 35200, 3R B 5200 7 1
AYERE) FZEH R MK B LW F1 LS Ak, H
fln 4 ASFEFRAS 2B T S AR T 7 AL A BAE 5
Mo AT UL, AN [R) ITEAS HBR O R e 2 R O 7 L
A ANTE A — E A B .

K2 EWAFZR T70 LA BAR XA R A S (F D)
Table 2 Effects of different canopy layers, orientations and their interactions

on leaf morphological traits of Cinnamomum camphora (F-value)

Variation LL Lw LT PL PD LSI
resource
1=3/4 5.790° 15912 14.527" 4.457° 67.001" 8.682*
Layer (A)
Jifr 1468 0934 32.039™ 4250 1.770  5.496™
Orientation (B)
AxB 6.600™ 2286 20.624" 2.686" 17.291™ 2.164

**: P<0.01; *: P<0.05
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. L2 LSITE 4 MR EREESR, 12
LSI PAFafl s, 5 PD & —8. nril, ANFE
HIEASHEARTER A [F) 7 AL B A A — B R
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TE, LW (UERMEI AN FERZESTTE. &R
M BJZE LT BF & T F=E, b £ K& . PL
R EEREST NE. BREEmsh, b R
MM EER PD BHEEET FE, AR ZE S
Ko LSI 5 Fdll &R A G A —8u 2 igs, £
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LL (cm)

N
LSI 1.9

S
B 1 BT SMARAER E J2 AT LI PR 22 5. AN T RS 22 5 0 3 (P<0.05). E: ZR; W: Pl St s N: k. R
Fig. 1 Differences in leaf morphological traits of Cinnamomum camphora among layers and orientations. Different letters indicate significant differences at 0.05

level. E: East; W: West; S: South; N: North. The same below

3 AR5 AR AN [ 2 UK TR ) S A AR O 25 2R KA 56

Table 3 Allometric index and isometric test of 5 measured traits of Cinnamomum camphora leaf at different canopy layers

[EN S A KRS Allometric index SEHUE KA Tsometric test

X Y Layer R P a 95%E 15 X ] 95% CI F P
PD LL L+ Up 0.560 0.000 0.951a 0.800~1.132 0.328 0.569
N Down 0.558 0.000 0.811a 0.682~0.965 5.819 0.019
Lw +Up 0.497 0.000 1.039a 0.863~1.250 0.167 0.684
~ Down 0.488 0.000 0.983a 0.816~1.186 0.032 0.860
LT Ik Up 0.320 0.000 2.882a 2.324~3.573 137.031 0.000
~ Down 0.087 0.022 2.146a 1.674~2.752 44.854 0.000
PL +Up 0.087 0.022 1.314a 1.025~1.685 4.867 0.031
N Down 0.302 0.000 1.512a 1.216~1.880 15.016 0.000
PL LL L+ Up 0.328 0.000 0.724a 0.584~0.896 9.337 0.003
N Down 0.339 0.000 0.537b 0.434~0.664 38.610 0.000
Lw Ik Up 0.365 0.000 0.790a 0.642~0.973 5.150 0.027
~ Down 0.361 0.000 0.651a 0.528~0.801 17.853 0.000

LT +Up 0.001 0.847 - - - -
N Down 0.161 0.002 1.420 1.118~1.802 8.837 0.004
LT LL I Up 0.104 0.012 0.330a 0.258~0.422 117.885 0.000
N Down 0.081 0.028 0.378a 0.295~0.485 81.059 0.000
Lw Ik Up 0.096 0.016 0.361a 0.282~0.462 93.434 0.000
~ Down 0.138 0.003 0.458a 0.360~0.584 49.992 0.000
LW LL +Up 0567 0000  0916a 0.771~1.088 1.039 0312
~ Down 0.449 0.000 0.825a 0.680~1.002 3.944 0.052

[FFIHE 5 AN A - B R 2 57 3 (P<0.05). R

Data followed different letters indicate significant differences at 0.05 level. The same below
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i bR R A KA 80(0.724) 5 T T /2(0.537), £ W
BE PL 4K EJZM A LL #8876 19 M
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R[22 AN
2.4 WHIEAMHRREEKIEBAER A 77 6L 8
EZR
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R4 RS AT PSR 65 LR 1 5 A RS R SR A AR I

A 30 NMEFIEEKT(E 4). xRl KIEHg
KEBAE 4 AW 7 AL IR TG 23 2 57, {X LL-PD M
PL-PD 7EM} & 75 07 [0 2. 3% % 5%, HApEll LL-PD
A KB EL(1.086) = T 4 )(0.603), PEl] PL-PD
S A K AR E(1.800) 5 T A< M10(0.991), FKHHRE PD
B PEM - F LL AT PL 386 sk R 8 2 bU 25 00 B bk
75 30 MR, A 15 M REEFRAK KR, 11 LW-
PD. A UL, FEANFEIR 577, R il & R A L S
AR (14 XD EH To R 2 Rl A KR (11 M)A,
HAEAN RIS 568 77 07 154 5 5k R R s

Table 4 Allometric index and isometric test of 5 measured traits of Cinnamomum camphora leaves at different canopy orientations

X v Jifr S8 E KRR Allometric index S K6 Tsometric test
Orientation R? P a 95% {5 X [6] 95% CI F P
PD LL N 0.388 0.000 0.898ab 0.666~1.210 0.532 0.472
E 0.795 0.000 0.603b 0.507~0.718 37.937 0.000
S 0.439 0.000 0.778ab 0.584~1.036 3211 0.084
W 0.506 0.000 1.086a 0.830~1.421 0.390 0.537
LW N 0.607 0.000 0.978a 0.769~1.243 0.036 0.851
E 0.749 0.000 0.837a 0.691~1.015 3.555 0.070
S 0.402 0.000 0.865a 0.644~1.161 0.998 0.326
W 0.525 0.000 1.207a 0.927~1.571 2.106 0.158
LT N 0.009 0.621 - - - -
E 0.723 0.000 1.767a 1.443~2.162 36.467 0.000
S 0.201 0.013 1.440a 1.025~2.022 4.866 0.036
W 0.006 0.692 - - - -
PL N 0.222 0.009 1.256ab 0.898~1.756 1.898 0.179
E 0.555 0.000 0.991b 0.767~1.279 0.006 0.941
S 0.049 0.238 - - - -
W 0.252 0.005 1.800a 1.296~2.501 14.499 0.001
PL LL N 0.080 0.131 - - - -
E 0.688 0.000 0.609a 0.491~0.755 23.993 0.000
S 0.416 0.000 0.687a 0.513~0.920 7.079 0.013
W 0.221 0.009 0.603a 0.432~0.844 9.974 0.004
LW N 0.221 0.009 0.779a 0.557~1.089 2298 0.141
E 0.708 0.000 0.845a 0.687~1.040 2.735 0.109
S 0.311 0.001 0.764a 0.557~1.089 3.030 0.093
W 0.296 0.002 0.670a 0.487~0.922 6.714 0.015
LT N 0.072 0.153 - - - -
E 0.286 0.002 1.783 1.293~2.460 14.650 0.001
S 0.185 0.018 - - - -
W 0.058 0.201 - - - -
LT LL N 0.085 0.119 - - - -
E 0.448 0.000 0.342a 0.257~0.454 84.852 0.000
S 0.148 0.036 0.540a 0.381~0.767 14.106 0.001
W 0.000 0.961 - - - -
LW N 0.048 0.245 - - - -
E 0.499 0.000 0.474a 0.362~0.621 37.355 0.000
S 0314 0.001 0.601a 0.438~0.823 11.570 0.002
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X v J5 i FHAE KR Allometric index AR KA Isometric test
Orientation R P a 95%E {5 X ] 95% CI F P
LT LW w 0.015 0.525 - - - -
LW LL N 0.266 0.004 0.918a 0.663~1.272 0.277 0.603
E 0.807 0.000 0.720a 0.608~0.853 16.183 0.000
S 0.628 0.000 0.900a 0.712~1.137 0.843 0.366
W 0.480 0.000 0.900a 0.683~1.186 0.596 0.447

2.5 HBHEHS 5 NMUEMRR REREA F 7 AL

6] B 22 37

LST e AR 7 i — LR AE IR, Xt LST 53
fib 5 ASVERIEAT T AR K HT, A LSI-LW B A &
EMFEAKKR, HIAER LSI-LW (145 R (&
5)o TEARFIM AL L, Tl K8 B %5,
Forp 230 (—0.474) & 2 5 T AL W (-0.947) A g ]
(-0.751), FEMI(-0.619)fE+, FKIAKE LW 0, Jb
MFPEM LST FFEEER, My TR . (HAER
WER L, LS5 LW 2 B 5l A K e B B 3%
Z5, R EMFEM ) LSI S Lw AF —3%
AR R

5 MR AR BRI 7 i ) () Sk K A
Table 5 Allometric index of leaf width-leaf shape index of Cinnamomum

camphora at different canopy orientations

S A K EL Allometric index

x oy MElLE o 5 . owERKXH
95% CI

LW LSI N 0.309 0.001 -0.947b —1.299~-0.690
E 0.554  0.000 -0474a -0.612~-0.367

S 0.215 0.010 -0.619ab -0.867~-0.442

W 0.252  0.005 -0.751b —1.043~-0.540

k. Up 0.210 0.000 -0.678a —0.855~-0.538

N Down 0.348 0.000 -0.758a -0.936~-0.614

3 et

3.1 SEIEAKAEX R = TR/ 75 L KR M

TEE 35 IR 52 B A 2 A0 A B2 TH 1 [0 52
Wi 25261, ACHIF FE Hp A A5 T 2 PRS2 Tl AN R 2
ISR, AFRITTALRE IR, HAEANE R
OAIAN R 7 67 1) 22 ELAE R A A i JE S PR AT
—REMIFN . ANFE R P2 5 BRI LI
S AFM, Baldochhi Z5P7HA Y, SEAEM EJE b 1%
A BT LERE A, JE RN R EJRE R
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