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Measurement and Analysis of Leaf Shape Variation of Carpinus tientaiensis in
Different Light Environment
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Abstract: [Objectivel Carpinus tientaiensis is a plant with extremely small population and poor acclimatization it is

only distributed in Tiantai County and Pan’ an County of Zhenjiang Province. The leaf is sensitive to light conditions and
with a strong plasticity. The relationship between leaf shape variability and environmental factors of C. tientaiensis was
analyzed by geometric morphometrics and the differential growth mode of the leaf of C. tientaiensis under different light
environment was explored providing a theoretical basis for cultivation of C. tientaiensis. [Method] The response of leaf

shape of C. tientaiensis to irradiance intensity in varied simulated growth environment ( low irradiance LI ~moderate
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irradiance MI and full irradiance FI) was studied. In mid-March different shading treatments were carried out on C.
tientaiensis before leaf expansion and mature leaves were collected in late July. To investigate the differences of leaf
shape among 3 groups of irradiance gradients geometric morphometrics was used while the 17 landmark points of leaf
profile were digitalized to be standard images on the basis of Tpsdig 2 program. The Coordgen software in IMP series
software was used to calculate the standard contour coordinates data of each gradient population and the thin plate spline
graph was used to indicate the relative morphological changes. The application of PAST 3. 14 showed differences in leaf
shape and vein. The effect of environmental factors on leaf morphology was analyzed by SPSS 11. 5 software. [Result] The
geometric morphometrics analysis of C. tientaiensis leaf indicated that the leaf was oval and the base was slightly heart—
shaped with a gradual pointy tip. In different light conditions the leaf shapes were similar but the allometry of leaf shape
was more obvious. Principal component analysis and multivariate analysis of variance showed three significant leaf shape
variables and the principal component of the total variance was 77.48% . Correlation analysis showed that the
morphological difference of C. tientaiensis leaf was significantly correlated with photosynthetic active radiation ( PAR)
surface temperature ( T,) atmospheric temperature ( 7,) and relative humidity ( RH) ( P <0.05) . When the leaf shape
changes had significant positive correlations with PAR T and T, and significant negative correlation with RH the leaves
appeared to expand or shrink in the middle and the variation focuses on the alternating expansion of the leaf blade and
leaf apex. Growing in weak light environment the middle of the leaf was expanded and the leaf apex was compressed. In
strong light environment there was extrusion of the middle of the leaves and enlargement of the leaf apex. When the leaf
shape change had significant negative correlations with PAR 7T, and T, and significant positive correlation with RH the
petiole length and leaf apex stretch ratio were involved in the leaf shape changes. In strong light and weak light
environments the petiole was elongated and the leaf apex contracted. The petiole contracted and the leaf apex enlarged in
the moderate irradiance. Only when the leaf shape changes had significant positive correlations with PAR T and T, it
involved with the leaf expansion rate. Under the moderate irradiance the petiole shrank the lower half of the blade was
extruded and the leaf apex was dilated. By using principal component data to make the relative distortion of leaf shape
it showed under the influence of light environment the petiole and leaf apex appeared twisted up and down. [Conclusion]
In different light environments C. tientaiensis leaves grow at allometry. With the enhancement of light C. tientaiensis
changes the shape of the leaves it regulates the position of petioles in order to increase its photosynthetic capacity. The
correlation analysis between leaf variation of C. tientaiensis and light environment showed that due to the adaptation to the
moderate irradiance in forest gap C. tientaiensis oval leaves become more full. The basal and the lower half of the blade
were extruded while the leaf apex was dilated. Shorter petioles were more effective in conducting water and nutrients. In
nature C. tientaiensis relies on special growing environment. The introduction and cultivation of the C. tientaiensis should

choose forest gaps where the light is stronger in favor to restore and expand the C. tientaiensis population effectively.
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Fig.1 Landmark configuration recorded on each leaf
1
Tab.1 Description of landmarks in leaves of Carpinus tientaiensis
Landmark Description
1 Beginning of the petiole
5 2 ( 15)
Intersection of the midrib with the vein of the second basal lobe starting from the petiole ( referred to landmark 15)
X ( 13)
) Intersection of the midrib with the vein of the lobe at largest width of leaf blade ( referred to landmark 13)
4 2 ( 11)
Intersection of the midrib with the vein of the second lobe immediately above the apex of the leaf blade ( referred to landmark 11)
] ! ( 9)
Intersection of the midrib with the vein of the first lobe immediately above the apex of the leaf blade ( referred to landmark 9)
6 Apex of the leaf blade
7 Tip of the lobe immediately above the apex of the leaf blade
8 1 Leaf margin of the sinus immediately above the first tip of the leaf vein
9 1 Tip of the lobe immediately above the vein of the first lobe
10 2 Leaf margin of the sinus immediately above the second tip of the leaf vein
11 2 Tip of the lobe immediately above the vein of the second lobe
12 Leaf margin of the sinus immediately above the veins at largest width of leaf blade
13 Tip of the lobe at largest width of leaf blade
14 2 Leaf margin of the sinus immediately above the veins of the second basal lobe
15 2 Tip of the second basal lobe starting from the petiole
16 1 Tip of the first basal lobe starting from the petiole
17 Junction of the blade and petiole
1.2.5 PSAT 3. 14 2
( Rohlf et al. 1990) . PAST
o 17 (PC) Morpho J
PC o SPSS 11.5
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Tab.2 Environmental variables recorded for each sampling (8: 00—18: 00)
Environmental factors
Light environment PAR/( pmol* m 2oy T/ T I%C RH( %)
Full irradiance( FI) 518. 4a 30.7a 33.3a 49.2a
Moderate irradiance( MI) 208.9b 29.1b 30. 8b 69.7b
Low irradiance( LI) 43.2¢ 28.3b 29. 6b 75.2b
@® (P<0.05) . 5

o Different letters in columns indicate significant differences ( P <0. 05
Duncan’ s test) . Five replicates is for each treatment. PAR: Photosynthetic active radiation; T,: Atmospheric temperature; T,: Surface temperature;
RH: Relative humidity.

3 LI MI FI
o FI.MI

MI. LI LI LI FI. LI

MI  FIL. MI,

3 @®

Tab.3 Morphological structure parameters and variance analysis of leaves in different light environment

Morphological structure parameters of leaves

Light environment

Leaf length/mm Leaf width/mm Number of secondary veins Petiole length/mm

FI 40. 85¢ 23.24c 16. 89b 5.86b

MI 45.48b 26.53b 18. 52a 4.48¢

LI 65.28a 40. 70a 18.43a 6.93a

@ (P<0.05) 30 o Different letters in columns indicate significant differences ( P <0. 05
Duncan’ s test) . Thirty replicates is for each treatment.
2.2 superimposition)
Coordgen ( Procrustes ( 2)o
2 LI(A) . MI( B) FI( C)

Fig.2  Analysis for Procrustes superimposition of landmark of Carpinus tientaiensis leaves in low irradiance ( A)

moderate irradiance ( B) and full irradiance ( C)

XY

o The X Y are coordinate data from the Procrustes superimposition analyzed
landmark data.
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Tab.4 The first ten eigenvalues of a principal components analysis ( PCA) of Carpinus tientaiensis leaf in

different light environment

Cumulative variance

Principal component( PC) Eigenvalue Variance explained( %) explained( %)
1 PC1 0. 002 604 690 45.921 0 45.921 0
2 PC2 0. 000 981 685 17.307 0 63.228 0
3 PC3 0. 000 808 177 14.248 0 77.476 0
4 PC4 0. 000 317 020 5.589 1 83.065 1
5 PC5 0. 000 245 701 4.3317 87.396 8
6 PC6 0. 000 187 264 3.3015 90. 698 3
7 PC7 0. 000 115 637 2.038 7 92.737 0
8 PC8 9.351 06E -05 1.648 6 94.385 6
9 PCY 8. 827 96E -05 1.556 4 95.942 0
10 PC10 5.086 77E -05 0. 896 8 96. 838 8
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Fig.3 Distortion analysis of PC1 PC2 and PC3 axis of leaf shape to Carpinus tientaiensis under different light environments
(PC) Procrustes-aligned 95% . PC1.PC2  PC3

Plot of principal components ( PC)  using a matrix of Procrustes-aligned landmark coordinates showing 95% confidence ellipses. Thin-plate spline

analysis shows the leaf shape extremely distorted in the positive and negative directions of the PC1 PC2 and PC3 axes.

4 PCl1 LI( A) \MI(B) FI(C)
Fig.4 Canonical variates analysis of the leaf shape by the PCl axis of Carpinus tientaiensis in LI( A)  MI( B) and FI( C)
PC1 B Jacobian
1 1 o PAST 3. 14 B
The figures above show the leaf shape corresponding to low score values of the PC1 and the figures below to high score values. The colour
coded Jacobian expansion factors are used to measure the degree of local expansion or contraction of the grid yellow to orange red for

factors > 1 indicating expansions; light to dark blue for factors <1 indicating contractions. Computed in PAST 3. 14.
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5 PC2 LI( A) \MI( B) FI( C)
Fig.5 Canonical variates analysis of the leaf shape by the PC2 axis of Carpinus tientaiensis in LI( A) MI( B) and FI( C)
pPC2 o The figures above show the leaf shape corresponding to low score values of the

PC2 and the figures below to high score values.

6 PC3 LI( A) \MI(B) FI(C)
Fig. 6 Canonical variates analysis of the leaf shape by the PC3 axis of Carpinus tientaiensis in LI( A) MI( B) and FI( C)
PC3 o The figures above show the leaf shape corresponding to low score values of the

PC3 and the figures below to high score values.
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Tab.5 Correlation analysis between the PC axis of Carpinus tientaiensis leaves and the environmental factors
PC1 PC2 PC3 PAR T, T, RH

PC1 1 -0.806™ 0. 624" 0.912* 0.958* 0.972* -0.831*
PC2 1 -0.8417" -0.904 ™ -0.898 -0.907** 0.782*
PC3 1 0.680" 0. 806 ™ 0. 754 -0. 469
PAR 1 0.913* 0.959* -0.958*

T, 1 0.988 * -0.783™

T, 1 -0.862™
RH 1
(OFTH 0.01 N 0.05 o %k Correlation is extremely significant at the 0. 01 level;

. Correlation is significant at the 0. 05 level.
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