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Significance of leaflet shape in palmate leaves

Teruo Arase & Masamichi Yoshizawa

Faculty of Agriculture, Shinshu University

Summary: In the present study, the leaflet shape of palmate leaves was considered based
on geometric analyses and morphometric data collected from three species of Akebia
(Lardizabalaceae): A. quinata (AQ), A. x pentaphylla (AP) and A. trifoliata (AT). In the
geometric analysis, we assumed that the leaflet conformed to a sector of a perfect circle,
hypothesizing that the length/breadth ratio for a leaflet in a palmately penta-foliolate leaf
was theoretically 1.47 times greater than that for a trifoliolate leaf. In another geometric
analysis, we assumed that each leaflet represented a perfect circle in a trifoliolate leaf, and
found that the extent of leaflet overlap could be calculated as a function of k and 8, where
k represents the proportion of the terminal leaflet area to the total area of leaflets, and &
represents the angle formed by the midribs of the terminal and lateral leaflets. The extent
of overlap was largest when k = 0.3 to 0.4, with the area decreasing more rapidly for minor
variations in k with more acute 4. Based on the morphometric data, the length/breadth ratio
for leaflets decreased in the order AQ > AP > AT, and the average AQ/AT ratio was 1.44,
which is close to that predicted theoretically. However, the average AP/AT ratio was 1.28,
which is smaller than the theoretically predicted value. The largest leaflet/smallest leaflet
ratio decreased in the order AP > AQ > AT, and the average AQ/AT and AP/AT ratios were
1.19 and 1.28, respectively. For AP, the presence more acute angles (¢) and more rounded
leaflets was predicted to increase the likelihood of leaflet overlap; however, an increase in
k (i.e. largest leaflet/smallest leaflet ratio) was considered to reduce the likelihood of
geometric overlap.
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A. trifoliata (AT)
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Largest leaflet/smallest leaflet ratio

A. quinata (AQ)
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Largest leaflet/smallest leaflet ratio

A. x pentaphylla (AP)
Length/breadth ratio of leaflet =1.49
Largest leaflet/smallest leaflet ratio
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Fig. 1 Examples of palmate leaves of three Akebia species.
The leaves were collected in the Kami-ina District, Nagano Prefecture, Central Japan, in 2022.
The length/breadth ratio for leaflets is the average for the leaflets within the palmate leaf.
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Fig. 2

assuming that the leaflet fits into a sector in a perfect

Geometric representation of leaflet breadth,

circle. The figure shows the case for a palmately
trifoliolate leaf (6 =120°).
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Fig. 3 Variation in ri/r2 (corresponding to the largest
leaflet/smallest leaflet ratio) as a function of k value
in a palmately trifoliolate leaf, assuming that the total
leaflet area remains constant and each leaflet shape is

a perfect circle.
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Fig. 4 Relationships between r1, r2 and k value (bottom)

r,

and between ra/r2 and k value (top). ri/r2 is not shown
in the range where k <0.333, since r1 becomes smaller

than ra.
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Fig. 5 Geometric interpretation of the overlap between
central and lateral leaflets, assuming that the leaflet

shape approximates a perfect circle.
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Fig. 6 Variation in area of overlap between terminal and
lateral leaflets as influenced by k and 4. k denotes the
proportion of the terminal leaflet area to the total
leaflet area, and @ represents the angle formed by the
midribs of the terminal and lateral leaflets (illustrated
by line segments O1 to T and Oz to T in Fig. 5). The
total area of the leaflets is set to a value of 1

(constant).
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Table 1 Morphology of leaflets in the palmate leaves of three Akebia species. The actual measurements were sourced

from Yoshizawa & Arase (2024), with additional analysis introduced in the current study.

NEDIETE A A A. quinata A. x pentaphylla A. trifoliata AQ/AT  APIAT

Leaflet shape Layer and
shoot age (AQ) (AP) (AT)

/INHE DHERE L TE  EER 1.88 +0.23 ab 1.72+0.22 b 1.35+0.13 ¢ 1.39 1.27
Length / breadth WAL 1.83 £0.32 ab 1.57 £0.27 bc 1.36 +0.19 ¢ 1.35 1.16
ratio of leaflet FiE AR 1.89 +0.20 ab 1.73+0.22 b 1.31+0.17 ¢ 1.45 1.32

WAL 2.11+0.23 a 1.81+0.30 ab 1.330.20 ¢ 1.59 1.36
Ty 144 1.28

INED R/ T AR 1.40 +0.21 ab 1.57 +0.44 a 1.22 £0.14 ab 1.16 1.29
Largest leaflet / LR 1.40 +0.23 ab 1.58 +0.30 a 1.20 +0.10 ab 1.17 1.32
smallest leaflet ratio LJE  mi4FEAL 1.38 £0.20 ab 1.43 £0.17 ab 1.14+0.10 b 1.20 1.25

EEEEY53 1.42 +0.26 ab 1.47 +0.24 ab 1.17 +0.12 b 1.22 1.26
WYy 119 1.28

BEA O RS LTI, EHEMICAEEZENH D Z L &2/RkT (Tukey ® HSD 4, p<0.05).
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