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Abstract: The leaf force to punch strength is one of the important indexes to reflect the mechanical resistance of the
leaf, but the final result is affected by the needle diameter and calibration method. To analyze the influence of different
punch needle diameters and calibration methods on force to punch measurement, the difference of leaf force to punch of
30 plants with parallel vein monocots and dicots with reticulate veins under different diameters punch needle and their
calibrations with functional traits from the campus of Guangxi University were measured. The results were as follows:
(1) The force to punch was calibrated based on the needle circumference, cross-section area and leaf thickness. The
measured force to punch varied with needle diameter and calibration method. (2) The differences among the leaf force to
punch of the three diameters punch needle were different under different calibration methods. Among them, there was no
significant difference in the force to using punch needles with different diameters when calibrated by punch needles
circumference and needles circumference combining the leaf thickness. When only using leaf thickness for calibration,
the thicker the punch needles, the force to punch increased with needle diameters, but it decreased when only using the
needle cross-section area or combining the cross-section area with the leaf thickness for calibration. In addition, the leaf
force to punch of monocots was significantly higher than that of dicots. (3) As the variation range of force to punch
across needle diameter was calculated for each species, the correlation between this variation range and leaf traits
differed with calibration methods. Vein type, leaf density, leaf mass per area, cuticle thickness and vein density
significantly influenced this range. Overall, needle diameters and calibration methods significantly affect the accuracy of
leaf force to punch measurements across plant groups with different venation types. We advise carefully selecting
perforation needles and calibration methods for force to punch measurements based on the research questions and studied
plant groups. It is suggested that the punch needle with a diameter of 0.5 mm should be applied to the blade with large
vein density and small leaf mass per area, but not to the hard leaves; the needle with a diameter of 2 mm should not be
applied to the blade with large vein density and small leaf mass per area. It is more reasonable to choose the needle with
a diameter of 1 mm and use its circumference for calibration in three diameters.

Key words: leaf force to punch, differences of force to punch, leaf density, leaf mass per area, cuticle thickness,

vein density
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F1 15 #MEBEFHEWM 1S HRFHEY

Table 1 15 monocots and 15 dicots

Yy HE i e sl

Species Abbreviation Family Vein type

B F M4 Monocots

dE3% Zephyranthes carinata Zc Akl Amaryllidaceae P47k Parallel venation
HYBY . Ophiopogon bodinieri Ob KITLHBE Asparagaceae ATk Parallel venation
WALE Commelina benghalensis Ch & B %R Commelinaceae A7k Parallel venation
FENH Canna indica Cai F NEFL Cannaceae ATk Parallel venation
T HAE Thalia dealbata Td 1%} Marantaceae SEAT Bk Parallel venation
KA H Cyperus involucratus Ci R} Cyperaceae SEAF Ik Parallel venation
R FE Pontederia cordata Pc M AAEEL Pontederiaceae SEAT Kk Parallel venation
M BE L Axonopus compressus Ac RAFL Poaceae SEAT ik Parallel venation
FNAAT Bambusa multiplex Bm RAFE} Poaceae SEA7 ik Parallel venation
FEAT Rhapis excelsa Re KBl Arecaceae SE47 ik Parallel venation
%% Caryota maxima Cam FEMEEL Arecaceae SEA7 ik Parallel venation
HUR % Dypsis lutescens DI FEMEEL Arecaceae SEA7 ik Parallel venation
VL1 2% Phoenix roebelenii Pr FEREL Arecaceae EAT K Parallel venation
AEMT 11122 Alpinia zerumbet ¢ Variegata’ Az £F} Zingiberaceae 47k Parallel venation
A R IE Dianella tasmanica * Variegata’ Dt g AL R Asphodelaceae 47k Parallel venation
WFMH1E4 Dicots

Wk Prunus persica Pp R Rosaceae Rk Reticular venation
JKHi Fagraea ceilanica Fe JEMHEL Gentianaceae [ 4Rk Reticular venation
KM Hibiscus rosa-sinensis Hr Hi2F} Malvaceae WKk Reticular venation
I ZE Camellia japonica Cj IIZEBL Theaceae AR ik Reticular venation
F1:8Y Rhododendron simsii Rs FLAS LRl Ericaceae PR K Reticular venation
2% Michelia x alba Ma A 2ZF} Magnoliaceae ARk Reticular venation
KB Osmanthus fragrans of AHER} Oleaceae AR K Reticular venation
45 Bougainvillea spectabilis Bs LHFRE Nyctaginaceae AR K Reticular venation
e KM Carmona microphylla Cm R} Boraginaceae IR K Reticular venation
EJFERS Ficus elastica Fe P} Moraceae IR K Reticular venation
KAE LR, Lagerstroemia speciosa Ls TRl Lythraceae IR K Reticular venation
INIFREA™ Terminalia neotaliala Tn {HE FFl Combretaceae IR K Reticular venation
B I Thunbergia erecta Te EFRF} Acanthaceae IR K Reticular venation
HEJEYEAE Saraca dives Sd T Fl Fabaceae ARk Reticular venation
LA W Bauhinia x blakeana Bb T Fl Fabaceae ARk Reticular venation
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The specific species represented by the abbreviated letters in the figure are shown in Table 1. Different letters represent significant differences in

the force to punch of different needle diameters (P<0.05), the same below.

B1 30 MEYARREAXTIMERFRHPHAFENER

Fig. 1

Differences between leaf force to punch based on three diameters punch

needle and different calibration methods in 30 species
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Leaf force to punch Fp, (kN-m™)
&
M gEiE )
Leaf force to punch Fp, (MN'm™)

2 0.5

0.5 1
ZEH14F H 4% Punchneedle diameter (mm)

S
[}

10

ZEH14F B4 Punchneedle diameter (mm)

M BN

Leaf force to punch Fp, (kN'm™)
=)

1 2 0.5 1 2
ZFE 44 H 4% Punchneedle diameter (mm)

w
S

6

MR g
Leaf force to punch Fp, (MN-m™)
o
W 2 )
Leaf force to punch Fp; (10° kN-m™)
s S

0
0.5 1 2 0.5
A4+ BE1E Punchneedle diameter (mm)

1 2
ZE 44 B 4% Punchneedle diameter (mm)

WRZELCNPRIEDR . M. D MD 53 5l 378 BT MRS XTI B8 T MR M 30 FAEY . TRl 3RoR SXUCT i A AR 1R
BT 55 T Z M B E P25 R (P<0.05) , o+ TR R FE2 R (P<0.01)

Error bars are standard errors. M, D, and MD represent monocots, dicots and thirty species of both groups, respectively. The same

below. * represents significant differences in the force to punch of the same diameter punch needle in monocots and dicots (P<0.05), and

% represents highly significant differences (P<0.01).

B2 3MERFRHRERARKRET XX EFHEDFNFHEDIF FE

FMESR

Fig. 2 Differences between leaf force to punch measurements based on three diameters

punch needle and using different calibration methods in monocots and dicots
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AFp, represents differences between the maximum value and the minimum value of the leaf force to punch of three diameters punch needle of
Fp,. P<0.05 represents significant correlation; P<0.01 represents highly significant correlation. The same below. The black dashed line is the

associated trend line for the dicots.
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Fig. 3 Correlation between the differences in leaf force to punch of three diameters punch needle and leaf traits of Fp,
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A Fp, represents the difference between the maximum value and the minimum value of the leaf force to punch of three diameters punch needle of
Fp,. The black solid line is the associated trend line for the monocots in A, red dashed line is the associated trend line for the monocots and

dicots thirty species in A, and the black dashed line is the associated trend line for the dicots in E.
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Fig. 4 Correlation between the differences in leaf force to punch of three diameters punch needle and leaf traits of Fp,
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T ar, Tepresents the Pearson correlation coefficients of the difference between the maximum value and the minimum value of the leaf force to
punch of three diameters punch needle and leaf traits. * represents significant correlation (P<0.05); #3%* represents highly significant

correlation (P<0.01); ##* represents extremely significant correlation (P<0.001).
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Fig. 5 Correlations between the differences in leaf force to punch of three
diameters punch needle and leaf traits of Fp,, Fp,, and Fp,
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