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Study on dispersal traits of dimorphic fruits of Fraxinus velutina

TIAN Xuping, HAN Youzhi®
Forestry College of Shan xi Agricultural University , Taigu 030801, China

Abstract: Seed dispersal is a key stage in the life cycle of plants, and thus plays an important role in the colonization and
extension of plant populations. Fruit dimorphism is a phenomenon widely reported in plants. There are differences in seed
dispersal between normal fruits and heteromorphic fruits, such as in dispersal distance and in-flight behavior. Dimorphism of
fruits allows different dispersal modes for plant species, thus facilitates the dispersal efficiency, dispersal range,
reproduction, and ultimate evolution of the plant species. Many factors, such as fruit features, insertion height of the fruits,
and wind speed, will affect the spread of fruits or seeds. To Fraxinus velutina, dimorphism of fruits is characterized by the
number of wings on the samara: two-winged, which is the normal samara type, and three-winged. However, few studies
have investigated the difference between these two kinds of samara types. The aim of the present research was to compare the
dispersal performance of these two samara types under different wind speeds and release heights to better understand how
their dispersal was affected by samara types and morphological and structural characteristics. In a large basement, air
current was generated by an electric fan with a speed regulator that could be set at different levels as the wind source. By
being placed close the fan, the fruits were manually released from 2, 1.5, and 1m high under wind speeds of 0, 4.6, 6.5,

and 7.3m/'s respectively. Then, dispersal distance and in-flight duration of the fruits were measured. The linear correlations
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among samara traits ( wing type, fruit weight, wing width, and wing length) and dispersal parameters of the fruits (release
height, wind speed, dispersal distance, and in-flight duration) were explored. The results showed that the horizontal
dispersal distance of three-winged fruits was significantly greater than that of the two-winged fruits under the same height
and wind speed, but the corresponding in-flight duration was shorter than that of the two-winged fruits. The terminal velocity
of the three-winged fruits significantly had also exceeded that of the two-winged fruits under the same situation, while, the
the in-flight distance and in-flight duration increased correspondingly with increasing height and wind speed. The fruit
weight of the three-winged type was significantly higher than that of the two-winged type, but wing length and width were
lower. The cellular structure of the wings was the same between three-winged and two-winged fruits. In both samara types, a
lot of air sacs were permeated the wings of samara, and ridges along the longitudinal axes of wings were streamlined.
Correlation analysis showed that the phenotypic traits greatly correlated with the dispersal performance of fruits. Wing shape
was the main morphological factor that had significantly affected the dispersal distance and duration. Compared to release
height, wind speed also had significantly affected the dispersal distance and duration. Faster responses to gusts of the three-
winged fruits than two-winged fruits was the key to its greater dispersal distance, which had resulted in higher terminal
velocity. The combination of three-winged and two-winged fruits dispersal mechanisms improves chances of survival and

colonization of this species.
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Fig.2 Cross section of fruit wing of Fraxinus velutina x4
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Fig.3 SEM observation on wing surface of Fraxinus velutina x1000
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Table 1 Phenotypic traits of dimorphic fruit of Fraxinus velutina

pURIUE =gy =5 —# P »
Observation index Three-winged Two-winged

B Fruit weight/mg 27.3+0.50 20.6+0.40 1205.692

K Samara length/cm 2.98+0.02 3.09+0.02 178.734

W FE Samara width/cm 0.47+0.01 0.50+0.01 141.208
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Table 2 Dispersal distance and in-flight duration of Fraxinus velutina fruit falling from different heights under a series of wind speed

B R ET Y Dispersal distance/cm PHEH In-flight duration/s
Release Wind speed/ = —# =i —iH
height/m (m/s) Three-winged Two-winged F P Three-winged Two-winged F P
2.0 0 12.23+0.89 7.97+0.55 16.564 0.000 0.77+0.01 1.18+0.04 110.952 0.000
4.6 104.79+2.18 79.45+2.18 67.310 0.000 0.87+0.01 1.34+0.02 292.348 0.000
6.5 123.36+2.89 88.82+2.71 75.796 0.000 0.85+0.01 1.41+0.03 325911 0.000
7.3 131.09+3.30 97.32+2.57 64.965 0.000 0.95+0.01 1.38+0.03 178.399 0.000
1.5 0 10.66+0.81 5.76+0.55 24.610 0.000 0.76+0.01 1.00+0.02 120.352 0.000
4.6 107.18+2.58 88.27+2.54 27.265 0.000 0.77+0.01 1.16+0.02 501.542 0.000
6.5 125.20+2.99  110.84%2.15 11.607 0.001 0.79+0.01 1.18+0.02 491.867 0.000
7.3 135.59+3.10 119.77+3.47 11.540 0.001 0.79+0.01 1.18+0.02 395.841 0.000
1.0 0 7.35+£0.64 5.64+0.53 4.171 0.042 0.69+0.01 0.83+0.01 75.863 0.000
4.6 97.45+2.27 94.08+2.16 1.158 0.283 0.69+0.01 0.86+0.01 189.930 0.000
6.5 118.26+2.84  110.36+2.66 4.091 0.044 0.71+0.01 0.88+0.01 119.646 0.000
7.3 120.01+2.54  120.33+2.78 0.240 0.876 0.73+0.01 0.88+0.01 144.193 0.000
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Table 3 Terminal velocity of samara in Faxinus velutina without wind

Tl e IR ULFEH B Terminal velocity/ (m/s)

Release height/m  Wind speed/(m/s) <3l Throowinged 8 Two-vinged i P
2.0 0 2.63+0.04 1.84+0.05 131.256 0
1.5 0 1.99+0.03 1.55+0.03 135.675
1.0 0 1.46+0.02 1.24+0.02 77.830
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Table 4 Correlation between samara traits and dispersal characteristics of Faxinus velutina

y e e . e i
ndex Wing type  Fruit weight ) width height speed distance duration
7 Wing type 1 -0.543"* 0.242* 0.216** 0.000 0.000 -0.131** 0.566**
SE Fruit weight 1 0.264 ** 0.189** 0.000 0.000 0.034 -0.359"*
1 Samara length 1 0.428** 0.000 0.000 -0.044 " 0.128**
55 Samara width 1 0.000 0.000 -0.022 0.191 **
PRI B Release height 1 0.000 0.028 -0.450 **
M Wind speed 1 0.752"" 0.136 "
&G B Dispersal distance 1 0.003
Y1 In-flight duration 1
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