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Abstract

The aim of this study was to examine how clustered aquatic macrophytes respond to
different channel flow velocities in terms of changes in their flow resistance mechanisms.
Study results showed that the flow resistance ability and environmental adaptability is
superior in those planted in the patterns of clusters than those planted singly. Oenanthe
javanica DC. (water celery) presented morphological variations at different flow velocities.
In singly planted patterns, the growth rate became slow and plant shoots were shorter and
softer to increase plant flexibility as flow velocities increased. Root length and root
anchorage decreased. Root, stem, and shoot mass were also found to be restricted to flow
velocity. On the other hand, the clustered water celery did not show obvious difference in
planting height, root length and averaged numbers of green leaves between control groups
and experimental groups. However, the numbers of vascular bundles per sguare
micrometer in the experimental groups increased as flow velocity increased, which was the
same as the singly planted patterns. It evidenced that the flow resistance mechanisms of
water celery when facing higher flow velocity is to decrease its section area but increase
the density of vascular bundles.

Key words:. flow resistance mechanism, simulated channel, aquatic macrophytes, ecological

engineering.
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MORPHOLOGICAL ADAPTATION OF AQUATIC MACROPHYTESIN RESPONSE TO
DIFFERENT FLOW VELOCITIES

Shiang-Yuarn Chen (Chung Hua University, Hsinchu, Taiwan; NTUT)
Jen-Yang Lin (National Taipei University of Technology, Taipei, Taiwan)

ABSTRACT: Planting materials were used as a buffer zone to prevent riverbank erosion. However, there has
been relatively little research conducted for studying the adaptation of plant characteristics to flow conditions.
The study was carried out in an artificial channel. Study objectives were to examine how aguatic Oenanthe
javanica DC. (water celery) macrophytes respond to different channel flow velocities through changes in their
morphology; and to clarify the tolerance limit of the aquatic macrophytes at different flow velocities. Study
results show that water celery experienced morphologica variations at different flow velocities. In particular,
as flow velocities increased, growth rate sowed and plant shoots became shorter and softer, to increase plant
flexibility. Root length and root anchorage decreased. Root, stem, and shoot mass were found to be restricted
by flow velocity.

INTRODUCTION

Many studies have demonstrated that plants affect flow velocities and prevent riverbank erosion
(Simon et al., 2006; Simon and Collison, 2002; Greenway, 1987; Wynn and Mostaghimi, 2006). However,
most studies focused on the types of riverbank, and materials and construction methods used for riverbank
protection, sope stabilization, erosion control, or to increase the survival rates of selected plants species
(Elliott, 1998; Elliott, 2004; Anderson et al., 2004). Relatively few field monitoring studies have verified the
effectiveness of mitigation approaches or examined the effects of vegetation on channel and flow velocities or
the morphological adaptation of plants to flow conditions (Green, 2005; Watson, 1987). This study was
utilized an artificial channel to assess the ability of aguatic macrophytes to resist different flow velocities
through repeated experiments. The primary aim of this study is to confirm the suitability of local plants for
riverbank protection projects by examining how aguatic macrophytes respond to different channel flow
velocities based on changes in their forms and structures. Additional goals are to determine the plant tolerance
limits, and erosion-resistance response under various flow velocities. The final purpose of this study is to
clarify the roles and limitations when utilizing aquatic macrophytes in ecological engineering applications and
design work.

MATERIALSAND METHODS

12



Building an artificial channel. The artificial double channels, which were 200 cm long, 30 cm wide and 40
cm deep, were constructed of 1-cm-thick transparent acrylic panels. The other components were two
adjustable water pumps and four planters. The planters made of 1-cm-thick wooden panels were 90 cm long,
29 cm wide, and 5 cm deep. The lighting was supplied by four 40-watt plant lights, each 100 cm long.
[llumination time was from 06:30 to 17:30. Average luminance was 843 Lux. A control group and
experimental group were designed to have the same environmental conditions and various flow rates. All
experiments were conducted at room temperature. Since most average flow velocities of dredged rivers in
Taiwan are 0.02-0.60 m/s (Dago Stream, 0.05-0.13 m/s; Fungaue River, 0.02-0.52 m/s) (Lin, 2003; Lin et al.,
2005), the flow velocities were set between 0.05-0.50 m/sin all threetrias. The slope of artificia channel was
under 2.0%, which was the slope of slow flow in the downstream sectionsin Taiwan’s rivers.

Choosing plant species. Oenanthe javanica (Blume) DC. (water celery) was chosen. In Taiwan, water celery
grows in ditches, ponds, paddy fields and other wet locations at low-to-medium altitudes all over the island
(Huang et al., 1998). This plant material is akind of perennial herb and native species with threadlike rootlets
that are easily to assess for sand stability.

Experimental steps. The culture media properties, plant weights, root lengths, channel slope, water depths,
flow velocities, water qualities, pH values, and lighting duration for both the control group and experimental
group were determined. The flow velocities for the experimental groups were increased every 4 weeks. The
number of green shoots, yellow shoots, and stolon shoots was recorded. Additionaly, height, root length,
diameter, fresh weight, and total dry weight were recorded for each plant after harvesting. All three
experiments were conducted over an 18-week period and were terminated when the difference in survival rate
between two groups exceeded 10%.

RESULTSAND DISCUSSION

Growth rate varied under different flow velocities. When flow velocity was fixed for the control group, the
difference between the average
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velocities for water celery are in the
range of 0.05-0.30 m/s (Figure 1, 2).

Biomass varied at different flow
velocities. At the start of experiments,
difference of total fresh weight of plants
in the control group and experimental
group was controlled below 10%. After
harvesting, totd fresh weight and dry
weight were recorded as figure 3 and 4.
All three experiments showed that the
fresh and dry weights of the
experimental groups were lower
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Morphology varied under different flow
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reduce height and diameter, thereby forming relatively softer and more flexible shoots. Plants in the
experimental groups also apparently underwent morphological adaptations to reduce root length and thereby
reduce root anchorage strength. According to a study by Puijalon et al. (2005), this strategy may increase the
dispersal capability of a speciesin high-flow habitats.

The suitable flow rates for water celery were 0.05-0.30 m/s. This rate is the same as most average
flow velocities of dredged riversin Taiwan.

Since suitable streambank vegetation may include a variety of plants, future studies can examine the
flow-resistance mechanisms of clusters of water celery and other plants, and further investigate and clarify the
roles and limitations of using aguatic macrophytes in ecological engineering applications.
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