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ABSTRACT

Hydrologic changes and human interventions graduellange the river course. Geomorphology or studyers’
behavior seeks to determine the action and theti@mawmr the behavior of rivers in various conditnThe
propensity of rivers to geomorphologic changesy ¢imee, has been clear and ascertained since almagntury. It
is very much important to protect and train rivecgastal regions and to protect lands and valuakelgerves on
riversides (pumping stations, treatment plants,exgupply wells, prawn-rearing basins etc.). Takingp account
vegetation and its use in protecting and trainingersides will lessen unnecessary costs and prev@ritonmental
effects and geomorphologic changes of rivers owee.t This article is dedicated to investigate adages and
disadvantages of protecting and training of riveies by vegetation against geomorphologic changes.

Keywords: River, River Training, Geomorphology, Vegetation

INTRODUCTION

The flow of waters and rivers is the most imporgghénomenon in land crust processes, which bottribates in
conformation of general landform and determinatafrhuman lifestyle on Earth [1]. Rivers have atteacthe
attention of human societies for a long time: they crucial in formation of general landform andedeination of
human lifestyle on the Earth, like emergence ofagmnd ancient civilizations besides rivers [2].eTiorm of
ancient cities and civilizations, such as thosepfetiving in Mesopotamia between Tigris and Eupdsain west
Asia, Nile valley in Egypt, the valley of Yellow ®er, or Huang He, in China, owes to rivers andrtbigies.

Rivers and streams are quite dynamic systems agid forphological position, form and other charaste&s

continuously change over time. Due to side eroaimh displacement of river boundaries, high levélsguicultural

lands, residential regions and coastal installatiare each year subject to destruction and disagpea [3]. River
morphology studies the structure and form of rivaensl is considered among river characteristics a&itgreat
importance [4]. One of the most critical subjectgiver engineering is the geomorphologic studyolhiescribes
the geometric form, bed form and longitudinal peff streams, cross sections, changes of forml@ation of

rivers over time [5]. River morphology is influertby eight important variables of width, depth, eheflow, slope,
bed roughness, sediment load and the type of setipaeticles [6]. Any change in one of these vddalwill lead

to unbalance, causing change of other variablesfaradly, ending with a change in river course.[&part from the
cases mentioned above, human interventions (riwarse canalization, reforestation, use of riverireedts, dam
construction) also contribute in changing river s@s [8]. Identification and prevision of such dopes can be
useful in submitting river training plans and riwargineering.
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MATERIALSAND METHODS

It is critical to protect and train river sidewaltsensure stability of river ecosystem and froatamnd any instability
in this system may have abundant effects and coesegs on the environment. To control erosion astirdction,
it is appropriate to stabilize and protect riveesicand floodplains by planting trees, transplanéind vegetation, a
technique which is strictly recommended from animmmental point of view. The aim of this article to
investigate the importance of river training precey emphasizing the role of vegetation againstrgephologic
changes. To that effect, the role of vegetationdntrolling erosion and sediment, effective elerséntsettlement
of appropriate vegetation in river basins and diffierent kinds of vegetation used in the plansrfeer training has
been studied. At the end, advantages and disadyeniaf using a vegetation to protect and trainrsivegainst
geomorphologic changes are described.

RESULTSAND DISCUSSION

Riversprotection and training

The term of ‘stabilization and training of rivedsivalls’ means protecting river sidewalls agaimd €rosion and
directing river flow, regulating river bed, and irasing low water depth. In other words, regulatitabilization

and training of rivers consist of directing thenim unique channel so that it follows constantstabilized course
with a mild curvature. In this case, rivers canflm a natural course with sections that are ablkeep water and
sediments. If the stabilized course is adaptedh¢offow natural course, you have to expect redandtiooperating

costs. Stabilization of riversides is one of thesmprincipal techniques of river training that mplemented to
protect riversides against erosion and sediment éoa to prevent bed elongation into outside ofrither [9].

Civil engineering centers and water resources tlirates are more and more interested in trainind an
beautification of rivers and natural channels. Tinesence of vegetation in riversides will reduce flow rate
during flood and prevent river erosion [2].

One of the ways to stabilize riversides and rivéewalls is to use bio-engineering technique [1@}his technique,
the use of plants is taken into account, becaushedf compatibility to any region’s climatic comidins. Planting
along riversides will reduce in a great extentdbgelopment and advance of erosion and morpholbgizages of
the river (figure 1).

Fig 1: Protection of river right side by vegetation

The penetration of plant root inside the soil waidit like armature in concrete, arming the soil.sTplhenomenon
increases the shear resistance of the soil andttbagth of river sidewalls. External organs ofsth@lants will

increase the roughness and decrease the waterdtevand, at last, reduce the energized sheassfrbs use of
vegetation in order to protect and stabilize riiges and river sidewalls to lessen river morphaabchanges has
always been studied by researchers throughout trllwand all of them have identified it as an emoic and

environmental choice. This technique has naturgitylof renewal and reconstruction, although fetudies have
been conducted in this regard in Iran.
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Goals of regulation, protection and training of riversides and river sidewalls
The goals of regulation, protection and trainingigérs are clarified in two primary and secondeagegories as
follows:

1. Primary goals

» Treatment of river course and section form in otdezreate an adequate channel to reduce flow snebllow
floodwaters to pass with a high and reliable rate.

»  Effective transfer of sediment load both susperatetibed loads.

» Prevention and/or reduction of river sidewalls eynsand damages of bridges and public lines adhessver.

e Supply of sufficient draft depth for water transjadion and creation or improvement of a proper seuor
ships transit.

» Protection of agricultural lands against any damegangering people and their products in floodglai

2. Secondary goals[11]

« Concentration and orientation of the flow in a deeg thin channel in order to reduce evaporatiersgration
and leak in dry and semi-dry regions.

» The non-necessity of periodic sidewalls.

Role of vegetation in protecting and training of riversagainst mor phological changes

The use of sustainable and long-range river regsurequires the application of methods which aepted to river
environment. Under present conditions, the depeselehhuman societies to rivers has become morerenmd, and
in case of flood and inundation of rivers and eynsof their sides, many economic resources wilebdangered
[10]. Stabilization and protection of riversidegddtoodplains by planting trees, transplanting aedetation is one
of the best ways to control erosion and destruabioriversides, which is strictly recommended inesavironmental

point of view [4]. This method is employed in riveaining plans in order to protect and controlséma and

sedimentation and/or to modify the river course][12 addition to this, vegetation is consideredaaseconomic
and sustainable choice because of its natural r@nevad reconstruction abilities and also its dyrachiaracteristics
[13].

Different studies and researches were conductdteorole and effectiveness of vegetation in rivaining process.
The result of these studies was that vegetationstllilization of aggregates and improvement of sucture
under the influence of plant root, will increase tiesistance of rivet sidewalls and soil againgemarosion force;
furthermore, by natural protection of riversides aiver course, it will reduce the sediment tramsg by water
flow. Plant aerial organs cause the increase ef idewalls roughness and the decrease of ratsteat stress of
water flow during floods, which in itself contritag in mitigation of the effects of water erosiod][1n general, the
success of using vegetation will depend on riverd@ons and the destruction level of its wallgple position of
sidewall surface, type of plant, plant diversitydaarrangement, plantation technique, biologicabista and
management of protecting vegetation [2].

Role of vegetation in the control of erosion and sedimentation in order to improve morphological conditions
of rivers

The presence of vegetation (natural or planted)oailise the reduction of erosion and sedimentafibe. effecting
sequence of vegetation is described below:

* Reduction of rate and level and water agitatiotofeéd by diminution of water erosive force.

» Increase of the possibility of sedimentation dueeuction of water flow rate, which leads to atéegrowth
of plants.

« Treatment of soil structure of river sidewalls tkaro the increase of resistance of the latterclwiis made
possible by combination of plant root and soil (bgical soil leveling).

Lack of vegetation in riversides is a clear exgms®f their instability and destruction, becauke vegetation is
naturally reversible and reconstructable, ensudangustainable protection of riversides. Vegetatiglh exert its

effects directly or indirectly on the reduction whstewater, erosion and sedimentation in threessaoé river

upstream, riversides and river sidewalls. In retwagetation is also subject to problems made bsteveaters such
as erosion and sedimentation, emerging in formosftive or negative effects. The majority of thesetual effects
are explained in table 1.
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Table 1. Effecting process of vegetation on erosion and sedimentation of riversidesin training plans

Protected

areas Riversides Riverside lands Upstream lands (catchment area)

- Reduction of flow rate besidp~ Reduction of wastewater if
walls coastal lands

Direct revention of river sidewalls ~ revent fsurf rosi
- P n 5 . .
-P B
ffect rosi revention of sediment transfe

. Lo .| into the river
-More sedimentation in riversides ) .
- Preventing the suffocation qf

planted seed in the sail

- Reduction of wastewater thanks to raining
- Reduction of soil surface erosion

=

- Prevention of thinness of rivgr - Diminution of flood intensity in rivers

Indirect | - Provision of better conditions sidewalls - Better penetration of water inside aquifers and
effects | for vegetation settlement - Better penetration in the sojl provision of better conditions for vegetation settent
and better growth of plants - Better conditions for vegetation settlement

Effective factorsin appropriate vegetation settlement in river basins
Following factors influence on appropriate vegetatsettlement in river basins in order to contratav destructive
effects and reduce environmental displacementvefsiand their morphological changes [14]:

1. Environmental features of the area
Climatic (rain level, rain distribution, temperaturoscillation, evaporation, freezing ...) and envinemtal
(topography, gradient, height ...) conditions.

2. River flow regime
As regards the water level (changes of water leveifferent seasons) and water quality changdm(sa acidity,
suspended materials ...).

3. Soil characteristics
Physical (stability, structure, texture, permedpiliand gradient of walls) and chemical (acidityectrical
conduction, salinity and PH levels, materials iititig growth) features.

4. Plant characters
Individual and collective characters of plantsjstsice to environmental stress (water surfacdlasons, force of
competitiveness between plants, water chemicalgdsan.).

5. Protection and conservation

After settlement of vegetation, it is critical toopect and conserve them against important, constamironmental
treats. The technique of doing this depends onrenrient factors and conditions, necessary timecaadits. Gap
filling and assisted irrigation, killing insects caitouch-grass (in first years of settlement) areragnnecessary
actions to undertake.

Apart from the above instances, amendment of vetdis (if necessary and considering the soil stghdf walls) is
effective in order to provide appropriate condifidior settling and strengthening vegetation. The afsrelevant
plant species taking into account the position alfisy water level oscillations and its locatiordiferent (figure 2).

Types of vegetation used in river training plans
There are different types of vegetation for useiver training plans regarding their effectivenesgl use in each
group against morphological changes. Vegetatioasplit up into three main groups:

1. Grassand herb

Their skein root system and various forms causmpgy binding of soil particles and, creating a-fetm structure
and increase of protection surface thereof, wiijhten the stability of soil. Coverage of theiriakorgans, thanks
to their contact with earth surface, provides asabgrable protection for soil surface. Aquatic speand their
resistance to deep water in this group are mostiy uo protect the lower part of coastal walls.eDpecies that
are not susceptible to oscillations of water lemed good for coastal walls. Some species that ane mirought
resistant can be employed to reduce erosion arichsathtion in riverside lands.

2. Bush

Their semi-deep root system is effective in pratecand stabilization of the soil. Their leafagel aerial organs
create an appropriate contact surface for riveevgadls during contact with water flow and, therefodamp the
energy and erosive effect of water. These are prepecies for river sidewalls. By reducing watemflrate and its
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hydraulic force, they mitigate the erosive effettvater. In the meantime, bushes increase theivelabil stability
and cause its integrity and coherence, controtlmgrisk of massive fall.

Flood waterlevel | " Temporary
> flood detention
= Average water \\\ —
g [ *. Flood detention
_— 0 00 Ny emmmme—m— - .
§ \\ area
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Fig 2: Classification of wallsto manage vegetation [13]

3. Shrub and tree

The characteristics of their aerial organs suckeafage and trunk are effective in reducing destraceffects of
water. Their deep and semi-deep root system caésbmore in maintaining the soil stability in deeyaters. They
exert their effects normally by their aerial orgdreduction of flow rate) and roots (increase df s@bility). They

are appropriate species for protection of coaatads. Stabilizing the soil of such lands, theyadse effective in the
formation of armored structure of roots. Some g®exi especially shrubs that are not susceptiblevater

oscillations, are used on the surface of riverwsalks.

Advantages and disadvantages of using vegetation to protect riversagainst morphological changes

This technique has already attracted the attemtfgrersons charged with rivers thanks to its sioigyliof use and
economic privilege, and it is one the most currentutions of protecting riversides against erosemd
sedimentation. The fusion between vegetation ahérostructural techniques physically increase ttikityuand
useful life of such structures. While this techrachas its own difficulties and complexities as rdgananagement
(production and maintenance), but it is a prop@iahto protect rivers against erosion and sediatiemt in terms
of stability and economic, environmental aspect.[Here are some advantages and disadvantagesgefation
used to protect rivers against morphological change

1. Advantages of vegetation

» Mechanically, it increases the stability of sidewaixposed to erosion by stabilizing the soil.

» It heightens hydraulic resistance of sidewalls bgts and aerial organs (especially, organs lyinghensoil
surface).

e It changes micro-climatic conditions of the soil lpots and plant residues (creeping and fall ofans) to
improve the stability of soil structure.

« Environmentally, it has useful and desirable effect

« Although exerting lower effects in the first yeaw$ vegetation, it increases the stability over tirued
demonstrates more protective effects. It is lestiyand needs less facilities compared with oteehniques.

» ltis reconcilable with other techniques.
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« It reduces raining wastewater due to the slow actibplants in creating runoffs, which is very effge in
stabilizing vegetation near rivers.

e It controls floods by penetrating water into sofidapreventing the increase of runoff level to diabi
vegetation settled down in riversides.

2. Disadvantages of vegetation

* The activity of vegetations depends on environneentditions and stresses.

The settlement of vegetations is limited to spedifnes.

* The change of effectiveness of vegetations is tablé in different seasons (at least in winter gudiminution
of aerial organs and at the most in summer and’plaptimized growth time).

e ltis costly and needs more attention in the fyesirs.

» The development of vegetations into riversidesaases the riverbed roughness and the risk of fi@behtion.
» Floods can uproot trees and shrubs in the riverseoand transport them and, in consequence, cansages to
downstream and mainly to existent structures.

CONCLUSION

Rivers are quite dynamic systems and their positiorm and other morphological features changeioootisly
over time. Due to side erosion and displacememivef boundaries and also human interventions eatgextent of
agricultural lands, residential areas and coastallations are each year exposed to destructidrdsappearance.
Such changes will be stepped-up by constructingligdand transverse structures in the river caufee study of
the above factors plays a considerable role irr firg@ning plans in order to take the best meastoeprotecting
and training riversides against morphological cleend@ here are different techniques to protect eaid tiversides
such as stabilization and protection of riversidgginst plain floodwaters by planting trees, tréargjing and
vegetation, which is also effective to control émasand sedimentation in rivers and to preventrth@rphological
changes. This technique is strictly recommendednirenvironmental point of view. The use of vegetatias its
own advantages and disadvantages, and it is negessdnvestigate effective factors such are floggime
(permanent or seasonal), water level oscillatidmslogical characters of the area, features of &ed riverside
soils, climatic specifications, physical form ofers and characters of plant species. It is thezefequired to use
the best plant species in order to protect and traérs against morphological changes. What's midwe correction
of the slop of river sidewalls (if necessary andsidering the level of stability of sidewalls soth) provide
appropriate conditions of plant settlement is amihregmost effective actions to stabilize the vetimta
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