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THE IMPLEMENTING OF SOME PLANT SPECIES IN EROSION CONTROL ON SLOPES
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Faculty of Forestry, University of Belgrade, 11030 Belgrade, Serbia

Abstract - With the need to conserve and improve the environment, it is recommended to employ plant materials in the
erosion control of torrents and slopes alongside roads. Considering the well-known properties of some willow species
regarding their power of vegetative reproduction, survival in poor soils and often flooded alluvium, we researched into
the potentials of the following species: Salix triandra L., Salix purpurea L. and Salix incana Schrk. in the catchment of
the warehouse "Gvozdac”, Experimental Estate Go¢, Serbia.

The research started in 2004 and has continued till the present day. The above-mentioned willow species showed
significant efficiency in the bank protection of torrential watercourses and on the moist slopes of embankments and cuts
of roads. Some of them can even stand a certain degree of aridity, while other species, on poor, eroded soil exposed to
long and extreme drought, could not survive and did not show the expected effect, which is also the consequence of the
absence of maintenance and adequate attention to such erosion-control works.

In spite of the above, one of the willow species survived even in the most severe conditions, checking the erosion of the
road cut slope and the road construction itself, and prevented the impacts of aggressive atmospheric waters, thus halting
the erosion ridges and the removal of the asphalt road surface.

The above facts prove that, with adequate measures of maintenance, plant materials can be very successfully applied for
both longitudinal structures and to check dams in torrent control, as well as in erosion control on the slopes in
catchments, both in civil engineering works and in forest exploitation.

The research requires closer attention, extending the interests to some grass and shrub species, with the aim of
ecological erosion control and reclamation of endangered watercourses, slopes and, in general, environmental
protection and nature conservation.
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INTRODUCTION autumn of 2004, cuttings of Salix triandra L. were

planted in lines on the eroded right bank of the

Willow is the pioneer species in wet terrains, and is an
ideal solution for the reclamation of the eroded slopes
of hilly and mountain watercourses and of road cuts
and fills in such regions. Research of this topic has
been carried out since 2004 in the catchment of the
warehouse Gvozdac, on the Experimental Estate of the
Faculty of Forestry in Belgrade.

MATERIALS AND METHODS

This study deals with species of willow Salix triandra
L., Salix incana Schrk, and Salix purpurea L. In the

Gvozdacka river and on the cut of the road Dobre
Vode - Studentsko Naselje Gvozdac. In the following
autumn, rooted cuttings of Salix incana were also
planted in lines at the above two localities and on the
cut of the road Studentsko Naselje - Brezna.

In October 2007 the success of the application of
the above species was tested. By field monitoring, it
was concluded that Salix triandra advanced
favourably on the banks of the Gvozdacka river with a
success rate of up to 90%. However it did not survive
on the slopes along the roads: it was either suppressed
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by other herbaceous and shrubby vegetation, or the
ground remained bare on the serpentinic slope on the
right side of the road Studentsko Naselje — Brezna, on
its southwest, dry side.

Starting from the need to conserve and improve
the environment, such an application of plant
material in erosion control has a great significance.

Taking into account the well-known properties
of some willows regarding their vegetative
propagation and survival on poor and frequently
flooded river sediment, we also started the study of
Salix purpurea L. applicability on the lands of the
Experimental Estate Go¢.

The study started in the autumn of 2004. The
cuttings of Salix triandra, were taken from the
surroundings of Kraljevo, from the banks of the
rivers Ibar and Zapadna Morava, and planted on
eroded banks of the Gvozdatka river, the
Experimental Estate “Go¢” of the Faculty of
Forestry, where they thrived successfully. In
October 2007 they attained an average height of
2.05m and a diameter of about 1 cm.

The Salix incana cuttings were taken from
Pester, in the autumn of 2005 and planted along the
eroded banks of the river on Mt. Go¢ - Gvozdac,
where on the 10™ of October 2007 their average
height was 0.79 m and diameter 0.6 cm.

In October 2007, the cuttings of these two
willow species were planted at the places
endangered by erosion, on road cuts and along the
eroded banks of the Gvozdacka river.

In October 2008 Salix purpurea L cuttings were
also planted. They were taken from the Nursery of the
Institute of Forestry. This species was included in the
study based on previous plant community research,
and the well-known properties of the species.

It occurs on the alluviums of minor rivers as an
ephemeral plant community. It was found near
White Drim, Drina, Toplica, Pek and its tributaries.
This plant community with sometimes open
canopy occurs along the rivers with abundant sun-

light. The preferable soils are poorly developed and
shallow. The ground surface is usually covered with
sand, with 7-27 % of clay, on the top of densely
compacted gravel with layers of sand. The area of
the profile is about 70 cm from the river level. The
soil is heterogeneous and not structural, with an
interrupted capillary rise of groundwater, so it has
very contrasting moisture content. This shows that
red osier is a species of high ecological amplitude. It
survives even on the terrains unsuitable for other
willows. If it grows on better soils, it can be
suppressed by other species. It grows in the
community with Populus nigra, to which it is
ecologically closer, with dry soil of lighter texture,
than the almond-leaved willow, which is closer to
white willow. As a pioneer species it lives on
heterogeneous and less favourable sites, coarse sand
and gravel sites. In Serbia, there are several
subassociations of this plant community. Red osier
occupies positions near river water, so it is a plant
community which requires more moisture than
gray willow, but frequently because of erosion -
alluvial processes, it transits into more complex,
higher communities or into lower, herbaceous
communities.

The almond-leaved willow, Salix triandra L.,
grows on alluviums as its pioneer community, near
the rivers Zapadna Morava and Velika Morava,
Sava, Tisa, Danube and other rivers.

It occupies the lowest parts of the reefs and
fringes of open and closed depressions where water
stays for the longest period, so its sites are under
water for a long time and always with a high level of
groundwater and moist capillary clay soils. The
profile consists of: clay and sandy-clay loam, and
the groundwater level is high (about 0.95 m). Its
texture is loamy-sand and sandy-clay loam, of
lighter texture, weak alkaline reaction, with 2-8% of
humus. According to Pavicevi¢ et al., they are
calcareous waterlogged alluviums. This species is
regularly accompanied by Salix alba, then Populus
nigra and Salix fragilis. The ground layer is
floristically poor, which is a consequence of
waterlogged ground and the domination of the
almond-leaved willow.
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In Serbia the plant community of almond-
leaved willow differs from other communities in
more northern regions, by the differential species,
e.g. the absence of Salix viminalis. According to
Moor (1958), the plant community of almond-
leaved willow is the border, shrubby plant
community of Salicetum albae. When by the
deposition of river sand, the level of the ground
rises, almond-leaved willow is replaced by white
willow, which invades the space.

Salix incana Schrnk (Salix eleagnos Scop.) grows
on serpentinite. It is a basiphilous species and by its
horizontal and vertical range it is a hilly-submontane
sub-Mediterranean species (Oberdorfer, 1962) so it
grows in our south and higher lands.

Gray willow plant communities occur on gravel
and coarse sand, making them similar to the
conditions of the community with red osier. It
occurs along rapid hilly and mountain rivers,
flooding the surrounding land for a longer time and
has a great erosion power. Plant communities of
gray willow have an important role in the fixing of
banks and deposited coarse materials. On such
sites, it is endangered during the summer when
water is low and when it has insufficient moisture.
The xeromorphic structure of gray willow leaves
(very narrow, hairy with a strong cuticle) indicates
its adaptation to contrasting sites regarding
moisture content. Jurko (1964) reports that gray
willow has a "deep vertical root system". Such a
system supplies plant moisture when the water is
low, and plant stability when the water level is high.
The soil reaction is alkaline - pH above 8. It is a
basiphilous species, growing on coarse gravelly-
sandy alluvium. Numerous stands occur on
serpentine lands. Its demand of air in the soil is
high, because it grows in the upper courses with
rapid water and with a coarser sediment. This is the
factor which defines many species on moist
alluviums.

Some species in the ground layer indicate that
in the period of vegetation growth, in the gray
willow community there is no effect of groundwater
and capillary water in the upper soil layers.

Owing to the above facts, it can be seen that
almond-leaved willow grows nearest to stream
water, followed by red osier and finally gray willow,
which tolerates even temporary droughts.

In October 2007, 2 to 3-year-old rooted cuttings
of Salix triandra and Salix incana were planted at
previously marked places endangered by erosion,
along the mountain road..

The cuttings of almond-leaved willow and gray
willow were planted in lines along the contour on
eroded scarps, in the stretch Studentsko Naselje -
Dobre Vode, on shady slopes of southwest exposure,
and from the dam "Gvozdac" towards Brezna on the
serpentinic bedrock of southwest exposure.

According to literature, Salix purpurea L.
(Jovanovic B., 1967) is resistant to climate extremes.
It grows on gravel and sand, most often along river
banks. According to its biological properties, it is
suitable for hedges and for fixing the sediment and
river banks, because it can tolerate some drought,
like Salix eleagnos, and according to the "Flora of
Serbia", it thrives beside rivers and brooks on coarse
sandy-gravelly sediment and in forests of willow
and poplar. Its range (Prodromus) is like Salicetum
purpureae Mend-]. 1958, subass. Mpyricaretosum
Jov. 65, along the Beli Drim river, subass.
Incanetosum Jov. 65, along the Rzav river, subass.
Alnetonsun glutinosae Jov. 65, along the Toplica
river (Jovanovi¢ B., Tucovi¢ A. 1965), and it grows
at the altitude up to 1800 m, where it is a shrub 4-10
m high (according to the Forestry Encyclopaedia).

Salix eleagnos Scop. (Salix incana Schrk.) is a
shrub or a tree up to 10 m high. It grows even in
subalpine regions and it is frequent in West Serbia
on serpentinic bedrock. It can tolerate occasional
droughts and it is an obligatory heliophyte. It is a
pioneer community (Flora of Serbia) Salicentum
incana Jov. et. Tuc., near rapid hill and mountain
rivers, on coarse sediments of contrasting moisture
regimes. In improved soil conditions, it ranges into
Alnetum incanae, and it is distributed in Serbia near
the rivers Pecka and Decanska Bistrica, Beli Drim,
Lim, Milesevska Reka, Ibar, Toplica, Petina, Rzav,
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Drina etc. and very frequently near watercourses in
West Serbia. According to the Prodromus of
Salicetum incana Jov. et. Tuc. 1965, it occurs along
the rivers Ibar, Toplica, Petina and Drim, and
according to Jovanovi¢ B. Tucovi¢, A., (1965) and
the Forestry Encyclopaedia, Salicetum eleagnos Moor
58 is a pioneer community near the rivers Lim,
Milesevska Reka, Ibar, Toplica, Petinja, Drina, etc.

RESULTS AND DISCUSSION

In October 2007, three-year-old rooted cuttings of
Salix triandra L. along the banks of the Gvozdacka
river attained an average height 2.02 m and
diameter of about 1 cm. They fixed the right bank
in the river curve quite efficiently.

The seedlings of the same species on the road
cut and on the serpentinic bedrock, southwest
exposure, had a lower growth, poor survival (about
10%), vitality and efficiency, because they were on
dry and shallow soil and the measures of tending
and maintenance were absent. Also, we recorded a
poor state of this species in the shallow acid brown
soil on the cut of the road Studentsko Naselje -
Dobre Vode.

In the same period, the two-year-old rooted
cuttings of Salix incana Schrk., fixed the eroded
bank of the Gvozdacka river efficiently. Their
average height was about 0.80 m, diameter about
0.6 cm. About 50% of the rooted cuttings survived
on the serpentine cut of the road. Their height was
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lower and their diameter smaller: there were no
tending operations. About 70% of the rooted
cuttings survived on the cut of the Dobre Vode
road. They thrived quite well but less so than those
along the river bank.

The following diagram represents the height
curve of two-year-old Salix incana Schrk. on the
eroded bank of the Gvozdacka river.

In early spring of 2008, one-year-old rooted
cuttings of Salix purpurea L. were planted on two
road cuts because this species tolerates a contrasting
moisture regime, as well as shallow and undeve-
loped soils and great ecological amplitudes.

By field monitoring, in spring 2009 it was
assessed that Salix triandra L. had survived and
performed its erosion control function only along
the banks of the Gvozdacka river, because it is a
species which requires sufficient moisture. It was
not successful at the other two sites, because there
were no tending operations and maintenance, i.e. it
was in unfavourable natural conditions of shallow
and dry soil, warm exposure with very high sum-
mer temperatures and low precipitation in the dry
year of 2007.

After three and four years, Salix purpurea L. also
showed poor results in the erosion control of road
slopes because tending measures were absent, and it
was threatened by high temperatures and summer
drought in 2007. The plants did not survive.

Salix incana Schrk
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Salix incana Schrk showed some positive results
in the reclamation of road slopes. It survived at the
site Dobre Vode, preventing water erosion of road
slopes and road surfaces at the places where it
survived in a low percentage (about 10%).

Although the above results are not very satis-
factory, if we take into account the absence of
tending operations and the difficult climate
conditions, it can be concluded that Salix triandra
and Salix purpurea showed satisfactory results in
fixing the banks of mountain rivers. Their efficiency
was considerably poorer in the reclamation of
shallow and dry slopes further away from the river.
Salix incana showed encouraging results on the
eroded slope of the Dobre Vode road, where it
survived and fixed the eroded ground, preventing
surface and line erosion.

CONCLUSION

The experiments were carried out in natural,
difficult conditions, mountain climate, drought, and
absence of tending and human intervention. It is
presumed that in the case of better tending, the
results would be much better, and that the
percentage of survived plants would be considerably
higher, which confirms the hypothesis that some
species in the genus Salix L. can be used in erosion
control of mountainous watercourses and road
slopes in mountainous and hilly regions. If soil
conditions, climate, exposure, moisture and, in
particular, tending operations and maintenance of
the material are paid attention to, Salix triandra can
be recommended for fixing the alluvium and for the
regulation of stream banks. Salix purpurea L., as the
pioneer light-demanding species, can reclaim even
occasionally dry soils, of lighter texture, and thereby
preparing the ground for more complex, higher
communities. Salix incana Schrk., as a submontane,
sub-Mediterranean species, can bind the banks and
sediment of rapid mountain watercourses as well as
slopes with contrasting moisture regimes, because
strong vertical root system firmly binds the basic

substrates. It requires a sufficient ratio of air in the
soil, so it is recommended for the binding of the
serpentine ground of the upper courses with coarse
structure. It tolerates moderate drought, which
resulted in the suppression of erosion of the above
mentioned cut. In all cases, the willow rooted
cuttings had a greater success and faster growth
than other cuttings.

The study produced encouraging results in the
application of plant material in erosion control.
However, this study requires further experiments
with other shrubby and woody species in the
suppression of soil erosion, aiming at the
conservation of the natural environment, its
enhancement and enrichment with new, beneficial
species, instead of the exclusive implementation of
structural materials, whose significance is not
questioned by this study in the cases of the more
aggressive action of erosion agents, especially if
water velocity is greater than 2-2.5 m/sec.
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ITPMUMEHA HEKIIX BUJbHUX BPCTA 3A ITPOTUBEPO3VMOHY 3AIITUTY KOCUHA

BJAYECJIABA MATU'R

Hlymapcxu paxynmem, Ynusepsumem y beoepady, 11030 Beorpan, Cpbuja

[Tonazehn op moTpebe ouyBama u yHampebema
XKVMBOTHE CpefiJHe U IIPMpPOJe, YOIIITe, jaB/ba Ce
ujeja o0 TpuMeHM OwbHOr MaTepujama 3a
IPOTUBEPO3NOHY 3aIUTUTYy OYjUYHUX BOJOTOKA U
KOCVMHA, AyX caobpahajumia. Ysaxasajyhu mos-
HaTa CBOjCTBA HEKMX BPCTa Bpba y Bes3u ca Mohm
BETeTaTVBHOI Pa3MO)KaBamba, CIOCOOHOCTM OIC-
TaHKa Ha CUPOMAIIHOM M 4YeCTO IUIAB/bEHOM
allyBUjyMY, BPIIEHO je I Tpaje MUCTPAXKUBarbe O
MmoryhHocTuMma ymotpebe Bpcta: Salix triandra L.,
Salix purpurea L. n Salix incana Schrk.y cmusy
akymynanuje “I'Bospar’, Ha ['ouy.

Wcrpaxxusama cy samodera 2004. roguse, a Tpajy u
Jajbe Ha HABEJEHOM JIOKA/IUTETY.

ITomenyre BpcTe Bpba Cy  IOKasaje 3Ha4yajHY
edukacHOCT Kof 3amTuTe 0b6ana OyjuUdHUX BOZO-
TOKa M BJIAKHMjJX KOCMHA HAcMIIa M yceKa caobpa-
hajunna, Heke op Wux 4ak nopHocehu m m3BecHy
CyIly, IOK Ce HeKe, Ha CUPOMAIIHOM, €POAMPAHUM
CYIICTPATy M M3/I0)KeHe JYXKOj, eKCTPEMHO]j CYLIN U
VHCOJIALVjY HICY OAp>Kajie M IOKa3aje OYeKMBaHN
edekaT, WITO je ¥ MOCTEAVLIA HELOCTaTKa Here U

HOTpeOHe MaXKibe 32 OBaKBe MPOTUBEPO3NOHE pa-
IOBe.

Ynpkoc cBeMy jefHa Ofi HaBe[eHMX BpCTa BpbOa je
ycrena ja ONCTaHe YaK U Y TaKO CYpPOBMM YCJIO-
BIUMa, 3ayCTaB/bajyhu epo3ujy mKapIe yceka myTa u
caMe IIyTHe KOHCTPYKLMje Of MeNOBama arpecus-
HUX arMocepckux BoOfa, crHpedasajyhu Tako
epo3MOHO Opasfame IIKaple 1 OfHOIIeHe ac-
¢danTHe mopytore caobpahajuuie.

HaBepieH je /joka3 #a ce y3 Hy)XHe Mepe Here I
Haxme, puroMaTepuja MOXKe BPJIO YCHEIIHO KO-
PUCTUTH 32 IORYXKHE U HOIIpedHe Oyjudapcke 06-
jeKTe, Kao 1 3a MPOTHBEPO3MOHY 3ALITUTY KOCHHA Y
cBy u npu usBobemy rpaheBUMHCKMX pajjoBa U
€KCIIOaTaLjy IIyMa.

McrpaxnBama 3axTeBajy 3HAYajHUjy HAXKBY U
IpOLIMPUBalbe MHTEpecoBamba U Ha HeEKe [pyre
TpaBHe ¥ >KOyHacTe BpCTe, y LWBY €KOJOIIKe
MPOTUBEPO3MOHE 3alUTUTE M CaHalyje YTPOXKeHMX
BOJIOTOKA, KOCMHA ¥ YOIIIITe, yHanpelema okomiHe
U O4yBama IIPUpOJeE.
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