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Abstract

Samin is one of watersheds located in the districts of Karanganyar and Sukoharjo, Central
Java, Indonesia. Samin is a part of Bengawan Solo watershed that is classified into one of 282
Indonesian watersheds which are in critical condition. Research about vegetation analysis of
Samin watershed as conservation efforts have been done before and resulted in structure of
lower crop community (LCC) and tree vegetation. The purpose of this study was to analyze
potential plants, both LCC and trees, in Samin watershed that could be developed as a
vegetative water and soil conservation. The list of plants that were potentially developed as a
vegetative conservation obtained from the research before about analysis structure and
composition of vegetation in Samin watershed and literature review. The result of this
research showed that there were several plants with the highest Important Value Index (IV1)
and that can be developed for vegetative soil and water conservation. In tree vegetation, there
are Tectona grandis, Delonix regia, Switenia mahagoni, Cassia siamea, and Samanea saman.
These tree plants have a big canopy that can retain rain water through several mechanisms
such as interception, reducing direct flow, and producing litter layer. In LCC vegetation, there
were Mimosa pudica, Ageratum conyzoides, Tridax procumbens, Oplismenus burmanii,
Chloris barbata, and Axonopus compressus. Grass vegetation could withstand runoff and
increase infiltration.
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1. Introduction

Conceptually, watershed is a natural ecosystem including spread out area of lands, which have a
variation according to geomorphological condition (geology, topography, and soil), land use, and
climates that makes watershed become a unique hydrological ecosystem. Watershed, according to
Thakare et al (2013), is a geo-hydrological unit draining to a common point by a system of drains. All
lands on earth are part of one or other watersheds. Thus, watershed is the land and water area, which
contributes runoff to a common point. Watershed can be defined as an area of land and water bounded
by a drainage divided within, in which the surface runoff collects and flows out of the watershed
through a single outlet into a larger liver or lake.

Postel and Thompson (2005) described that a watershed is an area of land that drains into a common
water source. Watershed connects and encompasses terrestrial, freshwater, and coastal ecosystems,
and they perform a wide variety of valuable services, including the supply and purification of fresh
water, the provision of habitat that safeguards fisheries and biological diversity, and so on.

The main components of the watershed ecosystem, made up of humans, animals, vegetation, soil,
climate, and water. Each component has a unique nature and existence does not stand alone; rather,
with other components they form a unified ecological system (ecosystem). Watershed components
interconnected ecosystem that will maintain the quality of watershed (Maridi et al, 2014). Watershed,
according to Maridi et al (2013), is divided into three parts namely upstream, midstream, and
downstream. Upstream is a conservation areas, drainage density, which has a large topographic slope
and it is not a flood area. Downstream watershed is characterized as an area for various utilization, low
drainage density, small slope of land, and most of them are flooded area. Midstream is a transition
between upstream and downstream watershed. Each part of watershed is interrelated. Upstream
watershed is an area of protection of the water, especially protection of the water system, the existence
of its importance to other parts of the watershed.

As a complex ecosystem, the function of watershed is complex and affected by several factors such as
vegetation, topography, soil, and residential (Triwanto 2012). The changes in one factor will affect
watershed ecosystem and can reduce the quality of watershed. According to Postel and Thompson
(2005), ecosystem goods and services provided by healthy watershed are water supplies for
agricultural, industrial, and urban-domestic uses, water filtration, flow regulation, flood control,
erosion and sedimentation control, fisheries, timber, and other forest product, recreation/tourism,
habitat for biodiversity preservation, climate stabilization, and other.

Central Java has 128 watersheds that drain 174 rivers which are divided into eight river basins. In
2008, five of the eight river basins in Central Java are in very critical condition. These five river basins
are Bengawan Solo, Progo, Bodri, Jratun, and Serayu. Samin is a part of Bengawan Solo watershed,
one of the watersheds located in the Districts of Karanganyar and Sukoharjo Central Java (BPDAS
2009). The area of Samin watershed is approximately 20,412 ha with 5,881 m3/second for water
discharge. According to Riyanto and Paimin (2011), Samin watershed is one of 282 watersheds which
are in critical condition. This can be inferred from the extent of degraded land in Samin watershed,
mainly located in upstream area in Karanganyar District. Nowadays, the sustainability of forest
resources mainly in the upstream area is threatened by forest exploitation by people. The notion that
forest only provides timber and other physical products causes unsustainable forest exploitation.

The research result previously conducted by Maridi et al (2014) showed that in the upstream,
midstream, and downstream areas of Samin watershed the numbers of LCC species were 21, 34, and
28, respectively. The diversity indexes of LCC vegetation in the upstream, midstream, and
downstream areas were 1.04, 1.34, and 1.23 respectively, categorized as medium diversity. The
numbers of tree species in the upstream, midstream, and downstream areas were 27, 18, and 12,
respectively. The diversity indexes of tree vegetation in the upstream, midstream, and downstream
areas were 1.31, 1.15, and 0.97 respectively, which were categorized as medium for upstream and
midstream areas and low for downstream area. In order to maintain the sustainability of Samin
watershed, the vegetation in the watershed must be conserved. The data acquired of LCC and tree
species in Samin watershed could be used as vegetative method of water and soil conservation.
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Vegetative method in soil and water conservation strategy is the management of plants in such a way
to reduce the rate of erosion and runoff. Menashe (2005) identified three major factors that vegetation
could be developed for water and soil conservation namely: (1) canopy; (2) surface cover; and (3)
below surface effects. The roles of vegetation in soil and water conservation are to prevent surficial
erosion and giving slope stabilization

2. Description of Samin Watershed

Samin watershed is located in two districts namely Karanganyar and Sukoharjo, Central Java,
Indonesia. Geographically, it extends from east to west. Its upstream area is on the slopes of Mount
Lawu and downstream area is in Sukoharjo rice fields, covering a total area of 37,302.5 ha. The length
of this watershed reaches 39.5 km and an average width 7 km. The areas of Samin watershed in the
Karanganyar District include five sub-districts, namely: Tawangmangu, Matesih, Jumantono,
Jumapolo, and Jatiyoso. On the other hand, the areas in Sukoharjo district include three sub-districts,
namely: Bendosari, Mojolaban, and Polokarto (Fig 1).
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Fig. 1 Map of Samin Watershed, Central Java, Indonesia (Sudaryanto 2010)

A research conducted by Prasetia (2015) showed the hydrological condition of Samin watershed. Land
cover consist of dry secondary forest (638.5 ha), forest plantations (1550.9 ha), bush (309.9 ha),
plantations (902.8 ha), bare land (3.0 ha), 3 dry land agriculture (8628.0 ha), dry land agriculture with
bushes (9451.9 ha), and rice paddy field (3550.4 ha). The soil consists of association of grey alluvial
and greyed brown alluvial (4339.0), association of dark grey grumosol and brown mediteran (4743.3
ha), reddish brown latosol (14 714.9 ha), and brown mediteran (3153.2 ha). Samin Sub Watershed
could produce ground water flow of 311.0 mm/year (8.8%), percolation 452.0 mm/year (12.8%),
lateral flow 4.3 mm/year (0.1%), surface runoff 2078.4 mm/year (58.7%), and evapotranspiration
697.3 mm/year (19.7%). River in sub watershed Samin will experience drought if there is no rain
during the day and time of occurrence 50.75 more rain into the peak flow during the 19.825 days.

As stated before, Samin is one of 282 watersheds which are in critical condition. Degraded land in
Samin watershed is mainly located in upstream area. The width of degraded lands of Samin watershed
in every sub-districts of Karanganyar is shown in Table 1.
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Tab. 1 Wide of degraded land of Samin watershed in every sub-districts of Karanganyar

Sub District Wide of Degraded Land (ha)
Jatiyoso 2468

Jumapolo 2732

Jumantono 2002.50

Matesih 313.75
Tawangmangu 717.14

3. Composition of Vegetation in Samin Watershed

Maridi et al (2014) had conducted a study on the composition of vegetation in Samin watershed, and
the results showed the list of LCC species and tree species in upstream, midstream, and downstream
area of Samin watershed. Five LCC species with the highest Important Value Index (IV1) are shown in
Table 2. Meanwhile, the five tree species with the highest IV are shown in Table 3.

Tab. 2 LCC species with highest IVl found in Samin watershed (Maridi et al, 2014)

Areas Species VI Kinds
Upstream Mimosa pudica 56.24 Shrubs
Ageratum conyzoides 45.34 Shrubs
Tridax procumbens 37.23 Shrubs
Digitaria sanguinalis 20.40 Grass
Euphorbia hirta 19.22 Shrubs
Midstream Oplismenus burmanii 39.01 Grass
AXonopus compressus 19.73 Grass
Chloris barbata 18.49 Grass
Ageratum conyzoides 17.74 Shrubs
Digitaria sanguinalis 12.70 Grass
Downstream Oplismenus burmanii 34.49 Grass
Ageratum conyzoides 26.53 Shrubs
Chloris barbata 18.10 Grass
Peperomia pellucida 17.91 Shrubs
Stachytarpeta jamaicensis 16.77 Shrubs

Tab. 3 Tree species with highest 1Vl found in Samin watershed (Maridi et al, 2014)

Areas Species VI

Upstream Tectona grandis 78.57
Delonix regia 59.74
Switenia mahagoni 38.16
Dalbergia latifolia 26.65
Cassia siamea 21.79

Midstream Tectona grandis 71.61
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Areas Species VI
Switenia mahagoni 43.54
Cassia siamea 36.72
Dalbergia latifolia 35.56
Delonix regia 34.35

Downstream Samanea saman 77.14
Switenia mahagoni 62.14
Cassia siamea 60.59
Albizzia falcata 58.14
Hibiscus tiliaceus 37.97

4. Potential Vegetation in Samin Watershed for Water and Soil Conservation

Lower Crop Community (LCC)

Table 2 shows several LCC plants with highest I\VVI. These plants could be classified according to the
kinds of plants into grass and shrubs. The grass species are Digitaria sanguinalis, Oplismenus
burmanii, Axonopus compressus, and Chloris barbata. Meanwhile, the shrubs species are Mimosa
pudica, Ageratum conyzoides, Tridax procumbens, Euphorbia hirta, Pepperomia pellucida, and
Stachytarpeta jamaicensis. LCC plants can potentially reduce runoff and increase infiltration.
Sumarno (2010) stated that the use of LCC plants is mainly to prevent erosion and reduce runoff.
Furthermore, Li et al (2004) noted that the cover of LCC vegetation in the surface of soil can cause the
accumulation of organic matter and soil micro climate modification that can stimulate microbial
activity and form stable aggregates of ground water. One of the consequences of changes in the
existing soil and aggregate is the effect on the improvement of infiltration mechanism.
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Fig. 2 LCC species found in Samin watershed with the highest IVI: (a) Digitaria sanguinalis; (b) Oplismenus
burmanii; (c) Axonopus compressus; and (d) Chloris barbata

Hoorman’s (2009) research result stated that the advantages of using cover crops community are: (1)
reducing soil erosion and increase residue cover; (2) increasing water infiltration; (3) increasing soil
organic carbon; (4) improving soil physical properties or reducing soil compaction; (5) recycling
nutrients (especially fixing nitrogen with legumes); (6) improving weed control; and (7) enhancing the
aesthetics of wildlife habitat and landscape. Research conducted by Saputra (2014) explained that the
highest percentage retention of infiltration dominated growth form plot of grass and herbs; that was
87% of water is splashed. Meanwhile, the shrubs growth form also has high percentage of retention
infiltration, which was 74%. Growth form plot on grass, herbaceous, and shrubs species was
dominated by Axonopus compressus, Digitaria spp., Ruellia tuberosa, and Stachytarpeta jamaicensis.
This means that the species has the potential to inhibit runoff and increase infiltration of rainwater, and
also can reduce soil erosion.

Tree

Table 2 shows several woody plants (tree) with highest IVI. Gray and Leiser (1982) provided a
summary of the major effects of woody vegetation in minimizing erosion of surficial soils including:
(1) interception — foliage and plant residues absorb rainfall energy and prevent soil compaction; (2)
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restraint — root systems physically bind or restrain soil particles while above — ground residues filter
sediment out of runoff; (3) retardation — above ground residues increase surface roughness and slows
permeability; (4) infiltration — roots and plant residues help maintain soil porosity and permeability;
and (5) transpiration — depletion of soil moisture by plants delays on set of saturation and runoff.

Maridi et al (2014) stated that tree canopy can retain rain water through several mechanisms.
Vegetation canopy can intercept droplets of rain water that falls on it, hold it above the canopy, and
release it over the surface of the soil (through fall) and let it run it through a carrier vessels in the stem
(stem flow) as well as reducing its kinetic energy when it falls on the ground. This reduces the direct
blow of rain water on the ground, thereby reducing the risk of damage to the soil surface, lowering
erosion rate. Trees produce a litter layer, which can also reduce the negative effects of the rain drop,
curb runoff, increase infiltration and reduce friction with the ground; thus, erosion and sedimentation
are reduced.

The results of vegetation analysis showed that the dominant tree species in the upstream and
midstream areas was Tectona grandis and in the downstream area was Samanea saman. These trees
have large and strong root system as indicated by the height of plants and the canopy area. In the
upstream, midstream, and downstream regions, the canopy area ranged from 31 to 430 m? , 102-470
m?, and 79-320 m?, respectively Whereas, the height of plants ranged from 5.50 to 15.50 m, 3.38-
11.25 m, and 3.50- 9.21 m respectively. Day et al. (2010) stated that size and spread of roots are
influenced by the plant’s height and canopy area. Trees with large root serve to strengthen the soil, to
prevent erosion and to hold a large amount of water. Litter layer also has the potential to enrich the
soil to prevent the soil from turning barren. Having these conditions, the watershed is expected to
remain in good condition characterized by a small erosion and sediment, because the rain water is
infiltrated and stored mostly as ground water. This also has the potential to cope with droughts and
flooding in the Samin watershed.

Morphological characteristics of tree plants in Samin watershed that potentially have a role in water
and soil conservation in this watershed will be explained in this section.

1) Leaves

Leaves also have an influence in hydrological cycle, namely in interception and transpiration.
Interception is amount of water being held up by canopy of vegetation (Lambrano et al, 2013;
Yulianur et al, 2012; Xiao et al, 2000). Interception is an important process in hydrological cycle
because it can determine water sustainability (Jong & Jetten, 2007). Interception is influenced by the
architecture of canopy such as leaf area index, leaves distribution, and leaves characteristics.
Characteristics of leaves also influence rate of transpiration.

The result of vegetation analysis provides the list of tree plants with different characteristics of leaves.
Delonix regia, Cassia siamea, Dalbergia latifolia, Samanea saman, and Albizzia falcata are species
from Fabaceae family. Their leaves are stipulating, nearly always alternating, and ranging from
pinnately or palmately compound to simple. Judging from the leaf blade, these species have small
interception. However, their compound leaves arrangement has the number of leaf blade and forming a
large canopy that makes high interception.
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Fig. 3 Leaves of Fabaceae species in Samin watershed: (a) Delonix regia; (b) Cassia siamea; (c) Dalbergia
latifolia; (d) Samanea saman; and (e) Albizzia falcata
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Teak (Tectona grandis) is a tree species from Lamiaceae family. This species has large leaves with
oval shape upside down, face to face, with a short stalk. Relatively large teak leaf blade is found on the
young leaves with an average length of 60-70 cm and a width of 80-100 cm, while the older trees have
an average length of 15 cm and a width of 20 cm. The leaf surface has a silky fur and hair glands on
the bottom surface (Orwa, et al, 2009). The size of the leaf blade is very large and has coarse leaf
surface (scaber) resulted in teak leaves capable of holding rainwater big enough for a large leaf blade,
but teak canopy plants is not wide as growth tends to soar upward; thus, the interception is less than
the maximum. Teak coarse leaf surface can collect rain water for a long time and will evaporate into
the atmosphere. Teak leaf transpiration has great experience, because there is no coating to inhibit
transpiration. It is also characterized by the fall of teak leaves in dry season to ensure water balance in
the trunk of teak plants. Therefore, teak is considered less suitable to support water conservation in
watershed due to the vast canopy of small and large water transpiration, although teak has a high
economic value.

Accordingly, in addition to the morphological characteristics of the leaves of each species, canopy is
also a big influence on the process of interception and transpiration. Large canopy area will have great
impact on the process of interception of rainwater (Pudjiharta 2008 and Xu, et al., 2013). The large
size of canopy can also create a microclimate around the tree (Arx, et.al, 2013); therefore, the
temperature and humidity under the auspices of the canopy remains stable. This can lead to reduced
evaporation of water in the soil so that the quality of soil does not decrease. In addition, the micro-
climate created by the plant canopy will affect the fertility of the soil and accelerate weathering litter.
The statement was supported by a research conducted by Arx, et al. (2013) that can create a vegetation
canopy microclimate influencing various processes in forest ecosystems including the availability of
nutrients in the soil and litter weathering.

The wide canopy of plants is affected by the stature of each plant species. Plant stature can be seen
from the type of rod, the direction of growing stems and branches on the trunk. In addition, it can also
be learned from the texture / surface of the stem on each species.

2) Stem

Based on the analysis of vegetation, all species have acquired the type of woody stems (lignosus) and
the direction perpendicular to grow stem (Homo). This is because the species analyzed are tree
vegetation, which has a woody plant requirements and have a minimum trunk diameter of 4 cm or
with a circumference of at least 12.5 cm (Mitchell, 2010). They are woody stems of trees that would
be more robust to grow upright and able to support the canopy/canopy above. In addition, the size of
the rod in terms of diameter of the tree trunk is also influential in strengthening and supporting the
canopy; the larger the tree trunks size is, the stronger it will be. The size of tree trunks also greatly
affects the flow of the rod (steam flow). Therefore, the stem is influential in rainwater and flow
interception rod in order to prevent direct flow of rain water to the ground.

3) Root System

The root system of a plant species has a distinctive shape, even though the environmental conditions
such as soil properties and the amount of water available greatly affects both the shape of the root
system and how far the roots develop. Root develops directly from the axis of the embryo called
primary roots, and roots that grow from the roots of the so-called primary lateral roots. Root system
structure varies in accordance with the relative development of primary roots and lateral roots. Root
system basically has two main types, namely, the system taproot and root fibers. Generally, the system
of taproot plants is found on dicot members (Dicotyledonae) and root fibers plant is found on the
members of monocots (Monocotyledonae).

The members of dicotyledonous plants mostly have good character for the conservation of ground
water or spring water (Rangkisani, et al., 2012). Dicotyledonous plants have better roles in
maintaining the presence of ground water than monocots plants (Rangkisani, et al., 2012). This is
because the roots of dicot plants have cambium so it can grow bigger and contain a lot of
ramifications. Hodge, et al. (2009) stated that dicotyledonous plant roots have a branching with the
type of lateral and radial growth pattern. The lateral roots on dicotyledonous plants are derived from
the branching main root axis experience with the initiation of primordial differentiation in pericycle
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cells that are located near the protoxylem poles. The radial growth of dicot tree roots activity is
generated by the secondary lateral meristem (cambium). This process can affect the root function as an
increase in root hydraulic conductivity, mechanical strength, as well as the binding capacity and water
storage.

5. Conclusion

The results of this research show that there are several plants with the highest Important Value Index
(IV1) and that can be developed for vegetative soil and water conservation. In tree vegetation, there are
Tectona grandis, Delonix regia, Switenia mahagoni, Cassia siamea, and Samanea saman. These tree
plants have big canopy that can retain rain water through several mechanism such as interception,
reducing direct flow, and producing litter layer. In LCC vegetation, there are Mimosa pudica,
Ageratum conyzoides, Tridax procumbens, Oplismenus burmanii, Chloris barbata, and Axonopus
compressus. Grass vegetation could withstand runoff and increase infiltration.
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