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Abstract. Zairina A, Mondiana YQ. 2020. The effect of slope level and hydroseeding formula on the growth of Cyperus brevifolius and
Pueraria javanica seedlings. Biodiversitas 21: 5008-5012. The aim of this study was to analyze the effect of the slope level on the
growth of green kyllinga (Cyperus brevifolius) and puero (Pueraria javanica) seedling in a hydroseeding formula. The hydroseeding
mixture consists of plant seeds, compost, soil conditioner, manure, and water. In addition, to all hydroseeding compositions, guar gum
and a local microorganism mix were mixed until colloidal mulch was obtained. This study applied factorial design with slope level dan
hydroseeding treatment as independent variables, while seed height, number of shoots, and number of leaves were the dependent
variables. Data were replicated four times. The hydroseeding formula had a significant effect on all variables, except for the height of C.
brevifolius seedlings. There was a significant interaction effect between the slope level and hydroseeding treatment on the germination
rate of both species but the effect of this interaction was not significant on plant height and leaf number. The best germination rates were
found in boxes with a slope of 100%. This situation was consistent for both species. This indicated that both species had the potential to

be used as pioneer plants in post-landslide reclamation with a slope of 100%.
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INTRODUCTION

Indonesia is one of the most disaster-prone countries in
the world and is frequently exposed to a range of hazards.
One of the disastrous events is the occurrence of landslides.
Most of the hilly and mountainous areas in Java have
vulnerable soil characteristics (Hadmoko et al. 2010). The
increasing agricultural cultivation and settlement rate leads
to a parallel increase in areas of degraded soil conditions
and steep slopes that need revegetation (Stanchi et al.
2012).

Management of landslides is generally carried out
technically by building retaining embankments. This
handler is more feasible on land with steep slopes.
Meanwhile, steep slope below 110% still allows for the
revegetation process. Research on types of landslide
resistant plants generally focuses on woody plants such as
longan, durian, Leucaena, and Queen Crape Myrtle.
Vegetation of trees may help to prevent soil slippage and
improve hillside stability through strengthening its roots
(Stokes 2009). The plant species are suitable for latter
succession, whereas, in an earlier situation, the best plants
are the pioneer ones.

Hydroseeding with commercial seeds of fast-growing
grasses and legumes is a common practice in revegetation.
However, research on hydroseeding in Indonesia is few.
Several previous studies have always associated with ex-
mining land (Thomas et al. 2015; Yulianingsih and
Avrisoesilaningsih 2015). Meanwhile, hydroseeding is one
of the revegetation actions that make it possible to
overcome difficulties of manual planting. The

hydroseeding formula can be applied in a relatively wide
and steep area (Albaladejo et al. 2000). The presence of an
adhesive in the formula increases the ability of the seeds to
resist erosion.

A better knowledge of species characteristics and
species-specific responses to hydroseeding components
may help to improve the success and the cost-effectiveness
of this restoration procedure (Clemente et al. 2016). The
selection of the right plant species is essential to ensure the
success and sustainability of revegetation. (Oliveira et al.
2013). On embankments, the use of non-native herbs to
protect from erosion should be avoided because it may
potentially dominate the community (Garcia-Palacios et al.
2010). Therefore, native plant species are highly
recommended because of their presumed ability to adapt to
local abiotic and biotic conditions. The stability of the
slope as a target should be in harmony with the surrounding
environment. This goal may be successful with
revegetation, as plant root systems fix soil against slippage
(Stokes et al. 2009).

The ground cover plant in this study serves as a
hindrance to soil erosion due to rainwater. For example, the
selection of grass species is based on the fact that this type
can cover the soil quickly and through the roots. Grasses
and legumes are the types commonly planted in the early
stages of land revegetation because they are pioneer species
(Chen et al. 2014). The utilization of seeds for revegetation
of land after landslides is based on the consideration that
these plants have pioneer characteristics and are in high
abundance. Ecologically, this plant has an important role
because of its ability to grow and colonize a wide area
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(Jaffre 1992). The use of seeds is one of the types
recommended for the hydroseeding process. To apply
hydroseeding to landslide remnants, a precise formula is
required that can be used on sloping lands. Generally, the
formula consists of seeds, mulch, soil stabilizer, fertilizer,
and water mixed in a container with a certain composition
(Ministry of General Work and People Houses, 2018). The
objective of this study was to analyze the effect of the slope
level on the growth of green kyllinga (Cyperus brevifolius)
and puero (Pueraria javanica) seedling in a hydroseeding
formula.

MATERIALS AND METHODS

This research was conducted in May-September 2020
in a greenhouse and the Central Laboratory, Malang
Agricultural Institute. The hydroseeding mixture consists
of plant seeds, compost, soil conditioner, manure, and
water. The seeds used are composed of 0.5 grams of C.
brevifolius seeds and 3 grams of P. javanica seeds. The
seeds were soaked for 24 hours and selected before the
mixture. In addition, to all hydroseeding compositions,
Guar Gum and a local microorganism mix were mixed
until 7 liters of colloidal mulch was obtained so that it
could be easily applied above the soil surface.

The media consisted of soil originating from landslides
in Ngantang, Malang Regency, East Java. The soil was
placed in 38 cm x 28 ¢cm x 13 cm plastic boxes. The
observation basins were placed on an iron frame that has
three levels of the slope, 60%, 100%, and 140%. The
selection of this level of slope adopts existing standards
(Ministry of General Work and People Houses, 2018). The
control media were composed of soil and seeds without a
formula. The treatment had four replicates. Seed
germination observations were carried out every week until
the 40" day. Treatments were conducted in a greenhouse.

The seed germination rate was determined by the
percentage of seed viability/total seed applied. Seedling
height was measured using a caliper, and the number of
leaves was determined manually. Data on seed height,
number of shoots, and number of leaves were tabulated and
compiled using Microsoft Excel. The average treatment
was analyzed using the Tukey HSD test at o = 5% with
SPSS 18.0 for Windows.

RESULTS AND DISCUSSION

Results

The slope level affects the seed germination rate of C.
brevifolius (F = 4.02, p<0.05). Treatment of hydroseeding
formula has a significant effect on all variables, except C.
brevifolius seedling height. There was a significant
interaction effect of slope level and hydroseeding treatment
of both species’ germination rate (F = 13.45, p< 0.001 for
C. brevifolius; F = 5.72, p < 0.05 for P. javanica ), but the
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interaction effect was not significant on the plant height
and the number of leaves (Table 1).

Observations made on the 40" day showed that the C.
brevifolius germination rate was highest at the slope of
100% and the lowest at 140%. The sprout was absent in
control, with a slope of 140% (Figure 1.A). The highest
grass seedling height was found at the slope of 140%,
whereas the lowest was found at a slope of 60% (Figure
1.B). A similar situation was observed on the number of
leaves. There were highest on the slope of 140%, while the
lowest was found at the slope of 60% (Figure 1.C).

The P. javanica germination rate in treatment boxes
was highest at the slope of 100% and the lowest at 140%.
The P. javanica sprout in the control boxes showed a
contrast situation. Those were highest at the slope of 140%
and lowest at 100% (Figure 2.A). The height of P. javanica
seedling in treatment boxes was highest at the slope of
140% and lowest at 100%. The P. javanica seedling’s
height in control boxes indicated a different situation; it
was lowest at the slope of 140% and highest at the slope of
80% (Figure 2.B). The number of P. javanica leaves was
highest at the slope of 100% in both treatment and control
boxes (Figure 2.C).
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Figure 1. the Cyperus brevifolius germination rate, seedling
height, and number of leaves planted on three slope levels of
boxes by application of hydroseeding
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Figure 2. The Pueraria javanica germination rate, seedling height
and number of leaves planted at three slope levels of boxes
through the application of hydroseeding

Table 1. Summary of the F values followed by the probability of
the effect of slope level and hydroseeding formula

Slope Treatment Interaction
Parameter level () M (S*T)
C. brevifolius
Germination rate 4.02* 87.41%** 13.45%**
Seedling height 1.79m 0.59 1.15
Number of leaves 2.84"M 45,22%** 2.04
P. javanica
Germination rate 1.83" 51.80*** 5.72*
Seedling height 2.91m 27.06%** 221
Number of leaves 2.62m 41.35*** 1.89

Note: * p < 0.05, ** p < 0.01, ns = not significant

Discussion

This study showed that the application of hydroseeding
at a slope of 140% can still be used, but it results in a
relatively low growth rate. The best germination rate was
found in boxes with a 100% slope. This situation was
consistent for both species. This showed that both species
have the potential to be used as pioneer plants for post
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landslide reclamation with a slope of 100%. Unlike P.
javanica, green kylingga did not germinate in a control box
with a 140% slope. This situation meant that the effect of
the hydroseeding formula on the grass growth was
substantial. The germination rate of Kylingga tended to be
lower (less than 20%) compared to that of P. javanica. This
indicates that to achieve the optimum covering level
(100%), at least five times the seed in formula is required.
Other studies have shown that the germination rate of
Green Kylingga was relatively low (less than 5%) (Anshari
et al. 2018a).

The reclamation process using this cover plant is
expected to be able to cover the steep slope surface after a
landslide in the fastest possible way so as to reduce erosion
by rainfall runoff. The effectiveness of cover plant in
controlling erosion is influenced by cover characteristics.
C. brevifolius is a species that has a high regeneration
ability after disturbance. Other species that have similar
abilities are  Gnaphalium  pensylvanicum, Oxalis
corniculata, and Solanum nigrum (Weerasinghe et al.
2008). In studies carried out at 15% and 25% slopes, C.
brevifolius, E. indica, and C. dactylon were the most
common grass species. Even C. brevifolius has better
chemical resistance than other types. The C. brevifolius has
great potential for establishing soil seed banks because the
viability of the seeds is longer than that of the other species
studied. The C. brevifolius was observed to be the most
persistent monocot weed among the 15% monocot weeds.
Research conducted in the field showed that hydroseeding
mulch could be used as a medium for germination and
growth of pioneer local plant seeds, especially for
Leguminosae plants. The germination percentage of
Leguminosae seeds was higher than that of Cyperaceae and
Poaceae seeds (Anshari et al. 2012a). Meanwhile, the
growth of each specific family depends on its respective
habitus. Although the root-shoot ratio of Cyperaceae was
higher than that of the other two families, Leguminosae
roots were longer (Anshari et al. 2018b).

Pueraria javanica type of plants have stolons that can
remove the roots from each segment of the stem in contact
with the ground. The roots are deep and branched so that P.
javanica can function as an erosion deterrent and withstand
a dry season that is short. Together with Centrosema
pubescens, Pueraria javanica, and Calopogonium
mucunoides, P. javanica was able to reduce cumulative
sediment by 89.57% at the disposal site and 96.62% at a
low wall in a pit when the jute net method was used. This
means that this method has proven effective in reducing
erosion for post-mining areas (Bargawa et al. 2019). Other
studies have shown that P. javanica is a type of vegetation
that has better growth. P. javanica is resistant to acid soils,
soils deficient in lime and phosphorus. The ability of
vegetation to strengthen soil binding capacity is an
important factor in the selection of plant species for
ecosystem restoration. Other important vegetation variables
are related to plant growth such as vegetation community,
vegetation cover, and quality of soil amendments produced
in artificial plants such as tensile strength, permeability
coefficient, soil texture, and organic matter. The five
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highest-ranking variables that satisfy environmentalists and
civil engineers are rain intensity, seepage water, slope
angle, drainage conditions, and soil layer (Kil et al. 2016).
Hydroseeding application has been shown to reduce runoff
and large sediment yields were observed in the treated
plots. This result can be attributed to the combined effect
of: (a) application of straw and mulch to the soil surface
which provides protection against the impact of raindrops
(b) general improvements to soil structure caused by
organic amendments (Montoro et al. 2000).

The outcome of this restoration practice depends to a
greater extent on the seed mixtures that are used and these
are usually made of commercial grasses and legumes.
Commercial mixtures are usually successful in producing a
plant cover over the first few years, but often fail in the
medium-long term, since a self-sustaining vegetation cover
is only guaranteed through the use of ecologically adapted
alpine species (Krautzer et al. 2013). The use of
hydroseeding techniques with latex and PAM soil stabilizer
types in the mixture has no significant effect on growth.
Therefore, both types of soil stabilizers can be used in the
hydroseeding mixture. In dryland moss restoration process,
guar tended to decrease growth, psyllium tended to
increase growth, and PAM's effects were generally neutral
to positive when compared to water (Blankenship et al.
2020). The use of mulch and compost also greatly
influenced the growth of pioneer plants. Hydroseeding
formula C. brevifolius, C. eragrostis, C. odoratus, C.
strigosus, and Kyllingia monocephala with a mixture of
mulch from buffalo fecal compost grown on post-mining
soil media had the highest apparent density at the age of 20
DAP, namely 23 individuals per pot compared to other
media (Yulianingsih and Arisoesilaningsih 2015). Another
study stated that the mixture of seed, organic tackifier,
starter fertilizer, superabsorbent, bio-humus, cellulose fiber
mulch, natural yarn, and water significantly supported the
parameters of seed germination and grass biomass
production. This hydroseeding mixture significantly
reduces the amount of irrigation water through the
production of an absorbent layer (Parsakhoo et al. 2018).
Hydro seeded plots attained the highest plant counts and
exhibited the same monthly percent visual cover as hydro
mulch capped seedlings (Baldos et al. 2017). In accordance
with other studies, organic manure content in a growing
medium had a significant effect on seed germination and
seedling growth characteristics (Anshari et al. 2018b;
Samir et al. 2016). The use of the right composition is
necessary considering that the application of hydroseeding
is very wide, even for wetland ecosystems (Tilley and John
2013). The success of hydroseeding applications can
support the formation of new ecosystems that attract
Arthropods, such as grasshoppers and ground-beetles
(Kessler et al. 2012; Negro et al. 2013). This is necessary to
ensure for ecosystem cycle.

In conclusion, this study showed that the slope level
affected the germination rate of C. brevifolius seeds. The
hydroseeding formula had a significant effect on all
variables, except for the height of C. brevifolius seedlings.
There was a significant interaction effect between the slope
level and hydroseeding treatment on the germination rate of
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both species but the effect of this interaction was not
significant on plant height and leaf number. The best
germination rates are found in boxes with a slope of 100%.
This situation is consistent for both species. This indicates
that both species have the potential to be used as pioneer
plants in post-landslide reclamation with a slope of 100%.
Unlike P. javanica, green kylingga does not germinate in
the control box at an inclination of 140%. This situation
means that the effect of the hydroseeding formula on grass
growth is substantial. Kylingga's germination rate tends to
be lower (less than 20%) compared to P. javanica.
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