
INTRODUCTION
Natural disasters such as earthquakes, erosion, landslides, and floods that often 
occur in Indonesia not only result in human casualties but also destroy ecosystems. 
Attempts should be made to overcome the aftermath of these incidents with 
strategies to restore ecosystems and reduce such events in the future. West Sumatra 
is one of the areas prone to natural disasters, especially floods and landslides. 
Saidi et al. (2011) demonstrated the danger of landslides in areas with steep slopes 
and high rainfall and where the soils are derived from pumice tuff. Zuidam and 
Zuidam (1979) reported that landslides are caused by the interaction of several 
factors such as precipitation, land use, slope, water table, permeability, soil texture 
and structure. Soils at landslide sites are of expansive soft-clay, collapsible and 
dispersive and have c slope stability (Mugagga et al. 2011). The occurence of 
landslides is also due to an increase in water pressure in the pore space. On the other 
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ABSTRACT
Erosion and landslides that occur in volcanic areas of  Indonesia are crucial 
problems that cannot be overcome completely. This study was designed to 
determine the ability of different plant types to reduce water runoff and soil erosion 
and  improve soil physical properties. Soil samples were taken from landslide-
prone areas in Patamuan, West Sumatra.  Plots created from steel plates of 1.5 x 
0.5 x 0.3 m  in dimension and set at 22° angle, were placed in the greenhouse and 
a rain simulator was used to irrigate the plots. The experiment was a completely 
randomised design with three replications. The plant types were Tithonia shrub, 
vetiver, king grass and Napier grass.  Results showed that runoff and soil erosion 
were reduced from 93 to 74 liter/m2, and from 1.03 to 0.17 kg/m2, respectively. 
Planting Tithonia decreased runoff while Napier grass reduced soil erosion.   Soil 
moisture content at field capacity increased from 14% to 20%, and macropores 
from 31% to 41%; however there was a decrease in micropores from 17.5% to 
14%.  King grass increased root density (RD) and root area ratio (RAR), but 
reduced the relative soil particle detachment rate (RSD).  King grass and vetiver 
had a positive impact on reducing both runoff and soil erosion.
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hand, landslides do occur on grounds that are not saturated. It is necessary to pay 
attention to lowering ground water pressure (negative pore pressure) associated 
with elevated levels of ground water due to rain water infiltration (Chowdhury 
and Flentje 2014). Soil properties have a major role in landslides. Properties such 
as texture, structure, solum depth and permeability greatly affect water infiltration 
and surface runoff.  Implementing a system of conservation farming contributes 
towards controlling soil erosion, landslides and soil degradation due to erosion.  
One of the factors that influence soil erosion and landslides is the type of vegetation. 
Vegetation is a factor that can be managed either through the choice of plants or 
plant density settings. According to Truong (2011), plants effectively decrease soil 
erosion and landslides. Vegetative conservation has several advantages compared 
to mechanical and chemical conservation techniques. It is relatively easy to apply, 
cheap, and is able to provide nutrients for plant growth. 
 Plants can indirectly protect the land from physical property destruction, 
particularly the damage caused by water runoff and soil erosion. This protective 
ability of plants depends on several factors: growth rate of the plants, plant height, 
plant canopy cover and the state of plant shoot and root systems. According to 
Phillips and Marden (2006), plants control soil erosion via the canopy cover, and 
interaction between plant stems and roots with the soil erosion processes. Canopy 
cover reduces soil detachment and transportation.  Balangcod et al. (2015) 
reported that vetiver grass is planted extensively in several countries to prevent 
soil erosion. This plant has a rapid growth rate and can hold soil through its ability 
to grow on steep slopes. Troung and Loch (2004) reported that using grass as 
a hedgerow crop improves slope stability and reduces erosion by 80%. Vetiver 
grass, known in Indonesia as ‘fragrant root’, is a tropical plant that has many 
advantages. This grass has the ability to reduce slope erosion. Vetiver leaves and 
stems slowly wash out sediment from run-off while its roots bind the soil under 
the plant to a depth of 3 m thus preventing soil erosion and landslides. Hakim and 
Agustian (2003) and Hakim et al. (2007) state that the planting of king grass and 
Tithonia as hedgerows provide double benefits because these plants not only serve 
as fertiliser but help in reducing erosion.
 The objective of the research was to determine the effects of planting 
different plant types as a conservation measure in controlling runoff, erosion and 
landslides. 

MATERIAL AND METHODS 
The soils in the study area are derived from pumice tuff  (QPT) and  pumice tuff 
with  hyperstine mineral (Qhpt) (Kastowo et al. 1996). This area is one of the sites 
in West Sumatra Province that is prone to natural disasters such as landslides and 
floods. The soils have shallow solum depth, are sandy loam to clay loam on the 
top layer, sandy on the bottom layer and have a single-grained soil structure. They 
have low organic matter content and a specific gravity of less than one which 
causes it to float and be easily carried away by water flow. It can easily cause 
erosion and promote landslides. The dominant land characteristic that affects the 
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vulnerability of soils leading to landslides is very high rainfall with no dry months 
(Saidi et al.  2011).  
 The study was conducted in a greenhouse at the Agriculture Faculty, 
Andalas University Padang. Soil samples derived  from pumice tuff parent 
matterial were taken from landslide prone areas in Patamuan district, Padang 
Pariaman Regency. The soils were analysed at the Laboratory of the Soil Science 
Department, Agriculture Faculty, Andalas University, Padang and The Laboratory 
of Soil Research Institute and Agroclimate, Bogor. 
 Plots made of steel plates, 1.5 m x 0.5 m x 0.3 m (0.225 m3) in size 
(Figure 1) were placed in the greenhouse at 60 cm height and 40 cm distance 
between each other. Plot slope was set at 22° to simulate a sloping field and placed 
in a South-North direction.   The plots were planted with a variety of plants at 
a distance of 10 cm x 40 cm. The experiment with one factor (plant type) was 
subjected to five treatments as follows: A = Control (Plot without treatment); B 
= Plot planted with vetiver (Vetiveria zizanioides); C = Plot planted with king 
grass  (Pennisetum tydoides); D = Plot planted with Tithonia shrubs (Tithonia 
diversivolia); and E = Plot planted with Napier grass (Penisetum purpureum).  
The study used a completely randomised design with three replications. ANOVA 
was used to process the data with the statistical tests being the F test and HSD test 
at 5% confidence level. 
 The rain simulator was made of a PVC pipe, 0.5 in diameter and arranged 
exactly over the research plots. These pipes had rectangular holes which provided 
water to all the plots. According to Grismer (2012), a rain simulator fitted with 
a water droplet of approximately 2.2 mm diameter matches simulated rainfall at 
an intensity that often occurs in the field. Subsequently Darvishan et al. (2016) 
found that the incidence of high intensity simulated rainfall is 60 mm per hour.  
However, as the study area had a high rainfall of  > 4000 mm per year, rainfall 
intensity designed for this research was  96 mm per 30 min r 182 mm per hour 
(Figure 1). 

Figure 1. Research plots in the greenhouse with the rain simulator
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 The plants were planted as an alley crop at a planting distance of 40 
cm x 10 cm. These plants were allowed to grow for 3 months. Water runoff, 
soil erosion and suspension nutrients were measured by the extent of the water 
runoff contained in the plastic buckets (Figure 2). Suspended sediments can be 
calculated by weighing the soil without water, that is, by separating the soil from 
water. 
  

Figure 2. Plot and water sediment bucket 

 Soil sampling was conducted for all experiment plots at the end of 
the research. Undisturbed soil samples were taken by ring samples while  the 
Belgian auger was used for soil composites. Observations on physical properties 
of soil were as follows: (i) bulk density with gravimetric method, (ii) total pore 
space, (iii) organic C content by the method of Walkley and Black (1934),  (iv) 
soil permeability by the  method of Dariah et al.  (2006), (v) water content at 
various pF by pressure plate membrane apparatus method, (vi) soil compaction 
by penetrometer, and (vii) shear strength by shear strength equipment. 
 Parameters of plant roots were noted to express the genetically determined 
soil-binding capacity of a specific plant root system. The ratio between the 
shoot weight of a specific plant and root weight require constant weight (60° C). 
Characteristics of the plant roots were observed by determining the following 
parameters (Mwango et al. 2014): (i) root diameter (mm) (D), measured with 
micrometer NSK Japan; (ii) density of the root (RD) (kg/m3) = root dry weight / 
volume of soil (m3); (iii) root length density (RLD) (km/m3) = total length of the 
root / soil volume to penetrate the roots; (iv) root area ratio  (RAR) = (RLD x 
mean cross-sectional area of a single root (RCSA); and (v) relative  soil particles 
detachment  rate (RSD)= e -1.45 RD (1 <RD <5 mm e -0.47 RD (RD> 5mm)
 This study used a digital camera  to capture images of plant roots,  plant 
canopy, and the bond between soil particles and plant roots.
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TABLE 1 
Initial soil physical properties of the parent material of pumice tuff in

Partamuan district, Padang Pariaman Regency

RESULTS AND DISCUSSION

Soil Physical Properties of Pumice Tuff  Parent Material
Observations on the physical properties of soil in the laboratory, based on the 
criteria for physical properties of the Soil Research Institute Bogor (2011), are 
presented in Table 1.
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TABLE 1 8 

Initial soil physical properties of the parent material of pumice tuff in Partamuan district, 9 

Padang Pariaman Regency 10 

No Parameters of soil physical properties  Soil depth (cm) Notes 
0 -20 40-60  

1 Sand (%) 46 52  
2 Silt (%) 27 10  
3 Clay (%) 27 38  
4 Organic material  ( %) 4.2 3.44  
5 Bulk density (g/cm3) 0.77 0.79  
6 Total pore space (%) 70.94 69.94  
7 Field water content (% ) 18.8 20.0  
8 QDP(% volume) 30.6 30.2 High 
9 SDP(% volume) 5.2 7.3 Low 
10 AWC (% volume) 17.4 19.1 High 
11 Macropore space (% volume)  41.94 40.24 High 
12 Micropore space (% volume)  29.0 29.7 High 
13 Permeability (Cm/jam) 9.92 8.45 Quick 
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Table 1 shows that the soil has a clay loam texture at the top layer and a sandy loam texture 12 

at the bottom layer. Clay content in the top layer is lower than at the bottom layers. 13 

According to Geist and Cochran (1990), the clay content of the pumice tuff material is 14 

lower than other volcanic soil parent material such as basalt and volcanic ash. According to 15 

 Table 1 shows that the soil has a clay loam texture at the top layer and a 
sandy loam texture at the bottom layer. Clay content in the top layer is lower than 
at the bottom layers. According to Geist and Cochran (1990), the clay content of 
the pumice tuff material is lower than other volcanic soil parent material such 
as basalt and volcanic ash. According to Mugagga et al. (2011), an area that has 
more than 32% clay content will have extremely high expansive potential while 
10% clay content is an indicator of expansion potential. The soil structure in the 
topsoil and subsoil is unstructured single grain with organic matter content in 
the top and bottom layers being low. Bulk density and total pore space in both 
top and bottom layers are medium. The low water binding of the soil samples is 
reflected in the available water content (AWC) which is only about 17.0 - 19.0% 
by volume, while total pore space is almost 71%, which indicates that macropores 
are filled with air of around 40 to 42% by volume. This is because the pumice 
tuff has plenty of air pore spaces with its dominant material containing sand. Soil 
permeability is classified as moderate for both top and bottom layers.  
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Water Runoff and Soil Erosion and Nutrient Losses
The results of the ANOVA and HSD test  show that plant types can decrease 
significantly the amount of water runoff and soil erosion, and Nitrogen and 
Potassium loss, except for phosphorus loss  (Tables 2 and 3 and Figures 3 and 4).

TABLE 2 
F Ratio of water runoff, soil erosion, and nutrient loss 
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F Ratio of water runoff, soil erosion, and nutrient loss  16 

No Parameters  F Ratio  Prob > F  

1 Water runoff (L/m2)  8.2916 0.0032* 

2 Soil erosion  (Kg/m2) 27.8425 <.0001* 

3 Nitrogen loss (g/L/m2) 14.4361 0.0004* 

4 Phosphorus loss(g/L/m2) 2.6720 0.0946 ns 

5 Potassium loss (g/L/m2) 13.1534 0.0005* 
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TABLE 3
Influence of plant type on  water runoff and soil erosion
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 1 

TABLE 3 2 

Influence of plant type on  water runoff and soil erosion 3 

No Treatments  Average runoff (L/m2)  Average soil loss (Kg/m2) 

1 Control 93.778 A  1.032 A 

2 Vetiver grass  89.333 AB 0.409   B 

3 King grass 73.778  BC 0.284   BC 

4 Tithonia shrub  70.667   C 0.471   B 

5 Napier grass 75.556  BC 0.169    C 

 4 

 5 

Figure 3. Effect of plant type on runoff 6 
Figure 3. Effect of plant type on runoff
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Figure 4. Effect  of plant type on soil erosion

 The decreasing order of soil erosion is  Napier grass > king grass > vetiver 
grass> Tithonia plant > control. The extent to which these plants can  reduce soil 
erosion are as follows: Napier grass from 1,032 to 0.17 g/m2 (83.5%),  king grass 
from 1.032 to 0.284 g/m2 (72.48%),  vetiver from 1.032 to 0.409 g/cm2 (60.37%), 
and Tithonia shrub from 1.032 to 0.471 g/cm2 (54.36%). However, Matano et al. 
(2015) recommends the use of Tithonia to prevent erosion as the cultivation of 
these plants can reduce the impact of raindrops on soil aggregates, thus reducing 
water runoff and soil erosion. Our data that corresponds to the role of canopy cover 
in the prevention of soil erosion is as follows: 57.00% for Napier grass, 45.33% 
for king grass, 44.67% for Tithonia plant, and 40.67% for vetiver. Canopy cover 
describes the proportion of soil surface that is covered by the vertical projection of 
plants (Jennings et al. 1999; Davidova et al 2015). Kusminingrum (2011), in his 
study, discusses the role of vetiver grass and bahia in minimising the occurrence 
of slope erosion. According to him, a minimum canopy cover of 60% will give 
an average reduction of more than 96% in erosion rates. Yacob et al. (2015) state 
that vetiver grass, desho grass, and Napier grass can reduce soil loss, stabilise 
the bund, and resist drought compared to the control. According to Xu Liyu et 
al. (2004), vetiver can reduce water runoff as much as 59.7% and soil erosion by 
92.7%. Therefore, all plants were found to have a significant influence on runoff 
and soil erosion and did not differ in their influence except for Napier grass. There 
was no significant difference in the influence of king grass, Tithonia shrub and 
vetiver grass in runoff and soil erosion.
 Effect of  plant type on loss of nutrients though soil erosion is shown in 
Table 4 and Figures 5  and 6. 
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Figure 5. Effect of plant type on nitrogen loss

TABLE 4
Effect of  plant type  on nutrient loss through eroded soil, i.e. nitrogen and potassium
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1 Control 0.03550874  A 0.00429017  A 
2 Vetiver grass 0.00958954   B 0.00131819  B 
3 King grass 0.00958954   B 0.00146947   B 
4 Tithonia shrub 0.01703360   B 0.00215289   B 
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Figure 5. Effect of plant type on nitrogen loss 11 
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 Figure 6. Effect of plant type on potassium loss

 The influence of plant type on nutrient loss though erosion is significantly 
different in control. But each plant type did not differ significantly in its effects on 
nutrients loss. It can be concluded that the combination of plants had an effect on 
reducing nutrients loss by runoff and erosion but each plant did not demonstrate a 
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real impact. The sequence of impact on nutrient loss for nitrogen, and potassium 
is as follows: control > Tithonia shrub > King grass > vetiver >  Napier grass. 

Soil Physical Properties  
Effect of plant type on soil physical properties was not significantly different 
except for soil compaction and slow drainage pores (Tables 5 and 6). 

TABLE 5
 F-ratio from parameters of soil physical properties
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TABLE 5 1 

 F-ratio from parameters of soil physical properties 2 

No Parameters of soil physical properties F Ratio Prob > F 

1 Organic matter (%) 2.3707 0.1223 

2 Bulk density (g/cm3) 0.8920 0.5034 

3 Porosity (%) 0.9538 0.4731 

4 Water content of pF 1.00 ( % volume) 1.2642 0.3462 

5 Water content of pF 2.00  ( % volume) 1.8495 0.1961 

6 Water content of pF 2.54 ( % volume) 0.7540 0.5778 

7 Water content of pF 4.2  ( % volume) 1.8011 0.2053 

8 Availability water content ( % volume) 0.3022 0.8700 

9 Slow drainage pores ( % volume) 3.3364 0.0556* 

10 Quick drainage pores ( % volume) 1.0426 0.4326 

11 Soil compaction (g/cm3) 3.7306 0.0415* 

12 Shear strength (kg/cm2 ) 3.1108 0.0662 

13 Macropores (% volume ) 1.2621 0.3469 

14 Micropores (% volume) 0.7540 0.5778 

 3 
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TABLE 6 5 

Effect of plant type on soil compaction and slow  drainage pores  6 

No Treatments  Soil compaction (g/cm3)  Slow drainage pore (% 

volume) 

1 Control 24.500 AB 5.43  B 

2 Vetiver grass 16.667  B 6.87  B 

3 King grass 18.833 AB 7.60 AB 

4 Tithonia shrub 29.333 A 8.83 A 

5 Napier grass  19.583 AB 5.27  B   

 7 
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TABLE 6
Effect of plant type on soil compaction and slow  drainage pores
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Figure 7. Effect of plant type on soil compaction

Figure 8. Effect of plant type on slow drainage pores

 Table 5 and 6 and Figures 7 and 8 show that plant type has a significant 
effect on soil compaction and  slow drainage pore compared to control.
 The compaction decreased in this order:  Tithonia shrub > control > Napier 
grass > king grass  > vetiver grass. The slow drainage pore increased in this order: 
Napier > control > vetiver grass > king grass >  Tithonia shrubs.  This allowed for 
the reorganisation process between the soil particles and organic matter to form 
a soil structure where the slow drainage pores increased while the quick drainage 
pore decreased. Slow drainage  increased in this order: Tithonia shrub > king grass 
> vetiver>  control > Napier.  According to Xu Liyu et al. (2004), vetiver grass can 
increase soil moisture  as much as 42.1%. This is because the canopy of king grass 
is larger than that of other plants, so it requires greater amounts of water.  Phillips 
and Marden (2006) state that plant roots tend to change the physical properties of 
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the surface soil, promoting infiltration and thus reducing the incidence of overland 
flow. Several types of plants have roots to support organic matter in the soil which 
helps to increase the development of soil structure processes. But type of plant 
does not have a significant effect on macropores and micropores.  The effect of 
plant species on soil physical properties can be seen on slow drainage pores.  This 
is because the initial soil texture was sandy loam with low organic matter content 
such that the  macropores were much larger than the micropores. The  capacity to 
hold groundwater and capillary action is low. For soil to have a better structure, it 
needs the assistance of organic materials.

Plant Height and Canopy Cover
The influence of plant height and plant canopy cover can be seen in Tables 7 and  
8  and Figures 9 and 10.

TABLE 7
F-ratio of plant and parameters of root characteristics
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TABLE 7 1 

F-ratio of plant and parameters of root characteristics 2 

No Plant and root characteristic parameters F-ratio  Prob > F  

1 Plant height (cm) 103.7498 <.0001* 

2 Canopy cover area (%)  3.6619 0.0631 

3 Dry weight of root (gram) 4.3679 0.0424* 

4 Dry weight of shoot (gram) 1.4549 0.2978 

5 Root shoot ratio  11.6040 0.0028* 

6 Root density (RD) 4.5899 0.0377* 

7 Root length density (RLD) 6.2576 0.0171* 

8 Root area ratio (RAR) 5.0516 0.0298* 

9 Relative soil particle detachment rate (RSD)  6.6330 0.0146* 

 3 

TABLE 8 4 

Effect of plant types on plant height  and canopy cover  5 

No Treatments Plant height (cm) Canopy cover (%) 

1 King grass 220.333  A 44.667  A 

2 Napier grass 178.667  B 57.000  A 

3 Vetiver grass 160.667  B 40.667  A 

4 Tithonia shrub 83.667   C 45.333  A 

 6 
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TABLE 8
Effect of plant types on plant height  and canopy cover 



Malaysian Journal of Soil Science Vol. 24, 202022

 The bioengineering plants have a significant influence on canopy cover 
(Table 7). Napier grass had the largest canopy cover,  followed by king grass, 
Tithonia plant and vetiver grass. Vetiver grass  had the lowest canopy cover 
because its leaves were small and long, offering little cover crop canopy (Table 
8 and Figure  10).  Furthermore, the effect of  plant  type on plant height and  
canopy cover was significant in this order:  king grass > Napier grass > vetiver 
grass > Tithonia.  Hairiah et al. (2006) recommend that king grass  be combined 
with vetiver or Napier as it  has a better growth rate compared to the other plants.  
While the influence of vigorous Tithonia is lower than  that of the  other plants, 
surface runoff and erosion of soils is high compared to control. According to 

Figure 9. Effect  of plant type on plant height

Figure 10. Effect  of plant type on canopy cover
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Philips and Marden (2006), the canopy, stem and roots of plants interact with the 
erosion processes of soil detachment and transport. The plant canopy changes 
raindrop size distribution and reduces the fall velocity, thus reducing the kinetic 
energy available for erosion via rain drop impact.
 
Dry Weight of Root and Root-Shoot  Ratio
Type of plant has a significant influence  on dry weight of plant shoot  and root and 
ratio of shoot-root as can be seen in Tables 7 and 9. 
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Effect of plant type on dry  weight of roots  and root-shoot ratio 13 

No Treatments Dry weight of root (g) Root-shoot  ratio 

1 Vetiver grass 5.517  A 0.257  A 
2 King grass 5.010 AB 0.110  B 
3 Tithonia shrub 1.283 B 0.0067 B 

4 Napier grass 3.400 AB 0.108  B 

 14 

TABLE 9
Effect of plant type on dry  weight of roots  and root-shoot ratio

Table 9 and Figures 11 and 12 show that the dry weight and root shoot ratio of 
vetiver is higher than king grass and Napier grass. Root dry weight is lowest for 
the Tithonia shrub. Shoot growth is highest in vetiver grass followed by king 
grass, Napier grass and   Tithonia shrub.  However, root-shoot ratio is the lowest 
in Tithonia shrub because root growth of tithonia shrub is lowest, followed by 
Napier grass, king grass, and vetiver grass. Yakob et al. (2015) evaluated four 
grasses on their ability to stabilise and conserve soil. These were vetiver grass, 
Napier grass, Desho  grass (Pennisetum pedicelluatum),  Rodes grass   (Chloris 
gayana) and guinea grass (Panicum coloratum). Their  results showed that Desho 
grass provided more biomass than any other grass and gave the most steady 
ranking followed by Napier grass and vetiver grass. 

Parameters of Root Characteristics 
From Tables 7 and 10 and  Figures 13,14,15, and 16,  it can be seen that 
bioengineering plants and grasses have a significant influence on relative soil 
particle detachment rate  and all parameters of  root characteristics, that is   root 
density,  root length density and root area ratio. 

Table 10  shows that root density of vetiver   is higher than that of  king grass, 
Napier grass and Tithonia shrub. Root growth of plants is determined by root 
density, root length density and root area ratio.  Root density in this research  is 
in  this order:  king grass  -4.24 kg m-3;  vetiver grass-3.623 kg m-3;  Napier grass 
2.390 kg m-3;  and the lowest is Tithonia shrub at 9.93 kg m-3 (Figures 13 and 14). 
Parameters of root density (RD)  can be affected by the ability of various plants to 
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Figure 11. Effect of plant type on dry weight root
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Parameters of Root Characteristics  7 

 From Tables 7 and 10 and  Figures 13,14,15, and 16,  it can be seen that bioengineering 8 

plants and grasses have a significant influence on relative soil particle detachment rate  and 9 

all parameters of  root characteristics, that is   root density,  root length density and root 10 

area ratio.  11 

TABLE 10 12 

 Effect of plant type on root density (RD), root length density (RLD), root area ratio (RAR) 13 

and relative soil particle detachment rate (RSD) 14 

No Treatments  Root density 
(RD) 

Root length 
density (RLD)  

Root area 
ratio (RAR) 

Relative soil particle 
detachment rate 

 ( RSD) 

1 Vetiver grass 3.623 AB 5.280   B 0.082 AB 0.022  B 

2 King grass 4.243 A 26.267 A 0.323 A 0.006  B 

3 Tithonia shrub 0.993  B 2.450   B 0.033  B 0.291 A 

4 Napier grass  2.390 AB 14.783 AB 0.189 AB 0.033  B 

 15 

Figure 12. Effect of plant type on root shoot ratio

TABLE 10
Effect of plant type on root density (RD), root length density (RLD), root area

ratio (RAR) and relative soil particle detachment rate (RSD)
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penetrate soil and also by  soil physical properties. As vetiver  grass had the highest  
root density, its growth was greater than the king and Napier grasses and Tithonia 
shrub, but canopy cover of Napier grass was better than king grass,  vetiver,and 
Tithonia. Mwango et al. (2014), in  their study, reported that Tithonia shrub  had 
a higher percentage  of total root mass than Guatemala grass  and Napier grass at 
two locations, namely Majulai  and Migambo in Tanzania but Guatemala grass 
had a higher root density (kg/m3)   than Napier grass and Tithonia  shrub.
 The density of root length (RLD) is total length of root divided by volume 
of roots that permeate the soil sample (De Baets et al. cited in  Ola  et al. 2015). 
Higher RLDs enhance soil aggregation in crop species. According to Rilling et 
al. (2002),  the ability of roots to reinforce a soil is determined not only by root 
characteristics such as  as RLD but also by their distribution within the soil. RLD 
and RAR of king grass was higher than Napier grass, vetiver grass and Tithonia 
shrub. Thus, the ability of king grass to reinforce a soil is better than the other 
grasses.
 Effect of plant type on root area ratio (RAR) and the relative particle 
detachment rate (RSD) is in this order: king grass > vetiver  > Napier grass  > 
Tithonia shrub (Table 10 and Figure 15 and 16). In this study, type of plant had 
a significant effect on root area ratio. King grass had a  higher index of root area 
ratio compared to Napier grass, vetiver grass and Tithonia. Root area ratio is used 
as an indicator of root density, and its role in reinforcement of the plant on soil 
erosion in landslide prone areas is mentioned in a study by  Lateh et al.( 2013).  
 A comparison of root growth development showed king grass gave better 
value compared to Napier grass, vetiver and Tithonia shrub.   The values of  root 
density, root length density, and  root area ratio of all the grasses is compared in 
Figure 17.         

Figure 13. Effect of plant type on root density
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Figure 14. Effect of plant type on root length density(RLD)

Figure 15. Effect of plant type on root area ratio

Figure 16. Effect of plant type on relative soil particle detachment rate (RSD) 
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Figure 17. Comparison of root growth of  vetiver, king grass, Tithonia and Napier grass.

 Table 10 shows that RSD value   follows this  order: king grass >Napier  
grass >  vetiver grass> Tithonia scrubs.  Mwango et al. (2014) state that the RSD 
rate can be  used to determine the most effective plant for erosion control. Length 
of plant roots is in the following order: King Grass> Napier> vetiver> Tithonia. 
The smaller the RSD value, the better the root function in stabilising soil and 
reducing erosion and landslides.   The RSD rate is directly related to the ability 
of plant roots to lessen the blow of raindrops on the soil  and in turn decrease 
soil erosion. King grass is more effective in reducing erosion compared to other 
grasses in this order: vetiver grass > Napier grass > Tithonia. Mwango et al. 
(2014) obtained similar results with their research in Tanzania. They state that 
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RSD rates are generally lowest in the top soil and increase with soil depth (and 
with decreasing RD). The lower RSD rate can be atributed to the presence of a 
more favorable environmental condition which allows for greater plant growth. 

CONCLUSIONS 
Plant type has an effect  on reducing runoff and erosion compared to control, but 
there is a difference in influence among the plants: (1) The effect of plant type on 
increasing slow drainage pores is as follows: vetiver grass> king grass >Tithonia 
shrub >Napier grass.  (2) The effect of plant type on  reducing surface runoff is 
as follows:  vetiver grass >king grass >Tithonia shrub >Napier grass. (3) The role 
of these plants in reducing soil erosion is as follows: vetiver grass > king grass 
> Tithonia shrub > Napier grass.  King grass has a higher root density (RD) than 
vetiver and Napier grasses while Tithonia  shrub has the lowest root density. King 
grass has the lowest RSD rate while vetiver grass and  Napier  grass have higher 
rates; Tithonia has the highest RSD rate.  
 It is recommended that a combination of vetiver, Napier, and king grass 
be cultivated   to reduce soil erosion and landslides. Our study results show that 
Tithonia shrub cannot be recommended to reduce soil erosion and landslides.
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