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Abstract - In this study, distinct types of ethnic plants of Arunachal Pradesh were examined for selection as a soil
stabiliser. Considering the geographical factors and plant properties, the Miscanthus Sinensis plant was selected as a soil
stabiliser. As an experimental study, 1 month old Miscanthus Sinensis plant was planted in a grid pattern on the bank of
Pare River for an area of about 200 sqm. The plants were allowed to develop naturally for a year. Thereafter, the effect of
the Miscanthus plant on the shear strength parameter of the soil was determined every month. It was determined using a
triaxial test (UU condition) in the laboratory. Further, the important parameters such as Root Anchoring Index (IRA),
Root Binding Index (IRB) and tensile strength of the root were determined to check the bonding strength between the root
and the soil. It was observed that the presence of miscanthus improved the cohesion of soil up to 59 % to 90%. Miscanthus

plants have remarkably high IRA and IRB values. Miscanthus plants restricted the flood velocity and soil movement during

the flood.
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1. Introduction

Vegetation has long been recognized as a natural
solution for enhancing slope stability, a concept deeply
rooted in historical practices and increasingly valued in
modern geotechnical engineering. Pioneering works by
researchers such as Greenway (1987), Gray (1970), Gray
and Leiser (1982), and Coppin and Richards (1990) have
systematically explored the role of vegetation in mitigating
slope failures. These studies collectively emphasize that
vegetation affects slope stability through two principal
mechanisms: increasing the load on the slope due to the
weight of the plants and enhancing the resistance of the
slope through the reinforcing effects of roots. The roots of
vegetation penetrate the soil, creating a network that binds
the soil particles together, thus improving shear strength
and reducing the likelihood of erosion and landslides.

However, despite these foundational insights, much of
the existing research has been either too general in its
approach or limited in its applicability to specific regions
or vegetation types. For instance, Greenway’s (1987)
broad review offers valuable generalizations about
vegetation’s role in slope stability but does not delve into
the specific conditions or plant species that might be more
effective in particular environmental contexts.

Similarly, case studies like those of O’Loughlin
(1974), Riestenberg (1987), and Wu et al. (1979) have
highlighted the consequences of vegetation loss on slope
stability but have largely focused on specific types of
vegetation, such as temperate forest species, leaving a gap
in understanding the potential of other, less-studied plant
species, especially in tropical and subtropical regions.

This study highlights a major lack of use of
bioengineering measures customized for the peculiar
climatic and geological conditions in the northeastern part,
particularly Arunachal Pradesh. The hilly terrain, coupled
with geologically fragile young mountains and high annual
rainfall, predispose the region to increased soil erosion,
landslides and gully formations. Some of the traditional
methods in slope stabilization, like Vetiver grass, have
been largely promoted due to their efficiency and efficacy
in different regions. But, not every methodology is
appropriate for all these environments. The introduction of
non-native species such as Vetiver in the Northeastern
region is alarming due to ecological compatibility and
sustainability issues: despite being a tall grass with
potential for environmental conservation, its local
adaptability or long-term impact on tera-crust ecology
remains unknown.

With a background of these challenges, the present
experimental investigation aims to fill in this research gap
by aiming to define miscanthus sinensis (a perennial
tallgrass native to Asia) within vetiver grass and suggests it
as an alternative solution for slope stabilization activity
adapted for Arunachal Pradesh. However, unlike Vetiver,
with numerous studies and implementations all over the
world, Miscanthus sinensis has not been as largely
researched for soil bioengineering purposes, especially in
the Northeast region. Here, we attempt to bridge this gap
by the evaluation of M. sinensis, including traits of root
system architecture, erosion control capability and
response in abiotic conditions with respect to change
towards local climate conditions as well as its ecological
footprint.
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This research is novel in that its focus is on
Miscanthus sinensis as a potentially more sustainable and
environmentally friendly option for slope stabilization in
an area of unique environmental challenges. In addition to
providing an evaluation of the efficacy methods in
preventing soil erosion and landslides compared with
traditional approaches like the Vetiver system through a
comparative analysis between Miscanthus sinensis, this
study also examines its environmental impacts over time.
This holistic assessment will pave the way for scientific
yet site-specific bioengineering intervention that can assist
in partial risk reduction from landslides and enhance the
sustainability of slopes in Arunachal Pradesh.

This study’s findings are expected to contribute
significantly to the field of geotechnical engineering by
introducing a new perspective on the use of vegetation for
slope stabilization. The insights gained from this research
could pave the way for more ecologically sensitive and
region-specific approaches to soil stabilization, offering
valuable lessons for other regions facing similar
challenges.

The following factors need to be considered when
choosing a method for stabilising soil:

e Culture
e Environment
e Cost

Many hard engineering techniques have been tried to
resolve the issue in past years, but it has been ineffective
while incurring large financial and environmental costs.
With a low budget and environmental sustainability in the
picture, it seems imperative to find a solution. But one
such technique which shows a promising result is
Bioengineering.

The most common and prominent technique in
bioengineering is the Vetiver system. But, the Vetiver
plant not being native to Arunachal Pradesh may cause
harm to native flora and fauna. After researching and
examining distinct types of plants in the state, it has been
found that the Miscanthus Sinensis plant shows the same
type of behaviour as the Vetiver plant.

In the grass family Poaceae, Miscanthus sinensis,
shown in Figure 1, sometimes known as the eulalia or
Chinese silver grass, is a species of flowering plant that is
indigenous to eastern Asia and may be found in much of
Arunachal Pradesh, China, Japan, Taiwan, and Korea. It is
perennial grass, which can grow up to 0.8-2m tall while
forming a dense root network and clump from an
underground rhizome.

The flowers are purplish, white, and silver in colour. It
is widely cultivated as an ornamental flower in most parts
of the world. It has become an invasive species in most of
the European and American countries, but it poses no
threat in this part of the world since it is Aboriginal to
Arunachal Pradesh.

The primary objective of this project is

e To study the effect of the Miscanthus Sinensis plant
on the soil properties.

e To evaluate its effectiveness in preventing soil erosion
and landslides.

2. Methodology
2.1. Selection of Plant

To meet the objective of the study, the diverse plants
available in the adjoining areas of Papum Pare, Arunachal
Pradesh, were explored, and finally, the Miscanthus plant
was selected. While selecting the plant for this study, the
following criteria have been considered:

1. It should have low shoot biomass

2. It should have large root biomass

3. It should be non-invasive to the local
ecosystem

4. 1t should exhibit xerophytic and hydrophytic
characteristics if it is to survive the forces of
nature.

Table 1 shows the properties of different plants.

Fig. 1 Miscanthus plant
2.%(. Selection of Site

Fig. 2 Location of the test site
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Table 1. Criterion for selection of plant

Plant Biom_ass Nativity | Xerophytic | Hydrophytic
Ratio
Amliso Low Native Yes Yes
Lemon Grass Low Native No Yes
Gooseneck Low Native No No
Rush High Native No Yes
Taro Low Native No Yes
Indian Goose Low Native Yes Yes
Grass

Miscanthus High Native Yes Yes

Bank of Pare River was selected to conduct the
experimental project work for the following reasons:

e It gets eroded every year during monsoon season.
e  Accessible distance for better monitoring

The coordinates of the test site shown in Figure 2 are
27°14°53.0 “N 93°30°00.1 “E.

2.3. Method of Plantation

One-month-old Miscanthus plant saplings were
planted on the site in December 2021. It was planted over
an area of 20 m x 10 m sgm and 50 cm apart from each
other.

2.4. Shear Strength Parameter Tests

The shear strength parameter of the soil was
determined using a triaxial test (UU condition). For the
undisturbed soil sample a custom-made mould of diameter
38mm was made.

The soil sample was collected from the site and
brought to the laboratory under an airtight container
carefully with great precaution so as not to disturb the soil
sample. After the sample was brought to the laboratory, the
soil was separated carefully from the mould and cut to a
height of 76 mm. Then, it was tested for shear strength
using a triaxial machine.

This process was repeated for March, April, May, and
June. Where the age of the plant was 4,5, 6 and 7 months
etc. A few of the soil samples served as a baseline (i.e.,
samples with no vegetation roots). Before the samples
were analysed, the plants were allowed to develop for six
to eight months.

2.5. Root Anchoring and Binding Index

Root Binding Index (IRB) and Root anchoring index
(IRA)are important root parameters. By using the above
indices, the binding strength of the root and soil can be
determined.

If root IRA and IRB are greater than 1, then we can
assume that the bond between soil and root is strong. And
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it may be able to withstand most of the overturning forces
acting upon it.

2.6. Tensile Strength of Root

For the determination of the tensile strength of the
root, a root specimen from the plants was taken, and
testing was done under fresh conditions (within 24 hrs). 30
cm lengths of roots of various thicknesses were collected,
and their diameter was measured. Then, a root was secured
with a clamp at one end and connected to a polyethylene
bag at the other end.

The polyethene bag was progressively filled with sand
and continued until the roots failed. The bag and sand’s
combined weight was measured to find the total load
applied. This procedure was repeated for roots of diverse
sizes.

2.7. Root Length Density and Root Density

The root length density (total length of roots per unit
of soil volume; RLD) is an important indicator of the
amount of soil that a root system has explored and, as a
result, the amount of soil it has anchored.

Root density is another parameter which can be used
to determine the effect of roots on the cohesion of soil.

To determine the values of RLD and RD, a whole
plant was uprooted, thereby creating a hole. The hole’s
volume was then calculated. The length of each root of the
plant that was present within that hole was then measured.

RLD = Total length of roots in the volume/volume of pit
=m3

RD = mass of root/volume of root
= mg/m?®

C =10.54+8.63log RD

1)

Where C is cohesion

3. Tests and Results

3.1. Sieve Analysis of the Soil
Sieve analysis of soil samples taken from the
plantation site is shown in Table 2 and Figure 3.
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100 D,y =0.2019mm, Dgy = 1.963 mm, D5, = 0.4124 mm
90 Coefficient of curvature, Cc = (D3q) 2/Dgo*Dy¢ =
5 %0 (0.4124)%/1.963*0.2019 = 0.429
£ 70
't 60
g 50 Coefficient of uniformity, Cu = Dgo / (D44) = 1.963/0.2019
5 40 =9.723
S 30 . - .
& 20 The soil is classified as SP, i.e., Poorly Graded Sandy
10 Soil (as per IS: 1498 -1970)
0 Table 2. Sieve analysis of sample
0.01 0.1 1 10 Type Size Distribution
Grain size Gravel (20 - 4.75mm) 28.324%
Coarse Sand (4.75-2.0mm) 5.456%
Fig. 3 Grain size distribution curve Medium sand (2.0 — 0.425 mm) 29.048%
Fine sand (0.425 — 0.075 mm) 29.358%
From the particle size distribution curve, the following Total sand fraction 63.862%

data are determined:
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21.2
211
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21.2
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20.9
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20.6
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Fig. 4 Comparison of phi (¢) value
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3.2. Shear Strength Parameters of the Soil

Comparison of shear strength parameters of soil under
different conditions at different ages of plants are shown in
Figures 4 and 5.

It has been observed that the roots have increased the
shear strength of soil by 59.72% in March to 89.05 % in
June.

But the phi (¢) value does not change much. Hence, it
can be determined that the change in the shear strength of
soil is mostly due to the increase of cohesion of soil
because of plant roots.

3.3. Root Anchoring and Binding Index
The Index of Root Binding (IRB) and the Index of
Root Anchoring (IRA) were calculated using a formula.

IRA= YD, Z/dbh?
IRB =YDy, 2/dbh?

O]
®3)

Where Dy and Dy are the diameters of horizontal (angle >
45°) and vertical (angle < 45°) proximal roots.

Dyv1=981mm, Dy, = 678mm and Dyz= 781mm
Dni= 872mm, Dh,=831mm and Dp3=712 mm
dbh =383mm

Index of Root Binding, IRB = 39.759

Index of Root Anchoring, IRA = 40.5865
3.4. Tensile Strength of Root

A weight of 1.5 kg to 2.2 kg, approximately 477.9
kPa (kg/cm?) or 0.479 MPa of root tensile strength, was
discovered to cause tree roots up to 2 mm in diameter
(first-rated roots) to fail.

It was also observed that the tensile strength of
the root decreased as the diameter of the root increased,
which concurs with Wang Chenglong et al. (2020).

3.5. Root Length Density and Root Density
The total length of the root under within the volume =
79.83m

Volume of Pit = 0.029 m3

RLD = 79.83/0.029
=2752.756 m™

RD =759 .78 kg/m?

Now, C=10.54+8.63 log RLD
C =18.1364 kN/m?

It has been observed that the RLD of the Miscanthus
plant is higher compared to the plants available in our
locality.
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And the cohesion value we found using RD is almost
equal to the cohesion value we found out using the triaxial
test.

3.6. Site Result

Fig. 6 During the monsoon (site fully submerged under flood)

One-month-old Miscanthus plant saplings were
planted on the site in December. It was planted over a 20
m x 10 m space, 25 cm apart from each other.

Even though some of the vegetation was nibbled by
animals, many of the plants survived, allowing the study to
go on.

After the monsoon season, the following was the
situation of the site. It has been noted that during the
monsoon season, the facility was entirely submerged
beneath the water, as shown in Figure 6. However, because
of its high root biomass and low shoot biomass, the plant
was able to withstand the effects of the water current.
However, some of the weaker plants were uprooted
because of the influence of the water current, and Figure 7
shows the density of the roots of the miscanthus plant.

It was also observed that, within 8 months, new plants
germinated around the old plants, which provided extra
strength and support to the existing plants.

g X : —— SR v
Fig. 7 Roots of matured miscanthus plant
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4. Conclusion soil stabilization with the use of Miscanthus Sinensis.
This study investigated the effectiveness of using Its perennial nature means longer-term gains without

Miscanthus sinensis in stabilizing soil and preventing constant replanting.

erosion and landslides, particularly in the context of the

Northeastern region of India. The findings from the In conclusion, Miscanthus sinensis has proven to be a

experimental work conducted at the selected site on the viable alternative for soil stabilization in areas prone to
bank of the Pare River have demonstrated that Miscanthus erosion and landslides. Its use in bioengineering projects
sinensis can significantly enhance soil stability through its not only addresses the technical aspects of soil

robust root system. stabilization but also aligns with environmental
sustainability goals. Further research could explore the
Key findings include: long-term effects of Miscanthus sinensis on soil properties

1. Soil Reinforcement: The roots of Miscanthus sinensis ~ and its potential applications in other regions facing
were observed to create a strong binding network  Similar challenges.
within the soil, which improved the soil’s shear

strength. The increase in shear strength was found to The scope of this study was limited to determining
be directly related to the density and length of the how the Miscanthus plant improved the in-situ shear
roots. strength parameters. Further, the effectiveness of the work

2. Effectiveness in Erosion Control: The plant’s ability can be explored by considering the crucial characteristics
to anchor the soil and reduce the movement of soil and experiments as follows:

particles was evident in the reduction of soil erosion at
the test site. The dense root network helped in o 1q prevent the submergence of plants, the planting of

retaining the soil, even during the monsoon season, more plants may be explored, and proper monitoring
which is typically associated with high rates of of the growth of plants may be maintained.
erosion.

e  Assess the effect of the plant on surface runoff.

e  Proper records of the length of the root, shoot of the
plant and planting methods may be examined.

e The period of study may be increased to observe the
effectiveness of the plant on erosion control.

e Also, checking the cattle is necessary to prevent
grazing of the plants.

3. Environmental Compatibility: Miscanthus sinensis is
not of invasive species native to Arunachal Pradesh. It
is non-invasive and resistant to pests and diseases in
the region, which are good attributes of a
bioengineering organism.

4. Sustainable Solution: A cost-effective and sustainable
alternative to traditional hard engineering methods for

References

[1] Robert Adams, Mark Dafforn, Vetiver Network Newsletter, Vetiver, pp. 1-47, 1995. [Online]. Available:
https://www.vetiver.org/TVN_NL14.pdf

[2] O. Babalola et al., “Use of Vetiver Grass for Soil and Water Conservation in Nigeria,” Proceedings of the Third International
Conference on Vetiver and Exhibition Vetiver and Water, Guangzhous, China, pp. 282-288, 2003. [Google Scholar] [Publisher
Link]

[3] Shantanoo Bhattacharyya, “Vetiver System — The Green Tool against Erosion,” The Fifth International Conference on Vetiver
(ICV5): Vetiver and Climate Change, Lucknow, India. 2011. [Google Scholar] [Publisher Link]

[4] Paul A. Dalton, Rod J. Smith, and Paul N.V. Truong, “Hydraulic Characteristics of Vetiver Hedges: An Engineering Design
Approach to Flood Mitigation on a Cropped Flood Plain,” Proceedings of the First International Vetiver Conference, Chiang Rai,
Thailand, pp. 65-73, 1996. [Google Scholar]

[5] P.A. Dalton, R.J. Smith, and P.N.V. Truong, “Vetiver Grass Hedges for Erosion Control on a Cropped Flood Plain: Hedge
Hydraulics,” Agricultural Water Management, vol. 31, no. 1-2, pp. 91-104, 1996. [CrossRef] [Google Scholar] [Publisher Link]

[6] Goetz M. Richter et al., “Sequestration of C in Soils under Miscanthus can be Marginal and is Affected by Genotype-Specific Root
Distribution,” Agriculture, Ecosystems & Environment, vol. 200, pp. 169-177, 2015. [CrossRef] [Google Scholar] [Publisher Link]

[71 R.G. Grimshaw, The Bank’s World, Washington, D.C, 1988. [Online]. Available:
https://documents1.worldbank.org/curated/en/126151468914523127/pdf/587050NEWS0Ban10BOX354961B006101-88.pdf

[8] Faisal Haji Ali, and Normaniza Osman, “Shear Strength of a Soil Containing Vegetation Roots,” Soils and Foundations, vol. 48,
no. 4, pp. 587-596, 2008. [CrossRef] [Google Scholar] [Publisher Link]

[9] Diti Hengchaovanich, and Nimal S. Nilaweera, “An Assessment of Strength Properties of Vetiver Grass Roots in Relation to Slope
Stabilization,” Proceedings of the First International Vetiver Conference, Thailand, pp. 153-158, 1996. [Google Scholar] [Publisher
Link]

[10] P. Kotoky et al., “Nature of Bank Erosion along the Brahmaputra River Channel, Assam, India,” Current Science Association, vol.
88, no. 4, pp. 634-640, 2005. [Google Scholar] [Publisher Link]

[11] K. Vinod Kumar, “Modelling Ground Water Recharge under Vetiver Hedgerows,” Journal of Environmental Management, vol. 68,
no. 3, pp. 297-306, 2003. [Publisher Link]

44


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Use+of+vetiver+grass+for+soil+and+water+conservation+in+Nigeria&btnG=
https://www.vetiver.org/NIG_SWC.pdf
https://www.vetiver.org/NIG_SWC.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vetiver+system+%E2%80%93+The+green+tool+against+erosion&btnG=
https://www.vetiver.org/ICV5/Soil%20_%20Water%20Conservation/7-3%20Vetiver%20system%20%20the%20green%20tool%20against%20erosion%20.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hydraulic+characteristics+of+vetiver+hedges%3A+An+engineering+design+approach+to+flood+mitigation+on+a+cropped+floodplain&btnG=
https://doi.org/10.1016/0378-3774(95)01230-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vetiver+grass+hedges+for+erosion+control+on+a+cropped+floodplain%3A+Hedge+hydraulics&btnG=
https://www.sciencedirect.com/science/article/abs/pii/0378377495012303
https://doi.org/10.1016/j.agee.2014.11.011
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sequestration+of+carbon+in+soils+under+Miscanthus+can+be+marginal+and+is+affected+by+genotype-specific+root+distribution&btnG=
https://www.sciencedirect.com/science/article/pii/S016788091400512X
https://doi.org/10.3208/sandf.48.587
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Shear+strength+of+a+soil+containing+vegetation+roots&btnG=
https://www.sciencedirect.com/science/article/pii/S0038080620303802
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=An+assessment+of+strength+properties+of+vetiver+grass+roots+in+relation+to+slope+stabilization&btnG=
https://www.vetiver.org/MAL_DITI_root_strength.pdf
https://www.vetiver.org/MAL_DITI_root_strength.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nature+of+bank+erosion+along+the+Brahmaputra+River+channel%2C+Assam%2C+India&btnG=
https://www.jstor.org/stable/24110266
https://www.vetiver.org/ICV5/Soil%20_%20Water%20Conservation/7-4%20Modeling%20Ground%20Water%20Recharge%20Under%20Vetiver%20Hedgerows.pdf

Taba Nyokum & Yamem Tamut/ IJCE, 11(8), 39-45, 2024

[12] A. Mulyono et al., “The Hydromechanics of Vegetation for Slope Stabilization,” IOP Conference Series: Earth and Environmental
Science: Global Colloquium on GeoSciences and Engineering, Bandung, Indonesia, vol. 118, pp. 1-6, 2018. [CrossRef] [Google
Scholar] [Publisher Link]

[13] Cinzia Rossi, and John R. Nimmo, “Modeling of Soil Water Retention from Saturation to Oven Dryness,” Water Resources
Research, vol. 30, no. 3, pp. 701-708, 1994. [CrossRef] [Google Scholar] [Publisher Link]

[14] C. Ruyer-Quil et al., “Modelling Film Flows Down a Fibre,” Journal of Fluid Mechanics, vol. 603, pp. 431-462, 2008. [CrossRef]
[Google Scholar] [Publisher Link]

[15] P. Truong, “Report on the International Vetiver Grass Field Workshop, Kuala Lumpar,” Australian Journal of Soil and Water
Conservation, vol. 6, no. 1, pp. 23-26, 1993. [Google Scholar] [Publisher Link]

[16] P.N. Truong et al., “Vegetative Barrier with Vetiver Grass: An Alternative to Conventional Soil and Water Conservation System,”
Proceedings of the 8" Australian Agronomy Conference, Toowoomba, Australia, pp. 550-553, 1996. [Google Scholar] [Publisher
Link]

[17] P.N. Truong, and Dennis Baker, Vetiver Grass System for Environmental Protection, Office of the Royal Development Projects
Board, pp. 1-20, 1998. [Google Scholar] [Publisher Link]

[18] P.N. Truong, and Barbara Hart, Vetiver System for Wastewater Treatment, Office of the Royal Development Projects Board, pp. 1-
24, 2001. [Google Scholar] [Publisher Link]

[19] Paul Truong, and Colin Creighton, “Report on the Potential Weed Problem of Vetiver Grass and its Effectiveness in Soil Erosion
Control in FIJI,” Division of Land Management, Queensland Department of Primary Industries, Brisbane, Australia, pp. 1-36,
1994. [Google Scholar] [Publisher Link]

[20] Paul Truong et al., “Vetiver Grass Hedges for Water Quality Improvement in Acid Sulfate Soils, Queensland, Australia,”
Proceedings of the Third International Conference on Vetiver and Exhibition, Guangzhou, China, 2003. [Google Scholar]
[Publisher Link]

[21] P. Truong, I. Gordon, and D. Baker, “Tolerance of Vetiver Grass to Some Adverse Soil Conditions,” Proceedings of the First
International Vetiver Conference, Thailand, 1996. [Google Scholar]

[22] Tran Tan Van, Paul Truong, and Elise Pinners, Vetiver System Applications Technical Reference Manual, 2" ed., CreateSpace
Independent Publishing Platform, pp. 1-100, 2008. [Google Scholar] [Publisher Link]

[23] K. Tscherning et al., “Grass Barriers in Cassava Hillside Cultivation: Rooting Patterns and Root Growth Dynamics,” Field Crops
Research, vol. 43, no. 2-3, pp. 131-140, 1995. [CrossRef] [Google Scholar] [Publisher Link]

[24] Warren Viessman, and Gary L. Lewis, Introduction to Hydrology, Prentice-Hall, pp. 1-612, 2003. [Google Scholar] [Publisher
Link]

45


https://doi.org/10.1088/1755-1315/118/1/012038
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+hydromechanics+of+vegetation+for+slope+stabilization&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+hydromechanics+of+vegetation+for+slope+stabilization&btnG=
https://iopscience.iop.org/article/10.1088/1755-1315/118/1/012038/meta
https://doi.org/10.1029/93WR03238
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Modeling+of+soil+water+retention+from+saturation+to+oven+dryness&btnG=
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/93wr03238
https://doi.org/10.1017/S0022112008001225
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=C+Ruyer-Quil%2C+P+Treveleyan%E2%80%A6+Modelling+film+flows+down+a+fibre&btnG=
https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/article/abs/modelling-film-flows-down-a-fibre/08723EB64C1C7414643E50BCD94F7F54
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Report+on+the+international+vetiver+grass+field+workshop&btnG=
https://www.cabidigitallibrary.org/doi/full/10.5555/19931978022
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vegetative+barrier+with+vetiver+grass%3A+An+alternative+to+conventional+soil+and+water+conservation+systems&btnG=
https://agronomyaustraliaproceedings.org/images/sampledata/1996/contributed/550truong.pdf
https://agronomyaustraliaproceedings.org/images/sampledata/1996/contributed/550truong.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vetiver+grass+system+for+environmental+protection+&btnG=
https://www.google.co.in/books/edition/Vetiver_Grass_System_for_Environmental_P/CVY_QwAACAAJ?hl=en
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vetiver+system+for+wastewater+treatment+&btnG=
https://www.google.co.in/books/edition/Vetiver_System_for_Wastewater_Treatment/nexkmwEACAAJ?hl=en
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Report+on+the+potential+weed+problem+of+vetiver+grass+and+its+effectiveness+in+soil+erosion+control+in+Fiji&btnG=
https://vetiver.org/FIJ_ER1994.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vetiver+grass+hedges+for+water+quality+improvement+in+acid+sulphate+soils&btnG=
https://www.vetiver.org/ICV3-Proceedings/AUS_acidsulphate.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Tolerance+of+vetiver+grass+to+some+adverse+soil+conditions.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vetiver+systems+applications%3A+A+technical+reference+manual.+&btnG=
https://www.google.co.in/books/edition/Vetiver_System_Applications_Technical_Re/_SWUQQAACAAJ?hl=en
https://doi.org/10.1016/0378-4290(95)00028-O
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Grass+barriers+in+cassava+hillside+cultivation%3A+Rooting+patterns+and+root+growth+dynamics&btnG=
https://www.sciencedirect.com/science/article/abs/pii/037842909500028O
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Viessman%2C+W.%2C+Jr.%2C+and+Lewis%2C+G.+L.+Introduction+to+hydrology%2C+&btnG=
https://www.google.co.in/books/edition/Introduction_to_Hydrology/pSOsQgAACAAJ?hl=en
https://www.google.co.in/books/edition/Introduction_to_Hydrology/pSOsQgAACAAJ?hl=en

