Vetiver System Research

The below are “curated” research briefs of 2026 papers from peer-reviewed sources. The idea is to identify new
Vetiver System research, reports, and substantive analysis, focused on scaling nature-based solutions for land,
water, climate adaptation, erosion control, wastewater, and smallholder use that are value-added to our store
of knowledge, i.e., they are not just research that only tells us what we already know.

1. Physiological, biochemical, and gene expression responses of vetiver grass (Chrysopogon

zizanioides) to petroleum hydrocarbon contaminated soil

%% %% | Phytoremediation - contaminated soil

Citation
Nazari, M., Amiri, H., Mohsenzadeh, S., & Karimi, J. (2026). Scientific Reports, 16. DOI: 10.1038/s41598-026-48121-
1.

Link
https://doi.org/10.1038/s41598-026-48121-1

Brief description
Controlled pot study integrating plant growth, antioxidant responses, glutathione dynamics and GST/PAL gene
expression under petroleum-hydrocarbon stress. Planted soils showed large TPH reductions while the study
documented the physiological and molecular stress response of vetiver.

Why TVNI should care

Moves the evidence base beyond simple survival/removal demonstrations toward mechanisms of hydrocarbon
tolerance. Useful for contaminated-land, pipeline, industrial-site and mine-rehabilitation proposals where
mechanistic credibility matters.

Caveats

Controlled pot conditions; field-scale effectiveness, contaminant heterogeneity and long-term performance still
require validation. Enzyme and gene-expression changes are stress indicators, not proof of the causal removal
mechanism.

2. Dynamic behavior of Vetiver roots for slope bioengineering in temperate and cold
mountainous regions
*%%%*%* | Slope stabilization / climate range
Citation

Haghighi, S., & Sharifi, F. (2026). Discover Environment, 4, Article 95. DOI: 10.1007/s44274-026-00605-7.
Link

https://doi.org/10.1007/s44274-026-00605-7

Brief description

Field-oriented study on steep reservoir slopes in Golestan Province, Iran, examining root biomass, diameter, root-

area ratio and soil-strength response across very steep slope classes in a temperate/cold mountainous setting.
Why TVNI should care

Addresses a recurring adoption question: whether Vetiver System bioengineering can function outside classic

tropical environments. Potentially broadens the climatic envelope for infrastructure and watershed applications.
Caveats

Site-specific study with unusual slope conditions; extrapolation to other cold climates should be cautious. Long-
term winter survival and freeze-thaw performance need broader multi-site confirmation.
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3. Growth of Chrysopogon zizanioides in Floating Treatment Wetlands with Different
Substrates for the Remediation of an Urban River

* %% k% | Wastewater/ floating treatment wetlands

Citation

Hernandez-Vasquez, L., Rojas-Ascensién, M., Reyes Rosas, S., Hernandez Cruz, R. D., Vega-Ortega, M. A.,
Herndndez-Salinas, G., Benitez-Espindola, M. A., & Sandoval Herazo, L. C. (2026). Limnological Review, 26(1), 7.
DOI: 10.3390/limnolrev26010007.

Link
https://doi.org/10.3390/limnolrev26010007

Brief description

A 182-day urban-river trial comparing four substrate configurations in vetiver floating treatment wetlands. Leaf litter
produced the best survival and root/shoot development and small localized water-quality improvements.

Why TVNI should care

Provides practical design information on a variable often ignored in demonstration projects: substrate choice. The
use of low-cost locally available organic material is directly relevant to scaling FTWs in resource-constrained
settings.

Caveats

The strongest results concern plant establishment rather than large pollutant-removal effects. Water-quality
improvements were modest and localized; treatment-scale performance needs further testing.

4. Mechanisms, prospects, and limitations of vetiver-based green technology for remediation
of environmental contaminants of emerging concern

%% %% | Review - emerging contaminants

Citation

Kongkham, B., Duraivadivel, P., Gupta, N., Shraban, N., & Kumar, P. (2026). Discover Geoscience, 4, Article 160.
DOI: 10.1007/s44288-026-00532-3.

Link
https://doi.org/10.1007/s44288-026-00532-3
Brief description

Critical review of vetiver-based remediation for pharmaceuticals, pesticides, personal-care products, industrial
chemicals and other contaminants of emerging concern, including mechanisms, microbial/root-zone interactions,
limitations and research gaps.

Why TVNI should care

A strong current synthesis for TVNI technical writing, proposals and training. Particularly useful because it explicitly
distinguishes promise from evidence gaps and discusses integration with complementary technologies.

Caveats

A review, not new field evidence. Some contaminant classes remain supported mainly by laboratory-scale studies,
so application claims should track the strength of the underlying evidence.

5. Field-Scale Phytoremediation of Coffee Wastewater Using Vetiver Grass: Performance

Evaluation and Maturity-Dependent Efficiency in Huanuco, Peru
Y% % %% | Wastewater/smallholder agro-processing
Citation

Jean, R., & Tello Reategui, P. (2026). Water, 18(6), 670. DOI: 10.3390/w18060670.
Link
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Brief description
Field-scale evaluation of vetiver-filtered coffee wastewater at four plant ages. The system raised pH, lowered
COD/BOD and suspended solids, and showed better performance with mature stands.
Why TVNI should care
One of the more directly transferable smallholder/agro-processing applications: coffee wastewater is a major rural
pollution problem in producing regions, and plant maturity gives practitioners a useful operational design variable.
Caveats

Effluent organic loads remained high; the study supports vetiver as a treatment component, not necessarily a stand-
alone system meeting discharge standards. Site hydrology and loading must be considered.

6. A new hybrid Vetiver system for the treatment of polyphenol-rich wastewater from olive

oil production
%% *% | Wastewater/ agro-industry
Citation
Gaga, Y., Mouhcine, A., Benmassoud, S., Kara, M., Bouhaddioui, A., & Bahhou, J. (2025). Scientific African, 30,
e€03079. DOI: 10.1016/j.sciaf.2025.e03079.
Link
https://doi.org/10.1016/j.sciaf.2025.e03079
Brief description
Prototype at a real wastewater-treatment facility combining vetiver planted filters with trickling filtration, activated
sludge and aeration to treat high-polyphenol olive-oil wastewater; high removals were reported over an 11-day trial.
Why TVNI should care
Shows vetiver being used as part of an engineered treatment train rather than as a stand-alone phytoremediation
novelty. This hybridization is likely to be important for scaling difficult agro-industrial effluents.
Caveats

Short monitoring period and multi-component system make it difficult to isolate the vetiver contribution. Long-
duration hydraulic reliability and cost data are still needed.

7. Evaluating the efficiency of vetiver grass (Vetiveria zizanoides) for municipal wastewater
treatment in Bahir Dar City, Ethiopia
Yk Kk *kx% | Wastewater/ municipal
Citation
Tesfa, G., & Terefe, A. (2025). Scientific Reports, 15, 38700. DOI: 10.1038/s41598-025-22576-0.
Link
https://doi.org/10.1038/s41598-025-22576-0
Brief description
Nine-week municipal wastewater study comparing 20, 40 and 60 plants/mz. Higher densities produced the strongest
overall nutrient-removal performance, while organic-matter removal was less clearly density-dependent.
Why TVNI should care
Planting density is a real design and cost variable. The study offers context-specific data for decentralized municipal
systems in resource-limited settings and highlights that optimal density depends on the pollutant target.
Caveats

Short duration and local conditions; some density differences were not statistically significant. Results should not
be turned into universal spacing rules without hydraulic and loading context.
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8. A multi-scale study on stability of riverbank clay slopes under fluvial scouring considering

reinforcement by Vetiver Grass

%% %% | Riverbank stabilization / hydraulic erosion

Citation
Shi, C., Zhang, G., Pei, Q., Tan, R, Li, X., & Jiang, B. (2026). Ecological Engineering, 228, 107999. DOI:
10.1016/j.ecoleng.2026.107999.

Link
https://doi.org/10.1016/j.ecoleng.2026.107999

Brief description
Large-scale flume experiments and slope-stability modeling on clay riverbanks under flowing-water scour. Vetiver
reduced erosion mass substantially under high velocities and increased calculated safety factors, with strong
effects in the water-level fluctuation zone.

Why TVNI should care

Among the strongest recent papers for riverbank applications because it couples hydraulic scour, pore-water
pressure, root distribution and slope mechanics. Useful for moving VS riverbank design toward quantified
engineering frameworks.

Caveats

Model and flume conditions are not equivalent to major-river field installations. Navigation wakes, extreme floods,
toe geometry, bank materials and root-establishment period remain site-specific design issues.

9. A multi-level perspective on implementing vetiver grass as a nature-based and social
innovation for landslide risk reduction

*%%%% | Scaling/governance / landslide risk

Citation

Leknoi, U., Duangden, B., Tanapalungkorn, W., & Likitlersuang, S. (2026). Environmental Development, 57, 101371.
DOI: 10.1016/j.envdev.2025.101371.

Link
https://doi.org/10.1016/j.envdev.2025.101371

Brief description

Qualitative case study from a highland community in northern Thailand using a multi-level perspective to examine
how grassroots vetiver bioengineering moved from local experimentation toward formal recognition and local
disaster-risk governance.

Why TVNI should care

Directly addresses TVNI's scaling problem: technically successful demonstrations do not scale automatically. The
paper identifies enabling policy, networks, legitimacy, community agency and institutional embedding as key
transition factors.

Caveats

Retrospective qualitative case study, not engineering validation. Findings are context-specific and should be treated
as lessons on institutionalization rather than a universal scaling model.

10. Up-flow floating surface constructed wetland for municipal wastewater treatment: A

novel approach
%k %k%*%* | Wastewater/ compact constructed wetland

Citation
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Satyendra, Asoria, S. K., & Vijay, R. (2026). Journal of Environmental Management, 407, 129856. DOI:
10.1016/j.jenvman.2026.129856.

Link
https://doi.org/10.1016/j.jenvman.2026.129856

Brief description
Pilot-scale up-flow floating surface constructed wetland integrating media, biofilm and wetland plants. At 24-hour
HRT the system reported 92% TSS, 82% COD, 67% TN and 71% TP removal; vetiver had the highest nutrient uptake
among evaluated plants.

Why TVNI should care
Addresses two major constraints on constructed-wetland scaling: footprint and hydraulic retention time. The
compact, low-energy configuration is highly relevant to decentralized and space-constrained sanitation.

Caveats
Pilot scale, and performance derives from the integrated system rather than vetiver alone. Downstream
polishing/disinfection may still be required for consistent reuse or discharge compliance.

11. Impact of reinforcing vetiver grass roots on controlling soil erosion
%% %%% | Erosioncontrol/ establishment-phase protection
Citation
Ashwini, D., & Ramakrishnegowda, C. (2026). Soils and Rocks, 49(3), €2026016525. DOI: 10.28927/SR.2026.016525.
Link
https://doi.org/10.28927/SR.2026.016525
Brief description
Small-scale 45° slope experiments in four Indian soil types under artificial rainfall, comparing vetiver alone with
vetiver plus biodegradable jute geotextile. The combined treatment was particularly effective during early
establishment.
Why TVNI should care
Addresses a practical weakness of vegetative bioengineering: the period before roots and canopy are fully
developed. Jute can function as a biodegradable bridge from installation to mature hedge performance.
Caveats

Small-scale models and controlled rainfall; field slopes may have more complex runoff concentration, rilling,
subsurface flow and maintenance problems. Soil type strongly affected performance.

12. Slope Stabilization through Bioengineering with Vetiver Grass: Impact on Bearing
Capacity, Erosion, and Runoff
Y% % %% | Slope stabilization / design spacing
Citation
Villegas Llacua, D. R., Ramos Comun, L., Tacza Damian, Y. S., & Lengua Fernandez, M. A. (2026). International
Journal of Civil Engineering, 13(3), 115-143. DOI: 10.14445/23488352/1JCE-V13I3P109.
Link
https://doi.org/10.14445/23488352/1JCE-V13I3P109
Brief description
Peruvian reduced-scale experiments tested slope and planting-interval effects under simulated rainfall, reporting
gains in cohesion/bearing capacity and reductions in erosion and runoff; the closest tested spacing performed best.
Why TVNI should care

Useful because it treats planting interval as a desigh parameter rather than merely demonstrating that vetiver can
stabilize soil. It can help frame questions for field-scale spacing guidance.
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Caveats

Reduced-scale experiment; headline percentages should not be transferred directly into engineering specifications.
Journal quality and independent replication should be weighed before using the study as core evidence.

13. Phytoremediation of Zinc (Zn) in Leachate-Contaminated Soil Using Vetiver (Chrysopogon

zizanioides) with Compost Addition

Y% %%% | Phytoremediation / landfill leachate

Citation
Noveira, A. F., Hastuti, E. D., & Nurchayati, Y. (2026). Indonesian Journal of Environmental Management and
Sustainability, 10(2), 70-78. DOI: 10.26554/ijems.2026.10.2.70-78.

Link
https://doi.org/10.26554/ijems.2026.10.2.70-78

Brief description
Two-month greenhouse factorial experiment testing plant density and compost in Zn-contaminated landfill soil. Soil
Zn fell markedly across treatments, with accumulation concentrated in roots and translocation factors generally
below one.

Why TVNI should care
Reinforces the distinction between phytostabilization and phytoextraction. For TVNI, that distinction is essential to
making technically accurate claims about whether a metal is immobilized, accumulated or actually removed from
the system.

Caveats

Short greenhouse study; no significant treatment differences for density/compost. Long-term stability of root-bound
Zn and management of contaminated biomass remain unresolved.

14. Optimizing copper (Cu) ions dissolution from charred Chrysopogon zizanoides (L.) Roberty
used in phytoremediation via face-centered central composite design

*%**% | Phytoremediation lifecycle / biomass management

Citation

Ogdiman, R. A., Cenia, M. C. B., Resurreccion, A. C., & Mendoza, H. D. (2026). Environmental Geochemistry and
Health, 48, 241. DOI: 10.1007/s10653-026-03132-9.

Link
https://doi.org/10.1007/s10653-026-03132-9

Brief description
Optimization of citric-acid leaching from charred, copper-laden vetiver phytoremediation biomass, followed by
copper recovery through cementation. Very high Cu dissolution and recovery were achieved under optimized
laboratory conditions.

Why TVNI should care
Tackles an often-neglected end-of-life problem: what to do with contaminant-laden vetiver biomass. Resource
recovery could turn a disposal liability into a circular-economy pathway for remediation projects.

Caveats

Laboratory process with heat, acid and downstream recovery requirements; full lifecycle energy, cost, safety and
emissions need assessment before calling it a practical field solution.
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15. Vetiver Biochar Application for Heavy Metal Sequestration in Water Treatment: Bridging
Perfumery Waste and Environmental Sustainability
%% %*%*% | Circular economy/water treatment

Citation
Neve, S., Na Nagara, V., Zhang, Z., Datta, R., & Sarkar, D. (2026). Frontiers in Environmental Chemistry, 7. DOI:
10.3389/fenvc.2026.1912197.

Link
https://doi.org/10.3389/fenvc.2026.1912197

Brief description
Spent vetiver roots from essential-oil production were converted to biochar and tested in mixed-metal water. The
material showed strong Pb, Cu and Zn adsorption and low leaching under the reported extraction tests.

Why TVNI should care
Creates a compelling second life for a real vetiver-industry waste stream, linking cultivation and rural/perfumery
value chains to water treatment and circular-economy opportunities.

Caveats

Batch tests with controlled chemistry; real wastewater matrices, regeneration/reuse, scale-up economics, spent-
biochar disposal and variable feedstock quality remain to be demonstrated.

16. Vetiver Phytoremediation of Nitrate-Rich Munition Wastewater: Biomass Valorization
Within a Circular Economy Framework
*%*%*%* | Wastewater/ nutrient removal/ circular economy

Citation
Aliasghar, A., Datta, R., Zhang, Z., Christodoulatos, C., & Sarkar, D. (2026). Water, 18(15), 1889. DOI:
10.3390/w18151889.

Link
https://doi.org/10.3390/w18151889

Brief description

Greenhouse-scale treatment of extremely nitrate-rich wastewater tested 2%, 4% and 6% vetiver coverage as a
design variable. Highest density achieved the best nitrate reduction, and harvested biomass was converted to
biochar/bioethanol.
Why TVNI should care
Moves toward system design by explicitly optimizing plant density under high nitrogen loading and considers
biomass afterlife. This is much more useful for scaling than a simple proof-of-concept uptake experiment.
Caveats

After four months, nitrate remained far above typical discharge levels, so the work supports vetiver as part of a
treatment train rather than a stand-alone solution at such extreme loads.

17. Experimental Investigation of a Modified Towery Bio-Rack Constructed Wetland System
for Domestic Wastewater Treatment
Y%k %%%* | Wastewater/ decentralized sanitation

Citation
Lokhande, M., Kumbhar, P., Jadhav, D. A., Chougule, M. B., & Chaware, C.Y. (2026). Water, 18(13), 1630. DOI:
10.3390/w18131630.

Link
https://doi.org/10.3390/w18131630
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Brief description
A media-free bio-rack wetland using Typha followed by vetiver was operated for 13 months. It achieved strong
BOD/COD and nutrient removal and showed no observed clogging or flow deterioration during the study period.
Why TVNI should care
Longer operational duration and attention to clogging/hydraulic reliability make this unusually relevant to
decentralized sanitation. It also illustrates where vetiver may perform best within a mixed-species treatment train.
Caveats

Thirteen months is still too short to establish long-term clogging resistance; no tracer or hydraulic-conductivity
testing was done. Performance cannot be attributed to vetiver alone.

18. Sustainable Assessment of Vetiver-Based Nature-Based Solutions for Landslide Hazard
Mitigation Under Groundwater, Surcharge, and Pseudo-Static Seismic Conditions

*%%*%*% | Slope stabilization / multi-hazard design

Citation

Chavez-Torres, J. L., Zhang, K., Rodriguez-Tapia, J. P., & Flores-Granda, A. N. (2026). Sustainability, 18(14), 7054.
DOI: 10.3390/su18147054.

Link
https://doi.org/10.3390/su18147054

Brief description
Integrated geotechnical testing and numerical assessment of vetiver reinforcement under groundwater, surcharge
and pseudo-static seismic loading across several fine-grained soils and slope geometries.

Why TVNI should care
Pushes Vetiver System bioengineering toward the multi-hazard conditions engineers actually design for, and
appropriately frames vetiver as a complementary, site-specific measure rather than a universal stabilization
solution.

Caveats

Numerical factors of safety depend on assumed root properties, geometry and loading. Site-specific geotechnical
validation remains essential before design use.

19. Analysing the remediation efficacy of Chrysopogon zizanioides L through biomarker
responses in Solanum melongena L grown in lead contaminated soil
% %%%* | Phytoremediation/ productive-land recovery
Citation
(2026). Discover Environment. DOI: 10.1007/s44274-026-00948-1.
Link
https://doi.org/10.1007/s44274-026-00948-1

Brief description
Vetiver was first grown in Pb-contaminated soil, then brinjal/eggplant was planted after vetiver harvest. The
subsequent crop showed improved growth and reduced Pb-related oxidative stress compared with plants grown
directly in contaminated soil.

Why TVNI should care
Asks the land-restoration question that matters to smallholders: not just whether vetiver accumulates lead, but
whether the remediated soil becomes safer and more productive for a subsequent crop.

Caveats
Pot study with two Pb treatments and short remediation duration. It does not yet establish field-scale food-safety
outcomes, long-term Pb stabilization, or the safe management of harvested vetiver.
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20. Soil-Matrix-Dependent Root Reinforcement by Chrysopogon zizanioides: Direct Shear and
Statistical Evidence from Andean Soils
%% %% | Slope stabilization / soil-specific design
Citation
(2026). Plants, 15(15), 2328. DOI: 10.3390/plants15152328.
Link
https://doi.org/10.3390/plants15152328
Brief description

Direct-shear comparisons of bare and vetiver-rooted specimens across seven contrasting Andean soil matrices and
three depth intervals, with statistical analysis of apparent-cohesion and friction-angle changes.

Why TVNI should care

Strongly supports a key design principle: root reinforcement is a soil-root interaction, not a single generic 'vetiver
factor.' Thatis important for credible engineering specifications and site-specific design guidance.

Caveats

Controlled specimens and screening-level statistics; the authors caution against converting results into universal
amplification factors. Field-scale hydrology, root maturity and failure geometry remain critical.

21. Untangling the mechanism and potential of Chrysopogon zizanioides as a phytoremediant,
responsible for removing heavy metals from surrounding media: in silico insights
*%%%*% | Phytoremediation/heavy-metal mechanisms
Citation

Lekshmi, S., & Smitha Chandran, S. (2026). BioMetals. Online ahead of print. DOI: 10.1007/s10534-026-00868-w.
Link

https://doi.org/10.1007/s10534-026-00868-w

Brief description

Hydroponic greenhouse study of Zn, Fe and Ni uptake over 15 days combined with in-silico analysis to explore
molecular mechanisms underlying metal tolerance and phytoremediation potential.

Why TVNI should care

Mechanistic studies can strengthen the scientific basis for deciding which contaminants and environmental
conditions are most suitable for vetiver-based remediation, rather than relying on empirical uptake observations
alone.

Caveats

Short hydroponic exposure and computational inference are far removed from heterogeneous field soils or
wastewater. Practical design conclusions should wait for field confirmation.

22. Evaluation of selected grass species for soil and water conservation, and carbon
sequestration under farmland at Jimma zone, southwestern Ethiopia

%% %% | Smallholder farming/ soil-water conservation

Citation

Hailu, L., Tesfaye, G., Teka, W., Debebe, Y., & Bayata, A. (2026). Frontiers in Sustainable Food Systems. DOI:
10.3389/fsufs.2025.1552901.

Link
https://doi.org/10.3389/fsufs.2025.1552901
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Brief description
Multiyear field comparison of vetiver, Desho grass, Phalaris and unprotected farmland in southwestern Ethiopia,
measuring erosion indicators, soil moisture, crop response, biomass and carbon fractions.

Why TVNI should care
Rare field evidence directly relevant to African smallholders. It compares vetiver with locally plausible alternatives
rather than with bare soil alone and connects soil conservation, moisture and farm-system outcomes.

Caveats

The reported carbon-sequestration rates are exceptionally high and should not be repeated without independent
scrutiny. The erosion and soil-moisture results are more robust forimmediate TVNI use.

23. Morfometria y biomasa radicular de vetiver (Chrysopogon zizanioides L.) bajo cinco tipos
de sustratos en Cajamarca - Peru
*%%%% | Propagation/ nursery systems
Citation

Suarez, |., Manrique, L., Uria, B., & Huatay, A. (2026). Revista Ciencia Agraria. DOI: 10.35622/j.rca.2026.02.001.
Link

https://doi.org/10.35622/j.rca.2026.02.001

Brief description
Randomized comparison of five propagation substrates in Cajamarca. Substrate did not materially change total root
biomass, but soil+thumus increased root number and soil+sand produced longer roots.

Why TVNI should care
Large-scale adoption depends on reliable, decentralized production of vigorous planting material. Nursery-media
effects on root architecture are therefore strategically relevant to rapid establishment and erosion-control
performance.

Caveats

Small experiment with three replicates and short early-growth measurements. Morphological advantages need
confirmation as predictors of field establishment and mature hedge performance.
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Cross-cutting takeaways for TVNI

Engineering design is becoming more conditional and site-specific.
Recent slope and riverbank papers increasingly quantify soil type, root distribution, water level, surcharge, seismic
loading, planting spacing and establishment-phase protection instead of treating vetiver as a generic reinforcement
factor.

Wastewater research is shifting from proof-of-concept toward system design.
The most useful papers now address hydraulic retention time, plant density, hybrid treatment trains, clogging risk,
operational duration and biomass management. This is the evidence needed for specifications and decentralized-
system design.

Circular-economy pathways deserve deliberate TVNI attention.
Biochar from spent roots, recovery of metals from contaminated biomass, and biomass valorization after nitrate
treatment all address lifecycle questions that can affect both environmental credibility and project economics.

Smallholder evidence remains comparatively scarce but strategically important.
The Ethiopian farmland study, coffee-wastewater work, propagation-media study and productive-land remediation
paper are especially relevant because they connect VS performance to farming systems, livelihoods and
decentralized implementation.

Caveats should be treated as part of the evidence, not as footnotes.
Many promising results remain greenhouse-, pot-, flume- or model-scale. TVNI will strengthen its credibility by
distinguishing field validation from controlled experiments, and by avoiding universal design factors or headline
removal percentages outside their tested conditions.
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