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1 Summary for Policy Makers

1.1 Background Information

In a recent survey, the Tuvalu Ridge to Reef survey team identified the main sources and causes
of pollution in the lagoonal coasts which has resulted in increase in algal bloom, especially by the
Sargassum polycystum, which is an invasive species in Tuvalu. First sightings of these species by
the Tuvaluans at the lagoon in Funafuti was between 2010 and 2011. Recordings in the
distribution, biomass and abundance of S. polycystum was done during key studies done by the
University of the South Pacific in 2013 and by the French Research Institute for Sustainable
Development (IRD) in 2015. Another important study that was published in 2013 by Japanese
scientists showed chronic pollution levels in the Funafuti lagoon. The main source of pollution in
the lagoon as identified in these study was wastewater seepage from bottomless septic tanks
from households in Funafuti.

From the present survey conducted in October 2017 by the Tuvalu Ridge to Reef team, two key
causes were identified for the overgrowth of S. polycystum at the Funafuti Lagoon. These are: (1)
Very high pollution levels into the Funafuti lagoon from Poor Waste Water Management on land;
that is from (a) septic tanks that do not have sealed floors/bottoms, (b) unregulated pigsties, (c)
Poor Waste Management at the Funafuti landfill and (d) discharges from arriving vessels. (2) The
La Nifia event of 2010 that brought low-temperature water into the Funafuti lagoon, with
decreased rainfall for an extended period and the changing the wind direction leading to high
concentration of pollutants in the lagoon and favourable conditions for reproduction, growth and
distribution of S. polycystum. Hence, the first cause is manageable if we can take a holistic
approach in implementing the recommendations made by the survey team in their mission
report.

These growths are making the environment unfavourable for growth of good algae species, corals
and other useful living marine organisms, therefore managing the Wastewater in Tuvalu is
critically important. The Vetiver System Technology, a proven technology which is in use in over
100 countries in dealing with wastewater problems will help to eliminate or reduce these
problems currently faced in Tuvalu. It is therefore very important for us to manage the problem,
rather than the problem managing us.

1.2 Key Recommendations

To follow the Ridge to Reef Project survey team recommendations listed in 1.3 for the
implementation of the Vetiver System Technology in managing of wastewater from these
sources, | further propose following recommendations for possible upscaling in Funafuti and
possible rollout to the outer Islands.
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1.3  Water Quality and Decontamination

Landfill Site

It is recommended that the lower side of the landfill, towards the lagoon side cleared of weeds
and continued with planting of the Vetiver grass, continue from the four hedgerows that were
planted as a pilot during the Education Campaign Awareness (Refer Annex 1). The old landfill site
that has been covered with sand, to also have vetiver planted on top as a hedgerow to control
erosion, stabilize slope and to treat contaminants from leaching into the lagoon.

Improved waste collection services, Segregation of wastes at source, smashing of larger wastes
such as drums, washing machine, old cars etc. before dumping into the dug pits is also important.
Dug pits to have 3-4 hedgerows of vetiver planted will help reduce contaminants from leaching
into the lagoon. Upscaling and application to landfill sites on the outer Atolls is also
recommended.

Tafua Pond

Unregulated dumping of wastes from the pigsties is of a major concern, as evident from the
growth of blue-green algae in the pond and the Water Quality Assessment results (refer table 1),
indicating high volume of Nitrogen (N) and Phosphate (P) present in the pond. The pond is
depleted of Dissolved Oxygen (DO) making aquatic life difficult to live.

The strategy is to prevent contaminated runoff and leachate to reach the pond by planting Vetiver
grass along the edges of the pond near the pigsties, however it looks near impossible in some
areas as the buildings are built right into the pond. It is therefore recommended, for the
relocation of the pigsties to a centralised location. Once relocated, four (4) vetiver hedgerows to
be planted along the edges of the pond to clean the soil of contaminants and the site revegetated
for recreational purposes.

Normally vetiver pontoons are recommended for the pond, but present analysis indicated that
the pond water is too salty for vetiver, so this application is postponed until further analysis are
carried out (refer Annex 6).

Septic Tanks (Bottomless)

Waste water leaking from “bottomless” (unsealed from the bottom) septic tanks and pit toilets
runs off to the lagoonal coast, carried by waves. These pollution remains a chronic problem and
needs to be remediated. Wastewater runoff migrates towards the coast via underground and
into the lagoon. It was recommended in the last mission report for vetiver planting, however no
planting was done due to shortage of vetiver slips in the nursery and also were not ready for
transplanting.
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It is recommended these sites be identified, if not been identified, have them planted with four
(4) rows of vetiver hedgerow around the pit. Eco-friendly toilets (refer Annex 4) are also
recommended for Island communities who have no access to the main sewerage system.

Cemeteries

Planting of a Vetiver grass hedgerow around burial sites and at the edges of the cemeteries will
also help to minimise contaminants from human corpse leaching into the lagoons. They can also
be planted as ornamentals for landscaping within the cemetery parameters.

Coastal Erosion

The unique resilience of Vetiver grass and its ability to survive in saline soils and environments
makes it especially effective applicable for coastal erosion problems in Tuvalu. Vetiver’s saline
threshold level is at ECse=8dsm-1, and it can survive at 18-22dSm-1 under dry land salinity
conditions. It is therefore recommended that coastal sites that are highly erodible and prone to
erosion be identified and Vetiver grass used to stabilize the banks. The coastal site from the
Queens’ Park through to the hospital (Refer Annex 5) and the Marine Protected Island (Fualopa)
(Refer Annex 6) are possible sites recommended for pilot demo sites for coastal protection.

Vetiver Nurseries

The island of Vaitupu - where the Motufoua Secondary school is located - has a Department of
Agriculture demonstration farm - this can be a good spot for a central nursery. Eventually
nurseries must be established on all islands and be community managed.

Vetiver Training

Vetiver Education and Community Training and involvement is way forward. Each of the nine
islands have a Primary School and a Community Training Centre (CTC). Simple and relevant
ongoing vetiver training can be carried out in these facilities. Users must be responsible for
ongoing maintenance of plantings. The R2R to set up a simple monitoring system for checking
the impact. Some of the older students at the Motufoua Secondary School and Fatuvalu High
School can be involved - nice practical learning project for them.
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2 Introduction

Waste water management is of a major concern in Tuvalu, hence resulting in the coastal waters
in the lagoons being highly polluted with contaminants, which has resulted in the algal bloom in
the lagoons as reported in a recent survey by the Tuvalu Ridge to Reef survey team led by Mr.
Viliamu lese and Dr. Antoine De Ramon N’Yeurt. This research was carried out as part of the Ridge
to Reef Program to identify the main causes and sources of pollution.

The overall objective of the Ridge to Reef Program in Tuvalu was “to preserve ecosystem services,
sustain livelihoods and improve resilience in Tuvalu (using a ‘ridge-to-reef’ approach)”. Is was
outlined in their mission report on the outcome of the Ridge to Reef program, namely to:
“increase sustainably managed landscapes and seascapes that will integrate biodiversity
conservation”, and implement remedial measures to reduce occurrences and severity”, hence,
vetiver system fits in well with these approach.

Vegetative methods, such as the Vetiver system, are the only feasible and practicable way to
totally eliminate or reduce wastewater on a large scale. Tuvalu, as a developing Small Island
Nation needs a sustainable and cost effective method of managing its wastewater.

As part of the remedial measures in the report, the application of Vetiver System Technology was
recommended for the treatment of waste water from land sources at various sites on Funafuti
as a start-up pilot project for monitoring and assessment.

Following are remedial measures implemented as pilot projects for the treatment of Wastewater
from land sources.

3 Managing contaminants from the landfills leaching into the
lagoons

Disposal of landfill leachate is a large problem in Tuvalu, since it is highly contaminated with heavy
metals, as well as organic and inorganic pollutants. The Vetiver grass (Chrysopogon zizanioides
L.) which possesses unique attributes that make it exceptional for environmental protection and
rehabilitation is the suitable plant species for treating the waste water problem in Tuvalu. When
applied to the landfill site, Vetiver has the ability to address a multitude of needs; (1) Leachate
and Wastewater Treatment, (2) Stabilize bank along the coastline and Control erosion, (3) will
protect Infrastructure, (4) will act as Silt Fence and will control flow of sediments into the lagoon.
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Picture 1 & 2: Waste dumping at the Funafuti landfill site

Vetiver is best suited to leachate disposal at the landfill site due to its high water usage, nutrient
absorption rates, and tolerance to elevated levels of nutrients, salt and other toxicities. When
applied to the Funafuti landfill leachate, Vetiver will act to; (1) Prevent pollution of underlying
and surrounding soil, (2) Prevent the pollution of ground and surface water, (3) Control the
‘bioreactor’ by containing and treating surface or underground egresses, (4) Stabilize the edges
and walls of landfill, and (5) Control seepages from the landfill into the lagoon.

There are also multitude of benefits of Vetiver for the landfill on-site treatment and includes; (1)
On-site leachate treatment and disposal, (2) it has low establishment costs (3) it has a faster
growth rate, (4) high water usage, (5) maintenance cost is low and is multifaceted — addresses
wastewater treatment, protects infrastructure, rehabilitates land, (6) controls erosion and
sediment, (7) it is highly tolerant to adverse conditions and has the capacity to remove excess
nutrients.

3.1 Baseline Water Quality Assessment Data

Date Sample | Site Name Nitrate Nitrite Ammonia Phosphate pH uS/cm GPS GPS

(mg/L) (mg/L) (mg/L) (mg/L) Latitude (°) Longitude (°)
14/9/18 1 Dumpsite 0.04 .05 0.02 0.02 8.16 52379.2 | -8.45421° 179.18105 °
14/9/18 2 Dumpsite 0.04 .06 0.03 0.02 8.16 52435.2 | -8.45427° 179.18097 °
14/9/18 3 Dumpsite 0.04 .06 0.02 0.02 8.13 52414.0 -8.45442 ° 179.18077 °

Table 1: Water sample analysis (Data by Emma Newland — SPC)

It is necessary that regular water sampling be done to monitor the variations of water quality and
to measure the effectiveness of the Vetiver System in treating wastewater.
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Picture 5 & 6: Initial vetiver grass planting at the landfill site by the participants and school
children from Fatuvalu High School.

3.2 Key recommendations:

1. Continue to plant vetiver grass on the lower side of the landfill, along the lagoon side.
Clear the shrubs, bushes along the coastline and continue from the four hedgerows
planted where we left on the lower side of the landfill (refer map 1 & 2). These should
start as soon the slips in the Agriculture nursery are ready for planting.

2. Vetiveralso to be planted on the sand at reclaimed areas to form the first layer of defence
against waves and also filter wastewater flowing to the lagoon. Further, after the Vetiver
layer then native trees can be planted more inland (refer map 1).

3. Anyreclaimed area after the landfill is full, should have vetiver planted on the sand.

4. Trash/smash very big wastes such as drums, vehicles, washing machines etc. before
disposing of it into the landfill to avoid the landfill from filling up fast.
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5. Segregate the green waste from the store rubbish and dump separately. The green waste
can be used as composting soil mixed together with leave trims of the vetiver grass for
family gardening.

6. Upscale to other landfill sites on the outer Islands as soon as more vetiver slips are
propagated and are available.

7. Continue with water sampling analysis every three months to monitor any changes in
water quality and algal growth.

4 Managing wastewater from piggeries at the Tafua Pond

The perimeter of the Tafua pond area is estimated to be 26,265m, and is located towards the
Northern end of the Funafuti International Airport. It is lined with pig pens along the edges of the
pond, the main source of the water pollution.

The piggeries along the Tafua pond produce hundreds of tonnes of waste water per day, including
pig manure collected and washed down from slatted floors, which contain high nutrient loads.
Consequently the washing down of these wastewater from the piggeries is a huge problem for
this very important water source in Tuvalu. Therefore, a wetland is considered to be one of the
most efficient way to reduce both the volume and high nutrient loads of piggery effluent. Since
effective wastewater treatment requires year round growth, vetiver is one such plant identified
to be suitable for wetland treatment (Liao, 2000).

B s S,

-

Picture 9 & 10: Piggeries along the Tafua pond

Vetiver’s usefulness in treating polluted water lies in its capacity to quickly absorb nutrients and
heavy metals, and its tolerance to elevated levels of these elements. Vetiver’s fast growth and
high yield (dry matter production up to 100tns/ha/year) allows vetiver to remove a much higher
volume of nutrients and heavy metals.
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Treatment of these waste in the pond will be done hydroponically using the unique vetiver grass.
An estimated hundred (100) pontoons is required to effectively treat the pond of its

contaminants. These will be done pending new water analysis and monitoring of the four
pontoons in the pond.

Picture 11-13: The Tafua pond highly contaminated with pollutants from the pigsties.
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4.1 Baseline Data for Monitoring and Evaluation

Baseline data below will provide the minimum information to assess the quality of the activity
implementation and help us to measure the development results of the water quality. The
baseline data below will help us to monitor and evaluate our monitoring activity to see if there
are any improvements to the quality of water.

The table below are Water Quality Assessment from a recent water sampling done at the Tafua
pond.

PN

Date Sample | Site Name Nitrate Nitrite Ammonia | Phosphate pH / uS/cm\ GPS GPS
(mg/L) (mg/L) (mg/L) (mg/L) Latitude (°) Longitude (°)
14/9/18 1 Tafua Pond 1 0.13 0.01 0.01 0.29 8.06 46026.2 -8.51925° 179.20195 °
14/9/18 2 Tafua Pond 2 0.19 0.02 0.01 0.30 8.07 46040.1 -8.51924° 179.20197 °
14/9/18 3 Tafua Pond 3 0.27 0.02 0.01 0.28 7.87 46067.7 | -8.52049° 179.20103°
14/9/18 4 Tafua Pond 0.05 0.02 0.01 0.74 8.51 43510.7 /| -8.52232° 179.20003 °
Mid

Table 2: Water sample analysis before vetiver treatment (Data by Emma Newland, SPC).

In this study, nitrogen was tested in the form of nitrate, nitrite and ammonia; and phosphorous
in the form of phosphate. These species were included because they influence aquatic primary
production - growth of benthic microalgae (periphyton), photosynthetic bacteria, phytoplankton,
macroalgae, and aquatic vascular plants (Newland, 2018). However, there is likely going to be a
setback as the results indicate the water is too salty for vetiver growth, it should be less than
11000uS/cm, result as shown is on an average of 46000uS/cm. Recommend further monitoring
of the 4 pontoons to assess if it can withstand the salt level.

Further sampling is therefore recommended from other sites inland (refer annex 7 for the
location of new sampling).

4.2  Cost Analysis for constructing pontoon

Four pontoons were constructed by the R2R Island Officers (refer picture 14-17) and launched
into the Tafua pond (refer picture 18-21) as a training during the Education Awareness Campaign
week. The 4 pontoons are insufficient to effectively treat the pond, therefore more pontoons are
recommended. The launching of these pontoons into the pond was also a significant event for
the Vetiver System Technology in the South Pacific, these project was the first of its kind in the
region to use the pontoons for wastewater treatment.
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The materials used and the cost of constructing the pontoons is shown in Table 3 below.

Material List Qty Unit Cost | Total Cost

PVC Pipe (100mm) — 5.6m 8 $40.00 | $320.00

Equal T Junction (100mm) 8 $9.50 $76.00

90 Degree Elbow (100mm) 16 $9.50 $152.00

PVC Glue 6 $5.40 $32.40

Wire Mesh (Rust Resistant) 50m roll 1 $270.00 |$270.00

3 inch nails 2 Pkts | $5.40 $10.80

Nylon Rope (200m@51600 = $8/m) - Used 20m only 1roll | S$8.00 $160.00

Timber (2mx2mx5m) 8pcs | $16.50 $132.00
Total Cost $1,153.20

Table 3: Material listing and costing for the pontoons

The average cost of constructing five (5) pontoons (4 constructed, 1 yet to construct) is therefore
AUD230.64, excluding the cost of labour. Average time taken to construct the four pontoons was
seven (7) hours by four (4) people.
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Picture 18 - 21: Placing of vetiver grass onto the pontoon and launching into the pond.
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Picture 22: Feagaiga Penivao in front of the vetiver pontoons

4.3

Key recommendations:

Water sampling analysis indicates the pond is too salty (average 45000uS/cm), vetiver can
grow in waters less than 11000uS/cm. Further sampling of water from inland as indicated
on annex 7 is required, and monitor growth of vetiver on the 4 pontoons if they can
withstand before we proceed with other recommendations below.

Construct 96 more pontoons to bring the total number of pontoons for the pond to
hundred (100). Tie then in groups of ten (10) pontoons, 1m between each pontoon. Place
the pontoon rows five (5) meters apart from each other and anchor across the length of
the pond. They can be easily moved to highly contaminated areas as and when water
quality improves in the current location.

Pull the pontoons to the side of the pond for maintenance every six (6) months.
Maintenance should include, leave trimming, removing of tillers for use in other
applications, replacing and rusted or worn out materials that was used to build the
pontoon.

For the construction of the other pontoons, geogrid matting is highly recommended as it
is rust resistant and can last longer than the wire mesh. Wire mesh was used in these start
up project due to unavailability of geogrid matting locally in Tuvalu.

Do water sampling test every three (3) months to monitor the progress of water quality.
Planting of the vetiver hedgerow along the edge of the pond near the pigsties does not
look possible as initially thought due to the proximity of the buildings to the pond. It is
therefore recommended the pigsties to be relocated to a centralised location, two rows
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of vetiver hedgerows to be planted on the cleared site to remediate the contaminated
land and revegetated for recreational use.

7. Pigsties built on other sites rather than the pond should have a mandatory row of vetiver
planted around the building to capture any pollutants from leaching into the
environment.

8. The young leaves are palatable to animals such as goats, pigs and cow, therefore any
trimming of young leaves can be fed to the pigs to complement with the feed stocks from
the shops.

9. Upscale to other ponds on the outer Islands based on the lessons learned from these
project.

5 Using Vetiver System to Control Coastal Erosion

Land loss in Tuvalu through high sea level rise and coastal erosion is also a major problem. Due
to the low elevation, the coastal zone is submerging and the erosion datum plane is rising. Coastal
erosion is removing the finer sediment from the reef flats, beach and land, resulting in the beach
sediment coarsening. Inappropriate human activities are some of the major contributing factors
which triggers coastal erosion.

The land loss in Tuvalu is mainly caused by inappropriate human activities including coastal
engineering and the recent aggregate mining, and cyclones are also contributing to these
problem. There are evidences of eroding coastline with several coconut trees fallen down and
sea eating its way into and around the trees which are still standing.

5 Tt 2 E e, S
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Picture 23-24: Fast eroding coastline on Fualopa Marine Protected Island.

Coastal protection is also one of the most serious need for the Tuvalu Atolls, therefore if we
don’t act now and build up our coastal protection, more land will be lost through erosion. Some
coastal protection strategies may include building seawalls, planting mangroves and trees along
the coastline, this however has proven ineffective and costly in many Small Island Nations.
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According to a Pacific Climate Change Science Program study, since 1993 the sea level around
Tuvalu has risen by 5 millimetres per year. It is anticipated by 2030, under a high emissions
scenario, the rise is projected to be in the range of 7 to 18 centimetres. As reported, it is
possible significant areas of the country will be submerged and uninhabitable, and communities
forced to relocate.

Hence, the protection of Tuvalu’s vulnerable coastlines is an urgent priority, therefore the
protection of these coastlines using Vetiver System is of paramount importance.

Picture 25 26: FaIIen trees and washed out beaches on Fuanpa IsIand (Conservatld.ﬁ Area)- The
Island needs protection from further beach erosion.

5.1 Key recommendations:

1. Plant four (4) hedgerows of vetiver starting from the Queens Park through to the Funafuti
hospital (1.69km), only in sections where there are sandy beaches. This is to protect the
coastline from eroding and also to act as a natural filter to treat wastes from household
leaching into the lagoon. Inter row spacing at two (2) meters apart and plant spacing of
six (6) slips per meter (Refer Annex 5).

2. Plant four (4) hedgerows of vetiver along the coastline, around the entire perimeter of
Fualopa Marine Protected Island (Conservation Area). This site can be used as a pilot to
trial out for the coastal erosion protection. Inter row spacing of two (2) meters apart and
plant spacing of five slips per meter. Total lineal meter to be planted is 769m (Refer Annex
6)

3. All slips for planting for coastal erosion protection to be raised in either poly pots or in
strips before planting out to the respective sites.
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6 Summary

Tuvalu is facing a possible catastrophic future due to a perfect storm of climate change induced
extreme weather events, and inadequate social and basic needs services from limited funding of
government administration is resulting amongst others, serious food security and health
problems, compounded by degenerating natural resources, soils, forest and inland and coastal
water.

Adequate management of solid wastes, hence resulting in contamination of water sources in
Tuvalu poses a significant challenge to the fragile Island environment. Therefore, improved waste
management systems with more public awareness about the impacts of wastes to our
environment, especially our water sources must be enforced and carried out. Sustainable financial
mechanisms are needed to ensure that waste management activities implemented by the Ridge
to Reef team continue in the medium to long term.

Vetiver grass having some very important properties, makes it more useful for wastewater
treatment and environment protection in the atolls of Tuvalu. The Vetiver System Technology
being cost effective, self-sustainable, environmentally user-friendly, having the ability to grow on
any soil type such as sandy soils, sand and coastal areas with root growth growing to more than 3
meters and proven to absorb nutrients from waste water including nitrogen (up to 94%)
phosphorus and potassium (up to 90%) makes it a favourable choice of grass to be accepted and
applied to all sites of concern as recommended.

As a remedial measure, one part of the solution are the introduction of low cost and relatively
simple technologies that can help build resilient “do it yourself” communities both in rural and
urban areas. One such technology is the use of Vetiver System Technology — the Proven and
Environmental Green Solutions for the atolls.

We must manage the problem, and not the problem managing us, the least is the most expensive
and it comes with a price tag.
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8 ANNEX 1: R2R Vetiver Planting Training Report

RIDGE TO REEF MISSION REPORT:
VETIVER PLANTING TRAINING

br Bohinson Wanoh 16" =307 Octabar, 2018

L
Mgy <
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Inrroduction

Vetiver implemencation and rollout program was a follow up from our last craining done on che
=™l Aprilanf, These was hased on resoomrmenalaioos by @b recent sorvey ooy Tuomded
Iy 1he Tuavaliy Riche (o0 Beel Project ERa2RY eares o o alpae Bl ergassier podyepedam ) al the
Funafuti lagoon thar was visible in 2012 which has caused severe impacts on people and the
enwvitonment and coastal ecosystemny of Funafori ztoll. Also follow-up studies conducted over cime
simee won g evinvloclesl il the wasieswater potlubion wees iy T Lol -Tesses] sirees someli as
houzahaold sewzge ssapage, wasie dumping sites, and from vessals wiziting the Fonafud lagoon
{ballast. wastewater dispasals).

The Tuvalu Ridge to Boof Projoct requested a technical team from Suva (8. Viliamuo Tese (VT and
Dir. Antoine de REamon W' Yewre (ADENY) to conduct 2 special training o analyze water quality data
eolleetesd Dy the il teain. Al fevhoieal capertise woeee reepuesiced doeiog hes mdssion bo ot wies
the implamantation of the Vetivar System Technology, which iz one of the “preesn solutions" tor
wascewater management. During the mizsion, 300 bare rootad Vetiver slips were collzcted from Fiji
and iritial stock start-up nursery was started both at the UDepartment of Agriculture nursery and

e Fonaefo by Kapuole noresery

The Tovalu Ridpe i Beel Prosject (R2R), apainsegoested o echnical expectise poimpleaseann andd
rollout the Vetiver planting project fior the Funatuti Landfill site and the Tafua pond during the
Edpcation Campaign week. Primary responsibificy for che techniczl expert was oo suppoct the
Tonwerbys Bidlge 0oy Kool Feoqoet i iopdemmenting the semesbial socassires Tor fhie i of algal Blooo in

Funatuti lagoon.

Soope ol Wirk key vesponsililivies i the Terme ol Redereoe e s missiom weas 1o proeeicle

Technical Advice in!

1. Taking the leading rols in organiring and conducting training on Vecver plantdng for
locals and key stakcholders.

2.  Provide training macerials (manuwzl) for the training,

4. Marvidle assislance o ComsBreeching plandines walecials [ poadowo] Foe Talisa pusesl

4. Leading role in planting of Vetiver to designated sices (dumpsite and Tafua pond b,

The expected Crutputs and Deliverablez ware:

1. ‘I'aining material/manual for Vetver planting.
2. Training report for Vetiver planting tmaining.
A Mdimsinm HI'J'!-!H'I.

The Veriver tvaioiog aogd ingpleenatioom ot ielsed s bonhe RaR Edoeation Cammpaign G e
gt the 2™ Octnber, 20B, Trainieg ol the RaR Tsbaond Oficers was comluctel an i he Vaiakn
Falckan Pule on Friday, October 10™, 2018, Procuring of marerials for the construction of the
prenboenn Bt thie "Calma pusnel was dorses on Saturdlay, TR T Tl 11 iraininge ancl comest i ol e
el W wlewnaer "uﬂl:-l:ll:l.l'_r'. Udefolaer zamel, cimk 3w Jli.llllillu_.llbrl Iraining i il Fennaalnla
landfill sike was done on Wednesday, October uﬂ', amf followrad by on site planting training and
launching of rhe pantnons mes the Tafim pond on Satueday, Ovtoher :'TI ' amad after PowerHaims

presentabion of the Votiver Systorn Vechnology at the Governmient eonforonee room,

FaAli 3
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Given Deloww ave o briel soommary of 1 be draiming, adtivii es el comsolatioss tha cogok place alnving

the ‘Tuvalu Mission

Training Locals and Relevant Stakeholders on Vetiver Planting

PRAINING OF ISLANTY OFFICERS

The first raining sessipn was conducted on Friday, October tf:-lh tor the Izland Officers from cthea
coniba Bslasehs i i b Commmmmmnty Bl Vs veaiomg sossienn imacloee] prosecr poii pcsc ot ion,
igmuing cut of Veriver postars, viswing of video on Coastal ercsion, handicratt making and an
animated video on Vekivar

Mo Mame Gender Diesignation [zlamnc

1 Lopati Samasond | Island Uifficer Manumca
Antien [ Raledo r Tsdanm] e S g

3 Leafags WVaiutu F laland COfficer Mk

4 B sbeey [painies ] Pl 4 3T i

5 Bailev Koalapd A lzland Oificar Waltupu

& Lila Fousaga F lsland Officar Mukuberau

7 Manao Stanlcy | Island Uificer Funafuri

i Taanan Lancanin F skl THliee: Mukularlae

Talabe oz Tard sal pariw o= whoeal fena e Elae ranmeg sessoos

Picioee o Isbarad EHTcers oo dheomiier Tslamds -:||-|'i|l|:-_:. CRLIT LD nii 118 SEsss L

PAGE 3
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Lrur training sossion vas mainky cn propazgacion and managemenc of the Vetiver grass. Folloving
are whar we rovered during our rraining spsgiom:

‘I'he twao {z) common ways to propagate Vecover which includes (1) bplicting of marure rillere from
Vetiver clump or mother plants for immediare planting or propagating in polybags, and (2) Using
of varinns parta af A marher Vetiver plant

Splitting of dllers from a mother clump requires care, eo thar each slip includes at least twa o three
fille s b s ] sl a paei ol e g o, This woas Doel Tees dhenonstval ecbsal Tl Velive r prass laken
from cur stock nursery. It is reccommended that for the Acolls, it is necessary to raise all our

jHani i siock i poly pobs aocl stopes Do oo progecis.

BN || Ve,

Picturc z & 3: Datley with sample of the two months old Vetiver grass. On che loft is after ic was
raken off from the poly por and nn the righr is afrer shaking off thie sand fom rhe roors,

Participants were also tavght of the different parts of the Vetver plant thae can also be used for

; ;
gzl st el | bl vribesile=s

Miagram 1-3: The different parta thar are psed for propagarinn, fenm left oo right, Tiller, Culm (sralk
or stein] aod tee crown
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Mrisadvant anes and acdvanbapes ol ising bare vooted slips, plantiop sieips ancd pefy poitesd) planis
wera alzo explained furthar, Following are some of the disadvantagez and advantages chat we
dizcussad,

Fow Inare vomrtesl slips ihe aclvantapes aee {0 elicien, scomormie, ancd 4 gaick way o preepsree e
planting material, (2] sagy 1o plant by hand and lesz volume for transportation, The disadvantages
are; (1) chey are vulnerable to drving under extremc temperatures; (2] limited on-site storape time,
(z] roguires planting in motst soil, and {3) noeds frecuent imrigation inthe Srst fow wecks after

(LATHETTITS

For the strips and poly potted. their advantages are; () plants arc hardy and uraffected by exposure
by luigehi pemmnpreraiore dncl Tonae oarisiore, L2} levsoes irvigal ion espency aliee plarming, (2] Tasie
establishment and growth after plantng, (4} can remain on zite tor longer betore being plantzd and
{5 it iz recommended for hargh and heostile conditions. The dizadvantages are; (1} more expansive
to produce, (2] preparation roquires a longer period o prepare, (3) transporting large volume and
increases | wedpln is expesive aned L) increase] mainrenaice oost olow g oelivesy, (7 mo) planied

il lrion .0 warork
FARTICEFANTS COMBMENTS ARD FEENRACK — EVATLLIATIONMN

Training Evaluation by participants

The tollowing data were collected from the participants of the training

o of Marcicipantz Evaluatad =

Participants Evaluaped (%) 100

sl P [ x 4 Tarval
3 1

The objective of the training were mat

& =1 M
b |

Lhe prosentor wos cngaging 1

=4

Lhc presentation materials wese relevant

=]
]

I'he concent of the traiming was crganiscd and L (s
ey Bt Beilliawe

=4

The mainer was well prepared and able to -
ANSWEr ANy quUeshons

=4

lhe training length was appropriacc

=]
=4

=]

Pl presce ool bs §rarirninge s apyerpreiai e o b
content

lhe cxercses/demonstrations were helpful and
relovant

={
=4

|1II' LLTETHIE " Wiella rllll.ll I:I] il I_m' | III\.' PR ] | x i ] €T

=4

lable 1 Data from evaluation of the training

Fak s
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Dipmervatinns and leszons learned from rhe training

*  Demonstrotion on the different parts used for propagacion and also che importance of
Vetiver grass to our cnvironment and its coonomical values.
+ Moreon other uses of the Vetiver grass,

s Clraioing (o inclode Wsland aMicess sl 1o e commuminy Tasel Descause of i0cmselobn ess

Recommendacions for further improvement/tollow-up actions

+  Further training is requested for some mwore 1sland officers to be trained.
*  %etup demonsiration sites on each Artoll toocrain locals.

Training on How to Constroct Vetiver pontoon

Sourcing and procuring of the matcrials for the construction of the poncoons was done on
Satiwelay, Ovredier i aand by Eliaeml mipselis Al the materials recquives] foe consteoactGon ol 1he

pontoons were obtained locally. Demonstration and training on how to constrect the pontoons was
carricd out the at Fragaiga's residenoe on Monday, Ockober 22 2mé.

beallswinng is o Tt ol asteerschews Tor thoe posntcnsn comssteoection aned Craining,

Mo, Name Cender Degignation

1 Fragaipa Peniuao B LBIMA A MFcer
@ Railey Kowilapi b Waitup damd Dilfeer
3 hanao Scanley bd Funzfuti Island Officer
4 Blalace Akalisi I Simbakitw Lsbaoml € HTecar
5 Elu Tataua b Froject Support Oificer
FAGE B

Final Report for Vetiver Planting Training and Implementation | 27



Following pictures arc demonstrations of how the pontoons were constructed during our training.

Picture 4 & 5 Feagaipa demunsiraliog how Deomeasors ol aml ovark Che TYE pipse lor eoliig.

Picture & & 7 Dailey demonstrating how to cut the PVYC pipe.

|'r'|.l:|£'_|'
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Picrvore oz & oz Fivting toget beer ol the TW0 pipes aonl Trriops

PACE &
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Ficture 14 & 15: Manao showing off his completed pontoon (L) and construction of imber frame

Toaw @ bar wrienr vonesly Tintinge

Ficture of - o8z Mosesoriong onnt D he oweire oeshy, Tintimg oror 8les tnmlere Tene aed Uhe eoanpelened

PONTOCIL

FATE
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'Iraining and on-site planting demonstration (Funafuti Landfll)

The Funafuti landfll sitc was identified to be one of the sites with hizh lewel of water

wnprnianinations feon e leachate Gann the wastes almped, Priore o teainiome, oo sioe sisi was slome

wrre Tureselay, Ckctosber eprl alies the maraing session bv allthe pariicipanis, Aler ideotilying the sine
for planting; planting lavoutr and site preparation was explained to the participants for the next
dav’z planting program. The zite identified for planting at the edge of the landfill iz towards the
lapgoon.,

Ficture 19 & zo: 'Lhe site for the Vetiver planting towards the lagoon side, low side of landfifl.

Flanting material to be uscd for the sice was delivered on Wednesday, Uctober 24' . All the Vetiver
grass uscd at che sitc was raiscd in both Agriculture Ucparoment nursery and in front of the office at
Parinershiop Hinpse,

Ficture 0 8 oz Vetiver af il ooesery (el Pactoeesliip Doggse Ceighed Apricodiooe: Thepand imaeni

J.I.Il]'h-l'_'r]'

PAGE 1o
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Fiviore 28 2 ranspauorial ion ol Vi ver 1o the sile fore |||.|1|:|||1=.

The planting of the Vetiver grazs waz done on Wedneaday, October 1.;* by all the participanis.
Forme dhieer U] stdenis Teen Felovalo High School aba paciicipaiesd o the plantiog, Ficld
dlermomstratioo o bevw by prepaee e, apply Teelilizer ard planging of the slips weeree doone dorving

the planting prowcess. Total of 315 Vetiver plants were planted on the landfill site.

Picture 25 - 28: Vetiver grass planting at the Funaturi landfill site.

PAGEn

Final Report for Vetiver Planting Training and Implementation | 32



PowerPoinr presenration on (verview of Vetiver Sysrem

Fresontetion on the overviow the whole Yetiver system was prescnted to the participants by Eln
Tatanea ipflnas] Ty opeeesiiom session, Paviicipant s askeal secies ol qpeesiions inomepacids o tbe Yelive

prass b s ises Parviicipants askes] il 1thie arass was incasiee, Bos Deog ean the gerass can Last alier

being planted, are there any disadvantages and how to prepare roof thatching.

Mo | Mame MFE | Orpanization Mo, | Namc M/F  Organization
1 I*'etaia Pasuii 11 ] Mk laslae 213 HEinia F Mukulaslae
1 Elzizama F I MEF a6 Lavine [ F Pui

3 Hobinson Vanoh it | TVME z7 | Alalu 5 Manumaga

4 Wlalam A 1A | Kk Minlakiia i ‘H.li]-:'-!,. I Wil

v | T W | Maiminaga s et M VTP Eapule
0 Manao Stanlev it | Funafuri 30 | Seloha F Agriculture
7 Kol Ipotoa Miu EzK 3 Ehu lataua M EzRE

f T5a T F Rk I Lamsiaa W Wi

0 TFalani I Mukulaelas 33 Mdzzala F VT

Lo vy Lacasi 3 Hzb 34 Faoliu '] F Lrvironmoent
no | Kol s M| Mukulica a5 | Ly Foo NinLikita

S [ T F Miu IO 36 | Warsansm ¥ R - SO
13 1lolipai & F Min a7 VWiegaimo P M CErvironmoent
| Fiipilipa Fai ¥ Nukas vt G| At M Foo Fooafuli

PR T F  FP— O F Takilaki ALy
13 Lopati Samasoni | Manumea [T i Lamus F MEL

17| Jwocte Makail M Pule Kawpul: 42 Leafaga E Miukac

1 Teipe i MWinlakita 4% Seanese Alelain | WM TFN

Ly Laluta K i Malosiga

za | Tl kK it | Kaupulc

1] ziliga it | Funafuri

2z | Lilo F Manumeca

a3 | Frageipa Penivan | M| ReR PIU

24 Teol F Minlalkita

Final Report for Vetiver Planting Training and Implementation | 33




Pictome 2y 8w II|'||-.".'|--|=_!I il praesrnibal iea Do bue praiticigianl = |'-:.' Flh Taldiea

Planting and Launching of the Vetiver Pontoons at Taltua pond.

Training on Vetiver planting in the pontoon and launching of the Vetiver pontoon was done on site
Al e Talua posad Dy all olae paarticigeooes, Thee pened frefee paetoee gk ois highly contoamioated wicls
weisles Trosrn the pig sties o esidoni witle (Tee Bloee greeein algeoe prowile, Thie Wetiver grass o ilns
Hoating pontoon with its ability to uptake nutrients will clean up the pontoon. Only four ponioons
were boilt and lannched mita the pond for demonseration. It was explained thar farther pontoons
will have to be built to cater for the caparcity of the pond, Ustal ported Yetiveer slips placed in the

pociboun was 2oar, wlncliis su slips v each ponboo,

hlaimtenane ol the puomioones b5 alss nevessary every Dhees momiths, afier mainiersaoee 0 can (e
relocared to arcas where it is highly contaminaced.

Picture 31 & 32: The Tatua pond {lefi) and delivering of poly ported Vetiver silp-s. for the pontoon.

FAGE 13
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', s—— e \
PMicture 37 & 38: Launching of the Vetiver pontoon moo the Tafua pond.

PACE 14

Final Report for Vetiver Planting Training and Implementation | 35



summary

The Tovaln Biclpe 1o Beel Edocation Campraian week biosies] Goonn ihe .l:_jrlI - .1'_;!1" Chiolwr was very
informative with lots of role plavs, sire visits and activities, The theme of e campeign was
“Laring for Mature is Evoryone's Besponsibilioy”.

Wi Wetinaer plamting aoel peaiogme constons Ve Praimigs coineicles] withe the Campeipn sk,
which includad: craining of lsland Otticers on propagation and management of Vetwvear grass, sita
preepravation amd plannige of Ve bver geass an 1he Fonaling band G prosee e poion peeseitat o om e
erverall winmer ool Thes Vetiver Bestem Technobopy amd ihee somsiretion ol Vetiver pamtsons aned

Lynmekhing inta the Tafua pond.

The physical activities iovelves] o thie Vetiver plantiog program was oseil as g bearoing esperiemce
e ey prarticipants sehio did withe press ioterest ol cotbwsieses The deame efMaeee Ty all che
pavbicipants and el pchodes he oz thiree (3} slodents Doan Feluvalu Higly Sclool was

o e lalale,

FowerPoint presentation on the general overdow of the Vetiver Svstem, which was tranzlated into
Tuvaliean bingmape and presentel Ly Blo Talas was also receives] seell by the paciicippani s Many
cpeeslinses ol inlerest wene assel Dy the panicipaoes, wlich T bal ihe opporiuoity we have i

avsweral alter ihe cpoestione wos traesbatesb o Tay Bl

Furiher barals o traiming ol mwres Tslanad OiTe s, sebwpsl chileleeos aod thie Tocal corminies will
breiclemn il kogmaleabpee base G Tocitbuer ope sealios, o i e ganter aiolls Gron thue Tessons earoced

from the Funafuti pilot project.

1 bwiglaly cormamaerae] il Fowal Biclae to HeeDiean T o woellcoordinaned campaign seeek, | bedivwee
from che lessons learned from the campaign weck, cach participant will have the drive to now
cmbrace the theme “Caring for Mature is Evervone's Besponsibilioe”.

FAGE 1=
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9 ANNEX 2 — User Manual for Island Communities & Conservation
Partners
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Water Qualicy Improvement

INTRODUCTION

Research conducced in
several countries  has
demonscrated that Yer-
Ieer grass has a very high
rave of nutrient uptake
under boch  dry land
and warland condirinnes
In addidon, due to ics
origin @5 2 wetiand spe-
ces, Werver grass also
flourishes undaer hydro-
ponic condioons, where
Itz fine and excensive
root system i3 very ac-
twve in abrossing nutri-
rnrs parreriiarhy BiTro-

genandPhosphorus.
Taking advantage of
chess unigue characoeris-
cles, Verlcon Consufoing
developed a floating =ys-
cem i purify poliuted
A conraminarad  warer
singe |995. To dace the
cechnigue of using float-
inE pontocns (G Ereat
pollured warer has been
wsad successfully i sew-
eral countries In Austral-
ia, Asia and Afrfca and
the Americas. In Auwstral-
iz the ponroen syemam

his been used
successfully oo wreat
sewvape efflsencand -
dusrial wasteweater.  In
Chira it was  used oo
trear pollurcd wacer in
lakas and rvars pesl liradd
with ™ and P. In China
and Yietnam it was used
very effectively e treac

piggery effleent

GLOBAL WARMING

Giobal warming Is a

phenomenon arising
fram che buming of fos.
sil fuels like petrol. coal,
and racural gaz, which
hawe been buried unders
graund for millions of
years. Burning of these
fossil fuels, togecher

with additicnal burming

of wenod in the process

O deforestation reswlts
in the release of large

antawnts af carbon dioxe
ide (OO which  ulo-
mately forms 2 layer in
the azmosphers. Swech
layers act as a green-
hause  effoct, in not
allowing the heat from

sun to shine an the

earth, which normalky
raflects back to the at-

mosphers,  but  instesd
baunds back ca che

earth. This tha
temperacure of the earth

oy several depgress Calsi-
us. Thiz is known as tha
“Greanhouss Cifece’.
These cffeces on the on-
wiranrmenr henca rasnle-
ing in the s0 many prob-
lemns is evident ca all the

atalls oo Tuvalu,

raises

PROBLEMS RELATED TO WATER

Problems related 1o wa-
rer are of Dwoo main
Lypes. Quantity oaned
Cusality. Their onature is
dascribad  below, while
the rale of Yetiver in
cantrolling them will be
discussed n the subse-

quent SefomE.
Water Guantity:

Thausands aof
suffar  fram

pecple
SRVEFE

floods. Hundreds of pac-
ple  drown;  simblarly
Lhsuzands  of  livestok

alsu die ol e e

cause.  Ihe elect on
crops are beyond
comprehension.  This

causes a similar problem

af the zame fctor, ie
water  quantity.  But
more  importantly  and

more  commaon s the
unawzllzbllioe of gqualicy
wealen ia @ plencereemon
throughout the dewelop-
ing nations.

Recenc survey conduct
ed by Twwalu R2R indi-
cacak  cantarmination  of
weater feonn band snrres
iz way high resulting in
the algal: bloarr

T years old Vativer
racet — PHGE

“Waoter is one
of the most
important
notural
resources of
monkind. fes
importance

st be

appreciated.™

Mrotecting a water
SO B LN Velivas
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Fage 4

Weflaer piramead pbscne nbmem
dAminsss proteet sarier Hvim ke
prdired wih sgmchis =ik,

WATER QUALITY

‘Warer qualiy signif:es
the absence of con@aml-
nants, which are waste
products, pallutanes and

nuCriEnLs,

Deperding upon the us-
age, che presence of
Samec contaminants in
the water may be
acceprable; eg. warer
that is used for
agricultural and ather

activities may roc need

YETIVER 3Y3TEM TECHMNOLOGY

1 be pure. YWhile thar
presance in a lake or
ather bodies of water
should nac bz rich in
mutriant, otherwise, 2
phenomenan of
eutraphicadon will oc-
cur, resulting in algal
Bloom and the depletian
of ceygen in the
weabier, welsicl results i

the dearh nf aguaric

life. Hovweever, wanar for
human consumpticn
should be as clewn as
pan:slblc. (.
uneontarninated with
pathogens, nustrienss,
heavy memis, and cther

toxic or hamrdous

substances.

"Vetiver, a
humble grass,
hos o big rofe
io ploy along

with thiz major
Frrturl

resaurce. ™

VETIVER AND WATER

‘edver has 2 malor rola
ta play along with water
far treating wastewater
ir Tuvalu. | his is rmosc
Appropriata in tha pra-
SEND CIMCUMSTANCE,
when water is the most
important natural re-
source for Tuwih=ns.
“edver, a humble grass,
has a big role o play
alang with this majar
natieral resource. |t is an

essenclal ool In midgar-
ing this pending water

crisis affecting Tuwalu,

Yativer ponteon on the Tafua pend (Funafut]

INTERDEPENCE OF VETIVER AND WATER

Vetwver and water are
incordopendant an

sach odher, As other
liwing creatures, Vetiver
depends on warer for ics
mroweh and devalop-

ment. However, in
Tarme o guEanriry

and qualizy, the availaodil-
ity of water, depends

ba A cErtin extent on

Wetiver. Wetiver helps to
ramilare the amannt of
water. It conserves wa-
ter when water is
scarce. bt helps to re-
duce surplus runcff rmin-
water by spreading it
perpendicularly along the
contour hedperaws, als
lowing much smallar
AMDAURTS O pass
‘rhl'nugh. wehile arher
amcants seep through

the soal and retained by
sail profiles, whils the
surplus afoer saturackon,
iz scored as underground
warter in the aguiler. At
the same bime it also
helps to purify cantmis
nated or polluced warer.

Sativer will play an im-
por@nt rode in mitigating
the current problems
affecring Tuvalu,
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Water Quality Improvement

SPECIAL CHARATERISTICS OF VETIVER

Mertwar has many sperial rhararrerisrics thar land suppart foor s nses in snlving
the warer problems such as in the lagoons of the Acclls i Tuvalu. According o
Truong and Baker (1'998) and Cull et al. (3, chese can be classifted Inoo mor-

phological and physickagical characraristics

Morphological Features

Vetiver has:
* 5Sitiff and erect stemms chat can stand wp to high velocicy flows and increase
decancon time.

* Thick growth forming living porous barrier that acts as 3 very effecdve
filoer trapping both fine and coarse sediments, as well a3 sediment-kound

conmminancs (e.g. heavy merals and zome pesticide residuses).
* Deep, dense and penetrating root syseem, that can reduce and prevent
deep drainage, and improve bed sabiliy and nuerfient uptake. [0

* Finehy strucoured and masshee root sysem, which provides an environ-

“Votiver has o
rment thar stimulates microbiological processes in the rhizosphere.

deep, dense
and
penetroting

root system.™

Pleture s B 2 Vetlver mafing bicmass—escavaiad real in Viemam (Lefi ).
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Fage & YETIVER 5YSTEM TECHMOLOGY

"Yethver Is
highly tolerant
to adverse
climatie
conditions,
edaphle
conditions and
elavated levals
of heavy
metals,™

Physiological Features

Yetiver is:
¥ Highly todemne o adverse climatic conditions siech as frost, heat wave,
droasght, flood, and imandztion.

* Highly toferanc to adverse edaphic conditions swch as high soil acidicy and
afkaliniey; safine, sodic. and magnesic condicons: and aluminum and manga-

nese toxicicies.

* Highly tolerant to elevated levels of heavy metals sudhas arsenic, caidmi-
urn, copper, chromium, lead. mercury, nickel, selenium, and zinc.

* Adaprowve oo be vsad inareas where too much water prevails, as ic is able
ta consume high amount of water,

¥ Able to tolerate flood, making it ideal for we in ephemeral or permanent
warlands.

& ajeset (o]

sana inthe. G

——ge Ca i.fsi'll: P ?nd -

! an highly caustic
lower ground

Bermudao grass grows on higl;er
grovnd which is less cousfic

Fichure g & & Vel growing on lighly cavslee loveen soil—Beusive i
residia zan (anetralia)
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Water Quality lmprovement

THE ROLE OF VETIVER TN TREATING WATER QUALTTY

‘Warer rmay be contaminated chrowgh various activicees: agricultural, domesoc, or
industrial. There are cwo main measures oo keep warer uncontaminaced or

ciean, namely 'preventon’ and remsadiacon’.

The Tafua pand in Funafut

_.

Prevention Measures

Az in the case of human
health, when dealing
with the contamination
of water, preventicn is
better than the cure. B
at all possible, the Yeti-
var system should be
crnpinpzd A5 A TTEAsLIre
in preventing water body
fram being contasmirats
ed. |t should be empha-
sized that this preven-
tion measures wark
through the removal of
liquid-tarne concami-
nants before entering
the warer boedy, ather-
wize, the mensure =
cansiderad
‘rermediation’, which re-
mowes these concumis
nants afcer they have
been present in che wa-
ter body. Currenty twa
rain methods of treacng
cantaminated water,
narnely ‘Engineering” and
‘Biclogical’, are being
used, The bialogical
method consises of land-
irrigation, wetland, and

hydropanic systems.
Each system works
through dhe rermoval or

trapping/filbering of con-

taminants present either
in: (a] the Leachates
fiquid keached from gar-

bage landfill, quarry,
farmland, acc ). or (&}
the efffeents
{wastewater from sepoc
1anks, city sewsige
treament plants, plnt

I r

44,2

—

Pesttcicles

nurseries, feedlors, camle

sheds, slaughter hauses,
pigperies, etc.). Mote:
the terms, ‘leachintes’ and
"effivents’, are used hera
oo rmean any liquid con-
Lining consuminants pri-
or 1z becoming che mamn
water hody. IF the hteer
is che case, purificaton
process is consichered

“Pravention is
better than
cure—ithe

latter is costly."

‘rermediation’.

I:Iiagmm-:_: Sources of wasle generation inka main water body.
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FPage 8 YETIVER SYSTEM TECHNOQLOGY

LAND IRRIGATION SYSTEM

“Strip of Vetiver
hedgerows will

not only

prevent
seepage, but
would act a5 a
barrier te the
movement af
contarminants

by wind or

other medns. ™

[ 'his system emplays
“Wetiver plancs groswn as
a crop to dispose both
the large effluent wolume
and bo strip soluble ele-
ments {particularhy B
and P} or filter sedimanr
-bound chemicals. &
computer madel MEDLI
{Moded for Effivent Chis-
pasal by Land Irrigation],
Using pasoure species, is
being used by the Envi
ranmental Protection

Agency (EPA) in

Cueensland, Australin to
regulare effluent disposal
from varicus industries
including sewerage orear-
ment plants, abattoirs
and food processing

S W fae——— .
14 -

plants, YWeticon Consules
ing has developed a
model specifically for
‘“arhrer Grass (EDYE and
EDVI-1 far small walume

imprt.

Picture &2 Votiverwetland in Boonah (OLD Australial

Leachates

Agricultural Leacha-
tes: Modern culbvation
aof crops requiras the
application of fertilizers,
growth subscances, pes-
ticides, etc. to promote
crop grevwth and prarece
it frormn the actack of
their enemies. Mot all
substance is absorbed by
the craps, however, the
surplus i leached from
the farmlands. Socner or
lacer. it enters i the
baody of water. Residues
af agriculmural leac hates,
particulary pesticides,

——

Picture 7: Garhane fandhll an Funafuri Atalls

Creare 3 serious problem
a the environment as

they adversely affect fio-

ra and fum in down=
ETMEan aquUadc ecorys-
tEms.

Industrial Leachates
Industrial waswe dumps
such as tanneries, galva-
nized and electrohyoc
factories are ussally con-
taminaoed wich heawy
merzls sich as As, £4d,
Cr. He. Fb. and Zn. Smmi-
larly, leachates from the
quarries also contain
high amounts of several
heavy merals. Az the
heavy metals are toxic
to hurmans, their remavs
al fromn the leachares
must be done prior to
their entering intce te

warer body,

Garbage landfill
leachates: This is a spe-
cial type of leachapes

which may contain

nitraces and phosphates
as in dormestic |eachate,
oI pesticide residues as
in agricultural leachate,
and parcicularty heawy
metils and other hazard-
ous substances a5 in in-
diszrial keachare, des
pending on whar consti-
tutes the gnrhn.ge.
In-many large cities. gar-
bage is depaosited as
landfill o deccrnpose.
Such landfills produece
leachates thar contain
wariois matbers, includs=
ing heavy meals and
other toxic substances.
e approach oo use
vetiver to trp these
harmful substamces is to
Erow in 3 sorip arcund
che garbage [andfill. Strip
of vetiver hedgerows
weould noc only preavent
seepage, but would ace
A% a barrier to the mowves
ment of conmminancs by

wind ar other means.
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Water Quality Improvement

Effluents

Effluents are wastewater
weith cerain anmouncs of
contaminants. They are
ciassified as: (i} domestic,
(i) npricultural, and i)
industrial efluents. They
usually concain high
armounts of nutrients
parcicularhy niorates and
phasphates, which will
cause ervircnmental
prablem if they are
drained into streams or

body of warter,

Drormestic effluents:

There are two kinds aof
domestic effleencs “black
and ‘grey’ waters. The
former is sewage of the
roilecs while the lacer is
weashing water fram
kitchens and bathrooms.
If planted o intercept
the flow of such efflu=

GRASS

PO OO

LR A T PO
HLH P4l

CTHAPFATICN KT MR IATTTY

ents, Wetiver would pre-
vent the efluent from
resaching che water body.
In zddidon, Yeciver
would help dry wp the
effluent. Under these
condivions Yeover will
grow extremiehy well and
will remain green
throughout the year.

Agricultural efflu-
ants:

Thesa effluents are pro-
duced from wvarious agri-
cultwral activwities. Plant
nurseries, feadlocs, pigs
geries, dairy sheds,
chicken houses, staugh-
terhauses, eto., produce
& large quandty of such
effluents that are oozing
anto nearby land and
into streanns and ditches.
IF Wetver grass were

planted to mtercept the
fiow of such effluents, i
would da much to stop
the effluent reaching wa-
ter body and drying up
the rmess, Vetiver wauld
e exerermely well and
will remain green

throughout che year.

Industrial effluents:

Lsing the EDYE modal
mierntioned abosve, Vet
wver was used successfulky
to treat 12 million lizres
of effluent { |&0mghiL
and 55mgP/L) discharged
from food processing
plant mear Beaudesare,
QLD A total area of up
ro Gdha was used for
etiver planting on this

st

Dommestic effluent

"Effivents are
wostewaler
with certoin
aimaunts of

cantaminants.™

ES e Tomn, e Al CHRFT
PEHAC TN FOH BEEE ]

Al

LI TSR, TR L AL
MRA CH, SHE W
P e ¥ BT s

ROOTS

N L TARE LTSN, ECECHY
TR, il
LRI LT T Pl P L

———

NEpAOIVE MITRaTLE
HHSEHATES ARMIE HE &Y
BATAGLS CTHITA BARAASITS

n

.........
T FAAWT BT SO0 S TTH
Vil el LICA S ha LT
AMIIHEAVE BAFLALS

TR ANHT SR FAF BPRTAAT

s
[}

LENOE Nodp

RN LA ST

Ciagrarm : llustration of how the Vetwer System treats leachate in Eco Toilet
{Bottornless pit tailets),
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Fage 10 YETIVER SYSTEM TECHHOLOGY

HYDROPONIC SYSTEM

Using a floating platform,  easily for ume as lvestoclk
“edwver can be grown fead, mukch, mushroom
hydropanically in the Eromwing, etc.,

A8 water with its root im-
188 mersed in che wacer.

M Hydroponic syscerm can
be used to rermnove cons
raminants from leachaces
o effluents, which are
drained into the pond ar
lakas. The advantages of
this system using plat-

Fogts at = rmaonths uncer farm rivechod s chas Ver-

hydreparis candakans iwver tops can be harvesc-
ed Picture B: Wativer hydrogoenic systen.
Lecachates

Dwe to pracoical difficulty in drining leachates nto a pand and often high salinity,
there has so far been few attempts oo use Veover growing on the floating plat-
“Landfli! farm o remove nuzrens, heavy mesls, or toxic substarces from che leachates

Leachate: A
potentiol
Environmental

Emergency.”

b St

DEagram 2: Flow of leachates from domestic landfill into the erviranment

Efflucnty

Iri theory, Vetiver grown quality of domestic effle: short pericd of time, and
on floating péarforms can ent, 2 hydroponic wrial chis eliminadng blue-

be used to remove nu- wis conducted using a green algae in the ew-
triemcs, heavy metals, o mixoure of black and rroaphirared warar

toxic substances from grey warers [ Truong

efluents of various ard Hare {2001, Their

sources. However, only  resules confirm the Chi-
domestic efflsens bave nese research in thas
been attempred. To de-  Weower could remaove
terrnine the efficiency of  most saluble B oand Pin
“eower in improving the  effluent over a very
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Water Quality Improvement

REMEIMATION MEASURES

Remediation is defined
as “the process of reme-
diaong or cleaning up
deteriomited, contamis

nated or intosicated soil 8

and warer”,  microor-
ganizms are used to res
mediace, the process ic
called ‘béioresmediation’.
The use of plant o clean
up deterormted, con-
caminated or intoxicated
sail and water is called
‘phytorcmodiaton’

howeever, the term

‘rerediadon” is genarally
wsed even when plang

[T ni
Plcture g: Use of glant (Wekiver) to remedying
cantaminated wales

are used oo clean up

Eﬂllﬁmimt&d WD,

Kind of contaminated water

In the case of 3 body of
water, which has already
bean gererworared, con-
caminaced oF iNCoxica-
ed, purification can be
done by rermoving can-
caminants from the body
of water. Many cerms
have: been wsed in the
literature to describe the
nacare of liguid-teorne
substances that contami-
neace che water, such as

wastewater, polluted
wiitar, and sutrophi=

cated warar.

Wastewater:
Wasrewater is one thar
contains the liquid-borne
waste products
{organics, salids, and
nutrients] af domestic,
agricultural, and incustris
al or manufacturing ac-
tivities, |t is similar to

eutrophicated water

[see later), especially in
the presence of plant
nucriencs sech as M and
P which favcr the
growth of algaes howey-
er, wastewatar can also
contain other organic
and =solbd macmers. Apart

From dhe odor, the
health risks created by
this waste are enormous
and include the source
af typhaid and dysencer-
it diseasas as well as
breeding praunds for
mosguitoes. Where the
residencial areas have no
drains, no potable water,
M+ paving. wacer and
mewage stagnate adding
1o the misery of lving
conditians {Grimshaw,
PErs. Codmim.}.
Crepending on the crign,
three kinds of
wasTewalers are known,

namealy:
{i} Domestic

wascewater: This is the
water derived from hu-
man domestic activities,

such as warer from ooilet
{ also knownas ‘black
water’), sinlk, shower,
and kicchen flosss; and
water used in washing ar
flushing (alec known as
prey water'),

(ii} Agricultural
wastewater: This is

the water derived fraom
agriculbural activities,
roinby from fertilizer
application and secre-
Lo,

{ifi) Industrial
wastewater: Thiz is the
warer derpred fromm in-
dustrial or manufacturing
acovities, mainly of cr-
mnic origing and excled-
ing thase that contain
harmful subsmnces of

inorganic origin.

Remediation:
“Tha process of
remedying or
cleaning up

deteriorated,

comtaminaied
or intoxicated
soil and

water'.

Lanchll machae
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Fizhin o polluted water

"The character
of
eutrophicated
water iz the
promotion of
olgal growth
due to the
presence of
high amaunts
of M and P”

the water sywsTem rauses
rowvithant a decreasein

anuatic life

Polluted Watcr

Palluted water is water
conmminaced wich
harmiul substances re-
sulting from agricultural
and industrial processes.
Such substances include
{i) heawy mecals, e.g. Ph,
Hg, Cu, Cd, Cr, A {ii}
PlE'!IjEIdE residues, o.E-
insecoicides, fungicdes,
herbicides, (i) other
harmful compounds. Up-
QN BNCEFING N0 Warer
bady, elevated concen-
tracicns of chese wosic

YETIVER SYSTEM TECHNOLOGY

substances pose a signifi-
cant risk v human and
anirmal health, Depending
on the origin, polluted

water can be cdhassified
into domescic. agricul-
tural and industrial pol-
futed water.

P

Diagram 3: Phrspharus within
mANACTRLS, Feressive aqisThic

missalvrd meynon availabiliy far

Eutrophicated Water

Eutrophicated warer is
one which is rich in min-
aral and organic mutri-
miiis Lhial promsale a pia-
fiferation of aguatic
plants, expecially blue-
grean algae consuming
nearly all che oxygen,
especilly during warm
weather, chaking the
fish, and oiten causes the
extinction of other or-

ganizms, The characoar-

istic of eutrophicaced
water is the prormation
of alzal gransth due 1o
e proesence wl higl
ameounts of M and P
Depending on the origin,
it can be classified into
domesdic, agriculural,
and industrial ewtrophi-
caved water. It should be
noced that these thres
terms are closely related

and can be used almost

spnonymously. Anodher
term that is used to ine
clude all three is

‘Lo ninabed waten
wehich irmplies impurity of
the warer withouwr speci-
fying the kind of contam-
inants, whecher they are
waste products
{wastewater], harmiful
substances {polluted wa-
ter), or nutrients

{europhicated water).
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Water Quality Improvement

PURIFICATION OF CONTAMINATED WATERS

Werivar has been experimencally shown o be able 1o absorb elemancs and nutri-
ents from wastewater, polluted water, or eutrophicated water,

Eutrophicated Water

Purification of Eutrophi-
cated WWarer: Az soluble

M and particularly Poare

usually considered bz be
key elements responsible
for warer eurrophicadon
which normally leads ta
blue-green algal growh
in rivers and lalkes, the
removal of chese ale-
ments by YVetiver isa
mosr cost-effectwe and
environmentally friendiy
rmethod of contralling
algal growth.

Wich intensive farming

ad@cent to these water
bedies, the quanooes of
I and P are bound ta
increase. Rermoval of
theze elements can be
achieved by: (i} plancing
Wetiver on the edges of
the streams or in the
shallow parts af the

lnkes where usully high
concencrations of sclu-
hla M and P occurred,

and [ii) growing Verver

Picture 10 & 11: Weetiver plenting en the edge: of the pond. Pacific

Acwenbst Univesity—PRG

— -
St e T f s

hydroponically on foat.
ing placformsz which
could be maved o the
worse affecved parts of
the lake or pond. The
advantages of the plat-
form medhod is thae Yer-
ver tops can be harvest-

ed easily for stock feed

or mulch.

Research in China has
shown thart the Vetiver
sysbem can be used to
remove high soluble M
and P concentrations in
eutrap hicated river wa-
ter (Zheng ecal 1997). It
wias found that Yetiver
can reduce scduble P up
to 9% after thres
weeks and F4% of zolu-
ble M after five wealks.
The authors were of the
opinian that the Vetiver
syseem has the potential
of rermaving up o |02
tons of M and 54 tons of

Phyriha

From ancther experi-

e . e T

rreent irs hina, it was
found chat Yetieer,
which was grown alang
the edges of the streams.
ar'in the shallow parts
of the lakes to first filter
off the chemicals, and
then grown hydroponis
cally in warer along
banks, can effectively
remaove Moand P And,
the water became mare
TRanspamanc afrar treat-
ment (Xia e al | 998
Zheng etal.|998). These
LChinese rezearchers and
workers indicated that
Wartver could remove
dizsolved nutrienss, ard
reduced algal growth
within two days under
exparimental conditions.
Thus, Wetiver can ba
used very effectively to
concrol algal growch in
witer infested with blue=

green alpe.

"Vetiver can

reduce safuble
Pupto #9%
after thres
weel and 74%
of soluble N
after five

weehs, ™
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YETIVER SYSTEM TECHMNOLOGY

Vitiver Pontoons for Wastewater Treatment

“etver s highly suitable
for the trestment  of
wastewater due to its
extragrdinary  marphao-
lowgical and physiolomcal
attributes and most ime-
pormanc of all is its capac-
Iy 1o produece a wery
high bicmass under a
wide mnge of climatic
conditions  and  adwerse

soil conditians.

The ability of wetmer
prazs to remove  pollus
anos and water from the
prowing  mediem de-
pends solely on it bio-
rmass production, hence

the fascer and higher
blormass proeduction the
faster and more effecove

the treatrnent process s

Therafare, if the hioma=s

production can be esc-
rmated far @ certain envis
ronment, the efficiency
G\{ thes treatment FFI:II:E!I
can be predicced and
subszquently  the land
area needed <an  be
wiorked our reascnably

accuratehy

How the Yetiver System Works—PHYTOREMEIMATION

GRASS

Phytaremediation

Phytodegradation
Piant erzymes help catal

: The process
P o the centaminant
removing

cantamination

fram ol or water
Phytowolatilizati

: _‘brllzakdnwr af
I'T 4

aolecu

using plonts.™ Whare transpiration hytaextraction
organics, selenium S rMataminant s concensrated
rmecury run thraugh
lzawes.
PHYTOC = Plart i Pollutant
REMEDIATION = Raoscar- ;
ing balance i i
[he roots ke contirminants 1 il. i
from the wator inoa che k
“hedy” of the plant. The plant .1t o i
recl zorie i referred woas ¥ ERR . 1 -
the rhizosphere. this is where L A
Lthe sction occurs. f -._!-. \ ) "‘ Phytaostimulation
| I
Phytostabilzatbon {1

Where the plant converts the'contaminant
into a formy which s not t&ql:-a,hfa'-iahla, o the

plant prevents the spreading of

contaminant plu

Diagram &: How the Phytoremicdiarinon process works.

e Y

ROOTS
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Water Quality Improvement

Yetiver pontoons (Design)

Flants will be grown hydrosphonically oo the pladfarms (Pantoons) to treat the contaminanes in the
Tafua pond. There are seweral ways of canstructing the pantoons, howeser the basic one as used is

shown and dermaonstrated in dhe following picoures.

Bambaa, soft drink plastic bottles and PYC poly pipes are alsa used as floaters. Mo sqil media re-

quired but for extreme conditions, cocopeat or cocofiber can be used to anchor the Yetiver.

Materials required for the pontaon:

[ il |

» S5 ,

Equal T Junction {1oomm) ‘

£ go [hegrea Elboes {1oeommm)
F%C Pipe (aoomm)

Geognd (Gecsynthetic Mat-
ting) or Wire Mazh

. Mails (3 inch and U nail}
v Rope (Mylon)
- Timber{zx=2)

Galvanised rust resstant
T Wire

uide on how to Constract Vetiver Pontoon:

I. Measure and cut the PYC pipes as demonstraced.

1. Measure out the FVC pipe to required 2. Cub the reguired PO pipes wil b electnic
messUremeant [1m) saw or pape culter, allin am pisces.
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Fage |'F YETIVER STSTEM TECHNOLOGY

s APECNET

2. Join the PYC together, ansure to be tightly
fitting. htted

3. Cuit and Consirect dmber frame Lo [ onio PYC pondoon

L. Measure out wire rmesh and cut out to 2 Mail wire mesh ante timber frame using U nall, tie
meEasurament of pontoon. the framed timber apd wire mesh onte the ponitoon.

Final Report for Vetiver Planting Training and Implementation | 53



Water Qualicy Improvemeant

Tie the Framesd Timnbeer and wire mesh togethes to the  Completed pontoon reedy to be launched into
prantonn. Firmby B waith tie wire and or cable tie. the pond.

5 Frimly join the ponloons together 1o avoid them from drilling apare.
; 3 B
3~ '.'Rff :I;‘.-ﬁ"‘r-_'
b il A
| " I | N
N . h'-' ﬁ'lﬂ H' Y
o r l-
: SN T
1\ \.-\:. |1
e

=,

-

=

6, Remove plastic, place the portted wetiver slips in rows of five, launch and firmly anchor both
sides with rope an tic to fivm object or tree,
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Fage |7 YETIVER 5YSTEM TECHMNOLOGY

Pictures of the launching of Vetiver Pontoons at the Tafpa Pond during the
Education Awaremss Cnmpalgﬂ {{}l:tnher 2018).
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Water Quality Improvement Fage 11

VETIVER FOR LANDFILL LEACHATE TREATMENT

As part of outputs under the Tuvale RZR Pro-
ject (Towards Seaweed Monicaring Survey]. the
survey team made recommendations for che
wse of Vetver Grass to treat wastes before be-

ing dizcharged into the lagoons.
The main sources of nument polludcn were
idencified as:

Leaching fron houscholds with pit poilers,
Leaching of nitrate-rich weasces inco ooean
from the bomomless septic tanks.

Figsties and chicken sheds being cleared
into the lagoons.

Direct input of waste into the coastl aren
fduring times of drought] - open defections.
Inputs of phosphates from the we of deter-
gents and chemical fertilizers.

Leaching of leachate from the dumpsite.

The project takes dhe “ridge o reef” approach

hightig
at the

hting the canmectivity of lind-use practices
landfill, residences [bottornbess septc’s] and

the Tafoa pond directy impaccing our marine en-

wircnmennt.

Extensive research, development and applica-
tion hawe established that Vedver grass
(Chrysopopon zizanioides L) possesses
unique actribuces chat make ic exceptional for
ervircnmencal prowection and rehabidicaocn.
When applied to landfill projects, Vetiver
addresses a mulitude of needs:

* Leachare and ¥vastewarer Treacment.
* Slope Smbifizaoion and Erosion Contral
* Infrastrucoure Protection

* Sl Fencing and Sedireent Control

When applied oo leachace and waszewater,

Vativer acts too

- Treat and absarb nutrients and pollu-
@nts, such as heswy mels.

* Reduce or eliminace che volume of
wiasTewarer, and as & form of phytore-
mediatian for contaminated wacer and

fand.

How Wetiver Controls Leachate

Wedver 5 best suited oo leachare disposal due
to iks EligFl wiater usage, nutrient :IIJEEIFP‘HI:II‘I
rates, and tolerance co elevated kevels of nu-
trienis, salt and ather toxicices. YWhen ap-

plied ta landfill leachate Vetver aces to:
* Prevent pollution of underying and sur-
rounding scil
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Why Vetiver for the Fonafuti Landfill Site?

Prevent the pollution of ground and surface
water

Conorol the “bioreaccor” by containing and
rreanng surface or underground egresses

Treat keachare through irrgaticn methads
Srabilize darm walls

Control seepage

Benefits of Wetiver for Landfill onsite treat-

et

Cin-sice keachare trezument and disposal
Multiple methods of appliction — including

seepage cantrol, pantocans,

irrigntion systems and hydroponically
Low esmblishment costs

Fast growth rate

Hegh warer usage

Low maincenance

Muktifacered — can address wastewater
treatrment, leachate dispasal,

infrastrucoure proecion. land rehabilica-
oo, and erceicn and sediment controd

Highly tolerant oo adverse conditions

Hegh capacy to remove exXcess nutriencs.




"Vetiver iz
pest
resistont, can
roecover ofter
fires, and
withstonds
prolonged
periods of
flooding and
drought *

VETIYER SYSTEM TECHNOLOGY

Materials required for Veliver planting

Bush Krirz

Spade
The guality of planting material

Forempst impartantly is the quality of the planting material oo be wed. Exceptions
there, in most cases the preferred plamcng macenial used for landfills are ‘poly-pors
or “strips”. They have to be raised in nursary atlease 2-3 manths in adwance. The qual-
iy must be checked, Le. the root development in the pors, the abilicy of the srips o

‘hang cogecher’, and che dllers must be maoared (3 months 2nd wp).

Watiwar Plugs in Mursary Trays
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Transporting, handling and storage

It is all about minimizing transplanta-
tion stress. As scon as planting mate-
rial is remowved from a nursery {or
from an on-farm hedge), cthe roos
are exposed. Hence, the plants have
to be kepe in the shade and damp
(eg in buckets of water ar in wet
eoil). During transport they should
be shaded. If bare root slips will be
used, they must be transported in
bags filled with wet newspaper; dhis is

for moisture rewention o the roots
deon’t dry our,

Kcy 1ssues to consider

Quality

i bare root slips are supplied, it is
worth considering the option to have
it supplied earlier, o keep the slips in
water o slurry for 2 oweeks
[preferably with added rooting hor-
mone, or the lacally made juice from
water hyacinth), ungl there & a ne=
ticeable new root growthe Soaking
can be in the sun f pots are used,
then it is good to ‘harden' the plants
in the pots; once they showing zigns
of pood growth (thac is. reducing che
watering frequency in the last 3

weels before plarting).

Freshness, age, and for bare root slips: lenpth of pruning leaves and roots.

Quantity

For slips: the incernational standard is that these contain ac least 2 healdhy, viable
tillers, but after that counting, considering the local conditions, it may be better
oo use slips chat have 3-5 cillers; this will improve the all-crucial survival race,

Timing

Zupply to site must not too erly, to avoid tansplintation stress, and obviouwsly

for praccal reasons of work planning.
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Fage 14 VETIVER SYSTEM TECHNOLOGY

Guide on how to plant Vetiver Grrass at landfill site
Planting Procedurc

Flant Preparation

1oCuit Ehe rents 1o g om o prevent
theerm frovn dying.

2. Trim the grass ta 2ocm. Trm the
Tops parl af the gass off,

3. Dhivide the clurnp into planting
ulipr. 5Ii|:- Lex Frawe =4 Liklers.

2-3 Lillers is dmportant in hostile
areas, if one dies we still have the
other or twio tillers to grow. In ero-
sign contral every growing paint is
impaortart

Divide the clump inbo
planting dips. Aship to
have 2-3 billers
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Water Qualicy Improvement

Planting

1. Prepare planting furmow for Wetivar
grass planting using spade or digging
slick.

Dvigy Turraws deep and wide, in Semi-
arid areas the furrows depth may ex-
ceed 3o o, This is very impartant, To
endure that the crown of the planst fe-
velops under the soil, that enowgh wa-
tariz infiltrating, and to prevent wash-
ourt: by keavy rains inearly stages.

z. Mix fertilizer at ratio of 2 parts Urea (M) with 1 part
Triple Super Phozphate (P

Thiis is ony for one time epplication during the planting
to stimulate vethver growth,

Place atew drops aof e tertilizer into planting haks

MHITROGEM (M) %o tiizor secr ks by inoreasing tha plants capac-
7y 1o produce new tilers. Placa Vetiver intg hole and cowver with soil

PHOSPHO RUS (P) ferolizer iz essoncal for 2l bang argenisms,
Flanrs mnal Fasa phasphons lar sarmal grawth sl eabaricy
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Water Quality lmproyenrent

3. Plantezsch slipintoa
propery dug terace on.
Spacing between slips to be
1O-LLLT apar.

G- After planting is done, en-
sure towates the planting
with enough water if there s
e rain afler planting. IFthere
is rgim, watenng is not neces-
zary.

7. Trim the leaves after 3
rnanths to encourage Gilles
groawth. Thereafter, trimiming
can be done 2—3 Limes a year
anil the leawes used as malch,
roal thatching or handicrafi
WwEaing-
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Water Quality lmprovemont

Planting distance

1 For POLY-POTS A
minirmum of B pots per
meter is rerquired. This is
sobecayse they ars in
their growirg slages and
have multiplied naw
slips.

z. For STRIPS the dis-
tance is alrezdy fixed,
which avoids the prob-
lem of wrong planting
distances.

4. Fusr BARE RDOT slips
one needs 7-8  slipsf
meter, but in semi-arnd
areas this number may
be up 10 1o (Vetiver is &
social plant, doing hetber
with other Vetiver plants
close-byl.

- . &5 W e L T
etiver after polybags were removed.

o &
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Water Quality lmprovement

Picrares of Vetiver plamting at the Funafori T.andfll site doring the Fdocation
Avwarenicss Campaizsn (O loboer 20183,

[Bolow) Planting of the Vetiver qrass by participants

Bncfinn of participants befare sit arati
ricfinn of participants before site proparatian el el thildwsn
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Water Quality Improvemont
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10 ANNEX 3: Training Guide for Propagation and Management

Propagation and Management

- o i
A Er i PO ALE R e

Everyone's Responsibility™
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The Plant—Vetiver Grass

L/
N

I LEAVES
= : T2 capture SLOPE
- ' e STABILISATION
= [hatch roofs AND EROSION
i Earth buitding CONTROL

LIVING PLANT

Ecological SOIL AND WATER

=1  COMNSERVATIONM

Engineering
Solutions
=
£
Lot
ROOCTS
Handicrafts TREATMENT OF
“pet repelient CONTAMINATED
sszential Oils LAND AMND WATER
Page 4 Prag ared BE )
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Introduction

Since mosl major applica-
lions require a large num-
ber of plants, the guality
of the planting material is
important for the success-
ful application of the Veli-
vl Syslem. This reguirgs
nursenes capable of pro-
ducing large quantiies of
high guality, low cost
plant materialz. The Veti-
var Metwork Intemational
promotes  the exclusive
uze of sterle Veliver spa-
cias [Chrysopogon Zzank-

oides) o avoid it becomes
a weed in the new envi-
ronmanl.  These wvelivar
specles, which is used
around the world, originat-
ed from the oil producing
species in southern India.
it Is genetically idantical 1o
Sunshing in lhe US or
Muoni in Ausbalia. | Be-
cause of its sterility, veli-
ver grass has o be propa-
gated vegetatively.

Methods of Propagation

The four common ways to
propagate Vetlver are:

1. Splitting mature  Gllers
from Wetiver clump ar
mother  plants,  which
viedds hare ront slips
far immadiale planting
or propagating in poky-
bags.

2. Using warious paris of
a mother Yeliver plant

3. Bud rmiulliplication or in
Yt micro propagaton
for lamge scale propa-

gation

4,  Tissue culture, using a
small part of the plant
Iy propagate on a
large ecale.

Splitting Mature Plantz to
Produce Bare Root Slips

Splitling tillers rom a mother
clump requires care, so that
each slip includes al least
twir o three llers (shoots)
and a part of the crown. Af-
leer  separalion, e ships

7 yoars nkd wetiverin PAG

should be cut back to 20 cm
length. The resuling bare
ront slips can ba dippsd in
various lrealments. includ-
ing rooling homonas, ma-
nure slury  (cow or horsa
ter), clay mud, or simple
shallow  walar pools,  wntl
new roots appear. For faster
grovth, the slips should be
kept in wet and sunny condi-
liors until planting out.

L Harwestng of Yeriver Cluma

& Salitting ulckneges e 1l

-

]/

o e

g Blanitivs) slips sl loal beast o= Gillers
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Propagating Vetiver from Plant Parts

Three parts of the Vet
ver plant are used for

propagation:
Vetiver tillers

i Salact mature tillers
with al leasl three or
four well-developed
leaves.

& Beparate tillers careful-
Iy, and be sure L in-
clude the bases and
some roots.

Vetiver culms

A culm iz the stem or stalk
of a s5. Tha ‘Veliver
culm solid, stff, and
hard; i has prominent
nodas with lateral buds thal
can form mols and shools
when exposed to moist
cenditons. Laying or stand-
ing, cut piecas of culms un-
der mist or on moist sand
will cause roofs or shoots
o develop rapidly at each
noda. Select old culms,
which hawve more mature
buds and more nodes than
young ones. Cut culms in
30-50mm  {1-2") lengths,
including 10-20mm {4-5")
balow the nodes, and strip
off the old leafl covers. Ex-
pect new shnofs o eMerne
about one wask after plani-
ing.

Puye 4 Frupuacioon aied Manugeieanl
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Vativar crown or
CoOrms

The crown (corm) is the
base of a mature Vefiver
plant from which new shoots
sprout. Use only the top part
of the mature crown. Le Yan
D, Agro-Forestry Universi-
ty, Vietnam developed the
following four-step method
of propagating Vetiver from
cuttings: (Du pers.com. and
Truong ef al. 2008}

+  Preparation of Vefiver
cuttings

¢ Spray the cullings with
a 10% water hyacinth
solution

+ Use plastic bags to
cover the cullings com-
pletely, and lsave It
alona for 24 hours, and

«  Dip clay mud, asprin ar
manure  slurry, and
plant in a good bed.

Preparing Water Hyacinth Solution

Waler  Hyacinth  solution
canlaing many  hormaonas
and growth regulators, in-
cluding gibberellic acid and
many  Indol-Acetic  com-
pounds [(IAAY To prepare
raoting hormone from Wa-
ter Hyacinth:

+ Remove Water Hya-

cinth plants from lakes
ar canals

Put plants into 20 litre-
plastic bag, and tie it
closed

Leave the bag for
aboul ong manth wntil
the plant material has
decomposad

Discard the solid parts
and keep only the so-
luticn

Strain the solution and
maintain in a cool
place until use.

Propogofios ond Monogosent
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Soraying cultings with 1055 watar kyacinth soivbion (1sf] and cover cuttings compietsly with plashc bags, and

tsave tham for 24 howrs

Advantages/ Disadvantages of using bare root slips and culm slips

Advantages mechanically planted «  Reguires planting in
in large araas. izt soll

. Efficiant, SOOI, . * Meeds frequent imri-
and a quick way 1o Disadvantages gatian in the first few
prepare the planting weeks
material * Yulnerable to drying " Hecommanded -far

+  Small volume results in diid uslisme lenpur- good  nursary  sites
lvwer  Lrarsporlalion aiurae with easy access (o
st - Limited arn-site stor- irngation.

* Easzy to plant by hand age time

* Larpa numbers can b

Planting Strips

Flaniing strips are a modi-
fied form of polybags. In-
stead of using individual
bags, bare rool slips or
culm slips ara planted
closely in spocially-lined
g furrows that will facil-
itate  Iransportation  and
planting. This practice
saves labour when plant-
ing on difficult sites such
as steep slopes, and an-
jovs & high survival rale
gince  the rools  romain
logaethar.

Fage 8

Fropogonian one Manogsmsr
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Polybags or stock cube (nursery trays)

Plantlzts and bare root slips are
planted in small polts or small
plastic bags containing half soil
and haif potting mix and main-
tained In the conlainers far three
o six weseks, depending on the
tempearatura. Whean at least three
rew bllgrs (shools) appear, The

plantlets are ready o be planted.

Advantages/ [DMsadvantages of planting in polyvbags & Strips

Advantages: site for longer be-

fore being planted

ar langer

+« Plants are hardy +  Transporling lame

* Racommeanded for volume and  in-
arel unaﬁaci&:_ha harsh and hostile con- creased weight is
expoaue. o hig ditions. expensive
temperature  and
low mioisiure Disadvantages: * Increased  mainte-

R oA nance cost follow-
. fraLmqumcy gaﬂm’ s More expansive o ing delivery, if not
planting produce planted  within - a
, waak,
+« Fasler eslablish- +  Preparation i

ment and growth
after planting

Can  remain on

quirgs & longer pee-
ricd to  prepare,
four to five wesks

o mar=mnt

Page @
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VETIVER NL/RSERY

Murseries provide stock
materials for vegetative
and lissue cullure propa-
gation of Vetiver. Estab-
lishment of a nursary is
very important o supply
adequate and guality
planl malerial. The -
lowing are crileria  will
facilitate the establish-
ment of productve, easi-
v managod  WVoliver
nurserios:

Soil Type

Sandy loam  nursery
bads ansure easy har-
vasling  and  minimal
damage o plant crowns
and ronte. Althoogh clay
lcam iz acceptable,
heavy clay is nok.

Topography

Slightly  sloping land
avoids  water-logging  in
case of over walering.
Flat site is acceptable, but
watering must be moni-
ored to avoid water-
logging, which will stunt
the growth of voung plant-
lets, Mature Vetlver, how-
ever, lhrives under waler-
legged conditions.

Lk -l_ -".'-; 'l":“?:éﬂ*m?fl‘h[_,.:_ﬂ“. -
- A |
3 .qlll. ] -

Page 10
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Nursery Upkeep

zeneral upkeep of the nursery is very important to ensure quality vetiver slips are pro-
duced. Supply of quality slips is also very important for success for any projects.

Trimming ot vetiver to encedrage tiller growth—Lae Well tremimed nersery in Lee—Papua Mevw Guinea

Weell mananged nureesy in palyhags—Aafica

Propagating vetver slips in nierseny triays

Fropagabion dag somoqemen Poge 1
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Weed Control

Weaad conirol in establishment and eary growth phases is essential. As vativar is axtremaly
inkderant o Glyphosate weed killer (RoundUg), it must be dore manually.

Wery bad weed Infestation (abovel and manual weeding - Wietmam

Fage |3 Frepagatzsn end Moragsmernt
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EAGLE VETIVER SYSTEMS LTD
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11

Annex 4: Vetiver Latrine Guide (Eco-friendly toilets)

Vetiver Latrine Guide

A how to” goide to successiully install a natural, sustainable latrine using vetiver grass

The use of veriver grass [Cfeeiopvageon siznieides ) replaces the need for a cencrete hinek ined pit,
criaes provecy and actively helps decompose the waste, 1 gruss (Achagiheron splenrdeny) cun be
used a5 e alternative incolder or harsh condilions where veliver does nol prow. Bunena and pepuyu
can he planfed arend the grass hedgenne oo enjoy a healthe friit hareest, Vativer grags can be
harvested and osed for many puroses.

The most wp-to-dare version of this gaide, in maltiple translaticns, can be focnd at:
hupcdtwwa heulthy-mind-body . com/bumunitanan vetiver_lutnne. html
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Benefits:

- Less expensive than traditional Batrings (525-5300 instead of 5300 for materials o make the hasic
latrine).

- Easily upgraded o that an elevated wilet, ventilation und o privecy shelter cun be added i desined.
- Less materials needed making installation in remaote regions poszible,

- Wetiver roots reinforce pit walls effectively. No need for conerete block lined pit

- Banana and papuvas can be added to convert the wiste into food.

- (ireywater (waste water from kitchen, hath and laundry) can be used to water vetiver and hananas:
- Easily moveable concrets slab allows Tor rense of matersals after latme pat as full.

- Wetiver provides & privacy screen, bul cun be cul regulacly and has muliple uses (feel, anumal feed,
counpost, crafts, thatch roofing, carth wall construction, ctc].

- Wetiver roots actively help decomposition of the waste and reduce pollutants leaking from the pit.
- Easy Lo build, so that ol in need can muaster the provess and moeke lotrines for themeselves.

- Sell cleaning and repairing, the slope of the slub allows rainwater 10 wash mto the pit and clean the
latrine and if the grass is damaged, it will grow back spontuneously.

Cons:

- Wenver prass bas some minimal nesds thal muost met: 1) watering of planted o the dry season; 20wl
least o partielly sunny location: 3) protection from graring animals (untl plants are established).

- Wetdiver grass takes 1-2 growing seasons to reach full zize, o enjoy the benefits of e privacy sereen,
- Liveal sanitation Fasws may probilat the wse of a vetiver latrine,

-

Veldiver prevents erosion cven in severe conditions. | Veriver roots are massive, up o 4-5 meters deep.
This image shows a vetiver hedge holding a wall | This image shows a clump of vetiver dleaves and

of soil in place despite the facl that the soil sroumd | stems have been cut back) after being duyg up by
il without established pruss, completely washed | three men using hand held hoes sided by a wood

away. tripod to help lever the clump out of the ground.
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Pit Location

Four Puetors sre impartant o eongider when determining the best loeation Tor the vetiver latmine.

L. Sun: Verreer loves sun and at a minimom necds partial sun cxposure thooushout the day. IF an arca
hae dense overgrowdh. then il 1s besl o prune buck soame of the surmounding ress and shrubs.

2. Contamination: [t is important that the contents of the lamine pit seay safely in the pit. Simple
precations can he wken 1o prevent any effleent leaking from the pit (eachate) from contaminaling
drinking water or local wataraays. The pit should be located downhill from water sources whenaver
possible, especielly sources ol dnnkang water such as springs soed wells. Even teen, the pit should be
30 pneters froam water soirces. The pit shoald be abowr 2 meters above the peoandwater table and
above ood kevel durng the wet season. In some cases, the features of the site muybe more Imponunt

than the distakce.

Y. Convenience: The larcine should he close to the Family®s dwelling, 2o rthar s sick pecson can seach

it in the middle of the aight, bat Tar enoweh sway 20 that latrine odors cannol teach the honse. Plocing
the larrine within 0 meters of any home, iz a good mle of thimb,

4. Level Snrface: Although the pit can he lecared nn aloped ground, the concrete stab onee in place

nceds o be lewel,

Pit Location

Honyes

Kivers end fakes Wellx

Aot e Froem 11

Vetiver Latrine

Al Lsasl, 3 Y Sun Exposore wod Level

At Least 3im

Water Table Springs

AL Lesasl 3m

At et 2o ahoye
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Sanitation

Some diseuses are caused by perms that live m feces and cun only spread by the fecal oral roule. The
cormmiom witys & dhisease can sprend from feces tn the mouth are contimination of: wiater, lomf, Mies,
bonds and food. The combination of the use of clean water, o well-built laine and hand washing
completelv blocks (hese routes of infection and promotes health

Fecal Oral Roule

lLatrine with cap

/ Woarer
Feces Q
Lo F L i

.
I‘j == Fanrdd g;.f;

o ,& / Mouth
Food

Flies

Hand washing
Huird

Construction

Tha Fil:

Diyr the pit in sluble groouml and make the sides directly verical (as opposed te o funmel shape) o
mimmize the risk of pit collapse. The chape, width and depth of the pit can vary. The table below
outline: important foctors to consider when choosing the pit chape. For exomple. iff minimizing
eapenses 15 8 prinrily or il the sloh needs 10 be ransported shon distances C100m ar 5o}, then a round
pit will be a better cholee. Tt wacs lezss manerials and can be rolled o s final location. However if the
slab ix made on-ste and there i encugh moeney Tor o larger, lomger lifespan par, (hen g sguEre pil may
be the right choice, Some culres preter privacy shelters that are cither round or square, Choose a pit
whape 0 malch the sheller shope, Whichever shape 1= chosen, muke sare the conerele slab matches the
pit shape as well, For example, s roumd pitseill hive @ roond slsb amd @ sgquare pic s sguame slab, This
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way when the vetiver is plantad nex 1o the slab, the oots will be close to the vertical pit walls and
capable of reinforcing them.

I'ros: I'ros:
1 A manied par has sfronger walls 1y The pit lifespan is ionger becanse a squarc
2y Less materials are needed {or the concrele pil has a greater volume than @ round one
slah 25 The concrete slaboas easior to make
33 Ias easter i move the slish, is 10 cim be
rislhead
Cons: Cons:
Iy The concrete slab is a livle more difficult 1} The concrete slab is harder o move, it
by make welirhs abount 2000k g
2y A mund pir has less volume than asquare 2y Moie materials are needed and hanee i is
cme, mukmg the hiespan shorler ITHITE EXPEnsIve

3} Bgquare prir walls are nor as strong,

The wiidth und depth of the pit can be modilied. The linal volume ol the pat will determine its lifespan.
A squars pit that is | meter wide and 2.3 metars deep, a5 shoewn in these desions, will serve a family of
sl Lor five years. This culculation accounts for the wp 42 meter of the pit being filled with earth when
it iz retived. This is done to avold contamination of the surface 2ol To detcrmine the lifcspan of a pit
eapecla volume of at least 008 cubic meters per person per vear. A pmester volume, such as 0.1 cobic
increes, should be expected i anal cleansing nwaterials such as cormn cobs o stoncs are used. This
caleulation 15 bused on g conventionad lulrine. A veliver lalrine may Lust longer because the waste 15 al
leust partially devompused by the veliver Toots. Lyperience has shown thal o pit less than 1.2 meters
deep will lost enly about a vear.

Cubeubitivg of Pit Size: Fxamoke
Expeeted Usaper 6 people x U006 cubic melers 2 5 years = 1.8 cubic meters

Llsahle Pit Size: | merer x | wweter s L8 marers (223 m — 105 oo fill top = 1.8 cobic meters

If the width o the pit s allered, modify the sive of the concrete stab and keams secomdingly. The slib
should be 200 cm wider than the pat and the concrete heams 7 em wider than the pit.

The Slab:

A stromp comerete slub can be made from the following stemdard mix: 5 parts sand, 3 parts gravel and 1
part cement. I th lab iy made om-die g remale Incation, the ssnd snid grevel can be soureed
locully. ‘The gravel should be “thumb sized™ or smuller. The sand should be free of dirt and debris. A
simple mesh sereen placed over g hocket can be usel oo sepanate the sancd from any debry and waler
can be used 1o remove any din. ‘The rutio of sund, gravel und cement can be modified =lehtly
depencding om the avanlabhty of local resources. For example: 2 parts sinc, 4 paris grveel and 1 par
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cement will work, Alternatively: 4 pans sand. 2 parts pravel and 1 part cement will also work. Add
waler Lo the max unll the concrete 15 workuble., Plan on ool least 3 buckets of wuter for the mix and for
cleaning tools.

The slabr and beams can be shaped by using wood forms placed on level gzround or by digeing a
depreasion inmw bevel ground. Inocither caze, reinfosce the concrete with 2587 rebar (9.3 mim) as showi
im the design. Omoe ecomplete the rehar should be embedoed mside (he shiboancd besms, sooms maetal i
protuding out of the concrere. Before pouring the concrete, small srones can be used w clevate the
rethar so thal i isin the proper location. A wood cut form s the hest termplate for the hole inthe center
of the slabe [tean be made moa kevhole shape, as per the speeifications shown in the designs latar in
this pmide. A bucked can also be used o create the hole. This hole shoulbd be no Jarger thim 25 cm in
dinmeter, «0 that a simall child will feel safe using the fatrine. Remove the template when the slab starts
to harden (ubout 3 hours) and then cover with dump cloths, cement bags, hov. sand or u sheel of ploshc
o allow the concrete oo drv slowly. Although some masons use concrete within & days of pouring it, a
curing time of 21 davs will insure a strong slab. Once cured, move the slab to cover the pit. Placing
large stoncs under edges of the slab around the top of the pit, will help reduce the nsk of pit collapse,

IF g scat 15 deesired, this can be consimected with cemnent hlacks, brcks or seorsd, He sure the hole 1=
coverad to prevent flics from accessing the pit. A square cap winplate can casily be made from wiood
to casl s concrete cap. Alternatively wiord can he nsed 1o make the cap, bot will not Fast s lomg as o
concrete one. It is best to make the cop without o handle o encourage the ase of the foot to slide 1t on

amel oof T thes hale, This helps prevent hand contamination.

Rol-resistonl wood or bamboo can be wsed as an allemuotive to o conerete slab. The wood should be
shaped similacly to the slab and covered with mud and comenr mortar. These materials are less
expensive, but will have o shorter lifespan than 2 concrate slab. It is unlikelv thev coan be rensed for
futwe latrine pits.

4 — wonnl 5 em X HEem (2XA7%), cach 1.2 meters long, for forms o casl the square conerete slab

| —thin &% em (2.5 band fberglass lawn edging, 377 om long, 0 cast the roond cone rete slah
Y= wonnl 5 oo X1 om (3Xd75), each 1.8 meters Tony, wsed for forms o cost support beams

4 — woisl 5 om X1 em (TX45), for 40 cm X 30 om emplate e cost the sguare oonerele cap

I = thin 6.3 cm (2.57) hand fiberglass lown edging, 125 cm longs i cast the round conerete cap
1 - wood hlock cut to the shape of & kevhole as form for the slab hole. If not available a small bucket
about 23cm in diameter ¢an be used as a forn,

Trowel and chovel for handling cement

Cleaning supphes, including srommd sheet o prevent coment frism being contamanated with din
Saw or ol cutlers capable of cutling rehar

Short handled hoe, shovel and digzing bar

Fasteners wo build the wood forms (nails and hammers or wood scrows and screwdriver)
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Al = Wetiver slips (smolf] plant=)
2 — 9.5 mm (3/8") rebar 6 meters long

1 - Hikgz bag coment

3 — 4 gallon hockers water (for cement mix and cleaning )
3 —buckets sand

3 — buckets gravel

Slab being cast nsing bocket and wood formes, This bucket i wn hig, ahoud 30 em instead of 25 om. |

-1
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Vetiver Latrine Design
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Round Vetiver Latrine

& pieces = 9.5 mm (3/8 V') rebar
0 em X
dem

cIcrele cap
Sem —
4.2 nmeefers
el concrete slab
1l ey
slope towards 5cm
hole — / & cm concrede slaf
| a——— o
“1‘ 3—- e cme bheam
3 pleces - P.5mm 1.7 mt beam
(348 ") rebar

2.3 m deep pit

I meter
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Sqguare Vetiver Latrine

& pieces - 9.5 mun (38 ') rebar

— o
40 cm X 30 cm r\ T g |
dem concrefe cap \""-.‘ Mem !
] -\‘\1 r"""“‘"“'} ]
W@ 1.2 meter X
. >
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& e cancrete slah
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= 3_ 16 em beam

3 pieces - 9.5 mm _/‘Fr’\_f
(38"} rebar o
2.3 m deep pit
I meter
[
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¥eliver Planting
Plant the vetiver slips at 10-15 om spacing (about the width of vour [ist) in thres sepanate rows wround

the lalrine with 30-3i cm between the mows. Leave an opening on one side for an entmnce o the
comerele stub. The row of vetiver plants chosest o the lamine, must be wathin M) cm of the pitwall (10
cm from the edge of the cancrete slah) =0 rhar roots can casiby reach the piv wall. Vetrver roors develop
doamwaand s vertically, not horirontallv. Plan on perchasing aboot 50 vetiver ships when muoking o
larriine the zize depicted i the designs herc. It is best to plant the grass o the rany scason as they will
not requite maneal watering as they develop, 11 is planted shortly hetore div season, water the grass
eyl four to five davs iF there is a loll in the cain wob] pew shoors an @i base of the plant am prowing
well Greywaler (from laundry, kitchen and bath} can be wsed 1o water the plants. "They may look dry
and zeay the first few months ofter planting but kesp watening them and know that they are just
comcentrating their emergy 1o form roots. Cover the bame soil with organic matier or mulch, The vetiver
arass can be vul o provide muleh as it grows. Leuves, wood chips, other gross clippmps. plant
prumings aml even cardhosrd or paper can be used o cover the sl This i impaortant as i prevents
weeds and helps the sonl retan mosstre, While the vetiver s devebpmy o shoulod b prolecied Trom
grazing animals. Goars can cat the grass down to rthe gronnd if given a chance, but if the plants are
slrendy estyhlished (more than 4-f6 months old) then they will spring hack cssily withins few weeks of
bcing catci.

Vet ver lurine with newly plunted slips, notice that the slips are plunted reht next wthe slab and will
ool interfers with the slab as the rools prow down vertically and not horizontally.

11
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Yeliver Carc

Civer the fiest year, the vetver will grow togethers o form a solid hedgerow. The hedgerow will remain
a5 auch for several decades and the three rows will oltimately look like o solid planting ofter a few
viars. It shoald be cut back anoually at the end of the doy scason o promore oew scowthe It can be cut
mare nften (3 timos g year) and will grow heck mome vigorously esch ime. When pnming, leave shoul
Mem of grass at the hase. The grass clippings can be gsed for mumy purposess. They make excellent
animal feed when freshly cut and can be compogted. They can be pressed into hricks manally with a
Fvrant Press and wsed as o clean, smokeless fuel. 10 con also be wsed for hundicrafls, thatch roots and
to remtores carthen walls, Adter the fust growing scason, the plants will flower sending up very stiff
fhwer shemy that can be 1-2 meters il These can be cut and serve as reeds o provide a <qit backing
for crafis such us woven mats.

lLatrine Care

It is impowtant iy keep the concrete slih clean ona regulor hasis using soup and water. The mot se
chiorine or bleach products o clean the Latrine. This is harnful o the roots of e vetiver ad con
irresst 1% matara] clesning process. 7 a sheller is not comstroeted over the stah, then rain will help the
cleaning process becanze the water will naturally run dovwen the slope of the concrete slab into the pat.

Maintenance is important o prevent the rare possibility of pit collopse. In Haiti, of 365 vetver latines
installed during a roral project, only 2 (0.5%) of the pits had collapsed during a survey performed 2.5
vears later. The single most imporiant measure that can be taken fo prevent pit collapse, bevond
Iocating it in stable pronnd, i fo culiivare a healthy vetiver hedperow. The sceond most impomant
measune is to watch for carly signs of unstable ground, Mommally signs of pit taibare will show long
hestorme collupse amid with proper mameenance the procsss can he halted, 1 the Gimme pit shows sigms ol
collapse, such as o hole forming near the slab’s edge, (] the hole with wood, then cover with esrth and
plant vetiver on lop. The vetiver roots will stubi e the hole and prevent furt ber collapse.
Allernatively, large rocks can he usexd to prop up an unstable slab. TF the collar of the pat has opened 1o
the point whera it cannot be repaired. then a new pit should be dug and the vetiver and slab trans ferred

IPWET.

lLatrime wilh mature veliver priviacy scresn I atrine with ventilation pipe and elevated seal
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Reuse:

When the latrine pit is full, dee concrete slab and vetever 2rass can be moved o e new pat lecation,
Ing divan alomg the side of 4 veliver clump ahowot 300 cm. Then cut homzontally and pull the clump oo
of the ground. Do net worry about the moots heing ent, New ronts will begin o form from the moet
crimwn [The wawndy heart of the olump just below the surface of the groumd ). The clump should have
ahoul T3 emol roots imiaet s owell as the erosen. rime the kzves tooa besght of 1T3-200emaml doede i
mnto ships contuining aboul 3-5 individoal shpe nsing o machete, hoe or e, Replont these as they were
planted when lomne was first built, The old pit shooid be coverad by Y2 meter of earth. [n o years
thiz space can be pardened or altarnatively a froit tree can be planted tnimediagelv.

3
3
o
3
Vetiver elips planted in row Vetiver selips with root crown at the hase
Muoditications

Upgrades:

The basic vetiver latrine shown in this wtorial 12 easily uperaded. Adaptations may be important for
the latrine to be accepied in different cultures depending on the local norms. A sheler can be built on
the concrete slab for mwre privacy. Adsolan elevated toilet scar can be constructed divectly above the
bl in the comerete slabe A d-meh diameier venbbion pipe (YO pipe 22 an ideal maderiady coan be st
it the conerete slab. If there is a shelter, the pipe extends ¥2 meter above the peak of the roof to canry
odors nwiay. 11 s Importunt fo place o screen or mesh over the pipe o previenl insects friom accessing
the pit. An execllent “how to goide™ for the design and constrction of privacy shelters, fitting For
vieries culiures and budpgets, can be foumd at hupdiweeow clean-water-lor- v men.comipr vy -privacy -
shelier. himl.

13
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Banureas Circle:

Another important modificatiom 15 the acdition of o bemana cmele aroond the basic vetiver limne.
Communitics ane more likely oo aocept and care for the vetiver latrine if there ace fruiting trecs
providine inunediaie, angible beocfis. Plant five banaa frecs, ovenly spaced, just bevond the vetiver
hedgerow. Papaya irees can be plimied betwesn each pair ol hamang rees, bt leeve one e open by
accest the latrine.  Grewvwater can be used w water the bananu circle as well a5 the vetiver during dry
season, until the planes an: establishod. Although it is safe o cat froits from these trees, low growing,
truirs and vegerables shoald nor be grown near the latrine due to risk of hnman waste contaminarion.

14
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Vetiver Latrine With Banana Circle

Vetiver Latrine

Papaya Tree

Banana Tree

15
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Papava Sced Antiparasitic ent:

Intestinul parusites ure more common the penerully believed, even in first world couniries. In addition
to cansing stomach sympioms and weight loss, they can also affeer an indivedual®s mental
enncentration and emotions. 1 papava trees are grown around the latrine, ar the friies are available
locally, the seeds can be used as a powerlul antiparastic. One study found papaya seeds (Carfea
papaa) o have medicinal priperties effective againa inlesting] parasites, and with minimal o no side
effects'

They sme miven o5 uone time dose orally, The seeds can he swal lowed fresh, or dred anil cnushel
Tuke 4 lenspoons of fresh seeds onee or 2 teaspoony (dam) of dried seed once. The dose 15 the same
for aduls and children. The sceds have a peppery flavor that may oot be desicable o some. For those
who cam swallow them withont chewing, the tresh sesds moy be the easiest way to trke the imeatmenl.
Fiow children, or those who canmot swallow them whale, then the drisl, crashied seed cim be mixed with
a sweerencr sucl as hoacy, cane svaapoof peanut botter. Peanur bacter masks the flaver aad texiuee the
best. Thizs weatinent can be safcly consumed on a monthly bazis (o prevent and weat stomach wornms.
It showlil mot he taken o higher or mome fregquent doses. A hagh doses papaya seeds are known 0
lemporarily cause infertility.  Inregiony where papays grows natuesibe and meals are served 1o school
children, a periodic zchool eatment proacam could be institutad o improve the health asd
performance of ita sudents ar 4 minimal expense.

A papava this size yviclds about 3 antiparastic treatencs (L2 15p of fresh secds or O sp of doed seed)
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Rcferences:
L. Ckeniyi 1. Oeonlesi T, Oyelami O, Adevemi L; 2007; Effectivensss of dried Carica papaya seads

againsl human intestinsl parasatoss; Jonrnal al Moediemal Foocd, 1O TR 106,

Credits:

Ly Owen Lee (www veliverlnne one; Crestor of the basic veliver lainne, pude editor and owner
some of the veliver lntnne photos.

20 TV (The Vetiver Netwark International, warw vetiver.com), Owiner of the vetiver and jiji grass

photo:.
51 Dale Bachmeler, PRI (drachmeler i@ mac . com); Conde @cditor.,

41 Koger Coetren, M2 (aoww bealiby-roimd-body . com & zower @ healthy-mind-body.com; Coude
creator, illwstrator, mypiration for many of the vetver modificatnons and owner of somes of the veliver
latrine photos,

Copyrighi:

) 201A Roger Cieteen, MY, Allnghts reserved, This publicaton is to remain free for distnhoiion o
all people workdwule, This docoment cim he shared erther by Bostmg o downlossd of this padl or by
providing paper copics. as Iong a: it is donc foc free or for a fair seimbursement. Tt is oot to be uscd for
commescial puiposes or disuributed “for peofit™. For permission o publish the suide oolineg (bevond
hostimge the pedf downloml ), plense contoct Koger Crigtren, 1D (momer@ healibv-mind-body .com ).
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12  Annex 5: Map of proposed coastline for protection using Vetiver
grass.

Recommend two (2) rows of vetiver
hedgerow at 1.5m spacing between
rows and plant spacing of 6 slips
between plants. This is for coastal
protection and waste water treatment
leaching from households.
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13  Annex 6: Map of Fualopa Marine Protected Island

These 2 sites can be
stabilized with Vetiver grass

and revegetated as soon as
the sand banks are
stabilized.
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14  Annex 7: Map of the Tafua Pond

Pontoons

Perimeter &

1.04 km

Area

26,265 m*=
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